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TRICYCLIC FARNESYL PROTEIN TRANSFERASE INHIBITORS

10 BACKGROUND
WO 95/10516, published April 20, 1995, W096/31478,
published October 10, 1996, and copending Application Serial No.
09/094687 filed June 15, 1998 discloses tricyclic compounds
useful for inhibiting farnesyl protein transferase. '

15 . Inview of the current interest in inhibitors of farnesyl protein
transferase, a welcome contribution to the art would be compounds -
useful for the inhibition of farﬁesyl protein transferase. Sucha =
contribution is provided by this invéntion-.

20 SUMMARY OF THE INVENTION
This invention provides compbunds useful for the inhibition
of farnesyl protein transferase (FPT). The compounds of this
invention are represented by the formula: '

25 or a pharmaceutically acceptable salt or solvate thererof, wherein:
' one of a, b, ¢ and d represents N or N'O’, and the remaining a,
b, ¢ and @ groups represent CR! or CR2; or '
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each of a, b, c, and d are independently selected from CR! or
CR2; |

X represents N or CH when the optional bond (represented by
the dotted line) is absent, and represents C when the optional bond
is present;

the dotted line between carbon atoms 5 and 6 represents an
optional bond, such that when a double bond is present, A and B
independently represent -R15, halo, -OR18, -OCO2R16 or
-OC(O)R!5, and when no double bond is present between carbon
atoms 5 and 6, A and B each independently représent Ha,
-(OR16)3, H and halo, dihalo, alkyl and H, (alkyl), -H and
-OC(O)R15, H and -OR!5, =0, aryl and H, =NOR!5 or -O- (CHz)p-O—
wherein p is 2, 3 or 4; ' ' '

each R! and each R2 is independently selected from H, halo,
-CF3, -OR15 (e.g., -OCHj3), -COR15, -SR15 (e.g., -SCH3 and '
—SCH2C6H5) -S(O){R16 [Wherem tis O lor 2 e.g., -SOCH3 a.nd
-SO3CHg), -N(R15)p, -NO3, -OC(O)R15 -C02R15 -0C02R16 -CN,
-NR15COOR!S, -SR16C(0)OR16 (e.g.. -SCH2CO2CH3), -SR16N(R17)5
(provided that R* in -SR16N (R17)2 1s not -CH,-) wherein each R17 is
independently selected from H or -C(O)OR16 (e.g.,
-S(CH2)2NHC(0)O-t-butyl and -S(CHg)oNHg), benzotriazol-1-yloxy,
tetrazol—5-y1th10, or substituted tetrazol—5-y1thio (e.g., alkyl
substituted tetrazol-5-ylthio suich as l—methyl-tetrazol- -ylthio),
alkynyl, alkenyl or alkyl, said alkyl or alkenyl group optionally
being substituted with halo, -OR15 or -CO2R15; |

R3 and R% are the same or different and each independently
represents H, any of the substituents of Rl and R2, or R3 and R%
taken together repi'esent a saturated or unsaturated Cs-C7 fused
ring to the benzene ring (Ring II);

RS, RS, and R each independently represents H, -CFs,




WO 00/37459 ' PCT/US99/27939

10

15

20

25

30

-3-

-CORIS5, alkyl or aryl, said alkyl or aryl optionally being substituted
with -OR15, -SR15, -S(0);R16, -NR15COOR!6, -N(R15)9, -NOg,
_CORIS, -OCOR!S, -OCO3R16, -CO2R15, OPO3RIS, or R5 is
combined with R6 to represent =0 or =S;

 R°is selected from: H, C, to C, alkyl (preferably branched
chain alkyl, and most preferably C, to C, branched chain alkyl),
aryl, arylalkyl, heteroaryl, heteroarylalkyl cycloalkyl
cycloalkylalkyl, substituted alkyl substituted aryl, substituted
arylalkyl, substituted heteroaryl, substituted heteroarylalkyl,
substituted cycloalkyl, substituted cyc__:ioa]kylalkyl; | :

the substutuents for the R® substituted groups being selected

from: alkyl, aryl, arylalkyl, cycloalkyl, -N(R"),, -OR", cycloalkyalkyl,
halo, CN, -C(O)N(R"),, -SO,N(R"), or | .
-CO,R"; provided that the -OR" and -N(R"), substituents are not

-bound to the carbon that is bound to the N of the

-C(O)NR8 moiety;

each R"® is independently selected from: H, alkyl a.ryl
arylalkyl, heteroaryl or cycloa]kyl

R® and R" are independently selected from: H, alkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or -CON(R"),
(wherein R* is as defined above); and the substitutable R® and R
groups are optionally substituted with one or more (e.g., 1-3)
substituents selected from: alkyl (e.g., methyl, ethyl, isopropyl, and
the like), cycloalkyl, arylalkyl, or heterarylalkyl (i.e., the R® and/or

'R groups can be unsubtituted or can be substituted with 1-3 of

the substitutents described above, except when R® and/or R is H);
o _ " | O .
R’ and R together with the carbon atom to which they are
bound, form a C, to C, cycloa]kyl ring;
" and R” are independently selected from: H, alkyl, aryl,

aryla]kyl, heteroaryl, heteroarylalkyl, cycloalkyl, -CON(R"), -OR" or
-N(R"),; wherein R" is as defined abave; provided that the



WO 00/37459 _ PCT/US99/27939

-4-

-OR* and N(R" » Broups are not bound to a. carbon atom that is
ad]acent toa nitrogen atom; and wherein said substltutable R" and

R" groups are optionally substituted With one or more (e.g., 1-3)
. substituents selected from. alkyl (e. g methyl ethyl, isopropyl and

5 the ]ike), cycloalkyl, aryla]kyl or heterarylalkyl or
7 R"andR" together w1th the carbon atom to which they are
bound, form a C,t0 C, cycloa]kyl rlng '
R"" isan im1dazoly1 ring selected from

o "R'19 R19 |
EN/> 20ispreferably\ElB —N\; or _N:N o
(210)'. e n ./ “o @ 1)

“lo Wherem R’° is selected ﬁ'om (1) H, @) alkyl, (3) alkyl, (4) aryl, (5)
. arylalkyl (6) substltuted aryla]kyl wherein the substituents are
~ selected from halo (e. g Fand Cl) or CN (7) -C(aryl)s (e.g..
' -Clphenyl),, i.e., trityl) or (8) cycloalkyl;
said imidazolyl ring 2.0 or 2.1 optionally being substituted

15 with one or two subst1tuents and said imidazole ring 4.0 optionally
being substituted with 1-3 substituents and said imidazole ring 4.1
being optionally substituted with one subsﬁtuent wherein said
optional subst_ituen_ts for rings 2.0, 2.1, 4.0 and 4.1 are bound to
the carbon atonis of said imidazole rings and said optional

20  substituents are mdependently selected from: -NHC(O)R",
-C(R*),0R®, -OR", -SR", F, Cl, Br, alkyl, aryl, arylalkyl, cycloalkyl,
or -N(R'), (Wherem each R“’ is independently selected); R" is as
defined above; each R* is mdependently selected from H or alkyl

o (preferably -CH,), preferably H; R® is selected from H,

25 -C(O)OR®, ar -C(O)NHR®, and R® is as defined below (preferably R
is alkyl or cycloalkyl, most pfeferably cyclopentyl or cyclohexyl); Q
represents an aryl ring (e.g., phenyl), a cycloalkyl ring (e.g.,
cyc:lopentyl or cyclohexyl) or a heteroaryl ring (e.g., furanyl pyrrolyl,
thienyl, oxazolyl or tlruazolyl), said Q is optionally substituted with 1
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to 4 substituents inedependently selected from halo (e.g., F or Cl),
alkyl, aryl, -OR", -N(R"), (wherein each R" is independently
selected), -OC(O)R", or -C(O)N(R"), (wherein each R" is
independently selected), and wherein R is as defined above;

‘(examples. of the -C(R*),OR™ group include -CH,OH,
P gro

-CH,0C(OJOR™ and -CH,OC(O)NHR>);
R'" is selected from:

S A e AL

CH, o] 307 |
500 | (600 _ (7.0 7D o (8.0)

R"is seleeted from: H, alkyl, aryl or arylalkyl;
R” is selected from: alkyl or aryl;
R™ is selected from: H, alkyl, alkoxy, aryl, arylalkyl,

~ cycloalkyl, heteroaryl heteroarylalkyl or heterocycloalkyl prov1ded g

that R® is not H when R" is group 5.0 or 8.0;

when R” is other than H, then said R® group is optionally
substituted with one or more (e.g., 1-3) substltuents selected from:
halo, alkyl aryl, -OC(O)R" (e.g., -OC(O)CH,), -OR" or -N(R"),,
wherein each R* group is the same or different, and wherein R*® is
as defined above, provided that said optional' substituent is not
bound to a carbon atom that is adjacent to an oxygen or nitrogen
atom; _ _

R is selected from: H, alkyl, aryl, arylalkyl, cycloalkyl,
hetero_aryl, heteroarylaliyl or heterocycloalkyl;

when R” is other than H, then said R* group is optionally
substituted with one or more (e-g.. 1-3) substituents selected from:
halo, alkyl, aryl, -OR™ or -N(R"),, wherein each R* group is the
same or different, and wherein R* is as defined above, provided that
said eptional substituent is not bound to a carbon atom that is
adjacent to an oxygen or nitrogen atom;

nis 0-5; |

PCT/US99/27939
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each R* and R for each n (i.e., for each -C(R*}(R*)- group),
are independently selected from: H, alkyl, aryl, arylalkyl; heteroaryl,
heteroarylalkyl, cycloalkyl, -CON(R"),, -OR" or
-N(R"),; wherein R" is as defined above; and wherein said
substitutable R and R* groups are optiona'lly _substituted with one
or more (e.g., 1-3) substituents selected from: alkyl (e.g., methyl,
ethyl, isopropyl, and the like), cycloalkyl; arylalkyl, or
heterarylalkyl; or

R*® and R® together with the carbon atom to which they are
bound form a C, to C, cycloalkyl ring; and

~ R®is selected from branched alkyl, unbranched alkyl

cycloa.lkyl heterocycloalkyl or aryl (e. g phenyl); and

provided that:

('1)_ When R"" is selected from: group 6. 0 7 0, 7.1 or 8.0,

and X is N then R3 is selected from' C, to o alkyl substltuted Cito
5 Cw alkyl arylalkyl substituted arylalkyl heteroarylalkyl

substltuted heteroa.rylalkyl cycloalkylalkyl or subst1tuted
cycloalkylalkyl and

(2) . when R"is selected from: group 6.0, 7.0, 7.1 or 8.0,
and Xis N, and R*is H, then the alkyl chain between R” (i.e.,
imidazole ring 2.0, 4.0 or 4.1) and the amide moiety (i.e., the
-C(O)NR* group) is substituted, i.e.,: (a) at least one of R’, R®, R",
R, R?, or R® is other than H, and/or (b) R® and R, and/or R" and
R", are taken together to form a cycloalkyl ring, _

This invention also provides compounds of formula 1 0, as
described above, wherein when R* is group 5.0, and X is N, and R®
is H, then the alkyl chain between R* (i.e., nnidazole ring 2.0, 4.0 or
4. 1] and the amide moiety (i.e., the —C(O)NR'8 group) is substituted

e..: (a) at least one of R, R”, R", R”, R”, or R* is other than H,
and/or (b) R° and R”, and/ or R" and R™, are taken together to form
acyloalkyl ring. - | |

The compounds of this invention: -(i) potentl}f inhibit famesyi
protein transferase, but not geranylgeranyl protein transferase I, in
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vitro; (ii) block the phenotypic change induced by a form of
transforming Ras which is a farnesyl acceptor but not by a form of
transforming Ras engineered to be a geranylgeranyl acceptor; (iii)
block intracellular processing of Ras which is a farnesyl acceptor
but not of Ras engineered to be a'geranylgeranyl acceptor; and (iv) -
block abnormal cell growth in culture induced by transforming Ras.

The compounds of this invention inhibit farnesyl protein
transferase and the farnesylation of the oncogene pfotein. Ras.
Thus, this invention further provides a method of inhibiting farnesyl-
protein transferase, (e.g:, ras farnesyl protein transferase) in

-marmmals, especially humans; by the administration of an effective

amount of the tricyclic compounds described above. The
administration of the compounds of this invention to patients, to -
inhibit farnesyl protein transferase, is useful in the treatment of the:
cancers described below. '

This invention provides a method for mh1b1tmg or treatmg the
abnormal growth of cells, including transformed cells, by
administering an effective amount of a compound of this invention.
Abnormal growth of cells refers to cell growth independent of |
normal regulatory mechanisms (e.g., loss of contact inhibition).
This includes the abnormal growth of: (1) tumor cells (tumors)
expressing an activated Ras oncogene; (2) tumor cells in which the
Ras protein is activated as a result of oncogenic mutation in
another gene; and (3) benign and malignant cells of other
proliferative diseases in which aberrant Ras activation occurs:

This invention also provides a method for inhibiting or
treating tumor growth by administering an effective amount of the
tricyclic compounds, described herein, to 4 mammal (e.g., a human)
in need of such treatment. In particular, this invention provides a
method for inhibiting or treating the growth of tumors expressing an
activated Ras oncogene by the administration of an effective amount
of the above described compounds. Examples of tumors which may
be inhibited or treated include, but are not limited to, lung cancer
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(e.g., lung adenocarcinoma), pancreatic cancers (e.g., pancreatic
carcinoma such as, for example, exocrlne pancreatic carcinoma),
colon cancers (e.g., colorectal carcinomas, such as for example,
colon adenocarcinoma and colon adenoma), myeloid leukemias (for
example, acute myelogenous leukemia (AML)), thyroid follicular
cancer, myelodysplastic syndrome (MDS), bladder carcinoma,
epidermal carcinoma; melanoma, breast cancer and prostate
cancer, o | o .
It is believed that this invention also provides a method for

_. inhibiting or treatmg pro]:ferative d1seases both benign and

malignant, wherein Ras proteins are aberrantly actlvated as aresult -
of oncogenic mutatlon in other genes--i.e., the Ras gene itself is not
activated by mutation to an oncogemc form-—w;.th said inhibition or
treatment ‘being accomphshed by the. administratlon of an effective
amount of the tncychc compounds described herem, to a mammal
(e.g..a human] in need of such treatment. For- example, the benign
prohferatrve disorder neurofibromatosis, or tumors in which Ras is

~ activated due to mutatlon or overexpression of tyrosine kinase

oncogenes (e.g., neu, src, abl Ick, and fyn), may be inhibited or
treated by the tricyclic compounds descrlb_ed herein. _
- The tricyclic compounds useful in the'methods of this

invention inh1b1t or treat the abnormal ‘growth of cells. Without

wishing to be bound by theory, it is believed that these compounds
may function through the inhibition of G-protein function, such as
ras p21, by blocking G-protein isoprenylation, thus making them
useful in the treatment of proliferative diseases such as tumor
growth and cancer: - Without wishing to be bound by theory, it is
believed that these compounds inhibit ras farnesyl protein . _
transferase, and thus show antiproliferative activity against ras

- transformed cells..
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DETAILED DESGRIPTION OF THE INVENTION

