
W000/17203 PCT/US9!>/21560 
-1-

PYRROLOPYRIMIDINBS AS PROTEIN KINASE INHIBITORS 

RELATED APPUCATIONS 
This application claims the benefit ofU.S. Provisional Application Numbers 

60/100,832, filed September 18, 1998; 60/100,83.3, filed September 18, 1991; 

60/100,834, filed Scptmnber 18, 1998, and 60/100,946, :filed September 18, 1998. 

The ~achings of each of these xefereoced applications are exp1essly incorpmatecl 

herelli by refeimce in their entiiety. 

BACKGR.OUND OF THE ™'1ENTION 

Thete are at least 400 enzymes identified 8S protein kmases. These enzymes 

catalyze the phosphorylation of target protein substrates. The phosphorylation is 

uswilly a transfer reaction of a phosphate group ftom ATP to the protein substrate. 

The specific structme in the target substrate to which the phosphate is transfeired is 

a tyrosine; serlnD or threonine residue. Since thB amino acid residues are the target 

structmes tor the phosphoryl trmsfer, these protein ldnase enzymes are commonly 

referred to as fyrosine kinases or serineltbreonine ldnases. 

The phosphorylation reactions, and counteracting phosphatase reactions, at 

the tyrosine, serine and tbrecmµie residues are involved in countless cellular 

processes that underlie responses to diverse intracellular signals (typically mediated 

through. cellular receptors), regulation of cellular ftmctions, arid activation or 

deactivation of Cellular processes. A cascade of protein kinases often participate in 

intracellular signal transduction and are necessary for the realization of these cellular 

processes. Because of their ubiquity in these processes, the pmtein kinases can be 

found as an integral part of the plasma membrane or as cytoplasmic enzy"mes or · 

localized in the nucleus, often as components of enzyme complexes. In many 

instances; lhese protein kinascs are an essential element of enzyme and structural 

protein complexes that determine where and when a cellular precess occurs within a 

cell. 

Prorein Tyrosine K.inases. Protein tyrosine kinases (PTKs) are enzymes 
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which catalyse the phosphorylation of specific tyrosine residues in cellular proteins. 

This post-translatj~ modificatio~ of these substrate proteins, often enzymes 

themselves, acts as a molecular switch regulating ce~ proliferation, activation or 

differentiation (for review, see Schlessinger and Ulrlch, 1992, Neuron 9:383-391). 

Aberrant or excessive PTK activity has been observed in many disease states 

including benign·~· ~gnant prc)llrenmv~ disord~ as well as diseases resulting 
. . . . ' ~ . . . . ... 

from inapJ>roprlate activation of the immune systeln (e.g., autoimmune disorders), 

allograft rejecti~ ~d graft vs. ho~ disease. In addltjon, endothelial-cell specific 

receptor PTKs such ~ KDR and Tfe;.2 mediate th~ ~ogenic process, and are thus 

involved in supporting the progression of cancers and 'Ot:her diseases involving . . . . . . . ' . . 

inappropriate vascu.larization (e.g., diabetic retinopathy, choroidal 

neovascularization due to age-relateti macular degen~tion, psoriasis, arthritis, 

retinopathy of pr~~ty, infantil~ hemangio:mas). 

Tyrosine ~es can be of #le receptor-type (having extracellular, . . . . . . 

transmembrane and· intracellular dQ~ains) or the non-~eptor type (being wholly 

intracellular). 

Receptor Ty.r(isine Kinases (R:TKsJ . . The RTKs C9lllprise a large family of 

transmembrane receptors with diver:se biological activities. At present, at least · 

nineteen (19) distinct RTK subfamilies have been ideJJ.tified. The receptor tyrosine 

kinase (R1K) family includes receptOrs .that are crucial for the growth and 
. . . 

differentiation of~ ~ety of cell fypes (Y arden and Ullrich, Ann. Rev. Biochem. 

57:433-478, 1988; Ullrich and Schlesi;inger, Cell 61:243-254, 1990).· The intrinsic 

function of RTKs is activated ~ l~gand binding, w~ch results in phosphorylation 

of the receptor and multiple cellular s~bstrates, and subsequently in a variety of 

cellular responses (Ullrich & Scblessinger, 199Q, Cell 61:203-212). Thus, receptor 

tyrosine kinase medi8.ted signal tra.nSduction is initiated by extracellular interaction 

with a specific grc>vvth factor (ligand), .typically followed by.receptor dimerization, 

stimulation of the intrinsic protein tyrosine kinase activity and receptor trans­

phosphorylation. ~~ding sites are thereby created for intracellular signal 

transduction molecules and lead to ~e formation of complexes with a spectrum of 
. :=. 

cytoplasmic signaling molecules that facilitate the appropriate cellular response. 
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(e.g., cell division, differentiation, metabolic effeets, changes in the extracellular 

microenvironment) see Scblessinger and Ullrich, 1992, Neuron 9:1-20. 

Proteins with SH2 (src homology -2) or phosphotyrosine binding (PTB) 

domains bind activated tyrosine kinase receptors and their substrates with high 

affinity to propagate signals into· cell. Both of the domains recognize 

phosphotyrosine. (Fanti et al., 1992, Cell 69:413-423; Songyang et al., 1994, Mol. 

Cell. Biol. 14:2777-2785; Songyang et al., 1993, Cell 72:767-778; and Koch et al., 

1991, Science252:668-618; Shoelson, Curr. Opin. Chem. Biol. (1997), 1(2), 227-

234; Cowburn, Curr. Opin. Struct. Biol. (1997); 7(6), 835-838). Several 

intracellular substrate proteins that associate with receptor tyrosine kinases (RTKs) 

have been identified. They may be divided into two principal groups: (1) substrates 

which have a catalytic domain; and (2) substrates which lack such a domain but 

serve as adapters and associate with catalytically active molecules (Songyang et al., .. 

1993, Cell 72:767-778). The specificity of the interactions between receptors or 

. proteins and SH2 or PTB domains of their substrates is determined by the amino 

acid residues immediately surrounding the phosphorylated tyrosine residue. For 

example, differences in the binding affinities b~tween SH2 domains and the amino 

acid sequences surrounding the phosphotyrosine residues on particular receptors 

correlate with the observed differences in their substrate phc:>sphorylation profiles 

(Songyang et al., 1993, Ce/172:767-778). Observations suggest that the function of 

each receptor tyrosine kinase is determined not only by its pattern of expression and 

ligand availability but also by the ~y of downstream signal transduction pathways 

that are activated by a particular receptor as well as the timing and duration of those 

stimuli. Thus. phosphorylation provides an important regulatory step which 

determines the selectivity of signaling pathways recruited by specific growth factor 

receptors, as well as differentiation factor receptors. 

Several receptor tyrosine kinases such as FGFR-1, PDGFR, TIE-2 and c­

Met, and growth factors that bind thereto. have been suggested to play a role in 

angiogenesis, although some may promote angiogenesis indirectly (Mustonen and 

Alitalo, J. Cell Biol. 129:895-898, 1995). One such receptor tyrosine kinase, known 

as 11fetal liver kinase 1" (FLK-1). is a member of the type m subclass ofRTKs. An 

. ,.·, 

·- ··. 
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alternative designation for human FJ.,K-1 ·is "kinase insert domain.containing 

receptor" (KOR) cTCimall et al., ·qncogene 6: 16n-s3, 1991 ) .. Another alternative 
..... · . 

designation for FLK.-1/KDR is ~~~ular endothelial cell growth factor receptor 2" 

(VEGFR~2) ~ejt biitds VEGF'Mili high affiliity> The murine version ofFLK­

lNEGFR-2 has~ been called~ (Oelrichs et;a/, Oncogene 8(1):11-15, 1993). 

· DNAs encoding mouse, rat and'~ f'LK.;;l hav~ !>~ isolated, and the 

nucleotide and ~ded anlino acid sequences report,e<f (Matthews et al., Proc. Natl . 

. Acad. Sci. USA, ~~·:9026~30, 1991; 'fennBtt et aJ.,1991, supra; Terman et al., 

· Biochem. Biophy$~ RU. Comm. 1'8'7:1s79;.s6, 1992;.SarzaDi et al., supra; and· 

· ·• Millauer et al., Ce// 72:835-846, i993).· Numero~:~es such as.those reported in 

MillaUer et al., s~~ra, suggest tb8t ~GF and FLK-1/KDR/VEGFR-2 are a ligand-
··.. . . 

receptor pair that 'play an important role in the prollleration of vascular endothelial 
. ·· .. ·;.· ,· 

cells, and formation and sprouting 'ofblOod vessels~ termed vasculogenesis and 
. . . . ·. ; . ~· 

· angiogenesis, ~~~ve1~:·. ·.'. · · · · 

Another ~e'fil.subclass ~TKdesignated '!fins-like tyrosine kinase-I" (Flt-

1) is related to ~-1/KDR (D~Viies et al. Science 255;989-991, 1992; Shibuya et 

. at, Oncogene 5:"19-524; 1990)/An. alternative des~gnation for Flt-1 is "vascular 

endothelial celf~wth factor~eptar l" (VEGFR'..:t). ··To date, members of the 

FLK~ 11 KD~GFR-2 and Flt;llVEGFR-1 subfainilies have been found 
'. ·: .· . 

expressed primarily' on endotheli8) cells;. These sub~lass members are specifically 

stimulated by merlibers of the v~c1$r endothelial·<;ell growth factor (VEGF) family 

of ligands (Kbig$bum and D'Ani~~ Cjtokine & Growth Factor Reviews 7: 259-

210, 1996). Vascular endotheliaicen growth factor (VEGF) binds to Flt-I with 

higher affinitY than to FLK-l!K))R ~is mitogcr#c toward vascular endothelial 

cells (Terman et at., 1992, supr(l~·MUstonen et al. ~upra; DeVries et al., supra). Flt-

1 is believed to be essential for ·~thelial organiz~tion during vascuJar 
. .. .. 

development. Flt~ 1 expression i~ associated with early vascular developn;ierit in 

mouse embty0s, ·and with neov~cillarization duri+tg.wound healing (Mustonen and 
. ';:.'·:: : '; 

Alitalo, supra). ~xpression ofFlt~1 in monocyte$, osteoclasts, and osteoblasts, as 

well as in adult tjssues such as kidney glomeruli suggests an additional function for 

this reeeptor that is not related io··cell groWth (Mu8t~nen and Alitalo, supra). 
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As previouslyi'.~ted, recent ~qe sugges~J~l~l.~GF plays a role in the 

stimulation of both nonnal and pathological angiogenesis (Jakeman et al., 

Endocrinology 133: 848-859, 1993; Kotch et al., Breast Cancer Research and 

Treatment 36: 139.;JSS, 1995; Ferrara et al., Endocrine Reviews 18(1); 4-25, 1997; 

Ferrara et al., Regulation of Angiogenesis (ed. L. D. Goldberg and E.M. Rosen), 

209-232, 1997). In addition, VEOF has been im.pHcated in the control and 

enhancement of vascular permeability (Connolly, et al., J. Biol. ChtmL 264: 20017-

20024, 1989; Brown et al., Regulation of A.ngiogenesis (ed. L.D. Goldberg and E.M. 

Rosen), 233-269, 1997). Different forms ofVEGF arising from altemative splicing 

of mRNA have been reported, including the four species described by Ferrara et al. 

(J. Cell. Btochem. 47:211-218, 1991). Both secreted and predominantly ccll­

associated species of VEGF have been identified by Ferrara et al. supra, and the 
protein is known to exiSt in the fonn of disulfide linked dimers. 

Several related honiologs ofVEGF have recently been identified. However, 

their roles in normal physiological and disease processes have not yet been 

elucidated~ In addition, the members of the VEGF fiunily are often coexpressed with 

VEGF in a number of tissues and are, in general, capable of forming heterodimers 

with VEGF. This property likely alters the receptor specificity and biological effects 

of the heterodimers and further complicates the elucidation of their specific 

:functions as illustrated below (Korpelainen and Alitalo, Curr. Opin. Cell Biol., 159-

164, 1998 and references cited therein). 

Placenta growth factor (PlGF) has an amino acid sequence that exhibits 

significant homology to the VEGF sequence (Park et al., J. Biol. Chem. 269:25646-

54, 1994; Magtione et al. Oncogene 8:925-31, 1993). As with VEGF, different 

species of PlGF arise from alternative splicing of mRNA, and the protein exists in 

dimeric form (Park et al., supra). PlGF-1 a_nd PIGF-2 bind to Flt-1 with high 

affinity, and PIGF-2 also avidly binds to neuropilin-1 (Migdal et al, J. Biol. Chem. 

273 (35): 22272-22278), but neither binds to FLK-1/KDR (Park et al., supra). PlGF 

has been reported to potentiate both the vascular permeability and mitogenic effect 

of VEGF ort endothelial cells when VEGF is present at low concentrations 

(purportedly due to heterodimer fonnation) (Park et al., supra). 
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VEGF-B is produced as two isoforms (167 an<i 185 residues) that also appear 

to bind Flt-lNE~-1. It may p~y a role in the regulation of extracellular matrix 
.. , .. " :.· .. 

degradation, cell'. ~ion, and migration· through modulation of the expression and 

activity of uro~e type pl~gen activ:ator and pJasminogen activator inhibitor 

1 (Pepper et ai)Mfix:. Natl. Aco.d/SCi. U. S. A. (199$,), 95(20): 11709-11714). 

VEGF.;c -~ origiilally ~10,Ded as a ligand 4>t VEGFR-3/Flt-4 which is 

primarily. ~~~a by lymphati~ ·en~tbelial cells~Jn its fully processed form, 
.• : : . ;) . ~- =· . 

VEGF-C can ajSq bind KDR/VEGFR-2 ands~ proliferation and migration of 
... , . . . ·' 

endothelial ce~~ 7~ Vitro and an8iogenesis in in viv~'models ( Lymboussaki et al, 

Am. J. PathoL}J.~~8), 153(2): 39S-403; Witzenbic~er et al, Am. J. Pathol. (1998), 

153(2), 381-3~4)~·:The transgeni~ ()VC:rexpression ofVEGF'."C causes proliferation 

and enlargemeht ~f only lymphatic vessels, while blood vessels are unaffected. 

Unlike VEGP)~~ expression ofVEGF-C is not ~uced by hypoxia {Ristimaki et 

al, J. Biol. Ch~~'.~(1998), 273(14);8413,.84.18). . .:. · · . 

The m()~··~y djscoyere<tVEGF;-D is ~Y very silnilar to VEGF­

C. VEGF-D is ~orted to bind'.imd ·activate at le~ two VEGFRs, VEGFR-3/Flt-4 
:.;;_ ·. 

and KDRNEq-~:.:2; It wu origiwilly cloned as a;(rfos ~uci~le. mitogen for 

fibroblasts andis'niostprominentlyexj>r~d in the mesenchymal cells of the lung 

and skin (AciieiMet al, Proc. Nati; Acad. S¢. u.. s.:.A. (1998), 95(2), 548-553 and 

references th~). . ·.· . 

As for:VEGF, VEGF-C and VEGF~D hav.e been claimed to induce increases 
. :· . : ·.. .., 

in vascular P#~kbility in viva hi •Miles assay Vfhen injected into cutaneous tissue 

(PCT/US97!14696; W098/07832, Witzenbicbler et al., supra). The physiological 
' .·· ; .·. . 

role and sigitlficance of these ligands in modulatiiig v~cular hypeip~ility and 
;;-.·· ... · .. •. . . .. . 

endothelial resporises in tissues 'where they are expressed remains uncertain. 

There ij~ been recently teported a virally ~coded, novel type of vascular 

endothelial j.b~h factor, VEGF-E (NZ-7 VEGF), which preferentially utilizes 
.. :· .. : ·. .. . : . 

KDR/Flk-1.ri,pq>tor and carries a potent mitotic ~tivity without heparin-binding 
.. : . .· 

domain (Mey~ et al, EMBO J. (1999), 18(2), 363-37 4; Ogawa et al, J. Biol. Chem. 
. . . . ~- . 

(1998), 273'(47). 31273-31282.). VEGF-E sequ~ces possess 25% homology to 
. i . 

mammalian ~GF and are en.coded by the parapoxvirus Orf virus (OV). This 
_:_ _:. 
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parapoXVirus'that &ts sheep and gAi\s_and occasio~~¥, humans, to generate 

lesions withangiogenesis. VEGF-E is a dimer of about 2o kDawitb no b~c· 
domain nor affinity for heparin, but has the characteristic cysteine knot motif present 

in all mammalian VEGFs, and was surprisin~ly found to possess potency and· 

bioactivities similar to the heparin-binding VEGF165 isoform ofVEGF-A, i.e. both 

filctors stimulate the release of tissue factor (TF), the proliferation, chemotaxis and 

sprouting of cultured vascular endothelial cells in vitro and angiogenesis in vivo. 

Like VEGF165, VEGF-E was found to bind with high affinity to VEGF receptor-2 

(KDR) resulting in receptor autophosphorylation and a biphasic rise in free 

intracellular Ca2+ concentrations, while in contrast to VEGF165, VEGF-E did not 

bind to VEGF receptor-I (Flt-1). 

Based upon emerging discoveries of other homologs ofVEGF and VEGFRs 

and the precedents for ligand and receptor heterodimerization, the actions of such 

VEGF homologs may involve formation ofVEGF ligand heterodimers, and/or 

heterodimerization of receptors, or binding to a yet undiscovered VEGFR 

(Witzenbicbler et al., supra). Also, recent reports suggest neuropilin-1 (Migdal et 

al, supra) or VEGFR-3/Flt-4 (Witzenbichler et al., supra), or receptors other than· · 

KDR/VEGFR-2 may be involved in the induction of vascular permeability (Stacker, 

S.A., Vitali, A., Domagala, T., Nice, E., and Wilks, A.F., ".Angiogenesis and 

Cancer" Conference, Amer. Assoc. Cancer Res., Jan. 1998, Orlando, FL; Williams, 

Diabetelogia 40: Sl 18-120 (1997)). 

Tie-2 (TEK) is a member of a recently discovered family of endothelial cell 

specific receptor tyrosine kinases which is involved in critical angiogenic processes, 

such as vessel bran.chin& sprouting, mnodeling. maturation and stability. Tie-2 is 

the first mammalian receptor tyrosine kinase for which both agonist ligand(s) (e.g., 

Angiopoietinl ("Angl "), which stimulates receptor autophosphorylation and signal 

transduction), and antagonist ligand(s) (e.g., Angiopoietin2 ("Ang2")), have been 

identified. Knock-out and transgenic manipulation of the expression ofTie-2 and its 

ligands indicates tight spatial and temporal control ofTie-2 signaling is essential for 

the proper development of new vasculature. The current model suggests that 

stimulation of Tie-2 kinase by the Angl ligand is directly involved in the branching, 



W000/17203 . PCT/US99/21560 

a"' 
sprouting and ~utgrowth of new v~selS, and recruitment and interaction of 

periendothelial suP.,ort cells imPortant iii maintaining vessel integrity and inducing 
. . . 

quiescence. The aj)sence of Angl stimulation ofTie-2 or the in:bibition of Tie-2 

autophosphory~~ by Ang2, whicli is produced at high levels at sites of vascular 

regression, may cau,Se a loss in v~eular strueture ~ mai:rix contacts resulting in 

endothelial cell death, especially ;in the absence of growth/survival. ~uli. The 

situation is however more compleX, Since at least two additional Tie-2 ligands (Ang3 

and Ang4) h&ve recently. been rep;rteci; and the capacity for heterooligomerization 

. of the vatjous agonistic and amagmrlstic angiopoietins, thereby modifying their 

activity, has b~ demonstrated. ; Targeting Tie-2 ligand~receptor interactions as an 

an~ogenic therapeutic approach is thus less fav0red and a kinase inhibitory 

, . strategy preferred .. 

The soluble extracellular ~oinain ()fTie-2 ('ci!xTek'') can act to dismpt the 

establishment of.nunor vasculature in ~breast tw:rlor xenograft and lung metastasis 
. . . . ' . . .. ,, ' . ~. . . . . . . . . . 

models and in tumor-cell mediated 0cular.neovascul8tization. By adenoviral 

infection, ·th~ i~ ~~vo. ~ductiori ~rmglra1 levels E~Tek in rodents may ~e achieved 

.for 7-1.0 days :with no adverse side effects. Tii'ese results .suggesi that disruption of 
. : ' . . '; ··.. . .. 

Tie-2 signaling path\Vays in nonn81 heaithy animals may be well tolerated. These 
. · •. _ .· :. . . . . . 

Tie-2 inlnl>i~~ responses to ExTek may be a conseq'1ence sequestration of ligand(s) 
. . . . 

and/or genera~on of a nonproductive heterodimer with full-length TiC-2. 
. . . . ' 

Recently, significant ~reglllation ofTie-2 expression has been found within 

the va&cubr s~~vial pannus of arthritic joints of ~umans, consistent with a role in 

the inappropriate neovascu1ariz8tion. This finding suggests that Tie-2 plays a role in 

the progression of rheumatoid arthritis. Point mutations producing constitutively 

activated forms ()f Tie-2 have been identified in association with human venous 

. malformation disorders. Tie-2 inhibitors are; thereful, useful in treating such 

disorders, and .in other situations of inappropriate neovascularization. . 

The Non-Receptor fyrosine Kinases. · The non-receptor tyrosine k:inases 

represent a collection of cellular enzymes which lack extracellular and 

transmembrane sequences. At present, over twenty-four individual non-receptor 

tyrosine kina8es, comprising eleven (11) subfamilies (Src, Frlc, Btk, Csl4 Abl, 
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Zap70, Fes/Fps, Fak, Jak, Ack and LIMK) have been identified. At present, the Src 

subfamily of non-receptor tyrosine· kinases is comprised of the largest number of 

PTKs and include Src, Yes, Fyn; Lyn, Lek. Bllc, Hck, Fgr and Yrk. The Src 

subfamily of enzymes has been linked to oncogenesis and immune responses. A 

more detailed discussion of non-receptor tyrosine kinases is provided in Bohlen, 

1993, Oncogene 8:2025"-2031, which is incorporated herein by reference. 

Many of the tyrosine kinases, whether an RTK or non-receptor tyrosine 

kinase, have been found to be involved in cellular signaling pathways involved in 

numerous pathogenic conditions, including cancer, psoriasis, and other 

hyperproliferative disorders or hyper-immime responses. 

Development of Compounds to Modulate the PT.Ks. In view of the surmised 

importance of PTKs to the control, regulation, and modulation of cell proliferatio~ 

the diseases and disorders associated with abnomial cell proliferatio~ many 

attempts have been made tO identify· receptor and non-receptor tyrosine kinase 

"inhibitors" using a variety of approaches, including the use of mutant ligands (U.S. 

Application No. 4,966;849), soluble receptors and anti"bodies (Application No. WO 

94/10202; Kendall & Thomas, 1994, Proc. Natl Acad. Sci 90: 10705-09; Kim et al., 

1993, Nature 362:841-844), RNA ligands (Jellinek, et al., Biochemistry 33:10450-

56; Takano, et al., 1993, Mol. Bio. Cell 4:35~A; Kinsella, et al. 1992, Exp. Cell Res. 

199:56-62; Wright, et al .• 1992, J. Cellular Phys. 152:448-57) and tyrosine kinase 

inhibitors (WO 94/03427; WO 92/21660; WO 91115495; WO 94/14808; U.S. Patent 

No. 5,330,992; Mariani, et al~. 1994, Proc. Am. Assoc. Cancer Res. 35:2268). 

More recently, attempts have been made to identify small molecules which 

act as tyrosine kinase inhibitors. For example, bis monocyclic, bicyclic or 

heterocyclic aryl compounds (PCT WO 92120642) and vinylene-azaindole 

derivatives (PCT WO 94/14808) have been described generally as tyrosine kinase 

inhibitors. Styryl compounds (U.S. Patent No. S,217,999), styryl-substituted pyridyl 

compounds (U.S. Patent No. S,302;606), certain quinazoline derivatives (EP 

Application No. 0 566 266 Al; Expert Opin. Ther. Pat. (1998). 8(4)': 475-478), 

selenoindoles and selenides (PCT WO 94103427), tricyclic polyhydroxylic 

compounds (PCT WO 92/2 l 660) and benzylphosphonic acid compowids (PCT WO 
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91115495) have b~ described as compounds for use as tyrosine kinase inhibitors 

for use in the treatment of C81J.Cet • .Annine>cinnolines (PCT W097/34876) and 

quinazoline deriv~ve col:npounds (];>CT WO'Yl/22596; PCT W097/42187) have 

been described as inln'bitors of angiQgen~!lls and vascular permeability. 
. ~ . . . . .· 

In addition, i¢tempts have be~ made. to identify small molecules which act 
. . -~.· 

as serine/threonine kinase inlu'bitors. For example, l)~~indolylmaleimide) 

compounds have~~ described .8$.inhi~~ting p~~ PKC serine/threonine kinase 
.. : ..... 

isoforms whose signal transducing tun~on is ~ated with altered vascular 
.·. ·;..:. . 

permeability in VEGF .. related diseases (PCT W097/40830; PCT W097/40831). 

Pllc-1 Kipmie InJµbitgrs 

Plk· 1 is ·a serine/threonine kjnase which is au.important regulator of cell 

cycle progression. It plays criticalrol.es in the asseijibly and the dynamic function of 

the mitotic Spindle apparatUs. :Plk~ 1 a.Dd relateci:~es have also been shown to be 
. . 

· · closely in~olved:m the aCtivation'and ,inactivation ~f other cell cycle regulators, such 

as cyclin-dependent-kinases.' Hi~·J~e~ of Pllc-1 ~sion are associated With cell 

proliferation acti~ties. It is 'O~.found in mali&i-t tumors of ~arious origins. 

Inhibitors of Plk4 are· expected t9 block cancer ceij proliferation by disrupting 
. . ., .. . 

processes invol~g mitotic 8pindle8 and·~ptjately activated cyclin-dependent 

. kinases. 'j;: 

Cdc2/Cvclin B Kinase Inhibjtors.(Gdc2 is also kno~ as cdkl) 

Cdc2/cyclhi B is another.serine/threonine ~e enzyme which belongs to 

the cyclin-depend~ kinase(~) family •. Thes~ ~es are involved in the 

·critical transition between varioµs.·pl;lases of cell cycle progression. It is believed 
. . .•·· . 

that uncontrolled· cell proliferatiQn, which is the hallmark of cancer is dependent 

upon elevated cdk activities in these cells. The inllibition of elevated c~ activities 

in cancer cells by cdc2/cyclin B kinase inhibitors could suppress proliferation and 

may restore the nomial control pf cell cycle pro~~S$ion. 

The regulation of CDK:activ~tion is complex, but requires the association of 

the CDK with a member of the cyclip family of regulatory subunits (DraeUa, Trends 
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in Cell Biology, 3:287,i.289 (1993)); M-gpy and KirscJw:~. Nature, 339:275-280 
. . . ._.:;~:;.~ ~.;;i: . . . 

(1989); Solomon et al., Molecular Biology of the Cell, 3: 13-27 (1992)). A further 

level of regulation occurs through both activating and inactivating phosphorylations 

of the CDK subunit (Draetta, Trends in Cell Biology, 3:287-289 (1993)); Mmray and 

Kirschner, Nature, 339:275-280 (1989); Solomon et al., Molecular Biology of the 

Cell, 3: 13-27 (1992); Ducommllll et al., EMBO Journal, 10:3311-3319 (1991); 

Gautier et al., Nature 339:626-629 (1989); Gould and Nurse, Nature, 342:39-45 

(1989); KrekandNigg, EMBOJournal, 10:3331-3341 (1991); Solomon et al., Cell, 

63:1013-1024 (1990)). The coordinate activation and inactivation of different 

cyclin/CDK complexes is necessary for normal progression through the cell cycle 

(Pines, Trends in BiocliemicalSciences, 18:195-197 (1993); Sherr, Cell, 73:1059-

1065 (1993)). Both the critical Gl-S and.G 2~M transitions are controlled by the 

activation of different cyclin/CDK activities. In Gl, both cyclin D/CDK4 and cyclin 

EICDK2 are thought to mediate the onset of S-pbase (Matsushima et al., Molecular 

& Cellular Biology, 14:2066-2076 (1994); Ohtsubo and Roberts, Science, 259:1908-

1912 {1993); Quelle et aL, Genes & Development, 7:1559-1571 (1993); Resnitzky et 

al., Molecular& Cellular Biology, 14:1669-1679 (1994)). Progression through$­

phase requires the activity of cyclin A/CDK2 (Girard et al., Cell, 67:1169-1179 

(1991); Pagano et al., EMBOJournal, 11:961-971 (1992); Rosenblatt et al., 

Proceedings of the National Academy of Science USA, 89:2824-2828 (1992); 

Walker and Maller, Nature, 354:314-317 (1991); Zindy et al., Biochemical & 

Biophysical Research Communications, 182:1144-1154 (1992)) whereas the 

activation of cyclin A/cd.c2 (CDKl) and cyclin B/cdc2 are required for the onset of 

metaphase (Draetta, Trends in Cell Biology, 3:287-289 (1993)); Murray and 

Kirschner, Nature, 339:275-280 (1989); Solomon et al., Molecular Biology of the. 

Cell, 3:13-27 (1992); Girard et al., Cell, 67:1169-1179 (1991); Pagano et al., EMBO 

Journal, 11:961-971 (1992); Rosenblatt et al., Proceedings of the Natio~al Academy 

of Science USA, 89:2824-2828 (1992); Walker and Maller, Nature, 354:314-317 

(1991); Zindy et al., Biochemical & Biophysical Research Communications, 

182:1144-1154 (1992)). It is not surprising, therefore, that the loss of control of 

CDK regulation is a frequent event in hyperproliferative diseases and cancer. 
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(Pines, Current Opinion in Cell Biology, 4: 144-148 (1992); Lees, Current Opinion 

in Cell Biology, 7:77J-780 (1995); Hunter and Pines, Cell, 1':5?3-582 (1994)). 

· Inlnl>itors of kinases involved in mediating or.maintaining disease states 

represent novel therapies· for these disorders .. Examples of such kinases include, but 

are not limited to: (1) inhibition of0:.Src (Brickell, Cri,tical Reviews in Oncogenesis, 

3:~1-406 (1992); Courtneidge, Seminars in Cancer ~iology, 5:236-246 (1994), raf 

(Powis, Pharmacology & Therapeutics, 62:51-95 {1994)) and the cyclin-dependent 

kinases (CDKs) l, 2 and 4 in cancer (Pines, Curl'ent Opinion in Cell Biology, 4:144-

148 (1992); Lees~ Current Opinion in Cell Biology, 7:773-780 (1995); Hunter and 

Pines, Cell, 19:513~582 (1994)), (2) inhibition of CDK2 or PDGF-R kinase in 

restenosis (Buchdmiger et al., Proceedings of the National Academy of Science USA, 

92:2258~2262 (1995~). (3) inlunition of CDKS and GSK3 kinases in Alzheimers 

(Hosoi et al, Journal ofBif!chemistry (Tokyo), 117:741-749 (1995); Aplin et al., 

Journal of NeuroChemiStry,· 67:699;.707 (1996), (4) inhibiti011 of c-Src kinase in 

osteoporosis CTanaial:··~t al., Nature; 383:528-531 (1996), (5) inhibiti~ of GSK-3 

kinase in type-2 diaQetes (Borthwick et al;~ Biochemical & Biophysical Research 
. . 

Communications, 210:73·8~745 (1995),(6) inhibition :of the p38 kinase in 

.biflammation {Badg~ ee al., TheJOtirnalof Pharmacology and Experimental 

11ierajieuncs,l79~t453-1461 (1996)), (7)inhibitionofVEGF-R 1·3 and TIE-1 and-

2 kinases in diseases which involve angiogenesis (Shawver et al., Drug Discovery 

Today, 2:50-63 (1997)), (8)inhibition ofUL97 ~f3 in viral infections (He et al., 
. . ' ·. . 

Journal of Virology, 71:405-411 (1997)), (9) inhibition of CSF-lR kinase in bone 

and hematopoetic ~seases (Myers et al., Bioorganic & Medicinal Chemistry Leaers, 

. 7:421-424 (1997), and (10) inhibition ofLck kinase in autoimmune diseases and 

transplant rejection (Myers et al., Bioorganic & Medicinal Chemistry Letters, 7:417-

420 (1997)). 

It is additionally possible that inhibitors of certain kinases may have utility in 

the treatment of diseases when the kinase is not misregulated, but it nonetheless 

essential for maintenance of the disease state. Jn this case, inhibition of the kinase 

activity would act either as a cure or palliative for these diseases. For example, 

S many viruses, such as human papilloma virus, disrupt the cell cycle and drive cells 
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into the S-phase of the cell cycle (Vousden, FASEB Journal, 7:8720879 (1993)). 

Preventing cells from entering DNA synthesis after viral infection by inhibition of 

essential S-phase initiating activities such as CDK2, may disrupt the virus life cycle 

by preventing virus replication. This same principle may be used to protect normal 

5 cells of the body from toxicity of cycle-specific chemotherapeutic agents (Stone et 

al., Cancer Research, 56:3199-3202 (1996); Kohn et aL, Journal of Cellular 

Biochemistry, 54:44-452 (1994)). Inhibition of CDKs 2 or 4 will prevent 

progression into the cycle in normal cells and limit the toxicity of cytotoxics which 

act in S-phase, G2 or mitosis. Furthermore, CDK2/cyclin E activity has also, been 

10 shown to regulate NF-kB. Inhibition ofCDK2 activity stimulates NF-kB-dependent 

gene expression, an event mediated through interactions with the p300 coactivator 

(Perkins et al., Science, 275:523-527 (1997)). NF-kB regulates genes involved in 

inflammatory responses (such as hematopoetic growth factors, chemokines and 

leukocyte adhesion molecUies) (Baeuerle and Henkel, Annual Review of 

15 Immunology, 12:141-179 (1994)) andmaybeinvolvedin the suppression of 

apoptotic signals within the cell (Beg and Baltimore, Science, 274:782-784 (1996); 

Wang et aL, Science, 274:784-787 (1996); Van Antwerp et al., Science, 274:787-789 ·. 

(1996)). Thus, inhibition ofCDK2 may suppress apoptosis induced by cytotoxic. 

drugs via a mechanism which involves NF-kB. This therefore suggests that 

20 inhibition of CDK2 activity may also have utility in other cases where regulation of 

NF-kB plays a role in etiolbgy of disease. A further example may be take from . 

fungal infections: Aspergillosis is a common infection in immune-compromised 

patients (Annstrong, Clinicallnfectious Diseases, 16:1-7 (1993)). Inhibition of the 

Aspergillus kinases Cdc2/CDC28 or Nim A (Osmani et al., EMBO Journal, 

25 10:2669-2679 (1991); Osmani et al., Cell, 67:283-291 (1991)) may cause mest or 

death in the fungi, improving the therapeutic outcome for patients with these 

infections. 

The identification of effective small compounds which specifically inhibit 

signal transduction and cellular proliferation by modulating the activity of receptor 

30 and non-receptor tyrosine and .serine/threonine kinases to regulate and modulate 

abnormal or inappropriate cell proliferation, differentiation, or metabolism is 
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therefore desirable. Jn particulai~ the idep.tification of methods and compounds that 
.. . ·. . ~ . 

specifically inlu"bit·ttie function ~!a :tYr<;Sµie kiDase which is essential for antiogenic 
.. ' ' 

processes or the formation ofv~cular hyperpermeability leading to edema, ascites, 

effusions, exUdates, and macrooiri~~~ extravasation and matrix deposition as well 

s as associated diS(,~ets would be 'b~e~cial. 
'l'· . . .. ,,.,.:·· 

~-. ;. :, 

SUMMARY OF rHE INVENTION. 

The preserit invention pro:vid~s compounds ·of Formula I, 
· .... 

10 
.. 

L:--(CH~~ (I) 
·,·. 

15 
:-_ .. ::: 

.. ~ : 

_.;, .. · 

.. ~- •.. . . .. , 

·.··.and pharmaeeutie~ty acceptabl~:·~aim thereof. .. 

20.. InFonriuiaI,'Rllig A is a.·six m~bered aromatic ring or a five or six 

· membered heteroaromatic i:ing. Rills A is optionally substituted with one or more of 

the following Stlbstituenm: a sub~itilted or unsubsti~ted aliphatic group, a halogen, 

a substituted or unsubstituted 'aro~tic ·group, substltuted or unsubstituted 

heteroaromati~ ·group~ substituted or unsubstituted cycloalkyl, substituted or 

25 unsubstituted ~t~ycloallcy), sU1'stituted or unsubstituted aralkyl, substituted or 
. : ... . . 

unsubstituted heteroaralkyl, cyano:, nitro, -NR.4Rs, -C(O)zH, -OH, a substituted or 
. :; •'. . 

llllsubstituted alkoxycarbonyl, -C,(O)~-haloalk:yl, a substituted or unsubstituted 

alkylthio ether, a substituted or wiSubstituted alk:ylsulfoxide, a substituted or 

unsubstituted alkylsulfone, a sub~~d or Unsubstituted arylthio ether, a substituted 

30 or unsubstituted arylsulfoxide~ 'a substituted or unsubstituted arylsulfone, a 

substituted or unsubstituted alkyl camonyl, -C(O)-haloalkyl, a substituted or 
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unsubstituted aliphati¢ ether, a substitµted or unsubstitu~ aromatic ether, 

carboxamido,. tetrazolyl, tri:tluorom~ylsulphonamido,. ·. 

trifluoromethylcarbonylamino, a substituted or unsubstituted alkynyl, a substituted 

or unsubstituted alkyl amido, a substituted or unsubstituted aryl amido, a substituted 

5 or unsubstituted styryl and a substituted or unsubstituted aralkyl amido. 

Lis one of the following linkers: -0-; -S-; -S(O)-;-S(01-; -N(R}; -

N(C(O)OR)-; -N(C(O)R)-; -N(SOJl)-; ~0-; -~S-; ~(R)-; -CH(NR.};­

~(C(O)R))-; -CffzN(C(O)OR)-;-C~(SO~}; -CH(NHR}; -CH(NHC(O)R)-; -
. . 

CH(NHSO:zR)-; -CH(NHC(O)OR)-;-CH(OC(O)R};-CH(OC(O)NHR)-; -CH=CH-; -

10 C(=NOR}; -C(O)-; -CH(OR)-;-C(O)N(R)-; -N(R)C(O)-; -N(R)S(O)-;-N(R)S(O)z-;­

OC(O)N(R)-;-N(R)C(O)N(R)-; -NRC(O)O-;-S(O)N(R)-;-S(OhN(R)-; 

N(C(O)R)S(O)-; N(C(O)R)S(O)z-; -N(R)S(O)N(R)-; -N(R)S(0)2N(R)-; -

C(O)N(R)C(O)-; -S(O)N(R)C(O}; -S(O)zN(R)C{O)-; -OS(O)N(R)-; -OS(O)zN(R)-; 

-N(R)S(O)O-; -N(R)S(010-; -N(R)S(O)C(O}; -N(R)S(O)iC(O)-; -SON(C(O)R)-; -

15 SO:zN(C(O)R)-; -N(R)SON(R)-; -N(R)S02N(R}; -C(O)O-; -N(R.)P(OR')O-; - • 

N(R)P(OR;)-; -N(R)P(O)(OR")O-; -N(R)P(O)(OR')-; -N(C(O)R)P(OR')O-; - .· 

N(C(O)R)P(OR')-; -N(C(O)R)P(O)(OR')O- or-N(C(O)R)P(OR'}. Rand R' are 

each, independently, -H. an acyl group, a substituted or unsubstituted aliphatic 

group, a substituted or unsubstituted aromatic group, a substituted or UDSubstituted 

20 heteroaromatic group, or a substituted or unsubstituted cycloalkyl group. 

Alternatively, L is .:..R,,N(R)S(Ok, -Rt,N(R}P(O)-, or -Ri,N(R)P(O)O-. R., is 

an alkylene group which when taken.togetherwith the sulphonamide, 

phosp~namide, or phosphonamide group to which it is bound forms a five or six 
. . 

membered ring fused to ring A. 

25 Alternatively, Lis represented by one of the following structural fonnulas: 

30 
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R95 

Ras taken tOgetherwith thephosphinamide, or.phophonamide is a 5-, 6-, or 7-

20 nienibered, aromatic, heteroaroiufic or heterocyctoa1ky1 ring system .. 

In Fonnula I, R1 is a substituted aliphatic 8roup, a substituted cycloalkyl, a 

substituted bicycloalkyl,· a substituted cycloalkenyl, an optionally SJ,lbstituted 

aroiutic group, an optionally substituted heteroaromatic group, an optionally 

substituted heteroaralkyl, an optionally substituted heterocycloaJkyl, an optionally 

25 . substituted heterobfoycloalkyl, an ~tionally substituted alkylamindo, and optionally 

substituted arylamido, an optionally substituted -S(O),~alkyl or optionally 

substituted -S(0)2-cycloalkyl, a -C(O)-allcyl or an optionally substituted -C{O)­

alkyl. 

· R1 can be sµbstituted with one or more substituents. Preferably, R1 is 

30 substituted with a substituted or unsubstituted aliphatic group, a substituted or 

unsubstituted arolJlatic group, a substituted or unsubstituted heteroaromatic, a 
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. substituted or unsubstituted aralkyi a substituted or unsubstituted heteroaralkyl, a 

Substituted or unsubstituted· cycloallcyl, a substituted or unsubstituted: 

heterocycloalkyl, a substituted or unsubstituted aromatic ether, a substituted or 

unsubstituted aliphatic ether, a substituted or unsubstituted alkoxycarbonyl, a 

5 substituted or unsubstituted alkylcarbonyl, a substituted or unsubstituted 

arylcarbonyl, a substituted or unsubstituted heteroarylcarbonyl, substituted or 

unsubstituted aryloxycarbonyl, -OH, a substituted or unsubstituted aminocarbonyl, 

an oxime, a substituted or unsubs?-tuted azabicycloatkyl, heterocycloalkyl, oxo, 

aldehyde, a substituted or unsubstituted alkyl sulfonamido group, a substituted or 

10 unsubstituted aryl sulfonamido group, a substituted or unsubstituted bicycloalkyl, a 

substituted or unsubstituted heterobicycloallcyl, cyano, -Nffi, an alkylamino, ureido, 

thioureido and -B-E. 

B is a substituted or unsubstituted cycloalk:yl, a substituted or unsubstituted 

heterocycloalkyl, a substituted or unsubstituted aromatic, a substituted or 

15 unsubstituted heteroaromatic, an alkylene, an aminoalkyl, an a1kylenecarbnoriyl, or 

an aminoaJkylcarbonyl. 

B is a substituted or unsubstituted azacycloalkyl, a substituted or 

unsubstituted azacycloalkylcarbonyl, a substituted or unsubstituted 

~cloalkylsulfonyl, a substituted or unsubstituted azacycloalkylalkyl, a 

20 substituted or unsubstituted heteroaryl, a substituted or unsubstituted 

heteroarylcarbonyl, a substituted or unsubstituted heteroarylsulfonyl, a substituted or 

unsubstituted heteroaralkyl, a substituted or unsubstituted alkyl sulfonamido, a 

substituted or unsubstituted aryl sulfonamido, a substituted or unsubstituted 

bicycloalkyl, a substituted or unsubstituted ureido, a substituted or unsubstituted 

25 thioureido or a substituted or unsubstituted aryl. 

However, when R1 is an aliphatic group orcycloalkyl·group, R1 is not 

exclusively substituted with one or more substitutent selected from the group 
consisting of hydroxyl and lower alkyl ethers. In addition, a heterocycloalkyl is not 

2-phenyl-1,3-dioxan-5-yl, and an aliphatic group is not substituted exclusively wi~ 

30 one or more aliphatic groups. 

In Formula I, ~ is -H, a substituted or unsubstituted aliphatic group, a 
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substituted or µnsul)stituted cycloatkyl, a halogen, -OH, cyaiio, a substituted or 

unsubstituted aro~tic group, a :sµbstituted or unsubstituted heteroaromatic group, a 

substituted or unsubstituted h~cycloalkyl, a ~stituted or unsubstituted aralkyl, 

a substituted or ~stituted heteroaralkyl, -~ or -C(O)NR..R,. 
. . 

S In FomuJ!a I, R, is a substituted or unsubstituted cycioalkyl, a substituted or 

unsubstituted arolJllltic group, a substituted or unsubstituted heteroarorilatic group, or 

a substituted or µnsubstituted heterocycioalkyL 

In Fo~uJa I, R..t Rs and ~e nitrogen atom together form a. 3, 4, S, 6 or 7-

~embered, sul>stituied or unsubstituted· heterocycloalkyl, substituted or 

I 0 unsubstituted hclerobicycloalkyl or a substituted or ~bstituted heteroaromatic. 

Altematiyely, &.. and R, are each, independently, -H; azabicycloalkyl, 

heterocycloalkyl, a substituted or unsubstituted alkyl group or Y-Z. 

Y is selec;ted from ~e gr0up consisting of -C(O)-, ~(CHJ,-,-S(O:h-, -C(O)O-, 

-SO;Nff-, -CO~-,(CHJ,O-, -(CHJi.NH-, -(~S-, -(CHJ,S(Ohand-

15 (CHJi,S(O:h-. 

20. 

. p is an integer from 0 fu to about 6." 

Z ;.s· a sul>Stituted or imSubstituted alkyl~ stibstituted or unsubstituted amiri.o, 

substituted or tm~Ubstituted ar}rl,. substituted or unsubstituted heteroaryl or 

substituted or ~subStituted heterocycloalkyl group. · 

j. an integer from 0 to 6. : . 

. However, when L i·s -CH:zNR-, -C(O)NR- or-NRC(O}· and R, is 

azacycloalkyl or azaheteromyl, Jis 0. In addition, when L is -0- and R, is phenyl, j 

isO. 

The compounds of this invention are useful as inhibitors of serine/threonine 

25 and tyrosine kinases. In particular; compounds of this invention are useful as 

inhibitors of tyrosine kinases that are important in hyperproliferative diseases, 

especially in cancer anc:i in the pr()cess of angiogenesis. For example, cerblln of 

these compoun~s are inhibitors of such receptor kinases as KDR, Flt-1, FGFR, 

PDGFR, c-Met, TIE-2 or IGF-1-R Since certain of these compounds are anti-

30 angiogenic, they are important substances for inhibiting the ·progression of disease 

states where angiogenesis is an iniportant component. Certain compounds of the 
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invention are effective as inhbitors of such serine/threonine kinases as PKCs, erk, 

MAP ldnases, MAP kinase kinases, MAP kinase kinase k.inaSes, cdks, Pllc-1 or Raf-

1. These compounds are useful in the treatment of cancer, and hyperproliferative 

disorders. In addition, certain conipounds are effective inhibitors of non-receptor 

S kinases such as those of the Src (for examj>le, Ick, blk and lyn), Tee, Csk, Jak, Map, 

Nik and Syk families. ·These compunds are useful in the treatment of cancer, 

hyperproliferative disorders and immunologic diseases. 

Certain compounds of tbi~ invention are selective TIE-2 kinase inhibitors 

which may be anti-angiogenic (esPecially in combination with one or more VEGFR 

10 inhibitors), or pro-angiogenic, when employed in the presence of: or in conjunctimi 

with, a VEGF-related stimuius. In this manner such inhibitors can be used in the 

promotion of therapeutic angiogenesis to treat, for example, ischemia, infarct or 

occlusion, or to promote w:ound he8ling. 

The present invention provides a method of inhibiting the kinase activity of 

15 . . tyrosine Idnases and serine/threonine kinases comprising the administration of a 
compound represented by formula I to said kinase in sufficient concentration to· 

inhibit the enzyme activity of said kinase. 

The present invention fbrther includes the use of these compounds in 

pharmaceutical compositions with~ pharmaceutically effective amount of the above-

20 described compounds and a pharmaceutically acceptable carrier or excipient. These 

pharmaceutical compositions can be administered to individuals to slow or halt the 

process of angiogenesis in angiogeriesis-aided diseases, or to treat edema, effusions, 

eXudates or ~cites and other conditions associated with vascular hyperpermeability~ 

Certain pharmaceutical compositions can be administered to individuals to treat 

25 cancer and hyperproliferative disorders by inhibiting serine/threonine kinases such 

as cdk, Plk-1, erk, etc. 

DETAILED DESCRJPTION OF THE INVENTION 

The values of substituents in a first preferred group of compounds of formula 

30 I are given below. 

Preferably, L is -N(R)S(O)i-, -S(O)iN'(R)-, -N(R)C(O)-, -C(O)N(R)-, or-0-. 
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Preferably, :Ll, is a substitu~ or UllSiUbstituted pli~yl, a substituted or 

unsubstituted napbthyl, a sQbstitµte4 ~i: ~ubstituted pyridyl, a substituted or 
. . . :· . '·' :. . . . . . . f : ~:. . . . . . 

unsubstituted thienyi,. a substi~t~ct pr µnsµbstituted b~otriazole, a substituted or 
. :' .:";·· .· ··. . .. ··.':'···· . . . . . . 

unsubstituted t~ydropyranyl, a s~sti~ or unsub-ted tetrahydrofuranyl, a 
. . ,i ... · .,.. . ...... : . . . · .. 

S substituted or unsubmtute<l cUoxan(;; a substituted or tµ]substituted dioxolane, a 

substituted or ~s~tute4 qujnoli~~;·~·sub~tuted.or ~ubstituted thiazole, 
.. :· ··. . . . ·. .. : ~::_:- . . . . ~ . . . : :' . . . . 

substituted or unsup~tuted ii;pxazqJq, .~stituted or unsubstituted cyclopentanyl, a 
.· '· : ·. ·:. ·... . •. .· 

substituted or unsub~tute4 b~o~ ~sti~ted or llJiSUQstituted benzothiophene, 
.. ~ : . ~ . . . ., . . . . . . . 

substituted or uns1lbstituted benzisaxazole, substituted or unsubstituted 

10 . benzisotbiaZ<>le, s~~~tuted o~ ~h~~ted benzothlazol~, substituted or 
: ·.• .. '·: . . . . . . . :·. • ! · .• ~ ~; ... , . . . . • : . . ; . _: 

unsilbstituted be;zQ~izole, ~u~titu~(>I'·unsub8tituted· benzoxazole, substituted or 
' .·.. ~ ': . . . . . (. ~- ; ; . . . ' . . . .. 

unsubstituted bezimidazole, substi~ted oi unsubstim~ b.enzoxadiazole, .substituted 

. o~ unsubstituted b~thiadi~le~ ·s~stituted•~ ~stituted isoquinoline, 
. . ·. .. .· '.:·.1·:·· : . ·: ... · ·:: ' 

. . ~. . :: :· 

. substituted or ~~tuted qµlliO~iile~ sllbst;itµted ·or unsubstituted indole or · 
. . ... . ~· : . . . 

15 substituted or lins~stitq.ted pyrazo}~ .. Al~ernatiy.ely, "R,..3 can be a substituted or 
. ·:·: •··. . . .'. . ... 

· unsubstituted alil'J.lati~ group or ii ~sµ,~ or uris11b~tilted aJkenyl, provided that 

Lis ..SN(R)-. -sco>Nc&)-. -S(O);~&,.)-; . .;N(R)S;.; -N(R)S(O)-. -N(R)S(01-, -
.... ,.· .. • .. ' .• ... 

~ .. . 

N(R)SN(R'h -~{ll)$(0)N(R'h .or ~~(R)S(O)iN(R')-; · · ... 
.. ·.. . :.:' .· .· ... . . 

In one embodiment, ~.is ~ ~~bstituted or unsubstituted phenyl. 
.• '···· .. '.: . . . .·•. . . .-·.·:. .. . 
. . .... . 

20 R3 can be suJ>stituted l>Y one or more.substituents: :Preferable substituents for 

~are F, Cl, Br, I,: dB~, N02,· OCF~~.p~H,~ CN, C02C~, ,CF3, t-butyl, pyridyl, 

substituted or ~uhstituted oxazol~~ ~ubstituted or ~ubstituted benzyl, substituted 
. ·;·. . . ·····: ..:- .. . . . 

or unsubstituted bew;enesulfoIJ.yl, ~}>$titute,d or unsub~tituted phenoxy, substituted 
. . .. ,. . . :• . .. · .: . . . 

or unsubstituted p~~yl, substitute~,Ql'. unsubstituted amino, carboxyl, substituted or 

25 unsubstituted t~l~l, styryl, -S-(~;$lituted or ~bstituted aryl), -S-(substituted 

or unsubstituted }J.~~aryl), substl~ted or unsubsti~ted heteroaryl, substituted or 

unsubstituted heten.>cycloalkyl, ~~1, -C(O)~, Re , CH20R.:. 

Rtt Rg and the nitrogen ato~ ~~gether form a~-, 4-, 5-, 6- or 7-membered, 
. . ·.. . . ~ 

substituted or uns~bstituted hetert)cy~loalkyl, substituted or unsubstituted 
.. . . ::· .. . :• .· .. 

30 heterobicycloalkyl or a substitute4 or unsubstituted heteroaromatic. 
·.. . :: 

Altemativ~ly, ~and Rg are .e~ch.. independently, a substituted or 
. ~ ' . 
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unsubstituted aliphati9.group or a sub.ted or unsu~!~ted aromatic group. 

Re is hydrogen~ or substituted or unsubstituted ~I or substituted or 

unsubstituted aryl;-W-(CHJt'"NR.iR.,-W-(CHJ,-O-a1kyl,, -W-(CHJ,-S-alkyl, or­

W-(CHJ,-OH. 

S t is an integer from 0 to about 6. 

W is a bond or --0-, -S-, -S(O)-, -S(O)n or -NR.c-. 
Ra: is -H or alkyl. 

R.i, Re and the nitrogen atom to which they are attached together form a 3, 4, 

S, 6 or 7-membered substituted or iansubstituted heterocycloallcyl or substituted or 

10 unsubstituted heterobicyclic group. 

Alternatively,~ and~ are each, independently, -H, alkyl, alkanoyl or-K-

D. 
K is -S(O)i-, -C(O)-, -C(O)NH-, -C(0)2-, or a direct bond 

D is a substituted or Unsubstituted aryl, a substituted or unsubstituted 

15 heteroaryl, a substituted or unsubstituted aralkyl, a substituted or unsubstituted 

heteroaromatic group, a substituted or unsubstituted heteroaralkyl, a substituted or 

unsubstituted cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a 

substituted or unsubstituted amino, a substituted or unsubstituted aminoalkyl, a 

substituted or unsubstituted aminocycloalkyl, COOR;, or substituted or unsubstituted 

20 alkyl. 

R; is a substituted or· unsubstituted aliphatic group or a substituted or 

unsubstituted aromatic group. 

More ~ferred substituents for~ are F, Cl, Br, I, cyano, nitro, OCF3, CH3, 

andCF3• 

25 Preferably, ring A is a substituted or unsubstituted phenyl, a substituted or 

unsubstituted naphthyl, a substituted or unsubstituted pyridyl, or a substituted or 

unsubstituted ind.ole. In one embodiment, ring A is a substituted or unsub~tuted 

phenyl. 

Ring A can be substituted by one or more substituents. Preferable 

30 substituents for ring A are F, Cl, Br, I, CH3, N02, OCF3, OCH3, CN, C02CH3, CF3, t­

butyl, pyridyl, substituted or unsubstituted oxazolyl, substituted or unsubstituted 
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benzyl, substituted or unsubstituted benzenesulfoiiyl, substituted or unsubstituted 

phenoxy, substitut~d or unsubsti~d phenyl, substituted or unsubstituted amino, 

carbox.yl, substitiited or unsubsti~~ tetrazolyl, styryl, -S-(substituted or 

unsubstituted aiyl), -S-(substituted or unsu~tituted ~eteroaryl), substituted or 

5 unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, alkynyl,-

10 

15 

C(O)NR,Rg, Re an~ CffzORc. Rr, Rs and Re rite defined as above. 

Ring A is niore preferably substituted with F, Cl, alid nitro. 

~ is preferably hydrogen .. · 

In one embodiment, R, is of the. formula 

mis an integer from o to ·a1Jout 3~ · 
20 In another embodiment, R, is of the .formula 

ch) 25 

Y... m 
0 

I 
30 (r2)t 

NReRs 

35 

l(a) 

l(b) 
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m, t are defined as above. Rs, R, ~ the nitrogen atom together form a 3-, 4-, S-, 6-

or 7-mem.bered, substituted·· or unsubstituted heterocycloalkyl, a substituted or 

unsubstituted heteroaromatic or substituted or unsubstituted heterobicyclicalk:yl 

group. Alternatively, Rs and R, are each, independently, -H, azabicycloalkyl, 

S heterocycloalkyl oi: Y2-~. Y2 is -C(O)-, -(CHJq-,-S(O)i-, -C(O)O-, -S02NH-, -

CONH-, (CHJqO-, -(CHJqNH-, -(~qS-, -(CHJqS(O)-, or -(CHJqS(O)i-. q is an 

integer from 0 to 6. Zi is a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a.substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl group. 

10 In another embodiment, R1 is of the formula 

15 

20 

I(c) 

m, t , Rs. and R, are defined as above. s is an integer from 0 to 6. q is an integer 

from 0 to about 6. R77 is -OR119 or-NR.,,R.10• R78 is-H or a substituted or 

unsubstituted aliphatic group. R79, Rao and the nitrogen atom together form a 3, 4, S, 

25 6 or 7-membered, substituted or unsubstituted heterocycloalkyl group, substituted or 

unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group. R,, and 
Rao are each, independently, -H, azabicycloalkyl, heterocycloaJkyl or-Y3-Z3• Y 3 is 

selected from the group consisting of -C(O)-, -(CHJq-,-$(0)2·, -C(O)O-, -S02NH-, -

CONH-, (CHi)qO-, -(CHJqNH-, -(CHi)qS-, -(Cffa)qS(O)- and-(Cffa)qS(O)i-. Z3 is -

30 H, a substituted or unsubstituted allcyl, a substituted or unsubstituted amin~, a 

substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl or a 

substituted or unsubstituted heterocycloallcyl. 

In another embodiment, R1 is of the formula 

35 



I . 

I 
! 
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I(d) 

s 

vis an integer from 1 to about·3. Rio ~s -H, mibicycloalkyl, heterocycloalkyl or Y2-

10 ~. Y:i and~ are as defined previously. 

is 

20 

In another elnbodinient, R1 ·Is ()f the formula 

l(e) 

m ·and R 10 are as previously defined. R 11 represents c:me or more substituents 

independently selected from the group consisting of hydrogen, hydroxy, oxo, a 

substituted or unsllµstinn,ed aliphatic group, a substituted or unsubstituted aromatic 
. . . .. . 

group, a substitute(! or unsubstituted heteroaromatic group, a substituted or 

25 . unsubstituted alkoxyca?bonyl, a substitu~ed o~ unsubstituted alkoxyalkyl,' a 

substituted or unsubstituted m.nin~bonyl~ a subStjtuted or unsubstituted 

alkylcarbonyl, a ~~stituted or ~bstituted arylc&rQonyl; a substituted or 
unsubstituted heter0arylcarbonyl, a sub~tuted or unsubstituted aminoalkyl and a 

substituted or-unsubstituted aralkyl ~ups, provided that. the carbon atoms adjacent 

30 to the nitrogen atom are not substitute4 by a hydroxy group. 

In another embodiment, Ri is of the formula 

35 
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s 
I(f) 

10 

15 

R 10 is as previously defined. 

In another embodiment, R 1 is of the formula 

20 

l(g) 

25 

30 r is an integer from 1 to about 6. Ra and Rg are as previously defined. 
In another embodiment, R1 is of the formula 

35 

40 
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:JV> 

., ... 
.. .. , 

'"l<. 

)w 
s 

CH~t I(h) 

.. (0~/Re uN 

10 
, .. 
Ra 

Rs, Rg and t are as previously de:fi.Ii.ed. w is an integer ftom 0 to about 4. u is 0 or 1. 

15 Ri2 is hydrogen or :a substituted o~ \DlSubstituted alkyl group. 

In another embodiment, :Riis of the ronnula" 

I(i) 

20 

25 

w, t, R10, R12 are as previously d$ed. . 

In another ~bodiment,'whenRi is I(g) orl(H), Rg, Rg and the nitrogen atom 
. . : 

together form a heterocycloalkyl :~up of the formula 

30 

35 u is as previously defined. R13, R14, R15, R16' R179 R18, R19 and ~o are each, 

independently, lower alkyl or hydrogen. Alternatively, at least one pair of 



..... __ _ 

•'" 
. . '· .· ~. 

:•. 
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:fl '7 
substituents R 13 and R14; R15 and R11;; Rl'? and R 11; or R.11,. and~ together are an 
oxygen atom. Alternatively, at least one of R13 and R1~ is cyano, CONffRi1, 

COO~., ~0~1 or CHa~~· ~1, Ru and the nitrogen. atom together form a 
3-, 4-, 5-, 6- or 7-membered, substituted or unsubstituted heterocycloalkyl group, 

S substituted or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl 
group. Alternatively, ~1 and Rn are each, independently, -H, azabicycloalkyl, 
heterocycloalkyl or Y3-Z,; Y3 and Z, are as previously defined. Xis -0-, -S-, -SO-, 
-S02-, -Clli-, -CH(O~)- or~- ~ is -H, substituted or unsubstituted alkyl, a 
substituted or unsubstituted aryl, a substituted or unsubstituted aralkyl, -C(NH)NHz, 

10 -C(O)~ or -C(O)OR.u. ~4 is hydrogen, substituted or unsubstituted alkyl, a 
substituted or wisubstitutcd aryl or a substituted or unsubstituted aralkyl. 

lS 

20 

25 

30 

In another embodiment, Ra, R, and the nitrogen atom together form a 
heterocycloalkyl of the formula 

