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CHEMOKINE RECEPTOR BINDING HETEROCYCLIC 

COMPOUNDS WITH ENHANCED EFF1CACY 

Cross-Reference to Related Applications 
1111111111111111111111111111111111111111 

•)59159* 

[0001) This application claims priority under 35 U.S.C. § 119(e) to U.S. provisional 

application Serial No. 60/342,716 filed 21December2001 and to U.S. provisional application 

Serial No. 60/350,822 filed 17 January 2002. The contents of these applications are 

incorporated herein by reference . 

Technical Field 

[0002] This invention generally relates to novel compounds, phannaceutical compositions 

and their use. This invention more specifically relates to novel heterocyclic compounds that 

bind to chemokine receptors, including CXCR4 and CCR5, and demonstrate protective effects 

against infection of target cells by a human immunodeficiency virus (HIV). 

Background of the Invention 

[0003) Approximately 40 human chemokines have been described, that function, at least in 

part, by modulating a complex and overlapping set of biological activities important for the 

movement of lymphoid cells and extravasation and tissue infiltration of leukocytes in response 

to inciting agents (See, for example: P. Ponath, Exp. Opin. Invest. Drugs, 7:1-18, 1998). These 

chemotactic cytokines, or chemokines, constitute a family of proteins, approximately 8-10 kDa 

in size. Chemokines appear to share a common structural motif, that consists of 4 conserved 

cysteines involved in maintaining tertiary structure. There are two major subfamilies of 

chemokines: the "CC" or {j-chemokines and the "CXC" or a-chemokines. The receptors of 

these chemokines are classified based upon the chemokine that constitute~ the receptor's natural 

ligand. Receptors of the {j-chemokines are designated "CCR"; while those of the a-chemokines 

are designated "CXCR." 

(0004] Chemokines are considered to be principal mediators in the initiation and 

maintenance of inflammation (see Chemokines in Disease published by Humana Press (1999), 

· Edited by C. Herbert; Murdoch et al. Blood 95, 303'2-3043 (2000)). More specifically, 

chemokines have been found to play an important role in the regulation of endothelial cell 
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function, including proliferation, migration and differentiation during angiogenesis and 

re-endothelialization after injury (Gupta et al., J. Biolog. Chem., 7:4282-4287, 1998). Two 

specific chemokines have been inlplicated in the etiology of infection by human 

immunodeficiency virus (HIV). 

[0005] In most instances, HIV initially binds via its gp 120 envelope protein to the CD4 

receptor of the target cell. A conformational change appears to take place in the gp120 which 

results in its subsequent binding to a chemokine receptor, such as CCR-5 (Wyatt et al., Science, 

280:1884-1888 (1998)). HIV-1 isolates arising subsequently in the infection bind to the 

CXCR-4 chemokine receptor. In view of the fact that the feline immunodeficiency virus, 

another related retrovirus, binds to a chemokine receptor without needing to bind first to the 

CD4 receptor, suggests that chemokine receptors may be the primordial obligate receptors for 

immunodeficiency retroviruses. 

[0006] Following the initial binding by HIV to CD4, virus-cell fusion results, which is 

mediated by members of the chemokine receptor fan1ily, with different members serving as 

fusion cofactors for macrophage-tropic (M-tropic) and T cell line-tropic (T-tropic) isolates of 

HIV-1 (Carroll et al., Science, 276: 273-276 1997; Feng et al. Science 272, 872-877 (1996); 

Bleul et al. Nature 382, 829-833 (1996); Oberlin et al. Nature 382, 833-835 (1996); Cocchi et 

al. Science 270, 1811-1815 (1995); Dragic et al. Nature 381, 667-673 (1996); Deng et al. Nature 

381, 661-666 (1996); Alkhatib et al. Science 272, 1955-1958, 1996). During the course of 

infection within a patient, it appears that a majority of HIV particles shift from the M-tropic to 

the more aggressive pathogenic T-tropic viral phenotype (Miedema et al., Immune. Rev., 140:35 

(1994); Blaak et al. Proc. Natl. Acad. Sci. 97, 1269-1274 (2000); Simmonds et al. J. Virol. 70, 

8355-8360 (1996); Tersmette et al. J. Virol. 62, 2026-2032, 1988); ColUlor, R. I., Ho, D. D. J. 

Virol. 68, 4400-4408 (1994); Schuitemaker et al. J Virol. 66, 1354-1360 (1992)). The M-tropic 

viral phenotype correlates with the virus's ability to enter the cell following binding of the 

CCR-5 receptor, while the T-tropic viral phenotype correlates with viral entry into the cell 

following binding and membrane fusion with the CXCR-4 receptor. Clinically observations 

suggest that patients who possess genetic mutations in the CCR-5 or CXCR-4 appear resistant or 

less susceptible to HIV infection (Liu et al. Cell 86, 367-377 (1996); San1son et al. Nature 382, 

722-725 (1996); Michael et al. Nature Med. 3, 338-340 (1997); Michael et al. J Virol. 72, 6040-

6047 (1998); Obrien et al. Lancet 349, 1219 (1997); Zhang et al. AIDS Res. Hum. Retrovimses 

13, 1357-1366 (1997); Rana et al. J Virol. 71, 3219-3227 (1997); Theodorou et al. Lancet 349, 

1219-1220 (1997). Despite the number of chemokine receptors which have been reported to HIV 
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mediate entry into cells, CCR5 and CXCR4 appear to be the only physiologically relevant · 

coreceptors used by a wide variety of primary clinical HIV-1 strains (Zhang et al. J. Virol. 72, 

9307-9312 (1998); Zhang et al. J. Virol. 13, 3443-3448 (1999); Simmonds et al. J. Virol. 72, 

8453-8457 (1988)). Fusion and entry ofT-tropic viruses that use CXCR4 are inhibited by the 

natural CXC-chemokine stromal cell-derived factor-I, whereas fusion and entry ofM-tropic 

viruses that use CCR5 are inhibited by the natural CC-chemokines namely, Regulated on 

Activation Normal T-cell Expressed and Secreted (RANTES) and Macrophage Inflammatory 

proteins (MIP-1 alpha and beta). 

(0007) However, the binding of chemokine receptors to their natural .ligands .appears to serve 

a more evolutionary and central role than only as mediators of HIV infection. The binding of 

the natural ligand, pre-B-cell growth-stimulating factor/stromal cell derived factor 

(PBSF/SDF-1) to the CXCR4 chemokine receptor provides an important signaling mechanism: 

CXCR4 or SDF-1 knock-out mice exhibit cerebellar, cardiac and gastrointestinal tract 

abnonnalities and die in utero (Zou et al., Nature, 393:591-594 (1998); Tachibana et al., 

Nature, 393:591-594 (1998); Nagasawa et al. Nature 382, 635-638 (1996)). CXCR4-deficient 

mice also display hematopoietic defects (Nagasawa et al. Nature 382, 635-638 (1996)); the 

migration of CXCR4 expressing leukocytes and hematopoietic progenitors to SDF-1 appears to 

be important for maintaining B-cell lineage and localization of CD34+ progenitor cells in bone 

marrow (Bleul et al. J. Exp. Med. 187, 753-762 (1998); Viardot et al. Ann. Hematol. 77, 195-197 

(1998); Auiti et al. J. Exp. Med. 185, 111-120 (1997); Peled et al. Science 283, 845-848 (1999); 

Qing et al. Immunity 10, 463-471 (1999); Lataillade et al. Blood 95, 756-768 (1999); Ishii et al. 

J. Im11umol. 163, 3612-3620 (1999); Maekawa et al. Intemal Medicine 39, 90-100 (2000); 

Fedyk et al. J. Leukocyte Biol. 66, 667-673 (1999); Peled et al. Blood 95, 3289-3296 (2000)). 

(0008] The signal provided by SDF-1 on binding to CXCR4 may also play an important role 

in tumor cell proliferation and regulation of angiogenesis associated with tumor growth (See 

"Chemokines and Cancer" published by Humana Press (1999); Edited by B. J. Rollins; 

Arenburg et al. J. Leukocyte Biol. 62, 554-562 (1997); Moore et al. J. Invest. Med. 46, 113-120 

(1998); Moore et al. Trends cardiovasc. Med. 8, 51-58 (1998); Seghal et al. J. Surg. Oncol. 69, 

99-104 (1998)); the known angiogenic growth factors VEG-F and bFGF, up-regulate levels of 

CXCR4 in endothelial cells, and SDF-1 can induce neovascularization in vivo (Salcedo et al. 

Am. J. Pathol. 154, 1125-1135 (1999)); Leukemia cells that express CXCR4 migrate and adhere 

to lymph nodes and bone marrow stromal cells that express SDF-1 (Burger et al. Blood 94, 
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3658-3667 (1999); Arai et al. Eur. J. Haematol. 64, 323-332 (2000); Bradstock et al. Leukemia 

14, 882-888 (2000)). 

[0009] The binding of SDF-1 to CXCR4 has als been implicated in the pathogenesis of 

atherosclerosis (Abi-Younes et al. Circ. Res. 86, 131 138 (2000)), renal allograft rejection 

(Bitner et al. Transplantation 66, 1551-1557 (1998)) asthma and allergic aiiway inflammation 

(Yssel et al. Clinical and Experimental Allergy 28, 1 4-109 (1998); J. Immunol. 164, 5935-5943 

(2000); Gonzalo et al. J. Immunol. 165, 499-508 (20 0)), Alzheimer's disease (Xia et al. J. 

Neurovirology 5, 32-41 (1999)) and Arthritis (Nanki 
1
et al. J. lmmunol. 164, 5010-5014 (2000)). 

:{001 OJ In attempting to better understand the reljhonship between chemokines and their 

receptors, recent experiments.to block the fusion, enf, and replication of HIV via the CXCR.4 

chemokine receptor were carried out through the use pf monoclonal antibodies or small 

molecules that appear to suggest a useful therapeutic trategy (Schols et al., J. Exp. Med. 

186:1383-1388 (1997); Schols et al., Antiviral Resea ch 35:147-156 (1997); Bridger et al. J. 

Med. Chem. 42, 3971-3981 (1999); Bridger et al. ''Bi yclam Derivatives as HN Inhibitors" in 
Advances in Antiviral Drug Design Volume 3, pl61- 29; Published by JAI press (1999); Edited 

by E. De Clercq). Small molecules, such as bicycla s, appear to specifically bind to CXCR4 

and not CCR5 (Donzella et al., Nature Medicine, 4:7 -77 (1998)). These experiments 

demonstrated interference with HN entry and membrane fusion into the target cell in vitro. 

More recently, bicyclams were also shown to inhibit fusion and replication of Feline 

Immunodeficiency Virus (FN) that uses CXCR4 for entry (Egberink et al. J. Virol. 73, 6346-

6352 (1999)). 

(0011) Additional experiments have shown that the bicyclam dose-dependently inhibits 

binding of 1251-labeled SDF-1 to CXCR4 and the signal transduction (indicated by an increase 

inintracellular calcium) in response to SDF-1. Thus, the bicyclam also functioned as an 

antagonist to the signal transduction resulting from the binding of stromal derived factor or 

SDF-la, the natural chemokine to CXCR4. Bicyclams also inhibited HN gp120 (envelope)­

induced apoptosis in non-HN infected cells (Blanco et al. Antimicrobial Agents and Chemother. 

44, 51-56 (2000)). 

[0012) U.S. Pat. Nos. 5,583,131; 5,698,546; 5,817,807; 5,021,409; and 6,001,826 which are 

incorporated herein in their entirety by reference, disclose cyclic compounds that are active 

against HN-1 and HIV-2 in in vitro tests. It was sq.bsequently discovered and further disclosed 

in PCT WO 02/34745 that these compounds exhibit anti-HIV activity by binding to the 

chemokine receptor CXCR4 expressed on the surface of certain cells of the immune system. 
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This competitive binding thereby protects these target cells from infection by HN which utilize 

the CXCR4 receptor for entry. In addition, these compounds antagonize.the binding, signaling 

and chemotactic effects of the natural ligand for CXCR4, the chemokine stromal cell-derived 

factor 1 a (SDF-1 ). We further disclosed that these novel compounds demonstrate protective 

effects against HIV infection of target cells by binding in vitro to the CCRS receptor . 

[0013] Additionally we have disclosed in U.S. Pat. No. 6,365,583 that these cyclic 

polyamine antiviral agents described in the above-mentioned patents/patent applications have 

the effect of enhancing production of white blood cells as well as exhibiting antiviral properties. 

Thus, these agents are useful for controlling the side-effects of chemotherapy, enhancing the 

success of bone marrow transplantation, enhancing wound healing and bum treatment, as well as 

combating bacterial infections in leukemia. 

[0014) More recently, we disclosed in PCT WO 00/56729, PCT WO 02/22600, PCT WO 

02/22599, and PCT WO 02/34745 a series of heterocyclic compounds that exhibit anti-IDV 

activity by binding to the chemokine receptors CXCR4 and CCR5 expressed on the surface of 

certain cells of the immune system. This competitive binding thereby protects these target cells 

from infection by HIV which utilize the CXCR4 or CCR5 receptors for entry. In addition, these 

compounds antagonize th'e binding, signaling and chemotactic effects of the natural ligand for 

CXCR4, the chemokine stromal cell-derived factor la (SDF-1) and/or the natural ligand for 

CCR5, the chemokine RANfES. 

[0015) The chemokine receptor, CXCR-4 has been found to. be essential for the 

vascularization of the gastrointestinal tract (Tachibana, et al., Nature (1998) 393:591-594) as 

well as haematopoiesis and cerebellar development (Zou, et al., Nature (1998) 393:591-594). 

Interference with any of these important functions served by the binding ofpre-B-cell growth­

stimulating factor/stromal derived factor (PBSF/SDF-1) to the CXCR-4 chemokine receptor 

results in lethal deficiencies in vascular development, haematopoiesis and cardiogenesis. 

Similarly, fetal cerebellar development appears to rely upon the effective functioning of 

CXCR-4 in neuronal cell migration and patterning in the central nervous system. This 

G-protein-coupled chemokine receptor appears to play a critical role in ensuring the necessary 

patterns of migration of granule cells in the cerebellar anlage. 

[0016) Herein, we disclose compounds that have unique chemical attributes and that exhibit 

protective effects against HN infection of target cells by binding to chemok.ine receptor CXCR4 

or CCRS in a similar manner to the previously disclo~ed macrocyclic compowids. In addition, 

these compounds antagonize the binding, signaling and chemotactic effects of the natural ligand 
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for CXCR4, the chemokine stromal cell-derived factor Ia (SDF-1) and/or the natural ligand for 

CCR5 (the chemokine RANTES). 

[0017) Citation of the above documents is not intended as an admission that any of the 

foregoing is pertinent prior art. All statements as to the date or representation as to the contents 

of these documents is based on the information available to the applicants and does not 

constitute any admission as to the correctness of the dates or contents of these documents. 

Further, all documents referred to throughout this application are hereby incorporated in their 

entirety by reference herein. 

Disclosure of the Invention •· 

[0018) The present invention provides novel compounds that hind chemokine receptors and 

interfere with the binding of the natural ligand thereto. The compounds of the present invention 

are useful as agents demonstrating protective effects on target cells from HIV infection, and 

which are useful to treat rheumatoid arthritis. Embodiments of the present invention are 

compounds that act as antagonists or agonists of chemokine receptors, which are useful as 

agents capable ofreconstituting the immune system by increasing the level o'f CD4+ cells; as 

antagonist agents of apoptosis in immune cells, such as CDS+ cells, and neuronal cells; as 

antagonist agents of migration of human bone marrow B lineage cells to stromal-derived factor 

1, as well as other biological activities related to the ability of these compounds to inhibit the 

binding of chemokines to their receptors. 

[0019) More particularly, the present invention relates to macrocyclic compounds that can 

be described generally as consisting of a "core" nitrogen atom surrounded by three pendant 

groups, wherein two of the three pendant groups are preferably benzimidazolyl methyl and 

tetrahydroquinolinyl, and the third is a pendant group which contains an additional nitrogen. 
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[0020] Jn one aspect, the invention is directed to a compound of the formula 

(I) 

N-(CR5 2)0 1-(CR5=CR5) *0 2-(CR5 2)03-NR6 2 

I 2 
CR 2 

R3--~N 
~R' R4 

X and Y are independently N or CR 1; 

Z is S, 0, NR1 or CR1
2; 

each R 1-R 6 is independently H or a noninterfering substituent; 

nl is 0-4; 

n2 is 0-1, wherein the* signifies C= C may be substituted for CR5=CR5
; 

n3 is 0-4; 

wherein nl +n2+n3 is greater than or equal to 2; 

bis 0-2; 

wherein the following combinations ofR groups may be coupled to generate a ring, 

which ring may be saturated or unsaturated: 

R2+R2 

oneR2+R3 

R3+ one R4
, 

R4+R4 
' 

one R5+ another R5
, 

one R5+ one R6, and 

R6+R6, 
' 

wherein the ring may not be aromatic when the participants in ring formation are 

two R5
; and 

wherein when n2 is 1, neither nl nor n3 can be 0. 

[0021) It should be noted that two R5 on the same atom (and two R2 or R6 on the same atom) 

may fonn a bridge. 
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(0022) Six-membered rings are preferred for ring B, with the preferred combination of rings 
A and B being tetrahydroquinolinyl. 

[0023) Suitable noninterfering substituents include alkyl (C1-10), alkenyl (C2-10), alkynyl 
(C2_10), aryl ("C"s-12), arylalkyl, arylalkenyl, or arylalkynyl, each of which may optionally 
contain one or more heteroatoms selected from 0, S, and N and each of which may further be 
substituted; or optionally substituted fonns of acyl, arylacyl, alkyl- al.kenyl-, alkynyl- or 
arylsulfonyl and fonns thereof which contain hete~atoms in the alkyl, al.kenyl, alkynyl or aryl 
moieties. Other noninterfering substituents include OR, SR, NR2, COOR, CONR2, where R is H 
qi:alkyl, alkenyl, al.kynyl or aryl as defined above. Where the substituted atom is C, the ~r-:-:· 

substituents may include, iii-addition to the substituents listed above, halo, OOCR, NROCR, 
where an R is H or a substituent set forth above, or may be =O. 

[0024) In general, a "noninterfering substituent" is a substituent whose presence does not 
destroy the ability of the compound of fonnula I to behave as a chemokine. Specifically, the 
presence of the substituent does not destroy the effectiveness of the compound. Because the 
compounds of the present invention have been shown to inhibit IflV replication, and specifically 
to interact with the CXCR4 receptor, the compounds of the invention are shown to be effective 
in treating conditions which require modulation ofCXCR4 and CCR5 mediated activity. 

[0025] In other aspects, the invention is directed to pharmaceutical compositions containing. 
at least one compound of Formula I, and to methods of ameliorating conditions that are 
modulated by the CXCR4 receptor or the CCR5 receptor. Such conditions include, HN 
infection, diseases associated with inflammation, diseases that are associated with 
immunosuppression and certain tumors. 

Modes of Carrying Out the Invention 

[0026) The invention provides compounds described above of Formula I which are 
chemokines and thus modulators of chemokine receptors. 

(0027) In more detail, the compounds bind chemokine receptors and interfere with the 
binding of the natural ligand thereto, and demonstrate protective effects on target cells from HIV 
infection. The compounds are also useful as antagonists or agonists of chemokine receptors, and 
are thus capable of reconstituting the immune system by increasing the level of CD4+ cells; as 
antagonist agents of apoptosis in immune cells, such as CDS+ cells, and neuronal cells; as 
antagonist agents of migration of human bone marrow B lineage cells to stromal-derived 
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factor l, as well as other biological activities related to the ability of these compounds to inhibit 

the binding of chemokines to their receptors. 

[0028] Chemokine antagonists that interfere in the binding of a chemokine to its receptor are 

useful to reconstitute the immune system by increasing the level of CD4+ cells (Biard­

Piechaczyk, et al., Immimol. Lett., 70: 1-3 1999); as antagonist agents of apoptosis in immune 

cells, such as CDS+ cells (Herbin, et al., Nature 395: 189-193, 1998), and as antagonist agents of 

apoptosis in neuronal cells (Ohagen et al., J. ofVirol., 73: 897-906, 1999; and Hesselgesser, et 

al., Cu1J". Biol. 8: 595-598, 1998). Chemokine receptor antagonist agents also inhibit the 

migration of human bone mai:row B lineage cells to stromal-derived factor 1 (See, for example: 

E. Fedyk, et al., J of Leukocyte Biol., 66:667-783, 1999) . 

[0029) The invention includes pharmaceutical compositions comprising a therapeutically 

effective amount of a compound of Formula I along with at least one excipient, and methods of 

treating diseases of the human body or the bodies of other mammals with such compositions. 

The invention provides a method for blocking or interfering with the binding by a chemokine 

receptor with its natural ligand, comprising contacting of said chemokine receptor with an 

effective amount of the compound according to Formula I. Also included is a method of 

protecting target cells possessing chemokine receptors, the binding to which by a pathogenic 

agent results in disease or pathology, comprising administering to a mammalian subject a 

pharmaceutical composition comprising a therapeutically effective amount of the compound 

according to Fonnula I. The invention includes the use of a compound of Fo1mula I in the 

manufacture of a medicament for the treatment of a disease in which blocking or interfering with 

binding of a chemokine receptor with its natural ligand is advantageous. The compound is 

fonnulated into a composition in amount corresponding to a therapeutically effective amount of 

.a compound ofFonnula I. 

The Invention Compounds 

[0030] The invention compounds are described generally by Formula I which is reproduced 

below for purposes of the present discussion. 
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Rix:~ 
RI y.,,-7 

(I) 

N-(CRs 2)n1-(CRs=CRs) * n2-(CRs 2)n3-NR 6 2 
I 
CR22 

R
3
-- ~N 
~R4 
R 

[0031) In one embodiment, the compounds of the present invention are of Formula II: 
RI 

(II) 

5 5 5* 5 6 1-(CR 2)n1-(CR =CR) n2-(CR 2)n3-NR 2 

CR22 

~--AN . 
K. 
R4 R 

or the salts and pro-drug fom1s thereof, representing a subset of the compounds of 
Formula I wherein bis 1, Xis CR1

, Y is N, and Z is CR1
2 and R 1 to R6 and nl-n3 are as defined 

for Formula I. In this subgenus, the preferred tetrahydroquinolyl and imidazole/benzimidazolyl 
methyl groups are attached to the core nitrogen. 

[0032) In one embodiment, no rings are formed in the portion of the molecule containing the 
non-core nitrogen (that to which two R6 are coupled). In another embodiment, any two R5 

(including two Rs on the same C), two R6 or one Rs and one R6 can be joined together via a 1-6 
membered linker to form a ring. Also contemplated are rings formed by two R2

, by one R2 and 
R3

, and by R3 and one R4
• Exemplary rings include, inter alia, cycloalkyl, cycloalkenyl, 

saturated or partially saturated heterocycles (piperidi~e, piperazine, pyrrolidine, pyrroline, 
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pyrazolidine, imidazoline, morpholine, thiomorpholine, pyrazoline, tetrahydrofuran, 

dihydrofuran, tetrahydrothiophene, dihydrothiophene, dihydropyran, tetrahydropyran and the 

like). However, rings formed from two R5 from other than the same C cannot be aromatic. 

[0033} Thus, alternatively, the present invention provides compounds of Formulas illa-ille: 

R1 R1 

RI RI 

N:O-R6 N~' &22 ----- !R22 ----- 2 

R
3
-- AN R'....._NAN NY\, y(R, 

R4 R R4 

III a Illb 

R' RI 

RI RI 

,...:N-...... -ON-R6 
2 "CR5 

CR 2 2 -----

R3--. AN NK, 
4 · R 

R 

me IIld 
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especially wherein both R 6 are H or one R 6 is H and the other includes an aryl moiety, or 
wherein two R 6 form a ring. 

[0034) The compounds may be supplied as "pro-drugs", that is, protected fonns, which 
release the compound after administration to a subject. For example, the compound may carry a 
protective group which is split off by hydrolysis in body fluids, e.g., in the bloodstream, thus 
releasing active compound or is oxidized or reduced in body fluids to release the compound. A 
discussion of pro-drugs may be found in "Smith and Williams' Introduction to the Principles of 
Drug Design," H.J. Smith, Wright, Second Edition, London 1988. 

J0035] The compounds may also be supplied as salts with.organic or inorganic acids or 
ba~es that are nontoxic. Non-toxic in the present sense has to be considered with reference to 
the prognosis for the infected patient without treatment. Exan1ples of inorganic bases with alkali 
metal hydroxides (e.g., sodium hydroxide, potassium hydroxide, etc.), alkaline earth metal 
hydrqxides (e.g., of calcium, magnesium, etc.), and hydroxides of alunlinum, anunonium, etc. 
Exan1ples of organic bases include trimethylamine, triethylamine, pyridine, picoline, 
ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine, 

N,N' -dibenzylethylenediamine, etc. Examples of inorganic acids include hydrochloric acid, 
hydrobromic acid, nitric acid, sulfuric acid, phosph~ric acid, etc. Examples of organic acids 
include formic acid, oxalic acid, acetic acid, tartaric acid, methanesulfonic acid, benzenesulfonic 
acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc. Also 
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included are salts with basic amino acids such as arginine, lysine, omithine, etc., and salts with 

acidic amino acids such as aspartic acid, glutamic acid, etc. 

(0036) All of the compounds of the invention contain at least one chiral center. The 

invention includes mixtures of stereoisomers, individual stereoisomers, and enantiomeric 

mixtures, and mixtures of multiple stereoisomers. In short, the compound may be supplied in 

any desired degree of chiral purity. 

[0037) As set forth above, the basic structure of the compounds of the invention is defined 

by Formula I, and particular illustrative embodiments are found in Formulas I-ill. The further 

definition of the compounds of the invention rest on the identification of the noninterfering 

substituents. 

[0038] Preferred embodiments ofR 1 include H, halo, alkyl, alkoxy, CF3, and the like. 

Preferably, all R 1 are H or one R 1 is other than H and the remaining two R 1 are H. 

[0039] Preferred embodiments of R2 include H alkyl, and alkenyl especially Hand methyl. 

(0040] Preferred embodiments ofR3 include H, alkyl, alkenyl, arylalkyl, and aryl. 

(0041) Preferred embodiments ofR4 include H, alkyl, alkenyl and especially those wherein 

the two R4 are bridged to form an aromatic ring so that the substituent on the core nitrogen is 

benzimidazolylmethyl, including a further heteroatom-contai.ning form thereof. 

[0042] Preferred embodiments of Rs include H, alkyl and alkenyl, each optionally 

substituted, including those wherein alkyl or alkenyl substituents on a single carbon or on 

adjacent or nonadjacent carbons form a saturated or unsaturated ring. This ring cannot be 

aromatic. Alternative embodiments for R5
, oximes, alkylated oximes hydroxylamine, including 

alkylated hydroxylamine, halo and the like. 

(0043) Preferred embodiments ofR6 include H, arylalkyl, arylsulfonyl, including those 

wherein one or more nitrogen atoms is present in the ring, and including fused ring aryl groups 

such as indolyl. Also preferred for R6 are heteroatom containing groups such as guanidyl groups 

carboxyl and carbamino groups, amides, arylsulfonic acids and aryl acyl substituents, again 

including aryl groups which comprise one or more nitrogens, alkenyl, cycloalkyl, carboxyl, and 

optionally substitutes, alkyl and alkenyl moieties, including those that are substituted by 

alcohols or amines are also preferred. Two R 6 may form a saturated, unsaturated or aromatic 

ring, optionally including one or more N, 0 and/or S. An Rs and an R6 or two R6 may also 

constitute a shared alkylene or alkenylene bridge to obtain the saturated or unsaturated ring, 

which may, be aromatic. In all cases (R5+Rs or R5+R6 or R6+R6
), the shared alkylene or 

alk:enylene substituent may include one or more heteroatoms such as N, S or 0. 
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[0044) It is preferred. that only 1-3, preferably 1-2 of the Rs groups be other than hydrogen. 

In one embodiment, all Rs are hydrogen, in another embodiment, one pair of R5 is a shared 

alkylene, alkenylene, or such moieties which include a heteroatom. 

(0045) Examples of optionally substituted alkyl groups include methyl, ethyl, propyl, etc. 

and including cycloalkyls such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

etc.; examples of optionally substituted alkenyl groups include allyl, crotyl, 2-pentenyl, 

3-hexenyl, 2-cyclopentenyl, 2-cyclohexenyl, 2-cyclopentenylmethyl, 2-cyclohexenylmethyl, 

etc.; C1-6 alkyl and alkenyl are preferred. 

/(0046) Examples of halogen include fluorine, chlorine, bromine, iodine, etc., with fluorine 

and chlorine preferred. 

'(0047}~ Examples of optionally substituted hydroxyl and thiol groups include optionally 

substituted alkyloxy or alkylthio (e.g., C1_10 alkyl) such as methyl, ethyl, propyl, isopropyl, 

butyl, isobutyl, sec-butyl, tert-butyl, pentyl, cyclopropyl, cyclobutyl, cy~lopentyl, cyclohexyl, 

cycloheptyl, etc.); an optionally substituted arylalkyloxy or arylalkylthio (e.g., phenyl-C1-4 alkyl, 

e.g., benzyl, phenethyl, etc.). Where there are two adjacent hydroxyl or thiol substituents, the 

heteroatoms may be connected via an alkylene group such as O(CH2)n0 and S(CH2)nS (where 

n=l-5). Examples include methylenedioxy, ethylenedioxy, etc. Oxides ofthio-ether groups 

such as sulfoxides and sulfones are also envisioned. 

[0048) Examples of optionally substituted hydroxyl groups also include optionally 

substituted C24alkanoyl (e.g., acetyl, propionyl, butyryl, isobutyryl, etc.), C1-4 alkylsufonyl (e.g., 

methanesulfonyl, ethanesulfonyl, etc.) and an optionally substituted aromatic and heterocyclic 

carbonyl·group including benzoyl, pyridinecarbonyl etc. 

10049) Substituents on optionally substituted amino groups may bind to each other to form a 

cyclic amino group (e.g., 5- to 6-membered cyclic amino, etc. such as tetrahydropyrrole, 

piperazine, piperidine, pyrrolidine, morpholine, thiomorpholine, pyrrole, imidazole, etc.). Said 

cyclic amino group may have a substituent, and examples of the substituents include halogen 

(e.g., fluorine, chlorine, bromine, iodine, etc.), nitro, cyano, hydroxy group, thiol group, amino 

group, carboxyl group, an optionally halogenated C14 alkyl (e.g., trifluoromethyl, methyl, ethyl, 

etc.), an optionally halogenated C14 alkoxy (e.g., methoxy, ethoxy, trifluoromethoxy, 

trifluoroethoxy, etc.), C24 alkanoyl (e.g., acetyl, propionyl, etc.), C14 alkylsulfonyl (e.g., 

methanesulfonyl, ethanesulfonyl, etc.) the number pf preferred substituents are I to 3. 

(0050) An amino group may also be substituted once or twice (to form a secondary or 

tertiary amine) with a group such as an optionally substituted alkyl group including C1-10alkyl 
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(e.g., methyl, ethyl propyl etc.); an optionally substituted alkenyl group such as allyl, crotyl, 

2-pentenyl, 3-hexenyl, etc., or an optionally substituted cycloalkyl group such as cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, etc. In these cases, C1-6 alkyl, alkenyl and 

cycloalkyl are preferred. The amine group may also be optionally substituted with an aromatic 

or heterocyclic group, aralkyl (e.g., pheny1C14alkyl) or heteroalkyl for example, phenyl, 

pyridine, phenylmethyl (benzyl), phenethyl, pyridinylmethyl, pyridinylethyl, etc. The 

heterocyclic group may be a 5 or 6 membered ring containing 1-4 heteroatoms. 

[0051) An amino group may be substituted with an optionally substituted C2-4 alkanoyl, e.g., 

acetyl, propionyl, butyryl, isobutyryl etc., or a C1-4alkylsulfonyl(e.g., methanesulfonyl, 

ethanesulfonyl, etc.) or a carbonyl or sulfonyl substituted aromatic or heterocyclic ring, e.g., 

benzenesulfonyl, benzoyl, pyridinesulfonyl, pyridinecarbonyl etc. The heterocycles are as 

defined above. 

[0052) Examples of optionally substituted carbonyl groups, or sulfonyl groups include 

optionally substituted forms of such groups formed from various hydrocarbyls such as alkyl, 

alkenyl and 5- to 6-membered monocyclic aromatic group (e.g., phenyl, pyridyl, etc.), as defined 

above. 

Utility and Administration 

[0053) The invention is directed to compounds of Formula I that modulate chemokine 

receptor activity. Chemokine receptors include but are not limited to CCR-1, CCR-2, CCR-3, 

CCR-4, CCR-5, CXCR-3, and CXCR-4. 

(0054) In one embodiment, the invention provides compounds of Formula I that demonstrate 

protective effects on target cells from HIV infection by binding specifically to the chemokine 

receptor thus affecting the binding of a natural ligand to the CCR-5 and/or CXCR-4 of a target 

cell. 

(0055) In another embodiment, the compounds of the present invention are useful as agents 

which affect chemokine receptors, such as CCR-I, CCR-2, CCR-3, CCR-4, CCR-5, CXCR-3, 

CXCR-4 where such chemokine receptors have been correlated as being important mediators of 

niany inflammatory as well as irnmw1oregulatory diseases. 

(0056) Other diseases that are also implicated with chemokines as mediators include 

angiogenesis, and tumorigenesis such as brain, and breast tumors. Thus, a compound that 

modulates the activity of such chemokine receptors is useful for the treatment or prevention of 

such diseases. 
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[0057) The tenn ''modulators" as used herein is intended to encompass antagonist, agonist, 

partial antagonist, and or partial agonist, i.e., inhibitors, and activators. In one embodiment of 

the present invention, compounds of Formula I demonstrate a protective effect against HIV 

infection by inhibiting the binding of HIV to a chemokine receptor such as CCR-5 and/or 

CXCR-4, of a target cell. Such modulation is obtained by a method which comprises contacting 

a target cell with an amount of the compound which is effective to inhibit the binding of the 

virus to the chemokine receptor. 

[0058] Compounds that inhibit chemokine receptor activity and function may be used for the 

treatment of diseases that are associated with inflammation, including but are not limited to, 

inflammatory or allergic dis.eases such as asthma, allergic rhinitis, hypersensitivity lung 

diseases,Lhypersensitivity pneumonitis, eosinophilic pneumonias, delayed-type hypersensitivity, 

interstitial lung disease (ILD) (e.g., idiopathic pulmonary fibrosis, or ILD associated with 

rheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, systemic sclerosis, 

Sjogren's syndrome, polymyositis or dermatomyositis); systemic anaphylaxis or hypersensitivity 

responses, drug allergies, insect sting allergies; autoimmune diseases, such as rheumatoid 

arthritis, psoriatic arthritis, systemic lupus erythematosus, myastenia gravis, juvenile onset 

diabetes; glomerulonephritis, autoimmune throiditis, graft rejection, including allograft rejection 

or graft-versus-host disease; inflammatory bowel diseases, such as Crohn's disease and 

ulcerative colitis; spondyloarthropathies; scleroderma; psoriasis (including T-cell mediated 

psoriasis) and inflammatory dem1atoses such as dem18titis, eczema, atopic dennatitis, allergic 

contact dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity 

vasculitis); eosinphilic myotis, eosiniphilic fasciitis; and cancers. 

[0059) In addition compounds that activate or promote chemokine receptor function are used 

for the treatment of diseases that are associated with immunosuppression such as individuals 

undergoing chemotherapy, radiation therapy, enhanced wound healing and bum treatment, 

therapy for autoimmune disease or other drug therapy (e.g., corticosteroid therapy) or 

combination of conventional drugs used in the treatment of autoimmune diseases and 

graft/transplantation rejection, which causes imnmnosuppression; immunosuppression due to 

congenital deficiency in receptor function or other causes; and infectious diseases, such as 

parasitic diseases, including but not limited to helminth infections, such as nematodes (round 

worms); Trichuriasis, Enterobiasis, Ascariasis, Ho~kworm, Strongyloidiasis, Tri~hinosis, 

filariasis; trematodes; visceral worms, visceral larva migtrans (e.g., Toxocara), eosinophilic 

gastroenteritis (e.g., Anisaki spp., Phocanema ssp.), cutaneous larva migrans (Ancy/ostona 
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braziliense, A.ncylostoma cani11um); the malaria-causing protozoan Plasmodium vivax, Human 

cytomegalovirus, Herpesvirus saimiri, and Kaposi's sarcoma herpesvirus, also known as human 

herpesvirus 8, and poxvirus Moluscum contagiosum. 

[0060) Compounds of the present invention may be used in combination with any other 

active agents or phannaceutical compositions where such combined therapy is useful to 

modulate chemokine receptor activity and thereby prevent and treat inflammatory and 

immunoregulatory diseases. 

[0061] The compoWlds may further be used in combination with one or more agents useful 

in the prevention or treatment of HIV. Examples of such agents include: 

(1) nucleotide reverse transcriptase inhibitor such as tenofovir disoproxil fumarate; 

lamivudine/zidovudine; abacavir/lamivudine/zidovudine; emtricitabine; amdoxovir; alovudine; 

DPC-817; SPD-756; SPD-754; 087340; ACH-126,443 (beta)-L-F d4C; didanosine, zalcitabine, 

stavudine, adefovir, adefovir dipivoxil, fozivudine todoxil, etc.; 

(2) non-nucleotide reverse transcriptase inhibitor (including an agent having anti-

oxidation activity such as immunocal, oltipraz, etc.) such as nevirapine, delavirdine, efavirenz, 

loviride, immunocal, oltipraz, TMC-125; DPC-083; capravarine; calanolide A; SJ-3366 series, 

etc.; 

(3) protease inhibitors such as saquinavir, lopi.navir/ritonavir, atazanavir, 

fosamprenavir, tipranavir, TMC-114, DPC-684, indinavir, nelfinavir, amprenavir, palinavir, 

lasinavir, etc.; 

(4) entry inhibitors such as T-20; T-1249; PR0-542; PR0-140; TNX-355; BMS-806 

series; and 5-Helix; 

(5) CCRS-receptor inhibitors such as Sch-C (or SCH351125); Sch-D, and 

SCH350634; T AK.779; UK 427 ,857 and TAK 449; 

(6) Integrase inhibitors such as L-870,810; GW-810781 (S-1360); and 

(7) Budding inhibitors such as PA-344; and PA-457. 

(0062) C~mbinations of compounds of the present invention with HIV agents is not limited 

to (1), (2), and or (3), but includes combination with any agent useful for the treatment of HIV. 

Combinations the compounds of the invention and other HIV agents may be administered 

separately or in conjunction. The administration of one agent may be prior to, concurrent to, or 

subsequent to the administration of other agent(s). 

(0063) The compounds according to the present invention may be administered by oral, 

intramuscular, intraperitoneal, intravenous, intracistemal injection or infusion, subcutaneous 
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iajection, transdennal or transmucosal administration or by implant. They may also be 
administered by inhalation spray, nasal, vaginal, rectal, sublingual, or topical routes and may be 
formulated, alone or together, in suitable dosage unit fonnulations containing conventional non­
toxic phannaceutically acceptable carriers, adjuvants and vehicles appropriate for each route of 
administration. 

[0064) The compounds of the invention are used to treat animals, including mice, rats, 
horses, cattle, sheep, dogs, cats, and monkeys. The compounds of the invention are also 
effective for use in humans. 

J0065) The invention also relates to a pharmaceutical composition comprising a 
pharmaceutically acceptable· carrier or diluent and an effective amount of compound of 
Formula:.!. The compounds may be administered alone or as an admixture with a 
pharmaceutically acceptable carrier (e.g., solid fonnulations such as tablets, capsules, granules, 
powders, etc.; liquid formulations such as syrups, injections, etc.) may be orally or non-orally 
administered. Examples of non-oral formulations include injections. drops, suppositories, 
pessaryies. 

[0066) In the treatment or prevention of conditions which require chemokine receptor 
modulation an appropriate dosage level will generally be about 0.01 to 500 mg per kg subject 
body weight per day which can be administered in singe or multiple doses. Preferably, the 
dosage level will be about 0.1 to about 250 mg/kg per day. It will be understood that the 
specific dose level and frequency of dosage for any particular patient may· be varied and will 
depend upon a variety of factors including the activity of the specific compound used, the 
metabolic stability and length of action of that compound, the age, body weight, general health, 
sex, diet; mode and time of administration, rate of excretion, drug combination, the severity of 
the~particular condition, and the patient undergoing therapy. 

Exan1ples 

[0067) The intermediates 8-hydroxy-5,6,7,8-tetrahydroquinoline and 8-amino-5,6,7,8-
tetrahydroquinoline were prepared according to the procedures described in Bridger et al. PCT 
Patent Application WO 00/56729. The intermediate N' -(lH-benzimidazol-2-ylmethyl)-N'­
(5,6, 7,8-tetrahydro-8-quinolinyl)-1,4-benzenedimethanamine was prepared as described by 
Bridger et al, US Patent Applications USSN 60/232,891, USSN 60/234,510. The intennediate 
1-N-tert-butoxycarbonyl-2-chloromethylbenzimidazole was prepared as described by An, H.; 
Wang, T.; Mohan, V.; Griffey, R.H.; Cook, P.D. Tetrahedron 1998, 54, 3999-4012. 
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General Synthesis Procedures: 

General Procedure for N-Alkylation of (1-tert-butoxycarbonyl-lH-Benzimidazol-2-

ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)-amine with Mesylates or Alkyl 

Chlorides 

(0068) To a solution of (1-tert-butoxycarbonyl-lH-Benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydro-quinolin-8-yl)-amine (or amine) (1-1.4 equivalents), N,N,-diisopropylethylamine (or 

K2C03) {1.5-2 equivalents) and KI (0.05-0.16 equivalent) in CH3CN {concentration-0.1-0.2 M) 

was added the mesylate or alkyl chloride (such as 1-N-tert-butoxycarbonyl-2-

chloromethylbenzimidazole).(1-1.4 equivalents) and the mixture stirred at 50-70 °C for 3-25 

hours, as monitored by analytical thin layer chromatography; The reaction mixture was cooled, 

diluted with CH2Ch (10 mUmmol amine) and poured into either saturated aqueous NaHC03 or 

brine (10 mUmmol alcohol). The phases were separated and the aqueous phase extracted with 

CH2Ch (3 x 10 mUmmol amine). The combined organic phases were dried {Na2S04 or 

MgS04) and concentrated under reduced pressure. The crude material was purified by 

chromatography to afford the desired N-alkylated product. 

General Procedure A: Direct Reductive Amination with NaBH1CN 

(0069] To a stirred solution of the an1ine (1 equivalent) in anhydrous methanol 

(concentration -0.1 M), at room temperature, was added the carbonyl compound ( ~ 1-2 

equivalents) in one portion. Once the carbonyl had dissolved (-5 minutes), NaBH3CN (-2-4 

equiv.) was added in one portion and the resultant solution was stirred at room temperature. The 

solvent was removed under reduced pressure and CH2Ch {20 mUmmol of amine) and brine or 

1.0 M aqueous NaOH (10 mUmmol amine) were added to the residue. The phases were 

separated and the aqueous phase was extracted with CH2Ch (3 x 10 mUmmol amine). The 

combined organic phases were dried (Na2S04) and concentrated under reduced pressure. The 

crude material was purified by chromatography. 

General Procedure B: Direct Reductive Amination with NaBH(OAc)i.or NaBfu 

(0070) To a stirred solution of the amine (1 equivalent) in CH2Ch {concentration--0.2 M), at 

room temperature, was added the carbonyl compound (-1-2 equivalents), glacial acetic acid (0-2 

equivalents) and NaBH(OAc)3 (-1.5-3 equivalents) and the resultant solution stirred at room 

temperature. The reaction mixture was poured into either saturated aqueous NaHC03 or 1.0 M 

aqueous NaOH (10 mL I mmol amine). The phases separated and the aqueous phase extracted 
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with CH2Clz (3 x 10 mL/mmol amine). The combined organic phases were dried (Na2S04) and 
concentrated under reduced pressure. The crude material was purified by chromatography. 

[0071] Similarly, to a stirred solution of the amine (1 equivalent) in anhydrous MeOH 
(concentration-0.1 M), at room temperature, was added the carbonyl compound (1 equivalent). 
The resultant solution was stirred at room temperature or heated to reflux for 4-24 hours. 
NaBH4 (1-2 equivalents) was added and the resultant mixture stirred at room temperature for 
-20 minutes. The reaction mixture was concentrated, dissolved in CH2Ch, washed consecutively 
with saturated aqueous NaHC03 and saturated aqueous NaCl. The aqueous layers were 
extracted with CH2Cl2 (2x) and the combined organic extracts were dried (MgS04) and 
concentrated. 

General Procedure C: Reaction of Alcohols with Methanesulfonyl Chloride 
[0072) To a stirred solution of the alcohol (1 equivalent) and BtJN (1.5-2 equivalents) in 

CH2Ch (or TIIF) (concentration -0.1 M) at room temperature (or 0 °C) was added 
methanesulfonyl chloride (-1.5 equivalents) and the reaction stirred at room temperature for 0.5-
1 h. The reaction mixture was poured into either saturated aqueous NaHC03 or saturated ~Cl 
(10 mUmmol alcohol). The phases were separated and the aqueous phase extracted with 
CH2Ch (3 x 10 m.Ummol amine). The combined organic phases were dried (Na2S04) and 
concentrated under reduced pressure. The crude material was either purified by chromatography 
or used without further purification in the N-alkylation step. 

General Procedure D: Salt formation using saturated HBr(g) in acetic acid: 
'[0073) · To· a solution of the free base in glacial acetic acid (2 mL) was added, a saturated 

solution of HBr(g) in acetic acid (2 mL). A large volume of ether (25 mL) was then added to 
precipitate a solid, which was allowed to settle to the bottom of the flask and the supernatant 
solution was decanted. The solid was washed by decantation with ether (3 x 25 mL) and the 
remaining traces of solvent were removed under vacuum. For additional purification, the solid 
was dissolved in methanol and re-precipitated with a large volume of ether. Washing the solid 
with ether by decantation, followed by drying of the solid in vacuo (0.1 Torr) gave the desired 
compound. 
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Intennediates: 

Preparation of 4-hydroxymethylbenzaldehyde: 

[0074] Terephthaldicarboxaldehyde (30.02g, 224 mmol), methanol (200 rnL), palladium on 

activated carbon, (10%, 3.02 g) and 2-(aminomethyl)pyridine (2.3 mL, 22 mol, 0.01 mol equiv) 

were combined in a hydrogenation vessel and the reaction mixture was shaken on a Parr 

hydrogenator for 2.5 hours at 40 psi of hydrogen. The mixture was filtered through celite, the 

cake washed with methanol and the solvent from the eluent removed in vacuo. Purification of 

the crude product by column chromatography on silica gel (EtOAc/Hexanes, 1: 1) afforded the 

title compound (23.8 g, 78%)-as a white solid. 1H NMR (CDCh) 8 4.80 (s, 2H), 7.53 (d, 2H, J= 

9 Hz}, 7.87 (d, 2H, J= 9 Hz), 10.00 (s, lH}. 

Preparation of 6. 7-Dihydro-5H-guinolin-8-one: 

O? 
0 

[0075] To a stirred solution of 8-hydroxy-5,6,7,8-tetrahydroquinoline (13.96 g, 93.6 mmol) 

in dry CH2Ch (400 mL) was added activated manganese dioxide (85% purity, 82.22 g, 804 

mmol). The resulting heterogeneous mixture was stirred 18 h, at which point the black slurry 

was filtered through a cake of celite and washed with CH2Ch (3 x 50 mL}. The combined 

washings were concentrated to afford 11.27 g (82%) of the title compolUld as a pale yellow 

solid, which' was used in subsequent reactions without further purification. 1H NMR (CDCIJ) 8 

2.17-2.25 (m, 2H), 2.82 (t, 2H, J= 7 Hz), 3.04 (t, 2H, J= 6 Hz), 7.37 (dd, lH, J= 9, 6 Hz), 7.66 

(dd, lH, J= 9, 1Hz),8.71 (dd, lH, J= 6, 1Hz); 13C NMR (CDCh) 8 22.2, 28.6, 39.2, 126.6, 

137.3, 140.5, 147.6, 148.6, 196.5. ES-MS mlz 148 (M+H). 

Preparation of O-tert-butoxycarbonyl-lH-Benzimidazol-2-ylmethyl)-(5.6. 7.8-tetrahydro­

quinolin-8-yl)-amine: 
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[0076) Using General Procedure for N-Alkylation: To a stirred solution of 8-amino-5,6, 7,8-
tetrahydroquinoline (7.34 g, 49 .6 mmol) in dry CH3CN (250 mL) was added l-N-tert­
butoxycarbonyl-2-chloromethylbenzimidazole (13.22 g, 49.6 mmol), .N,N-diisopropylethylamine 
(15.5 mL, 89.2 mmol) and potassium iodide (0.41 g, 8.2 mmol) and the mixture was stirred at 60 
°C for 3.5 h. Purification by column chromatography on silica gel (CH2Cb/Me0H, 99:1 

followed by 97:3 and 96:4) gave the intermediate amine (6.38 g, 34%) as an orange, sticky oil. 
1
HNMR (CDCh) o 1.76 (s, 9H), 1.81-2.10 (m, 2H), 2.25-2.37 (m, IH), 2.72-2.89 (m, 2H), 3.77-

3.84 (m, lH), 4.39 (cl, lH, J= 15.0 Hz), 4.56 (cl, lH, J= 15.0 Hz), 7.00-7.06 (m, lH), 7.27-7.37 
{m,JH), 7.64-7.74(m, lH), 7.90-7.96(d,2H,J=8.1 Hz),8.34(d, lH,J=3.0Hz); 13CNMR 

.• .· 
(CDCh) o 20.13, 28.48, 29.00, 29.20, 47.15, 56.89, 86.20, 115.32, 120.28, 122.06, 124.43, 

124:85, 132.77, 133.74, 137.01, 142.44, 147.10, 149.22, 154.90, 157.72; ES-MS m/z 279 
(M+H-boc). 

Preparation of OH-Benzimidazol-2-ylmethyl)-(5,6.7.8-tetrahydro-quinolin-8-yl)-amine: 

[0077) To a stirred solution of (2-aminomethyl)benzimidazole dihydrochloride hydrate (5.96 
g, 27'..1 mmol) in dry MeOH (225 mL) was added 6,7-dihydro-SH-quinolin-8-one (3.99 g, 27.1 
mmoD and the mixture stirred at room temperature for 69 h. To the resultant solution was added 
soditlm borohydride (2.06 g, 54.2 mmol) in two portions and the mixture stirred for 1.5 h. The 
reaction mixture was concentrated in.vacuo and diluted with CH2Ch (150 mL). The organic 
layer was washed with saturated aqueous sodium bicarbonate (200 mL), the aqueous layer 
extracted with CH2Cli (2 x 50 mL) and the combined organic layers dried (Na2S04), filtered, 
and concentrated in vacuo. Purification by column chromatography on silica gel 

(CH2Ch/MeOH, 99: 1 followed by 98:2 and 96:4) gave the intermediate amine (3.59 g, 50%) as 

a yellow foam. 1H NMR (CDCh) o 1.66-1.90 (m, 3H), 1.91-2.00 (m, lH), 2.00-2.17 {m, lH), 

2.33-2.69 (brm, lH), 3.88-3.96 (m, lH), 4.37 {d, lH, J= 3.0 Hz), 7.18-7.26 {m, 4H), 7.48 (d, 
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lH,J= 6.0 Hz), 7.58-7.78 (hr m, lH), 8.55-8.58 (m, IH); 13CNMR (CDCh) 8 19.66, 29.12, 

30.24, 46.62, 57.28, 122.21, 122.83, 133.55, 138.07, 146.98, 156.17, 157.73. 

Preparation of 1-(2-trimethylsilylethoxvmethyll-2-formyl-benzimidazole: 

SEM 

o:N 
h 

N 0 

(0078] To a stirred solution of 2-hydroxymethylbenzimidazole (31.94, 0.216 mol) in dry 
DMF ( 450 mL) was added N~N-diisopropylethylamine (90 mL, 0.52 mol) followed by 2-
(trimethylsily)ethoxymethyl chloride (75% in pentane, 55 g, 0.25 mol) and the mixture heated to 
60 °C for 2 h. The mixture was cooled to room temperature, concentrated under reduced 
pressure and partitioned between EtOAc ( 400 mL) and distilled water (700 mL). The phases 
were separated and the aqueous layer extracted with EtOAc (2 x 200 mL). The combined 
organic extracts were washed with brine (1 x 400 mL), dried (Na2S04), filtered and concentrated 
under reduced pressure. Purification of the crude oil by column chromatography on silica gel 
(4% MeOH/CH2Ch) afforded the desired 1-(2-trimethylsilylethoxymethyl)-2-

hydroxymethylbenzimidazole (26.28 g, 44%) as a yellow oil. 1H NMR (CDCh) 8 -0.04 (s, 9H), 
0.89 (t, 2H, J= 9 Hz), 1.75 (br s, lH), 3.55 {t, 2H, J= 9 Hz), 4.94 (s, 2H), 5.58 (s, 2H), 7.26-
7.30 (m, 2H), 7.43-7.45 (m, lH), 7.70-7.72 {m, lH). 

(0079] To a stirred solution of the alcohol from above (26.58 g, 0.096 mol) in dry CH2Ch 
(450 mL) was added activated Mn02 (<5 micron, - 85%, 93 g, 0.91 mol) and the suspension 
stirred at room temperature overnight. The mixture was filtered through celite" (175 g) and the 
cake was washed with CH2Ch. The solvent was removed from the eluent under reduced 
pressure and the resultant residue purified by colunm chromatography on silica gel (3% 
Me0H/CH2Ch) to provide the title aldehyde (14.41 g, 55%) as a pale yellow oil. 1H NMR 
(CDCI)) 8-0.07 (s, 9H), 0.90 (t, 2H,J= 9 Hz), 3.56 (t, 2H,J= 9 Hz), 6.04 (s, 2H), 7.43-7.51 

(m, 2H), 7.66 (d, lH,J= 9 Hz), 7.95 (d, lH,J= 9 Hz), 10.13 (s, lH); 13C NMR (CD30D) o -
1.19, 17.94, 66.62, 73.30, 112.22, 122.51, 124.64, 127.43, 136.62, 143.11, 146.39, 185.10; ES­
MS mlz (M+H); 
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Preparation of [ 1-(2-trimethylsilylethoxymethyl)-lH-Benzimidazol-2-ylmethyll-(5,6, 7.8-

tetrahydro-quinolin-8-yll-amine: 

:J:OOSO] To a stirred solution of 1-(2-trimethylsilylethoxymethyl),,2-formyl-benzimidazole 

(4.26g,15.4 mmol) in dry MeOH (50 mL) was added a solution of 8-amino-5,6,7,8-

tetrahycfroquinoline (2.20 g, 14.8 mmol) in dry MeOH (20 mL) and the mixture stirred for 2 hat 

room temperature under an argon atmosphere. The reaction mixture was concentrated under 

reduced pressure and the resultant residue analyzed by 1H NMR to confirm imine formation. 

The residue was re-dissolved in dry MeOH (80 mL) and to the resultant solution was added 

sodium borohydride (1.17 g, 30.8 mmol). The mixture was stirred for 5 h, concentrated in 

vacuo and diluted with CH2Ch (100 mL) and saturated aqueous NaHC03 (125 mL). The phases 

were separated and the aqueous layer was extracted with CH2Ch (2 x 75 mL). The combined 

organic extracts were dried (Na2S04), filtered and concentrated in vacuo. Purification of the 

crude material through a plug of silica gel (CH2Ch/MeOH 96:4) afforded the desired amine 

(5.91 g, 98%) as an orange oil. 1H NMR (CDCh) o -0.07 (s, 9H), 0.90 (t, 2H, J= 9 Hz), 1.72-

1.83 (m, 2H), 1.95-2.01 (m, lH), 2.76-2.85 (m, 2H), 3.54 (t, 2H, J = 9 Hz), 4.33 (m, 2H), 5.68 

(d, lH, J= 12 Hz), 5.75 (d, lH, J= 12 Hz), 7.05-7.09 (m, lH), 7.25-7.30 (m, 2H), 7.38 (d, lH, J 

= 9Hz), 7.44-7.46 (m, lH), 7.71-7.73 (m, lH), 8.36-8.38 (m, lH). 
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Preparation of N-!5.6. 7.8-tetrahydro-quinolin-8-yll-N-r 1 =(2-trimethylsilanyl­

ethoxymethyll-lH-benzoimidazol-2-ylmethyll-butane-1.4-diamine: 

CQ 
(N~NH 

f-_N ... SEM 
2 

0 
[0081) A solution of (5,6,7,8-tetrahydro-quinolin-8-yl)-[l-(2•trimethylsilanyl­

ethoxymethyl)-1H-benzoimidazol-2-ylmethyl]-amine (2.86 g, 6.93 mmol), bromobutyronitrile 

(1.4 mL, 14.1 mmol) and DIPEA (3.0 mL, 17.2 mmol) in CH3CN (75 mL) was stirred at 80°C 

for 2 days. KI (54 mg, 0.33 rnmol) was added and the resultant mixture stirred at 80°C for 20 

hours. The mixture was concentrated under reduced pressure, diluted with CH2Ch (100 mL) 

and washed with saturated aqueous NaCl. The aqueous layer was extracted with CH2Ch (3 x 50 

mL) and the combined organic extracts were dried (MgS04), filtered and concentrated under 

reduced pressure. Purification by column chromatography on silica gel (CH2Clz/MeOH, 80:1) 

afforded the desired nitrite (1.19 g, 36%) as an orange syrup. 1H NMR (CDCh) o -0.09 (s, 9H), 

0.81-0.87 (m, 2H), 1.56-1.75 (m, 2H), 1.87-2.07 (m, 2H), 2.01-2.26 (m, lH), 2.29-2.53 (m, 2H), 

2.62-2.86 (m, 4H), 3.35-3.48 (m, 2H), 3.95-4.01 (m, lH), 4.16 (d, lH, J= 13.8 Hz), 4.26 (d, lH, 

J= 13.5 Hz), 5.76 (d, lH, J= 11.l Hz), 6.17 (d, lH, J= 11.0 Hz), 7.04 (dd, IH, J= 7.5, 4.5 Hz), 

7.22-7.28 (m, 2H), 7.32 (d, lH, J= 7.5 Hz). 7.43-7.46 (m, lH), 7.69-7.73 (m, lH), 8.46 (dd, lH, 

J = 4.8, 1.3 Hz). 

[ 0082) 4-{ ( 5 ,6, 7,8-Tetrahydro-quinolin-8-yl)-[1-(2-trimethylsilanyl-ethoxymethyl)-lH­

benzoimidazol-2-ylmethyl]-amino }-butyronitrile (840 mg, 1.75 mmol) was dissolved in NH3 

saturated MeOH (15 mL), treated with Raney nickel (excess), and placed under 45 psi H2 on a 

Parr shaker for 16 hours. The mixture was diluted with MeOH and filtered through Celite. The 

cake was washed with MeOH and the combined filtrate was concentrated under reduced 

pressure. Purification by column chromatography on silica gel (CH2Ch/MeOH/NH40H, 50:2:1) 

afforded the desired amine (560 mg, 66%) as an orange syrup. 1H NMR (CDCh) 3 -0.10 (s, 

9H), 0.81(t,2H, J= 9.0 Hz), 1.43-1.50 (m, 4H), 1.59-1.76 (m, lH)~ 1.86-2.09 (m, 2H), 2.08-

2.23 (m, lH), 2.56-2.71(m,4H), 2.76-2.85 (~, 2HJ, 2.41(t,2H,J= 8.1Hz),4.07-4.12 (m, 3H), 

5.71 (d, lH, J= 11.1 Hz), 7.37 (d, IH, J= 11.l Hz), 7.05 (dd, lH, J= 7.5, 4.5 Hz), 7.21-7.29 
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'(m, 2H), 7.34 (cl, lH, J= 6.6 Hz), 7.40-7.45 (m, HI), 7.71-7.76 (m, lH), 8.58 (d, lH, J= 3.6 

Hz). 

Preparation of N-{1H-Benzimidazol-2-ylmethyl)-N1 -(5 .6. 7 .8-tetrahydro-quinolin-8-yl)­

cyclohexane-trans-1.4-diamine: 

Preparation of N-tert-butoxycarbonyl-trans-1.4-cyclohexanediamine (Smith. J.: Liras. 

J.L.: Schneider, S.E.: Anslyn, BJ. Org. Chem. 1996, 61, 8811-8818): 

[0083] To a solution of tra11s-l,4-cyclohexanediamine (8.01 g, 70.1 mmol) in CHCh (230 

mL) was added a solution of di-tert-butyl dicarbonate (7.67 g, 35.1 mmol) in CHCh (50 mL) via 

syringe pump over a period of 6 hours. The resultant white suspension was stirred at room 

temperature for an additional 10 hours then concentrated iu vacuo and diluted with CH2Cl2 (100 

mL) and saturated aqueous Na2C03 (100 mL). The layers were separated and the organic layer 

was washed saturated aqueous Na2C03 (2 x 30mL). The combined organic phases were dried 

(Na2804), filtered and concentrated to give the title compound (5.30 g, 71 % based on Boc20) as 

a white solid. 

;[0084) Following General Procedure for Reductive Anlination Using NaBH(OAc)3: To a 

stirred solution of 6, 7-dihydro-5H-quinolin-8-one (3.04 g, 20.65 mmol) and N-tert­

butoxycarbonyl-trans-1,4-cyclohexanediarnine ( 4.42 g, 20.65 mrnol) in dry THF (100 rnL) was 

added AcOH (3 rnL) and NaBH(OAc)3 (5.69 g, 26.85 mmol) and the mixture stirred overnight 

at room temperature. Purification by column chromatography on silica gel 

(CH2Ch/MeOH/NI-40H, 96:4:0 then 94:5:1) afforded the desired amine (3.79 g, 53%) as a 

white solid. 
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Example 1 

(0085) 

COMPOUNDl: Preparation
1
of (IH-Benzimidazol-2-ylmethyl}-piperidin-3-

ylmethyl-(5.6. 7.8-tetrahydro=auinolin-8-yl)-amine (hydrobromide salt) 

Preparation of 3-formyl-N-tert-butoxycarbonyl-piperidine: 

boc 
I 
N 

0CHO 
(0086) To a solution of 3-piperidinemethanol (0.544 g, 4.72 rnmol) in THF (20 mL) was 

added di-tert-butyl dicarbonate (l.01 g, 4.63 mmol) and the mixture stirred at room temperature 

for 2 hours. The mixture was concentrated under reduced pressure and the resultant crude 

product was used without further purification in the next reaction. 

(0087] To a suspension of the alcohol from above (-4.7 mmol) and powdered 3 A molecular 

sieves (1.17 g) in CH2Ch (10 mL) was added 4-methylmorpholine N-oxide (0.672 g, 5.74 

mrnol) and tetrapropylammonium perruthenate (0.084 g, 0.24 mrnol) and the mixture stirred 

overnight. The reaction was concentrated under reduced pressure and purified by column 

chromatography through a plug of silica gel (ethyl acetate/hexanes, 1 :2) to afford the title 

compound (0.429 g, 43% over 2 steps) as a clear oil. 1H NMR (CDCh) 3 1.46 (br s, 9H), 1.48-

1.55 (m, lH), l.65-1.73 (m, 2H), 1.91-1.99 (m, HI), 2.40-2.44 (m, IH), 3.04-3.13 (m, lH), 3.32 

(dd, IH, J= 15, 9 Hz), 3.60-3.65 {m, lH), 3.89-3.94 (m, lH), 9.70 (s, lH). 

[0088) Using General Procedure B: To a stirr~ solution of (lH-Benzimidazol-2-ylmethyl)­

(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine (159 mg, 0.57 mmol) and 3-fonnyl-N-tert­

butoxycarbonyl-piperidine (125 mg, 0.59 mmol) in CH2Ch (5 mL) was added NaBH(OAc)3 
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(157 mg, 0. 74 mmol) and the resultant mixture was stirred at room temperature for 2.5 hours. 

Purification of the crude material by column chromatography on silica gel (CH2Ch/Me0H, 

96:4) afforded the alkylated product (185 mg, 68%) as a mixture of diastereomers. 

[0089] The yellow foam from above (185 mg, 0.39 mmol) oil was dissolved in CH2Ch!TFA 

(1: 1, 2 mL) and the mixture stirred overnight. The reaction was then concentrated and diluted 

with CH2Cb (30 mL) and 1 N NaOH (30 mL). The aqueous layer was washed with CH2Ch (2 x 

10 mL) and the combined organic extracts were dried (Na2S04), filtered and concentrated to 

afford the Boc-deprotected material as a mixture of diastereomers. Purification and separation 

of the diastereomers by radial chromatography on silica gel (1 mm plate, 50: 1: 1 

CH2Clzf.M:e0~0H) affotded a top, less polar diastereomer (25 mg, 17%) and a bottom, 

more po~ar one (20 mg, 14%), both as clear foams. 

[0090) ·Using General Procedure D: Conversion of the more polar, bottom diastereomer 

from above (20 mg, 0.05 mmol) to the hydrobromide salt followed by re-precipitation of the 

intermediate solid from methanoVether gave COMPOUND 1 (34 mg, 97%) as a white solid. 1H 

NMR (D20) o 0.97-1.09 (m, lH), 1.44-1.57 (m, lH), 1.72-1.88 (m, 2H), 1.90-2.07 (m, 2H), 

2.13-2.36 (m, 4H), 2.53 (br t, lH, J= 12 Hz), 2.74-2.90 (m, 2H), 2.98-3.00 (m, 2H), 3.27-3.32 

(m, 2H), 4.38 (d, lH J= 16.5 Hz), 4.48 (d, lHJ= 16.5 Hz), 4.50-4.55 (m, lH), 7.62 (dd, 2H, J 

= 6.3, 3.3 Hz), 7.81 (dd, 2H, J= 6.3, 3.3 Hz), 7.89 (dd, lH, J= 7.8, 6 Hz), 8.37 (d, lH, J= 8.1 

Hz), 8.67 (d, lH, J= 5.6 Hz); 13C NMR (D20) o 19.89, 20.27, 21.58, 26.64, 27.79, 31.91, 44.57, 

47.09, 48.00, 54.69, 59.91, 114.34, 126.18, 127.09, 131.14, 139.59, 141.23, 148.32, 150.59, 

150.76. ES-MS mlz 376 (M+H). Anal. Calcd. for C23H29Ns•3.0HBr•2.2H20: C, 41.99; H, 5.58; 

N, 10.65; Br, 36.44. Found: C, 42.05; H, 5.44; N, 10.50; Br, 36.40. 
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Example2 

COMPOUND 2: Pre.paration of CIH-Benzimidazol-2-yhnethyl}-piperidin-3-

ylmethyl-(5.6. 7 .8-tetrahydro-guinolin-8-y))-amine (hydrobromide salt) 

[0091] Using General Procedure D: Conversion of the top, less polar diastereomer from 

above (see COMPOUND 1) (25 mg, 0.07 rnmol) to the hydrobromide salt followed by re­

precipitation of the intermediate solid from methanoVether gave COMPOUND 2 (39 mg, 88%) 

as a white solid. 1H NMR (D20) o 1.07-1.19 (m, IH), 1.54-1.68 (m, lH), 1.74-1.90 (m, 3H), 

1.97-2.07 (m, 2H), 2.13-2.22 (m, lH), 2.30-2.43 (m, 2H), 2.52 (br t, lH, J= 12 Hz), 2.80 (td, 

IH, J= 13.2, 2.4 Hz), 2.92 (dd, IH, J= 13.8, 4.5 Hz), 2.98-3.00 (m, 2H), 3.32-3.36 (m, IH), 

3.61-3.65 (m, lH), 4.38 (d, lH J= 16.5 Hz), 4.46 (d, lH J= 16.5 Hz), 4.52 (dd, lH, J= 10.5, 

5.7 Hz), 7.63 (dd, 2H, J= 6.3, 3.3 Hz), 7.82 (dd, 2H, J= 6.3, 3.3 Hz), 7.90 (dd, lH, J= 7.5, 6.3 

Hz), 8.37 (d, lH, J= 7.8 Hz), 8.68 (d, lH, J= 6 Hz); 13C NMR (020) 0 18.97, 19.39, 21.05, 

26.03, 26.91, 31.14, 43.69, 46.67, 47.04, 54.41, 58.71, 113.46, 125.31, 126.27, 130.15, 138.77, 

140.30, 147.54, 149.50, 149.74. ES-MS mlz 376 (M+H). Anal. Calcd. for 

C23H29Ns•3.0HBr•2.6H20: C, 41.54; H, 5.64; N, 10.53; Br, 36.04. Found: C, 41.47; H, 5.41; N, 

10.22; Br, 36.19. 
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Example 3 

CQ 
N,(~ 
N:;-- NH 

0 

PC'l'/US02/41407 

Preparation of (1 H-Benzimidazol-2-ylmethyl)-piperidin-2-

ylmethyl-(5.6.7.8-tetrahydro-quinolin-8-yl)-arnine (hydrobromide salt) 

Preparation of 2-fonnyl-piperidine-1-carboxylic acid tert-butyl ester: 

[0092) To a solution of2-piperidinemethanol (56lmg, 4.9mmol) in dry TIIF (lOmL) was 

added di-tert-butyl dicarbonate ( l. l 4g, 5 .2mmol) and the mixture stirred overnight at room 

temperature. The reaction mixture was concentrated in vacuo to afford a colourless oil which 

was used in the next step without any further purification. 

[0093) To a stirred solution of 2-hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester 

(0.737 g, 3.4 nunol) in dry CH2Ch (IO mL) was added 3 A molecular sieves (1.03 g), N­

methylmorpholine N-oxide (0.644 g, 5.5 mmol), and tetrapropylammonium perruthenate (72 

mg, 0.21 mmol) and the mixture stirred at room temperature for 3 h. The reaction mixture was 

purified through a silica gel plug (Hexanes/EtOAc, 70:30 followed by 100:0) to afford the title 

aldehyde (0.500 g, 70%) as a pale yellow oil. 

[0094) Using General Procedure B: To a stirred solution of2-formyl-piperidine-1-

carboxylic acid tert-butyl ester (0.163 g, 0.76 mmol) in dry CH2Ch (3.5 mL) was added (lH­

benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)-arnine (0.210 g, 0.76 mmol) and 

sodium triacetoxyborohydride (0.240 g, 1.1 mmol) and the mixture stirred overnight at room 

temperature. Purification by colunm chromatography on silica gel (CH2Cli/MeOH, 98:2 

followed by 96:4) gave a pale yellow foam containing a mixture of diastereomers (0.305 g). 

(0095) To a stirred solution of the diastereomers (0.305 g) in dry CH2Ch (2 mL) was added 

trifluoroacetic acid (I mL) dropwise and the mixture stirred at room temperature for 3.5 h. The 

reaction mixture was diluted with CH2Cli (10 mL) -and then concentrated in vacuo. The 

concentrate was diluted with CH2Cli (20 mL) and exµ-acted with IN NaOH (30 mL). The 
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aqueous layer was washed with CH2Ch (2 x 15 mL) and then the combined. organic layers were 

dried (Na2S04), filtered, and concentrated in vacuo. Purification and separation of the two 

diastereomers by radial chromatography on a lmm TLC grade silica gel plate 

(CH2Ch/MeOH/NH.iOH, 100:1:1 followed by 50:1:1) afforded a less polar diastereomer (63 mg, 

22%) and a more polar one (22 mg, 8%) (stereochemistry unknown), both as colourless oils. 

[0096) Using General Procedure D: Conversion of the less polar distereomer from above 

(63 mg, 0.17 mmol) to the hydrobromide salt gave COMPOUND 3 (83 mg) as a white solid. 

1H NMR (D20) a 1.34-1.68 (m, 3H), 1.73-1.93 (m, 3H), 1.93-2.08 (m, 2H), 2.08-2.23 (m, lH), 

2.24-2.38 (m, lH), 2.79 (dd, lH, J= 14.7, 9.9 Hz), 2.94-3.07 (m, 3H), 3.27 (dd, lH, J= 14.7, 

9.9 Hz), 3.38-3.56 (m, 2H), 4".33 (s, 2H), 4.57 (dd, lH, J=.9.9, 5.7 Hz), 7.56-7.62 (m, 2H), 7.70-

7.83 (m, 3H), 8.28 {d, lH,J= 7.8 Hz), 8.57 {d, lH,J= 4.8 Hz); 13CNMR (D20) S 19.84, 20.28, 

21.76, 22.16, 26.99, 27.83, 45.34, 47.01, 54.30, 54.82, 58.86, 114.55, 125.99, 127.08, 131.59, 

140.23, 141.046, 147.96, 149.03, 149.84; ES-MS mlz 376 (M+H); Anal. Calcd. for 

Cnff29Ns•3.0HBr•l.2H20•0.3C~1oO: C, 43.90; H, 5.69; N, 10.58; Br, 36.20. Found: C, 

43. 78; H, 5.47; N, 10.54; Br, 36.41. 

Example4 

COMPOUND 4: Preparation of {lH-Benzimidazol-2-ylmethyl}-piperidin-2-

ylmethyl-(5.6. 7.8-tetrahydro-guinolin-8-yl)-amine (hydrobromide salt) 

(0097) Using General Procedure D: Conversion of the more polar distereomer from above 

(see COMPOUND 3) (22 mg, 0.059 nunol) to the hydrobromide salt gave COMPOUND 4 (35 

mg) as a white solid. 1H NMR (D20) 5 1.22-1.39 (m, lH), 1.39-1.68 (m, 2H), 1.71-1.93 (m, 

3H), 2.03-2.24 (m, 3H), 2.31-2.42 (m, lH), 2.79-2.89 (m, lH), 2.91-3.07 (m, 3H), 3.16 (dd, lH, 
' 

J= 13.8, 6.0 Hz), 3.32-3.49 (m, 2H), 4.34 {d, lH,J= 15.9 Hz), 4.43 {d, lH, J= 16.2 Hz), 4.53 

(dd, lH, J= 10.2, 6.0 Hz), 7.54-7.61 (m, 2H), 7.65-7:77 {m, 3H), 8.25 {d, lH, J= 7.8 Hz), 8.49 
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(d, tH, J= 5.4 Hz); 13c NMR (D20) B 20.04, 20.25, 2t.54, 22.23, 21.04, 21.1s, 45.22, 46.43, 
54.61, 55.98, 60.69, 114.46, 125.90, 127.01, 131.66, 139.70, 140.96, 148.03, 149.70; ES-MS 
m/z 376 (M+H); Anal. Calcd. for C23H29N5•3.0HBr•2.2H20: C, 41.99; H, 5.58; N, 10.65; Br, 
36.44. Found: C, 42.22; H, 5.46; N, 10.47; Br, 36.23. 

Example 5 

. COMPOUND 5: Preparation of OH-Benzimidazol-2-ylmethyll-(S)-1-pvrrolidin-2-
ylmethyl-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine (hydrobromide salt) 

[0098] Using General Procedure B: To a stirred solution of (IH-Benzimidazol-2-ylmethyl)­
(5,6,7,8-tetrahydro-quinolin-8-yl)-amine (148 mg, 0.53 mmol) and N-tert-butoxycarbonyl-L­
prolinal (110 mg, 0.55 nunol) in CH2Ch (5 mL) was added NaBH(OAc)3 (146 mg, 0.69 mmol) 
and the resultant mixture was stirred at room temperature overnight. Purification of the crude 
material by radial chromatography on silica gel gel (2 mm plate, 50: 1: 1 CH2Ch/MeOHINH40H 
then 10;_1:1 CH2Ch/MeOH/NH.iOH) afforded the desired amine (73 mg, 30%) as a yellow oil. 

(0099]: Using General Procedure D: Conversion of the oil from above ( 40 mg, 0.11 mmol) 
to~e hydrobromide salt followed by re-precipitation of the intermediate solid from 
methanol/ether gave COMPOUND 5 (53 mg, 73%) as a beige solid. 1H NMR (D20) o 1.22-
1.28 (m, lH), 1.61-1.74 (m, lH), 1.75-1.89 (m, lH), 1.99-2.09 (m, 3H), 2.16-2.31 (m, UI), 2.33-
2.39 (m, lH), 2.92 (dd, lH, J= 14.4, 9.3 Hz), 2.97-3.03 (m, lH), 3.25 (q, lH, J= 7.2 Hz), 3.33-
3.41 (m, lH), 3.35 (td, 2H, J = 7.5, 2.4 Hz), 3.86-3.96 (m, lH), 4.34 (d, lH', J = 16.2 Hz), 4.42 
(d, lH, J= 16.2 Hz), 4.59 (dd, lH, J= 10.2, 6 Hz), 7.59 (dd, 2H, J= 6.3, 3.3 Hz), 7.78 (dd, 2H, 
J= 6.3, 3.3 Hz), 7.79-7.83 (m, lH), 8.31 (d, lH, J= 8.7 Hz), 8.60 (d, lH, J= 5.l Hz); 13C NMR 
(D20) 0 19.91, 20.29, 22.88, 27.80, 28.46, 45.88, 41.28, 52.97, 58.23, 58.77, 114.47, 126.02, 
127.00, 131.50, 140.22, 141.00, 147.99, 149.62, 149.98. ES-MS mlz 362 (M+H). Anal. Calcd. 
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for C22H21Ns•3HBr•2H20•0.2CJi1oO: C, 41.80; H, 5.54; N, 10.69; Br, 36.59. Found: C, 41.66; 
H, 5.45; N, 10.65; Br, 36.93. 

Example6 

COMPOUND 6: Preparation of OH-Benzimidazol-2-ylmethyl)-piperidin-4-

ylmethyl-(S,6. 7 .8-tetrahydro-quinolin-8-yl)-amine Chvdrobromide salt) 

Preparation of 1-(tert-butoxycarbonyll-piperidine-4-carboxaldehyde 

[0100] To a solution of ethyl isonipecotate (0.750 g, 4.77 mmol) in THF (24 mL) was added 
water (1 mL) followed by di-tert-butyl dicarbonate (1.09 g, 5.00 nunol) and the resultant 
mixture was stirred at room temperature for one hour. The mixture was diluted with ethyl 
acetate (50 mL) and the organic phase was washed with brine (3 x 20 mL), dried (MgS04), and 
concentrated to provide 1.20 g (98%) of 1-(tert-butoxycarbonyl)-4-(carboethoxy)-piperidine as a 
colorless oil. 

[0101] To a cold (-78 °C), stirred solution of the oil from above (1.20 g, 4.67 mmol) in dry 

THF (46 mL) was added diisobutylaluminum hydride (1.0 Min THF, 15 mL, 15 mmol). After 
30 minutes, the reaction mixture was warmed to room temperature and stirred for an additional 
20 minutes. Saturated aqueous NRiCl (5 mL) was added and the resultant white slurry was 
stirred at room temperature for 45 minutes. Solid MgS04 (S g) was added and the mixture was 
filtered through Florisil.© The column was washed with ethyl acetate (200 mL). The combined 

eluant was concentrated under reduced pressure to provide 1.01 g (97%) of 1-(tert­

butoxycarbonyl)-4-(hydroxymethyl)-piperidine as a white solid. 

[0102] To a solution of the above alcohol (0.437 g, 2.03 mmol) in CH2Cli (10 mL), at room 
temperature, was added sequentially 3 A molecular sieves (1.07 g), N-methylmorpholine N­
oxide (0.365 g, 3.11 mmol), and tetrapropylammonium perruthenate (70 mg, 0.20 rnmol). After 
1 hour, the mixture was filtered through a short column of silica gel and the cake was washed 

33 



.I 

I 
1 

.· I 
I 

.j 

.. 
!'--

i 
i 

WO 03/055876 .. PC'PIU802/41407 

with ethyl acetate. The solvent was removed from the filtrate under reduced pressure. 

Purification of the crude material by column chromatography on silica gel (4:1 hexanes- ethyl 

acetate) provided 90 mg (20%) of 1-(tert-butoxycarbonyl)-piperidine-4-carboxaldehyde as a 

colorless oil. 1H NMR (CDCh) o 1.46 (s, 9H), 1.51-1.62 (m, 2H), 1.85-1.93 (m, 2H), 2.37-2.46 

(m, lH), 2.88-2.97 (m, 2H), 3.94-4.00 (m, 2H), 9.66 (s, lH). 

[0103] Using General Procedure B: Reaction of 1-(tert-butoxycarbonyl)-piperidine-4-

carboxaldehyde (0.090 g, 0.42 mmol) and (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-amine (0.110 g, 0.40 mmol) with NaBH(OAc )3 (0.223g, 1.05 mmol) in CH2Ch (5 

mL) for 20 h followed by purification of the crude material by column chromatography on silica 

gel (50: 1: 1 CH2Ch-CH30H-~OH) provided 0.120 g (63%) of an off-white solid. 

· f0104] Using General Procedure D: Conversion of the off-white solid (120 mg) to the 

hydrobromide salt with simultaneous removal of the BOC-protecting group, followed by re­

precipitation of the intermediate solid from methanol/ether, gave COMPOUND 6 (98 mg) as a 

white solid. 1H NMR (D20) o 1.13-1.28 (m, 2H), 1.80-2.36 (m, 8H), 2.81-3.00 (m, SH), 3.35-

3.43 (m, 2H), 4.38 (d, lH, J= 16.5 Hz), 4.46 (d, lH, J= 16.5 Hz), 4.52 (dd, lH, J= 10.5, 6.0 

Hz), 7.59-7.65 (m, 2H), 7.78-7.85 (m, 2H), 7.89 (dd, lH, J= 7.8, 6.0 Hz), 8.37 (d, lH, J= 8.1 

Hz), 8.67 (d, lH,J= 5.7 Hz); 13C NMR (D20) o 17.72, 18.24, 24.98 (2 carbons), 25.71, 29.64, 

41.94, 42.05, 45.79, 54.96, 57.53, 112.25, 124.08, 125.04, 128.97, 137.47, 139.09, 146.24, 

148.75 (2 carbons); ES-MS mlz 316 (M+H). Anal. Calcd. for C23H29Ns • 3.1HBr•1.8 H20: 

C, 41.93; H, 5.46; N, 10.63; Br, 37.60. Found: C, 42.07; H, 5.55; N, 10.28; Br, 37.43. 

Example 7 

34 



WO 03/055876 PCT/.US02/4t"07 

COMPOUND 7: ( lH-Benzimidazol-2-ylmethyl}-piperidin-4-yl-(5.6. 7 ,8-tetrahydro­

quinolin-8-yD-amine Chydrobromide salt) 

Preparation of 4-(5.6.7,8-Tetrahydro-quinolin-8-ylamino)-piperidine-l-carboxylic acid 

tert-butyl ester: 

CQ 
ND'boc 

(0105) Using general procedure B: Reaction ofBoc-4-piperidone (641 mg, 3.22 mmol 

5,6,7,8-Tetrahydro-quinolin-8-ylamine (476 mg, 3.22 mmol), sodium triacetoxyborohydride 

(1.36 g, 6.44 mmol) and acetic acid (0.25 mL) in THF (25mL) at room temperature under N2 for 

20 min afforded the title compound (1.05 g, 98%) as a yellow oil. 

[0106] The 4-(5,6, 7 ,8-Tetrahydro-quinolin-8-ylamino )-piperidine-1-carboxylic acid tert­

butyl ester (240 mg, 0.72 mmol), 2-Chloromethyl-benzimidazole-1-carboxylic acid tert-butyl 

ester (212 mg, 0.79 mmol), DIPEA (0.20 mL, 1.58 mmol), and KI (6 mg, 0.036 mmol) were 

heated to 60 °C in CH3CN (7 mL) overnight under N2• The reaction mixture was concentrated 

in vacuo, diluted with ethyl acetate, washed with NH4Cl (aq), NaCl (aq), and dried (MgS04). 

Evaporation of the solvent and purification of the residue by flash chromatography on silica gel 

(CH2Ch-MeOH-NH.iOH 98: 1: 1) afforded the title compound (331 mg, 82%) as a white foam. 

[0107] Using General Procedure D: Conversion of the foam from above (100 mg, 0.18 

mmol) to the hydrobromide salt using an acetic acid/HBr solution, followed by re-precipitation 

of the salt from diethyl ether gave COMPOUND 7 as a white solid. 1H NMR (CD30D) mixture 

of isomers S 1.94-2.15 (m, 3H), 2.19-2.26 (m, 2H), 2.41-2.51{m,2H), 2.60-2.65 (m, lH}, 

3.03-3.14 (m, 4H), 3.18-3.28 (m, lH), 3.41-3.52 (m, 2H), 4.61{d,2H, J= 3.9 Hz), 4.67-

4.72 (m, lH), 7.58-7.63 {m, 2H), 7.86-7.94 (m, 3H), 8.37 (d, lH, J= 8.1 Hz), 8.91 (d, lH, J 

= 5.7 Hz); 13CNMR (CD30D) mixture of isomers B 25.71, 29.19, 31.67, 32.47, 33.30, 48.62, 

48.76, 48.93, 60.93, 63.27, 118.96, 130.51, 131.51, 136.12, 144.91, 145.36, 152.51, 156.45, 
,• 

156.63; ES-MS m/z 362.3 (M+H); Anal. Calcd. For (C22H21Ns)•3.0(HBr)• 1.8 

(H20)•0.4(C4H100): C, 42.54; H, 5.69; N, 10.51; Br, 35.98. Found C, C, 42.61; H, 5.47; N, 
~ 

10.46; Br, 35.93 
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Example8 

COMPOUND 8: Preparation of (lH-benzimidazol-2-ylmethyl)-piperidin-3-yl-(5,6, 7,8-

tetrahydroguinolin-8-yl)amine (hydrobromide salt) 

Preparation of tert-butyl 3-hydroxy-1.;.piperidinecarboxylate: 

[0108] To a 0 °C solution of3-hydroxypiperidine (2.12 g, 21.0 mmol) in EtOH (20 mL) was 

added NEt3 (5.6 mL, 40.2 mmol), followed by a solution of(Boc)20 (5.03 g, 23.0 mmol) in 

EtOH (20 mL). The reaction stirred at room temperature for one hour, and then the solvent was 

evaporated under reduced pressure. The residue was dissolved in EtOAc (50 mL) and washed 

with 10% citric acid (50 mL), water (50 mL) and brine (50 mL). The organic solution was dried 

(MgS04), filtered and evaporated under reduced pressure to afford the crude product as a white 

solid (3.55 g, 17.6 mmol, 84%). 1H NMR (CDCh) o L45 (s, 9H), 1.48-1.52 (m, 2H), 1.72-1.78 

(m, lH),; 1.84-1.94 (m, IH), 2.12 (br. s, lH), 3.01-3.12 (m, 2H), 3.46-3.59 (m, lH), 3.65-3.78 

(m,2H). 

Preparation of tert-butyl 3-oxo-1-pipelidinecarboxylate: 

[0109] To a 0 °C solution of the alcohol (2.01 g, 10.0 mmol) in CH2Ch (50 mL) was added 

crushed 3A molecular sieves (5.26 g), 4-methylmorpholine-N-oxide (1.76 g, 15.0 mmol) and 

tetrapropylammonium perruthenate (357 mg, 1.02 mmol). The resulting black solution was 

stirred at 0 °C for 20 minutes, then at room temperature for a further one hour. The mixture was 

filtered through a plug of silica, rinsed with EtOAc and the concentrated filtrate was purified by 

flash chromatography on silica gel (EtOAc/hexane, 1: I) to afford the ketone as a yellow liquid 

(1.49 g, 7.48 mmol, 75%). 1H NMR (CDCb) o l.40 (s, 9H), 1.98 (ddd, 2H, J= 12.3, 6.5, 6.0 

Hz), 2.47 (t, 2H, J= 6.5 Hz), 3.58 (t, 2H, J= 6.0 Hz), 4.00 (s, 2H). 
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J>nmaration of tert-butvl 3-(5.6.7.8-tetrahydroguinolin-8-ylamino)-piperidine-l­

carboxylate: 

(0110] To a solution of 8-amino-5,6,7,8-tetrahydroquinoline (1.00 g, 6.75 nunol) in MeOH 

(30 mL) was added a solution of the ketone (1.40 g, 7.03 mmol) in MeOH (20 mL). The 

reaction stirred at room temperature for 16 hours. NaBRt (848 mg, 22.4 mmol) was added and 

the mixture stirred for a further 45 minutes. The solvent was evaporated under reduced pressure, 

and the residue was taken up into CH2Ch (SO mL) and washed with saturated aqueous NaHC03 

(10 mL) and brine (10 mL). The organic solution was dried (MgS04}, filtered and evaporated 

under reduced pressure. Purification by flash column chromatography on silica gel 

(CH2Ch/MeOH!Nl40H, 9: 1 :-0.5) gave a brown oil which, following a-second purification 

(CH2Ch/MeOH, 97:3) afforded the amine as a yellow oil (638 mg, 1.92 mmol, 28%). 1H NMR 

(CDCh) 8 1.22-1.40 (m, 2H}, 1.47 (s, 9H), 1.65-1.81 (m, 3H}, J.91-2.04 (m, 2H}, 2.11-2.25 (m, 

2H), 2.44-2.65 (m, lH}, 2.65-2.90 (m, 4H), 3.88-4.05 (m, 2H), 4.05-4.31 (m, lH}, 7.06 (dd, lH, 

J= 7.7, 4.7 Hz), 7.36 (d, lH, J= 7.8 Hz}, 8.37 (d, lH, J= 4.3 Hz). 

Preparation of COMPOUND 8: 

(0111) A mixture of this amine (247 mg, 0.75 mmol), tert-butyl 2-chloromethyl­

benzimidazole-1-carboxylate (238 mg, 0.89 mmol), DIPEA (0.20 mL, 1.2 mmol) and Kl (14 

mg, 0.08 mmol) in CH3CN (4 mL) was heated at 60 °C for 20 hours. After cooling, the reaction 

was diluted with saturated aqueous NaHC03 (10 mL) and extracted with CH2Cb (25 mL x 3). 

The organic solution was dried (MgS04}, filtered and evaporated under reduced pressure. The 

resulting dark red oil was purified by flash colwnn chromatography on silica gel 

(CH2C}z/MeOH, 9:1) giving an orange foam. A second purification (CH2Ch/MeOH, 19:1) gave 

the tertiary amine as an orange solid (83 mg, 20%). 

(0112) This_ material was stirred in TFA (1.5 mL) at room temperature for 2 hours, and then 

the excess solvent was evaporated under reduced pressure. The residue was taken up into 

CH2Ch (20 mL) and washed with saturated aqueous NaHC03 (10 mL). The aqueous solution 

was extracted with CH2Ch (20 mL x 2) and the combined organic extracts were dried (MgS04}, 

filtered and concentrated under reduced pressure. Purification by flash colwnn chromatography 

on silica gel (CH2Ch/MeOH/NH40H, 89:10:1) gave an approximately 2:1 mixture of 

diastereomers of the free amine as a yellow foam (~1mg,0.06 mmol, 41 %). 

[0113) To a solution of this material (20 mg, 0.055 nunol) in glacial HO Ac (1 mL) was 

added a saturated HBr in HOAc solution (0.5 rnL). The reaction stirred at room temperature for 
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40 minutes. Et20 (2 mL) was added, the suspension was stirred and the solvent was decanted. 

The precipitate was washed with EhO (1 mL x 5), then dried under reduced pressure giving 

COMPOUND 8 as a yellow solid (26 mg, 0.038 mmol, 70%). 1H N1v.1R (D20) o 1.61-1.94 (m, 

3H), 1.98-2.11 (m, lH), 2.11-2.17 (m, 2H), 2.17-2.49 (m, lH), 2.80-2.92 (m, lH), 2.93-3.01 (m, 

2H), 3.09-3.25 (m, 2H), 3.31-3.40 (m, lH), 3.82-3.90 (m, lH), 4.43 (d, IH,J= 16.5 Hz), 4.55 

(d, lH, J= 16.5 Hz), 4.55-4.65 (m, lH), 7.53-7.60 (m, 2H), 7.67-7.77 (m, 3H), 8.20 (d, 0.67H, J 

= 7.8 Hz), 8.23 (d, 0.33H, J= 7.8 Hz), 8.51(d,0.67H, J= 5.7 Hz), 8.55 (d, 0.33H,J= 5.7 Hz). 
13C NMR (D20) 5 20.5 and 20.6, 21.9 and 22.1, 24.2 and 24.5, 26.8 and 27.5, 28.0, 43.2, 44.0, 

46.2 and 47.0, 58.5 and 59.2, 114.4, 125.8, 126.8, 131.7, 139.5, 140.5 and 141.6, 147.7 and 

147.8, 150.6 and 151.2. Es.:.M:s mlz 362 (M+H). Anal. Calcd. for 

C22H21Ns·3.lHBr-l.8H20·0.3C4H1oO: C, 41.78; H, 5.55; N, 10.50; Br, 37.14. Found: C, 41.48; 

H, 5.44; N, 10.44; Br, 37.50. 

Example9 

COMPOUND 9: Preparation of{lH-benzimidazol-2-ylmethyll-piperidin-3-yl-(5.6.7.8-

tetrahydroquinolin-8-yl)amine (hydrobromide salt) 

[0114] The free base was prepared by N-alkylation and TFA deprotection, as described 

previously (see COMPOUND 8). The crude material was purified by flash column 

chromatography on silica gel (CH2C}z/MeOH/NHiOH, 9:1 :0.1) giving 18 mg of a single 

diastereomer (0.05 mrnol, 5%) as a brown foam, along with 51 mg of the mixture of 

diastereomers (0.14 mmol, 14%) as a yellow foam. 

(0115] The single diastereomer (18 mg, 0.05 mmol) was dissolved into HOAc (1 mL) and 

saturated HBr in HOAc (0.5 mL) was added. The solution stirred at room temperature for 40 

minutes. Et20 (2 mL) was added, the mixture was stirred and the solvent was decanted. The 
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precipitate was washed with Et20 (1 mL x 5) and dried under reduced pressure at 90 °C, giving 

the diastereomer COMPOUND 9 as a yellow powder (22 mg, 0.03mmol, 67%). 1H NMR 

(D20) 8 1.57-1.74 (m, lH), 1.75-1.90 (m, 2H), 2.03-2.12 (m, lH), 2.12-2.24 (m, 2H), 2.31-2.47 

{m, 2H), 2.80-2.92 (m, lH), 2.92-3.00 {m, 2H), 3.06-3.20 (m, 2H), 3.29-3.38 (rn, lH), 3.47-3.57 

(m, lH), 4.43-4.53 (rn, lH), 4.48 (d, lH, J= 16.4 Hz), 4.57 (d, lH, J= 16.4 Hz), 7.51-7.58 (m, 

2H), 7.68-7.76 {m, 3H), 8.20 {d, lH, J= 7.5 Hz), 8.53 (d, lH, J= 5.7 Hz). 13CNMR. (D20) o 
20.5, 21.9, 24.2, 26.8, 27.5, 43.4, 43.9, 47.0, 55.5, 59.2, 114.4, 125.8, 126.6, 132.0, 139.7, 140.5, 

147.6, 150.9, 151.1. ES-MS m/z 362 (M+H). Anal. Calcd. for C22H21Ns·3.0HBr·l.8 

H20·0.3C~100: C, 42.29; H, 5.60; N, 10.63; Br, 36.38. Found: C, 42.27; H, 5.60; N, 10.62; Br, 

36.42. 

Example 10 

COMPOUND 10: Preparation of N1-{1 H-Benzimidazol-2-ylmethyl)- N1 .:(5,6,7,8-

tetrahydro-guinolin-8-yl)-ethane-l,2-diamine (hydrobromide salt) 

[0116) Using General Procedure B: Reaction of N-(tert-butoxycarbonyl)-2-amino­

acetaldehyde (0.112 g, 0.71 mmol) and (l-tert-butoxycarbonyl-lH-Benzimidazol-2-ylmethyl)­

(5,6,7,8-tetrahydro-quinolin-8-yl)-amine (0.189 g, 0.50 mmol) with NaBH(OAc)3 (0.215g, 1.01 

nm1ol) in CH2Ch (5 mL) for 18 h followed by purification of the crude material by radial 

chromatography on silica gel (2 mm plate, 100:1:1 CH2Ch-CH30H-NH.tOH) provided a white 

solid (0.167 g, 64%). 

[0117) Using General Procedure D: Conversion of the white solid (167 mg) to the 

hydrobromide salt with simultaneous removal of the BOC-protecting groups, followed by re­

precipitation of the intermediate solid from methanol/ether, gave COMPOUND 10 (173 mg) as 

a white solid. 1H NMR {D20) 8 1.75-1.89 (m, lH), 1.98-2.11 (m, lH), 2.15-2.22 (m, lH), 2.38-

2.43 (m, lH), 2.91-3.02 {m, 3H), 3.16-3.31 {m, 3H), 4.40 {d, lH, J= 16.5 Hz), 4.52-4.67 (m, 
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2H), 7.58-7.63 (m, 2H), 7.76-7.84 (m, 3H), 8.32 (d, lH, J= 7.8 Hz), 8.59 (d, lH,J= 5.4 Hz); 
13C NMR(D20) O 20.30, 20.44, 27.68, 37.75, 47.12, 49.11, 60.07, 114.40, 126.08, 127.11, 

131.17, 139.78, 140.92, 148.23, 150.09, 150.17; ES-MS mlz 322 (M+H). Anal. Calcd. for 

C19H23Ns•3.0HBr• 1.1 H20: C,39.08;H,4.87;N, ll.99;Br,41.05. Found:C,39.19;H, 

4.98; N, 11.76; Br, 40.89. 

Example 11 

COMPOUND 11: Preparation of N 1-{1H-Benzimidazol-2-ylrnethyl)-.N2-(5-nitro-

pyridin-2-yl)-N1-(5,6,7.8-tetrahydro-quinolin-8-yll-ethane-1,2-diamine 

(hydrobromide salt) 

(0118] Using General Procedure B: To a solution of 6,7-dihydro-SH-quinolin-8-one (294 

mg, 2 mmol) in MeOH (6 mL) was added 2-(2-aminoethylamino)-5-nitropyridine (368 mg, 2.02 

nunol) and the resultant solution was stirred at room temperature for 3 hours. Solid NaBH4 (168 

mg, 4.44 mmol) was added to the solution and the mixture was stirred at room temperature for 

an addit~onal 45 minutes. The resultant crude yellow foan1 (639 mg) was used without further 

purification in the next step. 

(0119] Using the General procedure for N-alkylation: To a solution of the material from 

above (639 mg), potassium iodide (5 mg, 0.030 rnmol) and N,N-diisopropylethylamine (0. 70 

mL, 4.0 mmol) in CH3CN (10 rnL) was added N-(te11-butoxycarbonyl)-2-

chloromethylbenzimidazole (prepared as described by An, H.; Wang, T.; Mohan, V.; Griffey, 

R.H.; Cook, P.D Tetrahedron 1998, 54, 3999-4012) (527 mg, 1.98 mmol) and the reaction 

stirred at 60 °C for 6.5 h. Purification of the crude brown foam by flash chromatography on 

silica gel (99:1 CH2Ch/Me0H then 98:2) gave the alkylated product, 2-{[[2-{5-Nitro-pyridin-2-

ylamino )-ethyl]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzimidazole-1-carboxylic 

acid te1t-butyl ester, (645 mg, 60%) as a yellow foam. 
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(0120) Using General Procedure D: Conversion of the free base from above (84 mg, 0.16 

mmol) to the hydrobromide salt, followed by re-precipitation of the intermediate solid from 

methanol/ether, gave COMPOUND 11 (87 mg, 78%) as a yellow solid. 1H NMR (D20) 6 1.81-

1.88 (m, IH), 2.06-2.17 (m, 2H), 2.38-2.43 (m, lH), 2.88-2.96 (m, lH), 3.01-3.03 (m, 2H), 3.14-

3.21 (m, IH), 3.39-3.57 (m, 2H), 4.37 (cl, IH,J= 16.8 Hz), 4.57 (d, lH,J= 16.8 Hz), 4.61-4.66 

(m, lH), 6.49 (cl, lH, J= 9.6 Hz), 7.42 (dd, 2H, J= 6, 3 Hz), 7.57 (dd, 2H, J= 6, 3 Hz), 7.86-

7.93 (m, 2H}, 8.33 (hrs, HI), 8.37 {d, lH,J= 7.8 Hz), 8.70 (d, lH,J= 6.6 Hz); 13CNMR (D20) 

~ 20.41, 20.79, 27.80, 41.02, 49.30, 50.55, 62.07, 110.03, 110.77, 114.22, 126.02, 126.66, 

130.60, 133.75, 135.36, 139.~7, 140:95, 143.67, 148.28, 150.42, 151.28, 179.57; ES-MS m/z 

444 (M+H). Anal. Calcd. for"C24H2sN70 2 • 2.9 HBr • 2.4 H20: C, 39.96; H, 4.57; N, 13.59; Br, 

32.12. Found: C, 40.17; H, 4.47; N, 13.20; Br, 32.03. 

Example 12 

·COMPOUND 12: Preparation of OH-benzimidazol-2-ylmethyl}-(2-imidazol-1-yl­

ethyll-(5.6. 7.8-tetrahydro-quinolin-8-yl)-amine. 

Preparation oftoluene-4-sulfonic acid 2-tert-butoxycarbonylamino-ethyl ester. 

0 
NJlO 

o,, /o~ )( 

~\ 
(0121) Tosyl chloride (1.50 g, 7.87 mmol) was added to a solution of (2-hydroxy-ethyl)­

carbamic acid tert-butyl ester (0.84 g, 5.2 mmol) and Et3N (1.23 mL, 8.82 mmol) in CH2Ch (26 

mL), and the solution was stirred at room temperature for 17 h. The solution was washed with 
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H20 (15 mL), and the aqueous phase was extracted with CH2Ch (10 mL). The combined 

organic phases were dried (MgS04) and concentrated in vacuo. Purification of the crude 

material by column chromatography on silica gel (20% EtOAc/hexanes) gave yellow crystals 

(1.29 g, 79%). 1H NMR (CDCh) o 1.41 (s, 9H), 2.45 (s, 3H), 3.38 (m, 2H), 4.07 (m, 2H), 4.82 

(br s, lH), 7.35 (d, 2H, J= 8.1 Hz), 7.79 (d, 2H, J= 8.1 Hz). 

(2-Imidazol-1-yl-ethyl}-carbamic acid tert-butyl ester. 

0 

HNJlO 

( )( 
N 

~) 
[0122) A solution of imidazole (253 mg, 3.72 mmol) in DMF (2 mL) was added to a 

suspension ofNaH (60% in mineral oil, 164 mg, 4.10 mmol) in DMF (8 mL). and the mixture 

was stirred at room temperature for 45 minutes. A solution oftoluene-4-sulfonic acid 2-terl­

butoxycarbonylamino-ethyl ester ( 1.29 g, 4.09 mmol) in DMF (6 mL) was added, and the 

mixture was stirred at room temperature for 16 h then concentrated in vacuo. The residue was 

partitioned between H20 (25 mL) and EtOAc (25 mL), and the aqueous phase was extracted 

with EtOAc (25 mL). The combined organic phases wen~ dried (MgS04) and concentrated in 

vacuo. Purification of the crude material by column chromatography on silica gel (200:5:1-

100:5: 1 CH2Ch/Me0~0H) gave a colourless oil (224 mg, 29%). 1H NMR (CDCh) 5 1.44 
(s, 9H),.,3.43 (m, 2H), 4.08 (m, 2H), 4.64 (br s, lH), 6.92 (s, lH), 7.09 (s, lH), 7.46 (s, lH). 

(2-hnidazol-1-yl-ethyl)-(5,6, 7 ,8-tetrahydro-guinoliri-8-yl)-amine. 

[0123) A solution of (2-imidazol-1-yl-ethyl)-carbamic acid tert-butyl ester (224 mg, 1.06 

mmol) in 1: 1 TF A/CH2C}z ( 4 mL) was stirred at room temperature for 1 h then concentrated in 

vacuo. The residue was dissolved in 1 N NaOH(aq) (10 mL) then saturated with sodium 

chloride and extracted with CHCh (5 x 15 mL). The combined organic extracts were dried 

(MgS04) and concentrated in vacuo to .give a yellow oil (55 mg). 
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(0124) Using General Procedure B: To a stirred solution of the amine from above (55 mg), 

6, 7-dihydro-5H-quinolin-8-one (73 mg, 0.50 mmol), and AcOH (0.030 mL, 0.52 mmol) in THF 

(5 mL) was added NaBH(OAc)3 (315 mg, 1.49 mmol) and the mixture was stirred at room 

temperature for 2 h. The crude mate1ial was dissolved in saturated HBr/AcOH (2 mL) and 

stirred at room temperature for 15 minutes. The solution was made basic with 10 NNaOH(aq) 

and extracted with CH2Ch (3 x 15 mL). The combined organic extracts were dried (MgS04) 

and concentrated in vacuo. Purification of the crude material by column chromatography on 

silica gel (200:5: 1 CH2Ch/MeO~OH) gave a yellow oil (92 mg, 77%). 1H NMR (CDC}]) 

81.73 (m, 2H), 1.91-2.13 (m, 2H), 2.76 {m, 2H), 3.12 (m, 2H), 3.78 (m, lH), 4.11(m,2H), 7.01 

{s, lH), 7.08 (m, 2H), 7.38 (d, lH, J= 7.5 Hz), 7.56 {s, lH), 8.37 (d, lH, J= 3.9 Hz). 

2-{[(2-hnidazol-1-yl-ethyll-(5.6. 7.8-tetrahydro-quinolin-8-yll-amino J-methyl}­

benzimidazole-1-carboxylic acid tert-butvl ester. 

[0125) A mixture of (2-imidazol-1-yl-ethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine (92 

mg, 0.37 mmol), 2-chloromethyl-benzimidazole-1-carboxylic acid tert-butyl ester (101 mg, 

0.379 mmol), potassiwn iodide (3 mg, 0.02 mmol), andN,N-diisopropylethylamine (0.10 mL, 

0.57 mmol) in acetonitrile (4 mL) was heated at 60 °C for 15 h. Saturated NaHC03(aq) (15 mL) 

was added, and the mixture was extracted with CH2Ch (3 x 15 mL). The combined organic 

extracts were dried (MgS04) and concentrated in vacuo. Purification of the crude material by 

column chromatography on silica gel (250:5:1 CH2Ch/MeOH/N"40H) gave a yellow oil (21 

mg, 12%). 1H NMR (CDC13) 8 1.45 (m, lH), 1.66 {m, lOH), 1.91 (m, 2H), 2.69 (m, 2H), 2.92 

(m, lH), 3.18 (m, lH), 3.67 (m, 2H), 4.20 (dd, lH, J= 10, 5.6 Hz), 4.67 (d, lH, J= 15 Hz), 4.80 

(d, lH, J= 15 Hz), 6.74 (s, lH), 6.90 (s, lH), 7.01 (dd, lH, J= 7.7, 4.7 Hz), 7.33 (m, 4H), 7.73 

(m, lH), 7.86 (m, IH), 8.38 (d, lH, J = 3.3 Hz). 
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(lH-Benzimidazol-2-ylmethyl}-(2-imidazol-1-yl-ethyl)-(5.6. 7 ,8-tetrahydro-guinolin-8-
yl)-amine (COMPOUND 12). 

[0126] A solution of 2-{[(2-imidazol-1-yl-ethyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]­

methyl}-benzimidazole-1-carboxylic acid tert-butyI ester (21 mg, 0.044 mmol) in 3:1 

TF NCH2Cli ( 4 mL) was stirred at room temperature for 30 minutes then concentrated in vacuo. 

The residue was partitioned between CH2Ch (20 mL) and 1 N NaOH(aq) (IO mL), and the 

aqueous phase was extracted with CH2Ch (10 mL). The combined organic extracts were dried 

(MgS04) and concentrated in vacuo to afford COMPOUND 12 as a yellow foam (15 mg, 83%). 
1H NMR (CDCh) o 1.73 (m, 2H), 1.99 (m, lll), 2.20 (m, lH), 2.69-2.88 (m, 2H), 2.92-3.08 (m, 

2H), 3.8.2.-3.98 (m, 2H), 4.04.(d, IH,J= 17 Hz), 4.09 (m, lH), 4.19 (d, lH,J= 17Hz), 6.70 (s, 

lH), 6.9~ (s, lH), 7.18 (m, 3H), 7.42 (m, 2H), 7.57 (br s, 2H), 8.51 ( d, lH, J = 3.9 Hz); 13C 

NMR (CDCh) o 21.55, 25.06, 29.36, 46.03, 50.34, 52.23, 62.59, 119.32, 122.26, 122.82, 

129.55, 134.97, 137.93, 147.26, 155.42, 156.77. ES-MS mlz 373 (M+H). Anal. Calcd. for 

C22H2~6•0.2CH2Ch•0.8CH40: C, 66.55; H, 6.70; N, 20.25. Found: C, 66.64; H, 6.40; N, 

20.06. 

Example 13 
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COMPOUND 13: Preparation of OH-benzimidazol-2-ylmethyll-[3-0H-imidazol-2-

yl}-propyl]-(5.6. 7.8-tetrahydro-guinolin-8-yl)-amine. 

Preparation of 1-trityl-lH-imidazole-2-carbaldehyde. 

[0127] To a suspension of imidazole-2-carboxaldehyde (1.00 g, 10.4 mmol) in DMF (16 

mL) was added N,N-diisopropylethylamine (4.0 mL, 23.0 mmol) followed by a solution oftrityl 

chloride (3.19 g, 11.4 mmol) in DMF (10 mL), and the mixture was stirred at 30 °C for 21 h. 

The mixture was concentrated in vacuo then dissolved in EtOAc (60 mL). The solution was 

washed with saturated NaHC03(aq) (2 x 30 mL) and brine (15 mL) then dried (MgS04) and 

concentrated i11 vacuo. Purification of the crude material by column chromatography on silica 

gel (20% EtOAc/hexanes) gave a yellow solid (1.63 g, 46%). 1H NMR (CDCb) 8 7.03 (s, lH), 

7.12 (m, 6H), 7.32 (m, lOH), 9.23 (s, lH). 

{E)-3-{l-Trityl-lH-imidazol-2-yl)-acrylic acid ethyl ester. 

[0128] Triethyl phosphonoacetate (1.24 mL, 6.25 mmol) was added dropwise to a 

suspension of sodium hydride (60% in mineral oil, 212 mg, 5.30 mmol) in DME (5 mL) and 

stirred at room temperature for 30 minutes. The solution was added to a suspension of 1-trityl­

lH-imidazole-2-carbaldehyde (1.63 g, 4.82 mmol) in DME (7 mL), and the mixture was heated 

at reflux for 15 minutes then stirred at 60 °C for 1 hr. The reaction mixture was quenched with 

H20 (30 mL) and extracted with CH2Ch (3 x 15 mL). The combined organic extracts were 

dried (MgS04) and concentrated i11 vacuo. Purification of the crude mat~rial by column 
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chromatography on silica gel (25% EtOAc/hexanes) gave a yellow solid (l.32 g, 67%). 1H 

NMR (CDCh) o 1.13 (t, 3H,J= 7.1Hz),4.00 (q, 2H, J= 7.1Hz},6.52 (d, lH, J= 15 Hz), 6.70 

(d, lH, J= 15 Hz), 6.87 (d, lH, J= 1.2 Hz), 7.13 (m, 7H), 7.33 (m, 9H). 

3-Cl-Trityl-lH-imidazol-2-yD-propan-l-ol. 

h N 

(~OH 
-·'[0129] A solution of (E)-3-(1-trityl-lH-imidazol-2-yl)-acrylic acid ethyl ester (l.32 g, 3.23 

mmol) in 4:1 MeOH/EtOAc (20 mL) was stirred at room temperature with a suspension of 10% 

Pd/C (132 mg, 0.124 mmol) under hydrogen atmosphere (1 atm) for 20 h. The catalyst was 

removed by filtration, and the filtrate was concentrated in vacuo to give yellow crystals (1.49 g). 

[0130] To a solution of the crude ester from above (1.49 g) in THF (7 mL) was added 

LiAIH4 (1.0 M/THF, 7.0 mL, 7.0 mmol) at 0 °C, and the mixture was stilTed at room 

temperature for 1 h. Methanol (5 mL) was added followed by 1 N NaOH(aq) (40 mL), and the 

mixture was extracted with CH2Ch (2 x 25 mL). The combined organic extracts were dried 

(MgS04) and concentrated in vacuo. 1H NMR (CDCb) o 1.37 (m, 2H), 2.09 (m, 2H}, 3.51 (m, 

2H), 6.68 (d, lH, J= 1.5 Hz), 6.92 (d, IH, J= 1.5 Hz), 7.13 (m, 6H), 7.33 (m, 9H). 

3-Cl-Trityl-lH-imidazol-2-yl)-propionaldehyde. 

[0131) To a solution of 3-(1-trityl-lH-imidazol-2-yl)-propan-1-ol (201 mg, 0.545 mmol) in 

CH2C!i (6 mL) was added Dess-Martin periodinane (278 mg, 0.655 nunol) at room temperature. 

After stirring at room temperature for 1 h, the mixture was diluted with EtOAc (30 mL), washed 

with 1 N NaOH(aq) (2 x 10 mL) and brine (10 mL), then dried (MgS04) and concentrated in 
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vacuo to give a tan foam (178 mg, 89%). 1H NMR (CDCh) 8 2.19 (m, 2H), 2.37 (m, 2H), 6.75 

(d, 1H,J=l.5Hz),6.93(d, 1H,J=l.5Hz), 7.13(m,6H), 7.34(m,9H),9.54(s, 1H). 

(lH-Benzimidazol-2-ylmethyl)-[3-(lH-imidazol-2-yl)-propyl]-(5,6.7,8-tetrahydro­

guinolin-8-yl)-amine (COMPOUND 13). 

[0132] Using General Procedure B: To a stirred solution of2-((5,6,7,8-t~trahydro-quinolin-

8-ylamino)-methyl]-benzoimidazole-1-carboxylic acid tert-butyl ester (184 mg, 0.486 mmol) 

and 3-(1-trityl-lH-imidazol-2-yl)-propionaldehyde (178 mg, 0.486 mmol) in THF (5 mL) was 

added NaBH(OAc)3 (206 mg, 0.972 mmol), and the mixture was stirred at room temperature for 

3.5 h. Purification of the crude material by column chromatography on silica gel (200:5:1 

CH2Clz/MeOHlNH.tOH) afforded a yellow oil (168 mg) that was determined by 1H NMR to be a 

mixture of 2-( { (5,6, 7 ,8-tetrahydro-quinolin-8-yl)-[3-(l-trityl-lH-imidazol-2-yl)-propyl]-amino }­

methyl)-benzimidazole-1-carboxylic acid tert-butyl ester and 3-(1-trityl-lH-imidazol-2-yl)­

propan-1-ol and was used in the next step without further purification. 

[0133) A solution of the crude amine from above (168 mg) in saturated HBr/AcOH (3 mL) 

was stirred at room temperature for 1 h then basified with 10 NNaOH(aq) and extracted with 

CH2Ch (3 x 10 mL). The combined organic extracts were dried (MgS04) and concentrated in 

vacuo. Purification of the crude material by column chromatography on silica gel (300:5:1 

CH2Ch/MeO~OH) afforded (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-

yl)-[3-(1-trityl-lH-imidazol-2-yl)-propyl]-arnine as a yellow oil (101 mg, 33% over 2 steps). 

[0134) To a solution of {lH-beiizimidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-[3-

(l-trityl• lH-imidazol-2-yl)-propyl]-amine (101mg,0.161 mmol) in CH2Ch {l.6 mL) was added 

triethylsilane (0.38 mL, 2.4 mmol) followed by TFA (1.9 mL, 25 mmol), and the solution was 

.stirred at room temperature for 21 h then concentrated i11 vacuo. The residue was dissolved in 

CH2Ch (15 mL) and washed with 1 N NaOH(aq) (10 mL). The aqueous phase was extracted 

with CH2Ch (2 x 10 mL), and the combined organic phases were dried (MgS04) and 

concentrated in vacuo. Purification of the crude material by column chromatography on silica 

gel (150:5:1 CH2Ch/MeOH/NHiOH) afforded COMPOUND 13 as a colourless foam (47 mg, 

69%). 1HNMR (CDCh) 8 1.62-1.93 (m, 4H), 2.02 (m, IH), 2.16 (m, lH), 2.58-2.88 (m, 6H), 

3.91 {d, lH, J= 16 Hz), 3.98 (d, lH, J= 16 Hz), 4.02 (m, lH), 6.86 {s, 2H), 7.18 (m, 3H), 7.43 

(d, lH, J= 7.2 Hz), 7.55 (m, 2H), 8.55 {d, lH, J= ~.6 Hz); 13C NMR (CDCh) o 21.52, 23.71, 

25.96, 26.67, 29.43, 49.21, 51.07, 62.23, 115.28, 120.75, 122.41, 122.s1, 135.47, 138.23, 
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B8.86, 146.68, 148.71, 155.28, 157.49. ES-MS mlz 387 (M+H). Anal. Calcd. for 

CnH26N6•0.21H20•0.36CH2Ch: C, 66.67; H, 6.50; N, 19.97. Found: C, 66.77; H, 6.65; N, 

19.69. 

Example 14 

.::.: . .". 

COMPOUND 14: Preparation ofN-(6-2-[{lH-Benzimidazol-2-ymethyl}-(5.6, 7.8-

tetrahydro-quinolin-8-yl)-amino ]-ethylamino l-pyridin-3-yl)-acetamide 

(0135) To a solution of 2-{[[2-(5-Nitro-pyridin-2-ylamino )-ethyl]-( 5,6, 7 ,8-tetrahydro­

quinolin-8-yl)-amino ]-methyl }-benzimidazole-1-carboxylic acid tert-butyl ester (see 

COMPOUND 11) (316 mg, 0.58 nunol) inAcOH (4 mL) was added iron powder(l72 mg, 3.08 

mmol) and the reaction heated to reflux for 2 h. The mixture was cooled to room temperature, 

diluted with with water (5 mL) and extracted with CH2Ch (3 x 25 mL). The combined organic 

extracts were dried (Na2S04), concentrated in vacuo and purified by radial chromatography on 

silica gel (1 mm plate, 100:1:1CH2C}z/Me0~0Hthen50:1:1) to give the desired product 

(96 mg,;30%) as a clear oil. 

(0136] Using General Procedure D: Conversion of the free base (25 mg, 0.055 mmol) to the 

hy~obromide salt, followed by re-precipitation of the intermediate solid from methanoVether, 

gave COMPOUND 14 (36 mg) as a white solid. 1H NMR (D20) o 1.83-1.90 (m, IH), 2.05-

2.20 (m, 2H), 2.14 (s, 3H), 2.39-2.43 (m, lH), 2.86-2.94 (m, lH), 3.01-3.03 (m, 2H), 3.18-3.25 

(m, lH), 3.39-3.49 (m, 2H), 4.3.8 (d, lH,J= 16.5 Hz), 4.58 (d, lH,J= 16.5 Hz), 4.62-4.68 (m, 
. . 

lH), 6.75 (d, lH, J= 9.6 Hz), 7.47 (dd, 2H,J= 6, 3 Hz), 7.49 (s, lH), 7.60 (dd, 2H,J= 6, 3 Hz), 

7.83 (s, lH), 7.89 (t, lH,J= 6.6 Hz), 8.38 (d, lH,J= 7.8 Hz), 8.71 (d, lH, J= 6.6 Hz); 13C 

NMR (020) o 20.39, 20.84, 23.07, 27.83, 41.24, 49.13, 50.29, 62.01, 113.37, 114.24, 125.70, 

125.82, 126.11, 126.96, 130.58, 138.24, 139.94, 14}.08, 148.39, 149.47, 150.18, 151.32, 172.99; 

ES-MS m/z 456 (M+H). Anal. Calcd. for C2~29N70 • 3.2 HBr • 2.4 H20: C, 41.21; H, 4.92; 

N, 12.94; Br, 33.75. Found: C, 41.12; H, 4.98; N, 12.77; Br, 34.06. 
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Example 15 

COMPOUND 15: Prep~tion of N1-{1H-Benzimidazol-2-ylmethyll-N-C5.6,7,8-

tetrahydro-guinolin-8-yl)-propane-l.3-diamine (hydrobromide salt) 

Preparation of N-(terl-butoxycarbonyl)-3-amino-propionaldehyde: 

(0137] To a solution of tert-butyl N-(3-hydroxypropyl)carbamate (0.177 g, 1.01 mmol) in 

CH2Ch (5 mL) was added Dess-Martin periodinane (0.545 g, 1.28 mmol) and the resultant 

mixture was stirred at room temperature for 2.5 hours. The mixture was diluted with ether (20 

mL) and treated with 20% aqueous Na2S20 3 (5 mL) and saturated aqueous NaHC03 (5 mL). 

After 10 minutes the mixture became clear and colorless and the phases were separated. The 

aqueous phase was extracted with ether (3 x 10 mL). The combined organic extracts were 

washed sequentially with 20% aqueous Na2S20 3 ( l 0 mL), saturated aqueous NaHC03 (10 mL), 

anci brine (10 mL), dried. (MgS04), and concentrated to provide 0.127 g (96%) of N-(iert­

butoxycarbonyl)-3-amino-propionaldebyde as a colorless oil. 1H NMR (CDCh) B 1.43 (s, 9H), 

2.71 (t, 2H, J= 6.0 Hz), 3.42 (m, 2H), 4.89 (br s, lH), 9.81 (s, lH). 

(0138) Using General Procedure B: Reaction of N-(tert-butoxycarbonyl)-2-amino­

propionaldehyde (0.127 g, 0.73 mmol) and (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-amine (0.152 g, 0.55 mmol) with NaBH(OAc)3 (0.262g, 1.24 mmol) in CH2Ch (5 

mL) for 18 hours followed by purification of the crude material by radial chromatography on 

silica gel (2 mm plate, 50: 1: 1 CH2Ch-CH30H-NH40H) provided 0.169 g of a yellow foam. The 

foam was dissolved in CH2Ch (2 mL) and treated with trifluoroacetic acid (1 mL). The resultant 

solution was stirred at room temperature for 2 hours then concentrated under reduced pressure. 

The residue was dissolved in CH2C}i (10 mL) and ~eated with NaOH (10 M, ~ 2 mL) until the 

aqueous phase was basic (pH 14). The phases were s~parated and the aqueous phase was 

extracted with CH2Ch (3 x 5 mL). The combined organic.extracts were dried (Na2S04) and 
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concentrated. Purification of the crude material by radial chromatography on silica gel (1 mm 

plate, 10:1:1 CH2Cli-CH30H-NH.OH) provided 57 mg of a white foam. 

[0139} Using General Procedure D: Conversion of the free base (57 mg) to the 

·hydro bromide salt, followed by re-precipitation of the intermediate solid from methanol/ether, 

gave COMPOUND 15 (75 mg) as a white solid. 1H NMR (D20) o 1.77-2.09 (m, 4H), 2.18-

2.22 (m, lH), 2.38-2.42 (m, lH), 2.60-2.70 (m, lH), 2.87-2.97 (m, 3H), 3.01-3.04 (m, 2H), 4.42 

(d, lH,J= 16.8 Hz), 4.51-4.49 (m, 2H), 7.60-7.63 (m, 2H), 7.79-7.90 (m, 3H), 8.36 (d, lH, J= 

7.8 Hz), 8.65 (d, IH, J= 5.7 Hz); 13C NMR (D20) B 20.41(2 carbons), 26.38, 27.66, 37.69, 

47.94, 49.13, 60.39, 114.32, 126.02, 126.98, 131.10, 139.50, 140.73, 148.18, 150.96, 151.36; 

ES-MS ntlz 336 (M+H). Anat. Calcd. for C20H2sNs • 3.0 HBr • 1.6 H20: C, 39.57; H, 5.18; N, - . 
1 L54; Br; 39.49. Found: c, 39.85; H, 5.10; N, 11.45; Br, 39.15. 

Example 16 

COMPOUND 16: Preparation of N1-{1H-Benzimidazol-2-ylmethyl)- N2-pvridin-2-

ylmethyl- N1 
-( 5,6, 7.8-tetrahydro-quinolin-8-yl}-ethane-1.2-diamine 

(hydrobromide salt) 

[0140} To a solution of N1-(1H-Benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro-quinolin-

8-yl)-ethane-1,2-diamine hydrobromide salt [COMPOUND 10] (98 mg, 0.168 mrnol) in H20 (2 

mL) was added NaOH (1 OM, 2 mL). The resultant solution was extracted with CH2Ch ( 4 x 5 

mL). The combined organic extracts were dried (Na2S04) and concentrated and provided 53 mg 

of the free base. To a solution of the free base from above (53 mg, 0.165 mmol) in methanol (2 

mL) was added pyridine-2-carboxaldehyde (20 µL, 0.210 mmol) and the resultant solution was 

stirred at room temperature for 2 hours. NaB~ (36 mg, 0.95 mmol) was added and the mixture 

was stirred for 15 minutes. The mixture was concentrated and the residue was partitioned 
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between CH2Cl2 (10 mL) and brine (5 mL). The phases were separated and the aqueous phase 

was extracted with CH2Cl2 (3 x 5 mL). The combined organic extracts were dried (Na2S04) and 

concentrated. Purification of the crude material by radial chromatography on silica gel (1 mm 
plate, 25:1:1 CH2Ch-CH30H-NH40H) provided 34 mg (45%) of the free base of the title 

compound. 

(0141) Using General Procedure D: Conversion of the free base (34 mg) to the 

hydrobromide salt, followed by re-precipitation of the intermediate solid from methanol/ether, 

gave COMPOUND 16 (57 mg) as a white solid. 1H NMR (D20) 8 1.78-1.90 (m, IH}, 1.98-

2.11 (m, IH), 2.17-2.22 (m, l~, 2.39-2.43 (m, lH), 2.97-3.09 (m, 3H),3.25-3.37-(m, 3H), 4.39 

(cl, IH, J= 16.5 Hz), 4.47 (d;2H, J= 2.4Hz), 4.54-4.59 (m, 2H), 7.57-7.65 (m, 4H), 7.77-7.88 

(m, 3H), 8.04 (dt, lH,J= 1.5, 7.5 Hz}, 8.35 (d, lH, J= 7.8 Hz), 8.50 (d, lH, J= 4.8 Hz}, 8.61 

(d, lH, J= 5.4 Hz); 13C NMR (D20) 8 20.27, 20.54, 27.67, 45.45, 47.48, 48.12, 50.32, 60.32, 

114.42, 125.85, 126.11, 126.19, 127.27, 130.98, 139.83, 141.03, 141.70, 147.87, 148.39 (2 

carbons), 149.85, 150.06; ES-MS mlz 413 (M+H). Anal. Calcd. for C2sH2sN6 • 4.1 HBr • 2.0 

H20: C, 38.48; H, 4.66; N, 10.77; Br, 41.98. Found: C, 38.69; H, 4.78; N, 10.60; Br, 41.70. 

Example 17 

O? 
iN~NH2 

N~ NH 

b 
COMPOUND 17: Preparation of N1-0H-Benzimidazol-2-ylmethyl)- N 1-(5,6.7.8-

tetrahydro-quinolin-8-yl)-butane-1.4-diamine (hydrobromide salt) 

(0142] To a solution of (l-tert-butoxycarbonyl-lH-Benzimidazol-2-yhnethyl)-(5,6,7,8-

tetrahydro-quinolin-8-yl)-amine (0.169 g, 0.451 mmol) in CH3CN (5 mL) was added N,N­

diisopropylethylamine (0.25 mL, 1.44 mmol) followed by 4-bromobutyronitrile (0.10 mL, 1. 01 

mmol). The resultant mixture was heated to 80 °C for 5 d then cooled to room temperature. The 

mixture was concentrated and the residue was partitioped between CH2Clz (20 mL) and brine 
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(10 mL). The phases were separated and the aqueous phase was extracted with CH2Ch (3 x 10 
mL). The combined organic extracts were dried (Na2SQ4) and concentrated. Purification of the 

crude material by column chromatography on silica gel (30: 1: 1 CH2Ch-CH30H-NRtOH) 
provided 108 mg (54%) of a yellow foam. 

(0143) The intermediate from above (108 mg, 0.24 rnmol) was dissolved in NH3 saturated 

methanol (4 mL). treated with Raney nickel (100 mg), and placed under 50 psi H2 on a Parr 

. .,, · shaker, for 24 h. The mixture was filtered through Celite© and the cake was washed with 

methanol. The eluant was concentrated under reduced pressure. Purification of the crude· 
. !,· . m*'rial by radial chromatography on silica gel (1 mm plate, 20:1 :1 CH2Ch-CH30H-~OH) 

;:;/! provided 33 mg (39%) ofthe·free base of the title compound as a white foam . . ,, 
{0144l Using General Procedure D: Conversion of the white foam (33 mg) to the 

hydrobromide salt, followed by re-precipitation of the intermediate solid from methanol/ether, 

gave COMPOUND 17 ( 40 mg) as a white solid. 1H NMR. (D20) ~ 1.52 (br s, 4H), 1. 74-1.88 

(m, III), 1.95-2.08 (m, lH), 2.15-2.21 (m, lH), 2.34-2.39 (m, lH),2.50-2.61 (m, lH), 2.79-2.86 

(m, 3H), 2.99-3.02 (m, 2H), 4.38 (d, lH, J= 16.8 Hz), 4.47-4.56 (m, 2H), 7.58-7.63 (m, 2H), 

7.76-7.88 (m, 3H), 8.34 (d, lH, J= 7.8 Hz), 8.62 (d, lH, J= 5.7 Hz); 13C NMR (D20) o 20.42(2 

carbons), 25.03, 25.42, 27.64, 39.50, 48.20, 51.71, 60.64, 114.26, 125.93, 126.93, 131.05, 

139.32, 140.62, 148.09, 150.31, 151.82; ES-MS 111/z 350 (M+H). Anal. Calcd. for C21H21Ns • 

2.9 HBr • 2.2 H20: C, 40.44; H, 5.54; N, 11.23; Br, 37.15. Found: C, 40.38; H, 5.42; N, 10.85; 

Br, 37.42. 