As used herein, the following terms are used as defined below
unless otherwise indicated: _
MH*-represents the molecular ion plus hydrogeri of the

molecule in the mass spectrum;
- ‘BOC-represents tert-butyloxycarbonyl;
CBZ-represents -C(O)OCH,CH, (i.e., benzyloxycarbonyl);
- CH,CL-represents dichloromethane;
CIMS-represents chenﬁcal-: ionization mass spectrum;
DEAD-represents diethylazodicarboxylate; '
DEC-represents EDCI which represents 1-(3—dirnethyl;
aminopropyl)-3-ethylcarbodiimide hydrochloride;
- DMF-represents N,N-dimethylformamide;
‘Et-represents ethyl; s
EtOAc-represents ethyl acetate;
'EtOH-represents ethanol; . _
'HOBT-represents 1-hydroxybenzotriazole hydrate;
. IPA-represents isopropanol; '
iPrOH-represents isopropanol;
Me-represents methyl;
MeOH-represents methanol; _
MS-represents mass spectroscopy;
NMM-represents N-methylmorpholine;
Ph-represents phenyl; -
Pr-represents propyl; :
TBDMS-represents tert-butyldimethylsilyl;
TEA-represents triethylamine;
TFA-represents trifluoroacetic acid;
THF-represents tetrahydrofuran;
Tr-represents trityl;
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alkyl-represents straight and branched carbon chains and
contains from one to twenty carbon atoms, preferably one to six
carbon atoms;

- acyl-represents a G-C(O)— group wherein G represents
alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, -O-alkyl, -O-aryl,
or NR25R26 wherein R25 and R26 are independently selected from
alkyl or aryl; o
arylalkyl-represents an alkyl group, as defined above,
substituted with an aryl group, as defined below, such that the

_ ,bond from another substituent is to the alkyl moiety;

aryl-(including the aryl portion of arylalkyl)-represents a
carbocyclic group containing from 6 to 15 carbon atoms and having
at least one aromatic ring le.g. aryl isa phenyl ring), with all
avaulable substitutable carbon atoms of the carbocyclic group being
mtended as poss1ble points of attachment sazd carbocychc group

- wherein R23 represents alkyl or aryl; and

- 20

25

30

~ cycloalkyl-represents saturated carbocyclic rings of from 3
to 20 carbon atoms, preferably 3 to 7 carbon atoms, said cycloalkyl
ring being optionally substituted with one or more (e.g., 1, 2 or 3)
alkyl groups (e.g., methyl or ethyl) and when there is more than one
alkyl group each alkyl group is independently selected; |

cycloalkylalkyl-represents a cycloalkyl group, as defined
above, substituted with an alkyl group, as defined above, such that
the bond from another substituent is to the alkyl moiety;

halo-represents fluoro, chloro, bromo and iodo;

heteroaralkyl-represents an alkyl group, as defined above,
substituted with a heteroaryl group, as defined below, such that the
bond from another substituent is to the alkyl moiety:;
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heteroaryl-represents cyclic groups, optionally substituted
with RS and R4, having at least one heteroatom selected from O, S
or N, said heteroatom interrupting a carbocyclic ring structure and
having a sufficient number of delocalized pi electrons to provide
aromatic character, with the aromatic héterocyclic groups
preferably containing from 2 to-14 carbon atoms, e.g., 2- or 3-furyl,
2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2-, 4- or 5-imidazolyl, 2-, 4- or
5-pyrimidinyl, 2-pyrazinyl, 3- or 4-pyridazinyl, 3-, 5- or 6-[1,2,4-
triazinyl}], 3- or 5-[1,2,4-thiadizolyl], 2-, 3-, 4-, 5-, 6- or 7-
benzofuranyl, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 3-, 4- or 5-pyrazolyl, 2-,
4- or 5-oxazolyl, triazolyl,2-, 3- or 4-pyridyl or pyridyl N-oxide
(optionally substituted with R3 and R4), wherein pyridyl N-oxide can
be represented as:

D0

heterocycloa]kyl-represenfs a saﬁurated, branched or .
unbranched carbocylic ring containing from 3 to 15 carbon atoms,

: and.

preferably from 4 to 6 carbon atoms, which carbocyclic ring is
interrupted by 1 to 3 hetero groups selected from -O-, -S- or - NR24,
wherein R24 represents alkyl, aryl -C(O)N(R"), wherein R* is as
above defined (e.g., ~-C(O)NH,) or acyl-(suitable heterocycloalkyl
groups include 2- or 3-tetrahydrofuranyl, 2- or 3- tetrahydrothienyl,
2-, 3- or 4-piperidinyl, 2- or 3-pyrrolidinyl, 2- or 3-piperizinyl, 2- or
4-dioxanyl, morpholinyl, etc.)..

The positions in the tricyclic ring system are:

5 6

4 7
3 /1 \e 8
2\3. 1 9

1 10

PCT/US99/27939
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‘The compounds of formula 1.0 include the 2R and 2S

isomers shown below (2R is preferred):

o ’N%(C'HX

! R4 'g: . R9 Rlo Rl]

Examples of R" substituents mclude benzyl -CH,C(CH,),.
: -CHz-cyclohexyl -CH, -cyclopropyl -(CH,)QCHS, :

Nelelvg

OCH3

0 i mi o)

" eN CONH2

O™ © "
H,C H,C H2Ci.' Hzc
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|
SO ®
—(CH,), \ \ and V.

Examples of R’ and R" groups include H and benzyl
Examples of R and R" groups include: H, -CH,,
-CH,CH(CH,),. -(CH,),CH;,, benzyl, ethyl, p-chlorophenyl, and -OH.
5 Cyclopropyl is an Example of the R" and R™ group being
taken together with the carbon atom to which they are bound to
form a cycloalkyl ring. _ —
Examples of the optional substituents for the R"® moiety
include: -CH,, -CH,0OH, -CH,0C(0)O-cyclohexyl, -CH,0C(0)O-
10 cyclopentyl, ethyl, isopropyl, NH,, and -NHC(O)CF,. .
Examples of R" include: -C(O)NH-cyclohexyl, -C{phenyl),, H,
methyl or ethyl. ' '
Examples of R® for group 5.0 include: t-butyl, ethyl, benzyl,
_CH(CH,),, -CH,CH(CH,),, -(CH,),CH,, n-butyl, n-hexyl, n-octyl, p-
15 chlorophenyl, cyclohexyl, cyclopentyl, ' ' |
| CH, CH,

—C>N—(:0NH2 A

’

or
Another example of R* for group 5.0 is

OH
Examples of R® and R* for 6.0 include: cyclohexyl, t-butyl, H,
20 -CH(CH,), ethyl, -(CH,),CH,, phenyl, benzyl, -(CH,),phenyl, and -
CH.,,. -
Examples of R* for 7.0 include: 4-pyridyINO, -OCH,,
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-CH(CH,),, -t-butyl, H, propyl, cyclohexyl and

—CN —CONH,

Examples for R36 for 7.1 include: cyclohexyl cyclopentyl

cyclobutyl, cyclopropyl _
o 4 4

ana

Examples for R® for 8.0 mclude methyl i-propyl and:
cyclohexylmethyl

Examples of R*® and R® include: H, phenyl, -OH and benzyl

Compounds of this invention include compounds of formula
1.0'wherein when R" is selected from: group 6.0, 7.0, 7.1 or 8.0,
and X 1s C or CH (preferably CH), then R® is selected from: C, to C,,
alkyl substituted C, to Cm alkyl aryla]kyl substituted arylalkyl,
heteroarylalkyl substituted heteroarylalkyl cycloalkylalkyl or

substltuted cycloalkylalkyl _ _
Compounds of this xnvention include compounds of formula "

1.0 wherein when R" is selected from: group 6.0, 7.0, 7.1 or 8.0,
and X is C or CH (preferably CH), and R® is H, then the alkyl chain
between R” (i.e., imidazole ring 2.0, 4.0 or 4.1) and the amide
moiety (i.e., the -CO)NR* group) is substituted, i.e.,: {a) at least one
of R, R, R", R?, R®, or R® is other than H, and/or (b) R and R,
and/or R" and R, are taken together to form a eyloalkyl ring.
Compounds of this invention include compounds of formula
1.0 wherein when R* is group 5.0, and X is C or CH (preferably CH),
and R’ is H, then the alkyl chain between R' (i.e., imidazole ring
2.0, 4.0 or 4.1) and the amide moiety (i.e., the -C(O)NR™ group) is
substituted, i.e.,: (a) at least one of R’, R®, R, R*, R®, or R* is |
other than H; and/or (b) R° and R, and/or R" and RY, are taken

together to form a cyloa]kyl ri.ng
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Compounds of this invention include compounds of formula
1.0 wherein when R is selected from: group 6.0, 7.0, 7.1 or 8.0,
and X is C or CH (preferably CH), then R’ is selected from: arylalkyl,
substituted arylalkyl, heteroarylalkyl, substituted hetercarylatkyl,
cycloalkylalkyl, or substituted cycloalkylalkyl.

Compounds of this invention include compounds of formula
1.0 wherein when R" is 5.0 and X is C or CH (preferably CH), then
R® is selected from: arylalkyl, substituted arylalkyl, heteroarylalkyl,
substituted heteroarylalkyl, cycloalkylalkyl, or substituted:
cycloalkylalkyl.

Compounds of this invention include compounds of formula
1.0 wherein when R" is selected from: group 6.0, 7.0, 7.1 or 8.0,
and X is N, then R’ is selected from: arylalkyl, substituted arylalkyl,
heteroaryl_élkyl, substituted heteroarylalkyl, cycloalkylalkyl, or .. -
substituted cycloalkylalkyl. o

Compounds of this invention include compounds of formula
1.0 wherein when R* is 5.0 and X is N, then R*is selected from: . -
arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, cycloalkylalkyl, or substituted cycloalkylalkyl.

Thus, one embodiment of this invention is directed to
compounds wherein R" is the carbamate group 5.0 and:the other
substituents are as defined for formula 1.0.

Another embodiment of this invention is directed to
compounds wherein R" is the carbamate group 5.0, X is N and the
other substituents are as defined for formula 1.0.

' Another embodiment of this invention is directed to
compounds wherein R* is the carbamate group 5.0, X is C or CH
(preferably CH) and the other substituents are as defined for
formula 1.0. _

" Another embodiment of this invention is directed to
compounds wherein R" is the carbamate group 5.0, Xis N, R® is

arylalkyl or substituted arylalkyl (preferably arylalkyl), and the
other substituents are as defined for formula 1.0.

PCT/US99/27939
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Another embodiment of this invention is directed to
compounds wherein R" is the carbamate group 5.0, X is N, R’ is
heteroarylalkyl or substituted heteroarylalkyl [pfeferably
heteroarylalkyl), and the other substituents are as ‘defined for
formula 1.0. . '

- Another embodiment of thls-'inve'nt_ion is directed to
compounds wherein R" is the carbamate group 5.0, X is N, R’ is

-cycloalkylalkyl or substituted cycloalkylalkyl (préferably”
_cycloalkylalkyl), and the other substituents are as defined for

formula 1.0.

Anocther embodiment of this invention is directed to
compounds wherein R* is the carbamate group 5.0, X is C or CH
(preferably CH); R® is arylalkyl or substituted arylalkyl (preferably
arylalkyl), and the other-substituents are as defined for formula 1.0.

Another embodmlent of this invention is directed to
compounds wherein R* is the carbamate group 5.0, Xis C or CH
(preferably CH), R® is heteroarylalkyl or substituted heteroarylalkyl
(preferably heteroarylalkyl] and the other subsutuents are as
defined for formula 1.0. N B

Another embodiment of this invention is directed to
compounds wherém R" is the carbamate group 5.0, Xis Cor CH -
(preferably CH), R® is cycloalkylalkyl or substiiuted cycloalkylalkyl
(preferably cycloalkylalkyl), and the other substituents are as
defined for formula 1.0. ' :

Another embodiment of this invention is directed to ' |
compounds wherein when R" is group 5.0, and X is C or CH
(preferably CH), and R’ is H, then the alkyl chain between R” (i.e.,
imidazole ring 2.0, 4.0 or 4.1) and the amide molety (i.e., the -
C(O)NR" group) is substituted, i.e.,: (a) at least one of R°, R, R",
RY”, R®, or R* is other than H, and/or (b) R’ and R", and/or R" and
R, are taken together to form a cyloalkyl ring, and the other
substituents are as defined for formula 1.0..
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Another embodiment of this invention is directed to

- compounds wherein when R" is group 5.0, and Xis N, and R®is H,

then the alkyl chain between R* (i.e., imidazole ring 2.0, 4.0 or 4.1)
and the amide moiety (i.e., the -C(O)NR'* group) is substituted, i.e.,:
(a) at least one of R’; R", R", R, R®, or R® is other than H, and/or
(b} R’ and R", and/or R" and' R®, are taken together to form a
cyloalkyl ring, and the other substituents are as defined for formula-
1.0.

Another embodiment of this invention is directed to
compounds wherein R" is a group selected from: 6.0, 7.0, 7.1 or
8.0, Xis N, R®is arylalkyl or substituted arylalkyl (preferably
arylalkyl) and the other substituents are as defined for formula 1.0. -

- Another embodiment of this invention is directed to

-compounds wherein R" is a group selected from: 6.0, 7.0, 7.1 or

8.0, X is N, R’ is heteroarylalkyl or substituted heteroarylalkyl
(preferably heteroarylalkyl) and the other substituents are as -

" defined for formula 1.0.

Anocther embodiment of this fnvention is directed to
compounds wherein R" is a group selected from: 6.0, 7.0, 7.1 or
8.0, X is N, R® is cycloalkylalkyl or substituted cycloalkylalky
(preferably, cycloalkylalkyl) and the other substituents are as
defined for formula 1.0. '

Another embodiment of this invention is directed to
compounds wherein R" is a group selected from:6.0, 7.0, 7.1 or 8.0,
X is C or CH (preferably, CH), R’ is arylalkyl or substituted arylalkyl
(preferably arylalkyl) and the other substituents are as defined for
formula 1.0.

Another embodiment of this invention is directed to
compounds wherein R* is a group selected from: 6.0, 7.0, 7.1 or
8.0, X is C or CH (preferably, CH), R® is heteroarylalkyl or
substituted heteroarylalkyl (preferably, heteroarylalkyl) and the
other substituents are as defined for formula 1.0.
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Anocther embodiment of this invention is directed to.
compounds wherein R" is a group selected from: 6.0, 7.0, 7.1 or
8.0, X is C or CH (preferably, CH), R® is cycloalkylalkyl or -
substituted cycloalkylalkyl (preferably, cycloalkylalkyl) and the =

oother substituents are as defined for formula 1.0.

'R, R, R®, and R’ are preferably selected from H or halo, and

~are more preferably selected from H, Br, F, or Cl, and are most

preferably selected from H, Br or Cl. Representative compounds of
formula 1.O.Iinclulde trihalo, dihalo and'monoha_lo substituted
compounds, such as, for example: (1) 3;,8,10-trﬂ:ielo: 2) 3,7,8-
trihalo; (3) 3,8-dihalo; (4) 8-halo; and (5) 10-halo substituted
compounds; wherein each halo is independently selected. Preferred

‘compounds of f'or_mulg_ 1.0 include: (1) 3-Br,8-Cl, 10-Br-substituted

compounds, (2) 3-Br,7-Br,8- Cl-substituted COmpcmnds. {3) 3-Br,8-
Cl-substituted compounds, (4) 8-C Cl-substituted compounds; and (5)
IO-Cl-substituted compounds The 3,8-dihalo compounds are more -
preferred and the 8-_ha_lo compounds are most preferred. ‘Thus, for
example, 3-Br,8-Cl substituted compounds are more preferred and
8-Cl substituted compounds are most preferred.:

Substituent a is preferably N or N'O” with N being preferred.-

A and B are preferably H,, i.e., the optional bond is absent -
and the C5-C6 bridge is unsubstituted. :

R®, R®, and R’ are preferably H. _ :

X is preferably N or CH (i.e., the optional bond is absent), and
more preferably X is N. o

R’is preferably selected from: aryla]kyl substituted aryl alkyl,
heteroarylalkyl, substituted heteroarylalkyl, cycloalkylalkyl or
substituted cycloalkylalkyl. Most preferably, R® is selected from:
aryl-(C,-C alkyl, substituted aryl-(C,-C )alkyl, heteroaryl-(C,-
C,alkyl, substituted heteroaryl-(C,-C )alkyl, cycloalkyl-(C,-C )alkyl,
or substituted cycloalkyl-(C,-C Jalkyl. More preferably, R® is
selected from: aryl-CH,-, substituted aryl-CH,-, heteroaryl-CH,-,
substituted heteroaryl-CH,, cycloalkyl-CH,- or substituted
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cycloalkyl-CH,-. Even more preferably, R® is sélected from: benzyl,
3—pyridyhnethy1, 4-fluoro-benzyl or cyclopropylmethyl, and still
more preferably R’ is benzyl.