I 
N 

~~~ 
R?1 

t, ~. and ~ are as previously defined. ~ and~ .. are each, independently, 
hydrogen or lower alkyl. Alternatively, ~s and ~6 together are an oxygen atom. i is 
an integer from 1 to about 6. 

In another embodiment, Ra, R, and the nitrogen atom together form a 
heterocycloalkyl group; of the formula 

i is as previously defined. ~7 is CHaOH, C(O)NR.z~s or COOR.u. ~4 and ~8 are 
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s 

10 

-28-

as previously defitied. · 
In another embodiment, Rs, R, and th~ nitrogen atom together form a 

heteroaromatic ·gn>up of the ·rormiila· 

~ is a substituted or unsubstituted alkyl, a .su~tituted or unsubstituted aryl or a 

substituted or uns~bstituted aralkyl group, carboxylic acid, cyano, C(O)ORg°' 

CffiO~°' Cffi~1~ or C(0)~1R.n. R30 is a substituted or unsubstituted alkyl, a 

substituted or unsa.-bstituted myl, ~ substituted or unsubstituted aralkyl, a substituted 

1 S or unsubstituted heterocycloalkyl or heterocycloaryl group. &ii and R2i are as 

previously define<i. 

20 

In another embodiment, at least one ofR. and R, is of the formula Y3-D, 

whereiri D is of the formula 

;-\. 
-N T 

~/ 

25 Y3 is as previ'!usly defined. xis 0, 1 or 2. T is-0-, -C(O)-, -S-, -SO-, -S~-, -Cffi-, 

-CH(O~)- or.,-N~. ~is as previously defined. 

In another embodiment; at least one of Rs and R, is of the formula Y3-

N(R,1)R32, Y3 is as previously defined. R31 and R32 are each, independently, 

substituted or unsubstituted carb~xyalkyl, a substituted or unsubstituted . 

30 alkoxycarbonyla1kyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted aUcYlsulfonyl, a substituted or unsubstituted alkylcarbonyl or a 

substituted or unsubstituted cyanoalkyl. Alternatively, ~1 and R32, together with the 

nitrogen atom, form a five- or six-membered heterocycloalkyl group, a substituted or 

unsubstituted heteroaromatic or a ~b~titutituted or unsubstituted heterobicycloalkyl. 

35 In another embodiment, when R1 is I(e), Z2 is of the formula N(R,5)R36• R35 
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s 

10 

15 

20 

25 

30 

. and R,6 ·are each, independently, hydrogen; alkyl, atkoxyc~onyl, alkoxyalkyl, 

hydroxyalkyl, aminocarbonyl, cyano, a1kylcarbonyl or atalkyl. 

In another embodiment, when R1 is I( e), Zi is of the formula 

Each X1 is, independently, CH or N. Rg7 is hydrogen, cyano or a substituted or 

unsubstituted alkyl, a substituted or unsubstituted a1koxycarbonyl, a substituted or 

unsubstituted alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted 

or unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or a 

substitute4 or unsubstituted aralkyl group. 

In another embodiment, when R1 is l(e), ~is of the fonnula 

g is an integer from 0 to about 3. T is as previously defined. R37 is 
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30 

hydrogen, cyano qr a substituted (J.l' ~stituted alkyl, a substituted or 
. . . . . . . . . 

unsubstituted ~xycarbony~ a ~~tuted or unsu~stituted alkoxyalkyl, a 

substituted or UDSW,>stituted hydrq~a.JkYl, a sµbstitµ.ted or unsubstituted 

aminocarbonyl, a ~stituted or ~stituted alkylc~onyl or a substituted or 

5 unsubstituted aralql group. 

In another embodiment, when R1 is I( e), Zz is of the formula 

10 

15 
g and ~7 are as previously defined unsubstituted aralkyl group. 

In another embodiment, when R1 is l(e), Zz ·is of the formula 

20 

25 

T, g and ~7 are as prevfously defin,ed. 

In another embodiment, when R1 is I(e), Zi is of the formula 

_)() Ra1 

30 
N 

I 
Ras 
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~ is as previously defined. ~ is hydrogen, substituted or unsubstituted alkyl, a 

substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted 

5 alkoxyalkyl, a substituted or unsubstituted aminocarbonyl, perhaloalkyl, a 
substituted or unsubstituted alkenyl, a· substituted or unsubstituted alkylcarbonyl or a 

substituted or unsubstituted aralkyl. 

In another embodiment, R1 is of the formula 

10 

15 

u is as previously defined. ~. a.,, R.1, R.g, Ru, ~ R.u and~ are each, 

independently,methyl or hydrogen. ·Alternatively, at least one pair of substituents 

20 R,9 and R,.0; R,6 and R.,7; R.,8 and ~9• Alternatively, R..o and~' together are an 
oxygen atom. R..7 is H, azabicycloalkyl, heterocycloalkyl or Y2-Zz. Y2 and Zz are as 

previously defined. Alternatively, R.7 is of the formula 

25 

(
Rs1 

Rso 

30 

Y is 0 or 1. &,.., R.i9, Rs0, Rsu Rsz, Rs3, Rs4 and Rss are each, independently, methyl or 

35 hydrogen. Alternatively, at least one pair of substituents R..a and ~9; Rso and Rs,; 
Rsi and ~; or ~4 and Rss together ;n"e an oxygen atom. Rs6 is -H. azabicycloalkyl, 

heterocycloalkyl or Y3-Z3• Y3 and Z3 are defined as above. 
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In another embodiment, R1 is of the formula 

s 

10 

15 e, f, h, u mid y are ~ependently 0 or I. Rs7, Rs.. R,,, Rs,, ~1, ~ ~. ~ ~ mid 

20 

25 

~6 are each, ind~endently, me~yl or hydrogen. Alternatively, at least one pair of 

substitue.nts Rs7 .81'.ld Rs1; ~and~ Rcs1 and~; ax~ and~ together are an 

oxygen atom. ~7 is H, azabicyclo.alkyl, heterocycloalkyl or Y 2-~. Y 2 and ~are 

defined as abov~. Alternatively, ~7 is of the formUla 

"lP..11 
~o 

d is 0 or 1. Ro, ~ R70, Rw R72, R73, R74 and R1s are each, independently, lower 

alkyl or hydrogen. Altematively, at least Qne pair of substituents ~ and ~; R70 

and R.71 ; R72 and R73• R74 and R;s together are an oxygen atom. R,6 is -H, 

30 azabicycloalkyl, heterocycloalkyl or Y 3-Z3• Y3 and Z3 are defined as above. 

As used herein, aromatic groups include carbocyclic ring systems (e.g. 

benzyl and cinnamyl) and fused polycyclic aromatic ring systems (e.g. naphthyl and 
. . 

1,2,3,4-tetrahydronaphthyl). Arromatic groups are also referred to as aryl groups 

herein. 
. . ' 

35 Heteroaromatic groups, ~ used herein, include heteroaryl ring systems (e.g., 
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thienyl, pyridyl, p~le, isoxazolyl,'~adiazolyl, o~ildiazolyl, indazolyl, furans, 
. . 

pyrroles, imidazoles, pyrazoles, triazoles, pyrimidines, pyrazines, thiazoles, 

isoxazoles, isothiazoles, tetrazoles, ·or oxadiazoles) and heteromyl ring systems in 

which a carbocyclic aromatic ring, carbocyclic non-aromatic ring or heteroaryl ring 

5 is fused to one or more otherheteroaryl rings (e.g., benzo(b)tbienyl, benzimidazole, 

indole, tetrahydroindole, azaindole, indazole~ quinoline, imidazopyridine, purine, 

pyrrolo[2,3-d]pyrim.idine, pyrazolo[3,4-d]pyrimidine) and their N-oxides. 

An aralkyl group, as used ,herein, is an aromatic substituent that is linked to a 

compound by an aliphatic group having from one to about six carbon atoms. 

10 An heteroaralkyl group, as used herein, is a heteroaromatic substituent that is 

linked to a compound by an aliphatic group having from one to about six carbon 

atoms. 

A.heterocycloalkyl group, as used herein, is a non-aromatic ring system that 

has 3 to 8 atoms and includes at least one heteroatom., such as nitrogen, oxygen, or 

15 sulfur. 

An acyl group, as Used herein, is an-C(O)NRJU, -C(O)O~ -C(O)Rx, in 

which Rx and~ are each, independently, -H, a substituted or unsubstituted aliphatic 

group or a substituted or unsubstituted aromatic group. 

As used herein, aliphatic groups include straight chained, branched or cyclic 

20 C1-C8 hydrocarbons which are completely saturated or which contain one or more 

units of unsaturation. A "fower alkyl group" is a saturated aliphatic group having 

form 1-6 carbon atoms. 

Compounds of formula I may exist as salts with pharmaceutically acceptable 

acids. The present invention includes such salts. Examples of such salts include 

25 hydrochlorides, hydrobromides, sulfates, metban.esulfonates, nitrates, maleates, 

acetates, citrates, fumarates,. tartrates [ eg ( + )-tartrates, (-)-tartrates or mixtures 

thereof including racemic mixtures], succinates, benzoates and salts with amino 

acids such as glutamic acid. These salts may be prepared by methods known to 

those skilled in the art. 

30 Certain compounds of fonnula I which have acidic substituents may exist as 

salts with phannaceutically acceptable bases. The present invention includes such 
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.. 
salts. Example of amch salts ~elude sodium salts, p9tassiwn salts, lysine salts and 

arginine salts. n¢s~ salts may b~:prep~d by Meth~ds known to those skilled in the 
'I:·• : ' l .: ' '.-'.:•:, 

~. ' ·:· 
': .. 

Certain cotjipounds of f~ul!'- I and their slJ.ts may exist in more than one 
!. . . ~ ~ :. ·: : . . . 

s crystal form and the present invention includes each .Crystal form and mixtures 
thereof. .. , :,: . : ' 

Certain coihpo~ds of f~ula I and their ~tS may also exist in the form of 
.. . .. .. .; 

solvates, for ex~ple hydrates, mid the present invention includes each solvate and 
mixtures thereof. > ' ,' , . . . \' . 

10 Certain co~oWlds of f~wa I may c0ntaiP one or more chiral centres, and 

15 

20 

........ 
exist in different :optically active forms. When compounds of for.mula I contain one 

·. :·· ·.. i :_.. 

chiral centre, the C?J1lpounds ~in two enantiom~c forms and the present 

invention include~'both enantio~·and ~ ~ Cn.antiomers, such as racemic 
.. . . . . . . ~ .. 

mixtures. The eilllntiqui~s may~~ ~olved py me~ods known to those skilled in 

the art, fm: exampl~ by formatio~ ~fdiastereoisom~c salts which may be separated, 
. . . . - ~ .: . . . . . . i' . . ;, : ·.'. . 

for example, by crjrstallization; formation of diast~isomeric derivatives or 
. . .·' ~ . ~ . 

complexes which may be separated, for example, by ciystailization, gas-liquid or 
' :' :: . ~ .· .. . 

liquid chromatopPhy; selectiv~ r~tion of one ~tiomer with an enantiomer- . 

. specific reagen~. :fcir .example enzYiliatic ~t~cati~n; or gas-liquid or liquid 
··; .. 

chromatography in a cbir~ enviroi,llnent, for example on. a chiral support for 

example silica ~Ith a bound chi~ Jig~d cir in the presence of a chiral solvent. It 
.. '.·· .·; . 

will be appreciatett that where the 'deSired enantiomer is converted into another 
I • :, • •• 

chemical entity by' one of the sqj~tion prcicedmes described above, a further step is 

required to liberate the desired en~tiomeric form. \i\..Iteriiatively, specific 

25 enantiom~rs may be.synthesized by asymmc:tric synthesis using optically active 

reagents, substrates, catalysts o~ ~lv~ts, or by con~erting one enantiom~ into the 

other by asymme#ic transformation. · · · · 

When a c0mp~und of fo~ula I contains more than one chiral centre it may 

exist in diastereoisomeric forms ... The diastereoisomeric pairs may be separated by 

30 methods knoWn tt) those skilled in the art, for ex8ttip1e chromatography or 

crystallization an~ the individu~ erum.tiomers withln. ~ach pair may be separated as 
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.JS' 
descnl>ed above. ~present inventiq~cludes each __ ~~tereoisomer of 
compounds of formutaI and mixtures thereo£ .· · · · 

Certain compounds of formula I may exist in different tautomeric forms or as 
different geometric isomers, and the present invention includes each tautomer ancVor 

S geometric isomer of compounds of fonnula I and mixtures thereof. 

Certain compounds of formula I may exist in different stable conformational 

forms which may be separable. Torsional ~etry due to restricted rotation about 
an asymmetric single bond, for example because of steric hindrance or ring strai~ 

may permit separation of different conformers. The present invention includes each 
10 conformational isomer of compounds of formula land mixtures thereof. 

15 

Certain compounds of formula I may exist in zwitterionic form and the 
present invention includes each zWitterionic form of compounds of fonnula I and .. 
mixtures thereof. 

A preferred group of compounds of the present invention are: 

Cis-5-( 4-phenoxyphenyl)-7-(4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine 

Trans-S-( 4-phenoxyphenyl)-7-( 4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo[2,3-
20 d]pyrimidin-4-ylamine 

Cis-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-1-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine hydrochloride 

25 Trans-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-1-yl)-7H-pyrrolo[43-

d]pyrimidin-4-ylamine 

30 

Trans-7-(4-dimethylaminocyclohexyl)-S-( 4-phenoxyphenyl)-7H-pyrrolo 
[2,3-d]pyrimidin-4-ylamine 

Cis-7-(4-dimethylaminocyclohexyl)'."5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamine 
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3h 

5-(4-phenoxyphcnyl)-7-( 4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

dihydrochloride 

S 5-(4-phenoxyphenyl)-7-(3-pyrroli~yl) -7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

dihydrochloride 

10 

CLr-7-(4-(4-isopropylpipetazino)cycJohexyl]-S-( 4-phc:moxyphenyl)-7 H-pym>lo[2,3-
. . . ' ' ' ·. . 

d]pyrimidin-4-atnine . 

Trans-1-[ 4-(4-iso:p~pylpiperazino)9~Iohexyl]-S-(+phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine · 

Cis-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl}-S-( 4-phenoxyphenyl)-7H-

1S pyrrolo[2,3-d]pyrimidin-4-amine · 

Trans-7-{4-[4-{2-methoxyethyl)pipenlzino]cyclohexyl}-S'-(4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidin4-amine ·. · 

20 Cjs-7-[-4-( 4-ethylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-pyrrolo[2,3-

d]pyrimidin-4-amine. 

25 

trans-1-[ 4-( 4-ethylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine 

Cis-7-[ 4-{ 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-p~lo[2,3-

d]pyrimidin-4-amine tris maleate 

Trans-1-[ 4-( 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-

30 pyrrolo[2,3-d]pyrimidin-4-amine tris maleate 
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Cis-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexy1}~5-(4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine tris maleate 

S Trans-1-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl}-S-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-dJpyrimidin-4-amine tris maleate 

10 

. Cis-7-(4-{[3-(lH-1-imidazolyl)propyl]amino }cyclohexyl)-5-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-dJpyrimidin-4-amine trimaleate salt 

1Tans-1-( 4-{[3-(lH-1-imidazolyl)propyl]amino }cyclohexyl)-5-( 4-phenoxyphenyl)-

7 H-pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt 

Cis-7-[4-( dimethylamino )cyclohexyl]-5-( 4-phenoxyphenyl)-7H-pyrro~o[2,3-

15 dJpyrimidin-4-amine dimaleate salt 

1Tans-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine dimaleate salt · 

20 Trans-S-( 4-phenoxyphenyl)-7-( 4-tetrahydro-1H-1-pyrrolylcyclohexyl)-7H­

pyrrolo[2,3-d]pyrimidin-+amine dimaleate salt 

25 

Cis-5-( 4-phenox}'phenyl)-7-( 4-piperazinocyclohexyl)-7 H-pyrrolo[2,3-d]pyrimidin-

4-amine trimaleate salt 

Trans-5-( 4-phenoxyphenyl)-7-( 4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt 

7-[3-( 4-methylpiperazfuo )cyclopentyl]-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

30 dJpyrimidin-4-amine tri-maleate 



I 
.! 
j .· 

J 
! 
i. . 

W000/17203 PCl'/US99/21560 

-38-

Trans-7-[3-('4-mc:tlJ.ylpiperazino )cyclohexyl)-5-( 4-p~enoxyphenyl)-7H-pyrrolo[2.3-

d]pyrimidin-4-amine 

Trans-7-13-(4-metb}'lpiperazino )qyclohexyl]-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

5 d]pyrimidin-4-amine tri-maleate ... 

trans-7.;.[3-( 4-:methylpiperazino)crciobexyl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine tri-hy~Oride . 

10 cis-1 -[3-( 4-methylpiperazjno )cyc~9hexyl]-S-( 4-phenoxyphenyl)-7H-pyrrolo[2.3-

d]pyrimidin-4-amine tri-m.aleate ~t 

cis-1 ·{3-(4-methylpjperazino )cyclohexyl]-5-( 4-p~xyphenyl)-7H-pyrrolo[2,3-
. '• :·. ' ·, ·. . . 

d]pyrimidin-4-amine tri-hydrochloride 

15 

Trons~S-(2-methyl-4phenoxyphen.yl)-7-[4-( 4:-methylpiperazino )cyclohexyl]-7H-
. . ·. . . . . . . . ... . :· ., . . . .. ~ . .. :. . . 

pyrrolo[2,3-d)pyrimidin-4-amine trimaleate 

Cis-: benzyl N-:( +J 4-amino-7-[ ~(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

20 d]pyrimidin-5-yl} 2-metho~yphenyl)carbamate tri-D181eate 

Trans- benzyl N~( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cycloh,exyl]-: 7H­

pyrrolo[2.3-d]pyrimidin-S-yl}-2-methoxyphenyl)carbamate tri-maleate 

25 Trans-Nl-( 4-{ 4-amino-7~[ 4-(4-)ll!3iliylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-methoxyphe11yl)benzamide 

30 

Trans-Nl-(4-{4-amino-7-[4-(4-m~ylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-methoxyphenyl)benzamide tri-:maleate 

Cis-Nl-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2.3-
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d]pyrimidin-5-yl}-2-methoxyphenyl)-3-phenylpropanamide 

Trans- Nl-{ 4-{ 4-amino;. 7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-methoxyphenyl)-3-phenylpropanamide 

cis- Nl-( 4-4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide trimaleate salt 

trans-Nl-(4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

l O d]pyrimidin-S-yl-2-methoxypbenyl)-3-phenylpropanamide tri-maleate 

cis-2-{4-4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-ylphenoxy)-6-[(3-methoxypropyl)amino ]benzonitrile tri-maleate_ _ 

15 trans-2-( 4-4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-ylphenoxy)-6-((3-methoxypropyl)amino ]benzonitrile tri-maleate 

20 

cis-2-amino-6-( 4-4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7 H-pyrrolo[~3-

d]pyrimidin-S-ylphenoxy)benzonitrile ·tri-maleate 

trans-2-amino-6-(4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-ylphenoxy)benzonitrile tri-maleate 

cis~2-( 4-4-amino-7-( 4-( 4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

25 d]pyrimidin-5-ylphenoxy)-6-[(4-methylphenyl)sulfanyl]benzonitrile tri-maleate 

trans-2-( 4-4-amino-7-( 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3._ 

d]pyrimidin-S-ylphenoxy)-6-[(4-methylphenyl)sulfanyl]benzonitrile tri-maleate 

30 cis-2-( 4-4-amino-7-[ 4-( 4-methylpii>erazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-ylphenoxy)-6-(2-pyridylsulfanyl)benzonitrile tri-maleate 
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trana-2-(4-4-amino-7-.[4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-ylphenoxy)-6-(2-p~dylsulfanyl)benzonitrile tri-maleate 

S cis-5-(2-methyl-4-ph~xyphenyl)-7-[ 4-(4-methylpiperazino)cyclohexyl]-7H­

pyrrolo[2,3-dh>Yr:im.din-4-at:nine ttj.-maleate 

10 

trans-5-(2-methyl~4-phenoxyphen~l)-7-[ 4-( 4-mdhylpiperazino )cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidin-4-amine tfi,.JD.aleate 

cis-Nl-( 4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexylJ-7H-pym>lo[2,3-
. . ~ ,·· 

d]pyrimidin-S-yl}-2-fluorophenyl)-.4.fluoro-1-benzenesuJfonamide tri-maleate 
·.·. . ··r·· . .': ·. 

. ·. . . 

trans-Nl-( 4-{4-~C?~ 7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pym)lo[2,3-

1S d]pyrimidiri~S-yl}~l~fluorophenyt}~~titioro-t:.b~sulfonamide tri-m&leate 

Nl-4-( 4-~o.;. 7.-(1-benzyl-4-piperjdyl),.7lf-.pyrrolo[2,3-d]pyrimidin-5-yl]-2- · 

fluorophenyl-4-fluoro-1-benzene~:ulfonamide 

20 Nl-4-[4-amino-7.,.(t .. benzyl-4-pip¢dyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-2-

25 

.:,,·= .. 

.fluorophenyl-2,3-.dichloro-1-benzenesulfonamide 

Nl-4-[4-amino-7-(4-piperidyl)-7li;_pyrrolo[2,3-d]pyrimidin-.5-yl]-2-fluorophenyl-4-. ;,· ..• . . 

fluoro-1-henzenesulfonamide :. ~ 

Nl-4-[4-amino-7 :-(1-fonnyl-4-piperidyl)-7H-pym>fo[2,3-d]p~idin-5-yl]-2-

fluorophenyl-4-fluoro-1-benzenes~fonamide · 

Nl-[4-( 4-amino-7-1-[( l-methyl-·IH~4-imidazolyl)~fonyl]-4-pip'?ridyl~7H-
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pyrrolo[2,3-d]pyrimidin-S-yl)-2-fluorop'.tienyl]-4-fluoro:::l.:benzenesulfonamide 

dimaleate 

Nl-[4-( 4-amino-7-1-[(l,2-dimethyl-1H-4-imidazolyl)sulfonyl]-4-piperidyl-7H-

5 pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-tluoro-1-benzenesulfonamide 

NI-[ 4-( 4-amino-7-l-[(l,3-dimethyl-lH:..s-pyrazolyl)carbonyl]-4-piperidy1-7H­

pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-tluoro-1-benzenesu.Ifonamide 

10 Nl-( 4-{ 4-amino-7-[1-(2-pyridylcarbonyl)-4-piperidyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-4-tluoro-1-benzenesulfonamide 

15 

Nl-4-( 4-amino-7-{4-[1-(l-methylpiperid-4-yl)piperidyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl} )-2-fluorophenyl-4-:tluoro-l-benzenesulfonamide tri-maleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin'"-S-yl}-2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide 

trimaleate 

trans-N-1-(4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrol0[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide 

benzenesulfonamide trimaleate 

trans-N-1-( 4-{4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-fluorophenyl)-2-chloro-4-tluoro-1-benzenesulfonamide 

benzenesulfonamide trimaleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,3-dichloro-l-benzenesulfonamide trimaleate 
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cis-N-1-(4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl}-2-fluorophenyl)-2-chloro-4-tluoro-1-benzenesulfonamide trimaleate 

cis-N-1-(4-4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl-2-tluorophenyl}·2,S-difl~ l-benzenesulfonamide trimaleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,6-difluoro-1-benzenesulfona.lnide trimaleate 

trans- N-4-( 4-{4-amino-7-(4-(4-methylpiperazino )cyclohexylJ-7H-pyrrolo(2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)~2. 1,3-benzothiadiazole-4-sulfonamide trimaleate 

trans-N-1-(4-{4-amino-7•[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl }-2".'.tluorophenyl)-2,3,4-tritluoro-l-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino• 7-(4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-2-nitro-l-benzenesu1fonamide trimaleate 

cis-N-1-( 4-{4-amino~ 7-[4-( 4:-me$y~piperazino )cyclohexyl] .. 7H-pyrrolo[2,3-d]pyrimidin­

S-yl}".'2-fluorophenyl)-2-fluoro-1 ".'benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin- · 

5-yl}-2-fluorophenyl)-2,4,6-trichloro-l-benzenesulfonamide trimaleate 

cis-N-1-( 4-{ ~amino~7-[4-( 4-metbylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-2,6-dichloro-l-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-2-chloro-l-benZenesulfonamide trimaleate 
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cis-N-1-( 4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2.3-d]pyrimidin-

5-yl}-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dimaleate 

cis-N-1-(4-{4-amino-7-[ 4-(4-methylpipcrazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-S-chloro-2-tbiophenesulfonamide dimaleate 

cis-N-1-(4-{4-amino-7-[4-(4-metb.ylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-4-bromo-2,6-difluoro-1-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-metbylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl }-2-fluorophenyl)-3-chloro-4-fluoro-1-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino-7-[ 4-( 4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl}-2-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrim.idin­

S-yl }-2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclob.eXyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl}-2-fluo~henyl)-2,3-dicbloro-1-benzenesulfonamide trimaleate 

cis-N-1-( 4-{ 4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl }-2-fluorophenyl)-2-cbloro-6-methyl-1-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-( 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2.3-d]pyrimidin­

S-yl}-2-.tluorophenyl)-2-chloro-4-cyano-l-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
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5-yl}-2-fluorophenyl)-2,3,4-trifluoro-l-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[ 4-(4-metJirlpiperazino )cyclohexylJ-7H-pyrrolo[2,3-d]pyrimidin­

S-yl }-2-fluorophenyl)-3,4-difiuo~ t-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino-7-[4-(4-m~lpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl}-2-fluorophenyl)-4-bromo-2 ... fluom-1-benzen~ulfonamide trimaleate 

cis-N-1-( 4-{4-amino,.. 7-[ 4-(4-methylpiperazino )cyclohexylJ-7H-pyrrolo[2,3-d]pyrimidin-

5".'yl }-2-tluoroph~yl)-5-bromo-2-tbiophen.esulfona.nllde trimaleate 

cis-N-1-(4-{4-amino-7-[ 4-( 4-methy~piperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl}-2-fluorophenyl)-2,4-dicbloro-1-benzen~onamide trimaleate 
. ·. . ··.· ... <. ' . . 

cis-N-1-(4-{4-autjno". 7".'[4-(4-m~ylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin- . 

S-yl}-2-.fluoropheI).yl)'."2,3A-trichlo~o-1-benz~fo~de trimaleate 
: . . ·, .. ·· ... .· .:... ·.· . :'' ,. : 

. cis-N-1-( 4-{4-~o-7-:(4-(4-methy~piperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
;· 

S-yl}-2-fluoropbeny1}·3~bromo~S~chloro-2:tbiophenesulfonamide trimaleate 

cis- N-4-( 4-{ 4-amino-7-[ 4{4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluoropheny~~-~· 1,3-benzothiadiazole-4-sulfonamide trimaleate 

. . 

cis- N-4-(4-{ 4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-fluorophenyl)-2,l,3-benzoxadiazole-4-sulfonamide trimaleate . . . 

cis-N-1-(4-{4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl }-2-fluorophenyl)-2,5-dichloro-1-thiophenesulfonamide trimaleate 
. ' . . . . ( . 

cis- N-4-{ 4-{4-amino-7-( 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-fluorophenyl)-(7-chloro-2, l ,3,..benzoxadiazole)-4-sulfonamide . ,· . . 
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·trimaleate 

cis-N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pytrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(7-metbyl-2,l,3-benzothiadiazole)-4-sulfonamide 

trimaleate 

cis- N-4-(4-{4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

. d]pyrimidin-5-yl}-2-fluorophenyl}(S-methyl-2,1,3-benzothiadiazole)-4-sulfonamide 

trimaleate 

cis- N-4-(4-{4-amino-7-[ 4-(4-metbylpipcrazino)cyclohexyl]-7H-pyrrolo[2;3-

d]pyrimidin-S-yl}-2-fluorophenyl)-(5-chloro-2,1,3-benzothiadiazole)-4-sulfonamide 

trimaleate 

cis-N-1-(4-{4-amino-7"'.[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-tluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino-7-[4-( 4-methylpiperazino )cyc10hexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-2-bromo-l-benzenesulfonamide trimaleate 

cis-N-1-(4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fiuorophenyl)-2,S-<llbromo-3,6-ditluoro-l-benz.enesulfonamide trimaleate 

cis-N-1-(4-{ 4-amin.o-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H•pyrrolo[2,3-d]pyrimidin-

5-yl}-2-fluorophenyl)-2.3-dichloro-l-benzenesulfonamide trimaleate 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin­

S-yl }-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide trimaleate 

trans-N_.1-(4-{4-amino-7-[ 4-( 4-methylpiperaziiio)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2-nitro-l-benzenesulfonamide trimaleate 
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trans-N-1-(4-{4-~ 7-[4-(4-m¢thylpiperazino )cyc1ohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-+-fluorophenyl)-2~fluoro-1-benzenesulfonamide trimaleate 

trans-N-1-(4-{4-~ 7-( 4-( 4-m~ylpiperazino )cyc1ohexyl]-7H-pyrrolo[2,3-
. . ' . . . 

d]pyrimidin-S-yl}-2,-fluorophenyl)~~,4,6-trichloro-l-benzenesulfonam.ide trimaleate 

trans-N-1-( 4-{4-aii#no-7-(4-(4-metJ:iylpf.perazino )~lohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}.;~.,fJuorophenyl)~2,6-dichloro-I-b~enesulfonamide trilnaleate 

tralls-N-l-(4-{4-$mo-7•[4-(4-metJiylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yll-~-fluoropheny1)~2-~oro-1-b~sulfonamide trimaleate 
: ; 

·trans-N-1-(4-{4-~-7 .. [+(4-m~ylpiperazino)cy~lohexyl]-7H-pyaolo[2,3-

d]pyrimidin-5-yl}-~-flW)rophenyl}. 3-fluoro-1 ~benzenesulfonamide dQ:naleate 
' . 

' . 
trans-N-1-(4-{4-~o-7•[4-(4-me~ylpiperazino )cy~lohexyl]-7H-pyrrolo[2,3- · 

d]pyrimi<Jjn .. S-yl}.,.2-fluoropheny1}4-bromo-2,S-ditluc;>ro-1-benzenesulfonamide 
. ' ! . . . 

trimaleate 

trans-N-1-( 4-{4-~-7-[4-(4-methylpiperazino)cy~ohexyl]-7H-pyrrolo[2,3-. . . . . 
. . 

d]pyrimidin-S-yl}-2-Jluoropbenyl).;3-chloro-4-fluoro-l-benzenesulfonamide trimaleate 

trans-N-1-(4-{4-anrlno-7•[4-( 4-mcilliyipiperazino)c:fctohexyI]-7H-pyrrolo[2,3-
: . ~. . . 

d]pyrimidin-5--yl}-¥-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate 

trans-N-1-(4-{4-~o-7-[4-(4-me~y1piperazino)~clohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluoropheny1}·2~-dichloro-1-benzenesulfonamide triIIJ.aleate 

trans-N-1-( 4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-~uorophenyp-2-9hloro-6-methyl~ 1-benzenesul(onamide trimaleate 

trans-N-1-( 4-{ 4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
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d]pyrimidin-S-yl}-2]fruorophenyl)-2~lboro-4-cyan0-:li~enzenesulfonamide trimaleate 

trans-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo(2,3-

d)pyrimidin-5-yl}-2-fluorophenyl}3,4-difluoro-1-benzenesulfonamide trimaleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-fluorophenyl}4-bromo-2.,.fluoro-1-benzenesulfonamide trimaleate 

trans-N-t .;( 4-{4-amino-7-( 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimiclin-S-yl}-2-tluorophenyl}2,4-dichloro-1-benzenesulfonamide trimaleate ·. 

trans-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-.tluorophenyl)-2,3,4-trichloro-l-benzenesulfonamide trimaleate 

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl}-3-bromo-5-chloro-2-tbiophenesulfonamide trinialeate · 

trans- N-4-( 4-{4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,1,3-benzoxadiazole-4-sulfonamide trimaleate 

trans-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,5-dichloro-1-tbiophenesulfonamide trimaleate 

trans- N-4-( 4-{ 4-amino-7-[4-( 4-methylpiperazino)cyclohexyl]-7H-pyrrolo[i,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(7-chloro-2, 1,3-bCJJZoxadiazole )-4-sulfonamide 

trimaleate 

trans- N-4-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-. . 
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d]pyrimidin-S-yl}-2-tJ,l1orophenyl)-(7'."methyl-2;1,3-beilzothiadiazole)-4-sulfonamide 

trimaleate 

trans- N-4-( 4-{4-amino-7.,;[4-( 4-me.thylpiperazfuo)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl}(5-methyl-2,l,3-benzothiadiazole)-4-sulfonamide 

trimaleate 

trans- N-4-(4-{4-amino-7-[4-(4-m~ylpiperazino)cyclo~l]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl}:{5-chloro-2,l,3-b~thiadiazole)-4-sulfonamide 

trimaleate 

tral'ls-N-1-( 4-{4-amino~ 7-[4-( 4-metbylpiperazino )cyc}ohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide trimaleate· 

· tnuis-N-1-(4-{4-ainino.;. 7-[ 4-( 4-methylpiperazino )cytlohexyl]-7H~pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fl~henyl)-2'."bromo-1-b~esulfonamide triinaleate 

. trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3'." 
.. ·. ... .. . ;;:_ :· . : ... : : 

d]pyrimidin-5-yl}-2-fluorophenyl)-2,5-dibromo-3,6-difluoro-1-benzenesulfonamide 

trimaleate 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-niethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-:tluorophenyl}·· c2:.nitrophenyl)methanesulfonamide trimaleate 

The com1>ounds of this invention have antiangiogenic properties. ·These 

· antiangiogenic properties are due at least in part to the inhibition of protein tyrosin~ 

kinases essential for angiogenic processes. For this reason, these compoun~ can be 

5 used as active agents against such disease states as arthritis, atherosclerosis, 

restenosis, psoriaSis, hemangiomas, Jilyocardial angiogeliesis, coronary and cerebral 

collaterals, ischemic limb angiogenesis, ischemia/reperfusion injury, wotind healing, 

peptic ulcer Helicobacter related diseases, virally-induced angiogenic disorders, 

fractures, Crow-FUkase .Syndrome (POEMS)~ pre~lampsia, · menometrorrhagia, cat 
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scratch fever, robeosis, neovascular glaucoma and retiil0patbies such as those 

associated with diabetic retinopathy, retinopathy ofpreniaturity, or age-related 

macular degenerati~ In additi~ some of these compounds can be used as active 

agents against solid tumors, malignant ascites, von Hippel Lindau disease, 

5 hematopoietic cancers and hyperproliferative disorders such as thyroid hyperplasia 

(especially Grave1s disease), and cysts (such as hypervascularity of ovarian stroma 

characteristic of polycystic ovarian syndrome (Stein-Leventhal syndrome) and 
. j . 

polycystic kidney disease since such diseases require a proliferation of blood vessel 

cells for growth and/or metastasis. 

10 Further, some of these compounds can be used as active agents against bums, 

chronic lung disease, stroke, polyps, anaphylaxis, chronic and allergic inflammatio~ 

delayed-type hypersensitivity, ovarian hyperstimulation syndrome, biain tum.or-. 

associated cerebral edema, high-altitude, 1rauma or hypoxia induced cerebral or 

pulmonary edema, ocular and macular edema, ascites, glomerulonephritis and other 

15 diseases where vascular hyperpermeability, effitsions, exudates, protein 

extravasation, or edema is a manifestation of the disease. The conipounds will also 

be useful in treating disorders in which protein extravasation leads to the depOsition 

of fibrin and extracellular matrix, promoting stromal proliferation (e.g. keloid, 

fibrosis, cirrhosis and carpal tunnel syndrome). Increased VEGF production 

20 potentiates inflammatory processes slich as monocyte recruitment and activation. 
. . 

The compounds of this invention will also be useful in treating inflammatory 

disorders such as inflammatory bowel disease (IBD) and Crobn1s disease. 

VEGF's are unique in that they are the only angiogenic growth factors known 

to contribute to vascular hyperpermeability and the formation of edema. Indeed, 

25 vascular hyperpenneability and edema that is associated with the expression or 

administration of many other growth factors appears to be mediated via VE~F 

production. Inflammatory cytokines Stimulate VEGF production. Hypoxia results in 

a marked upregulation of VEGF in nUm.erous tissues, hence situations involving 

infarct, occlusion, ischemia, anemia, 0r circulatory impairment typically invoke 

30 VEGFNPF mediated responses. Vascular hyperpenneability, associated edema, 

altered transendothelial exchange and macromolecular extravasation, which is often 
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accompanied by diapedesis, Ci\D. ~ult ~ excessive matrix deposition, aberrant 
.· ' . ···'.. :·:: . . . 

stromal proliferation, :fibrosis, etc. Hence, VEGF-metjiated hyperpermeability can . . . . t. ... . · .. 

significantly contribute to disord~ with these etiologic features. 

Because blastocyst implan~qn, placental developnlent and embryogenesis 
..•• : = : . • ::· •. r· ~: . ' . . . . . 

S are angiogenesis depc;nden~ ~ 9011lpounds of th~ ~vention areuseful as 
. ·: . ,, , ... :··.. ; 

contraceptive agents ~d antifertili1j agents. 
: . ... ~~~ 7 . ! :- • 

It is envisag~dthat the disol'.ders listed above are mediated to a significant 
.. . , .... · .. .· -;:··:.·:·· ": : . : . 

extent by protein tyrosine kinase a<#vity involving the KDRNEGFR-2 and/or the 

Flt-lNEGFR-1 ~orTIE-2 tyro~~~kinases. By.inhjbitingthe activity of these 

10 tyrosine kinases, the progression of ~e listed disorders is inhibited because the 
- . . .- . . :: .. ~': ;"": .... ' . . ~- ·' .. 

. . angiogenic or vasc1*u' hyperpermeability component of the <&ease state is severely 

. . . . . ; : . . . ·. . . "!:;.;: ~. ··~. . ' . : :" . . ' 

curtailed. The action of certain coJJipounds of this invention, by their selectivity for 
. ···;; .. . 

' specific tyrosine kinases, result in a ininimization of side effects that would occur if 
' • ·. . .. ·... . . ·,_... .'··! . . . 

less selective tyrosu.ie· kinase inh,ib~tors.were used. ·ce,rtalli compounds. of the . . : ·.·: · ... · : .. ·.:: . : ···:. . · . .-,; .. ~ ·.:. ::-" , . ."· .· . : <.' : . . .. 
15 invention are also effective inhibitQrs ofFGFR, PDGFR, c-Met and IGF-1-R. These 

. . ... : . . . . ; : : ~· :. . . : \ : : .. 

. receptor 1dnases can directly~ indiiectly potentjate angiogenic and 

.· h~erprolifeJative r~<JDSe~: fu varl~; dis~rd~, heh~ their inhibition can impede 
disease pro~ssi~ ·. . . ·.· ·:. : ::, '''· ,, . . ·" . '· . 

The comp9unds of this in~~tion have inhibitory activity against protein 

20 . . kinases. That.is, ~e~e comp0~~ ~()dulate si~ tr~duction by protein Ichiases. 
. . . . ···.· . ··!":\ .. ~ .. . . . . . 

Compounds of this invention inhibii protein kinases from serine/threonine and 
• . . : \ .. ·"<. •.. 

tyrosine kinase classes. In particUiar, ;these compounds selectively inhibit the 

activity of the KDRIFLK-lNEG~~i tyrosine kinases. certain compounds of this 
. . .... · ~;· . . . 

invention also inhibit the activity of additional tyrosine kinases such as Flt-
. . . . . ~- . ·~ . . . . 

25 lNEGFR-1, Tie-Z. FGFR, PDG~ IGF~l~ c-M&, Src~subfamily kinases such as 
·,: .. 

Lek, Src, fyn, yes, etc. Additionally, some compounds of this invention 

significantly inhibit serine/thfeoufu~·~nases such as PKC, MAP kinases, etk, CDKs, 
.. . . ,. . . 

Plk-1, or Raf-I whi~h play an ess~tial role in cell proliferation and cell-cycle 

progression. The potency and specificity of the gen~c compounds of this invention 

30 towards a particular protein~~ :c~ often be al~ and optimized by variations 

in the nature, number and arrang~ent of the substituents (i.e., R1, Rz, R.,, A and ring 
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..rt 
1) and conformationat,.r,estrictions. In ~~tion the me~e~~es of certain compounds 

may also possess significant protein kinase inhibitory 8'Ctlvity. 

The compounds of this invention, when administered to individuals in need 

of such compounds, inhibit vascular hyperpermeability and the formation of edema 

S in these individuals. These compounds act, it is believed, by inhibiting the activity 

ofKDR tyrosine kinase which is involved in the process of vascular 

hyperpenneability and edema formation. The KDR tyrosine kinase may also be 

referred to as FLK.-1 tyrosine kinase, NYK tyrosine kinase or VEGFR-2 tyrosine 

kinase. KDR tyrosine kinase is activated when vascular endothelial cell growth· 

1 O factor (VEGF) or another activating ligand (such as VEGF-C, VEGF-D, VEGF-E or 

lilV Tat protein) binds to a KDR tyrosine kinase receptor which lies on the surface 

of vascular endothelial cells. Following such KDR tyrosine kinase activation, 

hyperpermeability of the blood vessels occurs and fluid moves from the blood 

stream past the blood vessel walls into the interstitial spaces, thereby forming an 

15 area of edema. Diapedesis aJso often accompanies this response. Similarly, 

excessive vascular hyperpermeability can dismpt normal molecular exchange across 

the endothelium in critical tissues and organs (e.g., lung and kidney), thereby 

causing macromolecular ex1ravasation and deposition. Following this acute 

response to KDR stimulation which is believed to facilitate the subsequent 

20 angiogenic process, prolonged KDR tyrosine kinase stimulation results in the 

proliferation and chemotaxis of vascular endothelial cells and formation of new 

vessels. By inhibiting KDR tyrosine kinase activity, either by blocking the 

production of the.activating ligand, by blocking the activating ligand binding to the 

KDR tyrosine kinase receptor, by preventing receptor dimerization and 

25 transphosphorylation, by inln'biting the enzyme activity of the KDR tyrosine kinase 

(inhibiting the phosphorylation function of the enzyme) or by some other 

mechanism that interrupts its downstream signaling (D. Mukhopedhyay et ~l .. 

Cancer Res. 58:1278-1284 (1998) and references therein), hyperpenneability, as 

well as associated extravasation, subsequent edema formation and matrix deposition, 

30 and angiogenic responses, may be inhibited and minimized. 

One group of preferred compounds of this invention have the property of 
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inhibiting KDR tyrosine kinase activio/ without significantly inhibiting Flt-1 
. . 

tyrosine kinase activity (Flt-I tyroSine kinase ~ also referred to as VEGFR-1 

tyrosine kinase). Both KDR tyrosine kinase and Flt-1 tyrosine kiriase are activated 

by VEGF binding to KDR tyrosine kinase receptors and to Flt~ 1 tyrosine kinase 
. -··· 

S receptors, respectively. Certain preferred compounds ofthis invention are unique 

because they inhtl>it the activity of~ VEGF-receptor tyrosine kinase (KDR) that is 

adivated by activating ligands but do ~ot irihibit other receptor tyrosine kinases, 

such as Flt-I, that are also activated by Certain activating ligands~ In this manner, 
r .. 

certain preferred compounds of this~vention are, therefore, selective in their 

10 tyrosine klliase :inlu'bitory activity. 

In one embodiment, the p~ent invention provides a method of treating a 

. proteirl kinase-mediated condition fu ~·patient, comprising acliminStering to the 

' . patient a therapeutically or prophyl~cally effective amount of one or more 

compounds of Formula l 

15 ··A ''protein kiiiaSe-mediated condition" is a medical Condition, such as a 

' ' disease or other undesirable physical conditi0n, 'the genesis or progression .of which 

dq>ends, at least·in part, on the acti~tY ·of at least one protein kinase. The protein 

kinase ·can be, for example; a l>rot~ tyr<>Sine kinase or a protein serine/threonine 

.·kinase; 

20 The patient to be ~ated can be any animal, and i~ preferably a mammal, 
. . . 

such as a domesticated aDhnal of a livestOck animal: More preferably, the patient is 

a human. 

A therapeutically effective IQllC>unt'' is an amount of a compound of Formula 

I or a combination of two or more sue~ compounds, which inhibits, totally or 
: . . . 

25 partially, the progression of the condition or alleviates~ at least partially, one or more 

symptoms of the condition. A therape~ciilly effective amount can also be an 

amount which is prophylactically effective. The amount which is therapeutically 

effective will depend Upon the patient's size and gender, the condition to be treated, 

the severity of the condition and the r~sult sought. :For a given patient, a 

30 therapeutically effective amount can be determined by methods known to those of 

skill in the art. · 
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The method of the present invention is useful in the treatment of protein 

kinase-mediated conditions, such as any of the conditions described. above. In one 

embodiment, the protein kinase-mediated condition is characterized by undesired 

angiogenesis, edema, or stroinaI deposition. For example, the condition Can be one 

S or more more ulcers, such as ulcers caused by bacterial or :fimgal infections, Mooren 

ulcers and ulcerative colitis .. The condition can also be due to .a microbial infection, 

such as Lyme disease, sepsis, septic shock or infections by Herpes simplex, Herpes 

Zoster, human imnumodeficincy ~; protozoa, toxoplasmosis or parapoxvh'us; an 

angiogenic disorders, such as von Hippel Lindau disease, polycystic kidney disease, 

10 pemphigoid, Paget1s disease and psoriasis; a reproductive condition, such as 

endometriosis. ovarian hyperstimulation syndrome, preeclampsia or 

menometrorrhagia; a fibrotic and edemic condition, such as sarcoidosis, fibrosis, 

cirrhosis. thyroiditis, hyperviscosity syndrome systemic, Osler-Weber-Rendu 

disease, chronic occlusive pulmonary disease, astbmll:o and edema following burns, 

15 trawna. radiation, stroke, hypoxia or ischemia; or an inflammatory/imm.unolo.gic .. 

condition, such as systemic lup~ chronic inflammation, glomerulonephritis, 

synovitis, inflammatory bowel disease, Crohn's disease~ rheumatoid arthritis, 

osteoarthritis, multiple sclerosis and graft rejection. Suitable protein kinase­

mediated conditions also include sickle cell anaemia, osteoporosis, osteopetrosis, 

· 20 tumor-induced hypercalCCl!J.ia and bone metastases. Additional protein kinase­

mediated conditions which can be treated by the method ofthe present invention· 

include ocular conditions such as ocular and macular edema, ocular neovascular 

disease, scleritis, radial keratotomy, uveitis, vitritis, myopia, optic pits, chronic 

retinal detachment, post-laser complications, conjunctivitis, Stargardt's disease and 

25 Eales disease, in addition to retinopathy and macular degeneration. 

The compounds of the present invention are also useful in the treatment of 

cardiovascular conditions such as atherosclerosis, restenosis, vascular occlusion and 

carotid obstructive disease. 

The compounds of the present invention are also useful in the treatment of 

30 cancer related indications such as solid tumors, sarcomas (especially Ewing's 

sarcoma and oSt:eosarcoma), retinoblastoma, rhabdomyosarcomas, neuroblastoma, 
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hematopoietic malignancies, inc1'1~ leukaemia and lymphoma, tmnor-induced 

pleural or pericardia! effusions, aaj m~gp.ant ascit~ 
. . ' . 

The compo\JD.ds of the~~· inyention are also useful in the treatment of 

Crow-Fukase (PO~S) syndrome ~4 diabetic con~tions such as glaucoma, . . . . . . . . 

S •_ diabetic retinopat}ly_andmic.-Q~gi.9.P~tllY· _ 

10 

15 

20 

The Src, Tee, Jak, Map,~ NF1CB and Syk families ofkinases play pivotal 

roles in the regula~on of immune :f.µnctio~ The Src · fu,mily cummtly includes Fyn, 
" . . ·:· .. 

Lek, Fgr, Fes, Lyn, Src, Yrk, Fyk, Yes, Hck, and Blk! The Sykfamily is currently 

understood to include only Zap and $Yk. The TEC family includes Tee, Btk, Rik and 
.. ; : . ~- . . . . . 

Itk. The Janus family of~ is Uiv()lv¢ in the transduction of growth :tactor and 

.. _ proinflammatory_~~okine sip.als ~up.a number.ofreceptors. Although BTK 

and lTK, memb~-of.the.Tee family ofkinas~ play a 1C$S well understood role in 

immunobiology, their modulation by an inhibitor may prove therapeutically 
. :. '. . . ·, . . 

beneficial. _The Csk ~ly~ ~tly unQ,erstood to include Csk and Cbk. The 

kinases RIP, m~ 1·, IRAK-2, ~ p:l8 -~ kinaS~, Jnk, IKK-1 and IKK-2 are 

. involved in the sip;u transduction .pat.llwm for key:J>ro-in:flammatory cytokines, 

. such as TNF and IL-l. -By virt;ue of their ability to inluoit one or more of these 
'.. :·.· ,. . 

kinases, compound& of form~a I may function as iinin~omodulatory agents useful 
. . . . 

for the maintenance qf allOgraft.s, 1he tr~"tment of a\ltoimmune disorders and 

treatment .of sepsis··and sep~c sho~. _ . '.Through their ab~lity to regulate the migration 

or activation ofT cell$; B-cells, mast c~lls, ~onocytes and neutropbils, these 

compounds could be used to treat ~~h, autoimm,une 'Cii~eases and sepsis. Prevention 

of transplant rejection, either host versus graft for solid organs or graft versus host 
. . . . ,. . . 

for bone marrow; 8(e limited by~- to~tjty.of curreiltly available 

25 immunosuppre8sive agents an.d.wpuldbene:tit from an-~fficacious drug with 
: . " . . . . . . : ·. 

improved therapeutic index. Gene, tarpg experiments have demonstrated the 

essential role of S~ in- the biology of osteoclasts, the: cells responsible for bone 

resorption. Compounds of formula I, through ~eir. ability to regulate Src, may also 

be useful in the tre!f,tment of osteoporosis, osteopetrqsis, Paget's disease, tumor-

30 induced hypercalcemia .and in the. ;µ-ea~ent of bone µietastases. 
. . ' 

A number ofpt,otein kinW!es nave been· dentq_nstrated to be protooncogenes. 
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Chromosom~ breqe (at.the ltk kirui.So'break point.~ltehromosome S), 

translocation. as in the case of the Ahl gene with BCR (Philadelphia chromosome), 
truncation in instances such as c-Kit or EGFR, or mutation (e.g., Met) result in the 
creation of dysregulated proteins converting them from protooncogene to oncogene 

S products. In other tumors, oncogenesis is driven by an autocrine or paracrine 
ligand/growth factor receptor interactions. Members of the src-family kinases are 
typically involved in downstream signal transduction thereby potentiating the 
oncogenesis and them.selves may become oncogenic by over-expression or mutation. 
By inlnoiting the protein kinase activity of these proteins the disease process may be 

10 disrupted. Vascular restenosis may involve FGF and/or PDGF - promoted smooth 
muscle and endothelial cell proliferation. The ligand stimulation of FGFR, PDGFR, 
IGFl-R and c-Met in vivo is proangiogenic, and potentiates angiogenesis dependent 
disorders. Inlu"bition ofFGFr, PDGFr, c-Me~ or IGFl-R kinase activities 
individually or in combination may be an efficacious strategy for inhibiting these 

15 phenomena. Thus compounds of formuia I which inhibit the kinase activity of 
normal or aberrant c-kit, c-met, c-ftns, src-family members, EGFr, eibB2, erbB4; 
BCR-Abl, PDGFr, FGFr, IGFl-R and other receptor or cytosolic tyrosine kinases 
may be of value in the treatment of benign and neoplastic proliferative diseases. 

In many pathological conditions (for example, solid primary tumors and 
20 metastases, Kaposi's sarco~ rhewnatoid arthritis, blindness due to inappropriate 

ocular neovascuiarization, psoriasis and atherosclerosis) disease progression is 
contingent upon persistent angiogenesis. ~olypeptide growth factors often produced 
by the disease-tissue or associated inflammatory cells, and their corresponding 
endothelial cell specific receptor tyrosine kinases (e.g., KDR/VEGFR-2, Flt-

25 lNEGFR-1, Tie-2/fek and Tie) are essential for the stimuiation of endothelial cell 
growth, migration, organization, differentiation and the establishment of the 

requisite new functional vascul~. As a result of the vascular permeability factor 
activity of VEGF in mediating vascular hyperpermeability, VEGF-stimulation of a 
VEGFR kinase is also believed to play an important role in the formation of tumor 

30 ascites, cerebral and pulmonary edc?ma, pleural and pericanlial effusions, delayed-
... ~. •' . ;,· ... ! 

type hypersensitivity reactions, tissue edema and organ dysfunction following 
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trauma, bums, ischemia, diabetic complicatioDS; endom.etriosis, adult respiratory 
. . 

distress syndrome (ARDS), pc;>st~9ard{oplllm0nary bypass-related hypotension and 

hyperpermeability-, ;and ocular.~ leading to glaucoma or blindness due to 

inappropriate neovasCularizatio:g:~ · ~ addition to VEGF, recently identified VEGF-C 

S and VEGF-D, and viia1Jy~encodecl VEGF-E or IDV-Tat protein can aJso cause a 

vascular hyperpmme8bility resp9ri8e through the stimulation of a VEGFR kinase. 
. . . . ·. 

KDRNEGFR-2 lllid/cirTio-2 ~ ~ssed also in a select population of 

hematopOietic Stem cells. Ce~1aiti."mein~ers of this population are pluripotent in 

nature and can be stimulated with growth factors to differentiate into endothelial 
' . . . . . 

10 · cells and partlclpate in vl1Sculog~~tic angiogenic ·processes. For this reason these 

have been called Endothelial Prt>~tor Cells (EPC~)(J. Clin. lrrvestig. 103 : 1231-

1236 (i999)). 'In smne.progemt(>rs, Tie-2 may play arole·in theirrecrilitment, 

adhesion, regulation and differenti&tion (Blood; 4317-4326 (1997)). Certain agents 

accordirig to f'otn.lula· I capable of bloc~g the ~e activity of endothelial cell 

·is· · ·specific· kinase& ~owd therefore ;}jhjbit ·disease·pi'C>gressfon involving these 

situations. ·· ·. ·;,. .. ·' :···· ! •. · : 
. ·-··· : 

Vascular destabilization of the-antagonist ligand of Tio-2 (Arig2) is believed 

to induce an unstable "plastic';· stii~e iri the endothelium. In the presence of high 
. . 

VEGF levels a·robust angiogeilicresponse mayreswt;•however, in the absence of 

· 20 · VEGF or a VEGF-related'~tl!\is; 'ftank veasel regression and endqthelial apoptosis 

can occur (Genes and Devel 13.: .1055-1066 (1999))• Jn an analogous manner a Tie-

2 kinase inlnoitor can be pioangf9genic or antiangiogenic in the presence or absence 

ofa VEGF-related stimulus, rek,.eetively. Hence, Tie-2 inhibitors can be employed 
. . . /.·· '· . . .. 

with appropriate ptoangiogeni~ stimuli, such as VEGFt to promote therapeutic 

25 angiogenesis in situations snch ·~ wound healing, infarct and ischemia. 
. . 

The compounds of foJ'illtilal or a salt thereof or pharmaceutical compositions 
. . . ' 

containing a therapeutically effe~tive amount thereof may be used in the treatment of 

protein kinas~n;lediated conditfons~·such as benign and neoplastic proliferative 

diseases and disorders of the immune syst~ as described above. For example, 

30 ~uch diseases include autoimriiune diseases, such aS themnatoid arthritis, thyroiditis, 

type 1 diabetes,·mwtiple sclerQsis, sarcoidosis, inflammatory bowel disease, Crohn's 
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disease, myasthenia gravis and systemic lupus erythematosus; psoriasis, organ 

transplant rejection (eg. kidney rejection, graft versus host disease)~ benign and 

neoplastic proliferative diseases, human cancers such as lung, breast, stomach, 

bladder, colon, pancreas, ovarian, prostate and rectal cancer and hematopoietic 

S malignancies (leukemia and lymphoma), and diseases involving inappropriate· 

vascularization for example diabetic retinopathy, retinopathy of prematurity, 

choroidal neovascularization due to age-related macular degeneration, and infantile 

hemangiomas in human beings. ID addition, such inhibitors may be useful in the 

treatment of disorders involving VEGF mediated edema, ascites~ effusions, and 

10 exudates, including for example macular edema, cerebral edema, acute lung inj~ 

and adult respiratory distress syndrome (ARDS). 

The compounds of the present invention may also be useful in the 

prophylaxis of the above diseases. 

It is envisaged that the disorders listed above are mediated to a significant 

15 extent by protein tyrosine kinase activity inwlving the VEGF receptors (e.g. KDR, . 

Flt-1 and/or Tie-2). By inhtoiting the activity of these receptor tyrosine kinases, the . 

progression of the listed disorders is inlu"bited because the angiogenic component of 

the disease state is severely curtailed. The action of the compounds of this 

invention, by their selectivity for specific tyrosine kinases, result in a minimization 

20 ·of side effects that would occur ifless selective tyrosine kinase inhibitors were used. 

In another aspect the present invention provides compounds of fonnula I as 

defined initially above for use as medicaments, particularly as inhibitors of protein 

kinase activity for example tyrosine kinase activity, serine kinase activity and 

threonine kinase activity. In yet another aspect the present invention provides the 

25 use of compounds of fonnula I as defined initially above in the manufacture of a 

medicament for use in the inhibition of protein kinase activity. 

In this invention, the following definitions are applicable: 

"Physiologically acceptable salts" refers to those salts which retain the 

biological effectiveness and properties of the free bases and which are obtained by 

30 reaction with inorganic acids such as hydrochloric acid, hydrobromic .acid, sulfuric 

acid, nitric acid, phosphoric acid or organic acids such as sulfonic acid, carbo;xylic 
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acid, organic phosphoric acid, meibanes~fonic acid, ~anesulfonic acid, p-

toluenesulfonic acid, salicylic acid, lactic acid, tartari~ acid and the like. 

"Alkyl" refers to a saturated ~p~tic hydrocarb~ including straight-chain 

and branched-chain groups having 1 ~o 6 c&rb<>ns or cyclic hydrocarbons having 3 to 

5 ·. 6 carbons. 

·"Alkoxy" refers to an "O~alkyl" group;. where "alkyl" is defined as described 

above. 

Phamaceutical Formulaticins 

10 . The com.pounds of this inventibn can be administered to a human patient by 

lS 

themselves or in :phmnaceutical compositions Wh~ they are mixed with suitable 

carriers or. excipien~s) at doses ~ 1re.at or ameliorate vascular hyperpermeability, 

edema and assoc~ated disorders. Mixtures.of these. compounds can also be 

administered to the patient as a siµipie mjxture or in suitable form~ted 

phannaceutical cqttq,ositions. A: ~apeuticalty· effeCtive dose further refers to that 

amount of the cmnpound:or comp0un.ds sufficient to result in the prevention or 

attelluation of0

inappriate·neoY.8scularization, ,progression of hyperproliferative 

disorders, edema, VEGF-aswci~t~ hypeipeinieability and/or VEGF-related 

hypotension. Techniques for fo~wation and administration of the compounds of 
. . 

20 the instant appliCation may _be found in "Remington's PhannaCeutical Sciences," 

Mack Publishing Co., Easton, PA, latest edition. 

Routes of Adlllinistration 

Suitable routes of administration may, for example, include oral, eyedrop, 

25 rectal, transmucosal, topical, or mtestinal administration; parenteral delivery, 

including intramuscular,· subcutaneous, iritramedullary injections, as well as 

intrathecal, direct intraventricuJ.ar, intravenous, intraperironeal, intranasal, or 

intraocular injeCtions. 

Alternatively, one may administer the compound in a local rather than a 

30 systemic manner, for exampl", v~a injection of the compound directly into an 

edematous site, often in a depot or sustained release formulation. 
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Furthennore, one may administer the dmg in a targeted dmg delivery sys~ 

for example, in a liposome coated with endothelial cell-specific antibody. 

Composition/Fonnulation 

S The pharmaceutical compositions of the present invention may be 

man.'ilfactured in a manner that is itself known, e.g., by means of conventional 

mixing, dissolving, granulating, dragee-making, levigating, emulsifyin~ 

encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present 

10 invention thus may be formulated in conventional manner using one or more. 

physiologically acceptable carriers comprising excipients and auxiliaries which 

facilitate processing of the active com.pounds into preparations which can be used 

pharmaceutically. Proper formulation is dependent upon the route of administration 

chosen. 

15 For injection, the agents of the invention may be formulated in aqueous 

solutions, preferably in physiologically compatible buffers such as Hanks's solution, 

Ringers solution, or physiological saline buffer. For transmucosal administration, 

penetrai:rts appropriate to the banier to be penneated are used in the formulation. 

Such penetrants are generally known in the art. 

20 For oral administrat:ion, the compounds can be formulated readily by 

combining the active compounds with pharmaceutically acceptable carriers well 

known in the art. Such carriers enable the compounds of the invention to be 

formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, shmies, 

suspensions and the like, for oral ingestion by a patient to be treated. 

25 Pharmaceutical preparations for oral use can be obtained by combining the active 

compound with a solid excipient, optionally grinding a resulting mixture~ and 

processing the mixture of granules, after adding suitable auxiliaries, if desired, to 

obtain tablets or dragee cores. Suitable excipients are, in particular, fillers such as 

sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such 

30 as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum 

tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 
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carboxymetb.ylcellulose~· and/or polyvinylpyrrolidone (PVP). If de~ 
. 

. 

disintegrating agents may be added, such as the cro~-linked polyvinyl pyrrolidone, 

agar, or alginic acid or a salt thereqf such as sodium alginate. 

Ora.gee cores are provided with suitable coatip.gs. For this pmpose, 

S coilCentrated SUF solutions may be used, which maY optionally contain gum arabic, 

talc, polyvinyl pyxrolidone, camopol gel, polyethylene glycol, and/or titanium 
. 

. 

·dioxide, lacquer solutions, and ~table organic solvents or solvent ~s . 

. . Dyestuffs or pigments·may be added to the tablets or: dragee coatings foi-
. 

. 

.. . 
. 

·.{ ·.··. identification or to. characterize di~erent combinations of active com.pound doses. 

;~ i_.· 

10 

15 

20 

PhamiacetitfoaJ preparatiollS which can b~ used orally include push-fit 

capsules made of gelatin, as well as soft, seated capsules m8de of gelatin and a 
. . ~ 

plas~cizer, such as glycerol or s0rbitoi. The push-tit capsules. can contain the active 

ingredients in admixture with ·filler such as lactose, binders such as starches, and/or 
• • • • • 

~ • • I 
• 

lubricants such a8 taic or magnesium stemate' and. optionally, stabiums: Jn s<>ft 

capsules, the active c0mpounds riiay be ~lved or suspellded in suitable liquids, 

·. . suclt as fatty oils, Uq~d paraffin,' ~ liquid polyethylene glycols. In addition,· · 

~ilizeis may be ~ed. All formulatiolJS for oral mtministration should be in 

dosages suitable for s~ch adminiskatlon. · 

For buccal administration, •the co~ositio~ may take the ·rorm of tablets or 

lozenges formulated in con~entioiia.l manner." 

For administration by inhalation, the compounds for use according to the 

present invention are conveniently delivered in the form of an aerosol spray 

presentation from pressurized packs or a nebuliser, with the use of a suitable 

propellant, e.g., dichloroclifluoromethane, trichlorof1uoromethane, 
. . : 

25 dichlorotetrafluorQethane, carbon dioxide or other suitable gas. In the case of 

pressurized aerosol the dosage. Utµt may be determined by providing a v.alve to 

deliver a metered amount. Capsules and cartridges of e.g. gelatin for use in an 

inhaler or insufilator may be formulated containing a powder mix of the compound 

and a suitable powder base such as lactose or starch. 

30 · The compounds can be formulated for parenteral administration by injection, 

e.g. bolus injection or continuqus infusion. Formulations for injection may be 
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presented in uliit dosage fonn, e.g.in ampoules or in multi-dose containers, with an 

added preservative. The compositions may take such fonns as suspensions, 

solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 

agents such as suspending, stabilizing and/or dispersing agents. 

S Phannaceutical formulations for parenteral administration include aqueous 

solutions of the active compounds in water-soluble form. Additionally, suspensions 

of the active compounds may be prepared as appropriate oily injection suspensions. 

Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or 

synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes .. 

10 Aqueous injection suspensions may contain substances which increase the viscosity 

of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. 

Optionally, the suspension may also contain suitable stabilizers or agents which 

increase the solubility of the compounds to allow for the preparation of highly 

concentrated solutions. 

15 Alternatively, the active ingredient may be in powder form for constitution 

with a suitable vehicle, e.g., sterile pyrogen-free water, before use. 

The compounds may also be formulated in rectal compositions such as 

suppositories or retention enemas, e.g., containing conventional suppository bases 

such as cocoa butter or other glycerides. 

20 In addition to the fo!Mulations described previously, the compounds may 

also be formulated as a depot preparation. Such long acting. formulations may be 

administered by implantation (for example subcutaneously or intramuscularly or by 

intramuscular injection). Thus, for example, the compounds may be formulated with 

suitable polymeric or hydrophobic materials (for example as an emulsion in an 

25 acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for 

example, as a sparingly soluble salt. 

An example of a phannaceutical carrier for the hydrophobic compounds of 

the invention is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, 

a water-miscible organic polymer, and an aqueous phase .. The cosolvent system may 

30 be the VPD co-solvent system. VPD is a solution of 3% w/v benzyl alcohol, 8% 

w/v of the nonpolar surfactant polysorbate 80, and 65% w/v polyethylene glycol 
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300, made up to volume in absobrte ethanol. The ~D co-solvent system 

(VPD:SW) consists ofVPD dil~ l:l with a 5% <iextrose in water solution. This 

CO-Solvent system dissolves hy~hobic C9JDPOUD~ well, and itself produces low 

toxicity upon sys~c ad.mini~on. Naturally, tk-~ proportions of a_co-solvent 

5 system may be vatjed considerably with.om,: destro~g its solubility and toxicity 

characteristics~ Furthermore, ~identity of the co-solvent components may be 

varied: for exam.pl~, other low:-toXiciicy nonpolar surfactants may be used instead of 
.. ~ 

.. ·. ·. ·. .· . 

polysorbate 80; th~ fraCtion size ~!polyethylene glycol may be varied; other 
·. 'f . .. 

biocompatJ.ble po1¥Jllet8 may rep~~ poJy~ylene glycol, e.g. polyvinyl 

10 -pyrrolidolle; and other sugars orpolysacch,.ari~ maY substitute for dextrose. 

Altertiatively, other delivrq-systems for hy4r<>J>hobic phannaceutical 

compounds may be employecL -t.ip~somes and eniuisions are well known examples 

· of delivery vehicles ot carriers ~hydrophobic cirµ~. Certain organic solvents such 

as dim.ethysulfoxidcnllso may be ei:nJJloyed, althou~ :usually at the cost of greater 

15 · -- toxicity;-AdditioJ:ially, the comppUJl(is m,aybe delivcrrect :using a sustained-release 
. . . . . . . 

systeni~ such as ~eliiipetmeable_nuiqices of solid hydrophobic polymers containing 
. ·.·. ·... .· ·.·: . . 

the therapeutic agent.· Variom,suSt~ed-release materials have been established and 

are we11 lmown·b1 those skilledin.the art. -SµstaiII~:-r~lease capsules may, 

depending on thcili,-=cbemical na~.-telease the c~pounds for a few weeks up to 
.. _: •.; . . .. : . . 

·- · 20 over 100 days;- Depending on'~ chemical natur~ and the biological stability of the 
. . . .. -

therapeutic reagent, additional $tratc;gies -for protein stabilization may be employed. 

The p~utical oo.m~sition~ also may comprise suitable solid or gel 

phase carriers or excipients. B}C_atilPles of such cartjers or excipients include but are 

not limited t<fcalciuni carbonat~ caj.cium phosphate, various sugars, starches, 
.. :· ··.·· . . . : 

25 cellulose derivativ~ gelatin, ~ po)ymers such .as polyethylene glycols. 
. . 

Many of the compo~ 9f~e_invention ~Y be provided as sal.ts with 

pharinaceutically compatible ~unterions. P~eutically compatible salts may 

be formed witb.·many:acids,•inclu4ing but not limitrd to hydrochloric, sulfuric, 

acetic, lactic, tartaric, malic, succj¢c, etc. Salts tell.~ to be more soluble in aqueous 

30 or other protoitic ~olvents than are the corr~ponding free base fonns . 

. 1·· 
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Pharmaceutical compositions suitable for use in the present invention include 

compositions wherein the active ingredients are contained in an effective amount to 