Example 18 

~ 
iN~NH2 

N"' NH xHCI 

b 
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COMPOUND 18: Preparation of N'-OH-benzimidazol-2-ylmethyl}-N'-{S)-5,6. 7.8-

tetrahyd.ro -quinolin-8-yl-butane-1.4-diamine (hydrochloride salt) . 

Preparation of 4-phthalamido-butyraldehyde: 

[0145) A solution of 4-amino-1-butanol (5.0 g, 56 nunol) and phthalic anhydride (8.3 g, 56 

mmol) in 20% MeOH/CHCh (140 mL) was stin:ed at reflux for 66 h. The mixture was cooled 

to room temperature and washed sequentially with water (3 x 75 mL) and lN NaOH (3 x 50 

mL). The separated organic layer was dried (MgS04), concentrated, and purified by flash 

chromatography (5 cm id., 1~0 g silica gel, eluted with 2% MeOH/CH2Ch) to give the desired 

alcohol as a white solid (4.2l g, 34%). 

(0146) To a stirred slurry ofTPAP (340 mg, 0.96 rnmol), NMO (3.4 g, 29 mmol) and 3A 

molecular seives (10 g) in CH2Ch (100 mL) was added dropwise a solution of the alcohol from 

above (4.2 g, 19 mmol) in CH2Ch (SO mL) over 30 min. The black slurry was stirred under N2 

for 30 min after the addition, concentrated in vacuo, and purified by flash chromatography (5 cm 

id., 80 g silica gel, eluted with EtOAc) to afford the pure title compound as a grey solid (3.30 g, 

80%). 1H NMR (CDCh) C5 1.97-2.07 {m, 2H), 2.54 (t, 2H, J = 7 .2 Hz), 3. 74 (t, 2H, J = 6.8 Hz), 

7.71-7.75 (m, 2H), 7.82-7.88 (m, 2H), 9.77 (s, lH). 

(0147] Using General Procedure B: 4-phthalrunido-butyraldehyde from above (3.21 g, 14.8 

mmol) was reacted with S-(5,6,7,8-tetrahydro-quinolin-8-yl)-amine (2.40 g, 16.3 mmol) and 

NaBH(OAc)J (9.54 g, 45.0 mmol) in <lichloromethane (150 mL). Flash chromatography (5 cm 

id, 200 g silica gel, eluted with 5% MeOH/CH2Cii) provided the pure 2° amine as a white foamy 

solid (2.48 g, 48%). 

[0148) To a solution of the amine from above (2.5 g, 7.1 mmol) in acetonitrile (70 mL) was 

added diisopropylethylamine (1.9 mL, 10. 7 nunol), 1-boc-2-chloromethylbenzimidazole (2.3 g, 

8.6 mmol), and potassium iodide (115 mg, 0.70 mmol). The mixture was stirred under an N1 

atmosphere at 60 °C for 15 h, cooled to room temperature and concentrated in vacuo. The 

residue was partitioned between chloroform (150 mL) and water (100 mL). The separated 

organic layer was dried (MgS04), concentrated, and purified by flash chromatography (5 cm id, 

120 g silica gel, eluted with CH2Ch to remove unreacted chloride then 2% MeOH/CH2Ch to 

remove desired product) to give the desired amine as a pale yellow foamy solid (3.50 g, 85%). 

[0149) A solution of the amine from above (3.3~ g, 5.7 nunol) in ethanol (30 mL) was 

treated with hydrazine monohydrate (1.80 g, 36 mmol), stirred for three hours. The mixture was 
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then concentrated in vacuo and purified by flash chromnatography (5 cm id., 80 g silica gel, 

eluted with 5% MeOH/CH2Ch) to give the unprotected amine as a pale yellow foamy solid 

(1.70 g, 86%). 

[0150) The amine from above (l.70 g, 4.86 mmol) was dissolved in glacial acetic acid (5 

mL) and treated with HCl saturated acetic acid (5 mL). The solution was allowed to stir at room 

temperature 5 min, then it was slowly dropped into diethyl ether (400 mL) with vigorous 

stirring. The resultant slurry was suction filtered. through a glass fritted funnel and the filter cake 

was washed with diethyl ether (3 x 100 mL) and dried in a vacuum oven at 40 °C for 16 h to 

~f~ COMPOUND 18 as a -~bite solid (2.34 g, 94%). 1H NMR (020) ~ 1.46-1.63 (m, 4H), 

l.70-I.8q (m, lH), 1.97-2.0?"(m, lH), 2.10-2.21 (m, lH), 2.28-2.38 (m, lH), 2.55-2.65 (m, lH}, 

2.81-2.90 (m, 3H), 2.91-3.00 (m, 2H), 4.30 (cl, lH,J= 16.3 Hz), 4.41 (d, IH, J= 16.3 Hz), 4.42-

4.48 (m, lH}, 7.48-7.51(m,2H), 7.70-7.75 (m, 3H}, 8.20 (d, lH, J= 8.2 Hz), 8.53 (d, lH, J= 

4.5 Hz); 13C NMR (020) B 20.36, 20.43, 21.67, 24.99, 25.24, 27.60, 39.51, 48.29, 51.78, 60.54, 

114.46 (2 carbons), 125.63, 126.10 (2 carbons), 132.53, 139.58, 140.16, 147.34, 151.41, 151.81. 

ES-MS m/z 350 (M+H). Anal. Calcd. for C21H27Ns•2.5HC1•2.0H20•0.6CH3COOH: C, 52.01; 

H, 7.06; N, 13.66; Cl, 17.29. Found: C, 52.15; H, 7.09; N, 13.40; Cl, 17.56. 

[0151} The enantiomeric purity of COMPOUND 18 was determined to be 96.7% by chiral 

HPLC using the following conditions: Instrument: Hewlett Packard 1100 HPLC (VWDl); 

Column: Chiralpak OD, 0.46 cm x 25 cm; Mobile Phases: A: 90: l 0 hexanes/isopropanol with 

0.1%DEA, B: isopropanol; lsocratic: 90% A, 10%B; Total Run Time: 20 min; Flow Rate: 0.5 
. ·-- . . .. 

mUmin; Temperature: 10 °C; Detector: UV @ 270 nm; Injection volume: 20 µL. 

,[0152) Retention time of the S enantiomer = 16.3 min . 

. ;10153) Retention time of the R enantiomer = 21.9 min. 

Example 19 

CQ 
(N~NH2 

.._N~ 
N -H-Br 

{==</) H-Br v H .... Br 
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COMPOUND 19: Prq>aration of N .{l-Methyl-lH-benzoimidazol-2-ylmethyl}-N-

(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine Qiydrobromide salt). 

[0154) 2-[ 4-(5,6,7 ,8-Tetrahydro-quinolin-8-ylamino )-butyl]-isoindole-1,3-dione was 

prepared following the procedure for COMPOUND 18. 2-{4-[(1-Methyl-lH-benzoimidazol-2-

ylmethyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-butyl }-isoindole-1,3-dione was prepared 

following the general procedure for reductive aminations. 

[0155] To a solution of 2-[ 4-(5,6, 7 ,8-Tetrahydro-quinolin-8-ylamino )-butyl]-isoindole-1,3-

dione (0.2011 g, 0.58 mmol) in dichforomethane (S.8 mL) was added 1-Methyl-lH­

benoimidazole-2-carbaldehyde (0.1844 g, 1.15 mmol) and NaBH(OAc)3 (0.2462g, 1.16mmol), 

and was stirred at room temperature for four days. The organic phase was washed with 

NaHC03 (2 x 10 mL), dried overNa2S04, filtered, and concentrated. Purification of the crude 

material by column chromatography on silica gel ( 47:2: 1 CH2Ch-MeOH-NH.tOH) provided 103 

mg (36%) of 2-{ 4-[ (1-Methyl-lH-benzoimidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-

yl)-amino ]-butyl }-isoindole-1,3-dione. 1HNMR (CDCh) 8 1.30-1.44 (m, 2H), 1.48-1.63 (m, 

3H), 1.84-1.96 {m, 2H), 2.03-2.07 (m, lH), 2.54-2.81(m,4H), 3.51(t,2H, J= 7.2Hz), 3.95 (s, 

3H), 3.99-4.06 (m, 2H), 4.19 (d, IH, J= 13.5Hz), 6.94-6.98 (m, lH), 7.13-7.21(m,2H), 7.24-

7.29 {m, 2H), 7.63-7.68 {m, 3H), 7.74-7.78 (m, 2H}, 8.40 (d, lH,J= 3.6Hz). 

(0156] To a solution of2-{4-[{l-Methyl-1H-benzoimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-amino]-butyl}-isoindole-l,3-dione (0.1030 g, 0.21 rnmol) in ethanol (lrnL) was 

add~ hydrazine monohydrate (0.51 mL, 10.5 mmol)~ _ml:d f:he reaction mixture was sti~ed at 

room temperature for 18 hours. The mixture was concentrated and purified first via column 

chromatography on silica gel (91 :12:1 CH2C~2-MeOH-Nli40H) and then by radial 

chromatography on silica (18:1: 1 CH2Ch-MeOH-NH40H) to yield 0.0246 g (32%) of N1-(1-

Methyl-1H-benzoimidazol-2-ylmethyl)-N-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine. 1H NMR (CDCh) 8 1.32-1.42 (m, SH), 1.91-2.02 {m, 2H), 2.05-2.11 (m, lH), 2.55 (t, 

2H, J= 6.9Hz), 2.60-2.64 (m, 3H), 2.76-2.86 (m, lH), 3.98 (s, 3H), 4.04-4.17 (m, 3H), 7.00-

7.04 {m, lH), 7.21-7.27 (m, 2H), 7.30-7.33 {m, 2H), 7.68-7.72 {m, lH}, 8.47 (d, lH,J= 3.3Hz). 

(0157] Following a general procedure D, N1-(1-Methyl-1H-benzoimidazol-2-ylmethyl)-N'­

{5,6,7,8-tetrahydro-quinolin-8-yl)-butane-l,4-diamine was salted out. To a solution of N-(1-

Methyl-1H-benzoimidazol-2-ylmethyl)-N1-(5,6,7 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine (0.0246 g, 0.068 nunol) in acetic acid (0.8 mL) was added HBr/AcOH (1 mL), followed 

by the addition of diethyl ether (SO mL), which resulted in the precipitation of the salt. The 
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ether was decanted off and the remaining solid was washed with diethyl ether (2 x 50 mL). Any 

residual diethyl ether was removed by vacuum and methanol (lmL) was added to the solid. 

Again, diethyl ether (50 mL) was added and the salt was washed with diethyl ether (3 x 50 mL) 

to give COMPOUND 19 (23 mg, 76%) as a white solid. 1H NMR (D20) B 1.52-1.53 (m, 4H), 

1.73-1.87 (m, lH), 1.99-2.11 (m, lH), 2.15-2.19 (m, lH), 2.40-2.43 (m, IH), 2.51-2.58 (m, lH), 

2.78-2.84 {m, 3H), 2.97-2.99 (m, 2H), 3.96 (s, 3H), 4.38 (d, lH, J= 17.7 Hz), 4.48-4.54 {m, 

, 1H),4.59(d, 1H,J= 17.7Hz), 7.58-7.61(m,2H),7.75-7.84{m,3H), 8.30(d, 1H,J=7.8Hz), 

· 8.58 (d, lH, J = 5.4 Hz); 13C NMR (D20) 20.44 {2H), 25.03, 25.44, 27.69, 31.52, 39.47, 47.70, 

52J:.8, 60.88, 112.80, 114.22, 125.88, 126.73, 127.12, 130.08, 133.45, 139.32, 140.64, 148.09, 

15L13/1'51.68. ES-MS mlz 364 (M+H). Anal. Calcd. for C22H29Ns"3.2HBr"2.2H20: C, 39.91; 

H;:5.57;N, 10.58; Br, 38.62. Found: C, 39.97; H, 5.44; N, 10.37; Br, 38.49. 

Example20 

COMPOUND 20: Preparation of N-f 5-( 4-Fluoro-phenyll-lH-imidazol-2-ylmethyll-
,. 

N1-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine. 

(0158] 2-[ 4-(5,6, 7,8-Tetrahydro-quinolin-8-ylarnino )-butyl]-isoindole-1,3-dione was 

prepared following the general procedure B for reductive amination. To a solution of 5,6,7,8-

Tetrahydro-quinolin-8-ylamine (1.0609 g, 7.1 mmol) and 4-(1,3-Dioxo-l,3-dihydro-isoindol-2-

yl)-butyraldehyde (1.4079 g, 6.8 mmol) (prepared according to the procedure for 

COMPOUND 18) in methylene chloride (64 mL) was added NaBH(OAc)3 (4.07 g, 19.2 mmol) 
and the reaction stirred at room temperature for two hours. The reaction was quenched with IN 

NaOH (45 mL), extracted with methylene chloride .(2 x 55 mL), dried (Na2S04), filtered, and 

concentrated. Purification of the crude material by colunm chromatography on silica gel ( 40: 1: I 

CH2Ch-MeOH-NH40H) provided l.16g (52%) of2-[4-(5,6,7,8-Tetrahydro-quinolin-8-
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ylamino)-butyl]-isoindole-1,3-dione. 1H NMR (CDCh) 81.57-1.66 (m, 3H), 1.69-1.84 (m, 4H), 

1.93-2.03 (m, lH), 2.07-2.13 (m, lH), 2.69-2.86 (m, 4H), 3.70-3.77 (m, 3H), 7.03-7.07 (m, lH), 

7.35 (d, IH, J= 7.2 Hz), 7.67-7.73 (m, 2H), 7.80-7.85 (m, 2H), 8.37 (d, lH, J= 3 Hz). 

[0159) To a solution of 4-( 4-Fluoro-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-lH­

imidazole-2-carbaldehyde (0.2301 g, 0.72 mmol) in methylene chloride (7.2 mL) was added 2-

[ 4-(5,6, 7 ,8-Tetrahydro-quinolin-8-ylamino )-butyl]-isoindole-1,3-dione (0.3030 g, 0.87 mmol) 

and then NaBH(OAc)3 (0.3060 g, 1.44 mmol), and the reaction mixture was stirred at room 

temperature for four days. The reaction was quenched with saturated NaHC03 (6 mL), extracted 

with CH2Ch (2 x 25 mL), dried (Na2S04), filtered. and concentrated. Purification of the crude 

material by column chromatography on silica gel (50: 1: 1 CH2Ch-MeOH-NlLiOH) p~ovided 

0.3125 g (66%) of 2-{ 4-[[ 5-( 4-Fluoro-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-lH­

imidazol-2-ylmethyl]-( 5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-butyl }-isoindole-1,3-dione. 1H 

NMR (CDCh) 8 0.82-0.87 (m, 2H), 1.25-1.37 (m, 2H), 1.48-1.69 (m, !OH), 1.88-2.08 (m, 3H}, 

2.56-2.82 (m, 4H), 3.38-3.44 (m, 2H), 3.53 (t, 2H, J= 7.2 Hz), 3.96 (s, 2H), 4.01-4.04 (m, IH), 

5.56 (d, lH, 10.8 Hz), 5.79 (d, lH, J= 10.5 Hz), 6.97-7.03 (m, 3H), 7.12 (s, lH), 7.30 {d, lH, J 

= 7.5 Hz), 7.61-7.70 (m, 4H), 7.75-7.79 (m, 2H), 8.44 (d, IH, J= 4.5 Hz). 

[0160] To a solution of 2-{ 4-[[5-( 4-Fluoro-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-lH­

-imidazol-2-ylmethyl]-( 5,6, 7 ,8-tetrahydro-quinolin-8yl)-amino ]--butyl }-isoindole-1,3-dione 

(0.3125 g, 0.48 mmol) in ethanol (5 mL) was added hydrazine monohydrate (0.12 mL), and the 

reaction mixture was stirred at room temperature for 17 hours. The reaction mixture was 

concentrated, and purified ·via columii chromatography on silica gel (20: 1: 1 CH2Ch-Me0H­

NH.OH) to yield 0.1838g (73%) of N1-[5-(4-Fluoro-phenyl)-1-(2-trimethylsilanyl­

ethoxymethyl)-1H-imidazol-2-ylmethyl]- N-(5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine. 1H NMR (CDCh) a 0.85 (t, 2H, J= 8.1Hz),1.25-1.34 (m,- 7H), 1.61-1.72 (m, lH), 

1.89-2.05 (m, 4H), 2.54-2.82 (m, 8H), 3.35-3.47 (m, 3H), 3.93 (s, 2H}, 4.06 (t, lH, J = 8.1 Hz), 

5.53 (d, 2H, J= 10.5 Hz), 5.78 (d, 2H, J= 10.8 Hz), 6.99-7.04 (m, 3H), 7.15 (s, IH), 7.31 (d, 

lH, J = 7.5 Hz), 7.66-7 .70 (m, 2H), 8.47 {d, lH, J = 3.6 Hz).· 

[0161] To a solution of N1-[ 5-( 4-fluro-phenyl)-1-(2-trimethylsilanyl-ethoxymethyl)-lH­

imidazol-2-ylmethyl]- Nl-(5,6, 7 ,8-tetrahydro-quinolin-8-1)-butane-1,4-diamine (0.1838 g, 0.35 

mmol) in nethylene chloride (5 mL) was added TFA (5 mL), and was stirred in a room 

temperature for 3 days. The mixture was concentrated, dissolved in CH2C12, and neutralized 

with lONNaOH. The aqueous phase was extracted ~th CH2C!i(4 times), an,d the combined 
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organic extracts were then washed with brine, dried (Na2S04), filtered and concentrated~ The 
crude material was purified by column chromatography on silica gel (15:1:1 CH2ChMeOH­
NH40H) and then by radial chromatography on silica (15:1:1 CH2ChMeOH-NR.OH) to give 
COMPOUND 20 (0.0421 G, 31 %) as an orange oil. 1H NMR (CDCb) o 1,25-1.43 (m,4H), 

1.62-1.75 (m, lH), 1.84-1.92 (m, lH), 1.96-2.05 (m, lH), 2.13-2.15 (m, lH), 2.44-2.50 (m, 3H), 
i.63-2. 73 (m, 2H), 2. 79-2.89 (m, lH), 3.87 (s, lH), 3.99-4.04 (m, 2H), 7.04 (t, 2H, J = 9Hz), 
7.10-7.14 (m, lH), 7.23 (s, lH), 740 (d, lH, J= 7.5 Hz), 7.65-7.70 (m, 2H), 8.50 (cl, lH, J= 4.2 

- Hz); 13C NMR (CDC13) 8 21.70, 23.02, 26.37, 29.57, 30.17, 41.44, 49.02, 50.72, 61.?0, 115~83 
.(d;·:2C, J= 14.34 Hz), 122.49, 126.43 (d, 2C, J= 5.18 Hz), 130.26, 135.01, 137.74, 147.14 (2C), 
l49.64; .. 157.77, 160.34, 163;58. ES-MS m!z 394 (M+H). Anal. Calcd. For 

C23H28N5F•l.3CH2Ch: C, 70.20; H, 7.17; N, 17.80. Found: C, 58.09; H, 6.23; N, 13.59 . 

Example21 

COMPOUND 21: Preparation of N'-{IH-Benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl)-N-benzyl-1.4-butanediamine (hydrobromide salt) 

[0162) To a solution of N' -(1-(2-trimethylsilyl)-ethan-l yloxymethyl)-benzimidazol-2-
ylmethyl)-(5,6, 7,8-tetrahydroquiuolin-8-yl)-1,4-butanediamine (70 mg, 0.15 mmol) in methanol 
(4 mL) was added benzaldehyde (0.015 mL, 0.15 mmol). The mixture was stirred overnight at 
room temperature, then cooled to 0°C. Sodium borohydride (38 mg, 1.0 mrnol) was then added, 
and the reaction was stirred for one hour, gradually wanning to room temperature. The solution 
was then concentrated. The residue was taken up in dichloromethane and washed with IN 
sodium hydroxide (3 mL), then dried over anhydrous sodium sulfate, concentrated and purified 
by chromatography on silica gel (10: 1 dichloromethane:methanol) to afford N' -(1-(2-
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trimethylsilyl)-ethan-1yloxymethyl)-benzimidazol-2-ylmethyl)-(S,6,7 ,8-tetrahydroquinolin-8-

yl)-N-benzyl-1,4-butanediamine (39 mg, 49%). 1H NMR (CDCh) S O.IO(s, 9H), 0.80 (t, 2H, J= 

7.0 Hz), 1.41 (m, 3H), 1.76-2.21 (m, SH), 2.44 (m, 2H), 2.46-2.26 (m, 2H), 3.3S (t, 2H, J= 7.0 

Hz), 3.67 (s, 2H), 4.06 (m, lH), 4.08 (d, lH, J= lS.8 Hz), 4.22 (d, lH, J= 15.8 Hz), 5.80 (d, 

IH, J= 14.6 Hz), 6.02 (d, lH, J= 14.6 Hz), 7.00 (m, lH), 7.27 (m, 8H), 7.42 (m, lH), 7.80 (m, 

lH), 8.44 (d, lH, J= 4.8 Hz). 

[0163] as taken up in.acetic acid (1 mL), to which a saturated solution ofHBr in acetic acid 

(1 mL) was added. The mixture was then stirred, precipitated and isolated as per procedure D to 

yield COMPOUND 21 as a white crystalline solid (26 mg). 1H NMR (020). S 1.S2 (m, 4H), 

1.88 (m, IH}, 2.01 (m, lH}, 2.08 {m, lH), 2.31 (m, lH), 2.44 (m, lH), 2.88 (m, lH), 3.00 (t, 2H, 

J= 6.9 Hz}, 3.03 (m, 2H), 4.13 (s, lH), 4.31 (d, lH, J= 16.1Hz),4.47 (m, lH), 4.49 (d, lH, J= 

16.1 Hz), 7.36 (m, SH), 7.60 (m, 2H), 7.77 (m, 2H), 7.83 (m, lH), 8.26 (cl, lH, J= 7.8 Hz), 8.68 

(d, lH, J= 4.9 Hz). 13C NMR (D20) a 20.41, 23.68, 2s.45, 21.63, 46.86, 48.24, 51.34, 51.57, 

60.63, 114.25, 125.93, 126.95, 129.66, 130.08, 130.17, 130.98, 139.30, 140.60, 148.10, 151,24, 

l S 1. 77. ES-MS mlz 440 (M+H); Anal. Calcd. for (C2sH33Ns x 3.1 HBr x 1.4 H20): C, 46.99; H, 

5.48; N, 9.79; Br 34.61. Found: C, 47.00; H, 5.44; N, 9.S4; Br, 34.57. 

Example 22 

·cq 
N~u N I ~ 

HN{N H-Br H # 

0 H-Br 
H-Br 
H-Br 

COMPOUND 22: Preoaration of N-C1H-Benzimidazol-2-ylmethyl)-.N4-pvridin-2-

ylmethyl-N1-(S.6. 7.8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine 

(hydrobromide salt). 

[0164) Using General Procedure B (Two step reductive amination): Reaction of N1-(l-(2-

(trimethylsilyl)ethoxymethyl)-1H-Benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro-quinolin-8-

yl)-butane-1,4-diamine (101mg,0.21 mmol) with pyridine-2-carboxaldehyde (30 µL, 0.32 
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rnmol) in CH30H ( 4 mL) for. 6 hours and with NaBRt (35 mg, 0.92 mmol) for 40 minutes 

fo11owed by purification of the crude material by radial chromatography on silica gel (1 mm 

plate, 20: 1 :1 CH2Ch-CH30H-NH40H) provided 84 mg (70%) of a colorless oil. The oil from 

above (84 mg, 0.15 mmol) was dissolved in 6 N HCl (2 mL), heated at 50°C for 4.5 hours then 

cooled to room temperature. The solution was treated with 10 N NaOH (2 mL) and extracted 

with CH2Ch (3 x 10 mL). The combined organic extracts were dried (Na2S04) and 

· concentrated. Purification of the crude material by radial chromatography on silica gel (1 mm 
~· plate, 10: 1: 1 CH2Ch-CH30H-NH40H) provided 41 mg ( 63 % ) of the free base of the title 

co11_1pound as a colorless oil. 

[0165] Using General Procedure D: Conversion of the oil from above (41mg,0.092 mmol) 

to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanoVether gave COMPOUND 22 (72 mg, 93%) as a white solid. 1H NMR. (020) 5 1.50-

1.66 (m, 4H), 1.79-1.89 {m, lH), 1.96-2.08 {m, lH), 2.15-2.20 (m, lH), 235-2.39 {m, lH), 2.50-

2.60 {m, lH), 2.80-2.88 (m, lH), 3.00-3.10 {m, 4H), 4.36-4.56 (m, SH), 7.58-7.63 (m, 2H), 7.72-

7.88 (m, SH), 8.22 (dt, lH, J= 1.5, 7.8 Hz), 8.35 (d, lH,J= 8.1Hz),8.62 (d, lH, J= 5.7 Hz), 

8.66 (d, lH, J= 5.4 Hz); 13C NMR (020) o 20.43(2 carbons), 23.77, 25.43, 27.65, 47.86, 48.23, 

49.66, 51.64, 60.64, 114.26, 125.94, 126.42, 126.54, 126.95, 130.97, 139.33, 140.62, 143.16, 

146.99, 148.09, 148.11, 151.23, 151.76. ES-MS m/z 441 (M+H). Anal. Calcd. for 

C21H32N6•4.0HBr•3.7H20: C, 39.03; H, 5.26; N, 10.11; Br, 38.47. Found: C, 39.04; H, 5.22; N, 

10.04; Br, 38.52. 

Example23 
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COMPOUND 23: .Pre,J?aration of N-{IH-Benzimidazol-2-ylmethyl}-.N"-U H-indol-3-

ylmethyl}-N-£5.6, 7 .8-tetrahydro-guinolin-8-yl}-butane-1.4-diamine (free base). 

[0166) To a solution of N1-(l-(2-(trimethylsilyl)ethoxymethyl)-1H-Benzimidazol-2-

ylmethyl)-N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine (73 mg, 0.16 mmol) in 

CH2Ch (2 mL) was added trifluoroacetic acid (4 mL) and the resultant solution was stirred at 

room temperature overnight then concentrated under reduced pressure. The residue was 

dissolved in CH2Ch (10 mL) and water (5 mL) and treated with NaOH (10 M, - 2 mL) until the 

aqueous phase was basic (pH 14). The phases were separated and the aqueous phase was 

extracted with CH2Ch (3 x 10 mL). The combined organic extracts were dried (Na2S04) and 

concentrated. Purification of°the crude material by radial chromatography on silica gel (1 mm 

plate, 15:1:1 CH2Clz-CH30H-NRiOH) provided 37 mg of N-{lH-Benzimidazol-2-ylmethyl)­

N-{5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine as a white foam. 

[0167) Using General Procedure' B (Two step reductive amination): Reaction of N-(1H­

Benzimidazol-2-ylmethyl)-N1-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-cliamine (86 mg, 

0.25 mmol) with indole-3-carboxaldehyde (55 mg, 0.38 mmol) in CH30H (2.5 mL) overnight 

and with NaBH4 (27 mg, 0. 71 mmol) for 30 minutes followed by purification of the crude 

material by radial chromatography on silica gel (1 mm plate, 50: 1: 1 CH2Cli-CH30H-NRiOH) 

provided 74 mg (60%) of COMPOUND 23 as a white solid. 1H NMR (CDCh) o 1.38-1.52 (m, 

4H), 1.64-1.73 (m, lH), 1.83-1.95 (m, lH), 2.00-2.05 (m, lH), 2.15-2.21 (m, lH), 2.49-2.56 (m, 

3H), 2.67-2.89 (m, 3H), 3.88 (s, 2H), 3.96-4.10 (m, 3H), 7.03 (br s, lH), 7.07-7.13 (rn, 2H), 
- . . . 

7.16-7.22(m,3H), 7.35(dd, 1H,J=7.8, 1.0Hz), 7.40(d, 1H,J=7.8Hz), 7.58-7.60(m,3H), 

8.17 (br s, lH), 8.55 (d, lH, J= 4.5 Hz); 13C NMR (CDCh) 0 21.79, 23.58, 26.53, 27.64, 29.64, 

44.94, 49.34, 49.88, 50.59, 61.83, 111.66, 114.88, 118.99, 119.72, 121.96, 122.29, 122.51, 

123.13, 127.42, 135.05, 136.74, 137.72, 147.10, 156.87, 157.83. ES-MS m/z 479 (M+H). Anal. 

Calcd. forC30H34N6•1.3 H20: C, 71.77; H, 7.35; N, 16.74. Found: C, 71.69; H, 7.14; N, 16.59. 
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Example 24 

C9~ i H H 

:L<H ~=:: v H-Br 

PCT/US02/41407 

COMPOUND 24: Preparation of OH-Benzimidazol-2-ylmethylH3-piperidin-2-yl-

propyl)-(5.6, 7 .8-tetrahydro-guinolin-8-yl)-amine (bydrobromide salt). 

[0168] A mixture of3-(2-pyridyl)-1-propanol (0.75 mL, 5.83 mmol), Pt02 (60 mg, 0.26 

mmol).and concentrated HCI (0.48 mL, 5.86 mmol) in ethanol (3.1 mL) was hydrogenated (50 

psi) on a Parr shaker at room temperature for 20 hours. The mixture was filtered through celite 

and the cake was washed with methanol. The solvent was removed from the filtrate under 
reduced pressure and provided 1.34 g of a white slushy solid. The solid (1.34 g) was dissolved 
in THF (30 mL) and water (1 mL), treated with N,N-diisopropylethylamine (2.0 mL, 11.42 

_mmol) and di-tert-butyl dicarbonate (2.16 g, 9.89 I?Jlllol) and the resultant ~ixture was sti~ed at 
room temperature overnight. The reaction mixture was diluted with water (30 mL) and 

extracted with EtOAc (3 x 60 mL). The combined organic extracts were washed with brine (2 x 
20 mL)·; dried (Na2S04) and concentrated. Purification of the crude material by colunm 

·chromatography on silica gel (2:1 hexanes-ethyl acetate) provided 1.38 g (97% from 3-(2-

pyrid yl)-1-propanol) of N-tert-butoxycarbonyl-3-piperidin-2-yl-propan-l-ol as a colorless oil. 
1H NMR (CDCh) 5 1.40-2.04 (m, 20H), 2.75 (t, lH, J= 12 Hz), 3.66-3.69 (m, lH), 3.94-3.96 

(m, lH), 4.25 (hrs, lH). 

(0169) To a solution of N-tert-butoxycarbonyl-3-piperidin-2-yl-propan-1-ol (0.372 g, 1.53 

mmol) in CH2Cl2 (7.5 mL), at room temperature, was added sequentially 3A molecular sieves 

(0.814 g), N-methylmorpholine N-oxide (0.278 g, 2.37 nunol) and tetrapropylammonium 

perruthenate (56 mg, 0.16 mmol). After 90 minutes, the mixture was filtered through a short 

colwnn of silica gel and the cake was washed with ethyl acetate. The solvent was removed from 
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the filtrate under reduced pressure to provide 0.32 g (86%) of N-tert-butoxycarbonyl-3-

piperidin-2-yl-propionaldehyde as a green oil which.was used without further purification. 

[0170) Using general procedure B: Reaction of N-tert-butoxycarbonyl-3-piperidin-2-yl­

propionaldehyde (0.32 g, 1.33 nunol) and (lH-Benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-arnine (0.307 g, 1.10 mmol) with NaBH(OAc )3 (0.448g, 2.11 mmol) in CH2Clz 

(10 mL) for 16 hours followed by purification of the crude material by column chromatography 

on silica gel (30: 1: 1 CH2Ch-CH30H-NH.tOH) provided 0.285 g of a yellow foam. The foam 

(0.285 g) was dissolved in 1HF (10 mL), treated with 3 N HCl (10 mL}, and the resultant 

solution was stirred at room temperature for 75 minutes. The pH of the solution was adjusted to 

-14 using 10 N NaOH (--4 mL). The solution was extracted with CH2Ch (4 x 30 mL) and the 

combined organic extracts were dried (Na2S04) and concentrated. Purification of the crude 

material by column chromatography on silica gel (25:1:1 CH2Ch-CH30H-NH40H) provided 

0.176 g (40%) of the free base of the title compound as white foam. 

[0171) Using General Procedure D: Conversion of the foam from above (69 mg, 0.17 

mmol) to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 24 (79 mg, 67%) as a white solid. NMR and HPLC 

analysis indicated a -1: 1 mixture of diastereomers. 1H NMR (D20) 8 1.18-1.53 (m, 7H), 1. 78-

1.84 (m, 4H), 1.96-2.08 (m, lH), 2.15-2.20 (m, lH), 2.35-2.40 (m, lH), 2.49-2.56 (m, lH), 2.81-

3.00 (m, SH), 3.28-3.32 (m, lH), 4.35-4.56 (m, 3H), 7.59-7.62 (m, 2H), 7.79-7.89 (m, 3H), 8.34 

(brd, lH,J= 7.8 Hz), 8.63 (br d, lH,J= 5.4 Hz); 13C NMR(D20) o 20.42(2 carbons), 21.82, 

22.22, 24.03, 27.64, 28.23, 31.02 & 31.11, 45.11, 48.13 & 48.24, 51.76 & 51.88, 56.76 & 56.83, 

60.59 & 60.71, 114.25, 125.94, 126.97, 130.99, 139.31, 140.65, 148.11, 151.26, 151.75. ES-MS 

mlz 404 (M+H). Anal. Calcd. for C2sH33N5•3.0HBr •3.2H20: C, 42.66; H, 6.07; N, 9.95; Br, 

34.05. Found: C, 42.47; H, 5.82; N, 9.78; Br, 34.43. 
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Example25 

CQ H 
(N~N,Nl(NH2 

N~NH NH 

0 
COMPOUND 25: Preparation of 4-f{lH-Benzoimidazole-2-ylmethyl)-(5,6,7 ,8-

tetrahydro-quinolin-8-yD-amino J-butvraldehyde aminoguanidine hydrazone 

(hydrobromide salt) 

(0172] Using General Procedure B: To a stirred solution of 4-[(lH-Benzoimidazole-2-

ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)-amino]-butyraldehyde (see COMPOUND 32 for 

preparation) (0.2182 g, 0.63 mmol) and aminoguanadine hydrochloride (69 mg, 0.63 rnmol) in 

dry MeOH (4 mL) was added AcOH (75 µL, 1.26 mmol) and the mixture was stirred at room 

temperature for 3 h. The reaction was concentrated and the residue was partitioned between 
CH2Cli (20 mL) and saturated aqueous NaHC03 (30 mL), the phases separated and the aqueous 

layer extracted with CH2Ch (2 x 15 mL). The combined organic extracts were dried (Na2S04), 

filtered, and concentrated under reduced pressure. Purification of the crude material by radial 

chromatography on silica gel (1 mm plate, CH2Ch/Me0H/NH40H, 20:1:1then10:1:1) afforded 

the desir~ aminoguanidine hydrazone (69 mg, 30%) as a pale yellow foam. 

(01731 Using General Procedure D: Conversion of the foam from above (69 mg, 0.17 mrnol) 
• to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 25 (93 mg, 76%) as a beige solid. 1H NMR (D20) o 1.54-

1. 77 (m, 2H), 1.78-1.94 (m, lH), 1.95-2.11 (m, IH), 2.12-2.31(m,3H), 2.32-2.44 (m, lH), 2.45-

2.62 (m, lH), 2.79-2.91 (m, lH), 2.96-3.08 (m, 2H), 4.35 (d, lH, J= 16.5 Hz), 4.50 (d, lH, J= 
16.5 Hz), 4.51-4.59 (m, lH), 7.32 (t, lH, J= 5.1 Hz), 7.58-7.64 (m, 2H), 7.77-7.81(m,2H), 

7.88 (dd, lH, J= 7.8, 5.7 Hz), 8.36 (d, lH, J= 7.8 Hz), 8.65 (d, lH, J= 9.6 Hz); 13C NMR 

(D20) o 20.40, 23.75, 27.69, 29.09, 48.45, 50.79, 60.42, 114.20, 125.88, 126.99, 130.98, 139.35, 

140.72, 148.06, 151.35, 151.79, 152.94. ES-MS mlz 405 (M+H). Anal. Calcd. for 
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C2iH2sNs•3.1HBr•l.4H20•0.4C4H1oO: C, 39.91; H, 5.38; N, 15.78; Br, 34.88. Found: C, 39.89; 

H, 5.29; N, 15.84; Br, 34.94. 

Example26 

QO 
N 

'N~NJ iNH 
I () 

COMPOUND 26: Preparation of 1-N' -[ 4....(lH-Benzimidazol-2-yhnethyl)-{5,6. 7 .8-

tetrahydroguinolin-8-yl}-amino 1-aminobutane-N .N-dimethylformamidine 

(hydrobromide salt) 

[0174] Using the procedure of L. Cai (Y. Han and L. Cai Tetrahedron Lett. 1997, 38(31), 

5423-5426) a solution of 2-pyridinesulfonyl chloride (56 mg, 0.32 mmol) in DMF (1 mL) was 

stirred for 10 minutes at room temperature. N-(1H-Benzimidazol-2-ylmethyl)-N°-(5,6,7,8-

tetrahydro-quinolin-8-yl)-butane-l,4-diamine (73 mg, 0.21 mmol) was then added, and the 

mixture was stirred at room temperature for 2 hours. The DMF was then removed in vac;uo, and 

the residue was taken up in dichloromethane and washed sequentially with a saturated aqueous 

sodium carbonate solution, followed by distilled water. The organic fraction was then dried 

over anhydrous sodium sulfate and concentrated. Th~ residue was then purified by silica gel 

flash chromatography to afford two products: 1-N'-[4-(lH-Benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl)-amino]-aminobutane-N,N-dimethylformarnidine (51 mg, 59%), and N­

( IH-benzimidazol-2-ylmethyl)-N -(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine-N-(2-

pyridinyl)-sulfonamide (31mg,29%). The spectral data for the formamidine is as follows: 1H 

NMR (CDCh) ~ 1.38-1.44 {m, 4H), 1.68 (m, lH), 2.00 (m, lH), 2.15 (m, lH), 2.35 (m, lH), 

2.66-3.01{m,4H), 3.01{s,6H), 3.16 (t, 2H, J = 6.9 Hz), 4.05 (s, 2H), 4.12 {m, lH), 7.18 (m, 

2H), 7.46 (m, IH), 7.58 (m, 2H), 8.53 (m, lH). The sulfonamide showed an excessive 

broadening ofresonances in the 1H NMR spectrum °(in CDCh), so it was not characterized fully 

at this stage, and was instead taken directly to the salting reaction. 
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(0175] 1-N• -[ 4-{lH-Benzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydroquinolin-8-yl)-amino ]­
aminobutane-N,N-dimethylformamidine (49 mg, 0.120 mmol) was taken up in acetic acid (1 
mL), to which a saturated solution of HBr in acetic acid (1 mL) was added. The mixture was 
then stirred, precipitated and isolated as, per procedure D to yield COMPOUND 26 as a white 
crystalline solid (52 mg). 1H NMR (D20). 8 1.39 (rn, 4H), 1.85 (m, lH), 2.01 (m, IH), 2.15 (m, 

lH), 2.36 (rn, lH), 2.53 (rn, HI), 2.78 (m, lH), 2.85 (s, 3H), 3.00 (m, 2H), 3.07 (s, 3H), 3.25 (t, 
2H, J= 6.9 Hz), 4.46 (d, lH, J= 16.8 Hz), 4.51 (m, lH), 4.52 (cl, lH, J= 16.8 Hz), 7.60 (m, 

~ 2H), 7.65 {s, lH), 7.80 (m, 2H), 7.87 (dd, lH, J= 7.8, 5.8 Hz), 8.35 (d, lH, J= 7.8 Hz), 8.63 (d, 
lli;J= 5.8 Hz). 13C NMR(D20) 8 22.89, 23.27, 27.81, 30.10, 38.38, 45.57, 49.52, 51.21, 54.51, 
63.~l, 116.70, 128.35, 129.43, 133.35, 141.73, 143.03, 150.53, 153.75, 154.54, 158.63. ES-MS 
mlz 405 (M+H); Anal. Calcd. for (C2.,H32N6 x 3.3 HBr x 1.8 H20): C, 40.95; H, 5.57; N, 11.94; 
Br 37.46. Found: C, 40.77; H, 5.59; N, 11.78; Br, 37.72. 

Exarnple27 

COMPOUND 27: Preparation of N-{4-[(IH-benzoimidazol-2-ylmethvl)-(5~6. 7,8-

tetrahydro-guinolin-8-yl)-amino 1-butyl}-guanidine (hydro bromide salt) 

[0176] A solution of N1-(5,6, 7,8-tetrahydro-quinolin-8-yl)-N-[l-(2-trimethylsilanyl­
ethoxymethyl)-lH-benzoimidazol-2-ylmethyl)-butane-1,4-diamine (170 mg, 0.35 mmol), 1-H­
pyrazole-1-carboxamidine hydrochloride (51mg,0;35 mmol) and DIPEA (61µL,0.35 mmol) in 
THF (0.2 mL) was stirred at room temperature for 3 hours. Ether (1 x 10 mL and 3 x 5 mL) was 
added and decanted. The resulting syrup was dried in vacuo to afford a white foam (150 mg) 
that was used in the next reaction without further purification. 

(0177] A solution of the guanidine from above (150 mg) in 6N HCI (5 mL) was heated to 50 
°C for 4 hours. The reaction mixture was cooled to room temperature, H20 (5 mL) was added 
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and the mixture was neutralized. with NaHC03 (s) and saturated with NaCl (s). The aqueous 

layer was extracted with CHCh (3 x 50 mL). The combined organic extracts were dried 

(MgS04), filtered and concentrated under reduced pressure. Purification by column 

chromatography on silica gel (CH2Ch/MeOH/NRiOH, 20:2:1) afforded the desired guanidine as 

a light yellow foam (63 mg, 46% over 2 steps). 

(0178] Using General Procedure D: Conversion of the foam from above to the 

hydrobromide salt afforded COMPOUND 27 as a light beige solid. 1H NMR (D20) B 1.40 (br s, 

4H), 1.81-1.90 (m, lH), 1.98-2.10 (m, 2H), 2.34-2.38 {m, lH), 2.48-2.54 (m, lH), 2.74-2.83 (m, 

lH), 2.99-3.03 (m, 4H), 4.44.(d, lH, J= 10.8 Hz),_4.51-4.63 {m, 2H), 7.57-7.63 (m, 2H), 7.77-

7.82 {m, 2H), 7.87 (dd, lH, J= 7.8, 6.0 Hz), 8.35 (d, lH, J= 8.1Hz),8.64 (d, lH, J= 5.5 Hz); 

13c NMR (D20) a 20.45, 2s.52, 26.10, 21.66, 41.01, 48.97, 51.89, 6t.11, 114.21, 125.92, 

126.92, 131.04, 139.29, 140.50, 148.04, 151.41, 152.03, 156.91. ES-MS m/z 392.3 (M+H). 

Anal. Calcd. for C22H29N1•3.1HBr•l.2H20•0.3C4H1oO: C, 40.61; H, 5.51; N, 14.29; Br, 36.10. 

Found: C, 40.92; H, 5.31; N, 14.28; Br, 35.70. · 

Example 28 

COMPOUND 28: Preparation of N-OH-benzimidazol-2-ylmethyl}-N -(5,6, 7,8-

tetrahydro-guinolin-8-yl)-butane-1,4-diamine-N-(2-pvridinyl)-sulfonarnide 

{hydrobromide salt) 

[0179] N -(lH-benzimidazol-2-ylmethyl)-N-(5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine-N-(2-pyridinyl)-sulfonamide (from the above reaction, 31 mg, 0.063 mmol) was taken 

up in acetic acid {l mL), to which a saturated solution of HBr in acetic acid (1 mL) was added. 

The mixture was then stirred, precipitated and isolated as per procedure D to yield 

COMPOUND 28 as a white crystalline solid (52 mg). 1H NMR (D20) B 1.30 (m, 4H), 1.81 {m, 
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lH), 1.91 (m, lH), 2.05 (m, lH), 2.31 (m, lH), 2.43 (m, lH), 2.79 (m, lII), 2.83 (t, 2H, J= 6.9 

Hz), 3.00 (m, 2H), 4.31 (d, lH, J= 16.3 Hz), 4.49 (m, IH), 4.51 (d, lH, J= 16.3 Hz), 7.57 (m, 

2H), 7.86 (m, 2H), 7.83 (m, 2H), 8.00 (t, 2H, J= 7.8 Hz), 8.32 (d, lH,J= 7.8 Hz), 8.56 (d, lH, J 

= 4.9 Hz), 8.68 (d, IH, J= 5.4 Hz). 13C NMR (D20) o 20.43, 20.81, 24.95, 26.54, 27.64, 42.44, 

48.80, 51.47, 60.94, 114.26, 122.86, 125.92, 126.91, 128.36, 130.97, 139.30, 140.08, 140.48, 

140.06, 150.22, 151.40, 152.00. ES-MS mlz 491 (M+H); Anal. Calcd. for (C2Jl3oN602S x 3.1 

HBrx 1.7 H20 x 0.9 HOAc): C, 40.42; H, 4.89; N, 10.17; Br 29.98. Found: C, 40.31; H, 4.98; 
·! ·-- N, 10.13;Br,30.22. 

;~.::. Example29 

'.c:: 

COMPOUND 29: Preparation of N-OH-benzoimidazol-2-ylmethyl)-N'-pyrimidin-2-

ylmethyl-N-(5 ,6, 7 ,8-tetrahydro-qui nolin-8-y))-butane-1.4-diamine(hydrobromide 

salt). 

[0180] Pyrimidine-2-carbaldehyde was prepared as described for COMPOUND 68 using 

pyrimidine-2-carboxylic acid methyl ester (255 mg, 1.85 mmol), THF (18 mL), and LiAIRt (1.0 
M/THF, 0.55 mL, 0.55 mmol). The crnde material (332 mg) was detennined by 1H NMR to be 

a mixture of pyrimidine-2-carbaldehyde, pyrimidine-2-carboxylic acid methyl ester, and THF 

(1.0: 12.6:6.0 respectively) and was used in the next step without further purification. 

[0181) Using General Procedure B: To a solution of the crude aldehyde from above (332 

mg) and N-(IH-benzoimidazol-2-ylmethyl)-N'-( 5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine (49 mg, 0.14 mmol) in THF (2 mL) was added NaBH(OAc)3 (89 mg, 0.42 nunol) and 

the mixture was stirred at room temperature for 1.5 h. The crude material was dissolved in 

saturated HBr/AcOH (2 mL) and stirred at room temperature for 5 minutes. The solution was 

made basic with 10 N NaOH(aq) and extracted with CH2Cli (3 x 15 mL). The combined 
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organic extracts were dried (MgS04) and concentrated. in vacuo. Purification of the crude 

material by column chromatography on silica gel (200:S: 1 CH2Ch/MeOHINRiOH) afforded. a 

yellow oil ( 44 mg). 

[0182) Using General Procedure D: Conversion of the oil from above (44 mg, 0.10 nunol) 

to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 29 (68 mg, 84%) as a colourless solid. 1H NMR (D20) B 

1.64-1.93 (m, SH), 2.07 (m, IH), 2.22 (m, lH), 2.42 (m, lH), 2.61 (m, lH), 2.89 (m, lH), 3.04 

(m, 2H), 3.lS (m, 2H), 4.41-4.61 (m, SH), 7.53 (t, lH, J= S.1 Hz), 7.63 (m, 2H), 7.87 (m, 3H), 

8.38 (d, lH, J= 8.1 Hz), 8.6~ (d, lH, J= 5.7 Hz), 8.80 (d, 2H, J= 5.1Hz); 13C NMR (D20) B 

20.44, 23.80, 25.46, 27.66, 47.61, 48.30, 51.00, 51.68, 60.67, 114.27, 121.65, 125.94, 126.94, 

130.95, 139.35, 140.62, 148.12, 151.24, 151.78, 158.37, 160.71. ES-MS m/z 442 (M+H). Anal. 

Calcd. for C26H31N1•4.0HBr•3.2H20: C, 37.9S; H, S.07; N, 11.92; Br, 38.84. Found: C, 38.20; 

H, 5.04; N, 11.77; Br, 38.61. 

Example 30 

COMPOUND 30: Preparation of N-OH-benzoimidazol-2-ylmethyll-N'-ClH-

imidazol-2-yl )-N-( 5 .6. 7 .8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine. 

[0183) To a partially dissolved solution of2-aminoimidazole sulfate (200 mg, 1.51 mmol) in 

MeOH (2 mL) was added NaOH (s) (65 mg, 1.S9 mmol) and the mixture was stirred at room 

temperature overnight. The mixture was diluted with CH2Ch (20 mL), dried (MgS04) and 

filtered through Celite. The cake was washed with CH2Ch/MeOH (10:1) and the filtrate was 

concentrated under reduced pressure to afford a brown syrup (115 mg) that was used in the next 

reaction without further purification. 
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[0184) A solution of the amine from above (39 mg, 0.47 mmol) and 4-{[l-(tert­

butyloxycarbonyl)-{lH-benzimidazol-2-ylmethyl)]-(5,6,7,8-tetrahydro-quinolin-8-yl)­

amino}butyraldehyde (see COMPOUND 32 for preparation) (100 mg, 0.22 rnmol) in MeOH 

(1.5 mL) was stirred at 40 °C for 3 days. NaBHi (17 mg, 0.44 mmol) was added and the 

resultant mixture stirred for an additional 15 minutes. The reaction mixture was diluted with 

CH2Cli, filtered through Celite and the calce was washed with CH2Clz. The combined filtrate 

was concentrated under reduced pressure. Purification of the crude orange foam by column 

chromatography on silica gel (CH2Cl2'MeOH/NRiOH, 50:2:1) followed by radial 

chromatography on silica ge~ (Imm plate, EtOAc/MeO~OH, 100:3:1) afforded 

COMPOUND 30 (32 mg, 35%) as a light purple foam. 1H NMR (CDCh) o 1.32-1.75 {m, 5H), 

1.83..f.95 {m, lH), 2.02-2.10 (m, lH), 2.17-2.21 (m, lH), 2.51-2.91{m,4H), 3.05-3.09 (m, 2H), 

3.98-4.11(m,3H), 4.31 (br s, lH), 6.61(s,2H), 7.12-7.16 (m, lH), 7.18-7.23 (m, 2H), 7.43 (d, 

lH,J= 7.2 Hz), 7.56 (br s, 2H), 8.52 (d, lH, J= 3.3 Hz); 13C NMR. (CDCIJ) o 21.12, 23.92, 

25.24, 27.29, 29.14, 43.55, 49.17, 50.22, 62.13, 114.93, 117.27, 121.89, 122.34, 134.91, 137.65, 

146.48, 150.88, 156.09, 157.26. ES-MS m/z416.3 (M+H). Anal. Calcd. for 

C2Jl29N1•0.9H20•0.3C4Hs02: C, 66.06; H, 7.30; N, 21.40. Found: C, 66.12; H, 7.32; N, 21.34. 

Example 31 

O? 
(N~N~ 

J--. H N~ ;:,H H 
v 

COMPOUND 31: Preparation of N1-{1H-benzimidazol-2-ylmethyl}-.N"-{1H-indol-2-

ylmethyl)-N1-(5,6, 7.8-tetrahydroquinolin-8-yl)-butane-1.4-diamine. 

(0185] A solution ofindole-2-carboxaldehyde (prepared as described for COMPOUND 65) 

(31 mg, 0.21 mmol) and N-(lH-benzimidazol-2-ylmethyl)-N-(5,6, 7,8-tetrahydroquinolin-8-yl)­

butane-1,4-diamine (see COMPOUND 17) (51 mg, 0.15 mmol) in MeOH (1.8 mL) was stirred 

at room temperature under nitrogen for 23 hours. NaBH4 (14 mg, 0.37 mmol) was added, and 
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the reaction stirred for a further 15 minutes before the solvent was evaporated under reduced 

pressure. The residue was dissolved into CH2Ch (25 mL) and was washed with saturated 

aqueous NaHC03 (5 mL) and brine (5 mL). The organic solution was dried (MgS04), filtered 

and evaporated under reduced pressure. The yellow residue was purified by flash column 

chromatography on silica gel (CH2Ch/Me0H/NH40H, 19: 1 :0.1) giving COMPOUND 31 as a 

white solid (37 mg, 0;077 mmol, 53%). 1H NMR (CDCh) o 1.35-1.49 (m, 4H), 1.60-1.76 (m, 

lH), 1.81-1.96 (m, lH), 1.96-2.08 (m, lH), 2.11-2.22 (m, lH), 2.45 (t, 2H, J= 6.5 Hz), 2.50-

2.60 (m, lH}, 2.66-2.76 (m, 2H}, 2.76-2.90 (m, lH), 3.83 (s, 2H}, 3.93-4.10 (m, 3H}, 6.27 (s, 

lH), 7.02-7.16 (m, 3H), 7.16-7.24 (m, 2H), 7.32 (d, lH,J= 7.8 Hz), 7.41 (d, lH,J= 7.8 Hz), 

7.53(d, 1H,J=7.8Hz}, 7.55;.7.62(m,2H),8.56(d, 1H,J=.3.6Hz),9.0l (br.s, lH). 13CNMR 

(CDCh) 8 21.6, 23.8, 26.2, 27.5, 29.6, 47.2, 48.9, 49.8, 50.8, 62.3, 100.6, 111.2, 119.8, 120.4, 

121.7, 122.0, 122.6, 128.8, 135.1, 136.5, 137.8, 147.1, 156.9, 157.8. ES-MS mlz 479 (M+H). 

Anal. Calcd. for C3oH~6·0.SCH2Cb·0.2C4li1oO: C, 70.15; H, 6.96; N, 15.68. Found: C, 70.16; 

H, 6.97; N, 15.73. 

Example 32 
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COMPOUND 32: (lH-Benzimidazol-2-ylmethyl)-(5.6.7.8-tetrahydroguinolin-8-yl)-

(N,N-dimethyl-4-amino-but-1-yl)-amine (Hycfrobromide salt) 

Preparation of [l-(tert-butyloxycarbonyl)-(lH-benzimidazol-2-ylmethyl)]-(5,6, 7 ,8-

tetrahydroquinolin-8-yl}-( 4-hydroxy-but-1-yl)-amine: 

[0186] To a stirred suspension ofNaH (95%, 0.81 g, 33.8 mmol) in THF (68 mL) at room 

temperature was added 1,4-butanediol (3.0 mL, 33.9' mmol). After 1.5 hours, tert­
butyldimethylsilyl chloride (5.14 g, 34.1 m.mol) was added. After stirring for a further 2.5 

hours, the reaction was diluted with diethyl ether (250 mL). The organic phase was washed 

with saturated aqueous NaHC03 (2 x 75 mL) and brine (Ix 75 mL). The combined aqueous 

phases were extracted with ether (1 x 75 mL). The combined organic extracts were dried 

(Na2S0.1), filtered and concentrated under reduced pressure to give a colourless liquid (6.40 g, 

92 %) . 

. (0187] To a stirred so!utio~ f?f ~~alyl. ~hloride (6.0 ~. 68.8 nunol) in CH;2Ch (4.50 mL) a~ - . 
78 °C was added DMSO (6.5 mL, 91.6 mmol). After 2 hours, the alcohol from above (6.40 g, 

31.3 mmol) was added as a solution in CH2Ch (90 mL). Triethylamine (32 mL, 230 m.mol) was 
•r"' 

added after 20 minutes, followed by removal of the ice bath. After I hour the reaction was 

washed with water (1x200 mL). The aqueous phase was extracted with CH2Clz (3 x 100 mL). 
The combined organic phase was washed with IN HCl (1 x 200 mL), saturated aqueous 

NaHC03 (1 x 200 mL) and brine (I x 200 mL). The organic phase was dried (Na2S04), filtered 

and concentrated under reduced pressure to give 6.36 g of a yellow liquid (quantitative). 

[0188] Using the General Procedure B: To a stirred solution of the aldehdye from above 

(3.085 g, 15.2 mmol) and (IH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)­

amine (3.67 g, 13.2 nunol) in CH2Ch (90 mL) was added NaBH(OAc)3 (6.33 g, 29.9 nunol) and 

the mixture stirred for 16 hours. The yellow foam obtained (8.06 g) was dissolved in THF (20 

mL) and treated with 3N HCl (80 mL). After 2 hours, the reaction was basified with saturated 
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aqueous NaHC03. The phases were separated, and the aqueous phase was extracted with 

diethyl ether (4 x 150 mL) and CH2Ch (2 x 150 mL). The organic phase was dried (Na2S04), 

filtered and concentrated under reduced pressure to give an orange oil (4.44 g, 72 %). · 

(0189) To a stirred solution of the protected alcohol from above (5.01 g, 10.8 mmol) in THF 

(50 mL) at 0 °C was added hydrogen fluoride--pyridine (~5 mL, ~175 mmol). After 75 minutes, 

a further lmL of HF-pyridine was added. After a further 20 minutes, the pH of the solution was 

raised to pH 13 with IN NaOH followed by ION NaOH. The mixture was extracted with 

CH2Ch (5 x 40 mL). The organic phase was dried (Na2S04), filtered and concentrated under 

reduced pressure to give a crude oil ( 4.22 g). Purification of this oil by column chromatography 

(4 cm OD, 100 g silica, ?O:l CH2Ch: CH30H) afforded the deprotected alcohol as a yellow 

foam (2.92 g, 77 %). 

[0190] To a stirred solution of the deprotected alcohol from above (2.92 g, 8.33 mmol) and 

diisopropyletb.yl amine (15 drops) in THF (40 mL) at 0 °C was added di-tert-butyl di-carbonate 

(1.96 g, 8.98 mmol). After stirring for 17 hours (over which time the reaction warmed to room 

temperature), the reaction was concentrated under reduced pressure. The residue was dissolved 

in CH2Ch (100 mL) and washed with brine (3 x 50 mL). The organic phase was dried 

(Na2S04), filtered and concentrated under reduced pressure to afford the N-protected material as 

a crude yellow foam (3.79 g, quantitative). 1H NMR (CDCb) o 1.48-1.71 (m, 14H), 1.93-2.05 

(m, 2H}, 2.15-2.25 (m, lH), 2.57-2.67 {m, IH), 2.71-2.94 (m, 3H), 2.53-2.59 (m, 2H), 4.32 (dd, 

1H,J=9.7, 6.5 Hz), 4.49 (d, lH,J= 15.8 Hz), 4.61 (d, lH,J= 15.8 Hz), 6.93 (dd, lH,J= 7.7, 

4.6 Hz), 7.20-7.30 (m, 3H),' 7.68-7.72 cm: tH),'7.78-7.83 (m, lll), 8.33 (d, 'ni,J= 3.7 Hz). 

Preparation of 4-{[ 1-(tert-butyloxycarbonyl)-( 1H-benzimidazol-2-ylmethyl)]-(5.6.7 ,8-

tetrahydro-guinolin-8-yll-amino} butvraldehyde: 

[0191] To a stirred solution of oxalyl chloride (:4.5 mL, 9.0 mmol) in CH2Ch (40 mL) at-78 

°C was added DMSO (0.86 mL, 12.1 mmol). After 30 minutes [1-(tert-butyloxycarbonyl)-(lH-
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benzimidazol-2-ylmethyl)]-(5 ,6, 7 ,8-tetrahydroquinolin-8-yl)-{ 4-hydroxy-but-1-yl)-amine (3 .66 

g, 8.13 mmol) was added as a solution in CH2Ch (7.5 mL). After a further 20 minutes, 

triethylamine (70 mL, 71. 7 mmol) was added and the ice bath was removed. The reaction was 

stirred for a further 7 5 minutes then concentrated under reduced pressure. The residue was taken 

up in ethyl acetate and filtered through celite to give a crude yellow oil (3.88 g). Purification of 

this oil by column chromatography on silica gel (solvent = 35: 1: I CH2Clz: CH30H: ~OH) 

afforded the desired pure aldehyde (1.25 g, 39%). 1H NMR (CDCh) o 1.52-1.72 {m, 13H), 
1.74-1.88 (m, lH), 1.90-2.00 {m, IH), 2.06-2.17 (m, lH), 2.36 (t, 2H,J= 6.6 Hz), 2.53-2.74 {m, 

2H), 2.79-2.88 (m, lH), 4.22 (dd, lH, J= 9.7, 6.3 Hz), 4.48 {d, lH, J= 15.4 Hz), 4.66 (d, lH, J 
= 15.2 Hz), 6.93 (dd, 1H,J::;7.6, 4.7 Hz), 7.19-7.28 (m, 4H), 7.65-7.70 {m, lH), 7.73-7.82 (m, 

IH),8.33 (d, lH, J= 3.6 Hz), 9.56 (s, IH). 

[0192) Using the General Procedure B: To a stirred solution of 4-{[l-{tert­

butyloxycarbonyl)-(lH-benzimidazol-2-ylmethyl)]-(5,6, 7,8-tetrahydro-quinolin-8-yl)­

amino}butyraldehyde (119 mg, 0.265 mmol) and dimethyl amine (2.0M in THF, 0.145 mL, 
0.290 mmol) in THF (5 mL) was added NaBH(OAc)3 (84 mg, 0.396 mmol) and the mixture 

stirred for 17 hours. Purification of the crude orange oil (116 mg) by radial chromatography on 

silica gel (75:1:1 CH2Ch: CH30H: NH40H) afforded the desired N-protected intermediate (69 
mg, 55%). 

(0193) Using the General Procedure D for simultaneous Deprotection and HBr salting: 

Conversion of the N-protected material from above (69 mg) to the hydrobromide salt was 

afforded a white solid (SO nigf This solid wa8 diluted With· 1 ON NaOH (3 mL) ·and extracted 

with CH2Ch (5 x 3 mL). The organic phase was dried (Na2S04), filtered and concentrated Wlder 

reduced pressure. Purification of the yellow oil (40 mg) obtained by radial chromatography on 

.silica gel ( 60: 1: 1 CH2Ch: CH30H: NH40H) afforded the pure freebase as a colourless oil ( 19 

mg, 35%) 

10194) Using the General Procedure D: Conversion of the freebase from above (19 mg) to 

the hydrobromide salt gave COMPOUND 32 as a white solid (24 mg, 71 %). 1H NMR (D20) B 
1.46-1.64 {m, 4H), 1.77-1.90 (m, lH), 1.95-2.09 (m, lH), 2.13-2.23 (m, lH), 2.33-242 (m, lH), 

2.51-2.62 (m, lH), 2.74-2.89 (m, 7H) containing 2.81 (s, 6H), 2.96-3.03 (m, 4H), 4.39 (d, lH, J 

= 16.6 Hz), 4.48-4.58 {m, 2H) containing4.53 (d, lH, J= 17.1 Hz), 7.61(dd,2H,J= 6.2, 3.1 

Hz), 7.81 (dd, 2H, J= 6.2, 3.2 Hz), 7.87 (dd, lH, J::r: 6.7, 6.9 Hz), 8.35 (d, lH, J= 7.9 Hz), 8.63 

(d, lH, J= 5.4 Hz). 13C NMR (D20) o 20.43 (2 carb_ons), 22.27, 25.33, 27.63, 43.02 (2 
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carbons), 48.23, 51.66, 57.62, 60.70, 114.25 (2 carbons), 125.93, 126.93 (2 carbons), 131.01, 

139.31, 140,60, 148.10, 151.24, 151.76. ES-MS mlz 378 (M+H) Anal Cale. for C23H31 Ns 

·3.0HBr ·3.1H20: C, 40.86; H, 5.99; N, 10.36; Br, 35.45. Found: C, 40.74; H, 5.91; N, 10.22; Br, 

35.71. 

Example33 

COMPOUND 33: ( lH-Benzimidazol-2-ylmethyl)-(5,6. 7 .8-tetrahydroguinolin-8-yll-

CN-allyl-4-amino-but-1-yl)-amine 

(0195] · 4-Bromo-butan-1-ol (1.30 mL, 11.8 mmol) was added dropwise to refluxing 

allylamine (2.05 g, 35.9 nunol) and the mixture was stirred at 65°C for 23 hours. The orange 

solution was diluted with 1 ON NaOH (15 mL) and diethyl ether (30 mL). The aqueous phase 

was subsequently extracted with ether (2 x 30 mL). The organic phase was dried (MgS04), 

filtered and concentrated under reduced pressure to give a yellow oil (841 mg, 55%). 

(0196] To a stirred solution of the secondary amine from above (841 mg, 6.51 nunol) in 

THF at 0°C was added di-tert-butyl di-carbonate (1.449 g, 6.64 mmol) and the reaction was 

stirred at 0°C for 2 hours. The reaction was concentrated under reduced pressure. The yellow 

oil (1.645 g) was purified by column chromatography ( 4 cm OD, 35 g silica, EtOAc) to afford 

the N-protected alcohol (1.246 g, 84 %). 

[0197] To a suspension of the N-protected alcohol from above (236 mg, 1.03 nunol), NMO 

(187 mg, 1.59 mmol) and 3A molecular sieves (537 mg) in CH2Cli (5 mL) was added TPAP (37 

mg, 0.106 mmol) and the mixture was stirred at room temperature for 2 hours. The mixture was 

filtered through a silica gel plug with ethyl acetate. The filtrate was concentrated under reduced 

pressure. The yellow oil (197 mg) was purified by column chromatography (12 g silica, 10:1 

hexanes: ethyl acetate) to give the N-protected aldehyde (112 mg, 48%). 
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(0198) Using the General Procedure B: To a stirred solution of the N-protected aldehyde 

from above (112 mg, 0.49 rnmol) and [l-(tert-butyloxycarbonyl)-(lH-benzimidazol-2-

ylmethyl)]-(5,6,7,8-tetrahydroquinolin-8-yl)-amine (187 mg, 0.49 nunol) in CH2Ch (5 mL) was 

added NaBH(OAc)3 (208 mg, .98 mmol) and the mixture was stirred for 17 hours. Purification 

of the crude yellow oil (286 mg) by flash chromatography (12 g silica, 50:1:1 CH2Ch: CH30H: 

NI40H) afforded the N-protected tertiary amine (172 mg, 59%). 

[0199) Using the General Procedure D: the N-protected tertiary amine from above (172mg, 

0.308 mmol) was converted to COMPOUND 33 as a white solid (145 mg, 70%). 1H NMR 

(D20) ~ 1.53 (hrs, 4H), 1.77-1.90 (m, lH), 1.95-2.03 (m, lH), 2.13-2.23 (m, lH), 2.32-2.42 (m, 

lH), 2:50-2.60 (m, lH), 2.77~2.86 (m, lH), 2.88-2.95 (m, 2H), 2.97-3.03 (m, 2H), 3.56 (d, 2H, J 

=t>.5 Hz), 4.38 (cl, lH, J= 16.7 Hz), 4.47-4.56 (m, 2H) containing 4.53 (d, lH, J= 17.0 Hz), 

5.39 (s, lH), 5.44 (d, lH, J= 4.8 Hz), 5.74-5.89 (m, lH), 7.60 (dd, 2H, J= 6.1, 3.0 Hz), 7.80 

(dd, 2H, J= 6.4, 3.4 Hz), 7.86 (dd, lH, J= 7.9, 5.8 Hz), 8.34 (d, lH, J= 1.9 Hz), 8.62 (cl, lH, J 

= 5.3 Hz). 13C NMR (D20) a 19.81 (2 carbons), 20.42, 23.79, 25.47, 27.28, 27.63, 46.75, 48.23, 

49.80, 51.65, 50.65, 114.25 (2 carbons), 124.01, 125.93, 126.94 (2 carbons), 127.70, 130.98, 

139.31, 140.61, 148.10, 151.26, 151.78. ES-MS 111/z 390 (M+H) Anal Cale. for C21H25Ns0 

·3.2HBr · L9H20: C, 38.41; H, 4.91; N, I0.67; Br, 38.94. Found: C, 38.53; H, 5.02; N, 10.42; Br, 

38.79. 

Example 34 

COMPOUND 34: OH-Benzimidazol-2-ylmethyll-(5,6.7.8-tetrahydroguinolin-8-yl)-

{N-methyl-4-amino-but-1-yl)-an1ine 

(0200) To a stirred solution of 4-(methylamino)-butyric acid hydrochloride (303 mg, 1.97 

rnmol) and dioxane (2 mL) in saturated aqueous NaHC03 (2 rnL) was added added di-tert-butyl 
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di-carbonate (523 mg, 2.40 mmol) and the mixture was stirred ·at 0°C for 20 minutes followed by 

stirring at room temperature for 22 hours. The reaction was concentrated under reduced 

pressure and the residue was diluted with water (20 mL). The aqueous phase was extracted with 

ethyl acetate (2 x 15 mL). The aqueous phase was treated with 5% w/v aqueous citric acid until 

a pH of 4 was obtained. The aqueous phase was then again extracted with ethyl acetate ( 4 x 15 

mL). The combined organic phase was dried (MgS04), filtered and concentrated under reduced 

pressure to give a colourless oil (300 mg, 70%). 

. (0201) To a stirred solution of the N-protected acid from above (143 mg, 0.659 mmol) in 

THF (5 mL) was added BH3·THF (1.0M in THF, 2.5 mmol) and the mixture was stirred at 50°C 

for 64 hours. Dry CH30H (S mL) was added, and the mixture stirred at 70°C.for 1 hour. The 

reaction was concentrated under reduced pressure. The crude yellow oil (148 mg) was purified 

bycolumnchromatography(2cm OD, 20 g silica, 1:1 EtOAc: hexanes) to afford the ~~protected 

alcohol (71 mg, 53%). 

(0202) To a suspension of the N-protected alcohol from above (71 mg, 0.35 mmol), NMO 

(65 mg, 0.56 mmol) and 3A molecular sieves (186 mg) in CH2Ch (2.55 mL) was added TP AP 

(13 mg, 0.04 mmol) and the mixture was stirred at room temperature for 1 hour. The mixture 

was filtered through a silica gel plug with ethyl acetate. The filtrate was concentrated wider 

_reduced pressure to give a yellow oil (46 mg, 65%). 

(0203) Using the General Procedure B: To a stirred solution of the N-protected aldehyde 

from above (46 mg, 0.229 mmol) and (1-(tert-butyloxycarbonyl)-(lH-benzimidazol-2-

ylmethyl))-(5,6,7,8-tetrahydioquinolin-8-yl)-amine (89 mg, 0.229 mmol) in CH2Cl2 (2.55 mL) 

was added NaBH(OAc)3 (100 mg, 0.47 mmol) and the mixture was stirred for 19 hours . 

Purification of the crude yellow oil (126 mg) by flash chromatography (12 g silica, 59:1:1 

CH2Ch: CH30H: NH.tOH) afforded the N-protected tertiary amine (80 mg, 62%). 

(0204) Using the General Procedure D: The N-protected te~iary amine from above (76mg, 

0.135 mmol) was converted to COMPOUND 34 as a white solid (71 mg, 75%). 1H NMR 

(D20) 5 1.54 (br s, 4H), 1.74-1.90 {m, JH), 1.95-2.09 (m, llI), 2.13-2.23 (m, lH), 2.32-2.42 {m, 

lH), 2.50-2.64 (m, 4H) containing 2.61 (s, 3H), 2.77-2.94 {m, 3H), 2.97-3.04 (m, 2H), 4.39 (d, 

lH,J= 17.1Hz),4.47-4.60 (m, 2H) containing4.53 (d, IH, J= 17.2 Hz), 7.60 (dd, 2H,J= 6.1, 

3.0 Hz), 7.80 (dd, 2H, J= 6.1, 3.0 Hz), 7.86 (dd, lH, J= 7.9, 6.2 Hz), 8.34 (d, lH, J= 7.9 Hz), 

8.62 (d, lH, J = 5.0 Hz). 13C NMR (D20) S 20.42 (2 carbons), 23.69, 25.40, 27.64, 33.05, 

48.23, 49.00, 51.68, 60.66, 114.25 (2 carbons), 125.~3, 126.93 (2 carbons), 130.97, 139.31, 
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140.61, 148.10, 151.25, 151.77. ES-MS mlz 364 {M+H). Anal Cale. for C21H2sN50 ·3.2HBr 

·1.9H20: C, 38.41; H, 4.91; N, 10.67; Br, 38.94. Found: C, 38.53; H, 5.02; N, 10.42; Br, 38.79. 

Example 35 

COMPOUND 35: Preparation of (1H-benzimidazol-2-ylmethyll-[3-(2H-pyrazol-3-

yll-propyl]-(5.6. 7 .8-tetrahydro-quinolin-8-yll-amine (hydrobromide salt). 

Preparation of ( cyanomethylltriphenylphosphonium bromide: 

[0205] To a solution of PPh3 (1.57 g, 5.99 mmol) in Et20 (30 mL) was added BrCH2CN 
(0.42 mL, 6.0 mmol). The reaction was stirred at reflux for 17 hours. The solvent was removed 

under reduced pressure, the residue was suction filtered from a small portion of ice-cold Et20, 

~d washed with a small amount of cold Et20, giving the phosphonium salt as a white powder 

(1.05 g, "2".74minol;-~6%):··1ffNMR. (CDClj)"8-6.39(d,"2H;J=15.3 Hz); 7.69:7.76 (m; 6H)~-
7.82-7.87 (m, 3H), 7.96-8.03 (m, 6H). 

Preparation of 3-(2H-pyrazol-3-yl)-acrylonitrile: 

[0206) To a suspension of the phosphonium salt (900 mg, 2.35 mmol) in THF (10 mL) 

under nitrogen was added NaH (60 % in mineral oil, 99 mg, 2.5 mmol) in one portion. The 

suspension stirred at room temperature for 10 minutes, then pyrazole-3-carboxaldehyde (211 

mg, 2.20 mmol) was added as a solid in one portion. The reaction was heated to reflux for 30 

minutes, then cooled to room temperature and saturated aqueous NH4Cl (10 mL) was added. 

The mixture was extracted with CH2Ch (25 mL x 3) and the combined organic solution was 

dried (MgS04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (EtOAc/hexane, 1:1) gave the alkene (white solid) as an 

approximately 1.5:1 mixture of the E:Z isomers (232 mg, 1.95 mmol, 89%). 
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[0207] Data for E-isomer: 1H NMR (CDCh) 8 5.92 (d, lH, J= 16.5 Hz), 6.54 (d, lH, J= 2.4 

Hz), 7.43 (d, lH, J= 16.8 Hz), 7.60 (d, lH, J= 2.4 Hz). 

(0208] Data for Z-isomer: 1HNMR (CDCh) o 5.46 (d, lH, J= 12.0 Hz), 6.98 (d, lH, J= 2.4 

Hz), 7.24 (d, lH, J= 12.3 Hz), 7.66 (d, lH, J= 2.4 Hz). 

Preparation of 3-(2H-pyrazol-3-yl}-propylamine: 

[0209] The a,P-unsaturated nitrile (mixture of isomers, 250 mg, 2.10 mmol) was 

hydrogenated (45 psi) over Raney-nickel in MeOH saturated with NH3 (15 mL) for 15.S hours. 

The mixture was suction filtered through Celite and washed with MeOH. The filtrate was 

concentrated under reduced pressure giving a brown oil. Purification by flash column 

chromatography on silica (CH2Cli/Me0H/Nl40H, 5.6:1 :0.07) gave the saturated primary amine 

as a yellow oil (197 mg, 1.57 mmol, 75%). 1HNMR (CDCl3) 81.82 (quint, 2H,J= 7.1 Hz), 

2.76 (apparent q, 4H, J= 6.8 Hz), 4.46 (br. s, 3H), 6.07 {d, lH, J= 2.1 Hz), 7.47 (d, lH, J= 1.8 

Hz). 

Pre_paration of [3-(2H-pyrazol-3-yl}-propyl]-(5,6. 7.8-tetrahydro-guinolin-8-yl)-amine: 

[0210) A solution of the primary amine (190 mg, 1.52 mmol) and 8-oxo-5,6,7,8-

tetrahydroquinoline (270 mg, 1.83 mmol) in MeOH (4 mL) was stirred at room temperature for 

6 hours. NaBH.t (75 mg, 2.0 mmol) was added and the reaction was stirred for an additional 15 

minutes, then the solvent was evaporated under reduced pressure. The residue was taken up into 

CH2Ch (20.nlL) and-was.washed with saturated aqueo.usNaB:CD3(5 riiL) and brille (5 niL). 

The organic solution was dried (MgS04), filtered and concentrated under reduced pressure. 

Purification by flash column chromatography on silica (CH2Ch/MeOH/NE40H, 19:1:0.1, then 

MeOH) gave the secondary amine as a yellow oil (100 mg, 0.39 mmol, 26%). 1H NMR (CDCh) 

8 1.67-1.87 (m, 2H), 1.90-2.03 (m, 3H), 2.11-2.23 (m, lH), 2.67-2.89 (m, 6H), 3.84 (dd, lH, J= 

7.7, 5.3 Hz), 6.03 (d, lH, J= 1.8 Hz), 7.09 (dd, lH, J= 7.7, 4.7 Hz), 7.39 (d, IH, J= 7.6 Hz), 

7.41 (d, lH, J= 1.8 Hz), 8.42 (d, lH, J= 3.9 Hz). 

Preparation of 2-{[[3-(2H-pyrazol-3-yl)-propyl]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)­

amino J-methyl}-benzimidazole-1-carboxylic acid tert-butyl ester: 

[0211] A solution of the amine (100 mg, 0.39 mmol), tert-butyl 2-chloromethyl­

benzimidazole-1-carboxylate (107 mg, 0.40 mmol), DIPEA (0.10 mL, 0.57 mmol) and KI 

(approx. 10 mg) in CH3CN (2.5 mL) was heated to 60 °C under nitrogen for 18.5 hours. Once 
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cooled to room temperature, saturated aqueous NaHC03 (10 m.L) was added and the mixture 

was extracted with CH2Ch (15 mL x 3). The combined organic solution was dried (MgS04), 

filtered and concentrated under reduced pressure. Three attempts at purification by flash column 

chromatography on silica, the first eluted with CH2Ch/MeOH!NH.tOH, 19: 1 :0.1, the second 

eluted with CH2Cb/MeOWN!40H, 49:1:0.25, gradually increased to 19:1:0.1, and the third 

eluted with CH2Cii/MeOH/ NH.tOH, 49: 1 :0.25, gave the tertiary amine as a white foam (70.6 

mg, 0.15 mmol, 37%1
). 1HNMR. (CDCh) l> 1.64 (s, 9H), 1.64-1.80 (m, 2H), 1.90-2.12 (m, 3H), 

2.19-2.33 (m, lli), 2.41-2.51 (m, lH), 2.60-2.86 (m, 4H), 3.06-3.15 (m, IH), 3.23-3.37 (m, lH), 

·4M (d,d, IH, J= 10.4, 6.8 Hz), 4.19 (d, lH, J= 15.0 Hz), 4.53 (d, lH, J= 15.0 Hz), 6.00 (cl, IH, .. · . . 

J= 1.5 Hz)~ 6.72 (dd, lH, J= 7.5, 4.8 Hz), 6.89 (d, IH, J= 1.5 Hz), 7.14-7.29 (m, 2H), 7.45 (d, 

IH,J= l.5Hz), 7.63(dd,1H;J=7.9, 1.5 Hz), 7.73(dd,1H,J=7.9, 1.5 Hz), 8.35(d, IH,J= 
3.6Hz). 

Preparation of COMPOUND 35: 

(02121 To a solution of the te1'iary amine (30.8 mg, 0.063 mmol) in glacial HOAc (1.0 mL) 
was added a saturated solution of HBr in HO Ac (0.5 mL). The mixture was stirred at room 

temperature for 1 hour, then was diluted with Et20 (5 mL). The solvent was decanted and the 

precipitate was washed with Et20 (1 mL x 5) and dried at 90 °C under reduced pressure giving 

COMPOUND 35 as a yellow solid (35.5 mg, 0.049 mmol, 78%). 1H NMR (D20) 5 1.68-2.00 

(m, 4H), 2.07-2.1~ (m, lH), 2.27-2.49 (m, 2H), 2.66 {t, lH, J= 7.4 Hz), 2.73-2.85 (m, lH), 
. ·.. . . . - - . . .. . ~ 

2.92-3.01 {m, 2H), 4.32 {d, lH, J= 16.8 Hz), 4.47 (d, lH, J= 16.8 Hz), 4.49 (dd, lH, J= 10.7, 

5.9 Hz), 6.32 {d, lH, J= 2.7 Hz), 7.54-7.61(m,2H), 7.71-7.79 (m, 3H), 7.83 (dd, lH,J= 8.1, 

5.4 Hz), 8.32 (d, lH, J= 7.8 Hz), 8.59 (d, lH, J= 5.1 Hz). 13C NMR (D20) 5 20.4, 20.5, 22.8, 

.. 2~.1. 27.6, 48.1, 50.9, 60.5, 106.2, 114.2, 125.9, 127.0, 130.9, 134.4, 139.3, 140.7, 148.1, 149.0, 

151.1, 151.5. ES-MS mlz 387 (M+H). Anal. Calcd. forC23H26N6·3.3HBr·l.9H20·0.9C~1oO: 

C, 40.85; H, 5.10; N, 11.53; Br, 36.16 .. Found: C, 41.02; H, 5.05; N, 11.56; Br, 35.98. 
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Example36 

COMPOUND 36: N'-ClH-imidazol-2-ylmethyll-N-(5.6. 7.8-tetrahydro-guinolin-8-

vll-butane-1.4-diamitie Chvdrobromide salt) 

Preparation of 2-[ 4-(5.6, 7 .8-tetrahydro-guinolin-8-ylamino )-butvl]-isoindole-1,3-dione: 

(0213] 4-(1,3-Dioxo-l ,3-dihydro-isoindol-2-yl)-butyraldehyde (617 mg, 2.84 mmol), 6, 7-

dihydro-5H-quinolin-8-one (463 mg, 3.13 mmol), and sodium triacetoxyborohydride (1.81 g, 

8.53 mmol) in CH2Ch (25 mL) were stirred at room temperature for 2 hours. Then it was 

quenched with lN NaOH (20 mL) and the mixture was washed with CH2Ch (2 x 25 mL). The 

organic layer was dried (MgS04), filtered, concentrated, and dried in vacuo to afford a brown 

oil. Purification by flash column chromatography on silica gel using CH30H/CH2Ch (5:95) 

afforded the product pure as a yellow oil (506 mg, 51 %). 1H NMR (CDCh) o 1.59-1.83 (m, 

6H), 1.98-2.00 (m, lH), 2.14-2,.16 (~, U~). 2.73-2:81. (r_n, 4H), 3.70-3.7~ (m, ~H), 7.06 (~d, l_H, 

J= 6.0, 3.0 Hz), 7.36 (d, lH, J= 6.0 Hz), 7.68-7.71(m,2H}, 7.82-7.84 (m, 2H), 8.36 (d, lH, J= 

6.0Hz). 

Preparation of N' -( lH-imidazol-2-ylmethyl)-N-(5 .6. 7 .8-tetrahydro-guinotin-8-yl)­

butane-1.4-diamine: 

(0214) The above amine (215 mg, 0.62 mmol), 2-imidazolecarboxaldehyde (118 mg, 1.23 

mmol), and sodium cyanoborohydride (114 mg, 1.85 mmol) were stirred in methanol (5 mL) 

overnight. Then the reaction mixture was dissolved in CH2Ch (15 mL) and extracted with 

saturated NaHC03 (3 x 10 mL). The aqueous layer was washed with CH2Ch (2 x 20 mL). Then 

the combined organic extracts were dried (MgS04}, filtered, concentrated, and dried in vacuo to 

afford a yellow foam. Purification by radial chromatography on silica gel (2 mm plate, using 

NH40WCH30H/CH2Ch; 1: 1: 100 -+ 1:3:I00) affordpd the product partially clean as a yellow 
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foam (179 mg, 67%). 1HNMR (CDCh) o 1.36-1.41{m,3H), 1.55-1.63 (m, 3H), 2.00-2.04 (m, 
2H), 2.52-2.76 (m, 4H), 3.46-3.79 (m, 2H), 3.83 {q, 2H, J= 18 Hz), 4.18(m, IH), 3.96 (s, lH), 
7.03-7.10 {m, lH), 7.05 (s, lH), 7.45-7.49 (m, lH), 7.67-7.71(m,2H), 7.79-7.81(m,2H), 8.48 
(d, 3.0Hz). 

[0215] To a solution of the above amine (179 mg, 0.42 mmol) in ethanol (4 mL) was added 
hydrazine hydrate (0.12 mL, 2.49 mmol). The reaction mixture was stirred at room temperature 
for 3 days. Then the solvent was removed under reduced pressure and the residue was dissolved 
in CH2Ch and filtered. The filtrate was concentrated to dryness to afford a yellow oil. 
Pwification by radial chromatography on silica gel (2 mm plate, using ~OH/CH30H/CH2Ch; 
·.1:5:100:~.1:10:100) afforded the product as a yellow oil (66.1mg,53%). 1H NMR (CDCh) o 
L31-L38 (m, 4H), 1.61-1.65 (m, lH), 1.79-1.83 {m, lH), 1.96-2.02 {m, IH), 2.11-2.15 {m, IH), 
2.32-2.39 (m, lH), 2.46-2.55 (m, 2H), 2.61-2.70 (m, 2H), 2.74-2.80.(m, lH), 3'.78 (q, 2H, J= 
15.3 Hz), 3.95 {dd, IH, J= 9.3, 6.3 Hz), 6.93 {s, 2H), 7.09 (dd, lH, J= 7.7, 4.5 Hz), 7.39 {d, lH, 
J= 7.5 Hz), 8.42 (d, IH, J= 3.9 Hz). 

Preparation of N'-OH-imidazol-2-ylmethyl}-N'-(5,6, 7,8-tetrahydro-guinolin-8-yl)­
butane-l.4-diamine (hydrobromide salt): 

[0216) To a solution of the above amine (66 mg, 0.22 mmol) in acetic acid (1 mL) was 
added a hydrobromic acid saturated acetic acid (0.5 mL). The reaction mixture was stirred for 
30 minutes and then diethyl ether was added until the precipitation of COMPOUND 36 was . 
afforded as an orange oil (22 mg, 33%). 1ffNMR (020) o 1.47-1.50 (m, 4H), 1.81:1.94 (m; 
2H), 2.12-2.16 (m, IH), 2.25-2.29 (m, lH), 2.46-2.50 (m, lH), 2.71-2.75 (m, lH), 2.84-2.86 (m, 
2N), 2.97-3.00 (m, 2H), 4.19 (q, 2H, J= 19.8 Hz), 4.33-4.38 (m, lH), 7.40 (s, 2H), 7.83 (t, lH, J 

·::;, . 13 . = 6.3 Hz), 8.31 (d, lH, J= 8.1Hz),8.55 (d, IH, J= 6.0 Hz). CNMR (020) o 20.19, 20.41, 
25.02, 25.29, 27.57, 39.53, 47.09, 49.29, 51.20, 60.10, 119.54, 125.82, 139.22, 140.45, 145.32, 
147.96, 151.46. ES-MS m/z 300 [M+Ht. Anal. Calcd. for C11H2sNs•3.6HBr•l.4H20•0.4C2liJ-
02: C, 33.41; H, 5.12; N, 10.84; Br, 44.76. Found: C, 33.41; H, 5.12; N, 10.84; Br, 44.76. 
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Example37 

COMPOUND 37: Preparation of N-OH-Benzimidazol-2-ylmethyl)-N1-(6. 7.8.9-

tetrahydro-SH-cyclohepta[b ]pyridin-9-yl>-butane-1.4-diamine. 

co 
H:iN 

Preparation of 6, 7,8,9-Tetrahydro-SH-cyclohepta[b ]pyridin-9-ylamine. 

(0217] To a stirred solution of2,3-cycloheptenopyridine (42.94 g, 0.292 mol) in glacial 

acetic acid (160 mL) at room temperature was added 30% H20 2 (30 mL) and the resultant 

solution was heated to 70 °C. After 6 hours, the ·reaction mixture was cooled to room 

temper@~ure, additional H20 2 .(30 mL) was added, and the solution was heated at 'ZQ °C 

overnight. The reaction mixture was cooled to room temperature and concentrated under 

reduced pressure. The residue was dissolved in CH Ch (200 mL) and treated with solid Na2C03 

(100 g). After I hour, the supernatant was decanted and the residue was washed with warm 
CHCh (3 x 200 rnL). The combined supematants were filtered and concentrated to provide 60 g 

of 6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridine I-oxide as a yellow oil. 1H NMR (CDCh) o 
1.63-1.73 {m, 4H), 1.82-1.91 (m, 2H), 2.77-2.83 {m, 2H), 3.36-3.42 (m, 2H), 6.94-7.05 (m, 2H), 

8.17 {d, lH, J= 6.1 Hz). 

(0218] The N-oxide was dissolved in acetic anhydride (222 mL) and heated at 90 °C 

overnight. The mixture was cooled to room temperature and concentrated. Distillation 

(Kugelrohr, bpi 10-140 °C@ 1 Torr) of the resultant oil provided 53.26 g of acetic acid 6,7,8,9-

tetrahydro-SH-cyclohepta[ b ]pyridin-9-yl ester. 
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[0219] To a solution of acetic acid 6,7,8,9-tetrahydro-SH-cyclohepta[b]pyridin-9-yl ester 

(53.26 g, 0.259 mol) in methanol (350 mL) was added KzC03 (72.98 g, mol) and the resultant 

mixture was stirred at room temperature overnight. The mixture was poured into water (350 

mL) and extracted with CHCh(3 x 300 mL). The combined organic extracts were dried 

(Na2S04), and concentrated to provide 41.70gof6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridin-9-
ol. 

f 0220) To a stirred solution of 6, 7 ,8,9-tetrahydro-5H-cyclohepta[ b ]pyriclin-9-ol ( 41. 70 g, 
0.255 mol) in CH2Clz (300 mL) at 0°C was added triethylamine (72 mL, 0.517 mol) followed by 

m.~thanesulfonyl chloride (30 mL, 0.388 mol). The resultant mixture was stirred at room 

temperature over night. The mixture was poured into water (200 mL) and the phases were 

separated. The organic phase was washed with brine (2 x 150 mL), dried (Na2S04), and 
concentrated to give 50.87 g of crude methanesulfonic acid 6, 7,8,9-tetrahydro-SH­

cyclohepta[b]pyridin-9-yl ester. 

[0221] This ester was dissolved in DMF (420 mL), treated with sodium azide (33.40 g, 

0.514 mol), and heated at 60 °C overnight. The mixture was cooled to room temperature and 

concentrated. The resultant slurry was poured into brine (500 mL) and extracted with ether (4 x 
500 mL). The combined organic extracts were washed with brine (2 x 100 mL), dried (Na2S04), 
and concentrated. The crude material was filtered ( eluant CH2Ch) through a short plug of silica 
gel to provide 23.18 g (42% from 2,3-cycloheptenopyridine) of9-azido-6,7,8,9-tetrahydro-5H­

cyclohepta[b]pyridine as a red oil. 1H NMR (CDCh) 8 1.53-1.66 (m, lH), 1.73-2.14 (m, SH), 

2.63-2.72 (m, lH), 2.99-3.09 (in, lH), 4.93 (Cl~ lfi, J,; 7.8, .l.'7 .. Hz), 7.13 (dd, lH, J= 7.9, 4.8 
Hz), 7.M(d, 1H,J=5.7Hz),8.39{dd, IH,J=4.8, 1.9Hz) . 

.:{0222) To a solution of the azide (23.18 g, 0.123 mol) in methanol (150 mL) was added 
Pa1ladium, 10 wt.% on activated carbon (1.95 g) and the resultant mixture was hydrogenated at 
40 psi on a Parr shaker. The mixture was vacuum filtered through celite and the cake was 
washed with methanol. The solvent was removed from the filtrate under reduced pressure and 

the oil obtained was distilled (Kugelrohr, bp 105-140 °C @0.2 Torr) to provide 17.56 g (88 %) 
of 6,7,8,9-Tetrahydro-SH-cyclohepta[b]pyridin-9-ylamine as a pale yellow oil. 1H NMR 
(CDCb) ~ 1.23-1.37 (m, lH), 1.43-1.57 (m, lH), 1.78-2.10 (m, 6H) including 2.04 (s, 2H), 2.71-

2.85 (m, 2H), 4.19 (dd, lH, J= 10.0, 1.5), 7.05 (dd, lH, J= 7.4, 4.9 Hz), 7.36 {d, lH, J= 5.9 
Hz}, 8.38 ( d, lH, J = 4.9 Hz). 
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(0223) To a stirred solution of 6,7,8,9-Tetrahydro-5H-cyclohepta[b]pyridin-9-ylamine 

(0.235 g, 1.45 mmol) from above and NaBH(OAc)3 (0.461g,2.18 mmol) in anhydrous CH2Ch 

(8 mL) was added dropwise 4-(1,3-Dioxo-l,3-dihydro-isoindol-2-yl)-butyraldehyde (0.263 g, 

1.21 mmol) in anhydrous CH2Ch (4 mL). The resultant mixture was stirred at room temperature 

for 3 hours, diluted with CH2Ch (25 mL), and quenched with saturated aqueous NaHC03 (15 

mL). The two phases were stirred together for 1 hour and then separated. The organic phase 

was dried (Na2S04), filtered, and concentrated under reduced pressure. Purification of the crude 

material by fl.ash column chromatography on silica gel (30:1 CH2Ch/MeOH followed by 20:1 

CH2Ch/MeOH) provided 0.34 g (65 %) of the amine as a colourless oil. 

(0224] To a stirred solution of 2-[ 4-( 6, 7,8,9-Tetrahydro-5H-cyclohepta[ b ]pyridin-9-

ylamino )-butyl]-isoindole-1,3-dione from above (0.34 g, 0.94 mmol) in CH3CN (5 mL) was 

added N,N-diisopropylethylamine (0.30 mL, 1.7 mmol), Kl (7.8 mg, 0.047 mmol) and 1-(tert­

butoxycarbonyl)-2-( chloromethyl)benzimidazole (0.302 g, 1.13 mmol). The resultant mixture 

was stirred at 60 °C overnight, cooled, and concentrated under reduced pressure. The residue 

was partitioned between CH2Ch (25 mL) and saturated aqueous NaHC03 (15 mL). The 

aqueous phase was extracted with CH2Ch (2 x 10 mL), dried (Na2S04), filtered, and 

concentrated under reduced pressure ... Purification of the crude material by flash colunm 

chromatography on silica gel (50: 1 CH2Ch/Me0H) afforded the desired alkylated amine (0.33 

g, 60 % ) as a white foam. 

(0225] To a stirred solution of 2- {[[ 4-(1,3-Dioxo-l ,3-dihydro-isoindol-2-yl)-butyl]-(6, 7,8,9-

. tetrahydro-5H-cyclohepta[ b]pyridin-9.:yl):amino ]-methyl }::benzimidazole-1 :.:carboxylic acid 

tert-butyl ester (0.33 g, 0.56 mmol) from above in EtOH (4 mL) was added anhydrous hydrazine 

(0.090 mL, 2.8 mmol) and the resultarit mixture stirred at room temperature for 16 hours. The 

mixture was filtered and concentrated under reduced pressure. Purification ofthe·crude material 

by radial chromatography on silica gel (TLC grade 2 mm plate, 50: 1: 1 CH2Ch/MeOWNR.OH 

followed by40:1:1 CH2Ch/MeOH/Nl40H) afforded 0.13 g (62 %) of the free base of the title 

compound as a white foam. 1H NMR (CDCh) o 1.30-1.85 (m, 7H), 1.90-2.00 (m, 2H), 2.10-

2.24 (m, lH), 2.40-2.52 (m, lH), 2.57-2.78 (m, 4H), 3.15-3.27 (m, lH), 3.77-3.86 (m, lH), 4.00 

(d, lH, J= 18 Hz), 4.15 (t, lH,J= 6 Hz), 7.16 (dd, lH, J= 2.7, 7.5 Hz), 7.20-7.26 (m, 4H), 7.48 

(dd, lH, J= 1.5, 7.5 Hz), 7.56-7.69 (m, 2H), 8.48 (dd, lH, J= 1.5, 4.8 Hz); 13C NMR (CDCh) 

0 25.04, 27.46, 27.85, 28.85, 31.63, 34.58, 42.25, 48.21, 51.26, 67.12, 122.18, 122.76, 138.74, 
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145.95, 163.11. ES-MS mlz 364 (M+H). Anal. Calcd. for C22H29Ns•0.3CH2Ch: C, 68.86; H, 

7.67; N, 18.00. Found: C, 68.99; H, 7.84; N, 17.63. 

Example38 

COMPOUND 38: Preparation of {lH-benzoimidazol-2-ylmethyl)-[3-{lH-imidazol-

4-yl)-propyll-( 5,6, 7.8-tetrahydro-guinolin-8-yl)-amine. 

Preparation of 3-{lH-imidazol-4-yl)-propionic acid: 

N-JOH 
~J 
~ 

[0226] A suspension ofurocanic acid (2.00 g, 14.5-mmol) inH20 (40 mL) was-shaken at 
room temperature with a suspension of 10% Pd/C (200 mg, 0.19 mmol) under hydrogen 
atmosphere (30 psi) for 2 h. The catalyst was removed by filtration, and the filtrate was 

concentrated in vacuo to give a colourless solid (I.95 g, 96%). 1H NMR (D20) o 2.52 (t, 2H, J 
=7.2 Hz), 2.92 (t, 2H, J= 7.2 Hz), 7.16 {s, lH), 8.49 (s, lH). 

Preparation of 3-0H-Imidazol-4-yll-propionic acid methyl ester: 

0 

fr~ 
~ 

[0227] A solution of3-(1H-imidazol-4-yl)-propionic acid (1.95 g, 13.9 mmol) and H2S04 
(catalytic) in MeOH (30 mL) was heated at reflux fo! 15 h, then concentrated in vacuo. The 
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residue was dissolved in CH2Ch (40 mL) and washed with saturated NaHC03(aq) (30 mL). The 

aqueous phase was saturated. with sodium chloride and extracted with EtOAc (4 x 25 mL). The 

combined organic phases were dried (MgS04) and concentrated in vacuo to give a yellow oil 

(1.93 g, 90%). 1H NMR (CDCb) o 2.68 (t, 2H, J= 7.2 Hz), 2.93 (t, 2H, J= 7.2 Hz), 3.69 (s, 

3H), 6.81 (s, lH), 7.55 (s, lH). 

Pre_paration of 4-(3-Hydroxy-propyl>-imidazole-1-carboxylic acid tert-butyl ester: 

N~OH 
~ jJ 
N 

o-:::Zo 

--'( 
[0228] To a solution of3-(1H-imidazol-4-yl)-propionic acid methyl ester (1.92 g, 12.5 

mmol) in THF (25 mL) was added LiA1H4 (1.0 M/l'HF, 12.5 mL, 12.5 mmol) at 0 °C, and the 

mixture was stirred at 0 °C for 15 minutes. To the mixture was added H20 (0.50 mL) fo~lowed 

by 15% NaOH(aq) (0.50 mL) and H20 (1.5 mL). The mixture was allowed to wam1 to room 

temperature then filtered and concentrated in vacuo to give a colourless oil {930 mg). 

[0229) To a solution of the crude alcohol from above (930 mg) in THF (25 mL) was added 

di-t-butyl dicarbonate (2.40 g, 11.0 mmol), and the solution was stirred at room temperature for 

3 days. The solution was concentrated in vacuo, and the cmde material was purified by column 

chromatography on silica gel (200:5:1 CH2Glz/MeOHJNH..OH}to give colourless-crystals (1.04 -· 

g, 37%). 1H NMR (CDCh) o 1.61 (s, 9H), 1.89 (m, 2H), 2.69 (t, 2H, J = 6.9 Hz), 2.98 (t, lH. J 

= 5.7 Hz), 3.73 (dd, 2H, J = 12, 5.7 Hz), 7.10 (s, lH), 7.99 (s, lH). 

Preparation of 4-(3-0xo-propyll-imidazole-l-carboxylic acid tert-butyl ester: 

(0230) To a solution of 4-(3-hydroxy-propyl)-imidazole-l-carboxylic acid tert-butyl ester 

(95 mg, 0.42 mmol) in CH2Ch (4 mL) was added Dess-Martin periodinane (214 mg, 0.505 

mmol) at room temperature. After stirring at room te,mperature for 1 h, the mixture was diluted 
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with EtOAc (20 mL), washed with 1 N NaOH(aq) (2 x 10 mL) and brine (10 mL), then dried 

(MgS04) and concentrated ;,, vacuo to give a colourless oil (86 mg, 91 %). 1H NMR (CDC13) 8 

1.61 {s, 9H), 2.86 {m, 4H), 7.11 (s, lII), 7.99 (s, lH), 9.84 {s, IH). 

[0231] Using General Procedure B: To a stirred solution of 2-[(5,6,7,8-tetrahydro-quinolin-
8-ylamino)-methyl]-benzoimidazole-1-carboxylic acid tert-butyI ester (145 mg, 0.383 mmol) 

and 4-(3-oxo-propyl)-imidazole-1-carboxylic acid tert-butyl ester (86 mg, 0.38 mmol) in THF (4 
mL) was added NaBH(OAc)3 (244 mg, 1.15 mmol) and the mixture was stirred at room 

temperature for 16 h. Purification of the crude material by column chromatography on silica gel 

(200:5:1 CH2Cl2/MeO~OH) afforded a colourless oil (39 mg, 17%). 1H NMR (CDCh) l> 
1.64 (m, 20H), 1.92 (m, 2H)~ 2.14 (m, lH), 2.44 {m, 2H), 2.60-2.92 (m, SH), 4.26 (dd, lH, J= 
9.5, 5.9J:lz), 4.52 (d, IH, J= 16 Hz), 4.66 (d, IH, J= 16 Hz), 6.85 (d, lH, J= 0.9 Hz), 6.95 (dd, 
lH, J= 7.5, 4.8 Hz), 7.27 (m, 3H), 7.69 (m, lH), 7.80 (m, IH), 7.88 (d, IH,J= 1.2 Hz), 8.37 
(dd, lH, J= 4.5, 1.2 Hz). 

[0232] A solution of 2-{[[3-{1-tert-butoxycarbonyl-lH-imidazol-4-yl)-propyl]-{5,6, 7,8-

tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzoimidazole-1-carboxylic acid tert-butyl ester (39 
mg, 0.066 mmol) in 3:1 TFNCH2Cli (4 mL) was stirred at room temperature for 30 minutes 

then concentrated in vacuo. The residue was partitioned between CH2Ch (15 mL) and 1 N 
NaOH(aq) (10 mL), and the aqueous phase was extracted with CH2Ch (15 mL). The combined 
organic extracts were dried (MgS04) and concentrated in vacuo to afford COMPOUND 38 as a 

yellow foam (24 mg, 80%). 1H NMR (CDCh) 8 1.67 (m, 3H), 1.86 {m, IH), 2.00 (m, lH), 2.16 

(m, 1iI), 2."42-2.87 (in, 6H). 4.of (m~ 3H)~ 6.s 1· (s, iH), 1.i5 cm; 3H),' i4i° (m, 2H), 7.53 (m, · 

2H), 8.54 (d, IH, J= 3.6 Hz); 13C NMR (CDCh) 8 21.66, 23.85, 24.01, 28.39, 29.50, 49.64, 

50 .. 78, 62.36, 115.22, 118.74, 122.23, 122.74, 134.47, 135.25, 135.58, 138.03, 139.02, 146.88, 

15637, 157.69. ES-MS mlz 387 (M+H). Anal. Calcd. for C23H26N6•0.4CH2Ch•0.9CH40: C, 
64.96; H, 6.82; N, 18.70. Found: C, 65.13; H, 6.93; N, 18.91. 
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Example39 

CQ 
N~ i .N 

HN ~N 

0 
COMPOUND 39: Preparation of O H-benzoimidazol-2-ylmethyll:.(3-ovridin-2-yl-

proovl)-(S,6. 7.8-tetrahydro-auinolin-8-yll-amine (hydrobromide salt). 

Preparation of 3-pyridin-2-yl-propionaldehyde: 

(0233) To a stirred suspension of 2-pyridinepropanol (1.00g, 7.29 mmol), NMO (1.281 g, 

10.94 mmol) and 3 A molecular sieves (3.645 g) in CH2Ch (37 mL) was added TPAP (256 mg, 
t' 

0.73 mmol). The resulting black mixture was stirred at room temperature overnight. The 

mixture was concentrated and filtered through a silica gel plug. Purification by column 

chromatography on silica gel (EtOAc, 100%) afforded the desired aldehyde (111 mg, 11 % ) as a 

yellow syrup. 1H NMR (CDCh) S 2.90-2.95 (m, 2H), 3.11 {t, 2H, J= 7.0 Hz), 7.09 (dd, lH, J= 

1.0, 4.8 Hz), 1.11· (d, IH, J= 7.8 Hz), 7.54-7.63 {m, iii)~ 8.48 {d, ·1H,i=· 4.i"Hz), 9.s6 (s, 1iI). 

[0234) To a stirred solution of the aldehyde from above (67.6 mg, 0.50 mmol) and 2-

[(S,6, 7,8-tetrahydro-quinolin-8-ylamino )-methyl]-benzoimidazole-1-carboxylic acid tert-butyl 

ester (200 mg, 0.50 mrnol) in THF (5 mL) was added NaBH(OAc)3 and the resultant mixture 

was stirred at room temperature for 3 days. The reaction mixture was concentrated under 

reduced pressure, diluted with CH2Ch (75 mL) and washed consecutively with H20 (5 mL), 

saturated aqueous NaHC03 (7 mL), and saturated aqueous NaCl (7 mL). The aqueous layers 

were extracted with CH2Cli (20 mL) and the combined organic extracts were dried (MgS04), 

filtered and concentrated under reduced pressure. Purification by colwnn chromatography on 

silica gel (CH2Ch/MeOH/NHiOH, 100: I: 1) afforded the desired compound {172 mg) as an 

orange syrup which was used in the next reaction~without further purification. 

[0235) To a solution of the amine from above (172 mg, 0.35 mmol) in CH2Ch {2 mL) was 

added TFA (2 mL) and the resultant mixture was stirred overnight at room temperature. The 
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reaction mixture was concentrated under reduced pressure, the syrup was dissolved in a 
minimwn amount ofH20 and basified with IN NaOH (pH 10). CHCh (75 mL) was added. the 
phases were separated and the aqueous layer was extracted with CHCh (2 x 75 m.L). The 
combined organic extracts were dried (MgS04), filtered and concentrated under reduced 
pressure. Purification of the crude yellow syrup by column chromatography on silica gel 
(CH2Ch/MeOHINH.OH, 100: 1: 1) followed by radial chromatography on silica gel 
(CH2Cl2/MeOH/Nli40H, 100: 1: 1) afforded the desired compound (97 mg, 70%) as a yellow 
syrup. 

. .. (0236] Using General.Procedure D: Conversion of the yellow syrup from above to the 
.hyclrObroniid~ salt afforded.COMPOUND 39 as a white solid. 1H NMR (D20) a 1.82-2.06 (m, 
4H), 2!14-2.19 (m, lH), 235-2.38 (m, lH), 2.51-2.61 (m, lH), 2.85-3.01 (m, SH), 4.36 (d, lH, J 
= 16.8 Hz), 4.47-4.56 (m, 2H), 7.56-7.61(m,2H), 7.72-7.79 (m, 4H), 7.85 (dd, lH, J= 7.8, 6.0 
Hz), 8.30-8.35 (m, 2H), 8.48-8.51 (m, UI), 8.62 (d, lH, J= 4.8 Hz); 13C NMR (D:zO) a 20.41, 
20.58, 27.61, 27.65, 30.85, 47.99, 51.00, 60.39, 114.31, 125.32, 126.00, 127.00, 127.36, 130.96, 
139.44, 140.71, 141.08, 147.26, 148.16, 151.05, 151.41, 156.22. ES-MS m/z398.3 (M+H). 
Anal. Calcd. for C2sH21Ns•3.2HBr•l.2H20: C, 44.28; H, 4.85; N, 10.33; Br, 37.71. Found: C, 
44.31; H, 5.06; N, 10.19; Br, 37.71. 

Example 40 

COMPOUND 40: Preparation of N- { 4-[(lH-benzoimidazol-2-ylmethyll-(5,6, 7.8-
tetrahydro-quinolin-8-yl)-aminol-butvl}-benzenesulfonamide. 

[0237) To a solution of N1-(1H-benzoimiciazc;>1-2-ylmethyl)-N-(5,6,7,8-tetrahydro-quinolin-
8-yl)-butane-l,4-diamine (56 mg, 0.16 mmol) and DIPEA (33 µL, 0.19 mmol) in CH2Cli (1.0 
mL) cooled to 0°C was added PhS02CI (45 µL, 0.35 mmol). The resultant mixture was stirred 
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overnight at room temperature. The mixture was concentrated under reduced pressure, diluted 

with CH2Ch (75 mL) and washed consecutively with H20 (5 mL), saturated aqueous NaHC03 

(7 mL) and saturated aqueous NaCl (7 mL). The aqueous layers were extracted with CH2Ch (20 

mL) and the combined organic extracts were dried (MgS04), filtered and concentrated under 

reduced pressure. The resultant disulfonamide (98 mg) was used without further purification in 

the next reaction. 

(0238) The disulfonamide from above (98 mg, 0.16 mmol) was stirred in a saturated HBr (g) 

in AcOH solution (l.S mL) for 3 hours. The mixture was concentrated in vacuo and a 

suspension of the resultant yellow syrup and powdered K2C03(excess) in MeOH was stirred at 

room temperature for 1 hour. The mixture was concentrated under reduced pressure, diluted 

with CH2Cb and filtered through Celite. The cake was washed With CH2Ch and the combined 

filtrate was concentrated under reduced pressure. Purification of the crude yellow foam by 

column chromatography on silica gel (CH2Cli/MeOH1NHtOH, 100: 1: 1) followed by radial 

chromatography on silica gel (CH2Cl:z/MeOH!NH.tOH, 100: 1: 1) afforded COMPOUND 4~ (50 

mg, 64% over 2 steps). 1H NMR (CDCh) 8 1.42-1.46 (m, 3H), 1.61-1.75 (m, IH), 1.81-1.99 

(m, lH), 2.00-2.09 (m, lH), 2.14-2.21 (m, IH), 2.46-2.55 (m, IH), 2.67-2.90 (m, 6H), 3.91 (d, 

lH, J= 16.2 Hz), 3.98-4.05 (m, 2H), 5.80 (hrs, lH}, 7.12-7.21 (m, 3H), 7.39-7.44 (m, 3H), 

7.48-7.57 (m, 3H), 7.75-7.79 (m, 2H), 8.53-8.55 (m, lH); 13C NMR (CDCh) l) 21.21, 23.06, 

25.25, 27.47, 29.10, 42.81, 49.38, 50.21, 61.41, 121.73, 122.29, 126.92, 128.97, 132.37, 134.72, 

p7.51, 140.22, 14~.'.n, 1~5.<??,J~J.2~. ES-:-M~m/z490.3 (M+H). Anal .. Calcd. for. 

C21H31Ns02S•l.OH20: C, 63.88; H, 6.55; N, 13.80; S, 6.32. Found: C, 63.91; H, 6.32; N, 13.46; 

s, 6.33. 
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Example41 

COMPOUND 41: Preparation of (28)-2-Amino-5-[ClH-benzimidazol-2-vlmethyl)-
. (5.6.7.8-tetrahydroguinolin-8-yll-aminol-pentanoic acid (hydrobromide salt) . 

. [0239) To a solution of (28)-5-amino-2-(tert-butoxycarbonylamino)-pentanoic acid tert-
butyl ester (free base) (0.905 g, 3.11 nunol) in CHJOH (15 mL) was added 6,7-dihydro-SH­
quinolin-8-one (0.504 g, 3.43 mmol) and the resultant solution was stirred at room temperature 
for 5 hours. Powdered NaBH4 (0.379 g, 9.98 mmol) was added, and the mixture was stirred at 
room temperature for 25 minutes then concentrated under reduced pressure. The residue was 
dissolved in CH2Ch (100 mL) and brine (20 mL). The phases were separated and the aqueous 
phase was extracted with CH2Cli (3 x 20 mL). The combined organic extracts were dried 
(Na2S04) and concentrated. Purification of the crude material by column chromatography on 
silica gel (20: I CH2ClrCH30H) provided 0. 700 g (54%) of (2S)-2~tert-bu~oxyc~~><>n~l~~no-~~-. 
(5,6, 7,8-tetrahydroquinolin-8-ylamino)-pentanoic acid tert-butyl ester as a yellow oil. .. 

[02401 Using the General Procedure for N-alkylation: A solution of (2S)-2-(tert- · 
butoxycarbonylamino )-5-( 5,6, 7 ,8-tetrahydroquinolin-8-ylamino )-pentanoic acid tert-butyl ester 
(0'.700 g, 1.67 mmol), 1-(tert-butoxycarbonyl)-2-(chloromethyl)-benzimidazole (0.690 g, 2.59 
mmol) and N,N-diisopropylethylamine (0.60 mL, 3.44 mmol) in CH3CN (16 rnL) was heated at 
60 °C for 24 hours. Purification of the crude material by column chromatography on silica gel 
(50:1 CH2Ch-MeOH) provided 0.830 g (77%) of2-{[(4-tert-butoxycarbonyl-4-ter/­
butoxycarbonylamino-butyl)-(5,6, 7 ,8-tetrahydroquinolin-8-yl)-amino ]-methyl }-benzoimidazole-
1-carboxylic acid tert-butyl ester as a tan foam. 

[0241) General Procedure D: Conversion of2-{[(4-tert-butoxycarbonyl-4-tert­
butoxycarbonylamino-butyl)-(5,6, 7 ,8-tetrahydroq\Jinolin-8-yl)-amino ]-methyl}-benzoimidazole-
1-carboxylic acid tert-butyl ester (139 mg) to the hy,drobromide salt with simultaneous removal 
of the BOC-protecting groups and hydrolysis of the tert-butyl ester, followed by re-precipitation 
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of the intennediate solid from methanol/ether, gave COMPOUND41 (116 mg, 81%) as a tan 

solid (mixture of 2 diastereomers). 1H NMR (DzO) 8 1.54-1.84 (m. SH), 1.96-2.06 (m, lH), 

2.15-2.2.19 (m, lH), 2.34-2.38 (m, lH), 2.53-2.60 (m, lH), 2.80-2.87 (m, lH), 2.99-3.01 (m, 

2H), 3.82 (t, lH, J=6.3 Hz), 4.38 (d, lH, J= 16.8 Hz), 4.50-4.55 (m, 2H), 7.57-7.62 (m, 2H), 

7.76-7.88 (m, 3H), 8.33 (br d, lH, J= 5.1 Hz), 8.62 (br d, lH, J= 6.0 Hz); 13C NMR (D20) 5 

20.32, 20.40, 23.87, 24.12, 27.63, 27.93, 28.04, 48.16, 51.34, Sl.51, 53.41, 53.54, 60.48, 60.58, 

114.24, 125.92, 126.92, 130.98, 139.36, 140.60, 148.08, 151.18, 151.61, 173.06; ES-MS mlz 

394 (M+H). Anal. Calcd. for CnH21NsCh•2.9HBre2.lH20: C, 39.68; H, S.16; N, 10.52; Br, 

34.79. Found; C, 39.81; H,.5.19; N, 10.14; Br, 34.70 . 

Bxample42 

COMPOUND 42: Preparation of N'-OH-Benzimidazol-2-ylmethyll-N'-cyclopropyl-

N1-(5,6, 7 .8-tetrahydro-ouinolin-8-yl}butane-1.4-diamine CHBr salt). 

(0242) 1,4-Butanediol (0.90 ml, 10.16 mmol) was added to a stirred suspension ofNaH (246 

mg, 10.25 mmol) in THF (20 ml) at room temperature and stirred for 30 minutes. Acetyl · 

chloride (0.70 mL, 9.84 mmol) was then added to the thick white slurry. Following 45 minutes 

of stining, the solution was diluted with diethyl ether (30 ml) and 10 w/v % K2C03 (aq)· The 

phases were separated and the organic phase washed with 10% K2C03 (1x15 mL) and brine (1 

x 15 mL). The combined aqueous phase was extracted with diethyl ether (1x30 mL). The 

organic phas~ was dried (MgS04) and concentrated to afford 933mg crude product as a 

colourless liquid. Purification by column chromatography (25 g silica, 2: 1 hexanes: ethyl 

acetate) afforded 686 mg of acetic acid 4-hydroxy-butyl ester (51%). 1H NMR (CDClJ) o 1.58-

1.77 (m, 4H), 2.05 (s, 3H), 3.68 (t, 2H, J.= 6.1 Hz), 4.10 (t, 2H, J = 6.4 Hz). 
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[0243) Tetrapropylammonium perruthenate (195 mg, 0.555 mmol) was added to a solution 
of the mono-protected diol from above (715 mg, 5.41 mmol), as well as crushed and dried 3A 
molecular sieves (2.71g,5.42 mmol) and NMO (953 mg, 8.13 mmol), in CH2Ch (27 mL) and 
the mixture stirred for 75 minutes. The suspension was filtered through a plug of silica with 
ethyl acetate to give 0.48 g of acetic acid 4-oxo-butyl ester as a colourless oil (68%). 1H NMR 
(CDCh) S 1.98 (pent, 4H, J = 6.6 Hz), 2.05 (s, 3H), 2.55 (t, 2H, J = 7.4 Hz), 4.10 (t, 2H, J = 6.4 
Hz), 9.80 (s, IH). 

(0244) Using general procedure B: Reaction of cyclopropylamine (0.5 I mL, 7.36 mmol) and 
.the mono-protected aldehyde from above (480mg, 3.69 mmol) with NaBH(OAc)J (I.573 g, 7.42 ~ .· 

lllJ'DOl)·in CH2Ch (18 mL) for 19 hours provided a·crude product Purification of the crude 
materiat by column chromatography on silica gel (20 g silica, 50: 1 -7 25: l CH2Ch: CH30H) 
provided 293 mg ( 46%) of acetic acid 4-cyclopropylamino-butyl ester. 1H NMR (CDCb) 6 
0.29-0.45 (m, 4H), 1.49-1.71(m,4H),2.04 (s, 3H), 2.07-2.14 (m, IH), 2.70 (t, 2H,J= 6.9 Hz), 
4.07 (t, 2H, J= 6.1 Hz). 

(0245] Di-tert-butyl-dicarbonate (399 mg, 1.83 mmol) was added to a solution of the amine 
from above (293 mg, 1.71 mmol) in THF (8.5 mL) at room temperature and the solution was 
stirred for 75 minutes, after which time the solution was concentrated under reduced pressure. 
The residue was diluted with CH2Cli (30 mL) and brine (20 mL). The phases were separated 
and the organic phase was washed with brine (2 x 20 mL). The combined aqueous phases were 
extracted with CH2Ch (2 x 20 mL). The _COIJ!.bi~~4. 9rgani~ phase was dried (Na2S04) and . . . - . .... . - .. . . 
concentrated under reduced pressure to give 622 mg colourless liquid containing acetic acid 4-
(tert-butoxycarbonyl-cyclopropyl-amino )-butyl ester and excess di-tert-butyl-dicarbonate. 

[02461 Potassium carbonate (2.53 g, 18.3 mmol) was added to a solution of the ester from 
above (622 mg, 1. 71 nunol) in methanol (I 0 ml) at room tempemture and the suspension was 
stirred for 80 minutes. The solution was then diluted with distilled water (20 mL). The mixture 
was extracted with CHCl3 (4 x 20 mL). The organic phase was dried (Na2S04) and concentrated 
to afford 399 mg (I 00% over two steps) crude cyclopropyl-( 4-hydroxy-butyl)-carbamic acid 
tert-butyl ester as a colourless oil. 

(0247) Tetrapropylammonium perruthenate (65 mg, 0.185 mmol) was added to a suspension 
of the alcohol from above (399 mg, 1. 74 mmol), NMO (305 mg, 2.60 mmol) and 3A molecular 
seives (861 mg, I. 72 mmol) in dry CH2Ch (8.5 nit) at room temperature and the mixture was 
stirred for 1 hour. The suspension was then filtered through silica gel with ethyl acetate. The 
filtrate was concentrated under reduced pressure to give 545 mg crude product. This crude 
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material was purified by column chromatography (28 g silica, 10: 1~5: 1 hexanes: ethyl acetate) 

to give 63 mg (16%) of pure cyclopropyl-(4-oxo-butyl)-carbamic acid tert-butyl ester and 434 

mg impure material. 1H NMR (CDCh) 8 0.56-0.62 (m, 2H), 0.71-0.78 (m, 2H), 1.45 (s, 9H), 

1.62 (s, lH), 1.87 (pent, 2H, J= 7.3 Hz), 2.45 (t, 2H,J= 6.6 Hz), 3.24 (t, 2H, J= 7.2 Hz), 9.79 

(s, IH). 

(0248] Using general procedure B: To a stirred solution of the N-protected aldehyde from 

above (63 mg, 0.277 mmol) and [l-(tert-butyloxycarbonyl)-(lH-benzimida1.01-2-ylmethyl)]­

(S,6,7,8·tetrahydroquinolin-8-yl)-amine (103 mg, 0.273 mmol) in CH2CI2 (2.5 mL) was added 

NaBH(OAc)J (86 mg, 0.406 mmol) and the mixture was stin:ed for 19 hours. Purification of the 

. crude yellow oil (165 mg) by radial chromatography (2 mm plate, 150: 1: 1 ClhCh: CH30H: 

NRtOH) afforded 116 mg (72%). 2-{ [( 4-(tert-butoxycarbonyl-cyclopropyl-amino )-butyl].;. 

(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzimidazole-1-carboxylic acid tert-butyl 

ester. 

[0249] Using the General Procedure D: The double-protected tertiary amine from above 

(I 16mg, 0.197 mmol) was converted to COMPOUND 42 as a white solid (99 mg, 70%). 1H 

NMR (D20) o 0.76-0.79 (m, 4H), 1.54 (hrs, 4H), 1.81-1.85 (m, lH), 1.95-2.07 (m, IH), 2.15-

2.19 (m, lH), 2.34-2.38 (m, lH), 2.55-2.61 (m, 2H), 2.79-2.84 (m, lH), 3.01 (hrs, 4H), 4.38 (d, 

lH,J= 17.4 Hz), 4.50-4.56 (m, 2H), 7.57-7.59 (m, 2H), 7.77-7.79 (m, 2H), 7.83 (t, lH,J= 6.6 

Hz), 8.33 (d, IH, J= 1.8 Hz), 8.62 (d, IH, J= 5.4 Hz). 13C NMR (D20) 8 3.35, 20.45, 23.69, 

. _2s .. ~7, _27.67, 39.3~. 48!_17, 4s,.~2._sJ.11, §.0,10, 11A.2a,.12s.9s, 126.94, 13.0.97, 139.34, 140.62, 
148.12, 151.26, 151.79. ES-MS mlz 390 (M+H). Anal Cale. for C24H31Ns ·3.4HBr ·3.0H20: C, 

40.11; H, 5.67; N, 9.74; Br, 37.80. Found: C, 40.33; H, 5.57; N, 9.60; Br, 37.63. 

Example43 
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COMPOUND 43: · Preparation of (cis-2-aminomethyl-cyclopropylmethylHIH­
benzimidazol-2-ylrnethyl)-(5,6, 7.8-tetrahydro-guinolin-8-yJ)-amine 
Chvdrobromide salt). 

Preparation of (cis-2-hydroxvmethyl-cyclopropyl)-methanol: 
f 0250) To a 0 °C solution of dimethyl cis-1,2-cyclopropanedicarboxylate (3.03 g, 19. I 

mmol) in TIIF (25 mL) under nitrogen was slowly added LiAIH.t (1.0 Min hexane, 25 mL). 
The resulting mixture was stirred at room temperature for_ l .5 hours, then was quenched by the 
Ca.reful addition ofH20 (l·~), 15% NaOH (1 mL) and H20 (3 mL). The precipitate was .... . . 
Temoved by suction filtration, washing with EtOAc and the filtrate was concentrated under 
reduc~ pressure. Purification by flash column chro~atography on silica (CH2Ch/MeOH, 19:1) 
gave the diol as a colourless liquid (1.79 g, 17.S mmol, 92%). 1H NMR (CDCh) 8 0;21 (dd, lH, 
J= 10.5, 5.4 Hz), 0.80 (td, ~H, J= 8.3, 5.1Hz),1.24-1.38 (m, 2H), 3.16-3.29 (m, 4H), 4.02-4.14 
(m,2H). 

Preparation of [cis-2-(tert-butyl-dimethyl-silanyloxymethyl)-cycloproovll-methanol: 
(0251) To a 0 °C suspension ofNaH (60% in mineral oil, 733 mg, 18.3 mmol) in THF (25 

mL) under nitrogen was added a solution of the diol (1.78 g, 17.4 mmol) in 11lF (IO mL). The 
mixture was stirred for I 0 minutes, then t-BDMSCI (2. 73 g,. I 8. I mmol) was added at once as a 

. solid .. The reaction was stirred at room temperature for 25 minutes, then saturated aqueous· · 
NaHC03 (35 mL) was added, the layers were separated and the aqueous solution was extracted 
with CH2Ch (25 mL x 2). The combined organic solution was dried (Na2S04), filtered and 
oonce"'htrated under reduced pressure. Purification by flash colwnn chromatography on silica 
(iiexane/EtOAc, 4:1) gave the silane as a pale yellow liquid (3.12 g, 14.4 mmol, 83%). 1H NMR 
(CDCIJ) 5 0.09 (s, 3H), 0.11 (s, 3H), 0.19 (dd, lH, J= 10.5, 4.5 Hz), 0.76 (td, lH, J= 7.5, 6.0 
Hz), 0.91(s,9H), 1.17-1.29 (m, IH), 1.30-1.43 (m, lH), 3.19-3.32 (m, 3H), 3.96 (td, IH,J= 
I 1.5, 5.3 Hz), 4.14 (dd, lH,J= 11.7, 5.4 Hz). 

Preparation of tert-butvl-(cis-2-chlorornethyl-cyclopropylmethoxy)-dimethyl-silane: 
(0252) To a solution of the alcohol (3.11 g, 14.4 mmol) and NEt3 (3.0 mL, 21.5 mmol) in 

CH2Cli ( 45 mL) under nitrogen was added MsCI (1.65 mL, 21.3 mmol). The reaction was 
heated at reflux for 17 hours. Once cooled to room-temperature, saturated aqueous NaHC03 (45 
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mL) was added, the layers were separated and the aqueous solution was extracted with CH2Ch 

(25 mL). The combined organic solution was dried (MgS04), filtered and concentrated under 

reduced pressure. Purification by flash colunu;i chromatography on silica (hexane/EtOAc, 9:1) 

gave the chloride as a light yellow liquid (1.52 g, 6.46 mmol, 45%). 1H NMR (CDCh) 8 0.06 {s, 

3H), 0.07 (s, 3H), 0.40 (dd, lH, J= 10.5, 4.6 Hz), 0.84-0.93 (m, IOH), 1.23-1.42 (m, 2H), 3.57-

3.72 (m, 3H), 3.81 (dd, lH,J= 11.6, 5.7 Hz). 

J>rm>aration of N.(cls-2-hydrox,ymethyl-cyclopropylmethyl):phthalimide: 

(0253) A mixture of the ~loride (1.S 1 g, 6.43 mmol) and potassium phthalimide (1.31 g, 

7.07 mmol) in DMF (25 mL)° was heated to 80 °C for 3.5 hours. Once cooled to room 

temperature, H20 (25 mL} was added and the mixture was extracted with CH2Ch (25 mL x 3). 

The combined organic solution was dried (MgS04), filtered and concentrated under reduced 

pressure giving the crude pbthalimide as a yellow oil. 

(0254) To a solution of this material in 1HF (15 mL) was added a lM HCl solution (I'S mL) 

and the reaction was stirred at room temperature for 30 minutes. The ~ was evaporated 

under reduced pressure and the aqueous solution was extracted with CH2Cli (25 mL x 3). The 

organic solution was dried (Na2S04}, filtered and concentrated under reduced pressure. 

·Purification by flash column chromatography on silica (EtOAcJhexane, 1.5: 1) gave the alcohol 

as a white solid (880 mg, 3.80 mmol, 59%). 1HNMR(CDCh) B0.18 (dd, lH, J= 12.5, S.OHz), 
' 

0.79 (td, lH, J= 8.8, 5.2 Hz), 1.18-1.34 (m, __ ~H),_2.9~_(br. s,. lH},3.50-3.60 (m, 2H}, 3.92-4.01 
. . . . .. .. . - .. 

(m, 2H), 7.71-7.75 (m, 2H), 7.83-7.87 (m, 2H). 

Preparation of cis-[2-(phthalimidomethyl)-1-cyclopropyl]methyl methanesulfonate: 

(0255) To a 0 °C solution of the alcohol (443 mg, 1.92 mmol) and NEt3 (0.40 mL, 2.9 

mmol) in CH2Cli (7 mL} under nitrogen was added a solution of MsCl (0.22 mL, 2.8 mmol} in 

CH2Ch (0.8 mL). The reaction was stirred at 0 °C for 15 minutes, then saturated aqueous 

NaHC03 (10 mL) was added. The layers were separated and the aqueous solution was extracted 

with CH2Ch (15 mL x 2). The combined organic solution was dried (MgS04), filtered and 

concentrated under reduced pressure. Purification by flash colwnn chromatography on silica 

(EtOAc/hexane, 1:1) gave the mesylate as a white solid (513 mg, 1.66 mmol, 86%). 1H NMR 

(CDCh) 8 0.52 (dd, IH, J>= 11.4, 5.7 Hz), 1.89 (td, lH, J= 8.4, 5.4 Hz» 1.32-1.45 (m, lH), 

1.53-1.66 {m, lH), 3.01(s,3H}, 3.71 (dd, lH, J-= 14.4, 7.8 Hz), 3.79 (dd, 1H, J= 14.4, 7.8 Hz}, 
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4.23 (dd, lH, J-11.0, 8.9 Hz), 4.57 (dd, lH, J= 11.1, 6.9 Hz), 7.70-7.75 (m, 2H), 7.83-7.88 (m, 
2H). 