R" is preferably ring 2.0 or 4.0. When substituted on the
substitutable carbon atoms of the imidazole ring, the substituents
are generally selected from: -N(R"),, -NHC(O)R", -C(R*),0R™; or
alkyl, e.g., -CH,, -CH,OH,. -CH,OC(O)O-cyclohexyl, -CH,OC(O]O-
cyclopentyl, ethyl, isopropyl, NH,, or -NHC(O)CF,.

R” is preferably H or alkyl, most preferably H, methyl or
ethyl, and more preferably methyl.

R" is preferably a carbamate group represented by
substituent 5.0 described above. Preferably, R* for substituent 5.0
is selected from: alkyl, substituted alkyl, aryl, cycloalkyl, or
cycloalkyl substituted with -OH provided that said -OH substituent
is not bound to a carbon that is adjacent to an oxygen atom. More -
preferably R® for substituent 5.0 is selected from: C, to C, alkyl and
C, to C, cycloalkyl. Most preferably R” for substituent 5.0 is _
selected from: t-butyl, i-propyl and cyclohexyl, with i-propyl and
cyclohexyl being more preferred, and with cyclohexyl being even -
more preferred. ' '

R” in substituent 6.0 is preferably selected from: alkyl or
cycloalkyl; most preferably t-butyl, isopropyl or cyclohexyl; and
more preferably cyclohexyl. R* is preferably selected from: H or
alkyl; most preferably H, methyl or isopropyl; and more preferably
H.

R™ in substituent 7.0 is preferably selected from: cycloalkyl or
alkyl; most preferably cyclohexyl, cyclopentyl, isopropyl; and more

preferably cyclohexyl.

R* in substituent 7.1 is preferably selected from: phenyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
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and most preferably selected from: cyclopropyl cyclobutyl
cyclopentyl or cyclohexyl. :

* R® in'substituent 8.0 is preferably selected from: alkyl or |
cycloalkylalkyl; most 'pfe'ferébly methyl, isopropyl or ’
cyclohexyhnethyl more preferably methyl or isopropyl and even
more preferably methyl '

' R’, R", R", and R* are preferably selected from: H, C to C
alkyl (e.g., methyl or 1sopropyl) -CON(R"™), (e.g., -CONH,), or when
R® and R", and/ or R" and R" are taken together to forma-
cycloa]kyl ring, said nng is preferably cyclopropyl cyclopentyl or
cyclohexyl o
"R, R®, R, and R" are preferably H when R“ is the carbamate

substituent 5.0 and R is not H. B ' o

'When R™ is ‘selected from substituents 6. 0, 7.0, 7.1 and 8.0,

—and at least one of R® R“’ R" and R" is other than H, then at least

one of K%, R®, R", and Rm is:

o preferably selected from: (1) C toC, alkyl
(2) -CON(R"), or (3) the cycloa]kyl ring formed when R® and R'",
and/or R" and R", are taken together along wﬂ:h the carbon atom
to which they are bound; '

(I most préferably selected from: (1) methyl, (2)
isopropyl, (3) -CONH, ot (4) cyclopropyl; and

(I more preferably selected from: (1) R® and R being H,

and one of R" and R™ being selected from: alkyl (preferably, methyl
or isopropyl), and the other being selected from H or alkyl
(preferably, methyl); (2) R® and R* being H, and R" and R" being
taken together to form a cycloalkyl ring (preferably, cyclopropyl); or
(3) R" and R" being H, and one of R and R" being -CONH,, and the
other being H. '
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Preferred compounds, when at least one of R’, R, R, and R”
is other than H, also include compounds wherein: R® and R" are H,
and R" and R" are the same or different alkyl, preferably the same,
wherein said alkyl is more preferably methyl.
5 'For compounds' of the invention, n is preferably 0-4, more
preferably 0-2, and most preferably O or 1.
Preferably, each R® and R® are independently selected from:
H, -OR", aryl or arylalkyl (e.g., benzyl); most preferably H,
-OH or phenyl; and more preferably H.
10 Compounds of formula 1.0; wherein X is N or CH, include,
with reference to the C-11 bond, the R- and S- isomers: '

Compounds of formula 1.0 also include compounds having
15 the 2S stereochemistry and the C-11 R- or C-11 S- stereochemistry.
Compounds of this invention include:
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Compounds of the invention also include compounds
corresponding to 13.0-15.0, 15.1, 16.0, 16.1, 17.0-19.0, 19.1, 20.0,
20.1, 21.0-23.0, 23.1, 24.0, and 24.1-24.7, except that the
compounds have the 2S stereochemistry.
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Compounds of the invention also include compounds
corresponding to 13.0-15.0, 15.1, 16.0, 16.1, 17.0-19.0, 19.1, 20.0,
20.1, 21.0-23.0, 23.1, 24.0, and 24.1-24.7, except that Ring I is
phenyl instead of pyridyl.

5 Compounds of the invention also include compounds
corresponding to 13.0-15.0, 15.1, 16.0, 16.1, 17.0-19.0, 19.1, 20.0,
20.1, 21.0-23.0, 23.1, 24.0, and 24.1-24.7, except that Ring 1 is
phenyl instead of pyridyl and the compounds have the 2S
stereochemistry. ,

10 Preferred compounds of formula 1.0 include compounds of
the formula: .

(i.e., wherein R" is the carbamate group 5.0) wherein all
substituents are as above defined.
15 A preferred compound of formula 25.0 is:

with formula 27.0:
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being most preferred (Wherein all substituents are as defined
above). ;

Compounds of formula 25.0 include:

(29 0}

E j Raz

vy /N ( c } R13

, R?(RIO R1><

\O . 0
wherein all substituen_ts are as defined ab'qve.
Preferred compounds of formulas 28.0 and 29.0 are those

10 wherein the R' to R substituents are selected to produce trihalo,

dihalo and mondhalo substituted compounds, as described above.
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Compounds of formula 29.0 are preferréd. Most preferred are
compounds of formula 29.0 wherein R is selected from: benzyl, 4-
fluorobenzyl, 3-pyridylmethyl or cyclopropylmethyl; R is
cyclohexyl, i-propyl or t-butyl (more preferred is cyclohexyl), R' is Br
or H, R’is Cl, and R* is H. More preferred are compourids of
formula: 29.0 wherein R® is benzyl, R® is cyclohexyl, i-propyl or t-
butyl (even more preferred cyclohexyl), R'is H, R’ is Cl, and R*is H -
or.CL |

Preferred compounds of this invention include:

(R-Isomer)

F\ N (1 1R,2R Isomer)
7

(Example 11)

N (Example 58) .
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(Example 78 Stép B)

/—\ (Example 79 Step B

O\ N C/N\/\/N N Isomer A)
!. 1 :
o © | SR

(Example 80
Isomer A):

N~ \/N (Exa.mple 88

Isomer A)



PCT/US99/27939

WO 00/37459
-29 -
Br Cl
c N~ N (Example 93
i Isomer D)
A0
o 0O
HsC CH.
T N :
Br~_/ \ al
—_—
N
N. HO — '
j 'H\/K/ ) (Example 99)
.. N N
N ""11 ( _ .
/k ©
HN o
Br~ \ cl

HsC

N (Example 100)
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O\ N ”l/1|/N\'/\/N\¢N_ (Example 225)

O\ EN K . I I/NWN YN (Example 226)

" (Example 227)

(Example 228)
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(Example 229)

Cl

(Example 232)

CHg

N

WN.

(Example 326)

(Example 330)

/=(CH3

N
fs
N\/\/NVN
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- J, Example 327)

N 'ﬂ/N\/\N N CH, (EXample 327)

/& o - : \=N _

0" o :

=N ¥ ' HsC o
' ' /_8' CHs -
)\ (Example 328)

O\ /‘L . L rN\/\-/g\%N

N= | |
AP
Odgo . o | . | ,

Q /IJ; | 1(])/NVI1:> ..(EJ.:am.p.le zsaAi |
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',1 (Example 286B)
{\Q@
“/ \/I - (Example 304)

o

E .
>k ﬂ/ \/T D (Example 306)

5 bl % .

>l\/& l/\/\['g  Exazuple 307

; or



WO 00/37459 . PCT/US99/27939

-34 -

Cl



WO 00/37459 o  PCT/US99/27939

Q N I ]/N\-/\/N & N (Example 227)
o"go o :
O\ N l ]/N\/\/N <V (Example 228)
ofk o |
o :

e g—
(0]
(o) .

/'\ c

O\Oija,, 1 ]/N \/\/Nf_( (Example 232)
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N T .
N A
ENJ,, Ne -\ o, (Example 327)
QL&

More preferred compounds include the compounds of
Examples 58, 199, 225, 226, 229, 232 and 326. Compounds of

_Examples 58, 199, 225, 229 and 326 are even more preferred. The

compound of Exa_i_*nple 225 is even still more preferfe’d. Preferably
the compound of Examples 225, 229 and 326 are administered
orally. : | |
This invention is also directed to the compounds of Examples
26, 30, 32, 41, 42, 43, 44, 81, 105, 106, 293, and 309. The
compound of Example 309 is preferred. |
This invention is also directed to the compounds of Examples'

31, 34, 35, 36, 37, 38, 39, 40, 67, 68_, 69, 70, 73, 75, 263, 282,
283, 284, 287, and 289. The compotinds of Examples 67, 68, 69,
and 70 are preferred. _

_ This invention is also directed to the compounds of Examples
27, 28, 29, 71, 72, 74, 76, 98, 101, 103, 104, 107, 108, 110, 111,
255, 256, 257, 258, 259, 260, 261, 262, 264, 265, 266, 267, 268,
269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 285, 286, 286A,
290, 291, 292, 294, 295, 296, 297, 299, 300, 301, 302, and 303.
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‘Compounds of Examples 101, 103, 71, 72 Step B 72 Step C and

259 are preferred

This invention is also directed to compounds of Examples 33,
279, 280; and 281.

Lines drawn into the ring systems indicate that the indicated
bond may be attached to any of the substitutable ring carbon
atoms.

-Certain compounds of the invention may exist in different
isomeric {(e.g., enantiomers, diastereoisomers, atropisomers) forms.

The invention contemplates all such isomers both in pure'form and -

in admixture, including racemic mixtures. Enol forms are also

included. _ |
Certain tricyclic compounds will be acidic in nature, e.g.
those compounds which possess a carboxyl or phenolic hydroxyl

' group. These compounds may form pharmaceutically acceptable
salts. Examples of such salts may include sodium, potassium,

calcium, aluminum, gold and silver salts. Also contemplated are
salts formed with pharmaceutically acceptable amines such as

'ammonia, alkyl amines, hydroxyalkylamines, N-methylglucaxmne

and the like.

Certain basic tricyclic compounds also form pharmaceutically
acceptable salts, e.g., acid addition salts. For example, the pyrido- -
nitrogen atoms may form salts with strong acid, while compounds
having basic substituents such as amino groups also form salts-
with weaker acids. Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic,
salicylic, malic, fumaric, succinic, ascorbic, maleic,
methanesulfonic and other mineral and carboxylic acids well known
to those in the art. The salts are prepared by contacting the free
base form with a sufficient amount of the desired acid to produce a
salt in the conventional manner. The free base forms may be
regenerated by treating the salt with a suitable dilute aqueous bése
solution such as dilute aqueous NaOH, potassium carbonate,
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ammonia and sodium bicarbonate. The free base forms differ from
their respective salt forms somewhat in certain physical properties,
such as solubility in polar solvents, but the acid and base salts are
otherwise equivalent to their respective free base forms for purposes

: of the invention.

All such acid and base salts are intended to be
pharmaceutically acceptable salts within the scope of the invention
and all acid and base salts are considered equivalent to the free
forms of the corresponding compounds for purposes of the
invention. _ : .

The compounds of formula 1.0 can exist in unsolvated as well
as solvated forms, including hydrated forms, e.g., hemi-hydrate. In
general, the solvated forms, with pharmaceutically acceptable
solvents such as water, ethanol and the like are equivalent to the
ﬁnsolvé.ted forms for purposes of the invention.

"Compounds_ of the invention may be prepared according to
the procedures des_cribed in WO 95/10516 published April 20,
1995, W0O96/31478 published October 10, 1996, WO 97/23478 -
published July 3, 1997, U.S. 5,719,148 issued February 17, 1998,
and copending Application Serial No. 09/094687 filed June 15,
1998 (see also WO98/57960 published December 23, 1998); the
disclosures of each being incorporated herein by reference thereto;
and according to the procedures described below.

Compounds of the invention can be prepared according to the
reaction schemes described below.

Reaction Scheme 1 (nis 1) '

N R _ O~
— . . .R12 : reflux N
[30-0) '.(31.0] (32.0) .

PCT/US99/27939
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35.0 — </ J
EtOH N’
(36.0)
RE rB
\”\ \4\
(36.0) + - l}( 1) 3A Molecular Sleves 2 |}{
. H \Y,Y 2) NaBH4 . /Y _
|/§N
o) \ |
(36 1) Rll R12
]foc BOC |
N 1) CH2Cl, 1!, rRA |
N o} N N\/><N\¢N,
/- LT
: o}
° N 0 (38.0)
O (37.0) %
foc _
. N 1JCI<12012 KL |
36.1 + [ H izgocyclogexyl ]W N/— -\N
N o N
R12

.

0 37.0

(38. 1)
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In Scheme 1, R and R" are preferably methyl when H is
bound to the amide nitr_ogeri-(i.e., when R’ in formula 1.0 is H), e.g.;
41.0, and are preferably H when the amide nitrogen is substituted:
(i.e., R® in formula 1.0 is other than H), e.g., 41.1. Those skilled in:
the art will appreciate that other acylating agents can be used in
place of cyclohexyl isocyanate to obtain compounds'having different-
groups bound to the carbonyi" group that is bound to the piperazine:
nitrogen. Those skilled in the art will also appreciate that other
esters can be used in place of cbmpound 31.0 to obtain compounds
having different carbon chains between the imidazole ring and the -
C(O)NH-group. _ " . '

Compounds of 41.0 can be prepared beginning with the
conjugate addition of imidazole (2-, 4-, and/or 5-substituted) to an
appropriately substituted acrylate 31.0 in EtOH at reflux or neat at’
90°C. Standard LAH reduction of the ester 32.0 gives the alcohol
33.0 which can be converted to the phthalimide 35.0 via the
Mitsunobu reaction. Removal of the phthalimido group with
hydrazine in EtOH at reflux gives amine 36.0. This amine readily -
opens the piperazine anhydride 37.0 with the evolution of CO, and
subsequent reaction with isocyanates givés the one pot conversion -
to urea 38.0. Removal of the BOC-group with 50% TFA at room.
temperature gives the salt 39.0, which can be readily coupled to the
tricyclic chloride 40.0 to give the desired product 41.0. |

In Scheme 1, and the Schemes that follow, Y represents C.N
or N'O such that there can only be 0-2 Y substituents that are
independently selected from N or N'O". R* represents the optional
substituents in the imidazole ring that are defined for imidazole ring'
4.0 above. R’ represents the optional substituents defined above for
the aryl or heteroaryl groups for R®, ' _ |

For example, following Reaction Scheme 1, wherein R" and
R" are methyl, and using compound 42.0 (see Preparative Example
40 in WO 95/10516 published April 20, 1995)
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can be obtained.