achieve its intended purpose. More specifically, a therapeutically effective amount 

5 means an amount effective to prevent development of or to alleviate the existing 

symptoms of the subject being treated. Determination of the effective amounts is 

well within the capability of those skilled in the art. 

For any cOm.pound used in the method of the invention, the therapeutically 

effective dose can be estimated initially :from cellular assays. For example, a dose 

10 can be fonnulated in cellular and animal models to achieve a circulating 

concentration range that includes the IC50 as determined in cellular assays (i.e., the 

concentration of the test compound which achieves a half-maximal inhibition of a 

given protein kinase activity). In some cases it is appropriate to determine the IC50 

in the presence of 3 to 5% serum albumin since such a determination approximates 

15 the binding effects of plasma protein on the compound. Such infonnation can be 

used to more accurately determine useful doses in humans. Further, the most 

preferred compounds for systemic administration effectively inlul>it protein kinase 

signaling in 'intact cells at levels that are safely achievable in plasma. 

A therapeutically effective dose refers to that amount of the compound that 

20 results in amelioration of symptoms in a patient. Toxicity and therapeutic effic;:icy 

of such compounds can be determined by standard pharmaceutical procedures in cell 

cultures or experimental animals, e.g.; for detennining the maxim.um tolerated dose 

(MTD) and the ED50 (effective dose for 50% maximal response). The dose ratio 

between toxic and therapeutic effects is the therapeutic index and it can be expressed 

25 as the ratio between MTD and ED50• Compounds which exhibit high therapeutic 

indices are preferred. The data obtained from these cell culture assays and animal 

studies can be used in formulating a range of dosage for use in humans. The dosage 

of such compounds lies preferably within a range of circulating concentrations that 

include the ED50 with little or Iio ·toxicity. The dosage may vary within this range 

30 depending upon the dosage form employed and the route of administration utilized. 

The exact forinulation, route of administration and dosage can be chosen by the 
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individual physician in view ~f tit~ patient's condition. (See e.g. Fingl_ et al., 1975, in 

"The Phannacological Basis of ~eutics", Ch._ l p 1). In the treatment of crises, 

the administration of an acute bolus ~-an ~ion approaching the MTD may be 

required to obtain a rapid response~• 

S _ Dosage am9unt and interv'.al may be adjus~ individually to provide plasma 

levels of the activ~ moiety which-;u"e ~cicnt to II1aintain the kinase modulating 
.. · . ·. . 

effects, or minima{ effective conc:~tion (MEC).: The MEC will vary for each 

compound but can be estµnated ~ in vitro data; e.g. the concentration necessary 

to _acbieve_ 50'."9()0/0 inhibitjon of pn>tein Jcjnase ~~.the assays described herein. 

10 Dosages nec~s~ to achieve th~ M]3C will depen~ on individual characteristics and 
. . . .~· . . . . ·. . 

' ' 

route of administra.tion. · Howev~~ HPLC ~ays or bioassays can be used to 
. . .. ·.·. . . 

determine plasma concentrations;: ·.· --. 
- - -

Dosage-intervals can also be determined using the MEC_ value. Compounds 
. . ·.. ''. . . . . . :. '· 

should be admi.Distered using a.~e~en which m841tains plasma levels above the 

-' · · 15 MEC for 10-900~ oftll" time,piC~ly ~etween ~0~90% and_mosi preferably 
. ' . 

. 

• .. between S0-90% µJitil the d~ ~elior.ation of ~ptoms is achieved. In cases of 
. . . . : ~. . .. ·, . . . . . . . : . : :·~ . . . . . . . . . . . . . . 

_ local ad.ministration or sel~v¢ µpialce, the effective local concentration of the 
. ... .· .·. . '·· .... ·.· ·. ' ; -

. drugmay ru;>t be ~lated to plasm.a concentration. 
. ·.. . .... · . 

The amo~t of COIDJ;>Ositi9n a(iministered will, of course, be dependent on the 

20 subject being ti'ea.tteci, on th.e ~bj~t'i; weight, the ~everity of the affliction, the 

·manner of ~stration and th~ jµdgment of the prescribing physician. 

Packaging 

The comi>ositions maY,-~f ~sired, be prese,nted in a pack or dispenser device 

which may contain one or mo~ unit !iosage forms containing the active ingredient. 
.· ,:- . ' 

ZS The pack may for example c0II1}>m.e metal or plas~c foil, such as a blister pack. The 

pack or d.ispen8er device ~ay b.e accompanied by instructions for administration. 

Compositions comprising-a cofupound of the inv~tion formulated in a compatible 
. . . ·(: .· ." . . 

phannaceutical carrier may also:beprepared, placed in an appropriate container, and 

labeled for treatment of an indiCa.ted condition. 

30 In some-formulations it ~ay be beneficial to use the compounds of the 

present inventicm in the form of particles of very sm.aII size, for example as obtained 
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The use of compounds of the present i_nvention in the manufacture of 

· pharmaceutical compositions is illustrated by the following description. In this 

description the tenn "active comp01md" denotes any compound of the invention but 

5 particularly any compound which is the final product of one ofthe preceding 

Examples. 

10 In the preparation of capsules, .10 parts by weight of active compound and 

240 parts by weight of lactose can be de-aggregated and blended. The mixture can 

be filled into hard gelatin capsules, ·each capsule containing a unit dose or part of a 

unit dose of active compound 

ts b) Tablets 

Tablets can be prepared from the following ingredients. 

Parts by weight 

Active compound 10. 

20 Lactose 190 

Maize starch 22 

Polyvinylpyrrolidone- 10 

Magnesium stearate 3 

The active compound, the lactose and some of the starch can be de-

25 aggregated, blended and the resulting mixture can be granulated with a solution of 

the polyvinyl- pyrrolidone in ethanol. The dry granulate can be blended with the 

magnesium stearate and the rest.ofthe starch. The mixture is then compressed in a 

tabletting machine to give tablets each containing a unit dose or a part of a unit dose 

of active compound. 

30 
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c) Enteric s;o8*ed tablets 

Tablets can be prepared py the method described in (b) above. The tablets 

can be enteric coated in a conveiitional manner us~ a sol~tion of 20% cellulose 

S acetate phthalate and 3% diethylphthalate in ethatiol:dichloromethane (1:1). 

d) SUPJ)ositories · 

Jn the preparation of suppositories, 100 parts by weight of active compound 

can be.incorporated in 1300 parts by weight of triglyceride suppository base and the 

l 0 mixture formed ll:ito suppositories each containing a thenipeutically effective amount 

of active mgredi~t 

In the co~ositions of the present invention the active compound may, if 

desired,.be associa~d with other compatible pharmacologically active ingredients. 

For. exmiPie, the compounds of this invention can be administered iii. combination 

lS with one or more ac:f~onal pha.rnu19eutical agenu that inhibit or prevent the 
.· , .. -.. . . . 

production of~qF or angiop9ietins; _attenuate intracellular responses to VEGF or 

angiopoietins, blpck.intracellular signal transduct;ion, inhtl>it vascular 
..· .. . . .. · . . : .. 

' . 
hyperpermeability, reduce intlainmation, or inhibit or prevent th~ formation of . . · •.. . ·. ... . . ,. 

edema or neoV8$cularization. The compounds of the invention can be administered 
. . .. 

20 prior to, subsequent to or simultaneously with the additional pharmaceutical agent, 

whichever com:se of administn,i.P.on is appropriate. The additional pharmaceutical 

agents include bµt are not limited to anti-edemic steroids, NSAIDS, ras inhibitors, 

anti-TNF agents~ anti-ILi agents, antihistamines,-PAF-antagonists, COX-1 

inhibitors, cox.:.2 inhibitors, NO synthase inhibitors, AktlPTB inhibitors, IGF .. lR 
. . 

25 inhibitors, PKCinln'bitors and PI3 kin8se inhibit9rs. The compounds of the 

invention and the additional pharmaceutical agents .act either additively or 

. synergistically. Thus, the administration of such a combination of substances that 

inhibit angiogenesis, vascular hyperpenneability and/or inhibit the formation of 

edema can provide greater relief from the deletrious effectS of a hyperproliferative 

30 disorder, angiogenesis, vascula,r hyperpermeability or edema than the administration 

of either sub~ce alone. In ili.,e treatment of malignant disorders combinations with 
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antiproliferati.ve or cytotoxic chemotherapies or radiation are anticipated. 

The present invention also comprises the use of a compolllld of formula I as a 

medicament. 

A further aspect of the present invention provides the use of a compound of 

.S formula l or a salt thereof in the manufacture of a medicament for treating vascular 

hypecpermeability, angiogenesis-dependent disorder~ proliferative diseases and/or 

disorders of the immune syStem in m&mmals, particularly human beings. 

The present invention also provides a method of treating vascular 

hypeq>ermeability, inappropriate neovascularization, proliferative diseases and/or 

10 disorders of the imm.lllle system which comprises the administration of a 

therapeutically effective amount of a compound of formula I to a mammal, 

particularly a human being, in need thereof. 

The in vitro potency of compounds in inhibiting these protein kinases may be 

determined by the procedmes detailed below. 

lS The potency of compounds can be determined by the amount of inln1>ition of 

the phosphorylation of an exogelious substrate (e.g., synthetic peptide (Z. Songyang 

et al., Nature~ 373:536-539) by a test compound relative ·to control. 

KDR Tyrosine Kinase Production Using Baculovirus System: 

20 ·The coding sequence for the human KDR intra-cellular domain (aa789-1354) 

was generated through PCR using. cDNAs isolated from HUVEC cells. A poly-His6 

sequence was introduced at the N-terminus of this protein as well. This fragment 

was cloned into transfection vector p VL1393 at the Xba 1 and Not 1 site. 

Recombinant baculovirus (BV) was generated through co-transfection using the 

25 BaculoGold Transfection reagent (PharMingen). Recombinant BV was plaque 

purified and verified through Western. analysis. For protein production, ~F-9 cells 

were grown in SF-900-II medium at 2 x 106/ml, and were infected at 0.5 plaque 

forming units per cell (MOI). ·Cells were harvested at 48 hours post infection. 

30 
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Purification of KOR. . · 

SF-9 ceUs ~ (ffi~)Jq)R,(aa789-13S4) were lysed by adding SO ml of 
.. ·· .. · :.· ·· .. ·: ···.·;. . . · .. 

Triton X-100 lysis ~uffer (~p ~.Tri~ pH 8.0, 137 mM NaCl, 10% glycerol, 1 % 

Triton X-100, lmM PM;SF, 1 Qµgtaj 8.}ll.'9tinin, 1 µglml leupeptin) to the cell pellet 
. . ... • . :: :: ~-; ·~ .. :·. ' ' :. . ·=~·· .. .. .. . . . 

S from lL of cell c~~- n~.l)?~·~~ ~entrifuge<f~t.19,000 rpm in a Sorval SS-34 

rotor fur 30 min·~ 4 °c. Th~ ~Jri~ ~applied to ~ s ml NiCii chelating 
~ . . . . . : . : . . . . ' . :' 

sepharose column, eq~Pr;i;~ ~~SO~ HEPB~,.pH7.S, 0.3 M NaCl. KOR was 

eluted using the: sanie'buff~ 00.n~U,~ng 9.2s M ·imi~ole. Column fractions were 

analyzed using SPS-PAGE and~ ~~A assay {b~low) which measures kinase 

10 activify. The pUri~e(fKDR w~ :~~llllt]ged into 25#tM HEPES, pH7.5, 25mM 

NaCl, S mM DTI'·buffer and.stored at ~S0°C . . ·· . ·.: .·.·.>·:.·.;;.··,. ·; 

Huinan Tie-2 ~e Productl9D·~~ Purification 

The codirig sequence (Qi' qt~~ Tie-2 urtra-OOllular OOinain (aa77S-l 124) 

. is was gmierated ·~ugh pCR,:·;g~lfC.P.NAs isolated ifom human ptaceiita as a 

teinplate. ·.A poly-:His~ ·Seq~~~~ j#~dticed at. t!ie N-teiminus and this construct 

was cioned into.~ction ~ctPr:p~ 1939 at tbC Xba 1 and Notl site • 

. Recombinant BV was·ge11erated.·~l18h c~~~ction using the BaculoGold 
. "!· . . .. . 

Transfection reag~t (Ph&f~~). ~combinant BV was plaque purified and 

20 verified tbroughW~steni analy~i~;· ~t>rprpteinpr~on, SF-9 insect cells were 

growri in SF-900~Ilmedium at 2 ~·:t~Di.1. and were infected at MOI ofO.S. 
. . .. 

Purification of the His-tagged Jtj~~~ 11Sed .in ~g was analogous to that 

·described forKDR. 

25 · Human Flt~I Tyrosine Kinase Pr~49~ti~n and PurifiQation . 

The baculoyiral. ex.pre~siqn. v~ptqr pVLn93.· (Phat" Mingen, Los AJlgeles, 
. . ... : . . . . . • .... 

CA) was used. A nucleotide seqµ.ep.c13 encoding poly~His6 was placed 5' to the 
. . . . . 

nucleotide regio~ encoding the. ~t~:i11tracellular kinase domain of human Flt-I 

(amino acids 786.;1338). The n~l~tj4e sequence encoding the kinase domain was 
. . . ' 

30 generated through PCR using cJ:?NA libraries isolated from HUVEC cells. The 

histidine residues enabled afiinity purification of the protein as a manner analogous 
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+:'.i in~ x;;i~t: 
to that .for KDR and 'lAP70. SF-9 insect cells were mfecled at a 0.5 .multiplicity 

and harvested 48 hours post infection. 

EGFR Tyrosine Kinase Source 

. S .BGFR was purchased from Sigma (Cat# E-3641; 500 units/50 µl) and the 

.EGF ligand was acquired from Oncogene Research Products/Calbiochem (Cat# 

PFOll-100). 

Expression of ZAP70 

10 The baculoviral expression vector used was pVL1393. (Phamringen, Los 

Angeles, Ca.) The nucleotide sequence encoding amino acids M(H)6 LVP~S was 

placed 5' to the region encoding the entirety of ZAP70 (amino acids 1-619). The 

nuclec>tide sequence encoding the ZAP70 coding region was generated through PCR 

using cDNA libraries isolated from Jurkat immortalized T-cells. The histidine · 

15 residues enabled affinity purification of the protein (vide infra). The L VP~S bridge 

constitutes a recognition sequence for proteolytic cleavage by tbrombin, enabling 

removal of the affinity tag from the enzyme. SF-9 insect cells were infected at a 

multiplicity of infection ofO.S and harvested 48 hours post infection. 

20 Extraction and purification of ZAP70 

SF-9 cells were lysed in a buffer consisting of 20 mM Tris, pH 8.0, 137 mM 

NaCl, 10o/o glycerol, 1% Triton X-100, 1 mM PMSF, 1 µg/ml leupeptin, 10 µg/ml 

aprotinin and -1 mM sodium orthovanadate. The soluble lysate was applied to a 

chelating sepbarose HiTrap column (Pharmacia) equilibrated in SO mM HEPES, pH 

25 7.S, 0.3 M NaCl. Fusion protein was eluted with 250 mM imidazole .. The enzyme 

was stored in buffer containing SO mM HEPES, pH 7.5, SO mM NaCl and ? mM 

DTT. 

Protein kinase source 

30 Lek, Fyn, Src, Bile, Csk, and Lyn, and truncated forms thereof may be 

commercially obtained ( e.g. from Upstate Biotechnology Inc. (Saranac Lake, N.Y) 

. . -~ 
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and Santa Cruz Biotechnology In~ .. (San~ Cruz, Ca)) or purified :from known 

natural or recombinant sources using conventional methods. 

Enzyme Linked lmmunosorbent ~s~ay (EUSA) For PTKs 

S Enzyme linked immunosorbent assays (ELISA) were used to detect and 

measlire the presence of tyrosine kinase ~vity. Th~ ELISA were conducted 

according to known protocols which are described in, for examplet Vollert et al., 

1980, "Enzyme-Linked Immunos()Ibent Assay," In: Manual of Clinical Immunology, 

2d ed., edited by Rose and Fri~ pp 359-371 Am. Soc. ofMicrobiologyt 

10 Wasbingto11; D.C. 

· . The disclosed protocol was. adapted for detennining activity with respect to a 

specific PTK. .For example, preferred protocols.for conducting the ELISA 

experiments is provided \>elow. Adaptation of these protocols for determining a 

compound's activity for other melilbers of the receptor PTK family, a8 well as non-

15 receptor tyrosine kinaSes, are well:within the abilities of those in the art. For 

purposes of ~g inhibitor~electivity, a universal PTK substrate (e.g., 

random copolymer of poly(Gl11.4 Tyr), 'Z0,000-50,000 MW) was employed together 

with ATP (typically~ µM) at concentrations.approximately twice the apparent Km 

in the assay. 

20 The following proqedure \Vas used to assay the inhibitory effect of 

compounds ofthis invention onKD~ Flt-1, Tie-2, EGFR, FGFR, PDGFR, IGF-1-

.·~ c-Met, Lek, Bllc, Csk, Src, Lyn. .Fyn and ZAP70 tyrosine kinase activity: 

.Buffers and Solutions: 

25 PGTPoly (Glu,Tyr) 4: I 

Store powder at -20°C~. Dissolve powder in phosphate buffered saline (PB~) for 

SOmg/ml solution. Store lml aliquots at -20°C. When making plates dilute to 

250µg/ml in Gibco PBS. 

Reaction Buffer: I OOmM Hepes, ~OmM MgCl2, 4mM MnC12, SmM DTI, 

30 0.02%BSA, 200µM:NaVO.., pff 7,10 

ATP: St~re aliquots ofl OOmM al -200C. Dilute to 20µM in water 
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Washing Buffer: PBS with 0.1%Tween20 

Antibody Diluting Buffer: 0.1 % bovine serum albumin (BSA) in PBS 

TMB Substrate: mix TMB substrate and Peroxide solutions 9:1 just before use or 

use K-Blue Substrate from Neogen 

S Stop Solution: lM Phosphoric Acid 

Procedme 

1. Plate Preparation: 

Dilute PGT stock (SOmglml, frozen) in PBS to a 2SOµg/ml. Add 125µ1 per well of 

10 Coming modified flat bottom high affinity BUSA plates (Coming #2S80S-96); Add 

125µ1 PBS to blank wells. Cover with sealing tape and incubate overnight 37°C. 

Wash lx with 250µ1 washing buffer and dry for about 2hrs in 37°C dry incubator; 

Store coated plates in sealed bag at 4°C until used 

15 2. Tyrosine Kinase Reaction: · 

-Prepare inbtoitor solutions at a 4x concentration in 200/e DMSO in water. 

-Prepare reaction buffer 

-Prepare enzyme solution so that desired units are in 50µ1, e.g. for KDR make to 1 

ng/ µl for a total of SOng per well in the reactions. Store on ice. 

20 -Make 4x ATP solution to 20µM from lOOmM stock in water. ·Store on ice 

-Add SOµl of the enzyme solution per well (typically 5-SO ng enzyme/well 

depending on the specific activity of the kinase) 

-Add 25µ1 4x "inhibitor 

-Add 25µ1 4x ATP for inhibitor assay 

25 -Incubate for 10 minutes at room temperature 

-Stop reaction by adding 50µ1 O.OSN HCl per well 

-Wash plate 

**Final ConcentJ:ations for Reaction: SµM ATP, 5% DMSO 

30 3. AnnoodyBinding 

-Dilute lmg/ml aliquot _of PY20-HRP (Pierce) antibody( a phosphotyrosine 



I 

W000/17203 PCT/US99/21560 

-72-

antibody)to 50ng/ml in0.1% BSA in PBS by a2 stepdilution(lOOx, then 200x) 

-Add 1 OOµlAb per well. Incubate 1 hr at room temp. Incubate lhr at 4C. 

-Wash 4x plate 

4. Color reaction 

5 -Prepare TMB substrate and add 1()0µ1 per well 

-Monitor OD at 650nm until 0.6 is reached 

..Stop with lM Phosphoric acid. Shake on plate reader. 

-Read OD immediately at 450mri 

Optimal incubation times and.enzyme reaction conditions vary slightly with 

10 enzyme preparations and are detenirlned empirically for each lot. 

lS 

For Lek, the Reaction Buffer utilized was 100 mM MOPSO, pH 6.5, 4 mM MnC~ 

20 mM MgCii, 5 mM DTT, 0.2% l3SA, 200 mM NaV04 under the analogous assay 

conditions. 

Compounds of formula I ~ay have.therapeutic utility in the treatment of 

· diseases involving both iden,li.fied; il).cluding those not mentioned herein, and a8 yet 

unidentified protein·tyrosine kinases. which are inhibited by compounds of formula I. 

All compounds exemplified h~ significantly inhibit either FGFR, PDGFR, 

KDR, Tie-2, Lek, Fyn, Blk; Lyn:oi: Src at concentrations of SO micromolar or below . 

. 20 :So~e compounds of this invention,. ajso significantly inhibit other tyrosine or 

. serine/threonine kinases such as ~de~ ( cdkl) at concentrations of 50 micromolar or 

below. 

Cdc2 source 

25 The human recombinant ~e and assay buffer may be obtained 

commercially (New England Bio~s, Beverly, MA. USA) or purified from known 

natural or recombinant sources using conventional methods. 

Cdc2Assay 

30 The protocol used was that provided with the purchased reagents with minor 

modifications. I.p. bric( the reactj911 was carried out in a buffer consisting of 50mM 
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Tris pH 7.5, lOOmM NaCl, lmM EGTA, 2mM DTT, 0.01% Brlj,·5% DMSO and 

1 OmM MgC~ (commercial buffer) supplemented with ftesh 300µM ATP (31 

µCi/ml) and 30 µglml histone type IIISs final concentrations. A reaction volume of 

80~ containing units of enzyme, was nm for 20 minutes at 25 degrees C in the 

S presence or absence of inlu"bitor. The reaction was terminated by the addition of 

120µL of 10% acetic acid. The substrate was separated from unincorporated label 

by spotting the mixture on phosphocellulose paper, followed by 3 washes of S 

minutes each with 7SmM phosphoric acid. Co1Dlts were measured by a betacounter 

in the presence of liquid scintillant. 

10 

Certain compounds of this invention significantly inhibit cdc2 at concentrations 

belowSOuM. 

PKC kinase source 

15 The catalytic subunit of PKC may be obtained commercially (Calbiochem). 

PKC kinase assay 

A radioactive kinase assay was employed following a published procedure 

{Yasuda, L, Kirshimoto, A., Tanaka, S., Tominaga, M., Sakurai, A, Nishizuka, Y. 

20 Biochemical and BiophysiCfZl Research Communication 3:166, 1220-1227 (1990)). 

Briefly, all reactions were performed in a kinase buffer consisting of SO mM Tris­

HC1pH7.5,10mMMgC~,2mMDTT, lmMEGTA, 100µMATP,8µMpeptide,. 

5% DMSO and 33P ATP (8Ci/mM). Compound and enzyme were mixed in the 

reaction vessel and the reaction initiated by addition of the ATP and sUbstrate 

25 mixture. Following termination of the reaction by the addition of 10 µL stop buffer 

(S mM ATP in 7SmM phosphoric acid), a portion of the mixture was spotted on 

phosphocellulose filters. The spotted samples were washed 3 times in 75 mM 

phosphoric acid at room temperature for S to 15 minutes. Incorporation of 

radiolabel was quantified by liquid scintillation counting. 

30 
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Erk2 enzyme SOUi'(!~ . 

The recombin,ant murine ~~ ~assay buffer may be obtained 

commercially (New Bnglat1d Bio~!~ ~ev~ly MA. USA) or purified from !mown 

natural or recombinant sources using conventional methods. 
. . .:,:: . : ~ . . : ·. ·:; ,i; •. : ... :· ,. . . •' '. 

."·:·: 

Erk2 enzyme as88.).' . ••:. · .. 
,. . : ~. . 

Jn brief, the~on was carded oui in .a buffer consisting of SO mM Tris pH 

7.5, lmMEGTA,:~DTT,O.Ol;~/~j,5%DMS~and10mMMA 
<"~;:_~'i_,. ·:.·· • ··:.:~.~~_.:>:; ·' ·;· . 

(commercial buff'.~) 11upplemented w.ilh 1i:esh 100 µM, ATP (31 µCi/ml) and 30µM 
·.; . ·:·.·· ·.. ' 

10 myelin basic pl'Qt~~ ;under con<litiOilll recommended by the supplier. Reaction 

volumes and methq4~of assa:ying.~<npo~ed radio~~vity were as described for the 
PKC assay (vide~;.~). ' ... : ,· . . . ... 

'(." 

In Vitro Models for T,~ell Activation . 

15 Upon activati<>n by mitogen ~r •tigen, .T-cells .are induced to secrete IL-2, a 

.. growth factor tba~ ~~ ~~.~$~u~· prollr~rlv~ phase'. Therefore, one may 
-:.:··,· :. ,¥,. • ···•::·· '. • ••• • 

measure either profj~~tion of ~2. ~~ or ~11 proliferation of, primary T-cells or · 

appropriate T-cell. lfu~s as a suqog~tc;: for T-cell activaiion. Both of these assays are 

well described in ~~ {jt~ 81'14'.ili_~k parameters "1ei1 doc~ented (in Current 

20 Pi:otocols in Inmiµh~logy, .Vol 2, .7 ,foj-7.11.2). • , . 

. In brief, T ~Us ma; b~ acti~-d by co-culture with allogenic stimulator 
. ·,· ... ··. ,. : . - . ::.: .. :· .. . : . 

cells, a process teril;ie<i the one-way mixed: lymphoph~yte reaction. Responder and 
. ··: -.-~·.<=··::· .... -~: ... :. ':. :. ~ . :· ~ . 

stimulator peripheral blood mononuclear cells are purified by Ficoll-Hypaque 
.. . : :- ~ ~ . . ' . . " . . . ; ) ; ;"' . -. : .· . ~ . . . . . . 

gradient (Phannacia) per directions of the manufacturer. Stimulator cells are 

25 mitotically inacti~~ by tream~t with mitomycin C (Sigma} or gamma 
·'···!'•, ·'. . ··.·•.·:··· . . ·. '• ·' .. ·. 

irradiation. Resp~ and stim~t~r. ~Us are. co'.'cul~ at a ratio of two to one in 

the presence or ab~e of the test'C9~p~und. Typic~ly.l05responders are inixed 

with 5 · x 1 a4 stimlibii~ts and plated {2.(Jo µl volume) ~ ·~ U botto~ microtiter plate 
...... -· .. ·r·... . .. . . 

(Costar Scientific).~ cells are Cl,lltllted in RPMI 1640 supplemented with either 
.• . '.;!. . 

30 heat inactivated fet~ bovine serum (Hyclone Laboratories) or pooled human AB 

serum from male dpnors, S x 1 o-s ¥ ~ercaptoethanol and 0.5% DMSO, The 
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cultmes arepulsed\rith 0.5 µCi of.thymidine(Ai\1.~ham) one day prior to 

harvest (typically day three). The cultures are harvested (Betaplate harvester, 

Wallac). and isotope uptake assessed by liquid scintillation (Betaplate, Wallac). 

The same culture system may be used for assessing T-cell activation by 

5 measurement of ll.-2 production.. Eighteen to twenty-four hours after culture 

initiation, the supematants are removed and the ll.-2 concentration is measured by 

·ELISA (Rand D Systems) following the directions of the manufacturer. 

In-vivo M()dels ofT-Cell Activation. 

10 The in vivo efficacy of compounds can be tested in animal models known to 

directly measure T-cell activation or for which T-cells have been proven the 

effectors. T-cells can be activated in vivo by ligation of the constant portion of the 

T-cell receptor with a monoclonal anti~3 antibody (Ab). In this mode4 BALB/c 

·mice are given 1 Oµg of anti-CD3 Ab intraperitoneally two hours prior to 

15 exsangoination. Animals to receive a test drug are pre-treated with a single dose of 

the compound one hour prior to anti-CD3 Ab administration. Serum levels of the· 

prointlammatory cytokines interferon-y (IFN- y) and tumor necrosis 

factor-a(TNF-a), indicators ofT-cell activation, are measured by BUSA. A similar 

. model employs in vivo T-cell priming with a specific antigen such as keyhole limpet 

20 hemocyanin (KLH) follow~d by a secondary in vitro challenge of draining lymph 

node cells with the same antigen. As previously, measurement of cytokine 

production is used to assess the activation state of the cultured cells. Briefly, 

CS1BU6 mice are immunized subcutaneously with 100 µg KLH emulsified in 

complete Freund's adjuvant (CF A) on day zero. Animals are pre-treated with the 

25 compound one day prior to immunization and subsequently on days one, two and 

three post immunization. Draining lymph nodes are harvested on day 4 and their 

cells cultured at 6 x 106 per ml in tissue culture medium (RPMI 1640 supplemented 

with heat inactivated fetal bovine serum (Hyclone Laboratories) S x l o-s M 

2-mercaptoethanol and O.So/o DMSO) ·for both twenty-four and forty-eight hours. 

30 Culture supematants are then assessed for the autocrine T-cell growth factor 

Interleukin-2 (IL-2) and/or IFN-r levels by ELISA. 

' 1 

! 
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Lead compounds can alS() be tested in~ models of human disease. 

These are exemplifi~ by experllµ~tal auto-immun~ encephalomyelitis (BAE) and 

collagen-induced arthritis (CIA).·~ models which mimic aspects of human 

multiple sclerosis have been desCrlbed in both rats and mice (reviewed F ASEB J. 
·'· . '. 

S 5:2560-2566, 1991; murfu.e model: Lab. Invest. 4(3):278, 1981; rodent model:.T. 

Immunol 146(4):ll63-8, 1991 ). Briefly, mice arratS are immunized with an 

emulsion of myelin basic protein (MBP}, or neurogemc peptide derivatives thereo( 

and CF A Acute disease can be induced with the addition of bacterial toxins 

such as bordetell~ pertussis. Rel&psingliemitting 4isease is induced by adoptive 

10·· transfer ofT-cells from MBP/ peptide immunized 8.nimaJs .. 

CIA may be induced in DBA/l mice by hmnumzationwith type II collagen 
. . ··.. · .. 

(I. Jmmunol:142(7):2~7-2243). ¥ice will develc:>pisigns of arthritis as early as ten 

days following antigen challenge 'and may be scored for as long as ninety days after 

immunizatioa In both the BAE and CIA models, a compound may be administered 

15 either prophyJ~tically or at the t4ne of disease onset. Bfficaciolis drugs should 

. reduce severity and/91' incid~ce •. ;" ... 

Certain.,compounds of this invention which inhibit one or more angiogenic 

recq>tor PTK, and/or a protein ~8.se such as lck involved in. mediating 

.inflammatory resp~es can reduc~ the sev~ty and incidence of arthritis in these 

20 models. 

Compounds can also be te~ted in mouse all9graft models, either skin 

(reviewed in Ann.~- Immunol~, 10:333-58, 1992; Transplantation: 57(12): 

1701-17D6, ~994) or heart (Am.J.Anat.:113:273, 1963). Briefly, .full thickness skin 

grafts are transplanted from CS~LJ6 DJice to BALB/c mice. The grafts can be 

25 examined daily, beginning at day six, for evidence ~!rejection. In the mouse 

neonatal heart transplant model, ~onatal hearts are ectopically transplanted from 

CS7BL/6 mice int() lhe ear pinn~ of adult CBA/.T mice. Hearts start to beat four to 

seven days post transplantation ~d rejection may be assessed visually using a 

dissecting microscope to look for cessation of beating. 

30 
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Cellular Receptor PTK Assays. 

The following cellular assay was used to determine the level of activity and 

effect of the different compounds of the present invention on KDRIVEGFR2. 

Similar receptor PTK assays employing a specific ligand stimuIU:S can be designed 

5 along the same lines for other tyrosine kinases using techniques well known in the 

art. 

VEGF-Induced KDR Phosphorylation in Human Umbilical Vein Endothelial 

Cells (HUVBC) as Measured by Western Blots: 

1. HUVEC cells (from·pooled donors) were purchased from Clonetics 

1 O (San Diego, CA) and cultured according to the manufacturer directions. Only early 

passages (3-8) were used for this assay. Cells were cultured in 100 mm dishes 

(Falcon for tissue culture; Becton Dickinson; PlymoUth, England) using complete 

EBM media (Clonetics). 

2. For evaluating a compound's inlnbitory activity, cells Were 

15 trypsinized and seeded at 0.5-1.0x 1<>5 cells/well in each well of6-well cluster 

plates (Costar; Cambridge, MA). 

3. 3-4 days after seeding, plates were 90-100% confluent. Medium was 

removed from all the wells, cells were rinsed with 5-lOml of PBS and incubated 18-

24h with 5ml of EBM base media with no supplements added (i.e., serum 

20 starvation). 

4. Serial dilutions ofinhibitors were added in lml of EBM media 

{2SµM, SµM, or lµM final concentration to cells and incubated for one hour at 37 

C. Human recombinant VEGF155 ( R & D Systems) was then added to all the wells 

in 2 ml of EBM medium at a final concentration of SOng/ml and incubated at 37 C 

25 for 10 minutes. Control cells untreated or treated with VEGF only were used to 

assess background phosphorylation and phosphorylation induction by VEGF. 

All wells were then rinsed with S-lOml of cold PBS containing lmM Sodium 

Orthovanadate (Sigma) and cells were lysed and scraped in 200µ1 of RIPA buffer 

(50mM Tris-HCl) pH7, lSOmM NaCl~ 1% NP-40, 0.25% sodium deoxycholate, 

30 hnM EDTA) containing protease inhibitors (PMSF lmM, aprotinin lµg/ml, 

pepstatin lµg/ml, leupeptin lµg/m4 Na vanadate lmM, Na fluoride lmM) and 
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lµglml of~ (all chemicals fi:"om Sigma Chemical·Company, St Louis, MO). 

The lysa~ was spqn at· 14,000 rpm for 30min, to ~liminate nuclei. 

Equal amolll1ts of pro~efus were then precipitateciby addition of cold (-20 C) 

Ethanol (2·volumes) for a minll,n11m of 1 hour or a maximum of overnight. Pellets 

S were recQllStitutc:ci in Laenili ·sample buffer containing 5% -mercaptoethanol 
.· .· .. , . 

(BioRad; Hercules, CA) and boH~d for Smin. The proteins were resolved by 

polyacrylamide gel electropho~ (6%, l.Smm Novex, San Deigo, CA) and 

'transferred onto a nitrocellulose.membrane using th,e Novex system. After blocking 

with bovine serum:albumin (3%), Uie proteins w~ probed overnight with anti-KDR 

10 polyclonal antibody (C20, Sama.Cruz Biotechnology; Santa Cruz, CA) or With anti­

phosphotyrosine monoclonal an~"body (4010, Ups~te Biotechnology, Lake Placid, 

NY) at 4 C. After washing and iiicUbating for 1 hour with HRP-conjugated F(ab)2 of 
. ':·' 

goat anti-rabbit or goat-anti-mouse IgG the bands were visualized using the emission 
. ., . 

chemiluminescience (ECL) ~ (Amersham Life Sciences, ArHngton Height, IL). 

15 Certain ~les of the present.invention significantly inhibit cellular VEGF­

induced KDR tyrosine kinase phosphorylation at concentrations ofless than 50 µM. 
'· .. 

In vivo Ut~e Edema Model .. 

This assay measures the capacity of compounds to inhibit the acute increase 

20 in uterine weight in mice ~hich occurs in the first fe'\V hours following estrogen 

stimulation. This early onset of 11terine weight increase is known to be due to edema 

caused by increased permeability ofuterine vasculature. Cullinan-Bove and Koss 

(Endocrinology (1993), 133:829 .. &37) demoristrated a close temporal relationship of 

estrogen-stimulated· uterine edema, With increased e'Xpression ofVEGF mRNA in the 

. 25 uterus. These results have been confinned by the use of neutralizing monoclonal 

30 

" . 

antibody to VEGF which significantly reduced the ac,ute increase in u~e weight 

following estrogen stimulation (WO 97/42187). Hence, this system can serve as a 

model for in vivo inllibition of VEGF signalling and the associated 
,. : 

hyperpermeability and edema. · 

... 



~\\'.~~-

W000/17203 §-· 
-79-

PCT/US99/21560 

Materials: ·All hormones were purchased from Sigma (St. Louis, ·MO) or Cal 

Biochem (La Jolla, CA) as lyopbilized powders and prepared according to supplier 

instructions •. 

Vehicle components (DMSO; Cremaphor BL) were purchased fiom Sigma (St. 

S Louis, MO). 

Mice (Balb/c, 8-12 weeks old) were purchased from Taconic (Germantown, NY) 

and housed in a pathogen-free animal facility in accordance with institutional 

Animal Care and Use Committee Guidelines. 

10 Method: 

15 

Day 1: Balb/c mice were given an intraperitoneal (i.p.) injection of 

12.S ·units of pregnant mare's serum gonadotropin (PMSG). 

Day 3:· Mice received 15 units ofhuman chorionic gonadotropin 

(hCG)i.p. 

Day4: Mice were randomized and divided into groups of 5-10. Test 

compounds were administered by i.p., i.v. or p.o. routes depending on solubility and 

vehicle at doses ranging from 1-100 mg/kg. Vehicle control group received vehicle 

only and two groups were left untreated. 

Thirty minutes later, experiuiental, vehicle and 1 of the untreated groups 

20 were given an i.p. injectio~ of 17 -estradiol (500 µg/kg). After 2-3 hours, the 

animals were sacrificed by C02 inhalation. Following a midline incision, each 

uterus was isolated and removed by cutting just below the cervix and at the junctions 

of the uterus and oviducts. Fat and connective tissue were removed with care not to 

disturb the integrity of the uterus prior to weighing (wet weight). Uteri were blotted 

25 to remove fluid by pressing between two sheets of filter paper with a one liter glass 

bottle filled with water. Uteri were weighed following blotting (blotted weight). 

The difference between wet and blotted weights was taken as the fluid content of the 

uterus. Mean fluid content of treated groups was compared to untreated or vehicle 

treated groups. Significance was determined by Student's test. Non-stimulated 

30 control group was used to monitor estradiol response. 

Results demonstrate that certain compounds of the present invention inhibit 
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the formation of ~enia when a.Qw;ri;stered systemjcally by various routes. 

Certain cp1'1pounds of tjris invention which are inhibitors of angiogenic 

receptor tyrosine lcinases can ~ be shown activ~ in a Matrigel implant model of 

neovascularizatiQn. The Matrigel.n~vascularization model involves the formation ·. . . . ·.·.··. . . ,.· . ., . 

S of new blood ve~els within a cl~ "marble• of extracellular matrix implanted 

subcutaneously which is indu~41'Y th,e presence ~f proangiogenic factor producing 

tumor cells (for ex;~ples see: ~lilS~P, A., et al, Lab. Investig. (1992), 67(4), 519-

528; Anat. Rec. (1997), 249(1),JS3'.'.'.73; Jnt.1. Cancer (1995), 63(5), 694-701; Vase. 

Biol. (1995), 15(11), 1857-6). The model preferably runs over 3-4days and 

·· 10 · endpointS inclllde macroscopic viswµ/image scoring of neovascularization, 

microscopic microve8sel det1$ity 4~~tions, and hemoglobin quantitation 
.. . ... : ' . . 

· (Drabkin method).follo\Ving ~c,?Y~ of the implantversus controls from animals 

untreated with inlul>ihm. The ~Qdet ~ay alternatively employ bFGF or HGF as the . . . . . ' . . . . . . 

stimulus • 

.. · 15 certaui·compoundS ofthi~ jnven,ti~~ which inhibit one or more QnCOgenic, 

protooncogeliic, ·or pr(,liferatio~~·t piotdn,.kinases, or angiogenic receptor 
• . ·: : ~- ! ·: 

PTI{ also inhibit th~ growth ofptjnll!l'Y m,urine, rat or human xenograft tumors in 
. · .. ; .. 

mice, or inhibit metastasis in ni~e ~Qdets. · · 

20 EXAMPLES 

25 

30 

Processes for the prep~o~ of compounds of formula I will now be 
. . . : ~ .: ;· . 

described. These prQcesses fo~ a.··~ 8M)ect of the present invention. The . . '· . . ·. . . ~ .. : . . . . 

processes are preferably carried 9µ.t: ~t atmospheric pressure. 

Compoun<is of fonnul~ I W~Y be prepared by condensing· a compound of 

formula 
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10 

.. 

··:··· 
•,. ~· :.• 

(Il) 

in which R., Rz, Rs, L and ring A are as previously defined with fonnamide at a 

temperature in the range of SO to 250°C optionally in the presence of a catal».t for 
.. ; 

example 4-dimethylaminopyridine. 

Compounds of formula I may be prepared by reacting a compound of 

15 formula (III) 

20 

(Ill) 

25 wherein Rx is bromo or iodo brom.o or iodo with one of the following compounds: 

R3B(OH}2, ~Sn(~)3 or a compound represented by formula IV 

30 
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Ra-tHA-.. -L--C::\ 
. ~~Pl>a 

or. 

in which R, is· as defined above, in the presence of a catalyst for example 

palladium (0) compotinds eg. Pd(PPh,)4• 

Compounds of formula I in which R1 represents an alkyl group or an ara1kyl 

. group may be 'prepared.by aJkYlating a compound ·or formula M 

M 

in which ~ and R3 are as previously defined with a compound of formula R1X' in 

which R1 represents an alkyl group or an aralkyl group and X' represents a leaving 

group, for e:Xample halo, mesyloxy or tosylox:y. 

30 Compounds of fozmula I in which Rt represents an optionally substituted 

cyclic ether, such as tetrahydrofuryl or tetrahydropyranyl, may be prepared by 
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alkylating a compound of formula VI 

s 

(VI) 

1 O in which R2 and R3 are as previously defined with a compomid of foimula Rt X' in 

which X, is as previously defined and R1 is an optionally substituted cyclic ether. 

Compounds of formula I in which Rt represents cyclic ether, such as 

tetrahydrofuryl or tetrahydropyranyl, optionally substituted by fonnyi may be 

prepared by alkylating a compound of fonnula VI with a compomid RtX in which 

15 Rt represents a cyclic ether substituted by a formyl group which has been protected. 

by a method known to those skilled in the art, for example by means of an acet8.l, 

(See for example Tet. Letts. 30(46):6259-6262 (1989)) followed by deprotection. 

CompOlmds in which Rt represents a cyclic ether, such as tetrahydro:furyl or 

tetrahydropyranyl, substituted by an (optiOnally substituted amino)methyl group 

20 may be prepared by reductive amination of a compound in which Rt represents· a 

cyclic ether substituted by form.yl. 

CODlJ><?mids of formula I in which Rt represent.s optionally substituted fury I, 

thienyl or pyrrolyl may be prepared by reacting 4-chloro-5-iodo-7H-pyrrolo[2,3-

d]pyrimidine with the appropriate heteroarylboronic acid in the presence of a copper 

25 salt catalyst, for example copper (Il) acetate in the presence of a solvent foi:- the 

reactants, e.g. a halogenated solvent for example, dichloromethane, in the presence 

of a drying agent, for example 4A molecular sieves, in the presence of an organic 

base, e.g. triethylamine or pyridine, at a temperature in the range of 0-50°C, 

preferably at ambient temperature. (For conditions see Tet. Letts. (1998), 

30 39:2942-2944 and references cited therein. This paper is incorporated herein by 
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reference.) These compounds pi&Y be formulat~ by methods kri.own to those 

skilled in the art to give comp~UJlds in which Rt represents furyl, thienyl or pyrrolyl 
. . . . . . . . 

substituted by fc>rmyl The ·fol.1lJyl group in these compounds may be productively - . . 

aminated by JDdb.9ds lm.own ~,~ose i;killed in tbe art to give compounds in which 

5 Rt represents furyl, thienyl or p;yrrolyl substituted by aminomethyl groups. 

Alternatively intermediate& in which Rt repres~ts furyl, thienyl or pyrrolyl may be 

subjected to a Maimich reaction to give intermediates in which Rt represents .furyl, 
. . . ~ 

thienyl or P}'D'Olyl substituted by an aminomethyl group. 

Compounds of form~ .I may be prepared by reacting a compound of 
10 formula vn . .· ' . . ·. 

15 

20 

VII 

in which R1, ~~ R,, L and ring A are as previously de~ed and Ry represents a 

leaving group, for example hal() ()r phenoxy, with ammonia or an ammonium salt, 

for eXalllple ~onium acetate~at a ~emperature in the range of 15-250°C, 
. .· . ·:. ··. 

preferably in a pressure vessel. 

25 Compounds of formula~ jn which~ repr~ents chloro, bromo or iodo may 
. . . . . . ~. .. 

be prepared by reacting a comp~un~ of formula vm 

30 
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(VlII) 

10 in which R,, R,, L and ring A are as previously defined with a halogenating agent for 

example an iodinating agent, e.g. N-iodosuccinimide, or a brominating agent, e.g. N· 

bromosuccinimide, or a chlorinating agent, e.g. N-chlorosuccinimide. 

IS 

20 

25 

Compounds of formula I in which-L-~ represents -NHC(O)R:, may be 

prepared by reacting a compound of formula IX 

IX 

in which Ru ~ and ring A are as previously defined and Y represents a protected 

amine. with a compound of formula ~CORx in which Rx represents a leaVing group, 

for example cbloro. Altematively compounds of formula IX in which Y represents 

halo, for example chloro, may be reacted with a compound of formula R,CORic. and 

30 the product reacted with ammonia to give a compound of fonnula I. Analogous 

methods may be used to prepare compounds of formula I in which-I.-~ is -
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10 

15 

-86-

NRS()iR,. AnalO$()US methods ni;tY be used to prepare compound of formula I in 

which _;L-R, is _;NRC~-Rs or-WlCONR'. Rand R' are as previously defined. 
. . . . . . . ' 

Compou.ncls of formula l~ wl:µcb-L-R, is--0802- may be prepared by 
;: 

reacting a compound of fmmula X 

x 

in which R1, ~ Qnd ring A are as previously defined with a compound of formula 

R.iSO~. 

Compounds of formula I may thell be prepared from such intermediates 

20 following Scheme 2 or the .alternative for Scheme 2, which is described later. 
. . ·· .. · . 

25 

30 

Compounds of formula Il may be prepared as shown in Scheme 1 in which 

IP A represents p:ropan-2-ol, 

-" 



W000/17103 :·:~{i.:~· 

-87-
PCT/US99/21560 

s 

10 

15 

20 

25 

.. 

Ra-lH2C>1-l: 

Rs-(H~)1-l: 

Scheme I 

.o 

Br 

l l)H,Nlli,IPA orOl 3CN 

2) HO/IPA 

I 

0 
HCI 

NHR1 

1) NaOCH2CH3ICH3CH20H 

2) NCCH2CN/NaO~CH3. 
Cl\CH20H, S<fc 

N 
I 
R.i 

CN 

It will be appreciated by those skilled in the art that compounds of formula I 

may be converted into other compounds of formula I by known chemical reactions. 

30 For example, an alk.oxy group may be cleaved to give hydroxy, nitro groups may be 

reduced to amines, amines may be acylated or sulfonylated and N-acyl compounds 
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may be hydrolyzed to ~~· G91DPounds of formula I in which-L- is S may be 
. . . '• '. ~. . . .. 

oxidized to give compounds of ~o~ula I in wbich-L- represents SO and S02, 

respectively, by methods known to those skilled in the art. 

Compounds of formula IJI ~commercially available or may be prepared by 

S methods known to t.hose skilled in the art. · 

Compounds of formula V in which~ represents hydrogen may be prepared 

as shown in Schenie 2. The amino group may be protected prior to the final step and 

then deprotected ~the final step of scheme 2 by methods known to those skilled 

in the art. Compounds of forml14 Vin which~ is other than hydrogen may be 

lO prepared by analogous methods •. (see J. Med. Chem. (1990), 33, 1984.) 

IS 

20 

25 

~eme2 

a I 

6:>= N N 
·~ 

. :'. 

Pcl(O) 

Alternatively in Scheme 2, (ring A)-L-~ may be coupled first, prior to 

amination. Alternatively a substituent R1 as defined previously may be present prior 

to carrying out either process. , •. 

Compounds of formula yµ, in which Ry is a-Cl, may .be prepared as shown 

30 in Scheme 3. 
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Scheme3 

OH a 

~ R, :: 'l~R, N--
'--N . .J-~ N N N 

\ \ 
R, . ~ 

+ ~--EHzC)J-L--t:'\ 
. ~B(OH)z Pd(O) 

L:-(~~ 

Compounds in which (ring A)-L-~ is absent may be prepared as in Scheme 

4 and as described in J.Med. Chem., (1988), 31 :390 and references cited therein. 

Compounds in which (ring A)-L-~ is other than hydrogen may be prepared by 

20 analogous methods. 

Cl 

25 

Scheme4 

30 
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.f o 

Compounds. of formula yn may be preparc4 by coupling a 5-iodo compound 

in an analogous Dlmlner to that described for the preparation of compounds of 

fonnulaV. 

Ri may be ID.Odified by ~e ~od depicted in Schemes S and 6. In Schemes 

5 5 and 6 P represents a protecting group. 

10 

IS 

20 

25 

30 

·Schemes 

l 

L:-(CH~Ra 

·:: 

N 
R/~R 

Na(OAc),BH, HoAc 
CICH2C~Cl 
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9! 
SCheme6 

It will be appreciated by those skilled in the art that in cases where a 

substituent is identical with, or similar to, a fimctional group which has been 

30 modified in one of the above processes that these substituents will require protection 

before the process is undertaken, followed by deprotection after the process. 
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Otherwise competing sidereactio~ will occur. Alternatively, another of the 

processes described above, in which the substituent· does not interfere, may be used. 

Examples of suitable protecting 8¥.3ups and methods for their addition and removal 

may be found in the textbook "Pro~ective Groups in ()rganic Synthesis" by T.W. 

S Green, John Wiley and Sons, 1981. :For example suitable protecting groups for 

amines are formyl or acetyl. 

The following synthetic examples were prepared using the general 
. f 

preparative proced~s described id>Qve: 

10 Example 1: Benzyl N-(4-(4-amino-7-tettahydro-2H-4-pyranyl-7H-pyrrolo[2;3-

d]pyrimidin-S-yl}-2-methoxyphenY,l)carbamate 

a) Tetrahydro-2H-4-pyranyl trifluoromethanesulfonate. Pyridine (1. 7 ml, 20.97 

mmol) was added to a solution ~f tetrabydro-2H-4-pyranol (2 ml, ~0.97 mmol) 

15 in dichloromethane (16 ml). The flask was immersed in an ice water bath and 
.. . . ' 

trifluoromethanesulfonic anhydiide (3.6 ml, 20.97 mmol) in dichloromethane (7 

ml) was added dropwise over l 0 niinutes. After 20 minutes, the reaction mixture 

was filtered and the solid was washed with minim.um. amount of 

dichloromethan~. The combin~,filtrate was washed with water, 1.0 N HCl, 

. 20 water and brine. The organic l~yer was dried (MgSOJ and filtered. The solvent 

was evaporated to give·tetrahydro-2H-4-pyranyl tri:tluoromethanesulfonate. 1H 
·~'" 

NMR (CDCIJ a 1.99 (m, 2H), 2.11(m,2H), 3.58 (m, 2H), 3.96 {m, 2H), S.17 
.. ; . 

(m, lH). 

25 b) 4-chloro-5-iodo-7-tetrahydro~2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidine. 4-

Chloro-5-iodo-7a-pyrrolo[2,3:-d]pyrimidine (3.0 g, 10. 73 mmol) was added in 

small portions to a solution of sodium hydride ( 0.891g 22.2 mmol) in N,N­

dimethylformamide ( 40 ml) ~t <rG. After completed. the addition the ice water 

bath was removed and the resultll,ig mixture was ~tirred for 30 minutes. 

30 Tetl'ahydro-2H~4-pyranyl ~uoromethanesulfonate was added dropwise and the 

reaction mixture was stirred ~t ambient temperature for 24 hours. The mixture 
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'13 
was poured to ice water (1 OOml) and the solid was collected by filtration and 

purified by re-crystallization to give 4-chloro-S-iodo-7-tetrahydro-2H-4-pyranyl-

7H-pyrrolo[2,3-d]pyrimidine. 1H NMR (CDCIJ 5 2.06 (m, 2H), 3.63 (m, 2H), 

4.16 (.m, 2H), S.00 (m, lH), 7.4S (s, lH), 8.61 (s, lH). LC/MS ~=364) 

c) tert-Butyl N-(4-(4-chloro-7-tetrahydro-2H4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2•methoxyphenyl)carbamate. tert-Butyl N-[2-methoxy-4-

(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]carbamate (1.66g, 4. 75 

mmol) in water was degassed by sonication under vacuum for 1 minute. 4-

10 Chloro-5-iodo-7-te1rahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidine (1. lg, 

3.17 mmol), tetrakis(triphenylphosphine) palladium(O) (0.22g, 0.19 mmol), 

Sodium carbonate (0.8g, 7.60 mmol) and 1,2-dimethoxyethane (30 ml) was 

added to the aqueous mixture. The resulting suspension was degassed again for 

2 minutes and then headed to 85°C. for 24 hours. The reaction mix1;ure was 

lS cooled to ambient temperature and· solvent was evaporated. The residue was 

dissolved in ethyl acetate. The organic layer washed and dried (MgS04). The 

solid was purified by flash column chromatography on silica using heptane/ethyl 

acetate (7:3) as the mobile phase to give tert-butyl N-( 4-( 4-chloro-7-tetrahydro.; 

2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl) carbamate .. · 

20 'HNMR (CDC~) 5 1.SS (s, 9H), 2.10 (m, 4H), 3.66 (m, 2H), 3.92 {s, 3H), 4.16 

(m, 2H), 5.05 (m, lH), 7.06 (m, 2H), 7.14 {s, lH), 7.32 (s, lH), 8.13 (br.d, J=8 

Hz, lH), 8.64(s,.IH). LC/MS {MW=459) 

d) 4-( 4-chloro-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

2S methoxyaniline. A solution of ten percent trifluoroacetic acid in 

dichloromethane (50 ml) was added to tert-butyI N-(4-(4-chloro-7-tetrahydro-

2H-4-pyranyl-7H-pyrrolo[2;3-d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate at 

0°C: After 20 minutes, the ice water bath was removed and the resulting solution 

was stirred at ambient temperature for 4 hours. The solvent was removed and 

30 the residue taken into dichloromethane. Saturated sodium bicarbonate was 

· added and the layers separated. The aqueous layer was extracted with 
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dichloromethane. Th.e combin¢d organic· 1ayer was washed with' brine, dried 

(MgS04), fil~d.and ~ted. The solid was-purified by passing though a 

pat of silica gel using b.eptane,jethyl acetate (3 :2} as the mobile phase to give 4-

(4-chloro-7-t~ydro-2H-4-~~yl-7H-pyrrol0[2,3-d]pyrimidin-S-yl)-2-
S methoxyani~~. 1H NMR (~Cl,) (5 2.09 (m, 4H), 2.Sl (br. s, NHJ, 3.66 (m, 

2H), 3.91(s,.3ffl,4~16 {m, lff),:s.os (m, lH), 6;79 (d, J=8 Hz, 2H), 6.93 (d, J=8 
- . . ~·· .. 

Hz, lH), 6.98 (s, lH), 7.28 (s,·· lli), 8.63 (s, lH)> LC/MS {MW=3S9) 
. . . ~- . .. 

e) · S-( 4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
. ·. ··: .· ' 

10 d]pyriniidin-4-amine. AnmimP.Um. hydroxide (25. ml) was added to a solution of 

·4-( 4-chloro-7~~etrahjdro-2H+pyranyl• 7H-pyrr9io[2,3-d]pyrimidin-S-yl)-2-

inethoxyanilin~ (0.73g, 2.03 in!nol) in dioxane (25 ml) in a pressure tube~ The 

pressure tube.was sealed and h~ted to l22°C fo~2 days. The tube was cooled to 

ambient temp~ arid the S<)lyentwas e\Tapom,ted. Ethyl acetate was added 

15 and the organic layer was washed, dried (MgS04), filtered and concentrated to 

. give S-( 4-anili,io'."3-methoxyph~l)-7.;.tetrahy~-~H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin4-~· 1H NMil·(DMS~J <5 1.$.7 (m, 2H), 2.11 (m, 2H), 3.52 

(m, 2H), 3.79 (s,3H), ~.99 (ni/2H); 4:~p (m, 3H)~ 6.02 (br. s, NHJ, 6.73 (d, J=8 

Hz, 2H), 6.77(~1=8 Hz, 1H);6:88 (s, lH), 7.33!:(s, lH), 8.10 {s, lH). LC/MS 

20 {MH4"=340) . . . . 

f) Benzyl N-(4-{4-amino-7:tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-
.. 

5-yl}2-methoxyphenyl)carbamate. Benzylchloroformate{l6 uL, 0.110 mmol) 

was added. dr0pvvise to a - -solution of 5-( 4-amino-3-methoxyphenyl)-7-
. ·.·.,. . 

25 tetrahydro-2H".'.~pyianyJ-7H;.p~lo[2,3-d]p~din;.4-amine (25 mgt 0.074 

mmol) in pyridine {0.7 ml) middichloromethane ·co.7 ml) under nitrogen at 0°C. 
~· 

After 10 minute~ the ice water balh, was removed :and the resulting miXture was 

stirred for 4 homs. The solv~t was evaporated and the residue was purified by 

preparative TLO using dichloromethane/methanol(95:5) as the mobile phase to 

30 give benzyl N-(4;.(~amino-7 .. tettabydro-2H-4'pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxjphenyl) carbamate. 1HN.MR (CDC13) 6 2.07 (m. 
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4H), 3.65 (~ 2~, 3.9 (s, 3H), 4~:1,(m, 2H), 4.97~:,(~ lH), S.23 (s, 2H), 6.96 (s, 

lH), 7.03 (s, lH), 7.08 (d, J==S Hz, lH), 7.42 (m, 6H), 8.20 (br. ·~ J=8 Hz, lH). 

8.32 (s, lH). LC/MS (Mlr'=474). 

S Example 2: Neopentyl N-(4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H­

.pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate. 

Neopentylchloroformate(l3 uL, 0.110 mmol) was added dropwise to a, 

. stirring solution of S-( 4-amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H­

. pyrrolo[2,3-d]pyrimidin-4-amine (25 mg, 0.074 mmol) in pyridine (0. 7 ml) and 

10 dicbloromethane (0. 7 ml) under nitrogen at OOC. After I 0 minutes, the ice water 

. bath was removed and the resulting mixture was stirred for 4 hours. The solvent'was 

. evaporated and the residue was purified by preparative TLC using 

dichloromethane/methanol (95 :5) as the mobile phase to give neopentyl N-( 4-(4-

amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2.,3-d]pyrimidin-5-yl)-2~ 

15 metboxyphenyl)carbamate. 1H NMR (CDCIJ a 1.00 (s, 3H), 2.07 (m, 4H)~ 3.65 (m~ 

2H), 3.91 (s, 2H), 3.94 (s. 3H), 4.13 (m, 2H), 4.97 (m, lH), 5.18 (s, 2H), 6.97 (s,. 

lH), 7.03 (s, 11!), 7.07 (d, J=8 Hz, lH), 7.25 (s, lH), 8.19 (hr. s, J=8 Hz, lH). 8~33 · 

. (s, lH). LC/MS (Mlr=454). 

20 Example 3: Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-methoxyphenyl]carbamate 

5-( 4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pytanyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine {l 00 mg, 0.294 mmol} was dissolved in dicbloromethane (2 

mL). Pyridine (2mL) was added followed by phenylchlorofonnate ( 44 uL, 0.353 

25 mmol). ·After stirring for 3 hours, another 44 uL of phenylmethanesulfonyl chloride 

was added and the reaction mixture was stirred overnight. The solvent was removed 

and the residue was purified by preparative LC/MS to give phenyl N-[ 4-( ~amino-7-

tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl] 

carbamate (52 mg, 0.113 mmol). lH NMR (CDC13-d) 5 2.09 (m; 4H), 3.66 (m, 2H), 

30 3.98 (s, 3H), 4.16 {m, 2H), 4.98 (m, lH), 5.24 (s, 2H), 7.09 (m ,3H), 7.23 (m, 4H), 

7.41(m,2H}, 7.62 (s, lH); 8.20(bd, J=7.80 Hz, lH), 8.33 (s, IH). LC/MS MW==460. 
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Example 4: Tetrahydro-2H+pyranyl N.;[4-(4-amino-7-tetrahydro-2H+pyranyl-

7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-metho:xyphenyl]carbamate·4-nitrophenyl 

tetrahydro-2H+pyranyl carbonate 

S T~2H-4-pyranol (1.0 ml, 10.5 mmC?l) was mixed with 4-

methylmorpholine (~.O ml) in diChtoromethane (20.mL). 4- NitrOcbloroformate 
. . . 

(1.98 g, 9.82 mmol). was added slowly to the reacti()il mixture. After stining for 5 

hours, the reaction mixture w~ diluted with dichloromethane. The organic layer 
. . . '!';' . 

was washed with water, LO N Hyl, saturated sodimn bicarbonate, brine, dried over 

10 MgS04, filtered and evaporated. · TQe crqde product was purified by flash column . . . . 

15 

chromatography ch.-omatography·l1sing ethyl aceta~e/heptane ( 4:1) as the mobile 

phase to give 4-nitrophenyl tetr~fh'o-~+pyranyl carbonate (1.S g, 5.62 mmol). 

lH NMR(CDCI,'.'d) a 1.87 (m, 21Q, 2.06 (m, 2H), 3.58 (m, 2H), 3.98 (m, 2H), 4.97 
. . ··.· . . 

'1.• 

(m,lH), 7.40(d, J===?~OHz, 2H)9 8.~(){d, J=:=9.0Hz, 2H). 

.;·· . 

a) Tetrahydro-~-4-pyranyl N-[4-( 4-amino-7-tetraiiydro-2H+JJYranyl-7H­

pyrrolo[2,3~d]pYrlmidin-5-yl~Z~metlloxyphenyiJcarbamate. 5-(4-Amino-3-
.. : .· ,. 

methoxypheny1)-7-tetrahydr0-2H-4-pyranyl-7H..,pyrrolo[2,3-d]pyrimidin-4-
. . . . . : . . . . 

amine (57 mg, 0.168 mmol) ~ 4-nitrophenyl tetrahydro-2H-4-pyranyl 

20 carbonate (9p Dig; 0.33() mmpi):was mixed in pyridine (1 mL). After stirring for 
. .. ~ . 

5 hours, another 90 mg· of 4-n:itfpphenyl tetrahydro-2H-4-pyranyl carbonate was 
' ., . . 

added and the ~action mixtute was stirred for 2 .days. The reaction mixture was · 

heated at 70~C for 2 hours. Tlie salvent was re.moved and the residue was 

purified by preparative thin hiYer chromatography to give tetrahydro-2H-4-

25 pyranyl N-[+(4-amino-7-t~)'dro-2H-4-p~yl-7H-pyrrolo[2,3-d]pyrimidin-

30 

.. ,. 
5-yl)-2-methoxyphenyl]carb~te (30 mg, 0.064 mmol). lH NMR (CDC13-d) l> 

1.78 (m, 4H),.2.08 (m, 4H), 3'.60 (~. 4H), 3.94 (s, 3H), 3.97 (m, 2H), 4.15 (m, 

2H), 4.98 (m,:2H), 5.23 (s, 2H};6;78 (s ;lH), 7.04 (s, lH), 7.07 (d, J==8.3 Hz, 

lH), 8.16(b~J~7.90 Hz, IHj~ 8.33 (s, lH). LC/MS Mir"=468. 
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.Example 5: 3-Pyiidyhnethyl N-[~(4-amino-7'."tetr$ydro-2H-4-pyranyl-7H-

,pyrrolo[2,3-d]pyrimidin-S-yl)-2-methoxyphenyl]carbamate hydrochloride 

a) 4-Nitrophenyl (3-pyridylmethyl) carbonate. 4-Nitrochlorofonnate (2.49 g, 12.3 

S mmol) in dichloromethane (20 mL) was cooled on an ice-water bath. 3-

pyridylmethanol (1.0 m4 10.3· mmol) and 4-methylmorpholine (2.0 mL, 18.5 

mmol) was added slowly. After 20 minutes; the ice-water bath was removed and 

the reaction mixture was allowed to warm up to room temperature. 30 minues 

later,, ethyl acetate was added and the reaction mixture was tittered. The filtrate 

10 . was washed with water, saturated sodium bicarbonate, brine, dried over MgS04, 

filtered and evaporated to give a dark brown solid which was re-crystallized with 

ethyl acetate/heptane to give 4-nitrophenyl (3-pyridyJmethyl) carbonate (1.52 g, 

5.54 mmol).IHNMR(CDCI-d) 6 7.38 (m, 3H), 7.79 (m, lH), 8.28 (~ 

J=9.09Hz, 2H), 8.65 (m, lll), 8.72 (s,lH). 

15 

b) 3-Pyridylmethyl N-[ 4-(4-amin~7-tetrahydro-2H-4-pyranyl-7H-pyrro1o[2,3~ 

d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate. 5-( 4-Amino-3-methoxyphenyl)-

7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (25 mg, 0.074 

mmol) was dissolved in dicblorometbane (0.7 mL). Pyridine {0.7 mL) was 

20 added followed by 4-nitrophenyl (3-pyridylmethyl) carbonate (30 mg, 0.110 

mmol). After heating al 100°C overnight, the solvent was removed and the 

residue was purified by preparative LC/MS to give 3-pyridylmethyl N-[ 4-( 4-

amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimiclin-5-yl)-2-

methoxyphenyl]carbamate (12 mg, 0.025 mmol). lH NMR (CDCl3-d) 6 2.08 (m, 

25 4H), 3.65 (m, 2H), 3.92 (s, 3H), 4.15{m, 2H), 4.96 (m, lH), 5.26 (s, 2H), 5.54 

(bs, 2H), 6.97 (s, lH), 7.04(s, lH), 7.08 {d, J=8.2Hz, lH), 7.35 (m, 2H), 7.79 (~ 

J=7.8Hz, lH), 8.15 (m, lH), 8.29 (s, lH), 8.61 (s, lH), 8.71 (s, lH). LC/MS 

Mfr'=475 

30 
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c) 37Pyridyhnethyl N-[ 4-( 4-amin.Q~ 7-tetra,hydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)•2.;,methoxypl1enyl)catbamate hydrochloride. 3-Pyridylm.ethyl 

N-[4-(4-amino-7-tetrab.ydro-2.li-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-
. . \ . 

. ; . . ~ 

methoxyphenyl]carbamate (l:Z n,ig, 0.025 mm.ol)'was dissolved in ethyl acetate 

S (2.0mL). 1.0N]ICI in ether d ~)was added slowly. The precipatate was 

.10 

. . . : . . 

collected throu.ib .filtration Under: nitrogen to giv~ 3-pyridylmethyl N-[ 4-(4-
~- ·' 

amino-7-tetrahydro-2H-4-pyraliyl .. 7H".'pyrrolo[;3~)pyrimidin-S-yl)-2-
. :·· - :-· 

methoxyphenyl)car~amate hYdrot:hloride(13 mg, 0.25 mmol). lH NMR 

(DMSO-dJ c5J~91 (m; 2H), ii 7(m, 2H), 3;54 (~ 2H), 3.87 (s, 3H), 4.03 (m, 
. .· ·••. ·!.. 

·2H), 4.97(m, lH), 5.23 (s, 2H)~ 7.05 (d, J=8.2Hz,:1H), 7.13 (s, lH), 7.51 (m, 

· 111), 7.81 (d, J=;8•2Hz, lH), 7.·~ (s, lH), 7~95 (~ lH), 8.42 (s, 111), 8.60(s, UI), 

8~71 (s, lH), 8.82 (s, lH). LCf1dS Mlr=475. ' .· 
. . ·. : . .. 

. '·. · ...• 

Example6: 2-MorpholinoethylN-[4-(4-amino-77~ydro-2H-4-pyranyl-7H-

.15 pyrrolo[2,3-d]pyrimidin .. 5-yl)-2 .. ~oxyphenyl]c~amate hydrochloride 
. . ~ .·. . 

Phenyl N".'[4-(4-amiilo-7~.~dro-2H-4-p~yl":" 7H-pym)lo[2,3-. 

.... d]pyrimidin-5.;.yJ)-~-methoxyphenyl]caibamate (25 titg, Q.054 mmol) was mixed 

with 2..moipholino-.l-ethati91 (Oil~) in pyridine .(Q. 7 mL) •. The reaction mixture ·· 

. was heated at·100°c ovemi,ght 1;he solvent was ~oved and the residue was 
: . ·. 

20 .. . purified by prep~tive reverse .p~e }IPLC to· give 2-moipholinoethyl N-[ 4-( 4-

amino-7 -tetrahy~-2H-4-pyranyl; 7.H-pyrrolo[2;3-d]pyrimidin-5-yl)-2-

methoxyphenyl] carbamate (24 uig, 0.048mmol). The solid was dissolved in ethyl 

acetate (2 mL) and LON HCI in ~er (0.2 mL) was added slowly. The precipitate 

was collected throµgh filtratioil ~er nitrogen to give 2~morpholinoethyl N-[4-( 4-

25 amino-7-tetrahydro-2H-4-pyranyl'."7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

30 

methoxyphenyl] c~bamate hydrQchloride (24 mg~ Q,045 mmol) .. lH NMR (DMSO­

dJ o 1.88(m, 2H);2.16(m, 2H), 3.55 (m, SH), 3.90(s,.3H), 4.03 (m, 4H), 4:49(m, 

2H), 4.92 (m, IH), 7.07 (m, lH), 7.15 (s, lH), 7.65 (bs, 2H);7. 84 (s, lH), 8.45 (s, 

lH), 8.75(s, lH) 10.95 (bs, IH). ic/MS 'MW=497.; 
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Example 7 ( 4-Br9PW-1,3-thiazol,~ftYI)methyl N-[1';(+,amino-7-tetrahydro-2H-4-
.. !•' . - :::· ~··=: ··:<;. 

pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate. 

a) 2,4-Dibromo-1,3-tbiazole-5-carbaldehyde. J,3-Thiazolane-2,4-dione (3.52 g, 30 

S mtnol) and phosphorus oxybrom.ide (43 g, 150 mmol) were mixed with dimethyl 

fonnamide (2.56 mL, 34 mmol). The mixture was then heated at 7S°C for 1 

hours and at lOOoC for S hours. After cooled to room temperature, the mixture 

was added to ice-water (SOOml) and the aqueous layer was extracted with 

dichloromethane. The combined organic layer was washed with saturated· 

10 sodium bicarbonate, dried over MgS04 •. filtered and evaporated. to give a brown 

solid which was washed with petroleum ether. Evaporation of solvent gave 2,4-

dibromo-1,3-thiaz.ole-5-carbaldehyde (1.74 g, 6.42 mmol). lH NMR (CDCl;,-d) 

6 9.90 (S, lH). 

IS b) (2,4-Dibromo-1,3-thiazol-5-yl)methanol. 2,4-Dibromo-1,3-thiazole-5-

carbaldehyde (1.74 g, 6.42 mmol) was dissolved in methanol (70 ml) at 0°C. 

Sodium borohydride (0.244 g, 6.42 mmol) was added in small portions. The ice­

water bath was removed 10 minutes later and the reaction mixture was stirred at 

room temperature overnight. Solvent was removed and saturated ammonimn ; · 

20 chloride was added. I .ON NaOH was added to adjust the pH to 10. The aqueous 

layer was extracted with ethyl acetate. The combined organic layer was washed 

with brine, dried over MgS04, filtered and evaporated. The residue was purified 

by flash column chromatogtph)' to give (2,4-dibromo-1,3-thiazol-S-yl)methanol 

(0.946 g, 3.47 mmol). lHNMR (CDCl3-d) 6 2.11 (bs, lH) 6 4.79 (S, 2H). 

25 

c) ( 4-Bromo-1,3-thiazol-5-yl)metbanol. (2,4-Dibromo-1,3-thiazol-5-yl)methanol 

(0.94 g, 3.44 mmol), sodium carbonate tri-hydrade (1.34 g) and palladium on 

carbon (10%, 0.07g) were mixed in methanol (33 mL). The resulting mixture 

was hydrogenated at 60 psi for 2 days. The solid was :filtered off through a pat 

30 of celite. The solvent was evaporated and th~ residue was purified by frash 

colUDlll chromatography to give (4-bromo-1,3-thiazol-5-yl)methanol (0.32 g, 
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I ('rt:) 

2.78 mmol). HI NMR. (CDC13-0} 6 2.29 (bs, lH) 8 4.86 (s, 2H), 8.72 (s, 111). 

d) (4-Bromo-1,3-~azol-5-yl)m~qiyl N-[ 4-( 4-~q-7-tetrahydro-2H-4-pyranyl-

7H-pym>lo[2,~~d]pyrliitidin-~~yl)-2~methoxyphenyl]carbamatC. Phenyl N-[4-(4-

amino-7-tetraliydro-2H-4-~yl-7H-pyrrolo[2,3-d]pyrinrldin;.s-yl)-2-

methoxyph~l]calbamate c2's·JD& o.o61 mmol)was mixed with (4-bromo-1,3-

thiazol-5-yl~etfumot (SO m~ 0;434 minol) in~ (O.S inL). The reaction 
·' ':··, . l" . .· .. 

mixture ·was heated at lOO°C ·ovmmght The solvent was removed and the 

residue was p~ed by ~e reverse p~ LC/MS ·to 'give (4-bromo-1,3-

thiazol-5-yl)nl.~yl N-[ 4-( 4-:rinino-7-tetrahydrd-2H-4-pyranyl~ 7H•pyrrolo[2,3-

d]pyrinridin~S~yl)-2-methoxYJ>hellYl]carbamate~; lH NMR (CDCl-d) 8 2.07(m, 

4H), 3.65 (~ ?H), 3.92 (s, 3~; :~t"13 (m, 2H), 4~98 (m, lH), 5.35 (s, IH), 5.40(s, 
. . 

2H), 6.97(s7·1H), 7.04-(s, lH); 7.09 (m, lH), 7.35 (s, lH), 8.17 (s, lB), 8.32 (s, 
_,:>··. · .• 

lH), 8.78(s, ni)~ LC/MS Mif =431.. · . 

. 15. . . .· . . . .'.. ,. "· : . 

Example 8: •·· T~ydro-3~fur.lpyt'N~[ 4-( 4-amin~ 7;.tetrahydro-2H-4-pyranyl-7H­

. · pyrrol0[2,3-d]pytim.idin~5.:.yl)-2"'~Ctti.oxyphen,yl]cai"bamate . 

· Phenyl N~[4-C 4-alilino-7-~~yclro'..2H-4-~yl-7H-pyrrolo[2,3-. 

d]pyrimidin.;S-yl)f2-methoxyphehyt]Carbal'.Ilate (30 ing, 0.065 mmol) was mixed 
·., . . . '.. . . 

· 20 with tetrahydro.;3-.furanol (0.05 DlL) in. pyridine (O.~ JDL).· The reaction mixture was 

heated at 1 OO°C overnight. The solvent was remove.cl and the residue was purified by 

preparative revene phase PHLC ~~ye tetrahydro-J-furanyl N-[4-(4-amino-7-

tetrabydro-2H-4-pyranyl-7H-pYITc>lo[Z3-d]pyrimidin-5-yl)-2-methoxyphenyl] 

carbamate (14 mg;' 0.031minol). lHNMR (CDC1-d)5 2.07(m, 6H), 3.66 (m, 2H), 

25 3.96 (m, 7H), 4. n (m., 2H), 4.98 (m, llI), 5.26 (s, 2H), 5.40(m, lH), 6.97 (s, lB), 

·· 7.04 (s, lH), 7.08{d, J=8.2Hz, Hi), 7.26 (s, lH), 8;30{s, lH), 8.32 (s, lH). LC/MS 

Mir"=4SS. 

30 
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·Examples9 an.d·t~'t··· l,3-Dioxan:~l'N-(4-(4-anJii~7-tetrabydro-2H-4-pyranyl-
7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2~methoxyphenyl]carbamate 

1,3-Dioxolan-4-ylmethyl N-(4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H­

pyrrolo[2,3-d]pyrimidin-S-yl)-2-methoxyphenyl)carbamate 

S Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-S-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 

glycerol formal (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated at 

lOD°C overnight. The solvent was removed and the residue was purified by 

preparative reverse phase PHLC tO give tetrahydro-3-furanyl N-[4-(4-amino-7-

10 tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2-methoxyphenyl] 