Preparation of (cis-2-ami~omethyl-cyclopropylmethyl)-(IH-benzimidazol-2-ylmethyl)­
(5,6, 7,8-tetrahydro:guinolin-8-yl)-amine: 

(0256) A solution of the mesylate (371 mg, 1.20 nunol), (l-tert-butoxycarbonyl-lH­
benzimidazol-2-ylmethyl)-(S,6, 7,8-tetrahydro-quinolin-8-yl)-amine (379 mg, 1.00 mmol), 

DIPEA(0.26mL, 1.5 mmol) and KI (19 mg, 0.11 mmol)in CH3CN (7 mL)washeated to.60 °C 

under.nitrogen for 19 hours~ Once cooled, saturated aqueous NaHC03 (10 mL) was added and 
the mixture was extracted with CH2Cli (25 mL x 3). The combined organic solution was dried 

(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 
chromatography on silica (CH2Cli/Me0H/ NH.OH, 19:1 :0.1) gave the tertiary amine (yellow 
foam) as an approximately 3:1 mixture of diastereomers (432 mg, 73%). 

[0257) This material (420 mg, 0.71 mmol) and hydrazine monohydrate (0.35 mL, 7.2 mmol) 
in EtOH (9 mL) was heated at reflux under nitr<;>gen for 1 hour. Once cooled, the solvent was 
evaporated under reduced pressure. The residue was taken up into saturated aqueous NaHC03 

(IO mL) and extracted with CH2Ch (25 mL x 3). The combined organic solution was dried 

(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 
chromatography on silica (CH2Ch/MeOHfN!LtOH, 19:1 :0.1, followed by 9:1:0.05) gave the 

fully deprotected amine as a white foam (147 mg, 0.41 mmol, 58%). 1.J-:1 NMl_l (CDCb) o.:-0.15~. .. . . . . . . . . . .. - . . - .. . . . -· .. 
0.02 (m, lH), 0.49-0.59 (m, lH), 0.72-0.92 (m, 2H), 1.64-1.81 (m, IH), l.86-1.98 (m, HI), 1.99-

2.H (in, 2H), 2.15-2.32 (m, 2H), 2.47-2.61 (m, IH), 2.66-2.90 (m, 3H), 2.96-3.13 (m, lH), 3.89 
.·,.: . 

(2·:x d, 0.3H, J= 15.1Hz),4.06 (s, 0.7 H), 4.13 (dd, 0.7 H, J= 10.1, 5.9 Hz), 4.40 (2 x d, 0.3H, J 

=•6:2 Hz), 7.02-7.09 (m, HI), 7.15-7.20 (m, 2H), 7.37 (d, lH,J= 7.5 Hz), 7.52-7.62 (m, 2H), 

8.51 {d, lH, J= 3.3 Hz). 

Preparation of COMPOUND 43: 

[0258] To a solution of the amine (75 mg, 0.21 mmol) in glacial HOAc (l.O mL) was added 
a saturated solution of HBr in HOAc (0.5 mL). The solution was stirred at room temperature for 
25 minutes, then Et20 (5 mL) was added. The precipitate was washed with Et20 (1 mL x 5) and 

dried at 90 °C under reduced pressure giving <:;01\iPOUND 43 as a yellow solid (131mg,0.19 

mmol, 91 %). 1H NMR (MeOH-d4) S 023-0.32 (Ill; 0.7H), 0.36-0.45 (m, 0.3H), 0.51-0.69 (m, 
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lH), 1.01-1.20 (m, lH), 1.33-1.57 (m, lH), 1.87-2.04 (m, IH), 2.06-2.31 (m, 2H), 2.37-2.60 (m, 

IH), 2.63-2.88 (m, 2H), 2.99-3.27 (m, 4H), 4.52-4.83 (m, 3H), 7.57-7.67 (m, +H), 7.86-8.02 (m, 
. 13 3H), 8.38-8.46 (m, lH), 8.87-8.95 (m, lH). C NMR (D20) o 10.0 and 10.9, 12.4 and 13.6, 

15.5, 20.4 and 20.6, 20.7, 27.7, 39.8, 48.6, 51.7 and 52.6, 61.3 and 62.0, 114.2, 125.9, 126.9, 
130.9, 139.3 and 139.4, 140.5 and 140.6, 148.1, 151.0 and 151.2, 151.9 and 152.6. ES-MS mlz 

362 (M+H). Anal. Calcd. for C22H21Ns·3.2HBr·2.4H20·0.3C4li1oO: C, 40.63; H, 5.58; N, 10.21; 
Br, 37.28. Found: C, 40.61; H, 5.45; N, 10.10; Br, 37.19. 

Example44 

00 N - /\ 

1
ta...._ ... ,~NH2 

8
NH CIH 

CIH 
CIH 

0 

COMPOUND 44: Preparation of (trans-2-aminomethyl-cyclopropylmethyl)-{lH-
benz-imidazol-2-ylmethyl)-(S)-5 .6. 7 .8-tetrahydroguinlin-8-yl-amine 

{hydrochloride salt). 

Preparation of trans-1.2-cyclopropanedimethanol: 

(0259] To a solution of diethyl lrans-1,2-cyclopropanedicarboxylate (14.9 g, 80 mmol) in 

TIIF (50 mL), cooled to 0 °C "under nitrogen, was added dropwise a 1.0 M soluti6n of LAH in 
TIIF ( 107 mL, 107 mmol). The resultant mixture was heated at reflux for 2 hours, then cooled 
to room temperature and stirred for 16 h. The crude mixture was cooled to 0 °C and carefully 
quenched by the slow addition of deionized water(4 mL), followed by 15% NaOH solution (4 
mL), and more deionized water (12 mL). The mixture was stirred at room temperature for 20 

min. The thick slurry was diluted with diethyl ether (100 mL), dried over MgS04, filtered 
through a glass sintered funnel, and concentrated in vacuo to afford the title compound as a 

colorless oil (6.30 g, 78%). 1H-NMR (CDCI3) 6 0.43 (t, 2H, J= 6.8 Hz), 0.96-1.07 (m, 2H), 
3.05 (dd, 2H,J= 11.4, 8.7 Hz), 3.13 (br. s, 2H), 3.8~ (dd, 2H,J= 11.4, 4.7 Hz). 
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Preparation of trans-l-hydroxymethyl-2-(tert-butyl-dimethyl-silanyloxymethyl)­
cyclopropane <McDougal, P. G.; Rico, J. G.; Oh. Y.; Condon, B. D. J. Org. 
Chem. 1986, 51, 3388-3390): 

[0260) To a cooled (0 °C) stirred solution of trans-1,2-cyclopropanedimethanol (2.0 g, 20 
mmol) in THF (40 mL) was slowly addedNaH (60% dispersion in oil, 0.80 g, 20 mmol). 
Stirring was continued at O °C for 10 min. tert-Butyldimethylchlorosilane (3.0 g, 20 mmol) was 
added. The thick white slurry was allowed to warm to room temperature and stining was 
continued for I 0 min. The resultant mixture was poured into diethyl ether (400 mL) and washed 
with 10% ~C01 (100 mL) then washed again with brine (100 mL). The separated organic layer 
was dried over Na2S04 and concentrated. The crude material was purified by flash column 
chromatography (5 cm id., 100 g silica gel, eluted with 5:1 hexanes/ethyl acetate) to give the 
mono-protected desired product as a clear oil (2.8 g, 65%). 1H NMR (CDCh) 8 0.05 (s, 6H), 
0.41-0.53 (m, 2H), 0.89 (s, 9H), 0.89-1.04 (m, 2H), 1.41 (t, IH,J= 5.8 Hz), 3.41-3.50 (m, 3H), 
3.60 (dd, 1 H, J = 11.2, 5.8 Hz). 

Preparation of trans-N-f [2-(hydroxymethyl)cyclopropyl]methyl}phthalirnide: 
[0261) To a stirred solution of trans-l-hydroxymethyl-2-(tert-butyl-dimethyl­

silanyloxymethyl)-cyclopropane (4.7 g, 22 mmol) and triethylamine (9.2 mL, 65 mmol) in 
CH2Cli (75 mL) was added dropwise methanesulfonyl chloride (3.7 mL, 48 rnmol). The 
mixture was heated at reflux for 16 h, then allowed to cool to room temperature. Deionized . . . -. . - . . ~· .. ,, . . ... . 
water (50 mL) was added to the red solution and the layers were separated. The organic layer 
was washed with brine (50 mL), dried over MgS04, and concentrated to a red oil. The crude 
material was purified by flash column chromatography (5 cm id., 140 g silica gel, eluted with 

· 5% EtOAc/hexanes) to give the chloride as a yellow oil (4.0 g, 78%). 
[0262] The chloride from above (4.0 g, 17 mmol) and potassium phthalirnide (4.8 g, 26 

mmol) were stirred in anhydrous DMF (115 mL) at 100 °C, under a nitrogen atmospliere, for 3 
h. The mixture was concentrated to remove DMF. The resultant residue was diluted with 
CH2Ch (200 mL), washed with brine (50 mL), dried over MgS04, and concentrated in vacuo. 
The crude material was purified by flash chromatography (5 cm id., 160 g .silica gel, eluted with 
10:1 hexanes/ethyl acetate) to provide thephthalimide as a pale yellow oil (5.4 g, 92%). 

[0263] The phthalimide from above (5.3 g, IS mmol) was stirred in a mixture ofTHF (40 
mL) and IN HCl (40 mL) for 1.5 h. The THF was, removed in vacuo and the solution was 
extracted with CH2Cl2 (3 x 50 mL). The separated organic layers were combined, dried over 

100 

~I ID~TITI ITS:: Cl.U::S::T IDI II S:: '>!:\ 



I 
i .. , 

·i 

WO 0~/055876 PCTIUS02/41407 

MgS04, and concentrated. The crude material was purified by flash colwnn chromatography (5 
cm id., 120 g silica gel, 1: 1 hexanes/ethyl acetate) to afford the pure title compound as a white 
solid (3.5 g, 97%). 1H NMR (CDCh) o 0.50 (ddd, lH, J= 8.4, 5.1, 5.1Hz),0.66 (ddd, lH, J= 
8.4, 5.1, 5.1 Hz), 1.13-1.25 (m, 2H), 1.50 (br. s, IH), 3.33-3.43 (m, lH), 3.45-3.53 (m, ll-1), 3.60 · 
(dd, 2H,J= 6.9, 5.1 Hz), 7.69-7.74 (m, 2H), 7.82-7.86 (m, 2H). 

Preparation of 2-[(trans-2-phthalimidomethyJ-cyclopropylmethyll-(S)-(5.6. 7 .8-
tetrahydro-guinolin-8-yl)-aminomethyl]-benzimidazole-1-carboxylic acid tert­
butyl ester: 

(0264) To a 0 °C solution of trans-N-{[2-(hydrox.ymethyJ)cyclopropyl]methyl} phthalimide 
(3.4 g, 15 mmol) and triethylamine (8.4 mL, 60 mmol) in CH2Ch (50 mL) was added dropwise 
methanesulfonyl chloride (2.9 mL, 37 mmol). The mixture was heated at reflux for 18 h, cooled 
to room temperature and washed with deionized water (100 mL), followed by saturated 
NaHC03 (100 mL), and finally washed with brine (I 00 mL). The separated organic layer was 
dried over MgS04 and concentrated to a tan solid. The crude solid was purified by flash column 
chromatography (5 cm id., 100 g silica gel, eluted with 9:1 hexanes/ethyl acetate) to give the 
chloride as an off-white solid (3.2 g, 85%). 

[0265) Sodium iodide (12 g, 80 mmol) was added to a solution of the chloride from above 
(2.0 g, s:o mmol) in acetone (40 mL). The mixture was stirred vigorously at reflux fur--68-h, 
then cooled to room temperature and concentrated. The residue was partitioned between 
deionized Water (100 mL) ~d CHih (100. mL). The sep~a~ed ~rg~ic iaye~ ~~ dri~d over 
MgS04 and concentrated to an orange solid (3.2 g). This material was used without further 
purification. 

[0266) A solution of the iodide from above (2.7 g, 8.0 mmol), (1-tert-butoxycarbonyl-IH­
benzimidazol-2-yl~ethyl)-(5,6,7,8-tetrahydro-quinolin-8"Yl)-amine (2.9 g, 7.6 mmol) and 
DIPEA (2.1mL,12 mmol) in CHjCN (40 mL) was heated at 60 °C, under nitrogen, for 15.5 
hours. Once cooled to room temperature, the mixture was concentrated, saturated aqueous 
NaHC03 (100 mL) was added and the aqueous layer was extracted with CHCb (3 x 100 mL). 
The combined organic portions were dried (MgS04), filtered and concentrated under reduced 
pressure giving a brown foam. Purification by flash column chromatography on silica (5 cm id., 
I 70 g silica gel, eluted with 2% MeOH/CH2Ch) followed by a second column chromatography 
purification of the product containing material (S cm _id., 150 g silica gel, eluted with 5% 
Nff..tOH/EtOAc) gave a I :I mixture of two diastereomers of the title compound as a pale yellow 
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I . foam (2.7 g, 59%). HNMR(CDCh) 8 0.17-0.27 (m, lH), 0.42-0.51 (m, lH), 0.89-1.ll (m, 

2H), 1.69 and 1.70 (2 x s, 9H), 1.79-2.02 (m, 3H), 2.08-2.20 (m, lH), 2.52-2.83 (m, 4H), 3.16 
(dd, 0.SH,J= 14.2, 7.7 Hz), 3.34 (dd, 0.5H, J= 14.2, 7.7 Hz), 3.50-3.58 (m, lH), 4.24-4.34 (m, 
lH), 4.40-4.52 (m, lH), 4.62 (d, lH, J= 16.5 Hz), 6.88-6.94 (m, lH), 7.18-7.29 (m, 4H), 7.57-
7.64 (m, 2H), 7.67-7.76 (m, 2H), 7.78-7.83 (m, lH), 8.28-8.33 (m, lH). 

Preparation of (trans-2-aminomethyl-cyclopropylmethyll-(lH-benz-imidazol-2-
. vlmethyll-CS)-5.6, 7.8-tetrahydroauinlin-8-yl-amine: 

[0267] A solution of 2-_[(trans-2-phthalimidomethyl-cyclopropylmethyl}(S)-(5,6, 7 ,8-
tetrahydro-quinolin-8-yl)-aininomethyl]-benzimidazole-l-carboxylic acid tert-butyl ester (3.5 g, 
5.9 mmol) and hydrazine hydrate (l.76 mL, 35 mmol) in EtOH (27 mL) was stirred at room 
temperature under nitrogen for 2 h. The white slurry was diluted with diethyl ether, filtered, and I 

the filtrate was concentrated. The crude material was purified by flash column chromatography 
(5 cm id., 80 g silica gel, eluted with 2% NH.tOH/2%MeOH/CH2Ch) to afford the pure title 
compound as a pale yellow foamy solid (1.8 g, 83%). 1H NMR (CDCIJ) S 0.15-0.31 (m, 2H), 
0.58-0.74 (m, 2H), l.59-1.76 (m, lH), 1.79-1.92 (m, 11-I), 1.96-2.07 (m, lH), 2.15-2.91 {m, 7H), 
4.06-4.16 (m, 2H), 4.21 (2 x d, lH, J= 14.6 Hz), 7.10-7.22 (m, 3H), 7.41 (d, IH, J= 7.5 Hz), 

7.54-7.62 (m, 2H), 8.57 {d, IH, J=4.5 Hz). 

Preparation of (trans-2-aminomethyl-cyclopropylmethyl)-(IH-benz-imidazol-2-. - . . . . . . . - . .. . . . .. . .. 

ylmethyl)-(S)-5,6,7,8-tetrahydroquinlin-8-yl-arnine (hydrochloride salt) 
(COMPOUND 44): 

[0268) A stirred solution of (/rans-2-arninomethyl-cyclopropylmethyl)-(lH-benz-imidazol-
2-ylmethyl)-(S)-5,6,7,8-tetrahydroquinlin-8-yl-amine (1.7 g, 4.8 mmol) in glacial acetic acid (10 
mL) was treated with a saturated solution ofHClcg) in glacial acetic acid (l~ mL). The resultant 
solution was added dropwise to diethyl ether (300 mL) with vigorous stirring. Once the addition 
was complete, the white precipitate was allowed to settle and the clear liquid was decanted. The 
solid was washed repeatedly with ether (4 x 300 mL), decanting each time. The solid was then 
collected on a sintered glass funnel, rinsed with diethyl ether (3 x 50 mL), and dried in a vacuum 
o_ven at 40 °C for 60 h to afford COMPOUND 44 as a white solid (2.1 g, 88%, 1: 1 mixture of 
diastereomers). 1H NMR (020) 8 0.11-0.18 (m, 0.SH), 0.30-0.41 (m, 1 H), 0.44-0.50 (m, O.SH), 

0.69-0.87 (m, 2H), 1.71-1.86 {m, IH), t.91-2.52 (m, SH), 2.70 (ddd, lH, J= 27.0, 13.2, 6.0 Hz), 
2.90-2.99 (m, 3H), 4.33-4.61 (m, 3H), 7.51-7.55 (m, 2H), 7.72-7.83 (m, 3H), 8.26 {t, lH, J= 7.6 

102 

CH ICl~TITI ITC C!LICCT ICll II C ')t!\ 



WO 03/055876 · PCT/US02/41407 

Hz),8.59(t, IH,J=7.6Hz); 13CNMR(D20)6I0.12,11.19, 13.71, 15.45, 16.88, 17.04,20.42, 

20.56, 20.63, 27.62, 43.20, 43.31, 48.93, 49.64, 55.43, 55.73, 61.58, 61.89, 114.38, 125.71, 

126.38, 126.43, 131.75, 132.04, 139.54, 140.30, 147.54, 147.64, 151.27, 152.28. ES-MS m!z 

362 {M+H). Anal. Calcd. for C22H21Ns•2.9HC1•1.7H20: C, 53.08; H, 6.74; N, 14.07; Cl, 20.65. 

Found: C, 52.91; H, 6.90; N, 14.20; Cl, 20.90. 

(0269] The enantiomeric purity of COMPOUND 44 was detennined to be 100% by chiral 

HPLC using the following conditions: Instnunent: Hewlett Packard 1100 HPLC (VWD 1 );. 

Column: CbiralCel OD, 0.46 cm x 25 cm; Mobile Phases: A= 90:10 hexanes/reagent alcohol 

with 0.1 o/oDEA, B = hexanes; lsocratic: 500/o A, SOo/oB; Total Run Time: 30 min; Flow Rate: 1.0 

mUmin; Temperature: 40 °C; Detector: UV @ 270 run; Injection volume: 20 µL. 

[0270) Retention time of the S enantiomer = 13.0 min. 

[0271] Retention ti.me of the R enantiomer= 16.7 min. 

Example45 

CQ 
N 

COMPOUND 45: Preparation of N'-(lH-benzimidazol-2-ylmethyll-3-methyl-3-

phenyl-N'-(5,6,7,8-tetrahydro-guinolin-8-yl)-butane-l ,4-diamine 

103 

..... IOC'TITI ITC QUi::i::T ,~,II F ?R\ 



. · .. ,· 

.·• .. 

.. 

WO 03/055876 PCTIUS02/41407 

Preparation of2-methyl-2-phenyJ-pent-4-enal (prepared as described by Ciganek. B.; 
Read. J.M.: Calabrese. J.C. J. Org. Chem. 1995. 60. 5795-5802): 

(02721 A solution of 2-phenylpropionaldehyde (9.90 mL, 74.S mmol), ally I alcohol (20.~ 
mL, 300 mmol) andp-toluene sulfonic acid (0.8560 g, 4.5 mmol) in benzene (37 mL) was 
heated to reflux for 19 hours and a Dean-Stark trap was used to collect the water formed. The 
mixture was cooled to room temperature and saturated aqueous NaHCQ3 (5 mL) and H20 (5 
mL) were added. The phases were separated and the organic layer was washed a second time 
with saturated aqueous NaHC03 (5 mL) and H20 (S mL). The organic layer was dried (MgS04) · 
and concentrated under reduced pressure. A solution of the resultant yellow residue in p-xylene 
(150 mL) was heated to reflux for 24 hours. The solution was cooled to room temperature and 
concentrated under reduced pressure. The resultant aldehyde (13.0 g) was used in the next 

. reaction without further purification. 

Preparation of acetic acid 2-methyl-2-phenyl-pent-4-enyl ester: 
10273] To a solution of 2-methyl-2-phenyl-pent-4-enal (1.23 g, 7.02 mmol) in ethanol (20 

mL) was added sodium borohydride (0.80 g, 21.15 mmol) and the resultant suspension was 
stirred at room temperature for 3 days. The mixture was concentrated under reduced pressure, 
diluted in saturated NaHC03 (10 mL), and extracted with chloroform (5 x 25 mL). The 
combined organic extracts were dried (Na2S04), filtered, concentrated, and dried in vacuo to 
afford a yellow oil (1.04 g), which was used without further purification in the next step. 
· [0274] To a solution of the crude alcohol from above (360 .mg, i.03 mmol), 4-

dimethylaminopyridine (24.4 mg, 0.20 mmol) and triethylamine (340 µL, 2.44 nunol) in CH2CL 
2 (1.0 mL) was added acetic anhydride (230 µL) and the resultant mixture was stirred at room 
temperature overnight. Then the mixture was quenched with saturated NaHC03 (30 mL) and 
the phases were separated. The aqueous layer was washed with CH2Ch (2 x 20 mL). Then the 
combined organic extracts were washed with saturated NaHC03 (2 x 30 mL), dried (MgS04), 
filtered, concentrated, and dried in vacuo to afford a yellow oil. Purification by column 
chromatography on silica gel (CH30H/CH2Ch, I :9) afforded the title compound (400 mg, 70% 
over 2 steps). 1H NMR (CDCIJ) 6 1.36 (s, 3.H), 2.01(s,3H), 2.45 (qd, 2H, J= 29.1, 16.2, 7.1 
Hz), 4.19 (q, 2H, J= 11.1, 7.8 Hz), 4.97-5.05 (m, 2H), 5.48-5.54 (m, lH), 7.21-7.44 (m, SH). 
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Preoaration of acetic acid 2-methyl-5-oxo-2-phenyl-pentyl ester: 
(0275] To a solution of the acetate from above (400 mg, 1.82 mmol) and 4-

methyJmorpholine N-oxide (4,27 mg, 3.65 mmol) in CH2Ch (IOmL) was added osmium 
tetraoxide (2.5% in t-butanol) (680 µL, 0.06 mmol) and the mixture was stirred at room 
temperature overnight. Then the mixture was diluted with ethyl acetate and filtered through a 
layer of celite. The filtrate was concentrated under reduced pressure and was dried in vacuo to 
afford an orange oil. Partial purification by column chromatography on silica gel (CH30HINH.c­
OWCH2Ch, 4: l :95) followed by radial chromatography on silica gel (2 mm plate, CH30WCH:z­
Cl2, 0: 100 then 2:98) afforded the diol (198 mg) as a yellow oil, which was used without further 
purification in the next step·: 

[0276) ~o a solution of the crude diol from above (198 mg, 0.82 mmol) in THF (5 mL) and 
H20 (I mL) was added sodium periodate (351 mg, 1.64 mmol) and the mixture was stirred for 2 
hours at room temperature. The mixture was diluted with CH2Cl2 (15 mL) and washed with 
saturated NaCl (IS mL). The aqueous layer was washed with CH2Ch (JS mL). Then the 
combined organic extracts were dried (M~S04), filtered, concentrated, and dried in vacuo to 
cleanly afford the product as a pale yellow oil (146 mg, 36% over 2 steps). 1H NMR (CDCb) c5 
1.53 (s, 3H), 2.03 (s, 3H), 2.81(ABqd,2H,J= 49.2, 15.9, 2.7 Hz), 3.75 (t, lH, J= 6.3Hz), 4.23 
(ABq, 2H, J= 20.4, 11.l Hz), 7.24-7.34 (m, 4H» 7.38 (d, lH, J= 3.0 Hz), 9.54 (t, lH, J= 3.0 
Hz). 

·Preparation of 4-ClH-benzoimidazol-2-ylmethyl)-(5.6. 7.8-tetrahydro-guinolin-8-yl)­
amino J-2-methyl-2-phenyl-butan-l-ol: 

(0277] To a solution of the 2-((5,6,7,8-tetrahydro-quinolin-8-ylamino)-methyJ]­
benzimidazoJe-l-carboxylic acid tert-butyl ester (299 mg, 0. 79 mmol) and the above aldehyde 
(146 mg, 0.66 mmol) in CH2Ch ( 4 mL) was added sodium triacetoxyborohydride (251 mg, 1.18 
mmol) and the mixture was stirred at room temperature for 3 days. The mixture was diluted 
with CH2Ch (10 mL) and was extracted with NaOH (IN, 2 x IO mL) and brine (2 x 10 mL). 
The organic layer was dried (Na2S04), filtered, concentrated, and dried in vacuo to afford a 
dark yellow oil. Partial purification by two attempts of radial chromatography on silica gel 
(2nun plate, CH30HIN.f:Lt0H/CH2Ch, 0: 1 :99 then 3: 1 :96), and (2mm plate, NH40H/CH2-
C]i, 0:100 then 1:99) afforded the compound as ay~llow oil (198 mg), which was used without 
further purification 
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(0278] To a solution of the crude amine from above (198 mg, 0.34 mmol) in methanol (3.S 
mL) was added potassiwn carbonate (84 mg, 0.61 mmol) and the mixture was stirred at room 

temperature for 1 hour. Then the solvent was removed under reduced pressure and dissolved in 
CH2Ch. The mixture was filtered to remove the inorganic salt and the filtrate was concentrated 
and dried in vacuo to afford a yellow oil. Purification by radial chromatography on silica gel (1 

mm plate, CH30H/Nf40H/CH2Cli, 1: 1 :98 then 3: l :96) to afford the product as a pale yellow 

foam (85 mg, 24% over2 steps). 1HNMR(CDCh) S 1.20 and 1.26 (s, total 3H), 1.65-1.68 (m, 

2H), 1.93-2.01 (m, 3H), 2.13-2.16 (m, lH), 2.53-2.74 (m, 3H), 3.53-3.76 (m, 2H), 3.91-4.01 (m, 

3H), 7.00-7.09 (m, 3H), 7.17-7.19 (m, 3H), 7.26-7.29 (m, 2H), 7.41(t,2H, J=7.8Hz), 7.64-7.67 
(brm, lH), 8.43 and 8.47 (d, total lH,J= 3.5 Hz). 

[0279) To a solution of the above alcohol (80 mg, 0.15 mmol) in CH2Ch (1.S mL) was 
added Dess-Martin reagent (75 mg, 0.18 mmol) and the mixture was stirred at room temperature 
for 20 minutes. Saturated NaHC03 (I mL) and aqueous sodium clithionite (20%, 1 mL) was 
added to the mixture and stirred until the layers clarified. The mixutre was diluted with CH2Clz 
(S mL) and the phases were separated. The aqueous layer was washed with CH2Clz (3 x 10 

mL). Then the combined organic extracts were dried (Na2S04), filtered, concentrated, and 
dried in vacuo to afford a yellow foam (91 mg), which was used without further purification. 

Preparation of N'-(IH-benzimidazol-2-ylmethyll-3-methyl-3-phenyl-N'-(5,6,7,8-

tetrahydro-guino lin-8-yl)-butane-1,4-diamine 
.. . . . .. . . . 

(0280] To a solution of the crude aldehyde from above (90 mg, 0.17 mmol) in methanol (1.5 
mL) was added hydroxyamine hydrochloride salt (23 mg, 0.33 mmol) and the mixture was 
stirred at room temperature for 40 minutes. The mixture was concentrated under reduced 
pressure and the residue was dissolved in CH2Ch (5 ml). The mixture was basified to pH9 with 
saturated NaHC03 and the phases were separated. The aqueous layer was extracted with CH2Cl. 
2 (2 x IO mL). Then the combined organic extracts were dried (Na2S04), filtered, concentrated, 
and dried in vacuo to afford a pale yellow foam (72 mg), which was used without further 
purification. 

[0281) To a solution of the crude oxime from above (285 mg, 0.63·mm.ol) in methanol (20 
mL) was added a slurry of Raney-nickel in water (approximately 30 mg). The mixture was 
purged with ammonium gas and then hydrogenated overnight at 35 psi. Then the mixture was 

filtered through a layer of celite and the filtrate was concentrated and dried in vacuo to afford a 
yellow oil. Purification by three attempts at radial chromatography on silica gel (2 mm plate, 

106 

~I 1n~TITI ITC ~UCCT ICU II C ""~\ 



WO 03/055876 PCT/US02/41407 

CH30H/NH.cOH/CHJC)i, 0: 1 :99 then 1 :1 :98), (2 mm plate, CH30H/N~OH/CH2Ch, 1: 1 :98 
then 3:1 :96), (1 mm plate, CH30H/N1-i40H/CH2Cli, 1:1:98 then 2:1:97) to afford the minor spot, 
COMPOUND 45 as a yellow foam (16 mg, 4% over 3 steps). 1H NMR (CDCh) 8 1.21 and 

1.25 (s, total 3H), 1.62-2.0S (m, 6H), 2.25-2.80 (m, 7H), 3.48 (q, IH, Jc:: 6.9 Hz), 3.89-4.15 (m, 
3H), 7.00-7.26 (m, 8H), 7.36-7.38 (m, IH), 7.58 (hrs, 2H), 8.58 (hr m, lH). 13C NMR (CDCIJ) 

a 21.10, 2J.01, 23.11, 29.36, 30.09, 38.19, 38.s1, 46.76, 49.87, 49.96, 62.02, 62.20, 122.10, 
122.44, 126.34, 126.49, 126.56, 128.68, 128.97, 134.87, 137.63, 147.11, 147.20. BS-MS mlz 

440 [M+Ht. Anal. Calcd. for C2aff33Ns•0.2CH2Ch•0.6C4H100: C, 73.35; H, 7.93; N, 13.98. 
Found: C, 72.97; H, 7.87; .N, 13.78. 

Example46 

~RR' 
JN~NH2 x 3 HBr 

8
7 

H 
. R=H, R'=Ph or 
: R=Ph, R'=H 

COMPOUND 46(R), COMPOUND 46(Sl: Preparation of ClH-benzimidazol-2-
. ylmethylHS.6. 1.8-tetraliyciro-quinolin-8-yl)-(f-phenyl-l-aminobut-4~yl)-aniirie. 

(hydrobromide salt). 

(0282) NOTE: Synthesis of COMPOUND 46(R) is listed below, proceeding from (R)-(N­
t-butoxycarbonyl)-2-phenylglycinol. The synthesis of COMPOUND 46(8) proceeds identically 
from the (S)-isomer. · 

(0283) A solution ofDMSO (2.13 mL, 30 mmol) in dichloromethane (100 mL) was chilled 
under·nitrogen to --60°C. To this stirred solution, oxalyl chloride (15 mL of a 2.0 M solution in 
dichloromethane, 30 mmol) was added over five minutes. The mhcture was stirred at -60°C for 
ten minutes, then a solution of (R)-(N-t-butoxycarbonyl)-2-phenylglycinol (5.3 g, 20 mmol) in 
dichloromethane (40 mL) was added over ten minutes. The mixture was stirred at-60°C for 20 
minutes, then triethyl~ine (8.35 mL, 60 mmol) was added. The mixture was stirred gradually 
wanning to room temperature, over 60 minutes. A saturated aqueous solution of ammonium 
chloride (75 mL) was then added. The aqueous and organic layers were separated, and the 
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. 
aqueous layer was washed twice with dichloromethane. The combined organic fractions were 
then dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to afford (R)-(N-t­
butoxycarbonyl)-2-phenylglycinal as an unstable yellow oil, which was used immediately 
without further purification in the next reaction (assuming 100% conversion). 1H NMR (CDCh) 
S I.43 (s, 9H), S.31 {m, lH), S.75 (br s, lH (NH)), 7.30-7.41 (m, SH), 9.55 (s, lH). 

(0284] The aldehyde was dissolved in benzene (150 mL), and methyl 
(triphenylphoshporanylid~ne) acetate (6.96 g, 20 mmol) was added. The mixture was then 
stirred at room temperature overnight. The suspension was then concentrated in vacuo and 
loaded directly onto a silica gel column (1: 1 hexanes:ethyl acetate). The product (B)-methyl 4- . 
[(t-butoxycarbonyl)-amino]-4·phenylbut-2-enoate was collected as a colourless oil in a yield of 
3.17 g (52%). s, 9H), 3.71 (s, 3H), 4.95 (m, lH), 5.56 (hrs, lH (NH)), 5.96 (dd, IH, J = 15.2; 
2.9 Hz), 7.05 (dd, lH, J = 15.2, 4.1 Hz), 7.27-7.49 (m, SH). 

(0285] To a solution of methyl 4-[(t-butoxycarbonyl)-amino]-4-phenylbut-2--enoate (3.17 g) 
in methanol (100 mL) was added palladium on carbon (250 mg (10% by wt. Pd)). The mixture 
was then placed under 50 psig hydrogen gas, and was shaken on a Parr hydrogenator for 2 hours. ' 
The mixture was then filtered through celite, concentrated in vacuo and purified by silica gel 
flash chromatography (3:1 hexanes:ethyl acetate) to afford methyl 4-[(t-butoxycarbonyl)­
amino]-4-phenylbutanoate as a pal~ yellow oil in a yield of2.6~ g (82%). 1H NMR (CDCh) 
S 1.45 (s, 9H), 2.07 (m, 2H), 2.36 (m, 2H), 3.69 (s, 3H), 4.59 (m, IH), 5.15 (br s, lH (NH)), 
7.21-7.34 (m, SH) . 

. - .. - ... - -· . ~- ··- - --
(0286) To a 0°C solution of methyl 4-[(t-butoxycarbonyl)-amino]-4-phenylbutanoate (293 

mg, 1.0 mmol) in dichlorometbanc (25 mL) was added Dibal·H (3 mL of a 1.0 M solution in 
dichloromethane, 3.0 mm.al). The mixture was then stirred at 0°C for 2 hours before being 
ql1enched with a saturated aqueous sodimn potassium tartrate solution (10 mL). The biphasic 
mixture was then rapidly stirred for approximately 45 minutes, until the aqueous and organic 
layers clarified. The aqueous and organic layers were then separated 'and the aqueous layer was 
extracted twice with dichloromethane. The combined organic fractions were dried over 
anhydrous sodium sulfate, filtered and concentrated in vacuo to afford a pale yellow residue, 
which was purified by silica gel flash chromatography (1: 1 hexanes:ethyl acetate) to afford 4-[(t­
butoxycarbonyl)-amino ]-4-phenylbutanol as a colourless oil in a yield of 138 mg (52%). 1H 
NMR (CDCh) 5 1.43 (s, 9H), 1.45 (m, 2H), 1.56 (m 2H), 2.71 (br s, lH (OH)), 3.54 (t, 2H, J= 
6.9 Hz). 4.56 (m, lH), 5.22 (br s, IH (NH)), 7.16-7.26 (m, SH). 
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(0287) To a 0°C solution of 4-[(t-butoxycarbonyl)-amino ]-4-phenylbutanol (133 mg, 0.5 
mmol) in dichloromethane (8 mL) was added triethylamine (0.140 ~' 1.0 mmol}, followed by 
methanesulfonylchloride (0.057 mL, 0.75 mmol). The solution was then stirred at 0°C for 15 
minutes before being quenched with an aqueous ammonium chloride solution (2 mL ). The 
aqueous and organic layers were then separated, the aqueous layer extracted twice with 
dichloromethane, and the combined organic fractions were dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo to afford 4-[(t-butoxycarbonyl)-amino]-4-phenylbutanol 
mesylate as a yellow oil, which was used immediately in the next reaction without further 

purification. 1H NMR (CDCl3) S 1.43 (s, 9H), 1.67-2.00 (m, 4H), 2.95 (s, 3H}, 4.18 (t, 2H, J= 

7.1Hz),4.20 (m, lH), 4.92 (br s, lH (NH)), 7.21-7.33 (m, SH) . 

. (0288) To a solution of the mesylate (0.5 mmol, assumed 100% conversion from the 
previous step) in dimethylfonnamide (5 mL) was added sodium azide (130 mg, 2 mmol). The 
mixture was then heated to 70°C for 2 hours under nitrogen. After cooling, the reaction was 
diluted with 40 mL ethyl acetate, and extracted repeatedly with distilled water. The organic 
fraction was then dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The 
residue was purified by silica gel flash chromatography (1:1 hexanes:ethyl acetate) to afford 4-

[(t-butoxycarbonyl)-amino]-4-phenylbutyl aZidC? in a yield of 100 mg'(69% from alcohol). 1H 
NMR (CDCh) 81.38 (s, 9H}, 1.47-1.61(m,2H), 1.78 (m, 2H), 3.25 (t, 2H,J= 6.8 Hz), 4.58 (m, 
lll), 4.97 (m, lH (NH)), 7.20-7.33 (m, SH). 

[0289] To a solution of the azide (1 OOmg, 0.34 mmol) in ~ethanol _(20 ~) -~~- a4~ed. . . . - . - . - - . . .. - . . - .... ·- . - . .... . - . - . 

Lindlar's catalyst (5% Pd on CaC03, poisoned with lead (lSmg)). The mixture was then placed 
under 1 atmosphere H2 and was stirred overnight. The mixture was then filtered tru:ough celite, 
concentrated in vacuo and purified by silica gel flash chromatography (15% Methanol, 1 % 

NltiOH in'dichloromethane) to afford 4-amino-l-phenyl-1-(t-butoxycarbonyl)-amine in a yield 
of 65 mg (72%). 1H NMR (CDCh) 8 1.40 (s, 9H}, 1.77 {m, 2H), 2.29 {m, 2H), 2.70 (t, 2H, J= 

7.8 Hz), 4.58 (m, lH), 5.11 (m, tH (NH)), 7.20-7.33 (m, SH). 

[0290] To a solution ofS;6,7,8-tetrahydroquinolin-8-one (40 mg, 0.271 mmol) and 4-amino­
l-phenyl-1-(t-butoxycarbonyl)-amine (65 mg, 0246 mmol) in dichloromethane (8 mL) was 
added sodium triacetoxyborohydride (115 mg, 0.542 mmol). The reaction was then stirred 
overnight at room temperature. A saturated sodium carbonate solution (S mL) was added, and 
the aqueous and organic layers were then separated. The aqueous layer was extracted twice with 
dichloromethane and the combined organic fractions were dried over anhydrous sodium sulfate, 
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filtered and concentrated in vacuo. The residue was purified by silica gel flash chromatography 
to yield and 4-((5,6, 7 ,8-tetrahydroquinolin-8-yl)-amino )-1-phenyl-1-(t-butoxycarbonyl)-amine 
inayieldof6Smg(61%). 1HNMR(CDCl))S 1.40(s, 9H), 1.61-1.85(m,6H},1.94(m, HI), 
2.04 (m, lH), 2.74 (m, 4H), 3.78 (m, llI), 4.91 (m, lH), 5.35 (m, IH (NH)), 7.07 (dd, lH, J= 
8.1, 4.9 Hz), 7.24-7.28 (m, SH), 7.36 (d, lH,J= 8.1 Hz), 8.36 (d, IH, J= 4.9 Hz). - fix lH 

(0291) To a solution of (N·t-butoxycarbonyl)-2-chloromethylbenzimidazole (53 mg, 
0.20mmol), 4-[(S,6, 7 ,8-tetrahydroquinolin-8-yl)-amino ]-l-phenyl-l-(t-butoxycarbonyl)-amine 
(65 mg,· 0.165 mmol) and diisopropylethylamine (0.043 mL, 0.25 mmol) in acetonitrile (5 mL) 
were stirred at 70oC for I.~. hours. After cooling, the mixture was diluted with dichloromethane 
(20 mL) and washed with a saturated sodium bicarbonate solution (S mL). The aqueous and 
organic layers were then separated, and the aqueous layer was extracted twice. with 
dichloromethane. The combined organic fractions were then dried over anhydrous sodium 
sulfate, filtered and concentrated. The residue was purified by silica gel flash chromatography 
to afford N-[(t-butoxycarbonyl)-benzimidazol-2-ylmethyl)]-(5,6, 7,8-tetrahydro-quinolin-8-yl)­
(l-phenyl-l-aminobut-4-yl)-(t-:butoxycarbonyl)-amine as a pale foam in a yield of 73 mg (7 I%). 
I 

, HNMR(CDCIJ) o 1.40 (s, 9H), 1.63 (s, 9H), 1.71-2.11(m,8H), 2.58-2.79(m, 4H), 4.16 (dd, 
IH, J= 10.9, 8.1Hz),4.43 (m, 3H), 5.05 (m, lH (NH)), 6.96 (m, UI), 7.15-7.31(m,8H), 7.75 
(m, Ill), 7.83 (m, lH), 8.-30 (m, HI). 

(0292] Using General Procedure D; Conversion of the foam from above (72 mg, 0.117 
mmol) to the hydrobromide salt followed by re-precipi~tjo~ of the µtt~FD:tediate.~ol~d :from . - . . . . . . . . . . 

methanol/ether gave COMPOUND 46(R) (58mg, 70%) as a beige solid. 1H NMR (D20) 8 0.83 
(m, lli), 1.84 (m, SH), 2.06-2.20 (m, 2H), 2.3~-2.55 (m, 2H), 2.90 (m, 2H), 4.05 (m, lH), 4.22 
(d, lH,J= 15.8 Hz), 4.45 (m, lH), 4.48 (d, 1H,J= 15.8 Hz), 7.07-7.18 (m, 5H), 7.62 (m, 2H), 
1a3 (m, 2H), 7.87 tdd, IH, J= 13.2, 5.7 Hz), 8.28 and 8.31 (d, III total, J== S.1 Hz (each 
doublet from a diastereomer)), 8.54 (d, lH, J= 5.4 Hz); 13C NMR (DiO) 8 20.59, 25.10, 25.23, 
27.59, 30.46, 30.56, 49.59, 55.04, 55.50, 61.15, 61.98, 114.29, 125.92, 126.94, 127.28, 127.39, 
129.47, 129.61, 129.84, 129.92, 130.82, 139.07, 139.23, 140.41, 148.13, 151.72. ES-MS mlz 
426 (M+H). Anal. Calcd. for C21H11Ns•3.QHBr•2.6H20: C, 45.35; H, S.52; N, 9.79; Br, 33.52. 
Found: C, 45.72; H, 5.34; N, 9.43; Br, 33.34. 

(0293) COMPOUND 46(S) was prepared using the same procedure described above from 
73mg (0.117 mmol) ofN-[(t-butoxycarbonyl)-berizimid~ol-2"yltnethyI)]-{5,6, 7 ,8-tetrahydro­
quinolin-8-yl)-{l-phenyl-I-aminobut-4-yl)-(t-butoxycarbonyl)-amine to afford 49mg (58%) of 
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the hydrobromide salt as a white solid. 1H, 13C and MS data identical to that for 

COMPOUND 46(R). Anal. Calcd. for C21H31Ns•3.0HBr•2.7H20: C, 45.23; H, 5.54; N, 9.77; 

Br, 33.43. Found: C, 45.52; H, 5.49; N, 9.39; Br, 33.45. 

Example 47 

COMPOUND 47: Preparation of OH-benzimidazol-2-ylmethyll-{5,6, 7 .8-tetrahydro-

quinolin-8-yl)-(l-aminobutan-3-ol-4-yl)-amine. 

[0294] To a solution of 3-buten-1-ol (I 0 g, 138 mmol) in dichloromethane (150 mL) was 

added acetic anhydride (13 mL, 138 mmol) and 4-dimethylaminopyridine (244 mg, 2 mmol). 

The mixture was then stirred at room temperature for 8 hours. The reaction mixture was then 

poured into a saturated aqueous sodium bicarbonate solution ( 100 mL ). After separation of the 

aqueous and organic layers, the aqueous layer was extracted twice with I 00 mL portions of 

dichloromethane. The combined organic fractions were then dried over anhydrous sodium 

· sUlfate, filtered, and concentrated in vacuo to afford 3-buten-1-yl acetate as a colourless oil in a 
I 

yield of 12.9 g (82%). 1H NMR (CDCh) S 2.04 (s, 3H), 2.3& (m, 2H), 4.11(t,3H, J= 7.1 Hz), 

5.04 (d, lH, J= 9.1Hz),5.08 (d, lH,J= 15.3 Hz), 5.77 (m, lH). 

(0295) To a solution of 3-buten-1-yl acetate (5.7 g, 50 mmol) in dichloromethane (200 mL) 

was added m-chloroperoxybenzoic acid (12.9 g, 75 mmol). The reaction was then stirred at 

room temperature for 3 hours. The reaction mixture was then filtered through celite and 

concentrated In vacuo. The residue was purified by silica gel flash chromatography (4:1 

hexanes:ethyl acetate) to yield 3,4-epoxybutan-l-yl acetate as a colourless oil in a yield of 3.8 g 

(58%). 1H NMR (CDC13) 8 1. 78-1.88 (m, 2H), 2.03 (s, 3H}, 2.47 (m, IH}, 2.75 {m, lH), 2.99 

(m, 1H),4.18(t, 1H,J=6.6Hz). 

(0296] To a solution of3,4-epoxybytan-l-yl acetate (3.9 g, 29 mmol) in DMF (SO mL) was 

added potassium phthalimide (6.47 g, 35 mmoJ). The stirred mixture was then heated to 90°C 

for 16 hours. After cooling, the mixture was diluted with ethyl acetate (200 mL) and extracted 
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repeatedly with water. The organic fraction was then dried over anhydrous sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by silica gel flash chromatography 

(I: 1 hexanes:ethyl acetate) to afford N-(3-hydroxybutan-4-yl-l-acetate)-phthalimide as a pale 

yellow oil in a yield of I .65g (20%). 1H NMR (CDCI)) o 1.69-1.88 (m, 2H), 2.04 (s, 3H), 2.90 

(m, lH (OH)), 3.79 (d, 2H, J= 5.1Hz),4.03 (rn, lH), 4.21-4.31(m,2H), 7.70 (m, 2H), 7.83 (m, 

2H). MS m!z 300 (M+Na). 

[0297] To a solution of afford N-{3-hydroxybutan-4-yl- l-acetate )-phthalimide (554 mg, 2.0 

mmol} in acetonitrile (15 mL) was added imidazole (150 mg, 2.2 mmol) and t-butyldimethylsilyl 

chloride (310 mg, 2.05 mmol). The mixture was then stirred overnight at room temperature. 

Dichloromethane (50 mL) was then added to the reaction, and the mixture was extracted with a 

saturated ammonium chloride solution. The organic layer was then dried over anhydrous 

sodium sulfate, filtered and concentrated to leave a yellow oily residue which was purified by 

silica gel flash chromatography (3:1 hexanes:e.thyl acetate) to afford N-(3-t­

butyldimethylsiloxybutan-4-yl-1-acetate)-phthalirnide in a yield of 570 mg (73%). 1H NMR 

(CDC}]) S -0.04 (s, 3H), -0.01 (s, 3H), 0.84 (s, 9H), 1.78 (m, 2H), 3.68 (dd, lH, J= 8.1, 6.5 Hz), 

3.73 (dd, IH;J= 8.1, 6.2 Hz), 4.15 (m, 3H), 7.71 (m, 2H), 7.85 (m, 2H). 

[0298} To a stirred-78°C solution of afford N-(3-t-butyldimethylsiloxybutan-4-yl-1-

acetate)-phthalimide (670 mg, 1.71 mmol) in THF (20 mL) was added DIBAL-H (5.1 mL of a 

1.0M solution in hexanes, 5.1 mmol). The reaction was stirred at -78°C for 45 minutes, then a 

saturated solution of ammonium chloride (5 mL) was added. The mixture w~ allowed to wann . . . . . . . .. .. . 
to room temperature, then ethyl acetate (20 mL) and IN HCI (2 mL) were added. The mixture 

was th~ii shaken in a separatory funnel to speed the clarification of the layers, then the organic 

and aqueous layers were separated. The aqueous layer was extracted twice with ethyl acetate, 

· then the combined organic fractions were separated and the aqueous layer was extracted twice 

with ethyl acetate. The combined organic fractions were then dried over anhydrous sodium 

sulfate, filtered and concentrated in vacuo. The residue was purified by silica gel flash 

chromatography (l :l hexanes:ethyl acetate) to afford N-(3-t-butyldimethylsiloxybutan-l-ol-4-

yl)-phthalimide as a colourless oil in a yield of 465 mg (78%). 1H NMR (CDCh) a -0.02 (s, 

3H), 0.09 {s, 3H), 0.86 (s, 9H), 1.71-1.82 (m, 2H), 2.11 (m, lH (OH)), 3.76 (rn, 4H), 4.28 (m, 

lH), 7.73 (m, 2H), 7.85 (m, 2H). 

(0299) To a solution ofN-(3-t-butyldimethylsiloxybutan-l-ol-4-yl)-phthalimide (160 mg, 

0.4 mmol) in dichloromethane (10 lnL) was added Dess-Martin Periodinane (212 mg, 0.5 
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mmol). The mixture was then stirred at room temperature for 30 minutes. A 5% solution of 

sodium thiosulfate (10 mL) and a saturated sodium bicarbonate solution (10 mL) was added 

along with another 20 mL of dichlorornethane. The mixture was then stirred rapidly for 20 

minutes, and the aqueous and organic layers were separated. The aqueous layer was extracted 

twice with dichloromethane, and the combined organic fractions were dried over anhydrous 

sodium sulfate, filtered and concentrated in vacuo to afford N-(3-t-butyldimetbylsiloxybutan-1-

al-4-yl)-phthalimide as a yellow oil, which was used immediately in the next reaction without 

furth~r purification. 1H NMR (CDCb) 6 -0.02 {s, 3H), 0.05 (s, 3H), 0.81 (s, 9H), 2.61 (m, 2H), 

3.74 (m, 2H), 4.51 (m, lH),.7.71(m,2H), 7.85 (m, 2H), 9.81.(m, lH). 

(03001 To·a solution ofN-(3-t-butyldimethylsiloxybutan-l-al-4..yl)-phthalimide (0.4 mmol) 

in dichloromethane (15 mL)was added (5,6,7,8-tetrahydroquinolin-8-yl)-[(N-t-butoxycarbonyl)­

benzimidazol-2-yl)methyl]-amine (151 mg, 0.4 mrnol). The mixture was stirred at room 

temperature for 30 minutes, then sodium triacetoxyborohydride (170 mg, 0.8 mmol) was added, 

and the reaction was allowed to stir for 16 hours. A saturated sodium bictu"bonate solution (10 . 
mL) was added, and the aqueous and organic layers were separated. The aqueous layer was then. 

extracted twice with dichloromethane, and the combined organic :fractions were dried over 

anhydrous sodiwn sulfate, filtered and concentrated in vacuo. The residue was then purified by 

silica gel flash chromatography (3% methanol in dichloromethane) to afford [(N-t­

.butoxycarbonyl)-benzimidazol-2-ylmethyJ]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-( l-(N­

phthalimidyl)-butan-3-(t-butyldimethylsiloxy)-4-yl)-amine as a pale yellow foam i~.a_yiel~. of 
. . . i ' - . . . .. ' . . ' . 

224 mg (79%). H NMR (CDCh) B -0.25 (s, 3H), -0.23 (s, 3H), 0.69 (s, 9H), 1.44-1.63 (m, 4H), 

1.68 (s, 9H), 2.00 (m, 2H), 2.16 (m, lH), 2.65-2.74 {m, 3H), 3.48-3.62 (m, 2H), 3.94 (m, lH), 

4.23 (m, IH), 4.44 (d, 1H, J = 15.3 Hz), 4.72 (m, lH, J = 15.3 Hz}, 6.95 (m, lH), 7.20 (m, 3H), 

7.67 (m, 3H), 7.77 (m, 3H), 8.44 (m, lH). 

(0301) To a solution of[(N+butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6,7,~­

tetrahydro-quinolin-8-yl)-(l-(N-phthalimidyl)-butan-3-(t-butyldimethylsiloxy)-4-yl)-amine (170 

mg, 0.24 mmol) in THF (8 mL) was added IN HCI (2 mL). The mixture was then heated to 

S0°C for 2 hours. After cooling, dichloromethane (50 mL) was added, and the mixture was 

shaken with a saturated sodium bicarbonate solution (20 mL). After separation of the aqueous 

and organic layers, the aqueous layer was extracted twice with dichloromethane. The combined 

organic fractions were then dried over anhydrous sodium sulfate, filtered and concentrated in 

vacuo to afford a foamy residue, which was purified.by silica gel flash chromatography (5% 

methanol in dichloromethane) to afford (l-H-benzimidazol-2-ylmethyl)-(5;6,7,8-tetrahydro-
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quinolin-8-yl}-(1-(N-phthalimidyl)-butan-3-ol-4-yl)-amine as a white foam in a yield of73 mg 
(49%). 1H NMR (CDCI)) a 1.50-1.59 (m, 2H), 1.70-2.07 (m, SH), 2.21 (m, lH), 2.75-3.00 (m, 

4H}, 3.78-3.94 (m, 2H}, 4.00-4.22 (m, 2H}, 7.04 (m, IH), 7.16 (m, 2H), 7.24 (d, IH, J = 5.8 Hz}, 
7.68 (br s, lH (NH)), 7.71 (m, 3H), 7.81(m,3H), 8.21 and 8.42 (d, total of lH, J= 4.9, 5.1 Hz 
respectively). 

(0302) To a solution of (1-H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)­
(l·(N-phthalimidyl)-butan-3-ol-4-yl)-amine (73 mg, 0.147 mmol) in denatured ethanol (5 m.L) 
was added hydrazine hydrate (0.07 mL, 1.5 mmol). The mixture was then heated to reflux for 
60 min.Ptes. After cooling, .~e reaction was concentrated In vacuo, taken up in dichloromethane 
(:20 m1:-)and washed with aii aqueous sodium carbonate solution (5 mL). The aqueous layer was 
then extracted twice with clichloromethane, and the combined organic fractions were dried over 
anhydrous sodium sulfate, filtered and concentrated to afford a foamy residue which was 
purified by silica gel flash chromatography (10% methanol, 0.5% ammoniwn hydroxide in 
dichloromethane) to afford (1H-benzimidazol-2-ylmethyl)-(5,6,7 ,8-tetrahydro-quinolin-8-yl)-(l- · 
aminobutan-3-ol-4-yl)-amine (COMPOUND 47-diastereomeric mixture) as a white foam in a 
yield of 22 mg (41 %). 1H NMR (CDCb) o 1.35 (m, lH), 1.70-1.82 (rn, 2H), 2.06 (m, 11-I), 2.26 

(m, IH), 2.54-2.99 (m, 5H), 3.57 and 3.84 (m, total of IH), 3.94 (d, lH, J = 15.3 Hz), 4.01 (m, 
UI), 4.13 (s, lH), 4.13 (d, lH, J = 15.3 Hz), 7.14-7.21(m,3H), 7.42 (d, lH, J = 7.5 Hz), 7.57 

{m, 2H), 8.46 and 8.56 (d, total of IH, J= 3.6, 3.6 Hz respectively); 13C NMR (CDCh) a 21.57, 

22.25, 29.33, 31.52, 32.30, 46.46, 47.69, 48.69, 49.91, 62J5, 62~67, 70:11, ?4.23, 12~ .. 33, ··-.. 

122.67, 122.99, 135.61, 138.21, 146.93, 147.29, 141.15, 154.89. ES-MS mlz 366 (M+H). Anal. 
Calcd,•for C21 H27N50•0.4CH2Ch: C, 64.35; H, 7.01; N, 17.53. Found: C, 64.16; H, 7.20; N, 

17.22 .. ·• 

Example 48 
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COMPOUND 48: Preparation of CIH-benzimidazol-2-ylmethyl):CS.6. 7.8-tetrahydro-. 
quinolin-8-yl}(l-amino-3-fluoro-butan-4-yl)-amine. 

(0303] To a 0°C solution of (l-H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-

yl)-(l-(N-phthalimidyl)-butan-3-ol-4~yl)-amine (81mg,0.163 mmol (preparation described 

above)) in dichloromethane (5 mL) in a polyethylene test tube under a nitrogen atmosphere was 

added diethylaminosulfur trifluoride (0.065 mL, 0.5 mmol). The mixture was stirre~ gradually 

warming to room temperature for 2 hours. The mixtme was then poured into a saturated sodium 

bicarbonate solution (10 mL). The aqueous and organic layers were then separate~ and the 

aqueous layer was extracted:twice with dichloromethane. The combined organic fractions were 

then dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was 

purified by silica gel flash chromatography (5%methanol in dichloromethane) to afford (l-H­

benzimidazol-2-ylmethyl)-( 5,6, 7,8-tetrahydro-quinolin-8-yl )-( l-(N-phthalimidyl)-3-fluoro­

butan-4-yl)-amine as a white foam in a yield of 55 mg (67%). 1H NMR (CDCl.J) 8 1.69 (m, 2H), 

1.86-2.04 (m, 4H), 2.75-2.88 {m, 4H), ~.99 (m, IH), 4.02-4.20 (m, 4H), 5.01 and 5.08 (m, total 

of IH), 7.13 (m, 4H), 7.26 (m, lH), 7.59-7.73 {m, 4H), 7.89 (m, lH), 8.78 (m, HI). 

(0304) To a solution of (1-H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)­

(1-(N-phthalimidyl)-3-fluoro-butan-4-yl)-amine (55 mg, 0.110 mmol) in denatured ethanol (5 

mL) was added hydrazine hydrate (0.07 mL, 1.5 mmol). The mixture was then heated to reflux 

for 60 minutes. After cooling, the reaction was concentrated in vacuo, taken up in 

dichlorome~hane (20 mL) and washed with an aqueous sodium carbonate solution-(5 mL).- The 

aqueous layer was then extracted twice with 
0

dichloromethane, and the co~bined organic 

fractions were dried over anhydrous sodium sulfate, filtered and concentrated to afford a foamy 

residue which was purified by silica gel flash chromatography (10% methanol, 0.5% ammonium 

hydroxide in dichloromethane) to afford (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-(1-amino-3-fluorobutan-4-yl)-amine (COMPOUND 48 - diastereomeric 

mixture) as a white foam in a yield of 16 mg (40%). 1H NMR (CDC!]) 8 1.73 (m, 2H), 1.91-2.04 

(m, 2H), 2.23 (m, lH), 2.61-2.86 (m, 6H), 4.00 (d, lH, J = 16.5 Hz), 4.05 {s, lH), 4.07 (m, IH), 

4.15 (m, IH), 4.17 (d, lH, J = 16.5 Hz), 4.47 and 4.53 (m, total of IH), 7.14-7.22 (m, 4H), 7.42 

(d, IH, J = 8.1 Hz), 7.57 (m, IH), 7.58 (hrs, lH {NH), 8.58 (d, lH, J= 4.5 Hz); 13C NMR 

(CDCIJ) 8 21.73 and 23.83 (d, total of 1C, 1c-F = 23 Hz), 29.30, 29.54, 30.73, 39.09, 45.92 and 

46.60 (total of IC), 47.35, 50.10 and 62.23 (d, total of IC, Jc-F = 27 Hz), 92.65 and 95.11 {d, 

total of JH, Jc ... F = 167 Hz), 115.38, 122.08, 122.73, '129.19, 131.29, 135.07, 137.82, 137.98, 
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146.99, 147.11, 156.49, 157.65. ES-MS mlz 368 (M+H). Anal. Calcd. for 
C21H26NsF•O.lCH2Cl2•0.2C6li12: C, 68.19; H, 7.34; N, 17.83. Found: C, 67.82; H, 7.14; N, 
17.66. 

Example49 

COMPOUND 49: Preparation of [3-Cl-amino-cyclopropyl)-propylJ-(lH-
benzimidazol-2-ylmethyl)-(5 ,6, 7 ,8-tetrahydro-quinolin-8-yll-amine 
(hydrobromide salt). 

Preparation of 1-tert-butoxycarbonylamino-cyclopropanecarboxylic acid ethyl ester 
(Wentland, M.P.; Perni, R.B.; Dorff, P:H.; Rake, J.B. J. Med Chem. 1988, 31, 
1694-1697.): 

[0305] ·To. a suspens.ion or" 1-aminocyclopropanecarboxylic acid (998 mg, 9.87 mmol) in 
EtOH (25 mL), cooled to 0 °C, was added SOCli (2.0 mL, 27 nunol) dropwise over I 0 minutes. 
The re~M!ti~g solution was heated at reflux under nitrogen for 2 hours, then was evaporated 
under reduced pressure, giving the ester as a light brown oil. 

[0306] This material was dissolved into EtOAc (25 mL) and a solution ofKHC01 (I.SI g, 
15.1 mmol) in H20 (9 mL) was added dropwise. The resulting solution was cooled to 0 °C and 
a solution of Boc,.0 (2.97 g, 13.6 mmol) in EtOAc (10 mL) was added. The reaction was stirred 
at room temperature for 16 hours, the layers were separated and the aqueous solution was 
extracted with EtOAc (25 rnL). The combined organic solution was dried (MgS04), filtered and 
concentrated under reduced pressure. Purification by flash column chromatography on silica 
(EtOAc/hexane, 1 :3) gave the protected amine as light brown solid (1.27 g, 5.54 mmol, 56%). 
1H NMR (CDCIJ) 6 1.08-1.18 (m, 2H), 1.23 (t, 3H, J= 7.2 Hz), l.44 (s, 9H), 1.46-1.53 (m, 2H), 
4.14 (q, 2H,J=7.2 Hz), 5.13 (hr. s, IH). 
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Preparation of(l-hyclroxvmethyl-cyclQpropyll..carbamic acid lert-butvl ester: 

(0307) To a solution of the ester (1.18 g, 5.15 mL) in THF (10 mL) under nitrogen was 

added a solution ofLiBHt (200 mg, 9.2 mmol) in THF (10 mL) dropwise over 10 minutes. The 

reaction was stirred at room temperature for 17 .5 hours, then was cooled to 0 °C. A solution of 

50% HOAc was added dropwise until the evolution of gas had ceased (approx. 8 mL). The 

resulting white suspension was diluted with H20 (1 S mL) and was extracted with Et20 (30 mL). 

The organic solution was washed with 15% aqueous NaHC~ (15 mL) and brine (15 mL), then 

dried (Na2S04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (BtOAc/hexane, 1:1) gave the alcohol as a white solid (592 mg, 3.16 
2 I .· 

mmol, 61%). H NMR (CDCIJ) 8 0.81(s,4H), 1.43 (s, 9H), 3.52 (br. s, lH), 3.58 (s, 2H), 5.12 

(br. s, lH). 

Preparation of ll-fonnyl..cycloproovll-carbamic acid /ert-butvl ester: 

(0308] To a solution of the alcohol (389 mg, 2.08 mmol) in CH2CI2 (11 mL), cooled to 0 °C, 

was added crushed, dried 3A molecular sieves (1.05 g), NMO (382 mg, 3 .26 mmol) and TP AP 

(76 mg, 0.22 mmol). The black mixture was stirred at 0 °C for 30 minutes and at room 

temperature for a further 30 ~inutes. The mixture was diluted with EtOAc (20 mL) and flushed 

through a short silica column, rinsing with EtOAc. The product containing material was 

concentrated under reduced pressure giving the aldehyde as a white solid (345 mg, 1.86 mmol, 

90%). 1H NMR (CDCIJ) 8 1~27~1.3?Jm, 2H), l.40-l.5Z.(~. 2fl), 1,.46.(s, 9H), 5.22 (br. s, IH), . 

9.16 (s, IH). 

Preparation of (El-3-( 1-tert-butoxycarbonylamino-cyclopropyll-acrylic acid ethyl ester: 

(0309] Triethyl phosphonoacetate (0.62 mL, 3.13 mmol) was added dropwise to a 

suspension of60% NaH in mineral oil (120 mg, 3.00 mmol) in THF (5 mL). The resulting 

solution was stirred at room temperature for 10 minutes, then cooled to 0 °C for the dropwise 

addition of a solution of the aldehyde (463 .mg, 2.50 mmol) in THF (S mL). The reaction was 

stirred at 0 °C for 15 minutes, then heated to reflux for I hour. Once cooled to room 

temperature, saturated aqueous NH.iCI (10 mL) was added, the layers were separated and the 

aqueous solution was extracted with CH2Ch (1 O mL x 2). The organic solution was dried 

(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (EtOAclhexane, l: l) gave the unsaturated ester as a pale yellow solid 
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(539 mg, 2.11mmol,84%). 1H NMR (CDCh) 8 1.11-1.18 (m, 2H), 1.24-1.29 (m, SH), 1.44 (s, 
9H), 4.17 (q, 2H,J= 7.1Hz),5.02 (br. s, lH), 5.84 (d, IH,J= 15.3 Hz), 6.47 (d, lH,J== 15.6 
Hz). 

Preparation of 3-( 1-tert-butoxycarbonylamino-cyclopropyl)-propionic acid ethyl ester: 
(0310) A solution of the unsattirated ester(495 mg, 1.94 mmol) in EtOAc (10 mL) was 

hydrogenated (H2 balloon) over l 0% Pd/C (25 mg, 0.023 mmol) at room temperature for 3 
hours. The mixture was suction filtered through Celite, washing with EtOAc and evaporation of 
the filtrate under reduced pressure gave the saturated ester as a colourless oil (500 mg, 1.94 
mmo1,:wo%). 1HI)JMR(CDCh) () 0.61-0.65 (m, IH), 0.73-0.78 (m, IH), 0.91(t,2H,J= 7.4 
Hz), 1.25 (td, 3H, J= 7.1, 1.4 Hz), 1.43 (s, 9H), 1.78-1.90 (m, 2H), 2.36 (t, lH,J= 7.7 Hz), 2.44 
(t, 1H,J=7.5Hz),4.12(q,2H,J=7.l Hz). 

Preparation of[l-{3-hydroxy-propyl)-cyclopropyll-carbamic acid tert-butyl ester: 
[0311) LiBH.t (70 mg, 3.2 mmol) was added to a solution of the ester (500 mg, 1.94 mmol) 

in THF (8 mL). The reaction was stirred at room temperature under nitrogen for 18 hours, then 
was quenched by the dropwise addition of 50% aqueous HO~c until the evolution of gas had 
ceased (approx. 2 mL). The suspension was diluted with H20 (10 mL) and extracted with Et20. 
(15 mL). The organic solution was washed with saturated aqueous NaHC03 (IO mL) and brine 
(10 mL), dried (Na2S0.1), filtered and concentrated under reduced pressure. Purification by flash 

. . . . 
colwnn chromatography on silica (hcxane/EtOAc, 2: I; increased to 1: 1) gave the alcohol as a 
c.olourless oil (164 mg, 0.77 mmol, 40%). 1H NMR (CDCIJ) a 0.55-0.62 (m, 2H), 0.69-0.75 (m, 
2H), lAO (s, 9H), 1.52-1. 72 (m, 4H), 2. IO (br. s, 1 H), 3.64 (t, 2H, J = 6.3 Hz), 4.96 (hr. s, lH). 

Preparation of {1-[3-(5,6, 7,8-tetrahydro-guinolin-8-ylamino )-propyll-cyclopropyll­
carbamic acid terr-butyl ester: 

(0312) To a solution of the alcohol (160 mg, 0.74 mmol) in CH2Ch (4 mL), cooled to 0 °C, 
was added crushed, dried 3A molecular sieves (374 mg), NfyfO (125 mg, 1.07 mmol) and TPAP 
(26 mg, 0.07 nunol). The reaction was stirred at 0 °C for 25 minutes, then at room temperature 
for a further 15 minutes. The reaction was diluted with EtOAc (8 mL) and the mixture was 
flushed through a short silica column, eluting with EtOAc. Removal of the solvent under 
reduced pressure gave the aldehyde as a pale yellow oil (123 mg, 78%). 
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[0313) A solution of this material (120 mg, 0.56 mmol) and 8-amino-S,6,7,8-

tetrahydroquinoline (90 mg, 0.61 mmol) in MeOH (1.5 mL) was stirred at room temperature 

under nitrogen for 17 hours. NaBH. (35 mg, 0.93 rnrnol) was added and the reaction was stirred 

for a further 15 minutes. The solvent was evaporated under reduced pressure, the residue was 

taken up into CH2Ch (20 mL) and was washed with saturated aqueous NaHC03 (5 mL) and 

brine (5 mL). The organic solution was dried (MgS04), filtered and concentrated under reduced 

pressure. Purification by flash column chromatography on silica (CH2Cl:z/MeOH/Nl1'0H, 

19:1:0.1) gave the secondary amine as an orange oil (51mg,0.15 mmol, 26%). 1HNMR. 

(CDCI3) 5 0.57-0.63 (m, 2H), 0.69-0.76 (m, 2H), 1.42 (s, 9H), 1.56-(;80 (m, SH), 1.80-2.06 (m, 
. . 

JH), 2.09-2.20 (m, lH), 2.68-2.87 (m, 4H}, 3.77 (t, lH,J== 6.3 Hz), 5.16 (br. s, lH), 7.06 (dd, 

lH,J= 7.7, 4.7 Hz), 7.37 (d, lH,J== 7.5 Hz), 8.38 (d, IH,J= 4.2 Hz). 

Preparation of 2-ff[3-0-tert-butoxycarbonylamino-cyclopropyl}-propyll-{5,6, 7.8-

tetrahydro-guinolin-8-yll-amino J-methyl}-benzimidazole-1-carboxylic acid tert­

butyl ester: 

(0314] A solution o!the secondary amine (51 mg, 0.147 rnrnol), tert-buty.12-chloro­
·methylbenzimidazole-1-carboxylate (47 mg, 0.18 mmol), DIPEA (0.04 mL, 0.2 mmol) and KI 

(5 mg, 0.03 mmol) in CH3CN (0.8 mL) was stirred at 60 °C under nitrogen for 18 hours. Once 

cooled to room temperature, saturated aqueous NaHC03 (5 mL) was added and the mixture was 

extracted with CH2Ch (10 mL x 3). The combined organic solution was dried (MgS04), filtered . . . .. . . . . . . . - . . . . . . . . . . 

and concentrated under reduced pressme. Purification by flash column chromatography on 

· silica (CH2Ch/MeOH1NH.tOH, 19: 1 :0.1) gave the tertiary amine as a pale orange foam (60 mg, 

0.104 mmol, 71%). 1H NMR (CDC)]) 5 0.30·0.46 (m, 2H), 0.48-0.63 (m, 2H), 1.29-1.50 (rn, 

llH), 1.60-1.76 (m, 12H), l.79-1.90 (m, lH), 1.95-2.05 (m, lH), 2.08-2.19 (rn, lH), 2.59-2.70 
· (m, 2H), 2.72-2.87 (m, 2H), 4.26 (dd, IH, J= 9.5, 6.5 Hz), 4.50 (d, IH, J= 15.6 Hz), 4.63 (d, 

1H,J= 15.0 Hz), S.10 (br. s, lH), 6.98 (dd, lH,J= 7.7, 4.7 Hz), 7.26-7.32 (m, 3H), 7.72 (dd, 

lH, J= 6.2, 3.2 Hz}, 7.83 (dd, lH, J= 6.0, 3.0 Hz), 8.37 (d, lH, J== 3.0 Hz). 

Preparation of COMPOUND 49: 

(0315) To a solution of the tertiary amine (57.6 mg, 0.100 mmol) in glacial HOAc (1.0 mL) 

was added a saturated solution of HBr in HOAc (0.5 mL). The reaction was stirred at room 

temperature for one hour and Et20 (S mL) was added. The resulting sticky solid was washed 

with Et20 (I mL x 2), then crushed with a spatula ~bile under Et20 (~ 2 mL). The resulting 
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precipitate was washed with Et20 (1 mL x 2), then dried under reduced pressure affording 
COMPOUND 49 as an orange powder (65.7 mg, 0.091mmol,91%). 1HNMR (020) 8 0.63-
0.68 (m, 2H), 0.81-0.86 (m, 2H), 1.46-1.67 (m, 4H), 1.76-1.90 (m, lH), 1.93-2.06 (m, lH), 2.12-
2.22 {m, HI), 2.31-2.41 (m, IH), 2.48-2.58 (m, lH), 2.77-2.87 (m, IH), 2.96-3.02 (m, 2H), 4.39 
(d, lH, J= 16.8 Hz), 4.47-4.56 (m, 2H), 7.59 (dd, 2H, J= 6.2, 3.2 Hz), 7.79 (dd, 2H, J= 6.2, 3.2 
Hz), 7.85 (dd, IH, J= 7.8, 6.0 Hz), 8.33 (d, IH, J= 7.8 Hz), 8.62 (d, IH, J= 5.4 Hz). 13C NMR 
(020) 8 9.6, 20.4, 24.3, 27.6, 31.8, 34.3, 48.0, 51.8, 60.5, 114.3, 125.9, 126.9, 131.0, 139.3, 
140.6, 148.1, 151.2, 151.7. ES-MS mlz 376 (M+H). Anal. Calcd. for 

·CnHi9Ns·3.IHBr·l.5C2"49r0.2H20: C, 43.37; H, 5.39; N, 9.73; Br, 34.40. Found: C, 43.26; 

H, 5.67; N, 9.64; Br, 34.68. 

Example SO 

CQ 
iN~NH2 

HN ~N 

0 
COMPOUND 50: (IH-Benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahyclroguinolin-8-yl)-· 

· (5-amino-pent-1-yl)-amine (Hydrobromide salt) 

[0316] To a stirred solution of [l-(2-(trimethylsilyl)ethoxymethyJ)-(lH-benzimidazol-2-
ylmethyl)]-(5,6,7,8-tetrahydro-quinolin-8-yl)-amine (188 mg, 0.455 mmol) and diisopropylethyl 
amine (0.26 ml< 1.49 mmol) in CH3CN was added 5-bromovaleronitrile (0.12 mL, 1.03 mmol). 
The mixture was heated a~ 80 °C for 47 hours, after which time the reaction was cooled to room 
temperature. After removal of volatiles unde~ reduced pressure, the residue was dissolved in · 
CH2Ch (20 mL). The solution was washed with brine (3 x 15 mL). The aqueous phase was 
extracted with CH2Ch (I x I 5 mL). The combined organic phases were dried (Na2S04), filtered 
and concentrated under reduced pressure to give p crude orange oil (306 mg). Purification of 
this oil by column chromatography (I.75 cm OD, 14 g silica, 40:1 CH2Ch: CH30H) afforded 
the purified tertiary amine (110 mg, 50%). 
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[0317) The amine from above (110 mg) was dissolved in ammonia saturated CH30H (12 

mL) and treated with Raney-Nickel (410 mg). The mixture was shaken on a Parr hydrogenator 

at 50 psi H2 for 20 hours, after which time the mixture was filtered through celite and 

concentrated to give a crude yellow-orange oil (124 mg). 

(0318] The amine from above (124 mg) was dissolved in 4N HCI (2 mL) and heated to 50 

°C for 6 hours. The mixture was then cooled to room temperature and basified with 1 ON NaOH 

(final pH> 13). This aqueous phase was extracted with CH2Ch (4 x 10 mL). The organic phase 

was then dried (Na2S04), filtered and concentrated to give a crude brown foam (83 mg). 

Purification of this foam by-radial chromatography on silica gel (40: 1 :1 CH2Ch: CH30H: NH.i. 

OH) afforded the pure freebase (38 mg , 46% over two steps). 

(0319) Using the General Procedure D: Conversion of the freebase from above (38 mg) to 

the hydrobromide salt gave COMPOUND 50 as a white solid (53 mg, 76 %). 1H NMR (D20) a 
1.14-1.28 (m, 2H), 1.39-1.57 (m, 4H), 1.77-1.90 (m, lH), 1.96-2.10 (m, UI), ~.13-2.23 (m, lH), 

2.31-241 (m, lH), 2.46-2.57 (m, lH), 2.73-2.90 (m, 3H), 2.96-3.03 (m, 2H), 4.38 (d, ~H, J== 

16.7 Hz), 4.47-4.57.(m, 2H), 7.60 (dd, 2H,J= 6.3, 3.3.Hz), 7.80 (dd, 2H, J= 6.2, 3.l Hz), 7.86 

(dd, IH, J= 1.9, 6.0 Hz), 8.31 (d, lH, J= 7.0 Hz), 8.62 (d, IH, J= 4.7 Hz). 13C NMR (D20) 5 

20.40, 23.88, 26.92, 27.63, 27.87, 39.68, 48.51, 52.09, 60.86, 114.26 (2 carbons), 125.85, 126.83 

(2 carbons), 131.17, 139.29, 140.47, 147.92 (2 carbons), 151.48, 152.00. ES-MS mlz 364 

(M+H) Anal Cale. for C22H29N5 ·3.lHBr ·2.6H20: C, 39.97; H, 5.69; N, 10.59; Br, 37.46 . 

. Found: C, 39.~6; H, 5.64; N, 10.62; Br, ~7.36. 

Example 51 

CQ 
1N~NH2 

HN -.:::N 

0 
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COl\fPOUND 51: ( IH-Benzimidazol-2-y[methyll-(5.6. 7 .8-tetrahydroguinolin-8-yl}-
( 6-amino-bex-l-yl)-amine CHydrobromide sa]t) 

Preparation ofN-(tert-butoxycarbonyl)-6-amino-1-hexanal: 

0~"J.oi. 
H 

(0320] Di-tert-butyl-dicarbonate (1.155 g, 5.29 mmol) was added to a solution of 6-amino­
l ~hex~ol (541mg,4.62 mmol) and diisopropylethyl amine (0.25 mL) in THF (10 mL). The 
m~~ _was stirred at ambient temperature for 18 hours, after which time the volatile 

J comp~~ents were removed under reduced pressure. The residue was dissolved in CH2Ch (30 
mL) and washed with brine (3 x 20 mL). The organic phase was dried (Na2S04), filtered and 
removed on a rotovap to leave a crude yellow oil (l .090g). 

(0321) Some of the above-obtained oil (220 mg, 1.01 mmol) was dissolved in CHiCh (5 
mL) and treated with Dess-Martin periodinane (455 mg, 1.07 mrnol). After 2 hours, the reaction 
was diluted with diethyl ether (20 mL) and treated with 20% w/v Na2S203 (aq)· The phases were 
separated after IO minutes, and the aqueous phase was extraced with ether (3 x IO mL). The 
combined organic phase was washed with 20% w/v Na2S203 (1x12 mL), saturated aqueous 
NaHC03 (Ix 12 mL) and brine (l x 12 mL). The organic phase was dried (MgS04), filtered 

I and removed llllder reduced pressure to give a crude colourless oil (172 mg). This oil was 
. punfied by colunin chromatography (l.7S cm OD, 14 g. silica, 4:1 hexane~: ethyl acetate) to give 
31 mgofdesiredintermediate(14%). 1HNMR(CDCIJ)d 1.29-1.SO{m,. 13H), 1.63 (pentet, 
2H, J= 7.4 Hz), 2.42 (td, 2H, J= 7.2, 1.6 Hz), 3.06-3.12 (m, 2H), 4.57 (br s, 1H), 9.74 (s, lH). 

(0322] Using the General Procedure B: To a stirred solution of [l-(2-
(trimethylsilyl)ethoxymethyl)·(l H-benzimidazol-2-ylmethyl)]·(5,6, 7,8-tetrahydro-quinolin-8-
yl)-amine (62 mg, 0.150 mmol) and N-(tert-butoxycarbonyl)-6-amino-l-hexanal (31 mg, 0.144 
mmol) in CH2Ch (2.5 mL) was added NaBH(OAc)3 (66 mg, 0.311 mmol) and the mixture 
stirred for 24 hours to afford a crude yellow oil (91 mg). 

(0323) This oil (91 mg) was dissolved in 4N HCI (2 mL) and heated to 50°C. After 4 hours 
the reaction was allowed to cool. The reaction was basified with ION NaOH (final pH> 13) and 
the aqueous phase was extracted with CH2Cl2 (8 X· 7 mL). The organic phase was dried 
(Na2S04), filtered and removed on a rotovap to give_52 mg crude yellow oil freebase. This oil 
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was purified by radial chromatography on silica gel (40:1:1 CH2Cl2: CH30H: NH.tOH) to give . 
36 mg yellow film (66% yield over two steps). 

(0324) Using the General Procedure D: conversion of the freebase from above (36 mg) to· 

the hydrobromide salt gave COMPOUND 51 as a white solid (53 mg, 84 %). 

[0325) 1H NMR (D20) B 1.13-1.23 (m, 4H), 1.31-1.56 (m, 4H). 1.75-1.90 (m, IH), 1.96-

2.10 {m, lH), 2.13-2.23 (m, lH), 2.31-241 (m, lH), 2.44-2.55 (m, IH), 2.71-2.81 (m, IH), 2.85 

(t, 2H,J= 7.8 Hz), 2.97-3.04 (m, 2H), 4.38 (cl, IH,J= 17.0 Hz), 4.484.59 (m, 2H), 7.61 (dd, 

2H,J=6.1, 3.1 Hz), 7.80 (dd, 2H,J=6.1, 3.0 Hz), 7.86 (dd, lH,J= 7.7, 5.9Hz), 8.34(d, lH,J 

= 8.3 Hz), 8.62 (d, lH, J=.5.7 Hz). 13C NMR (D20) 8 20.39, 20.45, 25.81, 26.41, 27.07, 27.64, 

28.14, 39.74, 48.67, 52.22, 60.95, 114.24 (2 carbons), 125.86, 126.88 (2·carbons), 131.01, 

139.2~, 140.49, 147.99, 151.55, 152.12. ES-MS mlz 378 (M+H) Anal Cale. for CnH31N5 

·3.lHBr ·1.9H20: C, 41.69; H, 5.77; N, 10.57; Br, 37.38. Found: C, 41.77; H, 5.60; N, 10.60; Br, 

37.36. 

Example 52 

COMPOUND 52: Preparation of N1-(1H-Benzimidazol-2-ylmethy))-N-(5,6,7,8-

tetrahydro-guinolin-8-yl)-cyclohexane-cis-l.4-diamine (hydrobromide salt). 

Preparation of 4-{N-(tert.:.butyloxycarbonyl)lamino-cyclohexanone: . 
(03261 A solution of trans-4-aminocyclohexanol hydrochloride (2.67 g, 1.14 mol) in 1 N 

NaOH (40 mL) was washed with CHCb (40 mL), CH2Cli (2 x 30 mL) and EtOAc (4 x 30 mL). 

The combined organic extracts were dried (Na2S04), filtered and concentrated in vacuo to afford 

the desired free base (0.43 g) as a white solid. To a suspension of trans_-4-aminocyclohexanol 

(0.43 g, 4.09 mmol) in THF (20 mL) was added di-'tert-butyl dicarbonate (0.89 g, 4.09 mmol) 
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and the mixture stirred at room temperature for 2 hours. The mixture was concentrated under 
reduced pressure and the resultant crude product was used without further purification in the 

next reaction. 

[0327) To a suspension of the alcohol from above (-3.7 mmol) and powdered 3 A molecular 
sieves (0.90 g) in CH2Ch (10 mL) was added 4-methylmorpholine N-oxide (0.696 g, 5.95 

mmol) and tetrapropyJammonium perruthenate (0.089 g, 0.25 mmol) and the mixtme stirred 
overnight The reaction was concentrated under reduced pressure and purified by column 

chromatography through a plug of silica gel (ethyl acetate/hexanes, 1: 1) to afford the title 

~mpQ~d (0.670 g, 84% over 2 steps) as a white solid. 1H NMR (CDCl3) <> 1.45 (br s, 9H), 
J .64-1.73 (m,.2H), 2.21-2.27 (m, 2H), 2.37-2.44 (m, 4H), 3.89-3.95 (m, lH), 4.50 (br s, lH, 

NH) .. ··· 

(0328] Following General Procedure B: To a stirred solution of8-amino-5,6,7,8-
tetrahydroquinoline (195 mg, 1.32 mmol) and 4-[N-(tert-butyloxycarbonyl))amino­
cyclohexanone (293 mg, 1.38 mmol) in dry THF (5 mL) was added NaBH(OAc)3 (392 mg, 1.85 
mmol) and the mixture stirred for 2 h at room temperature. The reaction was diluted with 
CH2Ch (20 mL) and saturated aqueous sodium bicarbonate (40 mL) and the aqueous phase was 
washed with CH2Ch (2 x I 0 mL). The combined organic extracts were dried (Na2S04), filtered 
and concentrated to afford the desired secondary amine as a mixture of diastereomers (520 mg). 
The diastereomers were separated and purified by column chromatography with silica gel 
(CH2Ch/MeOH, 96:4) to give a top, less polar diastereomer (179 mg, 39%) and a ·~~er, mo!e 
polar oiie"(107 mg, 23%), each aS all orange oil. 

(0329) Following the General Procedure for N-alkylation: To a stirred solution of the top, 

less pol~ diastereomer from above (179 mg, 0.52 mmol) in CH3CN (5 mL) was added N.N· 
. diisopropylethylarnine (0.18 mL, 1.04 nunol), KI (24 mg, 0.14 mmol) and 1-(tert­

butoxycarbonyl)-2·(chloromethyl)benzimidazole (149 mg, 0.56 mmol). The mixture was stirred 
at 60 °C for 4 h then cooled, diluted with CH2Ch ( 40 mL) and saturated aqueous sodium 

bicarbonate (30 rnL). The aqueous phase was washed with CH2Ch (2 x 10 mL), dried (Na2S04), 
filtered and concentrated. Purification of the resultant brown oil by column chromatography 

with silica gel (CH2Ch/Me0H, 96:4) afforded the desired alkylated cis-1,4-diantine, N 1-(1-tert­

butoxycarbonyl-benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-cyclohexane-
' , cts-1,4-diamine-4-carboxylic acid tert-butyl ester; (142 mg, 47%) as a yellow oil. 

'(0330] Using General Procedure D: Conversio~ of the oil from above (72 mg, 0.13 mmol) 
to the hydrobromide salt with simultaneous removal of the N-tert-butoxycarbonyl protecting 
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group followed by re-precipitation of the intermediate solid from methanol/ether gave 

COMPOUND 52 (67 mg, 82%) as an orange solid. 1H NMR (D20) S 1.66-1.81 (m, 4H), 1.85-

2.08 (m, 4H), 2.11-2.18 (m, 3H), 2.42-2.47 (m, lH), 2.81-2.85 (m, UI), 3.00-3.02 (m, 2H), 3.53-

3.55 (m, IH), 4.45 (d, IH, J= 16.8 Hz), 4.57-4.63 (m, lH), 4.60 (d, lH, J= 16.8 Hz), 7.59 (dd, 

2H, J= 6.3, 3.3 Hz), 7.76 (dd, 2H, J= 6.3, 3.3 Hz), 7.80 (dd, IH, J= 7.8, 6.3 Hz), 8.28 (d, lH, J 

= 7.8 Hz), 8.58 (d, IH,J== 5.S Hz); 13C NMR(D20) 8 20.79, 23.38, 24.33, 25.64, 27.SS, 27.70, 

27.90, 43.83, 46.55, 58.06, 59.77, 114.25, 125.82, 127.02, 130.95, 139.12, 140.53, 147.99, 

151.38, 152.14. ES-MS mlz ~16 (M+H). Anal. Calcd. for C23H29Ns•2.9HBr•2.SH20: C, 42.16; 

H, 5.68; N, 10.69; Br, 35.37. Found: C, 42.55; H, 5.43; N, 10.31; Br, 35.28. 

Example 53 

COMPOUND 53: Preparation N-{ 4-cis-[{1H-Benzimidazol-2~yl_methyl)-(5,6,_7 ,8-
.. 

tetrahydro=guinolin-8-yl)-amino}cyclohexyl }-2-chloro-benzamide 

(bydrobromide salt) 

(0331) A solution of the ~iprotected amine from above, N1-(1-tert-butoxycarbonyl­
benzimidazol-2-ylmethyl)-N-(5,6,7,8-tetrahydro-quinolin-8-yl)-cyclohexane-cis-l,4-diamine-4-
carboxylic acid tert-butyl ester, (see COMPOUND 52) (70 mg, 0.12 mmol) in CH2ChffFA 

( 1: 1, 2 mL) was stirred at room ·temperature for 1.5 h. The reaction was then concentrated mid 

diluted with CH2Ch (15 mL) and 1 NNaOH (15 mL). The aqueous layer was washed with 

CH2Clz (2 x I 0 mL) and the combined organic extracts were dried (Na2S04), filtered and 

concentrated. To a solution of the resultant crude amine (32 mg) CH2Cli (3 mL) was added 

Et3N (0.045 mL, 0.32 mmol) and 2-chlorobenzoylchloride (0.030 mL, 0.24 mmol) and the 

mixture stirred overnight. The reaction was diluted with CH2Ch (10 mL) saturated aqueous 
sodium bicarbonate (10 mL). The aqueous layer was washed with CH2Ch (2 x 5 mL) and the 
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combined organic extracts were dried (Na2S04), filtered and concentrated. Purification of the· 

crude foam by radial chromatography on silica gel gel ( 1 mm plate, 100: 1: 1 

CH2Ch/MeOH/NI-40H) afforded the title amide (23 mg, 37% over 2 steps) as a yellow foam. 

(0332] Using General Procedure D: Conversion of the foam from above (23 mg, 0.045 

mmol) to the hydrobromide salt followed by reMprecipitation of the intermediate solid from 

methanol/ether gave COMPOUND 53 (27 mg, 83%) as a yellow solid. 1H NMR (D20) a 1.44M 

1.62 {m, 4H), 1.74-1.97 (m, 4H), 2.04-2.21(m,3H), 2.41-2.46 (m, IH), 2.80..2.84 (m, lH), 3.00-

3.02 (m, 2H), 3.98-3.99 (m, lH), 4.41 (d, lH,J= 16.8 Hz), 4.554.60 (m, lH), 4.58 (d, IH,J= 

16.8 Hz), 7.30-7.37 (m, 21i), 7.43-7.45 (m, 2H), 7.60 (dd, 2H, J= 6, 3 Hz), 7.75 (dd, 2H, J= 6, 

3 Hz)/7.82 (dd, lH, J= 7.8, 6 Hz), 8.31 (d, lH, J= 8.1 Hz), 8.58 (cl, lH, J= 5.1Hz); 13C NMR 

CD20) ·a 20.18, 23.87, 25.39, 21.11. 21.59, 2s.s4, 28.92, 44.11, 45.77, 59.89, 60.00, 114.24, 

125.83, 127.07, 127.73, 128.61, 130.18, 130.88, 131.89, 135.36, 139.08, 140.55, 148.01, 151.94, 

152.11, 170.46. ES-MS mlz 514 (M+H). Anal. Calcd. forC30H32NsOCl•2.2HBr•l.9H20: C, 

49.61; H, 5.27; N, 9.64; Br, 24.iO. Found: C, 49.65; H, 5.22; N, 9.50; Br, 24.17. 

Example 54 

COMPOUND 54: Preparation of N1-ClH-Benzimidazo1-2-ylmethyll-N1-{5,6,7,8-

tetrahydro-quinolin-8-yl)-cyclohexane-transM 1.4-diamine (hydro bromide salt) 

(0333) Following the General Procedure for N-alkylation: To a stirred solution of the 

bottom, more polar diastereomer from above (see COMPOUND 52) (107 mg, 0.31 mmol) in 

CH3CN (5 mL) was added N,N-diisopropylethylamine (0.11mL,0.63 mmol), Kl (14 mg, 0.08 

mmol) and l-(tertMbutoxycarbonyl)M2-(chloromethyl)benzimidazole (106 mg, 0.40 mmol) and 

the mixture was stirred at 60 °C for 7 h. Purification of the resultant brown oil by colwnn 

chromatography with silica gel (CH2Cl:z/Me0~0H, 96:4:0 then 95:4:1) followed by radial 
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chromatography on silica gel (lmm plate, (CH2Ch/MeOH/NH40H, 50:1 :1) afforded the desired 
al.kylated trans-1,4-diamine (44 mg, 25%) as a clear oil. 

[0334) Using General Procedure D: Conversion of the foam from above (31mg,0.054 
mmol) to the hydrobromide salt with simultaneous removal of the N-tert-butoxycarnoyl 
,protecting group followed by re-precipitation of the intermediate solid fro!ll methanol/ether gave 
COMPOUND 54 (32 mg, 90%) as a white solid. 1H NMR 0>20) 8 1.40-1.61 (m, 4H), 1.86-
2.30 (m, 7H), 2.42-2.46 (m, IH), 2.76-2.84 (m, IH), 3.00-3.02 (m, 2H), 3.11-3.18 (m, UI), 4.44 
(d, IH, J- 16.8 Hz), 4.52-4.57 (m, lH), 4.57 (d, IH, J= 16.8 Hz), 7.60 (dd, 2H, J= 6, 3 Hz), 

· 7.77 (dd, 2H,J= 6, 3 Hz),?.81 (dd, lH,J= 7.8, 6 Hz), 8.29(d, lH, J= 7.8 Hz), 8.58 (d, lH,J= 
5.7 Hz); 13c NMR (D20) a 20.13, 24.05, 21.54, 21.62, 29.60, 29.74, 29.85, 44.06, 49.58, 58.80, 
59.30, 114.25, 125.80, 126.97, 131.03, 139.10, 140.46, 147.96, 151.62, 152.09. ES-MS m/z376 
(M+H). Anal. Calcd. for C23H29Ns•3.0HBr•2.1H20: C, 42.11; !I• 5.56; N, 10.67; Br, 36.54. 
Found: C, 42.24; H, 5.60; N, 10.51; Br, 36.50. 

Example 55 

COMPOUND 55: Preparation of N1-(1H-Benzimidazol-2-ylmethyl)-N1-{(S)-5,6, 7,8-
tetrahydro-guinolin-8-yl)-trans-cyclohexane-1,4-diamine (hydrochloride salt) 

[0335) To a solution of trans-4-aminocyclohexanol hydrochloride (10.0 g, 65.9 mmol) and 
triethylamine (18.4 mL, 132.0 mmol) in tetrahydrofuran (132 mL) was added di-tert-butyl 
dicarbonate ( 15 .31 g, 70. J mmol). The mixture was stirred at 25°C under nitrogen for 17 h at 
which time ethyl acetate (250 mL) was added. The solution was washed with water (2 x 100 
mL), dried (Na2S04) and concentrated to afford (4-Hydroxy-cyclohexyl)-carbamic acid tert­
butyl ester as a white solid (13.82 g, 97%). 1H NMR (CDCl3) 81.09-1.25 (m, 2H), 1.31-1.39 
(m, 2H), 1.44 (s, 9H), 1.94-2.03 (m, 4H), 3.42 (bs, lH), 3.56-3.64 (m, IH), 4.34 (bs, IH). 
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[0336) To a solution of (4-hydroxy-cyclohexyl)-carbamic acid tert-butyl ester (5.80g, 26.9 
mmol) in dry methylene chloride (67 mL) wa8 added in order activated 3A molecular sieves 
(6.54 g), 4-methylmmpholine N-oxide (5.04 g, 43.0 mmol) and tetrapropylammonium 
perruthenate (380 mg, 1.08 mmol). The mixture was stirred at 25°C for 18 h under nitrogen 
then the mixture was concentrated. Purification by column chromatography on silica gel with 
hexane/ethyl acetate (I: 1) afforded ( 4-oxo-cyclohexyl)-carbamic acid tert-butyl ester as a white 
solid (S.52 g, 96%). 1H NMR (CDCh) ~ 1.46 (s, 9H), 1.64-1.74 (m, 2H), 2.21-2.27 (m, 2H), 
2.39-2.45 (m, 4H}, 3.97 (bs, lH), 4.40 (bs, IH). 

- [0337] Acetic acid (2.9 mL, 50. 7 mmol), ( 4-oxo-cyclohexyl)-carbamic acid tert-butyl ester 
(4.32-g, 20.2 mmol) and sodium triacetoxyborohydride (7 .56 g, 35. 7 mmol) were added to a 
solution of (S)-5,6,7,8-tetrahydro-quinolin-8-ylamine (2.86 g, 19.3 mmol) in tetrahydrofuran (78 
mL) and the mixture was stirred at 25°C for 3.5 h. The mixture was diluted with methylene 
chloride (500 mL) and washed with saturated sodium bicarbonate (600 mL). The aqueous layer 
was extracted with methylene chloride (2 x 150 mL). The combine organic layers were dried 
(Na2S04) and concentrated. The crude mixture of isomers was purified by column 
chromatography on silica gel with methanoVmethylene chloride ( 4:96) to afford the trans­
isomer [ 4-((S)-5,6, 7,8-tetrahydro-quinolin-8-ylamino )-trans-cyclohexyl]-carbamic acid tert­
butyI ester as a white solid (2.0lg, 30%). 1HNMR (CDCh) o l.06-1.39 (m, 4H), 1.69 (s, 9H), 
1.65-1.80 (m, 2H), 1.90-2.14 (m, 5H), 2.16-2.25 (m, IH), 2.29 (bs, lH), 2.56-2.71 (m, IH), 

_ 2.72'."2.88 {m, 2H), 3.43. (bs, lH), 3.92 (t,_ IH, J= 6.3 Hz),.4.39.(bs, IH), 7.04 (dd, 1H;J= 7.9, . 
4.5 llz), 7.35 (d, lH, J= 7.5 Hz), 8.38 (d, lH, J= 4.5 Hz). 

·.-• [0338] The enantiomeric purity of [ 4-((S)-5,6, 7,8-tetrahydro-quinolin-8-ylamino )-trans­
cyclohexyl]-carbamic acid tert-butyl ester was determined to be 95% by chiral HPLC using the 
following conditions: Instrument: Hewlett Packard 1100 HPLC (VWD2); Column: ChiralPak 
AD, 2.1cmx100 cm; Mobile Phases: A= 90:10 hexanes/ isopropanol with 0.1%TFA, B = 
isopropanol; Isocratic: 90% A, 10%B; Total Run Time: 25 min; Flow Rate: 1.0 mllmin; 
Temperature: I 0 °C; Detector: UV @ 254 nm; Injection volume: 30 µL. 

[0339J Retention time of the S enantiomer = 5.3 min. 
(0340) Retention time of the R enantiomer = 8.1 min. 
[0341) To a suspension of [ 4-((S)-5,6, 7,8-tetrahydro-quinolin-8-ylamino )-trans-cyclohexyl]­

carbamic acid tert-butyl ester (1.95g, 5.64 mmol) in dry acetonitrile (60 mL) was added 2-
chloromethyl-benzoimidazole-1-carboxylic acid terr-butyl ester (l.65g, 6.20 mmol), 
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dilsopropylethylamine (2.0 mL, 11.4 mmol) and potassium iodide (100 mg, 0.60 mmol). The 

mixture was wanned to 60°C and stirred for 2 days under nitrogen. The mixture was 

concentrated, dissolved in methylene chloride (80 mL) and washed with brine (50 mL). The 

aqueous layer was extracted with methylene chloride (3 x 50 mL). The combined organic layers 

were dried (Na2S04) and concentrated. The crude mixture was purified by column 

chromatography on silica gel (80 g) with methanol/methylene chloride (4:96) to afford 2-{[(4-

/ert-butoxycarbonylamino-trans-cyclohexyl)·{5,6,7,8-tetrahydro-quinolin-8·yl)-amino]­

methyl}-benzimidazole-1-carboxylic acid tert-butyl ester as a white solid (1.82 g, 56%). 1H 

NMR. (CDCh) 6 1.09 (bs, 2H), 1.43 (s, 9H), l.68 (s, 9H), 1.83-2.14 (m, 6H), 2.47-2.63 (m, lH), 

2.65-2.79 (m, lH), 2.79-2.95 (m, lll), 3.32 (bs, Ill), 4.30 (bs, "2H), 4.46 {s, 2H), 6.75-6.89 (m, 

IH), 7.00-7.13 (m, ,lH), 7.61-7.70 (m, lH), 7.70-7.79 (m, lH), 8.32 (bs, lH). 

(0342] 2-{ [( 4-ter/-Butoxycarbonylamino-trans-cyclohexyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-

yl)-amino ]-methyl }-benzimidazole-1-carboxylic acid tert-butyl ester was dissolved in acetic 

acid (15 mL) and hydrogen chloride gas was bubbled through the solution for 10 min. The 

mixture was stirred for an additional 1.75 h then diluted with acetic acid (15 mL). The acetic 

acid solution was added dropwise, over 40 min., to a rapidly stirred flask of diethyl ether (300 

mL) where a white fluffy precipitate formed. The ether mixture was allowed to settle and 

decanted. The slurry was washed with ether (4 x 300 mL) and then the precipitate was collected 

on a glass frit and rinsed thoroughly with ether. The frit was placed into a vacuum oven (40°C) 

fo_r 18 h toaffor~_CO~OUND ~S !18.a.beigesolid (1 .. 36 g, 79%). 1HNMR(D20) .Sl.34-

l.1.52"(m, 2H), 1.57 (dq, 2H, J= 12.3, 2.4 Hz), 1.77-1.92 (m, lH), 1.97-2.21 (rn, 6H), 2.24-2.42 

(m, lH), 2.82 (tt, lH, J= 11.6, 3.1Hz),3.09 (d, 2H, Jr: 3.9 Hz), 3.13 (tt, lH, J= 11.7, 3.6 Hz), 

4.38 (d, lH,J= 16.5 Hz), 4.51(m,2H), 7.52-7.58 (m, 2H), 7.71-7.77 (m, 3H), 8.23 (d, lH,J= 

7.5 Hz), 8.54 (d, IH, J=4.8 Hz); 13C NMR(D20) ~ 20.70, 24.04, 27.51, 27.62, 29.62, 29.67, 

29.85, 44.05, 49.60, 58.74, 59.42, 114.30 (2C), 125.64, 126.63 (2C), 131.62, 139.11, 140.28, 

147.65, 151.75, 152.19. ES-MS mlz 316 (M+H). Anal. Calcd. for 

C23H29Ns•3.0HC1•2.SH20•0.2Et20: C 52.47, H 7.22, N 12.86, Cl 19.52. Found: C 52.46, H 

6.97, N 12.85, Cl 19.56. 

(0343] The enantiomeric purity of COMPOUND 55 was determined to be 97% by chiral 

HPLC using the following conditions: Instrument: Hewlett Packard 1100 HPLC (VWD2); 

Colwnn: ChiralPak AD, 2.1cmx100 cm; Mobile Phases: A= 90:10 hexanes/ isopropanol with 
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0.1 %DEA, B = isopropanol; Isocratic: 70% A, 30%B; Total Run Time: 20 min; Flow Rate: 0.6 
mL/min; Temperature: 5 °C; Detector: UV @ 270 nm; Injection volume: 20 µL. 

.. -.. , 

(0344) Retention time of the S enantiomer = 11. l min. 

(0345] Retention time of the R enantiomer = 8.8 min. 

Example56 

COMPOUND 56:. Preparation of N1-(1H-Benzimidazol-2-ylmethyl)-Nl-(5,6,7.8-
tetrahyclro-guinolin-8-yl )-N2 -benzy I-cyclohexane-trans-1 ,4-diamine 

(hydrobromide salt) 

Preparation of N1-{1H-Benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro-guinolin-8-yl)­
cyclohexane-trans-I.4-diamine: 

CQ 

O
.r::o.,NH

2 

~ 
.-<::; 

Preparation of N-tert-butoxycarbonyJ-trans-1.4-cyclohexanediamine (Smith, J .; Liras. 
J.L.; Schneider, S.E.; Anslyn, EJ. Org. Chem. 1996. 61, 8811-8818): 

[0346] To a solution of trans-1,4-cyclohexan~diamine (8.01 g, 70.1 mmol) in CHCIJ (230 
mL) was added a solution of di-tert-butyl dicarbonate (7.67 g, 35.1 mmol) in CHCh (SO mL) via 
syringe pump over a period of 6 hours. The resultant white suspension was stirred at room 
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temperature for an additional 10 hours then concentrated in vacuo and diluted with CH2Cii (100 
mL) and saturated aqueous Na2C03 (100 mL). The layers were separated and the organic layer 
was washed saturated aqueous Na2C03 (2 x 30mL). The combined organic phases were dried 

(Na2S04), filtered and concentrated to give the title compound (5.30 g, 71 % based on Boc20) as 
a white solid. 

[0347) Following General Procedure for Reductive Amination B: To a stirred solution of 

6, 7-dihydro-SH-quinolin-8·one (3.04 g, 20.65 mmol) and N-tert-butoxycarbonyl-trans-1,4-
cyclohexanediamine ( 4.42 g, 20.65 mmol) in dry THF (100 mL) was added AcOH (3 mL) and 
NaBH(OAc)J (S.69 g, 26.8$ mmol) and the mixture stirred overnight at room temperature. 
Purification by column chromatography on sili".11 gel (CH2Cli/MeO~OH, 96:4:0 then 
94:5:1) afforded the desired amine (3.79 g, 53%) as a white solid. 

(0348) Following the general procedure for N-alkylation: To a stirred solution of the trans-
1,4-diamine from above (3. 79 g, 11.0 mmol) in CH3CN (55 ~)was added N,N­
diisopropylethylamine (3.5 mL, 19.7 mmol), KI (91mg,0.55 mmol) and 1-(tert-

. butoxycarbonyl)-2-( chloromethyl)benzimidazole (2.93 g, 11.0 mmol) and the .mixture was 
stirred at 60 °C overnight. Purification of the resultant orange foam by column chromatography 

. . on silica gel (CH2Ch/MeOH/NHiOH, 96:4:0 then 94:5: 1) afforded the desired alkylated amine 
(3.28 g, 52%) as a yellow foam. 

~0349] The yellow foam from above (3.28 g, 5.70 mmol) oil was dissolved in CH2ChffFA 
(1 :1, 10 mL) and the mixture stirred at room temperature for 2.~ hours. The reactio~ was then . 
concentrated and diluted with CH2Cli (80 mL) and 1 N NaOH (75 mL). The aqueous layer was 
washed with CH2Ch (2 x 50 mL) and the combined organic extracts were dried (Na2S04), 
filtered and concentrated to afford the title compound (l.97 g, 92%) as a yellow foam. 1H NMR 

(CDCl3) a 0.92-1.10 (m, 2H), 1.21-1.28 (m, 2H), 1.45-1.58 (m, 4H), 1.66-1.77 (m, 2H), 1.82-

1.90 (m, 2H), 1.95-2.09 (m, lH), 2.17-2.35 (m, lH), 2.39-2.59 (m, 2H), 2.67-2.80 (m, lH}, 2.83-
2.96 (m, lH), 4.10 (dd, IH, J= 9, 6 Hz), 4.19 (s, 2H), 7.14-7.21 (m, 4H), 7.43 (d, lH, J= 6 Hz), 

7.55-7.62 (br m, 2H), 8.60 (d, lH,J= 6 Hz); 13C NMR(CDCh) 5 21.85, 27.32, 29.31, 29.84, 

30.97,45.61,50.03, 56.58, 62.37, 110.77, 118.96, 121.36, 122.23, 134.74, 137.52, 146.34, 
158.32, 158.60. 

(0350) To a stirred solution of N-(1H-Benzimidazol-2-ylmethyl)-N1-(5,6, 7,8-tetrahydro­
quinolin-8-yl)-cyclohexane-trans-1,4-diamine (140 mg, 0.37 mmol) in dry MeOH (3 mL) was 
added benzaldehyde (0.038 mL, 0.37 mmol) and the solution stirred at room temperature for 3 h. 
The mixture was concentrated in vacuo, analyzed by 1H NMR and redissolved in MeOH (3 mL) 
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and CH2Cb (0.8 mL). To this solution was added sodium borohydride (28 mg, 0.74 mmol) and 

the mixture stirred for 2 hat room temperature. (see General Procedure B). Purification of the 

crude material by radial chromatography on silica gel gel (1 nun plate, CH2Clz/MeOH/Nf40H, 

gradient elution from I 00: l : 1 to 20: l: 1) afforded the free amine ( 119 mg, 69%) as a clear oil. 

[0351) Using General Procedure D: Conversion of the oil from above (119 mg, 0.26 mmol) 

to the hydrobromide salt followed by re-precipitation of the intennediate solid from 

methanol/ether gave COMPOUND 56 (149 mg, 79%) as a white solid. 1H NMR (DiO) a 1.44-

1.60 (m, 4H), 1.79-1.93 (m, lH), 2.00-2.11 (m, lH), 2.14-2.32 (m, SH), 2.40-2.44 (m, JH), 2.77-

2.85 (m, lH), 2.98-3.01(m,.2H),3.12-3.20 (m, lH), 4.21 (s, 2H), 4.42 (d, lH, J= 16.8 Hz), 
.!.. . 

4i52-456 (m, lH), 4.55 (d, JH, J= 16.8 Hz), 7.41-7.47 (m, SH), 7.59 (dd, 2H, J= 6, 3Hz); 7.76 

(dd, 2H;J= 6, 3 Hz), 7.79 (dd, IH, J= 8.1, 6.3 Hz), 8.28 (d, lH, J= 7.5 Hz), 8.57 (d, lH, J= 

s.s Hz); 13C NMR (D20) a 20.12, 24.03, 27.54, 27.61, 28.08, 28.35, 29.71, 44.0I, 48.93, 56.04, 

58.79, 59.32, 114.24, 125.80, 126.95, 129.72, 130.04, 131.06, 131.31, 139.10, 140.46, 147.95, 

151.56, 152.03. ES-MS mlz466 (M+H). Anal. Calcd. for C30H3sNs•3.0HBr•2.0H20: C, 48.41; 

H, 5.69; N, 9.41; Br, 32.20. Found: C, 48.65; H, 5.92; N, 9.32; Br, 31.97. 

Example 57 

COMPOUND 57: .Preparation of N-CIH-Benzimidazol-2-ylmethyll-.N'-buty1-N1
-

(5,6, 7 ,8-tetrahydro-guinolin-8-yl)-cyclohexane-trans-l ,4-diamine (hydro bromide 

salt). 

Preparation. of N-ter/-butoxycarbonyl-trans-1.4-cyclohexanediaminler 

(0352) rer Smith, J.; Liras, J.L.; Schneider, S.E.; Anslyn, E. Solid and Solution Phase Organic 

Syntheses ofOligomeric Thioureas J. Org. Chem. 1996, 61, 8811-8818. 
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(0353) To a solution of trans-1,4-cyclohexanediamine (8.01 g, 70.1 mmol) in CHCh (230 

mL) was added a solution of di-terr-butyl dicarbonate (7 .67 g, 35.1 mmol) in CHCb (50 mL) via 

syringe pump over a period of 6 hours. The resultant white suspension was stirred at room 

temperature for an additional 10 hours then concentrated under reduced pressure and diluted 

with CH2Ch (100 mL) and saturated aqueous Na2C03 (100 mL). The layers were separated and 

the organic layer was washed with saturated aqueous Na2C03 (2 x 30mL). The combined 

organic phases were dried (Na2S04), filtere~ and concentrated to give the desired compound 

(S.30 g, 71% based on B0020) as a white solid. 

Preparation of N1-0H-Benzimidazol-2-ylmethyl)-N1-(S,6, 7.8-tetrahydro=guinolin-8-yl)­

cyclohexane-trans-1,4-diamine 

[0354) Following General Procedure B: To a stirred solution of 6,7-dihydro-SH-quinolin-8-

one (3.04 g, 20.65 nunol) and N-tert-butoxycarbonyl-trans-1,4-cyclohexanediamine (4.42 g, 

20.65 mmol) in dry THF (100 mL) was added AcOH (3 mL) and NaBH(OAc)3 (S.69 g, 26.85 

rnmol) and the mixture stirred overnight at room temperature. The reaction mixture was 

concentrated underreduced pressure, diluted with CH2Ch (100 mL) and saturated aqueous 

sodium bicarbonate (100 mL), and the aqueous phase was extracted with CH2Ch (3 x 75 mL). 

The combined organic extracts were dried (Na2S04), filtered, and concentrat~d. Purification by 

colwnn chromatography on silica gel (CH2Ch/Me0H/NH40H, 96:4:0 then 94:5:1) afforded the 

desired amine (3.79 g, 53%) as a white solid. 

(0355] Following the general procedure for N-alkylation: To a stirred solution of[4-(5,6,7,8-

Tetrahydro-quinolin-8-ylamino )-trans-cyclohexyl]-carbamic acid tert-butyl ester from above 

(3.79 g, 11.0 mmol) in CH3CN (55 mL) was added N,N-diisopropylethylamine (3.5 mL, 19.7 

mmol), KI (91mg,0.55 mmol) and t-(tert-butoxycarbonyl)-2-(chloromethyl)benzimidazole 

(2.93 g, 11.0 mmol). The mixture was stirred at 60 °C overnight, cooled, concentrated, diluted 

with CH2Ch (100 mL) and saturated aqueous sodium bicarbonate (75 mL). The aqueous phase 

was washed with CH2Cli (2 x 50 mL), dried (Na2S04), filtered, and concentrated under reduced 

pressure. Purification of the resultant orange foam by column chromatography on silica gel 

(CH2Cl2/MeOH!NRtOH, 96:4:0 then 94:5:1) afforded the desired alkylated amine (3.28 g, 52%) 

as a yellow foam. 

(0356) The yellow foam from above (3 .28 g, 5,. 70 mmol) was dissolved in CH2Cl2'fFA (1: I, 

I 0 mL) and the mixture stirred at room temperature for 2.5 hours. The reaction was then 

concentrated and diluted with CH2C'2 (80 mL) and 1 N NaOH (75 mL). The aqueous layer was 
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washed with CH2Ch (2 x 50 mL) and the combined organic extracts were dried (Na2S04), 
filtered, and concentrated to afford N1-(1H-Benzimidazol-2-ylmethyl)-N-(5,6,7,8-tetrahydro­
quinolin-8-yl)-cyclohexane-trans-1,4-diamine (l.97 g, 92%) as a yellow foam. 1H NMR 
(CDCb) 8 0.92-1.10 (m, 2H), 1.21-1.28 (m, 2H), 1.45-1.58 (m, 4H), 1.66-1.77 (m, 2H), 1.82-
1.90 (m, 2H), 1.95-2.09 (m, lH), 2.17-2.35 (m, lH), 2.39-2.59 (m, 2H), 2.67-2.80 (m, IH), 2.83-, 
2.96 (m, JH), 4.10 (dd, JH, J= 9, 6 Hz), 4.19 (s, 2H), 7.14-7.21(m,4H), 7.43 (d, lH,J= 6 Hz), 
7.55-7.62 (brm, 2H), 8.60 (d, lH,J= 6 Hz); 13C NMR (CDCl3) 8 21.85, 27.32, 29.31, 29.84, 
30.97, 45.61, 50.03, 56.58, 62.37, 110.77, 118.96, 121.36, 122.23, 134.74, 137.52, 146.34, 
158.32, 158.60. 

[0357) T~ a stirred solution of N1-(1H-Benzimidazol-2-ylmethyl)-N-(S,6,7,8-tetrahydro­
quinolirt-8-yl)-cyclohexane-trans-l,4-diamine (0.0753 g~ 0.20 mmol) in anhydrous MeOH (2 
mL) was added freshly distilled butyraldehyde (22 µL, 0.24 mmol). The resultant mixture was 
stirred at room temperature for 0.5 h and concentrated under reduced pressure. The residue was 
redissolved in anhydrous MeOH (2 mL) and NaBH, (15 mg, 0.40 mmol) was added. The 
resultant mixture was stirred at room temperature for 22 hours. The mixture was concentrated 
and the residue was partitioned between CH2Ch (20 mL) and saturated aqueous sodium 
bicarbonate (30 mL). The phases were separated and the aqueous phase was extracted with 
CH2Cb (2 x 15 mL). The combined organic extracts were dried (Na2S04), filtered, and 
concentrated under reduced pressure. Purification of the crude material by radial . 

. chromatography on silica gel (TLC .grade 1 mm plate, J 00: 1: 1 CH2Cl:z/CH30H1Nl40H. . . 
followed by 50:1:1 CH2Ch/CH30HfNH.tOH) provided 23 mg (30%) of the free base of the title 
compound as a pale yellow oil. Using General Procedure D: Conversion of the foam from 
.above (23 mg, 0.05 mmol) to the hydrobromide salt followed by re-precipitation of the 
intermediate solid from methanol/ether gave COMPOUND 57 (73 mg, quantitative) as a white 
solid. 1H NMR (020) a 0.88 (t, 3H, J= 7.5 Hz), 1.26-1.47 (m, 4H), 1.48-1.65 (m, 4H), 1.79-
1.92 (m. lH), 1.93-2.34 (br m, 7H), 2.35-2.47 (m, IH), 2.75-2.88 (m, lH), 2.95-3.14 (m, SH), 
4.42 (d, lH, J= 16.8 Hz), 4.49-4.55 (m, lH), 4.56 (d, IH, J= 16.5 Hz), 7.54-7.63 (m, 2H), 7.72-
7.84 {m, 3H), 8.28 (d, lH,J= 7.5 Hz), 8.56 (d, JH, J= 5.4 Hz); 13CNMR(D20) 513.17, 19.61, 
20. 71, 24.03, 27.53, 27.59, 28.09, 28.20, 28.34, 29.69, 44.00, 45.15, 56.08, 58. 78, 59.39, 114.24, ' 
125.79, 126.96, 131.06, 139.10, 140.46, 147.942, 151.58, 152.05. ES-MS mlz 432 (M+H). 
Anal. Calcd. for Ci7H37N5•3.0HBr•2. l H20: C, 45.54; H, 6.26; N, 9.83; Br, 33.66. Found: C, 
45.62; H, 6.07; N, 9.66; Br, 33.51. 
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Example 58 

COMPOUND 58: Prep~ation of N-(1H-Benzimidazol-2-ylmethyll-N1-(S.6.7.8-

tetrahydro-quinolin-8-yll-N1.N2-dimethyl-cyclohexane-trans-1,4-diamine 

Chydrobromide salt) 

[0358) To a stirred solution of N1-{1H-Benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro­

quinolin-8-yl)-cyclohexane-trans-1,4-diarnine (157 mg, 0.42 mmol) in dry MeOH (3 mL) was 

added parafonnaldehyde (powder) ( 17 mg, 0.57 mmol) and the solution stirred at room 

temperature for 3 h. The mixture was concentrated in vacuo, analyzed by 1H NMR and 

redissolved in MeOH (2.5 mL) and CH2Ch (I mL). To this solution was added sodium 

borohydride (32 mg, 0.83 nunol) and the mixture stirred for 1.5 h at room temperature (see 

General Procedure A and B). Purification of the crude material by radial chromatography on . ' 
silica gel gel (I .mm plate, CH2Cb/Me0H/NH40H, gradient elution from SO:l:lto 10:1:1) - ·· 

afforded the dimethylated and monomethylated free amines (138 mg) as an inseparable yellow 

foam mixture. Repurification and separation of the two amines by column-ehromatography on 

basic alumina (CH2Cii/MeOH, 98:2 then 95:5) afforded the dimethylated product (44 mg, 26%) 

and the monomethylated free amine (21mg,13%), both as clear oils. 

[0359] Using General Procedure D: Conversion of the dimethylated amine from above (44 

mg, 0.11 mmol) to the hydrobromide salt followed by re-precipitation of the intennediate solid 

from methanol/ether gave COMPOUND 58 {72 mg, 97%) as a white solid. 1H NMR (020) 

8 1.46~1.65 (m, 4H), 1.79-1.93 (m, IH), 2.05-2.21 (m, SH), 2.31-2.53 (m, 2H), 2.75-2.82 (m, 

lH), 2.77 (s, 6H), 2.99-3.01 (m, 2H), 3.15-3.22 (m, lH), 4.43 (d, lH, J= 16.8 Hz), 4.50-4.55 

(m, lH), 4.56 (d, lH, J= 16.8 Hz}, 7.58 (dd, 2H, J= 6, 3 Hz), 7.76 (dd, 2H, J= 6, 3 Hz), 7.80 

(dd, IH,J= 7.8, 6 Hz), 8.28 (d, lH,J= 7.8 Hz), 8:s1 (d, lH,J= 5.1Hz); 13CNMR(D20) 0 

20.71, 23.97, 25.62, 25.82, 27.55, 27.76, 29.81, 40.05, 44.03, 58.87, 59.26, 64.33, 114.24, 
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125.82, 127.01, 130.98, 139.12, 140.48, 148.00, 151.53, 151.97. ES-MS mlz404 (M+H). Anal. ~ 
Calcd. forC2sH33Ns•3.0HBr•2.0H20: C,44.01; H, 5.91; N, 10.26; Br, 35.13. Found: C, 44.14; 
H, 6.02; N, 10.01; Br, 34.98. 

Example 59 

COMPOUND 59: Preparation of N-(1H-Benzimidazol-2-ylmethyll-N1:<5,6,7,8-
tetrahyclro-guinolin-8-yl)-N2-methyl-cyclohexane-trans-l.4-diamine 

· (hydrobromide salt) 

(0360] Using General Procedure D: Conversion of the monomethylated amine from above 
(see COMPOUND 58) (21mg,0.054 rnmol) to the hydrobromide salt foHowed by re­
precipitation of the intennediate solid from methanol/ether gave COMPOUND 59 (25 mg, 
71%) as a white solid. 1HNMR (DiO) a 1.31-1:43 (m, 2H), 1.51-1:63 (m, 2H); 1.78:.t.93 (lil, 
IH), 1.99-2.31 (m, 6H), 2.40-2.44 (m, IH), 2.63 (s, 3H), 2.75-2.87 {m, 11-1), 2.98-3.01(m,3H), 
4.42 (d, lH, J= 16.8 Hz), 4.51-4.55 (m, lH), 4.55 (d, lH, J= 16.8 Hz), 7.59 (dd, 2H, J= 6, 
3Hz), 7.75 (dd, 2H, J= 6, 3 Hz), 7.79 (dd, lH, J= 7.8, 6 Hz), 8.28 (d, IH, J= 8.1 Hz), 8.56 (d, 
lH, J= 5.4 Hz); 13C NMR (020) a 20.71, 24.01, 27.54, 27.85, 28.09, 29.63, 30.36, 44.00, 57.11, 
58.81, 59.40, 114.24, 125.78, 126.94, 131.09, 139.10, 140.45, 147.93, 151.59, 152.05. ES-MS 
mlz 390 (M+H). Anal. Calcd. for C2.,H31Ns•2.9HBr•3.0H20: C, 42.50; H, 5.93; N, 10.33; Br, 
34.17. Found: C, 42.4~; H, 5.65; N, 10.12; Br, 34.31. 
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Example60 

CCI 
(NY'"'l NH 

N.J.,. · ~., N)lNH ff H 

2 

COMPOUND 60: Preparation of N-14-trans-f(lH-Benzimidazol-2-ylmethyl)-

(5.6. 7 .8-tetrahydro-uinolin-8-yl}:aminol--cyclohexvl}-guanidine Chydrobromide 

salt) 

[0361] To a solution of N'-(lH-benzirnidazol-2-ylmethyl)-N-{S,6, 7,8-tetrah}!dro-quinolin-8-

yl)-.NZ-oo'nzyl-cyclohexane-trans-1,4-diamine (174 mg, 0.46 mmol) in dry THF (1.5 mL) was 

added N. N'-bis-(tert-butoxycarbonyl)-IH-pyrazole-1-carboxamidine (Tetrahedron Lett. 1993, 

34, 3389) anef the resultant mixture was stirred at room temperature for 26 hours. The reaction 

was concentrated and purified by radial chromatography on silica gel (2mrn plate, 

CH2Clz/MeOH/NftiOH, gradient elution from 50: I: 1 to 5: 1: 1) to afford the desired guanidine 

(SI mg, 18%) as a clear oil. 

. . ..(03621 Using-General Procedure D: Conversion of the oil from above (Slmg, 0.083 nlinol) · 

to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 60 (50 mg, 85%) as a white solid. 1H NMR (D20) B 1.22-

1.34 (m, 2H), 1.49-1.60 (m, 2H), l.79-2.21 (m, SH), 2.40-2.44 (m, lH), 2.70-2.78 (m, lH), 2.98-
3.01 (m, 2H), 3.24-3.32 (m, lH), 4.42 (d, lH, J= 16.8 Hz), 4.50-4.55 (m, lH), 4.56 (d, lH, J::= 

16.8 Hz), 7.59 (dd, 2H,J= 6, 3Hz), 7.76 (dd, 2H, J= 6, 3 Hz), 7.80 (dd, IH,J= 7.8, 6 Hz), 8.28 

(d, lH,J= 7.8 Hz), 8.57 (d, lH, J= 5.4 Hz); 13C NMR (D20) B 20.75, 24.04, 27.55, 28.14, 

30.36, 31.23, 31.51, 44.11, 50.20, 58.86, 59.67, 114.23, 125.78, 126.98, 130.97, 139.05, 140.45, 

147.94, 151.73, 152.23, 156.22. ES-MS mlz 418 (M+H). Anal. Calcd. for 

C24H31N1•3.0HBr•2.0H20•0.2C4H1oO: C, 41.78; H, 5.68; N, 13.75; Br, 33.62. Found: C, 41.74; 

H, 5.63; N, 13.62; Br, 33.65. 
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Example 61 

COMPOUND 61: Preparation of N1=f1H-Benzimidazol-2-ylmethy))-N4-UH-indol-3-

. ylmethyl)-N1-{5,6, 7.8-tetrahydro-auinolin-8-yll-cyclohexane-trans-1.4-diamine 

(free base). 

[0363) General procedure B (Two step reductive amination): To a solutjon of N-(IH­

Benzimidazol-2-yhnethyl)-N-{5,6, 7,8-tetrahydro-quinolin-8-yl)-cyclobexane-trans-1,4-diamine 

(104 mg, 0.28 mmol) in CH30H (5 mL) was added indole-3-carboxaldehyde (52 mg, 0.36 

mmol) and the resultant solution was stirred at room temperature overnight. NaB14 (26 mg, 

0.68 mg) was added and the mixture was stirred for an additional 15 minutes. The mixture was 

concentrated under reduced pressure and the residue was partitioned between CH2Clz (20 mL) 

and saturated aqueous NaHC03 (5 rnL). The phases were separated and the aqueous phase was 

extracted with CH2C12 (3 x 5 mL). The combined organic extracts were dried (Na2S04) and . . . . ~ . . . 
concentrated. Purification of the crude material by radial chromatography on silica gel (1 mm 

plate, 50:1:1 CH2Ch-CH30H-NHtOH) provided 105 mg of COMPOUND 61 as a white foam. 

1H.~NMR (CDCIJ) 8 0.93-1.30 (m, 3H), 1.47-2.02 (m, 9H), 2.20-2.25 (m, lH), 2.50-2.51 (m, 
' 2H), 2.65-2.76 (m, lH), 2.83-2.94 (m, lH), 3.93 (s, 2H), 4.10 (dd, IH, J= 5.1, 10.2 Hz), 4.20 (s, 

2H), 7.07-7.12(m,2H), 7.15-7.21(m,4H),7.34(d, 1H,J=7.8Hz), 7.42-7.49(m,2H), 7.59(d, 

lH, J= 7.8 Hz), 7.66-7.69 (m, lH), 8.23 (br s, IH), 8.3.4 (br s, lH), 8.60 {d, lH,J= 3.6 Hz); 
13C NMR (CDCIJ) 8 22.22, 27.63, 29.71, 30.34, 31.43, 33.00, 33.14, 42.46, 46.01, 56.15, 57.61, 

62.78, 111.30, 111.65, 115.35, 119.00 (2 carbons), ll9.78, 121.59, 121.88, 122.40, 122.60, 

122.78, 127.31, 134.03, 135.12, 136.78, 137.87, 145.03, 146.74, 158.77, 159.11.ES-MS mlz 

505 (M+H). Anal. Calcd. for C3iH36N6•0.5 H20•0.5CH2Ch: C, 70.19; H, 6.89; N, 15.11. 

Found: C, 69.94; H, 6.81; N, 15.15. 
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COMPOUND 62: Preparation of N -C1H-Benzimidazol-2-ylmethyll~.N4_(pyridin-2-
ylmethyl)..N'-<S.6. 7.8-tetrahydro-quinolin-8-yll-cyclohexane-trans-l ,4-diamine 

Qiydrobromide salt). 

(0364) Using General Procedure B (Two step reductive amination): Reaction of N1-(1H­

Benzimidazol-2-ylmethyl)-N1-(5,6, 7,8-tetrahydro-quinolin-8-yl)-cyclohexane-tra!fS-l ,4-diamine 

(98 mg, 0.26 mmol) with pyridine-2-carboxaldehyde (30 µL, 0.32 mmol) in CH30H (5 mL) for 

2.5 hours and with NaBH.i (27·mg, 0.71 nunol) for 15 minutes followed by purification of the 

crude material by radial chromatography on silica gel ( 1 mm plate, 50: 1: 1 CH2Cl2-CH30H­

NlitOH) provided 79 mg (65%) of the free base of the title compound as a colorless oil. 

(0365) Using General Procedure D: Conversion of the oil from above (79 mg, 0.17 mmol) 

tQ the hydrobrornide salt followed by re-precipitation of the intermediate solid from 

methanoVether gave COMPOUND 62 (126 mg, 85%) as a white solid. 1H NMR (020) 5 1.45-

1.63 (m, 4H), 1.79-1.93 (m, lH), 2.02-2.45 (m, 7H), 2.79·2;86 (m, lH), 2.99-3.01(m,2H), 3.25-

3.33 (m, lH), 4.41-4.60 (m, SH), 7.56-7.61(m,2H), 7.75-7.82 (m, SH), 8.22-8.30 (m, 2H), 8.57 

(d, IH,J= 5.1 Hz), 8.69 (d, 1H,J= 4.5 Hz); 13C NMR (D20) a 20.71, 24.03, 27.SS (2 carbons), 

28.06, 28.31, 29.67, 43.99, 47.18, 57.04, 58.78, 59.21, 114.22, 125.83, 126.41, 126.60, 127.03, 

130.91, 139.10, 140.51, 143.47, 146.81, 148.02, 148.03, 151.48, 151.97.ES-MSm/z467 

(M+H). Anal. Calcd. for C29H34N6•4.2HBr•3.7H20: C, 39.89; H, 5.26; N, 9.63; Br, 38.44. 