‘Reaction Scheme 2 n 1s 0

\\ —Na ;RIZR->—H CozEt \\NX COaEt
Br 80°C -
(44.0). - Puso
R ></OH_ _om . X o
LAH ~ N\~N “TsCl \//\N
46.0 — ¢ L — "] :

(47.0) s

48.0 +
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‘\ /Y 2) NaBH4

The synthesis of the intermediate amine 51.0 begins with the
alkylation of the sodium salt of imidazole (or substituted imidazole)
5 44.0 with 45.0 at 90°C. Standard LAH reduction of the ester 46.0.
gives the alcohol 47.0. Tosylation of 47.0 and displacement of .
tosylate with potassium phthalimide 49.0 in DMF at 90°C gives the - -
phthalimido derivative 50.0 which can be readily converted to the -
amine 51.0 with hydrazine in refluxing EtOH. Compounds wherein
10 R°#H can be prepared as described in Scheme 1. '
Similar to the procedure set forth in Scheme 1 for 36.0 and
36.1, 51.0 and 51.1 in Scheme 2 are reacted to form compounds of
formula 1.0. In Scheme 2, R" and R" are preferably. methyl when H
is bound to the amide nitrogen (i.e., when R® in formula 1.0 is H),
15 and are preferably H when the amide nitrogen is substituted {i.e., R®
in formula 1.0 is other than H).

Reaction Scheme 3 IV = piperidine

~ cl

(=) 52.0) ((+) 52.0) {(-) 52.0)
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N"OCH3

64 0a) K@ ©/go (54.0b)

(54.0a) ¢
(54?01;) |

(65.02) 4
+ -
(55.0b)

N COOH
H (56.0b)

(56.0a) e
+ | ———
(56.0b)

HOOCY Ny N
(57.0a) COO¢t-Bu (57.0b) COOt-Bu
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N
(()52.0) » (58.0a) goot.Bu ~ (58.0b) COOt-Bu

Compound () 52.0 is resolved following procedures similar to
those disclosed in WO97/23478 (published July 3, 1997).
~ The reagents used in Reaction Scheme 3 are: Reaction Step a:
5 Isatoic anhydride/methylene chloride; Reaction Step b: sodium:
nitrite/hydrochloric acid/methanol/cuprous chloride; Reactlon Step :
c: (i) ag. hydrochloric acid/methanol/reflux (ii) sodium
hydroxide/sodium cyanide; Reaction Step d: conc. hydrochloric
_ acid/reflux.; and Reaction Step e: di-tert.butyldicarbonate/-sodium
10 hydroxide/tetrahydrofuran. L
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Reaction Scheme 4 n is 1-5)
0 -
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R
] .~
H l ',{’
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RZ R SE _
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%
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H
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Reaction Scheme 5
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'R20 °H Rzo °H
i, ]/ ‘:g +TEA D() +TEA .”"Lr ‘;
R20 ,302
R2°CH.C(0)CI R2°c(o)Cr - R2°0c(0)Cl
+TEA +TEA or
or or e ( R2°0C{0)]20
R2°CH,C(O)OH R2°C(0)OH | .
+ DEC + DEC TEA
~ vV A ) \A/VW
| | |
N

Rzovglffé 20)% 1‘/56 R20_ Nol‘;fj

In Scheme 5, R® represents:
H c\/jc\H 3
3
HsC O\ J§

5 Reaction Scheme 6 - nis 0

Rl RI2 RA R . Rll 12-12
HyN a "5 (B0 » N RA
R RO,y =N . NaOH R%” VLo |§N‘)
X1
In Scheme 6, the procedure set forth in Scheme 4 is followed,
but using
RU RI2 A
N"> (X1
R o |V
R Iy
10 instead of
R R \'\N
N

HoN (C),.
W(Rm i1 RI2
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to obtain the correspondihg urea (-C(O)NHR™), amide
(-C(O)CH,R™ or -C(O)R™), sulfonamide (-SO,R™) or carbamate
(-C(O)OR™) products, wherein n is 0, can be prepared. Similarly,
using . |

RB

A

Y o . '
b | |
A

Rll R].2

R® RI10 |§N‘>

(obtained from XI following the procedures in Scheme 4), insf_ead of
/ 7y

g—\
HNY( C) YN\/

ge ‘RI0 R R12 )
in Scheme 4 and 5 produces the corresponding ureas, amides.
sulfonamides and carbamates wherein n is O.

Those skilled in the art will appremate that in Schemes 1, 2
and 4-6, other aldehydes can be used in place of

\%T

=Y
miv,

0
to obtain the other substituents for R® in formula 1.0.

Those skilled in the art will also appreciate that using
RI9

Raz\ R33 NVN R

NEd H(l\/
Y Ril R!2

RQ Rlo
instead of
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R3~* r\'\
HZN%( C )nRu 12

in Schemes 4 and 5, and using
Rll R12-R19

H2N7im<; '/)

R
instead of
RIl RI2 '
HZN% /RA
RI0 I\

in Scheme 6 will provide the corresponding compounds wherein the

* imidazole is bound to the alkyl chain by a ring carbon.

Reaction Scheme 7 (R and R" Are Other Than r_n

Rl 1 R12

RA pyr--SO3
__ "\N-></\OH — — },\’\N
= (33.0)
Rll, Ri2 RMgX . Rl Rz R?
CHO > RA
}f\ . X\NV OH

——

N

In Scheme 7, the alcohol 33.0 can be oxidized under standard
conditions to give the aldehyde. Addition of the corresponding
Grignard of R’ gives the alcohol which can be carried on to amine as
in Scheme 1 or subject to reoxidation to the ketone followed by
Grignard addition of R". In the case where R’=R", the ester 32.0
{Scheme 1) can be used as the electrophile with 2 equivalents of the
appropriate Grignard reagent being added.
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Reaction Scheme 8 (R® and R Are Other Than H, C-Linked
Imidazole

——-—> N
TT‘N,§'>< CN Tr—Nﬁ><CHo

\.\N . O\

R*
R11 RI12 . Rl Rl12
T‘___N/§l><cno Rg.__ﬁ_,' “_\N/%( o
\Aen \A\'—N R
: RA
5 In Scheme 8, the nitrile may be reduced with DIBAL-H to the
aldehyde. Similar to the procedure in Scheme 7, the aldehyde can
then be treated w1th the appropriate Grignard reagent to give the
alcohol. There can be an additional round of oxidation and
Grignard addition to give the R’, R" dlsubstltuted derivatives with-
10 either R®° =R" or R® * R". The resulting alcohol may be converted to
'the amine by the méthodology shown in either Schemes 1 or 2.

Coinﬁbunds useful in this invention are exemplified by the
following examples, which examples should not be construed as

15 limiting the scope of the disclosure.

PREPARATIVE E 1

(\NX/\

Step A _
- Me, Me
(\Nx/cozm
20 N’j

Ethyl 2,2-dimethyl acrylate (50.0g, 2.0 eq.) was stirred with
imidazole (13.28¢, 200 mmol) at 90° C for 48 hours. The resulting
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solution was cooled, diluted with water (150 mL) and CH,CL, (150
mL) and separated. The aqueous layer was washed with CH,CL, (2 x
75 ml) and the combined organics were dried over Na,SO, and.
concentrated in vacuo. The crude mixture was purified by flash
chromatography using a 10% MeOH in CH,Cl, solution as eluent to
give the pure product as a clear oil (11.27g, 29% yield). CIMS: MH'=
197.

Step B
Me, Me Me, Me
_ CO,Et ></\ :
(/\Nx/ 2 > (\N oH
-

= =

N N _ .
A solution of the title compound from Step A (10.0g, 50.96
mmol) was treated with LiAlH, (51 mL, 1M solution in ether, 1.0
eq.). The reaction mixture was stirred one hour at room |

temperature before quenching by the dropwise addition of
saturated Na,SO, (~3.0-mL). The resulting slurry was dried with
Na,SO, (solid), diluted with EtOAc (100 mL) and filtered througha = -
pPlug of Celite. The filtrate was concentrated to give a yellow oil
(6.87, 87% yield) which was used without further purification.

‘CIMS: MH'= 155.

Step C
Me, Me Me Me

(/:N></\OH —_— @NN

=

N

To a solution of the title compound Step B {6.85¢, 44.42
mmol), phthalimide (7.19g, 1.1 eq.), and PP (12.82g, 1.1 eq.) in
THF (200 mL) at 0°C was added DEAD (7.69 mL, 1.1 eq.) over 10
minutes. The resulting solution was warmed to room temperature
and stirred 48 hours. The reaction mixture was concentrated under -
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reduced pressure and the product isolated by crystallization from
CH,CL/Et,0 to give a white solid (10.03 g, 79% yield). CIMS: MH"=
284

Step D |
' M3<Me-/\ ' Me, Me '
(/]N N —_—— (\NMNHQ
) ' N™— _

0

A solution of the title compound from Step C (9.50g, 33.53
mmol) and N,H, (1.25 mL, 1.2 eq.) in EtOH (100 mL) was heated at
reflux 4 hours. The resulting slurry was cod_led, ﬁltei-ed, and the
filtrate concentrated under reduced pressure. Tl_;e crﬁdé--product
was purifiéd by ﬂash chromatography using a 15% (10% NH,OH in
MeOH) solution in CH,C]2 as eluent to give a pale yellow oil (2.80g,
53% yield). LCMS: MH 154 -

PREPARATIVE PLES 2-4.
By essentially the same procedure as that set forth in
Exampie 1, the amines in Column 3 of Table 1 were synthesized
from the esters in Column 2. “No.” represents “Preparative Example

Number”.

TABLE 1

No. “ESTER AMINE Mass Spec

2 v/\cozm (/\NZ/\NHZ . cMs:
-V \ = | ME=152
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cl

3 Cl\©\/\ CIMS:
MH'= 236
F |

4 Me I/\ MH'= 168

. ’ REP PLE
BOC
MS&;\
(\ NH, E j
'I/ O

\ BOC

QE L

H

Piperazine anhydride (Preparative Example 44) (0.28g, 1.0 eq.)
was added portionwise to a solution of the title compound from
Example 1 (0.17g, 1.2 mmol) in CH,Cl, (5.0 mL) and the resulting
solution stirred 10 minutes at room temperature before adding
cyclohexyl isocyanate (0.21 mL, 1.5 eq.). After stirring at room-
temperature 15 minutes, the reaction mixture was quenched by the
addition of MeOH (1 mL), concentrated in vacuno, and purified by
flash chromatography using a 10% MeOH in CH,Cl, solution as
eluent to yield a white solid (0.46g, 85% yield). FABMS: MH'= 491.
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PREPARATIVE EXAMPLE 6

(/\_N NH, N |
A (AN
BOC _ un/ \/YN\/
| | - |

k _ JOR SR
O o

0
0

By the essentially the same procedure as that set forth in
Preparative Example 5, except using = N-(benzyloxycarbonyloxy)-
5 succinimide (CBZ-OSuc) instead of cyclohexyl isocyanate, the title
-.compound was prepared (0.16g, 84% yield).” '

PREPARATIVE EXAMPLE 6.1
- By essentially the same procedure as set forth in Preparative
10 Example 6, except instead of the amine - '
o | Me, Me
o
N/

use the amine from Preparative Example 2

to obtain _
' BOC

POt aac s
) _©/\o 0
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PREPARATIVE EXAMPLE 7

QE N

C1
'By essentially the same procedure as that set forth in

Preparative Example 5, except using the title compound from .
5 Preparative Example 3 (Table 1), the tltle compound was prepared
LCMS: MH'= 573.

PREEARATIVE EXAMPLE 7 1

QE ].,, Fon S

10 Follow the same procedure as that set forth in Preparative
Example 5, except use the amine from Preparative Example 2 to
obtain the title compound.

PRE , EXAMPLE 7.2

BOC
E] Pl
N“I“’
N CH,
15 H
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Follow the same procedure as that seffOrl;h in Preparative
- Example 5, except use the amine from Preparative Example 4 to
obtain the title com_pound.

5 PREPARATIVE EXAMPLE 7. 3

H Yy
- J.,,WW

_ N
: . H .

Follow the same pmcédure as that set forth in Preparative
Example 5, except use the amine from Preparative Example 10 to
obtam the title compound ' ‘ ’
PREPARATIVE EXAMPLE 8

om0

To the title compound from Preparative Example 1, Step D,

15 (0.82g, 5.35 mmol) in CH,CL, (10 mL) and TEA (0.75 mL, 1.0 eq) was
added piperazine anhydride (1.65g, 1.2 eq.) (prepared as described
in Preparative Example 44) portionwise and the resulting solution
was stirred at room temperature. When the reaction was complete
(TLC), the solution was concentrated in vacuo and the crude

20 product was purified by flash chromatography using a 10% (10%
NH,OH in MeOH) in CH,C, then 20% (10% NH,OH in MeOH) in
CH,Cl, as eluent. CIMS: MH'= 366.
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sy TFA

E].,,,, o

tep B
[ j"'q \/XNJ
Me Me

The title compound from Step A was stirred at room
temperature in a 50% solution of TFA in CH,Cl, (25 mL) for 2 hours.
5 The resulting solution was concentrated under reduced pressure.

\/Y

Me Me

Any residual TFA was removed by azeotroping with toluene to give -
the crude product which was used without further purification.
CIMS: MH'= 266.

10 StepC

The title compound from Step B was dissolved_ in CH,C], (30
ml) and TEA (7.62 mL, 10 eq.) was added. The reaction mixture
was stirred 5 minutes before adding chloride

15
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(0.908g, 0.5 eq.). The resulting solution was stirred at room .
temperature for 96 hours. The reaction mixture was diluted with
water (50 mlL), separated and the aqueous layer extracted with
CH,CL, (2 x 200 mL). The combined organics were dried over
MgSO,, filtered, and concentrated under reduced pressure. The
crude product was purified by flash chromatogfaphy using a 5%,
7.5%, and then 10% (10% NH,OH in MeOH) in CHzcl2 solution as

 eluent (0.926 g, 30% yield) CIMS: MH'= 571.