15 

carbamate (2 mg, 0.004mmol). lH NMR (CDCI-d) a 2.06(m, 4H), 3.66 (m, 2H), 

3.92 {m, 3H), 4.07 (m, 6H), 4.79 (m, lH), 4.83 {d, J=6.3Hz, lH), 4.96 (m, lH), 

S.04(d, J=6.3Hz, lH), 6.15 (vbs, ~H), 6.96 (s, lH), 7.05 (m, 2H), 7.53 (s, 111), 8.15 

(d, J==8.2Hz, lH), 8.22 (s, lH). L~IMS :MW=471 and l,3-dioxolan-4-ylmethyl N-

(4-( 4-amino-7-tetrahydro-2H-4-PYf811Yl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-. · 

methoxyphenyl) carbamate(6.0mg, 0.013 mmol)~ lH NMR (CDCl-d) a 2.06{m, 

4H), 3.66 (m, 2H), 3.75 (m, lH), 3.92 (m, 3H), 4.03 (m, lH), 4.13 (m, lH), 4.34 (m, 

2H), 4.94 (s, lH), 4.97 (m, lH), 5.lO(s, lH), 5.32 {bs, 2H}, 6.97 (s, lH), 7.03 (m, 

2H), 7.06(d,1=8.2Hz, lH), 7.38(s, lH), 8.15 (d, J=7.9Hz, lH), 8.31 (s, lH). LC/MS 

20 Mlr=471. 

Example 11: 2-Pyridylmethyl N-[4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H­

pyrrolo[2,3-d]pyrimidin-5-yl)-2-m~thoxyphenyl]carbamate hydrochloride . ' 

Phenyl N-[ 4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

25 d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 2-

pyridylmethanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated 

at 100°C overnight .. The solvent was removed and the residue was purified by 

preparative reverse phase LC/MS to give 2-pyridylmethyl N-[ 4-( 4-amino-7-

tettahydro-2H-4-pyranyl-7H-pyrrolp[2,3-d]pyrimidin-S-yl)-2-methoxyphenyl] 

30 carbamate (11 mg, 0.023 mmol). The solid was dissolved in ethyl acetate (2 mL) and 

1.0N HCl in ether (0.1 mL) was ad4ed slowly. The precipitate was collected through 
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filtration under nitrogen to give 2~pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-
.. '!" :. 

pyranyl-7H-pyrrolo[2,3-d]pyrimi,din-S-yl)-2-metho:icyphenyl] carbamate . . . . . . .. ,,. . . .. 
. . 

hydrochloride (121llg, 0.023 mmol). IH NMR (DMSO-dJ l> l.92(m, 2H), 2.16(m, 

.2H), 3.55 (m, 2F.Q, ~.89 (s, 3H), .4,g7 (m, 2H), 4.91 (m, lH), S.23 (s, 2H), 7.05 (d, 

S J=8.2Hz, lH), 7.14 (s, lH), 7.37 (Jll; lH), ,7. 53 (d, J:;=7.8Hz, lH), 7.87 (m, 3H), 

8.42(s, lH), 8.57 (d, J-4.2Hz, llD~ 8.85 (s,.IH). LC/MS MFr"=475. 

Example 12: 4-Pyridylmethyl N:~[+(4-atnino-7-tetrahydro:.2H-4-pyr8nyl-7H­

pyrrolo[2,3-d]~din-5-yl)-2-~ethoxyphenyl]carbamate Hydrochloride 

. 10 . Phenyl N-[4-(4-amino-7-tetrahydro:.2H-4-PYmnYl-7H-pyrrolo[2,3-

. d]pymjndin-5-yl}2..:metb.oxypheiiyl]Carbamate {30 Mg, 0.065 mmol) was mixed 4-
. . . . .. ' 

pyridylmethanol (0.05 DiL) in pyridine (O.S mL). The· reaction mixture wa8 heated 

• at 1 O<>°C overnight The solvent ~ removed and the re&idue was purified by ... . . 

preparative reverse phaSe LC/M~ tO give 2-pyridyhnethyl N-[4-( 4-amino-7-

15 te1rahydro-2H-4-pyranyl-7H-pYm>lo[2,3-d]pyrimidi~-5-yl)•2'."methoxyphenyl] 
. ~ .. 

carbmte (11 mg,· OJ>23 mmol). The solid:was diss0Ived hi ethyl acetate (2 DiL) and 

I .ON HCl in ether (OJ lnL) was added slo~JY. The PreciPatate was collected through· 

filtration under mtrogCIJ. to give 4-~YfMyhnethyl N-[ 4-( 4-ammo-7-tetrahydro-2H-4-

pyranyl-7H-pYm>Io£2,3-d]p}iriini~~5~yl)-2-methoxyphenyl] carbanlate 

20 hydrochloride (12 mg, 0.023· nnnol). lH NMR (DMSO-dJ 5 1.9l(m, 2H}, 2.i6(m, 

2H), 3.55 (m, 2H), 3;90 (s,.3H), 4.03 (m, 2H), 4.92 (~. lH), 5.34 (s, 2H), 7.06 (d, 

J=8.2Hz, lH), 7.16 (s, lH), 7.73 (iii, lH), 7. 81 (m, lH), 7.87 (s, lH), 8.46(s, lH), 

8.76 (d, J=5.6~, IH), 9.05 (s, lH); LC/MS: MH'"~75. 

25 Example 13: (5-Methyl-3-isoxazolyl)methyl N-[4-(4-amino.:.7-tetrahydro-2H-4-

. pyranyl-7H-pyrrolo[2,3-d]pyrimidin-'~-yl)~2-methoxyphenyl]carbamate 

Phenyl N-[ 4-( 4-amino-7-tetrab,ydro-2H-4-pyrariyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 

with (5-methyl-3-isoxazolyl)methanol (0.05 niL) in pyridine (0.5 mL). The reaction 

30 mixture was heated at lOOOC overnight. The solvent was removed and the residue 

was purified by preparative reverie phase LC/MS to give (5-methyl-3-
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isoxazolyl)methyl N-( 4-( 4-amino-7-tctrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimiclin-5-yl)-2-methoxyphenyl]carbamate (18 m& 0.038mmol). lH NMR 

(CDCl-d) 5 2.06(m, 4H), 2.44 (s, 3H), 3.64 (m, 2H), 3.91 (s, 3H), 4.13 (m, 2H), 4.96 

(m, lH), 5.26 (s, 2H), 6.12(s, lH), 6.95 (s, lH), 7.06 (m, 2H), 7.39 (s, lH), 8.17 (bs, 

5 lH), 8.2l(s, lH). LC/MS:~ 479. 

Example 14: [(2S)-5-0xotetrahydro-1H-2-py:tTOlyl]methyl N-( 4-( 4-amino-7-

tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

methoxyphen.yl]carbamate 

10 Phenyl N-[ 4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimiclin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 

with (SS)-5-(hydroxymethyl)tetrahydro-lH-2-pyrrolone (0.05 mL) in pyridine (0.5 

mL). The reaction mixture was heated at 1 OD°C overnight. The solvent was removed 

and the residue was purified by preparative reverse phase LC/MS to give [(2S)-S-

15 . oxotetrahydro-lH-2-pyrrolyl]methyl N-[ 4-( 4-amino-7-tetrahy(lro-2H-4-pyranyl-7H­

pyrrol0[2,3-d]pyrimiclin-5-yl)-2-methoxypheny1]carbamate (10 mg, 0.021mmol). 

lH NMR (CDCl-d) 5 1.90 (m, lH), 2.06(m, 4H), 2.34 (m, lH), 2.41 (m, 2H), 3.64 

(m, 2H), 3.94 (s, 3H), 4.04(m, 2H), 4.14 (m, 2H), 4.98 (m, lH), 5.33 {m, 3H), 

6.lO(s, lH), 6.98 (s, lH), 7.04 {s, lH), 7.09 (m, lH), 7.31(s, IH), 8.11 (bs, lH), 8.32 

20 (s, lH). LC/MS: MW 481. 

Example 15: 4-Aminobenzyl N-(4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H­

pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate 

25 a) tert-Butyl N-(4-(hydroxymethyl)phenyl)carbamate. (4-Aminophenyl)metbanol 

(1.23 g, 10 mmol) and diisopropylethylamine ( 2.6 mL, 15 nunol) was mixed 

with di-tert-butyl dicarbonate (2.62 g, 12 mmol) in dichloromethane (50 mL). 

The mixture was stirred at room temperature overnight Ethyl acetate was added 

and the organic layer was washed with water, 1.0N HCl, saturated sodium 

30 carbonate, water, brine, dried over MgS04, :filtered and evaporated. The crude 

product was purified by flash column chromatography with Ethyl acetate/ 
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heptane (2:3) ~give tert-butyl N-(4-(bydroxyQi~l)phenyl) carbamate (2.16g, 

9.67 ll)Dlol). l}i NMR (CDCl-d) a 1~52 (s, 9H), 4.63 (s, 21116.47 (bs, lH), 7.30 

(d, 8.5Hz, 2H), 7.36 (d, 8~5~. · 

5 b) 4-Aminobenzyl N-(4-(4-amino-7-tetrahydro-2H;~·pyranyl-7H-pyrrolo[2,3-

10· 

·' .. · 

d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate. Phenyl N-[ 4-(4-amino-7~ 

.. tetrahydro-2f.l+J>yranyl-7H-pyrrol~[2,3-d]pytjm.idin-S-yl)-2-

methoxyphenyUcaJ:bamate (S..b:1m, 0.111 mmol) was mixed with tert-butyl N-( 4-

(hydroxymethyl)phenyl)carbamate (119 mg, o.~33) in pyridine (0.8 mL). The 

reaction mixture was heated a.~ JOOOC overnight. l'he.solventwas removed and 

the residue yvas pmitied by Jm'Parative reverse phase LC/MS to give 4-
. .. . . 

aminobenzyl N-(4-(4-amino":' 7-~etrahydro'."2H-4-p~yl-7H ... pyrrolo[2,3-

d]pyrimidin-s'."yl)-2-methoxypJ,ienyl)carbamate (9 mg, O.OlSmmol). lH NMR 

(CDCI-d} 6: 1.5.2(s, lH), 2.0${JI1, 4H). 3;65 (m, 2H), 3.90 (s, 3H), _4.14(m, 2H), 

15 · 4.97 (m, IH); 5; 17 (s, 2H), 5~37(bs, lH), 6.55 (s, lH), 6.95 (s, lH), 7.03 (s, lH), 

7.06 (m, 1H);·7.3l{s~ lH), 7.~8 (ril, 3H), 8.16 (bs, lH}, 8.30 (s, lH). LC/MS: 

.',.. MB:+ 589; 

Example 16; Nl-[ 4-(4-Amino-7-tetrahydio-2H-4-pyranyl-7H-pyaolo[2,3-
. '•: '· . . . . . . .. .. .. ~ .· .. ,. . ·... . 

d]pyrimidin-5-yl}-2"'.iiiethoiyphenyl]benz~de .·. 

20.. 5-( 4-Ami:Jiq-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-4-~e (80mg, 0.236 mmol) was dissolved in dichloromethane (2.0 
=. . . • . := .. : ' : . . ·. .. . : . ~. ; . . : . . . . 

mL). Pyridine (2.0 mL) was added followeci by benzoyl chloride (41 uL, 0.353 
. .. . ·.; ,_ .. , . .. 

mmol). After stirring at room temperature for 2 hours, the solvent was removed and 

the residue was dissolved in 1 mlDMSO, methanol (1 mL) was added and 

.25 precipitate was formed.. The so:&d was collected by filtration to give N1-[4-(4-

amino-7~tetrahy4fo72ff-4-pyratl}'l~ m-pyrrolo[2,3".d]pyrimidin-S-yl)-2~ . 

methoxyphenyl~b~amide (64 .~ 0.144 mmol). lH NMR (CDC~...d) l> 2.12 (m, 

4H), 3.67 (m, 2ll), 3.99 (s, 3H), ~~17(m, 2H), 4.99 (m, lH), 7.03(s, lH), 7.04 (s, 

lH), 7.14 (d, J=8.~, lH), 7.~3 (D;l. 3H), 7.94(d, J=7.8Hz, lH), 8.33 (s, lH), 8.58 

30 (s, lH), 8.63 (d, J=8.2Hz, lH). LC/MS: Mlr=444 . 
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Example 17: N2-[4-( 4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxyphenyl]-2-pyridinecarboxamide 

S-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

S d]pyrimidin-4-amine (80mg, 0.236 mmol) was dissolved in dichloromethane (2.0 

mL). Pyridine (2.0 mL) was added followed by 2-pyridinecarbonyl chloride 

·hydrochloride (63 mg, 0.353 mmol). After stirring at room temperature for 2 hoUIS, 

the solvent was removed and the residue was dissolved in I ml DMSO, methanol (1 

mL) was added and precipitate was formed. The solid was collected by filtration to 

10 give Nl-[ 4-( 4-amino-7-te1rahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-

2-methoxyphenyl]benzamide (84 mg, 0.189 mmol). lH NMR (CDC13-d) a 2.12 (m, 

4H}, 3.67 (m, 2H}, 4.03 (s, 3H}, 4.14(m, 2H), 5.00 (m, lH}, 5.37 (s, IH), 7.04(s, 

lH), 7.09 (s, IH}, 7.14 (d, J=8.2Hz, lH}, 7.50 (m, lH}, 7.92 (m, IH}, 8.33 (s, lll), 

8.70(d, J=8.2Hz, lH}, 10.62 (s, lH). LC/MS: MH'"=445. 

15 

Example 18: NS-[ 4-( 4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxyphenyl]-1,3-dimethyl-1H-S-pyrazolecarboxamide 

5-( 4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pym>lo[2,3-

d]pyrimidin-4-amine (80mg, 0.236 mmol) was dissolved in dichloromethane (2.0 

20 mL). Pyridine (2.0 mL} was added followed by 2-pyridinecarbonyl chloride 

hydrochloride (63 mg, 0.353 mmol). After stirring at room temperature for 2 hoUIS, 

the solvent was removed and the residue was dissolved in 1 ml DMSO, methanol (1 

mL) was a4<ted and precipitate was fmmed. The solid was collected by filtration to 

give NS-[4-( 4-amino-7-tetrahydro:-2H-4-pyranyl-7H".pyrrolo[2,3-d]pyrimidin-5-yl)-

2S 2-methoxyphenyl]-1,3-dimethyl-lH-5-pyrazolecarboxamide (30 mg, 0.065 mmol). 

lH NMR (CDCl3-d) a 2.11 (m, 4H), 2.32 (s, 3H}, 3.66 (m, 2H), 3.99 (s, 3H), 

4.13(m, 2H), 4.17 (s, 3H), 4.99 (m, 1H), 5.22 (bs, 2H), 6.46 (s, UI), 7.03 (s, lH), 

7.07 (s, lH}, 7.12 (d, J=8.2Hz, lH), 8.33 (2, 2H), 8.49(d, J=8.2Hz, lH). LC/MS: 

Mlr=462. 

30 
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Example 19: Nl-[4-( 4-Amin°'" 7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-S-yl)-2-methoxyph~yl]-2,2-dim.ethylpropanamide 

S-(4-Amin,o~3-methoxyplJenyl)-i-tetrah~-2H-4-pyranyl-7H-pyrrolo[2,3-
. . : . . ": •"~ . : . . •· ~ . : . . : ' ;. ·• . 

d]pyrimidin-4-~e (SOmg, 0. l47 mmol) was d.is~olved in dichloromethane (l.S 

s mL). Pyridinecfis .. mL) was adde4:rollowCd by Zl-dimethylpropanoyl chloride (31 

mg, 0.221 · ~i)J' . Aftm- stirriri~; ~i room tCirlpeni~ for 2 hours, the solvent was 

removed and th~:~idUe was dh~olved in 1 ml D~O, methanol (1 mL) was added 
. ~- . . ' ' . 

and preeipitat~ Mis formed. Tii~ solid. was collect*1 by filtration to give Nl-[4-(4-

ammo-7-teirahydri,-2H-4-p}'ran~l~ 7H-pyriolo[2,3~]pyrimidin-5-yl)-2-
10 methoxyphenyl]~i2~ethylp~~de {27 q·~ 0.064 ~l). IH NMR (CDCI,­

d) 61.35 (s, 9~~~~09 (in, 4H),~:~66 (m, 2H), 3.96'(s, 3H), 4.13(m, 2H), 4.97 (m, 

lH), 5.46(bs, 2H:)~'6.98 (s, lH)/7.04 (s, lH), 7.07(d, J=8.2Hz, lH), 8.15 (s, IH), 
; ...... , . · .. 

8.29 (s, lH), S.4~(d, J=8.2Hz, 1H). LC/MS: MH".#24 . 
. :. ": . ·, . . . ~--.: ' 

· ... · ...: __ .. 

IS Example 20: Nt:.[4-(4-Ammp-7-tetrmydro-2H-4-pyranyl-7H-pyrrolo[2,3-
·. · . . . ,·: .. . .. . . . . ···: . 

d]pyrimidin-S-yl)~2-methoxyp~~yl]-1-cyclQpentanecarboxamide 

·S-(4-~~~~meilio~~I)-7-te~ycJ~m-4-pyranyl-7H-pyrrolo[2,3-. ~ . ' . ; ·. ,., . . . . ·.. . . . . . 

d]pyrimidin-4-aorine (SOJJ:ig, 0'.147,mmol) was diSSOived in dichloromethane {1.5 

mL). Pyridine :(l':s mL) was added followed by 1-~yclopentanecarbonyl chloride 

20 (31 mg. 0.221 Dlln.ol). 'After stnrlng at roomtemperature for 2 hours, the solvent 
. .. -:··.. . 

was removed and the residue was dissolved in 1 ml DMSO, methanol (1 mL) was 

added and precf~i~te \Vas fonned; The solid was collected by filtration to give Nl­

[4-( 4-amino-7~t~ydro-2H-4-pyr~yI-m~pyrrolc>[2,3-d]pyrimidin-S-yl)-2-
., ! . . . 

methoxypheny1)~2,2-dimethylp~panamide (33 mg, 0.076mmol).1H NMR (CDC~-
25 d) a 1.66 (m, zil>,1.si (m, 2H), 1.95(m, 4H), 2~0~ (m, 4H), 2.77(m, lH), 3.65 (m, 

2H), 3.94 (s, 3H),"4.1S(m, 2H),r4.96 (m, lH), S.37{bs, 2H), 6.98 (s, lH); 7.03 (s, 
. ·. . ., 

lH), 7.07 (d, i=S~2HZ, lH), 7.84 (s, lH), 8.30 (s, lH), 8.49(d, J=8.2Hz, lH). 
: . . ~ .. : 

LC/MS: Ml'.r:::i437. 

30 
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Example 21: Nt~[~( 4-Am.ino-7-tei&hydro-2H-4-~YtanYl-7H-pyrrolo[2,3-
.d]pyrimidin-5-yl}-2-methoxyphenyl]-3-phenylpropanamide 

5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrtolo[2,3-

· d]pyrimidin-4-amine {SOmg, 0.147 mmol} was dissolved in dichloromethane (1.5 

S mL}. Pyridine (1.5 mL) was added followed by 3-phenylpropanoyl chloride (37 m8> 

0.221 mmol). After stirring at room temperature for 2 hours; the $olvent was 

removed and the residue was dissolved in 1 ml DMSO, methanol (1 mL) was added 

and precipitate was formed. The solid was collected by filtration to give Nl-[4-{4-

amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

10 methoxyphenyl]-2,2-dimethylpropanamide (7 mg, O.OlSmmol). lH NMR (CDClJ"·d) 

a 2.07 (m, 4H), 2.75 (m, 2H), 3.09 (m,2H), 3.65 (m, 2H), 3.88 (s, 3H), 4.13(m. 2H), 

4.96 (m, lH), 5.97(bs, 2H), 6.93 {s, lH), 7.05 (m. 2H), 7.26 (m, SH), 7.70 {s, lH), 

. 8.24 (s, IH), 8.46(d, J==8.2Hz, lH); LC/MS: MW-472. 

15 Example 22: 5-( 4-phenoxyphenyl)-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine. 

a) T.osyl chloride (12.0 g) was added in portions to a mixture of 3-

hydroxytetrahydofuran (5.0 g) in pyridine (100 ml) at 0 C under nitrogen with· 

20 stirring. The mixture was stirred at 0°C for 2 hours and then warmed to ambient 

temperature. The mixtUre was stirred at ambient temperature for 72 hours. The 

. mixture was cooled to 0°C and SM hydrochloric acid (200 ml) was added. The 

mixture w~ extracted with ethyl acetate and the combined ethyl acetate extracts 

were washed with 2M hydrochloric acid and then with brine, then dried, filtered 

25 and evaporated to give 3-tosyloxytetrahydrofuran as an oil. 

b) Sodium hydride (120 mg, of a 60% dispersion in mineral oil) was added to a 

solution of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

{906 mg) and dimetbylfonnamide (30 ml) with stiITing under nitrogen. The 

30 mixture was stirred for 30 mlliutes and then a solution of 3-(tosyloxy) 

tetrahydrofuran (750 mg) in dimethyl formamide (1 O ml) was added with 
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stining. The ~ttire was stirred and heated at 95°C for 18 hours and then 

evaporated under v8ctium. The residue was partitioned bet\veen ethyl acetate 

and water. The ethyl acetate layer was separated, dried and evaporated to give a 

residi:aal gummy solid which was tri~ with ether and :filtered to give S-(4-

S phenoxyphenyl}-7-(3-tetrahydroforyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

m.p. 196.;196.5°C. · · 

Example 23: s~c 4-phenoxyphenyl)-7-(4-tetrahydropyranyl)-7H-pyrrolo[2,3-

d] • · dili-4- famine. · pynmt y 

10 In a similannanner to. E,[ample 1, 4-amino~S-(4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]p~dine was reBcted with 4-~syloxytetrahydropyran to give after 

flash column chroIDatography S~4-phen.oxyphenyi)-7-( 4-tetrabydropyranyl)-7H-
. ·. . 

pyrrolo[2,3-d]pyrimidin-4-yl~e~ m.p. 193-193.S°C. 

ts Exmhple 24: 4-~:-.S-{4-p~xyphenyt}-7-[ 4-(N-tert-butoxycarbonyl) 

tetrahydroisoxazolyl]-7H~pyrrolo[2,3-d]pyrimidin-4-ylamine. 
. . . . ., . . . . 

' ' 

a) Di-tert-butyl dic.arbonate ( 4.5() g) was added to a solution of 4-

hydroxyte~ydroisoxazole (2.4 g) and trlethyl&mine ( 4.2 .g) in tetrahydrofuran 

20 (100 ml) with stirring at 0°C under nitrogen. The mixture was stirred at ambient 

temperature for 72 hours and.then filtered. The filtrate was evaporated under 

reduced pressure tO give N-{tert-butoxycarbOnyl)-4-hydroxytetrahydroisoxazole 

as an oil which was used directly in the next part of this example. 

25 b) The product from a} above (3.6 g) w'as stirred in pyridine (SO ml) at 0°C under 

nitrogen and then tosyl chloride (3.62 g) was added in portions at 0°C with 
. . I . 

stirring. The mixturewas stirred at 0°C for 1 hour and then allowed to wann to 
' ' 

ambient temperature over 18 hours. The pyridine was removed under reduced 

pressure ~d ethyl acetate ~SO ml) and citric .acid (SO ml of a IM solution in 

30 water) were added. The organic layer was separated and washed with IM citric 
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acid solution and then brine~ then.dried, filtered and evaporated to give an oil 

which was purified by flash column chromatography using petroleum ether, 

b.p 40-60°C containing 20-30% of ethyl acetate as the mobile phase. 

Appropriate fractions were collected and combined to give N-(tert-

5 butoxycarbonyl)-4-tosyloxy tetrahydroisoxazole, m.p. 63-65°C. 

c) A solution of 4-amino-5-{4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

(l.O g) in dimethylfonnami!ie (40.ml) was added dropwisewith stirring to a 

suspension of sodium hydride (0.145 g, of a 60% dispersion in mineral oil) in 

10 dimethylformamide (60 ml) with stirring under nitrogen at 0°C. The mixture 

was stirred at 0°C for 1 hour and then the product from b) (1.25 g) was added. 

The mixture was heated at l00°C for 3 hours and then cooled to ambient 

temperature, ~ched with water and extracted with ethyl acetate to give an oil. 

The oil was triturated with ethyl acetate and the solid obtained was collected by 

15 filtration to give 4-amino-5-(4-phenoxyphenyl)-7-[4-(N-tert­

butoxycarbonyl)tetrahydroisoxazolyl]-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, 

m.p. 162-163°C. 

Example 25: 5-( 4-phenoxyphenyl)-7-(4-tetrahydroisoxazolyl)-7H-pyrrolo[2,3-d]­

pyrimidin-4-ylamine dihydrochloride. 

20 The product from Example 3 (0.29 g) was dissolved in dichloromethane 

(8 ml) and then stirred at 0°C whilst trifluoroacetic acid (2.0 ml) was added. The 

mixture was allowed to warm to ambient temperature and stirred at ambient 

temperature for 2 hours. The mixture was basified with sodium bicarbonate solution 

and extracted with dichloromethane to give an oil which was purified by flash 
25 column chromatography using ethyl acetate and then ethyl acetate/methanol (9:1) as 

the mobile phase. The appropriate fractions were collected and combined, then 

evaporated to give a solid which was dissolved in ethyl acetate and then treated with 

ethereal hydrogen chloride (3.0 ml, ofa lM solution). The solid obtained was 

collected by Jiltration, washed with ether and dried under vacuum at 45°C for 2 
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hours to give 5-(+:phenoX)'phenyl} 7-( 4-tetrahydroisoxazolyl)-7H-pyrrolo[2,3-d]-

·. . 
. 

. . 

pyrimidin-4-ylamine dihydrochloride, m.p. 208°C (with decomposition). 
. . 

Example 26: 4-chloro-S-iodo-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidine 

a) 4-Chloro-S-i0do-7H-pyxrolo[2,3-d]pyrimidine (5.0 g) was added to a mixture of 

. ·'· .. . .. 

sodium by~~ (0.79 g of a t;OOA. dispersion in mineral oil) in 
: .. . : ·. 

. . 

dimethylfo~~ck (100 UU.) with stirring under nitrogen at 0°C. The mixture 

was stirred un1fl hydrogen eV()lUtion ceased. ~-Tosyloxytetrahydrofuran (4.65 g) 

. ' . . . 

was added~ ()°C and then the ~e was warmed to 900C. The mixture was 

still'ed at~· temperature for 2· hours and then overnight at ambient temperature. 

Water (100 ·~) was add~ .~auttonsly and th~ mixture was extracted with ethyl 

· acetate to Si-ve 4-ch10ro-5-iodo-7-(3~~ahydr<>furyl)-7H-pyrrolo[2,3-

d]pyrimidine~ m.p. 184-18(;.,C. · .. 

b) A mixture ~f 4-iodopheno1(2S.O g), 2-fluorobenzaldehyde (14.14 g), potassium 

carbonate (31.S g} and dinietbylfomiamide (500 ml) was heated at 120°C under 

nitrogen \1Vifll stining for lS hoots. ·nie mixture was cooled to ambient 

temperat\lre &rid filtered. ·w· (500 inl) was added to the filtrate and the 

io mixture~ extracted with .ethyl aeefate to give a solid which was triturated 

·: . ·: . . 

with hot hexane (SOO ml):: Th~ supei'natant liquid was.decanted from a residual 

gum a:lld cooled~ The soli4 which precipitated was collected by filtration to give 

2-(4-iodopherioxy) benzaldehyde, m;p. 84.5-86°C. 

2S c) Toluene (250 ml) was deoxygenated and then nitrogenated for 30 minutes. 2-(4-

lodophe.noxy)benzaldehYde (6.46 g), hexamethylditin (10.0 g) an~ tetrakis 

(triphenylphosphine) palladium (0) (1.4 g) w~ added to the toluene. The 

mixture was boiled under reflux under nitrogen with stirring for 7 hours. The 

mixture was cooled to ambieilt'temperature then filtered. The :filtrate was 

30 evaporated and the residue was pmified by flash column chromatography on 
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silica using 3o/o'&hyt acetate in p'~leum ether, lJ~pi 40-60°C as the mobile 

phase to give 2·{ 4-trimethylstannylphenoxy)benzaldehyde as an oil. 

d) A mixture of the product from c) (1.80 g), the product from b) (1.76 g), 

5 tris(dibenzylideneacetone)dipalladium (228 mg), triphenylarsine (383 mg) and 

dimethylformamide (75 ml) was heated at 6S°C under nitrogen with stirring for 

70 hours. The mixture was cooled to ambient temperature and quenched with 

water. The mixture was ex~ed with ethyl acetate to give a residue which was 

purified by flash column chromatography on silica using increasing· amo\lllts of 

10 ethyl acetate from 30-SOOA. in petroleum ether, b.p. 40-60°C as the mobile phase 

to give a solid which was triturated with diethyl ether and filtered to give 2-[(4-

(4-chlor~ 7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-S­

yl)phenoxy]benzaldehyde as a solid. 

15 e) The product from d) (360 mg) was dissolved in methanol (5 ml) and sodium 

borohydrlde (65 mg) was added at 0°C with stirring. The mixture was warmed 

tO ambient temperature and stirred at this temperature for 1 hour. The mixture 

was quenched with dilute sodium hydroxide solution and then evaporated u:D.der 

reduced pressure to give a residue which was extracted with ethyl acetate to give 

20 2-[( 4-( 4-chloro-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidiii-s­

ylphenoxy ]benzyl alcohol. 

f) A mixtlll'e_ofthe product from e) (280 mg), 1,4-dioxane (15 ml) and 

concentrated aqueous ammonia solution (15 ml, S.G. 0.88) was heated at 120°C 

25 in a pressme vessel for 20 hours. The mixture was cooled to ambient 

temperature and the solvent removed under reduced pressure. The residue was 

taken up in ethyl acetate, washed with water, then dried, filtered and evaporated 

to give an oil which was purified by flash column chromatography on silica 

using ethyl acetate/methanol (9:1) as the mobile phase to give 2-[(4-(4-amino-7-

30 (3-tetrahydrofuryl)-7H•pym>lo[2,3-d]pyrimidin-5-yl)phenoxy]benzyl alcohol as 

a glassy solid, m.p~ 92-96°C, 
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Example 27: ·2-[4-(4-amino-7-.(3~tetrahydro:furyl)-7H-pyrrolo[2,3-d]pyrimidin-5-

yl)phenoxy]-N,N-diethylbenzyl~e 
: -~ 

5 a) Sodium-trlacetoxyborohydri~e(264mg)was added to amixtureof2-[(4-

(4-chl~ 7-(3-tetrahydrofmyl}7H-pyrrolo[2,3".'d]pyrinlldin-5-

yl)phenoxy]b~aldehyde (~3.0 mg) and diethylamine (121 mg) in 1,2-

·. dichloroethatle in a vial (5 nµ) .and the vial septum sealed. The mixture was 

· ·stirred at ambient temperanp for 20 ho1Jl'S ~ quenched with saturated 

10 · aqueous sodium bicarbonate ~lution (S ml). The mixture was extracted with 

ethyl acetate to, give 2-[4-( +~oro-7:-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-: 

d)pyrimidin•S-yl)phenoxy]~~,N-diethylbeD:ZYlamine. 

b) A mixture oftlieproduct ftom a) (280 mg), concentrated aqueol:lS ammonia 

15 solution(lO.~ S.G. 0.88}~1,4-dio.xane (1~ ml) was heated in a pressure 

vessel for 16 hours at 120°~~ The mixture w~, cooled and the solvent removed 

under reduced pressure. Tile ~idue was taken up in ethyl acetate, washed with 

water, then dtj~t,. filtered and evaporated to give an oil which was purified by 

flash column chromatograp~y ~ing ethyl ac~met,hanol as a mobile phase to 

20 give: 2-[ 4-(4-amino-7•(3-t~}"drofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-

yl)phenoxy]-N,N-diethylbenzylamine, m.p. 107-I 10°C. 

25. 

Example 28: 2-[4-(4-amino:-7,-(3-~etrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-

yl)phenoxy]-benzonitrile 

a) A mixtme of2-fluorobenzonitrile (28.8 g}, 4-bromophenol (36.9 g), potassium 

carbonate (58.9 g) and dimethylfonnamide (30ml) was heated with stining 

under nitrogen at 120°C for 5 hours. The mixture was allowed to stand 

overnight at ambient temp~ture .and then partitioned between ethyl acetate and 

30 water. The organic layer was separate~ washed, cb:ied and evaporated to give an 

oil which solidified on stan~. The solid was triblrated with petroleum ether 
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b.p. 40-60°C and filtered to give 2-(4-bromopbenoxy)benzonitrile. 

b) A mixture from the product of part a) (5.57 g), hexamethylditin (10.0 g), tetrakis 

·(1riphenylphosphine) palladium (O) (lA·g) and degassed toluene (250 ml) was 

5 heated at 110°C with stirring under nitrogen for 4.5 hours. The mixture was 

allowed to stand for 18 hours at ambient temperature and then filtered through a 

silica pad The pad was washed with ethyl acetate and the combined filtrate and 

washes evaporated to dryness.·· The residue was purified by flash column· 

chromatography on silica using petroleum ether b.p. 40-60°C and diethyl ether 

10 (2%) increasing to 5% as the mobile phase. Appropriate :fractions were collected 

combined and evaporated to &ive 2-(4-trimethylstannylphenoxy)benzonitrile. 

c) A mixture 4-chloro-5-iodo-7-(3-tetrahydrofuryl)pyrrolo[2,3-d]pyrimidine (1.8 g, 

prepared as descn"bed in Example 5) and the product from part b) (1.23 g) were 

15 reacted and then worked up in a similar manner to Example Sd) to give 2-(4-(4-

·chloro-7-(3-tetrahydrofuryl)-7H~pyrrolo[2,3-d]pyrimidin-S­

yl)phenoxy]benzonitrile. 

d) A mixture of the product from c) ( 470 mg), concentrated aqueous ammonia (33 

20 ml, SG 0.880) and 1,4-dioxane (33 ml) were heated together in a pressure vessel 

at 120°C for 18 hours and then worked up on a similar manner to Example 5 to 

give 2-[ 4-( 4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-

yl)phenox¥]-benzonitrile, m.p. 201-203°C. 

25 Example 29: 2-[4-( 4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d)pyrimidin-5-

yl)phenoxy ]benzaldehyde 

a) In a similar manner to Example 2, 3-tosyloxytetrahydrofuran (1.84 g) was 

reacted with 5-( 4-benzyloxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine (2.9 

30 g) using sodium hydride (0.30 g, of a 60% dispersion in mineral oil) and 

dimethylfonnamide (40 ml) except that the mixtllre was heated for 4.5 hours at 
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90°C to give ~-{4-benzyloxyp?~lh 7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine as a 'solid 

b) A mixture of tpe pro~uct ftoJJ1 p~ a) (6.0 g), H>% palhtdium on charcoal (3.0 g), 

5 ammonimn formate (4.9 g) 1111<1 ethanol (500 m1) was heated on a steam bath ..... ,·. . .. · ,.. ; ·. .. '• 

with stirring ~<fer nitrogen for i hours. The mixture was cooled and filtered 
.· ·.:. ... . ... 

and the solv~ evapo:nited. Th~· :fil~e was C<lllcentrated to half volume and 
~ . ,•· ·' . . . ·.· . . : .. :- ' : : . .. . . 

filtered, to give a solid w~~~ was identified as 4-[4-amino-7-(3-tetrahydrofuryl)-
•·· . . ,.,e ., . . . 

7H-pyrrolo(2,3-d]pyrimidiµ-5-yl]phenol m.p. :Z57-2S9°C. 
. . ' .. · . . . . . . . . .. 

c) A mixture of 4-(4-~o-7-(3~~ab,)'drofuryl-711-pyrrolo[2,3-d]pyrimidin-5-

yl]phenol (2.~5 g), 2-tluorop~8ldehyde (1.07 g), potassium carbonate (2.13 g) 
.. ·. . ,···. : 

. . . 
and ~ylfo.rmami~. (8Q:J.hlJw.~ heated at 120°C with stirring under 

. .. ·. ·.·. .. .. .·, ..... ,.-·· . . ' ·. . 

. nitrogen for .S. bo~., The~ was CO()led:.tQ ambient temperature quenched 
: .:·· ·:·: ·.:.· . . . ·.·. •. . . ·:: '-i .. ::: ··.: ... )· . ·. . . 

15 with water ·ml~ ~d wif# ~yl acetate to giv~ 2-[4-(4-amino-7-(3-
.• ! - : •. •·. ·····1'·· ... . . . ; .•... 

20 

tetrahydr<>mzyl)-7H-pyrr~*)[~,3-d)pyrimidin-$.-yl)phenoxy]benzaldehyde, m.p.· 
• ••• ,.,. • • •. : .l . • : ~ 

185-187°C. 

Example 30: •. 4-[ 4-amitio-S-(~~benoxypheiiyl)-7H-pyrrolo-[2,3-d]pyrimidin-7-
. . . . 

.. ' .. =. 

yl]tetrahydroturan-3-ol 
.). 

Sodium hydnde (120 mg of a 60% disprion in mineral oil) was added to a 

solution of 4-~~5-( 4-pheno~yphenyl-7H-p}'Il'ol~[2,3-d]pyrimidine (902 mg) and 
. . -~ . 

dimethylfomuinllde (30 ml) with. stirring under nitrogen. ·the Mixture was stirred 

for 30 minutes and then 3,6-dio~bicyclo[3.1.0]h~e (300 mg) was added and the 

25 mixture was ~armed to 80°C. •The 'nrixture was !~ft.for 64 hours and then . . . . 
. ·. : .· . 

evaporated under reduced presSti.re. The residue was triturated with water which left 
.·· ; . . . 

an oily gum. Ether was added 8.nd the mixture w~ stirred rapidly for 30 minutes 

which gave a s~lid whlcli was collected by filtratiOn and washed with methanol. 
. .· . ·' .:: . 

The solid was disc~ed. The filtrat~ produced a second crop of solid which was 

30 recrystallised ~m ethanol to give ~[ 4-amino-S~( 4-phenoxyphenyl)-7H-pyrrolo-
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[2,3-d]pyrimidin-7-yl]tetrabydrofur8il~3-ol, m.p. 23~~s'."i3s.s0c . .. , ... 

Example 31: S-[4-(2-morpholinomethylphenoxy)phenyl]-7-(3-tetrahydro.filryl)-7H­

pyrrolo[2,3-d]pyrimidin-4-ylamine 

S A mixture of 2-[4-( 4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-

d)pyrimidin-S-yl)phenoxy]benzaldehyde (0.15 g), morpholine (64 mg), sodium 

triacetoxyborohydride (117 mg) and·, 1,2 dichloroetbane (5 ml) was stirred at ambient 

temperature for 18 hours. Saturated aqueous sodium bicarbonate solution was added 

and the mixture was .filtered through an EMl'ORE® cartridge. The filtrate was 

10 evaporated and the residue was dissolved in dichloromethane (S ml) and then 

tris(2-aminoethyl)amine-polymer bound (0.3 g) and 2 drops of glacial acetic acid 

were added and the mixture. was stirred at ambient temperature overnight. The 

polymer was removed by filtration and washed with dichlorometbane and then with 

methanol. The combined organic filtrate and washings were evaporated under 

15 reduced pressure to give an oil which was triturated with diethyl ether/ethyl acetate . 

with wanning to dissolve the solid and then the solution was cooled in ice and 

filtered to give S".'[ 4-(2-morpholinomethylphenoxy)phenyl]-7-(3-tetrahydro:fu.ryl)-

7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 169-171°C. 

20 Example 32: 5-[ 4-(2-piperidinomethylphenoxy)phenyl]-7-(3-tetrahydrofuryl)-7H­

pyrrolo[2,3-d]pyrimidin-4-ylamine 

In a similar manner to Example 10, 2-[4-(4-amino-7-(3-tetrahydrofuryl)-7H­

pyrrolo[2,3-d)pyrimidin-S-yl)phenoxy]benzaldehyde (0.15 g) was reacted with 

piperidine {63 mg) to give 5-[4-(2-piperidinomethylphenoxy)phenyl]-7-(3-

25 tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine m.p. 76-78°C (glassy foam). 

"t• ::. ._, ..• -· .• •• • . _ .... :-:. .• ··•• 
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·Example 33: 5-{ 4-(2-(2-metho~ethyl)aminometliylphenoxy ]phenyl}-7-(3-
. . . '... . ·. . . . . . . 

tetrahydrofiuyl)-7H-pyrrolo[2,3-.~~-pyrimidin-4-ylamine 

In a simil.mannerto Exl!lJlple 10, 2-[4-(4-~o-7-(3-tetrahydroftuyl)-7H­

pyrrolo[2,3-d)p~din-S-yi)ph~xy]benzmdehyd~ co.1s g) and 2-
~ ..... ': . ~ .. ' : . . . 

S methoxyethylamflle (56 mg) w~ re8cted together.to give S-{4-[2-(2-

methoxyethyl)aM~hnmethylpheru>1ty]p~l}-7-(3-t~ydrofuryl)-7H-pyrrolo[2,3-
.. . . 

d]-pyrimidin+y~~ m.p. 66~S°C (glassy foam). 
·_: .. : 

Example 34: · 4-[(4-(4-amino-7.;(3~tetrahydrofuryl} 7H-pyrrolo[2,3-d]-pyrimidin-5-
·: . : . ~ . ·. . . . . . .. . . 

10 yl)phenoxy]benzY.~ alcohol 

15 

a) In a similar~erto ExamPte 9, 4-[4-amino-7~3-tetrahydrofu.ryl)-7H-
= ·•· •. • • . • . 

pyrrolo[2,3:.tlhlyrimidin-S-ylJPhenol Was reacted with 4-tluorobenzaldehyde to 

give 4-[ 4-( ~· 7-(3-tetrilhyctrofuryl)-7H-py1Tolo[2,3~d]pyrimidin-5-
·.~:. ·.· . . . . 

yl)phenoxy] b~hyde. ;· .· · · 
~ . ~- ,' . 

·.· ,··:·· 

b) The product~~ a) (0.35 gf W&s'dis~lved in methanol (10 nil) and to this 
.. ·.· '· . : .. ,• ·. . 

solution was ~d.ed'sodi~ ~hydnde (32 mg) 'at 0°C. The mixture was 

wanned at ambi~t temperatke aDd stirred at thls temperature for 10 minutes. 

20 1,2-Di~hloroethane (4 ml) w~ .added to aid sob1bility .. The mixture was stin'ed 
. : ,. ., 

to ambient tetiiperamre· for l~ hOµrs and then gJ.acial acetic acid (1 ml) was 
.. '.;,_-:.. · .. · . 

added and the mixture evaporate<J under reduced pressure. The residue was 
•. ·. . . , . ·1. 

partitioned between ethyl acetate and saturated ~ueous sodium carbonate 
.... :.;, ; ... ·: . . . : . .. 

solution. The.ethyl acetate w.as'separated, dried, filtered and evaporated to give· 

25 4-[( 4-( 4-anlino-7-{3-tetrahy~filry1)-IB-pyrroI0[2,3-dJ-pyrimidin-> . 
.. . ~ .. ~.. : . 

yl)phenoxy]beilzyl alcohol, m.p. 92-95°C. 
': . •. . 

30 
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·Example 35: S-( 4{4-fluorophenoxy)i>henyl]-7-(3-~ydrofuryl)-m-pyrrolo[2,3-
d]pyrimidin-4-ylamine 

A mixture of 4-[ 4-amino-7-(3-tetrahydrofuryl-7H-pyrrolo[2,3-d]pyrimidin-5-

yl]phenol (0.59 g), 4-fluorophenylboronic acid (0.56 g), copper (II) acetate (0.36 g), 

5 triethylamine (1.01 g), dichloromethane (20 ml) mid activated ground 4 molecular 

sieves (0.5 g) was stirred under nitrogen in a dry atmosphere for 64 hours. The 

reaction mixture was filtered through a small pre-flushed silica pad and eluted with 

dichloromethane (200 ml) then ethyl acetate (250 ml) and finally ethyl 

acetate/methanol 9: 1 (250 ml). The dichlormethane and ethyl acetate fractions were · 

10 c~mbined and pmified by flash column chromatography on silica using ethyl 

acetate/methanol as the mobile phaSe to give S-(4-{4-fluorophenoxy)phenyl]-7-(3- · 

tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. l 98-l 99°C. 

Example 36: 5-[ 4-(4-morpholinomethylphenoxy)-phenyl]-7-(3-t~ydrofuryl)­

lS 7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

In a similar manner to Example 10 a mixture of 4-[ 4-(4-amino-7-(3-

tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy]benzaldehyde {336 mg), 

and moxpholine {146 mg) were reacted to give 5-[ 4-( 4-morpholinomethylphenoxy)­

phenyl]-7-(3-tetrahydro:furyl)-7H-pyrrolo[2,3-d)pyrimidin-4-ylamine, m.p 142-

20 144°C. 

Example 37: 5-[ 4-(3-morpholinomethylphenoxy)phenyl]-7-(3-tetrahydrofuryl)-7H­

pyrrolo[2,3-dlpyrimidin-4-ylamine 

25 a) A mixture of 4-[4-amino-7-(3-tetrahydrofuryl-7H-pyrrolo[2,3-d]pyrimidin-S-

yl)phenol (0.297 g), was reacted with 3-fonnylphenylboronic acid in a similar 

manner to Example 14 to give 3-[4-(4-amino-7-{3-tetrahydro:furyl)-7H~ 

pyrrolo[2,3-d]pyrimidin-S-yl)phenoxy]benzaldehyde. 

30 b) The product from part a) {100 mg) and morpholine (44 mg) were reacted 

together using similar reagents and conditions as described in Example 1 O to 
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give 5-[ 4-(3-morpholinomethylphenoxy)phenyl]-7-(3-tetrahydrofuryl)-7H­

pyrrolo[2,3-0]pyrimidin-4-yiamine, m.p. 83-8S°C. 

Example 38: 2-[4-(4-amino-7-(~"."tetraliyc1rofuryl)-7H-pyrrolo[2,3-d]pyrimidin-S-
. :: .. · : . . . . ... · . 

S yl)phenoxy ]-6-(2-(4-pyridyl)ethylaµrino )-bCIJZOilittjle . 

A mixture qf 4-[4-amin~7~(37tefJa}iydrofuryl)-7H-pyrrolo[2,3-0]pyrimidin-
5-yl]-phenol (0.517 g), 2-:flQ.Oro-6:-(2-( 4-pyridinyl)~lamino )benzonitrile (0.42 g), 

potassium carb9Ji~te (0.48 g) and ~ethylformamide (20 ml) were heated at 120°C 
. ' . 

~er nitrogen (or.~ hours. The .~ture was allowed to cool, diluted with water 

to then extracted wi~ ethyl acetate tO give a solid whl.ch was recrystallised from ethyl 

acetate to give sql.id which was purl.ti~ by nash colm1m chromatography on silica 

using ethyl aceta~~ and fuen ethyl acetate/methanol (9:1, 8:1, 4:1) to give 2-[4-(4-

.amino-7-(3-te~ydrofuryl)-7H-pyrrolo[2~3-d]~din-S-yl)phenoxy]-6-(2-(4-
. :· .. . ·.· .. . ' 

IS . 
pyridyl) ethylamino)-benzonitrile, m.p 212-213°C. 

. .. . . . . 

Example 39: 2-[ 4-(4-amino-7-(3-tetrahydrofuryl)-m-pyrrolo[2,3-0)pyrim.idin-5-

yl)phenoxy]-6-(3~imidazol-1-yl}p!opylaminobenzonitrile 

4-[4-Amino~7-(3-tetrahy~fbryl)-7H;.pyrrolo[2,3-d]pyrimidin-5-ylphenol 
(0.49 g), 2-fluoro~6-{3-imi~l-l-yl)propylatnino b~onitrile, potassium carbonate 

20 (0.45 g) and dimethylformamide were reacted in a similar manner to Example 17 to 

give 2-[ 4-(4-amino-7-(3~tetrahy()rofuryl)-m-pyrrol~[2,3-d]pyrimidm-5-

25 

.. . 

yl)phenoxy ]-6-(3-imidazol-1-yl)propylaminobenzonitrile, m.p.110°C (glassy foam). 

Example 40: 4-amino-&.bromo;,S-( 4-phenoxyphenyl)-7-(3-tetrahydrofuryl)-7H­

pyrrolo[2,3-0]pyrimidine 

a) A mixture of 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

(302 mg) was dissolved in dimethylacetamide (10 ml) and dichlorometbane (50 

ml) and then treated With N.:.bromosuccinimide (178 mg) in dichloromethane (10 

ml). The mixture was left siirring ambient temperature for 16 hours. The 
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mixture was evaporated under reduced pressure and the residue was triturated 

with water to give a solid which was collected by filtration and dried to give 4-

amino-6-bromo-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine, m.p. 282-

2830C. 

b) A mixture of the product from a) (1.14 g) in dry dimethylformamide (30 ml) was 

stirred under nitrogen whilst sodium hydride (120 mg of a 60% dispersion in 

mineral oil) was added. This was followed by 3-tosyloxytetrahydrofuran (0.8 g) 

in dimethylfonnamide (10 ml). The mixture was heated at 90°C overnight. The · 

10 mixture was evaporated under reduced pressure and the residue was triturated 

with water to give a solid which was collected by filtration and dried to give a 

solid which was purified by dissolving in ethanol, adding water to cloud point 

and filtering. The filtrate was evaporated under reduced pressure to give a 

residue which was purified by. flash column chromatography on silica to give 4-

15 amino-6-bromo-5-( 4-phenoxyphenyl)-7-(3-tetrahydro.furyl)-7H-pyrrolo(2,3-

d]pyrimidine, m.p. 205-206°C. 

Example 41: 2-( 4-( 4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-S­

yl)phenoxy ]-6-(3-methoxypropylamino) benzonitrile 

20 In a similar mannerto Example 17, 4-amino-5-(4-pbenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidine (0.65 g). 2-fluoro-6-(3-methoxypropylamino )benzonitrile 

(0.46 g), potassimn carbonate (0.61 g) and dimethylformamide (40 ml) was heated 
. 

under nitrogen at 120°C for 8 hours to give, after workup, 2-[4-(4-amino-7-(3-

tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-S-yl)phenoxy]-6-(3-

25 methoxypropylamino) benzonitrile, m.p.183-184°C. 

30 
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Example 42: 2-[4-( 4-amino-7-(4-tet?ahydropyranyl)-7H-pyrrolo[2~3-d]pyrimidin-
. . . "i. ·. ·•.. . . .. . 

5-yl)phenoxy]benzonitrile 
f· ', . 

[< 
a) A mixture of 5~ 4-benzyloxyp:qenyI)-7-(tetrahy(fropyran-4-yl)-7H-pyrrolo(2,3-

· ·· ·'-, ... ;: . . . 

d]pyrimidin-4-ylamine (2.83 gj~ 10% palladium on carbon (1.41 g), ammonium 
• J • • i ~ :·: ~ .. . 

formate (2.31.g) and ethanol (lSQ ml) was boiled muter reflux linder nitrogen 
. : . ·: .. :···.· .. : .... · · ... 1 i ... ··· :·:.... .. . ... · . . . 

with stirring f<;ir_ 1.S hours. Tl:t.e.prixture was eooled to ambient temperature, 

filtered, then the filtrate coot~4'~d filtered. Th~: filtrate was evaporated to give 

a solid 4-[4-~-7-( 4-tetndi~~pyranyl)-7H-pyrrolo[2,3-d]pyrirllidin-S-
yl]phenol. 

: • .:;-r."(. •I • 

. ~: . . . 

b) A warm ~IUtioµ of 4~[4-~6~7-( ~tetrahydroj,Yfuriyt)-7H-pyrrolo[2,3-

d]pyrimidin-5-yl]phenol (0.08~ g) in"dimethylfoi:Diamide (3.4 ml) was added to a 

mixture of 2.tiijorob~Ditrlie;'(80 mg) and potas&ium carbonate (76 mg) in a 

viat The viat '"7~ flushed ~tl;'. ~frQgcm'then s~~ Th~ mi~ was shaken at 

120°c for 6hoiirs ~ ~ l~ft'to."co·oifo mwi~~pemture over 16 hours. 

The mixture w~ diluted witI{~·at& (t hni} and then extracled with ethyl acetate 

to give 2~[ 4-C4-~no-7-( 4-t~~ydioPyranyl)-7H-pyrrolo[2,3-d]pyrimiclin-5-
yl)phenoxy Jberizonitrlle, in.p! .JlS~C (softens). 

. l ~ .: . . 

Examples 43-48 were prepared itt. ~ l!imilar manner to the previous example by 
··. ··' . ·. . . . .. 

reacting 4-[4-mni]),o-7-( 4-tetrahydrOpyranyl)-7H-pyrrolo[2,3-d]pyrimidin-5-
. • .L, .. •; • • • 

·,·· 

yl]phenol with th~ appropriate nitrite except that th~ mixtures were shaken together 
. • .=.. ·. . . .. •. ··': . .· . 

for periods up ·to 48 hours. The ~~ons were monitored for the disappearance of 
. . . . . . ~ ~ ., . .· . . . 

25 starting material and heated for th~ appropriate time. 
~ • .: : • : :~ ~ ; ·.. : • 1. • 

30 

Example 49: 2-[ 4-(4-Amino-7;.(4-tetrahydropyranyl)-7H-pyrrolo[2,3-d]pyrimidin-

5-yl)phenoxy ]-6-(3-imidazol-1-yl)propylaminobenzonitrile from 2-fluoro-6-(3-
· ... · :·. . 

(imidazol-1-yl)propylamino )-beriz_onitrile. 
. .. 
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Example 50:· 2-(~(4-Amino-7-(~ydropyranyl)r ?H-pyrrolo[2,3-d]pyrimidin-
.;.·' : !{.:_;:::•{·~:. 

S-yl)phenoxy]- 6-(2-morpholinoethoxy)benzoni1rile~ m.p. 110°C (glass), from 2-

fluorobenzonitrile. 

S Example S 1: 2-[ 4-(4-Amino-7-( 4-tetrahydropyranyl)-7H-pyrrolo[2,3-d]pyrimidin-

. S-yl)phenoxy]-6-(2-(4-pyridyl)etbylamino)benzonitrile, m.p. 120-123°C (glass), 

from 2-fluoro-6-(2-( 4-pyridyl)ethy]amino )benzonitrile. 

Example 52: 2-[4-( 4-Amino-7-{4-tetrahydropyranyl)-7H-pyrrolo[2,3-d]pyrimidin-

l 0 5-yl)phenoxy)-6-(3-methoxypropylamino )benzonitrile, m.p. 205-207°C, from 2-

fluoro-6-(3-metboxy-propylamino )benzonitrile. 

15 

Example 53: 2-[4-(4-Amino-7-{4-tetrahydropyranyl)-7H-pyrrolo[2,3-d]pyrimidin-

5-yl)phenoxy]-S-.fluorobenzonitrile, m.p. 216-217°C, from 2,5-difluorobenzonitrlle. ·. 

Examples 54-101 

General Method 

Portions of the amines listed in Table I (9 molar equivalents with respect to 

the ester employed, weights ranging from 47.S mg to 184.S mg) were weighed into 

20 separate vials and methanol (1 ml) was added to each vial. A solution of ethyl 2-[4-

amino-5-( 4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyrimidin-7-yl acetate (l molar 

equivalent) in a mixture of methanol and trietbylamine (4 ml, ratio of methanol to 

triethylamine is 23.2:1 v/v. The reaction mixtures were shaken at 60-65° C for 36 

hours. The methanol and triethylamine were removed under reduced pressure at 

25 SO°C for 3 hours and to each vial was added water (3 ml) followed by 

dichloromethane (3 ml). The vials were agitated for 1 S seconds and then allowed to 

stand for 18 hours. The mixtures were poured into EMPORE®(to mm/6 ml) 

extraction disk cartridges and the dichloromethane phases were collected and 

evaporated at 50°C for 3 hours. During work-up it was observed that solid had 

. ~ ':.:,.; ·•.. . . ~--. ~- .; . . . ·. . .. . . . . . . .· ··- ·· ....... , .......... 
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separated out in tb,e vials ·on stan~ing fQr 18 homs. Consequently .the aqueous layer 
. . . ··:· ·;. 

· in each cartridge was forced thr9ugh with compressed·air. Dichloromethane ( 4 ml) 

was added to each extraction cartrid~. Each filtrate was evaporated under reduced 

pressure at SOOC:{or 3 hoUIS. ~des~ prod~ were either found in the original 

s dichlorometJum.~l~ m w~~~ case they are il14fioatedas being present in the 

liquid; or were f9\md in the insQl~le solid on ~~king and are referred to as being 

found in the soliJ~ . Certain proJ~ :were. found in both phases. These phases are 
. . . .-:. •.' . ;. -: 

indicated in Table 1. ;._ 

Each smµple was anal~ by .LCMS and~ each case the target ion was 

10 found The ret~tj.on time for e~~ ~ro~uct is giv~ in Table 1. The conditions used 

are given below>· : ·: . 

Column: 
Mobile Phase: .. · · · 

. 5 µm hyp~rsiLBDS c18 (100 x 2.1 mm}. 
O.lM Nll49Ac [pH 4.55] : tAeCN (gradient - see below). 

15 Conditions: 10-1ooo/~iMec:N in. 8 mbmJs, · 

20 

(Gradient) 

Flow Rate: 
. , : 

Wavelength Ran.ge: 

Injection Volwn~: 

MS 

Method: 

Ionisation 

100% M~CN for 1 minute. ., 
. . ;:~ '(· .::. . . 

100-100/ci''M:eCN in 2 minutes. 

(Total mWYsis.rµn time 11 ininutes. 
1 ml/~~te'c~ split in Ms). . 

2~0-320,~··· . 
;" '· 

20 µI. :'.-'>. 

APCllnt:·· 
APcl +ve/-ve. 

_;,., ·: 

25 Mass Range: 100-700ttilz. 

Cone voltage: 20. 
,, .. 
J • 

, :" . 

In a similar manner to E.xamples 54-101, tll,e amines listed in Table 2 were 
: ·.· :~ . ··. 

reacted, respectiyely, with ethy~ ~~[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

30 · d]-pyrimidin-7-yl]propionate ~give the products'listed in Examples 102-146 

.:i: 
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;a.J 
respectively. The.~~rk-up and the ~_ ... ysis conditio~ ,were identical to those used 

:· ·. 1: . ·-~~~ '\. 

for Examples 54-101. In each case the target ion was found by LCMS. 

IABLE 1 

Amine Name Phase RT/min 

Number Product 

54 Ethanolamine Solid 3.44 

SS dl-2-Amirto-1-propanoJ., Solid 3.58 

56 1-Amino-2-J>l'OPBDOl Solid 3.S6 

57 2-Methoxyethylamine . Liquid 3.78 

58 3-Amino-1-propanol Both 3.50 

59 (S)-( +)-2-Amino-1-propanol Both 3.58 

. 60 (R)-(-)-1-Amilio-2-propanol Both 3.56 

61 N,N-Dimethylethylenediamine Both 3.31 

·62 { +/-)-2-Amino-1-butanol Solid 3.77 

63 1-Amino-2-butanol · Both 3.77 

64 3-Amino-1,2-propanediol Solid 3.32 

65 (S)-3-Amino-1,2-propan.ediol Solid 3.32 

66 (R)-3-AminO-l,2-propanediol Solid. 3.32 

61 1-Methylpiperazine Both 3.28 

68 N,N-Dimethyl-1,3-propanediamine Liquid 3.29 

69 N2,N2-Dimethyl-I ,2-propariediamine Both '3.37 

70 1-Dimethylamino-2-,propylamine Liquid 3.44 

71 dl-2-J\nlino-3-inethyl-1-butanol Solid 3.98 

72 N-{2-[1-(N-Morpholin~)-1-oxo ]ethyl}piperazine Liquid 3.56 

73 2-Amino-2-methyl- l-propanol Both 3.86 

74 2-Amino-2-methyl-t ,3.:.propanediol Both 3.49 

45 2-(2-Aminoethoxy)ethanol Both 3.47 

76 1-(2-Aminoethyl)pyrrolidine Liquid 3.40 

77 N-Methylhomopiperazine Liquid 3.32 
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k\mine Namei · Phase . RT /min 

Number Product 

78 1-Amino-1-cyclopen~!' methanol Both 4.16 

Solid 3.98 79 2-.AJriinocyclohexanpl· 
·· .. · .... . ·' ::·:;_. 

80 N,~-J?i¢iylethylen~<fiamine Liquid 3.44 

Both 3.24 81 N-(3~Hydroxypropyl)ethylenediamine · 
., ::; . .... . . .._., ~ ·.·.· ...... . 

Both 3.69 82 2-((2~~ethyl)thio)Crtb.anol 
.. · .. ··: .. :, ... : .... ,·, ..... ,. 

83 2-(2-Aininoeth l)p . dfue · .. ·.. Y_ ~,,;_. Liquid 3.89 

84 3-(2~Aminoeth l)pyri' dine .· .. y .. Liquid 3.79 
. . ....... :,· .. 

Liquid.·. 3.37 85 N-(3~!:\minopropyl)i~id8z01e ·. · 
· •• _;.·:.. . ... : .:;. )!•, .• : 

.Liquid 3.39 86 1-[2:-(N,.Morpholine)ethYl]piperazine : · 
. . :: .. · .. ' . . '.;. .... ;.... . ~ 

87 2-(Alriiriomethyl)-t.;~ylpyrrolidine Both 3.48 
' . ~ . 

88 1-(2-~oethyl)pipendine -Both 3.49 
.. . :' .. ~· 

Liquid· 3.37 1-pWQlidinepropanamine 
.··. ·;·:.: . ,:_.: . ; ... ~: .·• · .. ,. :., 

89 

90 ' (R)-(f )-2'-Aminomethyl-l :Oethylp)'rrolidine Both 3.48 
.: .. ,: .· ... 

91 4-(2~},rminoethyl)m<>rpholine 
. ";. .. : ~~ . :: . . . . . . · .. · ...... . 

Both 3.39 

92 3-Dieth lamino · · · hiniine 
·• •."! .Y PfOP}': .. ·-~· Both 3.43. 

93 ~,N,.pimethylneopentanediainine Both 3.47 

94 Ethyt1.:piperaziliec~oxylate· ·. 
. ·. ~: ...... : ·.··. . : ' .. ; ..... ;.- . : 

Liquid 4.34 

Both 3.69 2-(J\fuinomethyl)-2~ethyl"'." 1,3-propanediol 
:,.: .. ·:· ··'· ·. . .. : ., ...... . :,. . .: ., .. 

95 

Both 3.68 1-(3.;A.nllnopropyl}·~.:pytrolidinone 
' • • I • --:,. '·· 

96 

Liquid 3.46 1-Piperi~epropyI~e·· 
' . ~ . : '. : ... ;: . . . 

97 

98 4-(3-Amino ·I~ ·. holine . ·• propy,~~- Liquid 3.33 

99 N,N"'-Diisopropyletl1ylcmediamine Liquid 3.59 

100 N.~-~i~(3-atninopr9\)yl)ri:J.ethyla1Jline. Liquid 3.03 

101 Tris(~'."aminoethyl)ainine Liquid 3.01 

'• 
... 

The compounds jlrepared are giycm below. 
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Example 54: 4-Adiino-5-(4-pheno;(yphenyl}7H-pytf0lo[2,3-d]pyrimidin-7-yl-N-

(2-hydroxyethyl)acetamide 

·Example 55: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

5 (1-hydroxyprop-2-yl)acetamide 

Bxm0ple 56: 4-Amino-S-( 4-phenoxypheiiyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(2-hydroxypropyl)acetamide 

10 ·Example 57: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyr.rolo[2,3-d]pyrimidin-7-yl-N­

(2-methoxyethyl)acetamide 

15 

Example 58: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

{3-hydroxypropyl)acetantlde 

Example 59: (S)-4-Amino-S.,;(4-phenoxyphenyl)-7H-pyr.rolo[2,3-d]pyrimidin-: 7-yl­

N-(l-hydroxyprop-2-yl}acetamide 

Example 60: · (R )4-Amino~5~( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

20 yl-N-(2-hydroxypropyl}acetamide · 

Example 61: 4-Amino-5-( 4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[2-(N,N-dimethylamino )ethyl]acetamide 

25 Example 62: 4-Amino-5-(4-phenoxyphenyl}-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(1-hydroxybut-2-yl)acetamide 

30 

Example 63: 4-Amino-5;.( 4-phenoxyphenyl}-7H-pyr.rolo[2,3-d]pyrimidin-7-yl-N­

(2-hydroxybutyl)acetamide 



j 
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.1 
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Example 64: 4-Aµllno-5-(4-ph~yphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-. ·.. .· .· . . ... 

(2,3-dihydroxypropyl)acetamide 

Example 65: (S)-tAmino-S'.'"( +pllenoxyphenyl)-71J-pyrrolo[2,3-d]pyrimidin-7-yl­

s N-(2,3-dihydroxypropyl)acetami4e 

10 

lS 

Example 66: CR>-t"Amill()-5-(4-phenoxyphenyl)-~-pyrrolo[2,3-d]pyrimidin-7-yl­

N-(2,3-dihydroxypropyl)acetami~ 

Example 67: 4-Am,ino-S-( 4-phen~xyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-
. . . . . . . . . 

N,N~(3-azapentamethylene)acetamide 

Example 68: 4-Alnino-S-( 4-phenoxyphenyl)-7H-P)'l'I'Olo[2,3-d]pyrimidin-7-yl-N­

[3-(N,N-dimethylamino)propyl]acet8mide . ·· 

Example 69: 4-An;lino-5-(4-ph~oxypbenyl)-7ll-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[1-(N,N-dimethylamino )prop-2-yl]acetamide 

. Example 70: 4-.AlJJino-5-( 4-phenoxyphenyl)-7H-pyrrol~[2,3-d]pyrimidin-7-yl-N- · 

20 [2-(N,N-climethylamino )propyl]acetamide 

. Example 71: 4-~5~( 4-phenoxyphenyl)-7H-p>'°'°'o[2,3-d]pyrimidin-7-yl-N­

(l-hydroxy-3-methylbut'.'"2-yl)acetamide . ; . ,· 

25 Example 72: 7-{2-[ 4-(2-Morphofu.io-2-oxoethyl)piperazin-1-yl]-2-oxo-ethyl}-5-( 4-

phenoxyphenyl)-7H-,pyrrolo[2,3-d]pyrimidin-4-ylamine 

30 

Example 73: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(1-hydroxy-3-methylprop-2-yl)acetamide 
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EXample 74: 4-Amino-S-( 4-phenoxyphenyl}-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(l,3-dihydroxy-2-methylprop-2-yl)acetamide 

Example 75: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

5 [2-(2-hydroxyethoxy)ethyl]acetamide 

Example 76: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[2-(pyrrolidin-1-yl)ethyl]acetamide · 

10 Example 77: 4-Amino-5-( ~phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yJ.:. 

15 

N,N-(3-azahexamethylene)acetamide 

Example 78: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[1-(hydroxymethyl)cyclopentyl]acetamide 

· Example 79: 4-Amino-5-(4-phcnoxyphenyl)-7H~pyrrolo[2,3-d]pyrimidin-7-yl-N­

(2-hydroxycyclohexyl)acetamide 

Example 80: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N- . 

20 [2-(N,N-diethylamino )ethyl]acetamide 

Example 81: 4-Amino-S-(4-phenoxypheny1}7H-pyrrolo[2,3-d]pyrimidin-7-yl.;.N­

[2-(3-hydroxypropylamino )etbyl]acetamide 

25 Example 82: 4-Amino-5-( 4-phenoxyphenyJ)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(2-(2-hydroxyethylthio )ethyl]acetamide 

30. 

Example 83: 4-Amino-5-( 4-phenoxypheny1)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[2-(pyrid-2-yl)ethyl]acetamide 
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Example 84: 4-Aµllno-5-( 4-ph~o:qphenyl)-7H-pyrrolo[2,34]pyrimidin-7-yl-N­

[2-(pyrid-3-yl)ethyl]acetamide . 

Example 85: 4-Amino-5'.'"(4-phen:oxyphenyl} 7H-pym>lo[2,3-d]pyrimidin-7-yl-N-
. ·. ·,-. :; . . . 

5 [3-{imidazol-1-yl)p~pyl]acetamide 

Example 86: 7-{2-[4-(2-Morpholinoethyl)piperazin-l-yl]-2"'.oxo-ethyl}-S-(4-
. . ... . .: .· ·. . . 

phenoxyphenyl)-7ff .;pyrrolo[2,3-~]pyrimidin-4-ylalnine 

10 Example 87: . 4-Amino"'.5-(4-ph~~xyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(N-ethylpyrrolidin-2-yl)methylacetaUJide 

15 

Example .88: 4-Amino-5-( 4-phenoX)1Phenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(2-piperidinoetbyl)acetainide 

Exa111ple 89; . 4-Anlin~5-(4-plieri~~heriyl)-7Fi-pyrrolo[2,3-d]pyrimidin-7-yl-N­

. · .· [3-(pyrrolidin-1-yJ)PWJ>yl]acetalnide 

Exampl~ 90: .. (R)-4-Ani~no-~{4-P.h~oxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl• 

20 · N-(N-etbylpyrrolidin,2-y1)metbylacetamide 

Example 91: 4-~~,5-( 4-pheJ1oxyphenyl).;7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(2-morpholinoethyl)acetamide 

25 · Example 92: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

30 

· .. 
[3-(N,N-dietbylamino )propyl]acetam,ide. 

Example 93: . 4-Amino-5~( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[3-(N,N-dimetbylamino )-2,2-dimethylpropylJacetamide 
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Example 94: 7-[2-(4-Etboxycarbonylpiperazin-1-yl)-2-oxoethyl]-S-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

Example 95: 4-Amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

S [2,2-bis(hydroxymethyl)butyl]acetamide 

· ·Example 96: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[3-(2-pyrrolidinon-l-yl)propyl]~de 

10 Example 97: 4-Amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(3-piperidinopropyl)acetamide 

15 

Example 98: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyITOlo[2,3-d]pyrimidin-7-yl-N­

(3-morpholinopropyl)acetamide 

Example 99: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

(3-hydroxy-l-methylprop-2-yl)acetamide 

Example 100: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

20· [3-(N-3-aminopropyl,N-methyl)aminopropyl]acetamide 

25 

30 

Example 101: 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N­

[N-bis(2-aminoethyl)aminoethyl]acetamide 
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TABLE2 

Amine 

Number 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

·113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

. ~ .. 

Name 

dl-2;.Ai:nino-l-propanol · · 
··; .. ·:. . . •f-.:'.') 

1-Amiilo'.'2-piopanol'. ~ .. 

2-M~oxyetliylamine.'. 
·.' . .· ··' 

3-Amii.J.o-1-propanol.< •· . .:·.· ... 

(S)-(+)~2-Amino-1.:pt'gpanot ·· 
. : . . . . . ; ~ .· ·. 

(R)-(-~1-Amino-2-p~p~l 

N,N-Djmethylethyleii~c!iamine 
.. "'l· .· . • .. ;.-: .· 

(+/•).:2~Alnllio-1-but8U~r· · 
. .. . ··':·· 

l-Ainfuoi-2-butanol ' .· · 
·.'· ~ .. 

(S)-3;.Amin~l 2~ · . ''ari.ediol .:.. . , prol:l.. .·· . 
(R)-3;.~ino-1,2-propanediol 

··: ' ,.··. : 

N,N-D,iniethyl-1,3-~a:iiediamine 

N2~Ni~Dimethyl~ I°;2:::propanediamine 
.... ·: : . ' . : ' ·, .: . ~ .. ' .. ' . 

r-DiinethylaininO-i~propylamine 
.· .'. .. . ..... ·. 

Dl-2-A.mino.:.3.;.methyl;;.J-~µt;mol 
< ··.; ; . ' . ·~ < ~ .. . . . 

2-(2'.'A.Jninoethyl~o)etlianol 
. ····:,'·,,· .. 

2 .. Ar¢ll<>-2-methyl-l,prop~ol 
.·.:· . . ;- .. 

2-Ainfuo-2-methyl~ 1~3-:-prppanediol 
.. :·~ .· : . ·: :~ .. 

2-(2~~oethoxy)et.Ji~~~ 

1-(i-A.minoethyl)pyrri>lidine 
;. .· ' . . ·:: . ~ . '. 

1-Afnino.:. t-cyclOpeJ1~ methanol 
. . . !.: ·. : . 

2-Aminocyclohe;icail()J · 
: ·:~ : ··. · .. 

N,N.:piethylethylen~(Jiani~ne 
·' ·... . . ·.·· ... 

N-(3;.fiydroxypropyl)el}lylenediamine 

PCTIUS99/21560 

Phase RT/min 

Product 

Both 3.68 

Both 3.78 

Both 3.81 

·Both . 4.08 

Both 3.73 

Both 3.78 

Liquid 3.81 

Liquid 3.50 

Both 3.96 

Both ··4.06 

Both 3.52 

Both 3.53 

Both 3.53 

Liquid 3.47 

·Liquid 3.57 

Liquid 3.67 

Both 4.15 

Liqwd 3.40 

Both 4.17 

Both 3.76 

Liquid 3.71 

Both 3.61 

Both 4.48 

Both 4.19 

Both 3.68 

Both 3.42 
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J:l( 
- .i, ::.R;'..;itc' ·: '.\'\.. .. 

Amine !Name 
,;.N. ·-.~·."·~,c ·i~frJ;l(::: :· Phase RT/min 

Number fredu.ct 

128 2-((2-Aminoethyl)thio)ethanol Liquid 3.94 

129 2-(2-Aminoethyl)pyridine Liquid 4.13 

130 3-(2-Aminoethyl)pyridine Both .4.05 

131 N-(3-Aminopropyl)imidazole Liquid 3.58. 

132 2..;(2-Aminoethylamino)-1-methylpyrrolidine Both 3.56 

133 2-(Aminomethyl)-1-ethylpyrrolidine Both 3.70 

134 1-(2-Aminoethyl)piperidine Both 3.70 

13S 1-Pyrrolidineprc>panamine Both 3.60 

136 (R)-(+)-2-Aminomethyl-l-ethylpyrrolidine Both 3.70 

137 4-(2-Aminoethyl)mmpboline_ Both 3.63 

138 3-Diethylaminopropylamine Both 3.64 

139 N,N-Dimethylneopentanediamine Both 3.68 

140 2-(Aminomethyl)-2-ethyl-1,3-propanediol Both 3.94 .. .. 

141 1-(3-Aminopropyl)-2-pyrrolidinone Liquid 3.91 

142 1-Piperidinepropylamine Both 3.70 

143 4-(3-Aminopropyl)morpholine Liquid 3.53 

144 N,N-Diisopropylethylenediamine Liquid . 3.86 

145 N,N-Bis(3-amjnopropyl)methylamine Solid 3.21 

146 Tris(2-aminoethyl)amine Both 3.17 

Example 102:· 1-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-(2-hydroxyethyl)propanamide 

5 Example 103: 1-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-(l-hydroxyprop-2-yl)propanamide 

Example 104: 1-[ 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-{2-hydr.oxypropyl)propanamide 
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Example 105: 1-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-(2-methoxyethyl)propanamide 

Example 106: 1-[ 4-Amino-5-( 4-phcmoxyphenyl)"." 7ll'."pyrrol0[2,3"4]pyrimidin-7-yl]-. . ,, . ' . . 

S N-(3-hydroxypropyl)propanamide 

Example 107: {S)-1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7~ 

yl]-N-{1-hydroxyprop-2-yl)propanamide 

10 Example 108: (R)-1-[4-Amino-S-( 4-phenoxypbenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]-N-(2-hydroxypropyl)propanamide 

. : . 

Example 109: 1-[ +Amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-

N-[2-(N,N-dimethyl~o )ethyl)pl'9J>~de . 

15 

Example. I I 0: 1-[ 4-Amino-S-( 4-phenoxyphenyl)-7H-:-pyrrolo[2,3-d]pyrimidin-7-yl]-. :•. . ... .• . . . .· . . 

N-(1-hydroxybut~2-yl)propattamide 

Example 111: 1-[ 4-Amino-S-( 4-phenoxypbenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-

20 · N-(2-hydroxybutyl)propanamide 

Example 112: 1-[4-Amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-(2,3-dihydroxypropyl)propanamide 

25 Example 113: {S)-1-[4-Amino-5~( 4-phenoxyphenyl)-7H-pyrrolo[2,3~d]pyrimidin-7-

yl]-N-(2,3-dihydroxypropyl)propanamide 

30 

Example 114: (R)-1-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]-N-{2,3-dihydroxypropyl)propanamide 
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Example 115: 1-(4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[3-(N,N-dimethylamino )propyl]propanamide 

Example 116: 1-[4-Amino-5-(4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyrimidin-7-yl]-
S N-[2-(N,N-dimethylamino )propyl]propanamide 

EXample 117: 1:..r4-Amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[1-(N,N-dimethylamino)prop-2-yl]propanamide 

10 Example 11s: 1-[ 4-Amino-S-( 4-pherioxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-(1-hydroxy-3-methylbut-2-yl)propanamide 

15 

Example 119: 1-[ 4-Amino-S-(4-pheiioxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[2-(2-hydroxyethylamino )ethyl]propanamide 

Example 120: 1-[ 4.;Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N~(l-hydroxy-2-methylprop-2-yl)propanamide 

· Example 121: 1-[ 4-Amino~S-( 4-phenoxyphenyl)-7H-pYm>lo[2,3-d]pyrimidin-7-yl)-
20 N-(l,3-dihydroxy-2-methylprop-2.:.yl)propanamide 

Example 122: 1-( 4-Amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[2-(2-hydroxyethoxy)ethyl]propanmnide 

25 Example 123: 1-[ 4-Amino~S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d)pyrimidin-7-yl]­
N-[2-(pyrrolidin-1-yl)ethyl]propanamide 

30 

Example 124: 1-[ 4-Amino-S-( 4-pherioxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[1-(hydroxymethyl)cyclopentyl]propanamide 
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Exmnple 125: 1'."[4-~5-(4-p~~oxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-

N-{2-hydroxycyclohexyl)prop~~e .. 
·:' :-'!·• .. '·'·· 

. : ' 

Example 126: 1-[ f!\.Dllne>-5".'( 4-p~~o~henyl)-7H:7pyrrolo[2,3-d]pyrimidin-7-yl]-
.. i ';.· . ;;_ .-:'' ... . ,. 

S N-[2-(N,N-diethy~o)etliyl]prQ.p~e 
. . . ' '"-:~- . ~ .. . 

Example 127: l'."[t~~75-(4-p~~QXyJ>henyl)-~-pyrrolo[2,3-d)pyrimidin-7-yl]-

N-[2-(3-hydro~pylamip.o)ethyl]propmiatµide .. 
. . ,·: . ~.. . .: ' . 

10 ,Example 128: l '."[~J\nlino-5-( 4-p}i!'ll,oxyphenyl)-7H:'."pyrrolo[2,3:-d]pyrimidin-7-yl]-

N-[2-{2-hydroxy~~lthio )ethyl]p~alll8llli~ ... 

Example 129: 1 :-:[f'.~o-5-(4-pp~oxyphenyl)-7}{7pyrrolo[2,3-d]pyrimidin-7-yl]-. . . ~ ·. . ·~ ·. . . . . . . . 

N-[2-(pyrid-2-yl)~yl)pIQpanami4e 
.··: 

15 

Example 130: l,-[f.,Amino-,5-( 4-pheil.QXYPhenyl)-7H.'."pyrrolo[2,3-d]pyrimidin-7-yl]-
• .= .• <·· r :· . . . . : ~ !.· . :.'. ·. . . . • . . • 

N-[2-{pyrid-3-yl)e~yl]prop~~"' 
. ; . . ;,,: 

. Example 131: 17[ +.Amfuo.,$-( 4:-Pheil.()Xyphenyl)., ~-P)'ll'Olo[2,3-d]pyrimidin-7-yl]-

20 N-[3-(imidazol-1.;.yl)propyl]p~~de 
·_;_ 

Example 132: _ 1-[ +.Amino-5-( 4-plJ.enoxyphenyl)-7J.i-pyrrolo[2,3-d]pyrimidin-7-yl]-
··.; . '·. •• ·. . . ! . . . 

N-[2-(N-methylp}'frolidin-2-yl)et}iyl]propanamide .. 

25 Example 133: 1"7[4-Amino-S-(4-,phimoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-
. . . : ~ ~ .· : ' . . : . . . . ' . '. . . 

N-[(N-ethylpyrrolimn-2-yl)methyI]pro.panamide. 
. . ~- . . . . 

Example 134: l-[4-Amfuo-5-( 4-phenoxyphenyl)-7:El-pyrrolo[2,3,.d]pyrimidin-7-yl]-
:, ·: · . .._· . . . . 

N-(2-piperidinoe~yl)propanamid~ 

30 
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Example 135: 1-( 4-Afmno-5-{ 4-phen:6~henyl)-7H--lo[2,3-d]pyrimidin-7-yl]-
N-[3-{pyrrolidin-1-yl)propyl]propanamide: 

Example 136: (R)-l-[4-Amino-S-(4-phenoxyphenyl)-7H-pym>lo[2,3-d]pyrimidin-7-

S yl]-N-[(N-ethylpyrrolidin-2-yl)methyl]propanamide 

Example 137: ·l-[4-Amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl] .. 

N-(2-morpholinoethyl)propanamide 

10 Example 138: 1-[4-Amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl],. 

15 

N-[3-(N,N-diethylamino)propyl]propanamide 

Example 139: 1-[4-Amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-[3-(N,N-dimethylamino).;2,2-dimethylpropyl]propanamide 

Example 140: 1-[ 4-Amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-[2,2-bis(hydroxymethyl)butyl]propanamide 

Example 141: 1-[4-Amino-5-{4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-
20 N-[3-{2-pyrrolidinon-1-yl)propyl]propanamide 

Example 142: 1-[ 4-Am.ino-5-( 4-phenoxyphenyl)-7R-pyrrolo[2,3-d]pyrimidin-7-yl]­
N-{3-piperidinopropyl)propanamide 

25 Example 143: 1-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

N-(3-morpholinopropyl)propanamide 

30 

Example 144: 1-[ 4-Amino-5-( 4-phenoxyphenyl).;7H-pyrrolo[2~-d]pyrimidin-7-yl]­

N-[2-(N,N-di-isopropylamino )ethyl]propanamide 
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Example 145: 1-[Aµrlno·S·( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-N-

[3-(N-3-aminopropyl,N-methyl)~opropyl]propanamide . 

Example 146: 1-[ +Amino-5-( 4-pJ;ienoxyphenyl)-7H-pyrrolo[2,3-d)pyrimidin-7-yl]-

5 N-[N-bis(2-aminoet1'yl)aminoethyl]propanamide 

Example 147: 2-( 4-amino-5-(4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyrimidin-7-yl]-

butyrolactone 

a) 4-Amino-5-( 4-phenoxyphenyl)-m·pyrrolo[2,3".'d]pyrimidine (1.0 g) was added 
. . . : . .· . '-:: . . . . 

10 to a mixture of 8'Jdium hydri00. (0.158 g of a 600.1, dispersion in mineral oil) in 
• '.,I • .' ,• ' ~ • • • • • .· ' • • ' • • • ' 

dimethyl fonnamide (70 ml) with stirring under nitrogen at 0°c. The mixture 
' ' ' 

wa5 stirred at O~C for 1 hour an4 fu~ a-bromo-y-butyrolactone (0.60 g) in 
. . .. ; .. . .. 

dimethylformatnide ·(6 ml) waa acided dropwise with ·stirring at 0°C. The mixture 
. . . . . ~ '·. : . . .. . . ' . 

was stirred at ambient temperaiµre for 18 hours and then quenched with water 
.. . ·. .. . .. ~ . 

IS (100 ml). The mixture was ex~ed with ethyl acetate. The combined extracts 
. ::·1, ·· ... 

were dried and evaporated to give 2-[4-amino-5-(4-phenoxyphenyl)-7H-
• i_ .• ··. ' . . . 

pyrrolo[2,3~d]p~din-7-yl]~butyrolactone as an oil which was used directly 

inb). 

20 b) N,N-Dimethylethylenediamine (5.0 ml) was added tO a mixture of the product 

25 

. ·. . 

from a) (1.2 g) ~ pyridin-2".qne (SO mg) in toluene (100 ml). The mixture was 
. . . .. ., 

heated to 100°C for 2 hours and th~ evaporated to dryne8s under reduced 

pressure. "The residue was suspend~ in ethyl acetate and washed with water. 

The organic eJ{tracts were then extracted with SM hydrochloric acid (3 x SO ml) 

and the acidic extracts were washed with ethyl acetate then basified with 6M 
. . . . . 

sodium hydro:idde solution at 0°C and then back extracted with ethyl acetate and 

then dichlorollJ.etb.ane. The c9w.biiled organic extracts were dried, flltered and 
., ·. . ·: 

evaporated to give an oil wbic;:h was ccystallised from ethyl acetate/ether to give 
. '•'· 

2-( 4-amino-5-( 4-phenoxyphCI1.yl)-7H-pyrrolo[2,~-d]pyrimidin-7-yl]-4-hydroxy-

30 N-[2-dimethylamino )ethyl]utyramide, m.p. 178-179°C. 
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Example 148: Ethyl 2-( 4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl]propionate 

Sodium hydride (120 mg, of a 60% dispersion in mineral oil) was added to a 

S mixture of 4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (906 mg) in 

dry dimethyformamide (30 ml) and the mixture was stilTed under nitrogen for 30 · 

minutes at ambient temperature. A solution of ethyl 2-bromopropionate (543 mg) in 

dry DMF (10 ml) was added dropwise via a syringe over 10 minutes .. The mixture 

was stirred at ambient temperature for 2 hours and then left for 18 hours. The 

10 mixture was evaporated under vacuum and the residue was washed with water to 

give a solid which was triturated with ether and filtered to give ethyl 2~[ 4-amino-S­

(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7~yl]propionate, m.p. 139-140°C. 

Example 149: N-(2-dimethylaminoethyl)-2-[ 4-amino-S-( 4-phenoxyphenyl)-7H- . · 

IS pym>lo[2,3-d]pyrimidin-7-yl)propionamide 

A mixture of ethyl 2·{ 4-amino-S-( 4-phenoxyphenyl} 7H-pyrrolo[2,3-

. d]pyrimidin-7-yl)propionate (425 mg), N,N-dimethylethylenediamine (2 ml) and .· 

methanol (20 ml) was boiled under reflux for 18 hours with the exclusion of carbon 

dioxide. The mixture was cooled and filtered, the filtrate was diluted with water 

20 (SO ml) and stirred with ether. The .mix,ture was left standing for 18 hours and the 