Found: C, 39.95; H, 5.19; N, 9.61; Br, 38.45. 
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Example 63 

COMPOUND 63: Preparation of 1-N'-ftrans-4=(1H-Benzimidazol-2-ylmethyll-

(5,6, 7,8-tetrahydroguinolin-8-yl)-aminoJ-cyclohexanyl-N.N­

dimethylformamidine (hydrobromide salt) 

[0366) Using the procedure ofL. Cai (Y. Han and L. Cai Tetrahedron Lett. 1997, 38(31), 

5423-5426) a solution of 2-pyridinesulfonyl chloride (71 mg, 0.40 mmol) in DMF (1 mL) was 

stirred for 10 minutes at room temperature. N -(lH-Benzimidazol-2-ylmethyJ)-N-{5,6, 7,8-

tetrahydro-quinolin-8-yl)-cyclohexane-trans-l ,4-diamine (100 mg, 0.267 mmol) was then 

added, and the mixture was stirred at room temperature for 2 hours. The DMF was then 

removed in vacuo, and the residue was taken up in dichloromethane and washed sequentially 

with a saturated aqueous sodium carbonate solution, followed by distilled water. The organic 

fraction .was then dried over anhydrous sodium sulfate and concentrated. The residue was· 

purified by silica gel flash chromatography to afford two products: l-N'-[trans-4-(lH­

Benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-amino]-cyclohexanyl-N,N­

dimethylformamidine (52 mg (45%)), and N-(1H-benzimidazol-2-ylmethyl)-N°-{5,6,7,8-

tetrahydro-quinolin-8-yl)-cyclohexane-trans-l,4-diamine-N-(2-pyridinyl)-sulfonamide ( 41 mg, 

29%). The spectral data for the formamidine is as follows: 1H NMR (CDCh) c5 1.41 (m, 2H), 

1.56 (m, 2H), 1.67 (m, 2H), 1.79-1.91{m,3H), 2.21 (m, IH), 2.51 (m, IH), 2.74-2.81 (m, 3H), 

2.83 {s, 6H), 4.06 (dd, IH,J= 8.1, 5.4 Hz), 4.17 (s, 2H), 7.16 (m, SH), 7,41 (d, lH,J= 8.1 Hz), 

7.44 (br s, IH (NH)), 7.68 (br s, lH), 8.58 (d, IH,J= 4.8 Hz). The sulfonamide showed an 

excessive broadening of resonances in the 1H NMR spectrum (in CDCh), so it was not 

characterized fully at this stage, and was instead t~en directly to the salting reaction. 

(0367) 1-N' -[trans-4-(l H-Benzimidazol-2-ylmethyl)-(S,6, 7 ,8-tetrahydroquinolin-8-yl)­

amino ]-cyclohexanyl-N,N-dimethylformamidine (52 mg, 0.120 mmol) was taken up in acetic 
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acid (l mL), to which a saturated solution of HBr in acetic acid (1 mL) was added. The mixture 
was then stirred, precipitated and isolated as per procedure D to yield COMPOUND 63 as a 

white crystalline (36 mg). 1H NMR (D20). a 1.45 (m, 4H), 1.82-2.20 (m, 7H), 2.42(rn, lH), 3.74 

(dd, IH, J= 10.5, 11.1Hz),2.94 (s, 3H), 2.99 {m, 2H), 3.16 (s, 3H), 3.33 {m, lH), 4.41 (d, IH, J 
= 15.3 Hz), 4.52 (d, lH,J= 15.3 Hz), 4.54 (m, IH), 7.58 (m, 2H), 7.75 (m, 2H), 7.77 (s, IH), 
7.SO(dd, 1H,J==8.1,5.7Hz),8.28{d, 1H,J=8.1Hz),8.56(d,1H,J=5.7Hz). 13CNMR 

(D20) a 20.13, 24.04, 21.54, 2s.10, 30.34, 32.01, 32.32, 36.05, 43.21, 44.11, 56.62, 58.79, 

59.36, 114.21, 125.78, 126.99, 130.92, 139.03, 140.45, 147.99, 151.68, 152.19, 155.22. ES-MS 

mlz 431 (M+H); Anal. Calcd. for (C2@i34N6 x 2.9 HBr x 2.7 H20): C, 43.74; H, 5.97; N, 11.77; 
Br 32.46. Found: C, 43.81; H, 5.70; N, 1 I.44; Br, 32.39. 

Example64 

COMPOUND 64: Preparation of N'-ClH-benzimidazol-2-ylmethyll-N' .{5.6. 7.8-

tetrahydro-guinolin-8-yl)-cyclohexane-trans-1.4-diamine-N-(2-pyridinyl}­

sulfonamide 

(0368) N -( lH-benzimidazol-2-ylmethyl)-N -(S,6, 7,8-tetrahydro-quinolin-8-yl)-cyclohexane­
trans-1,4-diamine-N-(2-pyridinyl)-sulfonamide (from the above reaction, 41mg,0.079 mmol) 
was taken up in acetic acid (1 mL), to which a saturated solution ofHBr in acetic acid (1 mL) 

was added. The mixture was then stirred, precipitated and isolated as per procedure D to yield 

COMPOUND 64 as a white crystalline solid (52 mg). 1H NMR (D20) S 1.20-2.16 (series of m, 
9H), 2.38 (m, IH), 2.60 (m, lH), 2.82 (m, lH), 2.98 (m, 2H), 3.10 (m, IH), 3.62 (m, IH), 4.46 
(d, lH, 1=15.3 Hz), 4.49 (m, lH), 4,51 (cl, lH, J "."' 15.3 Hz), 7.56 (m, 2H), 7.73 (m, 3H), 7.94 
(m, lH), 8.06 (m, IH), 8.26 (m, lH), 8.56 (m, 2H). ~ 3C NMR(D20) 8 20.70, 27.51, 28.25, 
30.44, 32.47, 44.04, 49.31, 52.58, 58.81, 59.48, 114.18, 122.92, 125.74, 126.97, 128.47, 130.87, 
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138.98, 140.25, 140.38, 147.90, 150.28, 151.7~, 152.19. ES-MS mlz 517 (M+H); Anal. Calcd. 

for (C2sH32N6C>iS x 2.6 ... HBrx 3.3 H20): C, 42.76; H, 5.28; N, 10.69; Br 26.42. Found: C, 

42.86; H, 5.07; N, 10.32; Br, 26.77. 

Example65 

COMPOUND 65: Preparation of N-OH-benzimidazol-2-ylmethyl}-N4-<1H-indol-2-

ylmethyl)-N1 -(5 ,6, 7 .8-tetrahydroguinolin-8-yl)-cylcohexane-l .4-diamine. 

Preparation of 2-hydroxymethylindole: 

[0369) To a solution of indole-2-carboxylic acid (485 mg, 3.01 m.nlol) in 1HF (20 mL), 

cooled to 0 °C under nitrogen, was added a suspension of LiAU:4 (248 mg, 6.2 mmol) in THF (6 

mL). The resultant gre.en suspension was stirred at room temperature for 4 hours. The reaction · 

was quenched by slow addition of an 80% aqueous MeOH solution (1.0 mL) and the solvent 

was evaporated under reduced pressure. The residue was suspended in MeOH and filtered 

through Celite. rinsing with MeOH. Concentration of the filtrate under reduced pressure gave a 

yellow oil. Purification by flash column chromatography on silica (MeOH/CH2Clz, 19:1 then 

9:1) gave the alcohol as a beige solid (357 mg, 2.43 mmol, 81%). 1HNMR (CDC!]) o 1.85 (t, 

IH,J= 6.0 Hz), 4.83 (d, 2H,J= 6.0 Hz), 6.42 (d, lH,J= 1.5 Hz), 7.11 (td, lH,J= 6.9, l.5 Hz), 

7.20 (td, lH, J= 6.9, 1.5 Hz), 7.35 (dd, lH, J= 6.9, 1.5 HZ), 7.59 (d, lH, J= 6.9 Hz), 8.33 (br s., 

lH). 

Preparation of indole-2-carboxaldehyde: 

(0370} To a solution of the alcohol (341 mg, 2.32 mmol) in CH2Ch (12 mL) was added 

activated Mn02 (2.40 g, 22. l mmol). The suspension was stirred at room temperature for 2.5 
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hours, then was diluted with CH2Cb and suction filtered through Celite. The filtrate was 
concentrated under reduced pressure affording the crude aldehyde as an orange solid (288 mg, 
1.98 mmol, 86%). 1H NMR (CDCb) a 7.18 (td, lH, J= 6.9, 1.5 Hz), 7.29 (d, IH, J= 1.5_Hz), 

7.37-7.SO (m, 2H), 7.76 (d, IH, J= 6.9 Hz), 9.18 (hrs., lH), 9.86 (s, lll). 

Preparation of COMPOUND 65: 

[0371) A solution of the aldehyde (74 mg, 0.51 nunol) and N-(lH-benzimidazol-2-
ylmetbyl)-N-(5,6,7,8-tetrahydroquinolin-8-yl)-cylcohexane-1,4-diamine (189 mg, 0.50 mmol) 
in MeOH (S mL) was stirred at room temperature under nitrogen for 20 hours. NaBH. (39 mg, 
1.0 mmol) was added and the reaction was stiITed for another 20 minutes. The solvent was 

evaporated under reduced pressure, and the residue was dissolved into CH2Cli (SO mL) washing 
with saturated aqueous NaHC03 (S mL) and brine (5 mL). The organic solution was dried 
(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 
chromatography on silica (CH2Cl2'MeOH!NRtOH, 19:1:0.1) gave COMPOUND 65 as a light 

yellow solid (118 mg, 0.23 .mmol, 47%). 1H NMR (CDCh) a 0.88-1.13 (m, 2H), 1.16-1.29 (m. 

IH), 1.39-1.52 (m, lH), 1.63-1.73 (m, IH), 1.80-2.04 (m, 6H), 2.19-2.23 (m, lH), 2.33-2.41 (m, 
lH), 2.44-2.52 (m, lH), 2.67-2.74 {m, lH), 2.81-2.94 {m, lH), 3.91 (s, 2H), 4.09 (dd, lH, J= 

9.9, 5.9 Hz), 4.18 (s, 2H), 6.27 (s, HI), 7.02-7.21{m,5H), 7.28 {d, lH,J= 10.2 Hz), 7.43 (d, 
IH, J= 7.8 Hz), 7.45-7.48 {m, lH), 7.52 (d, lH, J= 7.8 Hz), 7.66-7.69 (m, IH), 8.60 (d, lH,J.= 
4.2 Hz), 8.69 (br s., IH). 13C NMR (CDCh) 0 21.8, 27.3, 29.3, 29.9, 31.0, 32.7, 32.9, 44.4, 45.7, 

56.1, 57.2, 62.1, 99.6, 110.6, 110.9, ~~8.6, 119.5, J20.9,_12t.2, ~7_1.3,J2l.5, 122.2, 128.5, -
133.6, 134.7, 135.8, 137.4, 138.3, 144.6, 146.4, 158.4, 158.5. ES-MS mlz 505 (M+H). Anal. 

Calcd. for C32H36N6·CH2Clz·0.1H20: C, 67.07; H, 6.51; N, 14.22. Found: C, 67.34; H, 6.55; N, 
14.23. 

Example 66 
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COMPOUND 66: Preparation of cis-(IH-benzimidazol-2-ylmethyl).(4.momholin-4-
yl-cyclohexyl)-(5.6, 7.8-tetrahydro-guinolin-8-yll-amine 

[0372] Cis-( 4-morpholin-4-yl-cyclohexyl)-( 5 ,6, 7 ,8-tetrahydro-quinolin-8-yl)-amine was 

prepared as described for COMPOUND 67. 1H NMR (CDCIJ) 6 1.61-1.75 (m, 12H), 1.85-1.92 
(m, IH), 2.01-2.18 (m, IH), 2.54 (t, 4H, J:: 4.5 Hz), 2.76-2.81(m,2H), 2.92(br m, IH), 3.74 (t, 
4H,J= 4.5 Hz), 3.87-3.93 (m, IH), 7.03-7.07 (m, HI), 7.36 (d, IH,J= 9.0 Hz), 8.39 (cl, lH,J== 
6.0Hz). 

(0373) The above amine (69.0 mg, 0.22 mmol), 2-chloromethyl-benzimidazole-1-carboxylic 
acid tert-butyl ester (70.0 ItJ.g, 0.26 mmol), N,N-diisopropylethylamine (50 µL, 0.28 mmol), and 
potassium iodide (3. 7 mg, 0.02 mmol) in CH3CN (1.5 mL) were stilTed at 60 °C overnight. The 
reactio~ n;iixture was cooled to room temperature and the solvent was removed under reduced 
pressure. Purification of the crude material by radial chromatography on silica gel (1 mm plate, 
NH.OH/MeOH/CH2Ch, 1:1:98then1:2:97) afforded the desired compound(56.8 mg, 4'1°/'0) as a 
paie yellow solid. 1H NMR (CDCh) 6 1.30-1.34 (m, 2H), 1.45-1.66 (m, l lH), 1.88-2.01 (m, 
4H), 2.05-2.16 (m, 4H), 2.40 (br rn, 4H), 2.54 (t, lH, J= 4.4 Hz), 2.59 (t, lH, J= 3.9 Hz), 2.68- : 
2.73 {m, lH), 3.04-3.11 (m, lH), 3.61-3.71 (m, 4H), 4.29 (dd, lH, J= 8.7, 5.7 Hz), 4.43 (s, 2H), 
6.829 (dd, lH, J=·7.5, 4.8 Hz), 7.07 (d, lH,J= 6.9 Hz), 7.22-7.28 (m, 2H), 7.61-7.70 (m, lH), 
7.73-7.79(m, 1H),8.32(dd, 1H,J=4.8, 1.5Hz). 

[0374) To a solution of the above solid (56.8 mg, 0.10 mmoJ) in acetic acid (I mL) was 
added a solution of hydrobromic acid in acetic·acid (0.5 mL) and the reaction mixture was 
stirred for 1 hour. The diethyl ether was added until a precipitation of COMPOUND 67 was 

afforded as a pale yellow solid (49.1 mg, 62%). 1H NMR (D20) B 1.75.,J.89 (m, 6H), 2.12-2.36 
(m, SH}, 2.98-3.99 (m, 4H), 3.11 (br m, 2H), 3.31 (br t, 2H), 3.64 (br m, 2H), 3.91 (m, 2H), 4.07 
(brm,2H), 7.565 (dd, 2H,J= 6.0, 3.2 Hz), 7.72-7.77 (m, 3H), 8.24 (d, lH,J= 7.8 Hz), 8.52 (d, 
lH, J= 6.o Hz). 13c NMR (D20) B 20.73, 23.37, 24.35, 24.46, 25.70, 21.50, 43.76, 50.48, 

57.69, 59.40, 63.50, 63.78, 114.25, 125.73, 126.91, 131.23, 139.12, 140.44, 147.84, 151.29, 

152.19. ES-MS mlz 446 [M+Ht. Anal. Calcd. for C21H3sNs0•3.0HBr•2.0H20: C, 44.83; H, 

5.71; N, 9.68; Br, 33.14. Found: C, 44.88; H, 5.72; N, 9.49; Br, 33.13. 
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Example67 

COMPOUND 67: Preo8ration of trans-ClH-Benzimidazol-2-ylmethyll-(4-

momholin-4-yl-cyclohexyll-CS.6.7.8-tetrahydro-auinolin-8-yl)-amine 

lhydrobromide salt) 

Preparation of (4-momholin-4-yl-cyclohexylamine)-carbamic acid tert-butyI ester: 

(0375] To a solution of (4-oxo-cyclohexyl)-carbamic acid tert-butyl ester (426 mg, 2.00 

mmol) and morpholine (175 µL, 2.00 mmol) in CH2Ch (25 mL) and acetic acid (120 µL) was 

added sodium triacetoxyborohydride (636 mg, 3.00 mmol) and the mixture was stirred at room 

temperature overnight. The mixture was concentrated under reduced pressure and diluted with 

saturated aqueous sodium carbonate (30 mL). The aqueous layer was washed with CH2Cli (4 x 

20 mL), and the combined organic extracts were dried (MgS04); filtered, and concentrated under 

reduced pressure. Purification by flash column chromatography on silica gel (MeOH/CH2Cli, 

1 :9) afforded the title compound as a white solid (76.2 mg, 13%). 1H NMR'(CDCh) c5 1.04-1.17 - . 
(m, 6H), 1.25-1.38 (m, 4H), 1.44 (s, 9H), 1.93 (d, 2H, J= 12.0 Hz), 2.07(d,2H,J=12.0 Hz), 

2.12-2.17 (m, 2H), 3.25-3.36 (hr m, lH), 4.35 (hr m, lH), 4.81 (br d, IH). 

freparation of 4-momhoJin-4~yl..cyclohexylamine: 

[0376] To a solution of the acetamine from above (60.7 mg, 0.21 mmol) in CH2Ch (2 mL) 

was added trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 1 

hour. The solvent was removed under reduced pressure and the residue was taken up in NaOH 

(10 N) plus an equal volume of water. The aqueous layer was washed with CH2Cli (5 x 10 mL), 

and the combined organic extracts were dried (MgS04), filtered, and concentrated under reduced 

pressure to afford the product as an off-white solid (33.S mg, 85%). 1H NMR (CDCh) o 1.08-
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1.27 (m, 4H), 1.39 (s, 2H), 1.88 (dd, lH, J.: 10.5, 2.4 Hz), 2.16 {tt, IH, J= 11.3, 3.2 Hz), 2.53 

(t, 4H, J= 4.7 Hz), 2.61(tt,4H,J= 10.8, 3.6 Hz}, 3.69 (t, 4H, J= 4.S Hz). 

Preparation of trans-( 4-momholin-4-yl-cyclohexyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)­

amine: 

[0377] The above amine (50.2 mg, 0.27 mmol) and 6,7-dihydro-SH-quinolin-8-one (40.1 

mg, 0.27 mrnol) in MeOH (2 mL) were stirred at room temperature overnight to form the imine. 

To the above solution was added sodium borohydride (20.6 mg, 0.544 mmol) and the mixture .. 

w~ stirred for an additional 2 hour. The solvent was removed under reduced pressure and to the 

residue was added CH2Ch and NaOH (0.5 N) until basic. The mixture was extracted with CH2-

Ch (3 x 15 mL), and the combined organic extracts were dried (MgS04), filtered, and 

concentrated under reduced pressure. Purification by radial chromatography on silica gel (1 mm 

plate, CH2Cli then NH.OWCH2Ch, 1:99) afforded the desired amine (35.9 mg, 42%) as a 

yellow oil. 1HNMR(CDCh) S 1.24-1.29 (m, 2H), 1.71-1.74 (m, 2H), 1.95-2.16 (m, SH), 2.56 

(t, 3H, .J.= 4.5 Hz), 2.75-2.79 {m, 2H), 3.41 (s, 2H), 3.71 (t, 4H,J= 4.5 Hz), 3.92 (t, lH,J= 6.0 

Hz), 7.02-7.06 (m, UI), 7.35 {d, IH, J= 9.0 Hz), 8.37 (d, lH, J::; 3.0 Hz). 

Preparation of trans-2-{ [( 4-momholin-4-yl-cyclohexylH5.6,7 .8-te1rahydro-guinolin-8-

xD-amino J-methyl}-benzimidazole-1-carboxylic acid tert-butyl ester: 

(0378] The above amine (35.9 mg, 0.11 mol), 2-chloromethyl-benzimidazole-1-carboxylic 

acid tert-butyl ester (36.7 mg, ·o.14 mmol), N,N-diisopropylethylaniine.(25 µi, 0.14 nun:~l)·, and 

potassium iodide (1.8 mg, 0.01 mmol) were stirred in CH3CN (1 mL) at 60 °c overnight. The 

reaction mixture was cooled to room temperature and the solvent was removed under reduced 

pressure. Purification of the crude material by radial chromatography on silica gel (I nun plate, 

CH2Ch then NlLiOH/CH2Cli, 1 :99) aff,?rded the desired compound (33. 7 mg, 54%) as a yellow 

oil. 1HNMR (CDCI)) li 1.13-1.36 (m, 3H), 1.49-1.68 (m, l IH), 1.8~-1.97 (m,4H}, 2.02-2.14 

(m, 4H), 2.49-2.52 (m, 4H), 2.59 (hr t, lH), 2.67-2.84 (m, 2H), 3.68 (t, 4H, J= 4.5 Hz), 4.24 (t, 

IH, J= 6.0 Hz), 4.44 (d, 2H, J= 6.0 Hz), 6.834 (dd, lH, J= 1.5, 4.7 Hz), 7.08 (d, lH,J= 6.3 

Hz), 7.22-7.25 (m, 2H), 7.34-7.69 (m, lH), 7.71-7.78 (m, IH), 8.32 (dd, 1H,J==4.5, 1.2 Hz). 

146 

QI IDC?TITI ITS: CU..(S::S::T IDI 11 i:: ?~\ 



WO 03/055876 PCT/US0214fl407 

Preparation of CS)=(lH-Benzimidazol-2-ylmethylH 4-momholin-4-yl-cyclohexyl)­
(5,6. 7.8-tetrahydro-guinolin-8-yll-amine (hydro bromide salt): 

(0379) To a solution of the above oil (33.7 mg, 0.062 mmol) in acetic acid (1.5 mL) was 
added a solution ofhydrobromic acid in acetic acid (1 mL) and the reaction mixture was stirred 
for l hour. The diethyl ether was added until a precipitation of COMPOUND 67 was afforded 
as a pale yellow solid (28.9 mg, 63%). 1H NMR (D20) 8 1.48-1.61 (m, 4H), 1.82-1.88 (m, 2H), 
2.07-2.39 (m, 6H), 2.75-2.81(hrt,2H), 2.99 (hr d, 2H,J= 4.5 Hz), 3.19 (t, 2H,J= 10.7 Hz), 
3.44 (hr d, 2H, J= 12.3 Hz), 3.76 (hr~ 2H,J= 12.3 Hz), 4.09 (brd, 2H, J=ll.7 Hz), 4.39-4.57 
(m, 3H), 7.59 (dd, 2H, J= 6.3, 3.2 Hz), 7.74-7.77 (m, 3H), 8.27. (d, lH, J= 7.8 Hz), 8.55 (d, lH, 

- 13 . . . J- 5.1 Hz). C NMR {DiO) 8 20.68, 23.95, 25.72, 25.93, 27.52, 27.80, 29.81, 43.97, 49.29, 
58.82. 59.19, 64.38, 64.77, 114.23, 125.79, 126.96, 131.07, 139.11, 140.45, 147.95, 151.53, 
151.95. ES-MS mlz 446 [M+Hf., 468 [M+Nat. Anal. Calcd. For C21H3sNs0•3.0HBr•3.0H20: 
C, 43.68; H, 5.97; N, 9.43; Br, 32.29. Found: C, 43.72; H, 5.76; N, 9.25; Br, 32.06. 

Example68 

COMPOUND 68: Preparation of N-ClH-benzoimidazol-2-ylm~thyll-N'-pyrirnidin-2-
ylmethyl-N-(5,6.7.8 .. tetrahydro-guinolin-8-yl)-transcyclohexane-l.4-
diamine(hydrobrornide salt). 

Preparation of pyrimidine-2-carboxylic acid methyl ester: 
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[0380) To a saturated HCl(g)/MeOH solution (40 mL) was added a solution of2-

cyanopyrimidine (1.97 g, 18.7 mmol) in MeOH (6 mL) at 0 °C. The solution was stirred at 

room temperature for 30 minutes then poured into diethyl ether (200 mL) to give.a colourless 

precipitate that was collected by filtration. The crude material was dissolved in H20 (50 mL), 

adjusted to pH 4 using saturated NaHC03(aq) and 10% HCl(aq) then extracted with CHCh (S x 

, 25 mL). The combined organic extracts were washed with saturated NaHC03(aq) (25 mL) then 

dried (MgS04) and concentrated in vacuo to give a colourless solid (1.49 g, 58%). 1H NMR. 

(CDC!]) a 4.08 (s, 3H), 7.51 (t, lH,J= 5.1Hz),8.96 (d, 2H,J= 5.1 Hz). 

(0381) To a solution of pyrimidine-2-carboxylic acid methyl ester (243 mg, 1. 76 mmol) in 

THF (17 mL) at-78 °C was added LiAIRt (1.0 MmlF, 0.47 mL, 0.47mmol)over 30 minutes, 
I 

and the solution was stirred at -78 °C for 1 S minutes. Acetic acid (0.25 mL, 4.4 mmol) was 

added dropwise, and the solution was allowed to warm to room temperature then concentrated in 

vacuo. The residue was dissolved in H20 (15 mL), adjusted to pH 4 using 10% HCl(aq) then 

extracted with CHCh (4 x 10 mL). The combined organic extracts were washed with saturated 

NaHC03(aq) (20 mL) then dried (MgS04) and concentrated in vacuo to give a yellow liquid 

(156 mg). The crude material was determined by 1HNMR to be a mixture ofpyrimidine-2-

carbaldehyde, pyrimidine-2-carboxylic acid methyl ester, and THF (1.0:1.7:7.7 respectively) and 

was used in the next step without further purification. 

[0382) Using General Procedure B: To a solution of the crude aldehyde from above (156 

mg) and N-(lH-benzoimidazoJ-2-ylmethyl)-N-(5,6,7,8-tetrahydro-quinolin-8-yl)-cyclohexane- . 

trans-1,4-diamine (68 mg, 0.18 mmol) in THF (2 mL) was added NaBH(OAc)3 (114 mg, 0.538 

lli.mol) and the mixture was stirred at room temperature for 1.5 h. The crude material was 

dissolved in saturated HBr/AcOH (2 mL) and stirred at room temperature for 5 minutes. The 

solution was made basic with 10 N NaOH(aq) and extracted with CH2Ch (3 x 15 mL). The 

combined organic extracts were dried (MgS04) and concentrated in vacuo. Purification of the 

crude material by column chromatography on silica gel (200:5:1 CH2Cli/MeOHINRiOH). 

afforded a colourless oil (50 mg). 

(0383) Using General Procedure D: Conversion of the oil from above (50 mg, 0.11 mmol) 

to the hydro bromide salt followed by re-precipitation of the intennediate solid from 

methanol/ether gave COMPOUND 68 (78 mg, 85%) as a colourless solid. 1H NMR (D20) B 

1.58 (m, 4H), 1.89 (m, lH), 2.03-2.45 (m, 7H), 2.84 (m, lH), 3.00 (m, 2H), 3.30 (m, lH), 4.42-

4.60 (m, SH), 7.50 (t, IH,J= 5.1 Hz), 7.58 {m, 2H), 7.78 (m, 3H), 8.29 (d, lH,J= 8.1Hz),8.58 
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(d, IH,Js:: S.7 Hz), 8.79 (d, 2H,J= S.l Hz); 13CNMR(D20) 820.73, 24.04, 21.56, 28.08, 

28.33, 29.73, 44.05, 48.59, 56.44, 58.80, 59.26, 114.24, 121.65, 125.84, 127.02, 130.91, 139.12, 
140.51, 148.03, 151.51, 152.00, 158.38, 160.98. ES-MS mlz 468 (M+H). Anal. Calcd. for 

C2sH33N1•3.9HBr•3.2H20•0.2C.cH1oO: C, 40.43; H, 5.34; N, 11.46; Br, 36.42. Found: C, 40.37; 

H, 5.05; N, 11.35; Br, 36.58. 

Example69 

COMPOUND 69: Preparation of N-OH-Benzoimidazol-2-ylmethyl)-1-methyl-N-

(5,6, 7 ,8-tetrahydro-guinolin-8-yl)-trans-cyclohexane-1.4-diamine. <hvdrobromide 

salt). 

Preparation of trans-( 4-Cyano-4-diallylamino-cyclohexyl)-carbamic acid tert-butyl ester: 
... . . - -

[0384] To a stirred solution of ( 4-0xo-cyclohexyl)-carbamic acid tert-butyl ester (3.07 g, 
14.4 mrnol) and diallylamine (1.78 mL, 14.4 mmol) in anhydrous ClCH2CH2Cl (25 mL) was 
added titanium(IV) isopropoxide (4.28 mL, 14.4 mmol) at 0 °C. The reaction mixture was 

allowed to warm to room temperature and was stirred overnight The mixture was then cooled 
to 0 °C and diethylaluminum cyanide (IM in toluene, 17 ml, 17 mmol) was added with vigorous 

stirring. The reaction was allowed to wann to room temperature and stirred an additional 3.5 
hours, after which are added CH2Ch (30 mL), EtOAc (40 mL), and celite (3 g). The reaction 

mixture was cooled to 0 °C, water (8 mL) was added slowly with vigorous stirring and, after an 
additional 5 minutes of stirring at room temperature, the excess water was quenched with 

Na2S04. The final mixture was then filtered over celite, concentrated under reduced pressure, 

. and subjected to flash chromatography over silica.gel (Hexanes/EtOAc, 4:1) to afford the 

desired nitrite (3.11 g, 68 % over 2 steps) as a pale ~ellow oil. 1H NMR (CDCh) o 1.44 (s, 9H), 

1.53· l .59 (m, 3H), 1. 78- 1.99 (m, 2H}, 2.07 ( d, 2H, J = 9 Hz), 2.28 ( d, 2H, J = 12 Hz), 3 .33 (t, 
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4H,J=4.S Hz), 3.37-3.SS (hr m, lH), 4.33-4.53 (hr m, lH), 5.12-5.24 (m, 4H), 5.82-5.94 (m, 

2H). 

Preparation oftrans-{4-Diallylamino-4-methyl-cyclohexyl)-carbamic acid tert-butyl 

ester: 

(0385] To a solution of the nitrile from above (3.11 g, 9.7 mmol) in anhydrous THF (30 mL) 

at 0 °C was added dropwise methylmagnesiwn bromide (3.0 M in Et20, 10.0 mL, 29.2 mmol) . 

After the addition, the reaction was allowed to warm to RT and stirred overnight The reaction 

w~ then quenched with saturated aqueous NaHC03 (SO mL), diluted with BtOAc (30 mL), and 

the layers separated. The aqueous layer was extracted with EtOAc (1 x 20 mL) and CH2Ch (1 x 

20 mL). The combined organic extracts were dried (Na2S04), filtered, and concentrated under 

reduced pressure to afford a crude mixture of the desired product (19%) and N-( 4-Diallylamino-

4-methyl-cyclohexyl)-acetamide (72%). The resultant crude, yellow oil (1.21 g) was used 

without further pwification in the next step. 

Preparation of trans-N ,N-Diallyl-l-methyl-cyclohexane-1.4-diamine: 

(0386) To a stirred solution of the crude mixture from above in dry CH2Ch ( 4 mL) was 

added TFA (4 mL) and the reaction stirred at RT for 2.5 h. The reaction mixture was diluted 

with CH2Ch (30 mL) and concentrated under reduced pressure. The residue was diluted with 

CH2Ch (50 mL) and washed with lN NaOH (1 x 40 mL) and the aqueous phase extracted with 

CH~Cl2 (2-x 25 rnL). The combined organic extracts were dried (NaiS04), filtered, anci 
c:onceiitrated under reduced pressure to afford a yellow oil (0.840g, 12 % desired amine). 

___ -·-··' (0387] The byproduct from above, N-( 4-Diallylamino-4-methyl-cyclohexyl)-acetamide 

(0.1979 g, 0.79 mmol), was dissolved in 6N HCI (6 mL) and refluxed for 6 h. The reaction was 

cooled to RT and made basic with I ON NaOH and extracted with CH2Ch (3 x 20 mL). The 

combined organic extracts were dried (Na2S04), filtered, and concentrated Wlder reduced 

pressure to give the desired primary amine (0.1063 g, 65 %) as a yellow/green oil, which was 

used without further purification in the next reaction. 

Preparation of 2-{ [trans-( 4-Amino-4-methyl-cyclohexyl}-(5,6, 7.8-tetrahydro-guinolin-8-

yl)-amino l-methyll-benzoimid~Ie-1-carboxylic acid tert-butyl ester: 

(0388] Following General Procedure B: To a stirred solution of 6,7-dihydro-SH-quinolin-8-

one (0.0895 g, 0.61 mmol) and the crude N,N-Diallyl-l-methyl-cyclohexane-1,4-diamine from 
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above (0.1063 g, 0.51 mmol) in dry TI:IF (5 mL) was added AcOH (5 drops) and NaBH(OAc)3 
(0.1805 g, 0.85 mmol) end the mixture stirred overnight at room temperature. Purification by 
column chromatography on silica gel (CH2Ch/MeOHIN~OH, 96:4:0 then 95:4:1) afforded the 
desired amine (75.2 mg, 36 %) as a colourless oil. 

(0389) Following the general procedure for N-alkylation: To a stirred solution of the 

combined amines from above (0.1842 g, 0.54 mmol) in CH3CN (4 mL) was added N,N-

' diisopropylethylamine (0.17 mL, 0.98 mmol), KI ( 4.5 mg, 0.027 mmol) and I-(tert-
butoxycarbonyl)-2-(chloromethyl)benzimidazole (0.1449 g, 0.54 mmol). The mixture was 

stirred at 60 °C overnight. . Purification of the resultant orange oil by column chromatography on 
silica gel (CH2Cl:z/MeOHINR.OH, 96:4:0 then 89:10:1) afforded the desired alkylated amine 
(0.1364 g, 44%) as a orange foam. 

[0390] To a stirred solution of the alkylated amine from above (0.1364 g, 0.24 mmol) in dry 
CH2Ch (4 mL) was added N,N-dimethylbarbituric acid (0.1869 g, 1.2 mmol) and and 
tetrakis(triphenylphosphine)-palladium(O) (0.028 g, 0.024 mmol) and the mixture stirred at room 
temperature for 64 h. The reaction was diluted with CH2Ch (20 mL) and saturated aqueous 
NaHC03 (30 mL). The phases were separated and the aqueous layer extracted with CH2Ch (2.x 
20 mL). The combined organic extracts were dried (Na2S04), filtered and concentrated under 
reduced pressure. Purification of the crude material by radial chromatography on silica gel (2 
mm plate, CH2Ch/MeOHINRiOH, 50: 1: 1 then 25: 1: 1) afforded the desired amine (28.9 mg, 25 
%) and the monoallyl-protected amine (51.0 mg, 40 %). 

. . - .. . 

Preparation of 2-{ [trans-( 4-tert-Butoxycarbonylamino-4-methyl-cyclohexyl)-CS.6. 7.8-

tetrahydro-guinolin-8-yll-aminol-methyll-benzoirnidazole-1-carboxylic acid tert­

butyl ester: 

(0391) To a stirred solution of the desired primary amine (28.9 mg, 0.059 mmol) from above 
in dry THF (1.S mL) was added Di-tert-butyl dicarbonate (47 mg, 0.22 rnmol) and the mixture 
stirred at room temperature overnight. The reaction was concentrated under reduced pressure 
and the residue was purified by radial chromatography on silica gel (1 mm plate, 
CH2Ch/MeO~OH, 100: 1: I) to afford the protected amine (25mg, 71 %) as a colourless oil. 

(0392) Using General Procedure D: Conversion of the oil from above (25 mg, 0.042 mmol) 
to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 69 (23 mg, 82%) as a white solid. 1H NMR (D20) ~ 1.29 
(s, 3H), 1.56-1.78 (m, 4H), 1.79-2.04 (m, 4H), 2.07-2.27 (m, 3H), 2.38-2.48 (m, lH), 2.77-2.83 
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(m, IH), 2.99 (d, 2H, J= 5.4 Hz), 4.42 (d, IH, J= 16.S Hz), 4.58 (d, lH, J= 16.8 Hz), 4.54-4.61 

(m, lH), 7.56-7.61(m,2H),7.72-7.81(m,3H),8.27(d,1H,J=7;8Hz),8.55(d, IH,J=S.1 

Hz); 13C NMR (D20) s 20.71, 24.24, 26.56, 26.86, 27.50, 34.87, 35.05, 43.78, 53.48, 58.03, 

59.84, 114.21, 125.76, 126.97, 131.05, 139.08, 140.46, 147.91, 151.38, 152.11. ES-MS m!z 390 

(M+H). Anal. Calcd. for C24H31Ns•2.9HBr•3.lH20: C, 42.39; H, 5.94; N, 10.30; Br, 34.08. 

Found: C, 42.30; H, 5.69; N, 10.11; Br, 34.18. 

Example70 

COMPOUND 70: Preparation of N1 -Allyl-N-OH-Benzoimidazol-2-ylmethyl}-l-

methyl-N-(5,6. 7,8-tetrahydro-guinolin-8-yl}-trans-cyclohexane-1.4-diamine 

(hydrobromide salt): 

. (0393] Repurification ~fth~ m_onoallyl-prot~cted amine (51 mg, O~~O mmol) from above by 

radial chromatography on silica gel (1 mm plate, CH2Cli/MeOH/NH40H, 100:1:1then50:l:l 

then 25:1 :1) afforded the monoallyl-protected amine (24.6 mg, 20 %) as an orange oil. 

[0394) Using General Procedure D: Conversion of the oil from above (25 mg, 0.047 mmol) 

to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 70 (32 mg, 94%) as an off-white solid. 1H NMR (D20) 

S 1.29 (s, 3H), 1.55-1.95 (br m, 7H), 2.01-2.22 {m, 6H), 2.38-2.45 (m, lH), 2.77-2.86 (m, IH), 

2.97-3.02 (m, 2H), 3.65 (d, 2H, J= 6.9 Hz), 4.43 (d, lH,J= 16.8 Hz), 4.57 (d, IH,J= 16.8 Hz), 

4.59-4.65 (m, IH), 5.44 (d, lH, J= 16.2 Hz), 5.48 (d, IH, J= 23.1 Hz), S.86-6.00 (m, lH), 7.56-

7.62 (m, 2H), 7.72-7.81 (m, 3H), 8.27 (d, lH, J= 7.8 Hz), 8.55 (d, lH, J= 5.4 Hz); 13C NMR 

(D20) s 14.52 (Et20), 20.70, 23.66, 24.11, 24.33, 26.08, 27.49, 33.48, 33.85, 43.72, 44.50, 66.47 

(Et20), 114.20, 123.96, 125.78, 127.03, 128.43, 1.30.95, 139.08, 140.51, 147.95, 151.28, 152.12. 
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ES-MS mlz 430 (M+H). Anal. Calcd. for C21H3sNs•3.0HBr•2.9H20: C, 44.76; ~ 6.09; N, 9.67; 
Br, 33.08. Found: C, 45.00; H, 5.96; N, 9.61; Br, 32.72. 

Example 71 

COMPOUND 71: Preparation of N-ClH-Benzoimidaml-2-ylmethyll-1-phenyl-N-
(5.6. 7.8-tetrahydro-auinolin-8-yl>-trans-cyclohexane-1.4-diamine (hydrobromide 
salt). 

Preparation of trans-( 4-Cyano-4-diallylamino-cyclohexyl}-carbamic acid tert-butvl ester: 
(0395) To a stirred solution of (4-0xo-cyclohexyl)-carbamic acid tert-butyl ester (3.55 g, 

16.6 mmol) and diallylamine (2.05 mL, 16.6 mmol) in anhydrous CJCH2CH2Cl (30 mL) was 
added titanium(IV) isopropoxide (4.95 mL, 16.6 mmol) at 0 °C. The reaction mixture was 
allowed to warm to room temperature and was stirred overnight. The· mixture was then cooled 
to 0 °C and diethylaluminum cyanide (IM in toluene, 19.6 ml, 19.6 mmol) was added with 
vigorous stirring. The reaction was allowed to warm to room temperature and stirred an 
additional 5 h, after which were added CH2Cb (40 mL), EtOAc (40 mL), and celite (4 g). The 
reaction mixture was cooled to 0 °C, water (10 mL) was added slowly with vigorous stirring 
and, after an additional 5 minutes of stirring at room temperature, the excess water was 
quenched with Na2S04• The final mixture was then filtered over celite, concentrated under 
reduced pressure, and subjected to flash chromatography over silica gel (Hexanes/EtOAc, 4:1) to 
afford the desired rutrile (2.62 g, 66 % over 2 steps) as a pale yellow oil. 1H NMR {CDCb) 
8 1.44 (s, 91-1), 1.50-1.70 (m, 4H), 1.77-1.99 (m, 2H), 2.07 (d, 2H,J= 9 Hz»2.28 (d, 2H,J= 12 
Hz), 3.33 (t, 4H, J = 6.0 Hz), 4.33-4.53 (br m. 1 H), 5.11-5.24 (m, 4H), 5.82-5.95 (m, 21-1). 
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Preparation of trans-<4-Diallylamino-4-ohenyl-cyclohexyJ>-carbamic acid tert-butyl 
ester: 

(0396) To a solution of the nitrile from above (1.00 g, 3.1 mmol) in anhydrous TIIF (16 mL) 
at 0°C was added dropwise phenylmagnesium bromide (3.0 Min Et20, 3.1mL,9.4 mmol). 
After the addition, the reaction was allowed to warm to RT and stirred for 3 h. The reaction was 
then quenched with satw"ated aqueous N°H4Cl (40 mL), diluted with EtOAc (30 mL), and the 
layers separated. The aqueous layer was extracted with EtOAc (1 x 20 mL) and CH2Ch (1 x 20 
mL). The combined organic extracts were dried (Na2S04), filtered, and concentrated under 

·.reduced pressure. Purification by column chromatography on silica gel (Hexanes/EtOAc, 4:1) 
afforded both the desired product (0.2057g, 32 %) and N-( 4-Diallylamino-4-phenyl-cyclohexyl)­
benz.amide (0.11g.17 %) as white solids. 

Preparation of trans-N,N-Diallyl-1-phenyl-cyclohexane-1.4-diamine: 
[0397) To a stirred solution of the desired product (0.2057 g, 0.56 mmol) from above in dry 

CH2Ch (2 mL) was added TF A (2 m.L) and the reaction stirred at RT for 4 h. The reaction 
mixture was diluted with CH2Ch (15 mL) and concentrated under reduced pressure. The residue 
was diluted with CH2Cli (20 mL) and washed with IN NaOH (1x30 mL) and the aqueous 
phase extracted with CH2Ch (2 x 20 mL). The combined organic extracts were dried (Na2S04), 
filtered, and concentrated under reduced pressure to afford a yellow oil (0.1055g, 70 %). The ' resultant amine w.as used without further purification in the next reaction. 

[0398) The byproduct from above~ trans-N-( 4-Diallylruruno4.phenyl-cyclohexyl)­
benzamide (0.4558 g, 1.22 mmol), was dissolved in a solution ofH20 (2.5 mL), 6N HCI (3.5 
~) and THF (2 m.L) and refluxed overnight. The reaction was cooled to RT, diluted with H20 
(15 mL) and made basic with IONNaOH after which the aqueous solution was extracted with 
CH2Cli (3 x 20 mL). The combined organic extracts were dried (Na2S04), filtered, and 
concentrated under reduced pressure. Purification by column chromatography on silica gel 
(CH2Cl:z/MeOHINRtOH, 96:4:0 then 89: I 0: I) afforded the desired primary amine (80 mg, 24 
%) as a yellow oil. 

Preparation of 2-{ [trans-( 4-Amino-4-phenyl-cyclohexyl)-(5,6. 7,8-tetrahydro-guinolin-8-
yl)-amino ]-methyl }-benzoimidazole-1-carboxylic acid tert-butvl ester: 

[0399) Following General Procedure B (Stepwise Reductive Amination Using NaBRt): To 
a stirred solution of 6, 7-dihydro-5H-quinolin-8-one (0.099 g, 0.67 mmol) and N,N-Diallyl-1-
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phenyl-cyclohexane-1,4-cliamine (0.181 g, 0.48 mmol) in dry MeOH (3 mL) was added NaB"4 

(0.051 g, 1.3 mmol) after 2 h and the mixture stirred for an additional 2 h at room temperature. 

Purification by radial chromatography on silica gel (2 mm plate, CH2Ch/MeOH/NH40H, 
100:1 :1 then 75:1:1) afforded the desired amine (150 mg, 56 %) as a pale yellow oil. 

[0400) Following the general procedure for N-alkylation: To a stirred solution of the the 

amine from above (0.150 g, 0.37 mmol) in CH3CN (2 mL) was added N,N­

diisopropylethylamine (0.12 mL, 0.67 mmol}, Kl (3 mg, 0.019 mmol) and 1-(tert­

butoxycarbonyl)-2-(chloromethyl)benzimidazole (0.099 g, 0.37 mmol). The mixture was stirred 

at 60 °C overnight. Purification of the resultant beige foam by radial chromatography on silica 

gel (2 mm plate, CH2Ch/MeO~OH, 100:1:1then50:1:1) afforded the desired alkylated 
amine (0.149 g, 64%) as a yellow oil. 

[0401) To a stirred solution of the alkylated amine (0.149 g, 0.24 mmol) from abov~ in dry 

CH2Cl2 (2.5 mL) was addedN,N-dimethylbarbituric acid (0.1841g,1.2 mmol) and 

Tetrakis(triphenylphosphinc)-palladiwn(O) (0.068 g, 0.06 mmol) and the mixture stirred at room 

temperature for 64 h. The reaction was diluted with CH2Ch (20 mL) and saturated aqueous 

NaHC03 (30 mL). The phases were separated and the aqueous layer extracted with CH2Ch (2 x 

20 mL). The combined organic extracts were dried (Na2S04), filtered and concentrated under 
reduced pressure. Purification of the crude material by radial chromatography on silica gel (2 

mm plate, CH2Cli/MeOH/NH40H, 50: 1: 1 then 25: 1 : 1 then 20: 1: 1) afforded the deprotected 

amine (28.9 mg, 25 %) and the monoallyl-protected amine (70.1.0 mg, 54 %, 90 % purity). . . . . . . . . .. 

Preparation of 2-{[trans-( 4-tert-Butoxycarbonylamino-4-phenyl-cyclohexyJl-(5.6. 7 ,8-

tetrahydro-guinolin-8-yll-amino ]-methyl }-benzoimidazole-1-carboxylic acid tert­

butvl ester: 

(0402) To a stirred solution of the desired primary amine (28.9 mg, 0.13 mmol) from above 

in dryTHF (2 mL) was added Di-tert-butyl dicarbonate (42 mg, 0.19 mmol) and the mixture 

stirred at room temperature overnight. The reaction was concentrated under reduced pressure 

and the residue was purified by radial chromatography on silica gel (I nun plate, 

CH2Cl2/MeOH/NJLiOH, 100:1:1the50:1:1) to afford the hoc-protected amine (34mg, 44 %) as 
a colourless oil. 

[0403] Using General Procedure D: Conversi~n of the oil from above (24 mg, 0.037 mmol) 
to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanoVether gave COMPOUND 71 (24 mg, 85%) as a beige solid. 1H NMR (020) 8 1.80-
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1.99 (m, JH), 2.00-2.27 (m, SH), 2.28-2.53 (m, 4H), 2.89-3.04 (m, 3H), 4.47 (d, lH,J= 16.8 
Hz), 4.61 (d, lH, J= 16.5 Hz). 4.60-4.68 (m, lH), 7.40-7.53 (m, SH), 7.55-7.61 (m, 2H), 7.71-
7.81 (m, 3H), 8.26 (d, lH,J= 7.2 Hz), 8.55 (d, lH, J= 5.1Hz); 13CNMR (D20) 8 20.74, 24.26, 
24.54, 26.75, 27.53, 34.29, 34.46, 43.85, 57.40, 58.08, 59.61, 114.24, 125.12, 125.79, 126.97, 
129.40, 129.64, 131.08, 139.14, 140.51, 140.91, 147.94, 151.34, 152.04. ES-MS mlz 452 
(M+H). Anal. Calcd. for C29H33Ns•2.7HBr•5.3H20: C, 45.50; H, 6.10; N, 9.15; Br, 28.18. 
Found: C, 45.43; H, S.43; N, 8.93; Br, 28.23. 

CQ : 
~'~­
d 

Example73 

COMPOUND 73(R.) and (Sl: Preparation of the two diastereomers of N1-(1H­
BenZimidazol-2-ylmethyll-N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-cyclohex-2-ene­
trans-l .4-diamine 

[0404] Cis-1-acetoxy-4-chloro-2-cyclohexene was prepared from 1,3-cyclohexadiene 
following the proced~e reported by Backvall et al (J. Am._ Chem _Soc. 1985, 107, 367~_-3686:)· 

(0405] To a stirred solution of cis-1-acetoxy-4-chloro-2-cyclohexene (6.87 g, 39.4 mmol) in 
.DMF (160 mL) was added sodium azide (5.29 g, 81.l mmol) and the resultant mixture was 
.stirred at room temperature for 2 hours. The reaction mixture was poured into brine (160 mL) 
m.<i diluted with diethyl ether (300 mL) and water (80 mL). The phases were separated and the 
organic phase was washed with brine (5 x 50 mL). The organic phase was dried (MgS04), and 
concentrated to provide 6.13 g (85%) of trans-1-acetoxy-4-azido-2-cyclohexene as a pale red oil 
which was used without further purification. 

[0406) A mixture of trans-1-acetoxy-4-azido-2-cyclohexene (6.13 g, 33.9 mmol), Lindlar's 
catalyst (l.18 g), and di-tert-butyl dicarbonate (11.35 g, 52.1 mmol) in methanol (170 mL) was 
hydrogenated under atmospheric pressure for 19 hours. The mixture was filtered through 
Celite® and the cake was washed with methanol.· The filtrate was concentrated and the resultant 
oil was purified by column chromatography on sili~ gel (6:1 hexanes-ethyl acetate) and 
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provided 6.70 g (77%) of trans-l-acetoxy-4-(tert-butoxycarbonylamino)-2-cyclohexene as a 

white solid. 

(0407] To a solution of trans-l-acetOxy-4-(tert-butoxycarbonylamino )-2-cyclohexene ( 6. 70 

g, 26.3 mmol) in methanol (130 mL) was added solid K2C03 (7.50 g, 54.4 mmol) and the 

mixture was stirred at room temperature for 1 hour. The reaction mixture was concentrated and 

the residue was dissolved in CH2Ch (250 mL) and saturated aqueous NaHC03 (100 mL). The 

phases were separated and the aqueous phase was extracted with CH2Ch (3 x 50 mL). The 

combined organic extracts were dried (Na2S04) and concentrated. Purification of the crude 

material by column chromatography on silica gel (20:1 CH2Cl2-CH30H) provided 3.38 g (60%) 

of trans-1-hydroxy-4-(tert-butoxycarbonylamino )-2-cyclohexene as a white solid. 1H NMR 

(CDCIJ) a 1.44 (s, 9H), 1.52-1.57 (m, lH), 2.05-2.14 (m, 3H), 4.20-4.26 (br s, 2H), 4.45 (br s, 

lH), 4.47-4.60 (m, lH), 5.70 (cl, lH, J= 10.2 ~), 5.81. (d, IH, J= 10.2 Hz); 

(0408] To a mixture of trans-l-hydroxy-4-(tert-butoxycarbonylamino )-2-cyclohexene (2.93 

g, 13.8 mmol) in hexachloroacetone (70 mL) was added triphenylphosphine (7.51 g, 28.6 mmol)' 

and the mixture was stirred at room temperature for 1 hour. The mixture was concentrated and 

the thus obtained oil was purified by column cluomatography on silica gel (I 0: 1 hexanes-ethyl 

acetate) and provided 1.98 g (62%) of cis-1-(tert-butoxycarbonylamino)-4-chloro-2-cyclohexene 

as a yellow solid. 

[0409) To a stirred solution of cis-1-(tert-butoxycarbonylamino)-4-chloro-2-cyclohexene 

(1.85 g,. 8.0~ mmol) in DMF (40 mL) was added sodium azide (1.17 g, 18.0 mmol) and the 

resultant mixture was stirred at room temperature for 16 hours. The reaction mixture was' 

poured into brine (40 mL) and diluted with ethyl acetate (120 mL) and water (20 mL). The 

phases were separated and the organic phase was washed with brine (4 x 25 mL). The organic 

phase was dried (MgS04), and concentrated. Purification of the crude material by column 

chromatography on silica gel (10:1 hexanes-ethyl acetate) provided 1.14 g (60%) of trans-l­

azido-4-(tert-butoxycarbonylamino)-2-cyclohexene as a colorless oil. 

(0410) To a solution of trans-l-azido-4-(tert-butoxycarbonylamino )-2-cyclohexene (1.14 g, 

4.79 mmol) in TIIF (50 mL) and water (5 mL) was added triphenylphosphine (2.60 g, 10 mmol) 

and the mixture was stirred at room temperature for 20 hours. The mixture was concentrated 

and the thus obtained material was purified by column chromatography on silica gel ( 10: 1: 1 

CH2Ch-CH30H-N"40H) followed by radial chr~matography on silica gel (2 mm plate, 100:1:1 

CH2Ch-CH30H-NH40H) and provided 0.32 g (31~) of trans-l-amino-4-(tert­

butoxycarbonylamino )-2-cycJohexene as a colorless oil. 1H NMR (CDCb) 8 1.44 (s, 9H), 1.50-
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1.92 (m, 2H), 1.99-2.10 (m, 2H), 3.32 (br s, lH), 4.10-4.19 (m, lH), 4.47-4.60 (m, IH), 5.57-
5.77 (m, 2H); 

(0411] Using General Procedure B: Reaction of trans-l-amino-4-(tert­
butoxycarbonylamino)-2-cyclohexene (0.222 g, 1.05 mmol) and 6,7-dihydro-SH-quinolin-8-one 
(0.304 g, 2.06 rnmol) in THF (IO mL) with NaBH(OAc)3 (0.423 g, 2.00 mmol) for 4 hours 
followed by purification of the crude material by column chromatography on silica gel (25: 1 
CH2Ch-CH30H) provided 0.277 g (77%) of .N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-N4-(tert­
butoxycarbonyl)-cyclohex-2-ene-trans-1,4-cliamine as a yellow foam. 

(0412] Using the General Procedure forN-alkylation: A solution of N1-(5,6,7,8-tetrahydro­
quinolin-8-yl)-N'-(tert-butoxycarbonyl)-cyclohex-2-ene-trans-1,4-diamine (0.277 g, 0.81 
mmol), l-tert-(butoxycarbonyl)-2-(chloromethyl)benzimidamle (0.327 g, 1.22 mmol), catalytic 
potassium iodide (14 mg), and N,N-diisopropylethylamine (0.28 mL, 1.61 mmol) in CH3CN (8 
mL) was heated at 60 °C for 20 hours .. Purification of the erode material by column 
chromatography on silica gel (20: 1 :1 CH2Ch-MeOH-~OH) followed by radial 
chromatography on silica gel (1 mm plate, 100:1 :1 CH2Ch-MeOH-NR,OH) provided two 
diasteriomers of N-(5,6, 7,8-tetrahydro-quinolin-8-yl)-N-(l-tert-butoxycarbonyl-l H­
Benzimida2:ol-2-ylmethyl)-N'-(tert-.butoxycarbonyl)-cyclohex-2-ene-trans-l ,4-diamine, 129 mg 
(28%) of a white foam and 18 mg ( 4%) of a white solid. 

(0413] General Procedure D: Conversion of the major diastereomer (100 mg) to the 
hydro bromide salt with simultaneous removal of the BOC-protecting groups, followed by re-. . . ~ . . 
precipitation of the intennediate solid from methanol/ether, gave COMPOUND 73(R) (103 nig, 
88%) as a white solid. 1H NMR (D20) 5 1.45-1.57 (m, IH), 1.70-1.82 {m, 2H), 2.00-2.17 (m, 
·4li), 2."48-2.52 (m, IH), 2.93 (br d, 2H, J= 5.1 Hz), 3.61-3.63 (m, 11-1), 3.88-3.91 {m, IH), 4.38-

. 4.46 (m, 2H), 4.55 (d, lH, J= 16.8 Hz), 5.88 (br d, lH, J-= 10.5 Hz), 6.25 (d, lH, J= 10.5 Hz), 
7.52-7.57 (m, 2H), 7.69-7.77 (m, 3H), 8.22 (d, IH,J= 8.1 Hz), 8.55 (d, lH, J= 5.1 Hz; 13C 
NMR (D20) 5 20.63, 23.56, 27.14, 27.30, 27.52, 42.75, 47.46, 56.83, 60.1 I, 114.17, 125.84, 
127.00, 128.66, 130.94, 133.97, 139.22, 140.59, 147.98, 151.38, 151.46; ES-MS mlz 374 
(M+H). Anal. Calcd. for C23H27N5•3.0HBr•2.9H20: C, 41.33; H, 5.40; N, 10.48; Br, 35.86. 
Found: C,41.14; H, 5.15; N, 10.28; Br, 36.10. 

[0414] General Procedure D: Conversion of the minor diastereomer (18 mg) to the 
hydro bromide salt with simultaneous removal of the BOC-protecting groups, followed by re­
precipitation of the intennediate solid from methanoVether, gave COMPOUND 73(8) (15 mg, 
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68%) as a white solid. 1H NMR ColO) a 1.45-1.56 (m, lH), 1.73-1.90 (m, 2H), 2.03-2.37 (m. 
SH), 2.96(d, 2H,J= 4.8 Hz), 3.66-3.70 (m, lH), 3.89·3.91 (m, IH), 4.34-4.46 {m, 2H), 4.52 (d, 
1H,J= 16.2 Hz), 5.75 (d, IH,J= 10.25 Hz), 6.05 (d, lH,J= 10.2 Hz), 7.53-7.56 (m, 2H), 7.70 
-7.76 (m, 3H), 8.22 (d, lH,J= 7.8 Hz), 8.52 (d, lH,J= 5.7 Hz); 13C NMR (020) 8 20.56, 
24.42, 25.14, 27.03, 27.40, 43.22, 47.65, 57.18, 58.39, 114.24, 125.76, 126.90, 128.40, 131.22, 
135.51, 139.13, 140.42, 147.75, 150.87, 152.02; ES-MS mlz 314 (M+H). Anal. Calcd. for 
C23H21Ns•3.0HBr•3.1H20: C, 41.10; H, S.43; N, 10.42; Br, 35.67. Found: C, 41.38; H, S.09; N, 
10.35; Br, 35.36. 

Example 74 

COMPOUND 74: Preparation of (Z)-N'-(IH-Benzimidazol-2-ylmethyl)-N'-(5,6,7,8-
tetrahydro-guinolin-8-yl)-but-2-ene-l ,4-diamine 

Preparation of ((Z)-4-Chloro-but-2-enyl)-carbamic acid tert-butvl ester: 

Cl~ 0 

l...~J-)< 
[0415) To a stirred suspension of (Z)-4-chloro-2-butenylamine hydrochloride (1.0 g, 7.0 

mmol) in TIIF (35 mL) andwater (0.2 mL) was added N,N-diisopropylethylamine (2.7 mL, 15.4 
mmol) followed by di-tert-butyl dicarbonate (1.8 g, 8.4 mmol). The resultant solution was 
stirred for 3 h, at which time saturated aqueous sodium bicarbonate (20 mL) and diethyl ether 
(40 mL) were added. The phases were separated and the aqueous layer was extracted with EtiO 
(3 x 30 mL). The combined organic extracts were washed once with brine (20 m.L), dried 
(MgS04), and concentrated In vacuo. Purification of the crude material by flash 
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chromatography (silica gel, 4: 1 hexane-EtOAc) afforded 1.3 g (90%) of the title compound as a 

white solid. 1H NMR (CDCh) B 1.44 (s, 9H), 3.82 (t, 2H, J= 6 Hz), 4.12 (d, 2H, J= 9 Hz), 4.62 

(br s, lH), 5.60-5.70 (m, lH), 5.72-5.77 (m, lH). 

[0416) Following the General Procedure for N-alkylation: To a solution of ( lH-N-ter/­

butoxycarbonyl-benzimidazol-2-ylmethyl)-(S,6, 7,8-tetrahydroquinolin-8-yl)-amine (200 mg, 

0.53 mmol) and ((Z}4-chloro-but-2-enyl)-carbamic acid tert-butyl ester (130 mg, 0.64 mmol) in 
CH3CN (3 mL) were added N,N-diisopropylethylamine (138 µL, 0.80 mmol) and Kl (4.4 mg, 
0.027 mmol) and the reaction stirred at 60 °C for 18 h. The crude material was taken up in neat 
TFA (1 mL) and stirred 3 h'. Saturated aqueous sodium bicarbonate (5 mL) was cautiously 
added, and the resulting mixture was extracted with CH2Cli (3 x 10 mL) then the combined 
orgamc extracts were dried (MgSO.c), filtered and concentrated In vacuo. Purification of the 
crude material by radial chromatography (1 mm plate, SO: 1 :1 CH2Ch-MeOH-~OH) afforded 
the title compound (57 mg, 31%) as a white solid. 1H NMR(CDCIJ) B 1.68-1.72 (m, Hi), 1.84-
2.05 (m, 2H), 2.15-2.22 (m, 1 H), 2. 71 ( dt, 1 H, J =: 17, 5 Hz), 2.84 ( ddd, I H, J = 16, 10, 5 Hz), 
3.15-3.26 (m, 3H), 3.38 (dd, lH, J= 14, 7 Hz), 3.97-4.12 (m, 3H), 5.46-5.54 (m, 2H), 7.13 (dd, 

llI,J= 8, 5 Hz), 7.16-7.21(m,2H), 7.40 (dd, lH,J= 7, 1 Hz), 7.57 (br s, 2H), 8.57 (dd, lH,J= 
5, 1 Hz); 13C NMR (CDCIJ) B 21.0, 22.9, 28.9, 37.4, 46.4, 48.6, 60.5, 115.0, 121.8, 122.2, 130.7, 
131.6, 134.6, 137.4, 146.6, 154.2, 156.8. ES-MS mlz 348 (M+H). Anal. Calcd. for 

C21H25N5·0.lCHCh·0.8CH,0: C, 68.32; H, 7.41; N, 18.19. Found: C, 68.60; H, 7.05; N, 17.82. 

Example 75 
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CO'MPOUND 75: Preparation of 2-f +CCl!f..benzoimidqol-2-yJroethvl)·C5.6.7.8-

tetrahydro-quinolin-8-yl)-amino]-(ID-but-2-enyJ}-isoipdole-1.3adione. 

Preparation of 2-{[[(Z>-4-( l .3-dioxo-1.3-dihydro-isoindol-2-vl)-but-2-enyll-{S.6. 7 .8-

tetrahydro-quinolin-8-yll-aminol-methyll-benzoimidazole-1-carboxylic acid tert­

butyl ester: 

(0417) Following the General Procedure for N-alkylation, (lH-N-tert-butoxycarbonyl• 

benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-amine (293 mg, 0.77 mmol) and 

(.E)-N-(4-bromo-2-butenyl)phthalimide (prepared as described by Norman, M.H.; Minick, D.J.; 

Rigdon, G.C. J. Med Chem. 1996, 39, 149-157) (260 mg, 0.93 mmol) were converted into the 

corresponding alkylation product using the following quantities of reagents and solvents: 

diisopropylethylamine. (202 µL, 1.16 mmol), CH3CN (4 mL). The reaction time in this case was 

,.... 18 h, while the reaction temperature was 40 °C. The resulting crude material was purified by 
. ·-

flash chromatography (silica gel, 20:2: 1 CH2Cl2-MeOH-NlLJOH) to provide 360 mg (81 %) of 2-

{ [[ (Z)-4-( l ,3-dioxo-1,3-dihydro-isoindol-2-yl)-but-2-enyl ]-(5 ,6, 7 ,8-tetrahydro-quinolin-8-yl)­

amino ]-methyl }-benzoimidazole- l-carboxylic acid tert-butyl ester. 1H NMR (CDCh) c5 1.67 (s. 
' 9H), 1.68-1.70 {m, IH), 1.79-1.91 (m, lH), 1.93-2.04 (m, lH), 2.14-2.19 (m, lH), 2.59-2.79 (m, 

2H), 3.33-3.48 (m, 2H), 4.00 {d, 2H,J= 6 Hz), 4.25 (dd, lH, J= 10, 6 Hz), 4.42 (d, IH,J= 16 

Hz), 4.60 (d, IH, J= 16 Hz), 5.29-5.57 (m, lH), 5.65-5.74 (m, lH), 6.95 (dd, lH, J= 7, 5 Hz), 

7.17-7.25 (m, 3H), 7.63-7.72 (m, 3H), 7.74-7.80 (m, 3H), 8.37 (d, IH,J=4Hz). 

(0418) 2-{ [[(Z)-4-(1,3-Dioxo-l ,3-dihydro-isoindol-2-yl)-but-2-enyl]-{5,6, 7 ,8-tetrahydro­

quinolin-8-yl)-amino ]-methyl }-benzoimidazole-l-carhoxylic acid tert-butyl ester (150 mg, 0.26 
mmol) was taken up in neat TFA (2 mL) and stirred 3 h. Saturated aqueous sodium bicarbonate 

(10 mL) was cautiously added, and the resulting mixture was extracted with CH2Ch (3 x 10 mL) 

then the combined organic extracts were dried (Mg~04), and concentrated in vacuo. 

Purification of the crude material thus obtained by radial chromatography (silica gel, ~mm 
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plate, 50:1:1 CH2Ch-MeOH-~OH) afforded 102 mg (81%) of COMPOUND 75 as a white 
solid. 1HNMR (CDCb) 8 1.66-1.71 (m, lH), 1.84-1.97 (m, 2H), 2.13-2.15 (m, lH), 2.66-2.79 
(m, 2H), 3.22-3.26 (m, 2H), 3.99-4.07 (m, 3H), 4.13-4.16 (m, 2H), 5.67-5.71(m,2H), 7.10 (dd, 
IH, J= 8, 5 Hz), 7.14-7.20 (m, 2H), 7.36 (dd, IH,J= 8, 1 Hz), 7.43-7.62 (m, 2H), 7.64-7.69 (m, 
2H), 7.74-7.79 (m, 2H), 8.56 (dd, IH,J= 5, I Hz); 13C NMR (CDCI)) 3 21.3, 24.0, 29.1, 39.1, 
49.2, 52.0, 61.0, 110.9, 118.7, 121.6, 122.1, 123.2, 126.1, 132.0, 132.8, 133.9, 134.5, 137.2, 
146.7, 156.3, 157.5, 167.8. ES-MS m/z 478 (M+H). Anal. Calcd. for 
C29H21Ns02·0.2CH2C1i·0.3H20: C, 70.15; H, S.64; N, 14.01. Found: C, 70.40; H, 5.73; N, 
13~90 .. 

Example76 

COMPOUND 76: Preparation of (Z)-N-{IH-Benzimidazol-2-ylmethyl)-N1-5.6, 7,8-
tetrahydro-quinolin-8-yl-but-2-ene-l ,4-diamine (hydrochloride salt) 

{0419] (Z)-4-chloro-2-butenylamine hydrochloride (3.88 g, 27.3 mmol), water (I mL) and 
di/sopropylethylamine (9.6 mL, 55.1 mmoJ) were dissolved in tetrahydrofuran (140 mL) and 
stirred for 5 min. under nitrogen. Di-tert-buty1 dicarbonate (15.31g, 70.1 mmol) was added and 
the mixture was stirred for an additional 4 h at 25°C. The mixture was concentrated and the 
residue dissolved in methylene chloride (100 mL) and washed with saturated sodium 
bicarbonate (80 mL). The aqueous layer was extracted with methylene chloride (2 x 50 mL). 
The combined organic layers were dried (MgS04) and concentrated to afford a brown oil which 
solidified on standing. Purification by column chiomatography on silica gel afforded 6.4 g of a 
mixture of the desired product and di-tert-butyl dicarbonate. Recrystallization from hot hexanes 
afforded (4-chloro-but-2-enyl)-carbamic acid tert-butyI ester (3.27 g, 50 %) as white crystals. · 
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1H NMR (CDCb) 8 1.45 (s, 9H), 3.83 (t, 2H,J= 6.2 Hz), 4.12 (d, 2H,J= 7.4 Hz), 4.58 (bs, 

lH), S.58-5.68 (m, lH), 5.71-5.81 (m, IH). 

(0420) (4-Chloro-but-2-enyl)-carbamic acid tert-butyl ester (1.81 g, 7.47 mmol), potassium 
iodide (59 mg, 0.36 mmol) and diisopropylethylamine (1.80 mL, 10.3 mmol) were added to a 

solution of 2-((5,6, 7,8-tetrahydroquinolin-8-ylamino)-methyl]-benzimidazole-l-carboxylic acid 

tert-butyl ester (2.57 g, 6.79 mmol)) in acetonitrile (70 mL) and wanned to 60°C and stirred for 
17 h under nitrogen. The solvent was removed In vacuo. The residue was dissolved in 
methylene chloride (100 mL) and washed with brine (100 mL). The aqueous layer was 
extracted with methylene chloride (2 x 150 mL). The combined organic layers were dried 
(Na2S04) and concentrated:· The crude mixture was purified by column chromatography on 
silica gel (150 g) to afford 2-{[(S)-((Z)-4-tert-butoxycarbonylamino-but-2-enyl)-5,6,7,8-

tetrahydro-quinolin-8-yl-amino ]-methyl}-benzimidamle-1-carboxylic acid tert-butyl ester (5.99 

g, 88%) as a white foamy solid. 1H NMR (CDCb) a 1.43 (s, 9H), I. 72 (s, 9H), 1.95-2.08 (m, 

4H), 2.09-2.20 (m, lH), 2.61 (d, IH, J= 16.2 Hz), 3.28 (dd, lH, J= 14.l, 5.4 Hz), 3.62 (dd, IH, 
J= 13.7, 7.2 Hz), 3.69-3.85 (m, 2H), 4.29 (dd, lH, J= 9.2, 6.6 Hz), 4.42 (d, lH, J= 14.9 Hz), 

4.48 (d, lH, J= 14.9 Hz), 5.43-5.63 (m, 2H), 6.19 (s, lH), 6.87 (dd~ lH, J= 1.5, 4.8 Hz), 7.17 
(cl, IH, J= 7.7 Hz), 7.23-7.28 (m, IH), 7.65-7.71 (m, IH), 7.75-7.80 (m, lH), 8.34 (d, lH, J= 

4.4Hz). 

[0421) 2-{ [ (S)-( (Z)-4-tert-B utoxycarbonylamino-but-2-enyl)-5 ,6, 7 ,8-tetrahydro-quinolin-8-

y l-~ino ]-methyl }-b~~imidazole-1-carboxylic acid tert-~utyl_ester was dissolved in ac~tic acid 
(15 mL) and hydrogen chloride.gas was bubbled through the solution for 10 min. The mixture 
was stirred for an additional 60 min. then diluted with acetic acid (15 mL). The acetic acid 
solution was added dropwise, over to a flask containing of diethyl ether (600 mL), stirred 
rapidly, where a white fluffy precipitate formed. The ether mixtUre was allowed to settle and 
.decanted. The slurry was washed with ether (3 x 500 mL) and then the precipitate was collected 
on a glass frit and rinsed thoroughly with ether. The frit was placed into a vacuum oven (40°C) 

for 18 h to afford COMPOUND 76 as a light pink solid (2.20 g, 72%). 1H NMR (D20) 8 1. 75-

1.88 (m, IH), 1.98-2.11 (m, lH), 2.17-2.22 (m, lH), 2.37-2.42 (m, IH), 3.00 (dd, 2H,J= 7.8, 
3.9 Hz), 3.25 (dd, IH,J= 14.7,4.4 Hz), 3.58-3.65 (m, 3H), 4.4.32 (d, lH,J= 16.5 Hz), 4.46-
4.55 (m, 2H), 5.43-5.53 (m, lH), 5.77-5.86 (m, lH), 7.55-7.62 (m, 2H), 7.74-7.81 (m, 2H), 7.84. 
(dd, lH,J-7.9, 5.9 Hz}, 8.33 (d, lH, J= 7.8 Hz);8.62 (d, '1H,J= 5.4Hz); 13CNMR(D20) 

20.35, 20.47, 27.61, 36.45, 48.00, 48.67, 60.52, 114,31 (2C), 124.75, 125.91, 126.81 (2C), 
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131.27, 132.58, 139.49, 140.64, 147.98, 150.92, 151.47. ES-MS mlz 348 (M+H). Anal. Calcd. 

for C21H2sNs•3.IHCl•2.SH20•0.3Et20: C 50.70, H 6.88, N 13.32, Cl 20.90. Found: C 50.81, H 
6.89, N 13.45, Cl 20.80. 

[0422) The enantiomeric purity of COMPOUND 76 was detennined to be 98% by chiral 
HPLC using the following conditions: Instrument: Hewlett Packard 1100 HPLC (VWD2); 
Column: ChiralPak AD, 4.6 cm x 25 cm; Mobile Phases: A ... 90:10 hexanes/ reagent alcohol 
with 0.1 o/oDEA, B =reagent alcohol; Isocratic: 90% A, 10%B; Total Run 1:°1Dle: 40 min; Flow 
Rate: 0.5 mUmin; Temperature: 40 °C; Detector: UV @ 270 nm; htjection volume: 10 µL. 

[0423] Retention time .of the S enantiomer = 21.4 min. 

(0424] Retention time ·of the R enantiomer = 14.3 min. 

Example 77 

CQ 
IN~N 

N~ N 
0 

COMPOUND 77: Preparation of N1-(1H-benzoimidazol-2-ylmethyl)-N-(5.6. 7.8-
.. tetrahydro-guinolin-8-yl}-(E)-but-2-ene-1,4-diamine. 

-·~ • [0425) 2-{ [[ (Z)-4-(l ,3-Dioxo-1,3-dihydro-isoindol-2·yl)-but-2-enyl]-(5,6,7 ,8-tetrahydro­
quinolin-8-yl)-amino]-methyl }-benzoimidazole-1-carboxylic acid tert-butyl ester (prepared as 
described for COMPOUND 75) (200 mg, 0.35 mmol) was taken up in EtOH (3 mL) and 
hydrazine monohydrate (0.5 mL, 10 mmol) was added. The resulting mixture was heated to 
reflux for 18 h, at which point saturated aqueous sodiwn bicarbonate (15 mL) was added, and 
the resulting mixture was extracted with CH2Ch (3 x 20 mL) then the com~ined organic extracts 
were dried (MgS04), and concentrated in vacuo. Purification of the crude material thus obtained 
by radial chromatography (silica gel, 1 mm plate; 50: I: I CH2C)z-MeOH-NH.OH) afforded 53 
mg (44%) of COMPOUND 77 as a white solid. 1.l-1 NMR (CDCh) 81.47-1.71(m,3H), 1.89-
2.08 (m, 2H), 2.18-2.20 (m, lH), 2.74-2.83 (m, 2H), 3.13 (d, 2H,J= 6 Hz), 3.25-3.27 (m, 2H), 
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4.06-4.10 (m, 3H), S.46 (dt, JH,J• 15, 6 Hz), 5.71 (dt, lH, Ja 15, 6 Hz), 7.12-7.21 (m, 3H), 

7.41 (d, lH, J= 8 Hz), 7.50-7.58 (m, 2H), 8.60 (dd, IH, J= 5, 1Hz); 13C NMR (CDCh) 8 21.3, 

23.6, 29.2, 43.l, 48.8, 52.5, 61.3, 114.3, 121.5, 122.1, 128.5, 133.4, 134.6, 137.3, 146.7, 156.4, 

157.5. ES-MS mlz 348 (M+H). Anal. Calcd. for C21H2sNs·0.2CH2C!i·0.9C~O: C, 67.49; H, 

7.43; N, 17.81. Found: C, 67.59; H, 7.31; N, 17.46. 

Exaniple 78 

COMPOUND 78: Preparation of N1-(1H-benzimidazol-2-ylmethyl)-N1-(5,6,7,8-

tetrahydro-guinolin-8-yll-but-2-yne-J ,4-diamine. 
' 

Preparation of (4-chlorobut-2-ynyllcarbarnic acid tert-butyl ester: 

(0426] To a stirred mixture of l~amino-4-chloro-2-butyne hydrochloride (1.12 g, 8.01 

mmol) and Boc20 (2.12 g, 9.71 mmol) in a solution ofTHF (40 mLj and H20 (15 drops) was 

added DIPEA (3.1 mL, 17 .8 mrnol). The resultant solution was stirred at room temperature for 

4.5 hours. Saturated aqueous NaHC03 (20 mL) was added, the layers were separated and the 

aqueous solution was extracted with Et20 (25 mL x 2). The combined organic extracts were 

dried (Na2S04), filtered and concentrated under reduced pressure. Pwification by flash column 

chromatography on silica gel (hexane/EtOAc, 7:3) gave the Boc~protected amine as an off-white 

solid (l.38 g, 6.79 mmol, 85%). 1H NMR (CDCh) 8 1.44 (s, 9H), 3.97 (d, 2H, J= 4.5 Hz), 4.13 

(t,2H,J=2.1 Hz),4.74 (br.s, IH). 
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Preparation of 2-{ [( 4-tert-butoxycarbonvJamino-2-butynyl)-(S.6, 7.8-tetrahydrogyinolip-

8-yll-amino]-methyll-benzimidazole-l-carboxylic acid tert-butyl ester: 

[0427] A solution of the chloride from above (182 mg, 0.89 mmol), (1-tert-butoxycarbonyl­

IH-benzimidazol-2-ylmethyl)-(S,6, 7,8-tetrahydro-quinolin-8-yl)-amine (285 mg, 0.75 mmol), 

DIPEA (0.20 mL, 1.2 mmol) and catalytic KI (8 mg, 0.05 mmol) in CH3CN was heated at 60 °C 

for 17 hours. Saturated aqueous NaHC03 (10 mL) was added and the mixture was extracted 

with CH2Ch (25 mL x 3). The organic solution was dried (MgS04), filtered and evapoiited 

under reduced pressure. Purification by flash column chromatography on silica 

(CH2CJi/MeOH/NRJO~, 9: I :0.1) gave the tertiary amine as a pale brown foam (374 mg, 0.69 
I .· 

rnmol, 91%). H NMR (CDCl3) 8 1.43 (s, 9H), 1.67 (s, 9H), 1.97-2.14 (m, 4H), 2.61-2.73 (m, 
·•·. 

lH)~ 2.75-2.88 (m, lH}, 3.61-3.80 (m, 4H), 4.31 (dd, lH, J= 7.8, 5.6 Hz), 4.45 (d, lH, J= 15.9 

Hz), 4.54 (d, 1H,J= 15.9 Hz), 4.63 (br. s, 1H), 7.01 (dd, lH, J= 7.5, 4.8 Hz), 7.27-7.34 (m, 

3H), 7.72 (dd, 1H,J= 6.0, 3.0 Hz), 7.83 (dd, lH,J= 6.0, 3.3 Hz), 8.39 (d, lH, J= 3.3 Hz). 

. Preparation of COMPOUND 78: 

[0428] The di-Boe protected amine (365 mg, 0.67 mmol) was stirred in TFA (6 mL) at room 

temperature for 1.5 hours. Saturated aqueous NaHC03 (approx. 100 mL) was added until the 

mixture was neutral and the aqueous solution was extracted with CH2Ch (50 mL x 3) .. The 

organic solution was dried (Na2S04), filtered and concentrated under reduced pressure. 

Purification by flash column chromatography on silica gel (CH2q2/ MeOH/NH.OH, 1_9:_1 :0.1) 

gave COMPOUND 78 as a beige foam (90.4 mg, 0.26 mmol, 39%). 1HNMR(CDCh) ~ 1.65-

1.79 (ih, IH), 1.94-2.14 (m, 2H), 2.16-2.28 (m, lH), 2.69-2.81 (m, lH), 2.81-2.95 (m, IH), 3.21 

(s~ 2H), 3.54 (d, 2H,J= 2.1Hz),4.04 (d, lH,J= 16.2 Hz), 4.15 (d, IH, J= 16.2 Hz), 7.14-7.23 

(~ 3H)~ 7.45 (d, lH, J= 1.5 Hz), 7.54-7.64 (m, 2H), 8.58 (d, IH, J= 4.3 Hz). 13C NMR 

(CDCl3) o 21.1, 24.6, 29.3, 31.9, 41.0, 49.9, 61.6, 79.2, 85.8, 122.1, 122.8, 135.0, 137.9, 147.0, 

155.5, 157.4. ES-MS m/z 346 (M+H). Anal. Calcd. for C21H23Ns·0.2CH2Ch·O.lC4H1oO: C, 

70.15; H, 6.65; N, 18.94. Found: C, 69.97; H, 6.85; N, 18.96. 
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Bxample79 

COMPOUND 79: 3-Aminomethyl-N'-ClH-benzimidazol-2-ylmethyll-N' .(5,6, 7 .8-
tetrahydro-guinolin .. 8-yl)-but-2-ene-1.4-diamine <bydrobromide salt). 

Preparation of (3-tert-Butoxycarbonylamino-2-oxo-proovl)-carbamic acid tert-butyl ester 
[0429) To a suspension of l ,3-diamino-2-hydroxypropane (2.43 g, 0.027 mol) in THF/H20 

(15:1, 80 mL) was added di-tert-butyl dicarbonate (11.77 g, 0.054 mol) and the reaction stirred 
for 2.5 h then concentrated in vacuo. 

(0430) To a solution of oxalyl chloride in~H2Ch (2.0 M, 7.~ mL, 15.4 mmol) at-78 °C was 
added a solution of DMSO (1. 7 ml, 24.0 mmol) in CH2Ch (12 mL) and the mixture allowed to 
stir for 30 min. at -78 °C, after which the crude alcohol from above (2.86 g) in CH2Ch (I 0 ml) .. -
was added dropwise. Stirring was continued for 15 min. and then Et3N (5.0 ml, 35.9 mmol) was 
added dropwise. The cooling bath was remov~ stirring was continued for 1.5 h, and the 
mixture was diluted with CH2Ch (20 ml) and water (30 mL). The aqueous layer was extracted 

· with CH2Ch (20 ml) and the combined organic extracts were washed with brine (30 mL), dried 
over Na2S04 and concentrated. Evaporation of the solvent and purification of the residue by 
flash chromatography on silica gel, using 40% ethyl acetate in CH2Ch, gave the title compound 
(350 mg, 16% over 2 steps) as a beige solid. 1H NMR (CDCh) 8 1.42 (s, I SH), 4.03 (br d, 4H, J 
= 6 Hz), 5.26 (br s, 2H). 

Preparation of ( 4-tert-butoxvcarbonylamino-3-(tert-butoxycarbonylamino-methyl)-but-
2-enoic acid ethyl ester: 

[0431) To a solution of (3-tert-butoxycarbonylamino-2-oxo-propyl)-carbamic acid tert-butyl 
ester (310 mg, 1.08 mmol) in benzene (20 mL). was added (carbethoxymethylene)-triphenyl 
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phosphorane (825 mg, 2.37 mmol) and the reaction mixture was stirred at 45°C overnight. 

Then the mixture was cooled to room temperature and the solvent concentrated down. 

Purification by radical chromatography on silica gel (2 nun plate, using CH2Ch) afforded the 

desired compound as a yellow oil (290 mg, 75%). 1H NMR (CDCh) 8 1.26 (t, 3H, J = 9.0 Hz), 

1.42 (s, 18H), 3.87 (d, 2H, J= 6.0 Hz), 4.09 (d, 2H, J= 6.0 Hz), 4.15 (q, 2H, J= 9.0 Hz), 5.34 

(br s, lH), 5.85 (s, UI), 7.34 (s, lH). 

Preparation of [2-ltert-butoxycarbonylaminomethyl)=4-hydroxy-but-2-enyll-carbamic 

acid tert-butyl ester: 

[0432) To a solution otthe above ester (290 mg, 0.81 mmol) in TIIF (10 mL) was added 

DIBAL (1.0 Min CH2Cli) (2.4 mL, 2.42 mmol) at-78°C. The temperature was increased to 

room temperature after 40 minutes. After 1 hour, the reaction was quenched with Rochelle's 

salt (10 mL) and was stirred overnight. Then it was extracted with CH2Ch (3 x lOmL). The 

combined organic extracts were dried (Na2S04), filtered, concentrated, and dried in vacuo to 

afford a yellow oil. Purification by flash column chromatography on silica gel using 50% 

hexanes/ethyl acetate afforded the desired product as a pale yellow oil (210 mg, 83%). 1H NMR 

(CDCh)81.42(s, IOH), 1.85(brt, 1H),3.89(d,4H,J=9.0Hz),4.15(t,2H,_J=7.5Hz),4.75 

(brt, lH), 5.55 (br s, lH), 5.78(t,1H,J=7.5 Hz). 

I 

Preparation of 2-{ [[ 4-tert-butoxycarbonylamino-3-(tert-butoxycarbonylamino-methyl)-
. - . . - . . . -

but-2-enyll-(5,6.7.8-tetrahydro-auinolin-8-yl)-amino l-methyl}-benzimidazole-1-

carboxylic acid tert-butyl ester: 

(0433) To a solution of the above alcohol (107 mg, 0.34 mmol) and triethylamine (70 µL, 

0.4 I mmol) in CH2Ch was added methanesulfonyl chloride (30 µL, 0.41 rnmol) at 0°C. After 

20 minutes at that temperature, the reaction mixture was quenched with saturated N~CI (I 0 

mL). The organic layer was washed with saturated NH.Cl(2 x 10 mL), dried (Na2S04), filtered, 

concentrated, and dried in vacuo to afford a yellow oil (150 mg). This was used without further 

purification. 1H NMR (CDCb) S 1.43 (s, 18H), 3.02 (s, 3H), 3.76 (t, 4H, J= 6.0 Hz), 4.89 (d, 

2H, J= 6.0 Hz), 4.90 {br s, lH), 4.99 (hrs, lH), 5.64 (t, lH, J= 6.0 Hz). 

10434] The above mesylate (150 mg, 0.43 mmol), 2-[(5,6,7,8-tetrahydro-quinolin-8-

ylamino)-methyl]-benzimidazole-1-carboxylic acid tert-butyl ester (195 mg, 0.52 mmol), N,N­

diisopropylethylamine (90 mL, 0.52 mmol), and potassium iodide (7 mg, 0.04 mmol) in CH3CN 

(10 mL) was stirred at 40°C for three days. Then the solvent was concentrated down and the 
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residue was dissolved in CH2Cli (IS ml.). The organic layer was extracted with saturated 
NaHC03 (3 x 15 mL), dried (MgS04}, filtered, concentrated. and dried in vacuo to afford a 
yellow oil. Purification by four attempts at radial chromatography on silica gel (2mm plate, 

using CH30H/NRiOH/CH2Ch (0:1:99-+- 4:1:95); Imm plate, using CH30H1Nl40H/CH2C}z 

(0: 1 :99 -+ 2: 1 :97); 1 mm plate, using ethyl acetate; 1 mm plate, using CH30H/NRiOHICH2Cl-

2 (1:1:100)) afforded the desired compound as a while foam (39 mg, 13%). 1HNMR 

(CDCh) S 1.38 (s, 9H), 1.43 (s, 9H), 1.70 (s, 9H), 2.04-2.11(m,3H), 2.56 (d, lH,J= 16.2 Hz), 
2.77 (brt, HI), 3.22 (dd, lH,J= 13.7, 6.2 Hz), 3.39 (dd, lH.J= 15.6, 5.4 Hz), 3.49-3.58 (m, 

2H), 3.76 (dd, IH,J= 14.1,-8.1Hz),3.96 (dd, lH,J= 14.1, 4.2 Hz). 4.22 (t, lH,J== 8.1 Hz), 

4.39 (ABq, 2H, J- 38.4, 14.4 Hz), S.20 (br m, lH), 5.47 (br m, lH), 6.72 (dd, lH, J= 1.5, 4.8 

Hz); 7.04 (d, lH,J= 7.2 Hz), 7.20-7.25 (m. 3H), 7.54-7.62 (m, 2H), 7.69-7.72 (m, lH), 8.25 (d, 

lH, J= 3.9 Hz). 

Preparation of 3-aminomethyl-N'-Cl H-benzimidazol-2-ylmethyl}-N' .(5.6, 7 ,8-tetrahydro­
guinolin-8-yl)-but-2-ene-1,4-diamine Chydrobromide salt): 

(0435) To a solution of the above diamine (39 mg, 0.06 mmol) in acetic acid (1 mL) was 
added a hydrobromic acid saturated acetic acid (0.5 mL) and the reaction mixture was stirred for 

20 minutes. Then diethyl ether was added until the precipitation of COMPOUND 79 was 

afforded as a pink solid (20 mg, 30%). 1H NMR (D20) o 1. 76-1.84 (m, lH), 2.16-2.21 (m, lH), 

2.37-2.41 (m, H~), 2.98 (br d, 2H,J=. 5.1 Hz), 3.41 (dm, lH, J= 15.0 Hz» 3.68-3.70 (ll1, 3_H), 

3.76-3.85 (m, 2H), 4.26-4.46 (m, 3H), 6.23 (dd, IH, J= 10.8, 4.2 Hz), 7.56-7.60 (m, 2H), 7.73-

7.84 (m, 3H), 8.30 (d, lH, J= 1.5 Hz), 8.59 (d, lH), J= 6.0 Hz). 13C NMR (D20) 8 20.22, 

20.30, 27.59, 37.12, 42.32, 46.68, 48.91, 59.19, 114.28, 126.03, 127.04, 128.73, 131.00, 136.26, 

139.60, 140.88, 148.14, 150.SI. ES-MS m!z 399 [M+Ht, 399 [M+Nat. Anal. Calcd. for C22H. 

2sN6•4.2HBr•2.2H20•0.6C4H1oO: C, 36.61; H, 5.36; N, 10.50; Br, 41.?3. Found:· C, 36.68; 

H, 5.08; N, 10.48; Br, 41.87. 
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Example 80 

COJ\1POUND 80: · Preparation of (EJ-2-aminomethyl-4-C(lH-benzimidazol-2-yl­

,·. methyll-(5,6. 7 .8-tetrahyclroguinolin-8-yl)-aminol-but-2-en-1-ol 

(0436) To a solution of 3-amino-1,2 propanediol (7.75 g, 0.085 mmol) in THF (430 mL) 

was added water (20 mL) followed by tert-butyl dicarbonate (19.60 g, 0.0898 mmol) in one 
portion. The solution was stirred at room temperature for 23 hours. The solvent was removed 
under reduced pressure and the residue was dissolved in EtOAc (100 mL) and saturated sodium 
carbonate (100 mL). The phases were separated and the aqueous phase was extracted with ethyl 
acetate (3 x7 5 mL). The combined organic extracts were dried over sodiwn sulfate, filtered, 
concentrated to give (1,2-dihydroxy-ethyl)-carbamic acid tert-butyl ester as a crude white solid 
(15 g, 92%). 

[0437) To a solution of crude from above (494 mg, 2.6 mmol) in CH2Cli (13 mL) was added 
imidazole (236 mg; 3.5.mmol) followed by TBDMS-Cl (4iO mg, 2.7 mmol) and the reaction 
was stirred at room temperature overnight. The reaction mixture was diluted with CH2Ch ( 40 
m.L) and saturated aqueous sodium bicarbonate (40 mL). The phases were separated and the 
~queous layer was extracted with CH2Ch (3 x 30 mL). The combined organic extracts were 
dried over sodium sulfate, filtered and concentrated. Purification of the crude material by 

column chromatography (15g silica, 8: 1 hexanes/ EtOAc) gave [2-(tert-butyl-dimethyl­

silanyloxy)-1-hydroxy-ethyl]-carbamic acid tert-butyl ester as a colorless oil (555 mg, 70%). 1H 

NMR (CDCh) 8: 4.96 (broads, IH), 3.74-3.71 {m, lH), 3.67-3.62 (m, lH), 3.56-3.50 (m, lH), 

1.44 (s, 9H), 0.90 {s, 9H), 0.07 (s, 6H). 

[0438] To a solution of the above material (555 mg, 1.81 mmol) in CH2Ch (9 mL) was 

added NMO (324 mg, 2.77 mmol), followed by ~A molecular sieves (960mg) and TPAP (62 

mg, 0.18 mmol). The green-black solution was~ at room temperature for 2 hours. TLC 
(2: 1 hexane/EtOAc-stained in ninhydrin) monitored the reaction. The reaction mixture was 
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:filtered through a cake of silica gel and the cake was washed with ethyl acetate. The filtrate was 

concentrated to provide crude [2-(tert-butyl-dimethyl-silanyloxy)-acetyl]-carbamic acid tert­

butyl ester as a yellow oil (458 mg, 83%). 

Preparation of 3-tert-butoxycarbonylamino-4-(tert-butyl-dimethyl-silanyloxy)-but-2-

enoic acid ethyl ester 

[0439] To the ketone from aboye (458 mg, 1.51 mmol) in bemene (8 mL) W8$ added 

(carbethoxymethylene) triphenyl phosphorane (815 mg, 2.35 mmol). Tue reaction mixture was 

heated to -40-45°C and stirred at this temperature overnight The reaction mixture was then 

concentrated and the residue purified by column chromatography (25 g silica, 25: 1 

hexane/EtOAc) to give two yellow oils (cisltrans isomers) as major products (430 mg total, 

76%). 1H NMRof trans-isomer (CDCh) S: 6.06 (s, lH), S.41 (broads, lH), 4.31(s,2H), 4.18 

(q, 2H, J= 1.5 Hz), 3.94 (cl, 2H, ·J = 7.0 Hz}, J.42 (s, 9H), 1.30 (t, 3H,J= 1.5 Hz), 0.92 (s, 9H), 

0.07 (s, 6H). 1HNMRof els-isomer (CDCIJ) 5: S.78 (s, llI), 4.87 (s, 2H), 4.14 (q, 2H,J=7.5 

Hz), 4.00 (d, 2H, J = 7.0 Hz), 1.45 (s, 9H), 1.27 (t, 3H, J= 1.5 Hz), 0.91 (s, 9H}, 0.09 (s, 6H). 

(04401 To a solution of Trans-3-tert-butoxycarbonylamino-4-(tert-butyl-dimethyl­

silanyloxy)-but-2-enoic acid ethyl ester (0.66 g, 1.8 mmol) in dichloromethane (18 mL) added a 
·' 

solution of DIBAL-H (8.8 mL, 1.0 M in CfhCh, 8.8 mmol) at 0°C. The solution was allowed to 

stir for I h while wanning to room temperature. Saturated potassium sodium tartrate solution (20 

mL) was then added and the solution stirred for another hour. The phases were separated and the 
.. . - . . 

organic phase dried (MgS04), filtered and concentrated under reduced pressure to give, after 

column chromatography (1 :3 ethyl acetate/hexane), trans-[2-(tert-butyl-dimethyl­

silanyloxymethyl)-4-hydroxy-but-2-enyl]-carbamic acid tert-butyl ester (0.255 g, 39%). 

(0441) Methanesulfonyl chloride (65 µL, 0.8 mmol) andtriethylamine (0.15 mL, 1.0 mmol) 
' 

was added to a solution of the above alcohol (0.23 g, 0.7 mmol) in dichloromethane (7.0 mL) at 

room temperature and stirred 0.5 hours. This gave, after aqueous work up, the crude al1ylic 

methanesulfonate (0.25 g, 80%) as a pale yellow crystalline solid. 

(0442] Using general procedure D from above, the above methanesulfonate (0.25 g, 0. 7 

mmol), (N-tert-butoxycarbonylbenzimidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydroquinolin-8-yl)­

amine (0.26 g, 0.70 mmol) and potassium iodide (6 mg, 35 µmol) were stirred at 60°C in · 

acetonitrile (7.0 mL) and diisopropylethylamine (0.18 mL, 1.0 mmol)) for 16 hours to yield, 

after work-up and column chromatography (2.5:97,.5 MeOWCH2Ch), the desired alkylated E­

regioisomer (0.200 g, 42%). 
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[0443) A solution of the above compound (0.20 g, 0.30 mmol) in THF (1.0 mL) was treated 

with TBAF (0.6 mL, 1.0 Min THF, 0.6 mmol) for O.S hours. This gave, after column 

chromatography (1 :99 MeOWCH2Ch), the di-hoc-protected E-2-{[[3-(tert­

butoxycarbonylaminomethyl)-4-hydroxy-but-2-enyl]-(5,6, 7,8-tetrahydroquinolin-8-yl)-amino]­

methyl}-benzimidazble-1-carboxylic acid tert-butyl ester (60 mg, 38%). 1H NMR (CDCh) B 

? 1.41 (s, 9H), 1.65 (br, lH), 1.69 (s, 9H), 2.11 (m, 3H), 2.60 (m, lll), 2.77 (m, IH), 3.27 (m, lH), 

.•... 3.60 (m,
1 

IH), 3.88 (m, 3H), 4.07 (m, lH), 4.23 (m, IH), 4.29 (d, lH, Jr:: 15.0 Hz), 4.46 (d, lH,J 

..... 

= 15.0 Hz), S.SO (m, lH), 6.74 (m, lH), 7.05 (d, l~J= 6.0 Hz), 7.24 (m,. 2H), 7.59 (m, lH), 

7-}0 (m, 2H), 8.26 (d, IH, .f = 3.0 Hz) . 

(0444) The above material (60 mg, 0.11 mmol) was then dissolved in neat TF A (1 mL) and 

stirred 'for l hour. CH2Cl2 (10 mL) and I 5% aqueous NaOH was added until pH= 13. The 

organic phase was separated and the aqueous phase was extracted with CH2Cl2 (2 x 5 mL). The 
combined organic phases were then dried (MgS04), filtered, and concentrated under reduced · 

pressure to provide COMPOUND 80 free base as a pale yellow free flowing powder (14 mg, 

100/o). 1HNMR (CDCIJ) 81.66 (br, lH), 1.85 (m, lH), 2.00 (br, lH), 2.17 (hr, HI), 2.80 (m, 

3H), 3.19 (rn, lH), 3.30 (m, IH), 3.36 (s, 2H), 3.90 {d, lH, J= 15.0 Hz), 4.01 (d, lH, J= 18.0 

Hz), 4.10 (br, 3H), 5.64 (m, lH), 7.09 (m, lH), 7.15 (m, 2H), 7.40 (d, lH, J= 9.0 Hz), 7.54 (br, 

2H), 8.49 (d, IH, J= 3.0 Hz); 13C NMR (CDCIJ) a 21.46, 23.21, 29.47, 39.86, 47.47, 49.46, 

61.34, 67.08, 115.11(3C),122.165 (2C), 122.62, 126.31(2C),135.25, 137.97, 142.19, 147.02, 

155.11, 157.26. ES-MS mlz 378 (M+H). Anal. Calcd. for C2;iH21NsO•O.JCH2Ch:. C, 62.40; H, 

6.55; N, 16.03. Found: C, 62.70; H, 6.70; N, 15.97. 

Example 81 
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COMPOUND 81: Preparation of (ZJ-2-aminomethvl-4-[ClH-benzjmidu.ol-2-yl-

methyl)-(S.6. 7.8-tetrahydroguinolin-8-yll-aminQ]-but-2-en-l-ol 

(0445) To a solution of cis-3-tert-butoxycarbonylamino-4-(tert-butyl-dimethyl-silanyloxy)­

but-2-enoic acid ethyl ester (0.49 g, 1.3 mmol) in dichloromethane (13 mL) was added a 

solution ofDIBAL-H (6.5 mL, 1.0 Min CH2Ch. 6.S mmol) at 0°C. The solution was allowed to 

stir for I h while warming to room temperature. Saturated potassium sodium tartrate solution (15 

mL) was then added and the solution stirred for another hour. The phases were separated and the 

organic phase dried (MgSO.t), filtered and concentrated to give the crude c/s-[2-(tert-butyl­

dimethyl-silanyloxymethyl)-4-hydroxy-but-2-enyl]--carbamic acid tert-butyl ester (0.33 g, 77%) . 

[0446) Me~anesulfonyl chloride (39 µL, 0.42 mmol) and triethylamine (0.090 mL, 0.63 

mmol) was added to a solution of the above alcohol (0.14 g, 0.42 mmol) in dichloromethane (4.2 

mL) at room temperature and stirred 0.5 hours. Titls gave, after aqueous work up, the crude 

allylic methanesulfonate (0.14 g) which was used immmediately in the next reaction. 

(0447] Using the general procedure for N-alkylation, the methanesulfonate (0.14 g, 0.42 

nunol), (N-tert-butoxycarbonylbenzimidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydroquinolin-8-yl)­

amine (0.16 g, 0.42 mmol) and potassium iodide (3 mg, 21 µmol) were stirred at 60°C in 

acetonitrile (4.2 mL) and diisopropylethylamine (0.11 mL, 0.63 mmol)) for 16 hours to yield, 

after work-up and column chromatography (l :99 MeOH/CH2Ch), the desired alkylated Z­

regioisomer (0.100 g, 34%). 

_[0448] A solution of the above compound (O.IO.g,.0.16 rnmol) in THF (2 mL) and 3N HCl 

(2 mL) was stirred for 1.5 hours. The solution was then cooled to 0°C and 15% aqueous sodium 

hydroxide was added until the pH = 12. The aqueous phase was then extracted with CH2Clz (3 x 

15 mL) and the combined organic phases were dried (MgS04), filtered and concentrated under 

reduced pressure. This gave, after radial chromatography (8:2.5:89.5 MeOH/NI140WCH2Ch), 

Z-{ 4-[( I H-benzimidazol-2-yl-methyl)-(5,6, 7 ,8-tetrahydroquinolin-8-yl)-amino )-2-

hydroxymethyl-but-2-enyl }-carbamic acid tert-butyl ester (35 mg, 58%). 1H NMR (CDCl3) a 
1.40 (s, 9H), 1.77 (br, lH), 1.97 (m, IH), 2.10 (m, 3H), 2.80 (m, 2H), 3.27 (m, 2H), 3.64 (br, 

2H), 3.72 (d, IH, J= 15.0 Hz}, 3.92 (d, lH, J= 15.0 Hz), 4.02 (s, 2H), 4.12 (m, lH), 4.58 (m, 

NH), 7.18 (m, 3H), 7.50 (m, 2H), 7.68 (hr, lH), 8.52 (d, lH,J= 3.0 Hz). 

(0449) The above compound (35 mg, 0.07 mmol) was then dissolved in neat TF A (1 mL) 

and stirred for 1 hour. CH2Cl2 (10 mL) and 15% aqueous NaOH was added until pH== 12. The 

organic phase was separated and the aqueous phase was extracted with CH2Ch (2 x 5 mL). The 
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combined organic phases were dried (MgS04), filtered, and concentrated under reduced 

pressure. This afforded, after radial chromatography (8:2.5:89.5 MeO~OH/CH2Ch), 

COMPOUND 81 free base as a pale yellow free flowing powder (18 mg, 68%). 1H NMR 

(CDCIJ) o 1.75 (br, lH), 1.94 (m, lH), 2.08 (br, 2H), 2.85 (m, 3H), 3.30 (m, 4H), 3.78 (d, IH, J 

= 14.4 Hz), 3.95 (d, IH, J= 15.6 Hz), 4.11 (d 2H), 4.15 (m, lH), 5.48 {m, lH), 7.19 (m, 3H), 

7.46 (d, lH, J= 7.2 Hz), 7.58 (br, 2H), 8.53 (d, lH, J= 3.3 Hz); 13C NMR (CDCIJ) a 20.88, 

23.54, 29.20, 47.22, 47.74, 49.28, 59.50, 61.77, 115.24 (3C» 122.42 (2C), 122.82, 125.40 (2C), 

135.27, 138.23, 143.73, 146.88, 155.01, 157.26. ES-MS mlz 378 (M+H). Anal. Calcd. for 

GWI21Ns0•0.7CH2Ch•0 .. 2C6H12: C, 63.26; H, 6.84; N, 15.43. Found: C, 63.36; H, 6.79; N, 

15.59;· 

Example 82 

COMPOUND 82: Preparation of N1-0H-Benzimidazol-2-ylmethyll-N1-(5,6,7.8-

tetrahydro-quinolin-8-yl)-cyclohexane-trans-l ,2-diamine <hvdrobromide salt) 

Preparation of N-(2-nitrobenzenesulfonyl)-7-azabicyclo[ 4.1.0lheptane (N-{2-

nitrobenzenesulfonyl}-1,2-cyclohexeneaziridine): 

0 
N''' 

I 

Ns 

[0450] A solution of trans-2-aminocyclohexanol hydrochloride (1.185 g, 7.81 mrnol) and 2-

nitrobenzenesulfonyl chloride (1.73 g, 7.81 mmol) in CH2Ch (20 ml) was cooled in an ice bath 
\ 

under a nitrogen atmosphere while Et3N (2.40 .mL; 17.2 mmol) was added. The mixture was 
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heated at reflux for 35 minutes, then concentrated In vacuo. Water (100 mL) was added to the 

residue, and the mixture was extracted with EtOAc (100 mL). The organic extract was washed 

with brine (2 x 30 mL), then dried (MgS04), filtered and concentrated in vacuo to give a green 

foam (2.32 g). 

(0451) A solution of the foam from above and Et3N (1.3 mL, 9.3 mmol) in CH2C(z (15 mL) 

was sthTed at -78 °C under argon while methanesulfonyl chloride (0.66 mL, 8.5 mmol) was 

added. The mixture was stirred at -78 °C for 10 minutes, then the cold bath was removed and 

stirring was continued at room temperature for 30 minutes and the solution was then 

concentrated in vacuo. Water (30 mL) and saturated NaHC03(aq) (30 mL) were added to the 

residue, and the mixture w8s extracted with EtOAc (1x50 mL, 3 x 20 mL). The combined 

organic extracts were dried (MgS04) and concentrated in vacuo to give the crude mesylate as a 

light yellow solid (2.65 g). 

[0452) The crude mesylate (2.65 g~ 7 .0 mmol) was stirred as. a suspension in toluene (30 

mL) at room temperature while a solution of 85% KOH (2.01 g, 35.9 mmol) in H20 (12 mL) 

was added. The mixture was stirred for 40 minutes then diluted with EtOAc (SO mL) and brine 

(40 mL). The aqueous phase was separated and washed with EtOAc (1x40 mL) then dried 

(Na2S04), filtered and concentrated in vacuo. The residue was purified by colwnn 

chromatography on silica gel (25% EtOAc/hexanes}to give the desired aziridine as colorless 

crystals {l.54 g, 71%over3 steps). 1H NMR (CDCIJ) o 1.23-l.30 (m, 2H), 1.35-1.42 (m. 2H), 

t..84-1.93 (m, 4H), 3.22 (dd, 2!J, J= ~. 1 Hz),_ 7.'Z2-7.76 (m, JH), 8.18-8.20 (m, IH). 

(0453) A solution of N-(2-nitrobenzenesulfonyl)-1,2-cyclohexeneaziridine from above (341 

mg, 1.21 mmol), (1-tert-butoxycarbonyl-lH-benzimidazol-2-ylmethyl)-{S,6, 7,8-tetrahydro­

quinolin-8-yl)-amine (434 mg, 1.15 mmol) and Et3N (0.16 mL, l.15 mmol) in THF (5 mL) was 

heated at 60 °C under nitrogen atmosphere for 2.5 days. The solution was then cooled, 

concentrated and diluted with CH2C'2 (40 mL) and saturated aqueous NaHC03 (40 mL). The 

aqueous phase was extracted with CH2Ch (2 x 20 mL). Tue combined organic extracts were 

dried (Na2S04), filtered and concentrated in vacuo. The residue was purified by column 

chromatography on silica gel (CH2Cl2/MeOH, 98:2 then 96:4) to give the desired alkylated 

product as a yellow foam (411 mg, 54%). 

(0454) The foam from above (271 mg, 0.41 mmol) oil was dissolved in CH2ChffFA (1:1, 2 

m.L) and the mixture stirred oveinight. The reaction was then concentrated and diluted with 

CH2Ch (30 mL) and 1 N NaOH (30 mL). The aqueous layer was washed with CH2Ch (2 x 10 
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mL) and the combined organic extracts were dried (Na2S04), filtered and concentrated to afford 
the Boc-deprotected material as a yellow foam (159 mg, 69%). 

[0455) Deprotection of the 2-nitrobenzenesulfonamide (nosyl) group: To a stirred solution 
of the nosyl-protected adduct from above (159mg, 0.28 mmol) in dry CH3CN (SmL) was added 
benzenetliiol (0.175 mL, 1. 71 mmol) and powdered potassiwn carbonate (240 mg, l. 74 mmol) 

and the mixture was stirred at room temperature overnight. The reaction mixture was 
concentrated In vacuo and partitioned between CH2Ch (15 mL) and water (15mL). The aqueous 
layer was separated and extracted with CH2Cb (2 x 10 mL) and the combined organic phases 
'Yere c:':fied (Na2S04), filtered and evaporated in vacuo to give the crude product as a yellow oil. 
Purification by column chromatography on basic alumina (CH2Cl2/MeOH, 100:0 followed by 
95:5) afforded the desired amine (85mg, 80%) as a yellow foam. 

(0456) Using General Procedure D: Conversion of the foam from above (34 mg, 0.091 
mmol) to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanoVether gave COMPOUND 82 (38 mg, 65%) as a white solid. 1HNMR (D20) o l.36-

1.46 (m, 2H), 1.59-1.91 (m, SH), 2.22-2.32 (m, 3H), 2.35-2.45 (m, 2H), 2.81-2.84 (m, 2H), 3.21-

3.28 (m, lH), 3.44-3.56 (m, IH), 4.33 (d, lH, J= 15.9 Hz), 4.42 (d, lH, J= 15.9 Hz), 4.65 (t, 

IH, J= 8.4 Hz), 7.23 (dd, lH,J= 7.5, 6 Hz), 7.51 (dd, 2H, J= 6.3, 3.3 Hz), 7.59 (dd, 2H, J= 
6.3, 3.3 Hz), 7.86 (d; lH,J= 8.1Hz),8.11 (d, JH,J= 5.5 Hz); 13C NMR (D20) a 19.35, 22.02, 

22.46, 23.56, 26.46, 27.94, 29.94, 37.81, 50.82, 61.34, 66.88, 112.92, 123.83, 126.14, 129.54, 

138.38, 139.34, 146.03, 148.26, 148.34. ES-MS ml~ 376 (M+H). Anal. Calcd. for 

C23H29Ns•2.9HBr• l .8H20: C, 42.99; H, 5.57; N, l 0.90; Br, 36.06. Found: C, 43.29; H, 5.55; N, 
10.60;Br, 35.67. 

Example 83 
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COMPOUND 83: Preparation ofN-OH-benzimidazol-2-ylmethyll-N-(5.6.7.8-

tetrahydro-guinolin-8-yl}-cyclohexane-1.3-diamine (bydrobromide salt) 

Preparation of N-tert-butoxycarbonyl-1.3-cyclohexanediamine (Smith. J.; Liras, J.L.; 

Schneider, S.E.; Anslyn, E J. Org. Chem. 1996, 61, 8811-8818): 

H 
H,NONHBoc 

(0457] To a solution of::I,3-cyclohexanediamine (cis and trans) (1.00 g, 8.76 mmol) in 

CHCh (20 mL) was added a solution of di-tert-butyl dicarbonate (0.95 g, 4.35 mmol) in CHCh 

(15 mL) via syringe pump over a period of 3 hours. The resultant white suspension was stiaed 

at room temperature overnight then concentrated in vacuo and purified by column 

chromatography on silica gel (CH2Ch/MeOHINRtOH, 90:8:2) to afford the title compowtd 

(0.66·g, 35% based on starting diamine) as a c!ear oil. 

[0458] Following General Procedure B: To a stirred solution of 6, 7-clihydro-5H-quinolin-8-

one (444 mg, 3.00 mmol) and N-tert-butoxycarbonyl-1,3-cyclohexanediamine (660 mg, 3.08 

mmol) in dry TIIF (5 mL) was added AcOH (0.4 mL) and NaBH(OAc)3 (822 mg, 3.88 mmol) 

and the mixture stirred overnight at room temperature. Purification by column chromatography 

on silica gel (CH2Ch/MeOH, 96:4) afforded the desired amine (370 mg, 60%) as a mixture of 

inseparable diastereomers. 

[0459] Following the general procedure for N-alkylation: To a stirred solution of the yellow 

foam from above (370 mg, 1.07 mmol) in CH3CN (5 mL) was added N,N-diisopropylethylamine 

(0.35 mL, 2.01 mmol), KI (30 mg, 0.18 mmol) and 1-(tert-butoxycarbonyl)-2-

( chloromethyl)benzimidazole (343 mg, 1.29 mmol). The mixture was stirred at 60 °C overnight. 

Purification of the resultant orange foam by column chromatography on silica gel 

(CH2Ch/MeOH, 96:4 then 92:8) afforded the desired alkylated amine (430 mg, 70%) as a 

mixture of diastereomers .. 

(0460] Using General Procedure D: Conversion of the foam from above (96 mg, 0.17 

mmol) to the hydrobromide salt with simultaneous removal of the N-tert-butoxycarbonyl 

protecting group followed by re-precipitation of the intermediate solid from methanoVether gave 

COMPOUND 83 (96 mg, 88%) as an orange solid (mixture of diastereomers). 1H NMR (020) 

8 1.27-1.64 (m, 4H), 1.74-2.00 (m, 4H), 2.07-2.38 (m, 3H), 2.40-2.44 (m, lH), 2.84-2.90 (m, 
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lH), 2.98-3.01{m,2H), 3.15-3.20 (m, lH), 4.43-4.62 (m~ 3H); 7.60 (dd, 2H, J= 6, 3 Hz), 7.76 

(dd, 2H,J= 6, 3 Hz), 7.78-7.83 (m, IH), 8.28 (brd, lH,J= 7.8 Hz), 8.57-8.60 (m, lH); 13C 

NMR (D20) B 19.58, 20.71, 22.37, 22.45, 24.23, 27.21, 27.51, 28.60, 29.16, 29.70, 30.54, 31.08, 

31.75, 34.35, 36.21, 43.65, 48.61, 49.79, 54.46, 58.57, 58.70, 58.93, 114.23, 125.86, 127.05, 

130.91, 139.16, 140.55, 148.03, 151.18, 151.26, 151.83. ES-MS mlz 376 (M+H). Anal. Calcd. 

for CnH29Ns•3.0HBr•l.96H20: C, 42.34; H, 5.53; N, 10.73; Br, 36.74. Found: C, 42.27; Ji, 

S.59; N, 10.37; Br, 37.04 . 

Example 85 

COMPOUND 85: Preparation of ( IH-benzimidazol-2-ylmethy])-[2-( 4-benzvlamino-

piperidin-1-yl)-ethyll-(5.6.7 .8-tetrahydroquinolin-8-yl)-amine Chvdrobromide 

salt). 

(0461) To a solution <?f N-Boc-piperidone (3.Q g, 1?.1 mmol) in THF (76.mL) was added 

benzylamine (1.65 mL, 15.1 mmol), acetic acid (0.86 mL, 15.1 mmol) and sodium 
.. 

triacefoxyborohydride ( 4.8 g, 22.6 mmol). After stirring 2.5 hours the reaction mixture was 

concentrated under reduced pressure and CH2Ch (50 mL) and saturated aqueous NaHC03 

snlution (50 mL) was added. The organic phase was separated, and the aqueous was extracted 

with CH2Cli (2 x 50 mL). The combined organic phases were then dried (MgS04), filtered, and 

concentrated under reduced pressure to afford 4-benzylamino-piperidine-1-carboxyJic acid tert­

butyl ester (4.30 g, 98%). 

[0462] The crude material from above (4.30 g, 14.8 mmol) and 2-nitrobenzenesulfonyl 

chloride (3.60 g, 16.3 nunol) were dissolved in CH2Ch (75 mL) and triethylamine (2.68 mL, 

19.2 mmol) was added. The solution was stirred for 16 hand saturated aqueous NaHC03 

solution (70 mL) was added. The organic phase was separated, and the aqueous extracted with 

CH2Cli (50 mL). The combined organic phases w~re then dried (MgS04), filtered, and 
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concentrated under reduced pressure. This gave, after column chromatography (CH2CI2), the 

desired nosyl-protected substrate (3.92 g, 56%). 

(0463] A solution of the above material (3 .92 g, 8.2 mmol) in 1: I TF Al CH2Ch (26 mL) was 

stirred for O.Sh and then concentrated under reduced pressure. CH2Cl2 (SO mL), saturated 

aqueous NaHC03 solution (50 mL), and 15% aqueous NaOH (IO mL) was added until pH= 14. 

The organic phase was separated, and the aqueous was extracted with CH2Ch (30 mL). The 

combined organic phases were then dried (MgS04), filtered, and concentrated under reduced 

pressure. This afforded the desired unprotected cyclic amine (2.74 g, 89%). 

(0464) To a solution o~the cyclic amine (2.74 g, 7.3 mmoO in anhydrous acetonitrile (73 

mL) was added 2-bromoethanol (0.52 mL, 7.3 mmol), and triethylamine (1.25 mL, 8.7 mmol) . 

The reaction was stirred at 50°C for 16 hours, and saturated aqueous NaHC03 solution (50 mL) 

and ethyl acetate (SO mL) was added. After separating the organic phase and washing with brine 
(35 mL), the extracts were dried (MgS04), filtered and concentrated under reduced pressure. 

This gave, after column chromatography (2:98 MeOH/CH2Ch), N-benzyl-N-(1-(2-hydroxy­

ethyl)-piperidin-4-yl]-2-nitro-benzenesulfonamide as a colorless solid (1.62 g, 53%). 1H NMR 

(CDCh) c5 l.62-1.71 (m, 4H), 2.14 (dt, 2H, J = 12.0, 3.0 Hz), 2.47 (t, 2H, J= 6.0 Hz), 2.88 (br d, 

2H, J= 12.0 Hz), 3.53 (t, 2H, J= 4.5 Hz), 3.92 (m, IH), 4.54 (s, 2H), 7.21(m,3H), 7.30 (m, 

2H), 7.47(m, lH), 7.61(d,2H,J=4.5Hz),7.77(d, 1H,J=9.0Hz). 

[0465] Methanesulfonyl chloride (100 µL, 1.2 mmol) and triethylamine (0.20 mL, 1.4 

mmol) was added to a solution of the above alcohol (0.40 g, 0.95 mmol) in CH2Cl2 (3 mL) at 

0°C and then allowed to wann to room temperature over 20 minutes. 1bis gave, after aqueous 

work up, the desired crude methanesulfonate (0.53 g, quant) as a white solid which was used 

immediately in the next reaction. 

(0466] Using the general procedure for N-alkylation, the crude methanesulfonate (0.41 g, 

0.94 mmol) and (N-terr-butoxycarbonylbenzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydroquinolin-8-

yl)-amine (0.36 g, 0.94 mmol) was stirred at room temperature in acetonitrile (10 mL) and 

diisopropylethylamine (0.25 mL, 1.4 mmol) for 16 hours. This yielded, after work-up and 

column chromatography (5:95 MeOH/CH2Ch). 2-{[ {2-[4-(benzyl-2-nitrobenzenesulfonyl­

amino )·piperidin-1-yl]-ethyl }-(5,6, 7 ,8-tertahydroquinolin-8-yl)-amino ]-methyl}-benzimidazole-

1-carboxylic acid tert-butyl ester as a colorless flaky solid (0.25 g, 34%). 

(0467] To a solution of the above material (0.25 g, 0.32 nunol) and thiophenol (0.17 mL, 1.6 

nunol) in anhydrous acetonitrile (2.0 mL) was add~d potassium carbonate (0.27 g, 1.9 mmol). 

The reaction was stirred for 5 h. CH2Ch (10 mL) was then added and the mixture was filtered 
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through a celite pad and concentrated under reduced pressure. This afforded, after colwnn 
chromatography (5:95 MeOH/CH2Clz), the desired nosyl-deprotected product (0.75 g, 60%). 

[0468) To a solution of the above material (75 mg, 0.15 mmol) in anhydrous TIIF (1.5 mL) 
was added di-tert-butyldicarbonate (100 mg, 0.45 mmol). The solution was allowed to stir for 16 
h and then concentrated under reduced pressure. This gave, after radial chromatography 
(l.5:1.5:97 MeOH/N~OHCH2Ch), the desired di-hoc-protected product (42 mg, 40%). 1H 

. NMR (CDCh) a 1.32 (br s, 9H), 1.47 (br s, SH), 1.67 (s, 9H), 1.77 (br s, 4H), 1.97 (m, lH), 2.15 
(m, 2H), 2.29 (m, IH}, 2.73 (m, 6H), 4.22 (m, lH), 4.26 (br s, 2H), 4.53 (d, lH,J= 15.0 Hz), 
_4_73 (4,. lH, J= 15.0 Hz), 6.97 (m, lli), 7.16 (m, 3H), 7.23 (m, SH), 7.68 (m, IH), 7.81 (m, IH), 
8.36 (d~ IH, J = 3.0 Hz). 

(0469) Using general procedure D: The above material (24 mg, 0.0345 mmol) was 
converted to the hydrobrornide salt to provide COMPOUND 85 (26 mg) as a white solid. 1H 
NMR (D20) 8 1.82 (br m, JH), 1.97 (m, 3H), 2.17 (br m, lH), 2.45 (m, 3H), 3.00-3.23 (br m, 
SH), 3.38-3.75 (hr m, 6H), 4.29 (s, 2H), 4.39 {d, IH, J= 16.8 Hz), 4.50 (m, IH), 4.56 (d, IH,J= 
16.8 Hz), 7.47 (hrs, 51-1), 7.60 (rn, 2H), 7.79 (m, 2H), 7.83 (t, 1H,J=6.0 Hz), 8.32 (d, lH, J= 
7.8 Hz), 8.61 (d, lH, J= 5.7 Hz), 13C NMR (D20) 5 20.29, 20.64, 26.15 (2C), 27.65, 46.41, 
47.13, 49.13, 51.39 (2C), 51.91, 54.39, 60.07, 114.41(2C),126.16, 127.06 (2C), 129.82 (2C), 
130.16 (2C), 130.26, 130.71, 131.30, 139.85 (2C), 140.96, 148.27, 149.95, 150.18. ES-MS mlz 
495 (M+H). Anal. Calcd. for C31H3sN6•4.2HBr•3.0H20: C, 42.05; H, 5.49; N, 9.49; Br, 37.51. 
FoWld: C, 42.13; H, 5.64; N, 9.16; Br, 37.53. 
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· Example86 

COMPOUND 86: Preparation of £2-( 4-amino-piperidin-l •yll-ethyll-[(lH--

benzimidazol-2-ylmethyl)-CS.6. 7 .8-tetrahydroquinolin-8-yl)-amine 

<hydrobromide salt>. 

(0470) To a solution of N-benzyl-N-[1-(2-hydroxy-ethyl)-piperidin-4-yl]-2-nitro­

benzenesulfonamide (0.62 g, 1.5 mmol) and thiophenol (0. 76 mL, 7.4 mmol) in anhydrous 

acetonitrile (9 mL) was added potassium carbonate (1.22 g, 8.8 mmol). The reaction was stirred 

for 16 h. The mixture was then filtered through a celite to give, after column chromatography 

(10:90 MeOWCH2C}i), the desired nosyl-deprotected intermediate (0.30 g, 86%). 

(0471) The above material (0.30 g, 1.3 mmol) was dissolved in anhydrous ethanol (15 mL) 

and the solution purged with nitr~gen gas. 10% palladium on carbon (130 mg) was added and 

the reaction mixture was allowed to stir under a new atmosphere of hydrogen (1 atin) for 16 h. 

The mixture was then filtered thro~gh celit.., to afford a crude yellow residue of 2-( 4-amino- · 

piperidin-1-yl)-ethanol (0.20 g, quant.). 

(0472) To a solution of the above material (0.20 g, 1.5 mmol) in anhydrous TIIF (7.5 mL) 

was added di-tert-butyldicarb~nate (0.37 g, 1.7 mmol). The solution was allowed to st~ for 16 h 

and then concentrated under reduced pressure. This afforded, after colwnn chromatography 

(5:95 Me0H/CH2Ch), the desired hoc-protected amine (0.14 g, 37%). 1H NMR (CDCh) 8 1.42 

(m, 2H), 1.44 (s, 9H), 1.92 (br d, 2H), 2.14 (hr t, 2H), 2.50 (t, 2H, J= 6.0 Hz}, 2.82 (br d, 2H), 

3.45 (br, lH), 3.57 (t, 2H, J= 6.0 Hz), 4.48 (br, NH). 

(0473} Methanesulfonyl chloride (60 µL, 0.7 mmol) and triethylamine (0.12 mL, 0.9 mmol) 

was added to a solution of the above material (0.14 g, 0.6 mmol) in CH2Ch (3 mL) at 0°C and 

then allowed to warm to room temperature over 20 minutes. This gave, after aqueous work up, 

the desired methanesulfonate (0.16 g) that was used immediately in the next reaction without 

further purification. 
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(0474) Using the general procedure for N-alkylation, the crude methanesulfonate {0.16 g, 
0.5 mmol) and (5,6, 7,8-tetrahydroquinolin-8-yl)-[ 1-(2-trime~ylsilanyl-ethox.ymethyl)-lH­

benzimidazol-2-ylmethyl]-amine (0.18 g, 0.44 mmol) was stirred at room temperature in 

acetonitrile (5 mL) and diisopropylethylamine (0.13 mL, 0.75 mmol) for 16 hours. This yielded, 
after work-up and colwnn chromatography (5:95 MeOH/CH2Ch), the desired alkylated product 
(27 mg, 12%). 

[0475] The material from above (27 mg, 0.042 mmol) was dissolved in 6N HCI (1 mL) and 

stirred at S0°C for 3 h. 15% aqueous NaOH (2 mL) was added until pH== 12, and the aqueous 

phase_.Yt'as concentrated under reduced pressure. This gave, after filtering from methanol and 
'L.;!. .· • 

radial:chromatography (5:1:94 MeOH/N140WCH2Ch) the desired SEM-deprotected free base 
, I 
(12 mg, 69%). H NMR (CDClJ) 61.48 (m, 2H), 1.70 (m, IH), 1.82 (m, 3H), l.98 (m, 2H), 2.23 

(m, 2H), 2.66-2.95 (m, SH), 3.74 (s, UI), 3.98 (d, 2H, J= 15.0 Hz), 4.13 (m, lH), 7.13 (m, lH), 
7.19(m,2H), 7.40(d, IH,J=9.0Hz), 7.58(m,2H),8.49(d, lH,J==J.OHz). 

[0476] Using general procedure D: The material from above (12 mg, 0.030 mmol) was 
converted to the hydrobromide salt to provide COMPOUND 86 (14 mg) as a white solid. 1H 

NMR (020) o 1.85-2.05 (hr rn, 3H), 2.20-2.30 (hr m, 3H), 2.47 (m, HI), 3.00 (br m, 2H), 3.15 

(br m, 2H), 3.34 (m, lH), 3.44-3.63 (hr m, 4H), 4.35 {d, IH, J= 16.5 Hz), 4.47 (m, IH), 4.53 (d, 
IH,J= 16.5 Hz), 4.80-4.93 {br, 4H), 7.58 (m, 2H), 7.80 {m, 3H), 8.30 (d, lH, J= 7.5 Hz), 8.58 

{d, IH, J = 5. 7 Hz), 13C NMR (020) B 20.30, 20.64, 27.29 (2C), 27.65, 45.53, 46.43, 47.14, 

51.41(2C),54.36, 60.08, 114.44 (2C), 126.08, 126.90 (2C), 131.59, 139.88, 140.86 (2C), 
. . .. 

148.10, 150.06, 150.30. ES-MS mlz 405 (M+H). Anal. Calcd. for C24H3:iN6•4.1HBr•3.3H20: C, 
36.4J;:H, 5.42; N, 10.62; Br, 40.93. Found: C,.36.52; H, 5.49; N, 10.26; Br, 40.94. 
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Example 87 

COMPOUND 87: Preparation of 4-C<lH-benzimidazol-2-ylmethyl)-(5.6, 7.8-

tetrahydroquinolin-8-yll-amino]-butyramidine (bydrobromide salt). 

(0477) [N-(tert-butoxycarbonyl)-benzimidazol-2-ylmethyl)]-(S,6,7,8-tetrahydroquinolin-8-

yl)-(3-cyano-prop-1-yl)-amine (0.14 g, 0.30 mmol) was dissolved in anhydrous methanol (3 mL) 

and anhydrous diethyl ether (S mL) was added. The solution was cooled to 0°C and hydrogen 

chloride gas was bubbled through the solution over 0.5 hour to saturation. The reaction was then 

allowed to stir at room temperature for 16 hours, after which the solvent was removed under 

reduced pressure. The residue was then washed with diethyl ether (3 x 20 mL) and dried in 

vacuo. This afforded the required 4-[(1H-benzimidazol-2-ylmethyl)-(5,6,7,8~tetrahydroquinolin-

8-yl)-amino ]-butyrimidic acid methyl ester (hydrochloride salt), which was used immediately in 

the next reaction. 

[0478) The salt from above (0.30 mmol) was dissolved in a solution of ammonia in 

methanol (2 M, 3 mL, 1.5 mmol), and stirred for 16 hours. The solution was then concentrated 

under reduced pressure and purified by column chromatography (10:1:89 . 

MeOHINH.iOH/CH2Cl2) to give the desired 4-[(lH-benzimidazol-2-ylmethyl)-(5,6,7,8• 

tetrahydroquinolin-8-yl)-amino]-butyramidine free base as a crystalline solid (42 mg, 38%, 2 

steps). 1H NMR (CDCh) 8 1.50 (m, lH}, 1.73-1.95. (br m, 4H), 2.14 (m, lH), 2.40-2.80 (br m, 

6H), 3.91 (m, IH), 3.95 (br d, IH,J= 15.0 Hz), 4.10 (br d, IH, J= 15.0 Hz), 7.10 (br, 3H), 7.37 

(d, 1H,J=6.0Hz), 7.55{br,2H),8.44(br, 1H),8.87(br,NH),9.51 (br,NH). 