N ' _ .
’: ] N ‘4\ N (118,2R(-)-Isomer)
oy N N \//
K

The title compound from Step C was separated ixito_ individual

diasteromers by Preparative HPLC using a ChiralPak AD column

using a 20% IPA in hexanes with 0.2% dxethylamme solution as
eluent: :
Isomer A (11S 2R(-)-Isomer) retention time= 18.2 minutes;
[0)*’,= -31.7 (3.0 mg in 2.0 mL MeOH]).
" Isomer B (1 1R.2R(—]-Isomér): retention time= 30.3 minutes;
[0]*°p= -6.2 (2.4 mg in 2.0 mL MeOH).
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PREPARATIVE EXAMPLE 9

By esseptiallj the same procedure as described in Preparative
Example 8, except using the title compound from Preparative
5 Example 2 (Table 1), the title compound was prepared.
The 11(S)- and 11(R)-isomers '

E j N l4/\1‘1 (11S,2R(-)-Isomer)

N "/1 N\/XN\/
3

r;\/>N (11R,2R(-)-Isomer)

10 were separated by Preparative HPLC uéing a CHIRALPAK AD
column using a 30% IPA in hexanes containing 0.2% diethylamine
solution as eluent. _

11S,2R(-)-isomer : retention time= 10.2 minutes; MH'= 569;
[<]”’;= -82.7 (4.04 mg in 2.0mL MeOH).
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11R,2R(-)-isomer: retention time= 22.8 minutes; MH'=569;
[e<] ,,—-12(340mgin20mLMeOH) '

PREPARATIVE EXAMPLE 9.1

5 Follow the procedure set forth in Preparative Example 8,
except use the amine
=
HoN AN N
iﬁ St'ep. A instead of |
H2N\/><N\_//N
HaC CHj3

10 and use the 10-Cl tricycle chloride

in Step C instead of the 3-Br—8-Cl-thcyclé chloride (Compound 42.0)
to obtain the compounds

(11S,2R-Isomer) -

15
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Obtain the 10-Cl tricycle chloride (10,11~ diChloro-6,11-
dihydro-5H-benzol5,6]cyclohepta[1,2-B]pyridine) as follows:

The ketone (starting material) 5,6-dihydro-10-Chloro-11H-

5 benzo[5,6]cycloheptall,2-clpyridine-11-one, can be prepared
following the procedure described: by Villani et al., J. Het. Chem. 8,
73-81 {1971). The product was prepared substituting the 10-Chloro
for the 10H tricycle and following the procedure described in-
Preparative Example 169: ' |

10 1H NMR (CDCL, §) 2.97 {m, 2H), 3.55 (m, 1H), 4.03 (m, 1H),
7.11 (s,1H), 7.13 (d, 1H), 7.22 (m, 2H), 7.31 (d, 1H), 7.53 (d, 1H),
8.49 (4, 1H). '

PREP. TIVE EXAMPLE 10

15 Step A
N

=
\__N
Sy

Imidazole (2.73g, 40.1 mmol) in crotonitrile (10 mL) was
heated to reflux overnight. The resulting solution was concentrated
in vacuo, the residue diluted with Et,0 (50 mL) and washed with

20 water (2 X 100 mL) and brine (1 X 25 mL). The combined organics
were dried over Na,SO, and concentrated under reduced pressure.
The crude product was purjﬂéd by flash chfbmatog:aphy using a
15% MeOH in CH,CL, solution as eluent (2.13g, 39% yield). FABMS:
MH'= 136. | |

25
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StepB . - 3

Q\/N - _</N ' NHj
. \(\ N > \(\/
' Me ' -~ Me

A solution of the title cbnipound from Step A {0.50 g, 0.0037
mmol) in THF (10 ml) was treated with LAH (5.5 mL, 1.0 M in
Et,0,1.1 eq.). The reaction mixture was stirred at room
temperature 3 hours and quenched by the dropwise addition of
satu_l"ated Na,SO,. The resulting shurry was dried by the addition of
solid Na,S_O,, and filtered through a plug of Celite. The filtrate was
concentrated under reduced pressure and the crude residue -
purified by flash chromatography using a 20% (10% NH,OH in

~ MeOH) solution as eluent (0.03g, 6% yield).

PREPARATIVE EXAMPLE 11

Step A
M Me
Treay N =y CN
\=N \—=n

nBuli (2.5 mL; 2.5M in hexanes; 2.1 eq.) was added to iPr,NH
(0.87 mL, 2.1 eq.) in THF (8.0 mL) at 0°C. The resulting solution
was stirred 45 minutes before adding the nitr_ilé (1.0g, 2.97 mmol)
in THF (7.0 mL). The reaction mixture was stirred at 0°C for 30
minutes before adding Mel (0.37 mL, 2.0 eq). The resulting
solution was wan_ned to room temperature and stirred one hour.
The reaction was quenched by the addition of 1N HCI until acidic,
diluted with water (40 mL) and extracted with EtOAc (2 X 200 mL).
The combined organics were dried over Na,SO‘ and conéeni:ated
under reduced pressure. The crude product was purified by flash
chromatography using a 40% EtOAc solution in hexanes as eluent
(0.37 g. 33% yield). MH'= 378.
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Step B
Me Me :  Me. Me
. _ . : NH,
Tr\N/ﬁXCN - Trem /ﬁX/
\=n | l\;n

LiAIH, (2.7 mL; 1.0 M solution in THF; 1.5 eq.) was added to
the title compound from Step A (0.68¢, 1.80 mmol) in THF (5.0 mL). -
5 The resulting solution was stirred at room temperature 1.5 hours
and quenched by the dropwise additioﬁ of saturated' Na,SO, (10
ml). The solution was extracted with Et,0 (2 X 200 mL), the
combined organics dried over MgSO, and concentrated under
reduced pressure (0.6 g, 88% yield).

10
Step C _
Me, Me . : M Me II-I
NH, e N
AN ———» H)N
Tr=——)N 7
\=nN A\ 1{1

following the same procedure as set forth in Preparative
Example 27 Step C, the title compound was prepared.
15
PREPARATIVE EXAMPLE 12
) BOC

- BOC
k .
ﬂ
[ ] “u,, ~OH ' E j""lf N N
N /A N ‘I/ ’
M L Io \ 2
BOC O | P, —H

A solution of the piperazine carboxylic acid (0.29 g, 0.881
mmol} prepared as described in Preparative Example 43, L-
20  histidinamide dihydrochloride (0.20 g, 1.0 eq.), DEC (0.25 g, 1.5
eq.), HOBT (0.18 g, 1.5 eq.), and NMM (0.48 mL, 1.5 eq.) in DMF (5
ml) was stirred at room temperature overnight. The reaction
mixture was diluted with water (25 mL) and CH,Cl, (50 mL),
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separated, and the aqueous layer extracted with CH,C], (2 X 50 mL).
The combined organics were dried over Na,SO, and concentrated
under reduced pressure. The crude product was purified by flash
chromatography using a 15% MeOH in CH,C, solut:on as eluent

5 (0.24g, 59% yleld) FABMS: MH'= 467.

PREPARATIVE EXAMPLES 13-17
Following the procedures found in J. Chem. Soc. Perkin I
(1979), 1341 1344, the followmg N-substituted histamines were
10 prepared '

e
HoN N HoN N
e S s
: N N
Preparative Preparative - "~ Preparative
Example 13" Example 14 Example 15
. CHs
: CHs . S
HoN N _ ' H,N N
.\/\@] \/\g_»
N -N
Preparative Preparative
Example 16 . and ~  Example 17
15 PREPARATIVE EXAMPLES 18-26

- By essentially the same procedure as that set forth in-
Preparative Example 74, and using the aldehydes and amines set
forth in Table 2, one can 6btain the intermediate products shown in
Table 2.

20
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20 | HgC CHg ~ CHy

21 | HsG . CHa CH,

22 H3C H CH,
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2 O_—CHO .-Hz. F |
. Rl
25 | D—CHO S PHa | '/A
26 '[>_CHO R T (A
PREPARATIVE EXAMPLE 27
Step A : '
YNy
N _Ph N__Ph
5 'Ph7<Ph P2<Ph

Dissolve the nitrile (1.5 g, 4.29 mmol) in 10 mL of THF and
cool to -78°C under nitrogen. Add 20 mL of a 1.5 M LDA solution
(in cyclohexane). Then add dropwise over 2 hr, a solution of 790 mg
(4.293 mmol) of 2—methy1propy]iod:lde in I10 mL of THF. Allow to
10 warm to room temperature and stir overnight. Add 10 mL of water
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followed by 1N HCl until pH of 10-11. Dilute with 100 mi of
methylene chloride followed by 20 mL of sat. aqueous Na,SO,. Add
MgSO, until solution is clear. Separate the organic layer and dry
over MgSO,. Concentrate under vacuum and flash chromatograph
5 on silica gel using ethyl acetate-hexane (1-3) to give the product as

a tan semi-solid.

Step B _
. CHS CH3
CH, ~ CH,
_ N H,N N
NC Ny ——
\ 7 T A

Ph

<
ph Ph pH Ph
10 Dissolve the product of Step A (0.5 g, 1.23 mmol) in 10 mL of |

ethanol saturated with ammonia. Add 8.8 mg (0.017 mmol) of
H,PtCl,.6H,0, 1 g of Raney Ni in water and hydrogenate at 54 psi on-
a Parr shaker over night. Filter through Celite and concentrate -
under vacuum.

15

Step C

CHjz
. CHs H
HoN N, HoN N
N Y > - \ 2
N7<Ph N
Ph - Fh

Dissolve the product of Step B (0.165 g, 0.403 mmol) in 4 mL
of 2M HCI and 2 mL of methanol. Reflux for 100 min. then
20 concentrate under vacuum. Triturate the residue with ether to give
the product hydrochloride as a white solid.
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PREPARATIVE EXAMPLES 28-29, 29.1 and 30
Following the procedure set forth in Preparative Example 27,
but using the indicated alkyl or benzyl halide in place of 2-methyl
propyl iodide, the substituted histamines shown were prepared.

Preparative Example 28 CHs
' Halide , \ 1(?
5 _ _ - Substituted Histamine
_-Preparative Example 29
Br -
_ H,N N
 Halide - » |
A _ N
Substituted Histamine
Preparatlve Example 29.1"
Halide - Substituted Histamine
10
Preparative Example 30 CHs
I . '
~ ' - H,N. N
Halide - \ pi

Substituted Histamine
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REPARATIVE PLE 31

it

Ethyl 4-pyridyl acetate (4. 5g, 27. 24mmoles] was placed Ina
500mL Parr bottle and dissolved in anhydrous EtOH (70mL). To the:
5 Dbottle was added 10% Palladium on charcoal (1.0g). The bottle was
put on a hydrogenator and the contents shaken under 55 psi
hydrogen pressure at 25°C for 94h. The mixture was filtered
through Celite® and washed with 4x40mL anhydrous EtOH. The -
filtrate was rotovapped down and the residue chromatographed on
10 silica gel using 3% (10% conc. NH,OH in methanol)dmhloromethane
as the eluant to give the title compound (Yield: 2. 944g, 63%):
FABMS: m/z 172.2(MH’); §. (CDCl,) CH,: 14.3; CH,: 33.2, 33.2,
 41.9, 46.5, 46.5 60.2; CH: 33.4; C: 172.7 ; 9, (CDCl) 1.18
(m,1H,H), 1.26 (t,.3H,CH,), 1.71(2H) , 1.90(1H), 1.96(1H),
15 2.22(d,2H), 2.63(2H), 3.07(2H), 4.13(q,2H,CH,CH,-).

PREPARA PLE 32

ST

0NH2

Ethyl 4-piperidinyl acetate from Preparative Example 31
20 (500mg; 2.92mmoles) was dissolved in anhydrous CH,CL, (25mL).
To the stirring solution was added trimethylsilyl isocyanate (5.9mL;
43.8mmoles) and the solution was stirred at 25°C for 17h. The
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solution was worked up in CH,CL-saturated NaHCO, and the
product chromatographed on silica gel using 2—3%{conc. NH,OH in
methanol)dichloro-methane as the eluant to give-.the title compound
(Vield: 622mg, 99%): CIMS: m/z 215.3 (MH'); 8, (CDCL): CH,: 14.2;
CH,: 31.6, 31.6, 41.0, 44.2, 44.2, 60.4; CH: 32.9; C: 158.2, 172.4;
8, (CDCL): 1.23 (m,1H,H,), 1.27 (t.3H,CH,), 1.75 (d,2H), 1.98 (m,1H),
2.26 (d,2H), 2.85 (t,2H), 3.94 (d, 2H), 4.15 (q,2H,CH,CH,), 4.56
(bs,2H). :

 PREPARATIVE EXAMPLE 33

OA\NHQ _ -.o)\ NH,
Ethyl 1-aminocarbonyl-4-piperidinyl acetate from Preparative
Exémple 32 (153.6mg. 0.717mmoles) was dissolved in anhydrous
CH,CY, (3.58mL) and EtOH (3.58mL). To the solution was added
1.0M LiOH (1.73mL, 1.73mmoles) and the mixture was stirred at -
50°C for 5.5h. The mixture was cooled quickly to 25°C and 1.0N
HCI (2.02mL, 2.02mmoles) was added and the mixture stirred for 5
minutes and then ;_rotovapped to dryness to give the title compound

which was used without further purification.
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PREPARATIVE EXAMPLE 34

[ ]’l 1}\11 r/\ N (11S,2R(-)-Isomer)
N A r ~ NN

N
: —
H
| (g]""-”/N\/\/hl:\// N (11R,2R(-)-Isomer)
O
The Cu—i'acemate of the above isomers (Preparative Example -
5 141) (62% pure) was subjected to preparative HPLC on a Chiralpak
AD® column (50X5_cm] using 75% hexane- 25% isopropyl alcohol-
0.2% diethylamine as the eluant to give, in the order of elution, the -
1 I-S(-)—isomer and the 11-R(-)-isomer. | | -
 118,2R()-isomer: (Yield: 0.8756g, 55%): LCMS: m/z 543.1
10 (MH); 5, (CDCL) CH,: 30.3, 30.4, 31.0, 36.3, 44.3, 44.7, 52.0, 54.5;
CH: 58.7, 79.4, 118.8, 126.0, 129.6, 130.4, 132.3, 137.1, 141.3,
147.0; C: 120.0, 134.0, 135.4, 136.7, 140.9, 155.4, 172.2; 5,
(CDCl) 2.02 (2H, m, 2”-CH,), 3.32 (2H, m, 3"-CH,}, 3.98 (2H, dd, 1"-
CH,), 4.30 (1H, s, H,,), 6.93 (1H, s, Im-H,), 6.97 (1H, t, CONHCH,),
15 7.06 (1H, s, Im-H,)), 7.11 (1H, s, Ar-H), 7.13 (2H, s, Ar-H), 7.16 (1H,
s, Ar-H), 7.49 (1H, s, Ar-H,)), 7.57 (1H, d, Im-H,) and 8.33 ppm (1H,
s, Ar-H,); [a],*"° -45.0° (MeOH, ¢c=9.32mg/2mL).
11R,2R(-)-isomer: (Yield: 0.5979¢g, 38%): LCMS: m/z 543.1 -
(MH"; &, (CDCI,) CH,: 30.2, 30.3, 31.1, 36.4, 44.1, 44.7, 52.2, 54.0;
20 CH: 58.2, 79.4, 118.8, 126.1, 129.6, 130.7, 132.3, 137.0, 141.2,
146.8; C: 119.9, 134.0, 135.2, 136.9, 140.7, 155.7, 172.1; 5,
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(CDCL,) 3.34 (2H, m, 3"-CH,), 3.97 (2H. dd, 1"-CH)), 4.30 (1H, s,
H,), 6.93 (1H, s, Im-Hy), 7.06 (1H, s, Im-H,), 7.08 (1H, s, Ar-H), 7.11
(2H, s, Ar-H), 7.14 (1H, s, Ar-H), 7.15 (1H, t, CONHCH,), 7.50 (1H,
s, Ar-H, ), 7.58 (1H, d, Im-H,) and 8.35 ppm (1H, s, Ar-H,); {a], " -
12.0° (MeOH, c=10.19mg/2mL).