solid which precipitated was collected by filtration, washed with water and then 

ether and dried to give N-(2-dimethylaminoethyl)-2-[ 4-amino-S-( 4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-7-yl)propionamide, m.p. 163-l 64°C. 

25 Example 150: Ethyl 2-[4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3·d]pyrimidin-

7·yl]acetate 

A mixture of 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

(906 mg), sodium hydride (120 mg, of a 60% dispersion in mineral oil) and dry 

dimethylfonnamide (30 ml) was stirred at ambient temperature under nitrogen for 30 

30 minutes. Ethyl bromoacetate (0.5 g) in dimethylfonnamide (10 ml) was added over 

5 minutes at O-S°C with stirring. The mixture was stirred for 30 minutes at ambient 
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temperature and then allowed to stand for 18 hours. The mixtilre was evaporated 

under vacuum and ~e residue~ triturated with water and ether. The solid 

obtained was collected by filtration. washed with water and then with ether to give 

ethyl 2-[ 4-amino-5-(4-phenoxyp~l} 7H-pyrrolo[2,}-d]pyrimidin-7-yl)acetate, 
. . : . ·. 

5 m.p. 161-161.3°C. 

Examples 151-156 

General Method 
. . 

Ethyl 2-[ 4-amino-5-(4-pheUoxypheri.yl)-7H-pyrrolo[2,3-d)pyrimidin-7-

10 yl]acetate (194 mg) ~as heated at 62°(: and stirred with 10 molar equivalents of the 
.. · . . 

appropriate amine as listed below in' methanol (12 ml) for 18 hours to give after 
. . . 

work up the ·rono\Vlllg co~pounds:· 

Example 151 

· 15 N-(2-hydroxyethyl-1,l~{hjdroXymethyl)]-2•[4-a:ininO-S-(4-

phenoxyphenyI).;7ff-pyITOlo[2,3-d)pyrimidin-7-yl)acetamide; m.p. 222-223°C with 

decomposition, from 2-hydroxyethyl-1,1-di(hydroxymethyl)ethylamine. 

Example 152 

20 N-[2-(piperaziil-1-yl)ethyl]-2'.'"[4-amino-5-[ 4-phenoxyphenyl)-7H-

pyrrolo[2,3-d];-pyrimidin,.. 7-yl]ac~de, m.p.l38-140°C, from 2-(piperazin-1-

yl)ethylamine. 

Example 153 

25 N-(2-morpholinoethyl)-2'.'"[4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]acetamide, m.p.164-165°C, from 2'.'"morpholinoethylamine. 

( 
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Examplel54 

N-[3-(l-imidazol)propyl]-2-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl)acetamide, m.p. 170-171°C, from 3-(1-imidazolyl)propylamine. 

S Example 155 

'N-(N-ethylpyrrolidin-2-ylmethyl)-2-[ 4-amino-S-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]-pyrimidin-7-yl]acetamide, m.p. 122-122.5°C, from 1-(N­

·ethylpyrrolodin-2-yl)methyl-amine: 

10 Example 156 

N-[-2(2-hydroxyethoxy)ethyl]-2-[4-amino-5-(4-phenoxyphenyl)-7H­

pyrrolo[2,3-d}pyrimidin-7-yl]acetamide, m.p. 14S-147°C, from 2-(2-

hydroxyethoxy)ethylamine. 

15 Example 157: 2-[ 4-amino-:S-(4-phenoxyphenyl)-7H-pym>lo[2,3-d]pyrimidin-7;.. 

yl]propionic acid 

A mixture of ethyl 2-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]propionate (201 mg), aqueous potassium hydroxide solution ( 4 ml 

of2M solution) and m~ol (20 ml) was boiled under reflux for 1 hour. The. 

20 mixture was concentrated under reduced pressure to around 5 ml and then diluted 

with water (30 ml). The mixture was hot filtered and filtrate was cooled and then 

acidified with ·dilute acetic acid until no further precipitation occUITed. The mixture 

was heated on a hot plate until the gel which had been obtained became a finely 

divided solid. The solid was collected by filtration to give 2-[4-amino-5-(4-

25 phenoxyphenyl)-7H-pyrrolo[2,3~d]pyrimidin-7-yl]propionic acid, m.p. 239.5-241°C. 

Example 158: Ethyl 4-( 4-amido-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl)butyrate 

A mixture of 5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

30 ( 1.5 g) was dissolved in DMF (30 ml) and treated with sodium hydride (0.22 g of a 
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60% dispersion in mineral oil) and then with ethyl 4-bromobutyrate (1.08 g) in DMF 

(15 ml) in asimilar manner to E~l~ 95 to give ethyl 4-[4-amido-S-(4-

phenoxyp~enyl)-7H:-:pyrrolo[2,3-d]pyrimidin-7-yl]butyrate, m.p. 104-104.S°C. 

5 Example 159: ethyl 2"'.[4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-y1]carbox-amide 

In a similar manner to EXample 97, S-(4-phenoxyphenyl)-7H-pyaolo[2,3-d]­

pyrimidin-4-yl amine (1.0 g), sodium hydride (1.032 g of a 60% dispersion in 

mineral oil}, 2-bromoacetamide (~.SS g) and dimethylfo:ttnamide (50 ml) were 

10 .· reacted together to give after work-up a solid which was recrystallised from 

isopropanol to give ethyl 2-( 4-amfuo~S"'.(4-phenoxyphenyl)-7H-pyrrolo[Z3-

d]pyrimidin-7-yl]carbox-amide, m.p. 232-233°C. 

Example 160: 2-[ 4~amino-5-( 4-phenoxyphenyl)pyrrolo[2,3-d]pyrimidin-7-yl]-2-

15 methylpropionamide . 

4-Amino~s~(4-pheno~h~yl)-7H-pyrrolo[2,3-d]pyrimidine (200 mg) was 
· ... -· . 

dissolved in l,3-diniethyl-3,4,S,6"'.~etnihydro-2-(lH)-pyrimidinone (1.5 ml) with 

stirring and sodium hydroxide (0.158 g) was added at ambient temperature and the 

mixture stirred for 15·minutes. 2~~romo-2-methylpropanamide (0.5 g) was added 

20 and the mixture was stirred vig()Iljusly for· 18 hours at ambient temperature under a 

water-free a1mosphere, then further 2"'.bromo-2-methylpropanamide (0.15 g) was 
. ·. . ··. . 

added and stirred for a further 24 hotirs~ Water (3 ml) was added to the reaction 

mixture togetlier With dilute hydrOcJil()ric acid (SM) to adjust the pH to 0. The 

suspension was added to water ({jO ml) and the mixture left to stand for 18 hours at 

25 ambient temperature. The solid was collected by filtration, washed well with water 

and dried under high vaeuum at 50°C. · The solid was purified by preparative HPLC 
. . 

(reverse phase). Appropriate fr3ftions were collected and combined and extracted 

with dichlorometbane. Evaporati~n of the dichloromethane gave 2-[4-amino-5-(4-

phenoxyphenyl)pyrrolo[2,3-d]pyrlmidin-7-yl]-2-methylpropionamide, m.p. 227-

30 228°C. 
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Example 161; 4-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl] N­

(2-dimethylaminoethyl)butyramide 

A mixture of ethyl 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

5 d]pyrimin-7-yl]butyrate (100 mg) in 30 ml methanol was heated under reflux with 

0.6 ml 2-dimethylaminoethylamine for 18 hours. The mixture was evaporated under 

reduced pressure and the residue was heated with 2-dimethylaminoethylamine 
. . 

(10 ml) on a steam bath for 18 hours. Excess amine was removed under reduced 

pressure. Water was added to the residue and the mixture filtered to give 4-[ 4-

10 amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl] N-(2-

dimethylaminoethyl)butyramide. 

15 

Examples 162, 163 and 164 were prepafed in a similar manner to Example 108 by 

reacting the same ester with the appropriate amine listed. 

Example 165 

4-(4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl]-N-[3-(1-

imidazo1yl)propyl]butyramide from 3-(1-imidazolyl)propylamine. 

20 Example 166 

4-[4-aipino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl]-N~(2-

morpholinoethyl)butyramide from 2-morpholinoethylamine. 

Example 167 

25 4-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl]-N-(3-

morpholinopropyl)butyra.miru, from 3~morpho1inopropylamine. 
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Preparation of Starting Materials 

a) Tert-butylm$~ (15 ml) W*18 ad.4¢ with stirring~ a solution of 2-bromo-4' -
' \. . ' ... ' ~ . ·, . . 

phenoxyacetop~~ne (12.7 g, prep~ by bro~tion of 4' -

phenoxyacetop~~one accormnS ~ Tetrahedll)n ~, 1993, ~ 3177) in 
.. ·~!':'."- . .· ::':_£. '• .=; . . . .... ·. 

5 propan-2-ol mid pie mixture h~ at SOOC for 3 hours. The mixture was cooled 
. 0 ': '/·, :!:,:- ' : '; (~: .' . ' . : I•;:~:. .• 

10 

15 

to 0°C and coiic.~trated hycJrocptotjc acid (1 O ml) added. The suspension was 

stirred at mnbi~ ~erature'i~~·is hOurs ~ ~ solid collected by filtration to 

give 4' -phen~~~l-(tert-butyl~in~)acetophenon~ hydrochloride (3.75 g), m.p. 

210-212°C. 
:', ~ :· ... :: .' '·. ;, .. 

: · ..... ,; .. 

1) 4'-Phenoxy".'7-Ctert-butyJ.amll.io)a.cetophenone·hydrochloride(3.75 g)was 
· .. ··:· . •'; . ·. . .. ,. 

added in one portion to 'sodium ethoxide (prepared by dissolving sodium 
: . , :: :_ . ·: ~· : . 

(93 mg) in ethanol (50 ml)) and the mixture was stirred at 40°C for 30 
.: _'.;;· .... :,. .· ··=-.. ·· .· . 

minutes undei.pitrogen. · · 
. -: ~ . 

. . . 
. . . 

2) In a separate flask sodium (3~1 mg) was dissolved in ethanol (SO ml) and 
.. :···· . ." . 

malononitriie ·(858 Dig) w~ 1i4ded .. ·The solution was stirred at ambient 
.· . 

· temperatllre ::fur 5 minutes and then to this solution.was added the solution of 

4 '-phenoxy~~~tert-btttyl~ )l!cetophenone obtained in part (1) in one 
. ··: . ' ~ '~ . ~·· 

20 . portion exclu~g the precipitated sodium chloride. The resultant mixture 

was heated ~t SOOC for 3 · h~~ and then at 80°C for 2 hours. The solvent was 
·.. . :,• .,: . . 

removed under reduced pressure and the resultant oil was partitioned 

between waf:er' and ethyl acetat~. The organiC. pµase was separated, dried and 

evaporated t!-> ~ve a black solld; This solid Wa8 dissolved in hot ethanol and 

25 triturated with water, filtered and dried to give 2-amino-3-cyano-4-(4-
. . . 

phenoxyphenyl)-1-(tert-butyl)pyrrole. 
·f 

b) A mixture of 2-amino-3-cyano-4-(4-phenoxyphenyl)-l-(tert-butyl)pyirole 

(1.9 g), formamide. (30 ml) and 4-dimethylaminopyridine (1 O mg) was heated at 

30 l 80°C for 6 hours:· The mixture was cooled to ambient temperature and water 

was added to precipitate a dark solici. The solid was collected by filtration, 
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washed with wateM Ulen boiled up·if!~I and $,~·ilisoluble material collected 

• . : >, ~ • 

by hot filtration and dried. The solid was purified by preparative HPLC on a, 

silica column using dichloromethane/propan-2-ol/ethanol, 98: 1:1 as the mobile 

phase to give 7-tert-butyl-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-

S ylamine (4-amino-5-(4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d]pyrimidine), 

m.p. 157-1S8°C. 1HNMR(d6DMSO) 5 8.15 (lH,s), 7.50-7.35 (4H,m), 7.30 

(lH,s), 7.15 (lH,t), 7.10 (4H,m), 6.05 (2H,brs), 1.75 (9H,s). 

c) A mixture of 4-amino--5-(4-phenoxyphenyl)-7~(tert-butyl)pyrrolo(2,3-d]-

10 pyrimidine (5.8 g), glacial acetic acid (55 ml) and hydrobromic acid (55 ml of a · 

48% solution) was boiled under reflux for 18 hours under nitrogen. The mixture 

was allowed to cool and a solid was collected by filtration. This solid was 

washed :with methanol and then .with ether to give 4-amino-S-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]-pyrimidine hydrobromide, m.p .. 288-292°C. 

15 The hydrobromide salt was converted into· the free base by wanning with dilute 

sodium hydroxide solution (100mlof5% w/v solution) and ethanol (60 ml) with 

stirring and removing the ethanol by distillation. The mixture was cooled and 

the solid was collected by filtration and washed well with water to give 5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 272°C. 

20 

Example 168: 7-cyclopent3nesulphonyl-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine 

Sodi~ hydride (0.132 g of a 60% dispersion in mineral oil) was added to a 

solution of 5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine (1.0 g) in 

25 dry dimethylfonnamide (30 ml) with stirring under nitrogen. The mixture was 

stirred for 30 minutes and then cyclopentanesulphonyl chloride (0.558 g, prepared as 

described in J.O.C.1952, .U. 1529-1533) in dry dimethylformamide (5 ml) was 

added dropwise. The mixture was allowed to stand for 72 hours and then evaporated 

under vacuum. The residue was triturated with water and filtered to give a solid 

30 which was washed well with water, then stirred with ethyl acetate then filtered. The 

filtrate was purified by flash column chromatography on silica using ethyl acetate as 
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the mobile phase. Appropriate frpons were collected and evaporated to give 7-

cyclopentaneSUlphonyl-5-( 4-phenoxn>henyl)-7H-pyrrolo[2,3~]pyrimidin-4-

ylamine, m.p. 188-188.5°C. 

5 Example 169: 5-( 4-phenoxyphenyl)-7"'.(8-phtbalimidooctyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine 

Sodium hydride (120 mg of a 60% dispersion in mineral oil) was added to a 

solution of 5-( 4-phenoxyphenyl)-7l1-pyrrolo[2,3-d]pyrimidin-4-ylamine (906 mg) in 

·dry dimethylfomiamide (30 ml) with stirring under nitrogen. The mixture was 

l 0 stirred for 30 minutes Under nitrogen and then N-(8'-bromooctyl)phthalimide (1.4 g) 

in dimethyl.;.formamide (5 inl) was '8dded. The mixture was stirred at ambient 

temperature for 18 hour8 under nitrogen and then partitioned between water and 

eth.)l'l acetate. The ethyl acetate layer was separated and purified by flash column 

chromatography using ethyl acetate as the mobile pliase to give 5-( 4-

15 phenoxyphenyl)-7-(8-phthalimidoactyl)-7H-pyrrolo[2,3-d]pyrimidin-4.:ylamine, 

m.p. 85-86°C. 

Example 170: 7-(8-:-amiru>octyl)-5::( 4-phenol[yphenyl)-7H-pyrrolo[2,3-d]pyrimidin­

. · 4-ylamine dihydrochlorlde dihydrate 

20 A mixture of 5~(4-phenoxyphenyl)-7-(8-ph~intidooctyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamine (1.0 g), hydrazine hydrate (1.0 ml) and ethanol (40 ml) was 

boiled under reflux for 2 hours with th~ exclusion ofcarbon dioxide. The mixture 

was CQoled for 18 hours and a sol~4 which ~ipitated was collected by filtration 

and discarded. The filtrate wa$ evaporated under reduced pressure and the residue 

25 was dissolved in ethyl acetate, drie.d and then treated with a solution of concentrated 

hydrochloric acid in js~propanol clrppwise until no further precipitation occurred. 

The mixture was left to stand ov~ght, then supematent -liquid was decanted off 

and the semi-solid residue was tri~ted with ethyl acetate to give 7-(8-aminooctyl)-

5-( 4-phenox;YPhenyl)-7H-pyrrolo[~,3.-d]pyrimidin-4-ylamine dihydrochloride 

30 dibydrate, m.p 120°C. 
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EXample 171: N-{2-[ 4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3~d]pyrimidin-7-

yl]ethyl}phthalimide 

In a similar manner to Example 468, but with additional heating at 90°C for 3 

S hours, S-(4-phenoxyphenyl)-7H-pyaolo[2,3-d]pyrimidin-4-ylamine was reacted 

with 2-bromoethylphthalimide to give N-{2-[4-amino-S-(4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-7-yl]ethyl}phthalimide, m.p. 111-112°C. 

Example 172: 7-(2-aminoethyl)-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

l 0 4-ylamine hydrochloride 

In a similar manner to Example 469, the product from the previous 'example 

·.was treated with hydrazine hydrate to give 7-(2-aminoethyl)-S-( 4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-ylamine hydrochloride, m.p. 284-285°C. · 

Example 173: 7-isobutyryl-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-

15 ylamine 

Isobutyryl chloride (1.8 g) was added dropwise to a mixture of 5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine ( 4.32 g), dry dimethyl­

fonnamide (200 ml) and dry pyridine (2 ml) with stirring under nitrogen at 20°C. 

The mixture was ~ed at ambient temperature for 1 hour and evaporated under 

20 vacuum. The residue was partitioned between water and ethyl acetate. The ethyl 

acetate was separated, dried and evaporated and the residue obtained was 

recrystallised from toluene to give 7-isobutyryl-5-(4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 160.5-161°C. 

25 Example 174: 5-(4-phenoxyphenyl)-7-(1,4-dioxaspiro[ 4,5]decan-8-yl)-7H- · 

pyirolo[2,3-d]pyrlnndin-4-ylanline 

Sodium hydride (0.26 g of a 60% dispersion in mineral oil) was added to a 

mixture of 5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine (1.94 g) in 

dimethylformamide (50 m~) at ambient temperature with stirring. The mixture was 
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stirred until the evolution ofhydr?~~ ceased and then 8-tosyloxy-l94-

dioxaspiro[4,S]decane (2.0 g, prep'1'C'i as described.~ US 4,360,531 from 1,4-

dioxaspiro[4,5Jd~:in-8-one, (whi~· ~~prepared ~g to J. Meet Chem. 1992, 
. '·' . .... ~ ~· .. ·. . . . . 

2246)> was adde~:: 1Jie mixture w~ ~ted at 12ooc ror s hours ~er nitrogen, 

s cooled to ambi~t't~perature, ·~~hed With watef and extracted with ethyl acetate 
. ; : i- ::: .. : . , : ... ~~-~··/ ,... . .. ·:. :·r 

10 

to give a residue w.hi~h was purifi¢d by flash column chromatography on silica using 
,;·\: ::.:· ·. . . :' ) .. •t .:-:: . . . -·~· . ' : 

ethyl acetate follo)ved by ethyl ac~te containing inereasing amounts of methanol 

up to 6% to give 5:(4-phenoXyJ)hi;n;1)~7-(l,4-diomi;iro[4,5]decan-8-yl)-m-
.. ')"::· ·.· . ' 

pyrrolo[2,3-d]pyrimidin-4-ylam.iD.~,°m.p. 193-194°C .. 
. :.·.-.-. '· . ' 

· .. -. ~-
.·: l • 

Exainple 175: 4-[~~o-5-(4-pl1~omhenyl)-~i>yrrolo[2,3-d]pyrimidin-7-

yl]cyclohexanone · • · , · 

The produ~ from the pmtj.Qus example(SOO mg), acetone (20 ml) and 3M 

hydrochloric aci4 ho ml) was sti~d ~der Jlitrogen at ambient temperature for 20 
. ; . .t··.. . . 

15 minutes. The mixtke was then h~ated at 60°C for 1 hour and then the acetone was 

20 

removed under recl~ed pressure: ·.The residue was basified with aqueous SM sodium 
. . . . . : . . 

hydroxide solution.and then ex~~d with ethyl acetate to give a solid which was 

triturated with dietb;l ether and ~d. to give 4-[ 4-llmino-5-(4-pheno:xyphenyl)-
.· ·.· -_; .· . !<:·,. . . . . 

7H-pyrrolo[2,3-d]p~din-7-yl]cycl()~exanone, m.p. 252-254°C. 
.'·• 

Example 176 arid l77: cis-5-{ 4-pb,enoxyphenyl)-7-( 4-morpholinocyclohex-1-yl)­

. 7H-pyrrolo[2,3-d]~Ynmidin-4-yl~l~e, ·and trans-5-(4-phenoxyphenyl)-7;.( 4-

morpholinocyclohex'.' 1-yl)-7H-pYT.>Jo[2,3-d) pyrilriidin-4-ylamine 
. ... ·.: 

Sodium tri~etoxyborohyo/ide (42 mg) and glacial acetic acid (18 mg) were 
. . .·· ... : . . ·. '· 

25 added to the product :from the previous example (120 mg) and morpholine (31 mg) 
·' ,. ' •. . . 

in 1,2-dichloroethalle~ The mix~ was stirred at 401>C for 2 hours and then a further 

portion ofmorphQfuie (0~15 g) arid.:~~diwn triaceto~yborohydride (0.21 g) were 

added. The mixture .. was stirred at.alribient temperature for 20 hours then quenched _.... ·." · ... ·. . 
; . .. i;·' ··. . . 

with saturated aqu~us bicarbona~e soluti()n. The m:ixtw'e was filtered through an 

30 EMPORE® cartridge and the fil~t~ was extracted with. 3M hydrochloric acid. The 
. . .. . . . ·' .. "!" • • 

acidic extracts Wete basified with.SM sodium hydroxide solution and extracted with 
~ .. 
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1v1> 
dichl~romethane ttfglve a residue wiftli was 'PuritiJlW:ehromatography on silica 

to give cis-5-( 4-phenoxyphenyl)-7-( 4-morpholinocyclohex-1-yl)-7H-pyrrolo[2,3-

.d]pyrimidin-4-ylamine, and trans-S-(4-phenoxyphenyl)-7-(4-morpholinocyclohex-1-

yl)-7H-pyrrolo[2,3-d] pyrimidin-4-ylamine. 

Examples 178 and 179: cis... 7-( 4-N-ethoxycarbonyl)piperazili-1-ylcyclohexyl)-5-(4-

phenoxy~phenyl)-7H-pyrrolo(2,3-d]pyrimidin-4-ylamine and trans-7-( 4-N­

ethoxycarbonyl)-piperazin-1-ylcy~lohexyl)-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine 

10 Jn a similar manner to the previous Example, 4-[4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclohexanone (0.4 g :from 1.0 g 

of 400/0 pure material) and· 1-ethoxycarbonyl-piperidine (158 mg) were reacted 

together in the presence of sodium triacetoxyborohydride (296 mg) in 

dichloromethane (15 ml) containing glacial acetic acid (60 mg) to give· after workup 

15 and chromatography cis-7-(4-N-ethoxycarbonyl)piperazin-1-ylcyclohexyl)-5-(4-

phenoxy-phenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine and trans-7-( 4-N­

ethoxycarbonyl)-piperazin-l•ylcyclohexyl)-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d)pyrimidin-4-ylamine. 

20 Example 180: · 2-[ 4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]pyridine-3-carbonitrile 

5-( 4-Phenoxyphenyl)-7H-pyrrolo[2,3-d]-pyrimidin-4-ylamine (906 mg) was 

reacted with 2:.chloronicotinonitrile (510 mg) in the presence of sodium hydride 

(150 mg} in dimethylformamide (30 ml) at 100°C for 5 hours to give 2-[ 4-amino-5-

25 ( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]pyridine-3-carbonitrile, 

m.p. 242-242.5°C, after workup. 

Example 181: 7-[3-(aminomethyl)pyrid-2-yl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]-pyrimidin-4-ylamine dimaleate 

30 The product from the previous example (468 mg), ethanol saturated with 

ammonia (200 ml) and Raney® nickel (2 ml) was shaken under hydrogen at a 
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,e1r 
pressure of 26 bar ~ SOOC for 6 ~qurs and then left Standing at ambi~t temperature 

for 68 hours. The mixture was filtered and the residue was washed well with 
. ''·,·· . . . 

ethanol. The filtrate was evaporat~ UIJ.der red\iced pressure and the residue was 
. .. (T. ~ . ·. . 

taken up in ethyl acetate and filtqli3d. Maleic acid (135 mg) dissolved in ethyl 
. .. .. :.'.' ·.: 

5 acetate (20 ml) was ~ed. in poiji~~ to the filtrate until no further precipitation 

occurred. The mixture was wanriea and decanted from a small residual amount of 

gum. The gum was further heatec:I ~th ethyl acetate and decanted. The combined 

ethyl acetate extraets were cooleq .and the solid which precipitated was collected by 

filtration to give 7-[3-(aminometJ:iyl)pyrid-2-yl]-S-(4-phenoxyphenyl)-7H-

10 pyrrolo[2,3-d]-p}'riJ:nidin4-y~e dµn~eate, m.p. 13l-134°C. 

15' 

20 

Example 182: 3-[ 4-~~5-( 4-:p~enoxyphenyl)-7H;-pyrrolo[2,3-d]pyrimidin-7-yl]-

8-methyl-8-azabicyclo[3.2. l]oc~~ 
' .. . ·' ·.:'". 

Sodiu.Ill hydride (16~ m&' of a 60% diSpersion in mineral oil) was added to a 

~tur~ of 5-(4-ppenoxyphenyl)~W~~yri-oio[2,3.;d]l>yrimidin-4-ylamine (770 m& in 

· dimethylformamid~ (30 ml) .. J:.IVJesyh:>#~B.;methyl-8:.azabicyclo[3.2.1 ]octane 

. . (9oo mg, prepared ~ descrlbed in~ J, .• (c.s., t9ss, in, 4619) ·in dimethylformamide 
. ·.' . . . :._:· ... · .· . . . 

(10 ml) was added under mtrog~ witlfstiniD.g. The rilixtuie was wanned at 7S°C 

for 5 hours· (and left St8nciing at ambient tenipmtui-e·for 7 days). The solvent was 

removed under reduced pre8sure; .W~ter was added to the residue and the mixture 
. . . ·, .· .. -.· . 

was extracted with ethyl aeetate i~ give a residue which was purified by flash 

column chromatography on sili~ ~ing ethyl acetate/methanol (50:50) as the mobile 

phase to remove :starting material and ,then a mixnire of ethyl acetate/methanoV 

triethylamine CS:5:1) as the mob~lephase to elute the product. Appropriate fractions 

25 were combined and evaporated t() give a solid which was triturated with ether and 

filtered to give 3~[4-aniino~5-(4-phenoxyphenyl)~7H-pyrrolo[2,3-d]pyrimidin-7-yl]-

8-methyl-8-azabicyclo[3.2. l]oc~e. m.p. 238-250°C. 

Examples 183 and 184: cis-7-(N~methylhomopiperazin-l-ylcyclohexyl)-5-(4-

30 phenoxyphenyl)-7H-pyrrolo[2,3-d)prymidin~4-ylamine and trans 7-(N-methyJhomo­

piperazin-1-ylcyclohexyl)-S-( 4-p~!IDoxyPhenyl)-'ZH-pyrrolo[2,3-d]prymidin-4-
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ylamine · :· 

In a similar manner to Examples 176and177, 4-[4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclohexanone (0.4 g from 1.0 g 

of a 40% pure material» N-methylhomopiperazine (114 mg), sodimn 

S :triacetoxyborohydride (296 mg), glacial acetic acid (60 mg) and 1,2-dichloroethane 

(15 ml) were reacted together. After.filtration, the filtrate was evaporated and the 

residue was purified by chromatography on silica to give cis-7-(N­

methyJhomopiperazin-l-ylcycloh~l)-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

.• d]prymidin-4-ylamine and trans 7-(N-m:ethylhomo-piperazin-1-ylcyclohexyl}S-( 4-

10 phenoxyphenyl)-7H-pyrrolo[2,3-d]prymidin-4-ylamine. 

Examples 185 and 186: cis 7-(N-methylpiperazin-l-ylcyclohexyl)-5-( 4-

phenoxyphenyl)-7-pyrrolo[2,3-d]pry:midin-4-ylamine and trans 7-(N­

methylpiperazin-1-ylcyclohexyl)-S-(4-phenoxy-phenyl)-7-pyrrolo[2,3-d]prymidin-4-

15 ylamine 

In a similar manner to the previous Example, N-methylpiperazine (100 mg) 

was reacted with the same amoun1s of cyclohexanone derivative and other reagents 

to give cis 7-(N-methylpiperazin-l-ylcycloheXyl)-5-(4-phenoxyphenyl)-7-

pyrrolo[2,3-d]prymidin-4-ylamine and trans 7-(N-methylpiperazin-l-ylcyclohexyl)-

20 . S-( 4-phenoxy-phenyl)-7-pyrrolo[2,3-d]prymidin-4-ylamine. 

. Example 187: 3-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]­

cyclopentan-1-one 

A mixture of 3-{4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

25 7-yl]-cyclopentan-1-ol (100 mg), activated manganese dioxide (500 mg) and 

dichloromethane (100 ml) was stirred at ambient temperature for 18 hours to give, 

after filtration, a solution of 3-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-cyclopentan-1-one in dichlOTomethane which was used in the next 

Example. 

30 
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Example 188: cis-7-(3-morphqlinocycl()pent-l-yl)-5-(4-phenoxyphenyl)-7H-

. ·.,. ·.. . 

pyrrolo[2,3-d]p~din-4-y~ 311d trans-7-(3-inorpholinocyclopent-l-yl)-5-(4-

phenoxyphenyl)~7ff-pyrrolo[2,~r4l-:Pyrimidin-4-y~e 
. --:·· ; . . . : ~-. ' . . . 

Morph<)~ (45 mg) wmj.~~ to the solutl4Jn obtained in the previous 

S Example follow~4,i,y sodi~ trl~~9xyborohydrid~· (151 mg) and glacial acetic acid 
. . .··· . . : ::.. . . : •. 

(47 mg). The~ was s~·,at·ambient temp~ture under nitrogen for 18 ; '-·:: . ·. r: .... . : . : . 
homs during whl.ch .time the 'dichJqrometbane .evaporated. Tetrahydrofuran (100 ml) 

was added and th~;nrlxture was s~ f~r a further 8 hours. The mixture was 

worked up to gi~~-cjs-7-(3-mo~~~~ocyclopent-l~yl)-S-(4-phenoxyphenyl)-7H-

J O pyrrolo[2,3-4]p~din.4-ytm,ii~~ :and mms-7-(3-~orpholinocyclopent~ 1-yl)-S-(4-

phenoxyphenyl)-~-pyrrolo[2,3-4l~fYJimidin-4-yl~. 
::.··:. . 

lS 

20 

.. ,::· . .-· .. . <'~i..... . . : .. . . :_. :-. . 

Example 189: 3~+amino-S~(4-p~en,pxy.pll~Yl)-7H-pyrrolo[2,3-d]pyrimidin-7-
. ' . . . . : . . ... ~ .. ~· . . . . . . 

. yl)cyclopentyl ~~(~~morpholino~~yl)-caJbamate hydrochloride -: ·.·. :. . . . . . :. ·r.·~· . >. 

.a) To a soluti0n ~f:~-(4-Amino-~:<f phenoxYJ>henyl)-7H-pyrrolo[2,3-d]~-
7-yl)cyclop_e]$mol (20 mg) iP:.di~hlQr<>methane: (l ml) at 0°C was added N-

- ·· .. •. ···: ... ·>·.·· .. ·. 

methylmoipJi91ine (7;ml) .ancJ:~~ mixture stirteclfor 20 minutes. The cooling 

. bath was rem9~e:4 .and 4-njtroPhenylchlorofo~te (12.5 mg) was added and the 
. . ·. !' ·, :·· ''··· ... : ·. 

resulting ~x~ stirreQ ()venii$lit at ambientteniperature. The miXttire was 

diluted with di~hloromethane/;.~ed with water, saturated aqueous sodium 

bicarbonate'.~i~~on and·~~;·.:~ Organic solutfon was dried over magnesium 

sulphate and ~aporated to gi\t:e ctude product. . 

b) The crude.prc}4uct from a) izi:~citl.oromethane (2.ml) was added to 2-
. .·. ·,,. . .. · . 

25 . morpholin9e$ylamine (0.2 ml) ~d ~e mixture stirred overnight at ambient 
I C: : 

temperature. Th~ mixture w~.djlut~ with ethyl acetate and washed with water 
,.•v • ·. ' • ,,, '• ' ' ' 

and brine. The•organics were 4ti~d, ijltered and:eVaporated to give a criide 

product which:was purified QY; p~ep~ve HPLC to give 3-( 4-amino-5-( 4-

phenoxyphenyl)-7H- pyrrolo[~~3-d]pyrimidin-7.;.yl)cyclopentyl N-(2-

30 morpholinoetliyl)carbamate. : .,·: .. 
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/1-r 
c} The product rrom.11~} was dissolv~~ethyl aeetate~triil} and hydrogen chloride 

•' . ,· ·-·. 

·gas was bubbled through the solution for 2 minute~. A precipitate formed and 

stirring was continued for a further 10 minutes. The solvent was evaporated and 

water added to dissolve the soli~ Lyophilisation gave 3-( +.amino-S-(4-

S phenoxyphenyl)-7H-pym>lo[2,3.od]pyrimidin-7-yl)cyclopentyl N-(2-

morpholinoethyl)-carbamate hydrochloride as a solid. 

10 

'Example 190: 3-[4-amino-S-{4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]cyc10pentyl 2-aminoacetate hydrochloride 

a) 3-[ 4-Amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3.od]pyrimidin-7-

yl]cyclopentanol (50 mg; 0.129 mm.al) and N-tert-butoxycarbonyl glycine (34 

mg, 0.194 mmol) was mixed in N,N-dimethylformamide (1ml).·1-(3-

Dimethylaminopropyl)-3-etb.ylcatbodiimide hydrochloride (31 mg;· 0.155 mmol) 

15 and 4-dimethylamino pyridine (16 mg, 0.129 mmol) was added. The resulting· 

mixture was stirred under nitrogen at ambient temperature for 24 hours. The 

reaction mixture was poured into ice water and extracted with ethyl acetate. The 

organic extracts were washed with brine, dried (MgS04), filtered and 

evaporated. The solid was purified by flash column chromatography on silica 

20 using ethyl acetate as the mobile phase to give 3-[ 4-amino-S-( 4-phenoxyphenyl)-

7H-pyrrolo[2,3.od]pyrimidin-7-yl]cyclopentyl 2-[(tert-

butoxycarbonyl)amino ]acetate. The structure was confirmed by 1H NMR. 

b) 3-[ 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl 

25 2-[(tert-butoxycarbonyl)amino ]acetate (39 mg, 0.072 mmol) was clisolved in 

ethyl ecetate (2.5 ml). Hydrogen chloride gas was passed through for 1 _minute. 

The flask was capped and the solution stirred for additional 30 minutes. Diethyl 

ether was added and precipitate formed. The solid was collected by filtration to 

give 3-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimiclin-7-

30 yl]cyclopentyl 2-aminoacetate hydrochloride. The structure was confirmed by 1H 
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Example 191: 3-[4l~o-s-c ~ph~o"yphenyl)-7H-~Yiro1o[2,3-d]pyrimidin-7-
yl]cyctopentyl c2s);~~amino-3-m,ylb~ianoate hydnS~hloride 

. . ,. •. , •· . .L=·"" < ~ ~<.~-:· jf"· ~ :,:. i ; : 

a) (28)-1-[(tert-~i~xycarbonyl)~U.o ]-2-methylbu~oic 2,5-dioxo-2,S-dihydro-
. I • • • ' • '• • ·. • • .:~ ', •' 

lH-1-pyrrolecaq.joxylic anhydride ( 114 mg, 0.3~~ hunol) was added to a 

solution of 3-[.i~o-S-(4-p¥ioxyphenyl)-7H-~Ynolo[2,3-d]pyrimidin-7-
- ~- - - -- - - ... 

yl]cyclopen~1J66 mg, 0.17i :mmol) in dicblon,}fuethane {1 ml). The resulting 
. ' : : ···~ .~ 

10 mixture was $tihed under nitrogen at ambient teinperature for 24 hours. The . 

15 

reaction mi~··was dilutCd wipi ethyl acetate ~~washed, dried (MgSOJ, 
. ': •y:·· ·.. . . . . : ···.·,,; .. ~ 

filtered and ~9rated. The s9.Iid waµ1 purified l>y'flash column chromatography 
. ·. ·. .. . . ·;· ... 

on silica using.~ylacetate as, ~e ~obile phase~. give 3-[4-amino-S-(4-

phenoxyphenyl)~7H-pyrrolo[~~-d]pyrimidin-7-yp~clopentyl (2S)•2-[(tert­

butoxycarbonyl)8mino]-3-me~ylbUta.nPate. The ~~cture was confirmed by 1H 

NMRand~{MH:=58~~:· ". . . -, .. ; 
. ;·.·, 

.. . : : ~ ; :- . '(' .. ' . ·, 

b) 3-[4-Amino-S,(~phenoxyPh~~)-?ff ·J>ym>lo[2~'."fl]pyrimidin-7-yl]cyclopentyl · 

(2S)-2-[(tert-~4io:xycarbonyl)~q]-3-methylb~~oate (35 mg, 0.060 mmol) 

' - 20 was dissolved ~;:ethyl acetate (2~5 ml) •. _Hydrog~ chloride gas was passed 
... '~ . . .. . .. 

through for 5:.mjpµ.res~ The fl~vvas capped aru{tlie solution stirred for · 
: .. :. . . :- . 

additional 3Q .minutes. Diethyl ether was_added ~d precipitate formed. The 

. solid was eolle~~ed by filtratici.~ to .give 3-[4-ami~o-5-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]p).'rimidin-7 ... yl]cycl~pentyl (2S}2 ... #nfuo-3-methylbutanoate 

25 hydrochloride.' The structure wu confinned by 1H NMR and LC/MS (MF= . : . .. . . :\; ~ . . . . .. . . . 

486). ..-.' '· . ' 

30 
'.·· 
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Example 192: 3-( 4-~no-S-(4-pheno~henyl}7H-p~lo[2,3-d]pyrimidin-7-. ' . ,_ ..... ·. 

yl)cyclopentyl N-(2-morpholinoethyl)carbamate hydrochloride 

a) N-Methyhnorpholine (0.007 ml. 0.062 mmol) was added dropwise to solution of 
S 4-nitrophenyl chlorofonnate (12.5 mg, 0.062 mmol) in dichlorometbane (1 ml) 

with stining under nitrogen at 0°C. After 20 minutes, the ice-water bath was 

removed and the mixture was alloWed to warm up to ambient temperature. 3-[4-

amino-S-{4-phenoxyphenyl)-7H-P)'R'Olo[2,3-d]pyrimidin-7-yl]cyclopentanol (20 

mg, 0.052 mmol) was added to th~ mixture and the resulting solution was stirred 
10 for 24 hours. The reaction mixture was diluted with dichloromethane and 

15 

. 
washed with water, saturated sodimn bicarbonate, and brine. The organic layer 

was dried (MgSOJ, filtered and evaporated to give 3-[4-amino-S-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl ( 4-nitrophenyl) 

carbonate. The structure was confirmed by 1H NMR. 

b) 3-[ 4-Amino-5-(4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl 
(4-nitrophenyl) carbonate (O.QS2 mmol) in dicbloromethane (1 ml) was added to 
2-morpholinoethylamine (0.2 ml) .. The resulting mixture was stirred under 

nitrogen at ambient temperature for 24 hours. The reaction mixture was diluted 
20 with ethyl acetate and washed, dried (MgSOJ, filtered and evaporated. The . 

solid was purified by pieparative HPLC to give 3-[ 4-amino-S-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl N-(2-

morpholin~yl)carbamate. The structme was confirmed by 1H NMR and 
LC/MS (Ml1 = 543). 

25 

c) 3-[ 4-Amino-5-(4-phenoxyphenyl)'.'. 7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl 
N-(2-morpholinoethyl)carbamate (10 mg, 0.018 mmol) was dissolved in ethyl 

acetate (2.5 ml). Hydrogen chlori~e gas was passed through for 2 minutes, and a 
precipitate formed. The flask was capped and the solution stirred for additional 

30 10 minutes. The solid was collected by .filtration to give 3-(4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)cyclopentyl N-(2-
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!ff 
morpholinoethyl)carbamate h~chloride. The structure was confirmed by 1H 

NMR and LC/MS (MEf' = 543). ·· · 
·: ' .. 

Preparation of Starting Materials 

a) Tert-butylamin~ ~15 Illl) was~ with stirriltg to a solution of 2-bromo-4' -

phenoxyacetopJiCn.one (12.7 g,Pfepared by broinlllation of 4'­

phenoxyaeetop~enone accordi~g t~ Tetrab.Cdrtm Letters, 1993, ~ 3177) in 

propan-2~ol and the mixture ~ted at 80°C Jor 3 hours. The mixture was cooled 
··,·. . ,; 

to OOC and conceDt:rated hydro~hlorlc acid (10 ml) addett The suspension was 

Stirred at ambietit iemperatlire '{<>.~ 18 hoiirs and the solid collected by .filtration to 

give 4 • -phenoxj,-2-(tert-butY~no )acetophenone hydrochloride (3 .75 g), m.p. 

210-212°C. · 
· .. > ,; '· . 

. ·: .. 

' ' ' 

b) (1) 4' -Phenoxy-2-(tert-butyJari,lino)acetophenone hydrochloride (3.75 g) was 

·· added in Ori" portion to so~~'.ethoxide ~by dissolving sodium 

(93 mg) in ethanol (50 ml))_,~d the mixture was stiJ?:ed at 40°C for 30 

. Ininutes un4ernitrogen .. ''. 

20 (2) In a separate· flaSk sodium'(3r3 l mg) was· dissolved in ethanol (SO ml) and . 

malononitrile (858 mg)w# added. The solution was ·stirred at ambient 

temperature for 5 minutes i.md then to this solution was added the solution of 

4'-phenoxy~2-(tert-butylmillno)acetophenone' obtained in part (1) in one 

portion excluding the precipitated sodium chloride. The resultant mixture 
. :!" . 

25 was heated at SOOC for 3 h~urs and then at 80°C for 2 hours. The solvent was 

removed uilder reduced pressure and the resultant oil was partitioned 
. . ·. 

between w~er and ethyl a¢etate. The organic phase was separated, dried and 

evaporated to give a black: S:Olid. This solid was dissolved in hot ethanol and 

triturated with water, filtefed and dried to give 2-amino-3-cyano-4-(4-

30 · · pherioxyphenyl)-l-(tert-b¥Yl)pym>le. 
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1.5.J 
c) A mixture. of 2-m¢no-3-cyano-4-(#henoxyphenyl):;l-(tert-butyl)pyrrole 

(1.9 g), formamide (30 ml) and 4-dimethylaminopYrldine (10 mg) wash~ at 

18U°C for 6 hours. The mixture was cooled to ambient temperature and water 

was added to precipitate a dark solid. The solid was collected by filtration, 

S washed with water, then boiled up in ethanol and the insoluble material collected 

by hot .filtration and dried. The solid was purified by preparative HPLC on a 

silica column using dichloromethane/propan-2-oV ethanol, 98:1: I as the mobile 

phase to give 7-tert-butyl-5-{ 4-ph~oxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-

ylamine (4-amino-5-( 4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d]pyrimidine), 

10 m.p. 157-1S8°C. lH NMR (d6 DMSO) 6 8.15 (lH,s), 7.S0-7.3S (4H,m), 7.30 

(lH,s), 7.15 (lH,t), 7.10 (4H,m), 6.05 (2H,brs), 1.75 (9H,s). 

d) A mixture of 4-amino-5-(4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d]­

pyrimidine (S.8 .g), glacial acetic acid (SS ml) and hydrobromic acid (SS ml of a 

15 48% solution) was boiled under reflux for 18 hours under nitrogen. The mixture 

was allowed to cool and a solid was collected by :filtration. This solid was 

washed with methanol and then with ether to give 4-amino-S-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]-.pyrimidine hydrobro~ide, m.p. 288-292°C. 

The hydrobromide salt was converted into the free base by wanning with dilute 

20 sodium hydroxide solution (100 ml of 5% w/v solution) and ethanol (60 ml) with 

stllring and removing the ethanol l?y distillation. The mixture was cooled and 

the solid was collected by filtration and washed well with water to· give 5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine. 

25 e) A mixture of S-( 4-phenoxyphenyl):-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

(600-mg) and tetrakis(triphenylphosphine)palladimn (40 ml) and dry dimethyl 

sulphoxide (30 ml) was stirred under nitrogen in an ice/water bath and th.en a 

solution of cyclopentadiene monoepoxide (200 mg) in tetrahydrofuran (10 ml) 

was added via syringe under nitrogen at 0°C. The mixture was stirred at ambient 

30 temperature (with exclusion of light) for 66 hours and then the tetrahydrofuran 

was removed under reduced pressure and water was added to the residue. The 
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mixture was all~wed to stand for 18 hours and th~ extracted with ethyl acetate 

to give a residue which was pliri:li~ by flash col~ chromatography on silica 

using ethyl acetatcf'mdustrlal 11?-ethylated spirit (9: 1) as the mobile phase to give 

4-[4-amino-5-( 4-phenoxyphenyl}-7H-pyrrolo[2,3-d]pyrimidin-7~yl]-cyclopent-2-

5 enol, as an oil. Tile struCture w~ coiifumed by tamm and mass spectra. 

f) 4-[4-Amino-5-(+pheiioxyphenyl)-7H-pyrrolo[2,3-<i]pyrimidin-7-yl]cyclopent-2-

CD:Ol (110 mg) wu hydrogena~ in ethanol (20ml) with gaseous hydrogen at 

atmospheric Pft'SSUl'C using 10~ palladium on chaicoal (SO mg) as the catalysl 

10 The catalyst was removed by ~t:ration and the filtrate was evaporated to give 3-

[4-amino-S-( 4-phenoxyphenyl)"'. 7H-pyrrolo[2,3-<i]pyrimidin-7-yl]cyclopentanol, 

as an oil. The. structure was ce>¢irmed by lH nmr and mass spectra. 

15 
Example l93: Cis-5-(4-phenoxyphenyl)-7-(+Pyrrollclinocyclohex-1-yl)-7H­

pyrrolo[2,3-<i]pyrimiclin+ylamfru, .• ,. 
. . 

Trans-5-( 4-phenoxypb.enyl}.7-(4-pyrrolidinocyclohex:.1-yl).;. 7H-pyrrolo[2~­

d]p · ·din+ lamine ynnn y .. 

To a stirred suspension of.4-[ 4-amino-5~(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyin:mdinyl-7-yl]cYclohexanon~' (f~34 g, 5.9 mmol) in 1;2 dichloroethane (250 

20 mL) was added, tmdei an atm~sPh~ of nitrogen, pyrrolidine (1.25 g, 17 ~6 mmol) 
. . .. • '• . . 

and glacial acetic aci9 { i.oo mL,t7~6 mmol), and the resultant mixture stirred at 

room temperature for 30 minutes. Sodium triacetoxyborohydride (1.87 g, 8.8 mmol) 

was added in ~ portion, and the ~esUitant mixture stirred for 70 hours. The mixture 
.... 

was extracted with 2M aqueous hy~chloric acid (2 x 200 mL). The combined 

25 extracts ~ere washed with dichlor9methane (300 mL), made ba8ic with 12.5M 
·,;. 

aqueous sodium hydroxide ·solutio~ and extracted with dicbloromethane (3 x 200 

mL). The combined.extracts were dried over sodiwn sulphate, and purified by 
. . . ' 

chromatography with a Biotage 40S column using ethyl acetate I triethylamine 

(95:5) and ethyl acetate I triethylainine I methanol (85:10:5) as a mobile phase to 

30 yield Cis-5-(4-phenoxyphenyl)-7-( 4-pyrrolldinocyclohex-1-yl)-7H-pyrrolo[2,3-

d]pYrlm.idin-4-ylamine as an off-white solid (0.65 g, L4 mmol), melting point 101 -
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1~-') 
104 deg.C., LC/MS Hypersil BDS clS (100 x 2.1 mm) O.lM 

ammoniumacetate/acetonitrile, 10-1000/e acetonitrile in 8 min.):~ 454 t,= 3.56 

minutes and Trans-S-(4-phenoxyphenyl)-7-(4-pyrrolidinocyclohex-l-yl)-7H­

pyrrolo(2,3-d]pyrimidin-4-ylamine as an off·white solid (0.93 g, 2.1 mmol), melting 

5 point 183 -185 deg.C, LC/MS (Hypersil BDS c18 (100 x 2.1 mm) O.IM 

ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 min.): ~ 454 , tr= 3.68 

minutes 

Ex~ple 194: Cis-5-(4-phenoxyphenyl} 7-( 4-piperidinocyclohex-1-yl)-7H-

10 pyrrolo[2,3-d]pyrimidin-4-ylamine hydrochloride 

Trans-S-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-l-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine 

To a stiired suspension of 4-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d)pyrimin-7-yl]cyclohexanone (2.34 g, 5.9 mmol) in 1,2 dichloroethan_e (250 mL) 

15 was added, under an atmosphere of nitrogen, piperidine (1.50 g, 17.6 mm.ol) and 

glacial acetic acid ( 1.00 mL, 17 .6 mmol), and the resultant mixture stirrCd at room 

temperature for 30 minutes. Sodium triacetoxyborohydride (1.87 g, 8.8 ~ol) was 

· added in one portion, and the resultant mixture stirred for 70 hours. The mixture was . 

extracted with 2M aqueous hydrochloric acid (2 x 200 mL). The combined ex1racts 

20 were washed with dichloromethane (300 mL}, made basic with 12.SM aqueous 

sodium hydroxide solution~ and extracted with dichloromethane (3 x 200 mL ). The 

combined extracts were dried over sodium sulphate, and purified by chromatography 

with a Biotage 40$ column using ethyl acetate I triethylamine (95:5) as a mobile 

phase to yield Cis-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-1-yl)-7H-

25 pyrrolo[2,3-d]pyrimidin4ylam.ine (0.23 g) as a clear oil., LC/MS :ypersil BDS cl 8 

(100 x 2.l mm) 0.lM ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 min.) 

1vlH'" 468 tr== 3.67 minutes and Trans-5-(4-phenoxyphenyl)-7-( 4-

piperidinocyclohex-1-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine as an off-white 

solid (193 mg, 0.4 mmol). melting point 192 - 195 deg.C, LC/MS: Hypersil BDS 

30 cl8 (100 x 2.1mm)0.IM ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 

min.)~ 468 t,= 3.71 minutes 
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Example 195: Cis-S{4-phenoxyp~yl)-7-(4-piperidinocyclohex-1-yl)-7H­

pym>lo(2,3-d)p~din-4-ylamine was dissolved in ethyl acetate (SO mL), diluted 

with diethyl ether (50 mL) and treated with a lM solution ofhydrogen chloride in 

5 diethyl ether until J10 ·further precipitation occurred. The resultant solid was collected 

and re-crystallised from absolute ethanol to give Ci&-5{4-phenoxyphenyl) .. 7-( 4-

piperidinocyclohex-l-yl)· 7H-pyrrolo[2,3-d]pyrimidin-4-ylamine hydrochloride as a 

colourless solid (75 mg, 0.2 mmol) melting point 185-189 deg.C. 

10 Example 196: · Trans-7-( 4-dimethylaminocyclohexyl).;5{4-phenoxY!>henyl)-7H­

pym>lo[2,3-d]pyrimidin-4-ylamine . . 

Cis-7-(4-dimethyl~ocyclohexyl).:.s-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

. d]pyrimidin-4-ylalqipe · 
. . . ~- . ~ ' .. ~ . 

15 

To a stirred, ·solution of 4-[4-amino-5{4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimin~ 7-yl]cyci~µ~one (3.i4 g, 8.1 ~ol) in ~chloromethane (1000 mL) 
. ·' . ·._ '!.. :. :. : ..... :. . . . .: 

was added~ under .aJ1 ~osphere of l'.1i~~ell, N-~y;lpiperazine (1.20 g, 12.0 

. mmol) and glacial acetic acid ( 0~69.mL,.12.0:rnmol), and the resul~t solution 
. . . . .. ·'._ .. : ~.. . . ·.· . . . . . ·;· :'' ·. ·: . . ;· .. . . . . .. . ,\ . . 

stirred at room temp~ture for 10 miJiutes. Sodium triacetoxyborohyd.ride (1.70 g, 
. . . .• . . . . . . . ~ : :' .! ..•. ~ . ' : ' .. : . . ·. : . . . . . . : 

8.0 mmol) was added in one portion, and the resultant solution stirred for(; hours. 
. .. ·:· ' .. ·· ·.. . ··:,= ''?. · .. -: .. · .. :· .... · . . . 

20 The additions were rq>eated on the. i;am~ scale a.t)d thc3. resultant solution stirred for 
: , .. ·. .. .. : ··. · ........ : ... ' •'; . . 

70 hours. The SQlutio~ was. extracted wit)i 2M. aque<)us hydrochloric acid (2 x 300 
. . ... :··, . • .. ·. ,._· . . . 

mL). The combined extracts were washed with dicbloromethane (300 mL), made 
. ::.·:.· ... . . •! :· ·· .• ••. . •. . . : . 

basic with .880 aqueous ammonia ~olution, and extracted with ethyl acetate (3 x 250' 
. . .. ·, .. '• . . ·: ··.· · .. ·: ,.. . . 

mL). The combined extracts were washed with saturated aqueous sodium chloride 

25 solution, drled over s~dimn sulpha~~~ and purified by chromatography with a 

Biotage 40M column using ethyl acetate I methanol/ triethylamine (8:1:1) as a 
: . .' '· . ~ . .· 

mobile phase to yie14. Cis~ 7-( 4-4Unethylaminocyclohexyl)-5-(4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-ylamine as an off-white solid (220 mg, 0.5 mmol.) 
. ., ,; . ·.. . . . . . '· .. 

melting point 180-1~2 deg.C, LG/MS: Hypersil BOS c18 (100 x 2.1 mm) O.lM 
. . . 

30 ammoniumacetate/ac~tonitt.ile, 1~-100% acetonitrile in 8 min.)Mir 428 \= 3;43 

minutes 

The column was flushed with ethyl acetate I methanol/ triethylamine (4:1:1, 
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SOO mL), and the solvent removed under reduced pressure. The residue was 

dissolved in dichloromethane (200 mL)and purified by chromatography with a 

Biotage 40M column using dichloromethane/methanol (9: 1 to 7:3) to yield Trans-7-

(4-dimethylamino-cyclohexyl)-S-( 4-phenoxyphenyl):. 7H-pyrrolo[2J-d]pyrimidin-4-

5 ylamine as an off-white solid (320 mg, 0.75 mmol) melting point 207.S -210 deg. 

10 

C, LC/MS: HypersilBDS c18 (tOO·x 2.1 mm) O.lM ammoniumacetatelacetonitrile, 

10-100% acetonitrile in 8 min.)~ 428; ·t.. = 3.48 minutes 

R- (+)- 4-[4-amino-5-(4-pheno~henyl)-7- (3 .. tetrahydrofuryl)-7H­

pyrrolo[2,3-d]pyrimidine. 

Example 197: 4 -{(S) - tetrahydrofuran-3-yl}toluenesulphonate 

To a solution of (S)-3-hydroxytetrahydro:furan (2.0 g, 23 mmol) iD:.,Pyridine 

(40 ml) at 0°C was added tosylchloride portionwise (4.8 g, 25 mmol). The solution 

was stirred at O°C for 1 hr and then at room temperature overnight. Th!' pyridine was 

15 evaporated in vacuo and the residue ·was partioned between EtOAc and saturated 

· aquoeus citric acid (200 ml each). The aqueous layer was extracted with EtOAc (2 x 

200 ml) and the combined organics were dried (sodium sulphate), filtered and 

evaporated to leave an oil (4.5 g, 85%). 1H NMR (CDCJ.,, 250 MHz): 7.78 (2H, d), 

7;35 (2a d), 5.12 (Ut m), 3.76-3.93 (4H, m}, 2.45 (3H, s), 2.01-2.20 (2H, m). 

20 To a stirred suspension of 4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidine (4.83 g, 16 mmol) in N,N-dimethylfonnamide (80 mL), under an 

atmosphere of nitTOg~ was added 60% sodimn hydride in mineral oil (0.75 g; 19 

mmol), and the mixture stirred at room temperature for 30 minutes. The resultant 

dark: solution was treated with a solution of 4 -{(S) - tetrahydrofuran-3-

25 yl} toluenesulphonate ( 4.20 g, 18 mmol) in N,N-dimethylfonnamide (20 mL) in 2 

mL aliquots. The resultant solution was stirred at room temperature for 30 minutes, 

then at 95 deg.C. for 18 hotirs. The solution was allowed to cool to ambiertt 

temperature, then poured onto ice/water (200 mL). The aqueous was extracted with 

ethyl acetate (3 x 200 mL). The combined organic extracts were washed with water 

30 (4 x 150 mL), dried over sodium sulphate, and the solvent was removed under 

reduced pressure. The residue was warmed with dichloromethane (1000 mL) until a 
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solution was obtainecf; cooled to mpbient temperature. and purified by 

chromatography~~· a BiOtage 40~ c.ohmm using ethyl acetate/ triethylamine 

(95:5), then ethyl a<ietate I triethyhjmme I methanol (90:5:5) as a mobile pbas~ to 

yield R- (+)-4-[4~-S-(4-p~oxypltenyl)-7- (3-tetrahydrofuryl)-7H-

S pyrrolo[2,3-d]pyiim,idllie as an o.ft:white S<>lid (4.35 g, 12 mmol) melting point 165-

166 deg. c. LC/MS::HypersilBD~ cl8 (100 x 2;1 ~) O.lM 

ammoniumacetateh1eetonitrile,.1fi1{}9% acetonittilein 8 min.) Mir' 373 t..= 4.44 

minutes. []0 + 20.S· ± 0.6 (djc~metban~ 22.6 deg.C~) . 

1 o Exami>Ie 198: 5-(4-:phenOxyphenylr ?-(4-piperidyl)"77H-pyrrolo[2,3-d]pyrimidin-4-

ylamine 

N-tert.;butoxycarbonylpipcridinol 

· To a soluticm ofN-tert-bu~xycarbonylpiperidone (10.0 g, SO mmol) in 

MeOH (too lnl) ai 0°c ~as·added ~um borohydri~e (1.9 g, so mm~l) 
15 · · portionwise. St.ii 11t'0°C for i hr ~Cl then at room ~pen.ture for 20 bi'. Quench with 

2N N'aali c20 ml)~ :evaporate solv~t:·and. p~tion re,sidue betWeen ethylacetate and 

\vater {100 nil each): &iract.the aque01Js la}'et With ethylacetate (3 x lOOml) and 

wa&h1:he combined'orgafilcla~·wi~.briiie.'and w.er (1x100 ml each). Dry 

CN8iS04)~ .·filter ari.cl~oricentrate:to l~veN-tert-but()xycarbonylpiperidinol as a 
20 colourless oil (iQ~5'g, 100%). :R,-fu 20o/o EtOAc I h,eXane = 0.05 (KMn04 dip). IR 

25 

30 

{thin fi1m): 3428,.2939,'1693 emf•.·.·. . 
< ..... 

Example 199: -tert-butyl 4-[(4-metbylphenyl)sUlfonyl]oxy-1-piperidinecarboxylate 
. ~ . ,. . . .: . . . . 

To a solutipn ofN-tCr.t-b~oxicarbonylpiperidinol (10.5 g~ 0.052 mol) in 

pyridine (150 ml) at 0°C under :rii~gen was 8dded ~sylchloride (9.94 g, 0.052 mol) . ·; .·· . . . ·, ....... ; . .:-.~. . . . .. 

portionwise. Stir at 0°C for 2 hr. Wann to room temperature and stir at ro~m 
. ' . . ~ . . . 

temperature oveniiP,t. Evapom.e·tli~ solvent mid partition between citric acid 

solution (lM, 1~0 ~l) and ethy~e# (200 ml). E~tract acidic layer with 

ethylacetate (1 x I 00 ml) and wash wmbined organics with citric acid solution (lM, 

2 x 100 ml), b~ p 00 ml) and·~~t~ (100 lill). nrY CN8iSO,) , ftlter and evaporate 

to leave an oil which was purifed by flash column chromatography using 10% 
. -~ .' . . 
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/l;1 );{·,. 
EtOAc / cyclohexan~;~en 15% EtoA<f?~elohexane~·1i~e in ·p 30-68 tert-butyl 4-

((4-metbylphenyl)sUlfonyl]oxy-l-piperidmecarboxylate as a white solid (11.0 g, 

600.4) Rf in 200,4, EtOAc I cyclohexane = 0.17 1H NMR (CDC13, 250 MHz) : a 7. 79 

(2H; d ), 7.34 (2H, d), 4.67 (lH, m); 3.58 (2H, m), 3.27 (2H, m), 2.45 (3H, s), 1.59 -

S 1.83 (4H, m), 1.43 (9H, s) 

Example 200: tert-butyl 4-[4-amino-5-(4-pheiloxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-1-piperidinecarb(?xylate 

To a solution of 4-amino.;S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

10 (2.0 g, 6.6 mmol) in dry DMF (100 ml) under nitrogen at OoC was added NaH 

(0.264 g, 60% dispersion, 6.6 mmol) and the reaction mixture warmed to room 

temperature and stirred for lhr. Tert-butyl 4-[( 4-methylphenyl)sulfonyl]oxy-1-

piperidinecarboxylate (2.34 g, 6.6 mmol) was added and the resulting solution 

heated at 95°C for 72 hr. The reaction was quenched by careful addition of water: 

15 (150 ml). Extract with EtOAc (3 x 100 ml) and wash with water (4 x 100 ml) and 

brine (2 x 100 ml). The organic solution was dried (NaiSOJ, filtered and evaporated 

to leave a solid which was adsorbed onto silica and purified by flash silica gel 

column chromatography using EtOAc then 5% MeOH/EtOAc as eluent to give in F 

13-22 tert-buty14-[4-amino-5-( 4-phenoxyphenyl} 7H-pyrrolo[2,3-d]pyriiniclin-7-yl]-

20 1-piperidinecarboxylate (1.0 g, 31 %) as a white solid, m.pt. 168.5-169.SoC. Rein 
10% EtOAc/MeOH = 0.4. 1H NMR (<It; DMSO, 250 MHz): a 8.14 {lH, s), 7.38-

7.49 (SH, m), 7.07-7.23 (SH, m), 6.14 (2H, bs), 4.76 (lH, m), 4.11 (2H, m), 2.93 

(2H, m), 1.92-2.02 (4H, m), 1.43 (9H, s). Mass spec. C28H310~5 (485.2430).IR 

(KBr disc) : 3059, 1695, 1588, 1235 Cin·1 

25 

Example 201: S-( 4-phenoxyphenyl)-7-( 4-piperidyl)-7H-pyrrolo[2,3-d]p~idin-4-

ylamine 

To a solution oftert-butyl 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-1-pipericlinecarboxylate (0.69 g, 1.4 mmol) in dry CffzC12 (25 ml) 

30 at OOC was added TF A (5 ml); The solution was stirred at room temperature for 20 
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hr and the solveJ1t eyaporated. NaQ}J solution (SN, JO ml) was added and the 

resulting ~urry ~~ extra<!ted. witii ~t()Ac (3 x SO mJ). Wash with brine (1 x 50 ml). 
; . >: .. :; . ~ . . '·.'· 

Dry, filter and ccm,~te _to leave; a solid which waj; triturated with diethylether 

and fihered to ~~i-~-(4-ppeno~h,enyl}· 7-(4-piperidyl)-7H-pyrrolo[2,3-
. -~.;- ·." . . . i'. 

S d]pyrimidin-4-ylaliyne (433258) as a white solid (50.Pmg, 91%). M.pt 209-211°C. 

Rrin 1:1 EtOAc.: M~H=0.1.. 1amvIR(~DMS0,2SOMHz) 8.13 (lH, s); 7.36-

10 

.. ··::·· . .......... ;·:· 

7.48 (4H, m), 7.~~to:a. s), 7.04-?~:16 (SH, m), s.so ~~· bs), 4.64 {lH, m), 3.10 (2H, 

m), 2.80 {lH, bs) •. ~-~7 {2H, m), 1 •. 94 (4Jt m). Mass:l;pec. ~ON5 (385.1902). IR 

(KBr disc) : 327~. ·l~20, 1585; 14.~0~ ti4s cip.·1 . . 
• . ··1.·.· . . . . . .. 

Example 202: s.;( ~phenoxyphenyl)-7-{ 4;.piperidyl)-7H-pyxrolo[2,3-d]pyrimidin-4-

lamine dih drochlOride y 'Y' ..... 

To S-(4;.p~oxyphenyl)-7{4-pipeiidyl)-7H".pyxrolo[2,3-d]pyrimidin-4-

ylamine (433258)aoo~) in EtOAclMeOH (15mi~1:1) was added ether.HCl 

15 ·· Se>lutimi {l.O M, 3 illi). Th~ ~ulti1g'wh.iie. ~ipi~~ was filtered under a stream of 

. nitrogen and ~c~ci'~·v:~ for 6 iirh>·i~v~ s{4;.!>h~oxyphenyl)-7-(4;.piperidyl)­
m.;pyrrolo[2,3-dJ~~din-4~y~ine dfuycm>chlodde (1.4 hydrate) as a white 

solid (120mg), iiL~i.304°c (dee.)~; ;(fiNMi<Di>. 2so MHz) 8.48(111, s), 7.69 (lH, 
.. . " . ; .. .... ,.;:,. · .. : . . .. ..~ .. ': ~ : . .. ~: ,· . . . ' ··: .. -~ . . . . . . 

s). 7.50-7.58 (4H, tli), 7.18~ 7.34 ($,in), 5.16 (lH, ln.), 3.81 (2H, d), 3.~ (2H. m), 

20 · .. 2.49(4H,m).).rit{t{Brdisc) :39~7,1657.123.1 ~~1 . 
. • ·-: J •.. 

!" ":~· •. . ~ • 

. ·I '•. 

Example 203: t~"'.putyl 3-[ 4-~o-.S~( 4-phenoxyp~enyl)-7H-pyrrolo[2,3-
:·:··, ';. 

d]pyrimidin-1:.yl]"'. l .;,pyrroliclinecar~oxylate 

N-tert-butoxycarboJ,lylpyrrolidin-~~l 

25 To a solutiop ofpyrrolidin-3-ol (10.0 g, 0.11 mol) in clichloromethane (200 

mL) was added trie#iylaliline (222.'& 30.5 ml, 0.22 mot) followed by di-terl-
: ' 

butyldicarbonate (2~.8 g, 0.13 mo~) at 0°C. Wann to room temperature and stir at 

room temperature overnight. Queiich with saturated 4clueous citric acid (150 ml) 

amd wash the orga¢c layer with water, brine and wa~ again (1 x 100 ml each). The 
·. .. 

30 organic layer was dfied (sodium sulphate), filtered and evaporated to leave N-tert-
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butoxycarbonylpyrrolidlfi-3-ol (20.0g, ~3'( dude) as a f61~bn oil. 

Example 204: tert-butyl 3-[(4-methylphenyl)sulfonyl]oxy-1-pyrrolidinecarboxylate 

To a solution ofN-tert-butoxycarbonylpyrrolidin-3-ol (19.8 g, 0.106 mol) in 

S pyridine (200 ml) at 0°C under nitro,gen was added tosyl chloride (22.3 g, 0.117 mol) 

portionwise. Stir at 0°C for 2 hr, warm to room temperature and stir at room· . ' 

temperature overnight. The pyridine w~ evaporated in vacuo and the residue was 

.partioned between EtOAc and saturated aquoeus citric acid (200 ml each). The 

aqueous layer was extracted with BtOAc (2 x 200 ml) and the combined organics 

10 were dried (sodium sulphate}, filtered and evaporated to leave an oil which.was 

purified by flash silica gel column chro'118tography using 10% BtOA.c/cyclohexane 

as eluent to give in F40-85 an oil. The oil was dissolved in a small volume of 

cyclohexane/ diethylether (5:1, SO ml), cooled and scratched with a spatula to induce 

crystallisation. The resulting solid was filtered to give tert-butyl 3-[( 4- · 

15 methylphenyl}sulfonyl]oxy-1-pyrrolidinecarboxylate (10.5 g, 29%) as a white solid.. 

R,in EtOAc/cyclohexane = 0.13. 1HNMR (CDCl,, 250 MHz): 7.79 (2H, d), 7.3S 

(2H, d), 5.04 (lH, m), 3.43 (4H, m), 2.46 (3H, s), 2.03-2.20 (2H, bm), 1.43 (9H, s) 

To a solution of 4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine 

(2.0 g, 6.6 mmol) in dry DJMF (120 ml) under nitrogen at 0°C was added NaH 

20 (0.264 g, 60% dispeersion, 6.6 mmol) and then reaction mixture warmed to room 

temperature and stirred for lhr. tert-butyl 3-((4-methylphenyl)sulfonyl]oxy-1-

pyrrolidinecarboxylate (2.25 g, 6.6 mmol) was added portionwise and the mixture 

heated at 95°C "for 72 hr, Quench with water and extract with EtOAc (4 x 100 ml). 

Wash the combined organic solutions with water (4 x 100 ml) and brine (2 x 100 

25 ml). The organics were dried {sodium sulphate), filtered and evaporated to. leave a 

solid which was dissolved in EtOAc/MeOH and adsorbed onto silica. Purification 

using flash silica gel column chromatography with 5% MeOH/ EtOAc as eluent 

gave in F17-25 tert-butyl 3-[4-amino-S-(4-phenoxypp.enyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-1-pyrrolidinecarboxylate (1.0 g, 32%) as a white solid m.pt 168-

30 170°C. R,in 9:1 EtOAc: MeOH = 0.46. 1H NMR. (d6 DMSO, 250 MHz): 8.17 (lH, 
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s), 7.38. -7.50 (SH, Jl1~,.6.19 {711, ~), ~.31 (ll:J, m), 3.71{lH,m),3.42~3.60 (3H, m), 

2.38 (2H, m), 1.40 (9H, s). Mass spec. 471.2250 (c;~O,N5) IR (KBr disc): 3130, 

1683, 1585, 1404, 1245 cm·1 
. 

·Example 205: S-( ~~henoxyph~yl}-7{3-pyrrolidinyl)-7H-pyrrolo[2,3-d]pyrimidin-
s 4-ylamine · . i'' . ':· . . . ; 

To a solutioJJ; of tert.:.butyl 3~[4-amino-S-(4-phijn()xyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-i~PYrrolidin~o:ityJate (0.8 g, 1.fmm.ot)in dichloromethane 

(25 ml) at OOC wu ~ded trifluoro~etfo acid (S ml). The i'eaction mixture was 
. ·. : . ~·· .. :' -. . . . '\. . . . : 

\vanned to room ten:iPeta.ture and stirred ·at room temp~ture for 20 hr. The solvent 
. . ·: ;:: . . ~:; . . . .· . <: . 

10 was evaporated and:(JiiuteNaOH a¥ed{SN, lOml). The resulting residue solution 

was extracted With ~IDAc (3 x 50 nil) ·and the combilled organics were washed with 

brine {1 x 75 ml).; Th~f~l-ganic soluti~ was ~ed (sodium sulphate), filtered and 

evaporated in v&cuo' t~ leave S-(4-p~erioxyphenyl)-7-(3:-pyrrolidinyl) -7H-

. pyrrolo[2,3-d]p~din-4-ylamin~~ a white solid(O;S g, 79%) m.pt. 182~184°C. R, 
. . ~- . . . . 

15 . in 1:1 EtOAc: Mebli= 0.15. 1H~ (~DMSO, 2SO MHz): 8.14 (lits), 7.37-

. 7.50 (SH, m), 7.os:~;+.18 (Sii, ·m), .~·!4 (211. bs), 5.2~· (lH, m), 3.09 -32.7 (2H, m), 
... :··· . . . . . ., . 

2.83.,2.98 (~ m); ~~19~2.33 (lll, ~), 1.88-2~01 (lH,:m). Mass spec. 371.1758 
. . . ,··. ·.·.· .. 

. ·' . • ·. ·... . . -1 
(CiJ!i10N5). IR~rdisc): 31p6,JS85, 1489,1232 cm 

· ... 
. . ·. 

20 Example 206: . s{4-phenoxyphenyl)-7-{3-pyrrolidinyl) ·-7H-pyrrolo[2,3-d]pyrimidin-

4-ylamine dihymoch,ioride · :; 

To a solutiii~:of 5-(4-phenoxypll.enyl}· 7-(3-pyrrolidinyl) -7H-pyrrolo[2,3-

dlPyrimidin-4:y~iJle (200 mg) fu;EtOAc/MeOH (2:1, 20 ml) was added ether.HCl 

(1.0 M, 3 ml) and ~~ reSulting p~ipitate was filt~ tinder nitrogen to give 5-( 4-

25 . phenoxyphenyl)~ 7~(3-pyrrolidinyl) ~7H-pyrrolo[2,3-4]pyrimidin-4-ylamine 
·. ',:··· . ·.i . 

dihydrochloride (0~4 hydrate) as a'\vhite solid (190 mg) m.pt. 298°C (dee.). IR (KBr 
. . 

disc): 2909, 1658,:i249 cm~' 
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&ample 207: 7-p~l-pyrrolizinjifs-(4-pheno~ti.~yl)-7H-pyrrolo[2,3,d] 
p:Yrlmidin-4-amine dihydrochloride salt-

a)· perhydro-1-pyrrolizinol 

5 Prepared as described by Schnekenburger 1, Briet E, Arch. Phann. (Wienheim) 310, 

152-160 (1977). 

b) perhydro-1-pyrrolizinyl methanesulfonate 

A mixture ofperhydro-1-pyrrolizinol (0.5 g, 3.94 mmol) and triethylamine (0.60 g, 

10 5.91 mmol) in dichloromethane (10 ml) was stirred at 0°C under an atmosphere of 

nitrogen. Methanesulfonyl chloride (0.68 g, 5.91 mmol) was added, then the mixture 

was allowed to wann to ambient temperature and stirred for 8 hours. Saturated .. 

aqueous ammonium chloride (10 ml), dichloromethane (25 ml) and saturated 

aqueous sodium bicarboante (10 ml) were added. The organic layer was dried over 

15 magnesium sulfate filtered and the filtrate evaporated under reduced pressure to give 

a residue. Purification of the material by flash chromatography on silica gel using 

heptane/ethyl acetate (1:3) as an eluent yielded perhydro-1-pyrrolizinyl 

methanesulfonate (0.54 g): ~H NMR (DMSO-cJ.s, 400MHz) 5 4.96 (m, lH), 3.61 (m, 

lH), 2.9-3.3 (m, 6H), 2.35 (m, lH), 1.55-2.25 {m, 6H). 

20 

c) 7-perhydr0-1-pyrrolizinyl-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3,d]pyrimidin-4-

amine dihydrochloride salt 

A mixture of 5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine 

(0.49g, 1.62 mmol) and 60% sodium hydride in oil (100 mg, 2.43 mmol) in DMF 

25 was stirred at ambient temperature for 15 minutes under an atmosphere of nitrogen • 

The mixture was heated at 100°C for 18 hours then cooled to ambient temperature. 

Additional 60% sodium hydride in oil (100 mg, 2.43 mmol) was added and heating 
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continued for·anotber 2 hours. ne mixture was cooled to ambient temperatme and 

the solvents re.moved under red~ed pressure.· The residue was partitioned between 

water (10 ml) and ~chlorom~ (30 ml). The Olplic layer was dried over 

magnesium sulfi;.td,: filtered an<l tb.~ solvent was rem~ved from the filtrate under 

S reduced pressure.•·~ resulting ~due was purified:by preparative C-18 RP HPLC 
. '. :} ... ' ' . : ·t~: .:::.. . : . ·.:· .. · :·, . . . :_ :· . 

to give 150 mg of;white solid w~~li was dissolved iii ethyl acetate (10 ml) and 

treated with 1 N'hj~gen chlorid~ in dietliyl ether~ give 7-perhydro-l­

pyrrolizinyl-5-(+p~enoxyphenyl~~-pyrrolo[2,3,d].J>yrimidin-4-amine 
dihydrochloride:s4t as a white sQUd: 'H NMR (DM&O-~ 400MHz) 6 8.52 (s, lH), 

10 7.95 (s, lH). 1.02~1.5s (m, lH), 5i3s:(m, 1HO, 4.40 (~ Ul), 1.9-3.9 (m, tOH); 
.. ,· ., ·.. . 

20 

(Hypersil HS Cl8;·S µm, lOOA, 2$0 x 4.6 mm; 25-100% acetonitrile-0.l M 

ainmOnium acetatdQver lomin, i~~) lr=7.62~; MS: Mii'" 412.· 
. . . . . . . ·,· 

. ·.~ ··. ~ . . 

Example 208: 7,.(~ .. UJ.ethylperhych,ocyclopenta[c]py#ol-S-yl~S-(4-phenoxyphenyl)-

.. , __ :· :· ~--. ' 

~ .. 

a) 2~methylperhY4roeyclopenta[ c]pyrrol-S•ol 
~ . .• 

Prepared as desenl.led by Bohme }t Setiz G, Arch. Pharm. (Wienheim) 301, 341 
(1968). ;, ' . . .. 

. , : ·:'.;..:. . •: 

: ... .. 

b) 4-chloro-S-i()dcl~ 7-(2-m~ylp~hydrocyclopen~ c ]pyrrol-S-yl)-7H-pyrrolo[2,3-
d]pyrimimne .·:: · . . . 

A mixture of 4.:.chloro-5-io~ 7H-pyrrolo[2,3-d]pyrimidine (0.38 g. 1.36 mmol), .. : . ~ . . . . . . . 

25 2;.methylperhydro¢yclopenta(c]pyrrol-S-ol (0.23g,1.63 mmol) and 

triphenylphospmn~ (0. 71 g, 2. 72,"1!llQl) in tetrahydri>furan (20 mL) was treated with . . . . . ·. . ., . 

diethylazodicarbo~ylate (0.474 ~ 2.72 mmol) and stirred for 2 hours at ambient 

temperature. The-~lvent was rem~v.~d .under ~duced pressure and the residue was 
. . . ·.... . .. ;: . : . . . . . ~· . . 

partitioned betw~ dichlorom~ (30 ml) and w:•er (10 ml). The organic layer 

30 was washed witlJ. ~;iturated aqueo~ ~,Odium chloride. (10 ml) then dried. over 
: . . : 

magnesium sulfate; tl:J.en filtered iin4 the filtrate evaporated under reduced pressure to 
. .· . . : ;,. ~ .: . ·' . . · . .' . 

: . . 

give a residue. The residue was purj.fied by .flash chromatography on silica using .. .., . '· .. 
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dicbloromethane/ metillinol (8:2) as mo'ilephaSe to yi~ltt4-chloro-S-iodo-7-(2-
methylperhydroeyclopenta[ c ]pyrrol-S-yl)-7H-pyrrolo[2,3-d]pyrimidine (0~2S g): 1H 

NMR (DMSO-~, 400MHz) () 8.62 (s, lH), 7.44 (s, lH), 7.26 (s, 2H), S.36 (m, lH), 

2.88 (ui, 2H), 2.68 (~ 2H), 2.43 (~ 2H), 2.36 (s, 3Jlh 2.06-2.02 (m, 4H); TLC 

S (dichloromethane/methanol 8:2) R,= 0.29; RP-HPLC (Hypersil HS Cl8; S µm, 

lOOA, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M· ammonimn acetate over l<>min. 

lmVmin) tr=6.SO min; MS: Mir 403. 

c) 7-(2-methylperhydrocyclopenta[ c ]pyrrol-5-yl)-S-(4-phenoxyphenyl)-7H-

l 0 pyrrolo[2,3-d]pyrimidin-4-amine dihydrochloride salt 

Amixtureof4-chloro-5-iodo-7-(2~methylperhydrocyclopenta[c]pyrrol-S-yl)-7H­

pyrrolo[2,3-d]pyrimidine (0.25 g, 0.622 mmol), 4-phenoxyphenyl boronic acid (0.16 

g; 0.746 mmol), tetrakis(triphenylphosphine)palladium. (0.043 g, 0.037 mmol) and 

sodium carbonate (O; 172 g, 1.62 mmol) was heated in a mixture of ethylene glycol 

15 ·dimethyl ether (8 mL) and water ( 4 mL) at 900 C for 18 hours Under an atniosphere 

of nitrogen. The mixture was allowed to cool to ambient temperature and solvents 

were removed under reduced pressure. The residue wa8 partitioned between water 

(10 mL) and dichlorometbane (30 ml) The layers were separated and the organic · 

solution was dried over magnesium sulfate, filtered and the filtrate concentrated to a 
20 residue Wlder reduced pressure (0.354 g). The material was dissolved in 1,4-dioxane 

(10 ml) and concentrated (28%) ammonium hydroxide (10 ml). The mixture was 

heated in a sealed tube at 120°C for 20 hours then cooled to ambient temperature. 

The solvents were evaporated under reduced pressure then puri-fied by flash column 

chromatography on silica using dichloi'omethane/m.ethanol 7:3) as an eluent to give 

25 7-(2-methylperhydrocyclopenta [ c ]pyriol-5-yl)-S-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine (0.05 g): 1H NMR. (DMSO-~, 400MHz) shows 

two sets of peaks due to the cis and trans isomers of the desired compound 6 10.6-

10.8 (bs, lH), 8.49 (s, lH), 6.99-7.98 (m, UH), 5.39 and 5.48 (m, lH), 2-3.8 (m, 

lOH); PH 454098: RP-HPLC (Hypersil HS C18, 5 µm, lOOA, 250 x 4.6 mm; 25-

30 ~000/o acetonitrile-0.1 M ammonium acetate over lOmin, lml/min) t,=7.53 min; MS: 

MH" 426. The dihydrochloride salt of7-(2-methylperhydrocyclopenta[c]pyrrol-5-
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yl)-5-(4-phenoxyphenyl);. 7H-pyrmlo[2,3,.d]pyrimidin-4-amine was prepared by 
.. .. ~ . 

dissolving the free base in 10 ml l :Nhydrochloric acid and lyophilizing. 

Example 209: Cis and trans-7'."[4-0'l-tert-butoxycarbc;>nyl-lS, 4S-2,5-diaza[22.l] 
. . 

5 heptanyl)cyclohexyl]-5-( 4-pheno:xyphenyl)-7H-pyrro~o[2,3-d]pyrimidin-4-amine 

A suspensiOI). of 4-[4-~:-5-(.4-phenoxyphenyl)"." 7H-pyrrolo[2,3-

d]pyrimidin:.. 7-yl]-1-cyclohexanone (Q.67 g, 1.68 mm~l) in dichloroethane (40 ml) 

was treated with tert'."Butyl (lS, 4SK-) 2,5-diazabicyclo[2.2.l]heptane-2-carboxylate 

(1.0 g, S.04 mmol) and glacial ace~ ~id (0.30 g, S.Q4 mmol)at room temperature 
' ' ' . ' 

10 for 1 h. Subsequently, Na(OAc),a~(0.46 g, 2.17 mniol) was added and stirred for 8 

days at S<>°C. To the 9ooled reacti~ 69lution, a solution ofNaHC03 (0.377 g, 10.08 

mmol) in water (15 ml) was adde<l ~d stiITed for 15 min. The la~ers were separated 

and the organic layer was Washec;l ~th vvater and brine ( 3 X 100 ml each). The 

aqueous layer was ~ted with :GffzC12, the orPnic layers com~, dried 

15 (MgS04),. filtered and.concen~; .·.The solid ~ purified· by flash silica gel 

cobm:m chromatography ,.(2 L, 6% IW;eOH in ~Cli, then 2 L 10% MeOH 15% 

NH,.OH in ClfzC12 ) to give : . 

Example 210: Cis'." 7-[ 4-(N-tert;,britpx:Ycarbonyl ... 1 S, 4S-2,5-diaza[2.2.1 ]heptanyl) 