[0479] Using general procedure'D: The material from above (42 mg, 0.11 mmol) was 

converted to the hydrobromide salt to provide COMPOUND 87 (28 mg). 1H NMR (020) 8 1.85 

(br m, 3H), 1.95 (m, lH), 2.17 (br m, lH), 2.37 (t, 3H, J= 7.8 Hz), 2.56 (m, lH), 2.86 (m, lH), 

3.00 (br, 2H), 4.37 (d, lH, J= 16.8 Hz), 4.48 (m, lH), 4.53 (d, IH, J= 16.8 Hz), 7.60 (m, 2H), 

7.79 (m, 2H), 7.86 (t, lH, J= 6.9 Hz), 8.34 (d, IH, J= 1.8 Hz), 8.62 (d, IH,J= 5.4 Hz); 13C 

NMR CD20) a 20.31, 20.so, 25,60, 27.63, 30.11, tt7.89, so.91, 60.41, 114.27 (2C), 126.01, 

127.02 (2C), 130.99, 139.43, 140.74 (2C), 148.20,'151.41,.152.06. ES-MS mlz 363 (M+H). 
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Anal. Calcd. for C21H2~6•3.1HBr• 1.3H20•0.3C<Jli100: C, 40.17; H, 5.27; N, 12.66; Br, 37.32. 

Found: C, 40.09; H, 5.27; N, 12.62; Br, 37.31. 

Example 88 

COMPOUND 88: Preparation of N1-0H-Benzimidazol-2-ylmethvl)-Nl-(R)..s.6.7.8-

tetrahydro-guinolin-8-yl-butane-1.4-diamine (crystal). 

[0480) Solution A: To a solution of anhydrous zinc (ID chloride (70.80 g, 0.52 mol) in 

tetrahy~furan (320 mL) at room temperature was added sodiwn borohydride (17.86 g, 0.~7 

mol) an~ the mixture stirred for 1 hour. The solution was then chilled to -20°C. 

(0481) ·Solution B: To a solution of (R)-(5,6,7,8-tetrahydro-quinolin-8-yl)amine (70.0 g, 

0.47 mol) and 4-(1,3-dioxo-l,3-dihydro-isoindol-2-yl)-butyraldehyde (102.59 g, 0.47 mol) in 

tetrahydrofuran (160 mL) at r.oom temperature was added potassiwn car~~.nate (65.28 g, 0.47 

mol) and the mixture stirred for 1 hour. The suspension was then filtered and chilled to -20°C. 

The cold filtrate was slowly added to Solution A via canula over 35 minutes. The resulting 

mixture was stirred at -20°C for 1 hour, until reaction was complete by NMR aliquot. The 

reaction was then neutralized by the careful addition of 6N HCl until pH = 2-3, keeping the 

temperature below -7°C. The solution was then warmed to 22°C and basified with 13w/v°/o 

Na2C03(aq) until pH = 4. The tetrahydrofuran was removed under reduced pressure and the 

concentrate diluted with water (700 mL) and CH2Ch (530 mL). The phases were separated and 

the organic phase washed with concentrated ammoniwn hydroxide (1 x 230 mL) and water (1 x 

315 mL ). The organic phase was then concentrated to 200-250 mL and filtered through a 

conditioned silica gel pad (14 g). The silica gel was rinsed with CH2Cli (2 x 20 mL). The 

combined filtrate was concentrated to I 00-150 mL and diluted with diisopropyl ether (1000 

mL). The solution was concentrated to 300-350 Iql. and chilled to -10°C, at which temperature 

the product began to precipitate. Mechanical stirring was continued for 45 minutes at -10°C, 
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'' 
after which time the product was collected by filtration. The product was washed with 

diisopropyl ether (100 mL) and dried under reduced pressure to give pure 2-{4-[(RKS,6,7,8-

tetrahydro-quinolin-8-yl)amino]-butyl}-isoindole-I,3-dione (135.3 g, 82%). 1H NMR (300 

MHz, CDC)J, a ppm) 1.55-1.85 (m, 6H), 1.95-2.05 (m, lH), 2.05-2.20 (m, lH), 2.50 (b, 11-1), 
' 

2.65-2.85 (m, 4H), 3.65-3.80 (m, 3H), 7.04 (dd, lH, J= 4.5 /!<- 7.5 Hz), 7.35 (d, IH, J= 1.5 Hz), 

7.65-7.75 (m, 2H), 7.75-7.85 (m, 2H), 8.36 (d, lH, J= 4.5 Hz). 

(0482] To a solution of 2-{ 4-[ (RK5,6, 7,8-tetrahydro-quinolin-8-yl)amino ]-butyl }-isoindole-

1,3-dione (135.3 g, 0.39 mol) and 2-chloromethyl-benzimidazole-1-carboxylic acid tert.;butyl 

ester (103 g, 0.39 mol) in acetonitrile (780 mL) at room temperature was added 

diisopropylethylamine (101-inL, 0.58 mol) and potassium iodide (6.4 g, 0.04 mol) and the 

mixture heated to 50°C for 3 hours. The mixture was then concentrated under reduced pressure 

and redissolved in methyl I-butyl ether (500 mL) and water (500 mL). The pH was adjusted to 2 

with 6N HCI then the phases were separated. The aqueous layer was washed with methyl t­

butyl ether (500 mL). The aqueous phase was stirred for 22 hours, adding 6N HCI as needed to 

maintain pH = 2. The solution was basified to pH 10-11 with I ON NaOH and extracted with 

toluene (2 x 1.5 L). The organic phase was washed ~ith IN NaOH (1x200 mL) and brine (1 :ic 

200 mL). The organic phase was dried (Na2S04), filtered and concentrated under reduced 

pressure to give 2-{ 4-[(R)-(lH-benzimidazol-2-ylmethyl)-5 ,6, 7 ,8-tetrahydro-quinolin-8-yl­

amino ]-butyl }-isoindole-1,3-dione (209 g). 1H NMR (300 MHz, CDCb, a ppm) 0.75-1.75 

(series ofm, SH). 1.80-2.10 (2m, 2H), 2.15-2.25 (m, lH), 2.55-2.90 (m, 4H), 3.52 (t, 2H, J= 7.0 

Hz), 3.95-4.10 (m, lH), 4.01 (d, lH,J= 17.0 Hz), 4.11 (d, lH, J= 17.0 Hz), 7.10-7.30 (m, 4H), 

7.39.(d, lH,J= 7.5 Hz), 7.50-7.55 (m, IH), 7.60-7.70 (m, 2H), 7.70-7.80 (rn, 2H), 8.60 (d, lH, J 

= 3.5 Hz). 

(0483) To a solution of2-{4-[(R)-(1H-benzimidazol-2-ylmethyl)-S,6,7,8-tetrahydro­

quinolin-8-yl-amino]-butyl}-isoindole-l,3-dione (209 g, max 0.39 mol) in methanol (2 L) at 

room temperature was added hydrazine hydrate (179 mL, 3.12 mol) and the mixture stirred for 

16 hours. The solution was filtered and the filtrate concentrated. The residue was taken up in 

IN HCI untiJ pH= 2-3. The resulting suspension was filtered. The filtrate was basified to pH= 

6 with 10 N NaOH and ~ashed with CH2Cli (2 x 400 mL). The aqueous phase was further 

basified to pH= 12 with ION NaOH and extracted with CH2Ch (3 x 1000 ml). The combined 

organic phase was concentrated under reduced prctssure to about 1.4L. Charcoal (48 g) was 

added and the suspension stirred for 1 hour. The ch,arcoal was removed by fi~tration and the 

filtrate was filtered through a dry silica gel pad (140 g). The silica was eluted with 20:1 CH2Ch: 
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MeOH until·p.o more product could be seen by UV (1.0 L). The filtrate was washed with O.IN 
NaOH (1 x 800 mL), dried (Na2S04), filtered and concentrated under reduced pressure to give 

amorphous N1-( I H-benzimidazol-2-ylmethyl)-N1-(R)-5,6, 7,8-tetrahydro-quinolin-8-yl-butane-

1,4-diarnine (9? g, 73% over two steps). 1H NMR (300 MHz, CDCb, o ppm) 1.05-1.35 (m, 

4H), I.30-1.50 (m, JH), 1.60-1.85 (2m, 2H), 1.90-2.05 (m, lH), 2.25-2.70 (m, 6II), 3.75-4.00 

(m, 3H), 6.90 (dd, lH, J= 4.5 & 7.5 Hz), 6.95-7.05 (m, 2H), 7.15 (d, IH, J= 1.5 Hz), 7.35-7.45 

(m, 2H), 8.37 (d, lH, J = 4.5 Hz). 

(04841 Amorphous Nl-( IH-Benzimidazol-2-ylmethyl)-Nl-(R)-5,6, 7 ,8-tetrahydro-quinolin-
8:'y1-blifane-l ,4-diamine (90.98 g, 0.260 mol) was diluted with ethyl acetate (730 ml, 0.125 

g/mL) ~d heated with stirring until all solids had dissolved (f max= 62°C). The solution was 
allowed to slowly cool to room temperature while stirring. Stirring at room temperature was 
continued for 20 hours. The crystals were then collected on a buchner funnel under N2 

atm.Qsphere. The crystals were dried under reduced pressure, then ground with a mortar and . 
pestle. The crystals were then dried in a vacuum oven ( 40°C, greater then 30" Hg) for two 

nights to give dry Nl-(IH-benzimidazol-2-ylmethyl)-N1-(R)-5,6,7,8-tetrahydro-quinolin-8-yl­

butane-l,4-diamine crystals (69.52 g, 77%). 1HNMR(CDCb) o 1.21-1.47 (m, 4H), 1.58-1.73. 

(m, lH), 1.82-2.06 (m, 2H), 2.12-2.23 (m, 2H), 2.45-2.59 (m, 3H), 2.64-2.89 (m, 3H), 3.97-4.12 

(m, 3H), 7.08-7.20.(m, 3H), 7.49 (d, lH,J= 7.4 Hz), 7.53-7.60 {m, 2H), 8.57 (d, lH, J= 4.2 

Hz). 13C NMR (CDCIJ) 0 21.15, 23.50, 25.78, 28.96, 30.96, 41.61, 49.23, 50.26, 61.62, 114.83, 

121.22, 121.88, 134.28, 137.01, 146.42, 156.49, 157.39.- Purity (HPLC) = 99.40 %. 

Enanti~~eric Excess (HPLC) = 99.66 %. Hydrazine (HPLC) = 4.7 ppm. ES-MS mlz 350 

(M+H) ... Anal Cale. for C21H21Ns: C, 72.17; H, 7.79; N, 20.04. Found: C, 71.82; H, 7.74; N, 

19.74. 
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COMPdUND 89: Pre,paration of NJ4.S.6.7-tetrahyfuo-1H-beµzoimidazol-2-

yhnethyl)-N'-!5.6. 7 .8-tetrahydro-auinolin-8-yl)-butane-1.4-diemine. . 

(0485] To solution of 4,5,6,7-tetrahydro-lH-benzoimidazole (1.9992 g, 16.4 mmol) and 

triethylamine (4.60 mL, 32.8 nunol) in CH2Ch (20 mL) at 0°C was added dropwise a solution of 
dimethyl sulfarnoyl chloride {1. 76 mL, 16.4 mmol) in CH2Ch {I 0 mL). The reaction was 
wanned to room temperature and stirred for 3.5 hours. CH2Cl2 (80 mL) was added and the 
organic phase was washed with distilled water (1 x 80 mL). The aqueous washing was extracted 
with CH2Ch (2 x 40 mL), and the combined organic extracts were washed with brine (1 x 80 
ml.), dried (Na2S04), and concentrated. Purification of the crude material by column 

. -
chromatography on silic.a gel (2:1 hexanes-EtOAc) provided 2.89 g (77%) of 4,5,6,7-tetrahydro-
benzoimidazole-l-sulfonic acid dimethylamide as a white solid. 1H NMR (CDCIJ) 8 1.77-1.86 
(m, 4H), 2.ss-2.61(m,2H), 2.72 (t, 2H, J= 6 Hz), 2.87 (s, 6H), 7.77 (s, lH). 

[04861 2-Formyl-4,5,6,7-tetrahydro-benzoimidazole-I-sulfonic acid dimethylamide was 
prepared following a modification of the procedure found in the Journal of Medicinal 
Chemistry, 40; 14, 1997, 2205. To a solution of 4,5,6,7-tetrahydro-benzoimidazole-1-sulfonic 
acid dimethylamide (2.67 g, 11.6 mmol) in dryTHF (100 mL) under argon at -78°C was added 
dropwise 2.5 M n-butyllithiwn in hexanes (7.0 mL, 17.5 mmol). The reaction was stirred at -
78°C for 1 hour, then DMF (l.l mL, 13.9 mmol) was added dropwise, and the reaction was 
wanned to room temperature and stirred for2 ho~s. Saturated NH4Cl (25 mL) was added, and 
the reaction mixture was concentrated, and then diluted with CH2Ch (500 mL) and distilled 
water (25 mL). The layers were separated and the aqueous phase was extracted with CH2Ch (2 
x I 00 mL). The combined organic extracts were washed with brine (l x 100 mL), dried 
(Na2S04), and concentrated. Purification of the crude material by column chromatography on 
silica gel (1:1 hexanes-EtOAc) provided 1.53 g (51%) of 2-fonnyl-4,5,6,7-tetrahydro­

benzoimidazole-1-sulfonic acid dimethylamide as a yellow solid. 1H NMR (CDCh) B 1 .82-1.86 
(m, 4H), 2.66-2.68 (m, 2H), 2.86-2.88 (m, 2H), 2.96 (s, 6H), 9.99 (s, lH). 

(0487) To a solution of2-fonnyl-4,5,6,7-tetrahydro-~enzoimidazole-1-sulfonic acid 
dimethylamide (0.3991g,1.5 mmol) and 2-[4-(5,6,7,8-tetrahydro-quinolin-8-ylamino)-butyl]­
isoindole-l,3..<fione (0.4424 g, 1.3 mmol) in CH2Ch (13 mL) was added sodium 
triacetoxyborohydride (0.5539 g, 2.6 mmol), and the reaction stirred at room temperature for 22 
hours. Saturated NaHC03 (20 mL) was added and the aqueous phase was extracted with 

CH2Cb (2 x 100 mL), and the combined organic extracts were washed with brine (1x75 mL), 
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dried ( NaS04), and concentrated, Purification of the crude material by column chromatography 

on silica gel (33:1 :1 CH2Ch-MeOH-NH.tOH) provided 0.4564 g (52%) of2-{[[4-{l,3-dioxo-l,3-

dihydro-isoindol-2-yl)-butyl ]-( 5 ,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-4,5,6, 7-

tetrahydro-benzoimidazole-J -sulfonic acid dimethylamide as a y~Uow foam. 1H NMR (CDCb) 

5 1.28 (t, 2H, J= 9 Hz), 1.49-1.52 (m, 2H), t.74-1.81 (m, 6H), 1.91-2.00 (m, IH), 2.11-2.20 (m, 

IH), 2.50-2.73 (m, 7 H), 2.92 (s, 2H), 2.95 {s, 4H), 3.52-3.57 (m, 2H), 4.17-4.22 (m, 2H), 4.32-

4.37 (m, IH), 4.81 (s, HI), 6.95-6.98 (m, lH), 7.27-7.28 (m, IH), 7.68-7.70 (m, 2H), 7.79-7.82 

(m, 2H), 8.32 (d, IH, J= 3 Hz). 

[0488] 2-{ [[ 4-( l ,3-Dioxo-1,3-dihydro-isoindol-2-yl)-butyl]-(5,6, 7 ,8-te~ydro-quinolin-8-

yl)-amino ]-methyl }-4,5,6, 7~tetrahydro-benzoimidazole- l-sulfonic acid (0.4564 g, 0. 77 mmol) 
and 2 N HCl (7 .5 mL) were stirred at reflux for 23 hours. The reaction mixture was cooled to 

room temperature and 15% (w/v) aqueous NaOH (5 mL)was added. The aqueous layer was 

extracted with CH2Cli (3 x 150 mL), and the combined organic extracts were washed with brine 

(1 x 100 mL), dried (Na2S04), and concentrated. 0.2466 g (64%) of the crude 2-{4-[(4,S,6, 7-

tetrahydro-lH-benzoimidazol-2-ylmethyl)-( 5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-butyl}­

isoindole-1,3-dione was isolated as a pale yellow foam. 1H NMR (CDCh) B 1.37-1.39 (m, 2H), 

1.79-1.88 {m, lOH), 1.98-2.11 (m, 2H), 2.51-2.63 (m, SH), 3.50-3.52 (m, IH), 3.66-3.86 (rn, 
2H), 3.97-3.99 {m, lH), 7.02-7.11(m,2H), 7.37-7.40 (m, 2H), 7.68-7.71 (m, IH), 7.80-7.82 (m, 
lH), 8.44-8.46 (m, lH). 

[0489] To a solution of 2-{ 4-(( 4,5,6, 7-tetrahydro-lH-benzoimidazol-2-ylmethyl)-(5,6, 7 ,8-

tetrahydro-quinolin-8-yl)-amino ]-butyl}-isoindole-1,3-dione (0.2466 g, 0.51 mmol) in ethanol (5 

mL) was added hydrazine hydrate (0.3 mL, 2.5 mmol), and stirred at room temperature for 18 

hours.· The reaction mixture was concentrated, and purification of the crude material by colwnn 
chromatography on silica gel (20: I: 1 CH2Ch-MeOH-NRiOH) provided 0.1031 g (58%) of 

COMPOUND 89 as a pale yellow solid. 1H NMR (CDCI)) o 1.32-1.43 (m, SH), 1.60-1.68 (m, 

lH), 1.72-l.81 (m, SH), 1.96-2.02 (m, lH), 2.08-2.17 (m, lH), 2.45-2.60 (m, 9H), 2.69-2.71 (m, 

lH), 2.76-2.86 (m, IH), 3.70-3.84 (m. 2H), 3.95-4.01 (m, HI), 7.05-7.10 (m. lH), 7.36 (d, lH,J 

= 7.5 Hz). 8.44 (d, IH, J= 3 Hz). 13C NMR (CDCL3) s 20.80, 22.38, 22.71, 23.07, 25.37, 

28.77, 30.54, 41.23, 48.53, 49.81, 60.54, 121.36, 133.94, 136.52, 146.20, 146.32, 157.37. ES­

MS mlz 354.5 (M+H). Anal. Calcd. for (C21H31Ns)0.7(H20)0.l(CH2Cl2): C, 67.65; H, 8.77; N, 

18.69. Fowtd: C, 67.46; H, 8.80; N, 18.43. 
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Example90 

CQ 
NIN~NH, 
N' NH 

0 
COMPOUND 90: Preparation of N1-(tH-Benzimidazo1-2-ylmethyl}-2-niethylene-N1-

CS.6.7.8-tetrahydro-auinolin-8-yll-butane-l,4-diamine Chvdrobromide salt). 

(0490] To a cold (0 °C), stirred solution of AICh (9.43 g, 70. 7 mmol) in Et20 (250 mL) was 
added powdered LiAIH.t (8.10 g, 213 mmol). After the resultant grey suspension was stirred for 
40 minutes, a solution of dimethyl itaconate (8.49 g, 53. 7 mmol) in Et20 (130 mL) was added 
dropwise, by cannula, over 30 minutes. The mixture was stirred for an additional 60 minutes, 
and then treated with saturated aqueous Nf4CI (110 mL). The mixture was diluted with Et20 
(500 mL) and filtered through filter paper. The filtrate was concentrated and provided 4.52 g of 
2-methylene-butane-1,4-dioJ as a pale yellow oil. To a stirred solution of2-methylene-butane-
1,4-diol (4.52 g, 44.3 mmol) in°CH2Ch (330 mL), at room temperature, was added triethylamine 
(10.0 mL, 71.7 mmol) followed by benzoic anhydride (7.53 g, 33.3 mmol). After 16 hours, the 
mixture was washed sequentially with 1.0 M HCl.(2 x 35 mL), saturated aqueous NH.Cl (2 x 50 
mL), and brine (2 x 50 mL), dried (Na2S04), and concentrated. Purification of the crude 
material by column chromatography on silica gel (2: 1 hexanes-ethyl acetate) provided 3 .57 g 
(32% from dimethyl itaconate) of an-5.5:1 mixture ofbenzoic acid 4-hydroxy-2-methylene­
butyl ester and benzoic acid 3-hyclroxymethyl-but-3-enyl ester. 

[0491] To an-5.5:1 mixture of benzoic acid 4-hydroxy-2-methylene-butyl ester and benzoic 
acid 3-hydroxymethyl-but-3-enyl ester (3.57 g, 17.3 mmol) in CH2Ch (175 mL) was added EhN 
(6.00 mL, 43.0 mmol) followed by methanesulfonyl chloride (2.40 mL, 31.0 mmol). The 
resultant mixture was stirred at room tempemture for 15 hours. The mixture was washed with 
brine (3 x 50 mL), dried (Na2S04), and concentrated. The resultant oil was dissolved in DMF 
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(90 mL), treated with potassium phthalimide (6.38 g,34.4 nunol), and the resultant mixture was 
heated at 80 °C for 24 hours then cooled to room temperature. The mixture was diluted with 
ethyl acetate (200 mL), brine (90 mL), and water (45 mL) and the phases were separated. The 
organic phase was washed with brine (5 x 25 mL), dried (MgSQ4), and concentrated. The crude 
material was purified by column chromatography on silica gel (4:1 hexanes-ethyl acetate) and 
provided 4.11 g (71 %) of an -3: 1 mixture of benzoic acid 4-(1,3-dioxo- l ,3-dihydro-isoindol-2-
yl)-2-methylene-butyl ester and benzoic acid 3-( l ,3-dioxo-1,3-dihydro-isoindol-2-ylmethyl)-but-
3-enyl ~ster. 

.'~:[0492) To an -3:1 mixture ofbenzoic acid 4-(1,3-dioxo-l,3-dihydro-isoindol-2-yl)-2-
methylene-butyl ester and bCnzoic acid 3-(1,3-dioxo-l,3-dihydro-isoindol-2-ylmethyl)-but-3-
enyl ester (4.1lg,12.3 mmol) in methanol (123 mL) was added NaOH (1.21 g, 30.3 mmol) and 
the mixture was stirred at room temperature for 30 minutes. The mixture was diluted with ethyl 
acetate (250 mL) and saturated aqueous NaHC03 (125 mL). The phases were separated and the 
aqueous phase was extracted with ethyl acetate (3 x 100 mL). The combined organic extracts 
were washed with brine (3 x 30 mL), dried (MgS04), and concentrated. Purification of the 
crude material by column chromatography on silica gel (2:1 hexanes-ethyl acetate) provided 
0.83 g (29%) of2-(3-Hydroxymethyl-but-3-enyl)-isoindole-l,3-dione as a white solid and 0.19 g 
(7%) of2-(4-Hydroxy-2-methylene-butyl)-isoindole-1,3-dione as a white solid. 

[0493) 2-(3-Hydroxymethyl-but-3-enyl)-isoindole-l,3-dione: 1H NMR (CDCh) a 2.07 (br 
s, lH), 2.49 (t, 2H, J= 6.0 Hz), 3.91(t, 2H,J= 6.0 Hz), 4.18 (m, 2H), 4.79 (s, lH), 5.0~ (s, lH),. - . . .. . 

~ . 
7.70-7.73 (m, 2H), 7.81-7.85 (m, 2H); 13C NMR (CDCb) 8 32.67, 37.04, 66.30, 113.60, 123.30, 
132.00,.J34.02, 145.30, 168.60; ES-MS mlz 231 (M+H). 

{0494) 2-(4-Hydroxy-2-methylene-butyl)-isoindole-1,3--dione: 1HNMR (CDCh) a 1.88 (br 
s, UI), 2.36 (t, 2H, J= 6.0 Hz); 3,83 (m, 2H), 4.29 (s, 2H), 4.99 (s, lH), 5.02 {s, lH), 7.72-7.77 
(m, 2H), 7.84-7.88 (m, 2H); 13C NMR (CDCl3) 8 37.64, 42.24, 61.21, 114.23, 123.84, 132.37, 
134.53, 140.73, 168.57; ES-MS mlz 231 (M+H). 

[0495] To a solution of 2-(3-Hydroxymethyl-but-3-enyl)-isoindole-l ,3-dione (0.229 g, 0.99 
mmol) in CH2C}i (10 mL) was added Et3N (0.28 mL, 2.01 mmol) followed by methanesulfonyl 
chloride (0.12 mL, 1.55 mmol). The resultant mixture was stirred at room temperature for 1 
hour. The mixture was diluted with CH2Cli (40 mL), washed with brine (3 x 10 mL), dried 
(Na2S04), and concentrated to provide 0.31 g (I 00%) of a yeJlow oil. 
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(0496] Using General N-alkylation Procedure: A solution of the oil from above (0.31 g), (1-
tert-butoxycarbonyl-lH-Benzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine 
(0.252 g, 0.67 mmol), KI (33 mg, 0.20 mmol), and N,N-diisopropylethyJamine (0.35 mL, 2.00 
mmol) in CH3CN (13 mL) was heated at 60 °C for 21 hours. Purification of the crude material 
by column chromatography on silica gel (50: 1: I CH2Ch-CH30H-NHiOH) provided 239 mg 
( 60%) of 2-{ [[ 4-(l,3-Dioxo-1,3-dihydro-isoindol-2-yl)-2-methylene-butyl]-(5,6, 7 ,8-tetrahydro­
quinolin-8-yl)-amino ]-methyl }-benzimidazole-J-carboxylic acid tert-butyl ester as a beige foam. 

(0497] To a solution of 2-{ [[ 4-(1,3-Dioxo-l ,3-dihydro-isoindol-2-yl)-2-methylene-butyl]­
(S,6, 7,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzirnidazole-1-carboxylic acid tert-butyl 
ester (0.239 g, 0.40 mmol) ii1 ethanol (8 mL) was added hydrazine monohydrate (0.40 mL, 8.26 
mmol) and the resultant mixture was stirred at room temperature overnight. The mixture was 
filtered through filter paper and concentrated. Purification of the crude material by colwnn 
chromatography on silica gel (20:1 :1 CH2Ch-CH30H-~OH) provided 86 mg (55%) of the 
free base of the title compound as a yellow oil. 

[0498) Using General Procedure D: Conversion of the free base to the hydrobromide salt 
followed by reprecipitation of the intermediate solid from methanol/ether gave 
COMPOUND 90 (97 mg, 69%) as a beige solid. 1HNMR (D20) o 1.75-1.84 (m, lH), 2.03-
2.15 (m, 2H), 2.24-2.40 (m, 3H), 2.79-2.88 (m, lH), 2.94-3.01(m,3H), 3.18 (d, IH,J=13.8 
Hz), 3.41 (d, lH, J=13.8 Hz), 4.37 (d, lH, J= 16.5 Hz), 4.48 (d, lH, J= 16.5 Hz), 4.59-4.62 
(m, lH), 4.89 (s, lH), 5.25 (s, lH), 7.60-7.62 (m, 2H), 7.78-7.81(m,2H), 7.87-7.91 (m, lH), 
8.37 (br d, lH, J= 7.8 Hz), 8.69 (hr d, lH, J= 5.4 Hz); 13C NMR (D20) o 20.06, 20.30, 27.82, 
31.03, 37.47, 48.28, 57.13, 60.45, 114.26, 118.52, 126.12, 127.05, 130.93, 139.65, 139.79, 
141.16, 148.31, 150.83, 151.36; ES-MS mlz 362 (M+l{). Anal. Calcd. for 
C22H21Ns•3.0HBr•2.2H20: C, 41.04; H, 5.39; N, 10.88; Br, 37.23. Found: C, 40.99; H, 5.25; N, 
10.78; Br, 37.21. 
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Example 91 

COMPOUND 91: Preparation of [l-{2-Amino-ethyl)-cyclopropylmethyl]-(lH-

benzimidazol;2-ylmethyll{S,6.7,8-tetrahydro-guinolin-8-yl)~amine 

(hydrobromide salt). 

(0499] To a cold (0 °C), stirred solution of diethyl zinc (1.0 Min hexanes, 4.0 mL, 4.0 

mmol) in CH2Ch (l 0 mL) was added neat ClCH2I (0.59 mL, 8.10 mmol) drop wise by syringe. 

After 30 minutes, a solution o~2-(3-Hydroxymethyl-but-3-enyl)-isoindole-l,3-dione (0.456 g, 

1.97 mmol) in CH2Ch (6 mL) was added by cannula. After 60 minutes, the reaction mixture 

was treated with saturated aqueous NH4Cl (20 mL), diluted with CH2Cli (20 mL), and warmed 

to room temperature. The phases were separated and· the aqueous phase was extracted with 
. . 

CH2q2 (3 x 20 mL). The combined organic extracts were dried (Na2S04) and concentrated. 

The crude material was purified by column chromatography on silica gel (1:1 hexanes-ethyl 

acetate) and provided 0.31 g ( 64%) of 1-[2-( 1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-ethyl]­

cyclopropane-methanol a5 a white solid. 1H NMR (CDCh) o 0.31-0.34 (m, 2H), 0.38-0.43 (m, 

2H), 1.75 (t, 2H, J= 6.9 Hz), 3.54 (s, 2H), 3.90(t, 2H, J= 6.6 Hz), 7.70-7.73 (m, 2H), 7.81-7.85 

(m, 2H); 

[0500) To a solution of l-[2-(l,3-Dioxo-1,3-dihydro-isoindol-2-yl)-ethyl]-cyclopropane­

methanol (0.31 g, 1.26 mmol) in CH2Ch (6 mL) was added sequentially 3A molecular sieves 

(0.644 g), N-methylmorpholine N-oxide (0.223 g, 1.90 mmol), and tetrapropylammonium 

perruthenate (88 mg, 0.25 mmol). After 30 m.in~tes, the mixture was filtered through silica gel 

and the cake was washed with ether. The solvent was removed from the filtrate under reduced 
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pressure and provided 0.25 g (82%) of 1-[2·(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-ethyl]­

cyclopropanecarboxaldehyde as a colorless oil. 

(0501] Using General Procedure B: Reaction of (l-tert-butoxycarbonyl-lH-Benzimidazol-

2-ylmethyl)-(5,6,7,8-tetrahyclro-quinolin-8-yl)-amine (0.269 g, 0.70 mmol) and 1-(2-(.1,3-Dioxo­

l,3-dihydro-isoindol-2-yl)-ethyl]-cyclopropanecarboxaldehyde (0.25, 1.03 mmol) with 

NaBH(OAc)3 (0.433 g, 2.04 mmol) in CH2Clz (7 mL) for 6 hours followed by purifi~ation of the 

crude material by column chromatography on silica gel (50:1:1 CH2Ch-CH30H-NH.iOH) 

followed by radial chromatography on silica gel (1 mm plate, 100: 1: 1 CH2Ch- CH30H -

~OH) provided 0.125 g (29%) of2-{[{1-[2{1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-ethyl]­

cyclopropylmethyl }-(S,6, 7 ,8-tetrahydro-quinoliQ-8-yl)-amino ]-methyl }-be~midazole-1-

carboxylic acid tert-butyl ester as a white foam. 

[0502) To a solution of2-{[{1-[2-(1,3-Dioxo-l,3-dihydro-isoindol-2-yl)-etbyl]­

cyclopropylmethyl }-(S,6, 7,8-tetrahydro-quinolin-8-yl)-amino ]-methyl}-benzimidazole-1-

carboxylic acid tert-butyl ester (0.121 g, 0.20 mmol) in ethanol ( 4 mL) was added hydrazine 

monohydrate (0.20 mL, 4.12 mmol) and the resultant mixture was stirred at rool;Il temperature 

overnight. The mixture was filtered through filter paper and concentrated. Purification of the 

crude material by column chromatography on silica gel (20: 1: I CH2Ch-CH30H-NRiOH) 

provided 39 mg ( 50%) of the free .base of the title compound as a yellow oil. 

(0503) Using General Procedure D: Conversion of the free base to the hydrobromide salt 

followed by reprecipitation of the intermediate solid from methanol/ether gave 

COMPOUND 9.1 "c5o ~g, 76%) ~a whlte soiid~ 1H NMR (D20) 6 o.31~0.41(m,3H), 0.52-

0.58 (m, lH), 1.34-1.45 (m, lH), 1.75-1.98 (m, lH), 2.02-2.20 (m, 3H),.2.27-2.33 (m, lH), 2.44 

(d, lH, J= 13.S Hz), 2.81-2.91 (m, 3H), 2.98-3.01 (m, 2H), 4.39 (s, 2H), 4.69 (dd, IH, J= 6.3, 

· 9.3 Hz), 7.60-7.63 (m, 2H), 7.79-7.90 (m, 3H), 8.36(br d, lH, J= 7.8 Hz), 8.71 (hr d, IH, J= 5.1 

Hz); 13C NMR CD20) s 9.oo, 12.11, 1s.3o, 19.79, 20.30, 21.81, 3 I.06, 37.62, 48.20, 57.47, 

59.82, 114.31, 126.04, 127.00, 131.20, 139.66, 141.14, 148.20, 151.16, 151.31; ES-MS m/z 376 

(M+H). Anal. Calcd. for C23H19Ns•3.0HBr•2.2H20: C, 41.99; H, 5.58; N, 10.65; Br, 37.44. 

Found: C, 42.03; H, 5.41; N, 10.62; Br, 36.42. 
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Example92 

;COMPOUND 92 Preparation of Nl-OH-Benzimidazol-2-ylmethyll-3-methoxy-Nl-., . ...... 
(5,6, 7.8-tetrahydro-auinolin-8-yl)-butane-1.4-diamine (hydrobromide salt) 

Preparation of 4{1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-3-methoxy-:butyraldehyde: 

o~;-00 
0 'I ' / 0 _... 

[0504) To a solution of 2-[ 4-(tert-Butyl-dimethyl-silanyloxy)-2-hydroxy-butyl]-isoindole-

1,3-dione (see N1-(1H-benzimidazol-2-ylmethyl)-3,3-difluoro-N1-{5,6,7,8-tetrahydroquinolin-8- . 

yl)-butane-1,4-diamine example for preparation) (455 mg, 1.30 mmol) in neat Mel (2 mL) was 

added Ag,_O (224 mg, 0.97 mmol) and the reaction stirred at 60 °C for 2 days. The mixture was 

cooled, concentrated, diluted with CH2Ch (10 mL), and filtered through Celite, washing with 

-Et20{75 mL). The filtrate was concentrated and purified by collimn chromatoSra.piiy (3:1 

hexan~~tOAc) to afford the methylated product (291 nig, 62%) as a clear oil. 

[0.505) A solution of the TBS-protected alcohol from above (291 mg, 0.80 mmol) in THF/l 

N HCI (1:1, 7 mL) was stirred for 3 h. The mixture was diluted with EtOAc (35 mL) and water 

(10 mL) and saturated aqueous ammonium chloride (10 mL). The phases were separated and 

the organic phase was washed with brine (1x25 mL), dried (Na2S04) and concentrated to give 

the crude product (242 mg) as a clear oil which was used without further purification in the next 

reaction. 

(0506] To a solution of the alcohol from above (242 mg) in CH2Ch (I 0 mL) was added 3A 
molecular seives (265 mg), NMO (137 mg, 1.17 mmol) and TPAP (25 mg, 0.071 mmol) and the 

reaction stirred 1.5 h. The mixture was concentrs.ted and purified by flash chromatography 

(EtOAc/hexanes, 1 :2) to afford the title compound (95 mg, 48% over 2 steps) as a clear solid. 
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1H NMR (CDCh) 6 2.65-2.69 (m, 2H), 3.46 (s, 3H), 3.82 (t, 2H, J= 6 Hz), 4.02-4.08 (m, 1 H), 
7.74 (dd, 2H, J = 6, 3 Hz), 7.86 (dd, 2H, J = 6, 3 Hz), 9.78'(s, lH). 

[0507) Following General Procedure B: To a stirred solution (lH-benzimidazol-2-
ylmethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine (108 mg, 0.39 mmol) and 4-(1,3-dioxo-l,3-
dihydro-isoindol-2-yl)-3-methoxy-butyraldehyde (95 mg, 0.385 mmol) in dry CH2Ch (10 mL) 
was added NaBH(OAc)3 (125 mg, 0.59 mmol) and the mixture stirred for 2.5 hat room 
temperature. The resultant crude yellow foam (230 mg) was used without further purification in 
the next step. 

(0508] To a solution of the phtha1irnide .from above (0.38 mmol) in EtOH (3.5 mL) was 
added anhydrous hydrazine.(0.06 mL, 1.89 mmol) and the mixture stirred overnight. The 

resultant white solid was filtered through filter paper, washing thoroughly with CH2Ch and the 
filtrate concentrated in vacuo. The crude product was purified by radial chromatography on 
silica gel (1 mm plate, CH2Ch/Me0H/Nfl40H, 50: 1: l then 25: 1: 1) to give the desired free 
amine (85 mg, 58% 2 steps) as a pale yellow oil. 

(0509) Using General Procedure D: Conversion of the material from above (78 mg, 0.21 
mmel) to the hydrobromide salt gave COMPOUND 92 (124 mg, 89%) as a yellow solid. 1H 
NMR (D20) mixture of diastereomers & 1.81-1.86 (br m, 3H), 2.01-2.07 (m, IH), 2.18-2.24 (m, 
lH), 2.37-2.42 (m, lH), 2.54-2.63 (m, lH), 2.88-3.10 (m', SH), 3.24 (s, 3H), 3.51-3.56 (m, IH), 
4.40 (d, lH, J~ 16.8 Hz), 4.50-4.58 (m, 2H), 7.60 (dd, 2H, J= 6.3, 3.3 Hz), 7.81 {dd, 2H, J= 
6.3, 3.3 Hz), 7.88 (br t, IH,J = 6.8 Hz), 8.36 (d, IH,J= 8.1Hz),8.63:8.~~ (m, IH); 13C NMR - . . 

(D:zO) mixture of diastereomers 5 20.43, 27.65, 29.90, 30.52, 42.10, 47.48, 48.01, 48.20, 57.04, 
57.28, 60.47, 75.71, 75.92, 114.30, 126.02, 127.00, 131.01, 139.45, 140.69, 140.78, 148.21, 
151.06, 151.5f. ES-MS mlz 380 (M+H}. Anal. Calcd. for 

C22H29Ns0•3.IHBr•l.SH20•0.3C4H1oO: C, 41.00; H, 5.65; N, 10.31; Br, 36.45. Found: C, 
41.01; H, 5.62; N, 10.34; Br, 36.39. 

Example 93 
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COMPOUND 93: Preparation of N1-0H·benzimidazol-2-ylmethyll-3.3-difluoro-N1-

(5,6, 7 ,8-tetrahydroguinolin-8-yl}-butane-1.4-diamine 

(0510) To a mixture of potassium phthalimide (310.39 g, 1.68 mol) in DMF (1.0 L) at 0°C 

was added allyl bromide (290.4 mL, 3.36 mol) from a dropping funnel over 30 minutes. The 

reaction was then wanned to room temperature and allowed to stir for 5 days. The mixture was 

filtered to remove salts while washing the residue with ethyl acetate (1 L), and the filtrate 

concentrated tmder reduced pressure. The residue was then partitioned between saturated 

aqueous NaHCOJ (0.5 L) and CH2Ch (0.8 L) and the organic phase separated. The aqueous 

··phase was extracted with CH2Ch (2 x 0.8 L), and the combined organic phases were dried 
~ .· , 

··(Na2S04), filtered and concentrated under reduced pressure to give N-allylphthalimide as a· white 

powde~(294 g, 94%). 1HNMR(CDCl))84.30 (d, 2H,J= 6.0 Hz), 5.22 (m, 2H), 5.88 (m, JH), 

7.73 (m; 2H), 7.85 (m, 2H). 

(0511) A solution of paraformaldehyde (245 g) was heated to 70°C in a solution ofH2S04 

(360 mL) and H20 (90 mL) using a hot water bath until the mixture became homogenous. Solid 

N-allylphthalimide (133 g, 0.71 mol) was then added over 10 minutes, keeping the exotherm 

generated under control. The solution was then stirred at this temperature for an additional 0.5 

hour and poured into ice water ( 1.5 L ). The mixture was extracted with ethyl acetate (3 x 1 L ), 

dried (MgS04), filtered and concentrated under reduced pressure. The crude solid was then 

purified through a silica gel plug (1 kg Si02) from CH2Ch as the eluent. This afforded the 

_desired _1.~-_dioxane-4-ylmethylphthalimide as.a white solid (95 g, 54%). 

(0512) l ,3-dioxane-4-ylmethylphthalimide (95 g, 390 mmol) was dissolved in a saturated 

solution of hydrochloric acid in methanol (600 mL) and stirred for 2 days at 80°C. The reaction 

Was then cooled to room temperature, and the acid neutralised to pH 7 with solid NaHC03. 

· · Ethyl acetate (1 L) was added and the mixture was filtered to remove salts. The filtrate was then 

concentrated under reduced pressure and dried overnight in vacuo. The crude was purified 

through a silica gel plug {I kg silica) using 2:98 CH30H:CH2Cli eluent to give the desired N­

(2,4-dihydroxybutyl)phthalimide as a white solid (45 g, 50%). 1H NMR (MeOD) 8 1.62 (m, 

IH), 1.75 (m, lH), 3.31 (s, lH), 3.64 (m, 2H), 3.69 (d, 2H, J= 5.1Hz),4.06 (sept, IH), 7.79 

(m, 2H), 7 .85 (m, 2H). 

[0513] To a solution of N-(2,4-dihydroxybutyl)phthalimide (51g,217 mmol) in pyridine 

(725 mL) at 0°C was added acetic anhydride (2o:s mL, 217 mmol). The solution was stirred at 

0°C for 4 hours and then concentrated on the rotary evaporator using a water bath temperature of 
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3S°C. The crude residue was then purified through a silica gel plug (1 kg silica) with 0.5:99.S 

CH30H:CH2Cl2 eluent to give the desired product which was unfortunately co~taminated with 

pyridine. CH2Ch (100 mL) was then added and the organic was washed with lN HCI (3 x 50 

mL), saturated aqueous NRtCI (50 mL), and brine (50 mL). The organic phase was then 

separated, driec;I (Na2S04), filtered, and concentrated under reduced pressure to afford clean N­

( 4-acetoxy-2-hydroxybutyl)phthalimide as a white solid ( 10.2 g, 17% ). 

[0514) A solution of N-( 4-acetoxy-2-hydroxybutyl)phthalimide (10.2 g, 36.8 mmol) iii 

CH2Cb (185 mL) at 0°C was treated with molecular seives (18.4 g), N-methylmoipholine oxide 

( 6.46 g, 55.2 mmol), and tetrapropylammonium perruthenate (I .29 g, 3. 7 mmol). The mixture 

was allowed to warm to rocSm temperature over 20 minutes and immediately filtered through 
' silica (using 500 g Si02 in a coarse glass fritted funnel). The silica was washed with excess 

diethyl ether (2 L) and concentrated under reduced pressuie to afford the desired N-( 4-acetoxy-

2-oxobutyl)phthalimide (9.22 g, 92%}. 

(0515) The above ketone (8.0 g, 29 mmol) was added as dry solid to neat DAST (20 mL) at 

0°C and then heated to 50°C for 40 hours. The homogenous solution was then cooled to ·0°c, 

diluted with CH2Ch (75 mL), and quenched with excess brine (SO ml). The organic phase was 

separated and the aqueous phase extracted with CH2Ch (3r x 75 mL). The combined organic 

phases were then dried (Na2S04}, filtered and concentrated under reduced pressure. The crude 

red solid was then purified by column chromatography on silica gel (I :4 ethyl acetate/hexane) to 

give the desired N-(4-acetoxy-2,2-difluorobutyl)phthalimide a.8 a ~e~ch colored solid (3:84 g_, 

44%). -,H NMR(CDCl3) 5 2.o7"cs, 3H), 2.32 <it. 2H,J= 16.5, 6.0 Hz), 4.11(t,2H,J= 13.5 Hz), 

4.35 (t, 2H, J= 1.5 Hz), 7.75 (m, 2H), 7.90 {m, 2H). 

[0516] The above N-(4-acetoxy-2,2-difluorobutyl)phthalimide (3.84 g, 12.9 mmol) was 

dissolved in THF (65 mL) and cooled to -78°C. A solution of DIBAL-H (32.3 mL, 1.0 M in 

hexanes, 32.3 mmol) was added slowly and the solution allowed to stir 0.5 h. Saturated aqueous 

°NH4Cl solution (15 mL) was then added and the solution was wanned to room temperature. 

MgS04 (IS g) and diethyl ether (200 mL) were added, and the mixture was filtered through 

celite, washing with excess 1:1 Et20trHF (l L). The filtrate was then concentrated under 

reduced pressure and the crude material was purified by column chromatography on silica gel 

(1 :2 EtOAc/bexanes) to give the desired N-(2,2-difluoro-4-hydroxybutyl)phthalimide as a pale 

yellow solid (1.47 g, 45%). 1H NMR (CDCh} 8 1.97 (t, OH, J = 6.0 Hz), 2.22 (tt, 2H, J = 16.S, 

6.0 Hz), 3.95 (q, 2H,J= 6.0 Hz), 4.19 (t, 2H,J= 1$ Hz), 7.75 (m, 2H), 7.90 (m, 2H). 
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(0517) Methanesulfonyl chloride (0.50 mL, 6.3 mmol) and triethylamine (1.20 mL, 8.6 

mmol) was added to a solution of the above alcohol (l.47 g, 5.76 mmol) in CH2Ch (29 mL) at 

0°C and allowed to wann to room temperature over 30 minutes. This gave, after aqueous work 

up, the desired crude methanesulfonate (1.84 g, 96%) as a fine, pale yellow powder that was 

used immediately in the next reaction. 

(0518) A solution of the above crudemethanesulfonate (1.84 g) in DMF (19 mL) was 

treated with sodiwn azide (1.87 g, 28.8 mmol) and heated to 80°C for 2 h. The reaction mixture 

• was then concentrated and the residue partitioned between ethyl acetate (20 mL) and brine (15 

.;~).The organic phase was separated, washed with brine (3 x 15 mL), and dried over MgS04• 

;.~e mixture was then filter~d and concentrated under reduced pressure to give the desired N-( 4-

;azido-2,2-difluorobutyl)phthalimide (1.37 g, 85% 2 steps). 

(0519] The material from above (1.37 g) was dissolved in anhydrous methanol (SO mL) and 

the reaction vessel purged with nitrogen. 10% palladium on carbon (275 mg) was added and the 

mixture stirred under an atmosphere of hydrogen (30 psi) for 16 hours. The reaction mixture was 

then filtered through celite and pwified by column chromatography with silica gel (2:98 

methanol:dichloromethane) to afford N-(4-amino-2,2-difluorobutyl)phthalimide (0.71 g, 57%). 
' 

1H NMR (CDCh) S 2.32 (tt, 2H, J= 16.5, 6.0 Hz), 3.02 (t, 2H, J= 15.0 Hz), 3.94 (t, 2H,J= 7.5 

~ Hz), 7.73 (m, 2H), 7.85 (m, 2H). 

(0520) Using general procedure B from above, N-(4-amino-2,2-ditluorobutyl)phthalimide 

(0.28 g, 1.1mmol),6,7-dihydro-SH-quinolin-8-one (0.21 g, 1.4 nunol) and sodium 

triacetoxyborohydride (0.45 g, 2.2 mmol) were stirred at room temperature in dichloromethane 

,(5.5 ~l-) for 16 hours to yield, after work-up and column chromatography (2:98 

MeOH:CH2Ch), 2-[2,2-difluoro-4-(5,6, 7 ,8-tetrahydroquinolin-8-ylamino )-butyl]-isoindole-1,3-

dione as a sticky oil (0.36 g, 85%). 

(0521) To a solution of the above secondary amine (0.36 g, 0.93 mmol), N-(tert­

butoxycarbonyl)-2-chloromethylbenzimidazole (0.25 g, 0.93 mmol), and potassiwn iodide (8 

mg, 0.05 mmol) in anhydrous acetonitrile (9.3 mL) was added diisopropylethylamine (0.24 mL, 

1.4 nunol) and stirred at 60°C for 16 hours. The mixture was then concentrated under reduced 

pressure and the residue partitioned between dichloromethane (20 mL) and brine (15 mL). The 

organic phase was separated and the aqueous phase was extracted with dicWoromethane (2 x 15 

mL). The combined organic phases were then dried (Na2S04), filtered, and concentrated under 

reduced pressure to give a crude residue that was P,utified by column chromatography with silica 

gel (2:98 Me0H/CH2Ch). This afforded 2~{ [[ 4-(l ,3~dioxo-I ,3-dihydroisoindol-2"7yl)-3,3-
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difluorobutyl]-(5,6, 7 ,8-tertahydroquinolin-8-yl)-amino ]-methyl }-benzimidazole-1-carboxylic 
acid tert-butyl ester (0.24 g, 41 %). 

[0522) A solution of the above substrate (0.24 g, 0.39 mmol) in anhydrous ethanol (3.7 mL) 
was treated with hydrazine monohydrate (0.20 mL, 3.9 mmol) and stirred for 16 h. The white · 
mixture was then filtered, concentr~ted under reduced pressure, and purified by column 
chromatography with silica gel (5:0.5:94.5 methanol:ammonium hydroxide:dichloromethane) to 
afford N-(IH-benzimidazol-2-ylmethyl)-3,3-difluoro-N-(5,6, 7,8-tetrahydroquinolin-8-yl)­
butane-1,4-diamine as a light beige solid (87 mg, 66%). 1H NMR. (CDCh) 8 1.67 (m, IH}, 1.70-
2.20 (m, 4H), 2.28 (m, lH). 2.55-3 .00 (m, SH), 3.10 (m, .1 H), 4.12 (m, lH), 4.26 (s, 2H), 7 .20 
(m, 3H), 7.45 ( d, lH, J = 7 .5 Hz), 7.59 (br, 2H), 8.61. ( d, I H, J = 3.9 Hz). 13CNMR (CDCh) a 
21.88, 24.85, 29.49, 35.88 (t, lC,J= 20 Hz); 38.24 (t, IC, J== 92 Hz), 51.74, 55.25 (t, IC, J= 
116 Hz), 62.99, 115.4t·(br, 3C), 122.14 (2C), 122.92, 125.40, 128.61, 135.29, 137.93, 147.10, 
155.75, 156.98. ES-MS mlz 385 (M+H). Anal. Calcd. forC21H2sNsF2•0.2CH2Ch: C, 63.27; H, 
6.36; N, 17.40. Found: C, 63.27; H, 6.60; N, 17.26. 

Example94 

COMPOUND 94: Preparation of N-(lH-benzimidazol-2-ylmethyl)-2,2-difluoro-N­
(5,6, 7,8-tetrahydroguinolin-8-yll-butane-1.4-diamine. 

(0523) To a solution of N-(4-amino-2,2-difluorobutyl)phthalimide {0.33 g, 1.3 mmol) in 
anhydrous 1HF {7 mL) was added di-tert-butyldicarbonate (0.31 g, 1.4 mmol) and a drop of 
water. The solution was stirred 30 minutes and saturated aqueous ammonium chloride solution 
(25 mL) was added and the solution was extracted with ethyl acetate (2 x 30 mL). The combined 
organic phases were then dried (MgS04), filtered, and concentrated under reduced pressure. This 
afforded the crude boc-protected primary amine as yellow solid (0.42 g, 91%). 

[0524) A solution of the above amine (0.42 g, 1.2 mmol) in anhydrous ethanol (12 mL) was , 
treated with hydrazine monohydrate (0.57 mL, 12.mmol) and stirred for 16 h. The turbid white 
mixture was then filtered, concentrated under reduced pressure, and purified by column 
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chromatography with silica gel (1: 1: 10 methanol:ammoniwn hydroxide:dichloromethane) to 
give (4-amino-3,3-difluorobutyl)-carbamic acid tert-butyl ester (0.21 g, 77%). 1H NMR (CDCh) 
o 1.30 (br, NH2), 1.45 (s, 9H), 2.01 (tt, 2H, J= 16.5, 6.0 Hz), 2.95 (t, 2H, J= 6.0 Hz), 3.52 (td, 
2H, J= 15.0, 7.0 Hz), 5.00 (br, NH). 

[0525] Using general procedure B from above, N-(4-amino-2,2-difluorobutyl)phthalimide 
(0.26 g, 1.2 mmol), 6,7-dihydro-5H-quinolin-8-one (0.22 g, 1.5 mmol) and sodium 
triacetoxyborohydride (0.49 g, 2.3 mmol) were stirred at room· temperature in dichloromethane 
(5.5 mL) for 16 hours to yield, after work-up and column chromatography (1 :99 
MeOH:CH2Ch), [3,3-difluoro-4-(5,6, 7,8-tetrahydroquinolin-8-ylamino )-butyl]-carbamic acid .· . 
tert-butyl ester as a sticky oil (0.37 g, 90%). 

[0526] To a solution of the above secondary amine (0.37 g, 1.0 mmol), N-(tert­

butoxycarbonyl)-2-chloromethylbenzimidazole (0.44 g, 1. 7 mmol), and potassium· iodide (9 mg, 
0.05 mmol) in anhydrous acetonitrile (10.0 mL) was added diisopropylethylamine (0.36 mL, 2.1 
mmol) and stirred at 60°C for 16 hours. The mixture was then concentrated under reduced 
pressure and the residue partitioned between dichloromethane (20 mL) and brine (15 mL). The 
organic phase was separated and the aqueous phase was extrac:ted with dichloromethane (2 x 15 
mL). The combined organic phases were then dried (Na2S04), filtered, and concentrated under 
reduced pressure to give a crude residue that was purified by column chromatography with silica 
gel (2:98 MeOH/CH2Ch). This afforded 2-{[(4-tert-butoxycarbonylamino-2,2-ditluorobutyl)-
(5 ,6, 7 ,8-tertahydroquinolin-8-yJ ).-amino ]-methy~}-benzimidaz~le-1-carboxylic 8:Cid tert-butyl 
ester as a pale yellow solid (0;23 g, 41 %). 

[0527) A solution of the above material (0.23 g, 0.4 mmol) in neat TFA(4 mL) was stirred 
for 05h. The solution was diluted with CH2Ch (20 mL), and 15% aqueous NaOH was added 
until pH > l 0. The organic phase was separated, and the aqueous ~as extracted with CH2Cb (2 x 
20 mL). The combined organic phases were then dried (Na2S04), filtered, and concentrated . 
under reduced pressure. This afforded, after radial chromatography (2: 1 :97 
MeOH:N~OH:CH2Ch), N-( 1H-benzimidazol-2-ylmethyl)-2,2-difluoro-N-(S,6,7,8-
tetrahydroquinolin-8-yl)-butane-1,4-diamine as a pale yellow flaky solid (0.11 g, 72%). 1H 
NMR (CDCb) 8 1.69 (m, lH), 1.85-2.10 (m, 4H), 2.23 (m, HI), 2.70-2.97 (m, 6H), 4.03 (d, IH, 
J= 17.1Hz),4.07 (m, tH), 4.15 (d, IH,J= 16.8 Hz), 7.15-7.24 (m, 3H), 7.45 (d, lH, J= 7.8 
Hz), 7.58 (br, 2H), 8.57 (d, IH, J= 3.9 Hz). 13C NMR (CDCh) 8 21.62, 24.35, 29.47, 34.03 (t, 
IC, J= 93 Hz), 44.55 (t, IC, J= 20 Hz), 47.26 (t, l.C,J= 112 Hz), 50.12, 62.87, 118 (br, 3C}, 
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122.09 (2C), 122.80, 123.86, 127~06, 135.10, 137.99, 147.06, 156.27, 157.41. ES-MS mlz 385 
' . 

(M+H). Anal. Calcd. for C21HzsNsF2•0.2CH2Ch: C, 63.27; H, 6.36; N, 17.40. Found: C, 63.34; 

H, 6.68; N, 17.29. 

Example 95 

OQ 
'A-N N 
()_N~~NH2 

H N"'.OMe 

COMPOUND 95: Preparation of (lH-benzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydro-

guinolin-8-yl)-(1-amino-2-( O-methyloxime)-butan-4-yl)-amine. 

(0528] To a solution of 3-buten-1-ol (10 g, 138 mmol) in dichloromethane (150 mL) was 

added acetic anhydride (13 mL, 13 8 mmol) and 4-dimethylaminopyridine (244 mg, 2 mmol). 

The mixture was then stirred at room temperature for 8 hours. The reaction mixture was then 

poured into a saturated aqueous sodium bicarbonate solution (100 mL). After separation of the . 
. . 

aqueous and organic layers, the aqueous layer was extracted twice with 100 mL portions of 

dichloromethane. The combined organic fractions were then dried over anhydrous sodium . 

sulfate, filtered, and concentrated in vacuo to afford 3-buten-l-yl acetate as a colourless oil in a 

yield of 12.9 g (82%). 1H NMR (CDCh) ~ 2.04 (s, 3H), 2.38 (m, 2H), 4.11(t,3H, J= 7.1 Hz), 

5.04 {d, lH, J= 9.1Hz),5.08 (d, lH, J= 15.3 Hz), 5.77 (m, lH). 

(0529] To a solution of3-buten-1-yl acetate (5.7 g, 50 mmol) in dichloromethane (200 mL) 

was added m-chloroperoxybenzoic acid (12.9 g, 75 mmol). The reaction \vas then stirred at 

room temperature for 3 hours. The reaction mixture was then filtered through celite and 

concentrated in vacuo. The residue was purified by silica gel flash chromatography (4:1 

hexanes:ethyl acetate) to yield 3,4-epoxybutan-1-yl acetate as a colourless oil in a yield of 3.8 g 

(58%). 1H NMR (CDCh) 61.78-1.88 (m, 2H), 2.03 (s, 3H), 2.47 {m, lH), 2.75 (m, lH), 2.99 

(m, IH), 4.18 (t, lH, J= 6.6 Hz). 
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(0530) To a solution of 3,4-epoxybutan-l-yl acetate (3.9 g, 29 mmol) in DMF (50 mL) was 

added potassium phthalimide (6.47 g, 35 mmol). The stirred mixture was then heated to 90°C 

for t 6 hours. After cooling, the mixture was diluted with ethyl acetate (200 mL) and extracted 

repeatedly with water. The organic fraction was then dried over anhydrous sodium sulfate, 

filtered and concentrated in vacuo. The residue was purified by silica gel flash chromatography 

(I :1 hexanes:ethyl acetate) to afford N-(3-hydroxybutan-4-yl-1-acetate)-phthalimide as a pale 

yellow oil in a yield of l.65g (20%). 1H NMR (CDCl3) o 1.69-1.88 (m, 2H), 2.04 (s, ~H), 2.90 

(m, IH(OH)), 3.79 (d, 2H,J= 5.7 Hz), 4.03 (m, IH), 4.21-4.31 (m, 2H), 7.70 (m, 2H), 7.83 (m, 

2H). MS m/z 300 (M+Na). . 

(0531] To a solution ofatrord N-{3-hydroxybutan-4-yl-1-acetate}phthalimide (554 mg, 2.0 

mmol):in acetonitrile (15 mL) was added imidazole (150 mg, 2.2 mmol) and t-butyldimethylsilyl 

chloride (310 mg, 2.05 mmol). The mixture was then stirred overnight at room temperature. 

Dichloromethane (50 mL) was then added to the reaction, and the mixture was extracted with a 

saturated ammoniwn chloride solution. The organic layer was then dried over anhydrous 

sodium sulfate, filtered and concentrated to leave a yellow oily residue which was purified by 

silica gel flash chromatography (3:1 hexanes:ethyl acetate) to afford N-(3-t­

butyldimethylsiloxybutan-4-yl-1-acetate)-phthalimide in a yield of 570 mg (73%). 1H NMR 

(CDCh) S -0.04 (s, 3H), -0.01 (s, 3H), 0.84 (s, 9H), 1.78 (m, 2H), 3.68 (dd, lH, J= 8.1, 6.5 Hz), · 

3.73(dd,1H,J=8.l,6.2Hz),4.15(m,3H), 7.71(m,2H),7.85(m,2H). 

(0532) To a stirred-78°C solution of afford N-(3-t-butyldimethylsiloxybutan-4-yl:-1-. . . . . 

·acetate}phthalimide. (670 mg, 1.71 mmol) in THF (20 mL) was added DIBAL-H (5.1 mL ofa 

I.OM solution in hexanes, 5.1 mmol). The reaction was stirred at-78°C for45 minutes, then a 

saturated solution of ammonium. chloride (5 mL) was added. The mixture was allowed to wann 

to room temperature, then ethyl acetate (20 mL) and IN HCI (2 mL) were added. The mixture. 

was then shaken in a separatory funnel to speed the clarification of the layers, then the organic 

and aqueous layers were separated. The aqueous layer was extracted twice with ethyl acetate, 

then the combined organic fractions were separated and the aqueous layer was extracted twice 

with ethyl acetate. The combined organic fractions were then dried over anhydrous sodiwn 

sulfate, filtered and concentrated in vacuo. The residue was purified by silica gel flash 

chromatography ( l: l hexanes:ethyl acetate) to afford N-(3-t-butyldimethylsiloxybutan· l-ol-4-

yl)-phthalimide as a colourless oil in a yield of 465 mg (78%). 1H NMR (CDCh) 8 -0.02 (s, 

202 

f"lll ''°''"'.,.ITI ITC ~l.l~r""T ff"'\I II C' '''U!"\ 



, WO 03/.055876 PCT/US02141407 

3H), 0.09 (s,JH), 0.86 (s, 9H), 1.71-1.82 (m, 2H), 2.11 (m, IH (OH)), 3.76 (m, 4H), 4.28 (m, 
JH), 7.73 (m, 2H), 7.85 (m, 2H). 

(05331 To a solution ofN-(3-t-butyldimethylsiloxybutan-1-ol-4-yl)-phthalimide (160 mg, 
0.4 mmol) in dichloromethane (10 mL) was added Dess-Martin Periodinane (212 mg, 0.5 
mmol). The mixture was then stirred at room temperature for 30 minutes. A 5% solution of 
sodium tbiosulfate (10 mL) and a saturated sodium bicarbonate solution (10 mL) was added 
along with another 20 mL of dichloromethane. The mixture was then stirred rapidly for 20 
minutes, and the aqueous and organic layers were separated. The aqueous layer was extracted 
twice with dichloromethan~, and the combined organic fractions were .dried over anhydrous 
sodium sulfate, filtered and concentrated in vacuo to afford N-(3-t~butyldimethylsiloxybutan-1-
al-4-yl}phthalimide as a yellow oil, which was use<Hmmediately in the next reaction without 
further purification. 1H NMR (CDC13) 3 -0.02 (s, 3H), 0.05 (s, 3H), 0.81 (s, 9H), 2.61 (m, 2H}, 
3.74 (m, 2H), 4.51 (m, IH), 7.71(m,2H), 7.85 (m, 2H), 9.81 (m, IH). 

·(0534) To a solution ofN-(3-t-butyldimethylsiloxybutan-I-al-4-yl)-phthalimide (0.4 mmol) 
in dichloromethane (15 ml) was added (5,6,7,8-tetrahydroquinolin-8-yl)-[(N-t-butoxycarbonyl)­
benzimidazol-2-yl)methyl]·amine (151 mg, 0.4 mmol). The mixture was stirred at room 
temperature for 30 minutes, then sodium triacetoxyborohydride (170 mg, 0.8 mmol) was added, 
and the reaction was allowed to stir for 16 hours. A saturated sodiwn bicarbonate solution (I 0 
mL) was added, and the aqueous and organic layers were separated. The aqueous layer was then 
extracted twiee with dichloromethane, and the combin~ organic fra<?~i~ns were dried ~ver . .. 
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was then purified by 
silica gel flash chromatography (3% methanol in dicWoromethane) to afford ((N-t­
butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6,7,8-tetrahydro-quinolin-8-yl)-(l-(N­
phthalimidyl)-butan-2-(t-butyldimethylsiloxy)-4-yl)~amine as a pale yellow foam in a yield of 
224 mg (79%). 1H NMR (CDCb) c5 -0.25 (s, 3H), ·0.23 (s, 3H), 0.69 (s, 9H), 1.44-1.63 (m, 4H), 
1.68 (s, 9H), 2.00 (m, 2H), 2.16 (m, IH), 2.65-2.74 (m, 3H), 3.48-3.62 (m, 2H), 3.94 (m •. lH), 
4.23 (m, lH), 4.44 (d, lH, J = 15.3 Hz), 4.72 (m, lH, J = 15.3 Hz), 6.95 (m, IH), 7.20 (m, 3H), 
7.67 (m, 3H), 7.77 (m, 3H), 8.44 (m, lH). 

(0535) To a solution of [(N-t-butoxycarbonyl}benzimidazol-2-ylmethyl]-(5,6, 7,8-
tetrahydro-quinolin-8-yl)-( l-{N-phthalimidyl}butan-2-(t-butyldimethylsiloxy)-4-yl)-amine (170 
mg, 0.24 mmol) in THF (8 mL) was added IN HCI (2 mL). The mixture was then heated to 
50°C for 2 hours. After cooling, dichloromethane (SO mL) was added, and the mixture was 
shaken with a saturated sodium bicarbonate solution (20 mL). After separation of the aqueous 
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and organic layers, the aqueous layer was extracted twice with dichloromethane. The combined 

organic fractions were then dried over anhydrous sodium sulfate, filtered and concentrated in 

vacuo to afford a foainy r~sidue, which was purified by silica gel flash chromatography (5% 

methanol in dichloromethane) to afford (l-H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl}-(1-(N-phthalimidyl)-butan-2-ol-4-y.l)-amine as a white foam in a yield of 73· mg 

(49%). 1H NMR (CDCh) 8 1.50-1.59 (m, 2H), 1.70-2.07 (m, SH), 2.21 (m, lH), 2.75-3.00 (m, 

4H), 3.78-3.94 (~ 2H), 4.00-4.22 (m, 2H), 7.04 (m, lH), 7.16 (m, 2H), 7.24 (d, lH, J = 5.8 Hz), 

7.68 (br s;lH (NH)), 7.71 (m, 3H), 7.81 (m, 3H), 8.21 and 8.42 (cl, total oflH, J= 4.9, S.l Hz 

respectively). 

[OSS6] To a solution of (1-H-benzimidazol-2-yhnethyl)-(S,6, 7,8-tetrahydro-quinolin-8-yl)­

(1-(Ni)hthalimidyl)-butan-2-ol-4-yl)-amine (132 mg, 0.246 mmol) in dichloromethane (10 mL) 

was added Dess Martin Periodinane (145 mg, 0.344 mmol). The reaction mixture was then 

stirred for 60 minutes. A 5% Na2S203 I 5% NaHC03 aqueous solution .(10 mL) was then added, 

and the resulting mixture was sti~ vigorously at room temperature for 20 minutes (until the 

aqueous and organic layers had clarified). The layers were then separated, and the aqueous layer 

was extracted twice with dichloromethane. The combined organic fractions were then dried 

over anhydrous sodium sulfate, filtered and concentrated, and the residue was purified by silica 

gel flash chromatography (5% methanol in dichloromethane) to give the desired product, (1-H­

benzimidazol-2-ylmethyl)-( 5,6, 7 ,8-tetrahydro-quinolin-8-yl)-(1-(N-phthalirnidyl)·butan-2-one-

4-yl)-amine as a pale yellow foam in a yield of 109 mg (84~). 1H NMR (CDCIJ) ~ 1.73 (m, 

lH), 1.85 (m, lH), 2.03 (m, lH), 2.26 {m, lH), 2.57-2.81 (m, 4H), 3.10 (m, lH), 4.08 (s, 2H), 

4.08 (m, lll), 4.35 (d, lH, J= 16.5 Hz), 4.63 (d, lH, J= 16.5 Hz), 7.00 (m, lH), 7.19 (m, 2H), 

7.18 (m, lH), 7.38 (br s, lH (NH)), 7.75 (m, 4H), 7.88 (m, 2H), 8.56 (m, lH). 

(05371 To a solution of ( 1-H-benzimidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydro-quinolin_.8-yl)­

( 1-(N-phthalimidyl)-butan-2-one-4-yl)-amine (58 mg, 0.117 mmol) in methanol (5 mL) was 

~dded hydroxylamine hydrochloride (83.5 mg, 1.0 nunol). The resulting solution was stirred at 

room temperature overnight. Aqueous sodium bicarbonate (5 mL of a saturated solution) was 

then added, dichloromethane {10 rnL) was also added the aqueous and organic layers were 

separated and the aqueous layer was extracted twice with dichloromethane. The combined 

organic fractions were then dried over anhydrous sodiwn sulfate, filtered and concentrated. The 

residue was purified by silica gel flash chromatography using a 5% methanol in 

dichloromethane mixture as an eluent to afford (l-:H-benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydro-quinolin-8-yl)-{ l-(N-phthalimidyl)-butan-2-(0-methyloxime )-4-yl)-amine as a pale 

204 

C'I IOC'TITI ITS:: ~US::CT IOI II S:: ?C\ 



PCT./US02/41407 

yellow foam in a yield of29 mg (49%). 1H NMR (CDCh) 8 1.73-2.05 (series of m, SH), 2.45 (t, 

2H, J= 6.9 Hz), 2.87-2.98 (m, 4H), 3.16 and 3.79 (s, totalof3H), 4.01-4-12 (m, 3H), 4.26 and 

4.30 (d,J= 16.7 and 16.9 Hz respectively, total of IH), 4.47 and 4.85 (d, J= 16.7 and 16.9 Hz 

respectively, total of lH), 7.13-7.17 (m, 2H), 7.25 (m, 2H), 7.22 {m, lH), 7.60 (br s, lH (NH)), 

7.75 (m, 4H), 7.87 (m, 2H), 8.38 and 8.44 (m, total of HI). 

(0538) To a solution of (l-H-benzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)­

(l-(N-phthalimidyl)-butan-2-(0-methyloxime)-4~yl)-amine (29 mg, 0.055 mmol) in denatured 

ethanol (5 mL) was added hydrazine hydrate (0.07 mL, 1.5 nunol). The mixture was then 

h~ted to 60°C for 60 minutes. After cooling, the reaction was concentrated in vacuo, taken up 

in dichloromethane (20 mL)'&nd washed.with an aqueous sodium carbonate solution (5 mL). 

The aqueous layer was then extracted twice with dichloromethane, and the combined organic 

fractions were dried over anhydrous sodium sulfate, filtered and concentrated to afford a foamy 

residue which was purified by silica gel flash chromatography (10% methanol, 0.5% ammonium 

hydroxide in dichloromethane) to afford (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro~ 

quinolin-8-yl)-(l-amino-2-(0-methyloxime )-butan-4-yl)·amine (COMPOUND 95 -

cliastereomeric mixture) as a white foam in a yield of 10 mg. 1H NMR (CDCh) 8 1.65 (m, Ill), 

l.98 (m, lH), 2.02 (m, lH) 2.19 (m, lH), 2.42 (m, 2H), 2.78-2.87 (m, 4H), 3.31(m,2H), 3.55 

and 3.73 (s, 3H), 4.03 (m, 3H), 7.13 (m, 3H), 7.40 (t, lH, J = 8.1 Hz), 7.56 (m, 2H), 8.51 and 

8.51 (d, J = 5.4 Hz, 5.3 Hz respectively, total of lH); 13C NMR (both isomers - CDCh) 5 21.77, 

23.51, 27.85, 29.58, 32.47, 43.34, 47.55, 49.09, 49.62, 49.94,, 53.8 ~. 61.60, 62.02, 122.07, . . 

122.61, 132.33, 134.41, 137.79, 142.65, 147.04, 154.98. 

Example96 
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COMPOUND 96: Preparation of OH-benzjmidazol-2-ylmethyl)-(5.6.7.8-tetrahydro-

guinolin-8-yl)-Cl-amino-2-(cyclopropanyll·butan-4-yll-amine. 

(0539] To an -7:1 mixture ofbenzoic acid 4-hyd.roxy-2-methylene-butyl ester and benzoic 

acid 3-hydroxymethyl-but-3-enyl ester (0.705 g, 3.42 mmol) in CH2Clz (17 mL) was added Et3N 

(1.00 mL, 7.17 mmol) followed by tert-butyldimethylsilyl chloride (0. 792 g, 5.25 mmol) and 4-

(dimethylamino )pyridine (84 mg, 0.69 mmol). The mixture was stirred at room temperature for 

2 hours, diluted with CH2Ch (50 m.L), washed with brine (3 x 20 mL), dried (Na2S04), and 

concentrated. Purification of the crude material by column chromatography on silica gel (25: 1 

hex&P;c;,s-ethyl acetate) proyided 1.00 g (92%) of an "':'7:1 mixture ofbenzoic acid 4-(tert-...... :~ .. .. 

butyldimethylsilyloxy)-2-methylene-butyl ester and benzoic acid 3-(tert-
. ··d" .. 

butyldimethylsilyloxymethyl)-but-3-enyl ester as a colorless oil. 

(0540) To an -7:1 mixture ofbenzoic acid '4-(tert-butyldimethylsilyloxy)-2-methylene-butyl 

ester and benzoic acid 3-(tert-butyldimethylsilyloxymethyl)-but-3-enyl ester (1.00 g, 3.13 

mmol) in methanol (31 rnL) was added NaOH (0.306 g, 7.64 mmoJ) and the mixture was stirred 

at room temperature for 2 hours. The mixture was diluted with ethyl' acetate (75 mL) and 

saturated aqueous NaHC03 (20 mL). The phases were separated and the organic phase was 

washed with brine (2 x 10 mL), dried (MgS04), and concentrated. Purification of the crude 

material by. column chromatography on silica gel (9: 1 hexanes-ethyl acetate) provided 0.58 g 

(58%) of 4-(tert-butyldimethylsilyloxy)-2-methylene-butan-l-ol as a colorless oil. 1H NMR 

(CDCh) B 0.06 (s, 6H), 0.90 (s, 9H), 2.34 (t, 2H, J = 6.0 Hz); 2. 78 (hr s, HI), 3.75 (t; ·2H, J = 6.0 · 

Hz), 4.07-4.11 (m, 2H), 4.90 (s, lH), 5.04 (s, lH); 

[0?41] To a cold (0°C), stirred solution of diethyl zinc (1.0 Min hexanes, 4.0 rnL, 4.0 

mmol) in CH2Ch (8 mL) was added neat CICH2I (0.58 mL, 7 .96 mmol) drop wise by syringe. 

After 1 hour, a solution of 4-(tert-butyldimethylsilyloxy)-2-methylene-butan-l-ol (0.395 g, 1.83 

mmol) in CH2Ch {4 mL) was added by cannula. After 30 minutes, the reaction mixture was 

treated with saturated aqueous NH4Cl (10 mL), diluted with CH2Ch (12 mL), and wanned to 

room temperature. The phases were separated and the aqueous phase was extracted with CH2Ch 

(3 x 10 mL). The combined organic extracts were dried (Na2S04) and concentrated. The crude 

material was purified by column chromatography on silica gel (9:1 hexanes"ethyl acetate) and 

provided 0.41 g (97%) of {1-(2-(tert-butyldimethylsilyloxy)-ethyl]-cyclopropyl}-methanol as a 

colorless oil. 
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(0542) To solution of { 1-(2-(tert-butyldimethylsilyloxy)-ethyl]~yclopropyl} ·methanol (0.41 

g, 1.78 mmol) in CH2Ch (18 mL) was added Et3N (0.50 mL, 3.59 mmol) followed by 

methanesulfonyl chloride (0.21 mL, 2.71 mmol). The resultant mixture was stirred at room 

temperature for 17 hours. The mixture was diluted CH2Ch (50 mL), washed with brine (3 x 20 

mL), dried (Na2S04), and concentrated. The resultant oil was dissolved in DMF (16 mL), 

treated with potassium phthalimide (0.606 g, 3.27 mmol), and the mixture was heated at 80 °C 

for 6 homs then cooled to room temperature. The mixture was diluted with ethyl acetate ( 40 

mL), brine (20 mL), and water (10 mL) and the phases were separated. The organic phase was 

washed with brine (3 x 10 mJ;.), dried (MgS04), and concentrated. The crude material was 

ptnified by column chromatography on silica gel (20:1 hexanes-ethyl acetate) and provided 0.24 

g (38%) of 2-{ l-[2-(tert-butyldimethylsilyloxy)-ethyl]-cyclopropylmethyl}-isoindole-1,3-dione 

as a colorless oil. 

[0543) To-a solution of 2·{ l-[2-(tert-butyldimethylsilyloxy)-ethyl]-cyolopropylmethyl}­

isoindole-1,3-dione (0.24 g, 0.68 mmol) in THF (3 mL) was added 1.0 M HCl (3 mL). The 

resultant solution was stirred, at room temperature, for 3 hours. The mixture was diluted with 

saturated aqueous NH.tCl (10 mL) and extracted with CH2Ch (3 x 20 mL). The combined 

organic extracts were dried (Na2S04) and concentrated. The crude material was purified by 

column chromatography on silica gel (2: 1 hexanes-ethyl acetate) and provided 0.146 g (88%) of 

2-[1-(2-hydroxy-ethyl)-cyclopropylmethyl]-isoindole-1,3-dione as a white solid. 1H NMR 

(CDCh) 8 0.29-0.35 (m, 2H), 0.59-0.62 {m, 2H), 1.41 (t, 2H, J = 6.6 Hz), 2.80 {br s, 1 H), 3.53 

(s, 2H), 3.76 (t, 2H, J== 6.6 Hz), ?.59-7.63 (m, 2H), 7.69-7.74 (m, 2H); 

(0544) To a solution of the alcohol from above (146 mg, 0.595 m.mol) in dichloromethane 

(15 mL) was added Dess-Martin Periodinane (303 mg, 0.715 m.mol). The mixture was then 

stirred at room temperature for 45 minutes. A 5% solution of sodium thiosulfate (10 ~L) and a· 

saturated sodium bicarbonate solution (1 O mL) was added along with another 20 mL of 

dichloromethane. The mixture was then stirred rapidly for 20 minutes, and the aqueous and 

organic layers were separated. The aqueous layer was extracted twice with dichloromethane, 

and· the combined organic fractions were dried over anhydrous sodium sulfate, filtered and 

concentrated in vacuo to afford N-(3-cyclopropanyl-butan-l-al-4-yl)-phthalimide as a yellow 

foam, which was used immediately in the next reaction without further purification. 1H NMR 

(CDCl3) a 0.43 (m, 2H), 0.86 (m, 2H), 2.40 (s, 2H), 3.65 {s, 2H), 7.68 (m, 2H), 7.83 (m, 2H), 

9.79 (s, IH). 
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(0545) To a solution ofN-(3-cyclopropanyl-butan-l-al-4-yl)-phthalimide (0.595 mmol) in 

dichloromethane (15 mL) was added (5,6,7,8-tetrahydroquinolin-8-yl)-[(N-t-butoxycarbonyl)­

benzimidazol-2-yl)methyl]-amine (227 mg, 0.6 mmol). The mixture was stirred at room 

temperature for 30 minutes, then sodium triacetoxyborohydride (254 mg, 1.2 mmol) was added, 

and the reaction was allowed to stir for 16 hours. A saturated sodium bicarbonate solution (10 

, mL) was added, and the aqueous and organic layers were separated. The aqueous layer was then 

extracted twice with dichloromethane, and the combined organic fractions were dried over 

· anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was then purified by 

silica gel.tlash chromatography (3% methanol in dichloromethane) to afford ((N+ 
. . . 

butoxycarbonyl)-benzimidaiol-2-ylmethyl]-(S,6, 7,8-tetrahydro-quinolin-8-yl)-[l-(N-

phthalimidyl)-butan-2-(cyclopropanyl)-4-yl]-amine as a pale yellow foam in a yield of 130 mg 

(36%). 1H ~ (CDCh) 8 0.23 (m, 2H), 0.55 (m, 2H), 1.15 (m, lH), 1.35 (m, UI), 1.66 (s, 

· 9H), 1.70 (m, 2H), 2.00 (m, 2H), 2.16 (m, lH), 2.69 (m, lH), 2.97 (m, 2H), 3.31 (~ lH,J= 15.3 

Hz), 3.51 (~ tH, J= 15.3 Hz), 4.23 (m, lH), 4.43 (d, lH, J= 17.1Hz),4.62 (d, IH, J= 17.1 

Hz), 7.00 (m, lH), 7.23 (rn, 4H), 7.65 (rn, 2H), 7.74 (m, 2H), 7.74 (m, lH), 8.38 (m, lH). 

[0546] To a solution of [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6,7,8-

tetrahydro-quinolin-8-yl)-(l-(N-phthalimidyl)-butan-2-( cyclopropanyl)-4-yl)-amine (187 mg, 

0.31 mmol) in ethanol (8 mL) was added hydrazine hydrate (0.1 mL). The mixture wss then 

heated to 60°C for 60 minutes. After cooling, the reaction was concentrated in vacuo, taken up 

in dichloromethane (20 mL) and washed with an aqueous sodium carbonate solution (S mL). 
. . 

The aqueous layer was then extracted twice with dichloromethane, and the combined organic 

fractionihvere dried over anhydrous sodiwn sulfate, filtered and concentrated to afford a foamy 

residue which was purified by silica gel flash chromatography (10% methanol, 0.5% ammonium 

·hydroxide in dichloromethane) to afford (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl)-(l-amino-2-(cyclopropanyl)-butan-4-yl)-amine as a white foam in a 

yield of 100 mg (86%). 1H NMR(CDCh) B 0.17 (s, 2H), 0.25 (s, 2H), 1.32 (m, lH), 1.61 (m, 

2H), 1.85 (m, lH), 1.93 (m, lH), 2.19 (m, lH), 2.39 (s. lH), 2.86 (m, 4H), 3.99 (m, 4H), S.40 

(brs, 2H (NHz)), 7.03 (dd, lH, J= 4.8, 8.1 Hz), 7.15 (m, 2H), 7.32 (d, lH, J= 8.1 Hz), 7.54 (m, 

2H), 8.48 (d, 1H,J=4.8 Hz). 

(0547) Following General Procedure D: To a solution of (lH-benzimidazol-2-ylmethyl)­

(5,6, 7 ,8-tetrahydroquinolin-8-yl)-(l-amino-2-( cyclopropanyl)-butan-4-yl)-amine (100 mg, 0.267 

mmol) in glacial acetic acid (2 mL) was added a sa~ated solution ofHBr in acetic acid (0.5 

mL) to yield, after precipitation and drying, (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-
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tetrahydroq~olin-8-yJ)-(l-amino-2·( cyclopropanyl)-butan-4-yl)-amine (HBr salt -

COMPOUND 96) as a cream-colour~ powder (126 mg, 69%). 1H NMR CDlO) 8 0.36 (m, IH), 
0.52 (m, 2H), l.31 (m, IH), 1.75 (m, 2H), 2.01 (m, UI), 2.06 (m, lH), 2.63 (m, lH), 2.64 (d, lH, 
Jc 13.5 Hz), 2.87 (d, IH,J= 13.5 Hz), 2.99 (m, 3H), 4.36 (d, lH,J= 16.8 Hz), 4.55 (m, lH), 
4.49 (d, IH, J= 16.8 Hz), 7.60 (m, 2H), 7.79 (m, 2H), 7.85 (dd, lH, J= 7.8, 5.4 Hz), 8.32 (d, 
IH,J• 7.8 Hz), 8.60 (d, lH,J= 5.4 Hz); 1

·
3CNMR (DiO) 811.39, 11.52, 17.02, 20.44, 27.64, 

32.22, 45.79, 47.91, 49.32, 49.82, 60.58, 114.26, 125.98, 126.97, 130.98, 139.32, 140.69, 
148. lS, 151.17, 151.72. BS-MS mlz 376 (M+H). Anal Calcd for C23H29Ns x I.4Ii20 x 3.lHBr 
x 0.4Et20: C, 43.37; H, 5.76; N, 10.28; Br, 36.36. Found: C, 43.41; H, 5.73; N, 10.27; Br, 36.37 . 

Example9Z 

COMPOUND 97: Preparation of {IH-benzimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydro-
. guinolin-8-yl):(l-amino·2-methyl-but-2-en-4-yl)-amine. 

(0548) To a solution ofN-(3-methylenyl-butan-1-ol-4-yl)-phthalimide (180 mg, 0.83 mmol 
- (See preparation of N1-(1H-Benzi.midazol-2-ylmethyl)-2-methylene-N1-(5,6, 7,8-tetrahydro­
quinolin-8-yl)-butane-1,4-diamine, hydrobromide salt for details)) in dichloromethane (15 mL) 
was added Dess-Martin Periodinane ( 424 mg, 1.0 mmol). A 5% solution of sodiwn thiosulfate 
(10 mL) and a saturated sodium bicarbonate solution (10 mL) was added along with another 20 
mL of dichloromethane. The mixture was then stirred rapidly for 20 minutes, and the aqueous 
and organic layers were separated. The aqueous layer was extracted twice with 
dichloromethane, and the combined organic fractions were dried over anhydrous sodium sulfate, 
filtered and concentrated in vacuo to afford N-{3-methylenyl-butan-1-al-4-yl)-phthalimide as a 
yellow foam, which was used immediately in the n~xt reaction without further purification. 1H 
NMR (CDCh) 8 3.19 (s, 2H},4.32 (s, 2H), 5.07 (s, lfl), 5.24 (s, 1H), 7.70 (m, 2H), 7.84 (s, 2H), 
9.66 (s, lH). 
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(0549] To a solution ofN-(3-methylenyl-butan-1-al-4-yl)-phthalimide (0.83 mmol) in 

dichloromethane (15 mL) was added (5,6,7,8-tetrahydroquinolin-8-yl)-((N-t-butoxycarbonyl}­

benzimidazol-2-yl)methyl]-amine (227 mg, 0.6 mmol). The mixture was stirred at room 

temperature for 30 minutes, Uten sodium triacetoxyborohydride (254 mg, 1.2 mmol) was added, 

and the reaction was allowed to stir for 16 hours. A saturated sodium bicarbonate solution (10 

mL) was added, and the aqueous and organic layers were separated. The aqueous layer was then 

extracted twice with clichloromethane, and the combined organic fractions were dried over 

anhydrous sodium sulfate, filtered and concentrated in 11acuo. The residue was then purified by 
sili~ gel flash chromatogravhy (3% methanol in dichloromethane) to afford [(N-t­

butoxycarbonyl)-benzimid8Z01-2-ylmethyl ]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-[ l-(N­

phthalimidyl)-2-methyl-but-2-en-4-yl]-amine as a pale yellow foam in a yield of 88 mg (26%)~ 
1H NMR (CDCb) o 1.26 (s, 3H) 1.48 (m, 3H), 1.68 (s, 9H), 2.04 (m, lll), 2.74 {m, 2H), 3.47 

(dd, 1,H, J= 13.l, 5.9 Hz), 3.61 (dd, lH, J= 13.l, 5.9 J-lz), 4.19 (m, IH), 4.33 (d, lH, J-= 16.1 

Hz), 4.49 (d, lH, J = 16.1Hz),5.43 (t, lH, J = 5.9 Hz), 6.95 (m, lH), 7.13 (m, 2H), 7.64 (m, 

2H), 7.73 (m, 2H), 7.81(m,2H), 8.22 {m, lH), 8.61 (m, llI). 

(0550] To a solution of [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6,7,8-

tetrahydro·-quinolin-8-yl)·[l-(N-phthalimidyl)-2-methyl-but-2-en-4-yl]-amine 88 mg, 0.15 

mmol) in ethanol (8 mL) was added hydrazine hydrate (O.l rnL). The mixture was then heated 

to 60°C for 60 minutes. After cooling, the reaction was concentrated in vacuo, taken up in 

dichloromethane (20 mL) and washed with an aqueous sodium carbonate s~lu~ion (S mL) .. The 

aqueous layer was then extracted twice with dichloromethane, and the combined organic 

fractions were dried over anhydrous sodium sulfate, filtered and concentrated to afford a foamy 

residue which was purified by silica gel flash chromatography (10% methanol, 0.5% ammonium 

hydroxide in dich1oromethane) to afford [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl]­

(S,6,7,8-tetrahydro-quinolin-8-yl)-[1-amino-2-methyl-but-2-en-4-yl]·amine as a white foam in a 

yield of33 mg (61%). 1HNMR(CDCIJ) o 1.57 (s, 9H), 1.71 (m, lH), 1.89 (m, lH), 2.01 (m, 

2H), 2.27 (m, lH), 2.74 (m, 3H), 3.01(s,3H), 3.16 (dd, lH, J= 7.1, 4.3 Hz), 3.31 (dd, tH, J= 

7.1, 4.3 Hz), 4.02 (m, 3H), 5.30 (m, lH), 7.13 (m, 4H), 7.40 (d, lH,J= 7.8 Hz), 7.54 (m, lH), 

8.54 (d, 1H,J=4.8 Hz). 

(0551] To a solution of [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydro-quinolin-8-yl)·[l-amino-2-methyl-but-2-en-4-yl]-amine (33mg, 0.091 mmol) in 

glacial acetic acid (2 mL) was added a saturated sol'l}tion ofHBr in acetic acid (0.5 mL). The 

resulting mixture was stirred and treated as per standard procedure D to yield, after precipitation 
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and drying, [(IH-benzimidazol-2-yl)methyl}{S,6,7,8-tetrahydro-quinolin-8-yl)-[l·amino·2-

methyl-but-2-en-4-yl]-amine (HBr salt- COMPOUND 97) as a cream~loured powder (28 
I . mg, 46%). H NMR (D20) 5 1.63 (s, 3H), 1.83 (m, lH), 2.06 (m, IH), 2.17 {m, lH), 2.40 (m, 

IH), 3.01 (m, SH), 3.21 {m, IH), 4.30 (d, lH, J-16.8 Hz), 4.48 (d, lH, J= 16.8 Hz), 4.49 (m, 

1H),5.47(t, 1H,J=5.8Hz), 7.60(m,2H), 7.79(m,2H), 7.80(m, 1H),8.33(d, 1H,J=7.8Hz), 

8.63 (d, lH, J== S.l Hz); 13C NMR (DiO) a 14.12, 20.41, 20.69, 27.63, 46.26, 48.25, 49.15, 

60.97, 114.24, 125.95, 127.10, 127.52, 130.87, 132.88, 139.45, 140.69, 148.08, 151.08, 151.73. 

ES-MS mlz 362 {M+H). Anal. Calcd. for C22H25Ns x 1.SH20 x 3. lHBr x 0.5Bt20: C, 42.62; H, 
5.68; N, 10.35; Br, 36.62. Found: C, 42.37; H, S.31; N, 10.18; Br, 36.31. 

Example98 

COMPOUND 98: Preparation of{]H-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-

guinolin-8-yl)-(1-amino-2-methylenyl-butan-4-yl)-amine. 

[0552) To a solution ofN-(3-methylenyl-butan-l-ol-4-yl)-phthalimide (209 mg, 0.90 mmol 
- (See preparation of N-(IH-Benzjmidazol·2-ylmethyl)-2-methyiene-N1-(5,6,7,8-tetrahydro­

quinolin-8-yI)-butane-1,4-diamine, hydrobromide salt, for details) in dichloromethane (5 mL) 

was methanesulfonyl chloride (0.092 mL, 1.2 mmol). The mixture was then stirred for 30 

minutes at room temperature before being treated with aqueous ammonium chloride (5 mL). 

The layers were then separated, and the aqueous layer was washed twice with 10 mL fractions of 

dichloromethane. The combined organic fractions were then dried over anhydrous sodium 

sulfate and concentrated. The residue was taken up in DMF (S mL) to which sodium azide (25 

mg, 0.38 mmo1) was added. The mixture was then heated to 80°C and was stirred overnight. 

The reaction was then cooled and poured into ethyl acetate (100 mL). The solution was then 

extracted repeatedly {Sx) with distilled water. The <?rganic layer was then dried over anhydrous 
sodium sulfate and concentrated. The residue was purified by silica gel flash chromatography 

211 

~I IR~TITI m:: ~MFFT IRULE 2R\ 



... 
·· .. ; 

PCT/US02/41407 

using a I : I mixture of ethyl acetate:hexanes as an eluent. The product 1-N-phthalimidyl{2-

methylenyl-butan-4-yl)-azide was collected as a white solid. 1H NMR (CDCIJ) a 2.36 (t, 2H, J= 

6.9 Hz), 3.49 (t, 2H, J= 6.9 Hz), 4.13 (s, 2H), 5.03 (s, lH), 5.08 (s, IH), 7.72 {m, 2H), 7.88 (m, 

2H). 

(0553) To a solution of.[1-N-phthalimidyl-(2-methylenyl-butan-4-yl)]-azide (199mg, 0.78 

mmol) in methanol (20 mL) was added palladium on calciwn carbonate (Lindlar' s Catalyst, 40 

mg). The mixture was then placed under 1 atm hydrogen gas and was stirred rapidly for 3 

hours. The mixture was then filtered and concentrated to afford the product [l-(N­

phthalimidyl)-2-methylenyl:-bu~-4-yl]-amine as a yellow gwn (160 mg, 84%). 1 H NMR 

(CDCh)'"l> 3.32 (t, 2H, J = 1:1 Hz), 3.76 (t, 2H, J =:= 7.1 Hz), 4.28 (s, 2H), 5.14 (s, lH), 5.30 (s, 

tH), 1.io·cm., 2H), 1.s2 cm. 2H). 

(0554] To a solution of [1-(N-phthalimidyl)-2-methylenyl-butan-4-yl]-amine (160 mg, 0.658 

. mmol) in dichloromethane (8 mL) was added 5,6,7,8-tetrahydroquinoline-8--one (58 mg, 0.4 

mmol). The mixture was stirred at room temperature for 30 minutes, then sodium 

triacetoxyborohydride (348 mg, 1.65 mmol) was added, and the reaction was allowed to stir for 

16 hours. A saturated sodium bicarbonate solution (10 mL) was added, and the aqueous and 
organic layers were separated. The aqueous layer was then extracted twice, with 

dichloromethane, and the combined organic fractions were dried over anhydrous sodium sulfate, 

filtered and concentrated in vacuo. The residue was then purified by silica gel flash 

chromatography (3% methanol in dichloromethane) to afford (5,6,7,8-tetr~ydro-quinolin-8-yl)­
[1-(N-phthalimidyl)-2-methylenyl-butan-4-yl]-amine as a pale yellow foam in a yield of75 mg 

(52%). '1H NMR (CDCl3) 8 1.74 (m, lH), 2.02 (m, lH), 2.52 (m, 2H), 2.77 (m, 4H), 3.41 (d, 

IH,J= 7.7 Hz), 3.55 (d, lH,J= 7.7 Hz), 3.78 (m, 3H), 4.86 (m, lH), 5.05 (lH), 7.04 (rn, lH), 

7.37 (m, UI), 7.68 (m, 2H), 7.80 (rn, 2H), 8.36 (m, IH). 

[0555) To a solution of (5,6,7,8-tetrahydro-quinolin-8-yl)-[l-(N-phthalimidyl)-2-

methylenyl-butan-4-yl]-amine (75 mg, 0.21 rnmol) in acetonitrile (5 mL) was added N-t­

butoxycarbonyl-2-chloromethylbenzimidazole (80 mg, 0.3 mmol). Di-isopropylethylamine 

(0.052 mL, 0.3 mmol) was then added, and the resulting solution was wanned to 70°C and was 

stirred overnight. After cooling, a saturated ammonium solution (1 O mL), and dichloromethane 
(30 mL) was added, and the aqueous and organic layers were separated. The aqueous layer was 

then extracted twice with dichloromethane, and tht combined organic fractions were dried over 

anhydrous sodium sulfate, filtered and concentrated,in vacuo. The residue was then purified by 
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silica gel flash chromatography (3% methanol in dichloromethane) to afford [(N-t­
butoxycarbonyl)-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)-[l-(N­
phthalimidyl)-2-methylen-4-yl]-amine as a pale yellow foam in a yield of 62 mg (50%). 1H 
NMR (CDCh) S 1.68 (s, 9H), I.89 (m, lH), 2.03 (m, 2H), 2.11 (m, lH), 2.40 (t, 2H, J = 6.9 Hz), 
2.75 (m, 2H), 32.7 (d, lH, J = 13.1Hz),3.46 (d, lH, J = 13.1Hz),3.61(m,2H), 4.11 {m, lH), 

4.48 (d, lH, 1=16.1Hz),4.63 (d, lH, 1=16.1Hz),6.95 (m, lH), 7.23 (m, 2H), 7.64 (m, 2H), 
7.76 (m, 3H), 8.61(m,2H). 

(0556) To a solution of [{N-t-butoxycarbonyl)-benzimidaz.ol-2-ylmethyl]-(5,6,7,8-
tetrahydro-quinolin-8-yl)-[l::(N-phthalimidyl)-2-methylen-4-yl]-amine (62 mg, 0.10 mmol) in 
ethanol (8 mL) was added hydrazine hydrate (0.1 mL). The mixture was then heated to 80°C for 
60 minutes. After cooling, the reaction was concentrated in vacuo, taken up in dichloromethane 
(20 mL) and washed with an aqueous sodium carbonate solution (5 mL). The aqueous layer was 
then extracted twice with dichloromethane, and the combined organic fractions were dried over 
anhydrous sodiwn sulfate, filtered and concentrated to afford a foamy residue which was 
purified by silica gel flash chromatography (10% methanol, 0.5% ammonium hydroxide in 
dichloromethane) to afford [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6, 7,8-
tetrahydro-quinolin-8-yl)-[1-(amino)-2-methylen-4-yl]-amine as a white foam in a yield of29 
mg (74%). 1H NMR (CDCI)) B 1.64 (m, IH), 1.89-2.02 (m, 3H), 2.08 (m, lH), 2.35 {m, 2H), 
2.77 (m, HI), 2.81 (m, lH), 2.94 (m, lH), 3.04 (d, lH,J=' 13.1Hz),3.16 (d, lH,J= 13.1 Hz), 

4.03 (m, 3H), 4.87 (s, IH), 5.06 (s, IH), 7.12 (m, 3H), 7.40 (cl, IH,J= 8.1.Hz), 7_.57 (m, 2H), 
8.58 (m~ iH). 

(0557) To a solution of [(N-t-butoxycarbonyl)-benzimidazol-2-ylmethyl]-(5,6, 7,8-
tetrahydro-quinolin-8-yl)-[l-(amino)-2-methylen-4-yl]-amine (29mg, 0.080 mmol) in glacial 
acetic acid (2 mL) was added a saturated solution of HBr in acetic acid (0.5 mL). The resulting 
mixture was stirred and treated as per standard procedure D to yield, after precipitation and 
drying, [(IH-benzimidazol-2-yl)methyl]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-[l-( amino )-2-
methylen-4-yl]-amine (HBr salt- COMPOUND 98) as a cream-coloured powder (28 mg, 
55%). 1HNMR (D20) B 1.81 (m, lH), 2.05 (m, 2H), 2.23 (m, 3H), 2.79 (m, IH), 2.94 {m, 3H), 
3.18 (d, lH,J= 14.1 Hz),3.41 (d, IH,J= 14.1 Hz),4.34(d, IH,J= 16.1 Hz),4.48 (d, IH,J= 
16.1Hz),4.60 (m, tH), 5.26 {m, 2H), 7.53 {m, 2H), 7.79 {m, 2H), 7.89 (dd, JH,J= 5.1, 7,8 Hz), 
8.54-(d, IH,J= 7.8 Hz), 8.68 (d, IH,J= 5.1 Hz); Pc NMR (D20) 8 20.05, 20.29, 27.81, 
31.02, 37.45, 48.26, 57.09, 60.44, 114.26, 118.49, 126.09, 127.01, 131.00, 139.67, 139.79, 
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141.13, 148.25, 150.85, 151.38. ES-MS mlz 362 (M+H). Anal. Calcd. for C22H2sNs x 1.8 H20 
x 3.0 HBr: C, 41.50; H, 5.32; N, 11.00; Br, 37.65. Found: C, 41.54; H, 5.17; N, 10.85; Br, 37.55. 

Example99 

COMPOUND 99: Preparation of (I H-benzimidazol-4-methoxy-2-ylmethyl):{S,6, 7.8-
tetrahydroquinolin-8-yl)-( I -aminobutan-4-yl)-amine 

NH2 

~NH2 

UOMe 

(0558] To a 0°C solution of potassium t-butoxide (5.87g, 52.3 rnmol) in DMF (40 mL) under 
an inert atmosphere of argon was added copper (I) chloride (0.2 g, 2.0 mmol). The resulting 
suspension was stirred for 10 minutes, then a solution of3-nitroanisole (1.55 g, 10.1 mmol) and­
methoxylamine hydrochloride (1.08 g, 12.9 mmol) in DMF (15 mL) was added in a dropwise 
manner-Over 15 minutes. The mixture was then allowed to slowly warm to room temperature 
arid was·"stirred for 48 hours. Water (20 mL) was then added to the reaction, and the mixture 
was poured into a separatory funnel containing I 00 mL ethyl acetate. The aqueous and organic 
layers were then separated, and the organic layer was extracted 5 times with 20 mL portions of 
water. The organic layer was then dried over anhydrous sodium sulfate, filtered and 
concentrated. The residue was purified by silica gel flash chromatography using a 3: 1 
hexanes:ethyJ acetate mixture as an eluent. Three isomeric products were isolated consecutively 
from the column, the first being the desired 2-amino-3-nitroanisole, which was isolated as an 
orange powder in a yield of 465 mg (29%). 1H NMR (CDCh) 8 3.95 (s, 3H), 6.44 (hrs, 2H 
(NH)), 6.61(dd,1H,J=7.8, 7.1Hz),6.87 (d, 1H,J= 7.1Hz),7.73 (d, lH,J= 7.8 Hz) 
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(0559) To a solution of2-amino-3-nitroanisole (465 mg, 2.94 mmol) in methanol (50 mL) 

was added palladium on carbon {10% Pd, 100 mg). The mixture was then placed under an 

atmosphere of hydrogen gas (1 atm) and was stirred for one hour. The mixture was then filtered 

through celite and concentrated to give 2,3-diaminoanisole as a yellow foam in a yield of 400 

mg (98%). 1H NMR (CDCh) 6 3.45 (hrs, 4H (NH)), 3.84 (s, 3H), 6.40 (m, 2H), 6.67 (t, IH, J = 

7.8 Hz) 

UYf-P 
~: 

(0560] A solution of2,3-diaminoanisolc (400 mg, 2.89 ~ol) and chloroacetic acid (557 

mg, 6 mmol) in 4 N HCl was heated to 10S°C for 16 hours. The mixture·was then cooled, 

neutralized (to a pH of 8) with aqueous sodium bicarbonate, and extracted twice with 

dichloromethane. The organic fractions were then dried over anhydrous sodium sulfate, filtered 

and concentrated. The residue was pwified by silica gel flash chromatography using a I: 1 · · 

mixture of hexanes:ethyl acetate as an eluent to give lH-2-chloromethyl-4-

methoxybenzimidazole as a yellow foam in a yield of386 mg (68%). 1H NMR (CDCh) 6 3.96 

(s, 3H), 4.85 (s, 2H), 6.71 {m, lII), 7.19 (m, 2H). 

[0561] To a solution of lH-2-chloromcthyl-4-methoxybenzimidazole (138 mg, 0.7 mrnol) 

and (5,6, 7,8-tetrahydroquinolin-8-yl)-(1-(N-phthalimidyl)-butan-4-yl)-amine (180 mg, 0.515 

mmol).in acetonitrile (8 mL) was adde~ di:-isopropylethyJamine (0.13 mL, 0.75 mmol) . .The . . - . 

resulting solution was heated to 70°C for 6 hours. The reaction was then cooled. and partitioned 

between aqueous ammonium chloride and dichloromethane. After separation of the layers, the 

aqueous layer was extraced twice with dichloromethane. The combined organic fractions were 

then dried over anhydrous sodium sulfate, filtered and concentrated .. The residue was purified 

by silica gel flash chromatography using a S% methanol in dichloromethane solution as an 

eluent. The product (1H-benzimidazol-4-methoxy-2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-

yl)-[ l-(N-phthalimidyl)-aminobutan-4-yl]-amine was isolated as a pale yellow foam in a yield of 

212 mg (8268 (m, 4H), 1.90-2.05 (m, 2H), 2.03 (m, 2H), 2.61-2.83 (m, 4H), 3.80-4.10 (m, 8H), 

6,60 (m, lH), 7.06 (m, 3H), 7.63 (m lH), 7.63-7.77 (m, 4H), 8.40 (m, IH). 

(0562] To a solution of product (lH-benzimidazol-4-methoxy-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl)-[l·(N-phthalimidyl)-aminobutan-4-yl]-amine (212 mg, 0.417 mmol) in 

denatured ethanol (10 mL) was added hydrazine hydrate (0.25 mL). The resulting mixture was 
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heated to 80°C for 60 minutes, then cooled and concentrated. The residue was filtered through a 

silica gel plug (5 g silica) using a 1O:1 dichloromethane:methanol mixture as an eluent. The 

collected eluent (200 mL) was then concentrated, re-dissolved in THF (10 mL) and di+butyl 

carbonate (212 mg, 1.0 mmol) was added. The mixture was then stirred at room temperature 

overnight. The reaction was then concentrated, and the residue was purified by silica gel flash 

chromatography using a 5% methanol in dicbloromethane mixture as an eluent to afford the 

desired (l-t-butoxycarbonyl-benzimidazol-4-methoxy-2-ylmethyl)-(5,6,7,8;.tetrahydroquinolin-

8-yl)-[1-(N-t-butoxycarbonyl)-aminobutan-4·yl]-amine as a pale foam in a yield of 68 mg 

(28%). 1H NMR (CDCIJ) ~ 1.18-1.23 (m, 4H), 1.39 (s, 9H), 1.70 (s, 9H), 1.97-2.07 (m, 4H), 

2.58-2.95 (m, 6H), 4.01 (s, 3H), 4.18 (m, lH), 4.58 (m, 2H}, 4.92 (br s, lH (NH)), 6.72 (d, lH, J 

= 8.1Hz),6.91 (m, lH), 7.16 (m, 2H), 7.35 (d, lH,J= 8.1Hz),8.33 (m, "IH). 

[0563) (l-t-butoxycarbonyl-benzimidazol-4-methoxy-2-ylmethyl)-(5,6, 7 ,8-

tetrahydroquinolin-8-yl)-[ l-(N-t-butoxycarbonyl)-aminobutan-4-yl]-amine (68 mg, 0.117 

mmol) was taken up in acetic acid (1 !DL), to which a saturated solution of HBr in acetic acid 

(0.1 mL) was added. The mixture was then stirred, precipitated and isolated as per procedure D 

to yield COMPOUND 99 as a white crystalline solid in a yield of 49 mg (65%). 1H NMR 

(D20). 8 1.52 (m, 4H), 1.79 (rn, lH), 1.98 (m, IH), 2.14 (m, IH), 2.35 (m, lH), 2.53 (m, lH), 

2.79 (m, 3H), 2.99 (m, 2H), 4.03 (s, 3H), 4.36 (d, lH, J = 16.8 Hz), 4.49 (rn, lH), 4.50 (d, lH, J 

= 16.8 Hz), 7.10 (d, lH, J = 8.1 Hz), 7.34 (d, lH, J = 8.4 Hz), 7.51 (t, lH, J = 8.4 Hz), 7.85 (dd, 

lH,_ J = 8.~, 5.4 Hz), 8.34 (d, lH, J = 8.1 Hz), _8.60 (d, 1.H. 1=:5.4 flz). 13C NMR(D20)8 20.44, 

20.84, 25.05, 25.41, 27.66, 39.54, 48.10, 51.76, 56.70, 60.54, 106.20, 107.45, 121.85, 125.90, 

128.14, 132.39, 139.30, 140.56, 147.45, 148.05, 150.89, 151.30. ES-MS mlz 380 (M+H); Anal. 

Calcd. for (C22H29NsO x 3.0 HBr x 1.0 H20): C, 41.27; H, 5.35; N, 10.94; Br 37.44. Found: C, 

41.28; H, 5.33; N, 10.67; Br, 37.24. 
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Example 100 

COMPOUND 100: Preparation of N1-CIH-Benzimidazol-2-ylmethy])-N-(4-methoxy-
5.6, 7.8-tetrahydro-quinolin-8-yl}-butane-1.4-diamine (hydrobromide salt). 

[0564) 8-amino-4-methoxy-5,6,7,8-tetrahydroquinoline was prepared in 68% yield from 8-
hydroxy-4-methoxy-5,6, 7 ,8-tetrahydroquinoline (preparation and characterization described ·by: 
Uchid~ M.; Morita, S.; Chihiro, M.; Kanbe, T.; Yamasaki, K.; Yabuuchi, Y.; Nakagawa, K. 
Chem. Pharm. Bull. 1989, 37, 1517-1523.) using the same procedure employed to prepare 8-
amino-5,6, 7,8-tetrahydroquinoline (according to the procedures described in Bridger et al. US 
Patent Application·usSN 09/535,314). 1H NMR (CDCIJ) a 1.59-2.15 {m, 6H), 2.60-2.65 (m, 

2H), 3.84 (s, 3H), 3.95 (dd, lH, J= 6.0, 9.0 Hz), 6.61 (d, lH,J= 6.0 Hz). 8.32 (d, lH, J= 6.0 
Hz); 13CNMR(CDC13) o 19.53, 22.89, 31.94, 51.57, 55.62, I04.04, 120.94, 148.52, 160.42, 

.163.71; ES-MS mlz 179 (M+H). 

(0565) Using General Procedure B: Reaction of 8-amino-4-methoxy-5,6,7,8-
tetrahydroquinoline (0.297 g, 1.67 mmol) and 4-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)­
butyraldehyde (0.371, l. 71 mmoJ) with NaBH(OAc)3 (0.493 g, 2.33 mmoJ) in CH2Ch (8 mL) 
for 60 minutes followed by purification of the crude material by column chromatography on 
silica gel (20:1 CH2CJ;rCH30H) provided 0.345 g (54%) of2-[4-(4-Methoxy-5,6,7,8-tetrahydro­
quinolin-8-ylamino )-butyl]-isoindole-1,3-dione as an off-white solid. 

[0566) Using the General Procedure for N-aJkyJation: A solution of 2-(4-(4-Methoxy-
5,6,7,8-tetrahydro-quinolin-8-ylamino)-butyl]-isoind9le-l,3-dione (0.340 g, 0.90 mmol), l-tert­
(butoxycarbonyl)-2·( chloromethyl)-benzimidazole. (0.492 g, 1.84 mmol), and N,N-
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diisopropylethylamine (0.48 mL, 2.76' nimol) in CH3CN (9 mL) was heated at 80 °C for·22 
hours. Purification of the crude material by column chromatography on silica gel (20: 1: I 
CH2C)z-CH30H-NR,OH) followed by radial chromatography on silica gel (2 mm plate, 100: 1 : 1 
CH2Cb- CH30H -NH.OH) provided 133 mg (24%) of2-{[(4-{1,3-Dioxo-1,3-dihydro-isoindol-
2-yl)-butyl]-( 4-methoxy-5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzimidazole-1-
carboxylic acid tert-butyl ester a yellow solid 

(0567] To a solution of 2-{ [[4-(1,3-Dioxo-l ,3-clihydro-isoindol-2-yl)-butyl]-( 4-methoxy­
S,6, 7,8-tetrahyclro-quinolin-8-yl)-amino ]-methyl }-benzimidazole-1-carboxylic acid tert-butyl 
~ster (0.133 g, 0.22 inmol).in ethanol (4 mL) was added hydrazine monohydrate (0.20 mL, 4.12 
mmol) and the resultant mbcture was.stirred at room temperature overnight. The mixture was 
filtered through filter paper and concentrated Purification of the crude material by column 
chromatography on silica gel (10:1:1 CH2Ch-CH30H-NH40H) provided 56 mg (68%) of the 
free base of the title compound as a yellow oil. 

(0568} Using General Procedll!e D: Conversion of the free base to the hydrobromide salt 
followed by reprecipitation of tlie intennediate solid from methanol/ether gave 
COMPOUND-100 (72 mg, 71 %) as a tan solid. 1H NMR (D20) 6 1.53 (br s, 4H), 1.64-1.74 (m, 
lH), 1.86~1.98 {m, IH), 2.14-2.19 (m, lH), 2.28-2.32 (m, lH), 2.50-2.63 (m, 2H), 2.71-2.87 {m, 
4H), 4.09 (s, 3H), 4.31-4.40 (m, 2H), 4.48 (d, IH, J= 16.8 Hz), 7.34 (d, IH, J= 7.2 Hz), 7.?6-
7.61 (m, 2H), 7.76-7.80 (m, 2H), 8.49 (d, IH, J= 7.2 Hz); Be NMR (020) 0 19.74, 20.00, . 
21.7~~ 25.03, 25.3~, 39.51, ~7.98,_51._69, 58.0~, ~0.11, 107.55, 114.22, 126.91, 128.05, 130.98, 
141.05, 150.21, 151.88, 170.91; ES-MS mlz 380 (M+H). Anal. Calcd. for 
C22H29Ns0•3.2HBr•2.2H20: C, 38.97; H, 5.44; N, 10.335; Br, 37.71. Found: C, 39.08; H, 5.13; 
N, I 0.46; Br, 37.57. 

Example 101 
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CQMPOUNP 101; Prq?aration ofN'-OH-benzimidazgl-2-ylmethvD-N' ..(3-mcahoxy­

S,6,7.8-tetrahydroquinolin-8-yl)-butanc-1.4-diamine Chydrobromide salt) 

(0569) A solution of3-bromoquinoline (24.4 g, 117 mmol) in anhydrous DMF (250 mL) 

was treated with sodium methoxide (12.7 g, 235 mmol) and stirred at 140°C for-40 hours. The 

reaction mixture was then concentrated under reduced pressure and diluted with ethyl acetate 

(300 mL) aIJd water (60 mL). The organic phase was separated, washed with brine (2 x 60 mL) 

and dried (MgS04), filtered, and concentrated under reduced pressure. This gave, after 

purification by column chromatography on silica gel (ethyl acetate/hexane; 1 :4), 3. 

methoxyqilin.oline as a pale yellow liquid (1.15g, 6%). 1H NMR (CDCI3) l> 3.95 (s, 3H), 7.38 (d, 

JH, J= 1.5 Hz), 7.54 (m, 2H), 7.72 (d, IH, J= 7.5 Hz), 8.04 (d, lH,J= 7.5 Hz), 8.67 (d, IH, J 

= 1.5 Hz). 

[0570) A solution of3-methoxyquinoJine (1.15 g, 7.2 mmol) in TFA (24 mL) was prepared 

and the reaction flask was purged with argon. Platinum oxide (82 mg, 0.36 mmol) was then 

added, and hydrogen gas was bubbled through the solution for 16 hat room temperature. The 

mixture was then cooled to 0°C, basisified to pH 12 with 15% aqueous sodium hydroxide 

solution, and extracted with ethyl acetate (3 x I 00 mL). The organic phase was then dried 

(MgS04), filtered, and concentrated to yield 3-methoxy~S,6,7,8-tetrahydroquinoline (0.88 g, 

74%). lH NMR (CDCh) B 1. 77 (m, 2H), 1.85 (m, 2H), 2. 75 (t, 2H, J = 6.0 Hz), 2.85 (t, 2H, J = 

6.0 Hz), 3.81(s,3H), 6.88 (d, lH, J= 1.5 Hz), 8.07 (d, lH, J= 1.5 Hz). 

(0571] 50% Hydrogen peroxide (0.30 mL, 5.4 mmol, 1 equivalent) was.added to a solution 

of 3-methoxy-5,6,7,8-tetrahydroquinoline (0.87 g, 5.3 mrnol) in acetic acid (12 mL) and heated 

to 70°C for 7h. A second equivalent of 50% hydrogen peroxide (0.30 mL, 5.4 mmol) was then · 

added and the solution stirred another 16 h at 70°C. The solution was then concentrated under 

reduced pressure and chlorofonn (20 mL) and sodium carbonate (5 g) was added. The mixture 

was stirred for a short period and the supernatant was decanted and the solids washed with 

chloroform (50 mL). The organic was then dried (Na2S04), filtered, and concentrated under 

reduced pressure to provide the N-oxide as a yellow crystalline solid (0.67 g, 70%). 1H NMR 

(CDCIJ) B 1.76 (m, 2H), 1.86 (m, 2H), 2.74 (t, 2H, J= 6.0 Hz), 2.88 (t, 2H,J= 6.0 Hz), 3.81 (s, 

3H), 6.67 (d, IH, J= 1.5 Hz), 7.98 (d, lH, Js:: 1.5 Hz). 

(0572] A solution of 3-methoxy-5,6,7,8-tetrahydroquinolinium oxide (0.67 g, 3.7 mmol) in 

acetic anhydride (9 mL, 95 mmol) was heated to ·90°c for 18 h followed by concentration under 

reduced pressure. This provided the reammged 8-acetyl-3-methoxy-5,6,7,8-tetrahydroquinoline 
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as a crude brown oil (0.83 g, 100%) that was again used immediately in the next reaction. 1H 

NMR (CDCh) 8 1.83 (m, 2H), 2.09 (s, 3H), 2.11 (m, 2H), 2.80 (m, 2H), 3.84 (s, 3H), 5.94 (t, 

1 H, J = 4.5 Hz), 6.94 ( d, lH, J = 1.5 Hz), 8.22 ( d, IH, J = 1.5 Hz). 

(0573} A solution ofS-acetyl-3-methoxy-5,6,7,8-tetrahydroquinoline (0.83 g, 3.7 mmol) in 

anhydrous methanol (18 mL) was treated with potassium carbonate (1.03 g, 7.5 mmol) and 

stirred at room temperature for 16 h. The mixture was concentrated under reduced pressure and 

CH2Ch (30 mL) and water (15 ml) was added. The aqueous phase was then extracted with 

CH2C'2 (2 x 30 mL) and the combined organic phases were dried (MgS04), filtered, and 

.-concentrated to yield, after,_column chromatography (1:3 ethyl acetate/hexane), (3-methoxy-

5,6,7,g.i.tetrahydroquinolin-S-yl)-alcohol as a pale yellow solid (0.35 g, 51%). 1H NMR(CDCIJ). 

l> l.8l(m, 2H), 1.99 (m, lH), 2.22 (m, IH), 2.77 {m, 2H), 3.83 ~s. 3H), 4.69 (t, lH, J= 1.5 Hz), 

6.92 {d, lH,J= 3.0 Hz), 8.12 (d, 1H,J= 3.0 Hz). 

(0574} The alcohol from above (0.35 g, 1.9 mmol) was then dissolved in anhydrous CH2Ch 

(19 mL) and treated with manganese dioxide (1.67 g, 19 mmol) for 18 hat room temperature .. 

The black mixture was filtered through a celite pad and the filtrate eoncentrated under reduced 

pressure. This gave the desired 3-methoxy-5,6,7,8-tetrahydroquinolin-8-one (0.23 g, 68%) 

which was used in the next reaction unpurified. 1H NMR (CDCIJ) 8 2.18 (m, 2H), 2.74 {t, 2H, J 

= 6.0 Hz), 2.99 (t, 2H, J'= 6.0Hz), 3.90 (s, 3H}, 7.00 (d, lH, J= 3.0 Hz), 8.35 (d, lH,J= 4.0 

Hz). 

(0575] Using general procedure B from above, 3-methoxy-5,6, 7,8-tetrahydrqquinolin-8-.one 
. .. . . . . . . 

(0.23 g, 1.3 mmol), (4-aminobutyl)-carbamic acid tert-butyl ester (0.27 g, 1.4 mmol) and sodium 

triacetoxyborohydride (0.55 g, 2.6 mmol) were stirred at room temperature in CH2Ch (7 mL) for 

18 hours. This yielded, after work-up and colwnn chromatography (3 :97 MeOH/CH2Ch to 

15: 1 :84 MeOHfNH.tOH/CH2Ch), [ 4-(3-methoxy-5,6, 7,8-tetrahydroquinolin-8-ylamino )-butyl]­

carbamic acid tert-butyl ester (0.38 g, 84%). 

(0576) To a solution of the above secondary amine (0.15 g, 0.43 mmol), N-(t­

butoxycarbonyl)-2-chloromethylbenzimidazole (0.18 g, 0.69 mmol), and potassiwn iodide (5 

mg, 0.02 mmol) in anhydrous acetonitrile ( 4.3 mL) was added diisopropylethylamine (0.15 mL, 

0.9 mmol) and stirred at 60°C for 16 hours. The mixture was then concentrated under reduced 

pressure and the residue partitioned between CH2Cl2 (10 ipl,) and brine (5 mL). The organic 

phase was separated and the aqueous phase was extracted with CH2Cl2 (2 x l 0 mL ). The 

combined organic phases were then dried (Na2S04), filtered, and concentrated under reduced 
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pressure to give a crude residue that was purified by colwnn chromatography with silica gel 

(1 :99 MeOH/CH2Ch) followed by a second column with silica gel (saturated NH3/Et20). This 

gave 2-{ [( 4-tert-butoxycarbonylaminobutyl)-(J~methox.y-5,6, 7 ,8-tetrahydroquinolin-8-yJ)­

amino ]-methyl }-benzimidazole-1-carboxylic acid tert-butyl ester (98 mg, 39%). 1H NMR 

(CDCh) S 1.40 (s, 9H), 1.43 (br m, 4H), 1. 62 {m, IH), 1.69 (s, 9H), 1.87-2.05 (m, 3H), 2.62-

2.80 {m, 4H), 3.01{br,2H), 3.75 {s, 3H), 4.16 (m, lH), 4.44 (d, 1H,J= 15.0 Hz), 4.SS (d, IH, J 

= 15.0 Hz), 4.90 (br, lH), 6.71 (d, IH, J= 3.0 Hz), 7.27 (m., 2H), 7.70 (m, IH), 7.79 (~ lH), 

8.08 (cl, lH,J= 3.0 Hz). 

[0577] Using general procedure D: The above material (97 mg, 0.17 mmol) was converted 

to the hydrobromide salt to provide COMPOUND 101 (85 mg) as a white solid. 1H NMR CDlO) 

a 1.54 (br, 4H), 1.75 (m, lH), 1.93 (m, JH), 2.15 (m, lH), 2.33 (~ lH), 2.56 {br, lH), 2.80 (br 

m, lH), 2.87 {br, 2H), 2.96 (br d, 2H), 3.96 {s, 3H), 4.37 (d, lH, J= 17.1 Hz), 4.43 (m, 1H), 4.50 

(d, 1H, J= 16.8 Hz), 7.60 (m, 2H), 7.79 (m, 2H), 7.93 {br, IH), 8.28 (cl, IH, J= 2.1 Hz). 13C 

NMR (D20) ~ 20.54 (2C), 25.08, 25.43, 28.01, 39.54, 47.95, SI. 73, 57.43, 60.13, 114.25 (2C), 

126.95 (2C), 127.25, 131.00, 131.96, 141.38, 143.54, 151.85, 157.19. ES-MS mlz 380 (M+H). 

Anal. Calcd. for C22H29Ns0•3.2HBr•l.7H20: C, 39.50; H, 5.36; N, 10.47; Br, 38.22. Found: C, 

39.77; H, 5.27; N, 10.34; Br, 37.96. 

Example 102 

COMPOUND 102: Preparation of N1 -0-Methyl-l H-benzoimidazol-2·ylmethyl).N1 
-

(S)-lS.6.7 .8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine hydrochloride salt 

[0578] Preparation of2-{4-((1-methyl-1H-benzoimidazol-2-ylmethyl)-{5,6,7,8-tetrahyclro­

. quinolin-8-yl)-amino ]-butyl }-isoindole-1,3-dione:. 

(0579) To a solution of (S)-2-[ 4-(S,6, 7 ,8-tetrahr.dro-quinolin-8-ylamino )-butyl]-isoindole-

1,3-dione (3.89 g, 11.1 mmoJ) in acetonitrilc (111 ml) was added 2-cWoromethyl-1-methyl-lH-
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benzoimidazole (prepared by reaction of N-methyl-ortho-phenylenediamine with chloroacetic 
acid according to literature procedure Phillips, M.A. J. Chem. Soc. 1928, 2393; Ooker, H.; Kus, 
C. Arch. Pharm. (Weinheim) 1995, 328, 425-430) (2.42 g, 13.4 mmol), diisopropylethylamine 
( l.93 ml, 11.1 ml), and potassiwn iodide (0.18 g, 1.11 ml). The mixture was stirred for 16 hours 
at 50 °c. The mixture was concentrated, redissolved in methylene chloride (200 ml) and diluted 
with saturated NaCl (400 ml). The reaction was extracted with methylene chloride (3 x 300 ml) 
and the combined organic extracts were dried (Na2S04), filtered, and concentrated in vacuo to 
afford a dark red oil. Pmification·via column chromatography on silica gel 
(CH2Ch:MeOH:NR.OH, 95:4:1, v/v/v) afforded the product as a light red foam (5.12 g, Tl%). 
I .· 
HNMR (CDCI)) ~ 1.63 (m, 8H), 2.65 (m, 4H), 3.54 (m, 2H), 4.10 (m, 6H), 6.98 (dd, IH,J= 

7.89, 4.38 Hz), 7.21 (m, 4H), 7.71 (m, SH), 8.49 (d, IH, J= 3.95 Hz). 

Preparation of N.(1-Methyl-l H-benzoimidazol-2-ylmethyll-N=(S,6, 7.8-tetrahydro­
guinolin-8-yD-butane-1.4-diamine: 

[0580} To a solution of the material from above (5.12 g, 10.37 mmol) in ethanol (75 ml) was 
added hydrazine hydrate (1.94 ml, 62.2 mmoi). The solution was stirred for 16 hours at room 
temperature under a N1 atmosphere. A white precipitate fonned. Diethyl ether (75 ml) was 
added to the mixture and the reaction was stirred for 10 min. The mixture was filtered and 
concentrated. Purification via column chromatography on silica gel (CH2Ch:MeOH:NR,QH, 
94:5: l, v/v/v) followed by a second purification by colwnn chromatography on silica gel . . - . . .. . . ·-. . .. . . 
(CH2Ch:MeOH:NH40H, 94:5: I, v/v/v) afforded the product as a light yellow oil (2.63 g, 55%). 
1H NMR (CDCh) a 1.39 (m, SH), 1.99 {m, 3H), 2.63 (m, 6H), 3.48 (s, 2H), 3.97 (s, 3H), 4.11 
(m, 3H), 7.00 (dd, lH, J= 7.45, 4.38 Hz), 7.25 (m, 4H), 7)1 (d, lH, J== 7.45 Hz), 8.46 (d, lH, J 
=4.38Hz). 

Preparation of COMPOUND 102: 
(0581) To a solution ofN-(t.:Methyl-lH-benzoimidazol-2-ylmethyl)-N-(5,6,7,8-tetrahydro­

quinoJin-8-yl)-butane-l,4-diamine (2.63 g, 5.62 mmol) was added HCl-saturated methanol (11 
ml) and the mixture was stirred for I hour at room temperature under a N2 atmosphere. The 
solution was added dropwise to diethyl ether (1 L) to yield a chunky white precipitate. The 
white solid was isolated via suction filtration under a steady stream of nitrogen. washed with 
diethyl ether and dried at 40 °c in vacuo overnight (2.75 g, 91%). 1H NMR (IhO) a. J.67 (m, 
3H), 1.99 (m, 4H), 2.55 (m, 2H), 2.89 (m, 3H), 3.07 {m, 2H), 3.31 {s, lH), 4.07 {s, 3H), 4.43 (d, 
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lH,J= 17.9 Hz), 4.69 (m,2H), 7.62 (m, 2H), 7.92 (m, 3H), 8.42 (d, lH, J= 7.89 Hz), 8.85 (d, 

IH, J=s.1 Hz). 13c NMR s CDlO) 21.92, 26.65, 29.11, 32.42, 40.78, 53.61, 61.82, 113.89, 

115.76, 127.15, 127.89, 128.11, 131.79, 135.l, 141.38, 141.91, 149.14, 152.75, 153.72. ES-MS 
m/z 364 (M + H). Anal. Calcd. For C22H29Ns 3.0SHCI 0.06C2Ri02 3.07H20: C, 49.80; H 7.26; 
N, 13.13; Cl, 20.24. Fowid. C, 49.80; , 7.25; N, 13.13; Cl, 20.24 . 

Example 103 

r(Y"i 
CIANY 

iN~NH2 

HU" 
v 

COMPOUND 103: Preparation of N1-(}H-benzimidazo1~2-ylmethyll-N1-(2-chloro-
5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-l ,4-diamine (hydrobromide salt). 

Preparation ofmethanesulfonic acid 2-chloro-5,6,7,8-tetrahydro-quinolin-8-yl ester: 

[0582) To a solution of 2-chloro-8-hydroxy-5,6, 7,8-tetrahydroquinoline (prepared as 
described by Zimmerman, S.C.; Zeng, Z.; Wu, W .; Reichert, D.E. J. Am. Chem. Soc. 1991, 113, 
183-196) (700 mg, 3.81 mmol) in CH2Ch (19 mL), cooled to 0 °C under nitrogen, was added 

NEt3 (0.80 mL, 5.7 mmol) followed by MsCl (0.35 mL, 4.5 mmol). The solution was stirred at 
0 °C for 40 minutes, then was diluted with saturated aqueous NaHC03 (20 mL). The layers 

were separated and the aqueous solution was extracted with CH2Ch (20 mL x 2). The combined 
organic solution was dried (MgS04), filtered and concentrated under reduced pressure. 
Purification by flash column chromatography on silica (hexane/EtOAc, 2:1) gave the mesylate 

as a white solid (904 mg, 3.45 mmol, 91%). 1HNMR(CDCIJ) 81.82-2.17 (m, JH), 2.35-2.47 
(m, lH), 2.63-2.77 (m, lH), 2.79-2.91 (m, lH), 3.29 (s, 3H), 5.62 (t, lH, J= 3.9 Hz), 7.23 (d, 
IH, J= 8.1 Hz), 7.45 (d, lH, J= 8.1 Hz). 
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Preparation of 8-azido-2-chloro-5.6; 7.8-tetrahydro-guinoline: 

(0583) A .solution of the mesylate (886 mg, 3.39 mmol) and NaN3 (285 mg, 4.38 mmol) in 

DMF (I 0 mL) was stirred at 80 °C under nitrogen for 35 minutes. Once cooled, the mixture was 

diluted with brine (20 mL) and was extracted with EtOAc (20 mL x 3). The combined organic 

solution was dried (MgS04), filtered and concentrated under reduced pressure. Purification by 

flash column chromatography on silica (hexane/EtOAc, 2: 1) gave the azide as a pale yellow oil 

(679 mg, 3.25 mmol, 96%). 1H NMR (CDCh) 8 1.75-2.11 (m, 4H), 2.63-2.86 (m, 2H), 4.66 (t, 

1H,J=4.2Hz), 7.20(d, lH,J=8.1Hz),7.42(d, IH,J=8.l Hz). 