PREPARATIVE, LE 35

Step A
(0] OH

N
H

Boc

Isonipecétic acid (10g, 77.42mmoles) and sodium hydroxide
(3.097g, 77.42mmoles) were dissolved in THF-water {1:1) (230mL)

and di-t-butyldicarbonate (18.59mL, 85.17mmoles) was added. The -

solution was stirred at'25°C for 90h. The mixture was treated with

. BioRad® 50W—X4(H'] ion éxchange resin (86 6mL] énd the resin was

filtered off and washed with THF and then water. The combined
filtrates were evaporated to dryness to give the title compound
which was used without further purification in the next step:
FABMS: m/z 229.9 (MH); 5 (d,-DMSO) CH,: 28 0, 28.0, 28.0; CH
42.0-43.1(broad s:gnal) CH: obscured; C: 78 5, 153 8, 175. 6

Step B

¥ Oy
Boc | . Boc
The title compound from Step A above (2g, 8.72mmoles) was

dxssolved in dry DMF (40mL) and the solution was stirred at 0°C
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under an argon atmosphere. Diphenylphosphoryl azide (2.07mL,
9.59mmoles) was added over 10min followed by triethylamine
(2.68mL, 9.59mmoles) and the mixture was stirred at 0°C for 1h
and then at 25°C for 19h. Evaporation to dryness followed by .
chromatography on a silica gel colamn using 5% increasing to 7%

‘méthanol in dichloromethane afforded the title compound: (Yield:

1.57g, 72%): . (CDCL) CH,: 28.5, 28.5, 28.5; CH,: 32.9 (broad),
42.8 (broad); CH: 47.3; C: 79.7, 154.8, 156.5.

PREPARATIVE EXAMPLE 36
Step A
OH " OH
N N
H A
_ HoN o
Method 1:

4-Hydroxypiperidine (5g, 49.43mmoles) was dissolved n

anhydrous dichloromethane (50mL) and trimethylsilyl isocyanate -

(6.27g, 7.36mL, 54.38mmoles) was added. The mixture was stirred
at 25°C under an argon atmosphere for 24h. Water (10mL) was .
added and the mixture was evaporated to dryness. The residue was
chromatographed on a silica gel column using 10%(10% conc.
NH_,OH in'methénol)-dichlommethane as the eluent to give the title

 compound: (Yield: 6.895g, 97%): CIMS: m/z 145.1 (MH'); & (dg-

DMSO) CH,: 34.2, 34.2, 41.3, 41.3; CH: 66.1; C: 158.0; §, (d,-
DMSO) 1.22 (2H, m, 3/5-CH,), 1.68 (2H, m, 3/5-CH,), 2.84 (2H, m,
2/6-CH,), 3.60 (1H, m, 4-CH), 3.68 (2H, m, 2/6-CH,), 4.67 (1H, d,
OH) and 5.87ppm (2H, s, NH,). -
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Method 2: . _

-Hydroxyp1per1d1ne (10g, 98. 86mmoles) and urea (59 4g,
988.6mmoles) were dissolved in distilled water (100mL) and the
solution was heated at 100°C for 67h. The solution was evaporated
to dryness and the product was chromatographed on a silica gel
column using 10%(10% conc. NH,,_OH in methanol)-dichloromethane
as the eluent to give the title compound: (Yield: 8_'.3g, 58%).

- Step B

B - -  0 /©/N02

N - o N
HZN/g(-) .. B HzN/go

The title compound from Step A above (1 g 6. 94mmoles] and

|

4—mtrophenyl chloroformate . 54g, 7. 63mmoles) were dissolved in
anhydrous pyndme (IOmL) and the mikture was stirred at 25°C for .

24h. The mixture was evaporated to dryness and the residue was

azeotroped with toluene. The resultmg product was
chromatographed ona silica gel column using 3% methanol in _
dichloromethane as the eluant to give the title compound: (1.35g,

40.7; CH: 74.9, 121.7, 121.7, 125.2, 125.2; C: 145.2, 151.7, 155.3,
158.7; 8, (CDCL) 1.82 (2H, m, 3/5-CH,), 2.01 (2H, m, 3/5-CH,),
3.06 (2H, s, NH,), 3.31 (2H, m, 2/6-CH,), 3.68 (2H, m, 2/6-CH,),
4.98 (1H, m, 4-CH), 7.39 (2H, d, Ar-H1/6) and 8.28ppm (2H, d, Ar-
H3/5). - |
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PREPARATIVE EXAMPLE 37

oC Boc

a—

]
N . .

- (Nj”"' ﬁ\/\/ N .
-t

The anhydride (0.5088g, 1.99mmoles) (prepared as described
5 in Preparative Example 44) and 1-(3-aminopropyl)-imidazole.

(0.260mlL, 2.18mmoles) were dissolved in anhydrous :
dichloromethane (10mL) and the mixture was stirred under aréon at
25°C for 5min. The mixture was diluted with dichloromethane and
extracted with saturated aqueous sodium bicarbonate. The

10 dichloromethane layer was dried (MgSO,), filtered and evaporated to
dryness. The resulting product was chromatographed on a silica gel -
column using 10% (conc, NH,OH in methanol}-dichloromethane as.
the eluent to give the title compound: (Yield: 0.4955g, 74%); LCMS:
m/z 338.1 (MH"); 5, (CDCL) CH,: 28.4, 28.4, 28.4; CH,: 31.1, 36.5, -

15 ~43.5(broad), 44.8, ~46.5(broad),; CH: 58.2, ~119.0(broad),
~129.7(broad), ~137.3(broad); C: 80.2, 154.7, 171.5; §, (CDCl,) 1.47
(9H, s, CH,), 6.96 (1H, s, Im-H,), 7.08 (1H, s, Im-H,) and 7.52ppm
(1H, s, Im-H,). |

20 StepB

The title compound from Step A above (0.3248g, 0.96mimoles),
4-pyridylacetic acid N1-oxide (0.1916g, 1.25mmoles), 1{3-
(dimethylamino)propyl]-3-ethylcarbodimide hydrochloride (0.24g,
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1.25mmoles), 1-hydroxybenzotriazole (0.169¢g, 1.25mmoles) and 4-
methylmorpholine (0.1376mL, 1.25mmoles) were dissolved in
anhydrous DMF (11mlL) and the mixture was stirred under argon at
25°C for 18h. The mixture was evaporated to dryness and the
residue was dissolved in dichloromethane and washed with
saturated aqueous sodium b_icarbbnate'. The organic layer was
dried (MgSO,), filtered and evaporated to drynesé. The product was

- chromatographed on a silica gel column using 5% (10% conc.

NH,OH in methanol)-dichloromethane as the eluant to give the title
compound: (Yield: 0.4333g, 95%); LCMS: m/z 473.1 (MH); §,_
(CDCL) CH,: 28.3, 28.3, 28.3; CH,: 30.8, 36.5, 38.7, 43.2, ~43.5
(broad), ~44.5 (broad); CH: 53.8, ~119.2 (broad), 127.4, 127.6,
~129.3 (broad), ~137.5.(broad), 138.7, 138.9; C: 80.7, 134.5, 154.4,
169.6, 169.6; 5, (CDCL,) 1.44 (9H, s, CHs),-6.97'_(1H, broad s, Im-H,), °

~ 7.09 (1H, broad s, Im-H,}, 7.20 (2H, m, Ar-H}, 7.53 (1H, broad s, Im-

H,) and 8.14ppm (2H, d, Ar-H).

H

| -

N g
gt g

B —O\ﬁ"/ l . [lelp,.n/N\/\/NJN
X X0 °

The title compound from Step B above (0.289¢, 0.612mmoles)
was dissolved in anhydrous dichloromethane (7 8mL) and
trifluoroacetic acid (2.026mL, 26.3mmoles) was added. The mixture
was stirred at 25°C for 1.25h under argon and then evaporated to
dryness. The product was chrométographed on a silica gel column
using 5% increasing to 10% (10% conc. NH,OH in methanol)-
dichloromethane as the eluant to give the title compound: (Yield:
0.208g, 91%); LCMS: m/z 373.1 (MH"); §, (CDCL-CD,0D) CH,: 30.4,
36.2, 38.2, 43.9, 44.5, 46.2, -46.7; CH: 52.3, ~119.2 (broad), 127.7,
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127.7, ~128.3 (broad), 137.4 (broad), 138.4, 138.5, 138.5; C: 137.3,
169.8, 170.6; §, (CDCL-CD,0D) 6.90 (1H, broad s, Im-H,), 6.94 (1H,
broad s, Im-H,), 7.22 (2H, m, Ar-H), 7.47 (1H, broad s, Im-H,) and
8.12ppm (2H, d, Ar-H); [0],** +81.1° (c=10.43mg/2mL, methanol).

PREP. XAMPLE 38

.To a solution of 3-bromo-8-chloro-5,6-dihydro-11H- -

‘benzol[5,6]cycloheptal1,2-blpyridin-11-one {2g) (6.2mmoles) in

anhydrous dichloromethane (14ml) at 0°C and under an argon -
atmosphere, was added a solution of 3-chloroperbenzoic acid -
(1.76g) (10.4mmoles) in anhydrous dichloromethane (35ml)
dropwise over a period of 30 minutes. The mixture was allowed to
warm to room temperature and after 18h additional 3-chloro- '
perbenzoic acid (0.88g) (5.2mmoles) in anhydrous dichloro-methane
(25ml) was added and the mixture was stirred for a total of 42h.
The mixture was diluted with dichloromethane and washed with 1N
NaOH (200ml). The aqueous layer was extracted with additional
dichloromethane (2X200ml) and the combined organic layers were
dried over magnesium sulfate; filtered and evaporated to dryness.
The product was chromatographed on silica gel using 0.25%-0.5%-

1% (10% conc. NH4OH in me_:thanol)dichloromethané as the eluant
to give the title compound (Yield:1.386g, 66%): ESIMS; m/z 338.1
(MH); 8¢ (CDCIg) CHQ: 30.5, 34.0; CH: 126.9, 127.6, 130.3, 132.5,

140.4; C: 121.0, 135.1, 138.3, 139.7, 141.6, 145.3, 188.0ppm.
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The title compound of Step A (1.3422g) (3.96mmoles) was
dissolved in methanol (18ml) and dichloromethane (20ml) and
5 sodium borohydride (0.219g) (5.79mmoles) was added. The mixture
was stirred under argon at 0°C for 1h and then allowed to warm up
to 25°C over a period of 1h. The mixture was diluted with
dichloromethane (800ml) and washed with 1N NaOH (150ml). The

aqueous layer was extracted with dichloromethane (2X100ml) and
10 the combined organic layers were dried over miagnesium sulfate,
filtered and evaporated to- dryness The product was
chromatographed on silica gel using 1% (10% conc. NH40H in
methanol)dichloro-methane as the eluant to give the title compoimd
(Yield: 1.24g, 92%): ESIMS: m/z 340.1 (MH*); 3¢ (CDCI3) CH2' 31.2,
15 32.0; CH: 69.1, 1268 129.5, 131.7, 131 7 1367 C:118.3, 1347 :
© 135.2, 139.7, 141.0, 148.9ppm. |

 Step c:

20 The title compound from Step B (0.552g, 1.62mmoles) and
tl'iethyiaxhine (1. 19mL, 8.52mmoles) were dissolved in anhydrous
dichloromethane (8.5mL) and the solution was cooled to 0°C.
Methanesulfonyl chloride (0.4mL, 5.16mmoles) was added over
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30min and the mixture was stirred at 0°C for a total of 1.25h. The
solution was evaporated to dryness to give the 11-mesyl derivative
which was used without further purification. The latter was
dissolved in anhydrous dichldromethane' (4-0mL)-' and the solution
was stirred at 0°C. N-[3-(1H-Imidazol-1-yl)propyl]-2(R)-
piperazinecarboxamide (Preparative Example 136} (0.5g;

2.1 1mmoles) dissolved in anhydrous dichloromethane (20mL) and

. anhydrous DMF (20mlL) was added at 0°C and the solution was

stirred and allowed to warm up to 25°C over 2h. The reaction was -
allowed to proceed at 25°C for 18h and was then diluted with
dichloromethane and washed with saturated aqueous sodium.
bicarbonate, dried (MgSO,), filtered and evaporated to dryness. The
pfoduct was chromatographed on a silica gel colurnn using 4% -

(10% conc. NH,OH in methanol}-dichloro-methane as the eluant to
give the title racemic compound: Yield: 0.399g, 44%); FABMS: m/z
559.3 (MH’). o .

o N
N - 11R,2R(+)-I
ENj,Ih_] ]/N\/\/N \//N ( (+] SOmer)
H -

\ .
o : _ _—
( j/ P P N (11S.2R(-)-Isomer)
N ) :
H

ﬁ.:‘
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The title racemic compound from Step C above (0.395g) was
subjected to preparative HPLC on a Chiralpak AD® column
(50X50m)__us_mg 65% hexane- 35% isopropyl alcohol- 0.2%
diethylamine as the eluant to give in the order of elution the 11-

5 R+)- diastcreoisomer of the title compound followed by the 11-S(-)-
diastereoisomer of the title compound. _'

1 1R,2R(+) diastereoisomer (Yield O 1854g] FABMS m/z

. 559.2 (MH’): & (CDCL) CH;: 30.1, 30.3, 31.2, 36.4, 43.9, 4.7, 51.6,
B 52.8; CH: 57.8, 64.3, 118.9, 126.3, 129.6, 130.6, 130.7, 133.4,
10 137.3, 138.4; C: 118.2, 133.6, 134.6, 140.1, 141.0, 148.1, 172.0; §,
.. {CDCL) 5.70 (1H, s, H,)), 6.95 (1H, broad s, Im-H,), 7.04 (1H, broad
'8, Im-H,), 7.51 (1H, broad s, Im-H,) and 8.22ppm (1H, s, Ar—H,)
[al,” +41.2° (c-ll 08mg/2mL, methanol):
11S,2R(-)-diastercoisomer: (Yield: 0.18g); FABMS: m/z 559.2

15 (MH"; § (CDCL).CH,: 30.1, 30.3, 31.1, 36.5, 44:4, 44.8, 51.6, 53.4; _

~ CH: 58.9, 64.4, ~119.2, 126.3, 129.5, 130.6, 130.7, 133.4, ~137.3,
-138.5; C: 118.3, 133.7, 134.6,-139.9, '141.0, 148.1, 172.1; §, |
(CDCl) 5.69 (1H, s, H;)), 6.94 (1H, broad s, Im-H,), 7.07 (1H, broad
_ s, Im-H,), 7.51 (1H, broad s, Im-H,) and 8. 26ppm (1H, s, Ar-H,)
20 - [a],*¥-71.0° (c=10.32mg/2mL, methanol).
PREPARA EXAMPLE_SQ :

o 0
0™ cHg o
\ .
| — |
P
N . N .
H

Ethyl 4-pyridyl acetate (4.5g, 27.24mmoles) was placed in a
25 500mL Parr bottle and dissolved in anhydrous EtOH (70mL). 10%
~ Palladium on charcoal (1.0g) was added and the contents shaken
under 55 psi hydrogen pressure at 25°C for 94h. The mixture was
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filtered through Cehte"’ and washed with 4x40mL anhydrous EtOH.
The filtrate was evaporated to dryness and the residue was
chromatographed on silica gel using 3% (10% conc. NH,OH in
methanol)-dichloromethane as the eluant to give the title
compound: (Yield: 2.944g, 63%): FABMS: m/z 172.2 (MH'); 8C
(CDCL) CH,: 14.3; CH,: 33.2, 33.2, 41.9, 46.5, 46.5 60.2; CH: 33.4;
C: 172.7 ; 6H (CDCL,) 1.18 (1H, m, H)), 1.26/(3H, t,CH,}, 1.71(2H]),
1.90(1H), 1.96(1H), 2.22(2H, d), 2.63(2H), 3.07(2H), 4.13ppm (2H, q,
CH,CH,-). : '

StepB - _ ' | |
o Non, . 0" e,
- N N |
H : )\ -

| 0~ "NH, _

Ethyl 4-piperidinyl acetate (500mg; 2.92mmoles) from Step A
above was dissolved in anhydrous dichloromethane (25mL). To the
stirred solution was added trimethylsilyl isocyanate {5.9mlL;
43.8mmoles) and the solution was Stirred at 25°C for 17h. The
solution was diluted with dichloromethane and washed with
saturated aqueous sodium bicarbonate. The dichloromethane layer
was dried (MgSO,), filtered and evaporated to drjmess. The product
was chromatographed on silica gel using 2% increasing to 3%(10%
conc. NH,OH in methano])-&ichldromethahe as the eluant to give
the title compound: (Yield: 622mg, 99%): CIMS: m/z 215.8 (MHY); 5,
(CDCL): CH;: 14.2; CH,: 31.6, 31.6, 41.0, 44.2, 44.2, 60.4; CH:
32.9; C: 158.2, 172.4; §, (CDCL): 1.23 (1H, m, H)), 1.27 (3H, t, CH,),
1.75 (2H, d), 1.98 (1H, m), 2.26 (2H, d), 2.85 (2H. 1), 3.94 (2H, d),
4.15 (2H, q, CH,CH,-), 4.56 (2H, bs).
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(o) NH2

Ethyl 1-aminocarbonyl-4-piperidinyl acetate (153. 6mg

5 0.717mmoles) from Step B above was dissolved in anhydrous _

dichloromcthane (3 .58ml) and ethanol (3. 58mL) To the solution
_ Was added 1. OM L10H (1. 73mL, 1. 73mmoles) and the mixture was

stlrred at 50°C for 5 5h. The mixture Was cooled qmckly to 25°C .