20 · cyclohexyl]-5'"(4-phenoxypbenyl}-~-pyrrolo[2,3-d]J>Yrimidin-4-amine (605 mg, 

64%) 
1HNMR.(~DMSO, 4001Vfi,iz): 6 8.13 (lH, s), 7.39-7.49 (4H, m), 7.32 

(lH, m), 7.07-7.17 (SH,m), 6.09 (Zff, bs), 4.63 (lH, m), 4.15 (lH, m), 3.30-3.70 . 
(2H, m), 3.03-3.08 (211, m), 2.8~~-99 (lH,.m), 2.7Q;.2.75 (lH, m), 2.29-2.35, (lH, 

25 m}, 2;09-2.21 (UI~ m). 1.81-1;93 (4R~ m), 1.6Q;.1.80 (4H, m), 1.39 (9H, m). 

30 

HPLC/MS: Perkin Elmer Pecosph~e Cl8, 3µM, 33 x 4.6, 3.5 ml/min 100- 100% 

50 mM ammonium acetate to ace~µitrile in 4.5 minutes, C3Jl~603 (581.2), 95%. 
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Example 211: Trans-7-[4-(N-tert-butoxycarbonyl-lS, 4S-i,s-di8za[2.2.1]heptanyl) 

cyclohexyl]-5-{ 4-phenoxyphenyl)-7H-pyrro1o[2,3-d]pyrimidin4-amine · (183 mg, 

200/o} 
1H NMR (~ DMSO, 400 MHz): 6 8.13 (lH, s), 7.39-7.47 (SH, m), 7.15-

S 7.17 (lH, m), 7.07-7.11(4H,m),6.10 (2H, bs), 4.62 (lH, m), 4.1-4.2 (lH, m}, 3.71 

(lH, bs), 3.03 {2H, m), 2.35 (2H, m), 1.93-2.01 (6H, m), 1.60-1.68 (2H, m), 1.40 

(9H, s). HPLC/MS Perkin Ebner Pecosphere Cl8, 3µM, 33 x 4.6, 3.S mJ/min 100-

100% 50 mM ammonium acetate t9 acetonitrile in 4.5 minutes, C~~60 (581.2), 

10 

; 

Example 212: Cis-Nl-{4-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl] cyclohexyl}-Nl,N2,N2-trimethyl-l,2-ethanaediamine trimaleate 

salt 

Trans-NI-{ 4-[ 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

1S yl]cyclohexyl}-Nl,N2,N2-trimethyl-l,2-ethanaediamine trimaleate salt 

A mixture of 4-[4-amino-5-( 4-pbenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine-

7-yl]-1-cyclohexanone (1.0 g, 2.51 mmol), N,N,N'-trimethylethylenediamine (0.77 

g, 7.54 mmol) and acetic acid (0.45 g, 7.54 mmol) in 1,2-dichloroethane (50 ml) was 

stirred at ambient temperature \lllder an atmosphere of nitrogen for 30 minutes. 

20 Sodium triacetoxyborohydride (0.69 g, 3.26 mmol) was added and the mixture 

stirred at ambient temperature for 18 hours. Water (20 ml) and sodium bicarbonate 

(1.26 g, 15.1 mmol) were added, the mixture was stirred for one hour, filtered 

through a pad t>f celite and the pad was washed with dichloromethane (75 ml). The 

filtrate was transferred to a separatory funnel and the layers were separated. The 

25 organic layer was dried over magnesium sulfate, filtered and the filtrate evaporated. 

under reduced pressure. The cis and trans isomers were purified by flash . 

chromatography on silica gel using dichloromethane/methanol (7:3) as an eluent to 

give cis-Nl-{4-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]cyclohexy1}-Nl,N2,N2-trimethyl-1,2-ethanaediamine (0.442 g) and trans-Nl-{4-

30 [ 4-amino-5-( 4-phenoxyphenyl)-7H-pym>lo[2,3-d]pyrimidin-7-yl]cyclohexyl}-

Ni ,N2,N2-trimethyl-1,2-ethanaediamine (0.336 g). The cis-Nl-{4-[4-amino-5-(4-
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pb.enoxyphenyl)-7ij-pym>l~[2,3-4]pyrimiditl-7-yl)cyc:l()hexyl}-Nl,N2,N2-trimethyl-
. : : . ".: ~ ... . . . . . . 

1,2-ethanaediamine (p.44 g, 0.909. llJDlOl) Was dis~olved in warm ethyl acetate (100 
. ··. ·. '.- . . . :-·· ''.':.. .. . . . . · ... 

ml) then maleic acid (0.32 g, 2.73. imµol) in ethyl acetate (30 ml) was added. The 
·. i :.·.·. ' .. ·. 

resulting salt forme~ an oily resid~e ()n the ~9ttom ~d sides of the flask. The 

supernatant was po~ off and th~ ~idue ~ diss~lved in water and lyophilized to 

give cis-Nl-{4-[4-ajl}ino-~-(4-ph~q~henyl)-7H-pyrrolo[2,3-dJpyrimidin-7-
yl]cyclohexyl}-Nl ~2,Ni-ll'hne~l~ l~~ethanaediar$e trimaleate salt (O.SS g): 1B 

. : .. -;, ;.(:: . . : .•.. > :::·'. ·:: ~ .. · . . ·.:t 

NMR (DMS~ 400MHz) a 8.22. (s, lH), 7.41-7.50 (m, SB), 7.08-7.19 (m, SH), 
. :·, . 1<: ;'·· . :: : . ·. . ··.:~~. :_.:-.·. :·--: ~ ' : .. : ,. .. . 

6.S (bs, 2H), 6.15 (S, 6H), 4.78 (m, JB), 3.28 (m, 2H), 3.00 (m, 2H), 2.80 (m, lH}, 
'..... . .. ' . : : . . ~. 

2.79 (s, 6H), 2.50 {5:, 3H), 2.19.(~ ~~ 1.99 (m, 219, 1.78 (m, 4H); RP-HPLC 

(Hypersil CPS, S ~ lOOA, 250 ~ 4.~ mm; 25-100% acetonitrile-0.1 M ammonium 

acetate over l~~;):·~·mJ/min>.tr=9~;21~; ~S; ~,~5. . . 
. : : ~ 

. . trans~Nl .;,l+£4-amincrS-(4~P~~oxyphenyl)-j}i-pyrrolo[2,3-d]pyrimidin-7-

15 yl]cycloh~yl}-Nl~ZN2-triJrietJi:Yi~ l,2-~ediarl;ine trimaleate ~twas .. ·· : :· ... ' 

prepared froD1 ttlerfi:ee base. in tlic: ;~~~ inanner: 1H~ (DMSO-~, 400MHz) 6 

. ,8.20 (s, tH), 7Al~j~~~ (m •. sm.i9~~7.l9 (m,;sH).:~~4s (bs, 2H), 6.15 (s, 6H), 4.62 

{~,. lH), 2~9-3.~ {~·SH), 2.74 Cs,·:~),iS.6.-(s, 3H),.:i.9-2.2 (m, 6H), 1.73 (Ins 2H); . 
• . . ·.. .· . . ...... : • . r .... •.· :• .. . ..•.. , ' .. · •.. :. ,,,· . . : . . . 'r -: . . 

RP-HPLC (Hyp~i1 CPS, 5 µni, J09A-.·25Q x 4.6 mn;i; 25-100% acetonitrile-0. l M 
'::·.-: 

20 ... ammonium ac~e.~y~ iOmin; l~l/.win) fr:r=B.17 min; MS: Ma+ 485. . : .. ' . . .· . ' . ·. . 

25 

'' .·.: 

The follow:4ls compo~ w~ made in a ~lar manner to cis-Nl-{4-[4-

amino-5-(4-phenomhenyl}• 7H-p~lo[2,3-dJpyriri:rldin-7-yl]cyclohexyt }-

NI ,N2,N2-trimet1lyl~l,2.;etmnaedi31lljne · 
} ·. 

Example 214: Cls; 7-[4·{4-isopropylpiperazino )cycfohexyl]-5-(4-phenoxyphenyl)-

7H-pyrrolo[2,3~]~yrimidin-4-mll.in~: · 1H NMR (d11·bMso, 400 l\1Hz): a 8.13 (lH, 

s), 7.39-7.50 (4H,-!~), 7.28 (lH,'~)/7,07-7.16 (SH,~), 6.08 (2H, bs), 4.67 (lH, m), 

2.49-2.67 (9H;m), 2.06-2.16 (S~·m), 1.70-1.72 (2H, m), 1.53-1.59 (2H, m), 0.97 

30 {d, J = 6.5 Hz, 6H). ~~spec. C31~8N60 {511.2).<E:IPLC: (Hypersil HS Cl8, 
:: 

' . ~-
. : ~· 
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Sµm, 254 nm, 250 x 4i~ mm; 2S-100%''~etonitrile-O.l~··;brarnonium acetate over 10 

min, I ml/min) t,=7.817 min., 99% TLC: &,in 90%.ClliCJ/MeOH=0.30 (UV 

vist"ble). 

S Example 2 lS: Trans-7-[ 4-(4-isopropylpiperazino )cyclohexyl]-S-( 4-phenoxypheilyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-amine: 1H NMR (~ DMSO, 400 MHz): 68.13 (lH, 

s), 7.40-7.47 (Sit m), 7.08-7.18 (SH, m), 6.08 (2H, bs), 4.53 (IH, m), 2.45-2.SS (9H, 

m), 2.17-2.20 (lH, m), 1.86-1.96 (6H, m), 1.44-1.49 (2H, m), 0.97 (d, I= 5.5 Hz, 

6H). Mass spec. C31H,gN60 (5ll.2). HPLC: (Hypersil HS Cl8, 5µm, 254nm, 250 

10 x 4.6 mm; 25-100% acetonitrile-0.lN ammonium acetate over 10 min, 1 mJ/min) 

t,=7.367 min., 91 o/o TLC: ·Rr in 90% CH2C~/MeOH = 0.21 (UV visible). 

Example 216: Cis-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohex.yl}-5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine: 1H NMR (de; DMSO, 400 

15 :MHz): 5 8.13 (lH, s), 7.39-7.SO (4H, m), 7.27 (lH, s), 7.07-7.11 (SH, m), 6.09 (2H, 

bs), 4.68 (IH, m), 3.42 (2H, t, J = 5.9 Hz), 3.22 (3H, s), 2.43-2.55 (9H, m), 2.03-2.16 

(6H, m), 1.60-1.71 (2H, m), 1.52-1.59 (2H, m). Mass spec. C31H38N60 2 (527.2). 

HPLC: (Hypersil HS C18, 5µm, 254 nm, 250 x 4.6 mm; 25-100% acetonitrile.,.O.lN 

ammonium acetate over 10 min, 1 mVmin) t,=7.317 min, 95% TLC: Rr in 90% 

20 ClliCl/MeOH = 0.22 (UV·visible). 

Example 217:. Trans-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl}-5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d)pyrimidin-4-amine: 1H NMR (de; DMSO, 400 

MHz): 6 8.13 (lH, s), 7.39-7.47 (SH, In), 7.07-7.16 (SH, m), 6.09 (2H, bs), 4.55 

25 (lH, m), 3.36-3.42 (2H, m), 3.23 (3H, s), 2.33-2.55 (llH, m), 1.90-1.96 (6H, m)~ 

1.44-1.47 {2H; m). Mass spec. C31H38N60 2 (527.2). HPLC: (Hypersil HS Cl8, 

5µm, 254 nm, 250 x 4.6 mm; 25-100% acetonitrile-0.lN ammonium acetate over 10 

min, 1 mVmin) tr=7.200 min, 99% TLC: R,in 90% C~CliMeOH = 0.31 (UV 

vist'ble). 

I 
l 



I 
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Example 218: Ci~~7-[-4-( 4-ethylpip~o )cyclohmcyl]-5-( 4-phenoxyphenyl)-7H-
. . .•:. . 

pyrrolo[2,3-d]p~(,lin-4-amine •• . 
1HNMR(~.DMSO, 400 MHz): a 8.23 (1H, s), 7.41-7.49 (4H, m), 7.07-

;· •. . .. ,··. . 

5 7.17 (6H,m), 6.st(~, bs), 6,2Q ($ll, s), 4.77. (lH, rh), 2.04-2.13 {SH, m), 1.62-1.77 
. ' ~ ~;. . . . ... , . . -~- . . 

(SH, m), 1.21 (3H, t)~ HPLC (Wat~ ~lta pack C18, .150 x 3.9 mm; S - 95% 
. . . _,· ~. ; ·: .. · . . . . . :· 

acetonitrile-0.1 ~.~um ac~t~ over 3()min, 1'111/min) tf=l3.8Sl, lOOo/o. 
: · .. : . . .. ·. .: . 

trans-7-( 4-(4-ethyl~iperazino )cyclQhezyl]-5-( 4-ph~oxyphenyl)-7H-pyrrolo[2,3-
10 d]p ... din-4-~iri~ . . ... , . . . ' 

ymm .... , 
1HNMR(~DMSO, 400 MHz): l> S.19 (l~~). 7.40-7.47 (4H, m), 7.19 

(HI~ m), 7;08-7.19 (5H,m), 6.4{) clii~ bs), 6.18 (6H,~), 4.95 (lH, ni), 3.17 (2H, bs), 
.. . .. . 

2.98 (2H, bs), 2.6? (2H, bs), 1.94-Z;O((SH, m), 1.54.1.57 (2H, d,T=7.S Hz), 1.17 
; ·:.:· 

(3H, t). HPLC {W~rs dClta paek'.Cis~ lSOx 3.9 ~; 5 - 95% acetonitril~0.1 M 
" . : . ' '·, . , ... ·. ~ 

15 · ammonium acetate ~ver"30rillli, tm1/Diin )tf=l3.70(~ 96%. 

20 

The follo~ compoundS _werC, p~eparCd -~ ~8its in a silnilar manner to that 

of trans-NI-{~[ +~in~-S-( 4-phc;n~~henyt)-m-~lo[2,3-d]pyrimidin-7-
yl]cyclohexyl}-Nl ,N2,N2~trimethY~-i,2-efuanaedi~e trim~eate salt: 

. . .. ~ .· '. .~ . . . . :· . ., 

Example 219: Cis;. 7-[4-( 4-isopropylpiperazino )cycl~hexyl]-5-(4-phenoxyphenyl)-

7H~pyrrolo[2,3-c:l]pkmudin+anlin.~ tiis maleate: 1~ NMR (~ DMSO, 400 MHz): 

a 8.23 (lH, s): 7.4.Q~7.49 (SH, m), 7:07-7.19 (SH, m), 6.55 (2H, bs), 6.16 (6H, s), 
•. •. . ~ < • • . •• • . 

.· ... : .' 

4.74 (lH, m), 3.2(>(6H, bs), 2.Q+2.49 (1311; m), 1.~3-1.75 (SH, m), 1.25 (d, J = 6.6 
• f • . • ,.. .. 

25 Hz, 6H), Mass spe(:. C31If38N60 (?11.1). HPLC: &ypersil HS Cl8, 5µ.m, 254 nm, 

250 x 4.6 mm; 2S-l'QO% acetonitril~O. lN ammonium acetate over 10 min, i 
'. -': . ,... . ·: .. 

ml/min) t,=7.967 min, 99% ·. . . 
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Example 220: .Trdl,_[4-( 4-isoprop~1)1perazmo)cyJfiii~I]-5-(4-phenoxyphenyl)­
.7H:-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate:· 1H NMR (~ DMSO, 400 MHz): 

o 8.20 (lH, s), 7.40-7.65 (S~ m), 7.08-7.19 (SH, m), 6.46 (2H, bs), 6.14 {6H, s), 

4.60 (lH, m), 2.50-3.45 (l?H, m), 1.95-2.02 (SH, m), 1.56-1.59 (2H, m), 1.20 (d, J= 

S 6.S Hz, 6H). Mass spec. C31H38N60 (511.2). HPLC: (Hypersil HS C18, Sµm, 254 

nm, 250 x 4.6 mm; 25-1000/o acetonitrile-0.lN ammonium acetate over 10 min, 1 

mYmin) tr=7.733 min, 900/o 

Example 221: Cis-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl}-S-( 4-

10 phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate: 1H NMR (~ 

DMSO, 400 MHz): a 8.23 {lH, s), 7~41-7.49 (SH, m), 7.07-7.19 (SH, m), 6.55 (2H, 

bs), 6.16 (6H, s), 4.75 (lH, m), 3.62 (2H; m), 3.30 (3H, s), 3.17 (6H, bs), 2.50 (9H, 

m), 2.02-2.16 (SH, m), 1.74 (SH, m) .. Mass spec. C31H38N60 2 (527.2). HPLC: 

(HypersilHS Cl8, Sµm, 254nm, 250 x 4.6 mm; 25-100% acetonitrile~O.lN 

15 ammonium acetate over 10 min, 1 ml/min) t,=7.750 min, 99% 

Example 222: Trans-7-{4-( 4-(2-methoxyethyl)piperazino ]cyclohexyl }-5-( 4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate: 1H NMR ( d6 

DMSO, 400 MHz): a 8.21 (lH, s}, 7.41-7.48 (SH, m), 7.08-7.17 (SH, m), 6.53 (2H, 

20 bs), 6.17 (6H, s), 4.61(lH,.m),3.45 (3H, s), 2.50-3.56 (19H, m), 1.99-2.08 (6H, m), 

1.64 (2H, m). Mass spec. C31H38N60 2 (527.2). HPLC: (Hypersil HS Cl8, 5µm, 254 

nm, 250 x 4.6 mm; 25-100% acetonitrile-0. lN ammonium acetate over 10 .min, 1 

ml/min) t,=7 .383 min, 99% 

25 Example 223: Cis-Nl-{4-[ 4-amino-5·{4-pheno:xyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]cyclohexyl}-N2,N2-dimethyl-l,2-ethanaediamine trimaleate salt 

Trans-Nl-{4-[ 4-amino-5-( 4-phcnoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]cyclohexyl}-N2,N2-dimethyl-1,2-ethanaediamine monomaleate salt 

cis-Nl-{ 4-( 4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

30 yl]cyclohexyl}-N2,N2-dimethyl-1,2-ethanaediamine trimaleate salt: tH NMR 
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(DMSO-~, 400MHz) 6 8;19 (8! gl), 7.40-7~49 (Dl, SH), 7.08-7.19 (m, SH), 6.35 (bs, 

211), 6.13 (s, 6H), 4~78 (m, lH); 3~15-3.45 (m, SH), 2.74 (s,.6H}, 1.8-2.25 (m, SH); 

RP-HPLC (Hypersil CPS, 5 ~ ·100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M 

ammonium acetaie over 10min/lm1/min) 1;.=8.90 min; MS:~ 471. 

Example 224: -trans-Nl'."{4-[ 4-amino-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]cyclohexyl}-}f2,N2-dimethyl-l ,2-etbanaediamine monomaleate 
. . . 

salt: 1H NMR (DMSQ-~ 400M:ijz) 6 9.S (bs, lH), 8.26 (s, lH), 7.41-7.55 (m, SH), 

7.08-7.19 (m, SH), 6.7 {bs, 2H), ~.16 (s, .2ffl, 4.63 {m, lH), 3.12-3.55 (m, SH), 2.85 
. . .·.,.;. .. . . 

10 (s, 3H), 2.27 (m, lH}, 1.99-2.05 (:qi, 4H), 1.67-1.75. (m, 2H); RP-HPLC (Hypersil 

CPS, S !Jm, lO()A, ~Ox 4.6 mm; 25-100% acetonitrile-0;1 M ammonium acetate 
. . . :" ~ J . • : 

over lOmin, lml/nrln) 1;.=8.6 min; MS: Mir 47L . 
'· . ,,,. . . 

: ·.. . . 

Example 225: CjS-7-(4-{[3-(lH:.1-:iniidazolyl)piopyl]amino }cyclo~l)-5-(4-. . . ' . . . ' . 

15 phenoxyphenyl)-7H-pyrrolo[2,3~d]pymmdin-4-amine trimaleate salt 
. . . ...... · . . . _. , 

Trans-7-{ 4-{[3-(IH-1-iraj~lyl)propyl]~o} cyclohexyl)-5-( 4-
. . : 

phenoxyphenyl)-7H-pyirolo[2,3~d]pymrudlli-4-amine dim.aleate salt 
. · . .· '":·· . 
. '.·: 

Example 227: -.cis:.7-(4'"{[3-(lH-l-imidaZolyI)prOpyI]anl.ino}cyclohexyl)-5-(4-

. 20 phenoxyphenyl}-7H-pyrri>lo[2,3.-d]pymmdin4-aniine trimaleate salt: 1H NMR · 

.(DMSO-~, 400Mllz)l> 8.78 (b8, lH), 8.48·(bs, 2H), 8.18 (s, lH), 7.66 (s, lH), 7.55 

(s, lH), 7.41-7.49 (m, SH), 7.08~7J9 (m, SH), 6.33 {bs; 2H), 6.12 (s, 6H), 4.78 (m, 

lH), 4.27 (t, 2;H), 2.99 (m, 3H)~ :1.8-2.25 (m, 10 H); RP-HPLC (Hypersil CPS, S µm, 

lOOA, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over lOmin, 

25 lml/min) ~=9.07 min; MS: MEr 508. 

Example 228: trans-7-( 4-{[3-(UJ-1-imidazolyl)propyl]amfu.o} cyclohexyl)-S-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrjmidin-4-amirie dimaleate salt: 1 H NMR 

(DMSO~. 400lvfliz) l> 8.76 (bs, lH}, 8.51(bs,2H), 8.18 (s, lH), 7.66 (s, IH), 7.55 

30 (s, lH); 7.40-7.47 (m~ SH), 7.08-7.21 (m, SH}, 6~3 (bs, 2H), 6.11 (s, 4H), 4.60 (m, 

lH), 4.26 (t, 2H), 3.14 (m. IH), 2.97 (m, 2H), 1.9-2.25 (m, SH), 1.53-1.61 (m, 2H); 
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RP-HPLC(Hypersil CPS, S µm, lOOA, 250 x 4.6 mm; 25.;.100% acetonitrile-0.1 M 

ammonium acetate over lOmin, lml/min) tr=8.72 min; MS: MB: SOS. 

Example 229: Cis-7-[ 4-(dimethylamino )cyclohexyl]-S-(4-phenoxyphenyl)-7H-

S pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt 
1H NMR (DMS~. 400MHz) 6 9.06 {bs, lH), 8.2 (s, lH); 7.41-7.SO (m, 

SH), 7.08-7.19 {m, SH), 6.4 (bs, 2H), 6.13 (s, 4H), 4.83 (m, lH), 3.34 (m, lH), 2.88 

(s, 6H), 2.10-2.17(m, 4H}, 1.88-1.99 (m, 4H); RP-HPLC (Hypersil HS C-18, S µm, 

lOOA, 250 x 4.6 mm; 25-1000/0 acetonitrile-0.1 M ammonium acetate over lOmin, 

10 lmJ/min) 1r=7.38 min; MS: MW 428. 

Example 230: Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohexyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine climaleate salt 
1H NMR (DMSO-d6, 400MHz) 6 8.92 (bs, lH), 8.18 (s, lH), 7.4-7.S (m, 

15 SH), 7.08-7.19 (m, SH), 6.3 (bs, 2H), 6.13 (s, 4H), 4.63 (m, lH), 3.15-3.5 (m, 3H), 

2.9-3.1(m,2Hh 1.16-2.18 (m, 14H); RP-HPLC (Hypersil HS C-18, S ~. lOOA, 

250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over lOmin, lmVmin 

) t,.=7.98 min; MS: MW 468. Trans-5-(4-phenoxyphenyl)-7-(4-tetrahydro-1H-1-

pyrrolylcyclohexyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt 

20 
1HNMR (DMSO-d~ 400MHz)6 9.54 (bs, lH), 8.18 (s, lH), 7.40-7.47 (m, 

SH), 7.08-7.18 (m, SH}, 6.3 (bs, lH), 6.12 (s, 4H), 4.63 (m, lH}, 3.1-3.SS (m, SH), 

2.24 (m, 2H), ~.00 (m, 6H), 1.86 (m, 2H), 1.67 (m, 2H); RP-HPLC (Hypersil HS C-

18, S µm, lOOA, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over 

25 lOmin, lml/min) ~==7.82 min; MS:~ 454. 

Example 231: Cis-7-[ 4-( 4-methyl-1,4-diazepan-1-yl)cyclohexyl]-S-( 4-

phenoxyphenyl)-7H-pyrrolo[2~3-d]pyrimidin-4-amine dihydrochloride salt 

Trans-7-[ 4-(4-methyl.; l ,4-diazepan-l-yl)cyclohexyl)-5-( 4-phenoxyphenyl)-7H-

30 pyrrolo[2,3-dJpyrimidin-4-amine dihydrochloride salt 
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cis-7-[ 4-( 4-~yl-1,4-diaz~an-l-yl)cycloh~l]-S,.( 4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrm.idin-4~arnine dihydrochl9ride sali: 1H NMR (DMSO-d.;, 

400MHz) a 1i.1 Cd. Ui), n.38 cc1, JH), s.57 cs, 1H). ~.34 cc1, 1H), 1.42-1.51 <m. 
4H), 7.03-7.20 (m, SH),:4.93 (114 ~~· 4.7 (ba. 2H). 3.4-3.99 (m, 9H), 2.S·(s, 3H), 

5 1.86-2.57 (10 H); RP-HPLC (Hypersil HS C-18, 5 ~. lOOA, 250 x 4.6 mm; 25-. .. . . 

10 

15 

20 

100% acetonitrile-0.l M ammonium.acetate over lOmin, Im.I/min) tr=7.67 min; MS: 
MH'" 497. .· .,. 

trans-7•[ 4-( 4-methyl ... l;,4-diazepan-: l-:yl)cyclohexyl]-5-(4-phenoxyphenyl)-7H­

pyrrolo[2,J-d]pyriDiidin-+amin~ ctiJiydrochloride salt: 1H NMR. (DMS()-4 

400:MHz) a 11.94 (d, lli), 11.52 (d, lH), 8.56 (s, lB)~ 7.8 (s, lH), 7.42-7.Sl (m, 

4H), 7.10-7.20 (m, 511.), 4.76 (lH, ~)< 3.2-4.0 (m, 9H), 2.80 (s, 3H)~ 1.78-2.4 (m, 

lOH); RP-HPLC (HypersilHS C-18.~ 5 µm, lOOA, 250 x 4.6 mm; 25.;.100~ 

acetonitrile-0.1 M ammonium ~te over l<>miDt lmVmin )t,=7.42 min; MS: Mir 

497.· 

··. '·· .. 

Example 232: Cis-5-:('4)henoxyphctny1)-7..(+piperazinocyclohexyl)-7H• · 

pyrrolo[2,3-d]pyrliniqin+aniiJ:U, tri.rn.aleate:Sillt · · 

· Trans-5..( 4-phenoxypheriy1)-7,.(4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amin~-trimaleate salt 

·a) cis and trans-tert-~utyl 4-{4-[4-amino.,5-(4-phenox.whenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-y1Jcyclohexyl}~l~piperazinecarboxylate 

Example 233: ciS-:tert·butyl 4-{ 4-[4-~o-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

2S d]pyrimidin-7-yl]cyclohexyl}-l-pip~eqarboxylate: 1H NMR (DMSO~ 
. . . . . . . . . 

30 

400MHz) 6 8.14 (s, lH), 7.3-7.S (m, 6H), 7.07-7.16 (m, SH), 6.1(bs,2H), 4.69 (m, 

lH), 3.2-3.4 (4H, m), 2.38 (m, 419~-2~~2.25 (m, SH), 1.S-1.8 (m, 4H), l.4l'{s, 9H); 

RP-HPLC (Hypersil :as C-:-18, 5 µ.m, l 00~ 250 x 4.6 mm; 25-100% acetonitrile-0.1 

M ammonium acetate over lOmiii, lml/min) tr=13.60 min. 
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1rans-tert-butyl 4-{4-[ 4-amincrS-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

yl]cyclohexyl}-1-piperazinecarboxylate: 'H NMR (DMSO-~ 400MHz)5 8.13 (s, 

lH), 7.40-7.47 (m, 6H), 7.08-7.16 (m, SH), 6.1(bs,2H), 4.SS (m, lH), 3.34(m, 4H), 

2.35-2.Sl (m, 3H); 1.89-1.99 (m, 6H); 1.38-1.49 (m, 4H), 1.39 (sl> 9H); RP-HPLC 

S (Hypersil HS C-18, 5 µ.m, 1 OOA, 250 x 4.6 nun; 25-100% acetonitrile-0. l M 

ammonium acetate over lOmin, lml/min) t,=10.40 min. 

b) Cis-5-( 4-phenoxyphenyl)-7-( 4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt. 

10 The cis-tert-butyl 4-{4-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]cyclohexyl }-l-piperazinecarboxylate (1.85- g, 3.27 mmol) was· 

treated with a 20% trifluoroacetic acid/dichloromethane solution (60 ml) and stiITed 

for 30 minutes at ambient temperature.· The solvents were removed under reduced 

pressure then the residue was partitioned between dichloromethane (200 inl) and 

15 aqueous saturated sodium bicarbonate solution (30 ml)~ The organic solution was · 

dried over magnesimn sulfate, filtered and the filtrate evaporated to a residue (1.SS 

g). A portion of this material (1.0 g, 2.15 mmol) was dissolved in warm ethyl 

acetate (220 ml) then treated with maleic acid {0.75 g, 0.44 mmol) in warm ethyl 

acetate (75 ml). The mixture was cooled to ambient temperature then the solid was 

20 collected by filtration and dried to give Cis-S-(4-phenoxyphenyl)-7-(4-

piperazinocyclohexyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine trimaleate salt (1.15 g) 

as a white solid: 1HNMR (DMSO-~ 400MHz) a 8.5 {bs, lH), 8.23 (s, lH), 7.41-

7.51 {m, SH), 7.08-7.19 {m, SH), 6.65 {bs, 2H), 6.16 {s, 6H), 4.74 {m, IH), 1.16-3.2 

(m, 17H); RP-HPLC (Hypersil CPS, 5 µ.m. lOOA, 250 x 4.6 mm; 25-100% 

25 acetonitrile-0.1 M ammonium acetate· over lOmin, lmVm.in) t,.=8.63 min; MS: Mir-

469. 

c) trans-5-( 4-phenoxyphenyl)-7-( 4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt 

30 1H NMR (DMSO-d" 400MHz) 6 8.22 (s, lH), 7.41-7.51 (m, SH), 7.08-7.19 

{m, SH), 6.6 (bs, 2H), 6.16 {s, 6H), 4.58 {m, IH), i.4-3.2 (m, 17 H); RP-HPLC 
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/'7% 
(Hypersil HS C-18, 5 ~,-lOOA, 2~0 x 4.6 mm; 25-109% acetonitrile-0.1 M 

ammonium acetate over lOmin, lzn¥Jajn) f..=8.08 min; MS: MR"" 469. 

Example 234: 7-:[3-( 4-methylpiperazino )cyclopentyl]-5-(4-phenoxyphenyl} 

S 7H-pyrrolo[2,3-d]p~din-4-amil1F .tri-nialeate 

3-[ 4-amino-:5-( 4-phenoxyph~Ylr ~-pyrrolo[2,3-d]pyriuiidin-7-

yl]cyclopentan-1-ol (2.14 g, 0.0055 mol) in 11 dichlo~methane was stirred with 12 

g active manganese ~~xide for S hq~--flltered and ~$ manganese dioxide (8 g) 

added to the filtrate. ·After stir.iing for• further 17 hoµrs, the mixture was filtered 

10 and used directly. ffllLCIMS · sh~~~~ materi~ and 3-[4-amino-5-(4-

phenoxyphenyl)-7H"tp}'Il'.010[2,3-d]pyriµrlWI1~7-yl]-1 ifyclopentanone 62. 7% tr 4.38 
. . .. ·' . ···.,· ... - . . 

minutes. The dichloipniethan~ solq.tj~ was stin'ed ~tJi 1.0. g N-methylpiperazine 

(0.01 mol) and ace~ acid (0.6 g, o~pi mol) for IS mhluies then sodium 

triacetoxyborohydtlde(0.89-g, 0.()q.4~ w.ol) was addC4 After2 hours 1.0 g N-

15 methylpiperazine, o;~ g aeetic aci4:1Ul4(U9 g sodiun~Jriacetoxyborohydride was . 

added and the mix~ stii"redtbr it~ur8. Further.84dition of2.0 gN­

methylpiperazine, l ~2 g acetic ~4 ~d 1.2 g sodiwntriacetoxyborohydride and 
~ ·. . .·.. . 

stirring for 3 days gave a:mixtµre w.lrl9}1 was QVaporat~ under reduced pressure. The 

·residue was treatedWith wateJ; {2()9-lµi) ,~ C)M - hydrochloric acid (SO ml) then 
. . . 

.-20 washed with ethyl ai:etate' (discard~)-an4 l:>~i:fied with .excess aqueous ammonia. 

The mixture was extracted :with ~yl -~cetate and the elctract dried (sodium sulphate) . . . . : . 

then purified by fl~ chromawgrapP,y_ip. 9:1 ethYl ~tate : ethanol to remove 
.. ,.· .·.' .. 

impurities followl3d, )>y 8:1:1 ethYl~~~tc: ethanol: piethylamine to elute the 
. . . . . . . ~ 

product. Solvent w~ removed un4m,-~uced pressure, the residue dissolved in ethyl 

25 .. _acetate and treated -\vith a solution-~~:m~eic acid in ~yl acetate giving 7-(3-(4-. ·.·:: . . .. ·: ·.:· ·.: .·· . . . 

methylpiperazino) cyclopentyl]-5~(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-
. . ; ' . 

4-amine tri-maleate (444395)as ai!4 solvate with ethyl acetate after drying.at 800 c 
under reduced pre$~ute (0;95 g, Q.QOl niol) m.pt. 168-1700 C (decomposes). 

: ·. ·.:. ,. .. .. .. "\ '•· . . ·. . . . 

30 

·:. 
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Example 235: (4-(~aBmno-7;.cyclop~1:.. ?H;.pyi-rol~[2~1(i]pyiimidin-S- · 

yl)phenyl](phenyl)-methanol, Sodium borohydride ( 0.052 g, 0.0013 ni.ol) was 

added to a solution of [4-(4-amino-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidin-S­

yl)phenyl](phenyl)metbanone ( 0.1 g; 0.00026 mol) in tetrahydrofuran ( 4 mL) 

5 followed by the addition of Amberlyst-15 lt". The mixture was stirred at ambient 

temperature under an atmosphere of nitrogen for 15 min, filtered through a celite pad 

and the solvent removed under reduced pressure. The residue was purified by 

preparative RP-HPLC (Rainin, H~ersil C18, 8 µm, lOOA, 25 cm; 5%-85% 

acetonitrile - 0.1 % ammonium acetate over 20 min, 21 mllmin) to yield [4-( 4-

10 amino-7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidin-S~yl)phenyl]{phenyl)methanol 

(0.005 g; 0.000013 mol): 
1H NMR ( DMSO-~. 400MHz) 5 8.12 (s, lH), 7.31 (m, lOH), 6.01 ( br, 2H), 

5.91 (d, UI), 5.75 (d, IH), 5.06 (m, IH), 2.lO(br, 2H}, 1.88 ( br, 4 H), 1.67 {hr, 2H) 

RP-HPLC( Delta Pak C18, Sµm, 300A, 15 cm; 5%-85% acetonittile- O.iM 

15 ammonium acetate over 20min, lmL I min) Ri 16.74min. MW 385 

Example 236: Trans-7-[3-{4-methylpiperazino)cyclohexyl]-5-( 4-phenoxyphenyl)­

. 7H-pyrrolo[2,3-d]pyrimidin-4-amine tti-maleate 

trans-7-[3-( 4-methylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7H-

20 pyrrolo[2,3-d]pyrimidin-4-amine (1.30 g, 0.0027 mol) in 300 ml warm ethyl acetate 

was treated with a so]ution"ofmaleic acid.(0.94 g, 0.0081mol)m100 ml ethyl 

acetate and allowed to cool. The colourless solid was collected, washed with ethyl 

acetate and dri_ed to constant weight at 90°C13 mbar giving 1.85 g (0.0022 m.ol) of 

trans-7-[3-( 4-methylpiperazino)cyclohexyl]-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

25 d]pyrimidin-4-amine tri-maleate solvated with 0.18 mol ethyl acetate m.p. 189° C 

{decomposes). 

Example 237: trans-7-(3-(4-methylpiperazino )cyclohexyl]-5-(4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-ainine tri-hydrochloride 

30 trans-7-[3-( 4-methylpiperazino )cyclohexyl]-S-( 4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine (0.36 g, 0.00075 mol) in 25 ml warm isopropanol 



i . 

I .... 
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/trb 
was treated with a ~()luti~ of Q~~ n:µ 1~ hydro~oric acid (0.0027 mol) in 2 ml 

isopropanol and~' !NSPensio~ Ji~t¢ ~riefly to bofi.ing then volatile material was 
. ;· .. . . ..... . . . 

removed under rt¥lm:ed PresSQft''. .·~~ resuJ.~ colourless solid was dried to constant 

weight at 84~ C / '{#ib~ ~~ ~~\n.ns-7-[3-(4-mefliylpiperazino)cyclohexyl]-5-
(4-phenoxyphenyl);7Ii~p~l~[2~~~~ytjmidin-4-~e tri-hydrochloride (444626) 

solvated with l m~{~ater .an4 Q.~~ ;~lisopropano1.(p.2s g, 0.0004 mol) m.p. 304-
. .: ·:.:··,. : ·.·,. ,"" · .. · 

306° C(dec). 
:. ·' 

: ,. ~ ; . . 
. ; ·, 

·,; 

Example 238: cis:::7 ~£3-( 4-metllylpiperazino)cycloh~IJ·S-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]p~din-4-amin~ trl~~aleate salt· :: . 

. ;~ ~~: .· . . . ·.• . · .. ,=·~;-~ . . .. ·.' 

cis-7 -[3-(4~µiethylpiperazjiio )cyclohexyl]-5-(4-phenoxyphenyl} 7H-
. . · .. •. :~ . . . . . :' . .... . . 

. pym>lo[2,3-d]pyrjaji4in-4-amipe (!A~ g, 0.()030 ma.U in ethyl acetate with I.OS g 
•. -:• ,. . . ···.· ·. . 

.15 

. ·:· .• .. 

20 

(0.0091 mol)mal.~i~ acid givip.g cglq'1f1ess solid after drying to constant weight at 

90°C13 mbar. ~.'1;,'~ cis:-7 -[J-{4fm~ylpiperazino~yclohexyl]-S-(4- .· 

phenoxyphenyl)~ m-~~Jo[µ~J;~cifu+~~·tri-J'Jlaleate salt s.olvated with 

0.14 mot ~y1~~·anclo.51Il~'J
1

~~ co .. 002s moh obtained m.p. 186 (dee). 
. : . :' : . . . . . ~ : . . .. . . 

·_.,-.· 

. . 

Example 239: ·ci~7•-[3-(~mc#bytpip~o)cyclohezyl]-S-(4-phenoxyphenyl)-7H"-

pyrrolo[2,3-d]p~din+amipe tri~hy4r0chloride · . :> · · . . 

cis-7 -[3-(i,fut:tbytpip~o.)cyclohexyt]-5"'.(4-phenoxyphenyl)". 7H-
.. "; . ·· .. •. . · . .' 

pyrrolo[2,3-d]pyrfuiidin-4-anili,ie ·Q.;$Q g (0.0017 mQl)' in isopropanol was treated 
··.: :•.· . . . . '. 

with O.S ml 12M ~ytirochloric atj~O(Q,006-mol). The resulting solid was filtered to 
.. !''' • .... ·.· 

·give cis-7 -[3~4-~~ylpiperazinq)cyclohexyl]-5~(4-phenoxyphenyl)-7H". 
pyrrolo[2,3-d]pyrimidin-4-amine t#,~hyc1rc)chloride 81;. a hygroscopic solid until 

25 dried at 80° CI 3 ·~bar to con8tant.:~eigbt. (0. 75 g, o.~011 mot) m.p. 224.5-226.5 

(dee). .. ''·· 
'···· 

Example 240: T$s-5-(2-methyl".+phenoxyphenyl)-7-[4-( 4-

methylpiperazino )~;~lohexyl].: IB~p;.rrolo[2,3-d]pyriinidin-4-amine tlimaleate 
. . . . ' ~ . 

30 A mixture Q°f 3-phenoXyto.1~ (2.S g, 0.013(j mol) and N-bromosuccinimide 

(2.54 g, 0.0142 mol)'was stirred µi acetonitrile (20 mL) for 25 hours ~der an 
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atinosphere of nitrog'1. The solvent~ removed ~~?educed preSsure. Carbon 

tetraehloride was added to the residue and the resUJ.tii:ig solid was removed by 

filtration. The filtrate was concentrated· to yield 4-bromo-3-m:ethylphenyl phenyl 

ether as yellow oil (3.S g, 0.0133 mol): 

S 1HNMR.(Chloroform-d, 400 MHz)() 7.45 (d, Hi), 7.33 (m, 2H), 7.12 (t, 

lH), 7.00 (d, 2H), 6.89 (s; lH), 6.71 (d, lH), 2.34 (s, 3H) RP-HPLC (Hypersil Cl8, 

Sµm, 250 x 4.6 mm; 25% - 100% over 23 min with 0.1 M ammonium acetate, 

lmUmin) ~ 14.72 min. 

A mixture of 4-bromo-3-methylphenyl phenyl ether (1.7 g, 0.00646 mol), 

10 di'boronpinacol ester (2.0 g, 0.00775 mol), [1,1 '-bis(diphenylphosphino)ferrocene] 

dichloropalladium(ll) complex with dichloromethane (1: 1) (0.16 g, 0.00019 moll 

and potassium acetate (L9 g, 0.01938 mol) in N,N-dimethylformamide (65 mL) was . 

heated at 80 °C under an atmosphere of nitrogen for 22 hours. The mixture was ·' 

allowed to cool to ambient temperature and the solvent was removed tinder reduced 

15 pressure. Dichloromethane was add~ to the residue and the resulting solid was 

removed by filtration through a pad of celite. The filtrate was concentrated into 

black mixture, which was purified by flash chromatography on silica using ethyl 

acetate/n-heptane (3:97) as mobile phase to yield 3-methyl-4-(4,4,5,S-tetramethyl-

1,3,2-dioxaborolan-2-yl)phenyl phenyl ether (1.05 g, ·o.00338 mol): 

20 1H NMR (Chlorofonn-d, 400 MHz) a 7.73 (d, lH), 7.33(m, 2H), 7.08 {t, 

lH), 7.01 (d, 2H), 6. 79 (d, 2H), 2.51 (s, 3H), 1.34 {s, 12H) TLC (ethyl acetate In­

heptane = 3 : 97) Rr 0.28 

A mixture of 4-chloro-7-(1,4-dioxaspiro[ 4.S]dec-8-yl)-S-iodo-7H­

pyrrolo[2,3-d]pyrimidine (20 g, 47.7 mmol) and 6 N HCl(aq) (60 mL, 360 mmol) in 

25 tetrahydrofurm (120 mL) and acetone (600 mL) was stirred at ambient temperature 

under an atmosphere of nitrogen for 17 hours. The solvent was removed Under 

reduced pressure and 6NHCl(aq) {20 mL), tetrahydrofuran (60 mL), and acetone 

(300 mL) were added to the mixture~ The mixture was stirred at ambient 

temperature under an atmosphere of nitrogen for 4.5 hour. The solvent was removed 

30 under reduced pressure and the yellow colored residue was washed with water to 
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yield 4-( 4-chloro-S~iqdQ-7H-IJY1T<>l9(2,3-d)pyrimiditi:-7~yl)-1-cyclo~ne (12.3 g, 

32. 7 mmol). RP-HPLC (Hypersil .~l ~' SJ.Lm, 250 x 4~6 mm; 25% - 100% over 15 

min with 0.05 M amip.onium acetal~ lmUmin) Rs 10.20 min. 

A mixture of 4-(4-chloro-S-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-l-
. ···~ ,. .. . .· 

S cyclohexanone (S.6 g, 14.9 mmol), N-methylpiperazine (3.3 ml.., 29.8 mmol), acetic 

acid (2.6 mL, 44.7 ~I), and ~~ylorthoformat~ (9.9 mL, 89.4 mmol) in . 
. '·' . . 

dichloroethane (100 .mL) was ~~ambient temperature uilder an atmosphere of 

nitrogen for 1 hr. So4iuin triacetofyt,c;rohydride (14.2 g, 67.0S mmol) was added 

into the mixture and stin'ed at ~ient temperature under an atmosphere of nitrogen 

10 for 18 hours. The solventwas removed llllder reduced pressure. The residue was 

partitioned between saturated aqueous sodium bicarbonate solution and ethyl 

acetate. The water phase was furtJief extracted with ~yl acetate and the combined 

organic extracts were dried over s(!diuin .sulfate. The solvent was removed under 

reduced pressure and the residue was pmified .by flaSh chromatography on silica gel 

IS . Using triethylamine/ ~chlo~e(2.:98) followed by 
.. ,·. 

methanoVtriethylaiajne/dichl(ll'()~e (2:3:95). aunobile phase tO yield trans-4- · 
.'. 

chloro-S-iodo-7-[ 4-(4-methylpip~)cyclohexyl]· 7H-J>Ym>lo[2,3-d]pyrimidine 

(1.7 g. 3.7 mmol). IHNMR (D~Q.,~, 4QO MHz) s~63(s, lH). 8.12 (s, lH), 4.63 

(br, lH), 2.15 (s, 31i), 1.94 (br, 6H),' L45 (br, 2H) RP-HPLC (Hypersil Cl8, Sµm, 

·. 20 250 x 4.6 mm; 25% ·-100% over lS~min with 0.05 M ammonium acetate, lmUmin) 

Ri6.17min. ···.·;,; .. 

Trans-4-chloro-5-iodo-7-[4-{4-methylpipemzino )cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidine (0.89 g, i.9 mmol) m concentrated ammonium hydroxide 
. .·. 

(40 mL) and dioxane (40 mL) w~.lieated at 120 °C in a pressure vessel for 18 hours. 

25 '' The mixture was allowed to cool to ambient temperature and the solvent was 

removed under reduced pressure. :nie residue was partitioned between sa~ted 

·aqueous sodium bicarbonate solution and ethyl acetate. The water phase was further 

extracted with ethyl acetate and ~e combined organic extracts were washed with 

brine and dried over sodium sulfate~ The solvent was removed under reduced 
·:·. 

30 pressure to yield trans-S•iodo-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
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d]pyrimidin-4-amine (0.35 g, 0.8 mmol). RP-HPLC (Hypersil Cl8, Sµm, 250 x 4.6 

mm; 25% - lOOok over 15 min with 0.1 M ammonium acetate, lmL/min) ~ 4.01 

min. MS: MW 441 

A mixture of trans-S-iodo--7-[4-( 4-methylpiperazino )cyclohexyl]-7H-

S pyrrolo[2~3-d]pyrimidin-4-amine (0.347 g, 0.000788 mol), 3-methyl-4-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)pl:lcnyl phenyl ether (0.27 g, 0.000867 mol),. 

tetrakis{triphenyl-phosphine)palladiun(O) (0.054 g, 0.000047 mmol), and sodium 

carbonate (0.209 g, 0.00197 mol) in·N~~y1formamide (15 mL) and water (10 

mL) was heated at 80 °C under an attnosphere of nitrogen for 16 hours. The mixture 

10 was allowed to cool to ambient temperature and the solvent removed under reduced. 

pressure. The residue was partitioned between saturated aqueous sodium 

bicarbonate solution and ethyl acetate •.. The water phase was :further extracted with· 

ethyl acetate and the combined organic extracts were dried over sodium sulfate. '1'.he 

solvent was removed under reduced pressure and the residue was purified by flash· 

15 chromatography on silica gel using triethylamine/dicbloromethane (5:95) followed ·. 

by methanoJ/ triethylamine/ dicbloromethane (3:5:92) as mobile phase to yield trans­

S-(2-methyl-4-phenoxyphenyl)-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H­

pyrro1o[2,3-d]pyrimidin-4-amine (0.37~ g, 0.000757 mol). Trans-5-(2-methyl-4-

phenoxyphenyl)-7-[ 4-(4-methylpipera.Zino )-cyclohexyl]-7H-pyrrolo[2,3-

20 d]pyrimidin-4-amine (0.37(j g, 0.000757 mol) was dissolved in refluxhig ethanol (10 

m.L) and a preheated solution of maleic acid (0.264 g, 0.00227 mol) in ethanol (5 

mL) was added. The mixture was refluxed for 15 minutes, cooled to ambient 
' 

temperature and the precipitate collected by :filtration, washed with cool ethanol and 

dried to give trans-S-(2-methyl-4-phenc;>xyphenyl)-7-[4-( 4-methylpiperazino )-

25 cyclohexyl]-7H-pyrro1o[2,3-d]pyrimidin-4-amine trimaleate (0.153 g, 0.000181 

mol): 1HNMR (DMSO~ 400MHz) 8.22 {s, lH), 7.42 (m, 3H), 7.25 {d, lI:J), 7.17 

(t, lH), 7.09 (d, 2H), 7.02 (s, lH), 6.89 (~ lH), 6.16 (s, 6H), 4.58 (~ lH), 3.3 (br, 

9H), 2.68 (s, 3H), 2.22 (s, 3H), 2.01(br,6H), 1.57 (br, 2H) RP-HPLC (Hypersil 

C18, Sµ~ 250 x 4.6 mm; 25% - 100% over 23 min with 0.1 M ammonium acetate, 

30 lmUmin) ~ 7.30 min. MS: MW 497 
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Example 241: 3-[+.Amino-5-( +ph~;yphenyl}-7H".'pyrrolo[2,3-d]pyrimidin-7-. . . . . :: - . . . . . ~ . 

yl]cyclopentyl 2-aminoacetate hycttpqbloride 

A mixture of3-[4-amino-s{+~P.enoxyphenyl}:-7H-pyrrolo[2,3-d]pyrimidin-
5 7-yl]-1-cyclopentanohso ~g, o.129~~mol), 2-[(tert-~~Xycarbonyl)amino ]acetic 

acid (34 mg, 0.194 #not), l.;[3-{di~~~lamino)p~l]-3-ethylcarbodiimide 
hydrochloride (3 l'm~ o. tss JDD101)i~~l4-( climethyla@no )pyridine (16 mg, 0.129 

:·:<·:·· ·.. .· .. : .. :~:·-"· . . . :-.. 
mmol) in DMF (t • nil.i) was Stirred. Un~~'nitrogen for ~4 hours. The mixture was 

pour onto ice-water~~i:The aqueous )J;~ was· extracte4 ~th ethyl acetate three times. 
·.·: .• .· .'.\ .. '• : . 

10 The combined orialµc·Jayer was w~ed with brine, cmed over MgS04, filtered and 

evaporated. The resi4.ue was pUrifi~~:~~ flash columii, ~matography using ethyl 

acetate 8s mobile pli~ to give 3~C~iifuino.:s.:c 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]cycic,pentyl 2-[(@,-b1ltoxycarbonyl)amino]acetate (39 mg, 0.072 

15 

20 

: ··.'·' _:,.· . 

mmol). HPLC: tr=i9~·min. (Del~J>acic, C-18, Sum, 300A, 3.9xlSOmm; S-85% 
... -. .·.:··.· .· . ·. . 

acetonitrile-0.1 M alhtrtonium ace4L~~ ·a~~ 20 ll)in, hnYinin) 
. . . ;::,··· .. : ·: : .··. ·. i·~·t1.:' . . ·, : : ... ·.; 

· 3-[4-Amin0.:S-(4-phenoxypl::l@.yl)-7H-pym>lo[2,3~d]pyrimidin-7-

yl]cyclopeiltyi 2-£<te#~butoxycarb'~Ytlainmo]acetate:(39 mg, 0.072 mmol) was 

dissolved in ethyl ~~te (2.S :inL{JIYctrochloride g8s was bubbled through the 

solution for 3 minu~ Th~ rea(}tl~~;~~e was stirred for additional 30 minutes. 

Ether was added and the precipatat~\ya8 coll~ted through filtration under nitrogen 

to give 3-[4-amino~5-( 4-phenoxyph~;l)-7H-pyrrolo[2~3;.d]pyrimidin-7-

yl]cyclopentyl 2-~~oacetate hy#thloride (39 mg)as white solid. lH NMR 

(DMSQ-dJ <> 2.20(~SH), 2.67.'(~·'i:H), 3~83 (s, ~), 5.25 (m, lH), 5.31 (m, lH), 
. : -~ , .- .· ': . . : 

7.14 (m. 2H), 7.43,{~, lH), 7.50 (Pi; lH}, 7.68 {m, III), 8.26 (bs, 2H), 8.40 (s, lH). 

2s LC/MS: Mlr=444, trl.25 mm. Q;epc,spher, Jc.ts, 3wn, 4.6x33 mm; 0-100% 
~. ~ .. 

acetonitrile-0.1 M ammonimn acetat~· over S min, is m1/min) 
·. ~·· : . . · •. •.:·: :·. :: . . . 

Example 242: 3-[4-Anrino-S-(4-pheno:icyphenyl)-7H~pyrrolo[2,3-d]pyrimidin-7-. . :.";,. .. ·. ' . . . 

yl]cyclopenty) N-(2.:morpholinoethyl)carbamate hydfochloride .. :·; 

. ' 

30 4- Nitrochloroformate (12.~ ~S· 0.062 mmol) in dichlorometbane (1 mL) 

was cooled on an ice.;water bath, 4-MethyJmorpholine (7 uL, 0.062 mmol) was 
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. I.,..~-
added slowly. After:io minutes, the itlJ\vateT bath w~::rem.oved and the reaction 

.. ~. : ~; ::" :~ ·~ . . ·: 

mixture was allowed to warm up to room temperature. 3-(4-Amino-S-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-1-cyclopentanol (20 mg, 0.052 

mmol) was added and the reaction mixture was stirred for 4days. The reaction 

5 mixture was diluted with dichlorometbane. The organic layer was washed with 

water, saturated sodium bicarbonat~ ~dried over MgS04, filtered and 

evaporated to give a yellow solid. A solution of the yellow solid in dichlorometbane 

(1 mL) was added to 2-morpbolino-1-ethanamine (0.2 mL). After stilling at room 

temperature overnight, the reaction mixture was diluted with ethyl acetate. The 

10 organic layer was washed with water ,(3 times), brine; dried over MgS04, filtered 

and evaporated. The erode product was purified by .HPLC to give 3-[4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pY,rimidin-7-yl]cyclopentyl N-(2-

morpholinoethyl)carbamate (17 mg, 0.031 mmol). lH NMR (CDC13-d) 5 2.08 (m, 

4H), 2.43 (m, 7H}, 2.73 (m, lH), 3.29 (m, 2H), 3.67, (m, 4H}, 5.28 (~SH), 7.09 (m, 

15 6H}, 7.40 (m, 4H), 8.30 (s, lH). LC/MS: :rvllr=543, tr=l-13 min. (Pecospher, 3C-

18, 3um, 4.6x33 mm; 0-100% acetonitrile-0.1 M ammonium acetate over S min, 3.5 

m.Vmin). 

3-[4-Amino-5-(4-phenoxypheny1)-7H-pyrrolo(2,3-d]pyrimidin-7-

yl]cyclopentyl N-(2-morpholinoethyl)carbamate (10 mg, 0.0184 mmol} was 

20 dissolved in ethyl acetate (2.S mL). Hydrochloride gas was bubbled through the 
·solution for 3 minutes. The reaction mixture was stirred for additional 10 minutes. 

The precipitate was collected through .filtration under nitrogen to give 3-[4-amino-5-

(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyriinidin-7-yl]cyclopentyl N-(2-
. 

morpholinoetbyl)carbamate hydrochloride as white solid. lH NMR (DMS0-"'6) 6 

25 1.99 (m, 4H), 2.SS(m, 2H), 3.32 (m, 12H}, S.08(m, 1/2H), 5.19 (m, 1/2H}, 7.16 (m, 

SH), 7.45, (m, SH), 8.26 (s, lH). LC/MS: Mir-543, tr==2.16 min. (Pecospher, 3C-

30 

18, 3um, 4.6x33 mm; 0-100% acetonitrile-0.l M ammonium acetate overs· min, 3.5 

ml/min). 
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Example 243: 4-(4-amino-S-( 4-phenoxyphenyl)-7H-pyrrolo[2,3~]pyrimidin-7-., 
yl]cyclohexanol 

Sodium borohydride (50~. 13 mmol) WaS added m One portion to a stirred 

solution of 4-( 4-ammo-S-(4-phenWtyphenyl)-7il-p:Ym>lo[2,3~]pyrimin-7-

·s yl]cyclohexan-1-oile (780mg, 2.0 ~ol) in methanol (500 mL), and the niixtufe 
stirred under an atrllosphere of nif;l:Ogen for 1 hour, then left to stand overnight. The 

solvent was removed~ redue'1:pressure, and the.residue partitioned between 

2M aqueous sodium hydroxide sol~tion (100 DiL) and dichloromethane (100 mL). 

The organic layer wa8 separated alid the aqueous layer further extracted with 

10 

15 

20 

dichloromethane (2 x 100 mL). Tii~ combined organic extracts were washed With 

water (150 nll..), dried over potaa.ilim carbonate, and pUrified by cbromatOgraphy 
. . 

with a Biotage 408 column miing ~yl acetate I triet:hyiamine (9S:2 to 95:5) and 

ethyl ace~e I ethanol (95:5) as a~obile phas~ to ~eld 4-[4-amino-S-(4-

phenoxyphenyl)-m~pyrrolo[2.3-4lP~din~7~yl]cyclohexanol as a w~te solid 

(750mg, 1.9 mmol), melting poinf 199-2()() deg. C.LC/MS: Hypetsil BDS c18 (lOO 
.·. . . . 

x 2.1 mm) O.IM ammoniwnacetate/acetonitrile. 10~100% acetonitrile iii 8 min.)Mlr 
.· •., .: . . 

401,~= 4.12minutes .. 

Example244 

Phenyl N-[ 4-(4-amino-7 ~tetrahydro~2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-

2-methoxyphenyl]carbamate 

-( 4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

cljpyrimidin-4-amine (100 m~ 0.294 mmol) was dissolved in dichloromethane (2 

mL). ~yridine (2mL) was added followed by phenylchlorofonnate (44 uL, 0.353 

25 mmol). After stirring for 3 hours, ·another 44 uL of phenylmethanesulfonyl chloride 

was added and the reaction ~ture was stirred overnight.· The solvent was removed 

and the ~sidue was purified by p~arative LC/MS to give phenyl N-[4-(4-8mino-7-

tetrahydro-2H-4-pyranyl-7 H-p~lo[2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl]carbamate (52 m~, O~ 113 mmol). IH NMR (CDCI3-d) .S 2.09 (m, 

30 4H), 3.66 (m, 2H), 3.98 (s, 3H), 4.16 (m, 2H), 4.98 (m, lH), 5.24 (s, 2H), 7.09 (m 

,3H), 7.23 {m, 4H), 7.41 (m., 2H), 7.62 (s, lH), 8.20(bd, 1=7.80 Hz, lH), 8.33 (s, 
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lH). LC/MS Mir"=460 . 

. Example 245 

Tetrahydro-2H-4-pyranyl N-{ 4{ 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

S d]pyrimidin-S-yl)-2-methoxyphenyl]carbamate 4-nitrophenyl tetrahydro-2H-4-

pyranyl carbonate 

Tetrahydro-2H-4-pyranol (1.0 ml, 10.5 mmol) was mixed with 4-

methylmorpholine (2.0 ml) in dichlorometbane (20 mL). 4- Nitrochloroformate 

(1.98 g, 9.82 mmol) was added slowly to the reaction mixture. After stining for 5 

10 hours, the reaction mixture was diluted with dichlorometbane. The organic layer 

was washed with water, 1.0 N HCl, saturated sodium bicarbonate, brine, dried over .· 

MgS04, filtered and evaporated. The crude product was purified by flash column . 

chromatography chromatography using ethyl acetate/heptane { 4: 1) as the mobile 

phase to give 4-nitrophenyl tetrahydro-2H-4-pyranyl carbonate (1.S g, S.62 mmol). 
. . 

15 lH NMR (CDCJ3..;d) 8 1.87 (m, 2H), 2.06 (m, 2H); 3.58 (m, 2H), 3.98 (Di, 2H}, 4.97 

(m,lH), 7.40(d, J=9.0Hz, 2H), s~30 (d, J=9.0Hz, 2H). 

a) Tetrahydro-2H-4-pyrany1N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H­

pyrrolo[2,3-d]pyrimidin-S-yl)-2-methoxyphenyl]carbamate 

20 5-( 4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine (57 mg, 0.168 mmol) and 4-nitrophenyl tetrahydro-2H-4-

.· pyranyl carbonate (90 mg, 0.336 mmol) was mixed in pyridine (1 mL). After 

stirring for 5 hours, another 90 mg of 4-nitrophenyl tetrahydro-2H-4-pyranyl 

carbonate was added and the reaction mixture was stirred for 2 days. The reaction 

25 mixture was heated at 70°C for 2 hours. The solvent was removed and the residue 

was purified by preparative thiil layer chromatography to give tetrahydro-2H-4-

pyranyl N-[4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-d]pyrimidin-S­

yl)-2-methoxyphenyl]carbamate (30 mg, 0.064 mmol). lH NMR (CDC~-d) 8 1.78 

(m, 4H), 2.08 {m, 4H), 3.60 (m, 4H), 3.94 {s, 3H), 3.97 (m, 2H), 4.15 (m, 2H), 4.98 

30 {m, 2H), 5.23 (s, 2H), 6.78 (s ,lH), 7.04 (s, lH), 7.07 (d, J=8.3 Hz, lH), 8~16(bd, 

J=7.90 Hz, lH), 8.33 (s, lH). LC/MS Mlr=468. 
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Example246 

3-Pyridylmethyl N-[ 4-(4-amino-7;.~etrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-S-yl)-2-~oxyphel}~l)~bamate hydrochloride 

a) 4-Nitrophenyl (3-pyridylmethyl) carbonate 

4- Nitrochlorofonnate (2.49 g, 12.~ Il'lDlOl) indichlolQDletbane (20 mL) was cooled 
. . . . . 

on an ice-water bath. 3-pyridylm~ol (1,0 mL, 10.3 mmol) and 4-

methylmorpholine (2.0 mL, 18.S~l) was added sl~wly. After 20 minutes, the 
.. ·. . 

· 10 . ice-water bath was ~oved and the reaction prixture was allowed to wann up to: 

room temperature. 30 minues later, :ethyl ~was added and the r~on mixture 

was filtered. The filtrate was wash~ With water, saturated· sodium bicarbonat~ 

. brine, dried over MgS04, filtered ;i:gd evaporated to give a dark brown solid which 

was re-crystallized With ethyl acet;¢elheptane to·gtve 4-nitro)'>henyl (3-
·_;' .. ·· . . 

15 · pyridyhllethyl) carbonate (1.52 g, S.S,4 mniot).lH NMR (CDCl~ a 7.38 {m, 3H), 

7.79 (m, lH), 8.28 (~ J==9~09Hz, 2ll); 8.6S (m, lH), 8.72 {s,lH). 

b) 3-Pyridylmethyl N-[ 4-(4-~9':?-tetnmy~-2.H-4-pyranyl-7 H-pyrrolo[2,3-

d]pyrimidin-5-yl)".2-Iiletboxypbepyl)~bamate. 

20 5-( 4-Amino-3-methoxyphenyl} 1~i#r.ahydrQ,.Uf-4-pyianyl-7H-pyrrolo[2,3,. 

d]pyrimidiri-4,.amine.(25 mg, 0.()74:inlnol) was di8solved in dichlo:romethane (0.7 

mL). Pyridine (0.7 mL) was ackre.cl followed by 4-nitrophenyl (3-pyridylmethyl) 

carbonate (3Q mg, 0.110 mm.al). ¥1er heating at 100°C overnight, the solvent was 

removed and the residue was putjtl~ by ~tive LC/MS to give 3-pyridylmethyl 

25 . N-[ 4-(4-amino-7-tetrahydro-2H+pyrany1-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl]carbamate (12 mg, Q.025 mmol). lH NMR (CDC13~ a 2.08 (m, 

4H), 3.65 (m, 2H}, 3.92 (s, 3H), 4, 15 '{m, 2H), 4.96 (m, lH), 5.26 (s, 2H), s~s4 (bs, 

2H), 6.97 (s; lH), 7.04(s, lH), 7.08 (d, J=8.2Hz, lH), 7.35 (m, 2H),.7.79 (d, 

J=7.8Hz, lH), 8.15 (m, lH);S.29-.(s, lH), 8.61 (s, lH), 8.71 (s, lH). LC/MS 

30 MH'"=475· 
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b) 3-Pyridylmethyl N-[4-( 4-amino-7-tetrahydro-2H-4-pyranyJ;. 7H-pyrrolo[2,3-

d]pyrimidin-S-yl)-2-methoxyphenyl]carbamate hydrochloride 

3-Pyridylmethyl N-[ 4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

djpyrimidin-5-yl)-2-methoxyphenyl]carbamate (12 mg, 0.025 mmol) was· dissolved 

S in ethyl acetate (2.0m.L). 1.0N HCl in ether (1 mL) was added slowly. The 

precipatate was collected through filtration under nitrogen to give 3-pyridylmethyl 

N-[ 4-(4-amino-7-tetrahydro-2H4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2-

methoxyphenyl]carbamate hydrochloride(13 mg, 0.25 mmol). lH NMR (DMSO-dJ 

a 1.91 (ID; 2H), 2.17(m, 2H), 3.54 (m, 2H), 3.87 (s, 3H), 4.03 (m, 2H), 4.97(m, lH), 

10 5.23 (s, 2H), 7.05 (d, J=8.2Hz; Ui), 7.13 (s, lH), 7.51 (m, lH), 7.81 (d, J=8.2Hz, 

lH), 7.84 (s, lH), 7.95 (m, lH), 8.42 (s, lH), 8.60(s, 1H), 8.71 (s, lH), s~s2 (s, lH). 

LC/MS Mlr=47S. 

Example247 

15 2-Morpholinoethyl N-[ 4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3- ·· 

djpyrimidin-5-yl)-2-methoxyphenyl]carbamate hydrochloride 

Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

. d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate (25 mg, 0.054 mmol) was mixed 

with 2-mmpholino-1-ethanol (0.1 mL) in pyridine (0.7 mL). The reaction mixture. 

20 . was heated at I 00°C overnight. The solvent was removed and the residue was 

purified by preparative reverse phase HPLC to give 2-morpholinoethyl N-[ 4-( 4-

amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-d]pyrimidin-S-yl)-2-

methoxyphenyl]carbamate (24 mg, 0.048mm.ol). The solid was dissolved in ethyl 
. 

acetate (2 mL) and 1.0N HCl in ether (0.2 mL) was added slowly. The precipitate 

25 was collected through filtration under nitrogen to give 2-morpholinoethyl N-[ 4-( 4-

amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrol0[2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl]carbamate hydrochloride (24 mg, 0.045 mmol). lH NMR. (DMSO­

d6) 6 1.88(m, 2H), 2.16(m, 2H}, 3.55 (m, 8H), 3.90 (s, 3H}, 4.03 (m, 4H), 4.49{m, 

2H}, 4.92 (m, lH), 7.07 {m, lH), 7.15 (s, lH), 7.65 (bs, 2H), 7. 84 (s, lH), 8.45 (s, 

30 lH), 8.7S(s, lH) 10.95 {bs, lH). LC/MS Mlr'=497. 
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. Example 248 

(4-Bromo-I,3-thlazol-5-yl)methylN-[4-(4-amin0-7-tetrahydro-2H-4-pyranyl-7H-
... ·· . . ·.·. ·. . 

pyrrolo[2,3-cl]p~din-s-yl)-2-IIi~*°xyphenyl]car9amme 
. ·. : ·~. . ;' . : . . 

·' .. :. 

5 a)2,4-Dibromo-l~ttJnazole-'~~c~ .. 4efurtie· 
1,3-Thiazolane-2,~one (3.52 it:.~9 .mm.Pl) and phosph01US oxybromide (43 g, 150 

··.· .. ·.·. : · .. 

mmol) were IniXed:ynth diinethy~_~ide (2.56 mL, 34 mmol). The mixture was 

-then heated at-75l1C:for·t hour8 and·M·toooc for s hours. After cooled t0 room 
.· . . - ···.:·.· . . .. 

·.temperature, the.·~~~ add~ ~o ic~~~er (SoPml) and the aqueous· layer was 

· .1 o·· extracted with dlchl~rornetliane .. th¢ combined o~c layer was washed with · 

saturated sodiwri ·h1~albonate, dri~~L>ver MgS04, fi~tered and evaporated to give a 
·.··:···:·.·. . . .;;·., :_ . . 

··ts,· 

20 

brown solid wbl~h ;:Was washed w~th petroleµm ether~ Evaporation of solvent gave 

2,4-dibromo-1,3-~azole-S-carbaj~Jiyde(l. 74 g, 6.42 mmol). lH NMR (CDC13-d) 
a 9.90 (S, lH). ·· : ;; . . ·:: ·. 

: ....... -~~.! ;·:. . . . . > ·. · .. ··. ·~ . . :' •·.· 
. ~ ·. . 

b)(2,4-Dibromo"'.1~~tbiazol-5-yl)ll.i.~l· ··.·. 

2,4-Dibromo-t,3..:@azole-S-carbat4eJiyde(l.74 g, 6.42 mm.al) was dissolved in 

methanol(70 lnlf~f ooc. somw#'.botOh;dride (0.244 g, 6.42 mmol) was added in 
. . . : ;; :: : . ~ .. ;, : ... . . . . . . . . .·: . 

small portions. Tire· ice-water batll'.-wu·removed 1 o:minutes later and the reaction 
: .... \- .... ;··. ·.~: ·. ·' .. 

mixture was ~cf:at room temp'~ 9vemight. >Solvent was removed and 

saturated ainmorrldm chloride w.Js·.'~ded. .·· · 1.0N NaOH was •added to· adjust the pH to ... . ... 
·:·.,._ ·.·. •' 

10. The aqueous :1~yerwas·~~ with ethyl acetate. The combined organic layer· 
... ·:.·. .. .. ·. 

was washed with brine,· dried ovef~4gSQ4, filtered ·and evaporated. The residue 

was purified by fl~ column ~ogrphy to give {2,4-mbromo-l,3-tbiazol-5-

25 yl)methanol (0.94~rg, 3.47mmoh~'1HNMR (CDC13-d) ~ 2.11 (bs, IH), 4.79 (S, . .. .. . .. ·~ .. : . 

2H); ;.:·; :::, .. ·., 

. ' '· . ~ 

c) ( 4-Bromo-l ,3-f4iazol-5-yl)me~ol 

(2,4-Dibromo-1;3~thiazol.;S-yl)m'.etlµmol (0.94 g, 3.44 mmol), sodium carbonate tri-.. · .. ·. . . ····: .. 

30 hydrade (1.34 g) ap.d palladiWn ~# earbon (10%, 0.07g) were mixed in methanol (33 

mL). The re.sultilig mixture was·~ydrog~d at 60 psi for 2 days. The solid was 
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I'll 
filtered off through a:~pat of celite. Th~lblvent was ~brated and the residue was 

·.. . .. ·~. 

purified by !rash column chromatography to give (4-bromo-1,3-thiazol-5-

yl)methanol (0.32 g, 2.78 mmol). lH NMR (CDC~-d) a 2.29 (bs, lH), 4.86 (s, 2H), 

8.72 (s, lH). 

d) ( 4-Bromo-1,3-tbiazol-5-yl)mcthyl N-[ 4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H­

pyrrolo[2,3-d]pyrimidin-5-yl)-2.;methoxyphenyl]carbamate 

Phenyl N-[4-( 4-amino-7-tetrahydro;.2H-4-pyranyl-7H-pyrrolo[2,3-djpyrimidin-5-yl)­

. 2-metboxyphenyl]carbamate (28 mg, 0.061 mmol) was mixed with (4-bromo-1,3-

10 thiazol-5-yl)methanol (50 mg, 0.434 mmol) in pyridine (O.S m.L). The reaction 

mixture was heated at 100°C overnight The solvent was removed and the residue 

was pmified by preparative reverse phase LC/MS to give ( 4-brom.o-1,3-thiazol-5-

yl)methyl N-[ 4-( 4-amino-7-tetrahydio-2H-4-pyranyl-7H-pyrrolo[2,3-djpyrimidin-5-

yl)-2-methoxyphenyl]carbamate. lH NMR (CDCl-d) 6 2.07(m, 4H), 3.65 (m, 2H), 

15 3.92 (s, 3H), 4.13 (m, 2H), 4.98 (m, lH}, 5.35 (s, lH), 5.40(s, 2H), 6.97 (s, lH), 7.04 

(s, HI), 7.09 (m, IH), 7.35 (s, lH), 8.17 (s, lH), 8.32 (s, lH), 8.78(s, lH). LC/MS 

MH+=481. 

Example249 

20 Tetrahydro-3-furanyl N-[ 4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3~ 

d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate 

Phenyl N-[4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-djpyrimidin-S-yl)-

2-metboxyphenyl]carbamate (30 mg. 0.065 mmol) was mixed with tetrahydro-3-

25 furanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated at 1 OOOC 

overnight. The solvent was removed and the residue was purified by preparative 

reverse phase PHLC to give tetrahydro-3-furanyl N-[4-(4-amino-7-tetrahydro-2H-4-

. pyranyl-7H-pyrrolo[2,3-d]pyrintldin-5-yl)-2-methoxyphenyl]carbamate ( 14 mg, 

0.031mmol). lHNMR. (CDCl-d) B 2.07{m, 6H}, 3.66 {m, 2H), 3.96 (m, 7H), 4.13 

30 (m, 2H), 4.98 (m, lH), 5.26 (s, 2H), 5.40(m, lH), 6.97 (s, lH), 7.04 (s, lH), 7.08 (d, 

J=8.2Hi, IH), 7.26 (s, lH), 8.30 (s; lH), 8.32 (s, lH). LC/MS.MW==455. 
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1,3-Dioxan-S-yl N'-[4-( 4-amino"." 7-.ahy~~ZH'-4-pyranyl-7H-pyrrolo[2,3-

dJpyrimidin-5-yl)-2-methoxyphenrl]carbamate 
. ~ . . . 

S 1,3-Dioxolan-4-ylme#J.yl N-( 4-( 4-aunino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-S-yl)-2-methoxyphen}.'l)carb~ 

Phenyl N-[4{4-amino-7"."t~~ydro-2fl+p)'l'.a11Yl-7H-pyrrolo[2,3"." 
.· . . . . .~ . .· . ·. . 

d]pyrimidin-5-yl)-~"."D:l~oxyphenyl]carbaui~ (30 mg, 0.065 mmol) was mixed 

glycerol fonnal (O.P5 mL) in pyri@ie (0.5 ~) •. The reaction mixture was heated at 

.. 10 100°C overnight. The .solyent was ,tem~ved an~ the residue was purified by 
. . : ., . . ··~· . . . ' .. : . 

prq>arative reverse phase PFILC ~give tetra)lydro ... 3-ibranyl N-[4-(4-amino-7-

tetrahydro"."2H-4-pyranyl-7H-pyrrql~[2,3:-djpyrimidin-S-yl)-2- .. 
. ,• ;• ;'.. . . . .. 

methoxyphenyl]carl?atIJ.ate (2 mg, D.004mmol). · lH NMR (CPCI-d) a 2.06(m, 4H), 

3.66 (m, 2H), 3.92 clll, 3H), 4.07 (~ 6H), 4.79 (m, lH), 4.83.(d, J=6.3Hz,JH), 4.96 
. . . . . '~ ·: : : . . ·. . 

lS ..... (m. lH), S.04(d, l=6.3Hz, lH), 6.~s (vbs, 2H). 6.96 (s, lH}, 7.0S (m, 2H), ·7.53 (s, 
.· . . . ·i~ . .· . . 

lH), 8.15 (d, J=~·~• lID, ·8.22 .(~. iH). iCJM;s Mlr=471 and 1,3-dioxolan-4-
··- .. . ·:. . • :i-.. ., . . 

ylmetbyl N-( 4-( 4-amino-7-tetrahyd.ro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-S-
·. · •. . 

yl)-2-methoxyphenyl)carbamate(~-Omg, 9.013 mmol). lH NMR (CDCI-d) 

a 2.06(m, 4H), 3.66 (m, 2H), 3. 1s:cm, lH), 3.92 Cm. 3JQ, 4.03 (m, IH), 4.13 (m. 

20 lH), 4.34 (m, 2H), ;4.94 (s, llf), 4;~7 (m, lH), S. IO(s, lH), 5.32 (bs, 2H), 6.97 {s, 

lH), 7.03 (m, 2H), 7.06 (d; J7=78.~~ lH), 7.38(s, lH), S.15 (d, J=7.9Hz, tH), 8.31 

(s, UI). LC/MS Mfr"=471. 

Example2Sl 

25 2..,Pyridylmethyl,N~[4-(4-amino-7::tettabydro-2H-4-pyranyl-7H-pyrrolo[2,3-
·; ; . . ""··:.·. . ' 

dJpyrimidin-5-yl)"."2~methoxyph~yl]carbamate hydrochloride 
. ·::=' .. . . ·•• . . . 

Phenyl N-[4-( 4-a.mfuD"." 7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-d]pyrimidin-5-yl)-
• ·.. ... . . t. ... . . 

2-methoxyphenyl]cf1Ibamate (30 wg. 0.065 mmol) w.~ mixed 2-pyridylmethanol 
. ' . . . . 

30 (0.05 mL) in pyridble (0.5 mL) .. The reaction mixture was heated at.100°C 
. . . . . . ..... ~ ; . . 

. overnight. The solv~t was remoy~d and the residue w~ purified by preparative 
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reverse phase LC/MS to give 2-pyridyhi1ethyl N-[ 4-( 4-alnino-7 .. tetrahydro-2H-4-

pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate (11 mg, 
0.023 mmol). The solid was dissolved in ethyl acetate (2 mL) and 1.0N HCl in ether 

(0.1 mL) was added slowly. The precipitate was collected through filtration under 

S nitrogen to give 2-pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H­
pyrrolo[2,3-djpyrimidin-5-yl)-2-methoxyphenyl]carbamate hydrochloride (12 mg, 
0.023 mmol). lH NMR. (DMSO-dJ a l.92(m, 211), 2.16(m, 2H), 3.55 (m, 2H), 3.89 

(s, 3H), 4.02 (m, 2H), 4.91 (m, lH), 5.23 (s, 2H}, 7.05 (d, J=8.2Hz, lH), 7.14 (s, 

lH), 7.37 (m, lH), 7. 53 (d, J=7.8Hz, UI), 7.87 (m, 3H), 8.42(s, lH), 8.57 (d, 

10 J=4.2Hz; lH), 8.85 (s, lH). LC/MS Mir=475. 

Example252 

4-Pyridylmethyl N-[4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate Hydrochloride 

15 Phenyl N-[ 4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-

djpyrimidin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 4-

pyridylm.ethanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was ~ted 

at 100°C overnight. The solvent was removed and the residue was purified by 

preparative reverse phase LC/MS to give 2-pyridylmethyl N-[ 4-( 4-amino-7-

20 tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-djpyrimidin-5-yl)-2-

methoxyphenyl]carbamate ·c11 mg, 0.023 mmol). The solid was dissolved in ethyl 

acetate (2 mL) and 1.0N HCl in ether (0.1 mL) was added slowly. The precipatate 

was collected through filtration under nitrogen to give 4-pyridylmethyl N-[4-( 4-
amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

25 methoxyphenyl]carbamate hydrochloride (12 mg, 0.023 mmol). lH NMR (DMSO­

dJ 5 l.9l(m, 2H}, 2.16(m, 2H}, 3.55 (m, 2H), 3.90 (s, 3H), 4.03 (m, 2H), 4.92 (m, 

lH), 5.34 (s, 2H), 7.06 (d, J=8.2Hz, lH); 7.16 (s, lH), 7.73 (m, lH), 7. 81 (~ IH), 

7.87 (s, IH), 8.46(s, lH), 8.76 (d, J=5.6Hz, lH), 9.05 (s, lH). LC/MS: :rv.nr-=475. 

30 
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Example253 

(S-Methyl-3-isoxazolyl)methyl·N-I+.(4-amino-7-tetrahydro-2H-4-pyranyl-7H­

. pyrrolo[2,3-d]pyrimidin-5-yl)-2;.m~oxyphc:myl]carbamate 
. . .. ' .. ;· .. : . 

Phenyl N-[ 4-(4-amino-7-te~ydro-2H-4-pyranyl~ 7H-pyrrolo(2,3-
.. ·. ····~. . .· . . 

5 d]pyrimidin-S-yl);.2..;methoXyphenyl]cam~ (30 mg; 0.065 mmol) was mixed 
. . . ..; ~ :: . . .. 

with (S-methyl-3-iso~lyl)m~e>l(O.OS inL) in pyridine (0.5 mL). The reaction 
.. :. . ... ; ~ . . . . . . 

mixture was heated at lQG°C ·ovemiSllt. TP.e solvent~ removed and the residue 
. ·::· .· .\·::;i . . : ..... : 

was purified by prep~tive revers<' Pbas~ LC/MS ~o give (5-methyl-3- · 

isoxazolyl)methyl N~[4-(4-amino-7.jtetrahydro-2H-4-pY.rany1-7H-pyrrolo[2,3-

10 d]pyrimidin-5-ylr2-PJ.ethoxyphettyl]carb~(18 mg,. 0.038mmol). IH NMR. 

(CDCI-d) a 2.06(m, ~H), 2.44 (s, 3m, 3.64 (m., 2H), 3.91 (s, 3H), 4.13 (m, 2H), 4.96 

{m, lH), S.26 (s, 2ff>. 6.12(s, 1H), ~:95 {s, 1H), 7.06 (m, 2H), 7.39 {s, IH), 8.17 (bs, 
. . 

lH), 8.21(s, lH). ·LC/MS: Mir" 47~. 

15 Example 254 . , . · ... · 

[(2S)-5-0xotetrahydI"Q-ll:f-2".'pyn:o~rlJmetbyl q-[4-(4-amino-7-tetrahydro-2H-4-

pyranyl-7H;.pyrrolo[~,3-d]pyrinµ~'.'"S-yl)-2:methoxyphenyl]carbamate 

Phenyl N-[ 4-( 4-.o~7~te~ahydr1J"'.2H+pyrari~l-7H-pyrrolo[2,3-
djpyrimidin-S-yl}2.,.~ethoxypb~;l]carbam.3te (30 m& · 0.065 mmol) was mixed 

. 20 with (SS)-5-(hydrox~ethyl)t~ydi,)-1]{•2.,.}Jyrrol<?n.e (0.05 mL) in pyridine (0.5 

mL). The reaction:~xture·was b~ated at IO~C.ovemight. The solvent was removed 
.. .. ..·~-~· ' . 

and the residue was putified by preparative reverse phase LC/MS to give [(2S)-5-. ··~ . 

oxotetrahydro-lH-2.:.pyr.roJyl]methyl N-[4-(4-amino-7.,.tetrabydro-2H-4-pyranyl-7H-- . ;. '-':·. . 

pyrrolo[2,3-d]p~idin-5-yl}-2-m~thoxyphenyl]carbamate (10 mg, 0.02lmmol). . ~.: . . . . 

25 lH NMR (CDCI-d) o 1.90 (m, Uij~ 2.Q6(tn., 4H), 2.34(m, lH), 2.41 (m, 2H), 3.64 

30 

. .. 

(m, 2H), 3;94 (s, 3H), 4.04(m, 2IQ~ 4.14 (m,.2H), 4.98 (m, lH), 5.33 (m, 3H), 

6.lO(s, lH), 6.98 (s, lH), 7.04 (s, ~H)~ 7.09 (m, lH), 7.3l(s, lH), 8.11 (bs, lH), 8.32 

(s, lH). · LC/MS: Mlr 481. 
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Example 255 · '='' 

4-Aminobenzyl N-(4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate 

S a) tert-Butyl N-(4-(hydroxymethyl)phenyl)carbamate 

(4-Aminophenyl)metbanol (1.23 g, 10 mmol) and diisopropylethylamine ( 2.6 mL, 

15 mmol) was mixed with di-tert-butyl dicarbonate (2.62 g, .12 mmol) in 

dichloromethane (50 mL). The mix~ was stirred at room temperature overnight 

Ethyl acetate was added and the organic layer was washed with water, 1.0N HCl; 

10 saturated sodium carbonate, water, brine, dried over MgS04, filtered. and·· 

evaporated. The crude product was purified by flash column chromatography with 

Ethyl acetate/heptane (2:3) to give tert-butyl N·( 4-

{hydroxymethyl)phenyl)carbamate (2.16g, 9.67 mmol). lHNMR (CDCI-d) a 1.52 

(s, 9H), 4.63 (s, 2H), 6.47 (bs, lH}, ?.30 (d, 8.5Hz,· 2H), 7.36 (d, 8.~). 

15 

b) 4-Aminobenzyl N-(4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrr0lo[2,3-

d]pyrimidin-S-yl)-2-methoxyphenyl)carbamate 

Phenyl N-[4-( 4-amino-7~tetrahydro-2H-4-pyi'anyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-

2-methoxyphenyl]carbamate (51mg, 0.111 mmol) was mixed with tert~butyl N-(4-

20 (hydroxymethyl)phenyl)carbamate (119 mg. 0.533) in pyridine (0.8 mL). The 

reaction mixture was heated at l00°C overnight. The solvent was removed and the 

residue was purified by preparative reverse phase LC/MS to give 4-aminobenzyl N­

( 4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d}pyrimicful-5-yl)-2-

methoxyphenyl)carbamate 

25 (9 mg, 0.015mmol). lH NMR (CDCl-d) B 1.52(s, lH)., 2.08(m, 4H), 3.65 (m, 2H), 

3.90 {s, 3H), 4.14{m, 2H), 4.97 (m, lH}, 5.17 (s, 2H}, S.37(bs, lH), 6.55 (s, IH), 

6.95 (s, lH), 7.03 (s, lH), 7.06 (m, III), 7.31(s, lH), 7.38 (m, 3H), 8.16 (bs, lH), 

8.30 {s, lH). LC/MS: Mfr 589. 
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Example 256 \ 

Nl-[4-( 4-Amino-7-tetrahydro-2H+pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl]benzamide 

5-(4-Amino-3-methoxyphepyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
. :· '.··'·. . 

S d]pyrimidin-4-amine {80mg; 0.23(! I¥1ol) was dissolved in dichlorometbane (2.0 

· mL). Pyridine (2.0 IDL) was a4cle4 ionowed by benzoy1 chloride (41 uL, 0.353 

mmol). After stirril)g at _room tem:p~'for 2 ho~ the solvent was removed and 

· the residue was dissolved in 1 ~ I>,MSQ, DJ.ethanol (1 mL) was added and 

precipitate was formed. The so)id ff collected by filtrati0n to give N1{4-( 4-

10 amino-7-tetrabydro-2H-4-pyranyl.,.7H.,.pyrrolo[2,3-d]pyrimidin-S;.yl)-2-

metb.oxypheriyl]bemamide (64 m& 0.144 riunol)~ lHNMR (CDC13-d) 6 2.12 (m, 

4H), 3~67 (m, 2H), 3.99 (s,·3H), 4;;.?(m, 2H)~ 4.99 (m, lH), 7.03(s, lH), 7.04 (s, 

lH), 7.14 (d, J=8.2Hz, 1B)~·7.S3 (~; 3H), 7.94(d, J=7~8Hz~ lH), 8.33 (s, lB), 8.58 

• : IS 

. (s, IH), 8.63 (d, J=S~2Hz, lH). lC.IMS: ~=444 

Example257 

··. ·. 
.···.: . 

.. :· .. ·. 

..N2-[4-( 4-Amino-: 7-~etrahydro-2H±-pyranyl-7 H-pyrrolo(2,3-djpyrimidin-S-yl)-2-
. : . . . . . 

methoxyphenyl)-2-pyridinecarbox;~de 

5-(4-Amin~-3-metho~~~;l).,. 7-tetl'ahydro-2/{-4-pyranyl-7 H-pyrrolo[2,3-
. . . .. ·. ·.;.. . ·. . 

20 c/]pyrimidin-4-amine (80mg, o.~§ mmol) was dissolved in dichloromethane (2.0 . . . . . . ...,,,.: .. . . ' . . .. ' 

m.L). Pyridine (2.0 mL) was ajdf;t foµowed by 2-pyridinecarbonyl chloride 
. . . <:.· .• ' .· 

hydrochloride (63 mg, 0.353 ~ql). After stirring ~t 1'90m temperature for 2 hours, 
. . . . . .. · .. ·. '.'.'~ . . : : . ' . 

the solvent w8s removed and the ~sidue was dissolv~ in 1 ml DMSO, methanol (1 

mL) was added and precipitate ~-fanned. The soJid.w~ collected by filtration to 

25 give Nl-[ 4-( 4-amino~ 7~tetrahy~~~-4-pyranyl-7H~pyrrolo[2,3-d]pyrimidin-S-yl)-

30 

>···:_-: 

2-methoxyphenyl]benzamide (84'nig, ().189 mmol}, lH NMR (CDC13-d) 8 2.12 (m, 

4H), 3.67 (m, 2H), 4.0J (s, 3H), 4.i4(I11, 2H), 5.00 (m, lH), 5.37 (s, lH), 7.04(s, 

lH), 7.09 (s, lH), 7.14 (d, J=8.2~, lH), 7.50 (m, 1H), 7.92 (m, lH), 8.33 (s, lH), 

8.70(d, J=8.2Hz, lH), 10.62 (s, Hi). LC/MS: MW=445. 
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Example 258 : !· 

NS-(4-( 4-Amino-7-tetrabydro-2H-4-pyranyl-7 H-pym>lo(2,3-djpyrimidin-S-yl)-2-

methoxyphenyl]-1,3-dimethyl-lH-5".'pyraz.olecarboxamide 

5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

5 d]pyrimidin-4-amine (80mg, 0.236 D1II1ol) was dissolved in dichloromethane (2.0 

mL). Pyridine (2.0 mL) was added followed by 2-pyrldinecatbonyl chloride 

hydrochloride (63 mg, 0.353 mmol). After stirring at room temperature for 2 hours, 

the solvent was removed and the residue was dissolved m 1 ml DMSO; methanol (1 

mL) was added and precipitate was formed. The solid was collected. by :filtration to 

10 give NS-[4-( 4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5".'yl)-

2-methoxyphenyl]-l,3-~ethyl-1H-5-pyrazolecarboxamide (30 mg, 0.065 mmol). 

lH NMR (CDC13-d} 5 2.11 (m. 4H), 2.32 (s, 3H), 3.66 (m, 2H), 3.99 (s, 3H), 

4.13(m, 2H), 4.17 (s, 3H), 4.99 (m, 1~, S.22 (bs, 2H), 6.46 (s, lH), 7.03 (s, lH), 

7.07 (s, lH), 7.12 (d, J=8.2Hz, lH), 8.33 (2, 2H), 8.49(d, J==8.2Hz, lH). LC/MS: 

15 MW=462. 

Example 259 · 

Nl-[ 4-(4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl}2-

methoxyphenyl]-2,2-dimethylpropanamide 

20 5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine (50mg, 0.147 mmol) was dissolved in dichloromethane (1.5 

mL). Pyridine (1.5 mL) was added followed by 2,2-dimethylpropanoyl chloride (31 
-

mg. 0.221 mmol). After stirring at room temperature for 2 hours, the solvent was 

removed and the residue was dissolved in 1 ml DMSO, methanol (1 mL) was added 

25 and precipitate was formed. The solid was collected by filtration to give N1 -[ 4-( 4-

amino-7-tetrahydro-2H-4-pyranyl-7 H-pyrrolo[2,3-cl]pyrimidin-5-yl)-2-

methoxyphenyl]-2,2-dimethylprop~de (27 mg, 0.064 mmol). IH NMR (CDC13-

d) a 1.35 (s, 9H), 2.09 (m, 4H), 3.66 (m, 2H), 3.96 (s, 3H), 4.13(m, 2H), 4.97 (m, 

lH), S.46(bs, 2H), 6.98 (s, lH), 7.04 (s, lH), 7.07 (d, J==8.2Hz, lH}, 8.15 (s, lH), 

30 8.29 (s, IH), 8.49(d, J=8.2Hz, lH). LC/MS: MH'":424. 
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Examplc260 

Nl-[4-( 4-Amino-7-tetrahydro-2!:(-4-pyranyl-7H-pyrrolo[2,3-dJpyrimidin-S-yl)-2-

methoxyphenyl]-l ~clopentanee~oxamide 

5 S-(4-Amino-3-metho~~l)-7-tetrahydm-2H-4-pyranyl-7H-pyrrolo[2,3-·.·· .. ·.-. . 

d]pyrimidin+amme (SOmg, 0.147 mmol)was dissolved in dichloromethane (1.S 

mL). Pyridine (1.5 mL} wa8 added followed by 1-cyclopentanecatbonyl chloride 
. ~ ·. . 

(31mg,0.221 mmol).· Afterstif#g at room temperature for 2 hours, the solvent 

was removed and the residue via..~· dissolved in 1 ml DMSO, methanol (1 mL) was 

10 added and precipitate was formed. The solid was c~lleeted by. filtnwon to give Nl­

[4-( 4-amino-7-tetrahydro-2H-4-pYranyl-"7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl]-2,2~dimethylpr0panan:ii.de (33 mg, O.<J76nimol). lH NMR. (CDC13-

d) ~ 1.66 (m, 2H), L8l(m,2H), i.9S(m; 4Hj,2.06 (m, 4H), 2.77 (m, lH), 3.65 (m, 

2H), 3.94 (s, 3H), 4.l5(IJ4 2H), 4.96 (m; lH), 5.37(bs~ 2H), 6.98 (s, tFi}, 7.03 (s, 

15· lH), 7.07 {d, J=8.2Hz, lH), 7.84 {s, lH), 8.30 (s, lH), 8.49(d, J-8.2Hz, Hi). 

LC/MS: Mlr=437 .. 

·Example 261 

Nl-[ 4-(4-Amino-7-tetrahydro-21.l+pyran.yl-7H-pyrrolo[2,3-d]pyrimid,in-5-yl)-2-
. .. . . . 

20 methoxypheriylJ-3-phenylProPanam'ide 

5-( 4-Amino-~-methoxyphenyl)-7 ".tetrahydro-2ff-4-pyranyl-7 H-pyrrolo[2,3-
. . 

·d]pyrimidin-4-amine (SOmg, 0.147 mmol) was dissolved in diehloromethane (1.5 

mL). Pyridine (l.S mL) was ad~d foliowed by 3"'.phenylpropanoyl chloride (37 mg, 

0.221 mmol). After stirriDg at rqom temperature for 2 hours, the solvent was 

25 removed and the residue was dissc)lved in l ml DMSO, methanol (I mL) was added 

and precipitate was formed. Th~·solid was collecte~ by filtration to give Nl-[4-(4-

amino-7-tetrahydro~2H-4-pyran~l-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2~ 

methoxyphenyl]-2,2-dimethylp~amimide (7 mg, 0.015mmol). lH NMR. (CDC13-d} 

~ 2.07 (m, 4H), ·2.1s (m, 2H), 3.~9 (m,2H), 3.65 (m, 2H), 3.88 (s, 3H), 4.13(m, 2H), 
· .. • .· 

30 4.96 (m, lH), 5.97(bs, 2H), 6.93 .. (s, lH), 7.05 (m, 2H), 7.26 (m, SH), 7.70 (s, lH}, 
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8.24 (s, lH), 8.46(d, J=8.2Hz, HI). LC/MS: MW=472. .. 

Examples 262-267 were synthesized using the following procedure: 