·:Preparation of 8-amino-2-chloro-5.6.7.8-tetrahydro-quinoline: 

[0584] To a solution of the azide (351 mg, 1.68 mmol) in 10% H20 in THF (10 mL) was 

added PPh3 (867 mg, 3.31 mmol) and the reaction was stirred at room temperature for 18 hours. 

The solution was concentrated under reduced pressure and the residue was purified by flash 

column chromatography on silica (CH2Ch/MeOH, 9: 1) giving the amine as. a pale yellow oil 

(276 mg, 1.51 mmol, 90%). 1i:-i: NMR (CDC}]) B 1.62-1.83 (m, 2H), 1.86-2.03 (m, 3H), 2.13-

2.22 (m, lH), 2.66-2.84 (m, 2H), 3.97 (dd, lH, J= 7.5, 5.4 Hz), 7.09 (d, lH, J= 8.1 Hz), 7.33 

(d, IH,J= 8.1 Hz). 

Preparation of2-[4-(2-chloro-5,6.7.8-tetrahydro-guinolin-8~ylamino)-butvll-isoindole­

l,3-dione: 

[0585} A solution of the amine (269 mg, 1.47 mmol) and 4-(1,3-dioxo-1,3-dihydro-isoindol-

2-yl)-butyraldehyde (266 mg, 1.22 mmol) in CH2Ch (8 mL) was stirred at room temperature 

under nitr:ogen for 30 minutes. NaBH(OAc)3 (398 mg, I.88 mmol) was then added in one 

portion as a solid and the reaction was stirred for a further 15 hours. The mixture was washed 
\ 

with IM NaOH (10 mL x 2) and brine (10 mL), dried (Na2S04), filtered and concentrated under 

reduced pressure. Purification by flash column chromatography on silica 

(CH2Cl2/MeOH/NRaOH, 49: I :0.25) gave the secondary amine as a colourless oil (289 mg, 0. 75 

mmol, 62%). 1H NMR (CDCh) 8 1.55-1.81 (m, 6H), 1.93-2.03 (m, IH), 2.06-2.14 (m, lH), 

2.26 (br. s, IH), 2.73 (t, 4H,J= 7.1Hz).3.72 (t, 3H, J= 6.9 Hz), 7.07 (d, lH, J= 8.1 Hz), 7.32 

(d, 1H,J=8.l Hz), 7.69 (dd, 2H,J= 5.4, 3.0 Hz), 7.83 (dd, 2H,J= 5.3, 3.0 Hz). 
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Preparation of 2.({(2~hloro-5.6.7.8·tetrahydro-guinolin·8·yl):.[4-(1.3-dioxo-l.3-

dihydro-isoindol-2-yl}-butvl]-amino l-methyI>-benzjmjdazole-1-carbo?Cylic acid 

tert-butyl ester: 

(0586) A solution of the amine (274 mg, 0.72 mmol), 2-chloromethyl-benzimidazole-1-

carboxylic acid tert-butyl ester (227 mg, 0.85 mmol), DIPEA (0.18 mL, 1.0 mmol) and KI (24 

mg, 0.14 mmol) in CH3CN (5 mL) was stirred at 60 °C under nitrogen for 17 hours. Once 

cooled to room temperature, the solution was diluted with saturated aqueous NaHCO, (10 mL) 

and extracted with CH2Ch (20 mL x3). The combined organic solution was dried (MgS04), 

filtered and concentrated under reduced pressure. Purification by flash column chromatography 

on silica (CH2Ch/MeOH, 19:1) gave the tertiary amine as an off-white foam (435 mg, 0.71 

mmol, 99%). 1H NMR(CDCh) 61.28-1.41(m,2H), 1.50-1.61(m,2H), 1.64-1.76 (m, lOH), 

1.80-1.91 (m, llI), 1.93-2.05 (m, lH), 2.09-2.22 {m, IH}, 2.54-2.89 (m, 4H), 3.53 (t, 2H, J= 7.2 

Hz), 4.18 (dd, 1H,J=9.8, 6.2 Hz),4.49 (d, lH,J= 15.6 Hz), 4.74 {d, lH, J= 15.6 Hz), 6.93 (d. 

lH, J= 8.1 Hz), 7.19 (d, lH, J= 8.1 Hz), 7.22-7.26 (m, 2H), 7.63-7.71 (m, 3H), 7.74-7.85 (m, 

3H). 

Preparation of N1-(1H-benzimidazol-2-ylmethyll-N1-(2-chloro-5,6, 7 ,8-tetrahydro­

guinolin-8-yl)~butane-1.4-diamine: 

(0587) A solution of the amine (212 mg, 0.345 mmol) and hydrazine monohydrate (0.20 

mL, 4.1 mmol) in EtOH was stirred at reflux under nitrogen for 75 minutes. The excess _solvent . . . . . 
was removed under reduced pressure, the residue was taken up into saturated aqueous NaHC03 

(10 mL) and was extracted with CH2Ch (20 mL x 3). The combined organic solution was dried· 

(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (CH2CI2'Me0HIN"40H, 9: 1 :0.05) gave the primary amine as a white 

foam (99.9 mg, 0.260 mmol, 75%). 1H NMR (CDCIJ) o 1.29-1.52 (m, 4H), 1.61-1.77 (m, lH), 

1.79-1.94 (m, lH), 1.99-2.11 (m, UI), 2.18-2.30 (m, IH), 2.47-2.62 (m, 3H), 2.65-2.88 (m, 3H), 

3.94-4.09 (m, JH), 7.15 (d, lH,J- 8.1 Hz), 7.19-7.23 (m, 2H), 7.38 (d, lH,J= 8.1 Hz), 7.60-

7.64 (m, 2H). 

Preparation of COMPOUND 103: 

(0588] To a solution of the amine (99.9 mg, 0.260 mmol) in glacial HOAc (1.S mL) was 

added a saturated solution of HBr in HOAc (0.5 ~). The solution was stirred at room 

temperature for 30 minutes, then Eb.0 (S mL) was added. The solvent was removed by pipette, 
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the precipitate was washed with Et20 (2 mL x 2) and was then dissolved into ~eOH (2 mL). 
The mixture was stirred for about 5 minutes and the product was re-precipitated by the addition 
ofEt20 (5 mL). The solvent was again removed by pipette and the precipitate was washed with 
Et20 (2 mL x 3). The product was dried under reduced pressure, giving COMPOUND 103 as a 
fme, off-white powder (156 mg, 0.240 mmol, 92%). 1H NMR (D20) a 1.67-2.00 (m, SH), 2.12-
2.32 (m, 2H), 2.39-2.52 (m, lH), 2.67-2.82 (m, 2H), 3.03 (t, 2H, J= 1.4 Hz), 3.40-3.56 (m, 2H), 
4.80-4.89 (m, 3H), 6.96 (d, lH,J= 8.1 Hz), 7.35 (~ 1aJ= 8.1 Hz), 7.51-7.55 (m, 2H), 7.68-~ 

1. 11 (m, 2H). 13c NMR (D20) a 20.3, 21.1, 23.2, 24.6, 21.0, 39.3, 46.6, 54.1, 63.2, 114.9, 
.124.2, 126.9, 132.6, 134.5,-141.7, 144.4, 147.9, 150.2. ES-MS mlz 384 (M+H), 386 (M+2+H). 
Anal. CBlcd. for C21H2~1Ns·3.1HBr·0.2C4H1oO: C, 40.31; H, 4.83; N, 10.78; Br 38.13. Found: 
C, 40.20; H, 4.91; N, 10.73; Br 38.44. 

Example 105 

C)Q 
iN~NH2 

Ht·cr 
v 

COMPOUND 105: N1
-( 1H-Benzoimidazol-2-ylmethvll-N1-(5.6. 7.8-

. tetrahydroguinoxalin-5-yl}-butane-1.4-diarnine. 

Preparation of 5-bromo-5,6, 7,8-tetrahydroguinoxaline: 
[0589] To a solution of commercially available 5,6,7,8-tetrahydroquinoxaline (3.08 g, 23.0 

mmol) in CC4 (200 mL) was added N-bromosuccinamide (4.09 g, 23.0 rnmol) and a catalytic 
amount (56 mg) of benzoyl peroxide. The reaction mixture was heated at reflux for 17 hours. 
Saturated sodium bicarbonate solution was added (100 mL), the layers were separated and the 
aqueous phase was extracted with CH2Ch (2 x 200 mL). The organic extracts were dried and 
concentrated. The crude material contained 1:3:1 ratio (OC) of starting material, mono- and 
dibromo products which were separated by column chromatography on silica gel using a 
mixture of 1: 1 EtOAc:hexanes to give 5-bromo-5,6,7,8-tetrahydroquinoxaline (3.03 g, 54%) as a 
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brown liquid: 1H NMR (CDCh): 6 1.99-2.03 (m, IH), 2.20-2.49 (m, JH), 2.97-3.10 (m, IH), 

3.11-3.20 (m, 1H), S.48 (t, lH, J= 1.5 Hz), 8.40 (s, 2H). It should be noted that this material is 

unstable when exposed to air over 2-3 days and was used immediately in the next reaction. 

Preparation of 5-azido-5,6. 7 ,8-tetrahydroguinoxaline: 

(05901 5-bromo-S,6,7,8-tetrahydroquinoxaline (2.75 g, 12.9 mmol) and sodium azide (1.68 

g, 25.8 mmol) were dissolved in DMF (50 mL) under nitrogen atmosphere and the reaction 

mixture was wanned to 60 °C for 2 days. The mixture was cooled to room temperature and 

poured over water (500 mL); and was extracted with CH2Ch (3 x 300 mL). The organic extracts 

were washed with brine (2 x 200 mL), dried and concentrated in vacuo. The crude material was 

purified by flash column chromatography on silica gel using 1: 1 EtOAcJhexanes to afford 2.19 g 

(97%) of S-azido-5,6,7,8-tetrahydroquinoxaline as a yellow liquid: 1H NMR (CDCIJ): 8 1.80-

1.96 (m, IH), 2.00-2.10 (m, 3H}, 2.75-3.06 (m, 2H), 4.74 (t, lH,J= 6.? Hz), 8.44 (~ lH,J= 3 

Hz), 8.45 (d, lH, J= 3 Hz); 13C NMR (CDCIJ): 818.6, 28.9, 31.7, 60.2, 142.6, 144.3, 150.3, 

153.6. 

Preparation of 5,6, 7,8-tetrahydroguinoxalin-5-ylamine. 

[0591) A Parr shaker flask was charged with 5-azido-5,6,7,8-tetrahydroquinoxaline (1.81 g, 

10.33 mmol) and 10% palladium on carbon (10 wt% of Pd/C; 0.18 g). The reaction vessel was 

evacuated and filled with nitrogen. Methanol (30 mL) was added and the reaction was 
. . . 

hydrogenated at 30 psi for 40 minutes. the reaction mixture was flushed with nitrogen and 

filtered through a plug of Celite® to provide 5,6, 7 ,8-tetrahydroquinoxalin-5-ylamine as an 

orange liquid (l .54 g, 99%), which would rapidly tum dark brown. It was ~tared under an argon 

atmosphere at-20 °C. 1H NMR (CDCIJ): 5 1.62-1.79 (m, lH), 1.80-2.18 (m, 4H), 2.18-2.30 (m, 

lH), 2.91-3.01 (m, 2H), 4.07 (dd, lH, J.= 8.4, 5.4 Hz), 8.32-8.38 (m, 2H); 13C NMR (CDCh): 

819.7, 31.7, 32.2, 51.5, 142.0, 142.S, 152.6, 155.4; MS m/z: 150 (M+H'), 133. 

Preparation of 2-[ 4-(5,6, 7 ,8-tetrahydro-auinoxalin-5-ylamino)-butyll-isoindole-

1.3-dione: 

[0592] To a solution of 5,6, 7 ,8-tetrahydroquinoxalin-5-ylamine (313 mg, 2.09 mmol) iri 

CH2Ch (20 mL) at room temperature wider inert ~tmosphere was added 4-{l,3,-dioxo-l,3-

dihydro-isoindol-2-yl)·butyraldehyde (227.8 mg, 1.05 nunol) followed by sodium 

triacetoxyborohydride ( 444 mg, 2.10 mmol). The reaction mixture was stirred at room 
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temperature for 2 hours. Saturated sodium bicarbonate solution (10 mL) was added and the 

mixture was extracted with dichloromethane (3 x 20 mL). The combined organic extracts were 

washed with brine, dried (MgS04), filtered and concentrated. The resultant material was 

purified by column chromatography on silica gel (10: 1 :0.5 CH2Ch: MeOH: NRiOH) to provide 

the product as a clear oil (298 mg, 8 I%): 1 H NMR (CDCh): o 1.56-1.66 (m, 2H), 1. 70-1.95 (m, 

4H), 2.04-2.22 (m, 4H), 2.71-2.85 (m., 2H), 2.87-3.05 (m., 2H), 7.69-7.73 (m, 2H), 7.80-7.85 (m, 

2H), 8.34 (hr s, 2H). 

Preparation of 2-{ [[4-(1.3-dioxo-l ;J-dihydro-isoindol-2-yll-butyl]-(S,6, 7.8-

tetrahydrogUinoxalin-S-yll-amino l-methyl}-benzoimidazole-1-carboxvlic acid 

tert-butyI ester. 

(0593) To a solution of 2-[4-(5,6, 7 ,8-tetrahydro-quinoxalin-5-ylamino )-butyl]-isoindole-1,3-

dione (298 mg, 0.850 mmol) in CH3CN (12 mL) was added 2-chloromethyl-benzoimidazole-1-

carboxylic acid tert-butyl ester (295 mg, 1.11 mmol), potassium iodide (14 mg), and 

diisopropylethylamine (0.296 ml, 1. 70 mmol). The reaction mixture was stirred at 60°C for 17 

hours. Saturated sodium bicarbonate (15 mL) was added and the mixture was extracted with 

CH2Ch (3 x 30 mL). The combined organic extracts were dried (MgS04), filtered and 

concentrated. Purification of the crude material by column chromatography on silica gel ( 1: 10 

EtOAc:hexanes then EtOAc then 1: 10 MeOH:EtOAc) provided the product as a clear oil (422 

mg, 85%): 1H NMR (CDCb): 5 L34-1.43 (m, 2H), 1.~8-_1.60 (m, 2H), 1.68 (s, 9H), 1.71-1.81 

(m, lH), 1.88-1.97 (m, lH), 2.00-2.21. (m, 2H), 2.60-2.69 (m, lH), 2.76-2.93 (m, 3H), 3.55 (t, 

2H, J,;,; 6.9 Hz), 4.29 (dd, lH, J= 9.6, 5.4 Hz), 4.46 (d, lH, J= 15.3 Hz), 4.61 (d, lH,J= 15.3 

Hz), 7.:t9-7.24 (m, 2H), 7.63-7.69 (m, 3H), 7.74-7.81(m,3H), 8.18 (d, lH, J= 2.1Hz),8.27 (d, 

IH,J=2.l Hz). 

Preparation of N1-(1H-Benzoimidazol-2-ylmethyl)-N1-(5,6,7 .8-tetrahydroguinoxalin-5-

yl)-butane-l ,4-diamine (COMPOUND 105). 

(0594} To a solution of 2-{[[4-(l ,3-dioxo-1,3-dihydro-isoindol-2-yl)-butyl]-(5,6, 7,8-

tetrahydroquinoxalin-5-yl)-amino ]-methyl }-benzoimidazole-1-carboxylic acid tert-butyl ester 

(420 mg, 0.723 rnmol) in ethanol (20 mL) at room temperature was added hydrazine hydrate 

(0.20 mL). The mixture was stirred for 17 hours. The mixture was concentrated in vaccuo and 

the resultant material was purified by column chro~atography on silica gel (1: 1: 10 MeOH: 

NH.JOH: CH2Ch) to provide COMPOUND 105 as a colourless foam (161 mg, 64%): 1H NMR 
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(CDCh) 6 1.37-1.48 (m, SH), 1.70-1.79 (m, lH), 1.81-1.97 (m, IH}, 2.07-2.16.(m, lH), 2.18-
2.31 (m, IH), 2.49-2.59 (m, 4H), 2.71-2.78 (m, IH), 2.90-3.08 (m, 2H), 3.98 (d, lH, J= 16.5 
Hz), 4.07 (d, lH,J= 16.5 Hz), 4.06-4.12 (m, IH), 7.18-7.21 (m, 2H), 7.57-7.59 (m, 2H), 8.41 (s, 

lH), 8.54 (s, lH); 13C NMR (CDCh) 5 21.2, 22.9, 26.3, 30.5, 32.6, 41.7, 49.8, 51.4, 62.0, 122.3, 
142.1, 143.3, 153.8, 155.4, 155.5; ES-MS m/z351 (M+H). Anal. Calcd. for 

C2oH2~6·0.3CH2Clr0.2H20: C 64.24, H 7.17, N 22.14. Found: C 64.16, H 7.41, N 22.15. 

Example 106 

COMPOUND 106: Preparation of Nl-OH-Benzimidazol-2-ylrnethyl)-Nl-(3,4-dihydro-
2H-pyrano(3 .2-b ]pyridin-4-yl)-butane-l ,4-diamine (hydro bromide) 

(0595] To a solution of triphenylphosphine (10.9 g, 41.5 mmol), 3-buten-ol (2.49 g, 34.6 
mmol) and 2-bromo-3-pyridinol (6.01 g, 34.6 mmol) in THF (200 mL) at 0 °C was added 
diisopropyl azodicarboxylate (7.49 mL, 38.0 mmol) very slowly. Ice bath was removed after . . . . . . 
addition of diisopropyl azodicarboxylate and the mixture was allowed to stir at 50 °C for 20 
hours under argon. The reaction mixture was diluted with EtOAc (300 mL), and washed with 
sat. NaHC03 (2 x 150 mL), brine (2 x 150 mL) and dried over Na2S04• Evaporation of the 
solvent and purification of the residue by flash chromatography on silica gel (Hexanes/EtOAc, 
90:10 followed by 85:15) afforded 2-bromo-3-but-3-enyloxy-pyridine (7.04 g, 89 %) as a 
colourless oil. 1H NMR (CDCh) B 2.58-2.66 (m, 2H), 4.08 (t, 2H, J= 6.9 Hz), 5.13 -5.24 (m, 
2H). 5.87-5.98 (m, IH), 7.10-7.14 (m, IH), 7.18- 7.22 (m, IH), 7.97 (dd, lH, J= 6.0, 1.5 
Hz). 

(0596) An anhydrous DMF solution (120 mL) of 2-bromo-3-but-3-enyloxy-pyridine (6.43 g, 
28.2 mmol) in a round bottom schlenk flask was degassed with argon using the 
freeze/pump/thaw method. To this freshly degass~d solution was added triphenylphosphine 
(2.66 g, 10.2 mmol), palladium acetate (696 mg, 3.19 mmol), potassium acetate (13.84 g, 141 
mmol), and tetraethylammoniwnchloride hydrate (9.35 g, 56.4 rnmol). The resultant mixture 
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was heated at 110 °C under argon for 18 hours. The reaction mixture was cooled to room 

temperature and diluted with EtOAc (300 mL), brine (120 mL) and H20 (60 mL). The organic 

phase was separated and washed with brine (3 x 120 mL) and dried over Na1S04. Evaporation 

of the solvent and purification of the residue by flash chromatograph on silica gel 

(Hexanes/EtOAc, 95:5) afforded 4-methylene-3,4-dihydro-2H-pyrano[3,2-b]pyridine (2.8 g, 67 

%) as a white solid. 1HNMR (CDCh) l> 2.79-2.86 (m, 2H), 4.25 (t, 2H,J= 5.7 Hz), 5.08 (d, 

lH,J= 1.6 Hz), 6.19 (d, lH,J= 1.6 Hz), 7.08-7.17 (m, 2H), 8.20 (dd, 1H,J=4.7, 1.6 Hz). 

(0597) To a solution of 4-methylene-3,4-dihydro-2H-pyrano[3,2-b]pyridine (2.77 g, 18.8 

mmol) and 4-methylmorpholine N-oxide (6.61g, 56.5 mmol) in CH2Ch (45 mL) was added 

osmium tetroxide (2.5 wt. % solution in 2-methyl-2-propanol, 6.8 mL, 0.68 mmol). The 

resultmit mixture was stirred at room temperature under N2 for 80 hours, diluted with EtOAc 

(300 mL}, and then filtered through a pad of celite. Evaporation of the solvent and purification 

of the residue by flash chromatograph on silica gel (CH1Cl:z/MeOH.1NH.tOH, 95:4:1) afforded 

the 4-hydroxymethyJ-3,4-dihydro-2H-pyrano[3,2-b]pyriclinyl-4-ol (2.13 g, 62 %) as a yellow 

solid. 

[0598] To a solution of 4-hydroxymethyl-3,4-dihydro-2H-pyrano[3,2-b]pyridinyl-4-ol (2.13 

g, 11.8 mmol) in H20 (15 mL) was added sodium periodate (5.03 g, 23.S mmol) and the 

mixture was allowed to stir 8t room temperature for 2 hours. The mixture was diluted with 

EtOAc (100 mL) and H20 (20 mL) and stirred vigorously for 10 minutes. The aqueous phase 

was separated and extracted with CH2Ch (2 x 50 mL). The combined org~c extracts were . 

dried (Na2S04), filtered and concentrated. Purification of the residue by flash chromatograph on 

silica gel (Hexanes/EtOAc, 60:40 followed by 0:100) gave 2,3-Dihydro-pyrano[3,2-b]pyridin-4-

one (1.28 g, 73 %) as a white solid. 1H NMR (CDCIJ) 5 2.98 (t, 2H, J= 6.6 Hz), 4.62 (t, 2H, J= 

6.6 Hz), 7.36-7.44 (m, 2H), 8.44 (dd, lH, J= 12.6, 2.1 Hz). 

[0599] Reaction of2,3-Dihydro-pyrano[3,2-b]pyridin-4-one (277 mg, 1.85 rnmol) with (4-

. Arnino-butyl)-carbamic acid tert-butyl ester (269 mg, 1.43 mmol) using general procedure B for 

reductive amination with NaBH(OAc)3 (605 mg, 2.86 mmol), followed by flash chromatography 

on silica gel (CH2Ch/MeOH!NH.tOH, 97:2:1 followed by 95:4:1) afforded [4-(3,4-Dihydro-2H­

pyrano[3,2-b]pyridin-4-ylamino)-hutyl]-carbamic acid tert-butyl ester (330 mg, 72 %) as a pale 

yellow oil. 

[0600} To a solution of [4-(3,4-Dihydro-2H-pyrano[3,2-b ]pyridin-4-ylamino)-butyI]­

carbamic acid tert-butyl ester (329 mg, 1.02 mmol) in CH3CN (5 mL) was added N,N-
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diisopropylethylamine (0.28 mL, 1.63 mmol) followed by 2-cbloromethyl-benzimidazole-1-
carboxylic acid tert-butyl ester (328 mg, 1.23 mmol) and potassium iodide (20 mg, 0.1 mmoJ). 
The resultant mixture was heated to 60 °C for 16 hours then cooled to room temperature. The 
mixture was concentrated and the residue was partitioned between CH2Ch (25 mL) and 
saturated aqueous NaHC03 (20 mL). The phases were separated and the aqueous phase was 
extracted with CH2Ch (2x15 mL). The combined organic extracts were dried (Na2S04), 

filtered, and concentrated. Purification of the crude material by flash column chromatography 
on silica gel (CH2Ch/MeOHfNH.tOH, 95:4:1) provided 2-{ [( 4-tert-Butoxycarbonylamino­
butyl)-(3,4-dihydro-2H-pYf811o[3,2-b ]pyridin-4-yl)-amino ]-methyl }-benzimidaz.ole-1-carboxylic 
acid tert-butyl ester (380 mg, 67%) as a white foam. 

(0601] Using General Procedure D: Conversion of the white foam from above (107 mg, 
0.19 mmol) to the hydrobromide salt followed by re-precipitation of the intermediate solid from 
methanol/ether gave COMPOUND 106 (110 mg, 90%) as a cream solid. 1H NMR (020) 
8 1.43-1.66 (m, 4H), 2.38-2.50 (m, 2H), 2.53-2.63 (m, IH), 2.78-2.92 (m, 3H), 4.33-4.43 (~ 
lH), 4.43 (d, lH,J= 17.4 Hz), 4.55 (d, lH, J= 17.1Hz),4.64-4.78 (m, 2H), 7.57-7.63 (m, 2H), 
7.76-7.87 (m, 3H), 7.98 (dd, IH, J= 8.1, 0.9 Hz), 8.40 (dd, lH, J= 5.4, 0.9 Hz); 13C NMR 
(CDCIJ) o 19. 72, 24.98, 25.32, 39.52, 47.95, 51.48, 56.53, 67.48, 114.28, 126.93, 127.55, 
131.03, 134.75, 134.84, 138.80, 151.75, 155.80; ES-MS m!z 352 (M+H). Anal. Calcd. for 
C20H2.sNsO • 3. lHBr • 1.0 H20 • 0.2C4Hio0: C, 39.34; H, 5.09; N, 11.03; Br, 39.00. Found: C, 
39.29; fl, 4.92; N, 10.96; Br, 39.02. 
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Example 107 

co N : 
1N~NH2 

SH 
· xHCI 

COMPOUND 107: Preparation of ~-CIH-Benzimidazol-2-ylmethyl}N1-CS)-3.4-
dihydro-2H-pyranol3.2-blpvridin-4-yl-butane-1.4-:diamine <hydrochloride salt). 

Preparation of 4-methylene-3,4..dihydro-2H-pyrano[3.2-b ]pyridine: 

[0602) To a stirred 0 °C solution of 2-bromo-3-pyridinol (14.7 g, 84 mmol), 3-buten-1-ol 
(7.25 mL, 84 mmol), and triphenylphosphine (26.5 g, 100 mmol) in 1HF (420 mL) was added 
DIAD ( 18.3 mL, 93 mmol) over 5 min. The mixture was heated to SO °C under a nitrogen 

atmosphere f<;>r 21 h, cooled to room temperature, and concentrated. The resultant brown oil was 
dissolved in ethyl acetate (1 L). washed with saturated sodium bicarbonate solution (2 x 500 
mL), washed with brine (2 x 500 mL), dried over Na2S04, and concentrated. Purification of the 
crude material by column chromatography over silica gel (5: l hexanes/EtOAc) provided the 

desired bromide (20.2 g, 100%) as a yellow oil. 

[0603) A solution of the bromide (19.2 g, 84 mmol) from above in anhydrous DMF (170 

mL) was frozen under an argon atmosphere, and thawed while under high vacuwn to degas the 

. solution. This freeze-thaw cycle was repeated four times. A pressure-flask was purged with 
argon and charged with triphenylphosphine 7.96 g, 30 mmol), potassiwn acetate (41.4 g, 420 

mmol), tetraethylammoniwn chloride hydrate (27.9 g, 170 mmol), palladium (II) acetate (2.08 g, 

9.3 mmol), and the degassed solution from above. The flask was evacuated and back-filled with 

argon four times, sealed, and heated to 110 °C with stirring for 39 h. The mixture was cooled to 

room temperature, diluted with ethyl acetate (IL) and stirred with a mixture of brine (500 mL) 
and water (200 mL) for 30 min. The layers were separated and the organic layer was washed 

with satmated sodium bicarbonate solution (500 mL) and brine (3 x 500 mL). The organic layer 
was dried over Na2S04, concentrated, and dried under high vacuum for 1 h. Purification of the 
crude material (25 g) by column chromatography on silica gel (200:1 CH2Cli/MeOH) provided 
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the title compound (5.9 g, 47%) as a yellow oil. 1H NMR (CDCb) 3 2.80-2.85 (m., 2H), 4.25 (t, 

2H, J= 5.7 Hz), 5.08 (s, lH), 6.20 (s, lH), 7.08-7.17 {m, 2H), 8.20 (dd, IH,J= 4.0, 1.8 Hz). 

Preparation of (S)-{3.4-Dihydro-2H-pyrano[3.2-b lpyridin~4-yl)amine: 

(0604) A solution of 4-methylene-3,4~ihydro-2H-pyrano[3,2-b]pyridine (5.9 g, 40 mmol), 

4-methylmorpholine-N-oxide (14.0 g, 120 mmol), and osmium tetroxide (15.4 mL, 2.S wt% in 

tert-butanol, 1.2 mmol) in dichloromethane (100 mL) was stirred at room temperature under a 

nitrogen atmosphere for 7 days. The mixture was diluted with diethyl ether (100 mL), filtered 

through diatomaceous eartlt, and concentrated. Purification of the crude material by column 

chromatography over silica· gel (25:1 CH2Ch/MeOH) provided the diol (4.5 g, 62 %) as a brown 

oil. I 

(0605] To a stirred solution of the diol ( 4.5 g, 25 mmol) from above in deionized water (100 

mL) was carefully added soditlm periodate (I 0. 7 g, 50 mmol)-exothermic-and stirring was 

continued for 1.5 h. The mixture was diluted with ethyl acetate (200 mL), stined for 2 h, and the 

layers were separated. The aqueous layer was extract~ with dichloromethane (2 x 50 mL). The 

organic layers were combined, dried over Na2S04, and concentrated to give the desired ketone. 

(2:9 g, 78%) as an off-white solid. 

(0606) A solution of the ketone (2.9 g, 19 nunol) from above and hydroxylamine 

hydrochloride (1.6 g, 23 mrnol) in methanol (I 00 mL) was stirred at room temperature for 1 h. 

Sa~ted sodium bicarbonate solution (80 mL) was added and the mixture was concentrated on . 

a rotary evaporator to remove the methanol. The resultant mixture was extracted with 

dichloromethane (Ix 200 mL, 3 x 75 mL) and 9:1 CHCh/MeOH (5 x 200 mL). The organic 

layers were combined, dried over Na2S04, and concentrated to give the oxime (3.0 g, 94%) as a 

brown solid. 

(0607] Zinc dust was added slowly to a stirred 0 °C suspension of oxime (3.0 g, I 8 nunol) 

from above, ammonium acetate (1.6 g, 20 mmol), ammoniwn hydroxide (85 mL), and ethanol 

(16 mL). The cooling bath was removed and stirring was continued for 2.S h. The slWTY was . 
filtered through celite and the filtrate was extracted with dichloromethane (3 x 150 mL). The 

organic extracts were combined, dried over MgS04, concentrated, and dried under high vacuum 

to provide the racemic amine (2.6 g, 94%). 

(0608) A stirred slWTy of the amine (2.6 g, 17.mmol) and CAL (0.80 g) in ethyl acetate (65 

mL) was heated to 40 °C for 3 h. The mixture was 9ooled to room temperature, filtered, and 

concentrated. Purification of the crude material by colwnn chromatography on silica (20: 1 
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CH2Ch/MeOa then 20: 1: 1 CH2Cl2'MeOHINH.tOH) afforded the title compound (1.14 g, 88%) 

as a red-brown oil.· 1HNMR(CDCIJ) 8 1.90-2.02 (m, lH), 2.24-2.35 (m, lH), 4.13 (t, IH,J= 

6.4 Hz), 4.18-4.36 {m, 2H), 7.06-7.13 (m, 2H), 8.17 (dd, lH, J= 3.9, 2.2 Hz). 

Preparation of N1 -(1 H-Benzimidazol-2-ylmethyl)-N1-(S)-3.4-dihydo-2H-pyrano[J .2-

bfovridin-4-yl-butane-J ,4-diamine hydrochloride salt (COMPOUND 107l: 

(0609) A slurry of(S)-(3,4-Dihydro-2H-pyrano[3,2~b]pyridin-4-yl)amine (1.14 g, 7.6 mmol) 

from above, 4-(1,3-dioxo-1,3-dihydro-isoindol"'.2-yl)-butyraldebyde (1.57 g, 7.2 mmol), and 

potassium carbonate (1.00 g, 7.2 mmol) in THF (IS mL) was stirred at room temperature for I h. 

The mixture was filtered through a glass-fritted funnel and the filter cake was washed with THF 

(15 mL),.The combined filtrate was treated with sodium triacetoxyborohydride (4.7 g, 22 mmol) 

and the mixture was stirred for 1 h. The reaction was quenched with saturated sodium 

bicarbonate solution (150 mL) and stirred for 15 min. The layers were separated and the 

aqueous layer was extracted with dichloromethane (3 x 75 mL). The combined organic layers 

were dried over Na2S04 and conqentrated. Purification of the crude brown oil by column 

chromatography on silica gel {EtOAc) gave the desired secondary amine (2.25 g, 89%) as a 

white solid. 

[0610) A slurry of the amine (2.25 g, 6.4 mmol) from above, N-boc-2-chloromethyl­

benzimidazole (1.87 g, 7.0 rnmol), diisopropylethylamine (1.8 mL, 10 mmol), potassium iodide 

(SO mg, 0.3 mmol), and acetonitrile (65 mL) was stirred at 50 °C under a nitrogen atmosphere 

for 40 h. The mixture was cooled to room temperature and concentrated. The resultant residue 

was dissolved in dichloromethane (75 mL), washed with saturated sodium bicarbonate solution 

(3 x 50 mL), and washed with brine (50 mL). The organic layer was dried over Na2S04 and 

concentrated. Purification of the crude material by repetitive column chromatography on silica 

(first column: EtOAc, second colwnn: 30:1 CH2Ch/MeOH) provided the desired protected 

amine (2.97 g, 80%) as a pale yellow foamy solid. 

(06111 To a stirred solution of the protected amine (2.97 g, 5.1 mmol) from above in ethanol 

(50 mL) was added hydrazine hydrate (2.5 mL, 50 mmol) and stirring was continued at room 

temperature for 66 h. The mixture was diluted with diethyl ether (50 mL). The resultant white 

slurry was filtered and concentrated. Purification. of the crude material by column 

chromatography on silica gel (20: 1 :1 CH2Cli/MeQHfNl40H) gave the desired amine (1.80 g, 

100%) as a white foamy solid. 
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[0612) Following General Procedure D: Conversion of the free base (1.80 g, 5 .1 mmol) from 

above to the hydrochloride salt gave COMPOUND 107 (2.14 g, 82%) as a white solid. 1H NMR 

(lhO) 5 1.49-1.60 (m, 4H), 2.39-2.49 (m, 2H), 2.52-2.63 (m, lH), 2.78-2.91(m,3H); 4.324.42 

(m, lH), 4.48 (q, 2H,J= 17.2 Hz), 4.654.72 (m, 2H), 7.56-7.7.63 (m, 2H), 7.76-7.85 (m, 3H), 

7.97 (dd, lH, J= 8.7, 1.2 Hz), 8.39 (dd, lH, J= 5.1, 1.2 Hz); 13C NMR (D20) 0 19.74, 24.95, 

25.27, 39.48, 47.87, 51.46, 56.Sl, 67.41, 114.25(2), 126.92(2), 127.50, 131.04, 134.66, 134.82, 

138.84, 151.77, 155.74; ES-MS mlz 352 (M+H). Anal. Calcd. for 

~~s0•3.0HCl•2.SH20•0.l(C2Hs)lO: C~ 47.74; H, 6.68; N, 13.64; Cl, 20.72. Found: C, 

47.74; H, 6.94; N, 13.33; Cl, 20.75. 

[0613) The enantiomerfo purity of COMPOUND 107 was determined to be I 00% ee by 

chiral HPLC using the following conditions: Instrument: Hewlett Packard 1100 HPLC (VWD 1 ); 

Column: ChiralCel OD, 0.46 cm x 25 cm; Mobile Phases: A: 90:5:5 hexanes/reagent 

alcohol/methanol with 0.1 %DEA, B: hexanes; Isocratic: 80% A, 20%8; Total Run Time: 25 

min; Flow Rate: 1.0 mUmin; Temperature: 40 °C; Detector: UV @ 270 run; Injection volume: 

JOµL. 

(0614) Retention time of the S enantiomer = 12.0 min. 

(0615) Retention time of the R enantiomer = 15.2 min. 

Example 108 

m 
(N~NH 

A.. ' 2 
HN ~N 

b 
COMPOUND 108: N1 -( 1H-Benzoimidazol-2-ylmethyll-N1-£2-methyl-5,6,7:8-

tetrahydroquinolin-8~yll-butane-1,4-diamine Chydrobromide salt). 

Preparation of N-(2-methyl-5.6.7.8-tetrahydroguinolin-8-yl)acetamide: 

(0616) To a 3-neck, 500 mL round bottom fl~k containing a stir bar was added 2-methyl-8-

acetamidoquinoline (5.69 g, 28.4 mmol) and platin~(IV) oxide (322 mg, 5 mol%). The flask 

was equipped with two Teflon cannulae: one for purging of the reaction flask with nitrogen gas 
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and introduction of hydrogen, and the other leading to a flask connected to a bubbler. 
Trifluoroacetic acid (100 mL} was added to the reaction flask under an atmosphere of nitrogen. 
The stirred reaction mixture was flushed with nitrogen gas and wanned to 60 °C. Hydrogen gas 
was .bubbled through the stirred reaction for 3 h. The progress of the reaction was monitored by 
GC and/or TLC. The reaction mixture was cooled to room temperature, purged with nitrogen 
gas and the catalyst was filtered through a pad of Celite and washed with CH2Ch (100 mL}. The 
solvent was removed In vacuo and the residue was basified with saturated NaOH (pH> 14). The 
mixture was then extracted with CHCh (3 x ·:iso mL). The organic extracts were dried 

. ,fMgS04), filtered and concentrated. The crude material was purified by flash chromatography 
using l 0% MeOH in EtOAc to provide the product (3.83 g, 66%) as a white solid. 1H NMR 8 
1.57-1:66 (m, lH), 1.77-1.86 (m, 2H), 2.02 (s, 3H), 2.44 (s, 3H), 2.43-2.57 (m, IH), 2.68-2.73 
(m, 2H), 4.67-4.74 (~ lH), 6.79 (hrs, IH), 6.92 (d, IH, J= 8 Hz), 7.24 (~ lH, J= 8 Hz); 13c 
NMR S 21.6, 25.4, 25.8, 29.6, 31.0, 53.0, 123.4, 131.4, 139.2, 155.9, 157.2, 172.2; ES-MS m/z: 
227(M+Na). 

Preparation of 2-methyl-5,6, 7,8-tetrahydroguinolin-8-ylamine: 
[0617) N-(2-Methyl-5,6,7,8-tetrahydroquinolin-8-yl)acetamide (4.51 g, 22.1 mmol) was 

dissolved in 6 N HCI (40 mL). The mixture was heated at reflux for 17 h. The reaction mixture 
was cooled to room temperature, basified with saturated NaOH (pH>l4) and extracted with 
chloroform (5 x 100 mL). The organic extracts were dried (MgS04} and concentrated. The 
crude material was purified by distillation (hp l 02-104 °C at 0.20 mm Hg) to yield the product 
as a clear liquid (3.25 g, 99%). 1 H NMR (CDCb, 300 MHz} 8 1.62-1.82 (m, 2H), 1.84-2.00 (m, 
3H), 2.11-2.20 (m, lH), 2.49 (s, 3H), 2.61-2.82 (~. 2H), 3.93-4.00 (m, lH), 6.91 (d, lH, J=,1.8 
Hz}, 7.25 (d, IH, J= 7.8 Hz); 13C NMR. (CDCh) a 20.4, 24.6, 29.1, 32.6, 51.8, 121.7, 128.6, 
137.6, 155.?, 159.0; ES~MS mlz: 163 (M+H), 146 (M-NH2). 

Preparation of 2-[ 4-(2-methyJ-5,6, 7.8-tetrahydroguinolin-8-ylamino)-butyl]-isoindole­
l ,3-dione. 

[0618] To a solution of 2-methyl-5,6, 7,8-tetrahydroquinolin-8-ylamine (237 mg, 1.46 mmol) 
in CH2Ch (20 mL) at room temperature under inert atmosphere was added 4-(1,3,-dioxo-1,3-
dihydro-isoindo]-2-yl}-butyraldehyde (159 mg, 0. 731 mmol} followed by sodium 
triacetoxyborohydride (309 mg, 2.92 mmol). The reaction mixture was stirred at room 
temperature for 2 hours. Saturated sodium bicarbonate solution (I 0 mL) was. added and the 
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mixture was extracted with dichloromethane (3 x 20 mL). The combined organic extracts were 

washed with brine, dried (MgS04), filtered and concentrated. The resultant material was 

purified by column chromatography on silica gel (10: 1 :0.5 CH2Cli: MeOH: NH.tOH) to provide 

the product as a yellow oil (210 mg, 79%): 1H NMR (CDCh): 5 1.56-1.83 (m, 6H), 1.90-2.04 

(m, 2H), 2.04-2.18 (m, 2H), 2.47 {s, 3H), 2.64-2.80 (m, 4H), 3.70-3.76 (m, 3H), 6.90 (d, IH, J= 

7.8 Hz), 7.24 (d, lH, J= 7.8 Hz), 7.69-7.73 (m, 2H), 7.81-7.85 (m, 2H). 

Preparation of 2-{C[4-{l,3-dioxo-1.3-dihydro-isoindol-2-yl}-butyl]-<2-methyl-5.6. 7.8-

tetrabydroguinolin-8-yl}amino]-methyll-benzoimidazole-l-carboxylic acid tert­

butyl ester. ·~ 

(0619) 1:0 a solution of2-[4-(2-methyl-S,6,7,8-tetrahydroquinolin-8-ylamino)-butyl]­

isoindole-l,3-dione (210 mg, 0.578 mmol) in CH3CN (12 mL) was added 2-chloromethyl­

benzoimidazole-1-carboxylic acid tert-butyl ester (200 mg, 0.751 mmol), potassium iodide (14 

mg), and diisopropylethylamine(0.201 ml, 1.16 mmol). The reaction mixture was stirred at 

60°C for 17 hours. Saturated sodium bicarbonate,(15 mL) was added and the mixture was 

extracted with CH2Ch (3 x 30 mL). The combined organic extracts W<'re dried (MgS04), 

filtered and concentrated. Purification of the crude material by column chromatography on 

silica gel (1:10 EtOAc:hexanes then EtOAc then 1:10 MeOH:EtOAc) provided the product as a 

clear oil (228 mg, 66%): 1H NMR (CDCl3): a 1.23-1.31 {m, 2H), 1.46-1.58 (m, 2H), 1.63-1.73 

(m, lH), 1.68 (s, 9H), 1.73-1.85 {m, lH), 1.89-1.98 {m, lH), 2.10-2.18 (m, lH), 2AO (s, 3H), 

2.60-2.83 (m, SH), 3.50 (t, ·2H, J= 7.2Hz), 4.20 (dd, IH, J= 9.6, 6.0 Hz), 4.50 (d, IH, J= 15.6 

Hz), 4.72 (d, lff,Js::: 15.6 Hz), 6.79 (d, lH, J=7.5 Hz), 7.14 (d, lH,J= 7.5 Hz), 7.19-7.24 (m, 

2H), 7 .63-7 .69 {m, 3H), 7. 74-7.81 (m, 3H). 

Preparation of N1
-() H-Benzoimidazol-2-ylmethyll-N-{2-methyl-5.6. 7,8-

tetrahydroquinolin-8-yll-butane-1.4-diamine. 

(0620) To a solution of 2-{([ 4-(1,3-dioxo-J ,3-dihydro-isoindol-2-yl)-butyl]-(2-methyl-

S,6, 7 ,8-tetrahydroquinolin-8-yl)-amino ]-methyl} -benzoimidazole-1-carboxylic acid tert-butyl 

ester (228 mg, 0.384 mmol) in ethanol (10 mL) at room temperature was added hydrazine 

hydrate (0.10 mL ). The mixture was stirred for 4 days. The mixture was concentrated in vaccuo 

and the resultant material was purified by column .chromatography on silica gel (1 :I :10 MeOH: 

NH.OH: CH2Ch) to provide the product as a colour~ess oil (82 mg, 59%): 1H NMR (CDCh) 8 

1.25-1.45 (m, 4H), 1.60-1.70 (m, lH), 1.81-1.93 (m, IH), l.97-2.04 (m, IH), 2.10-2.18 (m, IH), 
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2.46-2.56 (m, 3H), 2.62-2.82 (m, 6H), 3.95-3.99 (m, IH), 4.00 (d, lH,J= 17.1Hz),4.09 (d~ tH, 

J= 17.1Hz),6.98(d,1H,J=7.8Hz), 7.15-7.21(m,2H),7.30(d, 1H,J=7.8Hz), 7.57-7.60 

{m, 2H). 

Preparation of N1
-( l H-benzoimidazo1-2-ylmethyl}-N1-(2-methyl-5,6, 7.8-

tetrahydroguinolin-8-yl)-butane-1.4-<liamine (hydrobromide salt) 

(COMPOUND 108). 

(0621] To a solution of N1
-( 1H·benzoimidazol-2-ylmethyl)-N1-(2-methyl-5,6, 7 ,8-

,t~trahy~oquinolin-8-yl}butane-1,4-diamine (82 mg, 0.23 mmol) in glacial acetic acid (0.S mL) 
was added HBr saturated acetic acid (1 mL). The reaction mixture was stirred for 10 minutes, 
then diethyl ether was added (50 mL). The white precipitate was aJlowed to settle and the 
solvent was removed with a pipette. EtiO (50 mL) was again added then decanted. The 
resulting precipitate was dissolved in methanol (1.S mL), ether was added (3 x 50 mL) then it 
was removed with a pipette. The resultant yellow powder was dried under reduced pressure to 
give 113 mg (76%) of the product: 1H NMR (D20) cS 1.48-1.63 (m, 4H), 1.65-1.78 (m, lH), 
1.82-2.01 (m, lH), 2.02-2.15 (m, lH), 2.25-2.31 (m, lH), 2.50-2.63 (m, lH), 2.67-2.78 (m, 4H), 

2.78-3.00 (m, 4H), 4.39 (d, lH, J= 16.8 Hz), 4.49 (d, IH, J= 16.8 Hz), 7.52-7.64 (m, 3H), 7.70-
7.79 (m, 2H), 8.13 (d, lH, J= 7.8 Hz); 13C NMR (D20) 8 19.7, 20.3, 20.S, 25.1, 27.4, 39.6, 47.7, 

51.8, 60.l, 114.3, 126.9, 130.9, 137.6, 1:47.8, 150.0, 151.7, 152.8; ES-MS mlz 365 (M+H). 

Anal. Calcd. for C17H22N4·3.0HBr· 2.3H20: C 40.80, H 5.70, N 10.81, Br 37.01. Fowid: C 

40.78, H 5.82, N 10.54, Br 37.09. 

Example 110 
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COMPQUND 110: Nl-£1H-Benmimidaml-2-ylmethvn-Nl-(4.S.6.7-tetrahydro-3H­

benzoimidazol-4-yll-butane-I.4-diamine lhydrobromide salt). 

Preparation of 4,5.6,7-tetrahydorbenzoimidazol-4-one: 

(0622) Following a modified literature procedure (Helv. Chim. Acta 1979, 62, 497), N20 4 

was bubbled into a heterogeneous mixture of 1,3--cyclohexanedione (6.98g, 62.3 mmol) 

(recrystallized from benzene) in dry diethyl ether (500 mL) at 0 °C for about 10 minutes. The 

mixture was warmed to room temperature and N204 was fmther bubbled until the reaction 

mixture became homogenous and orange in colour. The mixture was stirred for 0.5 hr. Excess 

N204 was removed by bubbijng argon gas and the solvent was removed on rotorvap to provide a 

dark orange oil which rapidly twned black. 

(06231 Approximately half of this material was dissolved in glacial acetic acid (50 mL) in a 

Parr shaker flask. Freshly prepared formic acetic anhydride (SO mL) (prepared by mixing 50 mL 

of formic acid with 25 mL of acetic anhydride and stirring for 2 hours-J. Med Chem. 2001, 44, 

36-46) and -2g of palladium on carbon (10%) were added and the mixture was hydrogenated at 

50 psi for 2 hrs. The volatiles were removed on high vaccum rotorvap and the 1H NMR of the 

crude material (5.2 g, black tar) contained a signal at 8 7.99 ppm (formylated amine product). 

[0~24) To the crude black oil was added 15 mL of formic acid and 60 rnL formamide and 

the mixture was heated at 150 °C for 30 minutes. The volatiles were rotorvaped on high vacuwn 

rotorvap (heated bath to 80 °C). Freshly prepared formic acetic anhydride (40 mL) and glacial 

acetic acid (20 mL) were added and the black mixt.ure was heated at 100 °C for I hr. The 

volatiles were again removed using hagh vacuum. Repeated purification of the material by flash 

column chromatography (4:1:0.2 CH2Ch:Me0H:NH40H) on silica gel provided 4,5,6,7-

tetrahydorbenzoimidazol-4-one (893 mg) contaminated with fonnamide and other impurities. 1H 

NMR (CDCh): 8 2.02 (p, 2H, J = 6.3 Hz), 2.39 (t, 2H, J = 6.3 Hz), 2. 75 (t, 2H, J = 6.3 Hz), 

7.82 (s, lH). 

Preparation of7-oxo-4.S.6,7-tetrahydorbe07.0imidazole-l-carboxylic acid tert-butyl ester 

(0625) This material (893 mg, 6.56 mmol) was treated with tert-butylanhydride (2.15 g, 9 .84 

mmol) in DMF (15 mL) and diisopropylethylamine (2.29 mL, 13.0 mL) at room temperature for 

17 hours. The residue was dissolved in MeOH and EtOAc and was left in the fiidge for 3 days. 

The solid which precipitated (2 recrystallizations} was clean 7-oxo-4,5,6,7-

tetrahydorbenzoimidazole-1-carboxylic acid tert-butyl ester (759 mg, 5.5% from 1,3-
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cyclohexanedione). 1H NMR (CDCl3): a 1.64 (s, 9H), 2.21(m,2H), 2.56 (dd, 2H,J= 6.6, 6.3 

Hz), 3.14 (dd, 2H,J= 6.3, 6.0 Hz), 8.05 (s, IH). 

Preparation of 7-( 4-tert-butoxycarbonylamino-butvlamino )-4.5.6. 7-

tetrahydrobenzoimidazole-1-carboxylic acid tert-butyl ester. 

(0626] To a solution of7-oxo4,5,6,7-tetrahydorbenzoimidazole-l-carboxylic acid tert-butyl 

ester (632 mg, 2.82 mmol) in CH2Cl2 (50 mL) at room temperature under inert atmosphere was 

added (4-amino-butyl)carbamic acid tert-butyl ester (745 mg, 4.23 mmol) followed by sodium 

triacetoxyborohydride-(896 mg, 4.23 mmol). The reaction mixture was stirred at room 

temperature for 17 hours. Saturated sodium bicarbonate solution (20 mL) was added and the 

mixture .. was extracted with dichloromethane (3 x 30 m.L). The combined organic extracts were . . 
washed with brine, dried (Mg$04), filtered and concentrated. The resultant material was 

p~fied by colwnn chromatography on silica gel (20: 1 :1 CH2Ch: MeOH: NH.OH) to provide 

the product (558 mg, 48%): 1H NMR (CDCh): 5 1.42 (s, 9H), 1.59 (s, 9H), 1.50-1.62 (m, 4H), 

1.71-1.77 (2H), 1.82-2.00 (m, 2H), 2.06 (s, lH), 2.73-2.87 (m, 4H), 3.09-3.13 (m, 2H), 333 (br 

s, IH), 3.75-3.80 (m,.lH), 5.01 (br s, IH), 7.96 (s, IH). 

Preparation of 2-{[[ 4-tert-butoxycarbonylamino-butvlH3-tert-butoxycarbonvl-4.5.6. 7-

tetrahydro-3H-be07.aillidazol-4-yl)=amino J-methyl}-benzoimidazole-1-carboxylic 

acid tert-butvl ester. 

(0627) To a solution of7-(4-tert-butoxycarbonylamino-butylamino)-4,5,6,7-

tetrahydrobenzoimidazole-I-carboxylic acid tert-butyl ester (365 o;ig, 0.893 mmol) in CH3CN 

(12 mL) was added 2-chloromethyl-benzoimidazole-1-carboxylic acid tert-butyl ester (357 mg, 

1.33 mmol), potassiwn iodide (14 mg), and diisopropylethylamine (0.311ml,1.78.mmol). The 

reaction mixture was stirred at 40°C for 17 hours. Saturated sodium bicarbonate (15 mL) was 

added and the mixture was extracted with CH2Cli (3 x 30 mL). The combined organic extracts 

were dried (MgS04), filtered and concentrated. Purification of the crude material by column 
I 

chromatography on silica gel (diethyl ether saturated with ammonia) provided the product as a 

white foam (269mg, 47%): 1HNMR (CDCh)~ o 1.41(s,9H), 1.34-1.50 (m, 6H), 1.59 (s, 9H), 

1.68 (s, 9H), 1.60-1.75 (m, 2H), 1.88 {s, 2H), 1.93-2.03 (m. 2H), 2.63-2.76 (m, 4H), 2.79-3.01 

(m, 2H), 4.04-4.80 (m, lH), 4.35 (cl, lH,J= 16.2 J-lz), 4.45 (d, lH,J= 16.2 Hz), 4.94-4.99 (m, 

IH), 7.26-7.31(m,2H), 7.71-7.76 (m, 2H), 7.80-7.86 (m, IH), 7.94 {s, IH). 
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Prei:>aration of N1 -OH-benzoimjdazol-2-ylmethyl)-N1 
-( 4.5.6.7-tetrahydro-3H­

benzoimidazol-4-yl)-butane-1.4-diamine Qwdrobromide salt). 

(COMPOUND 110). 

(0628] To a solution of 2-{[[ 4-tert-butoxycarbonylamino-butyl)-(3-tert-butoxycarbonyl-

4,5,6, 7 -tetrahydro-3H-benzamidazol-4-yl)-amino ]-methyl }-benzoimidazole-1-carboxylic acid 

tert-butyl ester(204mg, 0.319 mmol) in glacial acetic acid (1.0 mL) was addedHBr saturated 

acetic acid (1.5 mt). The reaction mixture was stirred for 30 minutes, then diethyl ether was 

added (SO mL). The white precipitate was allowed to settle and the solvent was removed with a 

pipette. Et20 (SO mL) was again added then decanted. The resulting precipitate was dissolved in 

methanol (1 mL), ether was added (3 x 50 mL) then it was removed with a pipette. The resultant 

white powder was dried under reduced pressure to give 170 mg (78%) of COMPOUND 110: 1H 

NMR (D20) 8 1.45-1.67 (m. 4H), 1.67-1.86 (m, 2H), 2.06-2.21 {m, 2H), 2.S0-2.66 (m, 3H), 

2.74-2.78 (m, IH), 2.79-2.89 (m, 2H), 4.26-4.40 (m, 3H), 7.55-7.60 (m, 2H), 7.75-7.80 (m, 2H), 

8.54 (s, IH); 13C NMR(D10) 8 20.3, 21.3, 22.0, 25.0, 25.6, 39.7, 47.3, 51.2, 55.4, 114.2, 126.9, 

127.9, 130.9, 131.7, 132.8, 153.5; ES-MS mlz 339 (M+H). Anal. Calcd. for C17H22N4·3.5HBr· 

2.1H20·0.3C4H100:C35.59, H 5.43, N 12.33, Br 41.02. Found: C 35.44, H 5.35, N 12.25, 

Br 41.26. 

Example 111 

CQ 
iN~NH2 

Hq-.;: 
HBr 

~ b 

COMPOUND 111: Preparation of N1-(S.6-dimethyl-l H-benzimidazol-2-ylmethyll-N1
-

(5,6, 7,8-tetrahydro-auinolin-8-yl)-butane-1.4-diamine CHBr salt). 

(0629) To a ~tirred solution of2-[4-(5,6,7,8-tetrahydro-quinolin-8-ylamino)-butyl]­

isoindole-l,3-dione (154 mg, 0.441 mmol), diisoptopylethylamine (0.15 mL, 0.861 mmol) and 

potassium iodide (15 mg, 0.090 mmol) in acetonitrile (2.5 mL) was added 2-chloromethyl-5,6-
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dimethyl-IH-beµzimidazole (prepared according to the procedures described in Bridger et al. US 
Patent Application USSN 09/535,314) {77 mg, 0.426 mmol) and the mixture heated at 60°C for 
18 hours. The mixture was then concentrated and the residue diluted with CH2Ch (30 mL). The 
solution was washed with saturated aqueous NaHC03 {l x 20 mL) and brine (2 x 15 mL). The 
combined aqueous phase was extracted with CH2Ch (Ix 15 mL). The combined organic phase 
was dried (Na2S04), filtered and concentrated under reduced pressure to give a crude brown 
foam. The foam was purified by flash chromatography (1. 75 cm ID, 12 g silica, 50: 1: 1 CH:iCh: 
MeO~: NH.tOH) to give pure 2-{4-[(5,6-dimethyl-lH-benzimidazol-2-ylmethyl)-(S,6,7,8-
tetrahydro-quinolin-8-yl)-amino]-butyl}-isoindole-l,3-dione (60 mg, 28%). 1H NMR (CDCl3) 8 
1.34-l.51 (m, 2H), 1.53-1.13 {m, 3H), 1.81-2.06 (m, 2H), 2.12-2.22 (m, lH), 2.34 (s, 6H), 2.55-
2.89 (~·4H), 3.51 (t, 2H, J= 1.3 Hz), 3.93-4.08 (m, 3H), 7.1 (dd, lH, J= 7.5, 4.8 Hz), 7.31-
7.39 (m, 31-1), 7.63-7.67 (m, 2H), 7.72-7.77 (m, 2H), 8.58 (d, lH,J= 4.0 Hz). 

(0630] To a stirred solution of2-{4-[{5,6-dimethyl-1H-benzimidazol-2-ylmethyl)-(5,6,7,8-
tetrahydro-quinolin-8-yl)-amino]-butyl}-isoindole-l,3-dione (60 mg, 0.118 mrnol) in ethanol 
(2.5 mL) was added hydrazine hydrate (0.05 mL, 1.03 mmol) and the mixture stirred at room 
temperature_for 16 hours. The mixture was then diluted with diethyl ether, dried (MgS04), 

filtered and concentrated under reduced pressure to give a crude y.eIIow oil. The oil was purified 
by flash chromatography (l.75 cm ID, 12 g silica; I 0: 1 :1 CH2Ch: MeOH: Nl!iOH) to give pure 
NJ-(5,6-dimethyl-1H-benzimidazol-2-ylmethyl)-N1·(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-
1,4-diamine (18 mg, 38%). 1H NMR (CDCIJ) o 1.30-1.46 (m, 4H), 1.60-1.75 (m, lH), 1.82-
1.96 (m, 111), 1.98-2.08 (m, lH), 2.14-2.24 (m, lH), 2.35 {s, 6H), 2.47-2.59 {m, 3H), 2.65-2.90 
(m, 3H), 3.92-4.06 (m, 3H), 7.13 (dd, IH, J= 7.9, 4.8 Hz), 7.34 (s, 2H), 7.40 (d, lH, J= 7.1 Hz), 
8.58 {s, lH, J= 3.5 Hz). 

[06311 FoJlowing the standard HBr salting procediire D: N1-(5,6-dimethyl-1H-benZimidazol-
2-ylmethyl)-N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine (17 mg, 0.045 mmol) was 
converted to the HBr salt (28 mg, 97%). 1H NMR (D20) 8 1.46-1.59 (m, 4H), 1.76-1.89 (m, 
lH), 1.94-2.08 (m, lH), 2.13-2.24 (m, lH), 2.29-2.63 (m, 8H) containing 2.41(s,6H), 2.77-2.92 
(m, 3H), 2.95-3.05 (m, 2H), 4.33 (d, IH, J= 16.2 Hz), 4.43-4.52 {m, 2H), 7.56 (s, 2H), 7.81-
7.88 (m, lH), 8.30-8.35 (m, lH), 8.58-8.63 (m, lH). 13C NMR {D20) 8 I 9.96, 20.38, 25.03, 
25.38, 27.62, 39.50, 47.99, 51.72, 60.53, 113.72, 125.86, 129.54, 137.22, 139.31, 140.54, 
147.98, 150.29, 151.36. ES-MS m!z 318 (M+H). Anal Cale. forC23H3 1N5 ·3.0HBr ·1.5H20: C, 
42.68; H, 5.76; N, 10.82; Br, 37.03. Found: C, 42.53; H, 5.64; N, 10.59; Br, 37.32. 
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Example 112 

COMPOUND 112: Preparatidn·of Nl-n=<tH-Benzjmidazol-2-yl)-ethylJ-N1-(5,6.7.8-

tetrahydro-guinoJin..8-yl)..butane-l.4-diamine <bydrobromide salt) 

Preparation of 1-(IH-Benzimidazol-2-yll-ethanone: 

cc~~o 
(0632) A solution of 1,2-phenylene diamine (3.25 g, 0.030 mol) and L-lactic acid (2.3 mL, 

0.026 mol) in 3 M HCI (15 mL) was refluxed overnight. The reaction was cooled to room 

temperature, diluted with EtOAc (SO mL) and saturated aqueous Na2C03 and solid Na2C03 to 

pH 10. The aqueous phase was washed with EtOAc (1 x 50 mL) and the combined organic 

extracts dried (Na2S04) and concentrated to afford a brown"°range solid which ·was used in the 

next reaction without further purifica~on. 

(0633) To a stirred solution of the crude alcohol from above (0.026 mol) in dry CH2Cl­

:z/MeOH (6:1, 35 mL) was added activated manganese dioxide (85% purity, <5 micron, 23.28 g, 

0.228 mol) and the suspension stirred overnight, at which point the black sluny was filtered 

through a cake of celite and washed with MeOH (3 x 50 mL). The combined washings were 

concentrated to afford a dark brown solid. Purification of the crude product by column 

chromatography on silica gel (CH2Ch/MeOH, 98:2 to 95:5) afforded the title compound as a 

red-brown solid (1.65 g, 39%). 1H NMR (CD30D) S 2.72 (s, 3H), 7.37 (dd, 2H, J= 6, 3 Hz), 

7.66-7.73 (hr m, 2H). 

(0634] Using General Procedure B: To a solution of 8-amino-5,6, 7,8-tetrahydroquinoline 

(266 mg, 1.80 mmol) in MeOH (S mL) was added t-{IH-benzimidazol-2-yl)-ethanone (285 mg, 

1. 78 mmol) and the resultant solution was stirred at room temperature for 4.5 h. Solid NaBH.t 
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(125 mg, 3.30 mmol) was added to the solution and the mixture was stirred at room temperature 

for 30 min. The resultant crude brown oil was purified by column chromatography on silica gel 

(CH2CI2/Me0H, 98:2 then 96:4) to give the desired amine (125 mg, 24%) as a brown foam and 

mixture of diastereomers (6:1). 

(0635) Following General Procedure B: To a stirred solution of the amine from above 

(mixture of diastereomers, 125 mg, 0.43 mmol) and 4-(1,3-Dioxo-1,3-dihydro--isoindol-2-yl)­

butyraldehyde (97 mg, 0.45 mmol) in dry CH2Ch (S mL) was added NaBH(OAc)J (127 mg, 

0.59 mmol) and the mixture stirred at room temperature overnight. The resultant crude brown 

oil (215 mg) was pmified by column chromatography on silica gel (CH2Ch/MeOH, 98:2 then 
96:4) to afford the desired amine (175 mg, 83%) as a brown foam. 

[0636) To a solution of the phthalimide from above (17S mg, 0.355 mmol) in EtOH (3 mL) 

was added anhydrous hydrazine (0.06 mL, 1.89 mmol) and the mixture stirred overnighl The 
resultant white solid was filtered through filter paper, washing thoroughly with CH2Cli and the 
filtrate concentrated in vacuo. The crude product was purified by radial chromatography on 

. silica gel (1 mm plate, CH2Ch/MeOH1Nli40H, 50:1:1then25:1:1) to give the desired free 

amine (67 mg, 52% 2 steps) ~ a pale yellow oil. 

[0637) Using General Procedure D: Conversion of the material fro~ above (67 mg, 0.18 
mmol) to the hydrobromide salt gave COMPOUND 112 (95 mg, 98%) as a pale green solid. 1H. 

NMR (D:zO) mixture of diastereomers 6 1.37-1.55 (m, 4H), 1.81-1.85 (m, lH), 1.83 (d, 3H, J= 

6.9 Hz), 2.05-2.16 (m, 3H), 2.69·2.74 (m, lII), 2.85 (t, 2H,J = 7.8 Hz), 2.86-3.00 (m, 3H), 

4.52-4.57 (m, IH), 4.79-4~85 (in, IH~·overlapWitb.Hori)~ 1.61(dd,2H,j ... 6.3, 3.3 Hz), 7.79 
(dd, 2H, J= 6.3, 3.3 Hz), 7.84 (dcl, lH, J = 7.S, 6 Hz), 8.31 (d, lH, J= 8.1 Hz), 8.60 (d, lH, J = 
S.4 Hz); 13C NMR (D20) mixture of diastereomers B 16.56, 20.64, 23.25, 25.19, 25.77, 27.47, 

39.46, 48.19, 53.93, 58.37, 114.33, 125.82, 127.06, 130.91, 139.02, 140.22, 148.02, 152.36, . 
154.SS. ES-MS mlz 364 (M+H). Anal. Calcd. for CnH29N5•3.lHBr-0.9H10•0.4c.µ{1oO: C, 

42.94; H, 5.79; N, 10.61; Br, 37.52. Found: C, 42.99; H, S.58; N, 10.64; Br, 37.42. 
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Example 113 

CQ 
lN~NH2 

HQ HBr 

VF 

COMPOUND 113: Preparation of N1.(4-fluoro-1H-benzimidazol-2-vlmethvl)-N1
-

(S.6. 7 .8-tetrahydro-quinolin-8-yl}butane-1.4-diamine <HBr salt), 

(0638] To a stirred solution of 2-[4-(5,6, 7,8-tetr~ydro-quinolin-8-ylamino)-butyl]­

isoindole-1,3-dione (146 mg, 0.418 mmol), cliisopropylethylamine (0.15 mL, 0.861 mmol) and 

potassium iodide (14 mg, 0.084 mmol) in acetonitrile (2.5 mL) was added 2ooebloromethyl-7-

fluoro-1H-benzimidazole (prepared according to the procedures described in Bridger et al. U.S. 

Provisional Application 60/232,891 filed 15 September 2000 and from Application 60/234,510 

filed 22 September 2000) (80 mg, 0.433 mmol) and the mixture heated at 60°C for 18 hours. 

·. The mixture was then concentrated and the residue diluted with CH2Ch (30 mL). The solution 

was washed with brine (3 x 15 mL). The combined aqueous phase was extracted with CH2Ch · 

(1 x 15 mL). The combined o:i;ganic phase was dried (Na2S04), filtered and concentrated under. 

reduced pressure to give a crude brown foam. The foam was purified by flash chromatography 

(1.75 cm ID, 12 g silica, 50:1:1 CH2Cb: MeOH:·~oH) to give pure 2-{4-[(4-fluoro-lH­

benzimidazol-2-ylmethyl)-(S,6, 7 ,8-tetrahydro-quinolin-8-yl}amino ]-butyl}-isoindole-1,3-dione 

(86 mg, 41 %). 1H NMR (CDCl3) a 1.33-1.76 {m, SH), 1.85-2.10 (m, 3H), 2.14-2.25 (m, lH), 

2.54-2919 (m, 4H}, 3.45-3.55 (m, 2H), 3.98-4.24 (m, 3H), 7.29-7.45 (m, 2H), 7.63-7.69 (m, 2H), 

7.72-7.77 (m, 2H), 8.56-8.63 (m, lH). 

[0639] To a stirred solution of 2-{ 4-((4-fluoro-lH-benzimidazol-2-ylmethyl)-(5,6, 7 ,8-

tetrahydro-quinolin-8-yl)-amino]-butyl}-isoindole-1,3-dione (86 mg, 0.173 mmol) in ethanol 

(2.0 mL) was added hydrazine hydrate (0.0S mL, 1.03 mmol) and the mixture stirred at room 

temperature for 20 hours. The mixture was then diluted with diethyl ether, dried (MgS04), 

filtered end concentrated under reduced pressure to give a crude yellow oil. The oil was purified 

by flash chromatography (1.75 cm ID, 12 g silica, 25:1:1 CH2Ch: MeOH: Nl-40H) to give pure 

N1
-( 4-fluoro-1H-benzimidazol-2-ylmethyl)-N1-(S,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-

diamine (29 mg, 46%). 1H NMR (CDCh) 8 1.28-1.47 (m, 4H), 1.63-1.77 (m, lH), 1.85-2.09 
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(m, 2H), 2.15-2.25 (m, lH), 2.46-2.60 (m, 3H), 2.65-2.76 (m, 2H); 2.79-2.91 (m, lH), 4.01-4.18 

(m, 3H), 6.89 (dd, lH, J= 10.3, 8.0 Hz), 7.05-7.11(m,1H), 7.12-7.18 (m, UI), 7.35 (d, IH, J= 

7.8 Hz), 7.43 (d, lH,J= 7.9 Hz), 8.59 (d, 1H,J=4.4 Hz). 

[0640] Following the standard HBr salting procedure D: N'-( 4-fluoro-1H-benzimidazol-2-

ylmethyl)-N1-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-butane-l ,4-diamin~ (29 mg, 0.079 mmol) was 

converted to the HBr salt (40 mg, 79%). 1HNMR (D20) 6 1.50-1.62 (m, 4H), 1.77-1.91 (m, 

UI), 1.98-2.12 (m, 111), 2.15-2.25 (m, lH), 2.33-2.43 (m, 111), 2.54-2.64 (m., lH), 2.81-2.93 (m, 

3H), 2.97-3.04 (m, 2H), 438 (d, lH, Ja:: 16.7 Hz), 4.46-4.55 (m, 2H), 7.30-7.37 (m, llI), 7.49-

7.60 (m, 2H), 7.84 (dd, lH,J.~ 7.9, 6.1Hz),832 (d, lH,Jo::: 8.0 Hz}, 8.60 (d, lH,J= 5.6 Hz). 
13 .·· . . 

C NMR (DiO) 8 20.37, 20.44, 25.01, 25.33, 27.61, 39.49, 48.39, 51.76, 60.64, 110.31, 111.57, 

111.78, 125.81, 127.28, 127.38, 139.35, 140.44, 147.80, 149.83 (cl, lC, Jc.F = 227.9 Hz), 

151.35, 152.82. ES-MS mlz 368 (M+H). Anal Cale. for ~1H26NsF ·3.0HBr ·1.9H20: C, 39.14; 

H, 5.13; N, 10.87; F,2.95; Br, 31.20. Found: C, 39.43; H, 4.99; N, 10.53; F, 2.86; Br, 37.02. 

Example 114 

COMPOUND 114: Preparation of N-<4-Methoxy~lH-beiiz.oindiazol-2-ylmethyl):N­
. (S)-(5;6, 7.8..tetrahydro-ouinolin-8-yl}-butane-1.4-di.amine )hydrochloride salt) 

(0641) Preparation of (S)-2-{[( 4-Amino-butyl)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]­

methyl }-4methoxy-benzohnidaz.ole-1-carboxylic acid tert-butyl ester: 

(0642) To a solution of (.s)-2-[ 4-(S,6, 7,8-tetrahydro-quinolin-8-ylamino )-butyl]-isoindole-

1,3-dione (3.65 g, 10.46 mmol) in acetonitrile (52 ml) was added 2-chloromethyl-4-methoxy­

benzoimidazole-l-carboxylic acid tert-butyl ester (3.10 g, 10.46 mmol), potassium iodide (87 

mg, 0.52 mmol), and diisopropylethylamine (1.82 ml, 10.46 nunol). The mixture was stirred for 

16 hours at SO 0c under a N2 atmosphere. The mix~e was concentrated, redissolved in 

methylene chloride (100 nil) and diluted with H20 (300 ml). The aqueous layer was extracted 
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with methylene chloride (2 x 75 ml) and the combined organic extracts were dried (Na2S04), 

filtered, and concentrated in vacuo to afford a dark orange oil. Purification via column 

chromatography on silica gel (CH2Cii:MeOH:N~OH, 94:5:1, v/v/v) followed by a second 

purification by column chromatography on silica gel (ethyl acetate:NI-40H, 98:2, v/v) afforded 

the product as a yellow oil (4.22 g, 66%). 1HNMR (CDCh) o 1.23 (m, 2H), 1.45 (m, 2H), 1.69 

(s, 9H), 1.93 {m, 2H), 2.62 (m, 2H), 2.75 (m, 2H), 3.50 (t, 2H), 3.98 (s, 3H), 4.10 (m, 2H), 4.60 

(m, 2H), 6.68 (dd, lH, J= 7.89, 2.19Hz), 6.92 (m, lH), 7.13 (m, 2H), 7.36 (dd, lH, J= 8.77, 

2.63 Hz), 7.68 (m, 2H), 7.78 (m, 2H), ~.31 (m, lH). 

Preparation of N-! 4-Methoxy-l H-benzoindiazol-2-ylmethyl)-N(5,6, 7.8-tetrahydro­

guinolin-8-vD-butane-1.4-diamine 

(0643) To a solution of 2-{[( 4-Amino-butyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amino ]­

methyl }-4methoxy-benzoimidazole-1-carboxylic acid tert-butyl ester (4.22 g, 6.93 mmol) in 

ethanol (69 ml) was added hydrazine hydrate (1.09 ml, 34.65 mmol). The solution was stirred 

for 16 hours at room temperature under a N2 atmosphere. A white precipitate formed. Diethyl 

ether (69 ml) was added to the mixture and the mixture stirred for 10 min. The mixture was 

filtered and concentrated. Purification via column chromatography on silica gel 

(CH2Ch:MeOH:NH40H, 94:5:1, v/v/v) afforded the product as a yellow oil (2.60 g, 98%). 
1HNMR (CDCh) o 1.35 (m, 4H), 1.93 (m, 6H), 2.68 (m, SH), 4.06 (m, SH), 6.63 (d, 1 H, J = 

8.33Hz), 7.15 (m, 3H), 7.43 (d, lH,J= 7.02 Hz), 8.60 (d, 1H,J= 4.38 Hz) 

Prepartion of COMPOUND 114: 

[0644) To a solution ofN-( 4-Methoxy-1H-benzoindiazol-2-ylmethyl)-N(5,6, 7 ,8-tetrahydro­

quinolin-8-yl)-butane-1,4-diamine dissolved in methanol (20 ml) was added HCI-saturated 

methanol (50 ml) and the mixture was stirred for 1 hour at room temperature under a N1 

atmosphere. The solution was added dropwise to diethyl ether (1.5 I) to yield a chunky white 

precipitate. The white solid was isolated via suction filtration under a steady stream of nitrogen, 

washed with diethyl ether and dried at 40 °c in vacuo overnight (4.32g, 76%). 1H NMR (D20) 

3 1.52 (m, 4H), 1.78 (m, lH), 2.00 (m, 1H);2.13 (m, lH), 2.36 (m, lH), 2.53 (m, lH), 2.74 (m, 

IH), 2.79 (m, 2H), 2.88 (m, 2H), 4.20 (s, 2H), 4.42 (t, IH), 7.75 {d, lH, J= 1.89 Hz), 7.83 (dd, 

lH, J= 7.89, 5.70 Hz), 7.80 (d, lH, J= 8.33 Hz) •. 8.38 (m, 2H), 8.57 (d, lH,J= s.10 Hz); 13C 

NMR 5 (D20) 19.53, 20.12, 20.44, 25.11, 25.23, 27.64, 39.57, 51.18, 53.04, 59.60, 124.72, 

125.79, 127.50, 13~.29, 140.53, 147.21, 147.87, 151.71, 152.96, 155.00. ES-MS m/z326 (M + 
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H). Anal. Calcd. For C20H2sN4 3.91HC12.47H20: C, 46.95; H, 7.26; N, l 0.95; Cl, 27. t 0. 

Found: C, 46.93; H, 7.32; N, 11.05; Cl, 27.11. 

Example 115 

COMPOUND 115: N1 
-( 4-methyl-IH-benzoimidaz.ol-2-ylmethyl}-N-(S.6. 7.8-

tetrahydro-quinolin-8-yll-butane-l ,4-diamine 

Preparation of 2-{-( 4-methyl- l H-indol-2-ylmethyl)-(5,6, 7 .8-tetrahydro-guinolin-8-yll­

amino J-butyl}-isoindole-l .3-dione: 

CQ 
iN~NH 

HN ~N 
2 

< > 
(0645) 2-[ 4-(5,6, 7,8-Tetrahydro-quinolin-8-ylamino )-butyl]-isoindol-1,3-dione (95. mg, 0.27 

mmol), 2-chloromethyl-4-methyl-lH-benzoimidazole (59 mg, 0.33 mmol), N,N­

diisopropylethylamine (62 µL, 0.35 nunol), and potassium iodide (4 mg, 0.03 mmol) in 

acetonitril (5 mL) were heated at 60°C overnight. The reaction mixture was cooled and the 

solvent was removed under reduced pressure to afford a brown oil. Purification by flash column 

chromatography on silica gel using NH.iOH/CH30H/CH2Ch (1:2:100) afforde!l the desired 

product as an orange foam (109 mg, 81%). 1H NMR (CDCIJ) B l.41-1.71(m,5H), 1.89-2.04 

(m, 2H), 2.15-2.19 (m, lH), 2.58-2.88 (m, 7H), 3.43-3.51(m,2H), 4.01-4.15 (m, 3H), 6.97 (d, 

1H,J=7.2Hz), 7.06-7.14(m,2H), 7.39(d, 1H,J=7.5Hz), 7.64(brm,2H). 7.71 (brm,2H), 

8.59 (d, lH, J = 4.2 Hz). 
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Preparation of N'-( 4-methyl-l H-benzoimidazol-2-ylmethyl}-N1-(5,6.7 ,8-tetrahydro­

quinolin-8-yll-butane-1.4-diamine: 

[0646) To a solution of the above amine (109 mg, 0.22 mmol) in ethanol (8 mL) was added 

hydrazine hydrate (54 µL, 1.10 mmol). The reaction mixture was stirred for 2 days at room 

temperature. Then the mixture was concentrated to dryness. Purification by radial 

chromatography on silica gel (1 mm plate, usingNJ-40H/CH30H/CH2Cii; 1:1:100-+ 1:5:100, 

gradient elution) afforded the desired product as a yellow oil (45 mg, 56%). 1H NMR (CDCh) o 
· 1.29-1.45 (m, 4H), 1.66-1.71 (m, lH), 1.91-2.05 (m, 2H), 2.17-2.21 (m, IH), 2.47-2.55 (m., 3H), 

2.64 (s, 3H), 2.67-2.74 (m,2H), 2.80-2.90 (m, lH), 4.02-4.18 (m, 3H), 6.98 (d, lH,J= 7.2 Hz), 

7.07-7.16 (m, 2H), 7.40-7.5.1(m,2H), 8.58 (d, lH,J= 3.9 Hz) . 

Preparation of N'-< 4-methyl-lH-benzolimidazol-2-ylmethyll-N' :(5.6, 7 ,8-tetrahydro­

quinolin-8-yl)-butane-1.4-diamine Chydrobromide salt): 

[06471 .To a solution of the above amine (45 mg, 0.12 mmol) in acetic acid (3 mL) was 

added hydrobromic acid saturated acetic acid (2 mL) and the reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether three times to afford a white solid. The solid 

was dissolved in methanol (1 mL) and was triturated with diethyl ether three times to afford 

COMPOUND 115 as a white solid (62 mg, 76%). 1H NMR (D20) 5 1.54 (m, 4H), 1.76-1.90 

(rn, lH), 1.97-2.09 (m, lH), 2.17-2.22 (m, lH), 2.36-2.40 (m, lH), 2.55-2.62 (m, 4H), 2.81-2.88 

(m, 3H), 3.0~-3.02 (JD:, 2H), 4.35-4.79 (m, 3H), 7.51(ABq,2H,J= 62.7, 7.8 Hz),_7.79 (t, lH,J 

= 7.5 Hz), 7.86 (dd, lH, J= 1.5, 6.3 Hz), 8.34 (d, lH,J= 7.8 Hz), 8.61 (d, lH,J= 5.7 Hz). 13C 

NMR (D20) 8 16.44, 20.33, 20.45, 25.06, 25.39, 27.64, 39.52, 48.12, 51.75, 60.50, 111.46, 

125.29, 125.89, 126.99, 127.30, 130.83, 139.26, 140.56, 148.02, 151.29, 151.38. ES-MS mlz 

364 [M+Ht. Anal. Calcd. for C22H29Ns•3.1HBr•2.3H20: C, 40.30; H, 5.64; N, 10.68; Br, 

37.77. Found: C, 40.50; H, 5.56; N, 10.67; Br, 37.48. 
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Example 116 

COMfOUND 116: N ..(4:5-dimethyl-l H-benzoimidazol-2-ylmethyl)-N-(5.6. 7.8-

tetrahydro-guionlin-8-yl)=butane-l .4kliamine (bydrobromide salt) 

Preparation of { 4-[( 4,5-dimethyl-1H-benzoimidazol-2-ylmethyl)-(5.6,7 ,8-tetrahydro­

guinolin-8-yl}-amino ]-butyll-carbamic acid tert-butyl ester: 

(06481 2-(4-(5,6,7,8-Tetrahydro-quinolin-8-ylamino )-butyl]-isoindol-1,3-dione ( 490 mg, 

1.40 mmol), 2-chloromethyl-4,5-dimethyl-1.H-benzoimidazole (328 mg, 1.68 mmol), N,N­
diisopropylethylamine (0.32 mL, 1.82 mrnol), and potassium iodide (23 mg, 0.14 mmol) in 
acetonitrile (5 mL) were stirred at 60°C overnight. Then the reaction mixture was cooled and 

the solvent was rem,oved under reduced p~essure. ~urification by flash. column cill:omatography 
on silica gel using NH40H/CH30H/CH2Ch (2: 1 :97) afforded the product impurely as a brown 
oil (440 mg). 

(06491 To a solution of the above amine (440 mg, 0.87 mmol) in ethanol (10 mL) was added 

hydrazine hydrate (0.21 mL, 4.33 mmol). The reaction mixture was stirred at room temperature 

overnight. Then the solvent was removed under reduced pressure and the orange solid was dried 

in vacuo. Purification by radial chromatography on silica gel (2 mm plate, using Nl40H.CH3-

0H/CH2Ch; 1 :I :100 4- 1:5:100, gradient elution) afforded partially pure product (183 mg) as a 
yellow oil. 

(06501 To a solution of the above amine (183 mg, 0.49 mmol) in THF (IO mL) was added 

di-tert-butyl dicarbonate. The reaction mixture was stirred at room temperature for 1 hours. 

The solvent was removed under reduced pressure io afford a yellow oil. Purification by flash 

colwnn chromatography on silica gel using NRtOWCH30WCH2Ch (1 :2:97) afforded the 
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desired product as a yellow oil (67 mg, 29%). 1H NMR. (CDCh) S 1.35 .. 1.41 (m, 1 lH), 1.63-
1.67 (m, 2H), 1.91-2.02 (m, 2H), 2.09-2.14 (m, IH), 2.35 (s, 3H), 2.53 (s, 3H), 2.59-2.68 (m, 
2H), 2.71-2.81 (m, 2H), 2.97-2.99 (m, 2H), 4.24 (dd, lH,J= 9.0, 6.0 Hz), 4.54 (q, 2H,J= 14.7 
Hz), 4.97 (br s, IH), 6.93 (dd, IH, J= 1.1, 4.8 Hz), 7.05 (d, lH, J= 8.4 Hz), 7.22 (d, IH, J= 7.5 
Hz), 7.18 (d, JH,J= 8.l Hz), 8.36(d,1H,J=3.6 Hz). 

Preparation of N'-( 4.5-dimethyl-lH-benzoimidazol-2-ylmethyl)-N'-<S.6. 7 .8-tetrahydr0= 
auinolin-8 .. yll-butane-l.4-d.iamine Chydrobromide salt): .. . 

(0651] To a solution of_the above amine (67 mg, 0.14 mmol) in acetic acid (3 mL) was 
added hydrobromic acid saturated acetic acid (2 mL) and the reaction mixture was stirred for 30 
minutes. Then it was triturated with diethyl ether three times to afford a white solid. The solid 
was dissolved in methanol (1 mL) and was triturated with diethyl ether three times to afford 
COMPOUND 116 as a white solid (66 mg, 62%). 1H NMR ("°20) S 1.54 (hr m, 4H), 1. 79-1.86 
{m, IH), 2.03 (q, lH, J= 12.9 Hz), 2.20 (br d. IH, J= 13.2 Hz), 2.36-2.43 (m, 4H), 2.47 (s, 3H), 
2.52-2.60 (m, lH), 2.81-2.88 (m, 3H}, 3.00-3.03 (m, 2H), 4.33-4.79 (m, 3H), 7.46 (ABq, 2H, J= 
24.9, 8.4 Hz), 7.85 (dd, lH, J= 7.8, 6.0 Hz), 8.33 (d, lH, J= 7.8. Hz), 8.60 (d, I~, J= 5.1, Hz) .. 
13C NMR (D20) & 13.37, 18.87, 20.2s. 20.43, 26.04, 25.36. 21.62, 39.50, 47.98, 51.75, 60.42, 
110.75, 122.89, 125.85, 129.03, 131.47, 135.59, 139.22, 140.53, 147.97, 150.84, 151.38. ES­
MS m/z 378 [M+Ht. Anal. Calcd. for CnH31Ns•3.0HBr•2.lH20: C, 41.98; H, 5.85; N, 
10.64; Br,36.42. Found: C,41.95; H,S.47; N, 10.39; Br,36.17. 

EXAMPLE 117 

COMPOUND 117: Preparation of N1-C6-Fluoro-1H-benzimidaz.ol-2-ylmethyl)-N­
(5.6. 7,8-tetrahydroquinolin-8-yl)-butane-1.4-diamine 

[0652) To a solution of 2-(4-(5,6,7,8-Tetrahyd'roquinolin-8-ylamino )-butyl]-isoindole-1,3-
dione (0.17 g, 0.5 mmol), 2 .. chloromethyl-5-fluoro-IH-benzimidazole (0.44 g, 1. 7 mmol), and 
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potassiwn iodide (5 mg, 0.02 mmol) in anhydrous acetonitrile (5.0 mL)was added 
diisopropylethylamine (0.13 mL, 0.73 mmol) and stiJTed at 60°C for 16 hours. The mixture was 
then concentrated Wlder reduced pressure and the residue partitioned between dichloromethane 
(20 mL) and brine (15 mL). The organic phase was separated and the aqueous phase was 
extracted with dichloromethane (2 x 15 mL). The combined organic phases were then dried 
(Na2S04), filtered, and concentrated under reduced pressure to give a crude residue that was 
purified by column chromatography with silica gel (2:98 MeOH/ClilCh). This afforded 2-{ 4-
((6-Fluoro-IH-benzimidazol-2-ylmethyl)-(S,6, 7,8-tetrahydroquinolin-8-yl)-amino ]-butyl}­
·~~indole-1,3-dione as an ~range solid (0.17 g;· 71%). 
_ (0653) A solution of the above compound (0.lS g, 0.3 mmol) in anhydrous ethanol (3 mL) 
was treated with hydrazine monohydrate (O.lS mL, 3.0 mmol) and stirred for 16 b. The white 
mixture was then filtered, concentrated under reduced pressure, and pmified by colwnn 
chromatography with silica gel (4:1 :95 methanol:ammonium hydroxide:dichloromethane) to 

· give COMPOUND 117 ~a pale yellow solid (0.070 g, 58%). 1H NMR (CDC13) 8 1.41 (br, 
4H), I .68 (m, IH), 1.89 (q, lH, J= 7.2 Hz), 2.02. (m, lH), 2.21 {m, HI), 2.53 (br, 3H), 2.71 (m, 
2H), 2.82 (m, I,H), 4.03 (m, 3H), 6.93 (t, IH,J= 8.4 Hz), 7.13 (t, lH, J= 6.0 Hz), 7.25 (br, IH), 
7.41 (d, lH,J== 7.8 Hz), 7.49 (m, lH), 8.57 {d, 4.5 Hz). 13C NMR (CDCh) 8 21.75, 23.00, 
26.30, 29.51(2C),41.12~ 49.69, 51.00, 62.10, 101.63 (br, lC), 110.24 (d, IC,J= 25.52 Hz), 
115.72 (br, IC), 122.62, 135.11(2C),137.91, 146.73, 147.02, 156 .. 83, 157.93, 159.20 (d, IC,J= 
281.69 ~). ES-MS mlz 368 (M+H). Anal. Cal~. f~r ~21H2~sF•O.SCH2Cl2: C, 62.99; H, 6.64; 
N, 17.08. Found: C, 63.39; H, 6.88; N, 16.77. 

Example 118 

O? 
iN~NHz 

HQ 
~N 
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COMPOUND 118: Preparation of N1-(1/{..imidpo(4.5-b]pvridin·2·ylmethyl}-N • 

(S.6. 7 .8-tetrahydro-quinolin-8-yl)-butane-1.4-diamine lhydrobrmide salt). 

Preparation of 1-{2-trimethylsilanyl-ethoxymethyl}-JH-imidazo[ 4.5-b lovridine-2-

carbox-aldehyde (prepared as described by Whitten. J.P.; Matthews. D.P.; 

McCarthy. J.R. J. Org. Chem. 1986. 51. 1891-1894): 

(0654] To a solution of 4-87.abenzimidamle (605 mg, S.08 mmol) in DMF (10 mL) under 

nitrogen was added DIPEA (1.3 mL, 7.S mmol) followed by SEMCl (1.1 mL, 6.2 mmol). The 

reaction was stirred at 80 °Cfor 2 hours and, once-cooled to room temperature, was po\ll'ed into 

brine (20 mL) and diluted with ~tOAc (30 mL). The layers were separated and the aqueous 

solution was extracted with EtAOc (15 mL x 2). The combined organic solution was dried 

(MgS04), filtered and concentrated under reduced pressure. Purification through a short silica 

plug (CH2Ch/Me0H,9:1) gave the'SEM-protected benzimidazole as an orange oil (984 mg, 

77%). 

[06S5) ·A solution of this material (132 mg, 0.527mmol)in1HF (1.5 mL) was cooled to -

78 °C under nitrogen and t-BuLi (1.7 Min pentane, 0.33 mL, 0.56 rrunol) was added slowly. 

The resulting dark red solution was wanned to 0 °C and stirred for 10 minutes, before the 

addition ofDMF (0.10 mL, 1.3 nunol). The reaction was stirred at room temperature for an 

additional 17 hours, then was quenched by the addition of saturated aqueousNRiCl (10 mL). 

The mixture was extrac~ed with EtOA.~ (15 mL x 2), and the organic solution was dried . 

(MgS04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (hexane/EtOAc, 4: l, then 1: 1) gave the aldehyde as a yellow oil ( 43 .2 

mg, 0.156 mmol, 30%). 1H NMR (CDCh) S -0.09 (s, 9H), 0.91 (t, 2H, J= 8.3 Hz), 3.63 (t, 

2H,J= 8.3 Hz), 6.08 (s, 2H), 7.39 (dd, lH,J= 8.4, 4.8 Hz), 8.24 (dd, l~J= 8.4, 1.2 Hz), 8.62 

(dd, lH, J= 4.8, 1.2 Hz), 10.11 (s, lH). 

Preparation of 2-C 4-{{5,6. 7.8-tetrahydro-guinolin-8-yll-[l-(2-trimethylsilanyl-ethoxy­

methyl}-lH-imidazo[ 4.5-b lpvridin-2-ylmethyl]-amino l-butyll-isoindole-1.3-

dione: 

(0656) A solution of the aldehyde (43.2 mg, 0.156 mmol) and 2-(4-(5,6,7,8-tetrahydro­

quinolin-8-ylamino)-butyl]-isolindole-l,3-dione (6'3 mg, 0.18 mmol) in CH2Ch (1 mL) was 

stirred at room temperature under nitrogen for 35 minutes, then NaBH(OAc)3 (53 mg, 0.25 
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mmol) was added. The reaction was stined for an additional I 7.5 hours, then was diluted with 

CH2Ch (5 mL) and washed with lM NaOH (2 mL x 2) and brine (2 mL). The organic solution 

was dried (MgS04), filtered and concentrated under reduced pressure. Purification by flash 

column chromatography on silica (CH2Cl2' Me0H/N"40H, 33:1:0.2) gave the tertiary amine as 

a light yellow foam (74.2 mg, 0.121 mmol, 78%). 1H NMR (CDCh) a ~0.13 (s, 9H), 0.81 (dd, 

2H,J= 9.3, 7.2 Hz), 1.35 .. 1.48 (m, 2H), 1.53-1.72 (m, 3H), 1.87-2.03 (m, 2H), 2.0S-2.16 (m, 

tH), 2.s5 .. 2.64 cm. 2H), 2.12-2.s2 cm. 2m, 3.46-3.S6 cm. 4H), 4.03 (dd, taJ= 9.3, 6.6 Hz), 
4.18 (d, lH,J= 13.8 Hz), 4.41 (d, lH,J= 13.S Hz), 6.03 (d, lH,J= 10.8Hz), 6.ll(d, lH,J= 
,1.f).8 Hz), 6.94 (dd, 1H,J=7.7, 4.7 Hz), 7.15 (dd, IH,J=7.8, 4.8 Hz), 7.23 (d, lH,J= 7.S Hz), 
7.66 .. 7:71(m.2H),7.76-7.80(m,2H), 7.92(dd, 1H,J=8.1, l.2Hz),8.30(dd, IH,J=4.7, 1.4 

Hz), 8.40 (d, IH, J= 3.3 Hz). 

Preparation of N1-(1H-imid~C 4,5 .. b Jpyridin-2-ylmethyl}-N-(5,6,7.8-tetr~ydro­
quinolin-8-yl)-butane-l ,4-diamine: 

(0657] A solution of the phthalimide (74.2 mg, 0.121 mmol) and hydrazine monohydrate 
(0.06 mL, 1.2 mmol) in EtOH (1.5 mL) was heated at reflux under nitrogen for 1 hour. The 

I 

excess solvent was then removed under reduced pressure. The residue was taken up into 

saturated aqueous NaHC03 (5 mL) and extracted with CH2Ch (10 mL x 3). The combined 

organic solution was dried (Na2S04), filtered and concentrated under reduced pressure, giving 

the crude primary amine as a colourless oil (55 mg, 95%). 

(0658] To a solution of this material in CH2Ch (1.5 mL) was added TFA (0.5 mL) and the 
reaction was stirred at room temperature under nitrogen for 3 hours. The excess solvent was 
removed under reduced pressure, the residue was taken up into saturated aqueous NaHC03 (l 0 

. mL) and the mixture was extracted with CH2Ch (10 mL x 3). The combined organic solution 
r.'.-. 

was dried (Na2S04), filtered and concentrated under reduced pressure. Purification by flash 
column chromatography on silica (CH2Ch/MeOWNH.tOH, 9:1:0.1) gave the free base as an 

off-white foam (23 mg, 0.066 mmol, 58%). 1H NMR (CDCh) 8 1.27-1.SO (m, 4H), 1.61-1.78 

(m, IH), 1.84-1.96 (m, lH), 1.98-2.10 (rn, lH), 2.14-2.26 (m, lH), 2.44-2.61(m,3H), 2.65-2.91 

(m, 3H), 4.03-4.15 (rn,.3H), 5.09 (br. s, 2H), 7.11-7.15 (m, 2H), 7.41 (d, lH, J= 7.8 Hz), 7.88 

(d, lH, J = 8.1 Hz), 8.32 (d, lH, J = 4.8 Hz), 8.65 (d, lH, J = 4.2 Hz). 
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Preparation of COMPOUND 118: 

(0659) A solution of the amine (22.S mg, 0.064 mmol) and saturated HBr in HOAc (O.S mL) 

in glacial HOAc (1.0 mL) was stirred at room temperature for 30 minutes. Et20 (5 mL) was 

added and the suspension was stirred for 5 minutes before the excess solvent was removed by 

pipette. The precipitate was washed with Et20 (-2 mL x 5), then dried under reduced pressure 

giving COMPOUND 118 as an off-white powder (35.4 mg, 0.053 mmol, 83%). 1H NMR 
. ' 

{DiO) 8 1.45-1.65 (m, 4H), 1.72-1.89 (m, IH), 1.94-2.08 (m, IH), 2.12-2.23 (m, lH), 2.27-2.42 

(m, lH), 2.52-2.64 (m, IH), 2.77-2.92 (m, 38),2.94-3.04 (m, 2H), 4.32 (d, lH,J= 16.8 Hz), 

4.42 (d, lH, J= 16.8 Hz), 4'.46 (dd, lH,J= 9.9, 6.0 Hz), 7.73-7~84 (m,.2H), 8.30 (d, lH, J= 7.8 

Hz), 8.55-8.63 (m, 3H). 13C NMR (DiO) 8 20.4, 20.5, 25.1, 25.3, 27.6, 39.6, 49.7, 51.5, 60.4, 

119.9, 125.7, 129.4, 137.3, 139.2, 140.4, 146.9, 147.6, 151.9, 161.3. ES-MS mlz 351 (M+H). 

Anal. Calcd. for C20H2~6·3.2HBr· 1.5H20·0.7C2Rt02: C, 38.52; H, 5.29; N, 12.60; Br 38.32. 

Found: C, 38.54; H, 5.00; N, 12.63; Br 38.25. 

Example 119 

CQ 
IN~NH2 

Hli 
l..~f N 

COMPOUND 119: Preparation of N-C1H-imidazof4,5-clpyridin-2-ylmethyll-N1
-

(5,6, 7,8-tetrahydro-guinolin-8-yl)-butane-1.4-diamine (hydrobromide salt). . . 
(0660) To a solution of 5-azabenzimidazole (460 mg, 3.86 mmol) in DMF (8 mL) under 

nitrogen was added DIPEA (1.0 mL, 5.7 mmol), followed by SBMCI (0.82 mL, 4.6 mmol). The 

reaction was stirred at 80 °C for 2 hours, then was cooled to room temperature, poured into brine 

(20 mL) and diluted with EtOAc (30 mL). The layers were separated and the aqueous solution 

was extracted with EtAOc (15 mL x 2). The organic solution was washed with brine 

(S mL x 3), dried (MgS04), filtered and concentrated under reduced pressure. Purification by 
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flash column chromatography on silica (CH2Ch/Me0H, 9:l}gave the SBM·protected 

benzimidamle as an approximately 1 :1 mixture of the two regioisomers (811 mg, 84%). 

·(0661) A solution of this material (802 mg, 3.22 mmol) in THF (10 mL) was cooled to -78 

°C under nitrogen and t-BuLi (I. 7M in pentane, 2.0 mL, 3.4 mmol) was slowly added .. The 

solution was wanned to 0 °C and stirred for 20 minutes, before the addition of DMF (0.60 mL, 

7.7 mmol). The reaction was stirred for an additional IS hours, while slowly wanning to room 

temperature. Saturated aqueous °NH4Cl (25 mL) was added and the mixture was extracted with 

EtOAc (25 mL x 2). The combined organic solution was dried (MgS04), filtered end 

:ooncentrated under reduc~d pressure. Attempted purification by flash column chromatography 

.on silica (CH2Ch/Me<?H, l 9: 1) gave the aldehyde as a mixture containing starting material, 

·nMF 'and some other unidentified species. This material was used as is in the reductive 

amination. 

(0662) This material and 2-[ 4-(5,6, 7,8-tetrahydro-quinolin-8-ylamino )-butyl]-isolindole;-1,3-

dione (74 mg, 0.21 mmol) were stirred in CH2Ch (l.S mL) for 25 minutes, then NaBH(OAc)J 

(61mg,0.29 mmol) was added. The reaction was stirred for 16 hours, then was diluted with 

CH2Ch (5 mL) and washed with IM NaOH (2 mL x 2) and brine (5 mL). The organic solution 

was dried (MgS04), filtered and concentrated under reduced pressure. Purification by flash 

column c~omatography on silic~ (CH2Ch/MeOW NRiOH, 49: 1 :0.25) gave the tertiary amine 

as an approximately 55% by weight mixture with the SEM-protected azabenzimidazole (140 

mg, 0.126 mmol, 4% from the SEM-protected 5-azabenzimidazole). 

(0663] A solution of this material and hydrazine monohydrate (0.06 mL, 1.2 mmol) in EtOH 

(1.5 mL) was heated at reflux under nitrogen for 1 hour. The excess solvent was evaporated 

under reduced pressure and the residue was taken up into saturated aqueous NaHC03 (5 mL) 

and extracted with CH2Ch (10 mL x 3). The combined organic solution was dried (Na2S04), 

filtered and concentrated under reduced pressure. Purification by flash column chromatography 

on silica (CH2Cb/MeOH/N"40H, 9: I :0.05, then MeOH) gave the primary amine as a light 

yellow foam (2:1 mixture ofregioisomers, 40.1mg,0.083 mmol, 66%). 

(0664] To a solution of this material in CH2Ch (1 mL) was added TFA (0.1mL,1.3 mmol) 

and the reaction was stirred at room temperature under nitrogen for 3.5 hours. The solution was 

diluted with saturated aqueous NaHC03 (10 mL) and was extracted with CH2Ch (10 mL x 3). 

The combined organic solution was dried (Na2S04), filtered end concentrated under reduced 
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pressure. Purification by flash column chromatography on silica (CH2Cl:z/MeOHJNH.OH, 

9:1:0.1) gave the free base as a white foam (10.1mg,0.029 mmol, 35%). 

[0665) To a solution of the free base in HOAc (0.5 mL) was added a solution of saturated 

HBr in HOAc (0.25 mL) and the reaction was stirred at room temperature for 20 minutes. The 

solution was diluted with Et20 (4 mL) and the solvent was removed by pipette. The precipitate 

was washed with Et20 (-2 mL x 5), then dried under reduced pressure, giving 

COMPOUND 119 as a white powder (14.9 mg, 0.022 mmol, 75%). 1H NMR (D20) 8 1.48-

1.67 (m,.4H), 1.72-1.88 (m, lH), 1.96-2.08 (m, lli), 2.12-2.22 (m, lH), 2.28-2.40 (m, IH), 2.53-

2.65 (m, IH), 2.79-3.02 (m, SH), 4.29 (d, lH,J= 16.4 Hz), 4.39 (d, lH;J= 16;4 Hz), 4.44 (dd,· 

IH,J= 11.1, 6.0 Hz), 7.81 (dd, IH,J= 8.1, 6.0 Hz), 8.11 (cl, lH,J= 6.6 Hz), 8.29 (cl, lH,J= 

7.8 Hz), 8.50 (cl, IH, J= 6.9 Hz), 8.59 (d, IH, J= S.4 Hz), 9.16 (s, lH). 13C NMR CD20) 8 20.4, 

20.5, 25.0, 25.2, 27.6, 39.6, 49.6, 51.4, 60.2, 111.6, 125.6, 132.7, 133.9, 138.3, 139.2, 140.3, 

147.5, 152.l, 162.S. ES-MS mlz 351 (M+H). Anal. Calcd. for C2oH2GN6·3.3HBr·l.2Clli402: C, 

39.02; H, 4.98; N, 12.19; Br 38.24. Found: C, 38.90; H, 5.03; N, 12.50; Br 38.10. 

Example 120 
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CQMPOUNP 120: N1-(S-tritluoromethvl-IH-benzoimidazol-2-ylmctbyll-N'=(S.6.7,8-

tetrahydro=auinoiin-8-yl)-butane-1.4-diamine <hydrobromide salt) 

Preparation of 2-{ 4-[(5,6. 7.8-tetrahydro-guinolin-8-yll-CS-trifluoromethyl-1 H­

benzoirnidazol-2-ylmethyl)-amino J-butyll-isoindole-1.3-dione: 

(0666] 2-[4-(5,6, 7 ,8-tetrahydro-quinolin-8-ylamino)-butyl]-isoindol-1,3-dione (160 mg, 0.46 

mmol) and 2-chl.oromethyl-6-trifluoromethyl-JH-benzoimidazole (129 mg, O.SS mmol), N,N- · 

diisopropylethylamine (100 µL, 0.60.mmol), and potassimn iodide (8 mg, O.OS mmol) in . 

·acetonitrile were stirred at 40°C for 3 days. Then the reaction mixture was rooted and the 

·'solvent was removed under reduced pressure to afford a red oil. Purification by flash column 

·chromatography on silica gel using ~OH/CH30WCH2Cli (I :2:97) afforded the .product as an 

orange foam (190 mg, 76%). 1H NMR (CDCIJ) 81.37-1.45 {m, SH), 1.56-1.70 (m, 2H), 2.18-

2.20 {m, lH), 2.57-2.61 (m, lH), 2.72-2.80 (m, 3H), 3.49-3.54 (m, 2H), 3.98-4.16 (m, 3H), 7.13,; 

7.15 (m, JH), 7.40-7.45 (m, 2H), 7.62-7.74 (m, SH), 7.86 (hr m, lH), 8.62 (brm, IH). 

Preparation of 2-{ [( 4-amino-butyl)-(5,6, 7 .8-tetrahydro-quinolin-8-yl)-amino ]-methyl l-5-

trifluoromethyl-benzoimidazole-1-carboxylic acid tert-butyl ester: 

(0667) To a solution of the above amine (190 mg, 0.35 mmol) in ethanol (IO mL) was added 

hydrazine hydrate (80 µL, 1.74 ~ol). The reaction mixture was stirred overnight at room 

temperature and then the solvent was removed under reduced pressure. Purification by radial 

chromatography on silica gel (1 mm plate, using NH.cOH/CH30H/CH2C'2; 1: I: 100 ~ 1:4:100, 

.. _gradient elution) afforded the product partially clean as a yellow oil (140 mg). 

:~· [066.81 To a solution of the above amine (140 mg, 0.34 mmol) in THF (10 mL) was added 

di-tert-butyl dicarbonate ( 146 mg, 0.67 mmol). The reaction mixture was stirred for l hour and 

the solvent was removed under reduced pressure to yield a yellow oil. Purification by radial 

chromatography on silica gel (Imm plate, using Nli40H/CH30H/CH2Ch; 1: I: 100) afforded the 

desired product as a yellow oil (34 mg, 19% over ~o steps). 1 H NMR (CDCI]) 8 1.45-1.48 (m, 

9H), 1.68-1.76 (m, lH), 1.92 (q, lH, J= 12.3 Hz), 2.02-2.07 {m, lH), 2.18-2.22 (m, lH), 2.31 

(hrs, lH), 2.51-2.60 (m, lH), 2.60-2.72 (m, 2H), 2.75-2.91 {m, 3H), 4.03 (t, lH, J= 6.3 Hz). 

4.10 (d, IH,J= 11.4 Hz), 4.48 (brt, IH), 7.17 (dd, lH,J= 7.2, 4.8 Hz), 7.44 (d, 2H,J= 8.1 

Hz), 7.56 and 7.73 (d, total lH, J= 7.2 Hz), 7.7~and 7.94 {s, total lH), 8.59 (s, lH). 
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· J>raaration of N-cS-trifluorometliYl .. Jif..benr.oimidazol-2-ylmethyl)-N1.(5.6.7.8-

tetrahydro-qµinolin-8-yll-butane-l.4-diamine <h,ydrobromide salt); 

[0669) To a solution of the above amine (34 mg, 0.07 mmol) in acetic acid (2 mL) was 

added hydrobromic acid saturated acetic acid (2 mL) and the reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether five times to afford COMPOUND 120 as a 

white solid (29mg, 60%). 1H NMR (DiO) 8 1.55 (br s, 4H), 1.83-1.86 (m, IH), 2.05 (q, IH, J = 
11.6 Hz), 2.17-2.21 (m. lH), 2.37 (br s, lH), 2.57-2.59 (m, lli), 2.88 (br s, 3H), 3.00-~.01 (m, 

2H), 4.37-4.59 (m, 3H), 7.82-7.93 (m, 3H), 8.17 (s, lH), 8.32 (d, lH,J= 7.~ Hz), 8.62 (d, lH,J 

= S.4 Hz). 13C NMR (IhO) 8 ES-MS mlz 418 [M+Ht. Anal. Calcd • .for CnH2~sF3. 

•3.0HBr•2.0H20: C, 37.9S; H, 4.78; N, 10.06; Br, 34.43. Found: C, 37.86; H, 4.61; N, 

9.89; Br, 34.71. 

Examole 121 

COMPOUND 121: N'-C5.6-dihydro-4H-imidazo[4.5.1-it1auinolin-2-ylmethyl)-N1-

CS.6. 7 .8-tetrahydr0:0uinolin-8-yl)-butane-1.4-diamine (bydrobromide salt). 

Preparation of 2-{ 4-[(5.6-dihydro-4H-imidazo[4.5. l-iT1guinolin-2ylmethyl)-(5.6. 7 .8-

tetrahydro-quinolin-8-yll-aminol-butyl}-isoindole-1.3-dione: 

(0670} To a solution of2-methyl-5,6-dihyclro-4H-imidazol[4,5,l-ij]quinoline (497 mg, 2.67 

mmol) in dioxane/water (10 mL:l mL) was added selenium (IV) oxide (326 mg, 2.94 mmol). 

The reaction mixture was heated to 110°C overnight Then the mixture was cooled and the 

solvent was removed in vacuo to afford a dark brown solid. Purification by flash column 

chromatography on silica gel using 2%CH30H/C}i2Ch afforded the product as a yellow oil (180 

mg), which was used without further purification. 
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(0671) To a solution of the above crude aldehyde (180 mg, 0.97 mmol)and 2-(4-(S,6,7,8-

tetrahydr°."Quinolin-8-ylamino)-butyl]-isoindol-1,3-dionc (372 mg, 1.06 mmol) in CH2Ch 
(10 ml) was added sodium triacetoxyborohydride ( 410 mg, 1.93 mmol). The, reaction mixture 

was stirred at room temperature for 3 days. Then the solvent was removed under reduced 

pressure to afford a yellow oil. Purification by flash column chromatography on silica gel using 

2%CH301YCH2Ch afforded the product as a yellow oil (135 mg, 27%). 1H NMR (CDCh) ~ 

1.42-1.47 (m, 2H), 1.56-1.63 (m, 2H), 1.93-1.96 (m, 2H), 2.06-2.07 (m, 2H), 2.22 (t, 2H,J= 6.0 

Hz), 2.60-2.67 (m, 3H), 2.70 (m, lH), 2.95 (t, 2H, J• 6.0 Hz), 3.56 (t, 2H, J= 6.0 Hz), 4.01 (t, 

lH, J= 6.0 Hz), 4.16 (ABq, 2H, J= 42.0, 15.0 Hz), 4.29-4.35 (m, IH), 4.51 (br s, lH), 4.58-

4.66 (m, lH), 6.94 (d, lH,J= 7.2 Hz), 7.01-7.06 (m, lH), 7.09 (t, lH,J= 8.1 Hz), 7.29 (d, lH,J 

= 7.5 Hz), 7.47 (d, lH,J= 8.1 Hz), 7.68-7.70 (m, 2H), 7.78-7.81(m,2H), 8.41 (d, lH, J=3.9 

Hz). 

Preparation of 2-{ 4-[(5,6-dihydro-4H-irnidazof 4.5. 1-itlquinolin-2-ylmethyll-(5,6. 7.8-

tetrahydro=auinol in-8-yll-amino J-bu1;yl }-isoindole-1.3-dione: 

(0672) To a solution of the above amine (135 mg, 0.26 mmol) in ethanol (10 llll:> was added 

hydrazine hydrate (63 µL., 1.30 mmol). The reaction mixture was stirred overnight. Then the 

solvent was remd\red under reduced pressure to afford a yellow oil. Purification by radial 

chromatography on silica gel (1 mm plate, usingNRiOH/CH30H/CH2Cli; 1:1:100 ~ 1:6:100, 

gradient elution) afforded the product as a yellow oil (47 mg, 46%). 1H NMR (CDCI)) 5 1.30-
. . . . . 

1.47 (m, 4H), 1.67-1.69 (m, 2H), 1.86-2.00 (m, 4H), 2.08-2.10 (m, IH), 2.21 (t, 2H, J= 6.0 Hz), 

2.54-2.69 {m, 4H), 2.74-2.79 (m, lH), 2.95 (t, 2H, J= 6.0 Hz), 4.08 (ABq, 2H, J= 38.1, 9.6 Hz), 

~~04-4.~0 {m, lH), 4;27-4.31 (m, lH), 4.54-4.60 (m, lH), 6.95 (d, lH,J= 7.2 Hz), 7.02 (dd, lH, 

i=7.7,4.5Hz), 7.lO(t, 1H,J=7.2,Hz), 7.32(d, 1H,J=7.5Hz), 7.48(d, 1H,J=8.1 Hz),8.46 

(d, 1H,J=4.S Hz). 

Preparation of N1.(5.6-dihydro-4H-imidazo[4.5. l-il1guinolin-2-ylmethyll-N'-(5.6. 7 .8-

tetrahydro-auinolin-8-yll-butane-1.4-diamine: 

(0673) To a solution of the above amine (47 mg, 0.12 mmol) in acetic acid (3 mL) was 

added a hydrobromide satmated acetic acid (2 mL). The reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether three times. The pale yellow solid was dried . 
in vacuo, re-dissolved in methanol (1 mL), and triturated with diethyl ether three times. The 

resulting solid was dried in vacuo overnight (54.7 mg, 68%). 1H NMR (020) 81.55 (br s, 4H), 
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1.76-1.90 (m, Ill), 2.15 (q, lH,J= 17.4 Hz), 2.30-2.32 (m, lH), 2.33-2.42 (m, JH), 2.52-2.59 

(m, lH), 2.80-2.88 (m, JH), 3.01·3.09 (m, 4H), 4.34-4.58 (m, SH), 7.38 (d, lH, J= 7.2 Hz), 

7.S0-7.61(m,2H), 7.85.(dd, IH,J= 7.5, 6.0 Hz), 8.34 (d, lH, J= 7.8 Hz), 8.61 (d, lH,J= 6.0 

Hz). he NMR (D20) l) 20.43, 22.12, 23.04, 25.05, 25.45, 27.68, 39.50, 43.86, 46.85, 51.94, 

60.59, 111.29, 123.82, 125.92, 126.19, 127.36, 129.06, 139.36, 140.64, 148.09, 149.50, 151.30. 

ES-MS mlz 390 [M+Ht. Anal. Calcd. for ~,.H31Ns•3.0HBr•2.lH20: C, 43.02, ~ S.15; N, 

·J0.45; Br, 35.77. ·Found: C, 42.86; H, S.75; N, 10.49; Br, 35.88. 

Example 122 

COMPOUND 122: N {1-allyl-1H-benzoimidazol-2-ylmethyl)-N1-(5,6, 7,8-tetrahydro­

guinolin-8-yll-butane-t ,4-diamine Chydrobromide salt). 

Preparation of (1-allyl-lH-benzoimidazol-2-yll-methanol: 

[0674) To a solution of(IH-benzoimidazol-2-yl)-methanol (501 mg, 3.38 mmol) and allyl 

bromide (0.29 mL, 3.38 mmol) in DMF (15 mL) was added N,N-diisopropylethylamine (0. 71 

mL, 4.06 mmol). The reaction mixture was stirred at 60°C overnight. Then the mixture was 

cooled to room temperature and quenched with saturated NaHC03 (25 mL). Then it was 

extracted with CH2Ch (3 x 25 mL). The combined organic layer was washed with brine (2 x 25 

mL), dried (MgS04), filtered, concentrated, and dried in vacuo to afford a brown oil. 

Purification by flash column chromatography on silica gel using 2% CH30H/CH2Ch afforded · 

the product as a yellow oil (180 mg, 28%). 1H NMR (CDCh) 8 4.85 (br s, SH), 4.98 (d, lH, J = 

17.1 Hz), S.17 (d, lH,J= 10.5 Hz), 5.88-6.01 (m, IH), 7.20-7.26 (m, 3H), 7.66 (t, lH,J= 3.9 

Hz). 
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Pmparation of l-allyl-lH-be111.0hnidazole-2-carbaldehyde: 

[0675) To. a solution of the above alcohol {180 mg, 0.96 mmol) in CH2Ch (10 mL) was 

added manganese (IV) oxide (831 mg, 9.56 mmol). The reaction mixture was stirred for 4 

hours. Then the mixture was filtered through a layer of celite and the filtrate was concentrated 

to dryness to afford a yellow oil (158 mg, 88%). 1H NMR (CDCh) 8 5.02 (d, 2H, J= 15.0 Hz), 

5.16-5.27 (m, 2H), S.96 (br s, lH), 7.39-7.44 (m, 38), 7.92 (d, lH, J= 6.0 Hz), 10.09 (s, IH). 

Preparation of 2-{ 4-CO-allyl-lH-benzoimidaz.ol-2-ylmethyl)-CS.6. 7.8-tetrahydro­

guinolin-8-vJ)-aminoJ-butv1l-isoindole-l .3-dione; 

(0676) To a solution of the above aldehyde (158 mg, 0.85 mmol) and 2-(4-(5,6,7,8-

tetrahydro-quinolin-8-ylamino)-butyl)-isoindol-l,3-dione (326 mg, 0.93 mmol) in CH2Cl2 

(I 0 mL) was added sodium triacetoxyborohydride (360 mg, 1. 70 mmol). The reaction mixture 

was stirred overnight Then the solvent was removed under reduced pressure to afford a yellow 

foam. Purification by flash column chromatography on silica gel using Nli40H/CH30H/CHCh 

(0:2:98 ~ 1:2:98) to afford the product as a yellow oil (165 mg, 37%), which was used without 

further purificatio~. 

[0677) The above amine (165 mg, 0.32 mmol) in concentrated H2S04 (2 mL)/water (20 

mL) was refluxed overnight. Then the reaction was cooled and basified to pH=l 1 with I 0 N 

NaOH. Then it was extracted with CHCh (5 x 25 mL). The organic layer was dried (Na2S04), 

filtered, concentrated, and dried in vacuo to afford a yellow oil. Purification by radial 

chromatography on silica gel (1 mm plate, using NH.OH/CH30H/CH2Ch; 1: 1: 100 ~ 1:6:100) 

to afford the product as a yellow oil (23 mg, 19%). 1H NMR (CDC13) 8 1.23-1.46 (m, 4H), 

b65-L7o (m, lH), 1.93-2.10 (m, 3H), 2.53 (t, 2H,J:= 6.9 Hz), 2.62 (t, 2H, J= 7.8 Hz), 2.68-

2:70 (m, IH), 2.75-2.80 (m, lH), 4.03-4.13 (m, 3H), 4.81 (d, lH,J= 18.0 Hz}, 5.02-5.09 (m, 
I 

2H), 5.47 (dm, lH, J = 16.2 Hz), 5.84-5.96 (m, lH), 7.02 (dd, lH, J= 1.5, 4.8 Hz), 7.18-7.24 

(m, 2H), 7.29-7.33 (m, 3H), 7.67-7.72 (m, lH), 8.46 (d, lH,J= 4.2 Hz). 

. . 

Preparation of N1-(1-allyl-lH-benzoimidazol-2-ylmethyll-JY1-(5,6,7,8-tetrhaydro-

. guinolin-8-yll-butane-1.4-diamine Chvdrobromide salt): 

(0678) To a solution of the above amine (23 mg, 0.06 mmol) in acetic acid (3 mL) was 
. 
added hydrobromide saturated acetic acid (2 mL). The reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether five times to afford COMPOUND 122 as a 

cream-coloured solid, which was dried in vacuo for three days. 1H NMR (020) 8 1.54 (s, 4H), 
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1.74-1.88 (m, lH), 2.05 (q, IH, J= 10.S Hz), 2.17-2.22 (m, lH), 2.39-2.43 (m, IH), 2.54-2.59 
(m, IH), 2.78-2.88 (m, 3H), 3.01(brd,2H,J=4.8 Hz), 4.49 (dd, lH,J= 10.8, 5.7 Hz), 4.50 
(ABq, 2H, Jc: 51.5, 17.7 Hz}, 5.09-5.14 (m, JH), 5.35 (d, lH,J= 10.2 Hz), 6.01-6.14 (m, IH) 
7.61-7.67 (m, 2H), 7.80-7.89 (m, 3H), 8.35 (d, lH, J= 7.8 Hz}, 8.63 (d, lH, J• 5.1 Hz). 13c 
NMR (020) 8 20.42, 25.03, 25.47, 27.69, 39.50, 47.43, 47.62, 52.00, 60.90, 113.16, 114.52, 
119.04, 125.95, 126.94, )27.31, 130.34, 130.51, 132.81, 139.37, 140.65, 148.13, 151.09, 151.68. 
ES:-MS mlz 390 [M+Ht. Anal. Calcd. for C2,.Il31Ns•3.0HBre2.0ii20: C, 43.13; H, S.73; N, 
10.48; Br, 35.81. Found: C, 43.09; H, 5.60; N, 10.28; Br, 36.08. 

Example 123 

COMPOUND 123: Preparation of Nl ·Cl-AllyJ-lH-benzimidazol-2-ylmethyll-Nl-(S)-

5.6. 7.8-tetrahydro-guinolin-8-yl-butane-1,4-diamine (hydrochloride. salt) 

Preparation of N-(5,6, 7,8-Tetrahydro-auinolin-8yll-butane-l ,4-cliamine: 
[0679) To a solution of2-[4-(5,6,7,8-tetrahydro-quinolin-8-ylamino)-butyl]-isoindole-l,3-

dione (15.0 g, 42.98 mmol) dissolved in ethanol (215 ml) was added hydrazine hydrate (13.4 
ml). The solution was stirred for 16 hours at room temperature under a N2 atmosphere. A white 
precipitate fanned. Diethyl ether (215 ml) was added and the mixture was stirred for 10 min 
then filtered and co1_1centrated. Purification via column chromatography on silica gel 
(CH2Ch:MeOH:Nli40H, 96:3:1, v/v/v) afforded the product as a brown oil (6.77 g, 74%). 1H 
NMR(CDCIJ) 81.57 (m, 9H), 2.05 (m, 2H), 2.75 (m, 6H), 3.78 (t, lH), 7.06 (dd, lH,J= 7.89, 
4.82Hz), 7.37(d, 1H,J=7.89Hz),8.39(d, 1H,J=4.82Hz). 
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Preparation of C+£S.6. 7.8~Tetrahvdro-guinolin-8-ylaminol-butyll-carbamio acid tert­

butyl ester: 

[0680] To a solution ofN-(S,6,7,8-tetrahydro-quinolin-8yl)-butane-1,4-diamine (6.77 g, 30.9 

mmol) in tettahydrofuran (155 ml) was added slowly triethylamine (4.30 ml, 30.9 mmol) and 

Boe-ON (7.60 g, 30.9 mmol). The mixture was stirred for 72 hours at room temperature under a 

N2 atmosphere. The mixtme was concentrated and purified by column chromatography on silica 

gel (CH2Ch:MeOH:NH.OH, 96:3:1, v/v/v). A second purification by column chromatography . 
on siliea gel (ethyl acetate) afforded the product as a brown oil (8.03 g, 80%). 1H NMR (CDC)]) 

5. . .:l.43 (s, 9H), 1.60 (s, 4H), 1.78 (m, 2H), 1.99 (m, 2H), 2.78 (m, SH), 3.15 (m, 2H), 3.77 (t, 

lH), 4.87 (s, lH}, 7.07 (dd;. IH, J= 1.45, 4.82 Hz), 7.83 (d, lH, J== 7.89 Hz), 8.38 {d, lH, J= 

4.38Hz). 

Preparation of { 4-[l-Allyl-lH-benz.oimidazol-2-ylmethyll:{S.6. 7 .8-tetrahydro-auinolin-

8-yl)-aminol-butyll-cerbamic acid tert-butyl ester 

[0~81] To a solution of [4-(5,6, 7,8-tetrahydro-quinolin-8-ylamino)-butyl]-carbamic acid tert­

butyl ester (5.12 g, 16.04 mmol) in_tetrahydrofuran (80 ml) was added l-allyl-lH­

benzoimidazole-2-carbaldehyde (3.0 g, 16.04 mmol) and potassium carbonate (2.22 g, 16.04 

mmol). The mixture was stirred for 1 hour then filtered, concentrated and diluted with 

methylene chloride (80 ml). Sodium triacetoxyborohydride (6.80 g, 32.08 mmol) was added and 

the mixture was stirred for 16 hours at room 'temperature under a N2 atmosphere. The reaction 

mixture was quenched with a solution of saturated aqueous NaHC03 (100 ml). Extract with 

~ethylene chloride (2 x 100 ml). The combined organic extracts were dried (NaiS04), filtered, 

and concentrated in vacuo to afford a brown oil. Purification via column chromatography on 

si!ica gel (CH2Ch:MeOH:NH.tOH, 96:3:1, v/v/v) afforded the product as a white foam (4.64 g, 

74%). 1H NMR (CDCb) 8 1.41 (s, lH), 1.63 {s, 3H), 1.99 (m, 3H), 2.36 {m, 3H), 2.99 (m, 2H), 

4.01(s,2H), 4.13 (m, IH), 4.80 (m, 2H), 5.07 (m, 2H), 5.40 (d, lH,J= 18 Hz), 5.91 (m, IH), 

7.02 (dd, lH, J• 7.45, 4.82 Hz), 7.31 (m, 4H), 7.71 {m, IH), 8.47 (d, lH, J = 3.95 Hz). 

Preparation of COMPOUND 123 

(0682] To a solution of { 4-[ l-Allyl-1H-benzoimidazol-2-ylmethyl)-{S,6,7 ,8-tetrahydro­

quinolin-8-yl)-amino ]-butyl }-cerbamic acid tert-~utyl ester (5.84 g, 15.01 mmol) in methanol 

(20 ml) was added HCJ-saturated methanol ( 40 ml) and the mixture stirred for 1.5 hours at room 

temperature under a N2 atmosphere. The solution was added dropwise to diethyl ether (1.5 I) to 
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yield a chunky white precipitate. The white solid''WBS·isolated via suction filtration under a 

steady stream of nitrogen, washed with diethyl ether and dried at 40 °c in vacuo overnight ( 4.92 

g, 73%). 1H NMR (020) a 1.56 (s, 4H), 1.81 (m. lH). 2.07 (m. 2H), 2.41 (m, 2H), 2.89 (m, 

2H). 3.54 (m, 2H), 4.49 (m, 3H), 5.10 (m, 3H), 5.37 (d, lH, J =10.52 Hz), 6.08 (m, lH), 7.63 

(m, lH), 7.88 (m, 3H). 8.37 (d, lH, Ja 8.33 Hz), 8.67 (d, lH, J= 5.26 Hz); 13C NMR (D20) 

a 13.47, 19.30, 23.92, 24.36, 26.58, 38.41, 46.36, 46.52, 50.85, 59.76, 65.34, 112.09,. 113.34, 

118.0, 124.88, 125.87, 126.29, 129.19, 131.60, 138.27, 139.55, 147.09, 149.90, 150.56. ES-MS 

m/z 390 (M + H). Anal. Calcd. For (C2dl31Ns)2.87(HCl)l .51(H20)0.47(CJl100): C, 55.91 ; H, 

7.54; N, 12.60; Cl, 18.27. Found: C, 55.91; H, 7.SS; N, 12.60; Cl, 18.27. 

Example 124 

·COMPOUND 124: N1
-( l-cyclopropylmethyl-1 H-benzoimidazol-2-ylmethyl)-N'­

(S.6.7.8-tetrahydro-auinolin-8-yl)-butane-1.4-diamine (hydrobromide salt): 

Preparation of (1-cyclopropylmethyl-lH-benzoimidazol-2-yl)-methanol: 

(0683) To a solution of(bromomethyl)cyclopropane (0.39 mL, 4.02 mmol) and (lH­

benzoimidazol-2-yl)-methanol (596 mg, 4.02 mmol) in DMF (IO mL) was added.N,N­

diisopropylethylamine (0.84 mL, 4.82 mmol). The reaction mixture was stirred at 60°C for 3 

days. Then it was cooled to room temperature and quenched with saturated NaHC03 (1 S mL) 
l 

and the phases were separated. The aqueous phase was washed with CH2Ch (3 x 20 mL). Then 

the combined organic layers were washed with brine (2 x 30 mL), dried (MgS04), filtered, 

concentrated, and dried In vacuo to afford a dark brown oil. Purification by flash column 

chromatography on silica gel using 2% CH30H/CHzCh afforded the product as a yellow solid 
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(210 mg, 26%). 1H NMR (CDC!,) S 0.40-0.45 (m, 2H), 0.52-0.61 (m, 2H), 1.22-1.33· (m, IH), 

4.13 (d, 2H,J= 6.6 Hz), 4.88 (s, 2H), 7.22-7.24 (m, 2H), 7.36-7.38 (m, IH), 7.66-7.69 (m, IH). 

Preparation of l-cyclopropylmethyl-lH-benzoimidazole-2-carbaldehyde: 

[0684) To a solution of the above alcohol (210 mg, 1.05 mmol) in CH2Ch (15 mL) was 

added manganese (IV) oxide (910 mg, IO.SO mmol). The reaction mixture was stirred 

overnight Then it was filtered through a layer of celite and the filtrate was concentrated to 
dryness to afford a brown oil (160 mg, 76%), which was used without further purification. 1H 

~MR(CDCl3) S 0.43-0.48 (m, 2H), 0.50-0.58 (m, 2H), 1.33-1.38 (m, Ill), 4.54 (d, 2H,J== 9.0 

Hz), 7.38-7.53 (m, 31-1), 7.95 (d, IH, J= 9.0 Hz), 10.12 (s, lH). 