_ and 1. ON HCl (2. 02mL 2. 02mm01es) was added and the mixture
10 stirred for 5 rmnutes and then evaporated to dryness to give the title =
_ compound Wh1ch Was used without further puriﬁcatxon

| . H,N O\/L
15 o ~ Yo | o
' The title compound from Preparative Example 37, Step A
above (0.45g, 1.33mlnoles),i 1[3—(dimetﬁy1ami110)propy1]53-
ethylcarbodimide hydrochloride (0.332g, 1.73mmoles), 1-
hydroxybenzotriazole (0.234g, 1.73mmoles) and 4-methyl-
20 morpholine (0.382mL, 3.46mmoles) were dissolved in anhydrous

DMF (7mL). The title compound from Preparative Example 33, Step
C above (0.3228g, 1.73mmoles] dissolved in anhydrous DMF (8mL)
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was added and the mixture was stirred at 25°C for 22h. The
solution was evaporated to dryness and the residue was taken i.lp in
dichloromethane and washed with saturated aqueous sodium
bicarbonate, dried (MgSO)), filtered and evaporated to dryness. The
residue was chromatographed on a silica gel column using 5% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give
the title compound: (Yield: 0.3553g, 53%).

. H
/ﬁ\ [ j’lr g NDN.
HoN O\/L “/ NN
o o

The title compound from Step A above (0.45g, 0.9mmoles)
was dissolved in methanol (5.625mL). A 10% (v/v) solution of c_onc;'
H,SO, in dioxane (13.5mL) was added and the mixture was stirred -
at 25°C for 2h. Anhydrous methanol (200mL) was added followed
by BioRad® AG1-X8 (OH) resin until the solution Was neutral to pH -
paper. The resin was filtered off and washed with methanol and the
combined filtrates were evaporated to dryness. The residue was
chromatographed on a silica gel column using 5% increasing to
6.5% (10% conc. NH,OH in methanol)dichloro-methane as the
eluant to give the title compound: (Yield: 0.31 78, 96%); FABMS: m/z
406.2 (MH"); §, (CDCL-~5% CD,OD) CH,: 30.8, 31.9, 31.9, |
36.2/36.3/36.6, 39.1/39.3/39.5, 44.1/44.2, 44 .4, 444 44.8, 44.8;
CH: 51.2/56.3, 119.0, 128.8, 137.0; C: 158.7, 171.0/171.1,
171.9/172.6; 5, (CDCL,- 2.86% CD,OD) 4.84 (1H, d, H,), 6.96 (1H,
broad s, Im-H,), 7.04 (1H, broad s, Iln-H,) and 7.53ppm (1H, broad
s, Im-H,).
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PREPARATIVE EXAMPLE 40A

(52.4) (|302ET N . (52.4) H
A solution of 52.i (J. Med. Chem. 4890-4902 (1988))(205 g) in
conc. HCI (1 L) and water (100 mL) is'refluxed for 18h, then poured
into ice (3 Kg). Aq. 50% NaOH is added to pH 12 followed by
exti-action with EtOAc (3x4 1), the extracts are washed with brine,

dried and evaporated to afford 52.1i (166 ).

(52.4) H " (1) 52.00 H

A 1M solution of DIBAL in toluene (908 mL) is added dropwise
during 2h to a solution of 52:ii (166 g in toluene (4 L) at rt. followed
by stirring for 18 h. The mixture is cooled to 0-5°C and stirred for
1h and exi:racted with IN HC1 (2 L) The aqueous extract is basified
to pH 10 with 50% NaOH and extracted thh EtOAc ( 3x2 L). The
extracts are evaporated and chromatographed on silica-gel (1 Kg).
Elution with 10% MeOH/ CH ,CL, affords the title compound (_) 52.0
(104 gl HRMS (FAB) caled for C,,_,H,,N "BrCl 393 0556, found
393.0554. ' .
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Step C
The racemate (+} 52.0 (96 g) is resolved by HPLC on a 8x30

cm CHIRALPAK AD column at 25°C with the UVdetector set at 290
nm. Elution with 0.05% diethylamine-methanol affords: Peak 1 {-) -

52.0 (40 @): [a]) -28.4° (¢ 0.3, MeOH); Further elution with the
same solvent affords: Peak 2 (+) 52.0 (42 @): [a]} +27.5° (c 0.3,
MeOH).

PREPARATIVE EXAMPLE 41
Step A

((+)52.0) N

A solution of (+)-52.0 (2 3 g) in dlmethylformamide (30 ml) is
reacted with isatoic anhydride (1.25 g} in the presence of DMAP (0.1
g atr.t. for 3hrs and is then evaporated under reduced pressure
and residual dimethylformamide is azeotroped with toluene. The
residue is dissolved in ethylaéetate (50 ml) and the solution is
extracted with 10% sodium carbonate (3x100 ml). The organic layer
is filtered thi'ough silica-gel (100ml) followed by elution with |
ethylacetate. The filtrate is evaporated under reduced pressure to -
afford the title compound 53.0 as an amorphous solid (3.68 g.
MS(FAB): m/z 510 (MH)".



WO 00/37459 . PCTIUS99/27939

-90 -

(54.0a) . O (54.0b)

A solution of 53.0 (3.1 g) and sodium nitrite (0.8 g) in
- methanol (500 ml) is stirred at r.t. under nitrogen with cuprous
'5 chloride (0.15 g) while adding dropwise over 10 minutes a 4M
hydrochloric acid/dioxane solution (3.9 ml). The reaction mixture
is stirred for 24hrs followed by the addition of 10% sodium
carbonate to pH 8, concentrated under reduced pressure, diluted
with water (200 ml) and extracted with dichloromethane (4x100ml).
10 The combined extract is evaporated i;ihder reduced pressure and the
crude reaction product is flash chroiﬁatogr_aphed on silica-gel (400
ml). Elution with 25% ethylacetate-hexane affords after evaporation i
the title compound 54.0a and 54.0b as an off-white amorphous '
~ solid (2:97 g. "H NMR (CDCL, 300 MHz) d 3.30 (s, 3H); MS (FAB)
15 m/e 525 (MH)". | |

Steps C-

. N
1
EJOOt-Bu (57.0b) ooty
A solution of 54.0a and 54.0b (17 g) in methanol (150 ml) and
20 2N hydrochloric acid (170 ml) and conc. HC1 (60 ml) is heated under



WO 00/37459 - ' PCT/US99/27939

10

15

20

25

=91 -

reflux for 17 hrs, followed by evaporation under reduced pressure.
The resulting amorphous solid is dissolved in methanol (160 ml} -
and sodium cyanide (15-g) is added with stirring until the reaction

is basic (pH 8). The reaction is stirred for 2 h, diluted with
dichloromethane (300 ml) and filtered. The filtrate is evaporated
and the residue is dissolved in conc HC1 (150 ml) and the mixture is -
heated in an oil bath (120°C) for 4h and is then evaporated under
reduced pressure. The residue is dissolved in THF (100 ml) and:

10% NaOH (30 ml) is added to pH>8 followed by the dropwise
addition of a solution: of (BOCJ,0 (9 g) in THF (50 ml) with vigorous
stirring for 24 h. The solution is: concentrated to a low volume,
stirred with hexane (2x120 ml) and ice-water followed by
acidification of the aqueous layer with citric acid and extraction

with EtOAc. The crude product obtained by evaporating the extract -

is purified by flash chromatography to afford the mixture of 57.0a - - - ~ -

and 57.0b as light tan solid that appears as a single tlc spot (16 g). o
'H NMR (CDCl,, 300 MHz) d 1.40 (s, 9H); MS (FAB) m/z 535 (MH)*.
 The single tlc spot is a mixture of four isomers which are
separated after derivatization into the compounds of Examples 77 to
79 and 87 to 97 below. - '
Following the above procedure (Steps A-E),. ekcept using
Compound {-)-52.0 (17 g), a mixture of 58.0a and 58.0b is obtained
as a light solid that appears as a single tlc spot (17 g). MS(ES) m/z
535 (MED). . |

PREPARATIVE EXAMPLE 42
o _

N _
E j..,,,/ =0 *2Camphorsulfonic acid
N .

H
OH

To 2.5 kg of (R)-(-)-camphorsulfonic acid stirring at 60°C in
1250 ml of distilled water was added a soution of the potassium salt
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of 2-carboxyl-piperazine (565 gm, 3.35 mol). The mixture was
allowed to stir at 95°C until completely dissolved. The solution was
allowed to stand at ambient temperature for 48 hrs. The resulting
precipitate was filtered to obtain 1444 gm of damp solid. The solids
were then dissolved in 1200 ml of distilled water and heated on a

- steam bath until all solids dissolved.. The hot solution was then set

aside to cool slowly for 72 hrs. . The crystalline solids were filtered to
give 362 gm of the pure 2-R-enantiomeric product as a white
crystalline solid. {o],=-14.9°. ' '

PREPARATIVE EXAMPLE 43

Boc '
[ j "I[;/ O -
Boc N
. : I y OH -
2-R-carboxy1—p1perazme—di—(R) (-)-camphorsulfomc acid

[Preparatlve Example 42) (362 gm, 0.608 mol) was dissolved in 1.4 L -,
of dlstﬂled water and 1.4 L of methanol 75 ml of 50% NaOH was

o dripped in to the stirred reactlon mixture to obtam a~pH 9.5

20

25

solutmn To this solutlon was added di-tert-butyl-dicarbonate (336
gm, 1. 54 mol) asa solid The pH dropped to ~7.0. The pH of the
reaction mixture was maintained at 9.5 with 50% NaOH (total of
175 ml), and the reaction mixture stirred for 2.5 hours to obtain a
white precipitate. The reaction mixture was diluted to 9 L with
ice/water followed by Washing with 2 L of ether. The ether was
discarded and the pH of the aqueous layer ad_]usted to pH 3.0 by
the portionwise addition of solid citric acid. The acidified aqueous
layer was then extracted with dichloronethane 3X with 2L. The
organic layers were combined, dried over sodium sulfate, filtered
and evaporated to obtain 201.6 gm of title compound as a white
glassy solid. FABMS (M+1)=331. '
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PREPARATIVE EXAMPLE 44

Boc
N
ENj "v;,/,;O
o S
To an ice cold solution N,N-dimethylformamide (49.6 ml) was
added, dropwise, thionylchloride (46.7 ml) over a period of 5
minutes in a 5 L round bottom.'ﬂask under a nitrogen atmosphere.
The reaction mixture was allowed to stir for 5 min. and the ice bath
removed and the reaction mixture allowed to stir at ambient -
temperature for 30 min. The reaction mixture was cooled again in
an ice bath and a solution of of N,N-di- tert-butoxycarbonyl-2-R-
carboxyl-piperazine (Preparatiire Example 43) (201.6 gm, 0.61
mmol) in 51.7 ml of pyridine and 1.9L of acctonitrilé was
cannulated into the reaction mixture. The reaction mixture was'

: allowed to warm to ambient'temperatur_e to obtain a yellowish

turbid solution. After stirring at ambient temperature for 18 hours,
the reaction mixture was filtered and the filtrate poured in_iio ice -
water (7L) and then extracted with 4X 2 L of ethyl acetate, dried

over sodium sulfate, filtered and evaporated to dryness under vacuo
to obtain 115.6 gm (73%) of the title product as a white solid.



WO 00/37459 . : PCT/US99/27939

-94 -

- PREPARATIVE EXAMPLE 45

HN" !
. Mo

1N-p- Cyanobenzyl hlstarmne (0. 34 1 5 mmol) (prepared as
'.described in Preparatlve Example 163) was added to a solution of
5 the Boc—anhydride (Preparative Example 44] (O 38 gm, 1.5 mmol] in
10 ml of dichloromethane and stirred under a nitrogen. After 1 hr,
0.15 gm more of the Boc-anhydnde was added and the reactlon
monitored for completmn by normal phase tIc using 10%
methanol/ dichloromethane as the eluent. After the reaction went to -
10 completion (~1 hour) 0. 25 ml (2 mmol) of cyclohexyl 1socyanate was
added to the reaction mixture and stirred for 1 hour. The reaction
mixture was poured into brine and extracted with dlchloromethane
(3X). The dlchloromethane layers were combined, dried over Mgso,,
filtered and evaporated to dryness. The residue was .
15 chromatographed on a flash column of silica gel using 5%
methanol/dichloromethane to obtain 0.714 gm of pure title
compound as a solid. FABMS (M+1)=564.
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PREPARATIVE EXAMPLE 46

‘i%

N-(2,3-Epoxypropyl)phthalimide (2.3 gm, 11.3 mmol) was
dissolved in N,N-dimethylformamide and imidazole (1.53 gm, 1.5
eq.) was added and the reaction mixture stirred at 90 °C for 5
hours. Brine was added and the product extracted with
ethylacetate to obtain the title product (0.67 gm). |

PREP. EXAMPLE 47
H,N

' 1-Phthalamido-2-hydroxy-3- 1-H-imidazole-propane (from
Preparative Example 46) (0.6 gm) was dissolved in ethanol and 5 ml
of hydrazine hydrate added. The reaction mixture was refluxed for
3 hours. The reaction mixture was cooled to ambient temperature
and the resulting precipitaté filtered. The filtrate was evaporated to-
dryness to obtain the title product which was used without further
purification.
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PREPARATIVE EXAMPLE 48

Boc
Sy e.
"y I/ -
HA

o

1- Ammo—2—hydroxy—3—1-H~1midazole-propane {from
Preparatlve Example 47) (2.2 mmol) was added toa solution of the
Boc- anhydride (Preparative Example 44) (0.57gm, 2 2 mmol) in 10
*ml of dichloromethane and stirred under nitrogen. - After 1 hr, 0.15 : :

.~ gm more of the Boc-anhydride was added and the reaction

monitored for completion by normal phase tlc using 10%.