a) 

S A mixture of cis-5-(4-amino-3-methoxyphenylO-7-[ 4-( 4-

methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3~]pyrimidin-4-amine (0.25 g, 0.575 

mmol), pyridine (2.5 ml) and dichloromethane (2.5 ml) was treated with the 

appropriate acid chloride (0.862 mmol) and then stirred at ambient temperature 

under an atmosphere of nitrogen for 1 hour. The solvents were removed under 

10 reduced pressure and the residue was purified by preparative reverse phase 

chromatography. The compound (280 mg, 0.460 mmol) was dissolved in hot ethyl 

acetate {25 ml) then treated with maleic acid (160 mg, 1.38 mmol) dissolved in ethyl 

acetate {10 ml) the mixture was allowed to cool to ambient temperature then stirred 

for 1 hour. The solid was collected by filtration and dried to give the compound as 

15 the trimaleate salt. (370 mg). 

Analytical RP-HPLC RT listed in the table were obtained on a Hypersil HS Cl 8 

column {(5 ~ lOOA) 250 x 4.6 mm) using a linear gradient of 25-100% 

acetonitrile/0.1 M ammonium acetate over 10 miri at lmJ/min. Retention time is 

20 indicated by ''RT'' Mass spectrum molecular weights are indicated by ''MH+''. 

Example262 

RT 6.62 

MH+ 576.3 

Gradient a 
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~er 
Ho-Q-0"'.' 

0 .. 

(.)Qo• 
\ 

Example 263 · 

RT 7.7 

MH+ 608.2 

Gradient a 

5 

~ ·-o-a-
.·O. : i_. 

iio-Q-o~ 

Hci-(1.-o-
(\ .00 ~ . 

1-

~. . . 
.. 

I Example 264 -
I 
i 
i' RT 14.23 
! 

10 MH+ 588.3 

Gradientb 

15 
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Example265 

RT6.85 

MH+S40.2 

S Gradient a 

10 Example 266 

RT 8.15 

MH+·608.2 

Gradient a 

15 

.·,i· 

· PCT/US99/21560 

a. e> ( : ·:·',;.. :.; .. _:.:· 
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Example267 

RT 8.15 

S MH+ 642.3 

General salt formation procedure; 

PCT/US991.215Ci0 

10 Trans- benzyl N-(4-{4-amino-7-[ ~(4-methylpiperazi:rio )cyelohexyl]-7H­

pyrrolo[2,3-djpyrimidin-5-yl}-2-methoxyphenyl)carbamate Was dissolved in 

ethylacetate and treated with maleic;: acid (280 mg) in ethylacetate. The resulting 

solid was :filtered under a stream of nitrogen and dried in vacuo for 4 hr to give Cis­

benzyl.N-(4-{ 4-amino-7-[ 4-(4-me1hy1piperazino )cyc~ohexyl]"' 7H-pyrrolo[2,3-

15 d]pyrimidin-5-yl}"'.'2,.methoxyphenyl)carbamate tri-m8leate salt(580 mg) as a cream . 

solid. M.pt. 158°C (dee.) 1H NMR (~ DMSO, 400 MHz):8. 74 (lH, sj, 8.27 (1H, s), 

7.78 (lH, d), 7.35-7.77 (SH, m), 7~10 (lH, s), 7.04 (lH, s), 6;16 {6H, s), 5.17 (2~ s), 

4.74 (lH, m), 3.82 (3H, s), 3.23 (S~ m), 2.78 (3H, s), 2.51 (3H, m), 2.41 (lH, s), 

2.09 (4H, m);l.70 (4H, m). HPLC: ( S to 95% CH3CN in 0.1 N aqueous ammonium 

20 acetate over 20 min.) t, = 13.30 min, 94%. 

In a similar manner were prep~ the following salts. The LCMS conditions are 

described below. 
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;Jc3 

LSMS data: Perkin Elmer 
Pecosphere C18, 3mM, 33 
x 4.6, 3.5 ml/min 100 -
100% 50 mM ammonium 
acetate to acetonltrlta In 4.5 
minutes 

Structure 
Ret. MH+ 
Time 

or;~ 
~ 
~~ 

2.92 497.1 {9 z 
3.02 497.2 

<~ e ~ 
2.64 481.2 (-qq 

R e 2.7 481.2 

Example 268: Cis and trans-Nl-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-

5 7H-pyrrolo[2;3-d]pyrimiclin-5-yl-2-methoxyphenyl)-3-phenylpropanamide 

To 4-[4-amino-5-( 4-amino-3-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl]-1-cyclohexanone (0.8 g, 2.3 mmol) in pyridine/dichloromethane (1 :2.S, 45 ml) 

was added hydrocinnamylchloride (0.57 g, 3.4 mmol) in dichloromethane (2 ml) at 

O~C under a flow of nitrogen. The solution was stirred at OOC for 2 hr. The solution 

10 was quenched with saturated aquoeus citric acid solution ( 50 ml) and the organic 

layer was washed with saturated aquoeus citric acid solution ( 2 x 50 ml). Dry, filter 

and concentrate to leave a brown foam (1.0 g). This was dissolved in dichloroethane 

(100 ml) and N-methylpiperazine (0.63 g, 6.3 mmol) and acetic acid (0.38 g, 6.3 
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:Jot/ 

mmol) was added. Sodium triatetoJ()'borohydride (0.67 g, 3.15 mmol) was added 

portionwise under nitrogen and ~e mixture stirred overnight at room temperature. 

Quench with saturaied aq. NiflCP3 solution (50 mi) and extract with 
.. :··. .· 

dichlorometban~ (3 x 100 ml).~~ combUied organi~ were dried (sodium sulphate), 
. . ( . . . . 

5 filtered and evapo1*d to 1eav~ ~ ~lucige \Vhich was pwified by flash silica gel 

column chromato~hy using:<tic:hlo~"ethane I methanol (100/0 to SO/SO in 
. : . ~:··· . ' . . . ; 

So/oincrements). The :fractions co~on4ing to the f8ster running material were 

combined to give cis- Nl-(4-4-~()-7-[ 4-(4-methyl:Piperazino)cyclohexyl]-7H­

pyrrolo[2,3-djpyrimidin-5-yl-2~m~thoxyp~yl)-3-phenylpropanamide (0.26 g) as a 
. . ....... ' . .. .. ., 

10 glass. This was dissolved in ·ethy~etate (5 ~) and maleic acid (160 mg) in 

ethylacetate c2· int) &dded. ne ~ting s~lid was filtered· to give cis- Nl-(4-4-

amino-7-( 4-(4-methylpiperclzino~~loh~y~]-7H-pyrrolo[2,3~djpyrimidin-S-yl-2-
methoxyphenyl)~3 .. pheriy~j,rcip~<IC ~eate salt (260 mg) as a white solid. 

Analytical LClMS conditions: CetUmn.: Pecosphere, 'c1s, 3 um, 33x4.6 mm. Eluent: 

15 0% BIA to 100% BIA in 4.S ~(B: acetonitril~ A: 50 mM ammonia acetate 

buffer, PH 4.S) , 3.5 mUmin~ (r, f 2.86 mins, 568.4) .. 

The fractio~· co~spon&w~·tO tlie -~l~wer running material were combined to 

give trans-Nl-( 4-4-aµiliio-7-[i( t~ethylpip~o )cycl~hexyl]-7H-pyrrolo[2,3-
·:···, .. 

d]pyrimidin-5-yl-2'.'"methoxypher~.yl)-3-phenylpropanamide (0.11 g ) as a glass. This 
. . . . . ' 

20 was dissolved in etbylacetat~ (5 Jril) and treated With a solution of maleic acid (68 

mg) in ethylacetate (2 ml):.The ~suiting solid was filtered to give trans-Nl-(4-4-

amino-7-[4-(4-me1hylpiperazino)~yclohexy1]~7H-pyrrolo[2,3-d]pyrimidin-S-yl-2-
. . -: ' ' ... ·':. ; i. :-.;· · .• · .. • .· : . • • 

methoxyphen?'l)-3-p~enylprop~de tri-maleate (9~ mg) as a white sohd . 

.Analytical LC/MS c9D,dirlons: Collimn: PecoSpbere, C18, 3 um, 33x4.6 mm. Bluent: 

25 0% BIA to 100% Bf A lri 4.5 ~( B: acetomirlle, A: 50 mM ammonia acetate 

buffet, PH 4.5) , 3.5 ~~ (r1 == 2.68mins, 568.2). · · 
.... 

----. ···~---·--··· ·. 
i 
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·. 4-( 4-amino-S-( 4-amino-3-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

5 yJ]-1-cyclohexanone (2.25 g, 6.5 mmol), acetic acid (1.17 g, 19.5 mmol) and N­

methylpiperazine (I.95 g, 19.5 mmol) were dissolved in dichloroethane (200 ml). 

·Sodium triacetoxyborohydride (2.01· g, 9.75 mmol) was added portionwise and the · 

mixture stirred at room temperature overnight. Saturated sodium bicarbonate 

solution (150 ml) was added and the aqueous layer extracted with dichlorometbane 

10 (3 x 100 ml). The combined organics were washed with water, dried (sodium 

sulphate), filtered and evaporated to leave a semi-solid whaich was ·purified by flash 

silica gel column chromatography using CH2Cla I methanol (0% MeOH to 50% 

MeOH in 5% increments). The fractions corresponding to the faster running material 

were combined and evaporated to give cis-5-(4-amino-3-methoxyphenyl)-7-(4-(4-

15 methylpiperazino )cyclohexyl]-7H-pynolo[2,3-d)pyrimidin-4-amine (1.2 g, 43%) as 

a cream solid. 1HNMR (~-DMSO): o 8.1 (lH, s), 7.11 (IH, s), 6.87 (IH, s), 6.79 

(lH, d), 6.05 (2H, bs), 4.80 (2H, bs), 4.64 (lH, m), 4.08 {lH, m), 3.82 (3H, s), 3.17 

(2H, m), 2.37 (6H, m), 2.21 (3H, s), 2.08 (4H, m), 1.70 (2H, m), 1.53 (2H, m). 

HPLC (r1= 11.24min, 97.6%). 

20 The fractions corresponding to the slower running material were combined 

and evaporated to give trans-5-(4-amino-3-methoxyphenyl)-7-[4-(4-

methylpiperazino)cyclohexyl]-7H-pym>lo[2,3-d]pyrimidin-4-amine (0.4 g, 14%) as 

a white solid. 1H NMR (~-DMSO): a 8.10 (lH, s), 7.26 (lH, s), 6.87 (lH, s), 6.77 

(lH, d), 6.71 (lH, d), 6.05 (2H, bs), 4.79 (2H, s), 4.52 (lH, m), 3.81 (3H, s)~ 3.35 
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(lH, m), 2.SO (SH, :qi), 2.31 (SH, m), 2.14 (lH, m), ~.97 (6H, m), 1.45 (2H, m). 

HPLC (rt-10.13 min, 97.90/o). 

To a solution of cis~ 5-(4-$Ulino-3-methoxyphenyl)-7-[4-(4-
. .. i:·· .. 

S methylpiperazino )cyclohexyl]~ 7.l:(~pyrrolo[2,3-djpyrimidin-4-amine (30 mg, 0.069 
. • ' I . . . 

mmol) in pyrimne (0.5 ml)~~ the ilppropriate acid chloride (2 eq., 0.138 . 

mmol). . The vials were c~ed ~d shalceri overnight on an orbital shaker. Another 

two equivalent of a¢d chlotjdes (0~1~8 mmol) was added in two portions (1 
. ·. . . - . . . 

equivalent each) ~the resµltingn}µtttire!J were shaken overnight again. LCMS 
. . ·. ~-;- .. ,, . . .. . 

10 {Micromass- Column: Pecosphe@, Cl8, 3 um, 33x4:.6 mm. Eluents: 0% BIA to 

100% B/A in 4.5 min.( B: ac~~~; A: SO mM ~onia acetate buffer, PH 4.S) , 
. • .. · .. ·. . . . 

3.S mUmin.) of~~ resu}tj,ng ~~wed presence of product in all cases. The 

. solutions were evaporated tc> ~~ ~4 qie resultjng resiclues were re- dissolved in 

a small volume ofJ:);MF ·~4 ~~~d ~Y. reyerse p~e prep. HPLC. The structures 

15 are detailed below a,Ionpi.$ ~~~LCM~ data. 

Examples 2¢19 to 293 \VC!C :QJa,4~ l>y methocls analogous to Example 268. 

20 

25 
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Example269 
RT 2.61 
MH+ 576.3 

Example270 
RT 3.02 
MH+ 570.3 

Example271 
RT 2.61 
MH+ 600.3 

,· · ... ~. 

·PCT/US99/21560 
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Example272 
RT 3.26 
MEI+ 608.3 

Example273 
RT 2.74 
MH+ 570.3 

Example274 
RT 2.78 
MH+ 558.4 

PCT/US99/21560 
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Example27S 
RT 3.00 
MH+ 574.3 

Example276 
RT 2.76 
570.3 

PCT/US99/21560 

.·· .. 
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Example277 
RT 3.26 
1v.fH+ 608.3 

Example278 
RT 2.94 
MH+ 570.3 

Pcr/US99/21560 

Q. (0 

.' .• ···:.: 
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Example279 
RT3.13 
:MH+ 604.3 

Example280 
. RT 3.16 

580.3 

PCT/US99/21560 

~f I 
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Example281 
RT 2.68 
MH+ 5653 

Ex111D.ple 282 
RT 2.90 
MH+ 585.3 

PCT/US99/21560 
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Example 283 
RT 2.84 
MH+ S85.3 

Example284 
RT 2.90 
MH+ 576.3 

PCT/US99/21560 
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Bxample285 
RT 2.90 
MH+ 584.4 

Bxample286 
. RT 2.74 

MH+ 565.6 

PCT/US99/11560 
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Example287 
RT 3.06 
MH+ 576.3 

Example288 
RT 2.53 
:Mil+ 575.3 

PCT/US99/21560 
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Example289 
RT 3.32 
MH+ 624.3 

Example290 
RT 2.85 
MH+ 594.4 

Example291 
RT 2.76 
MH+ 592.3 

PCTJUS99/21560 
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Example292 
RT 2.86 
MH+ 583.3 

Example 293 
RT 2.29 
'MH+ 508.3 

PCT/US99/21560 
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General Synthesis for examples 29~~01: 

Method A 

PCl'/US99/21560 

A mixture of the ai>Pi'9prlate pi~ (7.60 mmol), 4-[4-amino-5-(4-phenoxyphenyJ)-
. . . . .~ . . . 

7H-pyrrolo[2,3-d]pyrjrpid.in-7-yl]-J;eyclohexanone (2.53 mmol), and glacial acetic acid 
. . • . . . • ~ r • . . 

S (7.60 mmol) in SO~ of dichlproe~e was stirred at ~om temperature for 1.5 hours. 

S~um triacetoxybo.~hydride (3.i~ mmol) was added and the mixture was stirred at 
. ~ .. :. ~ 1 ·. . . . : . 

room temperature fQ~ 16 hours. A$Qlution ofl.35 g of sodium bicarbonate in SO mL 
. ··. .,. ' . - '• . . 

. of water was addecf. and the reaction 'mixture waS stirre4 for 1 hour. The organic portion 
~ ; • . "! • . • 

was separated, dried. over mapsi~ sulfate, filtered, and the filtrate concentrated to 

10 afford-a brown oil; Pmmcation by-pash chromato~hy on silica gel afforded the cis-

and trans-7-C( 4-pip~o )~yclohexyl]-5-(4-p~enoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amhi~- ... ·.· 

MethodB 
15 A mixture of the appropriate pyrrQlidine (7.?3 mmol), 4-[4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2~-"1i>yrimidin-7-yl}lqclohexanone (2.51 mmol). and 
. ·,· ' . . ;'' . 

glacial acetic acid '{7.35 mmol) in 45 D1L of dichioroetbane was stirred at y;oom 
.. . .. :.· ·.: . . 

temperature for 30 nliJlutes. · Sodilijn triacetoxyborohydride (3.26 mmol) was added and 
i•' 

the mixture was stjI:red at room temp~·for n hours. A solution of 1.35 g of 
.· ,··:.· :,! . . . 

20 sodium bicarbonate in SO mL ofwat~ was adcjed and t\ie.reaction mixture was stirred 

25 

. . 

for 1 hour. The organic portion was separated, dried ()ver magnesium sulfate, filtered, 

and the filtrate concentrated t~ · afford a brown oil Purification by flash 

chromatography on silica gel afforded the cis- and trans-1-( 4-pyaolidino )cyclohexyl]-

5-(4-phenoxyphenyl)-7 H-p!.1'I'°lo~2,3-d]pyrimidin-4:-amines. 

Salt Formation 

To a warm solution of pyrrolopyrimidine (2.48 mmol; from methods A or B, above) in 

ethanol was added a solution of maleic acid (7.28 mmol) in ethanol A white precipitate 

formed as the solution was cooled to ambient temperature. The resulting solid was 

30 isolated by filtration and Qried under vacuum to yield the desired tris maleate salt. 

Analytical RP-HPLC RT iisted in the table were obtained on a Hypersil HyPurity Elite 



s 

10 

-~ : . , .... ,_;: .;·.· :i '· .. 
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ClS column ((SuM;·:i2oo A) 250 x 4t6 mm) usm.il'J~ear gradient of 25-100% 

acetonitrile/0.1 M ammonium acetate over 10 min. (gradient a) or 2S min. (gradient b) 

at 1 mL/min. 

0 
)-

Example294 

RT 7.967 

MH+ 511.1 

Gradienta · 

Example295 

RT 7.383 

MH+ 527.2 

Gradient a 

: .. . 
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Bxample~96 

RT 13.94~ 

MH+ 497J 

Gradientb 

Example297 

RT 7.73~ 

MH+ 511.2 

Gradient a 

PCT/US99121560 
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Example 29~ . 

RT 14.067 

MH+ 497.1 

Gradientb 

Example299 

RT 13.891 

MH+ 497.1 

Gradientb 

·. ::. :· 

PCT/US991.21560 
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Example300 

RT 14.076 

MH+ 497.1 

Gradientb 

Example301 

RT 7.750 

MH+ 527.2 

Gradient a 

PCT/US99/lJ560 
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Example 302: Cis and trans 4-[4-amino-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-1-hydroxycyclohexy1methyl cyanide 

A solution of diisopropylamine (0.649 g, 0.0050 mol) in tetrahydrofbran (10 mL) 

5 was·cooled to C1' C. A solution of 1.6 Mn-butyl lithium ( 3.14 mL, 0.0050 mol) in 

hexanes was added dtopwise, keeping the temperature less than S° C. After the addition 

was complete, the mixture was sfured for 20 minutes at 00 C. The mixture was cooled 

to -78° C, and dry acetonitrile .(0.175 g, 0.0043. mol) was added, keeping· the 

temperature less than -70° C. After the addition was complete, the mixture was stirred 

10 for 20 minutes at 

-78° C, and a mixture of 4-[4-amin0-S-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl]-1-cyclohexanone (1.000 g, 0.0025 mmol) in tetrahydrofuran (10 

mL) and hexamethylphosphoramide (10 mL) was adde~ keeping the temperature 

less than-70° C. After the addition was complete, the mixture was stirred for 30: 

lS minutes at -78° C, then stirred at ambient temperature for 18 hours. The~ was ··· 

partitioned between dichloromethane and saturated ammonium chloride (aq). the. · · .. 
organic phase was washed with water and saturated sodium bicarbonate (aq); .~d 

dried over magnesium sulfate. The solvent was removed in vacuo and the cis·~d · 
trans isomers were separated by flash column chromatography on silica using 

20 dichloromethane/methanol (95:5) as an eluent to give less polar 4-[4-amino-5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-1-hydroxycyclohexyJmethyl 

cyanide (0.120g, 0.00027 mol) and more polar 4-[4-amino-S-(4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-7-yl]-1-hydroxycyclohexylmethyl cyanide (0.170g, 

0.00038 mol): 

25 

Less polar: 
1HNMR.(DMSO-d11,4001\f.1Hz) o 8.13 (s, lH), 7.48 (d, 2H), 7.41(t,2H), 7~37 (s, 

lH), 7.15 (t, lH), 7.093 (d, 2H}, 7.088 (d, 2H), 6.11 {b, 2H) 5.05 (s, lH), 4.53-4.61 

(m, lH}, 2.66 (s, 2H), 2.18 (q, 2H), 1.80 (t, 4H) 1.66 (t, 2H); RP-HPLC (Delta Pak 

30 Cl8, Sµm, 300A, 15 cm; 5%-85% acetonitrile -0. lM ammonium acetate over 20 

min, lmUmin) Ri 15.90. ~ 440. 
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More polar: (ProbaQly ~' aryl-~ Off-axial) :. 
1HNMR(DMS<hf~400MHz) 6ip (s, iH), 7.63 (s, IH), 7.48 {d,2H), 7.41 (t, 

2H), 7.15 (t, lH),:7},i1(d,2H), 7.Q~(d, 2H);6.11 (b)2H) S.22 (s, lH), 4.62-4.67 (m, 
. '::: . • .r .. : , .· . ' 

5 lH), 2.98 (s, 2H),;l~82-1.99(111;@; 1.65'."l.73 (m, 2H); RP-HPLC (Delta Pak Cl8, 
. .· . . . . . . : ~ . .. .. 

Sµm, 300A, 15 cni;.'So/o-85% ac~trile ...,.O.lM ~onium acetate over 20 min, 
.· ·. ·: · .. · •. .· ·. 

lmUmin) Ri 15.88~ Mir 440. : " . . 

:.· .. 

10 Example 303: c#-: ~11d trans-5-fl.-:-amino-3-jluorophenyl)-7'."[4-(4-

methylpiperazino)cyclphexyl]~7Ji~py.rrc!lo[2,3-d]pYrlmidin-4-amine 
. !• ..• ~-~··. ·: . .. . . 1._ • • i:' '· . . ·• • ' . ' .. 

. ·:. ···.: .. 

a) tert-Butyl N-(4.-ljrqmo-2'."f)u,m:qphenyl)caJ:bamate · 

Sodium bis(trim¢i~kilyl)~dc: :~~J~liqn (~.OMso~ in THF, 2.05 equiv., 270 mL, 

15 270 mmol) was ~d~:~ dropvv_ise ~- ~ ~l~tlon of 4-~tno-2-fluoroannfue (24.78. g, 

130.4 mniol) in~ .(250 ~) p~; is·~. under nftrogen. After a further 15 min., 

di-tert-buty1 dic~~;te ci.2 ~uii., 34 .. ii.-~. 156.3 ~oi> was added portionwise 
: . : ' . ~· ' . ' • . • . : . • •• • . ••• !, ·.. ' v .• ·: • ': ~- • ' ' ;: 

(note: a slight eJio~cmn was obt!'*"~·. ·The reacti~ became very viscous and after 
:· ;'.:·. ·. ·i . -: ··: .·.;;;·' .. ::::· .. :.;f:" ·'···· 

4 h. reached coniPI~µon (tl.c .. mia,1.}'s~s µsj.itg 1 :9 EtQAc:heptane as the eluent). The 
. . . ·. ,,· . ' . . . : . . . . -r: ·:· ·, ~ . . . ''; . . 

20 . reaction was concenifated. in.vacup and t4e ~due v(as partitioned between EtOAc 

(300 mL) and ~~t~d aq.·N.~G93 (lSOmL). The .~ueous layer was tbrther 
·. ·;:-·· ... ·. .' .. ··)__<·" .... • :'• . . . . 

extracted EtOAc (,Z;x;200 mL) :an4 ~~ ~ombined organic layers were dried (NazS04) 

and concentrated'_uil4err~ ~~ •. ·.Purificati~~ by column chromatography 
I.' ··'," , '• :;:· • : , '•" 

using a 10% to 15% EtOAc : hepfalle gradient affor9ed tert-butyl N-(4-bromo-2-

25 fluorophenyl}carba"mate a light y~llow waxy solid (30.0 g, 79%), 1H NMR (400. 

MHz, CDC13) I.~1(9H, s), 122 (ia, m), and 7.24 (iH, m) . 
. ·: ... ·:,. . . 

b) tert-Butyl N-[2"'.f1uoro-4-(4,4,5.,5"'.tetramethyl-l,3,2-dioxaborolan-2-
. . . ... : .· .·: . .. : . 

yl)phenyl]carb8IIla:te, 
.. " ·) . 

30 A solution ~fthe tert-butyl N-(4-bromo-2-fluorophenyl)carbamate (54.0 g, 
. . . : ::. : . : ~ ,.... . . . . . 

0.186 mmol), bis-P,kacolatodib0f311e (1.f eq~v, 56.8 g, 223.3 mmol), potassium 
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,: :i; $'" ::-, --

acetate (3.0 equiv~:st'.1 g, SSS mmot)'::f<i
61

Pd~~(d~8'~6;03 equiv, 4.65 g. S.S8 

mm.ol) in degassed DMF (1 1) was heated at 800C under nitrogen for 16 h. The DMF 

was removed under reduced pressure and the resulting dark solid residue was 

dissolved in CBiC~ (SOO ml.). The piorganic residues were removed by filtration 

S through a silica gel pad and the filtrate was purified by column chromatography 

· using a 1 OOA to-15% BtOAc : heptane gradient to afford the product as a yellow 

viscous oil which ciystallize<l on standing- to give tert-butyl N-[2-jluoro-4-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]carbamate (56.S g, 92 %), 1H NMR. 

(400 :MHz, CDC),) 1.33 (12 H, s), l.53 (9 H, s), 6.82 (lH~ br s), 7.46(lH,d,J11 

10 Hz), 7.55 (1 H, br d), and 8.12 (1 H, br t), mlz 331.2, and RP"'HPLC (S to 100 % 

CH,CN in 0.1 N aqueous ammonium acetate over 15 min at 1 mUmin using a 

Hypersil HyPurity Elite Cl8, Sm, 200 A 250 x 4.6 mm column) tr= 10.16 min, 90%. 

c) tert-Butyl N-4-[ 4-chloro-7-(l,4-dioxaspiro[4.5]dec-8-yl)~ 7H-py:aolo[2,3-

1S d]pyrimidin-S~yl]-2-fluorophenylcarbamate 

A suspension of the 4-chlom-7-(l,4-dioxaspiro[4.5]dec-8-yl)-5-iodo-7H­

pyrrolo[2,3-d]pyrimidine (31.18 g, ?4.41 mmol), tert-butyl N-[2-fluoro-4-(4,4,S;,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]carbamate (1.5 equiv, 37.6 g, 111.6 

mmol), sodium carbonate (2.S equiv, 19.72 g, 186 mmol) and Pd(PPh3) 4 (4 mol%, 

20 3.44 g, 2.98 mmol)in DMB (1.2 1) and degassed ~O (230 mL) was heated at 8<>°C 

under nitrogen for 17 h. Additional Pd catalyst (l mol%, .86 g, O. 74 mmol) was 

added and the reaction was continued heating at 80°C for a further 24 h. at which 

point the reaction bad proceeded to compietion (t.l.c. analysis using 3:7 

EtOAc:heptmie as the eluent, RFO. 7)~ The solvent was removed under reduced 

25 pressure and the residue dissolved m EtOAc (500 mL) and the inorganics were 

removed by filtration through a celite pad. The filtrate was washed with 10% aq. 

N~C03 (200 mL) and brine (200 ml.), dried (MgSOJ and concentrated in vacuo. 

Column chromatography purification over silica gel using 1:2 BtOAc:heptane 

afforded tert-butyl N-4-[ 4-chloro-7-(l ,4~dioxaspiro[ 4.5]dec-8-yl)-7H-pyrrolo[2,3- -

30 d]pyrimidin-5-yl]-2-fluorophenylcarbamate as an off-white solid (21.0 g, 56%)~ 1H 

NMR (400 MHz, CDCIJ 1.55 (9 H, -s), 1.89 (4 H, m), 2.07 (4 H, m), 4.01 (4 H, s). 
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5 

;7 Cl t,. 

4.89 (1H,m),6.75 (1 H, br s), 7.~~ (1 H, brs), 7.25 (1 B, br s), 7.34 (1 H, br s), 
. . .. .·. .1 · ·, . ,. . . .. . 

8.14 (1 H, br t); and ~.64 (1 ~ s)~~tl RP-HPLC (5 to 100 % CH3CN in 0.1 N 

aqueous ammonium acetate over lS min at 1 mL/min usirig a Hypersil HyPurity 

Elite Cl8, Sµm, 200.A, 250 x 4~6'.~m column) t,= IQ.4s·mm., 100%. 
. . .·.·:;· ·.· .. 

'·. ·/.'' ... :: 

d) 5-( 4-Amino-3-tluorophenyl)-7,~(1,4-dioxaspiro[ 4,5]dec-8-yl)-7H".'pyrrolo[2,3-

d]pyrimidin-4-amine· 

A cloudy mixture of tert:-b.utyl N-4-[4-chloro-7-(l,4-dioxaspiro[4.5]dec-8-
. •; . e' . 

yJ)-7H-pyrrolo[Z~~]p~din.,~·yl]-2"'.t11iorophenylcarbamate ( 1 O.S g, 20.92 
. . . ::::. .. 

10 mmol), aq. amm.Qlli,um hyc;lroxi4e. (2~ -3Q. %, 100 mL) and dioxane (100 mL) was 

placed in a sealed v.essel at ambient tempcnture then heated to 12ooc with stirring 

for 24 h. (tl.c. anal)11is usfug · 9:1 :2tQAc;hq,tane as ~ eluent). The reaction was 

concentrated in vacuo, diluted with E,10~ (300 mL), washed with brine (2x 150 

mL), dried (N~SOJ and canceii~~ under reduced pressure and scrupulously 

15 dried to afford 5-(4-Amino-3-Jluo'ropl.ienyl)~7-{J,4-d~oxaspiro[4.5]dec-8-yl)-7H­
pyrrolo[2.-3-d]pyrimidin-4~mini~'a yellow solid (7.93 & 99 %), 1H NMR (400 

MHz, ~-DMSO)' 1. 7~ (4 H; .), 1':90:(2 :a'.; m),·2.06 (2 H, m), 3.90 (4 H, m), 4.64 (1 

H, m), 5.18 (2 H,;brs), 6.02(2 ~·bra); 6:84 (1 H, t), 6.97 (1 H, d), 7.08 (1 H, d), 

7.26 (l.H, s) ~ 8.10 (lH, a) ~:m/z 384~2 (Mil}. 

20 . : .. : ·.~ :' .. : ~ . 

e) 4-[4-amino-S-(4-amino-3-flu0rophenyl)-7H-pyzrolo[2,3-d]pyrimidin-7-yl]-1-
. . . . . . . ~ :·' . : ' . . 

cyclohexanone . . 

SMHCI (300 mL) was a.4,4ed slqwly to a solµtion of S-( 4-amino-3-

tluorophenyl)-7-(1,4-dioxasphoM.s]dec,.8-yl)-7H-~lo[2,3-d]pyrimidin-4-amine 
. .·.• .. '.<·. : ·• 

25 (18.49 g, 48.28 mqu>l) in aceton~-{~OQ mt,) at0°C the resulting dark orange-brown 

solution was heat¢ at 60~C for 4; _ll. (t.l.ci analysis using 10% MeOH in CflzCJJ. 
. . .· . ' ~ . . . . . . . ' . 

The acetone w~ removed. un!l.er-~uc~ pressure and the acidic layer was basified 

to approx. pH 8 ~ sat~ aq. ~~GQ3~ 11'-e resulting precipitate was collect by 

filtration and scrµpulously dried t~ ~ord 4-[4-amino-5-(4-amino-3-fluorophenyl)-

30 7H-pyrrolo[2,3-d]P)1rimidin~i-ylJ~l-cycl~hexanone ~a light brown solid (12.67 g, 
·'·· " 

77%). A second Crop was· also ()~t&jned from the.mother liquor on standing (2.01 g, 

12%), 1H NMR (400 MHz, dlS'"DMsO) 2.27 (2 H, m), 2.30 (4 H, br d), 2. 73 (2 H, m), 
. ~- . . 
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5.14 (1 H, m), S.20 (2 H, br s), 6.05 (2 H, br s), 6.85 (1H,t),6.97 (1 H, dd), 7.06 (1 

H, dd), 1.35 (1 H, s) and 8.12 (1 H, s) and mlz 340.1 (Mir). 

cis- and trans- 5-(4-Amino-3-fluorophenyl)-7-[4-(4-methylpiperazino )cyclohexyl]-

S 7H-pynolo[2,3-d.Jpyrimidin-4-

Example 304: cis-Nl-(4-{4-amino-7-(4-(4-methylpiperazino )cyclohexyl]-7H­

pyrrolo[2,3-d]pYrimidin-5-yl}-2-tluorophenyl)-4-tluoro-l-bc:nzenesulfonamide tri­

maleate 

10 To a solution of 4-[4-amino-S-(4-amino-3-fluorophenyl)-7H-pynolo[2,3-

d)p~din-7-yl]-1-cyclohexanone (1.0 & 2.95 mmol), N-methylpiperazine (3 

equiv, 0.885 g, 8.85 mmoI, 0.98 mL) and glacial acetic acid (3 equiv., 0.51 mL, 8.85 

mmol) in dichloroethane (SO mL) under nitrogen was added sodium 

triacetoxyborohydride (1.3 equiv., 0.81g,3.84 mmol). The solution was stirred for 

15 18 hr then additional sodium triacetoxyborohydride (0.40 & 1.9 mmol) was ~ed · 

and the reaction continued for a fmther 48 hr. The reaction was concentrated in 

vacuo, partitioned between dichlorometbanc (100 mL) and sat. aq. NaHC03 (100 · : 

ml.). The aqueous layer was ibrther extracted with dichloromethane (4 x 100 mL). 

and the combined organic layers were dried over magnesium sulfate and evaporated· 

20 to dryness to give a yellow foam (0.95 g). Purification by column chromatography 

over silica gel using a dicliloromethane:methanol (9: 1 co 5: 1) gradient afforded cis-

5-(4-amino-3-fluoropheny/)-7-[4-(4-metAylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, the higher running component, as a cream solid (400 mg. 32 

%) 1H NMR (des DMSQ~ 400 MHz) 1.56 (3H, brt), 1.68 (2H, brd), 1.99 (SH, m), 

25 2.20 (3H, s), 2.43 (7H, br m), 4.65 (lH, m), S.20 (2H, s), 6.01 (2H, br s), 6.85 (lH, ~ 

.F 9.6 Hz), 6.98 (lH, dd,.F 8.0 and 1.6 Hz), 7.10 (lH, dd,.1=12.4and1.6 Hz), 7.12 

(lli, s), and 8.10 (lH, s) andRP-HPLC (10 to 90 % CH3CN in 0.1 N aqueous 

ammonium acetate over 12 min at 2 .mLlmin using a Waters Symmetry Cl8, 250 x 

4.6 mm column) tr= 8.619 min., 96% 

30 A mixed fraction was obtained which contained both els- and trans-isomers (440 

mg, 50:50 mixture), and in addition the lowernmning fraction contained trans-5-(4-
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a :J- 8"" : ·. .t ,: > .·< -· 

amino-3-jluorophen)!J)-7-{4-(4-mi!liYlpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
, ' ~ • • : 

0

i'.- :~. . ·. t !::' l .. · : ,: ~-. . : ' ... ;·:· 

d)pynmidin-4-am#ae, as a yellow ~plid (110 mg, 9%)~· 1H NMR (di; DMSO, 400 
• 1_··. =::) . ·.. - ·.. . .?(t ':~~- . ·. ·:· ::. . ; --~. . . 

MHz) 1.94 (6H, mK~.17 (3H, s), 2.,33 (7IJ, brm), 2.SJ (3H, m), 3.28 (lH, m), 4.51 

(lH, m), 5.18 (2H, ~), 6.01 (lH, i,;'.'), 6.84 (lH, t), 6.96 (lH, dd), 7.04 (lH, dd), 7.30 

s {lH, s)~ and s.os:(l~t s) ~d RP-~LC (I Oto 40 %@:r3CN in 0.1 N aqueous 

ammonium acetate ~~er 12 ~ at·:i:idtutln.~g a WaterS Symmetry C18, 250 x 

4.6 mm column) tr:ifr.?9S ~ 9,1~ · .. · · .. 

10 Example 305: tra'll.srNl-(4-{4-~~'.'.' 7-( 4-(4-methyJPiperazino )cyclohexyl}-7H­

pyrrolo[2,3-d]pyrµnl~-s~yl}-2-tl~~henyl)-4-flu~ro-l~benzenesulfonamide tri-
maleate 

':.· 

·.::: . -<·-::) .. · 
:_.:;. 

4-Fluorob~~esulfonylc~orjde·(4S.9 mg, Q~236IDµJ.ol) was added to a 

solution.of trans".~{+aniliw-3-~hen;I}7-[4-(f>. 
.. .·. . -: ·.~. ··':'.~ : .·' .. '·' . :·. ~ .. : ·? :J -~·, ·:. ·. . . . .. : . i ·. . 

.15: ., methylpiperazino)cyploh~l]"'. m~pyrrolo[2,3~dJpyriII:tldin4-amine (100 mg, 0.236 
.. : ··_::-;·.r.·.!. ·.·.'='..:~.~\:···_.-.· .. ~···: :. -~=·.:· . 

; . mmol) in.pyridine (~·mL) ~t 40o(::~:, ~.27 br.at::400C the reaction bad reached 

completion and w~zf~c;mcen~ted ~1~~-. Purificati~~by co111Illll chromatography 
.· -:~·.:;:.: ... ·.· -· ! '"::.:-~:~:·:.~- · .. ·:··.~ .:_,,···· . . . 

over silic~ gel usm,_g, J OOA. to 5()% ~eOH in clichloro!llC,tb.ane as the gradient afforded 

as a colurless oil (o.!j.8 mm~l):. ~·~ciuct ~as dissblved in ethanol and maleic ·. 
' : ·.: .. -~(<·> .. ,; .:: ··;t·.··.:::··· ...... ··· ·~~\· .. 

20 . acid (3 equiv., 27 irig, 0.2~~ mmot) AA<!~- The IIiixtllre was heated until 

homogeneous &4:. #:ans-Nl-(4-{4.!;nir/<r.7-[H4~m~hylpiperazino)cyclohexyl}-7H-

25 

: . . ~ i·· . t ': ' . ~-~- '~ :• : :: ., . . . ' . . ... : '. . . 

pyrrolo[2,3-d}pyriiiifdin-5-yl}-2-fluorophenyl)-4-jlu~ro-1-benzenesulfonamide 

trimaleate crystal~~d.~n«:cloli~g·~·~~wn solid (3'f:ritg, 17 %), RP-HPLC (10 to 

40 o/o CH3CN. in Q; l :~ aq~U$ ~~bxdum acetate o~er 12 min at 2 mUmin using a 

Waters SymmetrY:b'is~ 250x4.6rii~ ~olumn)t,= 14.~28 min., 96% and ~z 582.0 
' . ·.:·::. ·. . ·.-:· ... . ; ;: . 

{MHJ. . r, 
=: r 

Example 306: cis;.~:l-(4-{4-aniin~~7-[4-(4-methylpip~ino)cyclohexyl]-7H­
pyrrolo[2,3-d]pyririlidin-S~yl}-i".tiµ~n>phenyl)-4;.flu~ro-l-benzenesulfonamide 

·:::· 

30 cis-Nl-(4{-4~aniino-7-f4-(.1-/ne,~ylpiperazino)c:yclohexyl]-7H-pyrrolo[2,3-
: :.;, . ·: .. :. ·.. . : ... , .. . 

d]pyrimidin-5-y/}-21114orophenyl)~f:fiqoro-l-benzenesulfonamide was prepared . . ' ' ~ ', .. ' 

.·:1 
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• 1; ~;'!) ?'.'l·· :i( ·'' ' 
using the same procetlfJre as detailed JAhe free bas~ lif trans-NJ-(4(-4-amino-7-[4-

(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d}pfttinidin-5-yl}-2-fluorophe11)11)-

4-fluoro-1-benzenesulfonamide except on a 3.36 mmol scale. 

(400 mg, 32%), RP-HPLC (10 to 40 % CH,CN in 0.1 N aqueous ammonium acetate 

S over 12 min at 2 mL/min using a Waters Symmetry C18, 250 x 4.6 mm column) tr= 
15.232, 94% min. andm/z= 582.1 (Mit). 

Example 307: 5-(4-amino-3-fluorophenyl)-7-(l-benzyl-4-piperidyl)-7H-pyrrolo[2,3-

l0 d]pyrimidin-4-amine 

a) 7-(1-benzyl-4-piperidyl)-4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine 

. Diethyl diazodicarboxylate (2.0 equiv., 18.19 g, 41.2 mL, 104.8 mmol) was 

added dropwise over approx. 1 h to a solution of 4-chloro-3-iodopyrrolo(2,3-

15 · d]pyrimidine (14.55 g, 52.4 mmol), 1-benzyl-4-hydroxypiperidine (3.0 equiv., 30.06 

g, 157.16 mmol) and triphenylphosphine (2.0 equiv.; 27.Sl g, 104.8 mmol) in THF 

(730 mL) at room temperature under nitrogen. The reaction reached completion 

after 72 h (t.l.c. analysis using 1:1 EtOAc:heptane as the eluent, Rf= 0.2). The 

reaction was concentrated in vacuo and I :4 ethyl acetate : heptane was added until a 

20 precipitate in a clear solution was observed. The precipitate was collected by 

filtration (Ph3PO) and the-filtrate was Concentrated, dissolved in ethyl acetate (500 

mL) and extracted with aq. HCl (lM, 3 x 200 mL). The combined acidic layers 

were basified With aq NaOH (4 N) to pH 12 then extracted into ethyl acetate(3 x 300 
. 

mL), dried (MgS04) and concentrated in vacuo. Purification by column 

25 chromatography using 5:4 light petroleum (30-60 °C):ethyl acetate over silica gel 

gave 2 main :fractions of which the :first fraction contained the product as a pale 

yellow crystalline solid which was recrystallised from ethyl acetate to give 7-(1-

benzyl-4-piperidyl)-4-chloro-5-iodo-7H-pyrrolo[2,3-djpyrimidine as a cream 

crystalline solid (5.7 g, 24 %); 1H NMR (400 MHz, CDC13) 2.02 (4H, m), 2.24 (2H, 

30 m), 3.06 (2H, br d), 3.58 {2H, s), 4. 76 (IH, m), 7.27 (2H, m), 7.32 (3H, m), 7.49 

(lH, s) and 8.60 pH, s) and mlz = 452.8 (MH"). 
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b) tert-butyl N-4-[1 ~ct-benzyl+pipetjdyl)-4-chloro-7H-pyrrolo[2,3-d]pyrimidin-5-
. . ~·~.. . . 

yl]-2-:fluorophenylcarbamate · 
.. .. 

A susp~i()ll ?f 7-~l-b~!4-pil)eridyl):-4-chlc>ro-5-iodo-7H-pyrrolo[2,3-

5 d]pyrimidine (5. 7g,12.6 1I1.1D«;1.l), ~"'.J,lutyl N-[2-fluoro-4-(4,4,5,S-tetram.ethyl-l,3,2-
• . • . . . • • • ~ • " . .Jo ·:,: ·' • • 

dioxaborolan-2-yl)phenyl]car])a,m~(e (1.5 equiv, 18.9 g, 6.38 mmol), sodium 
' . : =~=.~ ... , : . . . ·. . 

carbonate (2.5 equiv, 3.34 g-, 3~.5 ~ol) !llld.Pd(PPhJ4 (4 mol%, 0.58 g, 0.5 mmol) 
. . . . ~ ... ·· . 

in DME (210 mL) an4 degassed~~ (37 mL) was heated at 8C>°C under nitrogen 
. . . . . ··.·: : . . 

for 17 h (t.Lc. anal~is using 1:1 ~tQAc:heptane as the eluent). The reaction mixture 
. . .. ··.~· .· . . . . . 

. 10 was concentrated in vacuo, dissolv¢ in ethYl acetate (400 mL) and washed.with 10. 

% aq. Na.iC03 (3 Jr; 2~ mL). The '9.rganic layer was dried (MgSOJ~ concentrated 

and purified by column chromato8raJ,by ~g 1: 1 et,hyl acetate:heptan.e as the eluent 
. .. ·. . . ·>>· : : . . 

15 

to afford tert-butyl N4-[7-(1-b~l4piperidyl}4-chloro-7H-pyrrolo[2,3-

dJpyrimidin-:-5-yl]-2,.~uorophe11yl~b~te as a whit~ crystalline solid (5.2 g, 9.7 

mmot, 77%), 1H:N.MRC4QP~~.puc13) 1.55 C9as), 2.os (4H, m), 2.24(2H,m~ 

3.06 (2H, br d), 3 .. ~0 (2H, 's)~ 4.83:{+~:11J), 7.2~ (2H, m), 7.29 (lH, m), 7.33 (6H, m), · 

. s.12 (1~ br t) .a.id:. s~~ (lH, ~).· .. :._ ;\ 

c) 5~(4~amino-31iu~~~~~enil)-·7-{1;.b~l-4-pt~eridyl)-7H-pyrrolo[2.3- . 
.. . . . .. ' .. , . . . -.~: ; .· . .' . •· :· . . . . . . 

20. d}pyrimidin-4-amin,'! · . , . 

. . A~ ~f ~ .t~rt~b~tydV-4-[7~(1-benzyl-4-piperidyl)-4-chloro~ 7H­

pym>lo[2,3-d]p~dut-5~;1]~2-tl~~henylcarb~te (Sig, 9.7 mmol), aq . 
. ·. . .. ·:·· .. ···,: ... ·:·.·. ·'.· ... ·y.·.:.· ........ ,... . .. . . ·. 

ammonium hydroxi~ (2~ - 3() %,.lQO mL) ~d 1,4-dioxane (100 mL) was placed in 
-~ ··,. . {. : .•. . ... . .· ·.;.···. ' · .. ' . . 

a sealed vessel at ambient teiµj,~ then heated to 120 °C with stining for 16 b. 
·. . .; .. · . , .. ·· .. '·. :·r ' . . . . .· . 

25 (tlc. analysis using ~tO~c as t¥. ~luent). The reaction was concentrated in vacuo, · 

diluted with EtOA~ (JOO mL), ~~h~d ~th bnne (2x 200 mL), dried (Na.iSOJ and 
. ·. ?· . ~ : : . ~ . . :-:_. '" .. . =~· . ~-' ·.. : .' . . 

concentrated under 1."e'duced pressure to afford a brown solid which was triurated 
.. ··, -~. ·. '. . .. : . ..- {;.~:. ·. . 

. -

with ether (approx. SQ mL) tQ giy~ 5-(4-amino-3-fluorophenyl)-7-(1-benzyl-4-
. . . . .,··.:·. ' . . 

piperidyl)-7H-pyrrol~£2..3-4Jpyrbrtidin-4-amine as a cream solid (3.0 g, 74 %), 1H 

30 NMR(400 l\tfHz, CDCl3)2.06 c4:~.m), 2.27 (2 H, m}, 3.06 (2 H, m), 3.59 {2H, br 

s), 3.70 (2 H. br s), 4.73 (lH, m)~,s:p (2 H, s), 6.85 (1 :a, .t), 7.01(1 H, s), 7.06 (1 H, 
. ~: '• . . ' 

dd), 7.10 (1 H, dd), 7.28 (2 H, m), 7.34 (3H, m) and 8.31 (1 H, s) and m.p. 141-142 
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Example 308: Nl-4-[ 4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-

d]pyrimidin-5-yl]-2-fluorophenyl-4-fluoro-1-benzenesulfonamide 

S · Nl-4-[4-amino-7-(1-benzyl-4-piperidyl)-7H•pyrrolo[2,3-d]pyrimidin-S-yl]-

2-fluorophenyl-4-fluoro-1-benzenesulfonamide ( 470981) was prepared using the 

same procedure as detailed for trans-Nt-( 4-{ 4-amino-7-[ 4-( 4-

. metbylpiperazin.o )cyclohexyl]-7H-pym>lo[2,3-d]pyrimidin-S-yl}-2-fluorophenyl)-4-

·tluoro-1-benzenesulfonamide tri-uialeate except on a 6.96 mmol scale. Nl-4-[4-

10. amino-7-{l-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-S-yl]-2-tluorophenyl-4-

tluoro-l-benzenesulfonamide was obtained as a cream solid (3.2 g, 80%), m/z 575 

(Mlf) and m.p~ 265-6 °C. 

Example 309: NI-4-[ 4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-

1 S d]pyrimidin-S-yl]-2-fluorophenyl-2,3-dichloro-l •benzenesulfonamide · 

Nl-4-[ 4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-S-ylJ-

2-tluorophenyl-2,3-dichloro-1-benzenesulfonamide was prepared in the same 

manner as.detailed above on a S.04 mmol scale. The resulting Nl-4-[4-amino-7-(1-

benzy/-4-piperidyl)-7H-pyrrolo(2,3-d)pyrimidin-5-yll-2-fluorophenyl-4-fluoro-J-

20 benzenesulfonamide was obtained as a brown solid (1.0 g, 32%), m/z 625 (MH') and . 

RP-HPLC (5 to 85 % CH3CN in 0.1 N aqueous ammonium acetate over 20 min at 1 

mUmin using a Waters Delta pack Sm C18, 300A, 150 x 3.9 mm column) t,= 

14.963 min., 95%. 

25 Example 310: Nl-4-[ 4-amino-7-(4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2-

fluorophenyl-4-fluoro-1-benzenesulfonamide 

A mixture containing Nl-4-[4-amino-7-(l-benzyl-4-piperidyl)-7H-. 

pyrrolo[2,3-d]pyrimidin-5-yl]-2-fluorophenyl-4-fluoro~t-benzenesulfonamide (2.40 

g, 4.18 mmol), ammonium formate (10 equiv., 41.8 mmol, 2.62 g), palladium on 

30 carbon (10%, 1.2g) and ethanol (100 mL) was heated at reflux with vigorous stirring 

for 6h., :filtered and concentrated in vacuo. The solid was panitioned between 

dichloromethane (50 mL) and water (SO mL). The brown solid which fonned at the 



I 
I 

I 
I 

. :.•, 

'•• ·~ ·' . 

W000/17203 PCT/US99/ll560 

c} J;;>-

phase boundary was collected an4 ~ysed for NJ-4-[4-amino-7-(4-piperidyl)-7H-
.:i. .' 

pyrro/o[2,3-d]pyrimidin-5.-y/}-2-fl.'4orophenyl-4-jluoro-l-benzenesulfonamide (0.33 

g), m/z 485 (Mli) anci m.p~ ns-~;k (dee.).· 

5 Example 311: Nl 4-[4-amino-7-(kfonnyl-4:-piperi<lyl)-7H-pyrrolo[2,3-
: • =. • • 

d]pyrimidin-5-yl]-2•fluorophenyl-i4:-fluoro-1;.benzenesulfonam.ide 
. .. i'· . 

The procedlire detailed for the preparation ofNl-4:-[4-amino-7•( 4-piperidyl)-. . 

7H-pyrrolo[2,3-d]pyrimidin•S,..yl]•2;.tluorophenyl4-tluoro-l-benzenesulfonamide 
···,"' 

was performed oli a smaller scale· (0.35 mmol) where the combined organic layers 

10 :from the work up were isolated, ·Ctrlect (N8iSO.J and the solvent removed under 
' • • I ' • • ' 

. ., 15 

reduced presslire to ifford a white.Qi! which was purified by preparative HPLC 

(100% pH 4.S SOmM ammonium ·~etate to: H>O% cH3CN in 8.5 minutes with a 1.S · 

· minute hold at 25 Uiumin using a~ypersil Sm BDSi~l8, lOOx 21.2mm oolumn) to 

yieldNJ-4-[4-am~7-(Jjormyl-:f.f,iperidylj-7H-pyrrolo[2.3-dJpyrim.tdin-5-yl]-2-

fluorophenyl-4-fluor~l~h~e~lfo~amtdi~ ~white solid (50 mg, 27 %), mlz = 

· s12.9 <MJr) a00 Ri>-miccs·~.·~s % Cli,Qi hi 0.1 N- aqueaus ammonium acetate 

over 20 lnin at 1 mf)mhi~·~·W~~ Pel~-}l~kSm Cl8, 300A, 150 x 3.9 inm 

20 ,. Example 312: N1•[4·{~~o-7-1~[(1-methyI~lH4-imidaZolyl)sulfonyl]-4-

piperidyl-7H-pyrrolo[2j-djp~dm-5-yl)-2~fluorophenyl]-4:-fluoro-1-
. ;' : . ; .~ ·. : .. . . . 

benzen:esulfonamide dimaleate .·: 

1-Methylimidazo~iyl sulphonyl chloride (1.1 equiv., 0.068 mmol, 12.3 mg) · 
;,. . 

was added toa suspension of S-(t~-3-fluorophenyl)-7-(1-benzyl-4:-piperidyl)-

25 7H-pyrrolo[2,3-d]pyrimi4m-+auPl1e (:30 mg, Q.0621D1D.ol) and triethylamine (3 

equiv., 0.186 mmol, 26 l)in dich!9romethane (lmL) and stirred at ambient 

temperature for 24 h. The r:eacti~was concentrated 'n vacuo, partitioned ~etween 
dichloromethane (100 mL) and w~ter (SO mL) and the aqueous layer was further 

. ···. .. I'"/' ·. . . '. 

extracted with dichloromethane (~ .x 100 mL), The combined organic layers were 
. . . ' . ~ ~.. · .. 

30 dried over magnesium sulfate anq. 1:9ncenttated in v~uo. Purification by column 

chromatography over silica gel ~~g 10 % methanol in dichloromethane yielded a 

waxy white solid (10 mg)~ Mal~9 acid (2 equiv., 4 nig) was added to the product in 
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hot ethanol and NJ-[iJ~(4-amino-7-1-ff}imethyl~JH-4-imi~olyl)sulfonyl]-4-
piperidyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluoropheny1}-4-fluoro-1-

benzenesulfonamide dimaleatesalt crystallized on cooling (10 mg), RP-HPLC (S to 

85 % ~CN in 0.1 N aqueous ammonium acetate over 20min at 1 mUmin using a 

S Waters Delta pack Sm C18, 300A, 150 x 3.9 mm column) t..= 14.186, 100% min. 

and mlz = 629 (MH'). 

Example 313: Nl-[4{4-amino-7-1-[(1,2-dimethyl-1H-4-imidamlyl)sulfonyl]-4-

piperidyl-7H-pyrrolo[2,3-d]pyrimidin-S-yl)-2-fluorophenyl]-4-fluoro-1-

10 benzenesulfonamide 

Using the procedure detailed for the synthesis of the free base ofNl-(4-( 4-

amiilo-7-1-[(l-methyl-1H-4-imidazolyl)sulfonyl]-4-piperidyl-7H-pyrrolo[2,3-

d]pyrimicfin;.S-yl}2-fluorophenylJ4-tluoro-1-benzenesulfonamide dimaleate, NJ-[4- · 

(4-amino-7-J-[(1,2-dimethyl-JH-4-imidazolyl)sulfonyl]-4-piperidyl-7H-pyrrolo[2,3- · 

15 d]pyrimidin-5-yl)-2-jluorophenyl]-4-fluoro-1-benzenesulfonamide was prepared as a 

cream solid (9 mg), m.p. 217-8 °C and m/z == 643.2 (Mir). 

Example 314: Nl-[ 4-( 4-amino-7-1-[(1,3-dimethyl-1H-S-pyrazolyl)carbonyl]4-

piperidyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-

20 benzenesulfunamide 

1,3-Dimethylpyrazole-5-carbonyl chloride (1.5 equiv., 14.8 mg, 0.093 mmol) 

was added·to a stirred suspension of 5-(4-amino-3-fluoropheny1}7-(1-benzyl-4-

piperidyl)-7H.-pyrrolo[2,3-d]pyrimidin-4-amine (30 mg, 0.062 mmol) and potassium 

carbonate (2 equiv., 17 .1 mg, 0.124 nimol) in N-methylpyrrolidinone (2 mL) and the 

25 resulting mixture was stirred at ambient temperature under nitrogen for 16 h. The 

solvent was removed in vacuo and the mixture purified by column chromatography 

over silica gel using 5 % methanol in dichlorometbane as the eluent to give NJ-[4-

( 4-amino-7-1-{(l ,3-dimethyl-1 H-5-pyrazolyl)carbonyl]-4-piperidyl-7H-py"olo{2,3-

d]pyrimidin-5-yl)-2-jluorophenyl]-4-jluoro-J-benzenesulfonamide as a colourless 

30 glass (10 mg), RP-HPLC HPLC (100°/o pH 4.5 SOmM ammonium acetate to 100% 

CH3CN in 4.5 minutes with .a 0.5 minute hold at 3.5 mL/min using a Perkin Elmer 
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Pecosphere 3m Cl 8 {33 x 4.~) eolumn) ~= 2.98 min.~ 96% and mlz =· 629 

(MHJ.· 
... ; . 

Example 315: Nl-(4-{4-amino-7·{1~(2-pyrldylcarbmiyl)-4-piperidyl}-7H-

pyrro10[2,3-d]pyrimidin-S-yl}-2 .. *lioropheny1)-4-.tluoro-l-benzenesulfonamide 

Nl-( 4-{4-amino-7·[1 ·{2·pyridylcarbonyl)-4-piperidyl]-7H·pyrrolo[2,3-
; ;· ·. 

d]pyrimidin-5-:yl }-2-.tluoro:pP,enyl},4-flwmr. l-benzenesulfonamide was prepared 

using the same procedure asde~~ed for NI '."[+(4-amino-7-l-[(1,3-dimethyl-lH-S­

p~lyl)carbonyl]4-piperidyl-7H-pyrrolo[2,3-d]pyrim.idin-S-yl)-2..fluo:rophenyl]-

4-fluoro"."l-benzenesulfonamide, (12 mg), Ri>"."HPLC HPLC (100% pH 4.5 SOmM 
. . . . . ·, ~ .. . . .. . . . . . . . 

ammonium acetate. to 100% C:H,CN .in 4.5 minutes with a 0.5 minute hold at 3.S .. · : '.' ·. :' - .. . . .: 

mUmin using a Per.ldn Elmer PeC9sphere 3m C18 (33 x 4.6mm) column) t,= 2.73 

min., 98% and, mlz :: 590.2 (Mff). . ... 

: .... .:: . . ... ·-: ~ • i 

Example 316: NI ±(4-am:in9· 7d+[b(l-methylpiperid-4-yl)piperidyIJ-7H­

pyrrolo[2,3-d]p~din .. 5-yl} )-Z"."fll10~henyl-4-tluoro-l-benzenesulfonamide tri-

maleate :·_:_ .. , 

Sodium triacetoxybol'.Ohydride (28.~ mg, 0.134 mmol) was added to a 

solution ofN14-[4-amino-7"."(4-~i~eridyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-2-
tluorophenyl-4-fluoro-l-b~en~~ulfonamide.(SOmg, 0.103 mmol) and l­

methylpiperid-4-one'·(0.92 ml, o:iss ~ol) in glacial acetic acid (0.025 mL) and 

NMP (3 mL). The reaction was' $tirred for 20 h at room temperature then additional 

sodium triacetoxyborohydride crJ equiv.).· 

was added. After a further 24 h pie reaction had proceeded tc> completion and was 

25 concentrated in vacua, partitioneci between dichloromethane (100 mL) and sat. aq. 

NaHC03 (100 mL). The aqueoll$: hlyer was.further extracted with dichlonmiethane 
' 

(4 x 100 mL) and the combined 9rganic layers were dried ov~ magnesium sulfate 

and evaporated to dryness.·, PUrlfjcation by column chromatography over silica gel 
. ·.. . 

using dichloromethane:lliethano~~ammonium hydroxide (78: 19:3) as the eluent to 

30 afford a brown solid.· The tri m~eate salt was then formed by 'standard methods to 

give Nl-4-( 4-amino-7-(4-[ 1-( 1 ~methylpiperid-4;..yl)piperidyl]-7H-py"olo{2,3-
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d]pyrimidin-5-yl))-2-jluorophenyl-4-fluorO-J-benzenesu/fonamide trl-maleate as a 

brown solid (45 mg. 75%), m/z 582 (MH') and RP-HPLC {5 to 85 % CH3CN in 0.1 

N aqueous ammonium acetate over 20 min at 1 mL/min using a Waters Delta pack 

Sm Cl8, 300A, 150 x 3.9 mm column) t..== 10.658 min., 95%. 

Example 317: Nl-4-[ 4-amino-7-{4-oxocyclohexyl)-7H-pym>lo[2,3-d]pyrimidin-5-

yl]-2-methoxyphenylbenzamide 

a) To a solution of 4-chloro-S-iodo-7H-pyrrolo[2,3-d]pyrimidine (25.0 g, 0.09 mol), 

l,4-dioxaspiro[4.5]decan-8-ol (3~.8 g, 0.0267 mol) and triphenylphosphine.(46;7 g, 

10 0.178 mol) in THF (1.2 L) was added diethylazoclicarboxylate (30.9 g, 0.178 mol) . 

under ni1rogen. The solution was s~ for 20 hr and the majority of solvent was 

then evaporated (250 mL remaining). EtOAc {450 mL) was then added and the. 

resulting solid was filtered, washed with EtOAc (2 x 50 mL) and dried in vacuo to 

give 4-chloro-7-(1,4-dioxaspiro[ 4.S]dec-8-yl)-5-iodo-7H-pyrrolo[2,3-d]pyrimidine 

15 (22.5 g, 600A,) as a cream solid. 1H NMR (<4 DMSO, 400 MHz) 8.64 (lH, s), 8.10 

(lH, s), 4.74 (HI, m), 3.90 (4H, m), 2.12 (2H, m), 1.91 (2H, m), 1,71-1.83 (4H, m). ·. 

Rr in 1 :4 BtOAc : heptane== 0.12. 

b) A solution of tert-butyl N-[2-methoxy-4-( 4,4,5,5-tetramethyl-1,3,2-

20 dioxaborolan-2-yl)phenyl]carbamate (8.2 g, 23.S mmol). 4-chloro-7-(l,4-

dioxaspiro[4.5]dec-8-yl)-S-iod.o-7H-p:YIT01o[2,3-d]pyrimidine (6.57 g, 15.7 mmol), 

tetrakistriphenylphosphinepalladium (1.1g,0.93 mmol), sodium carbonate (4.16 g, 

39.2 mmol) in-dimethoxyethane (200 mL) and water (100 mL) was heated at 80°C 

for 20 hr under nitrogen. The resulting solution was cooled to room temperature and 

25 partitioned between EtOAc (300 mL) and water (100 mL). The aqueous layer was 

extracted with EtOAc (3 x 150 mL) and the combined organics were washed with 

water (1x150 mL). The organics were dried (sodium sulphate), filtered and 

evaporated to leave a solid. On attempting to dissolve in EtOAc/heptane (1:4), a 

cream solid (2.5 g) crashed out The filtrate was adsorbed onto silica and purified by 

30 flash silica gel column chromatography using 10: 1 heptane:EtOAc , 4: 1 heptane : 

EtOAc , I: 1 heptane:EtOAc and 4: 1 EtOAc:heptane. The appropriate :fractions were 
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combined to give a whj~ solid whiq~w:as triturated with heptane/EtOAc (5:1) to 

give tert-butyl N-4-[~-7~i,4o~[ 4.S]dec-8-yl)-7H-pyrrolo[2,3-
. ~ ' . . . ~. . .. ~ . ~ ... : . . 

d]pyrimidin-5-yl]-2-methoxyphenylvllt'bamate 
. ·... . ;, .......... , . : 

as a solid (3.2 g), combined yield is 71 %. 

5 1H NMR (~ DMSO, ~O Mliz): 's~~ (iH, s), 7.93 (2H, m), 7.74 (lH, m), 7.19 (lH, 

s), 7.07 (lH, d), 4.81 (lH, m), 3.9~ (4H, m), 3.91 (3H, s), 2.18 (2H, m), 1.99 (2H, 
. . ·:. , \;'' ·_,·: . . , . 

m), 1.79(4H; m), i; 48 (9H,s). ~LP (conditions:.Sto 95% CH3CNinO.l N 
. . : 

aqueous ammonium acetate over 2Q min.) tr= 21.24 ~ .100% .. 

· 10 • c) tert-Butyl N-4-[4-chloro-7-(t,4-dioxaspiro[4.5]deC-8-yl)-7H-pyrrolo[2,3-

. : ~ 
·:·· 

15 

20 

25 

d]pyrimidin-S•yl]-2-methoxjphenylcatbamate (5:7 g, 0.011 mol), cone. ammoi;Ua 

solution (100 mL) and dioxan (lOQ ~) were heated in a pressure vessel fut 20 hr at 

120°C. The solvent WaS evap~rated ~d the residue reconstituted in EtOAc/water 

(250 mUl 00 mL). The organic layer was separated, dried (sodium sulphate), 

filtered and evaporated to give a ~~i~4 ~hich by IWLC (conditions: 5 to. 95% 

CH3CN in 0.1 N aq~ous ~ni~ acetate, ove, 20 min.) was obs~ed to be a 2: 1 

mixture of tert-butyl N.-4-[ 4-atniti9-1~{l,~oxaspiro[ 4.S]dec-8-yl)-7H-pyrrolo[2,3-
. . . . . •.•· '. •.·. : . . . . ·. . 

· dJpyrimidin-S-yl]-2-methoxypbeIDrlc11tbamate an<i 5-(4~amino-3-methoxyphenyl)-7-. 
. . . ' . . .. 

(1,4-dioxaspiro[4.5]dec-8-yl)-7 H~pyrrolo[2,3-d]pyrimidin-4-amine. The mixture was . 

. clissolved in acetone (200 mL).a.lld HCl {SN, 100 mL) was added dropwise over 0.5 

hr. The resulting solution was ~ at room temperature overnight and the solvent 

was then ev~orated. The acidic s0lution was basified with 2N NaOH (ice-cooling} 

and extracted with EtOAc (3 x lSO mL). The combined organics· were washed with 

water (2 x 100 mL)~ DUring.the exltaction process a solid precipitated. This solid 
·. '· 

was :filtered and triturated m hot EtOAc/MeOH. The insolubles were filtered, the 

filtrate evapoi:ated and then re~tilig solid triturated with diethylether/ethyl acetate 

to give a yellow solid The.organiclayers from the Origin.81 extraction were qned 

(sodit1m sulphate), :filtered and evaporated. The resulting solid was triturated with 

diethyl ether/ethyl acetate (S:l) 8nCi filtered to give 4-[4-amino-5-( 4-amino-3-

30 . metbOxyphenyl}· 7 H-pyrrolo[2.~-d]pyrimidin-7-yl]-1-cyclohexanone as a yellow 

solid (2.3 g, combine~ ;Yi~ld ·~. 78%). 1H NMR (~ DMSO, 400 MHz): 8.17 (lH, s), 

· ..... . , 
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4.74 (lH, m), 3.82 (3H, s), 3.23 (SH~ m), 2.78 (3H, s), 2~51 (3H, m), 2.41 (lH, s), 

2.09 (4H, m), 1. 70 (4H, m). HPLC: ( 5 to 95% CH3CN in 0.1 N aqueous ammonium 

acetate over 20 min.) t, = 13.30 min, 94o/o. 

F28-45 gave a glassy foam (186 mg) which was dissolved in in ethyl acetate (10 

5 mL) and treated with maleic acid (114 mg) in ethyl acetate (3 mL). The resulting 

solid was :filtered under nitrogen and dried in vacuo for 4 hr to give trans- benzyl N­

(4-{ 4-amino-7-[ 4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-5-

yl}-2-methoxyphenyl)carbamate f:ri-maleate salt (250 mg) as a cream solid. M.pt 

146-148°C. HPLC: ( 5 to 95% CH,CN in 0.1 N aqueous ammonium acetate over 20 

10 min.) tr= 13.S4 min, 94:6%. 1H NMR ( ~ DMSO, 400 MHz): 8. 72 (lH, s), 8.25 

(lH, s), 7.77 (lH, d), 7.51 (lH, s), 7.35 (SH, m), 7.10 (IH, s), 7.04 (1H, d), 6.16 

(6H, s), 5.17 (2H, s), 4.59 (lH, m}, 3.86 (3H, s), 2.70-3.10 (llH, m), 2.50 (3H, s), 

1.97 (6H, m}, 1.56 (2H, m). 

15 Exxample 320: Trans-Nl-(4-{4-amino-7-[4-(4-methylpipCrazino)cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidin-S-yl}-2-metboxyphenyl)benzamide 

To a solution of Nl-4-[ 4-amino-7-( 4-oxocyclohexyl)-7 H-pyrrolo[2,3-

cl]pyrimidin-5-yl]-2-methoxyphenylbenzamide (1.2 g, 2.66 mmol), N­

methylpiperazine (0.80 g, 7.98 mmol) and glacial acetic acid (0.48 g, 7 .98 mmol) in 

20 dichloroethane (150 mL) under nitrogen was added sodium triacetoxyborohydride 

(0.85 g, 3.99 mmol) portionwise. The solution was stirred at room temperature · 

overnight and then quenched by the addition of sodium hydroxide (2 N, 20 mL). The 

aqueous layer was extracted with dichloromethane (3 x 50 mL) and the combined 

organics were dried (sodium sulphate), filtered and evaporated to leave a solid which 

25 was purified by flash silica gel column chromatography using dichloromethane then 

5% MeOH/dichloromethane to 20% MeOH/ dichloromethane in 5% increments. 

F23-36 were combined and evaporated to give a cream solid (0.11 g) which was 

dissolved in EtOAc (10 mL) and treated with~ s~iution ofmaleic acid ()in EtOAc 

(5 mL). The resultmg fine solid was'filtered under a Stream ofnitrog~ to give trans-

30 NI-( 4-{4-amino-7-[4-{ 4-methylpiperazino )cyclohexyl]-7 H-pyrrolo{2,3-d]pyrinlidiii-

5-yl}-2-methoxyphenyl)benzamide (0.108 g) as a cream solid. 1H NMR (~ DMSO, 
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400MHz): 9.48 (1~~ s), 8.2~ 0~-~~~ !~?1 {~H, m), 7.53-7.63 (4H, m), 7.18 (lH, s), 

7.08 (lH, d), 6.85 {~~ b~), 6'.rn ~~~ s),; 4.~~ (lH, m), 3,92 (3H, s), 2.70-3.11 (llH, 

m), 2.01 (7H, m), 1.58 (2H, m.)~ .ijf~~-(~olumn == Pecosphere 3 C18 3 micron, 

conditions= I 00% lQOmM aiµt]lQ~\Jtll ap$te to 100% acetonitrile over 5 min), tr= 
·: ,. · ·· • .·•.·· ·t. ·;. ·,-:' . • ·• :.· ·· .r · .. • 

s 1.83 min, Ivnr" = ?4Q~8 . ; · .. ·. 

Example 321: ~l"fl-(4-{4-anµg,o-:7-[4-(~e
thylpiperazino)cyclohexyl]-

7H-

. . . .. . . . .. . . ' . ~ 

. pyrrolo[2,3-d]pytjmi4in-5-yU"!2-inetho?'Y.Phf?11.Yl)-J.;.phenylpropanamide 

. 
• • . . . • • l • ·. • . • •. .. . ' : •·. ~ • - • •. .. . . . . • . 

• 

and 
<· 

. 

10 Trans- NI-( 4-{+~o-7-£+( 4-methylpb>erazino)cyc~ohexyl]-7
H-pyrrolo[2,3- • 

. d]p}1rimidin-s-;1}·~~-~etho~yp~~;l)~3-ph.~ylpropawlD
lide 

a) To a solution ~f +c~~~~<+~o-3 .. meth()xyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin~7-yl]-1-cycio4-e (o.s'g, 2~3 ~e>l) in pyridine (13 mL) and 
•• ? ;.·:· ••• • ••• • • :•.· 

· dichloromethane (32 mL) at 0°C, ~~·ad¥.t hy~innamoylchloride (~.57 
g. 3.4 

15 mmol) in.dichl~methane (Sml:) lll'14.~ n,it1'9g~. The solut;ion was stirred at OOC­

for 2 hr, warmed '~o ~~ri;i t~~~ ~d9~che,d by addition of ~aturated 

.. ,. aqueoUs citric aci<l ~l~on (SQ~)~ The ()rPcic layer was washed with saturated 

aq~us citnc a~id soiu~o~ (~·~· 5()~), dried (sodium sulphate), filtered and 

evaporated to l~ye Nl-{ 4"'.[ ~anfu;~ 7 ~C+.o~~~ycl~h"x.Yl)-7 H-pyrrolo[2,3-

2o djpyrimiclin-5'."ytJ~2-:llletho~~~~yI}~~-p~enyl~panm
iide (1.0 g, 92% crude) as a 

brown foam. •ukMRcii, PMsP/4ooM!iz):~U7(1H, s), 8.18 (lH, s). 8.06 (lH, d), 

: ' ·. ' ' • ' . : : . • ••: '. •: •·" • ' . ', ' ~ • . , I . . . ; ' 

25 

7.51 (lH, s), 7.l~"'.'7.29 (6H, in), 7.09 (1~ m), 6.~9 (lH, d), 6.21 (2H, bs), 5.18 (lH, 

. . ... : .. · . . . . .. . ..... . 

m), 3.88 (3H, s), 1.99,,... 2~9~ (i~, ~)--~LC: (S to 95% ~CN in 0.1 N aqueous 

. . . . 

ammonium a~etate OV"1' 20 ~.) ~ = 14.4~ m4t • 92.2%. 
. ;", _· .. ·.· .. ,-.::·.· ... ·.·· ·,. . 

c) To a solution of 92% pure. M.-{4-[4-anlino-7-(4-ox~cyclohexyl)-7 H-pyrrolo[2,3-

.. ·. .: :.:' . .. ·. ·•.' ,· ·.. . . ·. ··· . 

. djpyrimidin-S-yl]-2-r.µetll~~y
p~enyU-3-ph~ylpropanamide (1.0 g, 2.1 mmol), 

' .. ·. . .. · · ... ,. " . . . . . 

N-methylpip~n,e (0.6~ ~ (
j.~ mm.al), acetic; acid (0.38 g, 6.3 mmol) in 

dichloroethane (100 IJJL) w~added sodi~ triacetoxyborohydride (0.67 g, 3.15 

. . ; ~ . , . . . •. •: : .. , . : . . . 

30 mmol) portionwi~e up4er ¢.~ogen.11ie, solution was stirred for 20 hr and then 

quenched by the additio~ qf ~anin,ite4 aqueol:lS sodi~ bicarbonate solution (50 
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mL). The aqueo~· layer was ~with dichlordtiiethane (3 x 50 mL), dried 

(sodium sulphate), :filtered and evaporated to leave a sludge which was purified 

by flash silica gel column chromatography using dichloromethane to 50% 

MeOH/dichlorometbane in 10% increments. F84-96 were combined and 
5 evaporated to leave cis-Nl-{ 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-

7H-pyrrolo[2,3-djpyrimidin-5-yl}-2-methoxyphenyl)-3-phenylpropanamide 

(0.26 g) as a cream foamy glass. HPLC: (5 to 95% ~CN in 0.1 N aqueous 

ammonium acetate over 20 min.)\,= 12.65 min, 95.2%.1H NMR (~ DMSO, 

400 MHz): 9.17 (lH, s), 8.14 (lH, s), 8.05 (lH, d ), 7.28 (SH, m), 7.18 (lH, m), 

10 7.10 (lH, s), 6.99 (lH, d), 6.11 (2H, bs), 4.67 (lH, m), 3.88 (3H, s), 2.90 (2H, 

m), 2.73 (2H, m), 2.50 (7H, m), 2.28 (3H, s), 2.06 (3H, m), 1.71 (2H, m), 1.55 · 

(2H, m). F121-138 were combined and evaporated to leave trans- Nl-{4-{4-

amino-7-[4-{4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-S-yl}-

2-methoxyphenyl)-3-phenylprop8namide (0.11 g) as a white solid. ~LC: (S to 
15 95% CH,CN in 0.1 N aqueous ammonium acetate over 20 min.)~= 12.61 min, 

96.2%. 1H NMR. (~ DMSO, 400 MHz):9.16 (lH, s}, 8.13 (lH, s), 8.04 (lH, d), 

7.44 (lH, s), 7.29 (4H, m), 7.18 (lH, m}, 7.09 (lH, s), 6.97 (lH, d), 6.11 (2H bs), 

4.53 (lH, m), 3.88 (3H, s), 2.93 (2H, m}, 2.71 (2H, m), 2.SO (4H, m), 2.30 (SH,· 
m), 2.14 (3H, s), 1.89 (6H, m}, 1.46 (2H, m). 

20 

General Procedure for Substituted Pyrrolopyrimidine Azyl sulfonamides are as 
follows: 

A 0.19 M solution ofS-(4-amino-3-tluorophenyl)-7-[4-(4-

25 methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-4-amine in pyridine was 
added one equivalent of substituted aryl sulfonyl chloride. The mixture was heated 

to 450 C while being shaken in an Incubator Shaker for 24h. The reaction mixture 
was purified by using mass actuated preparative RP-HPLC (Micromass/Gilson, 

Hypersil BDS Cl8, Su, 100x21.2mm; 100-100% ammonium acetate (0.05 M, pH 
30 4.5)-acetonitrile over 12.S min, 25 mL/min). 
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Compounds synthesized by the abqvel>ro<;C4ure include: 

.; .· ··,;. ·-·.· ., . ,, 

Name 

Example 322: Trans-N-1-(4-{4-majno~7:-[+.C4-

lnetb.ylpipelazino )cyclohexyl]-7H~p}rm>lo[2,3~ 
d]pyrimidin-S-yl}-2-fluore>P~yl}2~ < .·· . . . 

· (tritluoromethoxy}-1-benzene~~de triinaleate 

Example 323: Trans-N-1{4-{4".'amino-7-[4-(4-

methylpiperazino )cyclohexy~~-m~~Jo[2,3-
,·: ·, '· :: · .. ·::··. 

d]pyrlmidin-S-yl}-2-fluorophenyl)~S-chloro-2-
. ' :. ' : • . ·. . ' I :: • • • ~ . '. .. 

thiophenesulfonami~ benzenesµu-ollamide 
. . ': . :. ;· ,• :· ~ ... ·. ~ . 

trimaleate 

Example 324: Trans-?-1·+-<4-{4-~q"'.7~[4-(4- · · 

methylpiperazino )ercio1lex}rll-7ll~P.1q[2,3".' .. 
. . ·. . . . . . . . . . . . ~.. ~ . ·. . . 

~LCrt m/z 

3.18 648.39 

3.14 604.03 

. 3.07 . 616.1 

d]pyrimidin-5-yl}-2-fluorophenyI}7~hlo~o+fl~ro- . 
: • • •. ·.·' •· ..•.• r • '. •. : 

1-benzenesulfonamide b~esUi.fonamide 
trimaleate 

Example 325:_ Trans-N-1-(4-{4-amirJ.o-7-[4-(4-

methylpiperazino )cyclohexyl]-7H~p~olo[2,3-

d]pyrililidin-S-yl} ~2-fluorophenyl)~2~3.;.dichloro-1-

benzenesulfonamide trimaleate 

3.39 632.12 

Example 326: cis~N-1-(4-{4-amirio-7-(4-(4- 2.82 616.2 
methylpiperazino)cyciohexyl].;.7H,;.p:Yrrolo[2,3-
d]pyrimidin-S-yl}-2-tluoroph~nyl)•4~hlor0-4-tluoro-
1-benzenesulfonamide trimaleate ·~ ·· ·;· · · 
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Example 327: cis-N-1-(4-4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyirolo[2,3-
d]pyrimidin-S-yl-2-fluorophenyl)-2,6-difluoro-1-
benzenesulfonamide trimaleate 

Example 328: Trans-N-1-(4-{4-amin~-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-S-yl}-2-fluorophenyl)-2,6-difluoro-1-
benzenesulfonamide trimaleate 

Example 329: Trans- N-4-(4-{4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3- · 
d]pyrimidin-S-yl}-2-fluorophenyl)-2,1,3-
benzotbiadiazole-4-sulfonamide trimaleate 

Example 330: Trans-N-1-(4-{4-amin0-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyl-rolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,3,4-tri.fluoro-1-
benzenesulfonamide trimaleate 

Example 331: Cis-N-1-(4-{4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-nitro-1-
benzenesulfonamide trimaleate 

Example 332: Cis-N-1-(4-{4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyn-olo[2,3-
d]pyrimiclin-S-yl}-2-fluorophenyl)-2-fluoro-1-
benzenesulfonamide trimaleate 

i 
Example 333: Cis-N-1-(4-{4-amino-7-[4-{4-
methylpiperazino )cyclohexy1]-7H-pyrrolo[2,3-
d]pyrimidin-S..yl}-2-fluorophenyl)-2,4,6-trichloro-1-
benzenesulfonamide trimaleate 

Example 334: Cis-N-1-(4-{4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-S-yl}-2-fluorophenyl)-2,6-dichloro-1-
benzenesulfonamide trimaleate 

Example 335: Cis-N-1-(4-{4-amino-7-[4-(4-
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-1-
benzenesulfonamide trimaleate 

·PCr/US99121560 

·.·· . 

2.66 600~3 

2.53 600.3 

2.63 622.1 

2.87 618.1 

3.13 609.1 

2.89 582.1 

3.4 668 

3.04 632.1 

2.94 598.1 
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#,'ft/ 
Example 336: Cis-1'f-l-(4-{4-~g,,1~c+<+ 2.16 sa2.1 
methylpiperazino )cyc1ohexyl]-7H~p)'i;r9.lp[~J­
d]pyrimidin-S-y1}-2-:fi.uoroP~)'!)"'.''.?.~~,u9~; 1-
benzenesulfonamiW, qimalea~e'-, . : .. ::ti. :. :. : : :. .. · 
Example 337: cis-N"."1"'.(4-{4-mqiµq'.~7-:[~(+ · .· 3.01 604.3 
methylpiperazii?-o )cYc~ohexyl]-:ffl~PY.Ir91~[~~3-
d]pyritilidin-S-yl}-2~tluoropheliylf $~¢~~~­
thiophenesulfonamide'~ea,~·:;.··;:<t.'.!_?-.';~. ':: · 

Example 338: Cis".'N,-1-(4-{4-~7;[4-(4- 3.38 718.3 
methylpiperazino )cycfohexyl]'.'.fl;lf~l~(~.~"'. 
d]pyrimidin-5-yl}.;2"'.fluorop~yl}+~~q-:~.s-
difluoro-l-benzen~o~~~~/e' .. ; ._· 

Example 339: Cis-N-1-(4-{4-:allrin9~7~[+(4- . 2.98 616.3 
metbylpiperazino )Cyclonexylhffl~pY.irqI0[~,3- . 
d]pyrimidin-5-yl}-2.:fluoroj>heD.yt}:}~~hi'oltl+fluoro-
1-benzenesulforuinil(]e: trimal~ ::;( > r ·::_ ·::: . 

·.' .. · ... 

Example 340: Cis-N-l-(4-{4-mr.fu9~7-[4-(4- 3.02 690.3 
metby1piperazmo)t?)7C1~heXy11"'.m~J;~1~t~.3-
dlPyrimidin-5-:Yll-2"'.fbiorop~yJ:7~:494.9-: l7 · 
benzenesulfonauii~~ _tfunale~ ; ; ···'· ·.· · .····; .. > . 

~: ~ ..... _. ~ 

Example 341: cis-N~l"."(+{+.~~7,,[4:(4- 3.22 648.3 
methylpiperazino )cYcJohexjl]-: ~~pyfull()[~,J.­
d]pyrimidin-5-yl}:;.i.flilorophcmyiri< . '.: ·/ ·. · · 
(trifluoromethoxy)lt~l>~~·d~ tPmaleate 

.. . . . : .. ··: '.'.'-::·,l .. ···.··"·'·· . : .... 

: ~· .: ··'; ; _: ., 

· BXample 342: Cis~1'r~1-(~{4-~i:g9~7~pi-c4- 2.97 600.3 
methylpiperazino )CyclohexylP?H~pYftol<>[2,3,. · 
d]pyrimidin-5-yJ}-2~fiuoropheJ1yJ)~2.~·~Pi~oro-1-
benzenesulfonamide tr:imalei.te t/::~ .. ::--,; ,. · < :·: ·· · · 

, .. :,·. ·. 

Example 343: Cis.::N-l-(4-{+amln.o~7-[4-(4- 3.12 612.3 
methylpiperazino)cycloheXyl]~7H,;pfuOlof?,3-
d]pyrimidin-5-yl}-2-fluoropheriyl)~2-<!hI9f«l~6-
methyl-1-benzenesU.lftj:i:iamide·.tnm,aieate·· , · 

' . . . . ·: ::· . ; :, . '·• -.~ .. : ... 

Example 344: Cis-:N-i;.(4-{+8Dl~~-7-[4-(4- 3.02 623.2 
methylpiperazino)cyclohexyl]77l!~py,ri0lo[2,3- · 
d]pyrimidin-5-yl }-2,.fluoroph~yl)~i~hIOro-4-cyano-
1-benzenesulfo:na:ini<Ie' trimill~:, ,: ··>: .·: · ··· · 

:. . : .. : . . ·.. . 

Example 345: Cis-N-l-(4-~~o .. 7,.[4-(4- 3.08 618.3 



W000/17203 

: :C.~}15 . . 
methy1piperazinO)cy~1ohexyl]-7H-~f~[2,3~ · . : ~W~j!,~:{f 
d]pyrimidin-S-yl}-2-fluorophenyl)-2,3,4-trifluoro-1-· 
benzenesulfonamide trimaleate · 

PCT/US99/21560 

Example 346: Cis-N-t-{4-{4-ammo-7-[4-(4- 2.98 600.3 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-S-yl}-2-fluorophenyl)-3~4-ditluoro-1-
benzenesulfonamide trimaleate 

Example 347: Cis-N-1-(4-{4-amino-7-[4-{4- 3.13 660.2 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2~3-
d]pyrimidin-5-yl}-2-fluorophenyl)-:4-bromo-2-
fluoro-1-benzenesulfonamide trimaleate 

Example 348: Cis-N-1-(4-{4-amino.;7-[4-(4- 3.16 648.1 
methylpiperazino )cyclohexyl]-7H"'pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-5-bromo-2-
thiophenesulfonamide trimaleate 

Example349: Cis-N-1-(4-{4-amino-7-[4-(4- 3.09 632.1 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3;.; 
d]pyrimidin-5-yl}-2-fluorophenyl)-2,4-dichloro-l-
benzenesulfonamide trimaleate · 

Example3SO: Cis-N-1-(4-{4-amino-7-[4-(4- 3.41 668.1 
methylpiperazmo )cyclohexyl]-7H-pyirolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,3,4-trichloro-1-
benzenesulfonamide trimaleate 

Example 351: Cis-N-1-(4-{4-amino-7-[4-(4- 3.29 683.9 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-3-bromo-5-
chloro-2-tbiophenesulfonamide trimaleate 

Example 352:- Cis.: N-4-( 4-{ 4-amin~ 7-( 4-(4- 2. 73 622.1 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2, l ,3-
benzothiadiazole-4-sulfonamide trimaleate 

Example 353: cis-N-4-(4-{4-amino-7-[4-(4- 2.8 606.1 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-S-yl }-2-fluoropbenyl)-2,1,3-
benzoxadiazole-4-sulfonamide trimaleate 

Example 354: Cis-N-1-(4-{4-amino-7-[4-(4- 3.18 638 
methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl }-2-fluorophenyl)-2,5-d.ichioro-l-
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thiophenesulfonamid~ trimalea~ . ·t '. ':.; 
Example 355: cis- N+(4-{4-amin~7,.[4-{4-
methylpiperazino)cycl9hexyl]-'ffl-_ID;i:roto[~,3-
d]pyrimidin-5-yl}-2-~~henyl)~('l;p~<).~972,1,3-
benzoxadiazole)-4-s~onamid~·~a,i,~e · • ·• · · 

: . . ..· .: .. ::· ,;·;:;;:.:: :~~: .. : ;" ... :. 
Example 356: Cis-N,+(4-{4-amiq0-J~[4-{+ 
methylpiperazino)cyg)9hexyl]-7ij:i)~l9[~,3-
d]pyrimidin-5-yl}-2-flµoroplleny1){7~J.n~Y~~2,l,3-
benzothiadiazole)+~onami~·~~~te :: . 

. Example 357: as- N-4-(4-{i~~J~7-r+<+. 
methylpiperazino )~lqhexyl]-'n.f,-pYi!o~p[2,3- . _ 
d]pyrimidin-5-yl}-~-f'J.uorophCnyl)-(S~p:J¢tyl~2,l,3-
benzothiadiazole)-4-SµIfonamide·:~eat~ .; · 

·. ::·... ·:~ ~ .. : ~- ,.;;_~:~·;_;:(· -~ 

Example 358: Cis-N:-+(4-{4-am~~9"'.7~[4-(4-
. methylpiperazino )c}'9l9hexyl]-7l;l-pYrf.Olo[~~3-
. dJpyrimidin-s-y1}-2~tluorophen}rl}~cs~h.J,9fP-2,1,3-·· = =~~4-
methylpiperazino)c~lqhexyl]-?ll:-P.~~o[2;3-

.· ·d]pyrimidin-S,.yl}-2~~henYJ)-i~9.blQi:0-2-
methyl-l-benzeneslllfoiiamjde ~~te · ·:•. .· 
Example 360: Cis-~-l-(4-{4-a~~:~~j~iici 
methylpiperazino )cy~fohexyl]-7H~pYtfol0[2,3-
d]pyrimidin-S-yl}-2~fluoropheriyQ;2"'.fuOnio~ l­
benzenesulfonamide himaleate, . ·: ;/r :.~/- ···: •- :. · 

PCT/US99/215Ci0 

2.84 640.2 

2.89 636.2 

·2.82 .636.2 

. 2.82 656.2 

3.01 612 

2.81 644.2 

Example 361: Cis-~'."1-(4-{4-anihi~~t~[4-(+ 3.29 758.1 
methylpiperazino )c)79fohexyl]~7~;.P.Yi±<;lo[~.3-
d]pyrimidin-S--yl }-2·Jl1;1oropheityl).~~,s.~~broµio-3,6-
difluoro- l-benzeneslllfonamide t:riinakate · ·::· ": . . . ·. :_~:)?: :~:·: .... 

L :-; .. ·,: ... 

Example 362: Cis-N,.l'."(4-{4-anili.>,o'."7-C+C+ 
methylpiperazino )cyelohexyU~.lli.:.pynolo[2,3-
d]pyrimidin-S-yl}-~"'.fluorophenYU~?;~.;dic4J.oro-1-
benzenesulfonamidefrimaleate.· ,.r.;·".:, · 

~ :. ... . ;' - . ' . . ·.:. ~· 

Example 363: Cis-~~ 1-( 4- {4-am~~:-7-( ~(4-
methylpiperazino )cy~l9hexylF"iH;.pyrrolo(2,3-
d]pyrimidin-S-yl}-i.:f1uorophenyij~J.(~- . 
nitrophenyl)metbaneSUlfonamid.e:tfU.ziaieate :_:. .· . :- . : .. ·: ~ ·-r~: ·.:_ ... : ..... · ... 

.. , .•. ,., .. ·,; 
.. ";-'.· 

2.77 632 

2.73 623.2 
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General Synthesis 

S Method(a) 

A mixture of 4-[ 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine-7-yl]­

l-cyclohexanone (1.0 g, 2.51 .mmol), the appropriate amine (7.54 mmol) and· acetic 

acid (0.45 g, 7.54 mmol) in 1,2-dicbloroethane (SO mL) was stirred at ambient 

temperature llll.der an atmosphere of nitrogen for 30 minutes. Sodium 

10 triacetoxyborohydride (0.69 g~ 3.26 mmol) was added and the mixture stirred at 

ambient temperature for 18 hours. Water (20 mL) and sodium bicarbonate (1.26 g, 

15.1 mmol) were added to the mixture and stirred for one hour. The mixture was· 

th.en filtered through a pad of celite and the pad was washed with dichlorometbane 

(75 mL). The organic layerwas extracted from the filtrate, dried over magnesium 

15 sulfate, filtered and evaporated to dryness under reduced pressure. The cis and trans 

isomers were purified by flash chromatography on silica gel using a 

methanol:dichloromethane gmdient. 

Method(b) 

20 Where appropriate the salts were made as follows. 

The above amine (0.909 mmol) was dissolved in wann ethyl acetate (100 mL) then 

maleic acid (~.32 g, 2.73 mmol) in ethyl acetate (30 mL) was added. The resulting 

salt formed an oily residue on the bottom and sides of the flask. The supernatant 

was poured off and the residue was dissolved in water and lyophilized to give the 

25 salt 

Method {c) 

Guanidines were made as follows. The amine (0.536 mmol) was dissolved in D:MF 

(S mL) and cooled to-5°C and then 1-H pyrazole-1-carbonamide (95 mg, 0.644 

30 mmol) followed by diisopropylethylamine (208 mg, 1.6 mmol) were added. The 



I . 
l 
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.;J'{r' 

reaction mixture \V~ ·.~lowed to w.~~P' to rt over 16h 31'.ld then concentrated in vacuo. 

The reaction was p~titoned b~een wat~ (10 mL) illid ethyl acetate (10 mL). 
. . . . .... . . ·. . ,•· 

The aqueous phase#'~ lyoPhllized ~d purified by RP-HPLC. 
·. ~ . ·.. \•: . . . -·. . . 

HPLC protocols: . . i · 

. S 1. RP-HPLC - Hypersil HyPurity ~lite C18, 5 mm, iooA, 250 x 4.6 mm; 25-100% 

acetonitrile-0.1 :~ammonium ~tate over 15 mUt tml/min. 

2. RP~HPLC - Hyp~I HyPurf.~·~Hte ClS, S mm, ~OOA, 250 x 4.6 mm; 5-100% 
• · ·, r • . : ' 0 , ' -~~· 'i ~ ,. ' •' ,"• I • ' ' ' 

. The following el(arii~1~ were prep~q using the meth()ds descnoed above: 
. .. .... \." . . . . . . . ~--~.. . . ' . . . . : . . . ' ~ . . . 

. . ~~mn~tic MPLC-RT .. rn/z. 
:method . (Min) · ., · .. (Mfr) 

Name Additional · 
chemistry 

·.: :=. ·::..j .. :·· 

· Example 364: Ci.s.'.;4J4{4-
amino-5-(4-pheno~~enyl)-