Preparation of 2-{4-[(1-cyclopropylmethyl-lH-benzoimidazol-2-ylmethyll-CS.6, 7.8-

tetrahydro-auinolin-8-yl)-aminolbutyl l-isoindole-1.3-dione: 

{0685) To a solution of the above aldehyde (160 mg, 0.80 mmol) and 2-[4-(5,6,7,8-
tetrahydro-quinolin-8-ylamino)-butyl]-isoindol-l,3-dione (307 mg, 0.88 mmol) in CH2Ch 
(10 mL) was added sodium triacetoxyborohydride (339 mg, 1.60 mmol). The reaction mixture 
was stirred overnight. Then the solvent was removed under reduced pressure to afford a yellow .' 
oil. Purification by flash colwnn chromatography on silica gel using 2% CH30H/CH2Cb 

afforded the product as a yellow oil (332 mg, 79%). 1H NMR (CDCh) a 0.17-0.22 (m, UI), 

0.28-0.33 (m, HI), 1.04-1.06 (m, lH), 1.38-1.45 (m, 2H), 1.51-1.65 (m, 3h), 1.96-2.06 (m, 3H), 
I . 

2.58-2.64 (m, 3H), 2.77-2.81 (m, lH), 3.52 (t, 2H, J= 1.5 Hz), 4.04-4.09 (m, 3H), 4.18-4.25 (m, 
lH), 4.48-4.55 (m, IH), 6.96 (dd, lH, J= 7.5, 4.8 Hz), 7.14-7.20 (m, 21-1), 7.25-7.34 (m, 2H), 

7.63-7.69 (m, 3H), 7.70-7.80 (m, 2H), 8.44 (d, lH, J= 3.3 Hz). 

Preparation of N1 -(l-cyclopropyJmethyJ-1 H-benzoimidazol-2-ylmethyl)=N' {5,6, 7 ,8,­

tetrahydro-guinolin-8-yl}-butane-1,4-diamine: 

[0686] To a solution of the above amine (332 mg, 0.62 mmol) in ethanol (15 mL) was added 
hydrazine hydrate (0.15 mL, 3.11 mmoJ). The reaction mixture was stirred overnight. Then the 
solvent was removed under reduced pressure to afford a pale yellow oil. Purification by radial 
chromatography on silica gel (2 mm plate; using NH.tOH/CH30H/CH2Ch; 1 :3:100 

-+ 1:7:100; gradient elution) afforded the desired product as a yellow oil (168 mg, 67%). 1H 

NMR (CDCh) a 0.21-0.23 (m, lH), 0.28-0.31 (m, lH), 0.42-0.47 (m, 2H), 1.09-1.12 (m, lH), 

1.32-1.41 (m, 3H), 1.65-1.73 (m, IH), 1.95-2.05 (ni, 3H), 2.52-2.61 (m, 3H), 2.70-2.73 (m, lH), 
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2.75-2.81 (m, 3H), 3.66 (s, 2H), 4.03-4.07 (m, lH), 4.19-4.21 (m, IH), 4.49-4.52 (m, lH), 7.03 

(dd, lH,J= 7.7,4.S Hz), 7.15-7.23 (m, 2H), 7.31-7.36 (m, 2H), 7.65-7.71 (m, lH), 8.47 (d, IH, 

J=3.9Hz). 

Preparation of N1-{1-cyclopropylmethyl-1H-benzoimidazol-2-ylmethyl)-N1-(5,6, 7 .8.­

tetrahydro-guinolin-8-yll-butane-1,4-diamine (hydrobromide salt): 

[9687) To a solution of the above amine (142 mg, 0.35 mmol) in acetic acid (3 mL) was 

added hydrobromide saturated acetic acid (2 mL). The reaction mixture was sti1Ted for 30 

minutes. Then it was trituratec;I with diethyl ether three times and the solid was dried in vacuo. 

The solid was then re-dissolved in anhydrous methanol (1 mL) and was triturated with diethyl 

ether three times. The pale yellow solid (198 mg, 80%) was dried in vacuo overnight. 1H NMR 

QJ20) 5 0.51(d,2H, J= 4.8 Hz), 0.65 (d, 2H, J= 1.5 Hz), 1.31-1.32 (m, lH), 1.53 (br s, 4H), 

1.77-1.91 (m, lH), 2.02-2.23 (m, 2H), 2.42-2.46 (m, lH), 2.55-2.60 (m, lH), 2.86 (s, 3H), 3.02 

(d, 2H, J= 4.5 Hz), 4.39 {d, 2H, J= 7.2 Hz), 4.47 (s, lH), 4.45-4.50 (m, lH), 4.65 (cl, lH, J= 

17.4 Hz), 7.62-7.65 (m, 2H), 7.83-7.89 (m, 3H), 8.35 (d, lH,J= 7.8 Hz), 8.64 (d, IH,J= S.7 

Hz). 13C NMR(D20) s 4.11, 4.15, 14.55, 20.45, 25.06, 25.55, 27.73, 39.50, 48.03, 49.95, 52.08, 

60.97, 113.35, 114.33, 125.98, 126.80, 127.22, 130.45, 132.94, 139.40, 140.67, 148.18, 151.08, 

151.32. ES-MS mlz404 [M+Ht. Anal. Calcd. for C2sH33Ns•3.lHBr•l.5H20•0.3C4H1oO: 

C, 44.72; H, 6.03; N, 9.95; Br, 35.20. Found: C, 44.82; H, 6.07; N, 9.98; Br, 35.00. 

Example 125 
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COMJ>OUNP 12Si N' ·Cl-pYridin-2-ylmethyl-lH-imidazol-2-yhnethyll-d-<S.6.7,8-
tetrahydro-quinolin-8-yll-butane-1 A·diamine <bydrobromide salt) 

Preparation of 1-pvridine-2-vlmethyl-lH-imidazole-2-carbaldehyde: 
[0688] To a solution of the 2-imidazolecarboxaldehyde (545 mg, 5.67 mmol) and 2-

(bromomethyl)pyridine hydrobromide (1.58 g, 6.24 mmol) in DMF (20 mL) was added N,N­
diisopropylethylamine (3.0 mL, 17.01 mmol). The reaction mixture was heated to 80°C 
overnight. Then it was cooled and quenched with saturated NaHC03 (20 mL). It was extracted 
with CH2Cb (c x 20 mL). The combined organic layers were washed with brine (20 mL), dried 
(MgSQ4), filtered, concentrated, and dried in 11acuo to afford a dark brown oil. Pmification by 

flash column chron;iatography on silica gel using 1 % ~ 2% CHJOH/CH2Ch afforded the 
product as a yellow solid (397 mg, 37%). 1HNMR(CDCIJ) 8 5.71(s,2H), 7.18-7.24 (m, 2H), 
7.32 (s,·lH), 7.36 (s, IH» 7.65 (tel, lH,J= 10.4, 1.5 Hz), 8.56 (d, 1H,J=4.S Hz), 9.82 (s, lH). 

Preparation of2-{4-[(1-pyridin-2-ylmethyl-1H-imidazol-2-vimethyl):{5,6,7,8-
tetrahydro-guinolin-8-yl)-amino ]-butyl }-isoindole-1,3-dione: 

[0689) To a solution of the above aldehyde (543 mg, 2.90 mmol) and 2-[4-(5,6,7,8-
tetrahydro-quinolin-8-y~amino )-butyl]-isoindol-1,3-dione (1.11 g, 3.19 mmol) in CH2Ch (20 
mL) was added sodium triacetoxyborohydride (1.23 g, 5.80 mmol). The reaction mixture was 
stirred overnight. Then it was extracted with saturated NaHC03 (3 x 25 mL). The' combined 
aqueous washings were washed once with CH2Ch (30 mL). The organic layer was dried 
(MgS04), fjltered, concentrated, and dried in vacuo to afford a yellow foam. Purification by 
radial chromatography on silica gel using NH.tOWCH30WCH2Ch (I: 1: 100) afforded the 
desired product as a yellow oil (135 mg, 9%). 1H NMR (CDCh) d 1.18-1.28 (m, 2H), 1.49-1.67 
(m, 3H), 1.75-1.95 (m, 2H), 2.01-2.06 (m, lH), 2.51-2.777 (m, 4H), 3.51(t,2H, J= 7.2 Hz), 
3.87 (s, 2H), 4.00 (dd, lH, J= 6.3, 2.7 Hz), 5.70 (ABq, 2H, .!= 94.8, 16.5 Hz), 6.79 (d, lH,.J= 
7.6 Hz), 6.86 {d, 2H, J= 7.5, 4.5 Hz), 7.12 (dd, Ii-I, J= 7.2, 5.1 Hz), 7.24 {d, lH,J= 7.8_ Hz), 
7.55 (td, lH, J= 6.9, 1.8 Hz), 7.66-7.69 (m, 2H), 7.78-7.81 (m, 2H), 8.24 (d, lH, J= 3.6 Hz), 
8.53 (d, 1H,J=4.8 Hz). 
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Preparatigo of N1-C1-pyridin-2-ylmethyl-1H-imid87.0l-2-ylmethyl).N1-CS.6.7.8-

tetrahydro-guinolin-8-yll-butane-1.4-<iiamine: 

[0690) To a solution of the above amine (135 ·mg, 0.26 mmol) in ethanol (5 mL) was added 

hydrazine hydrate (60 µL, 1.30 mmol). The reaction mixture was stirred overnight. Then the 

solvent was removed under reduced pressure to afford a white solid. Purification by radial 

chromatography on silica gel (1 mm plate; using ~OH/CH30H/CH2eh; I :3: 100 ~ 1:8:100) 

afforded the desired product as a yellow oil (42 mg, 41%). 1H NMR (CDCh) 8 1.30-1.33 (m, 

4H), 1.57-1.66 (m, IH), 1.82-1.97 (m, 2H), 2.02-2.06 (m, 2H), 2.51-2.60 (m, SH), 2.64-2.73 (m, 

2H), 3.87 (d, 2H,J= 3.0 Hz), 4.02 (dd, 1H,J=9.0, 6.0 Hz), 5.69 (ABq, 2H, J = 108.0, 18.0 

Hz), 6.77 (d, 1H,J=7.8 Hz), 6.89 (s, lH), 6.91-6.94 (m, lH), 6.96 (d, lH,J=0.9 Hz), 7.16 (dd, 

lH,J= 7.2, 5.1 Hz), 7.29 (s, lH), 7.56 (td, lH,Jr= 7.7, 1.5 Hz), 8.29 (cl, lH,J= 4.2 Hz), 8.55 

{d, lH, J= 4.5 Hz). 

Preparation of N1-0-pyridine-2-ylmethyl-1H-imid87.0l-2-ylmethyll-N'-C5.6. 7.8-

tetrahydro-guinolin-8-yll-butane-1.4-diamine <hydrobromide salt): 

(0691] To a solution of the above amine (42 mg, 0.11 rnmol) in acetic acid (3 mL) was 

added hydrobromic acid saturated acetic acid (2 rnL). The reaction mixture was stirred for 30 

minutes and then it was triturated with diethyl ether three times. The resulting precipitate was 

dried in vacuo. The precipitate was dissolved in methanol (1 mL) and triturated with diethyl 

ether three times. The isolated cream solid (66 mg, 83%) was dried in vacuo. 1H NMR (020) a 
1.44 (hrs, 4H), 1.69-1.72 {m, Ill}, 1.87 (q, lH, J= 12.0 Hz). 2.09 (hr d, 2H, J= 8.7 Hz), 2.40 

(hr s, 1 H), 2.60 (hr d, 1 H, J = 8.1 Hz), 2.84 (hr s, 2H), 2.95 (hr d, 2H, J = 4.8 Hz), 4.23 ( q, 2H, J 

= 18.9 Hz), 4.32 (m, IH), 5.71 (d, 2H, J= 8.7 Hz), 7.55 (s, 2H), 7.64-7.71{m,2H), 7.83 (t, lH, 

J= 6.6 Hz), 8.16-8.21 (m, IH), 8.31 (d, lH,J= 7.8 Hz), 8.55 (d, IH,J= 5.4 Hz), 8.61 (m, lH). 
13C NMR (020) B 20.02, 20.42, 25.00, 25.30, 27.63, 46.66, 50.83, 51.63, 60.15, 119.89, 124.23, 

124.84, 125.92, 126.11, 139.36, 140.58, 142.86, 146.09, 147.42, 148.11, 151.05. ES-MS mlz 

391 {M+Ht. Anal. Calcd. for C23H30N6•3.9HBr•1.7H20: C, 37.35; H, 4.95; N, 11.28; Br, 

42.59. Found: C, 37.50; H, 5.10; N, 11.41; Br, 42.30. 
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Example 126 

COMPOUND 126: N 1
-( 4.:..inethyl-1H-imidazol-2-ylmethyl)-N1-(5.6,7.8-tetrahydro­

guinolin-8-yl}butane-1.4-diamine <hydrobromide salt) 

Preparation of 2-f C[ 4-( l .3-dioxo-1.3-dihydro-isoindol-2-yll-butyll-(5,6. 7.8-tetrahydro­
quinolin-8-yl)-aminol-methyl}-4-methyl-imidazole-1-sulfonic acid 

dimethylamide: 

[0692) To a solution of 4-methylimidazole (1.0 g, 12.18 mrnol) and triethylamine (1.3 mL, 

12.18 mmol) in CH2Ch (25 mL) at 0°C was added dimethyl sulfamoyl chloride (3.4 mL, 24.36 
mmol). The reaction mixture was wanned to room temperature and was stirred ov~rnight. Then 
the mixture was extracted with water (25 mL) and saturated NaCl (2 x 25 mL). The organic 
layer was dried (MgS04), filtered, concentrated, and dried in vacuo to afford a pale yellow solid. 
Purification by flash column chromatography on silica gel using 5% CH30H/CH2Ch afforded a 
mixtlln;l! of product and starting material as a pale yellow solid, which was used without further 
purific~tion. 

(0693) To a solution of the above amine (505 mg, 2.67 mlnol) in dry THF (27 mL) at 
78°C and under Ar2(g) was added n-butyl lithium (1.18 mL, 2.94 mmol, 2.5 M in hexanes). 
After 45 minutes, N,N-dimethylformamide (0.25 mL, 3.20 nunol) was added dropwise and the 
reaction mixture was wanned to room temperature. After 1.5 hours, the reaction was quenched 
with saturated NRtCI (6 mL). The solvent was removed under reduced pressure. Then it was 
dissolved in CH2Ch (25 mL) and water (10 mL) and the phases were separated. The aqueous 
layer was washed with CH2Ch (2 x 25 mL). The combined organic washings was washed with 
brine (50 mL), dried (Na2S04), filtered, concentraJed, and dried in vacuo to afford a yellow oil. 
Purification by flash column chromatography on silica gel using 2% CH30H/CH2Cli afforded 
an impure yellow oil, which was used without further purification. 
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(0694] To a solution of the above aldehyde (190 mg, 0.88 mmol) and 2-[4-(5,6,7,8-

tetrahydro-quinolin-8·ylamino )-butyl]-isoindol-1,3-dione (338 mg, 0.97 mmol) in CH2Ch 

(10 mL) was added sodiwn triacetoxyborohydride (373 mg, 1.76 mmol). The reaction mixture 

was stirred for 3 days. Then it was extracted with saturated NaHC03 (3 x 25 mL). The organic 

layer was dried (MgS04), filtered, concentrated, and dried in vacuo to afford a yellow foam. 

Purification by flash column chromatography on silica gel using 2% CH30H/CH2Cb afforded 

the product as a pale yellow solid (307 mg, 67%). 1JINMR (CDCI)) 3 1.19-1.27 (m, 2H), 1.43-

1.Sl (m, 2H), 1.64-1.78 (m, 2H), 1.91-1.96 (m, IH}, 2.07 (s lH}, 2.10-2.14 (m, lH), 2.53-2.75 

(m, 4H), 2.92 (s, 611), 3.53 (t, 2"7J= 7.2 Hz), 4.17 (t, lH, J= 8.4 Hz), 4.25 (q, 2H,J= 14.4 

Hz), 6.81 (s, lH), 6.94(dd,··1H,J=1.5, 4.8 Hz}, 7.26 (d, 1H,J=6.9 Hz), 7;65-7.70 (m, 2H), 

7.75-7.81{m,2H), 8.31 (d, lH,J= 3.6 Hz) . 

. Preparation of N1
-( 4-methyl-lH-imidazol-2-ylmethyll-N' {S.6.7.8-tetrahydro=auinolin-8-

yl)-butane-1.4-diamine; 

(0695) The above amine (300 mg, 0.58 mmol) in 2N HCI (6 mL) was stirred at reflux 

overnight. The reaction mixture was cooled and basified with' 15% aqueous NaOH. Then it was 

extracted with CH2Ch (3 x 15 mL). The combined organic washings was washed with saturated 

NaCl (25 mL), dried (Na2S04), filtered, concentrated, and dried in vacuo to afford a yellow oil. 

Purification by radial chromatography on silica gel (1 mm plate; using NI:LiOH/CH30H/CH2CL 

2; 1:3:100->- 1:10:100; gradient elution) afforded the product as a yellow oil (72.5 mg, 40%). 
I . . . . 
H NMR (CDCIJ) & 1.24-1.38 (m, 4H), 1.63-1.68 (m, lH}, 1.82-1.86 (m, HI), 1.96-2.00 (m, 

IH), 2.10-2.15 (m, IH), 2.21 (s, 3H), 2.42-2.81 (m, 6H), 3.77 (q, 2H, J= 15.9 Hz), 3.96 (dd, lH, 

J= 9.2, 6.0 Hz), 6.63 (s, lH), 7.08 (dd, lH, J= 7.5, 4.8 Hz), 7.37 (d, lH,J= 7.5 Hz). 8.45 (d, 

IH,J=4.2 Hz). 

Preparation of N1-C4-methyl-1H-imidazol-2-ylmethyl)-ff-CS.6, 7.8-tetrahydro=auinolin-8-

yll-butane-1.4-diamine (hydrobromide salt}: 

(0696] To a solution of the above amine (72.5 mg, 0.23 mmol) in acetic acid (3 mL) was 

added hydrobromic acid saturated acetic acid (2 mL). The reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether three times and the precipitate was dried in 

vacuo. The solid was re-dissolved in methanol O. mL) and triturated an additional three times 

with diethyl ether. The resulting yellow solid (82 ~g, 58%) was dried in vacuo. 1H NMR (020) 8 

1.45-1.61(m,4H}, 1.78-2.01 (m, 2H), 2.15-2.19 (m, HI), 2.25-2.31(m,4H}, 2.48-2.53 (m, lH), 
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2.71-2.78 (m, lH), 2.89-2~91(m,2H), 2.98-3.00 (m, 2H), 4.16 (q, 2H, J= 18.0 Hz). 4.39 (dd, 
lH,J= 10.7, 5.4 Hz), 7.11 (s, lH), 7.85 (dd, lH,J= 10.7, 6.3 Hz), 8.34 (d, IH, J= 7.8 Hz), 
8.59 (cl, lH, J= 5.1 Hz). 13C NMR (0i0) 8 9.43, 20.24, 20.45, 25.07, 25.32, 27.61, 39.59, 

47.07, 51.25, 60.06, 66.48, 115.91, 125.84, 125.84, 130.37, 139.25, 140.47, 144.17, 147.98, 

151.58. ES-MS mlz 314 [M+Ht. Anal. Calcd. for C1sH21Ns•3.0HBr•l.8H20•0.2C4H100: C, 

37.42; H, S.95; N, 11.61; Br, 39.72. Found: C, 37.17; H, 5.65; N, 11.37; Br, 40.10. 

Example 127 

CQ 
I iN~NH2 

~N-.;:N 
\ I 

COMPOUND 127: Preparation of N-{l-isopropyl-1H-imidazol-2-ylmethyl)-N1-

(5,6, 7,8-tetrahydro-guinolin-8-yl)-butane-1,4-diamine (hydrobromide salt). 

Preparation of 1-isopropyl-lH-imidazole (prepared as described by Gridnev, A.A.; 

Mihaltseva. I.M. Synth. Commun. 1994, 24. 1547-1555): 

(0697) A solution ofisopropylamine (4.25 mL, 50 mmol) in H20 (5 mL) was acidified to 
approximately pH 2 with concentrated H3P04. Olyoxal (40% in H20, 7.5 mL, 52 mmol) and 
formaldehyde (37% in H20, 4.0 mL, 49 mmol) were added and the reaction flask was fitted with 

a reflux condenser and a dropping funnel. The solution was warmed to 90-95 °C and a saturated 
aqueous solution ofNRsCI (10 mL) was added dropwise over 20 minutes. The reaction was 

stirred at l 00 °C for 30 minutes then, once cooled, was made basic (pH - 10) by the addition of 

solid NaOH. The solution was extracted with EtOAc (25 mL x 3) and the combined organic 

solution was dried (Na2S04), filtered and concentrated under reduced pressure. Purification by 

vacuum distillation (b.p. 57-70 °C /0.25 mmHg) gave the imidazole as a colourless liquid (899 

mg, 8.16 mmol, 17%). 1H NMR (CDCh) 8 1.47 (d, 6H, J = 6.9 Hz), 4.33 (septet, IH, J = 6.8 

Hz), 6.95 (s, lH), 7.04 (s, lH), 7.52 (s, lH). 
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Preparation of 1-isopropyl-IH-imidazole-2-carboxaldebvde; 

(0698] A solution of the imidazole (890 mg, 8.08 mmol) in THF (10 mL) under nitrogen 

was cooled to -78 °C and n-BuLi (2.5M in hexanes, 4.5 mL, 11.3 mmol) was added. The bright 

yellow solution was stirred at 0 °C for 25 minutes, then DMF (1.5 mL, 19 mmol) was added. 

The reaction was stirred at room temperature for one hour, then was quenched by the addition of 

saturated aqueous NH.tCI (10 mL). The layers were separated and the aqueous solution was 

extracted with EtAOc (10 mL x 2). The combined organic solution was dried (Na2S04), filtered 

and concentrated under reduced pressure. Purification by flash column chromatography on 

silica (hexane/EtOAc, 1:1) gave the aldehyde as a pale yellow solid (731 mg, S.29 mmol, 65%). 

1H NMR (CDCh) 8 1.46 Ci 6H, J = 6.6 Hz), S.46 (septet, lH, J = 6.8 Hz), 7.29 (s, IH), 7.31 (s, 

lH), 9.81 (s, lH). 

Preparation of 2-{ 4-((1-isopropyl-lH-imidazol-2-ylmethyll{S,6,7 ,8-tetrahydro-auinolin-

8-yl)-amino]-butyll-isoindole-1.3-dione: 

[0699] A solution of the aldehyde (222 mg, 1.61 mmol), 2-(4-(5,6,7,8-tetrahydro-quinolin-8-

. ylamino )-butyl]-isoindole-1,3-dione (354 mg, 1.01 mmol) and NaBH(OAc)3 (319 mg, 1.51 

mmol) in CH2Clz (7 mL) was stirred at room temperature under nitrogen for 15 hours. The 

reaction was diluted with CH2Cl2 (10 mL) and washed with lM NaOH (10 mL) and brine (10 

mL). The organic solution was dried (Na2S04). filtered and concentrated under reduced 

pressure. Purification by flash column chromatography on silica (CH2Ch/MeOH, 19:1) gave the 
.. . . . 

tertiary amine as a white foam (210 mg, 0.45 mmol, 44%). 1H NMR (CDCh) o 1.27 (d, 3H, J= 

6.9 Hz), 1.41 (d, 3H, J= 6.6 Hz), 1.49-1.72 (m, 3H), 1.78-2.10 (m, SH), 2.46-2.84 (m, 4H), 3.58 

(t, 2H, J = 7.1 Hz), 3.85 (d, lH, J= 13.5 Hz), 3.92-4.02 (m, 2H), 5;07 (septet, lH, J= 6.6 Hz), 

6.83 (s, lH), 6.87 (s, lH), 7.01 (dd, tH, J= 1.5, 4.8 Hz), 7.31 (d, lH, J= 1.5 Hz), 7.69-7.73 (m, 

'2H), 7.79-7.83 (m, 2H), 8.41 (d, IH, J= 3.6 Hz). 

Preparation of N-!l-isopropyl-1H-imidazol-2-ylmethyl)-N-(5,6,7.8-tetrahydro­

quinolin-8-yl)-butane-I .4-diamine: 

(0700) A solution of the phthalimide (206 mg, 0.44 mmol) and hydrazine monohydrate (0.20 

mL, 4.1 rnmol) in EtOH ( 4.5 mL) was heated at reflux for 1.5 hours. The solvent was removed 

under reduced pressure, and the residue was taken up into saturated aqueous Na.HC03 (10 mL) 

and extracted with CH2Ch (10 mL x 3). The organic solution was dried (Na2S04), filtered and 

concentrated under reduced pressure. Purification by flash column chromatography on silica 
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(CH2ClilMeO~OH, 9:1:0.1) gave the primary amine as a pale yellow oil (128 mg, 0.37 

mmol, 85%). 1H NMR {CDCh) 6 1.26 {d, 3H, J== 6.6 Hz), 1.31-1.37 {m, 4H), 1.41{d,3H,J= 

6.6 Hz), 1.54-1.77 {m, 3H), 1.86-2.10 (m, 3H), 2.51-2.60 (m, 4H), 2.62-2.86 (m, 2H), 3.84 (s, 

2H), 4.04 (dd, IH, J= 8.1, 5.7 Hz), 5.07 (septet, lH, J= 6.6 Hz), 6.91 (s, lH), 6.92 (s, lH), 7.05 

(dd, IH,J=7.7, 4.7 Hz), 7.35(d,1H,J=1.5 Hz), 8.46 (d, lH,J= 3.3 Hz). 

Preparation of COMPOUND 127: 

(0701) To a solution of the free base (121mg,0.35 mmol) in glacial HOAc (1.0 mL) was 

, :.added .. saturated HBr in HO Ac {0.5 mL). The reaction was stirred at room temperature for 20 
.minutes, then was diluted with Et20 (5 mL). The salt formed an oil and the solvent was 

removed by pipette. The residue was dissolved into anhydrous MeOH (0.5 mL), stirred for 

approximately five minutes, then was diluted with Et20 (5 mL). The solvent was again removed 

by pipette, the insoluble material was washed with Et20 (2 mL x 2) and dried under reduced 

pressure, giving the hydrobromide salt as a fine, white powder (136 mg, 0.25 mmol, 71 %). 1H 

NMR (020) 8 1.45 (d, 6H, J= 6.6 Hz), 1.46-1.62 (m, 4H), 1.67-1.84 {m, IH), 1.92-2.16 (m, 

2H), 2.20-2.32 (m, lH), 2.49-2.62 (m, lH), 2.75-2.94 (m, SH), 4.08 (d, lH, J= 16.5 Hz), 4.23-
4.33 (m, 2H), 4.65 (septet, lH, J= 6.6 Hz), 7.37 (d, lH, J= 1.8 Hz), 7.49 (d, lH, J= 1.5 Hz), 

7.54 (dd, lH, J= 7.7, 5.6 Hz), 7.95 (d, lH, J= 8.1 Hz), 8.48 (d, IH, J= 4.8 Hz). 13C NMR 

(D20) a 23.o, 24.o, 2.4.7, 21.4, 30.6, 42.o, 49.o, 52.8, 53.9, 63.4, 121.7, 122.6, 121.1, 140.8, 

145.4, 145.9, 147.0, 155.7. ES-MS m/z.342 (M+H). Anal. Calcd. for 

C2oH31Ns·2.0HBr·l.2Cf40: C, 47.00; H, 7.03; N, 12.93; Br 29.50. Found: C, 47.20; H, 6.92; N, 

'.12.91; Br29.13. 

Example 128 

274 

~I IRQTITI ITS: ~Ml=FT IRI II F ?R\ 



WO 03/055876 P€11/USOll4'1407 

COMPOUND 128; Preparation of N1-Cl-C2-methoxy-ethyll-1H-imidgol-2-y)methvll­

N1-(5.6.7.8-tetrahydro-guinolin-8-vJl-butane-1.4-diamine Owdrobromido saltl. 

Preparation ofimidazol-1-yl-acetic acid ethyl ester: 

(0702) To a 0 °C suspension ofNaH (60% in mineral oil, 658 mg, 16.5 mmol) in THF (20 

mL) under nitrogen was slowly added a solution of imidazole (1.03 g, 15.1 mmol) in THF (20 

mL). The resulting suspension was stirred at 0 °C for 15 minutes, then ethyl bromoacetate (2.2 
mL. 20 mmol) was added. The reaction was stitTed at room temperature for 4.5 hours, then was 

diluted with H20 {25 mL). _._The tHF was evaporated under reduced· pressure and the remaining 

aqueous solution was extracted with CH2Ch (25 mL x 3). The combined organic solution was 

dried (Na2S04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (CH2Cii/MeOH, 19: I) gave the ester as a yellow liquid (1.52 g, 9.87 

mmol, 65%). 1HNMR (CDCb) a 1.28 (t, 3H,J= 7.1Hz),4.24 (q, 2H,J= 7.1Hz),4.68 (s, 

2H), 6.95 (s, lH), 7.09 (s, lH), 7.50 (s, lH). 

· Preparation of 1-(2-methoxy-ethyl)-1 H-imidazole: 

(0703] A solution of the ester (1.51 g, 9.81 mmol) in THF (25 mL) under nitrogen was . . 
cooled to 0 °C and LiAlRt (I.OM in THF, 5.0 mL, 5.0 mmol) was slowly added. The reaction 

was stirred at room temperature for 20 minutes, then was quenched by the addition of HiO (0.2 

mL), J 5% aqueous NaOH(0.2 mL) and H20 (0.6 mL). The mixture was filtered with suction 
through Celite, washing with EtOAc. The filtrate was dried (Na2S04), filtered and concentrated I 
under reduced pressure, giving the crude alcohol as a yellow oil (896 mg, 81 % ). f 

(0704) To a 0 °C suspension ofNaH (60% in mineral oil, 410 mg, 10.3 mmol) in THF (10 

mL) under nitrogen was slowly added a solution of the alcohol (890 mg, 7.94 mmol) in THF (10 

mL). The mixture was stirred at 0 °C for 10 minutes, then dimethyl sulfate (0.95 mL, 10.0 

mmol) was added. The reaction was stirred at room temperature for an additional 30 minutes, 

and then THF was removed under reduced pressure. The residue was taken up into H20 (25 

mL) and was extracted with CH2Ch (25 mL x 3). The combined organic solution was dried 

(Na2S04), filtered and concentrated under reduced pressure. Purification by flash column 

chromatography on silica (CH2Ch/Me0H, 19: 1) gave the methyl ether as a colourless oil (347 

mg, 2.75 nunol, 35%). 1H NMR (CDCIJ) 8 3.34 (s, 3H), 3.63 (t, 2H, J = 5.1 Hz), 4.09 (t, 2H, J 

= 5.1 Hz), 6.97 {s, lH), 7.05 (s, lH), 7.52 (s, lH). 
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Pre.paration of 1-(2-methoxy-ethyll-l H-imidgzole-2--carboxaldehyde: 
(0705] A solution of the imidaz.ole (342 mg, 2.71 mmol) in 1HF (3.5 mL) was cooled to -

78°C under nitrogen and n-BuLi (2.SM in hexanes, 1.4 mL, 3.5 mmol) was added. The resulting 
bright yellow solution was stirred at 0 °C for 10 minutes, then DMF (0.5 mL, 6.5 mmol) was 
added. The reaction was stirred at room temperature for 45 minutes, then was quenched by the 
addition of saturated aqueous Nli4Cl (S mL). The layers were separated and the aqueous 
solution was extracted with CH2Cl2 (10 mL x 2). The organic solution was dried (Na2S04), 

filtered and concentrated under reduced pressure. Purification by flash column chromatography 
on silica (CH2Cl2'Me0Bt·~2:1) gave the aldehyde as a yellow liquid (1:1 with DMF, 254 mg, 
'1.12 nunol, 41%). 1HNMR (CDCI)) B 3.30 (s, 3H), 3.66 (t, 2H,J= 5.1Hz),4.58 (t, 2H,J= 5.0 
Hz), 7'.26 (s, lH), 7.27 (s, IH), 9.80 (s, IH). 

Preparation of 2-{ 4-[[l-{2-methoxy-ethyll-lH-imidazol-2-ylmethylJ-(5.6, 7 .8-tetrahydro­
guinolin-8-yl)-amino ]-butyl l-isoindole-1.3-dione: 

(0706]. A solution of the aldehyde (170 mg, 1. I 0 mmol), 2-[ 4-(5,6, 7,8-tetrahydro-quinolin-8-
ylamino)-butyl]-isoindole-1,3-dione (422 mg, 1.21 mmol) and NaBH(OAc)3 (324 mg, 1.53 
mmol) in CH2Ch (8 mL) was stirred at room temperature under nitrogen for 16 hours. The 
reaction was diluted with CH2Ch (10 mL) and was washed with IM NaOH (IO mL) and brine 
(10 mL). The organic solution was dried (Na2S04), filtered and concentrated wtder reduced 
pressure. Purifjcation by flash colW1111.chromatography Qn silic~ (CH2Ch/MeOH/NH40H, 
49: 1 :0.25) gave the tertiary amine as a white foam (244 mg, 0.50 mmol, 45%). 1H NMR 
(CDCh) o 1.20-1.35 (m, 2H), 1.47-1.70 (m, 3H), 1.80-2.16 (m, 3H), 2.55 (t, 2H,J= 7.2 Hz), 
2,60-2.85 {m, 2H), 3.27 (s, 3H), 3.48-3.67 (m. 4H). 3.87 (s. 2H), 3.98 (dd, lH, J= 9.3, 6.0 Hz), 
4;24-4.35 (m, lH), 4.54-4.66 {m, lH), 6.80 (d, lH, J = 1.2 Hz), 6.89 {d, lH, J= 1.2 Hz), 7.00 
(dd, lH, J= 7.7, 4.7 Hz), 7.31 (d, lH, J= 1.5 Hz), 7.67-7.73 (m, 2H), 7.79-7.84 (m. 2H), 8.40 
(d, lH,J= 3.9 Hz). 

Preparation of N1
-[ 1-(2-methoxy-ethyl)-l H-imidazol-2-ylmethyl]-N1-(5,6. 7 .8-tetrahydro­

guinolin-8-yl)-butane-1.4-diamine: 
[0707] A solution of the phthalimide (238 mg, 0.49 mmol) and hydrazine monohydrate (0.25 

mL) in EtOH (5 mL) was stirred at reflux for 1.5 hours. The solvent was removed under 
reduced pressure, the residue was taken up into saturated aqueous NaHC03 (10 mL) and was 
extracted with CH2Cli (15 mL x 3). The combined organic solution was dried (Na2S04), filtered 
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and concentrated under reduced pressure. Purification by flash column chromatography on 

silica (CH2Ch/MeOH/Nl40H, 9:1:0.1) gave the primary amine as a colourless oil (130 mg, 

0.36 mmol, 74%). 1H NMR (CDC}]) S 1.23-1.42 (m, 4H), l.60-1.75 (m, IH), 1.84-2.14 (m, 

3H), 2.48-2.60 (m, 4H), 2.63-2.86 (m, 2H), 3.28 (s, 3H), 3.49-3.56 (m, lH), 3.58-3.66 (m, lH), 

3.83 (s, 2H), 4.03 (dd, lH, J= 8.4, 6.0 Hz), 4.22-4.31 (m, lH), 4.56-4.64 (m, lH), 6.88 (d, lH, J 

= l.S Hz), 6.93 (d, lH,J= l.S·Hz), 7.04 (dd, lH,J= 7.5, 4.5 Hz), 7.34 (dd, lH,J= 7.5, 1.5 Hz), 

8.45 (dd, lH,J=4.S, 1.SHz). 

Preparation of COMPOUNP 128: 

[0708] To a solution of the :free base (4.8 mg, 0.13 mmol) in glacial AcOH (1.0 mL) was 

added saturated HBr in AcOH (O.S mL). The reaction was stirred at room temperature for 20 

minutes, then was diluted with Et20 (S mL). The salt formed a yellow oil &l)d the solvent was 

removed by pipette. The residue was dissolved into anhydrous MeOH (0.5 mL), stirred for 

approximately five minutes, then was diluted with Et20 (5 mL). The solvent was again removed 

by pipette, the insoluble material was washed with Et20 (2 mL x 2) and dried under reduced · 

pressure, giving the hydrobromide salt as a fine~ off-white powder (76 mg, 0.12 mmol, 87%). 
1HNMR (D20) ~ l.41-1.60 (m, 4H), 1.74-1.88 (m, IH), 1.92-2.08 (m, UI), i.12-2.24 (m, lH), 

2~31-2.42 (m, lH), 2.43-2.55 {m, lH), 2.68-2.81 (m, lH), 2.84-2.94 (m, 2H), 2.96-3.06 (m, 2H), 

3.33 (s, 3H), 3.83 (t, 2H,J=- 4.8 Hz), 4.16 {d, lH, J=:: 16.5 Hz), 4.35 (d, lH,J= 16.5 Hz), 4.40-

4.44 (m, 3H), 7.49 (d, lH, J= 1.8 Hz), ~.51 (d, lH, .r= 1.8 Hz), 7.86 (dd, lH,J= 7.8, 6.0 Hz), 

8.34 (d, IH, J= 1.8 Hz)~ 8.60 (d, lH,J= 5.7 Hz). 13C NMR (D20) o 20.2, 20.5, 25.1, 25.4, 

27.7, 39.6, 46.8, 47.9, 51.7, 59.0, 60.3, 70.5, 119.3, 123.3, 125.9, 139.4, 140.6, 145.6, 148.l, 

151.3. ES-MS mlz 358 (M+H). Anal. Calcd. for C20H31Ns0·3.1HBr·l.4H20·0.2C4H1oO: C, 

38.34; H, 6.02; N, 10.75; Br 38.02. Found: C, 38.59; H, 5.93; N, 10.77; Br 37.63. 

Example 129 
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COMPQUND 129: N'-< 4-methyl-1-propyl-J H-imidazol-2-ylmethvl)-N-(5.6.7.8-
tetrabYdro-guinoJin-8-yJ)-butane-l .4-diamine Chydrobromide salt} 

Preparation of 1-allyl-4-methyl-1 H-imidazole: 
4-MethyJimidazole (2.0g, 24.36 mmol), allyl bromide (2.2 · mL, 24.36 mmol), N,N­
diisopropylethylamine (5.0 mL, 29.24 mmol) in DMF (50 mL) were stirred at 80°C overnight 
Then the reaction mixture was cooled, quenched with saturated NaHC03 (30 mL), and extracted 
with CH2Ch ( 4 x 40 mL). The combined organic layers were dried (MgS04), filtered, 
concentrated, and dried .. in vacuo to afford a brown oil. Purification by flash column 
chromatography on silica using 2% CH30H/CH2Ch afforded the product as a yellow oil (1.13 g, 
400Ai). 1HNMR(CDCb) (as a mixture ofregio-isomers) 8 2.17 and 2.22 (s, total 3H), 4.44-4.48 
(m, total 2H), 5.19-5.24 (m, total 2H), 5.89-6.00 (m, total lH), 6.61 and 6.79 (s, total IH), 7.35 
and 7 .39 (s, total lH). 

Preparation of 1-allyl-4-methyl-lH-imidzaole-2-carbaldehyde: 
[0709} To a solution of the above imidazole (1.23 g, 10.07 mmol) in TfIF (40 mL) at 

78°C and under Ar(g), was added n-butyllithium (2.5 M in hexanes). After 45 minutes, DMF 
was added dropwise the reaction mixture was stirred at room temperature for I hour. Then it 
was quenched with saturated NH.tCl (20 mL) and the soivent was removed under reduced 
pressure. The residue was dissolved in CH2Ch (20 mL) and water (10 mL) and'the phases were 
separated. The aqueous layer was washed twice with CH2Ch (25 mL). The organic layer was 
dried (Na2S04), filtered, concentrated, and dried in vacuo to afford a yellow oil. Purification by 
flash column chromatography on silica gel using 2% CH30WCH2Ch afforded the product as a 
yellow oil (575 mg, 38%). 1H NMR (CDCh) (as a mixture of regio-isomers) 8 2.26 and 2.30 (s; 
total 3H), 4.96-5.25 (m, total 4H), 5.91-5.97 (m, total IH), 6.74 and 6.92 (m, total IH), 9.70 and 
9.73 (s, total lH). 

Preparation of 2-{ 4-[( l-allyl-4-methyl-IH-imidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydro­
guinolin-8-yll-amino J-butyll-isoindole-1,3-dione: 

(0710) To a solution of the above aldehyde (268 mg, 1.773 mmol) and 2-[4-(5,6, 7,8-
tetrahydro-quinolin-8-ylamino)-butyl]-isoindol-I·,3-dione (743 mg, 2.13 mmol) in CH2Cli 
(17 mL) was added sodium triacetoxyborohydride (752 mg, 3.55 nunol). The reaction mixture 
was stirred at room temperature overnight. Then it was extracted with saturated NaHC03 (3 x 
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20 mL). The organic layer was dried (MgS04), filtered, concentrated, and dried In vacuo to 

afford a yellow foam. Purification by flash column chromatography on silica gel using 10% · 

CH30H/ethyl acetate afforded the product as a pale yellow foam (263 mg, 31 %). 1H NMR 

(CDCI)) (as a mixture of regio-isomers) 8 1.52-1.60 (m, total 4H), 1.89-2.11 (m, total 8H), 2.56-

2.66 (m, total 4H), 2.55 (t, 2H, J-= 7.5 Hz), 3.76 (d, 2H, J= 6.0 Hz), 3.99 (t, lH, J= 6.0 Hz), . 

4.84-4.90 (m, total lH) 4.93 and 4.96 (s, total IH), 5.03-5.06 (m, total 2H), 5.83-5.87 (m, lH), 

6.43(s,1H),6.99(dd, IH,J=3.0Hz), 7.27(d, 1H,J=6.0Hz), 7.68-7.70(m,2H), 7.80-7.82 

(m, 2H), 8.39 (d, lH, J= 3.0 Hz). 

Preparation of N1-< 4-methyl-1-propyl-lH-imidazol-2-ylmethyI>-N1-(5,6,7.8-tetrahydro­

. guinolin-8-yl)-butane-1.4-diamine: 

(0711] To a solution of the above amine (263 mg, 0.54 mmol) in ethanol (10 mL) was added 

hydrazine hydrate (0.13 mL, 2. 72 mmol). The reaction mixture was stirred at room temperature 

for 3 days. Then the solvent was removed under reduced pressure. Purification by radial 

chromatography on silica gel (2 mm plate; using NI-40H/CH30H/CH2Ch; 

1:4:100~1:6:100) afforded a yellow oil, which the 1H NMR indicated as a mixture of the allyl 

product and the n-propyl product. 

(0712] The above amine (150 mg, 0.31 mmol) in methanol (15 mL) was hydrogenated at 40 

psi in the presence of palladium/carbon (15 mg) overnight. Then the reaction mixture was 

filtered through a layer of celite and the filtrated was concentrated down to dryness to afford a 

yellow oil. Purifcation by radial chromatography (I mm plate; using NH40WCH30H/CH. 

2Ch; 1:4:100 ~ 1:7:100) afforded the product as a yellow oil (67 mg, 61%). 1HNMR (CDCh) 

5 0.83 (t, 3H, J = 7.5 Hz), 1.59-1.69 (m, 3H), l.97M2.02 (m, 4H), 2.13 {s, 3H), 2.53-2.70 (m, 

8H), 3.72 (d, 2H), 3.87-3.92 (m, lH), 4.03-4.07 {m, 2H), 6.50 (s, IH), 7.04 (d, IH,J= 3.0 Hz}, 

7.34 (d, lH, J = 9.0 Hz), 8.50 (d, lH, J = 6.0 Hz). 

Preparation of N1 -( 4-methyl-1-propyl-1 H-imidazol-2-ylmethyl)MN1-(5.6.7.8-tetrahydro­

guinolin-8-yll-butane-1.4-diamine (hydrobromide salt): 

(0713) To a solution of the above amine (67 mg, 0.19 mmol) in acetic acid (2 mL) was 

added hydrobromide saturated acetic acid (2 mL). The reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether. three times and the precipitate was dried in 

vacuo. The solid was re-dissolved in anhydrous methanol (0.5 mL) and was triturated with 

diethyl ether three times to afford a yellow solid ( 40 mg, 32%). 1H NMR (D20) 8 0.89 (t, 3H, J 
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= 7.5 Hz), 1.51 (br s, 4H), 1.80 (q, 3H,J= 7.5 HzO, 1.97-2.01 (m, lH), 2.16-2.20 (m, lH), 2.31-
2.35 (m, 4H), 2.49 (hr m, IH), 2.71-2.76 (m, lH), 2.88-2.90 (m, 2H), 2.99-3.01(m,2H), 4.06 (t, 
3H, J= 6.9 Hz), 4.27 (d, lH, J= 16.8 Hz), 4.38-4.43 (m, UI), 7.14 (s, UI), 7.87 (t, lH,J= 6.3' 
Hz), 8.35 (d, IH, J= 1.8 Hz}, 8.59 (d, IH, J= 5.4 Hz). 13C NMR (D20) a 9.40, 10.39, 20.24, 
20.42, 23.27, 25.08, 25.42, 27.66, 39.55, 46.43, 49.39, 51.59, 60.27, 119.71, 125.90, 129.96, 
139.27, 140.56, 143.47, 148.08, 151.38. ES-MS mlz3S6 [M+Ht. Anal. Calcd. forCi1H33Ns 
•3.0HB~2.0H20• 0.3C..H100: C, 40.61; H, 6.60; N, 10.67; Br, 36.Sl. Found: C, 4.35; H, 
6.35; N, 10.43; Br, 36.39 . 

Example 130 

COMPOUND 130: Preparation of N1-Cl-propyl-1H-imidazol-2-ylmethyl)-.N" =(5,6, 7.8-
tetrahydroguinolin-8-yl)-butane-1,4-diamine (hydrobromide salt) 

[0714] To a solution of 2.;.Jmidazolecarboxaldehyde (0.81 g, 8.4 mmol) and 
diisop~opylethylamine (2.2 mL, 12.6 mmol) in anhydrous DMF (28 mL) was added allyl 
bromide (0.88 mL, IO.I nunol) and the solution was stirred at 60°C for 16 hours. The mixture 
Was then concentrated under reduced pressure and the residue partitioned between 
dichloromethane (20 mL) and sodium bicarbonate (15 mL). The organic phase was separated 
and the aqueous phase was extracted with dichloromethane (2 x 15 mL). The combined organic 
phases were then dried (NaiS04), filtered, and concentrated under reduced pressure to give a 
crude residue that was purified by column chromatography with silica gel (I :99 MeOH/CH2Ch). 
This afforded 2-(N-allyJimidazole}carboxaldehyde (0.62 g, 54%). 1H NMR (CDCh) () 5.02 (d, 
2H, J= 6.0 Hz), 5.10 (d, IH, J= 18.0 Hz), 5.25 (cl, lH,J= 9.0 Hz), 5.96 (m, IH), 7.16 (s, IH), 
7.30 (s, lH), 9.81 (s, lH). 

{0715] Using general procedure B, 2-(4-(S,6,7,8-Tetrahydroquinolin-8-ylamino)-butyl]­
isoindole-l,3-dione (0.80 g, 2.3 mmol), 2-(N-allylimidazole)-carboxaldehyde (0.62 g, 4.5 mmol) 
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and sodium triacetoxyborohydride (1.16 g, S.S mmol) were stirred at room temperature in 

dichloromethane (22 mL) for 16 hours to yield, after work-up and column chromatography (1 :4 

ethyl acetate:hexane ), 2-{ 4-[ (l-Allyl-IH-imidazol-2-ylmethyl)-(5,61 7,8-tetrahydroquinolin-8-

yl)-amino ]-butyl }-isoindole-l ,3-dione as a yellow oil (0.45 g, 40%). 1H NMR (CDCh) a 1.26 

(m, 2H), 1.50-1.70 (m, 3H), 1.75-2.00 (m, lH), 2.03 (m, 2H), 2.54 (m, 2H), 2.57-2.80 (m, 2H), 

3.55 (t, 2H,J=6.0 Hz), 3.83 {s, 2H), 3.97 (m, lH),4.84 (d, lH,J= 15.0 Hz),4.92 (d, 1H,J= 

15.0 Hz), 5.07 (hr d, 2H, J= 1.5 Hz), 5.93 (m, lH), 6.77 (s, lH), 6.82 (s, Hi), 7.01 (m, lH), 7.30 

(d, lH, Jc 7.0 Hz), 7.70 (m, 2H), 7.82 (m, 2H), 8.40 (d, lH, J = 3.0 Hz). 

[0716] A solution of the above compound (0.45 g, 0.96 mmol) in anhydrous ethanol (10 mL) 

was treated with hydrazine monohydrate (0.50 mL, 9.~ mmol) and stirred for 16 h. The white 

mixture was then filtered, concentrated under reduced pressure, and pmified by column 

chromatography with silica gel (I 0: 1 :84 methanol:ammonium hydroxide:dichloromethane) to 

give a mixture of N-propyl and N-allylimidazole products. (0.19 g, 58% ). 

[0717] The material from above (0.19 g) was dissolved in anhydrous methanol (S.6 mL) and 

the reaction vessel purged with nitrogen. 10% palladium on carbon (40 mg) was added and the 

mixture stirred under an atmosphere of hydrogen (30 psi) for 16 hours. The reaction mixture wa_s 

then filtered through celite and the solvent removed under reduced pressure. The crude material 

was then diluted with ethyl acetate {20 rnL) and washed with brine (4 x 15 mL) to remove DMF. 

The organic phase was then dried (Na2S04), filtered, and concentrated under reduced pressure to 

give a residue that was purified by colUJllll chromatography with. silica gel (5: 1 :94 .. 
methanol:ammonium hydroxide:dichloromethane ). This afforded N-(1-propyl-lH-imidazol-2-

ylmethyl)-N-(5,6, 7 ,8-tetrahydroquinolin-8-yl)-butane-1,4-diarnine (67 mg, 35%). 1H NMR 

(CDCh) 8 0.84 (t, 3H, J = 7 .5 Hz), 1.40 (br, 4H), 1.67 (m, 3H), 1.80-2.0S (m, 3H), 2.50-2.85 (m, 

6H), 3.31(hr,2H, NH), 3.78 (s, 2H), 3.96 (m, lH), 4.07 (m, lH), 4.14 (m, lH), 6.81 (s, IH): 

6.89(s, lH), 7.06 (m, lH), 7.35 (d, 1H,J=6.0Hz), 8.51(d,1H,J=6.0Hz). 

(0718) Using general procedure D: The above material (67 mg, 0.19 mmol) was converted 

to the hydrobromide salt to· provide COMPOUND 130 (108 mg) as a white solid. 1H NMR 

(020) o 0.90 (t, 3H, J= 1.4 Hz), 1.50 (hr, 4H), 1.81 (m, 3H), 2.04 (m, lH), 2.17 (br m, lH), 

2.36 (hr m, IH), 2.48 (br m, lH), 2.75 (hr m, IH), 2.89 (hr, 2H), 3.00 (hr, 2H), 4.10-4.18 (m, 

3H), 4.34 (d, lH,J= 16.8 Hz), 4.40 (m, lH), 7.47 (s, 2H), 7.86 (t, 2H, J= 7.0 Hz), 8.34 (d, lH, 

J• 8.1Hz),8.59 (d, lH,J= 5.7 Hz). 13CNMR (020) o 10.43, 20.30, 20.42, 23.28, 25.08, 

25.42, 27.68, 39.56, 46.60, 49.72, 51.63, 60.36, 119.11, 123.29, 125.93, 139.35, 140.59, 144.68, 
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148.12, 151.28. ES-MS mlz 342 (M+H). Anal. Calcd. for 

C2oH31Ns•3.5HBr•l.9H20•0.JC4H1oO: C, 37.38; H, 6.11; N, 10.28; Br, 41.06. Found: C, 37.43; 

H, 5.86; N, 10.28; Br, 40.90. 

Example 131 

COMPOUND 131: N1-Cl-methyl-1H-imidazol-2 .. ylmethyll-N1-CS.6, 7,8-tetrahydro­

guinolin-8-yl)butane-1.4-diamine Chydrobromide salt). 

Preparation of 2-{ 4-(( 1-methyl-lH-imidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydro-guinolin-8-

yl)-amino l-butvll-isoindole-1,3-dione: 

(0719) To a solution of 2-[4-(5,6,7,8-tetrahydro-quinolin-8-ylaminol)-buty.l]-isoindol-l ,3-

dione (190 mg, 0.544 mmol) and 1-rnethyl-2-imidazolecarboxaldehyde (54 mg, 0.49 mmol) in 

CH2Clz (2.5 mL) was added sodium triacetoxyborohydride (209 mg, 0.99 mmol). It was then 

diluted with CH2Cl2 (15 mL) and extracted with saturated NaHC03 (2 x 15 mL). The organic 

layer was dried (MgS04), ~lterecl, concentrated, and dried in vacuo to afford a yellow oil. 

Purification by radial chromatography on silica gel (2 mm plate, using NltiOH/CH30WCH2Clz; 

1:1:100 4- 1:3:100, gradient elution) afforded the desired product as a yellow oil (160 mg, 

73%). 1H NMR (CDCb) 8 1.24-1.31(m,2H), 1.51-1.66 (m, 2H), 1.84-2.07 (m, 3H), 2.53-2.76 

(m, 5H), 3.54 (t, 2H, J= 1.2 Hz), 3.77 (2, 3H), 3.74 {d, 2H, J= 15.9 Hz), 3.97 (t, lH, J= 9.0 Hz}, 
. ' 

6.73 (s, lH}, 6.77 (s, IH), 6.99 (dd, lH, J= 7.5, 4.8 Hz), 7.30 (d, lH, J= 7.5 Hz), 7.68-7.72 (m, 

2H), 7.78-7.84 (m, 2H), 8.40 (d, lH,J= 3.9 Hz). 
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Pn;paration of N'-O-methyl-1 H-lmidaml-2-ylmethyll-N1-(S.6.7.8-tetrahydro-guionlin-8-

yll-butane-1.4-diamine; 

(0720] To a solution of the above amine (152 mg, 0.34 mmol) in ethanol (8 mL) was added 

hydrazine hydrate (83 µL, 1.71 mmol). The reaction mixture was stirred overnight. Then the 

solvent was removed under reduced pressure to afford a yellow solid. Purification by radial 

chromatography on silica gel (1 mm plate, using NHsOH/CH30WCH2Ch; 1:3:100 -+ 1:6:100, 

gradient elution) afforded the desired product as a yellow oil (48 mg, 47%). 1H NMR (CDCh) 8 

1.33-1.35 (br s, 2H), 1.64-1.67 (m, IH), 1.87-2.05 (m, 3H), 2.52-2.77 (m, 6H), 3.43 (s, 2H), 3.71 

(s, 3H), 3.81(s,2H}, 4.00 (~ IH, J= 1.4 Hz), 6.76 (s, IH), 6.84 (s, IH), 7~03 (dd, lH, J== 7.7, 

4.8 Hz), 7.33 {d, lH, J= 1.5 Hz), 8.44 (d, IH, J= 4.5 Hz), 

Preparation of N1-ll-methyl-1H-imidazol-2-ylmethyl)-N'-CS.6. 7.8-tetrahydro-guionlin-8-

yl)..butane-1.4-diamine Chydrobromide salt): 

(0721] To a solution of the above amine (48 mg, 0.015 mmol) in acetic acid (3 mL) was 

added hydrobromic acid saturated acetic acid (2 mL) and the reaction mixture was stirred for 30 

minutes. Then ~twas triturated wipt diethyl ether three times to afford a white solid. The solid 

was dissolved in methanol (1 mL) and was triturated with dietQ.yl ether three times to afford 

COMPOUND 131 as a white solid (72 mg, 79%). 1H NMR (D20) a 1.52-1.55 (m, 4H), 1.75-

1.89 (m, lH), 2.01 (q, lH, J= 13.2 Hz), 2.15-2.21 (m, lH}, 2.36-2.39 (m, lH), 2.49-2.55 (rn, 

IH), 2. 74-2.82 {m, JH), 2.89~2.9 l (m, 2H), 3.00-3.03 {m, 2H), 3.83 {s, 3H), 4.22 (ABq, 2H, J = 
53.9, 16.8 Hz), 4.42 (dd, lH, J= 9.0, 5.4 Hz), 7.42 (ABq, 2H, J= 12.9, 2.1 Hz), 7.86 (dd, lH, J 

= 8.l~ 6.0 Hz), 8.35 {d, lH, J= 8.1Hz),8.59 {d, lH, J= 5.1 Hz). 13C NMR (D20) l) 20.29, 

20.43, 25.08, 25.36, 27.67, 34.73, 39.56, 46.37, 51.71, 60.28, 118.73, 124.50, 125.90, 139.35, 

140.60, 144.98, 148.10, 151.33. ES-MS mlz 314 [M+Ht Anal. Calcd. for C1sH21Ns­

•3.0HBr•2.lH20: C, 36.40; H, 5.80; N, 11.79; Br, 40.35. Found: C, 36.28; H, 5.78; N, 

11.48; Br, 40.66. 
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Example 132 

COMPOUND 132: Preparation of N1-Cl-allyl-lH-imidazol-2-ylmethyll-.N'-!S.6.7.8-

tetrahydroguinolin-8-yll-butane-1.4-diamine (hydrobromide salt) 

[0722) To a solution of 2-Imidazolecarboxaldehyde (0.81 g, 8.4 mmol) and 

diisopropylethylamine (2.2 mL, 12.6 mmol) in anhydrous DMF (28 mL) was added allyl 

bromide (0.88 mL, 10.1 mmol) and the solution was stirred at 60°C for 16 hours. The mixture 

was then concentrated under reduced pressure and the residue partitioned between 

dichloromethane (20 mL) and sodium bicarbonate (15 mL). The organic phase was separated 

-and the aqueous phase was extracted with dichloromethane (2 x 15 mL). The combined organic 

phases were then dried (Na2S04), filtered, and concentrated under reduced pressure to give a 

crude residue that was purified by column chromatography with silica gel (1 :99 MeOH/CH2Cli). 

This afforded 2-(N-allylimidazole)-carboxaldehyde (0.62 g, 54%). 1H NMR (CDCb) 3 5.02 (d, 

2H, J= 6.0 Hz), 5.10 (d, lH, J= 18.0 Hz), S.25 (d, lH,J= 9.0 Hz), 5.96 (m, lH), 7.16 {s, IH), 

7.30 (s, lH), 9.81 (s, lH). 

(0723} Using general procedure B, 2-[4-(5,6,7,8-Tetrahydroquinolin-8-ylamino)-butyl]­

isoindole-1,3-dione (0.80 g, 2.3 mmol), 2-(N-allylimidazole)-carboxaldehyde (0.62 g, 4.5 mmol) 

and sodium triacetoxyborohydride (1.16 g, 5.5 mmol) were stirred at room temperature in 

dichloromethane (22 mL) for 16 hours to yield, after work-up and column chromatography (1:4 

ethyl acetate:hexane ), 2-{ 4-[(l-Allyl-IH-imidazol-2-ylmethyl)-(5,6, 7 ,8-tetrahydroquinolin-8-

yl)-amino ]-butyl }-isoindole-1,3-dione as a yellow oil (0.45 g, 40%). 1H NMR(CDCh) l> 1.26 

(m, 2H), 1.50-1.70 (m, 3H), 1.75-2.00 (m, lH), 2.03 (m, 2H), 2.54 (m, 2H), 2.57-2.80 (m, 2H), 
' 

3.55 (t, 2H, J= 6.0 Hz), 3.83 (s, 2H), 3.97 (m, lH), 4.84 (d, lH, J= 15.0 Hz), 4.92 (d, lH, J= 

15.0 Hz), 5.07 (brd, 2H,J= 7.5 Hz), 5.93 (m, lH), 6.77 (s, HI), 6.82 (s, lH), 7.01 (m, lH), 7.30 

(d, IH,J= 7.0 Hz), 7.70 (m, 2H), 7.82 (m, 2H), 8.40 (d, IH,J= 3.0 Hz). 
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(0724) A solution of the above compound (0.40 g, 0.85 mmol) in anhydrous ethanol (8.4 

mL) was treated with n-butylamine (0.85 mL, 8.5 mmol) and stirred for 16 hat 80°C. The 

solution was then concentrated under reduced pressure and purified by column chromatography 

with silica gel (2:1:97 metbanol:ammonium hydroxide:dichloromethane) to give N-(l-allyl-IH­

imida201-2-ylmethy1)-!'7-(5,6,7 ,8-tetrahydroquinolin-8-yl)-butane-1,4-diamine. (0.19 g, 66%). 1H 

NMR (CDCh) 8 1.35 (hr, 4H}, 1.67 (m, lH), 1.80-2.10 (m, 3H), 2.55 (br, 4H}, 2.62-2.80 (m, 

2H), 3.80(s, 2H}, 4.02 (m, IH), 4.75 (dd, lH,J• 4.5, 18.0 Hz), 4.89 (d, lH,J= 18.0 Hz), S.05 

(dd, lH, J= 4.5, 18.0 Hz), S.09 (d, lH, J= 18.0 Hz), S.88 (m, lH), 6.81 (s, lH), 6.90 (s, lH), 

7.04 (m, lH), 7.33 (d, lH, J= 6.0 Hz), 8.45 (d, lH,J= 6.0 Hz). 

(0725] Using general procedure D: The above material (180 mg, 0.53 mmol) was converted 

to the hydrobromide salt to provide COMPOUND 132 (312 mg) as a white solid. 1H NMR 

(D20) 6 1.53 (br, SH), 1.81 (br m, Ill), 1.96 (m, lH), 2.18 (br m, lH), 2.34 (hr m, lH), 2.48 (br' 

m, lH), 2.74 (brm, lH), 2.89 (br, 2H), 3.00 (br, 2H), 4.14 (d, lH,J= 16.8 Hz), 4.32 (d, IH,J= 

16.5 Hz), 4.38 (m, lH), 4.85 (br d, 2H, J 111 5.1Hz),5.18 (d, lH, J= 17.1Hz),5.40 (d, IH,J= 

10.5 Hz), 6.02 (m, lH), 7.48 (d, IH, J= 1.8 Hz), 7.51 (d, lH, J= 1.8 Hz), 7.87 (t, 2H, J= 6.8 

Hz), 8.35 (d, lH, J= 7.8 Hz), 8.60 (d, IH, J= 5.7 Hz). 13C NMR (D20) 8 20.23, 20.39, 25.08, 

25.39, 27.66, 39.57, 46.51, 50.32, 51.57, 60.32, 119.20, 119.92, 123.65, 125.95, 131.00, 139.35, 

140.60, 145.01, 148.14, 151.27. ES-MS mlz 340 (M+H). Anal. Calcd for 

C20H29Ns•3.0I-IBr•l.6H20: C, 39.31; H, 5.81; N, 11.46; Br, 39.23. Found: C, 39.54; H, 5.80; N, 

11.07; Br, 39.13. 
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Example 133 

COI\fPOUND 133: Preparation of Nl-es.6. 7.8-Tetrahydro-imidazoCl.5-alomdin-3-
.-:. ... 

, ·ylmethyll-NI-es.6. 7~8-tetrahydro-auinolin-8-yll-butane-1.4-diamine 
(hydrobromide salt) 

Preparation of 5,6, 7.8-Tetrahydro-imidazo[l ,5-alpvridine-3-carbaldehyde: 

(0726) To a solution of 5,6,7,8-tetrahydro-imidazo[l,5-a]pyridine (prepared as described.by 

Lattrell, R. et al. The J. of Antibiotics 1988, 41, 1395-1408) in THF (7 mL} at-78 °C was added 

a solution of n-BuLi (2.5 M -in hexanes, 0.70 mL, 1.75 nunol) and the reaction stirred at-78 ~c 

for 10 min. DMF (1.0 mL) was added to the mixture at -78 °C and the reaction warmed t~ room 

temperature and stirred for 2 h before quenching with saturated aqueous NRiCl (5 mL). The 

mixture was diluted with EtOAc (30 mL) and brine and the organic phase washed with brine (1 

x 30 mL}, dried (Na2S04) and concentrated in vacuo. The resultant brown oil (191 mg) was 

purified by column chromatography on silica gel (CH2Ch/MeOH, 96:4) to afford the desired 

aldehyde (105 mg, 40%) as an orange oil. 1HNMR (CDCh) o 1.83-1.89 (m, 2H), 1.94-2.02 (m, 

2H), 2.85 (t, 2H, J = 6 Hz), 4.39 (t, 2H, J = 6 Hz), 7.05 (s, lH), 9. 71 (s, lH}. 

(0727) Following General Procedure B: To a stirred solution of2-[4-{5,6,7,8-tetrahydro­

quinolin-8-ylamino)-butyl]-isoindole-l,3-dione (174 mg, 0.50 mmol) and 5,6,7,8-tetrahydro­

imidazo[l,5-a]pyridine-3-carbaldehyde (82 mg, 0.48 mmol) in dry CH2Ch (7 mL) was added 

NaBH(OAc)3 (152 mg, 0.72 mmol) and the mixture stirred at room temperature for 5.5 h. The 

resultant yellow foam (271 mg) was purified by column chromatography on silica gel 
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(CH2Cl2'MeOHINH40H, 96:4:0 then 92:8:0 then 94:4:2) to afford the desired amine (153 mg, 

66%) as a white foam. 

(0728] To a solution of the phthalimide from above (153 mg, 0.32 mmol) in EtOH (4 mL) 

was added anhydrous hydrazine (0.055 mL, 1. 73 mmol) and the mixture stirred overnight. The 

resultant white solid was filtered through filter paper, washing thoroughly with CH2Ch and the 

filtrate concentrated in vacuo. The crude product was purified by radial chromatography on 

silica gel (1 mm plate, CH2Ch/MeOH/NRJOH, 50: I: 1 then 20: 1: 1 then I 0: 1: 1 to give the 

desired free amine (72 mg, 64%) as a pale yellow oil. 

(0729] Using General }>rocedure D: Conversion of the material from above (72 mg, 0.20 

mmol) to the hydrobromide. salt gave COMPOUND 133 '(I 06 mg,. 78%) as a yellow solid. 1H 

NMR (IhO) S 1.48-1.60 (m, 4H), 1.75-1.87 (m, 3H), 1.96-2.07 (m, 3H), 2.16-2.20 (m, lH}, 

2.34-2.38 (m, lH), 2.49-2.55 (m, Ill), 2.74-2.83 (m, 3H), 2.89-2.95 (m, 2H}, 2.99-3.02 (m, 2H), 

4.06-4.13 (m, 3H), 4.24 (d, IH, J- 16.8. Hz), 4.42 (dd, IH, J= 10.S, 5.4 Hz), 7.14 (s, lH), 7.85 

(dd, lH, J = 7.8, 6 Hz), 8.33 (d, lH, J= 1.8 Hz), 8.58 (d, lH, J = 5.7 Hz); 13C NMR. (DiO) 

8 18.77, 20.19, 20.42, 21.77, 25.10, 25.39, 27.68, 39.59, 44.44, 46.04, 51.84, 60.13, 114.38, 

125.85, 132.38, 139.32, 140.57, 142.58, 148.04, 151.44. ES-MS mlz ~54 (M+H). Anal. Calcd. 

for C21H31Ns•3.3HBr•0.9H20•0.4C4H100: C, 40.73; H, 6.07; N, 10.51; Br, 39.57. Found: C, 

40.48; H, 5.71; N, 10.34; Br, 39.83. 
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Example 134 

·- . 

COMPOUND 134: Preparation of Nl-< 4-Methoxymethyl-lH-imidazol-2-ylmethyll-

, ;ivl-£5.6, 7 ,8-tetrahydro-auinolin-8-yl)-butane-1.4-dianUne Cbydrobromide salt) 

Preparation of 4Cand 3)-Methoxymethyl-1-C2-trimethylsilanyl-ethoxymethyll-1H­

imidazole"2-carbaldehyde: 

10 
SEM-..N ~N 

'=(OMe 
(0730) To a solution of 4-(hydroxymethyl)imidazole hydrochloride (578 mg, 4.30 mmol) in 

DMF (3.5 mL) w~ added DIPEA (1.9 mL, 10.9 mmol) and 2-(ti:imethylsilyl)ethoxyme~yl 

chloride (0.83 mL, 4.69 mmol) and the mixture stirred overnight. The reaction was diluted with 
EtOAc.(60 mL) and brine (40 mL) and the organic layer washed with brine (2 x 40 mL), dried 

(Na2S04) and concentrated. The resultant yellow oil (1.04 g) was purified by column 

chromatography on silica gel (CH2Ch/MeOH/Nl40H, 96:4:0 then 94:4:2 then 88:10:2) to 
afford the desired SEM-protected irnidazole (416 mg, 42%) as a mixture ofregioisomers. 

(0731) To a solution of the alcohol from above (416 mg, 1.82 mmol) in THF (10 mL) at 0 

°C was added NaH and the mixture stirred for 30 min. To the resultant suspension was added 

Mel and the reaction stirred from 0 °C to room temperature over 2.5 h before diluting with H20 

(20mL) and EtOAc (25 mL). The organic phase was washed with brine (1x25 mL), dried 
(Na2S04) and concentrated to afford the desired methyl ether (430 mg) as a yellow oil. 

(0732) To a solution of the imidazole from above (430 mg, 1.78 mmol) in THF (10 mL) at-
78 °C was added a solution of n-BuLi (2.5 M in hexanes, 0. 71 rnL, 1. 78 mmol) and the reaction 
stirred at-78 °C for 10 min. DMF (1.0 mL) was added to the mixture at -78 °C. and the reaction 
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wanned to room temperature and stirred for 2 h before quenching with saturated aqueous NHaCl 
(~O mL). The mixture was diluted with BtOAc (30 mL) and brine (20 mL) and the organic 
phase washed with brine (1 x 30 mL), dried (Na2S04) and concentrated in vacuo. The resultant 
yellow oil was purified by column chromatography on silica gel (Hexanes/EtOAc, 2:1) to afford 
a mixture of the desired two regioisomeric aldehydes (194 mg, 40%) as a yellow oil. 1H NMR 
(CDC)]) 8 1.83-1.89 (m, 2H), 1.94-2.02 (m, 2H), 2.85 (t, 2H, J= 6 Hz), 4.39 (t, 2H, Jc:. 6 Hz), 
7.05 {s, IH), 9.71 (s, lH). 

{0733) Following General Procedure B: To a stirred solution of2·[4-(5,6,7,8-tetrahydro­
quinolin-8-ylamino)-butyl]':'isoindole-l,3-dione (269 mg, 0.77 mmol) and 4(and 3)­

methoxymethyl-1-(2-trimethylsilanyl-ethoxymethyl)-lH-imidazole-2-carbaldehyde (194 mg, 
0. 72 mmol) in dry CH2Ch (8 mL) was added NaBH(OAch (236 mg, 1.11 mmol) and the 
mixture stirred at room temperature for 4 h. The resultant crude brown oil (459 mg) was 
purified by column chromatography on silica gel (CH2Cli/MeOH, 96:4) to afford the desired 
amine (329 mg, 76%) as a pale yellow oil. 

(0734} A solution of the SEM-protected imidazole (329 mg, 0.55 mmol) in 4 N HCI (8 mL) 

was stirred at 60 °C for 4.5 h then cooled to room temperature and neutralized with solid K2C03 

(8.1 g). The slurry was diluted with H20 (15 mL) and CH2Ch (30 mL) and the aqueous phase 
extracted with CH2Ch (3 x 30 mL). The combined organic layers were dried (Na2S04), 

concentrated and purified by column chromatography on silica gel (CH2Ch/MeOH, 96:4 then 
92:8) to afford the desired product (248 mg, 96%) as a clear oil. . . 

[0735) To a solution of the phthalimide from above (248 mg, 0.52 mmol) in EtOH (4 mL) 
was added anhydrous hydrazine (0.10 mL, 3.15 mmol) and the mixture stirred overnight. The 
resultant white solid was filtered through filter paper, washing thoroughly with CH2Ch and the 

· filtrate concentrated in vacuo. The crude product was purified by radial chromatography on 
silica gel (1 mm plate, CH2C}z/MeOH/Nl'40H, 50: 1: 1 then 25: 1: 1 then 10: 1: 1) to give the 
desired free amine (83 mg, 46%) as a clear oil. 

(0736) Using General Procedure D: Conversion of the material from above (83 mg, 0.18 

mmol) to the hydrobromide salt gave COMPOUND 134 (137 mg, 88%) as a white solid. 1H 
NMR (D20) 8 1.44-1.55 (m, 4H), J.79-2.01(m,2H), 2.14-2.18 (m, lH), 2.26-2.31 (m, lH), 

2.43-2.53 (m, lH), 2.72~2.79 (m, lH), 2.88-2.92 (m, 2H), 2.98-3.01 (m, 2H), 3.40 (s, 3H), 4.16 

(d, l\f. J = 16.2 Hz), 4.29 (d, tH, J= 16.2 Hz), 4~42 (dd, lH, J = 10.5, 5.4 Hz), 4.58 (s, 2H), 

7.47 (s, lH). 7.86 (dd, lH, J = 7.8, 6 Hz), 8.34 (d, lH, J= 1.8 Hz), 8.59 (d, lH, J= 5.7 Hz); 13C 
NMR (D20) 8 20.33, 20.46, 25.08, 25.37, 27.63, 39.59, 47.43, 51.36, .58.23, 60.30, 63.39, 
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118.68, 125.90, 129.93, 139.28, 140.51, 146.34, 148.04, 151.45. ES-MS mlz 344 (M+H). Anal. 

Calcd. forC19H29Ns0•3.2HBr•0.7H20•0.4C<Sli1oO: C, 38.38; H, S.88; N, 10.86; Br,_39.66. 

Found: C; 38.42; H, 5.75; N, 10.92; Br, 39.56. 

Example 135 

co »la 
• 
IN~NH 
o~ , 

COMPOUND 135: Preparation of N-<l-Aliyl-lH-imidazol-2-ylmethyl)-N-CSl-5.6, 7 .8-

tetrahydro-guinolin-8-yl-butane-1.4-diamine Qiydrochloride salt) 

Preparation of l-Allyl-lH-imidazole-2-carbaldehyde: 

[0737] A solution of2-imidazole carboxaldehyde (15.0 g, 156 mmol), ally] bromide (22.6g, 

187 mmol) and diisopropylethylamine (40.7 mL, 234 rnmol) was stirred inN,N­

dimethylfonnamide (500 mL) for 23 hours. The solvent was removed under reduced pressure 

and the residue was dissolved in dichloromethane (370 mL). The solution was washed once 

with a saturated solution of sodium carbonate (185 mL). The layers were separated and the 

aqueous layer was extracted with dichloromethane (2 x 280 mL). The combined organic 

portions were dried with sodium sulfate, filtered and concentrated under reduced pressure to 

afford a yellow oil. The crude material was then purified by flash chromatography (99: 1 

CH2Cl.z/methanol) to provide the desired compound (12.8 g, 60%) as yellow oil. 1H NMR. (300 

MHz, CDCh, 8 ppm) 5.04 (d, 2H, J= 5.5 Hz), 5.11 (cl, lH,J= 17.5 Hz), 5.25 {d, IH, J= 10.0 

Hz), S.90-6.05 (m, Ill), 7.16(s, lH), 7.30 (s, UI), 9.81 (s, 111); 13C NMR (75 MHz, CDCh, 8 

ppm) 49.77, 118.61, 126.00, 131.74, 132.39, 143.17, 182.05. 

Preparation of N1 
-( J -Allyl-J H-imidazol-2-ylmethyl)-N1-(S)-5.6. 7.8-tetrahydro-quinolin-

8-yl-butane-l.4-diamine (COMPOUND 135) 

(0738] Using general procedure B: Reaction of N'-(S)-5,6,7,8-tetrahydro -quinolin-8-yl­

butane-1,4-diamine (29.86 g, 85 mmol) and l-Allyl-lH-imidazole-2-carbaldehyde (12.8 g, 94 
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mmol) with NaBH(OAc)3 (18.0 g, 85 mmol) in CH2Cb (470 mL) for 39 hours followed by 

purification of the crude material by flash chromatography (4:1 AcOEt/hexane) provided 21 g of 

a yellow oil. 1H NMR (300 MHz, CDCb, a ppm) 3.55 (t, 2H, J = 7.0 Hz), 1.20-2.80 (series of 

m, 12H), 3:84 (s, 2H), 3.98 (m, lH), 4.87 (dd, lH,J= 1.0 & 17.0 Hz), 4.70-5.15 (m, 2H), 5.08 

(dd, lH, J= 1.0 & 10.0 Hz), 5.80-6.00 (m, IH), 6.76 (d, lH, J= 1.0 Hz), 6.82 (d, lH, J= 1.0 

Hz), 7.00 (dd, lH, J= 4.5 & 7.5 Hz), 7.31 (d, lH, J= 1.5 Hz), 7.65-7.75 (m, 2H), 7.75-7.85 (m, 

2H), 8.41(d,1H,J=4.S Hz). 

(0739] The 2-{ 4-[(S)-(1-Allyl-IH-imidazol-2-ylmethyl)-S,6, 7,8-tetrahydro-quinolin-8-yl­

amino ]-butyl }-isoindole-1,3-dione (2lg, 45 mmol) was dissolved in ethanol (450 mL) and was 

treated with n-butylamine (44.6 mL, 450 mmol). The solution was stirred at 60°C for 21 hours. 

The mixture was concentrated under reduced pressure and was purified by flash chromatography 

(97:2:1 CH1Cl:z/methano~OH and slowly raised the amount of methanol from 2% to 10%). 

The cleanest fractions (7.37 g, 77%) were carried through the salting procedure. 

(0740) Following general procedure D, conversion of the material to his hydrochloride salt 

and re-precipitation from methanol/diethylether gave COMPOUND 135 (7.97 g , 82%) as beige 

solid. 1H NMR (300 MHz, D20, o ppm) 1.45-1.60 (m, 4H), 1.65-1.85 (m, lH), 1.85-2.05 (m, 

lH), 2.05-2.20 (m, IH}, 2.25-2.40 (m, lH), 2.40-2.55 (m, lH), 2.65-2.80 (m, IH), 2.85-2.95 (m, 

2H), 2.95-3.05 (m, 2H), 4.10 (d, lH, J= 17.0 Hz), 4.28 (d, IH, 17.0 Hz), 4.30-4.40 (m, IH), 

4.80-4.85 (m, 2H), 5.14 (d, lH, J~ 17.0 Hz), 5.36 (d, IH, J= 10.5 Hz), 5.90-6.10 (m, IH), 7.46 

(d, IH, J= 2.0 Hz), 7.81 (~d, IH, J= 5.5 & 8.0 Hz), 8.2~ (d, lH, J-= 8.0 Hz), 8.57 (d, lH, J= 

5.5 Hz); 13C NMR ((75 MHz, D20, s ppm) 20.20, 20.40, 25.06, 25.37, 27.66, 39.58, 46.50, 

50.30, 51.56, 60.29, 119.17, 119.91, 123.62, 125.93, 131.02, 139.34, 140.55, 145.01, 148.11, 

151.23. ES-MS mlz 340 (M+H). Anal. Calcd. for C20H29Ns •3.2HCI •3H20 •0.3C4H100: C, 

47.82; H, 7.80; N, 13.15; Cl, 21.31. FoWld: C, 47.98; H, 7.60; N, 13.11; Cl, 21.17. 
~ 
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Example 136 

COMPOUND 136: Prep8ration of N'-f2-[C1H-Benzimidazol-2-ylmethyl)-N1 -lS.6.7.8-
tetrahydro-guinolin-8-yll-amino]-ethyll-guanidine <hydrobromide salt). 

[0741] Using General Procedure B: Reaction of N-(tert-butoxycarbonyl)-2-amino­
acetaldehyde (0.204 g, 1.28 mmol) and (IH-Benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­
quinolin-8-yl)-amine (0.284 g, 1.02 mmol) with NaBH(OAc)J (0.430g, 2.03 mmol) in Cl-hCh 
(10 mL) provided 0.71 gof a yellow foam. The foam was.dissolved in TIIF (lOmL) and treated 
with 6N hydrochloric acid (10 mL). The res~tant solution was stirred at room temperature 
overnight. The solution was neutralized with solid K2C03 (5 g), diluted with water (5 mL) and 
extracted with CH2Ch (3 x 20 mL). The combined organic extracts were dried (Na2S04) and 

I 

concentrated. Purification of the crude material by column chromatography on silica gel (20: 1: 1 

CH2Ch-CH30H-NRtOH) provided 0.205 g (64%) of N1-(IH-Benzimidazol-2-ylmethyl)-N'­
(5,6,7,8-tetrahydro-quinolin-8-yl)-ethane-l,2-diamine as a yellow solid. To a solution of N-
(1 H-Benzimidazol-2-ylmethyl)- N1-(S,6,7,8-tetrahydro-quinolin-8-yl)-ethane-1,2-diamine (0.205 
g, 0.64 mmol) in dry THF (6 mL) was added N. N'-bis-(tert-butoxycarbonyl)-IH-pyrazole-1-

. carboxamidine (Tetrahedron Lett. 1993, 34, 3389.) (0.201 g, 0.64 mmol) and the resultant 
mixture was stirred at room temperature for 18 hours. The mixture was concentrated and the 
resultant oil was purified by colwnn chromatography on silica gel ( 40: 1: l CH2Ch-CH30H­
NRiOH) anci provided 0.267 g (74%) of N, N-bis (tert-butoxycarbonyl)-N"-{2·[(1H­
Benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro-quinolin-8-yl)-amino)-ethyl}-guanidine as a 

white foam. 

(0742) Using General Procedure D: Conversion of the white foam (257 mg) to the 

hydrobromide salt with simultaneous removal of the BOC-protecting groups, followed by 
reprecipitation of the intermediate solid from meth8:f1oVether gave COMPOUND 136 (253 mg, 

86%) as a white solid .. 1H NMR (D20) o 1.77-1.87 (m, IH), l.97-2.18 (m. 2H). 2.32-2.37 (m, 
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IH), 2.75,-2.84 (m, IH), 2.96-3.10 (m, 3H), 3.19-3.33 (m, 2H), 4.39 (d, lH, J= 16.S Hz), 4.51-

4.57 (m, 2H), 7.58-7.61(m,2H), 7.77-7.88 (m, 3H), S.34 (d, lH,J= 8.1Hz),8.65 (d, IH,J= 

5.7 Hz); 13C NMR CD20) 6 20.33, 20.57, 27.71, 39.96, 48.11, 50.17, 60.70, 114.33, 126.03, 

126.99, 131.28, 139.68, 140.87, 148.18, 150.46, 150.84,; ES-MS mlz 364 (M+H). Anal. Calcd. 

for C20H2sN1•3.0HBr•l.5H20•0.2C4H1oO: C, 38.55; H, 5.13; N, 15.13; Br, 36.99. Fowid: C, 

38.54; H, 5.07; N, 15.0S; Br, 36.95. 

Examole 137 

COMPOUND 137: Preparation of {4-fClH-Benzimidazol-2-ylmethyl}-(5,6,7,8-

tetrahydro-guinolin-8-yl)-aminoJ-butylamino}-acetic acid methyl ester 

(hydrobromide salt) 

Preparation of H2-Nitro-benzenesulfonyl)-C 4-oxo-butyl)-amino ]-acetic acid methyl ester: 

o~~"'l(o, 
Ns 0 

(0743) To a solution of 4-amino-1-butanol (555 mg, 6.23 mmol) in THF/saturated aqueous 

NaHC03 (2:1, 15 mL) at 0 °C was added 2-nitrobenzenesulfonyl chloride (1.4492 g, 6.54 mmol) 

and the reaction stirred overnight. The mixture was diluted with CH2Ch (40 mL) and saturated 

aqueous NaHC03 (30 mL) and the aqueous layer extracted with CH2Ch (1 x 30 mL). The 

combined organic extracts were dried (Na2S04) and concentrated in vacuo. The resultant yellow 

solid (1.74 g) was washed with Et20 (3 x 15 mL) and dried in vacuo to afford the nosyl­

protected alcohol (1.34 g, 78%) as a white solid: 

(0744) To a suspension of the alcohol from above (1.34 g, 4.89 mmol) and K2C03 (1.346 g, 

9.74 mmol) in CH3CN (20 mL) was added methyl bromoacetate (0.55 mL, 5.81 mmol) and the 

reaction stirred overnight then at 50 °C for 4 h. The mixture was cooled to room temperature, 
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concentrated, diluted with CH2Ch (SO mL) and washed with H20 ( 40 mL). The aqueous layer 

was extracted with CH2Ch (1 x 15 mL) and the combined organic layers dried (Na2S04) and 

concentrated to afford the alkylated amine ( 1.59 g) as a pale yellow oil. 

[0745] A solution of the above alcohol (881mg,2.55 mmol) in CH2Cli (10 mL) was treated 

with molecular'sieves (837 mg), N-methylmorpholine oxide (673 mg, 5.75 mmol), and TPAP 

( 64 mg, 0.18 mmol). The mixture was stirred for 1.5 hours and then filtered through sill~ 

washing with 1: 1 EtOAc/hexanes. The filtrate was then concentrated under reduced pressure to 

afford the title compound ( 414 mg, 4 7%) as a pale yellow oil. 1H NMR (CDCh) 8 1.86 ( q, ·2H, J 

= 6 Hz), 2.57 (t, 2H, J= 6.l:lz), 3.43 (t, 2H, J= 6 Hz), 3.65 (s, 3H), 4.17 (s, 2H), 7.59-7.62 (m, 

lH), 7.68-7.71(m,2H), 8.02-8.05 (m, IH), 9.75 (s, lH). 

(0746] Following General Procedure B: To a stirred solution of (lH-benzimidazol-2-

ylmethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)-amine (155 mg, 0.56 mmol) and ((2-nitro­

benzenesulfonyl)-( 4-oxo-butyl)-amino ]-acetic acid methyl ester (189 mg, 0.55 mmol) in dry 

CH2Ch (lOmL)was addedNaBH(OAc)3 (159 mg, 0.75 mmol) and themixturestiJTedatroom 

temperature overnight. The resultant crude brown oil (0.81 g) was purified by column 

chromatography on silica gel (CH2Clz/MeOH/NRiOH, 95:4:1) to afford the desired amine (166 

mg, 48%) as a yellow foam. 

· [0747) To a stirred solution of the nosyl-protected amine from above (125 mg, 0.21 mmol) 
I 

in anhydrous CH3CN (5 mL) at room temperature, was added thiophenol (0.12 mL, 1.17 mmol) 

fol1Qwe4 by powdered K2C03 (177 mg, 1.28 mmol). The resulting bright yellow solution was 

stirred at room temperature overnight. The solvent was removed under reduced pressure and 

CH2Cl2 (30 mL) and water (30 mL) were added to the residue. The phases were separated and 

the aqueous phase was extracted with CH2Ch (2 x 10 mL). The combined organic phases were 

dried (Na2S04) and concentrated. Purification of the crude material by colwnn chromatography 

on silica gel (CH2Ch/Me0Ii/NRiOH, 94:4:2) followed by radial chromatography on silica gel 

(1 mm plate, CH2Clz/MeOH/NH.iOH, 100:1:1 the 50:1:1 then 25:1:1) provided the free base (33 

mg, 37%)'as a clear oil. 

[0748) Using General Procedure D: Conversion of the material from above (33 mg, 0.078 

mmol) to~the hydrobromide salt gave COMPOUND 137 (43 mg, 78%) as a white solid. 1H 

NMR (020) 5 l.54-1.59 (m, 4H), 1.76-1.90 (m, lH), l.97-2.09 (m, lH), 2.16-2.21 (m, IH), 

2.36-2.39 (m, lH), 2.55-2.61 {m, lH), 2.81-2.88.(m, lH), 2.99-3.02 (hr m, 4H), 3.78 {s, 3H), 

3.93 (s, 2H), 4.40 (d, lH, J == 16.8 Hz), 4.49-4.57 (m, lH), 4.54 {d, IH, J= 16.8 Hz), 7.60 (dd, 

2H, J = 6, 3 Hz), 7.80 (dd, 2H, J = 6, 3 Hz), 7.87 (dd, lH, J = 7.8, 6 Hz), 8.34 (d, lH, J== 7.8 
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Hz), 8.64 (d, lH, J= S.1Hz); 13C NMR (020) 8 20.44, 23.66, 25.38, 27.65, 47.57, 47.62, 48.26, 

51.64, 53.85, 60.67, 114.27, 125.94, 126.93, 131.00, 139.35, 140.61, 148.11, 151.24, 151.77, 

168.15. ES-MS mlz 422 (M+H). Anal. Calcd. for C24H31Ns02•3.0HBr•2.2H20: C, 40.95; H, 

5.50; N, 9.95; Br, 34.05. Found: C, 40.91; H, 5.57; N, 9.67; Br, 34.32. 

Example 138 

COMPOUND 138: Preparation of pyrazine-2-carboxylic acid { 4-CClH-benzimidazol-2-

ylmethyl}-($)-5 .6. 7.8-tetrahydro-quinolin-8-yJ-amino ]-butyl}-amide 

[0749) To a solution of N'-(IH-benzimidazol-2-ylmethyl)-N'-(S)-5,6,7,8-tetrahydro -

quinolin-8-yl-butane-1,4-diamine (211 mg, 0.60 mmol) in CH2Ch (5 mL) was added 2-

pyrazinecarboxylic acid (74.8 mg, 0.60 mmol), N,N-diisopropylethylamine (0.21 mL, 1.2 

mmol), HOBT (97.7 mg, 0.72 m.mol) and EDC (139 mg, 0.77 mmol). The resultant solution was 

stirred at room temperature for 16 h. The reaction mixture was diluted with CH2Ch (15 mL) 
I 

and brine (25 mL) and the phases mixed and separated. The aqueous layer was extracted with 

CH2Ch (2 x 15 mL) and the combined organic extracts dried (Na2S04), filtered, and 

concentrated in vacuo. Purification of the crude white foam by flash'chromatography on silica 

gel (CH2Ch/MeO~OH, 100:3:1) gave the title compound (166 mg, 60%) as a white foam. 
1H NMR (CDCh) ~ 1.42-1.80 (m, 7H), 1.86-2.09 (m, 2H), 2.16-2.26 (m, IH), 2.58-2.90 (m, 

4H), 3.23-3.37 (m, 2H), 4.13 (d, lH, J= 16.8 Hz), 4.04 (d, lH, J= 16.8 Hz), 4.02-4.11 (m, lH), 

7.11-7.22 (m, 3H), 7.42 (d, lH, J= 7.5 Hz), 7.46-7.52 (m, lH), 7.60-7.76 (m, 2H), 8.43 (t, lH,J 

= 1.5 Hz), 8.58 (d, IH, J= 3.9 Hz), 8.71 (d, lH, J== 2.4 Hz), 9.34 (d, lH, J= 1.2 Hz); 13C NMR 

(CDCh) ~ 21.76, 24.03, 26.20, 27.35, 29.56, 39.38, 49.92, 50.39, 62.15, 111.37,119.11, 121.9l, 

122.59, 134.98, 137.73, 142.83, 144.64, 144.83, 147.01, 147.47, 156.91, 157.84, 163.25; ES-MS 

mlz 456 (M+H). Anal. Calcd. for C24H2sN102 • ~.6 H20: C, 66.96; H, 6.53; N, 21.02. Found: 

C, 66.94; H, 6.54; N, 21.05. 
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COMPOUND 139: Preparation of Pvrldine-2-carboxylic acid {3-CClH-benzimidazol-2-

yhnethyl>-(5.6.7,8-tetrahydro-guinolin-8-yll-aminol-proID'l}-amide 

(hydrobromidel 

(0750] To a stirred solution ofpicolinic acid (36.7 ms., 0.30 mmol) in anhydrous DMF (3 

mL) was added N,N-diisopropyfothylamine (0.10 mL, 0.6 mmol), HOBT (48.3 mg, 0.36 mmol), 

EDC (68.6 mg, 0.36 mmol) and Nl-(1H-Benzimidazol-2-ylmethyl)-N1-(5,6,7,8-tetrahydro­

quinolin-8-yl)-propane-l,3-diamine (100 mg, 0.30 mmol). The resultant solution was stirred at 

room temperature for 16 h. The reaction mixture was diluted with EtOAc (40 mL), brine (15 

mL) and H20 (5 mL) and the two layers mixed ;vigorously for 15 minutes. The layer~ were 

separated and th~ organic layer washed with brine (5 x 15 mL), dried (Na2S04), filtered and 

concentrated in vacuo. Purification of the. beige fo~ by radial chromatoW<1P.hY on a_ Imm TLC 

grade silica gel plate (CH2Cli/MeOWNH.OH, 50:1:1) gave the free base of the title compound 

.(63.0 mg, 48 %) as a white foam. 

:.. [0751) ·Using General Procedure D: Conversion of the white foam from above (63.0 mg, 

OJ4 mmol) to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 139 (81.3 mg, 79 %) as a cream solid. 1H NMR (D20) 

8 1.72-1.92 (m, 3H), 1.93-2.10 (m, IH), 2.11-2.23 (m, lH), 2.33-2.44 (m, lH), 2.52-2.64 (m, 

Hi), 2.83-3.05 (m, 3.H), 3.24-3.50 (m, 2H), 4.29 (d, lH, J= 16.2 Hz), 4.44 (d, lH, J= 16.5 Hz), 

4.55 (dd, IH, J= 10.4, 5.7 Hz), 7.42-7.49 (m, 2H), 7.59-7.66 (m, 2H), 7.80 (t, lH, J= 6.8 Hz), 

7.89 (t, lH,J= 6.5 Hz), 7.95 (d, lH,J= 8.1Hz),8.24-8.34 (m, 2H), 8.62 (d, 2HJ= 5.1 Hz); 
13c NMR (D20) a 20.43, 27.63, 37.76, 48.05, 48.93, 59.91, 114.12, 123.82, 12s.81, 126.99, 

129.16, 130.71, 139.39, 140.66, 144.19, 144.86, i45.77, 148.03, 151.25, 163.22; ES-MS mlz 
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441 (M+H). Anal. Calcd. forC2di2sN60•2.9 HBr• 2.7 fuO: C, 43.14; H, 5.05; N, 11.61; Br, 

32.01. Found: C, 43.26; H, 5.07; N, 11.24; Br, 32.37. 

Example 140 

COMPOUND 140: Preparation oflsoauinoline-3-carboxylic acid {3-C<lH­

benzimidazol-2-ylmethyl}(S.6. 7 .8-tetrahydro-quinolin-8-yl)-aminol-propyll­

amide Cbydrobromide) 

[0752] To a stirred solution of 1-isoquinolinecarboxylic acid (51.6 mg, 0.30 mmol) in 

anhydrous DMF (3 mL) was added N,N-diisopropylethylamine (0.10 mL, 0.6 mmol}, HOBT 

(48.3 mg, 0.36 mmol), EDC (68.6 mg, 0.36 mmol) and N1-(tH-Benzimidazol-2-ylmethyl)-Nl­

(5,6,7,8-tetrahydro-quinolin-8-yl)-propane-l,3-diamine (100 mg, 0.30 mmol). The resultant 

soluti~n was stirred at room temperature for 16 h. Th~ reaction mixture was diluted with EtOAc 

(40 mL): brine (15 mL) and H20 (5 mL) and the two layers mixed vigorously for 15 minutes. 

The layer~ were separated and the organic layer washed with brine (5 x 15 mL), dried (Na2S04), 

filtered and concentrated in vacuo. Purification of the crude material by radial chromatography 

on a lmm TLC grade silica gel plate (CH2Ch/MeOH/NRsOH, 50:1:1) gave the free base of the 

title compound (79 .2 mg, 54%) as a white foam. 

(0753) Using General Procedwe D: Conversion of the white foam from above (79.2 mg, 

0.16 mmol) to the hydrobromide salt followed by re-precipitation of the intermediate solid from 

methanol/ether gave COMPOUND 140 (106 mg, 86 %) as a yellow solid. 1H NMR (D20) 

8 1.76-1.97 (m, 3H), 1.95-2.12 (m, lH), 2.12-2.23 (m, lH), 2.33-2.45 (m, 1H), 2.57-2.70 (m, 

lH), 2.88-3.04 (m, 3H), 3.39-3.54 (m, 2H), 4.33 (d, lH,J= 16.5 Hz), 4.48 (d, lH, J= 16.5 Hz), 

4.57 ( dd, 1 H, J = 10.8, 5~ 7 Hz), 7 .32-7.40 (m, 2H), 7 .51-7 .60 (m, 2H), 7. 73-7.83 (m, 2H), 8.02 

(t, Ill, J= 1.2 Hz), 8.12 (d, lH, J= 6.3 Hz}, 8.14 (d, lH,J= 7.8 Hz), 8.22 (d, lH,J= 6.3 Hz}, 

8.27 (d, lH, J= 7.8 Hz), 8.36 (d, lH, J= 6.0 Hz), 8.61 (d, lH J= 5.4 Hz); 13C N.MR (D20) 
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a 20.40, 27.66, 38.12, 48.23, 49.24, 60.06, 114.oo, 124.73, 125.86, 126.61, 126.74, 126.83, 

128.43, 130.67, 131.35, 134.81, 135.30, 139.26, 139.41, 140.61, 148.07, 149.02, 151.26, 164.46; 

ES-MS mlz 491 (M+H). Anal. Calcd. for C30H30N60 • 2.9 HBr • 2.3 H20: C, 47.00; H, 4.93; 

N, 10.96; Br, 30.22. Found: C, 47.21; H, 5.01; N, 10.65; Br, 30.06. 

Example 141 

COMPOUND 141: N-{3-[(1H-benzoimidazol-2-ylmethyll-(5,6,7.8-tetrahydro­

guinolin-8-yl)-aminol-propyll-6-hydroxy-nicotinamide (hydrobromide salt) 

Preparadon of ( 4-oxo-propyll-carbamic acid tert-butyl este~: 

[0754] To a solution of oxalyl chloride in CH2Ch (2.0 M, 12.3 mL, 24.63 mmol) at 

78°C was added DMSO dropwise: The reaction mixture was stirred for 20 minutes at -78°C. 

Then a solution of ( 4-hydroxy-propyl)-carbamic acid tert-butyl ester (3.32 g, 18.95 nunol) in 

CH2Ch (58 mL) was added, followed by trieipylamine (13.2 mL, 94.75 mmol), and the reaction 

mixture was wanned to room temperature. After 1.5 hours, the mixture was diluted with brine 

(50 mL) and the phases were separated. The organic layer was washed with brine (2 x 50 mL) 

and saturated NaHC03 (2 x SO mL). The combined organic layer was dried (MgS04), filtered, 

concentrated, and dried in vacuo to afford an orange oil (2.76 g, 84%). 1H NMR (CDCh) o 1.42 

(s, 9H), 2.710 (t, 2H, J ... 6.0 Hz), 3.42 (q, 2H, J = 7.5 Hz), 4.90 (br s, lH), 9.80 (s, IH). 
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Preparation of2-{[f3-tert·butoxvcarbonylamino-propyl)-(5.6.7.8·tetrahydro-guinolin·'8-

vll-aminol-methyl}-benzoimidazole-1-carboxylic acid tert-butyl esterj 

[0755] To a solution of the above aldehyde (1.70 g, 9.82 mmol) and 2·[(5,6,7,8-tetrahydro­

quinolin-8-ylamino)-methyl]-benzimidazole-l-carboxylic acid tert-butyl ester (3.38 g, 8.92 

mmol) in CHzCh (20 mL) was added sodiwn triacetoxyborohydride (3.78 g, 17.84 mmol). The 

reaction mixture was stirred at room temperature for 4 days. Then it was extracted with , 
saturated Naff CO, (3 x SO mL). The organic layer was dried (MgS04), filtered, concentrated, 

and dried in vacuo to afford a yellow foam. Pmification by flash column chromatography on 

silica gel using 2% CH30H/CH1Ch afforded the product as a 'yellow foam (4.23 g, 91%). 1H 
'.· 

NMR (CDCh) 8 1.41(s,9H), 1.60 (s, 9H), 1.64-1.75 (m, 2H), 1.89-2.04 (m, 3H), 2.21-2.25 (m, 

lH), 2.66-2.89 (m, 3H), 3.20-3.24 (m, 2H), 3.40-3.44 (m, lH), 4.17-4.43 (m, 3H), 6.90 (d, lH, J 

= 3.0 Hz), 7.19-7.25 (m, 2H), 7.40 (m, lH), 7.74-7.76 (m, lh), 7.82-7.84 (m, lH), 8.35 (cl, lH, J 

=6.0Hz). 

Preparation of N1-CIH-benzoimidazol-2-ylmethyl}-N-C5.6.7.8-tetrahydro-auinolin-8-yl)­

, propane-1.3-diamine: 

(0756] The above amine (4.23 g, 8.11 mmol) in 3N HCI I THF (2:1) (30 mL) was stirred at 

room temperature overnight. Then it was basified to pH=9 using potassium carbonate and it was 

extracted with CHCh (3 x SO mL). The combined organic layer was dried (Na2S04), filtered, 

concentrated, and dried in vacuo to afford a yellow foam (2.88 g, 100%). 1H NMR (CDCh) 

5 1.62-1.79 (m, 3H), 2.09 (m, tH), 2.42-2.68 (m, 3H), 2.76-2.84 (m, 4H), 3.35 (d, tH, J= 12.0 

Hz), 4.00 (d, 1H,J= 12.0 Hz), 4.10-4.15 (m, IH), 4.34 (d, lH, J= 15.0 Hz), 7.05-7.09 (m, lH), 

7.13-7.16 (m, 2H), 7.39 (d, lH, J= 9.0 Hz), 7.60-7.61 (br m, 2H), 8.59 (d, IH, J= 3.0 Hz). 

Preparation of N-£3-[ClH-benzoimidazol-2-ylmethyl}-(5,6.7,8-tetrahydr0=guinolin-8-yl)­

amino J-proovll-6-hydroxy-nicotinamide: 

(0757] To a solution of the above amine (173 mg, 0.52 mmol) in DMF (3 mL) was added 1-

hydroxybenzotriazole hydrate (1-04 mg, 0.77 mmol), 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (148 mg, 0.77 mmol), and 6-hydroxynicotinic acid (86 mg, 

0.62 mmol). The reaction was stirred overnight at room temperature. Then it was diluted with 

ethyl acetate (40 mL) and water (25 mL). The organic layer was washed with saturated NaHCO. 

3 (30 mL) and brine (30 mL), dried (Na2S04}, filter~d, concentrated, and dried In vacuo to afford 

a yellow oil. Purification by radial chromatography on silica gel (I mm plate; using NH.t-
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OH/CH30H/CH2Ch; 1:2:100 -+ I: 1O:100) afforded the product as a yellow foam (63 mg, 

27%). 1H NMR (CDCh) 8 1.61-1.88 (m, 4H), 2.01-2.06 (m, IH), 2.20-2.24 (m, lH), 2.61-2.70 
(m, lH), 2.76-2.85 (m, 3H), 3.26-3.30 (m, lH), 3.45-3.51 (m, lH), 4.00 (s, 2H), 4.13 (dd, lH, J 

= 9.0, 6.0 Hz). 6.37 (cl, lH, J= 9.6 Hz), 7.13-7.18 {m, 3H), 7.43-7.46 (m, 3H), 7.52 (hrs, lH), 
7.66 (dd, lH, J= 9.6, 2.4 Hz), 7.91 (d, lH, J= 2.1 Hz), 8.48 (d, lH, J= 3.6 Hz). 

Preparation ofN-{3-[(lH-benzoimidazol-2-ylmethyl)-!5.6.7.8-tetrahydro-guinolin-8-yl)­
aminQl-mvpyll-6-hydi:oxy-nicotinamide Chydrobromide salt): 

(0758] To a solution C)fthe above amine (63 mg, 0.14 mmol) in acetic acid (2 mL) was 
added:llydrobromide saturated acetic acid (2 mL). The reaction mixture was stirred for 30 
minutes. Then it was triturated with diethyl ether four times to afford the title compound as a 

white solid (80 mg), which was dried in vacuo. 1H NMR (D20) 8 1.81-2.01 (m., 4H), 2.16-2.20 
(m, lH), 2.37-2.41 (m, lH), 2.50-2.59 (m, lH), 2.87-2.92 (m, lH), 3.00 (br s, 2H), 3.11-3.16 (m, 

IH), 3.37-3.42 (m, lH), 3.53 (q, IH, J= 6.0 Hz), 4.25 (ABq, 2H, J= 43.8, 15.3 Hz), 4.57-4.79 
(m, lH), 6.36 (d, lH, J= 9.6 Hz), 7.46-7.48 (m, 2H), 7.53 (s, lH), 7.57-7.63 (m, 3H), 7.85 (t, 

lH, J= 6.3 Hz), 8.34 (d, lH,J= 7.8 Hz), 8.65 (d, lH, J= 5.4 Hz). 13C NMR(D20) 8 20.33, 

20.45, 36.87, 47.77, 48.22, 59.04, 114.10, 119.38, 125.90, 126.99, 130.69, 137.16, 139.46, 

139.85, 140.66, 148.01, 150.87, 151.39. ES-MS mlz 451 [M+Ht. Anal. Calcd. for C26ff2sN602. 
•3.0HBr•3.4H20•0.2C.,H100: C, 41.52; H, 5.17; N, 10.84; Br, 30.92. Found: C, 41.70; H, 
4.90; N, 10.71; Br, 30.63. 
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Example 142 

COMPOUND 142: N-3-[{lH-benzoimidazol-2-ylmethyll:(S.6.7.8-tetrahydro-quinolin-

8-yl)-aminol-propyl}-benzamide Chydrobromide salt) 

Prej>aration of N-f3-[ClH-benzoimidazo1-2-ylmethyll-(5,6,7,8-tetrahydr0=guinolin-8-yl)­

amino]-propYl}-benzamide: 

[0759) To a solution of N-(1H-benzoimidazol-2-ylmethyl)-N1-(5,6, 7,8-tetrahydro-quinolin-

8-yl)-propane-1,3-diamine (166 mg, 0.50 mmol) in DMF (3 mL) was added 1-

hydroxybenzotriazole hydrate (100 mg, 0.74 mmol), 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride {142 mg, 0. 74 mmol), and benzoic acid (73 mg, 0.59 mrnol). 

The reaction mixture was stirred overnight at room temperature. Then it was diluted with ethyl 

acetate ( 40 mL) and water (25 mL ). The organic layer was washed with saturated NaHC03 :(30 

mL) and brine (30 mL), dried (Na2S04), filtered, concentrated, and dried in va~o to afford a 

yellow oil. Purification by radial chromatography on silica gel (1 mm plate; using NH40H/CH. 

30H/CH2Ch; 1:1:100-+ 1:3:100) afforded the product as a yellow foam (80 mg, 37%). 1H 

NMR (CDCh) 8 1.68-1.74 (m, 4H), 2.02-2.04 (m, lH), 2.22 (m, tH), 2.62-2.69 (m. 2H), 2.81 (t, 

lH, J= 4.8 Hz), 2.84-2.90 (m, 2H), 3.34-3.38 (m, lH), 3.55-3.59 (m, IH), 4.01-4 .. 05 (m, 2H), 
• 

7.10-7.18 (m, 4H), 7.32 (t, 2H,J= 7.8 Hz), 7.42-7.48 (m, 2H), 7.59 (dd, 2H, J= 8.0, 1.5 Hz), 

7.65(brs, 1H),8.43(dd, 1H,J=3.9, 1.2Hz). 

Preparation of N-{3-[( l H-benzgimidazol-2-ylmethyll:(S,6, 7 .8-tetrahydro-guinolin-8-yl)­

am.inol-prppyl}-benzamide (hydrobromide salt): 

(0760] To a solution of the amine (80 mg, 0'.18 nunol) in acetic acid (2 mL) was added 

bydrobromide saturated acetic acid (2 mL). The reaction mixture was stirred for 30 minutes. 
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Then it was triturated with diethyl ether four times to afford the title compound as a yellow solid 
(99 mg), which was dried in vacuo. 1HNMR(D20) S 1.73-1.86 (m, 2H), I.93-2.01 (m, IH), 
2.13-2.17 (m, lH), 2.34-2.38 (m, UI), 2.43-2.53 (m, lH), 2.80-2.87 {m, lH), 2.95-2.97 (hr m, 
2H), 3.17-3.23 {m, IH), 3.28-3.35 {m, IH), 3.53 (q, lH,J= 6.9 Hz), 4.28-4.54(m, 3H), 7.31-
7.38 (m, 4H), 7.49-7.51(m,3H), 7.63-7.72 (m, 3H), 8.24 (d, IH, J= 7.8 Hz), 8.55 (d, IH, J= 
s.1 Hz). 13C NMR (DiO) a 20.36, 20.49, 27.63, 28.08, 37.37, 48.27, 49.0l, 60.18, 114.12, 
125.86, 126.98, 129.20, 130.75, 132.67, 132.99, 139.30, 140.59, 147.99, 151.17, 172.84. ES-

' MS m/z 440 [M+Ht. Anal. Calcd. for C21Hi9Ns0•2.1HBr•2.2H20: C, 49.96; H, 5.51; N, 
-10.79~~- _B~, 25.85. Found:-__ C, 49.96; H, 5.45; N, 10.65; Br, 25.95. 

Example 143 

COMPOUND 143: N-{3-HIH-benzoimidazol-2-ylmethyl)-(5,6, 7.8-tetrahydro­
guinolin-8-yl)-amino J-propyl }-5-bromo-nicotinamide 

Preparation of N-[3-[(IH-benzoimidazol-2-ylmethyl)-(5,6,7.8-tetrahydro.,quinolin-8-y])­
aminol-propyl }-5-bromo-niootinamide: 

[0761) To a solution of 5-bromonicotinic acid (120 mg, 0.60 mmol) in DMF (3 mL) was 
added 1-hydroxybenzotriazole hydrate (96 mg, 0.72 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (137 mg,, 0.72 mmol), N,N-diisopropylethylamine (0.21 mL, 
1.19 mmol), and N' ·(1H-benzoimidazol-2-ylmethyl)-N1-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)­
propane-1,3-diamine (200 mg, 0.60 mmol). The :feaction mixture was stirred at room 
temperature overnight. Then it was diluted with ethyl acetate (40 mL) and water (25 mL). The 
aqueous layer was concentrated and dried in vacuo· to afford a brown oil. Purification by radial 
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chromatography(I mmplate, using NH.OH/Cli)OWCH2Ch; 1:1:100-+ 1:4:100) 

afforded the product 8!J pale yellow foam (220 mg, 71 % ). 1H NMR (CDCh) 8 1.59-1.85 (m, 

4H), 1.99-2.03 (m, lH), 2.16-2.20 (m, lH), 2.58-2.62 (m, lH}, 2.73-2.85 (m, 3H), 3.27-3.34 (m, 

lH), 3.50-3.54 (m, lH), 3.95 (d, 2H,J= 2.4 Hz), 4.03-4.08 (m, lH), 7.09-7.16 (m, 3H), 7.31 (br 

s, IH), 7.42 {d, IH, J = 7.5 Hz), 7.58 (br s, IH), 7.91 (t, IH, J= 5.7 Hz), 8.07 (t, IH, J:: 2.1 

Hz),8.40(d, 1H,J=3.6Hz),8.64(d, 1H,J=2.4Hz),8.74(d, lH,J= l.8Hz). 

Preparation ofN-f3-C<JH-benzoimidazol-2-ylmethv1>-C5.6.7.8-tetrahydrO=C1uinolin-8-yll­

amino]-propyll-S-bromo-nicotinamide: 

[0762) To a solution of the above amine (220 mg, 0.42 mmol) in acetic acid (2 mL) was 

addedilydrobromide saturated acetic acid (2 mL). The reaction mixture was stirred for 30 

minutes. Then it was triturated with diethyl ether four times to precipitate out the product. The 

solid was re-dissolved in anhydrous methanol (0.5 mL) and was triturated twice with diethyl 

ether. The pale yellaw solid (225 mg) was dried in vacuo. 1H NMR. (D20) 8 1.82-1.99 (m, 4H), 

2.17-2.21 {m, JH), 2.38-2.42 (m, lH), 2.50-2.59 (m, JH), 2.86-2.95 (m, IH), 3.00-3.02 (m, 2H), 

3.19-3.25 (m, lH}, 3.36-3.43 (m, lH), 4.32 (ABq, 2H, J= 45.2, 16.2 Hz). 4.57 (dd, lH,J= 10.7, 

5.4 Hz), 7.43-7.46 (m, 2H), 7.59-7.62 (m, 2H), 7.83 (dd, lH, J= 7.5, 6.0 Hz), 8.08 (t, lH,J= 

1.8 Hz), 8.34 (d, lH, J= 7.8 Hz), 8.51 (d, IH,J= 1.5 Hz), 8.65 (d, IH, J= 5.1Hz),8.74 (d, lH, 

J= 1.s Hz). 13c NMR (D20) 3 20.41, 27.48, 21.68, 37.82, 48.12, 48.88, 59.78, ll4.04, 121.93, 

125.94, 126.96, 130.59, 132.11, 139.48, 140.66, 142.49, 142.93, 148.09, 149.65, 149.81, 151.20. 

ES-MS mlz 521 [M+H( Anal. Calcd. for C2d-121N60Br•2.9HBr•2. lH20: C, 39.52; H, 4.32; 

N, 10.64; Br, 39.44. Found: C, 39.47; H, 4.33; N, 10.26; Br, 39.55. 

Example 144 
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COMfOUNP 144: Cinnoline-4-carboxvlic acid-{3-COH-benzoimidazol-2-ylmethyll­

(5.6.7.8-tetrahydro-guinolin-8-yl)-aminol-propyll-amide (hydrobromide salO: 

Preparation of cinnoline-4-carboxylic acid-{ 3-COH-benzoimidazol-2-ylmethyl-(5,6, 7,8-
tetrahydro-guinolin-8-yl)-amino l-prooyll-amide: 

(0763) To a solution of cinnoline-4-carboxylic acid (80 mg, 0.46 mmol) in DMF (3 mL) was 
added 1-hydroxybenzotriazole hydrate (74 mg, 0.55 mmol), 1-(3-dimethylaminopropyl)-3· 
~thylcarbodiimide hydrochloride (106 mg, O.SS mmol), N,N-diisopropylethylamine (0.16 mL, 
0.92 mmol), and N1-(1H·b~nzoimiclazol-2-ylmethyl)-N-(S,6,7,8-tetrahydro-quinolin-8-yl)­
propane-l,3-diamine (154 mg,-0.46 mmol). The reaction mixture was stirred for 3 days. Then it 
was diluted with ethyl acetate (40 mL) and water (25 mL} and the phases were separated. The 
organic layer was washed with saturated NaHC03 (30 mL) and saturated NaCl (30 mL). The 
combined aqueous layer was washed with ethyl acetate (2 x 30 mL). The combined organic 
layer was dried (MgS04), filtered, concentrated, and dried in vacuo to afford a yellow oil. 
Purification by radial chromatography on silica gel (1 mm plate; using N~OH/CH30H/CH2CL 
2; 1:1:100~1:2:100) afforded the product as a yellow foam (85 mg, 38%). 1H NMR (CDCh) 

a 1.61-1.67 (m, lH), 1.80-1.90 (m, 3H), 2.00-2.06 (m. lH), 2.20~2.24 (m, 2H), 2.64-2.75 (m, 

3H), 3.00-3.06 (m, IH), 3.27-3.29 (m, Ill), 3.80-3.83 (m, lH), 3.86 (d, 2H, J= 3.6 Hz), 4.02 
(dd, IH, J= 10.1, 6.0 Hz), 6.78 (dd, lH, J= 7.5 Hz), 7.12-7.17 (m, 2H), 7.21 (d, IH, J= 6.9 
Hz), 7.59 (hrs, IH), 7.67-7.73 (m, 2H), 7.78-7.83 (m, IH), 8.06 (cl, lH, J~ 8.4 Hz), 8.14 (hrs, 
IH),.8.48 (d, lH, J= 8.4 Hz), 9.11 (s, IH). 

·· Preparation of cinnoline-4-carboxylic acid-{3-[(IH-benzoimidazol-2-ylmethyll-(5,6, 7.8-

tetrahydro-guinolin-8-y))-amino)-propyl }-amide (hydrobromide salt): 
(0764] To a solution of the above amine (85 mg, 0.17 mmol) in acetic acid (2 mL) was 

added hydrobromide saturated acetic acid (2 mL) and the reaction mixture was stirred for 30 
minutes. Then it was triturated with diethyl ether three times and the precipitate was dried in , 
vacuo. Then the solid was re-dissolved in methanol (0.5 mL) and it was triturated with diethyl 
ether an additional three times. The yellow solid (61 mg) was dried in vacuo. 1H NMR (D20) a 
1.65-1.89 (m, 3H), 2.04 (q, IH, J= 12.9 Hz), 2.18-2.23 (m, lH), 2.41-2.41 (m, lH), 2.59-2.68 
(m, IH), 2.89~3.0l (m. 3H), 3.32-3.57 (m, 2H), 4"38 (ABq, 2H, J= 48.3, 15.9 Hz), 4.58-4.61 (m, 

IH), 7.32-7.37 (m, 2H), 7.49-7.57 (m, 2H), 7.82 (t,. lH, J= 6.6 Hz), 7.89-8.08 (m, 3H), 8.33 (d, 
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IH,J• 7.8 Hz), 8.46 (d, lH,J= 8.4 Hz), 8.65 (d, lH,J= 5.7 Hz), 8.92 (s, lH). ES-MS m/z492 

[M+Ht. Anal. Calcd. for C29ff29N,0•2.8HBre2.0H20: C, 46.19; H, 4.78; N, 13.00; Br, 

29.67. Found: C, 46.35; H, 4.92; N, 12.68; Br, 29.50. 

Example 145 

COMPOUND 145: Preparation of N-{4-ClH-benzolimidazol-2-ylmethyl)-(S.6. 7.8-

tetrahydroquinolin-8-yl)-amino]-butyll-6-hydroxynicotinamide hydrobromide 

(0765) To a solution of 6-hydroxynicotinic acid (0.049 g, 0.35 mmoles) in DMF (2. 7 mL) 

was added EDC (0.083 g, 0.43 mmoles), HOBT (0.056 g, 0.41 mmoles) andN1-(1H­

Benzimidazol-2-ylmethyl)- N1-(5,6,1 ,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine (0.1 g, · 

0.29 mmoles) and the reaction stirred overnight at room temperature. Ethyl acetate (40 mL) and 

water (25 mL) were added and the organic layer was washed with brine (30 mL) and saturated 

aqueous NaHC03 (30 mL). The aqueous layers were extracted with ethyl acetate-(3 -x 30 mL) 

and the combined organic extracts dried with Na2S04 and concentrated. The crude product was 

purified by radial chromatography on silica gel (Imm plate, 2% Me0Wl% NH.iOWCH2Ch, 

then 10% MeOH/1 % NH.tOW CH2Ch) to give N-{4-[lH-benzolimidazol-2-ylmethyl)-(5,6, 7,8-

tetrahydroquinolin-8-yl)-amino ]-butyl}-6-hydroxynicotinam.ide as an offwhite foam (30mg, 

16%). ' 

(0766) Using General Procedure D, the free base was converted to the HBr salt to fonn 

COMPOUND 145 (42 mg. 81%). 1H NMR (020): 8 1.1-1.24 (m, 2H), l.27-1.4 (m, 2H), 1.75· 

1.85 (m, IH), 1.85-2.01 (m, lH), 2.04- 2.15 (m, lH), 2.15-2.31 (m, IH), 2.50- 2.53 (m, lH), 

2.71-2.8 (m, lH), 2.80-3.05 (m, 2H), 3.09-3.2 {m, I H), 3.22-3.30 (m, lH), 4.31-4.60 (m, 3H), 

6.48-6.51 (d, lH, J= 9.3 Hz), 7.45-7.47 (m, 2H), 7.61-7.62 (m, 4H), 7.82-7.86 (t, lH, J= 7.2 

Hz,), 8.3-8.33 (d, 1H, J= 7.8 Hz), 8.60-8.62 (d, iH,J= 5.4 Hz). 13CNMR(Di0): 8 20.44, 

20.65, 25.93, 26.48, 27.68, 39.0S, 49.88, 52.68, 62.'22, 114.01, 115.18, 119.26, 125.89, 126.76, 
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130.65, 137.11, 139.27, 140.41, 140.53, 148.05, 151.29, 152.59, 165.27, 166.17. ES-MS m1z 

471.4 (M+H). Anal. Calcd for C21HJoN602 • 3.1 HBr •1.8 HzO• 0.8 C4li100: C, 44.61; H, 5.54; 

N, 10.34; Br, 30.46. Found: C, 44.42; H, 5.30; N, 10.26; Br, 30.77. 

Example 146 

COMPOUND 146: Preparation of N-{ 4-[(IH-benzolimidaz.ol-2-ylmethylHS.6, 7.8-

tetrah~droquinolin-8-yl)=arnino 1-butvl }-be~ide hydro bromide 

(0767) To a solution of benzoic acid in DMF (3 mL) was added EDC (0.097 g, 0.51 mmol), 

HOBT (0.064 g, 0.4 7 mmol), N1-(1H-Benzimidazol-2-ylmethyl)- N1-(5,6, 7,8-tetrahydro­

quinolin-8-yl)-butane-1,4-diamine (0.12 g, 0.34 mmol) and DIPEA. The orange solution was 

stirred at room temperature overnight then diluted with dichloromethane (20 mL) and water (20 

mL). The organic layer was washed with brine (20mL) and saturated NaHC03 solution (20 

mL), dried with Na2S04 and concentrated to give an orange oil. The crude product was purified 

by radial chromatography on silica gel (1 mm plate, 2% MeOH/l % 'NRJOH/CH2Ch, then 4% 

MeOlUl % NH..OHI CH2Ch) to give N-{ 4-[(lH-benzolimidazoJ-2-ylrnethyJ}{5,6, 7,8-

tetrahydroquinolin-8-yl)-amino ]-butyl}-benzamide as an offwhite foam (80 mg, 51%). 

[0768) Using general procedure D, conversion of the foam to the HBr salt and its 

reprecipitation in methanol/ether formed COMPOUND 146 (93 mg. 77%). H NMR (D20): a 
1.25-1.37 (m, 2 H), 1.37-1.54 (m, 2H), 1.75-l.85 (m, lH), 1.90-2.02 (~ lH), 2.02-2.23 (m, lH), 

2.25-2.35 (m, Ul), 2.50-2.60 (m, lH), 2.70-2.82 (m, lH), 2.82-3.0 (m, 2H), 3.1'3-3.26 (m, 2H), 

4.33-4.57 (m, 3H), 7.44 (s, 4H), 7.49-7.50 (rn, 2H), 7.50-7.60 (m, UI), 7.60-7.75 (m, 2H), 7.75-

7.80 (m, lH), 8.21 (d, lH, J= 7.8 Hz), 8.54 (d, lH, J= 5.1 Hz). 13C NMR (D20): a 20.44 (2 

carbons), 25.83, 26.48, 27.61, 39.29, 49.50, 52.22, 61.57, 114.08 (2 carbons), 125.85, 126.87 (2 

carbons}, 127.15 (2 carbons), 129.21 (2 carbons), 130.73, 132.57, 132.59, 139.13, 140.26 (2 

carbons), 147.97, 151.32, 152.10. ES-MS mlz 454.4 {M+H). Anal. Calcd. for C2sH31Ns0•2.2 
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HBr • l.9H20• 0.3C4H100: C, 50.97; H, 5.86; N, 10.18; Br 25.55. Found: C, 51.23; H, 5.70; N, 
10.17; Br, 25.28. 

• 
Example 147 

COMPOUND 147: Preparation ofpyridine-2-carboxylic acid {4-ClH-benzoimidaml-2-
ylmethylHS.6. 7.8-tetrahydroquinolin-8-yD-aminol-butvl}-amide hydrobromide 

[0769) To a solution of picolinic acid (0.042 g, 0.34 mrnol) in DMF (2.5 mL) was added 
EDC (0.077 g, 0.40 mrnol), HOBT (0.051 g, 0.38 mmol), N1-(1H-Benzimidazol-2-ylrnethyl)­
N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine (0.096 g, 0.28 mmol) and DIPEA 
(O.l Ornl, 0.56 mrnol) and the orange solution stirred at room temperature overnight. The · 

\ 

mixture was diluted with dichloromethane (20 mL) and water (20 mL) and ihe organic layer . .. 
washed with brine (3 x 20mL) and saturated aqueous NaHC03 solution (20 mL). The organic 
layer was dried with Na2S04 and concentrated to an orange oil. The crude product was purified 
by radial chromatography on silica gel (Imm plate, 2% MeOH/1 % NH40H/CH2Ch and then 4% 
MeOH/1%Nl!tOH/CH2C)i) to give pyridine-2-carboxylic acid {4-[lH-benzoimidazol-2-
ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-amino]-butyl}-amide as a offwhite foam (55 mg, 
44%) 

(0770] Using General Procedure D, the free base was converted to the hydrobromide with 

HBr/acetic acid to yield COMPOUND 147 (67.4 mg. 73%) as an offwhite solid. 1H NMR 

(D20): 6 1.25-1.40 (m, 2H), 1.40-1.68 (m, 2H), 1.75-1.95 (m, IH), 2.00-2.12 (q, lH, J= 13.2 

Hz), 2.12-2.25 (m, IH), 2.26-2.48 (m, lH), 2.51-2.57 (m, lH), 2.75-2.88 (m, IH), 2.90-3.05 (m, 
2H), 3.25-3.48 (m, 2H), 4.44-4.58 {q, 2H, J= 17.1Hz),4.48-4,55 (m, lH), 7.44-7.47 {m, 2H}, 
7.61-7.64 {m, 2H), 7.77-7.98 (m, 3H), 8.23-8.30 (m, 2H), 8.58-8.73 (m, 2H). 13C NMR (D20): 
.8 20.43, 20.54, 25.92, 26.43, 27.65, 39.61, 49.47, 52.34, 61.77, 114.05 (2 carbons), 123.99, 
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125.87, 126.79 (2 carbons), 129,10, 130.69, 139.24, 140.49 (2 carbons), 144.32, 145.18, 145.69, 

148.02, 151.33, 152.38, 162.96. ES-MS m/z45S.4 (M+H). Anal. Calcd. forC21HJoN60e 3.2 

HBr • 2.1H20• 0.2 f4H100: C, 43.58; H, 5.18; N, 10.97; Br, 33.37. Found: C, 43.44; H, 5.05; 

N, 10.91; Br, 33.64. 

Example 148 

CO:MPOUND 148: Preparation of N-{4-COH-Benzoim.idazol-2-ylmethyll-(5,6.7,8-

tetrahydroquinolin-8-yl)-aminol-butyl}-5-bromo-nicotinamide hydrobromide 
I 

(0771] To a solution of 5-Bromonicotinic acid (0.061 g, 0.30 mmol) in DMF (2.2 mL) was 

added EDC (0.086 g, 0.45 mmol), HOB.T (0.57 g, 0.42 mmol), COMPOUND 18 free base 

(0.105 g, 0.30 mmol) and DIPEA (O.lOml, 0.57 mmol) and the orange solution stirred at room 

temperature overnight. The mixture was diluted with dichloromethane (20 mL) and water (20 

mL) and the organic layer washed with brine (20mL) and aqueous saturated NaHC03 solution 

(20 mL):-_.· The organic layer was dried with Na2S04 and concentrated to an ~range oil. The 

crude product was purified by radial chromatography on silica gel (lmm plate, 2% MeOH/l % 

NJ:L.OH/CH2Cli) to give the final product as an offwhite foam (110 mg, 69%). 

[07721 Using General Procedure D, the foam was converted to the hydrobromide salt by 

dissolving it in acetic acid/HBr and precipitating the HBr salt in methanol/ether to yield 

COMPOUND 148 (133 mg. 78%) as an offwhite solid. 1H NMR (D20): a 1.23-1.37 (m, 4H), 

1.37-1.5 (m, 4H), 1.75-1.90 (m, 2H), 1.90 (q, 2H,J== 11.7 Hz), 2.12-2.25 (m, 2H), 2.26-2.45 (m, 

2H), 2.48-2.55 (m, 2H), 2.75-2.88 (m, 2H), 2.90-3.01 (m, 4H), 3.12- 3.25 {m, 2H), 3.25-3.37 (m, 

2H), 4.33 (d, lH,J= 17.1Hz)4.51-4.60 (m, lH), 4.60 (d, lH,J= 17.1 Hz), 7.4-7.42 (m, 2H), 

7.58-7.61(m,2H), 7.76-7.93 (m, lH), 8.09 {s, lH) 8.30 (d, IH,J= 7.5 Hz), 8.SO(s, lH), 8.60 

(d, tH,J== 5.4 Hz), s.82 (d, tH,J= 3 Hz). •3c NMR (020): a 20.45, 20.63, 26.01, 26.56, 

27.69, 39.55, 49.66, 52.53, 62.02, 113.96 (2 carbons), 121.79, 125.90, 126.74 (2 carbons), 
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130.62 (2 carbons), 13232, 138.30, 140.54, 141.84, 143.SI, 148.06, lS0.30, 151.28, 152.49, 
165.0. ES-MS mlz 534.8 (M+H). Anal. Calcd for C21H29N6BrO• 3.1 HBr • 2.IH20• 0.1 
C4H100: C, 39.67; H, 4.52; N, 10.13; Br, 39.49. Found: C, 39.63; H, 4.40; N, 10.09; Br, 39.45. 