· 7H-pyrrolo[2,3~d]pynlnidiri-7-
.Yl]cyclohexyl}-l- ., ;,_·:·, . 
piperazinecarbo~,<)aplide 

.· .•.. ' : ~ 

Example 365:. T~+{4-[4-
amino-5-( 4-phenoiypllenyl)-
7H-pyrrolo[2,3-d]p}'.rilnidin-7-
yl]cyclohexyl}-1- .•...•. ·.;: .·· 
piperazinecarboxinri~de 

Example 366: Tnlll&-7-(4- . 
{methyl[2-(2~ · · · · · 
pyridyl)ethyl]amin9}cyclob,exy 
1)~5-(4-phenoxypheny~)-7H- · 
pyiTolo[2,3-d]pyriiliidih-4-·· 
amine trimaleate ~ . ·· · 

Example 367: Cis:-3:-({4-[4-
amPio-5-( 4-phenox}'phenyl)-
71i-pyrrolo[2,3-d]p~~-7-
yl]cyclohexyl} amiri~)propanoi 
cacid · " 

· '>);~ :.> (Protoooll : · 
. ) .¢ ·. . . 14.56. 511.7 

·,·· 

·· ...... 
',, = .. 

.·. 
~. 

:.~.b 
="·' .•.• ' 

a 

(2) 

14.25 ·:. 511~7 

(2) - ·.·· 

8.55 
(2) 

10.21 
(2) 

519.6 

472.6 Made by 
hydrolysis 

of the ester 
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Example 368: 3-( {4;;::(4-amino­
. S-(4-phenoxyphenyl)-7H­
pyrrolo[2,3-d]pyrimidin-7-
yl]cyclohexyl} amino )propanoi 
cacid 

:..::.:. ·· .. ;"· ... 

Example 369: Ethyl cis-3-{ {4- a, b 
[ 4-amino-S:-(4-
phenoxypheny1)-7H­
pyrrolo[2,3:.ci]pyrhnic:lin-7-
yl]cyclohexyl} amino )propanoa 
te dimaleate 

General Synthesis 

5 Method(d) 

. . . . :. -~. 
~: .. ~ ;_; .. -' ·,: ·": .. 

(1) 

10.42 500.6 
(1) 

PCT/US!J9/215'0 

·Made by 
hydrolysis· 

of the ester 

To a solution of sodium hydride (22 mg, 0.553 mmol) in TIIF (2 mL) was added the 

appropriate phosphonate (0.553 mmol) at OOC and the resultant mixture was stirred 

at this temperature for 20 min and then at ambient temperature for 10 min. The 

reaction mixture was cooled to 0°C ~d 4-[4-amino-5-( 4-phenoxyphenyl)-7H-

10 pyrrolo[2,3-d]pyrimin-7-yl]cyclohexanone (200 mg, 0.503 mmol) added in THF (10 

mL) and the resultant mixture allowed to warm to ambient temperature and stilTed 

for 16h. The solvents were removed in vacuo and the residue partitioned between 

ethyl acetate {10 mL) and water (10 mL). The aqueous layer was further extracted 

into ethyl acetate (3 x S mL) and the combined organics were washed with water (3 

15 x 5 mL), dried (MgSOJ and concentrated in vacuo. Purification by flash column 

chromatography on silica gel (for intermediates) or RP-HPLC (for final compounds) 

gave the desired compound. 

Metbod(e) 

20 Hydrogenations were carried out as follows. A mixture of the alkene, (0.068 mmol) 

and 10% Pd/C (12 mg)~ ethanol (18 mL) was stirred under hydrogen (4 atin) for 
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. }. CJ_j~: 

.14h. The solids w~ remov~d by ifmtion atJ.d the filtrate concentrated in vacuo. 

Purification by RP-HPLC g~ve the~: compound. 
.)'". . : 

Method (f) 

S Litbiwn aluminum hydride reuctimiS were carried out as follows. A mixture of the 
·. : ' . :. -~-~.. . ; . '.. = 

substrate (0.19 mmoJ}, lithium almjjjnum hychide {40 mg, 1.07mmol)in1HF (S 

mL) was stirred at room tem~tui~ fof t6h.: f ieser work up followed by 

purification by RP-HP:t:,C ga~e the ~d coiDpound. 

HPLC conditions : ·RP-HPLC Pecoihei-e3 Ct~, 33 x 4.6 mm, 3m colmnn; 0-10001' 
:·, . : . 

10 acetonitrile-0.1 M ammoniutn acet¢e over S uµn, flow 4ml/min. 

It should be appreciated that.prote~ ~up chemistiy is used where approriate. 

Name.· · ~ynthetic HPL~ m/z Additional 
.. ·. M~thod RT (MH•) Chemistry 

··· · ·(Min) 
Example 370: {4-[4-Antlno-5:..(4- ·: ·.· d 3.1 422.5 
pheiioxypheriyl)-IB-J>:Yrrolo[213• ·· ·· 
d]pyrintjdin-7-yl]~~oh~liden} . . .. 
methyl cyanide · ·· · · · · ·· · · • · · .. 

Example 372: Ethyl 2~ d 
[4-(4-amino-S.;(4- . 
phenoxyphenyl)-7H-pytrolo[2,3- · · · 
d]pyrimidin-7- . ' 
yl]cyclohexyliden} acetate• · 

Example 373: 2-[4-[4-Amino-S- · 
(4-phenoxyphenyl)-7H­
pyrrolo[2,3-d]pyrimidin-7- .· 
yl]cyclohexyliden} ~etate 

d 

3.97 497.1 

3.56 469.0 

2.69 441.5 Made by . 
hydrolysis 
of the ethyl 
ester 
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: . . ~ 

CLAIMS 

We Claim: 

s 1. 

10 

15 

A compound represented by the following structural formula: 

and pharmaceutically.acceptable salts thereof: wherein: 

Ring A is a six membered aromatic ring or a five or six membered 

heteroaromatic ring which is optionally.substituted with one or more 

substituents selected :from the group consisting of a substituted or 

20 unsubstituted aliphatic group, a halogen, a substituted or unsubstituted 

aromatic group, substituted or unsubstituted heteroaromatic group, 

substituted or unsubstituted cycloalkyl, substituted or unsubstituted 

heterocycloalkyl, substituted or unsubstituted aralkyl, substituted or 

unsubstituted heteroaralkyl, cyano, nitro, -NR.Jls, -C(0)2H, -OH, a 

25 substituted or unsubstituted alkoxycarbonyl, -C(0)2-haloalkyl, a substituted 

or unsubstituted alkylthio ether, a substituted or unsubstituted alkylsulfoxide, 

a substituted or unsubstituted alkylsulfone, a substituted or unsubstituted 

arylthio ether, a substituted or unsubstituted arylsulfoxide, a substituted or 

unsubstituted arylsulfone, a substituted or unsubstituted alkyl carbonyl, -

30 C(O)-haloalkyl, a substituted or unsubstituted aliphatic ether, a substituted or 

unsubstituted aromatic ether, carboxamido, tetrazolyl, 

trifluoromethylsulphonamido, trifluoromethylcarbonylamino, a substituted or 

unsubstituted alkynyl, a substituted or unsubstituted alkyl amido, a 
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Example 374: 7-[4-(2- .• . :T• :f : '. 
aminoethyl)cyclobexYl]-5-(4- . . · 

. phenoxyphenyl)-7H~pyrrolo[2,3- ;, :, 
d]pyrlmidin-4-amine· . . . : .f: : 

. : '.~~=- '.. 

~~::: ;" . 

Example375: 2-{4-[4-aniiDo-S~· ;!~•'. e 
(4-phenoxyphenyl}?H-. .·. •. : '.1\' 
pyrrolo[2,3-d]pyrhnidin-7- · · .. } .: . 
yl]cyclohexyl}ace#~ acid . .;:; ·. 

... 

'·.:.;· 
· ... ·.. ~ .. ,· .. . 
::t'.·. 

·~ ... ·. 

··>~:: .. 
. :/·· 

. ;(:'··· 
. ~1-'.J. 

•'.; .. 

.:,;; 

. • .. :.;. ..... ~ 

····"··. . ' -~ : 

·~ -~ ·' 

~: .. 

: :·-:: · .. 
. :·· •. 

::.• 

. .: ~ .... ~ 
-:', 

.. · ... ·.· 

·. :· . . :.-. 

··. ;1 

'::'· 

. ·, . 

PCT/US99/ll560 

2.11 4~8.5·· Made by 
,lithium 
· .. aluminum 
.hydride 
reduction of 
the 
unsaturated ·. 
cyanide 

2.64 · 443.5 Made by 
hydrogenatio 
n 
of the 
unsaturated 
acid 
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a~-3 J:;:r(-.• 
substituted or unsubstituted aryl ;~, -~C(Q}~5, a substituted or 

1,·.. . •. 

unsubstituted styryl and a substituted or unsubstituted arallcyl amido, wherein 

R,s is an alipatic group or an aromatic group; 

L is -0-; -S-; -S(O)-; -S(01-; -N(R)-;. -N(C(O)OR)-; -N(C(O)R)-; -N(SOJl); 

5 -CHiO-; -CH2S-; -CH2N(R)-; -CH(NR)-;-CllzN(C(O)R))-; -CffzN(C(O)OR)­

;-c:HzN(SO~)-; -CH(NHR)-; -CH(NHC(O)R)-; -CH(NHS02R)-; -

CH(NHC(O)OR)-;-CH(OC(O)R)-;-CH(OC(O)NHR)-; -CH=CH-; -

C(=NOR)-; -C(O)-; -CH(OR)-;-C(O)N(R)-; -N(R)C(O)-; -N(R)S(O)-;­

N(R)S(01-;-0C(O)N(R)-;-N(R)C(O)N(R)-; -NRC(O)O-;-S(O)N(R)-;-

10 · S(01N(R)-; N(C(O)R)S(O)-; N(C(O)R)S(O)a-; -N(R)S(O)N(R)-; -

N(R)S(0)2N(R)-; -C(O)N(R)C(O)-; -S(O)N(R)C(O)-; -S(01N(R)C(O)-; -

OS(O)N(R)-; -OS(0)2N(R)-; -N(R)S(O)O-; -N(R)S(0)20-; -N(R)S(O)C(O)-; 

-N(R)S(0)2C(O)-; -SON(C(O)R)-; -S02N(C(O)R)-; -N(R)SON(R)-; -

N(R)S02N(R}-; -C(O)O-; -N(R)P(OR')O-; -N(R)P(OR')-; -

15 N(R)P(O)(OR')O-; -N(R)P(OXOR')-; -N(C(O)R)P(OR')O-; - . 

N(C(O)R)P(OR')-; -N(C(O)R)P(O)(OR')O- or -N(C(O)R)P(OR')-, wherein 

R and R' are each, independently, -H, an acyl group, a substituted or 

· unsubstituted aliphatic group, a substituted or unsubstituted aromatic group, 

a substituted or unsubstituted heteroaromatic group, or a substituted or 

20 unsubstituted cycloalkyl group; or 

Lis -Rt,N(R)S(0)2-, -R.,N(R.)P(O)-, or -Rt,N(R)P(O)O-, wherein Rt, is 

an alkylene group which when taken together with the sulphonamide, 

phosphinamide, or phosphonamide group to which it is bound forms a five or 
. 

six membered ring fused to ring A; or 

25 Lis represented by one of the following structural fonnulas: 

30 
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wherein Rss taken together with the .Phospbinmnide, or phophonamide 

is a 5-, 6-, or 7-membered, aromatic, heteroaromatic or heterocycloalkyl ring 

· 25 system; 

R1 is a substituted aliphatic group, a substituted cycloalkyi a 

substituted bicycloalky~ a substituted cycloalkenyl, an optionally ~ubstituted 

aromatic group, an optionally substituted heteroaromatic group, an optionally 

. substituted heteroaralk:yl, an optionally substituted heterocycloalkyl, an 

30 optionally substituted heterobicycloalkyl, an optionally substituted 

alkylamindo, and optionally substituted arylamido, an optionally substituted 

.. .. .. . 
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-S(O)J-alkyl or optionally substituted -S(01-cyc10aJkyl, a -C(O)-alkyl or an 

optionally substituted-C(O):-alkyl, provided that when R1 is an aliphatic 

group or cycloalkyl group, R1 ~s not exclusively substituted: with one or more 

substitutent selected from the group consisting of hydroxyl and lower alkyl 

5 ethers, provided that the heterocycloalkyl is not 2-phenyl-1,3-dioxan-S-yl 

and provided that an aliphatic group is not substituted exclusively with one 

or more aliphatic groups, wh~ one or more substituent is selected from 

the group consisting of a substituted or unsubstituted 8liphatic group, a 

substituted or unsubstituted 8romatic group, a substituted or unsubstituted 

10 · heteroaromatic, a substituted or unsubstituted aralkyl, a substituted or 

unsubstituted heteroaralkyl, a substituted or tmsubstituted cycloalkyl, a 

substituted or unsubstituted heterocycloalkyl, a substituted or unsubstituted 

aromatic ether, a substituted or unsubstituted aliphatic ether, a substituted or 

unsubstituted alkoxycarbony~, a substituted or unsubstituted alkylcarbonyl, a 

15 substituted or unsubstituted arylcarbonyl, a substituted or unsubstituted 

heteroarylcarb<myl, substituted or unsubstituted aryloxycarbonyl, -OH, a 

substituted or unsubstituted aminocarbonyl, an oxime, a substituted or 

unsubstituted azabicycloalkyl, heterocycloalkyl, oxo, aldehyde, a substituted 

or unsubstituted alkyl sulfonamido group, a substituted or unsubstituted aryl 

20 sulfonamido group, a substituted or unsubstituted bfoycloalkyl, a substituted 

or unsubstituted heterobicycloalkyl, cyano, ·Nliz, an alkylamino, ureido, 

tbioureido and -B-E; 

B is a substituted or unsubstituted cycloalkyl, a substituted or 
. 

unsubstituted heterocycloalkyl, a substituted or unsubstituted aromatic, a 

25 substituted or unsubstituted heteroaromati.c, an alkylene, an am.inoaJkyl, an 

alkylenecarbnonyl, or an aminoalkylcarbonyl; 

E is a substituted or unsubstituted azacycloalkyl, a substitu~ed or 

unsubstituted azacycloalk.ylcarbonyl, a substituted or unsubstituted 

azacycloalkylsulfonyl, a substituted or unsubstituted azacycloaJkylalkyl, a 

30 substituted or unsubstituted heteroaryl, a substituted or unsubstituted 

heteroarylcarbonyl, a substituted or unsubstituted heteroarylsulfonyl, a 
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substituted or unsubstltuted·~aralkyl, a substituted or WlSubstituted alkyl 

sulfonamido, a substituted or ilnsubStituted aryl sulfonamido, a substituted or 

unsubstituted bicycio~~· ~ ~bstituted or unsubstituted ureido, a 

subStituted or unsubstituted.tllloUreido or a substituted or unsubstituted aryl; 

S ~ is -H, a Substituted. or unsubstituted aliphatic group, a substituted 

or unsubstituted cy~loalkyl, a halogeri, -OH, cyano, a substituted or 

WlSubstituted aromatic group, a substituted or unsubstituted heteroaromatic 

group, a substituted or unst!bstituted heterocyt:loallcyl, a substituted or 

unsubstituted arallcyl, a su~stitlited or unsubstituted heteroaraJkyl, -~Rs, or 

10 -C(O)NR..R,; 

R, is a substituted or unsubstituted aliphatic group, a substituted or 

unsubstituted alkenyl group, a substituted or unsubstituted cycloalkyl, a 

substituted or unSUbstitUted atomati~ group, a substituted or unsubstituted 

·. heteroaromatic group, or a subStituted or unsubstituted heterocycloalkyl; 

15 . provfded that L is -SN(R)-, -S(O)N(Rh -S(01N(R)-, -N(R)S-, -

N(R)S(O)-, -N(R)S(O)n -N(R)SN(R')-, -N(R)S(O)N(R')-, or -

N(R)S(O:hN(R')-when R, is a substituted or unsubstituted aliphatic group, a 

substituted ~r unsiibstinrted alkeriyl group;· 

provided ~j· is O when. L ls-0-, ~-, -C(O)NR- or-

20 NRC(O)- and R3 is azacycloalkyl or azaheteroaryl; and 

provided that j is o .when L is -0- and R3 is phenyl; 

R.., Rs and the nitrogen atom together form a 3, 4, S, 6 or 7-

memb~ substituted or unsubstituted heterocycloalkyl, substituted or 

unsubstituted heterobicycloallcyl or a SiJbstituted or unsubstituted 

25 heteroaromatic; or 

R. and Rs are each, independently, -H, azabicycloallcyl, 

heterocycloalicyl, a substituted or wisubstituted alkyl group or Y-Z; 

Y is selected from the group consisting of -C(O)-, -(Clia)p-,-8(0)2-, -

C(O)O-, -S02NH-, ~coNH-, (CRz)po~. -(CH2)~-. -{CHz)pS-, -(CHJpS(O)-, 

30 and -(CHJpS(0)2-; 

pis an integer from 0 to 6; 
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5 

2. 

;;ii) 7 
Z is -H, a substituted or unsubstituted alkyl, substituted or 

unsubstituted amino, substituted or unsubstituted aryl, substituted or 

unsubstituted heteroaryl or substituted or unsubstituted heterocycloalkyl 

group; and 

j an integer from 0 to 6. 

The compound of Claim 1, wherein R3 is selected from the group consisting 

of a substituted or unsubstituted phenyl, a substituted or unsubstituted 

naphthyl, a substituted or unsubstituted pyridyl, a substituted or 

10 unsubstituted thienyl, a substituted or unsubstituted benzotriazole, a 

15 

substituted or unsubstituted tetrahydropyranyl, a substituted or unsubstituted 

tetrahydrofuranyl, a substituted or unsubstituted dioxane, a substituted or 

unsubstituted dioxolane, a substituted or unsubstituted quinoline, a 

substituted or unsubstituted thiazole, substituted or unsubstituted isoxazole, 

substituted or unsubstituted cyclopentanyl, a substituted or unsubstituted 

bezofuran, substituted or unsubstituted benzothiophene, substituted or 

unsubstituted benzisoxazole, substituted or unsubstituted benzisothiazole, 

substituted or unsubstituted benzothiazole, substituted or wisubstituted 

bezoxazole, substituted or unsubstituted benzoxazole, substituted or 

20 unsubstituted bezimidazole, substituted or unsubstituted benzoxadiazole, 

25 3. 

30 

substituted or unsubstituted benzothladiazole, substituted or unsubstituted 

isoquinoline, substituted or unsubstituted quinoxaline, substituted or 

unsub~tituted indole and substituted or unsubstituted pyrazole. 

The compound of Claim 2 wherein R3 is substituted with one or more 

substituent selected from the group consisting ofF, Cl, Br, r, CH3, N02, 

OCF3, OCH3, CN, C02CH3, CF3, t-butyl, pyridyl, substituted or unsubstituted 

oxazolyl, substituted or unsubstituted benzyl, substituted or unsubstituted 

benzenesulfonyl, substituted or unsubstituted phenoxy, substituted or 

unsubstituted phenyl, substituted or unsubstituted amino, carboxyl, 

substituted or unsubstituted tetrazolyl, styryl, -S-(substituted or unsubstituted 

aryl), -S-(substituted or unsubstituted heteroaryl), substituted or 
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unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, -

~. alkynyl, -C(O)~. Re; and CHzORc;: 

~. Rg and the nitrogen atom together fonn a 3, 4, 5, 6 or 7-

membered, substituted or unsubstituted heterocycloalkyl, substituted or 

5 unsubstituted heterobicycloalkyl or a substituted or unsubstituted 

heteroaromatic; or 

Rt and Rg are each, independently, -H, a substituted or unsubstituted 

aliphatic group, or a substi~ted or unsubstituted aromatic group; and 

~ is hydrogen, or substituted or unsubstituted alkyl or substituted or 

10 unsubstituted aryl, -W-(CH2)c"NR.tRe, -W-(CHJt·O-alkyl,, -W-(CH2) 1-S-

15 

20 

alkyl, -W-(Cllz)t-OH; or-W-(C!ii)i-ORr; 

t is an integer from O to 6; 

Wis a bond or -0-, -S-, -S(O)-, -S(0)2-, or -NR.ic-; 
Ric is -H or alkyl; and 

R,i, Re and the nitrogen atom to which they are attached together form 

a 3, 4, 5, 6 or 7-membered substituted or unsubstituted heterocycloalkyl or 

substituted or unsubstituted. heterobicyclic group; or 

R.s and R= are each, independently, -H, alkyl, alkanoyl or -K-D; 

K is -S(O)i-, -C(O)-, -C(O)NH-, -C(0)2-, or a direct bond; 

D is a substituted or unsubstituted aryl, a substituted or unsubstituted 

heteroaryl, a substituted or unsubstituted aralkyl, a substituted or 

unsubstituted heteroaromatic group, a substituted or unsubstituted 

heteroaralkyl, a substituted or unsubstituted cycloalkyl, a substituted or 

unsubstituted heterocycloalkyl, a substituted or unsubstituted amino, a 

25 substituted or unsubstituted aminoalkyl, a substituted or unsubstituted 

aminocycloalkyl, COOR;, or substituted or unsubstituted alkyl; and 

30 4. 

~is a substituted or unsubstituted aliphatic group or a substituted or 

unsubstituted aromatic group. 

The compound of claim 3, wherein R3 is a substituted or unsubstituted 

phenyl. 
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5. The compound of Claim 1, wherein ring A is selected from the group 

consisting of a substituted or unsubstituted phenyl, a substituted or 

unsubstituted naphthyl, a substituted or unsubstituted pyridyl, and a 

substituted or unsubstituted indole. 

6. The compound of Claim 5 wherein ring A is substituted with one or more 

substituent selected from th~ group consisting ofF, Cl, Br, I, CHl, N02, 

OCF3, OCH3, CN, C02CH3, CF3, t-butyl, pyridyl, substituted or unsubstituted 

10 . oxazolyl, substituted or unsubstituted benzyl, substituted or unsubstituted 

benzenesulfonyl, substituted or unsubstituted phenoxy, substituted or 

unsubstituted phenyl, substituted or unsubstituted amino, carboxyl, 

substituted or unsubstituted tetrazolyl, styryl, -S-(substituted or unsubstituted 

aryl), -$-(substituted or unsubstituted heteroacyl), substituted or 

15 unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, -

~. alkynyl, -C(O)~. Re and CH20~; 

~ R, and the nitrogen atom together form a 3, 4, 5, 6 or 7-

membered, substituted or unsubstituted heterocycloalkyl, substituted or 

unsubstituted heterobicycloalkyl or a substituted or unsubstituted 

20 heteroaromatic; or 

~and Rg are each, independently, -H, a substituted or unsubstituted 

aliphatic group or a substituted or unsubstituted aromatic group; and 

Re is hydrogen, substituted or unsubstituted aJkyl, substituted or 

unsubstituted aryl, -W-(CH2)i-NRA, -W-(CH2)c0-alkyl, , -W-(CH2)cS-

25 alkyl, -W-(CH2) 1-0H; or-W-(CH2)1-0~; 

tis an integer from 0 to 6; 

Wis a bond or -0-, -S-, -S(O)-, -S(O)i-, or-NRi,-; 

R11: is -H or alkyl; and 

Rd, Re and the nitrogen atom to which they are attached together form 

30 a 3, 4, 5, 6 or 7-membered substituted or unsubstituted heterocycloalkyl, 

substituted or unsubstituted heterobicycloalkyl or a substituted or 
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unsubstituted heteroaromatic; or 

~ and Re are each, independently, -H, alkyl, alkanoyl or -K-D; 

K is -$(0)2-, -C{O)-, -C(O)NH-, -C(0)2-, or a direct bond; 

D is a substituted or unsubstituted aryl, a substituted or unsubstituted 

S heteroaryl, a substituted or unsubstituted aralkyl, a substituted or 

unsubstituted heteroaromatic group, a substituted or unsubstituted 

heteroaralkyl, a substituted or unsubstituted cycloalkyl, a substituted or 

unsubstituted heterocycloa.Qcyl, a substituted or unsubstituted amino, a 

substituted or unsubstituted aminoalkyl, a substituted or unsubstituted 

10 aminocycloalkyl, COOR;, or a substituted or unsubstituted alkyl; and 

15 

20 

25 

30 

7. 

8. 

R; is a substituted or unsubstituted aliphatic group or a substituted or 

unsubstituted aromatic group. 

The compound of Claim 6, wherein ring A is a substituted or unsubstituted 

phenyl. 

The compound of Claim 1 wherein R1 is of the formula 

wherein m is an integer from 0 to 3. 

9. The compound of Claim 1 wherein R1 is of the formula 
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mis an integer from 0 to 3; 

tis an integer from I to 6; and 

PCT/US99/21560 

R8, ~ and the nitrogen atom together form a 3, 4, 5, 6 or 7-

membered, substituted or tm.Substituted beterocycloalkyl, a substituted or 

15 unsubstituted heteroaromatic or substituted or unsubstituted 

heterobicyclica1kyl group; or 

R, and Rg are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y2-Z2; 

Y2 is selected from the group consisting of -C(O)-, -(CHJ11-,-S(0)2-, -

20 C(O)O-, -S02NH-, -CONH-, (CHJ110-, -(CH2)"NH-, -(CH2) 11S-, -(CHJqS(O)-, 

and -(CH2)qS(O)i-; 

q is an integer from 0 to 6; and 

Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

25 unsubstituted heteroaryl or a substituted or llllSuhstituted heterocycloalkyl 

group: 

10. The compound of Claim 1 wherein R1 is of the formula 

30 

35 Rn NR8R9 
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wherein: 

mis an integer from 1to3; 

s and t are each, independently, an integer from 0 to 6; and 

R.g, .Rg and the nitrogen atom together form a 3, 4, 5, 6 or 7-

5 membered, substituted or unsubstituted heterocycloalkyl group, substituted 

or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group; 

or 

Ra and~ are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or -Y2-~; 
10 Y2 is selected from the group consisting of-C(O)-, -(CH2)q-,-S(0)2-, -

. C(O)O-, -S02NH-, -CONH-, (CH2)q0-, -(CH:JqNH-, -(CH2)qS-, -(CH2)qS(O)­

and-(Cliz)qS(0)2-; 

q is an integer from 0 to 6; 

~ is -H, a substituted or unsubstituted alkyl, a substituted or 

15 unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; 

R77 is -OR78, or -NR,,Ra0; 

R78 is -H or a substituted or unsubstituted aliphatic group; 

R79, ~ and the nitrogen atom together form a 3, 4, 5, 6 or 7-

20 membered, substituted or unsubstituted heterocycloalkyl group, substituted 

or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group; 

or 

R79 and R80 are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl oi'-Y3-Z3; 

25 Y3 is selected from the group consisting of-C(O)-, -(CH2)q-,-S{O)i-, -

30 

I I. 

C(O)O-, -S02NH-. -CONH-, (CH2)q0-, -(CH2);m-, -(CHJqS-, -(CH2)qS(O)­

and-(CH2)qS(0)2-; 

q is an integer from 0 to 6; 

Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl. 

The compound of Claim 1 wherein R 1 is of the formula 
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wherein: 

v is an integer from 1 to 3; and 

R10 is -H, azabicycloalkyl, heterocycloalkyl or Y2-~; 
10 · Y2 is selected from the group consisting of -C(O)-, -(CHJq-,-S(O)z-, -

C(O)O-, -S02NH-, -CONH-, (CHJqO-, -(CHJ~-, -{CH2)qS-, -(CHJqS(O)-, 

and -(CHJqS(O)i-; 

q is an integer from 0 to 6; and 

Zi is -H, a substituted or unsubstituted alkyl, a substituted or 

15 unsubstituted amino, a substituted or wisubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalk:yl. 

12. The compound of.Claim 1 wherein R1 is of the formula 

20 

25 

wherein: 

m is an integer from 0 to 3; 

R 10 is -H, azabicycloalkyl, heterocycloalkyl or Y 2-Z2; 

30 Y2 is selected from the group consisting of -C(O)-, -(CH2)p-,-S(O)i-, 

C{O)O-, -S02NH-, -CONH-, -(CH2)q0-, -(CH2)qNH-, -(CH2)qS-, -

(CH2)qS(O)-, and -(CH2)qS(0)2-; 

q is an integer from 0 to 6; and 

Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 
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unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; 

and 

R11 represents one or more substituents independently selected from 

5 the group consisting of hydrogen, hydroxy, oxo, a substituted or 

unsubstituted aliphatic group, a substituted or unsubstituted aromatic group, 

a substituted or unsubstituted heteroaromatic group, a substituted or 

unsubstituted alkoxycarbonyl, a substituted or unsubstituted alkoxyalkyl, a 

substituted or unsubstituted aminocarbonyl, a substituted or unsubstituted 

10 alkylcarbonyl, a substituted or unsubstituted arylcarbonyl, a substituted or 

15 

20 

25 

30 

· unsubstituted heteroarylcarbonyl, a substituted or unsubstituted aminoalkyl 

and a substituted or unsubstituted aralkyl groups, provided that the carbon 

atoms adjacent to the nitrogen atom are not substituted by a hydroxy group. 

13. The compound of Claim 1 wherein R1 is of the fonnula 

(N) 
N 

I 
R10 

wherein: 

R10 is H, azabicycloalkyl, heterocycloalkyl or Y2-Zz; 
Y2 is selected from the group consisting of -C(O)-, -(Clii)q-,-S(0)2-, -

C(O)O-, -S02NH-, -CONH-, (CH:JqO-, -(CH2)qNH-, -(CH2)qS-, -(CHJqS(O)-, 

35 and -(CHJqS(O)i-~ 
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10 

15 

20 

25 
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35 15. 

.;)_ y 5 
q is an integer from 0 to 6; and 

Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl. 

The compound of Claim 1 wherein R1 is of the formula 

wherein: 

r is an integer from 1 to 6; and 

Ra,~ and the nitrogen atom together form a 3, 4, 5, 6 or 7-

membered, substituted or unsubstituted heterocycloalkyl group, substituted 

or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group; 

or 

Rs and~ are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y2-Z2; 

Y2 is selected from the group consisting of -C(O)-, -(CH2)q-,-S(O)n -

C(O)O-, -S02NH-, -CONH-, (CH2)q0-, -(CHJqNH-, -(CH2)qS-, -(CH2)qS(O)-, 

and-(CH2)qS(0)2-; 

q is an integer from 0 to 6; and 

Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl 

group. 

The compound of Claim 1 wherein R1 is of the formula 
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wherein: 

w is an integer from 0 to 4; 

t is an integer from 0 to 6; 

u is 0 or I; 

PCTIUS99/2l560 

R12 is hydrogen or a substituted or unsubstituted alkyl group; 

Rs, ~ and the nitrogen atom together form a 3, 4, 5 or 6-membered, 

substituted or unsubstituted heterocycloal.kyl, a substituted or unsubstituted 

heteroaromatic, or a substituted or unsubstituted heterobicycloalkyl; or 

R8 and~ are each, independently, -H, azabicycloalkyl, 

25 heterocycloalkyl or Y2-Zi; 

30 

35 

Y2 is selected from the group consisting of -C(O)-, -(CH:Jq-,-S(0)2-, -

C{O)O-, -S02NH-, -CONH-, (C~)qO-, -(CH:JqNH-, -(CH2)qS-, -(CH2)qS(O)-, 

and -(C~)qS(Ok; 

. q is an integer from 0 to 6; and 

Zi is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl. 

16. The compound of Claim 1 wherein R 1 is of the formula 
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10 

15 

20 17. 

25 

wherein: 

w is an integer from 0 to 4; 

t is an integer from 0 to 6; 

R 10 is hydrogen or a substituted or unsubstituted alkyl group; 

R 12 is -H, azabicycloalkyl, heteocycloalkyl or Y2-Z2; 

Y2 is selected from the group consisting of-C(O)-, -(CH2)q-,-S(0)2-, -

C(O)O-, -S02NH-, -CONH-, (CHJqO-, -(CHJqNH-, -(CH:z)qS-, -(CH:z)qS(O)-, 

and -(CH2)qS(0)2-; 

q is an integer from 0 to 6; and 

Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroacyl or a substituted or unsubstituted heterocycloalkyl. 

The compound of Claim 14 wherein R8, ~and the nitrogen atom together 

form a heterocycloalkyl group; of the formula 

wherein: 

R13, Rt4• R15, R16, R171 R18, R19 and ~o are each, independently, lower 

alkyl or hydrogen; or 

30 at least one pair of substituents R13 and R,4; R 15 and R16; R17 and R18; 

or R 19 and Rio together are an oxygen atom; or 
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at least one of R13 and R15 is cyano, CON1IRi1, COO Rm CH20R21 or 

CliiNRz1CRzz); 
:Ri1, ~and the nitrogen atom together form a 3, 4, 5, 6 or?­

membered, substituted or llllSUbstituted heterocycloalkyl group, substituted 

5 or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group; 

or 

:Ri, and Riz are each, independently, -H. azabicycloalkyl, 

heterocycloalkyl or Y3-Z3; 

Y3 is selected from tb,e group consisting of-C(O)-, -(CRi)q-,-S(0)2-, -

IO C(O)O-, -S02NH-, -CONH-, (CH:JqO-, -(CH2)qNH-, -(CH:JqS-, -(CH:JqS(O)-

. ; and -(CH2)qS(Ok; 

q is an integer from 0 to 6; and 

Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

15 unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; 

Xis -0-, -S-, -SO-, -S02-, -CH2-, -CH(O:Rn)- or NR23 ; 

:Ri3 is -H, substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl, a substituted or unsubstituted aral.kyl, -C(NH)~, -

C(0)~4, or -C(O)O~; 

20 R,_4 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

18. 

25 

30 

unsubstituted aryl or a substituted or unsubstituted aralkyl; and 

u is 0 or 1. 

The compound of Claim 14 wherein R8, ~and the nitrogen atom together 

form a heterocycloalkyl of the formula 

wherein: 

R:zs and R26 are each, independently, hydrogen or lower alkyl; or 

R25 and R26 together are an oxygen atom; and 
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~1, R22 and the nitrogen atom together fonn a 3, 4, Sor 6-membered, 

substituted or unsubstituted heterocycloalkyl group; or 

Ri1 and Ri2 are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y3-Z3; 

5 Y3 is -H, selected from the group consisting of -C(O)-, -(CH2) 5·,-

S(0)2-, -C(O)O-, -S02NH-, ~CONH-, (CH2).0-, -(CHJ,NH-, -(CHJ1S-, -

(CHJ1S(O)-, and -(CHJ.S(0)2-; 

s is an integer from 0 to 6; and 

Z3 is a substituted or unsubstituted alkyl, a substituted or 

10 unsubstituted amino, a substituted or Wlsubstituted aryl, a substituted or 

\UlSUbstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; 

i is an integer from 1 to 6; and 

t is an integer from 0 to 6. 

15 19. The compound of Claim 14 wherein Ra,~ and the nitrogen atom together 

fonn a heterocycloalkyl group; of the fonnula 

20 

25 

30 

wherein: 

i is an integer from 1 to 6; and 

R11 is CffiOH, C(O)~R2, or C00~4; 

~4 and R.is are each, independently, hydrogen or a substituted or 

unsubstituted alkyl, a substituted or unsubstituted aryl or a substituted or 

unsubstituted aralkyl group. 

20. The compound of Claim 14 wherein R8, ~and the nitrogen atom together 

form a heteroaromatic group of the formula 
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wherein: 

R29 is a -Cl, substituted or WlSUbstituted alkyl, a substituted or 

unsubstituted aryl or a substituted or unsubstituted aralkyl group, carboxylic 

acid, cyano, C(O)OR30, CH20R301 CH2NR21~ or C(0)~1~; 

R30 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl, a substituted or unsubstituted aralkyl, a substituted or 

unsubstituted heterocycloalkyl or heterocycloaryl group; and 

~1 , ~2 and the nitrogen atom together form a 3, 4, 5 or 6-membered, 

substituted or unsubstituted heterocycJoalkyl group, a substituted or 

15 unsubstituted heteroaromatic or a substitutituted or unsubstituted 

heterobicycloalkyl; or 

~1 and~ are each, independently, H, azabicycloalkyl, 

heterocycloalkyl or Y3-Z3; 

Y3 is selected from the group consisting of -C(O)-, -(C~)i-,-S(0)2-, 
20 -C(O)O-, -S02NH-, -CONH-, (CH2)10-, -(CH2)~-. -(C~)1S-, -(CHJ1S(O)-

25 

21. 

30 

35 

, and -(CH2)1S(0)2-; 

t is an integer from 0 to 6; and 

Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl. 

The compound of Claim 14 wherein at least one of Rs and ~ is of the 

formula Y3-D, wherein Dis of the formula 
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wherein: 

Y3 is selected from the group consisting of-C(O)-, -(CH2)i-,-S(O)a-, 

-C(O)O-, -S02NH-, -CONH-, (CH:Jp-, -(CH2)rNif-, -(CHJ1S-, -(C~)$(0)-

' and -(CHJ1S(0)2-; 

tis an integer from 0 to 6; 

T is -0-, -C(O)-, -S-, -SO-, -SOn -CH2-, -CH(ORiJ- or -N(Ri.J-; 
~ .. is hydrogen or a substituted or unsubstituted alkyl, aryl or aralkyl 

group; and 

xis 0, 1 or2. 

22. - The compound of Claim 14 wherein at least one ofR8 and R., is of the 

formula Y3-N(R31)R32, wherein: 

Y3 is selected from the group consisting of-C(O)-, -(CHJc,-S(Ok, 

-C(O)O-, -S02NH-, -CONH-, (C~)p-, -(CH:JiNH-, -(CH2) 1S-, -(CHJ,S(0)-
15 , and-(CHJ1S(0)2-; 

t is an interger from 0 to 6; 

R,1 and R,2 are each, independently, substituted or unsubstituted 

carboxyalkyl, a substituted or unsubstituted alkoxycarbonylalkyl, a 

substituted or unsubstituted hydroxyalkyl, a substituted or unsubstituted 

20 alkylsulfonyl, a substituted or unsubstituted alkylcarbonyl or a substituted or 

unsubstituted cyanoalkyl; or 

25 

30 

R31 and R32, together with the nitrogen atom, form a five- or six­

membered heterocycloalkyl group, a substituted or unsubstituted 

heteroaromatic or a substitutituted or unsubstituted heterobicycloalkyl. 

23. The c~mpound of Claim 15 wherein Ra, R., and the nitrogen atom together 

form a heterocycloalkyl of the formula 

wherein 
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R13, R14, R15, R 16, Rm R18, R., and 'R.zo are each, independently, lower 

alkylorhydrogen;or 

at least one pair of substituents R13 and R,4 ; R15 and R 16; R17 and Ru; 

or R19 and Rio together are an oxygen atom; or 

5 at least one of R13 and R15 is cyano, CONH'R.z1, COO'R.z1, Cl!z0~1 or 

Cl!zNRi1~J; 
~1 • ~and the nitrogen atom together form a 3, 4, 5, 6 or 7-

membered, substituted or unsubstituted heterocycloalkyl group, substituted 

or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group; 

10 or 

Ri1 and Ru are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y3-Z3; 

Y 3 is selected from the group consisting of -C(O)-, -(CH2),-,-S(0)2-, -

C(O)O-, -S02NH-, -CONH-, (CIIJsO-, -(CH2)sMf-, -(CH2)sS-, -(CHJsS(0)-

15 and -(CH2) 5S(0)2-; 

s is an integer from 0 to 6; and 

~ is :_H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; 

20 X is -0-, -S-, -SO-, -802-, -CH2-, -CH(OR23)- or ~3; 

~3 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl, a substituted or unsubstituted aralkyl, -C(NH)NH2, -

C(O)R.i4, or -C(O)OR.:4; 

~4 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

25 unsubstituted aryl or a substituted or unsubstituted aralk:yl; and 

30 

y is 0 or 1. 

24. The compound of Claim 15 wherein Ra.~ and the nitrogen atom together 

fonn a heterocycloalkyl of the formula 
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:J73 

I 
N 

Ro.~l~c~). 
R2s ( '"'2Cb N .. Ri2 

z \ 
~1 

_ wherein 

~5 and ~6 are each, independently, hydrogen or lower alkyl; or 

~5 and ~6 together are an oxygen atom; 

Riu R.i2 and the nitrogen atom together fonn a 3, 4, 5 or 6-membered, 
15 substituted or unsubstituted heterocycloalkyl group, a substituted or 

unsubstituted heteroaromatic or a substitutituted or unsubstituted 
heterobicycloalkyl; or 

Ri1 and :Rii are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y3-Z:,; 
20 Y3 is selected from the group consisting of -C(O)-, -(CH2)s-,-S(0)2-, -

C(O)O-, -S02NH-, -CONH-, (CH2)P-. -(CH2),.NH-, -(CH2)sS-, -(CHJsS(O)-, 

and ·(CI!i)sS(0)2-; 

sis an integer from 0 to 6; and 

Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

25 unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroary] or a substituted or unsubstituted heterocycloalkyl 

group~ or 

30 

r is an integer from 1 to 6; and 

z is an integer from 0 to 6. 

25. The compound of Claim 15 wherein Rs.~ and the nitrogen atom together 

form a heterocycloalkyl group of the formula 
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I 
N 

L,~CH2), 
~7 

wherein 
i is an integer from 1to6; and 

~is CH20H C(O)~~s or C00~4; 

~ and ~8 are each, independently, hydrogen or a substituted or 

unsubstituted alkyl, a substituted or unsubstituted aryl or a substituted or 

unsubstituted aralkyl group. 

26. The compound of Claim 15 wherein Rs, ~ and the nitrogen atom together 

form a heteroaromatic group of the formula 

wherein: 

R,i9 is a substituted or wisubstituted alkyl, a substituted or 

unsubstituted aryl or a substituted or unsubstituted aralkyl group, carboxyl, 

cyano, C(O)OR30, CH20R3o• CH2~1R22 or C(0)~1Rn; 

R30 is a -H, substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl, a substituted or unsubstituted aralkyl, a substituted or 

30 unsubstituted heterocycloalkyl or a substituted or unsubstituted 

heterocycloaryl group; 

Rw R22 and the nitrogen atom together form a 3, 4, 5 or 6-membered, 

substituted or unsubstituted heterocycloalkyl group, a substituted or 

unsubstituted heteroaromatic or a substitutituted or unsubstituted 

35 heterobicycloalkyl; or 
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~. and~ are each, independently, -H, azabicycloalkyl, 

heterocycloalkyl or Y 3-Z3; 

Y3 is selected from the group consisting of-C(O)-, -(CH:J5-,-S(0)2-, -

C(O}O-, -S02NH-, -CONH-, (CH:JsO-, -(CHJ,NH-, -(Clii}sS-, -(Cffi},S(O)-, 

S and -(CHJ,S(O}i-; 

s is an integer from 0 to 6; and 

Z3 is -H, a substituted or unsubstituted alkyl group, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl group, a substituted 

or unsubstituted heteroaryl group or a substituted or unsubstituted 

10 heterocycloalkyl group. 

15 

20 

27. The compound of Claim 15 wherein at least one of Ra and~ is of the 

fonnula Y3-D, wherein Dis of the fonnula 

wherein: 

Y3 is selected from the group consisting of -C(O}-, -(CHJ5-,-S(0}2-, -

25 C(O}O-, -S02NH-, -CONH-, (CH2)sO-, -(CH2).NH-, -(CH2).S-, -(Clii)sS(O)-, 

and -(CHJ5S(0)2-; 

s is an integer from 0 to 6; 

T is -0-, -C(O)-, -S-, -SO-, -S02-, -CH2-, -CH(OR33)- or -NR,3-; 

R33 is hydrogen, a substituted or unsubstituted alkyl, a substituted or 

30 unsubstituted aryl, a substituted or unsubstituted araJkyl, -C(NH)NH2, -

C(O)R34, or -C(O)OR,4; 

35 

R34 is hydrogen, substituted or unsubstituted alkyl, aryl or aralkyl,; 

and 

xis 0, 1or2. 

28. The compound of Claim 15 wherein at least one of Ra and~ is of the 

formula Y 3-N(R,1)R32, wherein: 
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Y3 is selected from the group consisting of-C(O)-, -(CHJ1-,-S(O:h-. -

C(O)O-. -S02NH-. -CONH-. (CH2).0-, -(Cli:i)sNH-, -(CH2)sS-, -(CHJ.S(O)-, 
and -(CH2) 1S(0)2-; 

s is an integer from 0 to 6; 

5 R31 and R32 are each, independently, substituted or unsubstituted 

carboxyalkyl, a substituted or unsubstituted alkoxycarbonylalkyl, a 

substituted or unsubstituted hydroxyalkyl, a substituted or unsubstituted 

alkylsulfonyl, a substituted or unsubstituted alkylcarbonyl or a substituted or 

unsubstituted cyanoalk:yl; or 

10 R31 and R32, together.with the nitrogen atom, form a five- or six-

- membered heterocycloalkyl group, a substituted or unsubstituted 

heteroaromatic or a substitutituted or unsubstituted heterobicycloalk:yl. 

29. The compound of Claim 12 wherein~ is of the formula N{R35)R36, wherein 

15 R35 and ~6 are each, independently, hydrogen, alkyl, alkoxycarbonyl, 

alkoxyalkyl, hydroxyalkyl, aminocarbonyl, cyano, alkylcarbonyl or aralkyl. 

30. The compound of Claim 12 wherein Z2 is of the formula 

25 

wherein: 

each X1 is, independently, CH or N; and 

R37 is hydrogen, cyano or a substituted or unsubstituted alkyl, a 

30 substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted 

alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted arninocarbonyl, a substituted or unsubstituted alkylcarbonyl or 

a substituted or unsubstituted aralkyl group. 
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31. The compound of Claim 12 wherein Z2 is of the formula 

wherein 

g is an integer from 0 to 3; 

T is -0-, -C(O)-, -S-, -SO-, -802-, -CH2-, -CH(OR34)- or -N(R34)-; 

R34 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl or a substituted or unsubstituted aralkyl; and 

15 R37 is hydrogen, cyano or a substituted or unsubstituted alkyl, a 

20 

25 

30 

substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted 

alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or 

a substituted or unsubstituted aralkyl group. 

32. The compound of Claim 12 wherein Z:z is of the fonnula 

wherein: 

g is an integer from O to 3; and 

R37 is hydrogen, cyano or a substituted or wisubstituted alkyl, a 

substituted or unsubstituted alkoxycarbony1, a substituted or unsubstituted 
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alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or 

a substituted or unsubstituted aralkyl group. 

5 33. The compound of Claim 12 wherein Zi is of the formula 

10 

15 

wherein: 

T is -0-, -C(O)-, -S-, -SO-, -SOn -CH2-, -CH(0~4)- or -N~4)-; 
R34 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

unsubstituted aryl or a substituted or unsubstituted aralkyl; and 

g is an integer from 0 to 3; and 

R37 is hydrogen, cyano or a substituted or unsubstituted alkyl, a 

20 substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted 

alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted aminocarbonyl, a substituted or unsubstituted alky1carbonyl or 

a substituted or unsubstituted aralkyl. 

25 
34. The compound of Claim 12 wherein Z2 is of the formula 

30 
_{) R31 

N 
I 
Ras 

35 wherein: 
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R37 is hydrogen, cyano, a substituted or WlSubstituted alkyl, a 

substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted 

alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or 

unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl , a 

5 substituted or unsubstituted thioalkoxy or a substituted or unsubstituted 

aralkyl; and 

R31 is hydrogen, substituted or unsubstituted alkyl, a substituted or 

unsubstituted alkoxycarbonyl, a substituted or unsubstituted alkoxyalkyl, a 

substituted or unsubstituted aminocarbonyl, perhaloalkyl, a substituted or 

10 unsubstituted alkenyl, a substituted or unsubstituted alkylcarbonyl or a 

_ substituted or unsubstituted aralkyl. 

35. The compound of Claim I wherein R1 is of the formula 

15 

20 

wherein: 

25 u is 0 or 1; 

· R_,9, Rio. R4t• R42, R,.3, ~. R..s and R,.6 are each, independently, 

methyl or hydrogen; or 

at least one pair of substituents R39 and Rio; R.11 and R,.2; ~3 and 

~;or R..s and R,.6 together are an oxygen atom; and 

30 R47 is H, azabicycloalkyl, heterocycloalkyl or Y2-Z2; 

Y2 is selected from the group consisting of -C(O)-, -(CH2)q-,-S(Ok, -

C(O)O-, -S02NH-, -CONH-, (CH2)q0-, -(CH2)qNH-, -(CH2)qS-, -(CH2)qS(O)-, 

and -(CHJqS(0)2-; 

q is an integer from 0 to 6; and 

35 Z2 is -H, a substituted or unsubstituted alkyl, a substituted or 
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unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl 

group; or 

~7 is of the formula 

(
Rs1 

Rso 

wherein: 

y is 0 or 1; 

~s• Ri9, Rso. Rs,, Rs2, Rs3, Rs4 and Rss are each, independently, methyl 

20 or hydrogen; or 

at least one pair of substituents R..s and R,.9; Ilsa and Rs1; Rs2 and Rs3; 
or Rs4 and Rss together are an oxygen atom; and 

Rs6 is -H, azabicycloalkyl, heterocycloalkyl or Y3-Z3, 

Y3 is selected from the group consisting of -C(O)-, -(CH2) 1-,-S(0)2-, -

25 C(O)O-, -S02NH-, -CONH-, (CH2)tO-, -(CH2) 1NH-, -(CH2) 1S-, -(CH2) 1S(O)-; 

and -(CH2) 1S(0)2-; 

30 

36. 

35 

40 

t is an integer from 0 to 6; and 

Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or wisubstituted aryl, a substituted or 

wisubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl. 

The compound of Claim 1 wherein R1 is of the fonnula 
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- wherein: 

e, f, h, u and y are independently 0 or 1; 

Rs1, Rm Rs11, ~o• ~1• ~z, ~3• ~. ~' and ~6 are each, 
15 independently, methyl or hydrogen; or 

at least one pair of substituents Rs7 and Rs8; R59 and~; ~1 and~; 
or~ and~ together are an oxygen atom; and 

~7 is H, azabicycloalkyl, heterocycloalkyl or Y2-Zz; 
Y2 is selected from the group consisting of -C(O)-, -(CH2)q-,-S(Ok, -

20 C(O)O-, -S02NH-, -CONH-, (CHJqO-, -(CH2)qNH-, -(CH2)qS-, -(CH:z)qS(O)-, 

and -(CHJqS(O)i-; 

p is an integer from 0 to 6; and 

Zz is -H, a substituted or unsubstituted alkyl, a substituted or 

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

25 wisubstituted heteroaryl or a substituted or wisubstituted heterocycloalkyl; or 

~7 is of the formula 

'~1 70 

Rs9 
Res N 

30 I 
R1s 

wherein: 

35 dis Oor 1; 
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~a• ~. R70, Rm R72, R73, R14 and R7s are each, independently, lower 
alkyl or hydrogen; or 

at least one pair of substituents ~8 and ~9; R10 and R71 ; R72 and R73; 

and R74 and R7s together are an oxygen atom; and 
5 Ri6 is -H, azabicycloalkyl, heterocycloalkyl or Y3-Z3; 

Y3 is selected from the group consisting of-~(0)-, -(CH2k,-S{Ok, -
C(O)O-, -S02NH-, -CONH-, (CH2)t0-, -(CHJ~-. -(CHJtS-, -(CH2) 1S(O)-, 

and -(CHJi8(0)2-; 

p is an integer from. 0 to 6; 

10 Z3 is -H, a substituted or unsubstituted alkyl, a substituted or 

- unsubstituted amino, a substituted or unsubstituted aryl, a substituted or 

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl 

group. 

15 37. The compowid of Claiml, wherein~ is -H. 

20 

38. The compowid of Claim l, wherein Lis -0-, -NHS02R-, -NC(O)O-, or 

NHC(O)-. 

39. A method of inhibiting protein kinase activity comprising administering a 

compound of Claim 1 or a physiologically acceptable salt, prodrug or 

biologically active _metabolites thereof. 

25 40. The method of Claim 39 wherein said protein kinase is selected from the 

group-consisting ofKDR, FGFR-1, PDGFRp, PDGFRa, IGF-IR, c-Met, Flt-

1, TIE-2, Lek, Src, fyn, Lyn, Bllc, and yes. 

41. 

30 

42. 

The method of Claim 39 wherein the activity of said protein kinase affects 

hyperproliferative disorders. 

The method of Claim 39 wherein the activity of said protein kinase affects 

angiogenesis, vascular permeability, immune response or inflammation. 
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43. A method of treating a patient having a condition which is mediated by 

44. 

protein kinase activity, said method comprising the step of administering to 

the patient a therapeutically effective amount of a compound of Formula I as 

defined in Claim 1 or a physiologically acceptable salt, pro~g or 

biologically active metabolite thereof. 

The method of Claim 43 wherein said protein kinase is selected from the 

group consisting ofKDR, Flt-1, PDGFRJ3, PDGFRa, IGF-lR, c-Met, TIE-2, 

Lek, Src, fyn, Lyn, Bllc, and.yes. 

45. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is a hyperproliferative disorder. 

46. The method of Claim 43 wherein the activity of said protein kinase affects 

angiogenesis, vascular permeability, an immulogic response or an 

imflammatory response. 

4 7. The method of Claim 43 wherein the protein kinase is a protein 

serine/threonine kinase or a protein tyrosine kinase. 

48. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is one or more ulcers. 

49. The method of Claim 48 wherein the ulcer or ulcers are caused by a bacterial 

or fungal infection; or the ulcer or ulcers are Mooren ulcers; or the ulcer or 

ulcers are a symptom of ulcerative colitis. 

SO. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is Lyme disease, sepsis or infection by Herpes simplex, Herpes 

30 Zoster, human immunodeficiency virus, parapoxvirus, protozoa or 

toxoplasmosis. 
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51. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is von Hippel Lindau disease, pemphigoid, psoriasis, Paget's disease 

or polycystic kidney disease. 

52. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is fibrosis, sarcoidosis, cirrhosis, thyroiditis, hyperviscosity 

syndrome, Osler-Weber-Rendu disease, chronic occlusive pulmonary 

disease, asthma, exudtaes, ascites, pleural effusions, pu1monary edema, 

10 · cerebral edema or edema foJlowing bums, trauma, radiation, stroke, hypoxia 

15 

20 

or ischemia. 

53. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is ovarian hyperstimulation syndrome, preeclampsia, 

menometrorrhagia, or endometriosis. 

54. 

55. 

The method of Claim 43 wherein the condition mediated by protein kinase 

activity is chronic inflammation, systemic lupus, glomerulonephritis, 

synovitis, inflammatory bowel disease, Crobn's disease, glomerulonephritis, 

rheumatoid arthritis and osteoarthritis, multiple sclerosis or graft rejection. 

The method of Claim 43 wherein the condition mediated by protein kinase 

activity is sickle cell anaemia. 

25 56. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is an ocular condition. 

57. 

30 

The method of Claim 56 wherein the ocular condition is ocular or macular 

edema, ocular neovascular disease, scleritis, radial keratotomy, uveitis, 

vitritis, myopia, optic pits, chronic retinal detachment, post-laser treatment 

complications, conjunctivitis, Stargardt's disease, Bales disease, retinopathy 
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or macular degeneration. 

58. The method of Claim 43 wherein the condition mediated by protein kinase 

activity is a cardiovascular condition. 

59. The method of Claim 58 wherein the condition mediated by protein kinase 

acitivity is atherosclerosis, restenosis, ischemia/reperfusion injwy, vascular 

occlusion, venous malformation or carotid obstructive disease. 

10 60. - The method of Claim 43 wherein the condition mediated by protein kinase 

15 

20 

25 

30 

61. 

activity is cancer. 

The method of Claim 60 wherein the cancer is a solid tum.or, a sarcoma, 

:fibrosarcoma, osteoma, melanoma, retinoblastoma, a rhabdomyosarcoma, 

glioblastoma, neuroblastoma, teratocarcinoma, an hematopoietic malignancy 

and malignant ascites. 

62. The method of Claim 61 wherein the cancer is Kaposi's sarcoma, Hodgkin's 

disease, lymphoma, myeloma or leukemia. 

63. 

64. 

65. 

The method of Claim 43 wherein the condition mediated by protein kinase 

actitivity is Crow-Fukase (POEMS) syndrome or a diabetic condition. 

The method of Claim 63 wherein the diabetic condition is insulin-dependent 

diabetes mellitus glaucoma, diabetic retinopathy or microangiopathy. 

A method of decreasing fertility in a patient, said method comprising the 

step of administering to the patient an effective amount of a compound of 

Fonnula I as defined in Claim I or a physiologically acceptable salt, prodrug 

or biologically active metabolite thereof. 
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66. The method of Claim 43 wherein the compound ofFonnula I or a 

physiologically acceptable salt, prodrug or biologically active metabolite 

thereof is administered in an amount effective to promote angiogenesis or 

vasculogenesis. 

67. The method of Claim 66 wherein the protein kinase is Tie-2. 

68. The method of Claim 66 wherein the compound of Formula I, or 

physiologically acceptable salt, prodrug or biologically active metabolite 

10 thereof, is administered in combination with a pro-angiogenic growth factor. 

15 

20 

25 

69. The method of Claim 68 wherein the pro-angiogenic growth factor is 

selected from the group consisiting ofVEGF, VEGF-B, VEGF-C, VEGF-D, 

VEGF-E, HOF, FGF-1, FGF-2, derivatives thereof and antiiodotypic 

antibodies. 

70. The method of Claim 66 wherein the protein kinase-mediated condition is 

anemia, ischemia, infarct, transplant rejection, a wound, gangrene or 

necrosis. 

71. The method of Cla.lln 43 wherein the protein kinase activity is involved in T 

cell activation, B cell activation, mast cell degranulation, monocyte 

activation, the potentiation of an inflammatory response or a combination 

thereof. 

72. A compound selected from the group consisting of: 

Cis-5-( 4-phenoxyphenyl)-7-( 4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine, 

30 Trans-5-( 4-phenoxyphenyl)-7-( 4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine, 

Cis-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-1-yl)-7H-pyrrolo[2,3-
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Trans-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohex-1-yl)-7H-pyrrolo[2,3-d 

]pyrimidin-4-ylamine, 

Trans-1-( 4-dimethylaminocyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolo 

5 [2,3-d]pyrimidin-4-ylamine, 

Cis-1-( 4-dimethylaminocyclohexyl)-5-( 4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-ylamine, 

5-( 4-phenoxyphenyl)-7-( 4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine 

dihydrochlorid, 

10 5-( 4-phenoxyphenyl)-7-(3-pyrrolidinyl) -7H-pyrrolo[2,3-d]pyrimidin-4-

ylamine dihydrochloride, 

Cis-7-[ 4-( 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrimidin-4-aminc, 

Trans-1-[ 4-( 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-

. 15 pyrrolo[2,3-d]pyrimidin-4-amine, 

Cis-7-{ 4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl}-5-( 4-phenoxyphenyl)-

7 H~pyrrolo[2,3-d]pyrimidin-4-amine, 

Trans-7-{ 4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl }-5-( 4-

phenoxyphenyl)-7 H-pyrrolo[2,3-d]pyrimidin-4-amine, 

20 Cis-7-(-4-( 4-ethylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrimidin-4-amine, 

trans-7-[ 4-( 4-ethylpiperazino )cyclohexyl)-5-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine, 

Cis-7-[ 4-( 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-

25 pyrrolo[2,3-d]pyrimidin-4-amine tris maleate, 

Trans-7-[ 4-( 4-isopropylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrimidin-4-amine tris maleate, 

Cis-7-{4-[ 4-(2-methoxyethyl)piperazino ]cyclohexyl }-5-( 4-phenoxyphenyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate, 

30 Trans-7-{4-[4-(2-methoxyethyl)piperazino]cyclohexyl}-5-(4-

phenoxyphenyl)-7 H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate, 
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Cis-7-(4-{[3-(lH-1-imidazolyl)propyl]amino}cyclohexyl)-5-(4-

phenoxyphenyl)-7 H-pyrrolo[2,3-d]pyrimidin-4-amine trimaleate salt, 

Trans-7-(4-{[3-(lH-1-imidazolyl)propyl]amino} cyclohexyl)-5-( 4-

phenoxyphenyl)-7 H-pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt, 

S Cis-7-[ 4-( dimethylamino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-pyrrolo[2,3-

d]pyrim.idin-4-amine dimaleate salt, 

Trans-5-( 4-phenoxyphenyl)-7-( 4-piperidinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine dimal~ate salt, 

Trans-5-( 4-phenoxyphenyl)-7-( 4-tetrahydro-lH-1-pyrrolylcyclohexyl)-7 H-

10 - pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt, 

Cis-5-( 4-phenoxyphenyl)-7-( 4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt, 

Trans-5-( 4-phenoxyphenyl)-7-( 4-piperazinocyclohexyl)-7 H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt, 

15 7-[3-( 4-methylpiperazino )cyclopentyl]-5-( 4-phenoxyphenyl)-7 H-pyrrolo[2,3-

d]pyrimidin-4-amine tri-maleate, 

Trans-7-[3-( 4-methylpiperazino )cyclohexyl]-5-( 4:-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrirnidin-4-amine, 

Trans-7-[3-( 4-methylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H-

20 pyrrolo[2,3-d]pyrimidin-4-amine tri-maleate, 

trans-7-[3-( 4-methylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrimidin-4-amine tri-hydrochloride, 

cis-7 -[3-( 4-methylpiperazino )cyclohexylJ-5-( 4-phenoxyphenyl)-7 H­

pyrrolo[2,3-d]pyrimidin-4-amine tri-maleate salt, 

25 cis-7 -[3-(4-methylpiperazino )cyclohexyl]-5-( 4-phenoxyphenyl)-7H­

pyrrolo[2,3-d]pyrimidin-4-amine tri-hydrochloride, 

Trans-5-(2-methyl-4-phenoxyphenyl)-7-[ 4-( 4-methylpiperazino )cyclohexyl]-

7 H-pyrrolo(2,3-d]pyrimidin-4-amine trimaleate, 

Cis- benzyl N-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-

30 pyrrolo[2,3-d]pyrimidin-5-yl}2-methoxyphenyl)carbamate tri-maleate, 

Trans- benzyl N-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
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pyrrolo[2,3-d]pyrimidin-5-yl}-2-methoxyphenyi)carbamate tri-maleate, 

Trans-NI-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidin-5-yl}-2-methoxyphenyl)benzamide, 

Trans-Nl-{4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-

5 pyrrolo[2,3-d]pyrimidin-5-yl}-2-methoxyphenyl)benzamide tri-maleate, 

Cis-NI-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-methoxyphenyl)-3-phenylpropanamide, 

Trans- NI-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidin-S-yl}-2-methoxyphenyl)-3-phenylpropanamide, 

10 · cis- N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

c!Jpyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide trimaleate salt, 

trans-NI-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

c!Jpyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide tri-maleate, 

cis-2-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7 H-pyrrolo[2,3-

l 5 d]pyrimidin-S-ylphenoxy)-6-[ (3-methoxypropyl)amino ]benzonitrile tri­

maleate, 

trans-2-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7 H-pyrrolo[2,3-

c!Jpyrimidin-5-ylphenoxy)-6-[(3-methoxypropyl)amino ]benzonittile tti­

maleate, 

20 is-2-amino-6-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7 H­

pyrrolo[2,3-d]pyrimidin-5-ylphenoxy)benzonitrile tri-maleate, 

trans-2-amino-6-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7 H­

pyrrolo[2,3-c!Jpyrimidin-S-ylphenoxy)benzonitrile tri-maleate, 

cis-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

2S c!Jpyrimidin-S-ylphenoxy)-6-[(4-methylphenyl)sulfanyl]benzonitrile tri­

maleate, 

trans-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

c!Jpyrimidin-5-y1phenoxy)-6-((4-methylphenyl)sulfanyl]benzonitrile tri­

maleate, 

30 cis-2-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7 H-pyrrolo[2,3-

d]pyrimidin-5-ylphenoxy)-6-(2-pyridylsulfanyl)benzonitrile tri-maleate, 
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trans-2-( 4-4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

ci]pyrimidin-5-ylphenoxy)-6-{2-pyridylsulfanyl)benzonitrile tri-maleate, 

cis-5-(2-methyl-4-phenoxyphenyl)-7-[ 4-( 4-methylpiperazino )cyclobexyl]-

7 H-pyrrolo[2,3-ci]pyrimidin-4-amine tri-maleate, 

5 trans-5-(2-methyl-4-phenoxyphenyl)-7-[ 4-( 4-methylpiperazino )cyclohexyl]-

7 H-pyrrolo[2,3-ci]pyrimidin-4-amine tri-maleate, 

cis-Nl-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fl.uorophenyl)-4-fluoro-l-benzenesulfonamide tri­

maleate, 

10 trans-NI-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H­

pyrrolo[2,3-d]pyrimidin-5-yl}-2-.fluorophenyl)-4-fluoro-1-

benzenesulfonamide tri-maleate, 

Nl-4-[ 4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-

2-fluorophenyl-4-fluoro-1-benzenesulfonamide, 

15 Nl-4-[ 4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-

2-fluorophenyl-2,3-dichloro-1-benzenesulfonamide, 

Nl-4-[ 4-amino-7-{ 4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-2-

fluorophenyl-4-fluoro-1-benzenesulfonamide, 

Nl-4-[ 4-amino-7-(1-formyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-

20 2-fluorophenyl-4-fluoro-1-benzenesulfonamide, 

Nl-[4-(4-amino-7-l-[(l-methyl-1H-4-imidazolyl)sulfonyl]-4-piperidyl-7H­

pyrrolo [2, 3-d]pyrimidin-5-y I )-2-fluorophenyl]-4-tl.uoro-1-

benzenesulfonamide dimaleate, 

Nl-[4-(4-amino-7-1-[(1,2-dimethyl-lH-4-imidazolyl)sulfonyl]-4-piperidyl-

25 7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-tl.uoro-1-

benzenesulfonamide, 

Nl-[4-( 4-amino-7-l-[{l ,3-dimethyl-1H-5-pyrazolyl)carbonyl]-4-piperidyl-

7H-pyrrolo(2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-

benzenesulfonamide, 

30 Nl-(4-{4-amino-7-[1-(2-pyridylcarbonyl)-4-piperidyl]-7H-pyrrolo[2,3-
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d]pyrimidin-5-yl }-2-fluorophenyl)-4-fluoro-l-benzenesulfonamide, 

Nl-4-(4-amino-7-{4-[l-{l-methylpiperid-4-yl)piperidyl]-7H-pyrrolo(2,3-

d]pyrimidin-5-yl} )-2-fluorophenyl-4-fluoro-1-benzenesulfonamide tri­

maleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide 

benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexylJ-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-4-fluoro-1-benzenesulfonamide 

benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-am.ino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-chloro-4-fluoro-l-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl-2-fluorophenyl)-2,5-difluoro-1-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-am.ino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,6-difluoro-1-benzenesulfonamide trimaleate, 
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trans- N-4-( 4-{4-amino-7-[ 4-( 4-rnethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-2, 1,3-benzothiadiazole-4-sulfonarnide 

trimaleate, 

trans-N-l-{4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,3,4-trifluoro-1-benzenesulfonarnide 

trimaleate, 

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-nitro-1-benzenesulfonarnide trirnaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-fluoro-l-benzenesulfonarnide trirnaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,4,6-trichloro-1-benzenesulfonarnide 

trimaleate, 

cis-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,6-dichloro-1-benzenesulfonamide 

trimaleate, 

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-2-chloro-1-benzenesulfonamide trirnaleate, 

cis-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dirnaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-5-chloro-2-thiophenesulfonarnide dimaleate, 



111111111111111111111111111111 
W000/17203 * C L M S * PCT/US99/lt560 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-4-bromo-2,6-difluoro-l-benzenesulfonamide 

trimaleate, 

cis-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-3-chloro-4-fluoro-l-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl-2-iodo-1 -benzenesulfonamide trimaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl ]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-{ 4-methylpiperazino )cyclohexyl]-7H-pyrrolo(2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d)pyrimidin-5-yl }-2-fluorophenyl)-2-chloro-6-methyl-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{4-amino-7-( 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-chloro-4-cyano- l-benzenesulfonamide 

trimaleate, 

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,3 ,4-trifluoro-1-benzenesulfonamide 

trimaleate, 
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cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-3 ,4-difluoro-1-benzenesulfonamide trirnaleate, 

cis-N-1-( 4-{ 4-arnino-7-[ 4-( 4-rnethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl }-2-fluorophenyl)-4-bromo-2-fluoro-1-benzenesulfonamide 

trimaleate, 

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-S-yl }-2-fluorophenyl)-S-brorno-2-thiophenesulfonarnide trimaleate, 

cis-N-1-( 4- { 4-arnino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-y1 }-2-fluorophenyl)-2,4-dichloro-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d)pyrimidin-5-yl }-2-fluorophenyl)-2,3,4-trichloro-l -benzenesulfonamide 

trimaleate, 

cis-N-1-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-3-bromo-5-chloro-2-thiophenesulfonamide 

trimaleate, 

cis- N-4-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-2, l ,3-benzothiadiazole-4-sulfonamide 

trimaleate, 

cis- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyirolo[2,3-

d]pyrirnidin-5-y I }-2-fluorophenyl)-2, 1,3-benzoxadiazole-4-sulfonamide 

trimaleate, 

cis-N-1-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl ]-7H-pyrrolo[2,3-



I 11111111111111111111111111111 
* C L M S * 

PCT/US99/ll560 WO 00117203 

~sr--

dJpyrimidin-s-y1 }-2-fluorophenyl)-2,5-dichloro-1-thiophenesulfonamide 

trimaleate, 

cis- N-4-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-(7-chloro-2, l ,3-benzoxadiazole)-4-

sulfonamide trimaleate, 

cis- N-4-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-(7-methyl-2, l ,3-benzothiadiazole )-4-

sulfonamide trimaleate, 

cis- N-4-( 4-{4-amino-7-[ 4-(4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(5-methyl-2,1,3-benzothiadiazole)-4-

sulfonamide trimaleate, 

cis- N-4-(4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(5-chloro-2, l ,3-benzothiadiazole)-4-

sulfonamide trimaleate, 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide 

trimaleate, 

cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-bromo-1-benzenesulfonamide trimaleate, 

cis-N-1-( 4-{4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,5-dibromo-3,6-difluoro-1-

benzenesulfonamide trimaleate, 

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide 

trimaleate, 
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cis-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-nitro-1-benzenesulfonamide trimaleate, 

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-2-fluoro-1-benzenesulfonamide trimaleate, 

trans-N-1-( 4- { 4-amino-7-[ 4-( 4-rnethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,4,6-trichloro-1-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,6-dichloro-l-benzenesulfonamide 

trimaleate, 

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-1-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-4-bromo-2,5-difluoro- l-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-rnethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-
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d]pyrimidin-5-yl }-2-fluorophenyl)-3-chloro-4-fluoro-1-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl }-2-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-chloro-6-methyl-1-benzenesulfonamide 

trimaleate, 

trans-N-1-(4-{4-amino-7-[4-(4-rnethylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2-chloro-4-cyano-1-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-3 ,4-difluoro-1-benzenesulfonamide trirnaleate, 

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-4-bromo-2-fluoro-l-benzenesulfonamide 

trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate, 

trans-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-p}irrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-2,4-dichloro-l-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-( 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,3,4-trichloro-1-benzenesulfonamide 
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trimaleate, 

trans-N-1-( 4- { 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-3-brorno-5-chloro-2-thiophenesulfonamide 

trimaleate, 

trans- N-4-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluoropheny1)-2, 1,3-benzoxadiazole-4-sulfonamide 

trimaleate, 

trans-N-1-( 4-{4-amino-7-[ 4-( 4-rnethylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-2,5-dichloro- l-thiophenesulfonarnide 

trimaleate, 

trans- N-4-( 4- { 4-arnino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrirnidin-5-yl }-2-fluorophenyl)-(7-chloro-2, 1,3-benzoxadiazole )-4-

sulfonamide trimaleate, 

trans- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl }-2-fluorophenyl)-(7-methyl-2, 1,3-benzothiadiazole )-4-

sulfonamide trimaleate, 

trans- N-4-( 4- {4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(5-methyl-2, 1,3-benzothiadiazole)-4-

sulfonamide trimaleate, 

trans- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-(5-chloro-2,1,3-benzothiadiazole)-4-

sulfonamide trimaleate, 

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide 

trirnaleate, 
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trans-N-l-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl}-2-fluorophenyl)-2-bromo-l-benzenesulfonamide trimaleate, 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methylpiperazino )cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-S-yl}-2-fluorophenyl)-~5-dibromo-3,6-difluoro-1-

benzenesulfonamidc trimaleate, or 

trans-N-1-( 4-{ 4-amino-7-[ 4-( 4-methy]piperazino )cyclohexyl]-m-pyrrolo[2,3-

d)pyrimidin-S-yl}-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide 

trimaleate. 
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