Example 149 

COMPOUND 149: Preparation of guinoline-2-carboxvlic acid {2-CClH-benzoimidazol-
2-ylmethyl)-(5,6,7,8-tetrahydroquinolin-8-yl)-aminoJ-butyl}-amide 
hydro bromide 

(0773] To a solution of isoquinolinecarboxylic acid (0.061g, 0.55 mmol) and N 1-(IH­
Benzimidazol-2-ylmethyl)- N1-(5,6, 7,8-tetrahydro-quinolin-8-yl)-butane-1,4-diamine (0.12, 0.35 
mmoles) i~ DMF (2.5 mL) was added EDC (0.10 g, 0.52 mmol), HOBT (0.066 ~' 0.49 mmol) 
and DIPEA (0.12 ml, 0.69 mmol) and the orange solution stirred at room temperature for 2 days. 
The mixture was diluted with dichloromethane (20 mL) and water (20 mL) and the organic layer 
washed with brine (3 x 20mL) and saturated NaHC03 solution (20 mL). The organic layer was 
dried with Na2S04 and concentrated to an orange oil. The crude product was purified by radial 
chromatography on silica gel (Imm plate, 2% MeOH/l % NH.tOH/CH2Cli) to give final product 
as an offwhite foam (95 mg, 53%) 

(0774] Using General Procedure D: the freebase was converted to the hydrobromide salt by 
dissolving the foam in acetic acid and adding acetic acid saturated with hydrolJromic acid. The 
HBr salt was precipitated out of methanol/ether to yield COMPOUND 149 (115 mg. 72%) as 
an offwhite solid. 1H NMR (020): a 1.37-1.65 (m, 4H), 1.75-1.95 (m, IH), 2.12-2.25 (m, lff), 
2.27-2.48 (m, 11-1), 2.57-2.75 (m, lH), 2.75-3.02 (m, 2H), 3.28-3.51 (m2H), 4.35 (d, 2H, J 
=17.IHz), 4.56 (d, 2H,J=16.8 Hz), 4.5-4.65 (m, 1.f:I), 7.18-7.21 (dd, 2H, J= 6.3, 3.0Hz ), 7.40-
7.43 (dd, 2H, J= 6.3, 3.3 Hz), 7.78-7.84 (m, 2H), 8.05-8.07 (t, lH, J= 9 Hz), 8.15-8.18 (m, 2H), 
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8.25-8.29 (m, 2H), 8.41 (d, l H, J = 7.8 Hz), 8.68 (cl, lH, J = 5.4 Hz). 13C NMR OJlO): 8 20.45, 

20.69. 26.35, 26.78, 27.67, 39.93, 49.42, 52.52, 61.85, 113.78 (2 carbons), 124.56, 125.89, 

126.41 (2 carbons), 126.94, 127.08, 128.56, 130.Sl (2 carbons), 131.70, 133.75, 135.99, 139.29, 

139.67, 140.56 (2 carbons), 148.07, 148.96, 151.24, 152.29. ES-MS mlz 505.4 (M+H). Anal. 

Calcd. for C31H32N60• 3.1HBr•1.9 H20• 0.8 C4H100: C, 48.38; H, 5.57; N, 9.90; Br, 29.18. 

Found: C, 48.47; H, S.52; N, 9.93; Br, 29.04. 

Example 150 

~ 
'NY w N._.-._,-..~ 

8
J H N' 

/j 

COMPOUND 150: Preparation of cinnoline-4-carboxylic acid { 4-fOH-benzoimidazol-

2-ylmethyl)=S.6.7,8-tetrahydroguinolin-8-yll-amino 1-butyl}-amide 

[0775) To a solution of cinnoline-4-carboxylic acid (0.061 g, 0.34 mmol) and ii-(IH­

Benzimidazol-2-ylmethyl)- N1-(5,6,7,8-tetrahydro-quinolin-8-yl)-butane-·1,4-diamine (0.12, 0.34 

nunoles) in DMF (2.5 mL) was added EDC (0.10 g, 0.52 mmol), HOBT (0.065 g, 0.48 mmol), 

and DIPEA (0.12 ml, 0.69 mmol) and the orange solution stirred at room temperature overnight. 

The mixture was diluted with dichloromethane (20 mL) and water (20 mL) and the organic layer 

washed with brine (3 x 20mL) and saturated NaHC03 solution (20 mL). The organic layer was 

dried with Na2S04 and concentrated to an orange oil. The crude product was purified by radial 

chromatography on silica gel (lmm plate, 2% MeOH/1 % NH.OH/CH2Ch) to give final product 

as an offwWte foam (656 mg, 37%). 

[0776) Using General procedure D: the foam was converted to its HBr salt in HBr/AcOH 

and COMPOUND 150 (79.3 mg. 76%) was precipitated as an offwhite solid. 1H NMR (D20): 

8 1.25-1.62 (m, SH), t.74-1.97 (m, 2H), l.97-2.25 (m, 4H), 2.25-2.SO(m, 2H), 2.50-2.75 (m, 

2H), 2.75-3.13 (m, 6H) 3.23-3.55 (m, 4H), 7.0-7.13 (m, 2H), 7.27-7.37 (m, 2H), 7.76-7.87 (m, 

lH), 7.95 (s, 2H), 7.99-8.07 (m, IH), 8.31 (d, lH, J= 1.5 Hz), 8.48 (d, lH, J= 9.0 Hz), 8.61 (d, 
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lH, J = S.1 Hz), 9.00 (s, IH). 13c NMR CD20): B 20.47, 20.69; 26.25, 26.85, 27.68, 39.42, 

49.64, 52.69, 62.04, 113.62 (2 carbons), 123.94, 124.21, 125.89, 126.28 (2 carbons), 128.95, 

130.45 (2 carbons), 130.79, 133.SS, 134.73, 139.28, 140.60 (2 carbons}, 141.07, 148.08, 150.42, 

151.29, 152.44, 166.11. ES-MS 111/z 506.4 (M+H) Anal. Calcd. for C30H31N1• 3.IHBr • 2.3 

H20• 0.2 C4H100: C, 45.52; H, 5.05; N, 12.06; Br, 30.48. Found: C, 45.59; H, 4.91; N, 12.03; 

Br, 30.31. 

Example 152 

COMPOUND 152: Preparation of N-{2-[(lH-benzoimidazol-2-ylmethyl)-(5,6.7.8-

tetrahydro-guinoli_n-8-yl}-aminoJ-ethyl}-3.5-dichloro-isonicotinamide 

(0777) To a stirred solution of (2,3-dihydroxy-propyl)-carbamic acid tert-butyl ester (0.955 

g, 5.00 mmol) in water (12 mL) was added sodium periodate (2.35 g, 11.0 mmol). The mixture 

was stirred at room t~mperature for 1 h and then extracted with dichloromethane (3 X 10 mL). 

The extracts were dried over Na2S04 and concentrated to give (2-oxo-ethyl)-carbamic acid tert­

butyl ester as a colorless liquid (778 mg, 98%). 1H NMR (CDCh) 8 1.45 (s, 9 H), 4.07 (d, J= 

4.5 H2, 2 H), S.20 (hrs, 1H),9.65 (s, 1 H). 

(0778) To a solution of 2-[(5,6, 7,8-tetrahydro-quinolin-8-ylamino )-methyl]-benzoimidazole-

1-carboxylic acid tert-butyl ester (0.378 g, 1.00 µunol) and (2-oxo-ethyl)-carbamic acid tert­

butyl ester (0.159 g, 1.00 mmol) in dichloromethane (5 rnL) was added sodium 

triacetoxyborohydride(0.223 g, 1.05 mmol). The ~e was stirred at room temperature for I? 

h and then poured into saturated aqueous NaHCC>J (30 mL). The mixture was extracted with 

chlorofonn (3 X 20 mL). The extracts were dried over Na2S04 and concentrated. Purification of 

311 

SUBSTITUTE SHEET (RULE 26) 



I 
: 

I ,.; 

W0·03f05S876 P€'l'IUS02/414'1)7 

the crude material by column chromatography on silica gel (98: 1: 1 CH2Ch-CH30H-NR,OH) 
provided 499 mg (96 %) of2-{[(2-tert-butoxycarbonylamino-ethyl)-(S,6,7,8-tetrahydro­
quinolin-8-yl)-amino]·methyl}-benzoimidazole-l-carboxylic acid tert-butyl ester as a yellow 
foam. 1H NMR (CDCb) a 1.48 (s, 9 H), 1.64 (s, 9 H), 1.69-1.85 (m, 2 H), l.94-1.99 (m, 1 H), 
2.24 (m ,1 H), 2.61-2.87 (m, 3 H), 3.09-3.19 (m, 3 H), 4.07 (dd, J= 9.9 Hz, 5.7 Hz, I H), 4.26 
(d, J= 16.2 Hz, I H), 4.52 (d, J= 16.2 Hz, 1H),6.98 (dd, IH, J= 7.7 Hz, 4.7 Hz, 1 H), 7.26· 
7.32 {m, 3 H), 7.57 {brs, 1 H), 7.74 (m, 1 H), 7.86 (m, 1 H), 8.4I(d, J= 3.9 Hz, 1 H). 

(0779] To a solution of2-{[(2-tert-butoxycerbonylamino-ethyl)-(5,6,7,8-tetrahydro­
quinolin-8-yl)-amino]-m~yl}-benzoimidazole-l-carboxylic acid tert-butyl ester(0.490 g, 0.94 
mmol) in dichloromethane (4 mL) was added trifluoroacetic acid (4 mL). The mixture was 
stirred at room temperature for 1 h. Sodium hydroxide (2 M, 30 mL) was added and the mixture 
was extracted with chlorofonn (3 X 20 mL). The extracts were dried over Na2S04 and 
concentrated. Purification of the crude material by column chromatography on silica gel (90:5:5 
ClhCh-CH30H-NHtOH) provided 294 mg (97 %) of N-(lH-benzoimidazol-2-ylmethyl)-Nl­
(5,6,7,8-tetrahydro-quinolin-8-yl)-ethane-l,2-diamine as a 'colorless oil. 1H NMR (CDCIJ) 5 
1.60-1.75 {m, 1H),1.87-1.98 (m, 1 H), 2.01(m,1H),2.22 (m ,1 H), 2.56-2.85 (m, 6 H), 4.03. 
{m, 1H),4.04 (d, J= 16.8 Hz, 1H),4.17 (d, J:= 16.8 Hz, 1 H), 7.11-7.21(m,3 H), 7.40 (d,J=:= 
7.8 Hz, 1 H), 7.56 (hrs, 2 H), 8.55(d, J= 4.2 Hz, 1 H). 

(0780] To a suspension of 3,5-dichloro-isonicotinoyl chloride (0.34 mmol) in THF (3 rnL) at 
0°C was added a solution of N1-(1H-benzoi0lid~ol-2-ylmethyl)-.N1~5,6,7,8-tetrahydro-quinolin-
8-yl)-ethane-l,2-diamine (0.100 g, 0.312 mmol) in dichloromethane (3 mL), THF (1 mL) and 
Et3N (0.087 mL). After stirring at 0°C for 5 min., the mixture was wanned to room temperature 
and stirred for 2.5 h. The solvents were evaporated and the residue was taken into saturated ' ' 

aqueous NaHC03 (30 mL). The mixture was extracted with chlorofonn (3 X 20 mL). The 

extracts were dried over Na2S04 and concentrated. Purification of the crude material by column 
chromatography on silica gel (200: 1: l CH2Ch-CH30H-NRtOH) provided SS mg (44 %) of 
COMPOUND 152 as a pale yellow solid 1H NMR (CDCh) B 1.55-1.70 (m, 1 H), 1.78-1.85 (m, 
1 H), 2.03 (m, 1 H), 2.29 (m ,1 H), 2.66-2.82 (m, 3 H), 3.20 (d, J= 13.5 Hz, 1 H)? 3.39 (m, 1 
H), 3.55 (m, I H), 3.90(dd, J= 10.8 Hz, 5.7 Hz, 1 H), 4.12 (d, J= 16.7 Hz, 1 H), 4.30 (d,J= 
16.7 Hz, 1H),6.99 (dd, lH, J= 7.8 Hz, 4.8 Hz, 1.H), 7.15-7.21(m,2 H), 7.27 (m, 1 H), 7.41 ( 
d, Jr:::: 7.8 Hz, 1 H), 7.54 ( d, J= 4.2 Hz, I H), 7.63 ( d, Jr:::: 4.2 Hz, 1 H), 8.40 (m, 1H),8.56 (s, 2 
H); 13C NMR (CDCh) a 21.79, 23.08, 29.32, 38.68: 48.54, 49.25, 61.63, 119.35, 122.24, 122.69, 
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123.19, 129.64, 133.76, 135.76, 138.70, 143.50, 144.39, 146.46, 148.03, 154.85, 157.38, 162.22; 

ES-MS mlz 496 (M+H). Anal. Calcd. for C2sff24N6Cl20•0.9CH2Cl2: C, 54.40; H, 4.55; N, 

14.70; Cl, 23.56. Found: C, 54.64; H, 4.53; N, 14.62 Cl, 23.41. 

Example 153 

COMPOUND 153: Preparation ofN-{3-CCJH-benzoimidazol-2-ylmethyl)-(5.6.7.8-

tetrahydro-auinolin-8-yl}:aminol-proovll-3.5-dichloro-isonicotinamide 

(0781) To a solution of (3-hydroxy-propyl)..carbamic acid tert-butyl ester (200 mg, 1.15 

mmol) in CH2Ch (11.5 mL) cooled to 0°C was added Dess-Martin periodinane ( 489 mg, 1.15 

mmol) and the resulting mixture was stirred at room temperature for 1 hour. The mixture was 

diluted with CH2Ch (40 mL) and washed with 1 N NaOH (2 x IO mL). The organic phase was 

dried (MgS04), filtered and concentrated under reduced pressure. Tue colourless syrup (180 

mg) was used in the next reaction without further purification. 

(0782) To a stirred solution of2-[(5,6,7,8-tetrahydro.-quinolin-8-ylamino)-methyl]­

benzoimidazole-1-carboxylic acid tert-butyl ester (390 mg, 0.98 nunol), (3-oxo-propyl)­

carbamic acid /ert-butyl ester (170 mg, 0.98 mmol) from above and THF (9.8 mL) was added 

NaBH(OAc)3 (623 mg, 2.94 mmol) and the resulting mixture was stirred at room temperature 

for 1 hour. AcOH (56 µL, 0.98 mmol) was added and the mixture stirred at room temperature 

ovefnight. The mixture was concentrated under reduced pressure, diluted with CH2Ch ( 40 mL) 

and washed with JN NaOH (10 mL). The aqueous was extracted with (2 x 20 mL) and the 

combined organic extracts were dried (MgS04), filtered and concentrated under reduced 

pressure. A solution of the resulting orange foam in CH2Ch ( 4 mL) and TF A ( 4 mL) was stirred 

at room temperature for 2.5 hours. The mixture was concentrated under reduced pressure, 

partially dissolved in H20 (2 mL), basified with IN NaOH and extracted with CH2Ch (3 x 25 

mL). The combined organic extracts were dried (MgS04), filtered and concentrated under 
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reduced pressure. Purification by column chromatography orl silica gel 

(CH2Cl:z/MeOH/NH40H, 100:7: 1) afforded N1-(1H-benzoimidazol-2-ylmethyl)-N1·(5,6,7,8-
tetrahydro-quinolin-8-yl)-propane-1,3-diamine (290 mg, 75% over 3 steps) as a white foam. 

[0783) To a mixture of 3,5-dicWoro-isonicotinic acid (52 mg, 0.27 mmol) in CH2Ch (1.1 

mL) cooled to 0°C was added oxaly,I chloride (70 µL, 0,81 mmoL) and DMF (I drop) and the 

resulting mixture was stirred at 0°C for S minutes and at room temperature for 1.5 hours. The 
mixture was concentrated under reduced pressure and dried in vacuo for S minutes. To the 
resulting beige solid in THF (3 mL) was added N-(1H-benzoimidazol-2-ylmethyl)-N1-(S,6, 7,8-
tetrahydro-quinolin-8-yl)~~ropane-1,3-diamine from above (100 mg, 0.30 mmol) and Et3N (76 

'!µL, 0..;54 mmol) and the resulting mixture was stirred at room temperature for 3 hours. The 
mixture was concentrated under reduced pressure, diluted with EtOAc ( 40 mL) and washed . 
consecutively with saturated aqueous NaHCOJ (5 mL) and saturated aqueous NaCl (S mL). The 
organic phase was dried (MgS04), filtered, and concentrated under reduced pressure. 
Purification by column chromatography on silica gel (CH2Ch/MeOH!NH,OH, I 00: 1: 1) ~orded 
COMPOUND 153 (55 mg, 40%) as a white foam. 1HNMR (CDCb) 3 1.70-1.94 (m,'4 H), 

2.04-2.15 (m, IH), 2.26-2.33 (m, lH), 2.64-2.96 (m, 4H), 3.10-3.15 (m, IH), 3.68 (d, lH, J= 

15.6 Hz), 3.80 (d, IH,J= 15.6 Hz), 3.98-4.07 (m, lH), 4.19-4;25 (m, IH), 6.83 (dd, lH, J= 7.8, 
4.8 Hz), 7.20-7.23 (m, 2H), 7.35-7.40 (m, 2H), 7.66-7~68 (m, 2H), 8.34 (s, 2H), 8.78 (hrs, lH); 
13C NMR (CDCh) o 21.69, 21.92, 26.70, 29.38, 39.04, 49.41, 49.87, 59.45, 1I1.10, 119.37, 
122.63, 122.95, 129.27, 135.68, 138.29, 143.68, 146.10, 147.70, 154.94, 157.51. 162.27.· ES­

MS mlz 510 (M+H). Anal. Calcd. forC26liuN°6Ch0·0.3CH2Ch·O.lH20: C, 58.86; H, 5.03; N, 
15.66;Cl, 17.17. Found:C,59.22;H,5.21;N, 15.74;Cl, 16.80. 

Example 154 
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COMPOUND 154: J>rnparation ofN-f+KI-allyl-1 H-benzimidazol-2-vlmethyll-(S)­
S.6.7.8-tetrahydro:Quinolin-8-ylamino]-butyll-3.5-dichloro-isonicotinamide: 

[0784) 4-[(l-Allyl-l H-benzoimidazol-2-ylmethyl)-(5,6, 7,8-tetrahydro-quinolin-8-yl)­
amino ]-butyl hydrochloride salt (120 mg, 0.215 mmol) was neutralized with IM NaOH (25 mL) 
and the free base was extracted with CHCh (25 mL x 3). The combined organic solution was 
dried (Na2S04), filtered and concentrated under reduced pressure, giving the free base as a 
cloudy, yellow oil. r 

(0785) To a suspension of 3,S-dichloropyridine-4-carboxylic acid (82 mg, 0.43 mmol) and 
DMF (I drop) in CH2Cl2 (~ mL) was added oxalyl chloride(0.11mL,1.3 mmol). The resulting 
white suspension was stirred at room temperature under nitrogen for 35 minutes, and then the 
solvent was evaporated under reduced pressure. The crude acid chloride was dried under 
reduced pressure, and then a solution of the free base in 1HF (4 mL) and NEt3 (0.05 mL, 0.4 
· mmol) were added The resulting suspension was stirred at room temperature under nitrogen for 
1 hour and IO minutes. The mixture was diluted with CH2Ch (25 mL) and washed with H20 
(10 mL). The aqueous solution was extracted with CH2Ch (10 mL) and the organic solution 
was washed with saturated aque~us NaHC03 (20 mL). The aqueous solution was again 
extracted with CH2Ch (10 mL) and the combined organic solution was dried (Na2S04), filtered 
and concentrated under reduced pressure. Purification by flash column chromatography on 
silica (CH2Ch/MeOH/NHtOH, 19:1 :0.2) gave the amide as a white foam (92.3 mg, 0.164 mmol, 
76%). 1H NMR (CDCl3) 8 1.40.,.J.60 (m, 2H), 1.63-1.89 {m, 3H), 1.95-2.19 (m, 3H), 2.60-3.03 
(m, SH), 3.55-3.67 (m, lH), 3.70 (d, lH, J= 13.2 Hz), 3.86 (d, IH, J= 13.2 Hz), 4.26 (dd, lH, J 
= 8.1, 6.3 Hz), 4.61 (d, lH, J= 17.1 Hz), 4.67 (dd, lH!J= 16.4, 5.1 Hz), 4.96 {d, lH, J= 10.5 
Hz), 5.57-5.71 (m, lH), 6.85 (dd, lH, J= 7.5, 4.8 Hz), 7.17-7.25 (m, 4H), 7.61-7.65 (m, lH), 
7.89 (d, lH, J= 3.6 Hz), 8.32 (s, 2H), 8.97 (br. t, HI). 13C NMR (CDCIJ) B 23.1, 23.8, 24.0, 
28.2, 30.9, 40.3, 47.2, 49.8, 51.3, 61.0, 111.6, 118.1, 120.5, 123.5, 123.7, 124.4, 130.6, 134.l, 

136.6, 137.1, 138.7, 143.7, 145.l, 147.6, 149.0, 153.7, 158.7, 164.2. ES-MS mlz 564 (M+H). 

Anal. Calcd. for C30H32ChN60· 0.2C4H1o0·0.1CH2Ch: C, 63.24; H, 5.87; N, 14.32; Cl, 13.29. 
Found: C, 63.02; H, 5.74; N, 14.31; Cl, 13.04. 
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Example 155 

. COMPOUND 155: PreJl~tion of N-f 4-CClH-benzimidazol-2-ylmethylHR}S.6,7.8- · 
tetrahydro-guinolin-8-yl-aminol-butyl}-3.S-dichloro-isonicotinamide. · 

(0786] To a suspension of 3,5-dichloropyridine-4-carboxylic acid (135 mg, 0. 70 mmol) and 
DMF (2 drops) in CH2Ch (7 mL) was added oxalyl chloride (0.18 mL, 2.1 mmol). The resulting 
suspension was stirred at room temperature under nitrogen for 35 minutes and then the solvent 
was evaporated under reduced pressure. The crude acid chloride was dried under reduced 

pressure, and then a solution of Nl-(lH-Benzimidazol-2-ylmethyl)-Nl-cR)-5,6,7,8-tetrahydro­
quinolin-8-yl-butane-1,4-diamine (120 mg, 0.344 mmol) in THF (4 mL) and NEt3 (0.06 mL, 0.4 
mmol) were added. The resulting suspension was stirred at room temperature under nitrogen for 
1 hour. The reaction was diluted with saturated aqueous NaHC03 (25 mL) and was extracted 
with CHiCh (25 mL x 3). The combined organic solution was dried (MgS04), filtered and 
concentrated under reduced pressure. Purification by flash column chromatography on silica 
(CH2Ch/ MeOHINRtOH, 32: 1 :0.2) gave the amide as a white foam (134 mg, 0.256 mmol, 
7.4%). 1HNMR (CDCI)) l> 1.47-1.61(m,4H), 1.63-1.78 (m, lH), 1.81-195 (m, lH), 2.02-2.13 
(m, lH), 2.15-2.25 {m, lH), 2.60-2.85 (m, 4H), 3.10-3.23 {m, lH), 3.31-3.43 (m, lH), 3.87 (d, 
lH,J= 16.2 Hz), 3.98 (d, IH,J= 16.2 Hz), 4.05 (dd, lH,J= 9.6, 5.7Hz), 6.94 (hr. t, lH), 7.12 
(dd, lH, J= 7.8, 4.8 Hz), 7.15-7.20 (m, 2H), 7.42 (d, lH, J= 1.8 Hz), 7.44-7.62 (m, 2H), 8.39 
(s, 2H), 8.47 (d, IH, J= 4.8 Hz). 13C NMR (CDCh) a 21.6, 23.9, 25.8, 26.9, 29.4, 39.6, 49.6, 
50.5, 62.l, 122.1, 122.7, 129.2, 135.1, 138.0, 143.2, 146.8, 147.7, 156.4, 157.7, 162.6. ES-MS 
mlz 523 (M+H), 525 (M+2+H). Anal. Calcd. for C21H2sChN60·0.3H20·0.2CH2Ch: C, 59.85; 
H, 5.35; N, 15.40; CI, 15.59. Found: C, 59.62; H, 5.38; N, 15.22; CI, 15.98. 
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Example 156 

COMPOUND 156: Preparation of N-14-f( l-allyl-IH-imidazol-2-ylmethyl)-(S):5,6, 7.8- -

tetrahydro-guinolin-8-ylaminol-butyl}-3.5-dichloro-isonicotinamide: 

(0787) N-(l-Allyl-IH-imiclaz.ol-2-ylmethyl)-N-(S}-5,6, 7,8-tetrahydro-quinolin-8-yl­

butane-1,4-diamfue, Hydrochloride salt (115.l mg, 0.216 mlnol) was neutralized with IM 

NaOH (25 mL) and the free base was extracted with CHCIJ (25 mL x 3). The combined organic 

solution was dried (Na2S04), filtered and concentrated under reduced pressure, giving the free 
base as a cloudy, yellow oil. 

[0788) To a suspension of3,5-dichloropyridine-4-carboxylic acid (83 mg, 0.43 mmol) and 

DMF (1 drop) in CH2Ch (4 mL) was added oxalyl chloride (0.11 mL, 1.3 mmol). The resulting 
white suspension was stirred at room temperature under nitrogen for 30 minutes, and then the 

solvent was evaporated under reduced pressure. The crude acid chloride was dried under 

reduced pressure, and then a solution of the free base in THF (4 mL), and NEt3 (0.04 mL, 0.3 
mmol) were added. The resulting suspension was stirred at room temperature under nitrogen for 
I hour. The reaction was taken up into saturated aqueous NaHC03 (25 mL) and extracted with 

CH2Ch (2~ mL x 3). The combined organic solution was dried (Na2S04), filtered and 

concentrated under reduced pressure. Purification by flash column chromatography on silica 

(CH2Cl2/MeOWNH.OH, 19:1:0.1) gave the amide as an off-white foam (77.4 mg, 0.151 mmol, 

70%). 1HNMR(CDCIJ) 81.38-1.57 (m, 2H), 1.60-2.16 (m, 7H), 2.61-2.86 (m, SH), 3.37 (d, 
I 

lH, J= 13.5 Hz), 3.57 {d, IH,J= 13.5 Hz), 3.63-3.72 (m, IH), 4.20 (dd, lH,J= 8.4, 6.3 Hz), 

4.35 (dd, lH,J= 13.7, S.t Hz}, 4.52 (dd, lH,J= 13.7, 5.7 Hz), 4.71 (dd, lH,J= 17.1, 0.9 Hz), 

5.02 (dd, lH, J= 10.2, 0.9 Hz), 5.56-5.69 (m, lH), 6.74 (d, lH, J= 1.2 Hz), 6.81 (d, lH,J= 1.2 

Hz), 6.86 (dd, IH, J= 1.5, 4.8 Hz), 7.30 (d, IH, J.= 6.9 Hz), 7.74 (d, IH,J= 3.9 Hz), 8.34 {s, 

2H), 9.44 (hr. s, lH). 13CNMR (CDCIJ) a 21.8, 22~1, 22.3, 27.3, 29.7, 38.5, 47.t, 48.1, 49.3, 

59.5, 117.4, 120.5, 122.2, 127.5, 129.4, 133.5, 135.3, 137.5, 145.7, 146.1, 147.6, 157.6, 162.9. 
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ES-MS mlz S 13 (M+H). Anal. Calcd. for C26li30ChN60·0.2H20·0.0SCH2Clz: C, 60.02; H, S.90; 
I 

N, 16.12; Cl, 14.28. Found: C, 60.20; H, 5.90; N, 15.80; Cl, 14.28. 

Example 157 

COMPOUND 157: Preparation of (Cis-2-Aminomethyl-Cylcopropylmethyl).CIH­

benzimidazol-2-ylmethyll-(S)-S.6, 7.8-tetrahydro-guinoJin-8-yl-amine 

(hydrochloride salt). 

Preparation of tert-Butyl-(Cis-2-chloromethyl~cyclopropylmethyoxy)-dimethyl-silane: 

[0789) To a stirred 0 °C solution of dimethyl cis-1,2-cyclopropanedicarboxylate (22.0 g, 140 

mmol) in anhydrous THF (185 mL) was added l M lithium aluminum hydride solution in THF 

( 180 mL, 180 mmol) over 20 min under a nitrogen atmosphere. The cooling bath was removed 

and stirring was continued for 1.5 h. The mixture was carefully quenched with deionized water 

(7 mL); followed by IS% NaOH solution (7 mL), followed by deionized water (20 mL). The 

resultant precipitate was removed by filtration, the filter cake was washed with ethyl acetate (SO 

mL), and the filtrate was concentrated. The resultant orange oil was purified by column 

chromatography on silica gel (50: 1 CH2Cl2'MeOH) to afford the diol (10.2 g, 72%) as a pale 

yellow oil. 

(0790) To a stirred 0 °C suspension of sodiwn hydride (3.8 g, 95 mmol) in anhydrous TIIF 

(130 mL) under a nitrogen atmosphere was added a solution of the diol from above (9.22 g, 90 

mmol) in anhydrous TIIF (SO mL) and stirring was continued for lO min. To the above stirred 

solution was added tert-butyldimethylsilyl chloride (14.3 g, 95 mmol) in three parts, over 1 min. 

The cooling bath was removed, and stirring was continued for 30 min. The mixture was poured 

into saturated sodium bicarbonate solution (200 mL) and extracted with dichloromethane (3 x 

1 SO ml). The organic extracts were combined, dried over Na2S04, and concentrated. The 
.... 
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resultant yellow oil (22 g) was purified by column chromatography on silica gel (S: l 

hexanes/EtOAc) to provide the desired mono-protected diol (18.9 g, 97%) as a pale yellow oil. 

(0791) To a stirred solution of the alcohol (18.9 g, 87 mmol) from above and triethylamine 

(36 mL, 260 mmol) in dichloromethane (300 mL) was added neat methanesulfonyl chloride ( 15 

mL, 190 mmol) over 5 min. The stirred mixture was heated to reflux for 16 h; then it was 

cooled to room temperature, washed with water (2 x 200 mL), washed with brine (200 ml}, 

dried over MgS04, and concentrated. Purification of the resultant brown oil (21 g) by column 

chromatography on silica gel (20:1 hexanes/EtOAc) afforded the title compound (13.S g, 66%) 

as a yellow oil. 1H NMR (CDCh) 8 0.06 (s, 3H), 0.07 (s, 3H), 0.38 (q, JH, J = 6.0 Hz), 0.85-

0.89 (m, IH), 0.90 (s, 9H), 1.23-1.36 (m, 2H), 3.57-3.68 (m, 3H), 3.78-3.84 (m, UI). 

Preparation of Methanesulfonic acid Cis-2:{1.3-dioxo-1.3-dihydro-isoindol-2-ylmethy)}­

cyclopropylmethyl ester: 

(0792) A stirred slurry of tert-butyl-(cis-2-chloromethyl-cyclopropylmethyoxy)-dimethyl­

silane (13.5 g, 57 mmol) from above and potassium phthalimide (16.0 g, 86 mmol) in DMF (380 

mL) was heated to 100 °C under a nitrogen atmosphere for 3 h. the mixture was cooled to room 

temperature and concentrated. The resultant residue was dissolved in ethyl acetate (500 mL), 

washed with brine (3 x 200 mL), dried over MgS04, and concentrated. Purification of the crude 

material by,..column chromatography on silica gel (9:1 hexanes/EtOAc) gave the desired 

phthalimide (8.55 g, 43%) as a white crystalline solid. 

[0793] The phthalimide (8.5 g, 25 mmol) from above was stirred vigorously in a mixture 

TIIF (100 mL) and 1 N HCJ (100 mL) for 20 min. The mixture was concentrated to remove 

THF then extracted with dichloromethane (3 x 100 mL). The combined organic extracts were 

dried over MgS04 and concentrated. The resultant material was filtered through a plug of.silica 

gel. First the plug was eluted with 9:1 hexanes/EtOAc to wash away the non-polar impurities; 

then it was eluted with EtOAc to provide the desired alcohol (5.6 g, 97%) as a white solid. 

(0794] To a stirred 0 °C solution of the alcohol (5.6 g, 24 mmol) from above and 

triethylamine (5.0 mL, 36 mmol) in dichloromethane (80 mL) w~ added methanesulfonyl 

chloride (2.3 mL, 29 mmol) and stirring was continued for 40 minutes at room temperature. The 

reaction was quenched by addition of saturated sodium bicarbonate solution (100 mL). The 

layers were separated and the aqueous layer was ~xtracted with dichloromethane (SO mL). The 

organic layers were combined, dried over MgS04, and concentrated to give the title compound 

(7.9 g, 100%) as a white solid. 1HNMR (CDC13) l> 0.53 (q, 1H,J=6.0 Hz), 0.91-0.99 (m, IH), 
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1.28-1.41 (m, lH), 1.SS-1.62 (m, lH), 3.01 (s, 3H), 3.67-3.83 (m, 2H), 4.24 (dd, lH, J= 12.0~ 
9.0 Hz), 4.58 (dd, l~J= 10.5, 7.5 Hz), 7.72-7.76 {m, 2H), 7.83-7.87 {m, 2H). 

Preparation of ( Cis-2-Aminomethyl-cylcopropylmethyl)-HH-benzimidazol-2-ylmethyl)- · 
(S)-5,6,7,8-tetrahydro-guinolin-8-yl-amine (hydrochloride salt) 
(COMPOUND 157): 

(0795) A stined slurry ofmethanesulfonic acid (1R,2S)-2-(l,3-dioxo-l,3-dihydro-isoindol-
2-ylmethyl)-cyclopropylmethyl ester (7.4 g, 24 mmol) from above, (IH-benzimidazol-2-
;:!lme~fl)-(S)-S,6, 7,8-tetrahydro-quinolin-8-yl-amine (7.6 g, 20 mmol, prepared according to the 
procedures in Bridger ~tat US Patent Application USSN 09/535,314), diisopropylamine (5.2 
mL, 30 mmol), and potassium iodide (170 mg, 1.0 mmol) in anhydrous acetonitrile (200 mL) 
was heated to 60 °C for 16 h. The mixture was cooled to room temperature and concentrated. 
The resultant residue was partitioned between ethyl acetate (200 mL) and saturated sodium 
bicarbonate solution (100 mL). The layers were seaparated and the organic layer was washed 
with water (2 x 100 mL) and brine (2 x l 00 mL), dried over MgS04 and concentrated. 
Purification of the resultant crude brown oil by repetitive colwnn chromatography on silica gel 
(first column: 2% Me0H/CH2Ch, second colwnn: 5% NHiOH/EtOAc) provided the desired 
protected amine (2.3 g, 19%) as a white foamy solid. 

(0796] To a stirred solution of the protected amine (6.3 g, 11 mmol) from above in ethanol 
(50 mL) was added hydrazine hydrate (3.1niL,64 mmol). The mixture was heated to 50 °C for 
I h with stirring. The. resultant white slurry was cooled to room temperature, diluted with 
diethyl ether (50 mL), :filtered through a glass-flitted funnel to remove the precipitate, and 
concentrated. Purification of the crude material by repetitive column chromatography on silica 
gel (first column: 20: 1: 1 CH2Ch/MeOHJN~OH, second column: 50: 1: 1 
CH2Ch/MeOH/NR,OH) afforded the desired primary amine (2.80 g, 74%) as a white foamy 
solid. 

[0797] Following General Procedure D: Conversion of the free base (2.8~ g, 7.7 mmol) from 
above to the hydrochloride salt provided COMPOUND 157 (3.30 g, 87%) as a white ~~lid .. 1H 
NMR {DiO) li 0.08 (q, IH, J= 5.0 Hz), 0.22 (q, lH, J= 5.0 Hz), 0.46-0.52 (m, IH), 0.62 (q, lH, 
J= 6.0 Hz), 1.01-1.09 (m, 2H), 1.80-1.92 (m, IH), 2.02-2.10 (m, IH), 2.16-2.21 (m, IH), 2.32-
2.38 (m, IH), 2.51-2.63 (m, lH), 2.64-2.71 {m, IH), 2.99-3.16 (m, 4H), 4.43-4.69 (m, 3H), 7.55-
7.59 (m, 2H), 7.75-7.85 (m, 3H), 8.32 (t, 1H,J= 7.5Hz), 8.62 (dd, lH,J= 7.5, 6.2 Hz); 13C 
NMR. {DiO) li 9.99, 10.85, 12.41, 13.59, 15.40, 20.46, 20.69, 27.65, 39.84, 48.54, 49.49, 51.76, 
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61.21, 61.81, 114.31, 114.35, 125.80, 126.56, 126.61, 131.41, 131.69, 139.41, 139.53, 140.33, 
140.46, 147.74, 147.86, 151.31, 151.97, 152.61; ES-MS mlz 362 (M+H). Anal. Calcd. for 

C22H21Ns•3.0HCl•l .3H20: C, 53.46; H, 6.65; N, 14.17; Cl, 21.52. Found: C, 53.67; a 6.87; N, 
13.85; Cl, 21.53. 

(0798) The enantiomeric purity of COMPOUND 157 at the 5,6,7,8-tetrahydroquinolin-8-yl 
center) was determined to be I 00% ee by chiral HPLC using the following conditions: 
Instrument: Hewlett Packard 1100 HPLC (VWD2); Column: ChiralPak AD-H, 0.46 cm x 25 
cm; Mobile Phases: A: 90:10 htxanes/rcagent alcohol with 0.1%DBA, B: reagent alcohol; 
lsocratic: 90% ~ IOOAB; T9tal Run Time: 40 min; Flow Rate: 0.5 mUmin; Temperature: 40 °C; 
Detector: UV @ 270 nm; IDjection volume: 10 µL. 

(0799) Retention time of the R enantiomer = 17.0 min. 
[0800] Retention time of the S enantiomer - 20.4 min. 

Example 158 

CQ /\ HCIY~ 
N~N¥Y £ 0 Cl 

HN N 

b 
COMPOUND 158: Preparation of N-(2-U(lH.;benzimidazol-2-ylmethyl)-(S)-(5.6. 7.8-

tetrahydro-guinolin-8-yl)-aminol-methyll-cis-cyclopropylmethyl)-3.S-dichloro­
isonicotinamide: 

[0801) ((1R,2S)-2-Aminomethyl-cylcopropylmethyl)-(1H-benzimidazol-2~ylmethyl)-(S)­

S,6,7,8-tetrahydro-quinolin-8-yl-amine, hydrochloride salt (107.2 mg, 0.217 mmol) was 
neutralized with lMNaOH (25 mL) and the free base was extracted with CHCh (25 mL x 3). 
The combined organic solution was dried (Na2S04), filtered and concentrated under reduced 
pressure, giving the free base as a white foam. 

[0802] To a suspension of 3,5-dichloropyridine-4-carboxylic acid (85 mg, 0.44 mmol) and 
DMF (1 drop) in CH2Ch (4 mL) was added oxalyl chloride (0.11mL,1.3 mmol). The resulting 
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white suspension was stirred at room temperatuie under nitrogen for 30 minutes, and then the 

solvent was evaporated under reduced pressure. The crude acid chloride was dried under 

reduced pressure, then NEt3 (0.06 mL, 0.4 nunol) and a solution of the free base in THF ( 4 m.L) 

were added. The solution was stirred at rqom temperature under nitrogen for 1 hour and 15 

minutes. The reaction was taken up into CH2Ch (25 mL) and washed with H20 (1 O mL). The 

aqueous solution was extracted with CH2Cl2 (10 mL x 2) and the combined organic solution was 

washed with satmated aqueous NaHC03 (IS mL). This aqueous solution was extracted with 

CH2Cb (I 0 mL) and the combined organic solution was dried (Na2S04), filtered and 

concentrated under reduced_ pressure. Purification by flash column chromatography on silica 

(CH2Ch/MeOH, 99:1, increased to 49:1)·gave diastereomer A as a white foam (44.9 mg, 0.084 

mmol,-39%) alongwithdiastereomer Bas a white foam (48.0 mg, 0.090 mmol,41%). 

(0803] Characterization data for diastereomer A: 1H NMR (CDC]]) o 0.07 (q, lH, J= S.2 
. . 

Hz), 0.72-0.84 (m, lH), 1.09-1.35 (m, 2H), 1.61-1.96 (m, 2H), 2.03-2.18 (m, 2H), 2.24-2.40 (m, 

2H), 2.77-2.88 (m, 2H), 3.32 (dd, lH,J= 13.2, 5.1Hz),4.41 (ddd, lH,J= 13.8, 9.6, 3.0 Hz), 

4.68 (dd, lH, J= 10.5, 5.4 Hz), 6.81 (dd, lH, J:== 1.8, 4.8 Hz), 7.16-7.28 (m, 2H), 7.33-7.45 (m, 

2H), 7.64 (d, IH, J= 6.6 Hz), 8.36 (s, 2H), 9.48 (d, IH,J= 8.1Hz),10.37 (br. s, lH). 13C NMR 

(CDCh) o 9.5, 12.4, 16.2, 20.9, 21.4, 28.9, 38.5, 49.1, 51.9, 58.9, 110.5, 119.1, 121.7, 122.3, 

122.7, 129.0, 133.4, 135.2, 137.8, 142.9, 143.4, 145.4, 147.2, 154.1, 157.3, 162.3. ES-MS mlz 

535 (M+H), 537 (M+2+H). Anal. Calcd. for C2sH2sChN60·0.SCH30H·0.4CH2Ch:.C, 59.29; H, 

5.30; N, 14.35; Cl, 16.96. Found: C, 59.46; H, 5.24; N, 14.31; Cl, 16.60. 

(08~4] Characterization data for diastereomer B: 1H NMR (CDCl3) 8-0.01 (dd, lH, J= 9.0, 

6.0 Hz), 0.54-0.92 (m, 3H), 1.65-1.92 (m, 2H), 2.03-2.15 (m, IH), 2.18-2.30 (m, lH), 2.47 (dd, 

fH,,J::; 13.5, 10.8 Hz), 2.67 (ddd, lH,J= 14.6, 10.7, 2.1Hz),2.74-2.86 (m, 2H), 3.29(dd, lH,J 

= -13.5, 3.3 Hz), 3.77 (cl, lH, J= 15.9 Hz), 3.92 (d, IH, J= 15.9 Hz), 4.08 (dd, lH, J= 9.6, 5.4 

Hz), 4.41 (ddd, lH,J= 14.6, 8.4, 4.8 Hz), 6.97 (dd, IH, J= 7.8, 4.8 Hz), 7.20 (d, 2H, J= 5.7 

Hz), 7.39(d, 1H,J=7.2Hz), 7.59(br.s, IH), 7.70{d, 1H,J=3.9Hz),8.38(s,2H),8.60{d, lH, 

J= 7.5 Hz). 
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Example 1~2 

~ 
l!._Ny 0 Cl 

(N"'~()~ HN6 NH, Cl)._,.~ 
v 

+ 

COMPOUND 159: Preparation of N-{{El=2-aminomethyl-4-[(1H-benzimidazol-2-
ylmethyll:CSl-(S,6.7.8-tetrahycfn>-auinolin-8-yl}aminol-but-2-enyl}-3,5-
dichloro-isonicotinamide and N-{(Z)-2-aminomethyl-4-[(lH-benzimidazol-2-
yJmethyll-(Sl-CS.6.7.8-tetrahydro-guinolin-8-yll-aminol-but-2-enyl}-3.5-
dichloro-isonicotinamide: 

[0805) 3-Aminomethyl-N-( lH-benzoimidazol-2-ylmethyl)-N-(5 ,6, 7,8-tetrahydro-quinoJin-
8-yl)-but-2-ene-1,4-dfamine, hydrochloride salt (213.8 mg, 0.365 mmol) was neutralized with 

IM NaOH (25 mL) and the free base was extracted with CHCh (25 mL x 3). The com~ined 
organic solution was dried (Na2S04), filtered and concentrated under reduced pressure, giving 
the free base as a yellow foam. 

(0806) To a suspension of 3,5-dichloropyridine-4-carboxylic acid (86 mg, 0.45 nimol) and 
DMF (1 drop) in CH2C12 (4 mL) was added oxalyl chloride (0.12 mL, 1.4 mmol). The resulting 
white suspension was stirred at room temperature under nitrogen for 30 minutes, and then the 
solvent was evaporated under reduced pressure. The crude acid chloride was dried under 
reduced pressure, and then a solution of the free base in THF (7 mL), and NEt3 (0.08 mL, 0.6 

mmol) were added. The resulting suspension was stirred at room temperature under nitrogen for 
1.5 hoW's. The reaction was taken up into H20 (25 mL) and extracted with CH2Ch (25 mL x 3). 
The combined organic solution was dried (Na2S04), filtered and concentrated under reduced 
pressure. Purification by flash column chromatography on silica (CH2Ch/MeOH/NH40H, 
19:1 :0.1) gave both regioi~omeric amides as an approximately 1:1 mixture (26.1mg,0.047 

mmol, 13%) (the regioisomeric ratio was estimated based on differentiation of the two 
components in the 1H NMR spectrum. Separation of the two isomers was not observed during 
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chromatography or during analysis by HPLC.) along with the bis-amide as a yellow.foam (39.9 

mg, 0.055 mmol, 15%). 

(0807) Data for the mono-amide mixture: 1HNMR (CDCh) 8 1.67-1.96 (m, 6H), 2.02-2.30 

(m, 4H), 2.71-2.95 (m, 4H), 3.24 {s, 2H), 3.27-3.39 (m, SH), 3.44-3.51 {m, lH), 3.61 (d, IH, J= 

15.3 Hz), 3.76 (d, lH, J= 15.3 Hz), 3.83-3.98 (m, SH), 4.08-4.22 (m, 3H), 5.47 (t, lH, J= 6.9 

Hz), 5.55 (t, lH, J= 6.9 Hz), 6.52 (hr. s, lH), 6.97-7.08 (m, 3H), 7.12-7.23 (m, 3H), 7.36-7.49 

(m, 6H), 8.06 (d, lH, J= 4.2 Hz), 8.47 (s, 2H), 8.51(s,2H), 8.56 (d, lff,Jc: 3.9 Hz), 9.79 (br. t, 

lH). ES-MS mlz 551 (M+H). Anal. Calcd. for C2sH29Cl2N10·2.0H20·0.2CH2Cl2·0.4C4Ha02: C, 

56.04; H, 5.78; N, 15.35; ~I, 13.32. Found: C, 56.19; H, 5.38; N, lS.36; Cl, 13.02. 

Example 160 

COMPOUND 160: 3-Aminomethyl-N1-Cl H-benzoimidazol-2-ylmethyll-N 1-(8)­

(5,6, 7,8-tetrahydro-guinolin-8-yll-but-2-ene-1,4-diamine hydrochloride salt 

Preparation of(3-tert-Butoxycarbonylamino-2-hyclroxy-propyll-carbamic acid tert-butyl 
···•· 

:'·'. 

· ·; [0808] To a solution of 1,3 diamino-2-hydroxypropane (I 0 g, 0.11 mol) in methanol (500 

ml) was added di-tert-butyl dicarbonate (48 g, 0,22 mol) and the reaction stirred for 2 hours at 

room temperature under a N2 atmosphere. The mixture was concentrated to afford the product 

as a light yellow oil (31.9 g, 100%). 1HNMR (CD30D) 8 1.44 (s, 18H), 3.10 (m, 4H), 3.63 {m, 

lH). 

Preparation of (3-tert-Butoxycarbonylarnino-2-oxo-propyl}-carbamic acid tert-butyl 

ester: 

[0809) To a solution of dimethyl sulfoxide (25.2 ml, 0.36mol) in methylene chloride (357 

ml) at -78 °c (dry ice/acetone} was added a solution of oxalyl chloride (20 ml, 0.23 mol) in 
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methylene chloride (115 ml). The reaction mixture was stirred at -78 °c for 30 min under an 
atmosphere of N2 then a solution of (3-tert-Butoxycarbonylamino-2-hydroxy-propyl}-carbamic 
acid tert-butyl ester (31.9 g, 0.11 mol) in methylene chloride (300 ml) and triethylamine (75 ml, 
0.54 mol) were added. The reaction was stirred for 16 hours, allowing the reaction to warm up 
to room temperature. The mixture was diluted with water (800 ml) and extracted With 

methylene chloride (2 x 300 ml). The combined organic eXtracts were dried (Na2S04}, filtered, 
and concentrated in vacuo to afford a yellowish oil. Purification via column chromatography on 
silica gel (ethyl acetate:hexane, 3:7, v/v) afforded the product as a white solid (28 g, 88%). 1H 
NMR (CDCl3) a 1.44 (s, 18H), 4.04 (m, 4H), 5.19 (s, IH). 

Preparation of 4-tert-butoxycarbonylamino-3-Ctert-butoxycarbonylamino-methyll-but-2-
enoic acid ethyl ester: 

(0810) To a solution of (3-tert-Butoxycarbonylamino-2-oxo-propyl)-carbamic acid tert~butyl 
ester (28 g, 97.0 mmol) dissolved in benzene (350 ml) was added (carbethoxymethylene)­
triphenyl phosphorane (89 g, 0.26 mol) and the reaction mixture stirred for 16 hours at 45 °c, 
under a N2 atmosphere. The mixture was concentrated and purified by column chromatography 
on silica gel (ethyl acetate:hexane, l :3, v/v) to afford the product as a yellowish solid (26 g, 

15%). 1H NMR (CDCIJ) a 1.43 (s, l 8H); 1.59 (s, 3H), 3.90 (d, 2H, J = 4.75 Hz), 4.11 (m, 4H,), 

5.35 (m, 2H), 5.87 (s, lH). 

Preparation of [2-(tert-butoxycarbonylamino-methyl)-4-hydroxy-but-2-enyll-carbamic 
acid tert-butvl ester 

(0811) To a solution of 4-tert-butoxycarbonylamino-3-(tert-butoxycarbonylamino-methyl)­
but-2-enoic acid ethyl ester (7.0 g, 19.5 mmol) in tetrahydrofuran (195 ml), at a reaction 

temperature of-78 °c (dry ice/acetone) was added a solution of diissobutylaluminwn hydride (1 
Min CH2Ch, 59 ml, 59 mmol) and the reaction mixture stirred at-78°C for 2 hours under a N2 
atmosphere. The reaction was quenched with a saturated solution of sodium tartrate tetrahydrate 
(300 ml), stirred vigorously until the layers clarified then extracted with methylene chloride (2 x 
100 ml). The combined organic extracts were dried (Na2S04), filtered, and concentrated in 
vacuo to afford a yellow oil. Purification via column chromatography on silica gel (ethyl 

acetate:hexane, 1:1, v/v) afforded the product as a yellow oil (5.90 g, 96%). 1HNMR (CDCl3) a 
1.43 (s, 18H), 3.72 (s, 4H), 4.18 (t, 2H), 4.76 (s, IH), 5.54 (s, lH), 5.96 (t, lH). 
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Preparation of methane sulfonic acid +tert-butoxycarbonyl amino-3..(tert­
butoxycarbonyl amino-methyl).but-2-enyl ester 

(0812) To a solution of [2-(tert-butoxycarbonylamino-methyl)-4-hydroxy-but-2-enyl]­
carbamic acid tert-butyl ester (9.13 g, 29 mmol) in·dichloromethane (290 ml), at a reaction 
temperature ofO 0c was added triethylamine (8.1ml,58 mmol) and methanesulfonyl chloride 
(2.24 ml, 29 nunol). The reaction mixture was stined at 0 °c for 30 min under a N2 atmosphere 
then diluted with a saturated solution of ammonium chloride (250 ml). The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The combined organic extracts were dried 

, .. (Na2S04), :filtered, and concentrated in vacuo to afford a yellow oil (I 1.0 g, 93%). 1HNMR 
(CDCi~) 5 1.43 (s, 18H), 3~03 (s, 3H), 3.78 (m, 4H}, 4.92 (d, IH, J= 4.15 Hz), 5.01 (s, lH), 5.17 
(S, IH)~ 5.66 (t, lH). 

Preparation of 2-{H 4-tert-butoxycarbonylamino-3-Ctert-butoxvcarbonylamino-methyll­
but-2-enyl]-N-(SHS.6.7 .8-tetrahydro-auinolin-8yl)-aminol-methyl}­
benzoimidazole-1-carboxylic acid tert-butyl ester: 

[0813) To a solution methane sulfonic acid 4-tert-butoxycarbonyl arnino-3-(tert­
butoxycarbonyl amino-methyl)-but-2-enyl ester (5.2 g, 13.2 mmol) in acetonitrile (60 mD was 
added potassium iodide (1.1 g, 6.6 mmol), diisopropylethylamine (2.3 ml, 13.2 mmol), and a 
solution of 2-((5,6, 7,8-tetrahydro-quinolin-8-yl amino )-methyl]-benzoimidazole-1-carboxylic 
acid tert-butyl ester (5.0 g, 13.2 mmol) in acetonitrile (60 ml) and the reaction stirred at room 

. . . 
temperature for 2 hours under a N2 atmosphere. A solution of methane sulfonic acid 4-tert­
butoxycarbonyl amino-3-(tert-butoxycarbonyJ amino-methyl)-but-2-enyl ester (5.2 g, 13.2 
mmol) in acetonitrile (60 ml) was added and the reaction mixture stirred at room temperature 
for 16 hours under a N2 atmosphere. The reaction mixture was concentrated, redissolved in 
methylene chloride (200 ml), and diluted with saturated NaCl (200 ml). The aqueous layer was 
extracted with methylene chloride (3 x 150 ml) and the combined organic extracts were dried 
(Na2S04), filtered, and concentrated in vacuo to afford a yellow oil (6.3 g, 70%). 1HNMR 
(CDCl3) a 1.43 (s, 18H), 2.10 (m, 3H), 2.53 {m, lH), 2.77 (m, lH), 3.19 (m, lH), 3.52 (m, 3H), 
3.77 (m, UI), 3.94 (m, IH), 4.29 (m, 3H). 5.21 (s, lH), 5.47 (s, IH), 6.73 (s, lH), 7.05 (s, lH), 
7.25 (s, IH), 7.69 (m, 3H), 8.25 (s, lH). 
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Preparation of 3-Aminometbyl-N:(JH-benmimidazol-2-ylmethyl)·N·CSHS.6.7.8-
tetrahydro-quinolin-8-vll=byt-2-ene-l ,4-diamine 

(0814) A solution of 2-{ [[4-tert-butoxycarbonyJamino-3-(tert-butoxycarbonylamino­
methyl)-but-2-enyl]-N-{S)-(5,6, 7,8-tetrahydro-quinolin-Syl)-amino ]-methyl }-benzoimidazole-1-
carboxylic acid tert-butyl ester dissolved in HCl saturated acetic acid (35 ml) was stirred for 5 
hours at room temperature under a N1 atmoshpere. The solution was added dropwise to diethyl 
ether (SSO ml) to yield a chunky white precipitate. The white solid was isolated via suction 
filtration under a steady stream of nitrogen, washed with diethyl ether and dried at 40 °c in 
vacuo overnight (3.8 g, 71 %). 1HNMR (DiO) 8 1. 79 (m, IH), 1.83 (m, lH), 2.01 (m, lH), 2.43 
(m, lH), 3.00 (s, 2H), 3.31 '(m, 2H), 3.76 (m, SH}, 4.49 (m, 3H), 6.66 (dd, IH, J·= 8.77, 3.95 
Hz), 7.62 (m, 2H), 7.88 (m, 3H), 8.41 (d, lH,J= 7.45 Hz), 8.83 (cl, lH, J= 5.1Hz); 13CNMR & 
CD20) 20.32, 27.61, 37.09, 42.34, 46.68, 48.93, 59.29, 114.32, 126.0l, 126.98, 128.73, 131.22, 
136.30, 139.63, 140.36, 148.08, 150.73. ES-MS m/z377 (M + H). Anal. Calcd. For 
C22H2aN6•3.93HC1•2.16H20•0.46(C2RtO.i): C, 46.96; H, 6.55; N, 14.44; Cl, 23.74. Found: 
C, 46.97; H, 6.67; N, 14.31; Cl, 23.75. 

Example 161 

COMPOUND 161: Preparation of C1H-Benzoimidazol-2-ylmethyll-C2-piperidin-3-
ylidene-ethyll-(S.6, 7,8-tetrahydro-guinolin-8-yJ>-amine <hydro bromide salt}. 

(0815] To a solution of3-hydroxy-piperidine-l-carboxylic acid tert-butyl ester (1.9169 g, 
9.5 mmol) in CH2Ch (SO mL) was added Dess-Martin Periodinane (4.8470 g, 11.4 mmol), and 
the mixture was stirred at room temperature for 5 hours. CH2Cl2 (75 mL), saturated NaHC03 
(100 mL), and 20% aqueous sodiwn thiosulfate (IQO mL) were added, and the mixture was 
stirred for 30 minutes. The layers were separated, and the aqueous layer was extracted with 

327 

SUBSTITUTE SHEET (RULE 26) 



.. ~~ .. 
'.':. .. · 

I 
i ~. . 

' 

, .. 
I 
I 

: ... 
: 
l . 
l 

PCTIUS02/41407 

CH2Cb (1 x 7S mL). The organic extracts were washed with brine (I x I 00 mL), dried 

(Na2S04), and concentrated. Purification of the crude material by column chromatography on 

silica gel (4:1 hexanes-EtOAc) provided 1.80 g (95%)of3-oxo-piperidine-l-carboxylic acid 

tert-butyl ester as a colorless oil.· 1H NMR (CDCh) S l.49 (s, 9H), 1.93-2.02 (m, 2H), 2.46 (t, 

2H, J = 6 Hz), 3.58 (t, 2H, J = 6 Hz), 4.00 (s, 2H). 

[08161 To a solution of 3-oxo-piperidine-1-carboxylic acid tert-butyl ester (l .80 g, 9.0 

mmol) m' bcmene (20 mL) was added ( carbethoxymethylene)-triphenylphosphorane ( 4. 72 g, 

13.6 mmol) and stirred at 6S°C for 3.S hours. The reaction was brought to reflux (80°C) and 

stirred for 23 hours before it as cooled to room temperature and concentrated. Purification of the 

crude itiateriaI by column chromatography on silica gel (6:1 hexanes-EtOAc) provided 0.4874 g 

(20%) bf cis-3-ethoxycarbonylmethylene-piperidine-l-carboxylic acid tert-butyl ester as white 

crystals. A NOESY experiment was run to determine which product was the desired els isomer. 

~HNMR (CDCh) 81.23-1.30 (m, 3H), 1.45 (s, 9H), 1.70-1.76 (m, 2H), 2.34 (t, 2H,J-= 6 Hz), 

3.48 (t, 2H, J= 6 Hz), 4.13-4.21 (m, 2H), 4.61 (s, 2H), S.66 (s, lH). 

(0817) A solution of cis-3-ethoxycarbonylmethylene-piperidine-l-carboxylic acid tert-butyl 

ester (0.4701g,1.7 mmol) in CH2Ch (17 mL) was cooled to -78°C and was flushed with argon. · 

1.0 M Diisobutylaluminwn hydride in hexanes (5.1 mL, 5.1 mmol) was added dropwise to this 

solution, and the reaction was stirred at -78°C for 50 minutes. The reaction was brought to room 

temperature and stirred for 3 .5 hours before it was cooled to 0°C. Saturated aqueous KN a 

Tartrate (Rochelle's salt,.6 mL) was added drppwise, and then water (IO mL) and CH2Ch (75. 

mL) were added. The phases were separated and the aqueous phase was extracted with CH2Cli 

(2-.x SO·inL). The combined organic extracts were dried (Na2S04) and concentrated. 

Purification of the crude material by column chromatography on silica gel (3:1 hexanes-EtOAc) . . 
provided 0.1652 g ( 43%) of cis-3-(2-hydroxy-ethylidene )-piperidine-1 ·carboxylic acid tert-butyl 

ester. 1H NMR (CDCh) ~ 1.45 {s, 9H), 1.60-1.68 (m, 2H), 2.27 (t, 2H, J= 6.1 Hz), 2.87 (s, 

lH), 3.47 (t, 2H, J = 6 Hz), 3.96 (s, 2H), 4.06-4.13 (m, 2H), 5.59 (s, lH). 

(08181 To a solution of cis-3-(2-hydroxy-ethylidene)-piperidine-l-carbo.xylic acid terr-butyl 

ester (0.1652 g, 0.7 mmol) in CH2Ch (IO mL) at-78°C was slowly added triethylamine (0.2 mL, 

1.4 mmol) and methane sulfonyl chloride (0.1 mL, 0.9 mmol). The reaction was stirred at -78°C 

for 40 minutes and then stirred at room temperature for 40 minutes. Water (10 mL) and CH2Ch 

(40 mL) were added and the layers were separated. The aqueous phase was extracted with 

CH2Ch (3 x 50 mL), and the combined organic extracts were dried (Na2S04) and concentrated 
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to yield 0.1985 g (93%) of cis-3-(2-methancsulfonyloxy-ethylidene)-piperidine-l-carboxylic 

acid tert-butyl ester as a pale pink oil. 1H NMR (CDCl3) 8 1.46 (s, 9H), 1.78 (s, 2H}, 2.31 (t, 

2H, J= 6 Hz), 3.01(s,3H), 3.48 (t, 2H,J= 6 Hz), 4.01(s,2H), 4.82 (d, 2H,J= 7.4 Hz), 5.46 (t, 

lH, J• 7.4 Hz). 

(0819) To a solution of cis-3-(2-methanesulfonyloxy-ethylidene )-piperidine-1-carboxylic 

acidtert-butyl ester(0.1985 g, 0.6.mmol) in CH3CN (6 mL) was added 2-((5,6,7,8-tetrahydro­

quinolin-8-ylamino )-methyl]-benzoimidazole-1-carboxylic acid tert-butyl ester (0.2531 g, 0.6 

mmol), potassium iodide (0.0110 g, 0.06 mmol), and DIPBA (0.2 mL, 0.9 mmol) and was stirred 

at 60°C for 17 hours. Saturated NaHC03 (1 S mL) and CH2Ch (SO mL) were added and 

separated. The aqueous philse was extracted with CH2Ch (2 x 30 mL), and the combined 

organic extracts were dried (Na2S04) and concentrated. Purification of the crude material by 

column chromatography on silica gel (70: 1: 1 CH2Ch-C~OH-~OH) followed by another . 
column on silica gel (ether saturated with NH..OH) provided 0.1282 g (36%) of cis-2-{[[2-(l-

tert-butoxycarbonyl-piperidin-3-ylidene )-ethyl]-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]­

methyl}-benzoimidazale-1-carboxylic acid tert-butyl ester as a white solid. 1H NMR (CDCh) 8 · 

1.41-1.47 (m, lH), 1.68 (s, 9H), 1.73 (s, 9H), 1.85-1.96 (m, SH), 2.17 (s, 2H), 2.59-2.79 (m, 

2H), 3.21-3.31 (m, IH), 3.37-3.60 (m, 3H), 3.72 (s, lH), 3.94-4.01 (m, lH), 4.21-4.29 (m, lH), 

4.38-4.62 (m, 2H), S.21-5.30 (m, lH), 6.94-6.98 (m, lH), 7.27-7.28 (m, 3H), 7.68-7.71 (m, lH), 

7.79-7.82 (m, lH), 8.39-8.40 (m, lH). 

(0820) Following the general procedure D, cis-2-{[[2-(l-tert-butoxycarbonyl-piperidin-3-

ylidene )-ethyl]-(S)-(5,6, 7 ,8-tetrahydro-quinolin-8-yl)-amino ]-methyl }-benzoimidazole-1-

carboxylic acid tert-butyl ester (0.1282 g, 0.2 mmol) was converted to the hydrobromide salt 

followed by reprecipitation of the intermediate solid from methanol/ether gave 

COMPOUND 161 (0.1168 g, 87%) as a white solid. 1H NMR (D20) 1.12-1.21(m,2H), 1.58-

1.67 (m, 3H), 1.79-1.94 (m, 2H), 1.98-2.24 (m, 2H), 2.33-2.43 (m, lH), 2.97-3.04 (m, 2H), 3.07-

3.24 (m, 2H), 3.46-3.65 (m, 2H), 3.78-3.84 (m, 111), 4.29-4.38 (m, 1H), 4.49-4.61 (m, 3H), 5.44 

(s, lH), 7.61-7.62 (m, 2H), 7.77-7.80 (m, 2H), 7.86 (t, IH, J= 6.9 Hz), 8.34 (d, lH,J= 7.5 Hz), 

8.64 (d, lH, J= 4.8 Hz). 13C NMR (D20) a 20.36, 20.63, 23.60, 27.63, 30.03, 31.84, 43.82, 

44.67, 48.82, 61.29, 114.22, 125.97, 126.29, 127.06, 130.93, 132.83, 139.48, 140.66, 148.09, 

150.93, 151.83. ES-MS mlz 388 (M+H). Anal. Calcd. for C24H29Ns•3.0HBr•2.3H20: C, 42.92; 

H, S.49; N, 10.43; Br, 35.69. Found: C, 43.20; H; S.38; N, 10.03; Br, 35.92. 
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Example 162 

··~ 

COMPOUND 162: Preparation of N-{ 4-[( IH-Benzhnidazol-2-ylmethxll=(Sl-S.6, 7.8-

tetrahydro-guinolin-8-yl-amino J-butvl}-acetamide (free base). 

Preparation of COMPOUND 162: 

(0821] N'-(1 H-benzimidazol-2-ylmethyl)-N'-(S)'-5 ,6, 7 ,8-tetrahydro-quinolin-8-yl-butane-

1,4-diamine (500 mg, 1.43 mmol) was dissolved in ethyl acetate (10 mL)to give a yellow 

solution. The reaction mixture was stirred at reflux for 48 hours. The resulting yellow/orange 

solution was concentrated under reduced pressure to afford an orange oil. Purification via 

column chromatography on silica gel (CH2Ch:MeOH:NH.OH, 90:5:5, v/v/v) afforded the 

product as a pale yellow foam (56 mg, 10 %). 1H NMR (CDCh) 8 1.37-1.45 (m, 4H), 1.65-1.73 

(m, lH), 1.85 (s, 3~, 1.87-1.90 (m, lH), 2.04-2.10 {m, IH), 2.14-2.22 (m, lH), 2.60-2.65 (m, 

lH),,2.69-2.77 (m, 2H), 2.77-2.83 (m, lH), 3.02-3.06 (m, 2H), 3.97 (cl, lH, J= 15.0 Hz), 4.02 

(m, lH), 4.08 (d, IH, J= 15.0 Hz), 5.48 (br t, lH), 7.16-7.22 (m, 3H), 7.44 (d, lH,J= 6.0), 7.53 

(br s, 2H), 8.58 (d, IH, J= 3.0 Hz). 13C NMR (CDCh) 8 21.61, 23.60, 24.24, 26.10, 27.26, 

29.51, 39.47, 49.82, S0.69, 62.46, 115.26, 122.08, 122.69, 135.10, 137.92, 146.92, 156.89, 
. + 

157.84, 170.47. ES·MS mlz 392 [M+H] . Anal. Calcd. for C23H29Ns0·0.7H20: C, 68.36, H, 

7.58; N, 17.33. Found: C, 68.45; H, 7.47; N, 17.25. 
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Example 163 
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COMPOUND 163: Preparation of {4-C<lH-Benzimidazol-2-ylmethyl)-(S)-5.6.7,8-

tetrahydro-guinolin-8-yl-amino ]-butyll-urea (free base). 

PreparationofCOMPOUND 163: 

(0822) In a flask purged with nitrogen, N'-(lH-benzimidazol-2-ylmethyl)-N'-(S)-5,6,7,8-

tetrahydro-quinolin-8-yl-butane-l ,4-diamine (208 mg, 0.60 mmol) was dissolved in iso-propanol 

(4 mL) to give a yellow solution. Trimethylsilyl isocyanate (113 µL, 0.83mmol) was added via 

syringe and the reaction mixture was stirred at room temperature for 18 hours. The resulting 

yellow solution was concentrated under reduced pressure to afford a yellow oil. Purification via 

colwnn chromatography on silica gel (CH2Ch:MeOH:N~OH, 90:5:5, v/v/v) afforded the 

product as a white solid (167 mg, 71 %). 1H NMR (CDCh) o 1.37-1.45 (m, 4H), 1.65-1.75 (m, . 
lH), 1.88-1.92 (m, lH), 2.00-2.07 (m, lH), 2.17-2.24 (m, 2H), 2.51-2.59 (m, lH), 2.66-2.77 (m, 

2H), 2.80-2.83 (m, lll), 2.96-3.00 (m, 2H), 3.95 (d, lH, J = 15.0 Hz), 4.03 (m, lH), 4.04 (d, lH, 

J= 15.0 Hz), 4.47 (s, 2H), 5.20 (br t, lH), 7.16-7.22 (m, 3H), 7.43 (d, lH, J== 1.5), 7.53 (br s, 

2H), 8.55 (d, lH,J= 3.0 Hz). 13CNMR(CDCh) 6 21.51, 24.18, 25.88, 27.64, 29.50, 40.34, 

49.67, 50.99, 62.64, 111.64, 119.13;122.19, 122.74, 135.23, 137.99, 146.95, 156.64, 157.78, 

159.33 . ES-MS mlz 393 [M+H)"". Anal. Calcd. for C22H2aN60·0. l SCH2Ch: C, 65.65, H, 7.04; 
N, 20.74. Found: C, 65.56; H, 7.26; N, 20.90. 
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Example 164 

COMPOUND 164: Prep~tion ofpyrazine-2-carboXylic acid {3-[CIH-benzimidazol-2-

··yJm.ethyl)-{5,6,7,8-tetrahydro-guinolin-8-yD-aminol-propyl}-amide. 

Preparation of pyrazine-2-carboxvlic acid (3-hydroxv-pronvl)-amide: 

[0823] To a solution of 3-amino-1-propanol (1.20 mL, IS.7 mmol) in CH2Ch (80mL) was 

added 2-pyrazinecarboxylic acid (1.99 g, 16.0 mmol), DIPEA (5.6 mL, 32.1 ~ol), HOBT 

(2.61 g, 19.3 mmol) and EDC·HCI (3.70 g, 19.3 mmol). The solution was stirred at room 

temperature under nitrogen for 14.5 hours, then was diluted with brine (25 mL). The layers 

were separated and the aqueous solution was extracted with EtOAc (50 mL x 3) and CHCh (50 

mL x 3). The combined organic solution was dried (Na2S04), filtered ~d concentrated under 

reduced pressure. Purification by flash column chromatography on silica 

(CH2Cl2'MeOH/N~OH, 19:1:0.1) gave the amide as a white solid (1.94 g, 10.7 mmol, 68%). 
1HNMR (CDCIJ) 81.83 (quint, 2H,J= 5.9 Hz), 3.03 (br. s, lH), 3.61-3.74 (m, 4H), 8.12 (hr. s, 

lli), 8.53 (dd, IH, J= 2.4, 1.5 Hz), 8.75 (d, lH,J= 2.4 Hz), 9.40 (cl, lH, J= l.5 Hz). 

Preparation of pyrazine-2-carboxylic acid (3-oxo-propyl}amide: 

(0824) To a solution of the amide (184 mg, 1.02 mmol) in CH2Ch (S mL) was added Dess­

Martin periodinane ( 468 mg, 1.10 mmol) and the reaction was stirred at room temperature for 20 

minutes. The mixture was diluted with 10% aqueous Na2S203 (20 mL) and saturated aqueous 

NaHC03 (20 mL), stirred vigorously for 15 minutes and extracted with CH2Ch (25 mL x 3). 

The combined organic solution was dried (MgS04), filtered and concentrated under reduced 

pressure giving the crude aldehyde as an orange solid (143 mg, 0.80 mmol, 78%). 1HNMR 
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(CDCb) B 2.85 (quint, 2H,J= 6.0 Hz), 3.77(q, 2H,J= 6.0 Hz), 8.16 (br. s, IH), 8.50 (def, lH,J 

= 2.4, 1.S Hz), 8.72 (d, IH, J-. 2.4 Hz), 9.35 (d, lH, J= 1.5 Hz), 9.83 (s, lH). 

Preparation of COMPOUND 164: 

(0825) A solution of the aldehyde (140 mg, 0.78 mmol) and (lH·benzimidazol-2-ylmethyl)­

(S,6,7,8·tetrahydro-quinolin-8-yl)-amine (201mg,0.72 mmol) in CH2Ch (4.5 mL) was stirred at 

room temperature for 10 minutes, thenNaBH(OAc)3 (180 mg, 0.85 mmol) was added. The 

reaction mixture was stirred for another 6.S hours, then was washed with IM NaOH (10 mL x 2) 

and brine (10 mL). The Of8aniC solution was dried (MgSO.c), filtered and concentrated under 

reduced pressure. Purification by flash column chromatography on silica 

(CH2Cli/MeOHINHiOH, 19:1:0.1) gave the tertiary amine .as a yellow foam (271 mg, 0.63 

mmol, 85%). 1H NMR (CDCh) B 1.60-2.10 (m, SH), 2.18-2.29 (m, lH), 2.65-2.74 (m, 2H), 

2.79-2.90 (m, 2H), 3.41-3.59 (m, 2H), 4.03-4.15 (m, 3H), 7.11-7.20 (m, 3H), 7.41 (d, lH,J= 7.5 

Hz), 7.45-7.63 (m, 2H), 8.06 (m, lH), 8.31 (dd, lH, J= 2.1, 1.8 Hz), 8.51 (~ lH, J= 3.6 Hz), 

8.67 (d, lH, J= 2.4 Hz), 9.32 (d, lH, J= 1.2 Hz). 13C NMR (CDCI~) 8 21.8, 23.5, 28.2, 29.6, 

37.9, 48.5, 49.7, 62.0, 122.1, 122.6, 135.1, 137.8, 142.ti, 144.8, 147.2, 147.4, 156.3, 157.7, 

163.4. ES-MS mlz 442 (M+H). Anal. Calcd. for C2sH21N10·0.3CH2Ch: C, 65.07; H, 5.96; N, 

20.99. Found: C, 64.74; H, 6.10; N, 20.90. 

Exaninle: 165 

0:/ 
~N N\ 
~ ~ '--\ NH 

~ N-{ 
H NH 

2 

COMPOUND 165: Preparation of N·{3-CC1H-benzimidazol-2-ylmethyl)-(5,6,7.8-

tetrahydro-guinolin-8-yl)-amino]-propyll-guanidine Chydrobromide salt) 

(0826) A solution of (3-hydroxypropyl)-carbamic acid tert-butyl ester (0.60 g, 3.4 mmol) in 

anhydrous CH2CI2 (17 mL) was treated with Dess-Martin reagent (1.74 g, 4.1 mmol) for 3 hours 

at room temperature. The reaction mixture was dil1,1ted with Et20 (30 mL) and washed with a 

20% aqueous solution of sodium thiosulfate (15 mL) followed by a saturated aqueous solution 
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of sodium bicarbonate (IS mL). The combined aqueous phase was then extracted with Et20 (2 x 

35 mL) and re-washed with 20% sodium thiosulfate solution (30 mL), saturated NaHC03 

solution (25 mL), and brine (25 mL). The organic component was then dried (MgS04), filtered, 
and concentrated under reduced pressure to provide (3-oxopropyl)-carbamic acid tert-butyl ester 
as a colorless oil (0.54 g, 91 %). 

[0827) Using general procedure B, (lH-benzimidazol-2-ylmethyl)-(5,6,7,8-tetrahydro­

quinolin-8-yl)-amine (0.69 g, 2.S nunol), (3-oxopropyl)-carbamic acid tert-butyl ester (0.54 g, 

3.1 mmol) and sodium triacetoxyborohydride (0.95 g, 4.5 mmol) were stirred at room 

t~mperature in CH2Cb (13_ mL) for 18 hours. This yielded, after work-up and column 

chromatography (S:0.5:94.S MeOH:NH40H:CH2Ch), a mixture of desired alkylated product 
plus product containing a boronic acetyl ester group coordinated to the benzimidazole (1.31 g, 
excess). This was taken forward to the next reaction. 

(0828] A solution of the above compounds (1.31 g) was dissolved in CH2Ch (2 mL) and 
treated with trifluoroacetic acid (20 mL) for 2 hours. The solution was cooled to 0°C and diluted 
with CH2Ch (SO mL). ION aqueous NaOH solution (5 mL) was lhen added slowly until the acid 

content was neutralized and the solution was basic (pH> 9). The phases were then separated and . . 
the aqueous extracted with CH2Ch (2 x 50 mL). The combined organics were then dried 
(Na2S04) and concentrated under reduced pressure to give, after column chromatography 
(1 O: I :89 Me0H:NH40H:CH2Ch). N-( I H-benzimidazol-2-ylmethyl)-N-(5,6, 7,8-

tetrahydroquinolin-8-yl)-propane-1,3-diamine as a pale yellow crystalline solid (0.57 g, 68%, 2 

steps). 1H NMR (CDC13): 8 1.55-1.85 (m, JH), 2.10 (br, lH), 2.25 (q, lH, J= 13.5 Hz), 2.54 (t, 

·lH, J::i:t2.0 Hz), 2.65 (br, lH), 2.79 (br, 4H), 3.31 (d, IH, J= 12.0 Hz), 3.98 (d, lH,J= 15.~ 

·Rz), 4:00-4.25 (m, 2H), 7:08 (m, HI), 7.16 (m, 2H), 7.40 (d, IH), J= 1.5 Hz}, 7.57 (br, 2H), 

8·A2 (d, IH, J= 4.5 Hz), 9.35 (br, 2H). 

(0829] The above amine (0.14 g, 0.43 mmol) and (tert-hutoxycarbonylimino-pyrazol-1-yl­

methyl)-carbamic acid tert-butyl ester (0.13 g, 0:39 mmol) were dissolved in THF (0.4 mL) and 

stirred for 5 hours. The solvent was removed under reduced pressure and CH2Ch (10 mL) was 

added. The organic phase was washed with a 15% aqueotis solution ofNaOH (5 x 5 mL), dried 

(Na2S04), and concentrated under reduced pressure. This afforded, after column 

chromatography (2:0.5:97.5 MeOH:NR,OH:CH2Ch), the di-BOC-protected guanidine adduct as 

a pale yellow oil (0.18 g, 73%). 1H NMR (CDCJd: 8 1.45 (s, 9H), 1.49 (s, 9H), 1.66 {m, 3H), 

1.85 • 2.10 (m, 2H), 2.18 (br, IH), 2.50-2.85 (m, 4H), 3.38 (m, 2H), 4.05 (m, 2H), 4.17 (d, lH, 
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J= lS.O Hz), 7.13 (m, IH), 7.17 (m, 2H), 7.40 (d, IH, J= 7.0 Hz), 7.47 (m, lH), 7.67 (m, IH), 
8.06 (br, lH), 8.58 (d, lH,J= 4.5 Hz). 

[0830) Using general procedure D: The above material (176 mg, 0.29 mmol) was converted 

to the hydrobromide salt to provide COMPOUND 165 (152 mg) as a white solid. 1H NMR 

(020) 81.69 (m, 2H), 1.80 (m, lH), 1.98 (q, lH,J= 12.0 Hz), 2.15 (br, lH), 2.34 (br, lH), 2.52 

(m, lH), 2.80 (m, lH), 2.97 (br d, 2H, J= 4.5 Hz), 3.01 (m, 2H), 4.32 (d, IH, J= 16.S Hz), 4.48 

(m, IH), 4.48 (d, IH, J= 16.8 Hz), 7.56 (m, 2H), 7.76 (m, 2H), 7.83 (m, IH), 8.31 (cl, JH, J= 

1.s Hz), s.s9 (d, tH,J=4.s Hz). 13cmm. CD20) 820.40, 20.49, 27.49, 21.61, 39.10, 48.31, 

49.21, 60.60, 114.30 (2C). .126.00, 126.96 (2C), 131.05, 139Al, 140~69(2C),148.14, 151.13, 

151.51, 156.93. BS-MS mlz 378 (M+H). AnaLCalcd. for 

C21H21N1•3.JHBr•l.SH20•0.2Ctff1oO: C, 39.07; H, 5.28;N, 14.63; Br, 36;96. Found: C, 39.20; 
H, 5.41; N, 14.69; Br, 36.85. 

Example 166 

COMPOUND 166: Preparation of {3-C<lH-benzimidazol-2-ylmethyl)-(S,6.7.8-

tetrahydroguinolin-8-yll-aminol-propyl}-urea lhydrobromide salt) 

(0831) A solution of N-(lH-benzimidazol-2-ylmethyl)-N-(5,6,7,8-tetrahydroquinolin-8-yl)­
propane-l,3-diamine (0.14 g, 0.42 mmol- see preparation of N-{3-[(IH-benzimidazol-2-
ylmethyl)-(S)-(5,6, 7 ,8-tetrahydroquinolin-8-yl)-amino ]-propyl }-guanidine) in isopropanol (2.8 

mL) was treated with trimethylsilylisocyanate (80 µL, 0.58 mmol) at room temperature. The 

reaction was stirred 20 hours and concentrated under reduced pressure. This afforded, after 

column chromatography with silica gel (5:1 :94 MeOH:NH.tOH:CH2Ch), the desired urea (37 

mg, 23%). 1H NMR (CDCh) a 1.57 (m, lH), 1.70-1.85 (m, 3H), 2.06 (br, IH), 2.26 (br, lH), 

2.62 (m, lH), 2.70-3.00 (m, 4H), 3.38 (br, IH);3.87 (m, 2H), 4.18 (m, lH), 4.50 (br, 2H, 
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NH2), 6.95 (br, lH, NH), 7.18 (m, 3H), 7.46 (<I. IH,J= 7.0 Hz), 7.45 -7.70 (hr, 2H), 8.55 (d, 

I H, J = 4.0 Hz). 

(0832) Using general procedure D: The above material (37 mg, 0.10 mmol) was converted 

to the hydrobromide salt to provide COMPOUND 166 (45 mg) as a white solid. 1H NMR (D20) · 

~ 1.61 (m, 2H), 1.83 (m, IH), 2.04 (q, lH, J= 10.8 Hz), 2.18 (m, lH), 2.36 (hr, lH), 2.50 (m, 

lH}, 2.79 (m, lH), 2.98 (m, 4H), 4.34 (<I. lH, J= 16.5 Hz), 4.50 (m, Ill), 4.50 (d, lH, J= 16.5 

Hz), 7.60 (m, 2H), 7~79 (m, 2H), 7.86 (m, lH), 8.34 (<I. IH,J= 7.2 Hz), 8.62 (d, lH,J= S.l 

Hz). 13C NMR {D20) 8 20.28, 20.37, 27.62, 28.54, 37.60, 48.22, 49.16, 60.38, 114.22 (2C), .. 
.. 125.88, 126.90 (2C), 130.95, 139.32, 140.58 (2C), 148.02, 151.28, 151.56, 161.67. ES-MS m!z 

379 (M+H). Anal. Calcd. for C21H2~60•2.8HBr•l.6H20: C, 39.79; H, 5.09; N, 13.26; Br, 

35.JO:"'Found: C, 40.13; H, 5.12; N, 12.91; Br, 35.09. 

Example 167 

COMPOUND 167: Preparation of {2-COH-benzimidazol-2-ylmethyl)-(5,6,7:8-

:. ~- tetrahydroguinolin-8-yl)-aminol-ethyll-urea (hydrobromide salt) 

.. (0833) To a solution of3-aminopropane-l,2-diol (9.92 g, 109 mmol) in THF (350 mL) and 

ll20 (l 5 mL) was added di-tert-butyldicarbonate (25.0 g, 114 mmol). The solution was allowed 

to stir for 16 hand then concentrated under reduced pressure. EtOAc (200 mL) was added, and 

the solution was washed with saturated aqueous NaHC03 solution (100 mL). The aqueous phase 

was then extracted with EtOAc (2 x 100 mL), and the organic phase dried (MgS04), filtered and 

concentrated under reduced pressure. This gave, after a purification through a plug of silica gel 

(1:99 MeOH/CH2Cl2 ramping to 4:96 MeOH/CH2Cb), (2,3oodihydroxy-propyl)-carbamic acid 

tert-butyl ester (20.2 g, 97%). 1H NMR (CDCh) & 1.44 (s, 9H), 3.11 (hr, lH, OH), 3.25 (m, 2H), 

3.58 (m, 2H), 3. 74 (m, lH), 5.03 (hr, lH, Ml). · 

(0834) A solution of the above compound (0.2~ g, 1.5 mmol) in water (5 mL) was treated 

with sodium periodate (0.29 g, 1.4 mmol), stirring for 16 hours at room temperature. rite 
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solution was extracted with CH2Ch (2 x 20 mL) and the combined organic phases dried 

(Na2S04) and concentrated under reduced pressure to afford (2-oxo-ethyl)-carbamic acid tert­

butyl ester(0.17 g, 73%). 

(0835) Using general procedure B, (lH-benzimidazol-2-ylmethyl)-(S)-(S,6, 7,8-tetrahydro­

quinolin-8-yl)-amine (0. I 1 g, 0.41 mmol), (2-oxo-ethyl)-carbamic acid tert-butyl ester (0.17 g, 

1.1 mmol) and sodium triacetoxyborohydride (0.17 g, 0.82 mmol) were stirred at room 

temperature in CH2Ch (3 mL) for 18 hours. This yielded, after work-up and colwnn 

chromatography (2:0.5:97.S MeOH:NH.OH:C}bCl2), {2-[(lH-benzimidazol-2-ylmethyl)­

(S,6, 7,8-tctrahydroquinoJin-.8-yl)-amino]-ethyl }-carbamic acid tert-butyl ester (0.17g, I 00%) 

which was used in the next reaction. 

[0836] A solution of the above compound (0.17 g) was dissolved in CH2Ch (0.5 mL} and 

treated with trifluoroacetic acid (0.5 mL} for2 hours. CH2Ch (10 mL) was added and the 

solution was basisitied to pH> 9 with 15% aqueous NaOH solution (3 mL). The phases were 

then separated and the aqueous extracted with CH2Ch (2 x. S mL). The combined organics were 

then dried (Na2S04) and concentrated under reduced pressure to give N-(IH-benzimidazol-2-

ylmet~yl)-N-(5,6,7,8-tetrahydroquinolin-8-yl)-ethane-l,2-diamine (0.10 g, 76%, 2 steps). 1H 

NMR (CDCh): l> 1.65-1.95 (m, 3H), 2.02 (br, IH), 2.25 (hr, lH), 2.60-2.90 (m, SH), 4.05 (m, 

2H), 4.17 (d, lH,J= 15.0 Hz), 7.14 (m, 3H), 7.42 (d, IH,J= 7.5 Hz), 7.58 (br, 2H), 8.57 (d, 

IH, J= 4.5 Hz). 

(0837) A solution of N-(lH-benzimidazol-2-ylmethyl)-N-(5,6,7,8-tetrahydroquinolin-8-yl)­

ethane-l ,2-diamine (0.10 g, 0.31 mmol} in isopropanol (2 mL}.was treated with 

trimethylsilylisocyanate (60 µL, 0.44 mmol) at room temperature. The reaction was stirred 20 

hours and concentrated under reduced pressure. This afforded, after column chromatography 

• with silica gel (2:0.5:97.5 MeOH:NH.tOH:CH2Cl2), {2-[(lH-benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl}-amino]-ethyl}-urea (67 mg, 59%). 1H NMR.(CDCh) S 1.68 (m, IH), 

1.86 (m, lH), 2.02 (hr, UI), 2.23 (hr, lli), 2.65 (m, lH), 2.82 (m, 3H}, 3.17 (m, 2H), 4.00 {m, 

lH), 4.07 (d, lH, J= 15.0 Hz), 4.18 (d, lH, J• 15.0 Hz), 4.43 (br, 2H, NH2), 6.00 (br, lH, NH), 

7.18 (m, 3H), 7.46 (d, IH, J= 1.0 Hz), 7.45-7.70 (br, 2H), 8.55 (d, lH,J=4.0 Hz). 

[08381 Using general procedure D: The above material (67 mg, 0.18 mmol) was converted 

to the hydrobromide salt to provide COMPOUND 167 (88 mg) as a white solid. 1H NMR (D20) 

~ 1.83 (m, lH), 2.02 (q, lH,J= 12.8 Hz), 2.15 (m, IH), 2.36 (br, IH), 2.59 (m, lH), 2.90-3.10 

(m, 4H), 3.26 (m, lH), 4.29 (d, IH, J= 16.2 Hz), 4.46 (cl, lH, J= 16.5 Hz), 4.47 (m, lH), 7.60 

337 

SUBSTITUTE SHEET (RULE 26) 



. ' 
.: 

WG 03/055876 P¢'PIUS02Y41407 

(m, 2H), 7.79 (m, 2H), 7.86 (m, IH), 8.33 (d, lH, J= 1.8 Hz), 8.64 (d, lH,Jc: 5.1Hz). 13c 
NMR QJlO) S 20.41, 20.47, 27.72, 38.81, 47.77, 52.14, 60.29, 114.33 (2C), 125.89, 126.99 

(3C), 131.03, 139.61, 140.71, 147.92, 150.93 (2C), 161.79. ES-MS m/z 365 (M+H). Anal. 

Calcd. for C20H24N60•2.8HBr•l.8H20•0.3C4H1oO: C, 39.44; H, 5.21; N, 13.02; Br, 34.65. 

Found: C, 39.33; H, 5.09; N, 12.93; Br, 34.72. 

Example 168 

CQ ,,,,- ~C??-.:N N~N lb 

HS/~ 0 I 

~ b 

COMPOUND 168: Preparation of {3-{[{lH-Benzimidazol-2-yJmethyl}-{5,6, 7,8-

tetrahydro-quinolin-8-yl}-amino ]-methyl }-piperidin-1-yl)-(3.5-dichloro-pyridin-

4-yl)-methanone 

Preparation of (3.5-dichloro-pyridin-4-yJ)-(3-hydroxvmethyl-piperidin-1-yll-methanone: 

.. ~ 

0 
N Cl 

HO Cl~ 
:r (0839] To a suspension of 3,5-dichloroisonicotinic acid (250 mg, 1.30 mmol) in ClhCh (6.5 

mL) was added DMF (cat.) and oxalyl chloride (0.45 mL, 5.2 mmol), and the mixture was 

stirred at room temperature for 2 h then concentrat~ in vacuo. To the residue was added THF 

(2 mL), Et3N (0.27 mL, 1.9 mmol), and a solution of 3-piperidinemethanol (1 SO mg, 1.30 mmol) 

in THF (4.5 mL), and the mixture was stirred at room temperature for 21 h. The mixture was 

diluted with CH2CI2 (50 mL) and brine (30 mL) and the phases were separated. The organic 

layer was washed with brine (2 x 50 mL) and saturated NaHC03 (2 x 50 mL). The organic layer 

was dried (MgS04), filtered, concentrated, and dried in vacuo to afford a crude oil. Purification 

of the crude material by column chromatography ~n silica gel (100:5: 1 CH2Ch/MeOH/NRtOH) 
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gave a yellow oil (mixture of isomers) (147 mg, 39%). 1H NMR (CDCb) 8 1.28-1.96 (m, 4H), 

2.89-3.26 (m, 3H), 3.35-3.45 (m, lH), 3.50-3.72 (m, 2H), 4.29-4.56 (m, Iii), 8.54 (m, 2H). 

Preparation of (3.S-dichlorQ:Pvridin-4-yl)-{3-[(5,6, 7 .8-tetrahydro-guinolin-8-ylamino )­

methyll-pioeridin-1-yH-methanone: 

O? HN~Cln 
1f b 

(0840) To a solution of'(3,S-dichloro-pyridin-4-yl)-(3-hydroxymethyl-piperidin-1-yl)­
methanone (147 mg, 0.508 mmol) in CH2Ch (5 mL) was added Dess-Martin periodinane (226 
mg, 0.533 mmol) at room temperature. After stirring at room temperature for 45 minutes, the 
mixture was washed With I N NaOH(aq) (2 x 10 mL) then dried (MgS04) and concentrated in 

vacuo to give a colourless oil (121 mg, 83%). 

(0841] Using General Procedure A: To a stirred solution of the aldehyde ftom above (121 
mg, 0.421 mmol) and 5,6,7,8-tetrahydro-quinolin-8-ylamine (75 mg, 0.51 mmol) in 4:1 

MeOH/trimethyl orthoformate (4.2 mL) was added NaBH3CN (106 mg, 1.69 mmol), and the 
mixture was heated to 60 °C for 21 h. Purification of the crude material by column 

chromatography on silica gel (150:5:1 CH2Cli/MeOH/NRiOH) gave a colourless oil (mixture of 
isomers) (66 mg, 37%). 1H NMR (CDCIJ) 5 1.24-3.79 (m, 17H), 4.48-4.67 (m, lH), 7.05 (m, 

lH), 7.36 {m, lH), 8.24-8.52 (m, 3H). 

(0842) A mixture of (3,5-dicbloro-pyridin-4-yl)-{3-[(5 ,6,7 ,8-tetrahydro.;.quinolin-8-
ylamino )-methyl]-piperidin-1-yl} -methanone (63 mg, 0.15 mmol), 2-chloromethyl­
benzimidazole-1-carboxylic acid tert-butyl ester (60 mg, 0.22 mmol), potassiwn io'dide (1 mg, 
0.006 mmol), and NP-diisopropylethyl~ne (0.052 mL, 0.30 mrnol) in acetonitrile (3.0 mL) 

was heated at 60 °C for 16 h. Saturated NaHC03(aq) (10 mL) was added, and the mixture was 

extracted with CH2CI2 (3 x 12 mL). The combined organic extracts were dried (MgS04) and 

concentrated in vacuo. Purification of the crude material by colwnn chromatography on silica 

gel (300:5:1 CH2Ch/MeOHINH.OH) gave a yellow foam (79 mg). 

(0843) A solution of the amine from above (79 mg) in 1:1 TFA/CH2Ch (4 mL) was stirred 
at room temperature for l h then concentrated In .vacuo. The residue was dissolved in CH2Cli 
(15 mL) and washed with 1 N NaOH(aq) (10 mL)-. The aqueous phase was extracted with 

CH2Ch (2 x 10 mL), and the combined organic extracts were dried (MgS04) and concentrated 
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in vacuo to afford COMPOUND 168 as a yellow foam (mixture of isomers) (72 mg, 87%). 1H 

NMR (CDCh) 8 1.25-4.76 (m, 20H), 7.12-8.64 (m, 9H); 13C NMR (CDCh) 8 21.37, 21.47, 

21. 75, 22.83, 23.51, 23.87, 24.06, 24.20, 24.87, 25.26, 26.90, 27.18, 27.61, 27.94, 29.03, 29.24, 

29.45, 29.68, 34.12, 34.54, 34.85, 35.53, 38.16, 38.69, 39.37, 42.30, 42.38, 44.48, 45.57, 46.22, 

47.05, 47.23, 48.61, 49.61, 49.83, 49.97, 51.06, 51.39, 52.89, 53.11, 55.30, 59.44, 61.61, 61.85, 

62.03, 64.04, 64.26, 111.28, 118.80, 121.66, 121.74, 122.29, 128.10, 128.18, 128.35, 128.52, 

128.60, 128.68, 134.61, 137.35, 137:48, 142.26, 142.43, 146.49, 146.74, 146.99, 147.39, 147.59, 

147.63, 155.48, 155.70, 156.11, 156.74, 156.90, 157.23, 161.08, 161.20. ES-MS mlz SSO 

(M+H). Anal. Calcd for C29H30N6Ch0•0.5CH2Ch•0.6H20•0.24ff14: C, 59.47; H, 5.69; N, 

11.ss;~'cl, 17.15. Found: c, 59.62; H, S.39;N, 13.51; Cl, 16.92. 

Example 169 

COMPOUND 169: Preparation of(3-{[(1H-Benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydro-quinolin-8-yl)-amino ]-methyll-pyrrolidin-1-yl)-{3,5-dichloro-pyridin-, . 
. . 4-yl)-methanone 

Preparation of carbonic acid l-benzyl-pvrrolidin-3-ylmethyl ester vinyl ester: 

0 

""°'o..ll.o'"'c Nb 
(0844] A solution of (l-benzyl-pyrrolidin-3-yl)-methanol (prepared as described by Y.-H. 

Wu andR. F. Feldkamp, Pyrrolidines I, 1961, 26, 1519-1524) (455 mg, 2.38 nunol) and vinyl 

chlorofonnate (0.40 mL, 4.7 mmol) in 1,2-dichloroethane (10 mL) was heated to reflux for2 h 

then concentrated in vacuo. Purification of the crude material by column chromatography on 
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silica gel (5% Me0H/CH2Ch} gave a yellow oil (440 mg, 71 %). 1H NMR (CDCb) 5 1.84 (m, 
lH), 2.26 (m, lH), 3.03 (m, SH), 4.01 (br s, 2H), 4.23 (m, 2H), 4.61 (dd, lH, J= 6.2, 2.3 Hz), 
4.93 (dd, lH, J= 14, 2.1 Hz), 7.06 (dd, lH, J= 14, 6.3 Hz), 7.41(m,3H), 7.53 (m, 2H). 

Preparation of 3-vinyloxycarbonyloxvmethyl-pvrrolidine-l ooearboxylic acid vinyl ester: 

~OJ.o~ O 
1-JN~ 

~ 
(0845] A solutfon of Carbonic acid l-benzyl-pyrrolidin-3-ylmethyl ester vinyl ester ( 440 mg, 

1.68 mmol) and vinyl chloroformate (0.30 mL, 3.5mmol)in1,2-dichloroethane (10 mL) was 
heated to reflux for 6 h then concentrated in vacuo. Purification of the crude material by column chromatography on silica gel (20% BtOAcJhexanes) gave a yellow oil (335 mg, 83%). 1H NMR 
(CDC}]) 81.68.:t.ss {m, HI), 2.03-2.16 (m, lH), 2.59-2.71 (m, lH), 3.26 (m, lH), 3.41-3.52 (m, 
lH), 3.SS-3.72 (m, 2H), 4.11-4.28 {m, 2H), 4.45 (dd, IH, J= 6.3, l.S Hz), 4.61 (m, lH), 4.78 
(d~, IH,J== 14, 1.5 Hz), 4.94 (m, IH), 7.08 (m, IH), 7.22 (dd, IH, J= 14;6.3 Hz). 

Preparation of carbonic acid pvrrolidin-3-ylmethyl ester vinyl ester hydrochloride: 
0 

~O~o~ ·HCI 

~NH 

(0846] 3-VinyloxycarbonyJoxymethyl-pyrrolidine-l-carboxylic acid vinyl ester (335 mg, 
1.39 mmol) was dissolved in CH2C'2 ( 1 O mL), and HCl(g) was passed through the solution for 2 
minutes then the solution was concentrated In vacuo. The residue was dissolved in MeOH (10 
mL) and heated to reflux for IS minutes then concentrated in vacuo to give a colourless oil (284 
mg, 99%). 1HNMR.(CD30D) B 1.78-1.91 (m, lH), 2.17-2.28 (m. lH), 2.79 (m, lH), 3.09 (dd, 
lH, J= 12, 7.8 Hz), 3.25-3.51 (m, 3H), 4.194.33 (m, 2H), 4.62 (dd, lH, J= 6.2, 2.0 Hz), 4.89 
(m, lH), 7.11 (dd, lH, J= 14, 6.0 Hz). 
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Preparation of (3.S-dichloro-pvridin-4 .. ylHJ-hydroxymethyl-pyrrolidin-l-yl)-, 

meth.anone: 

Cl~~ 
Ho_,CN-r-'c1 

0 

(0847] To a suspension of 3,5-dichloroisonicotinic acid (267 mg, 1.39 mmol) in CH2Ch (7.0 

mL) was added DMF (cat.) and oxalyl chloride (0.49 mL, 5.6 mmol), and the mixture was 

stirred at room temperature for 2.5 h then concentrated in vacuo. To the residue was added THF 

(4 mL)~ Et3N (0.58 mL, 4~ mmol), and a solution of carbonic acid pyrrolidin-3-yhD.ethyl ester 

Vinyl eker:hydrochloride (l84 mg, 1.37mmol)in1HF (3 mL), and the mixture was stirred at 

room temperature for 21 h. The mixture was diluted with CH2Ch (SO mL) and brine (30 mL) 

and the phases were separated. The organic layer was washed with brine (2 x 50 mL) and 

saturated NaHC03 (2 x 50 mL). The organic layer was dried (MgS04), filtered, concentrated, 

and dried in vacuo to afford a yellow oil (315 mg). 

[0848] To a solution of the crude amide from above (315 mg) in MeOH (10 mL)was added 

10 N NaOH(aq) (1.0 mL, 10 rnmol), and the solution was stirred at room temperature for 30 

minutes. Water (15 mL) was added, the mixture was extracted with CH2Ch (4 x 15 mL), and 

the c·ombined organic extracts were dried (MgS04) and concentrated in vacuo. Purification of 

the crude material by column chromatography on silica gel (100:5: 1 CH2Ch/MeOH/Nl-i40H) 

gave a yellow oil (mixture ofisomers) (172 mg, 46%). 1H NMR (CDCh) 8 1.44-4.24 (m, 1 OH), 

8.54 (s, 2H). 

··Preparation ?f (3 .5-dichloro-pyridin-4-yl)-{ 3-[(S)-(5 ,6, 7 .8-tetrahydro-guinolin-8-

ylamino )-methyl]-pyrrolidin-1-yl }-methanone: 

O? c1-{') 
HN~N-r-'c1 

0 

[0849] To a solution of (3,5-dichloro-pyridin-4-yl)-(3-bydroxymethyl-pyrrolidin-1-yl)­

methanone (172 mg, 0.625 mmol) in CH2Ch (6.3 mL) was added Dess-Martin periodinane (278 

mg, 0.655 mmol) at room temperature. After stirring at room temperature for 40 minutes, the 

mixture was washed with 1 N NaOH(aq) (2 x 10 mL) then dried (MgS04) and concentrated in 

vacuo to give a yellow oil (163 mg, 95%). 
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(0850) Using General Procedure A: To a stirred solution of the aldehyde from above (163 
mg, 0.597 mmol) and S,6,7,8-tetrahydro-quinolin-8-ylamine (106 mg, 0.715 mmol) in 4:1 
MeOH/trimethyl orthofonnate (6.0 mL) was added NaBH3CN (1 SO mg, 2.39 mmol), and the 
mixture was heated to 60 °C for 15 h. Purification of the crude materihl by column 
chromatography on silica gel (150:5: I CH2Ch/MeOHINH..JOH) gave a yellow oil (mixture of 
isomers) (86 mg, 36%). 1H NMR (CDC13) 8 1.57-3.96 (m, 16H), 7.06 (m, lH), 7.37 (m, lH), 
8.36 (m, IH), 8.51 (m, 2H). 

(0851) A mixture of(3,5-dichloro-pyridin-4-yl)-{3·((5,6,7,8-tetrahydro-quinolin-8-
y1amino )-methyl)-pyiTolidiJ:i-1-yJ }-methanone (85 mg, 0.21 mmol), 2-chloromethyl­
benzimidazole-1-carboxylie acid tert-butyl ester (84 mg, 0.31 mmol), potassium iodide (2 mg, 
0.01 mmol), andN,N-diisopropylethylamine (0.073 mL, 0.42 mmol) in acetonitrile (4.2 m.L) was 
heated at 60 °C for 24 h. Saturated NaHC03(aq) (l O mL) was added, and the mixture was 
extracted with ClilCb (3 x 12 mL). The combined organic extracts were dried (MgS04) and 
concentrated in vacuo. Purification of the erode material by column chromatography on silica 
gel (300:5:1 CH2Ch/MeOHINRtOH) gave a yellow oil (124 mg). 

(0852] A solution of the amine from above ( 124 mg) in 1 : 1 TF A/CH2Ch ( 4 mL) was stirred 
at room temperature for 1 h then concentrated in vacuo. The residue was dissolved in CH2Cl2 
(15 mL) and washed with 1 NNaOH(aq) (10 mL). The aqueous phase was extracted with 
CH2C]i (2 x 10 mL), and the combined organic extracts were dried (MgS04) and concentrated 
in vacuo to afford COMPOUND 169 as a yellow foam (mixture of isomers) (94 mg, 84%). 1H 
NMR (CDCIJ) s 1.09-4.27 (m, 18H), 7.12-7.25 (m, Jif), 7.43-7.61(m,3H), 8.11-8.73 (m, 3H); 
13C NMR (CDCIJ) 8 21.37, 23.37, 23.73, 27.80, 28.27, 28.71, 29.16, 36.35, 37.82, 38.65, 44.13, 
45.13, 45.41, 45.77, 49.18, 49.44, 49.62, 50.06, so.so, 52.37, 52.89, 53.12, 53.45, 61.92, 62.01, 
62.38, 62.55, 121.80, 122.37, 122.SS, 122.65, 128.04, 128.41, 134.35, 134.67, 134.90, 137.41, 
137.59, 137.70, 142.99, 146.05, 146.59, 147.44, 147.68, 147.77, 155.73, 155.86, 156.56, 157.01, 
161.03, 161.31. ES-MS mlz 536 (M+H). Anal. Calcd. for 

C2aH2sN6ChO•O.lCH2Ch•l.11hO•O.IC6H14: C, 60.22; H, 5.60; N, 14.68; Cl, 13.63. Found: C, 
60.11; H, 5.39; N, 14.42; Cl, 13.85. 
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Example 170 

COMPOUND 170: Preparation of 4-[{lH-Benzimidazol-2-vimethyll-CS.6.7.8-

tetrabydroguinolin-8-yl).aminoJ-piperidine-1-carboxamidine Chydrobromide salt) 

[0853) Using general pr.ocedure B, [tert-butoxycarbonylimino-{4-oxo-piperidin-1-yl)· 
methyl]-carbamic acid tert-butyl ester ( 490 mg, 1.43 mmol), (5,6, 7,8-tetrahydroquinolin-8-yl)­
amine (210 mg, 1.43 mmol) and sodium triacetoxyborohydride (450 mg,"2.14 mmol) were 
stined at room temperature in dichloromethane (4 mL) for 16 hours to yield, after work-up and 
column chromatography (2:0.5:97.S MeOH:NRsOH:CH2Ch). {tert-butoxycarbonylimino-[4-
(5,6, 7,8-tet.rahydroquinolin-8-ylamino )-piperidin-1-yl]-methyl }-carbamic acid tert-butyl ester as 

a white solid (560 mg, 82%). 

(0854) To a solution of the above secondary amine (560 mg, 1.18 mmol), 2-chloromethyl­
benzimidazole-1-carboxylic acid tert-butyl ester (470 mg, 1.77 mmol), and potassium iodide (IO 
mg, 0.06 mmol) in anhydrous CH3CN (12 mL) was added diisopropylethylamine (0.41mL,2.35 
mmol) and the reaction stirred at 40°C for 16 hours. The mixture was then concentrated under 
:fC<iuced pressure and the r~sidue partitioned between CH2Ch (30 mL) and brine (15 mL). The 
organic phase was separated and the aqueous phase was extracted with CH2Ch (2 x 15 mL). The 
~mbiried organic phases were then dried (Na2S04), filtered, and concentrated under reduced 
p~essure to give a crude residue that was purified by radial chromatography with silica gel 

(saturated NH3/EhO). This gave 2-{[[l{tert-butoxycarbonylimino-tert­

butoxycarbonyliminomethyl)-piperidin-4-yl]-(5,6,7,8-tetrahydroquinolin-8-yl)-amino]-methyl}­
benzimidazole-1-carboxylic acid tert-butyl ester as a pale yellow oil (336 mg, 40%). 1H NMR 
(CDCh) c5 1.45 (s, 9H), 1.48 (s, 9H), 1.62 (br, 3H), 1.66 (s, 9H), 1.77 (m, 3H), 2.03 (m, 4H), 

2.56 (m, JH), 2.72 (m, IH), 2.90 (brt, 2H,J= 12.0 Hz), 3.15 (brt, lH), 4.22 (m, 1.H), 4.34 (d, 
lH,J= 15.0 Hz), 4.48 {d, IH,J= 15.0 Hz), 6.85 (m, lH), 7.10 (d, IH, J~ 7.8 Hz), 7.24 (m, 
2H), 7.64 (m, IH), 7.75 (m, IH), 8.31 (d, lH, J=S.4 Hz), 10.09 (s, lH, NH). 

[0855) Using general procedure D: A portion of the above material (75 mg, 0.11 mmol) was 
converted to the hydrobromide salt to provide COMPOUND 170 (58 mg) as a white solid. 1H 
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NMR (D20) a 1.60-2.00 (m, 4H), 2.0S - 2.25 (m, 3H), 2.42 (m, lH), 2.90- 3.15 (m, SH), 3.86 
(m, 2H), 4.42 (d, lH, J= 16.8 Hz), 4.53 (m, 18), 4.56 (d, IH, J= 16.8 Hz), 7.58 (m, 2H), 7. 70-7.85 (m, 3H), 8.26 (d, lH, J= 1.S Hz), 8.54 (d, IH, Jr::: 5.4 Hz). 13C NMR (D20) 8 20.69, 23.95, 27.54, 29.01, 30.59, 43.81, 45.51, 45.58, 58.32, 58.71, 114.24 (2C), 125.85, 127.01 (2C), 
131.02, 139.19, 140.53 (2C}, 148.02, 151.32, JSl.75, 156.21. ES-MS mlz 404 (M+H). Anal. · 
Calcd. forC23H29N1•3.0HBr•2.0H20: C, 40.49; H, 5.32; N, 14.37; Br, 35.13. Found: C, 40.57; H, S.33; N, 14.15; Br, 35.25. 

Example 171 

COMPOUND 171: Preparation of 4-[{lH-benzimidazol-2-ylmethyl)-(S ,6, 7 .8-
tetrahydroquinolin-8-yl)-amino ]-piperldine-1-carboxylic acid amide 
(hydrobromide salt) 

(0856) 4-Hydroxypiperidine (2.58 g, 25.5 mmol} was dissolved in THF (100 mL) and 
treated with di-tert-butyl dicarbonate (5.57 g, 25.5 mmol) and stirred for 40 minutes at room temperature. The solvent was removed under reduced pressure to afford 4-hydroxypiperidine-1-carboxylic acid tert-butyl ester as a light yellow oil that was used in the .next reaction. 

[0857) A solution of the above alcohol (0.79 g, 3.9 mmol) in CH2Ch (20 mL) was treated with molecular seives (1.95 g), N-methylmorpholine oxide (0.69 g, 5.9 mmol), and TPAP (0.14 g, 0.40 mmol). The mixture was stirred for 2 hours at room temperature and then filtered 
through. a plug of silica gel, eluting with Et20. The filtrate was then Concentrated under reduced pressure to afford the desired 4-oxopiperidine-1-carboxylic acid tert-butyl ester {0.69 g, 89%). 1HNMR(CDCl3) 61.49 (s, 9H), 2.44 (t, 4H,J= 7.0Hz), 3.72 (t, 4H,J= 7.0 Hz). 

(0858) Using general procedure B, 4-oxopiperidine-1-carboxylic acid tert-butyl ester (0.69 g, 3.4 mmol}, (S,6,7,8-tetrahydroquinolin-S·yl)-amine (0.51 g, 3.4 mmol) and sodium 
triacetoxyborohydride (1.10 g, 5.2 mmol) were stirred at room temperature in dichloromethane (20 mL) for 16 hours to yield, after work-up and c6lumn chromatography with silica gel 
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(S:0.5:94.S MeOH:Nli.iOH:~Cl2), 4-(S,6, 7,8-tetrahydroquinolin-8-ylamino )-piperldine-1-

carboxylic acid tert-butyl ester as a white solid (1.00 g, 87%). 

(0859] To a solution of 4-(5,6, 7,8-tetrahydroquinolin-8-ylamino)·p!peridine.. l-carboxylic 

acid tert-butyl ester (1.00 g, 3.0 mmol), 2-chloromethyl-benzimidazole-1-carboxylic acid tert­

butyl ester (1.20 g, 4.5 mmol), and potassiwn iodide (25 mg, 0.15 mmol) in anhydrous 

acetonitrile (30 mL) was added diisopropylethylamine (1.05 mL, 6.0 mmol) and stirred at 40°C 

for 16 hours. The mixture was then concentrated under reduced pressure and th~ residue 

partitioned between dichloromethane (30 mL) and brine (25 mL). The organic phase was 

~~parated and the aqueous phase was extracted with dichloromethane (2 x 25 mL). The 

combined organic phases were then dried (Na2S04), filtered, and concentrated under reduced 

pressure to give a crude residue that was purified by colwnn chromatography with silica gel 

(2:0.5 :97.5 MeOH:Nli40H:CH2Cll). This afforded 2-{[(l-tert-butoxycarbonyl-pipericlin-4-yl)­

(5;6, 7,8-tetrahydroquinolin-8-yl}amino ]-methyl }-benzirnidazole-1-carboxylic acid tert-butyl 

ester as an light orange solid (0.50 g, 30%). 

[0860) A solution of the above compowid (0.50 g, 0.9 mmol) was dissolved in CH1Ch (2 

mL) and treated with trifluoroacetic acid (2.5 mL) for 1 hour. CH2Ch (20 mL) was added and 

the solution was basisified to pH> 9 with 15% aqueous NaOH solution (IO mL). Brine (20 mL) 

was added to alleviate emulsification. The phases were then separated and the aqueous extracted 

with CH2Cli (2 x 40 mL). The combined organics were then dried (Na2S04) and concentrated 

under reduced pressure to give (lH-benzimidazol-2-ylmethyl)-piperidin-4-yl-(5,6,7,8-

tetrahydroquinolin-8-yl)-amine (0.32 g, 100%). 1H NMR (CDCh): c5 1.35 (m, lH), 1.50 - 1.75 

(!!!, 3ij), 1.84 (m, 2H), 2.05 (br, 1 H), 2.23 (br, lH), 2.40 - 2.65 (m, 3H), 2. 74 (m, lH), 2.80-

2~95 (~, 2H), 3.07 (m, IH), 4.13 (m, IH), 4.21(s,2H), 7.16 (m, 3H), 7.43 (d, lH,J= 7.5 Hz), 

1A4 (br, lH}, 7.67 (br, Ill), 8.59 (d, lH, J= 4.5 Hz). 

(0861) A solution of (lH-benzimidazol-2-ylmethyl)-piperidin-4-yl-(S,6,7,8-

tetrahydroquin0lin-8-yl)-amine {0.16 g, 0.43 mmol) in isopropanol (3 mL) was treated with 

trimethylsilylisocyanate (81 µL, 0.60 mmol) at room temperature. The reaction was stirred 20 

hours and concentrated under reduced pressure. This afforded, after column chromatography 

with silica gel {5:0.5:94.5 MeOH:N1:40H:CH2Ch), 4-[(lH-benzimidazol-2-ylmethyl)-(5,6,7,8-

tetrahydroquinolin-8-yl)-amino]-piperidine-1-carboxylic acid amide {I 12 mg, 66%). 1H NMR 

(CDCh) c5 1.42 (m, IH), 1.60 - 1.95 (m, SH), 2.02 (hr, lH), 2.24 (br, 11-1), 2.60-2.80 (m, 4H), 
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2.89 (m, lH), 3.70 (br, lH), 4.03 (br, lH), 4.15 (m, 3H), 4.39 (br, 2H, NH,.); 7.18 (m, 3H), 1.45 
(d, IH, J• 1.S Hz), 7.66 (br, 2H), 8.59 (d, lH, J= 4.0 Hz). 

[0862) Using general procedure D: The above material (1 OS mg, 0.26 mmol) was converted 
to the hydrobromide salt to provide COMPOUND 171 (107 mg) as a white solid. 1 H NMR 
(D20) a J .56 (dqt, 2H, J- 2.1, 12.0 Hz), I.82 (br, 2H}, 2.14 (br, 3H), 2.42 (br, IH), 2. 77 (br t, 
2H, J• 12.3 Hz), 2.97 (br, 3H}, 3.92 (brt, 2H, J-= 17.1Hz),4.42 (d, IH,J= 16.8 Hz), 4.54 (m, 
lH), 4.57 (d, IH,J- 16.8 Hz), 1.59 (m, 2H), 7.75 (m, 2H), 7.79 (m, lH), 8.28 (d, lH,J= 8.1 
Hz), 8.55 (d, lH, J= S.1Hz). 13C NMR (DJO) & 20.71, 23.89, 27.55, 29.45, 31.09, 43.98 (JC» 
58.88, 58.91, 114.21(2C),1_25.83, 127.03 (2C), 130.90, 139.11, 140.49(2C),·148.02, 151.SS, 
151.96, 160.13. ES-MS mli.405 (M+H). Anal. Calcd. for 

C23H21N60•3.0HBr• l .3H20•0.3CcH1oO: C, 41.95; H, 5.32; N, 12.13; Br, 34.60. Found: C, 
42.0S; H, 5.30; N, 12.19; Br, 34.52. 

Efficacy Examgles: 

Assay for inhibition ofHIV-1 <NL4.3) replication in PBMC's 
[0863) Inhibition of HIV-I NL4.3 replication assays in PBMC's (peripheral blood 

mononuclear cells) were perfonned as previously described (De Clercq et al. Proc. Natl. Acad. 
Sci, 1992, 89, 5286-5290; De Clercq eta/. Antimicrob. Agents Chemother. 1994, 38, 668-674; 
Schols, D. et al. J. Exp. Med. 1997, 186, 1383-1388). Briefly, PBMC's from healthy donors 
were isolated by density gradient centrifugation and stimulated with PHA at l µg/ml (Sigma 
Chemical Co., Bornem, Belgiwn) for 3 days at 37 °C. The activated cells (PHA-stimulated 
blasts) were washed three times with PBS, and vim.I infections were perfonned as described by 
Cocchi.et al. (Science 1995, 270, 1811-1815). HIV-infected or mock-infected PHA-stimulated 
blasts were cultured in the presence of25 U/mL ofIL-2 and varying concentrations oftest 
compounds. Supernatant was collected at days 6 and 10, and HIV-1 core antigen in the culture 
supernatant was analyzed by the p24 ELISA kit (DuPont-Merck Phannaceutical Co, 
Wilmington, DE). The 50% inhibitory concentration (ICso) was defined as the concentration of 
test compound required to inhibit p24 antigen production by 50%. 

(0864] When tested in the assay described above, many compounds of the invention 
exhibited ICso's in the range 5 nM-5.5 nM. 
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Assay for inhibition of SDF .. ta induced Ca flux in CEM cells 

(0865] Inhibition of SDF-1 induced calcium flux was assayed using CCRF -CEM cells, a T­

lymphoblastoid cell line which expresses CXCR4. CCRF·CEM ceUs (S x I 06 cells/mL in RPMI 

1640 medium containing 2% foetal bovine serum) were pre-loaded with ·1 µM Fluo-4 . 
fluorescent calcium indicator dye and incubated at 37 °C for 40 minutes. The loaded cells were 

washed and resuspended in buffer containing 20 mM HBPFS pH 7.4, IX Hanks Balanced Salt 

Solution (HBSS), 0.2 % bovine serum albumin, 2.5 mM probenecid and plated out in 96 well 

tissue culture plates at 3.5 x 105 cells per well. The cells were incubated with test compound, or 

buffer con1rol, for 1 S min~tes at 3 7 °C. Calciwn flux was stimulated by addition of 25 nM SDF-

1 and fluorescence measured using a FLEXstation fluorescence plate reader (Molecular 

Devices). Ionomycin was added 80 seconds after addition of SDF-1 in order to measure total 

calcium loading. Compounds were tested at a concentration range of 2000--0.128 nM. 

Fluorescence.measurements were normalised with respect to untreated controls; The 50% 

inhibitory concentration (ICso value) was defined as the concentration of test compound·required 

to inhibit SDF-1-induced calcium flux by 50% relative to unteated controls. 

[0866) When tested in the assay described above, the compounds of the invention exhibited 

ICsos in the range 5 nM - 5 µM. 
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(I) 

N-(CR5 Vn1-CCR5=CR5)• n2-(CR5 :z)n3-NR62 

!R22 . 

R3.__*N 
~. R4 

or the salts or pro-drug forms thereof; and including any stereoisomeric fonns thereof; 
X and Y are independently N or CR 1; 

• ' I I Z is S, 0, NR or CR 2; 

each R 1-R 6 is independently H or a noninterfering substituent; 
nl is 0-4; 

n2 is 0-1, wherein the * signifies C= C may be substituted for CR5=CR5
; 

n3 is 0-4; 

wherein nl +n2+n3 is greater than or equal to 2; 

bis 0-2; 

wherein the following combinations of R groups may be coupled to generate a ring, 
which ring may be saturated or unsaturated: 

R2+R2 

oneR2+R3 

R3+oneR4, 
R4+R4, 

one R5+ another R5
, 

one R5+ one R6
, and 

R6+R6; 
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wherein the ring may not be aromatic when the participants in ring formation are 

two R5; and 

wherein when n2 is l, neither nl nor n3 can be 0. 

2. The compound of claim 1 wherein each ofR1 to R6 is independently Hor a 

noninterfering substituent which is alkyl (Ci.to), alkenyl (C2.10), alkynyl (C2.10), aryl ("C"s-12}, 

arylalkyl, arylalkenyl, or arylalkynyl, each of which may optionally contain one or more 

heteroatoms selected from 0, S, and N and each of which may further be substituted; or 

optionally substituted forms of acyl, arylacyl, alkyl- alkenyl-, alkynyl- or arylsulfonyl and forms 

thereof which contain heteioatoms in the alkyl, alkenyl, alkynyl or aryl moieties; or which is 

OR, SR, NR2, COOR, CONR2, where R is H or optionally substituted alkyl, alkenyl, alkynyl or 

aryl as defined above; and wherein, when the substituted atom is C, the noninterfering 

substituent may be halo, OOCR, NROCR, where an R is H or a substituent set forth above, or 

maybe=O. 

3. The compound of claim l wherein said compound is of the formula 

RI 

(II) 

N-(CRS 2)n1-(CRs=CRs) • n2-(CRs2)n3-NR62 

bR22 

R3--~N 
';=\R, 

R4 

or the salts or pro-drug fonns thereof; and including any stereoisomeric forms thereof; 

wherein R1-R6 and nl-n3 are as defined for Formula I. 

4. The compound of claim 3 wherei~ each of R1 to R6 is independently Hor a 

noninterfering substituent which is alkyl (C1.10), alkenyl (C2.1o), alkynyl (C2•10), aryl ("C',s-12), 

arylalkyl, arylalkenyl, or arylalkynyl, each of which may optionally contain one or more 
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heteroatoms selected from 0, S, and N and each of which may further be substituted; or 
optionally substituted fonns of acyl, arylacyl, alkyl- alkenyl-, alkynyl- or arylsulfonyl and forms 
thereof which contain heteroatoms in the alkyl, alkenyl, alkynyl or aryl moieties; or which is 
OR, SR, NR2, COOR, CONR,i, where R is H or optionally substituted alkyl, alkenyl, alkynyl or 
aryl as defined above; and wherein, when the substituted atom is C, the noninterfering 
substituent may be halo, OOCR, NROCR, where an R is H or a substituent set forth above, or 
maybe=O. 

S. The compound of claim 1 wherein said compound is of the fonnula 
RI RI 

RI RI 

Illa lib 
or the salts or pro-drug fonns thereof; and including any stereoisomeric forms thereof; 
wherein dis 0-3, the dotted line represents an optional 7t bond and R1-R6 are defined as 

in claim I. 

6. The compound of claim 5 wherein each of R 1 to R6 is independently H or a 
noninterfering substituent which is alkyl (C1.10), alkenyl (C2.10), alkynyl (C2-10), aryl ("C"s-12), 
arylalkyl, arylalkenyl, or arylalkynyl, each of which may optionally contain one or more 
heteroatoms selected from 0, S, ~d N and each of which may further be substituted; or 
optionally substituted forms of acyl, arylacyl, alkyi- alkenyl-, alkynyl- or arylsulfonyl and fonns 
thereof which contain heteroatoms in the alkyl, alkenyl, alkynyl or aryl moieties; or which is 
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OR. SR, ~. COOR. CO'NllQ where R is H or optionally substituted alkyl, alkenyl, alkynyl or 

aryl as defined above; and wherein, when the substituted atom is C, the noninterfering 

substituent may be halo, OOCR, NROCR, where an R is H or a substituent set forth above, or 

may be=O. 

7. The compound of claim 1 wherein said compound is of the formula 

RI RI 

RI 

Ille Illd 

or the salts or pro-drug forms thereof; and including any stereoisomeric forms thereof; 

wherein dis 0-3, the dotted line is an optional 1t bond, and R1-R6 are defined as in 

claim 1. 

·::: .. 
8. The compound of claim 7 wherein each ofR1 to R6 is independently Hor a 

~ : . .. 

noninterfering substituent which is alkyl (C1.10), alkenyl (C2.10), alkynyl (C2.10), aryl ("C"s-12), 

arylalkyl, arylalkenyl, or arylalkynyl, each of which may optionally contain one or more 

heteroatoms selected from 0, S, and'N and each of which may further be substituted; or 

optionally substituted forms of acyl, aryJacyl, alkyl- alkenyl-, alkynyl- or arylsulfonyl and forms 

thereof which contain heteroatoms in the alkyl, alkenyl, alkynyl or aryl moieties; or which is 

OR, SR, NR2, COOR. CONR2, where R is H or optionally substituted alkyl, alkenyl, alkynyl or 

aryl as defined above; and wherein, when the substituted atom is C, the noninterfering 

substituent may be halo, OOCR, NROCR, where an R is H or a substituent set forth above, or 

maybe=O. 
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9. The compound of claim I wherein said compound is of the fonnula 
RI 

Ille 
or the salts or pro-drug forms thereof; and including any stereoisomeric forms thereof; 
wherein R1-R6 are defined as in claim I, and n4 is 2-6. 

10. The compound of claim 9 wherein each ofR1 to R6 is independently Hor a 
noninterfering substituent which is alkyl (C1.io), alkenyl (C2.10), alkynyl (C2•1o), aryl ("C"s.12), 
arylalkyl, arylalkenyl, or arylalkyny1, each of which may optionally contain one or more 
heteroatoms selected from 0, S, and N and each of which may further be substituted; or 
optionally substituted forms ofacyl, arylacyl, alkyl- alkenyl-, alkynyl- or arylsulfonyl and fonns 
thereof which contain heteroatoms in the alkyl, alkenyl, alkynyl or aryl moieties; or Which is 
OR, SR, NR2, COOR, CONR2, where R is H or optionally substituted alkyl, alkenyl0 alkynyl or 
aryl as defined above; and wherein, when the substituted atom is C, the noninterfering 
substituent may be halo, OOCR, NROCR, where an R is H or a substituent set forth above, or 
maybe=O. 

11. The compound of claim I wherein each R 1 is independently H, halo, alkyl, 
alkoxy, or Cf 3. 

12. The compound of claim I wherein each R2 is independently H or alkyl. 

13. The compound of claim I wherein R3 is H, alkyl, alkenyl, arylalkyl, or aryl. 
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14. The compound of claim 1 wherein each R4 is Hor alkyl or wherein two R4 

together form an aromatic ring. 

15. The compound of claim 1 wherein each Rs is independently H, alkyl, or alkenyl, · 
wherein said alkyl or alkenyl may optionally be substituted. 

16. The compound of claim 1 S wherein said alkyl or alkenyl substituents on a single· 
carbon or on nonadjacent or adjacent carbons form a saturated or unsaturated ring, wherein said 
ring cannot be aromatic. 

;; 17. The compound of claim I wherein one R5 is an oxime, an alkylated oxime, 
alkylated hydroxylamine, hydroxylamine or halo. 

18. The compound of claim I wherein each R 6 is independently H, or optionally 
heteroatom-containing arylalky1, arylsulfonyl, or comprises a guanidyl, carbonyl, or carbamino 
group. 

19. The compound of claim 1 wherein two R 6 form a saturated, unsaturated or 
aromatic ring, wherein said ring may optionally contain one or more heteroatoms (N, S or 0). 

20. The compound of claim l wherein one Rs and one R 6 form a saturated or 
unsaturated or aromatic ring, which ring may optionally contain an additional heteroatom. 

:. 21. A pharmaceutical composition which comprises at least one compound of 
claim I, in admixture with a pharmaceutically acceptable excipient. 

22. The composition of claim 2 I which comprises at least one additional biologically 
active agent. 

23. A method to modulate the CXCR4 and/or CCR5 receptor, which method 
comprises contacting cells displaying said receptor(s) with an amount of the compound of 

claim 1 effective to modulate said receptor(s). 
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24. A method to treat conditions characterized by inappropriate activity of the 
CXCR4 and/or CCRS receptor, which method comprises administering to a subject in need of 
such treatment an effective amount of the compound of claim l or a phannaceutical composition 
thereof. 

25. A method to treat an undesired condition in a human or animal subject which 
method comprises administering to a subject in need of such treatment an effective amount of 
the compound of claim 1 or a pharmaceutical composition thereof by a clinically acceptable 
route of administration according to a clinically effective regime. 

26. The method of claim 25, wherein said condition is modulated by a chemokine 
receptor. 

27. The 'method of claim 26, wherein the chemokine receptor is the CXCR4 or the 
CCRS receptor. 

28. The method of claim 25, wherein said condition is characterized by angiogenesjs. 

29. The method of claim 26, wherein said condition comprises tumors. 

30. The method of claim 29, wh€~rein said twnors are of brain, breast, prostate, lung 
or haematopoetic tissues. 

31. The method of claim 26, wherein said condition is HIV infection. 

32. The method of claim 26, wherein said condition is rheumatoid arthritis. 

33. The method of claim 26, wherein said condition is an inflammatory or allergic 
disease. 

34. The method of claim 33, wherein said condition is asthma. 

35. The method of claim 26, wherein said condition is allergic rhinitis, 
hypersensitivity lung diseases, hypersensitivity pneumonitis, eosinophilic pneumonias, delayed-
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type hypersensitivity, interstitial lwig disease; systemic anaphylaxis or hypersensitivity 
responses, drug allergies, insect sting allergies; autoimmune diseases, such as rheumatoid 
arthritis, psoriatic arthritis, systemic lupus erythematosus, myastenia gravis, juvenile onset 
diabetes; glomeruloneph.ritis, autoimmune throiditis, graft rejection, including allograft rejection • 
or graft-versus-host disease; inflammatory bowel diseases, such as Crohn's disease and 
ulcerative colitis; spondyloarthropathies; sclerodenna; psoriasis; dennatitis, eczema, atopic 
dennatitis, allergic contact de1D1atitis, urticaria; vasculitis; eosinphilic myotis, eosiniphilic 
fasciitis; or cancers. 

36. The method·. of claim 26, wherein the condition is associated with 
1mmunosuppression. 

3 7. The method of claim 36, wherein said subject is undergoing chemotherapy, 
radiation therapy, wound healing, bum treabnent, or therapy for autoimmune disease. 

38. The use of the compound of claim 1 for preparation of a medicament for the 
treatinent of HIV. 

39. The use of the compound of claim 1 for the preparation of a medicament for 
treating conditions mediated by chemokine receptors. 
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