" methanol/dichloremethane as the eluent. -After the reaction went to. . -

: -complétion {(~1 hour), 0.85 ml (6.6 mmol) of cyclohexyl-isocyanate
was added to the reaction mixture and stirred for 1 hour. The
reaction mixture was poured into brine and extracted with _

- dichloromethane (8X). The dichloromethane layers were combined
dried over MgSO,, filtered and evaporated to dryness. The residue
was chromatographed on a flash column of silica gel using 5%
methanol/dichloromethane to obtain 0.487 gm of pure title
compound as a solid. '
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PREPARATIVE EXAMPLE 49

H
C
0 0/

N/
\c

E j”n/

Boc

2-Carboxy-piperazine-dicamphorsulfonic acid salt
(Preparative Example 42) (17.85 gm, 30 mmole) was dissolved in. - .
180 ml of distilled water. Dioxane (180 mL) was added and the pH
adjusted to 11.0 with 50% NaOH. The reaction mixture was cooled
to 0-5°C in an ice-MeOH bath and a solution of benzyl-
chloroformate (4.28 mL, 30 mmol) in 80 mL of dioxane was added
over a period of 30-45 minutes while stirring at 0-5°C and keeping :
the pH at 10.5 to 11.0 with 50% NaOH. After the addition was
complete, stirring was continued for 1 hr. The reaction mixture was
then evaporated to dryness (to get rid of the dioxane for extraction).
The residue was dissolved in 180 mL of dist. water and the pH
adjusted slbwly to 4.0 with 1IN HCL. The aQueous solution was
washed with 3X180 mL of ethyl acetate (The ethyl acetate was: -
dried over MgSQO,, filtered, and evaporated to obtain N,N-di-CBZ-2-"
carboxy-piperazine and saved). The pH of the aqueous layer, which -
contains the desired product, was .adjusted to 10.5 to 11.0 with
50% NaOH and solid di-tert-butyl-dicarbonate (7.86 gm, 36 mmol)
was added and the mixture was stirred while keeping the pH at 10.5"
to 11.0 with 50% NaOH. After 1 hr. the pH stabilized. When
reaction was complete, the reaction mixture was washed with
2X180 mL of Et,0. The aqueous layer was cooled in an ice bath
and adjusted pH to 2.0 with 1N HCI (slowly). Extract the product
with 3X200 mL of ethyl acetate. Dry over MgSO,, filter and '
evaporate to obtain 9.68 gm (88%) of pure product as a white solid. .
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PREPARATIVE EXAMPLE 50

- [N] )
|

: Boc
4-N-CBZ-1N-Boc-2-carboxy-piperazine (Preparative Example
49) (9.6 gm, 26.3 mmol) was dissolved in 100 mL of absolute
ethanol in a hydrogenation vessel. The vessel was flushed with

.. mitrogen and 3 gm of 10% Pd/C (50% by weight with water) was

10

20

added. The mixture was hydrogenated at 55 psi of H, for 18 hours.
After 18 hrs, the reaction mixture had a precipitate. The tlc was
checked (30% MeOH/NH,/CH,CL). The reaction mixture was
filtered on a pad of Celite, and the pad washed with EtOH followed

. by distilled water. The filtrate was___.cvgpé_lfa_tcd_ to ~1/3 the volume
. (to get rid of the EtOH) and 200 mL of distilled water was added.

The aqueous layer was extracted with ethyl acetate three times (the

. .ethyl acetate laye;~ n_:@nt_a_._ined pure N,N-Di-Boc-2-carboxy-piperazine
15

which was saved). The Wa__ter layer was evporated to dryness and -
evaporated from methanol two times to obtain 3.98 (17.37gm,
mmol) of pure product. '

'PREPARATIVE EXAMPLE 51 = -

The tricyclic alcohol (Preparative Example 40 in WO
95/10516) - |



10

15

20

25

WO 00/37459 PCT/US99/27939

(5.6 gm, 17.33 mmol) was dissolved in 56 ml of dichloromethane
and 2.46 ml of thionyl chloride was added while stirring under a dry
nitrogen atmosphere. After 5 hrs. the tlc was checked (by adding
an aliquot of the reaction mixture to 1N NaOH and shaking with
dichloromethane and checking the dichloromethane layer by tlc

using 50% EtOAc/Hexanes as the eluent). The mixture was

evaporated to give a gum which was evaporated fr_orh dry toluene"
twice and once from dichloro-methane to give the 11-chloro
derivative as a foamy solid which was used without further
puriﬁcatio.n. The resulting 11-chloro-tricyclic compound was
dissolved in 100 ml of dry DMF, 1N-Boc-2-carboxy-piperazine
(Preparative Example 50) (3.98 gm) was added followed by 12.11 ml -
of triethylamine and the mixture stirred at ambient temperature
under a nitrogen atmosphere. After 24 hours the DMF was
.evapora_ted. and the residue dissolved in 200 ml of ethyl acetate and
washed with brine. The brine layer was washed with ethyl acetate
two more times and the ethyl acetate layers combined, dried over
magnesium sulfate, filtered, and evaporated to give a foamy solid.
The solid was chromatographed on a 1 1/2” X 14" column of silica
gel eluting with 2L of 0.4% 7N MeOH/NH,:CH,CL,, 6L of 0.5% 7N
MeOH/-NH,:CH,CL, 2L of 0.65% 7N MeOH/NH,:CH,CL, 2L of 0.8%
7N MeOH/NH,:CH,CL, 4L of 1% 7N MeOH/NH,:CH,CL, 2L of 3% 2N
MeOH/NH,:CH,CL, 2L of 5% 2N MeOH/NH,:CH,CL, 2L of 10% 2N
MeOH/NH,:CH,CL,, 2L of 15% 2N MeOH/NH,:CH,CL, 4L of 20% 2N
MeOH/NH,:CH,C], to obtain 4.63 gm of final product. |
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PLE 52

' o)
H3C_+_ CH3 :

.CHg"

* The title compound from Preparative Example 51 (1 gm, 1.86
mmol) was dissolved in 50 ml of DMF and 1 amiho%—propahoi
(0.214ml, 1.5 eq.), DEC (0.71 gm, 2 eq.), HOBT (0.5 gm, 2 eq.), and
N-methyl-morpholine (1.02 ml, 5 eq.) was added and the reaction

‘mixture stirred for 18 hours. The reaction rmxture was added to

brine and the product extracted w1th ethyl acetate 3 times to obtain’
a crude oil, after the solvent was evaporated under reduced
pressure, which was purified by chromatography on a silica gel -
column 20%-50% ethyl acetate/hexanes as the eluent. The product

| containing fractions were pooled to obtain 0.67 g (60%) of pure

title compound.

PREPARATIVE

\/\/

2 Aminoimidazole (8 g 60 mmol] was d1ssolved in 200 ml of
DMF and cooled in an ice bath. Sodium hydride 60% ol dispersion
(2.4 g, 60 mmol) was added portionwise and the reaction mixture
stirred for 1 hour. N-(3-Bromopropyl)-phthalimide (16g, 74 mmol)
was added and the reaction mixture stirred for 1/2 hour at 0°C, 1
hour at ambient temperature, and then 1 hour at 85°C. The
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reaction mixture was then cooled to ambient temperature and
added to brine and extracted with ethyl acetate to obtain the crude
product which was purified by column chrematography using 2%
methanol/methylene chloride to obtain 4.88 gm of title compound.

PREPARATIVE EXAMPLE 54

_(\N
H2N\/\/-N‘/<
2HC
0.5 gm of 1-phthalimidopropyl-2-aminoimidazole (from
Preparative Example 53) was refluxed in 20 ml of 6N HCI for 6
10 hours. The mixture was washed with ethyl acetate and the aqueous
layer evaporated to dryness to obtain 0.45 g of the title product.

PREPARA’ : PLE 55

': j,'/ \/\/N‘<

15 l-Aminopropyl-Z—aminoimidazole (Preparative Example 54) (
0.25 gm) and N,N-di-butoxycarbonyl-2-R-carboxyl-piperazine (from
Preparative Example 43) (0.32 gm) was dissolved in 10 ml of DMF.
DEC (0.2 gm.), 1-hydroxybenzotriazole (0.135 gm), and N-methyl-
morpholine (0.54 ml) was added and the reaction mixture stirred for

20 5 hours. The reaction was poured into brine and extracted with
dichloromethane to obtain 0.43 gm of the title product after
chromatography on silica gel using 2% methanol/-dichloromethane
up to 10 %. FABMS M+1= 453.3.
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PREPARATIVE EXAMPLE56 :
) Boc (\ '
EJ H
"’/ \/\/

CBZ

1-Aminopropyl-2 -aminbimidazolyl—Ni ,N4-di-tert.butyl-1,2(R)-
piperazinedicarbokamide (Preparative Example 55) (0.38gm) was
dissolved in 20 mL of dichloromethane and 0.24 ml of
triethylamine. Benzyloxycarbonyl-N-"hydr'o:':ysuccinimide (0.22 gm)
was added and the reaction mixture stirred for 18 hours at ambient -
temperature. Thc reaction mixture was washed with brine and
chrommatographed on a silica gel column using ethyl acetate as the
eluent to obtain 0.39 gm of title product. FABMS M+1=587.3.

PREPARATIVE EXAMPLE 57
A
[ j N._<
'/, \/\/
2 TFA __H.N\
CBZ

-benzyloxycarbonylaminopropyl—2-armnoim1dazolyl—N1 N4-

. di-tert. butyl-l 2(R)-piperazinedicarboxamide [Preparatlve Example

56) (0.4 gm) was dissolved in 8 ml of dichloromethane and 1 ml of
trifluoroacetic acid was added and the reaction mixture stirred for 3
hours at ambient temperature. The reaction mixture was then
evaporated to dryness to obtain the pure title product. |
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PREPARATIVE EXAMPLE 58

—

( j,,,( \/\/N\gm

_ 1-benzyloxycarbonylaminopropyl-z_-aminqimidazolyl— 1,2(R)-
5 piperazinedicarboxamide (Preparative Example 57) was dissolved in-

50 ml of DMF and 0.46 ml of triethylamine. 3-Bromo-8,11-
dichloro-6,11-dihydro-5H-benzo|5,6]cycloheptal1,2-blpyridine (171 -
mg) was added and the reaction mixture stirred for 24 hours. The .
reaction mixture was added to brine and .extracted with

10  dichloromethane to obtain 82 mg of pure title product after silica gél
chromatography using methanol/dichloro-methane as the eluent. . -
FABMS (M+1) = 694.

REP. JTIVE E LE 59

Boc—-——NH \s_

1-tert-Butoxycarbonylaminopropyl-mndazole (0. 991 gm, 4 4
mmol) was dissolved in 25 mol of dry THF and cooled to
-78°C. A 2.5M solution of n-butyllithium (3.88 ml, 9.68 mmol) in
cyclohexanes was added dropwise and the reaaction stirred for 1/2
20 hour. Acetaldehyde (0.49 ml, 8.8 mmol) was added and the
reaction stirred for 1/2 hour. ‘The reaction mixture was allowed to

15

warm to ambient temperature. The reaction was diluted with ethyl
acetate and washed with brine. The ethyl acetate layer was
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~ evaporated to obtain a gum which was chromatographed on silica
gel to obtain 0.54 gm of title product. (MH' = 170).

PREPARATIVE EXAMPLE 60

1-tert—Butoxycarbonylaminopropyl—2-hydroxyethyl-imidazole
(Preparative Example 59) (0.51gm)} was dissolved in trifluoroacetic.
acid and s’tir-re'd. for 3-4 hours. . The mixture was evaporated to '
dryness to obtain the pure TFA salt of the title compound.
“ PREPARATIVE EXAMPLE 61
//—NH L
N -

1-N-Trityl-4-iodoimidazole (1.91 gm) was dissolved in 20 ml of
) dichloromethane and 1.46 ml of ethyl magnesiumbromlde was
15 added while stirring, After 15 min. N-Boc-phenylalanine aldehyde
B (0.5 gm) was added and the reaction m:xture was stirred for 18
hours. The reaction mixture was washed with saturated _
ammonium chloride, dried over magnesmm sulfate and |
chromatographed on silica gel to obtain O. 8 gm of the intermediate
20 blocked product. FABMS (M+1)= 561. This was then treated with
4M HC)/dioxane for 18 hours. The m:xture was evaporated to
dryness and dissolved in distilled water and washed with ethyl
acetate. The aqueous Iayer was evaporated to obtam pure title
product. (MH* = 218).
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PREPARATIVE EXAMPLE 62
Step A
Me,_
=
o NJ\/NvN.
© Me
o
N - _B = —
\/\/ T + g-NgN o ‘o X
o .
{ .
5 " A mixture of N-(3-bromopropyl)phthalimide (12.3 g, 46 mmol),

4-methylimidazole (3.78 g, 46 mmol), sodium hydride (60% in
- mineral oil, 1.84 g, 46 mmol} and anhydrous DMF (50 mL) was
stirred at 25-70°C under N3 overnight. The mixture was. |
S concenfrated in vacuo to give a residue which was diluted with ~ - -
10  dichloromethane, filtered, concentrated in vacuo and purified by

flash column chromatography (silica gel) using 1% MeOH-CHgCly *

- saturated with aqueous ammonium hydroxide to give the title
compound as an oil (8.04 g, 65%, MH* = 270).

15 Step B
_ Me\,_'-q ' .. Me..
. _—
Me
O .
- nzn\/\/n'j

To a solution of the title compound from Step A (8.02 g, 29.8
mmol) dissolved in absolute EtOH (150 mL) was added hydrazine-
mono hydrate (15 mL) and the mixture was stirred at reflux for 12 h
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under Na. The mixture was diluted with dichloromethane, filtered
and concentrated in vacuo. The residue was pu_rﬂ'ied by flash -
column chromatography (silica gel) using 5% MeOH-CHaCly
saturated with aqueous ammonium hydroxide to give the title
compound as an ofl (2:95 g, 71%, MH* = 140).

| PREP. E. ES 63-67
Following the procedure set forth in Preparative Example 62,
but using the substituted imidazole in Table 3 below instead of 4-
methylimidazole in Step A, the amines (Product) listed in Table 3

were pr_epared.

TABLE 3

Prep. imidazole | Produst | MH" | Vield.
Ex. o o | (e
63 ~ Me — Me -
H/KfN _ HzN\/\/y
. Me Me .
. Ze | 154 | 70
1 Me .
64 :Haj ;CHs
#,NQN HoN NN
HsC 154 | 60
Hzng/\)N\,N
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65 o | =

tH, CH; | 154 | 68

66 — o =

- 2N ) .
H N~y 140 | 48

Me Me

66.1 H | 88
O g/\ -
e '

MH' 266.1657

PREPARATIVE EXAMPLE 67
If the procedure set forth in Preparative Example 62 were
5 followed, except the imidazole _
Hs CH,
PRt
H/ N~

would be used instead of 4-methylimidazole in Step A, the amine

would be obtained.
10 |
PREPARATIVE EXAMPLE 67.
If the proceduré set forth in Preparative Example' 62 were
followed, except the imidazole

H—M AN
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would be used instead of 4-methylimidazole in Step A, the amine

H2N

_ wduld be obtainéd. |
5 : PREPARATIVE EXAMPLE
Me.
HCl HN\;; Me
+ AN > Me
' : : Me :
: HzN’\/NTN

Me
A mixture of 2—chloroethy1amine hydrochlonde (7.66 g 66
o mmol) 2,4- dlmethyhmldazole (5 88 g 61 mmol) tetrabutyl
armnomum sulfate (0.83 g 2.5 mmol) solid NaOH 8.81g, 220
10 mmol) and anhydrous acetonitrile (80 mL) was stirred at reflux for

48 h under N2. The mixture was filtered, concentrated in vacuo and
purified by flash column chromatography (silica gel) using 2%
MeOH—CHzClz saturated with aqueous ammonium hydroxide to

give the title compound as an oil (10.7 g, 100%, MH* = 140).
PREPARATIVE EXAMPLES 69-73
Fo]lbwing the proceduré set forth in Preparative Example 68,
but using the substituted imidazole or triazole in Table 4 below
instead of 2 4~dimethyhmidazole, the amines (Product) listed in
20 Table 4 were prepared.
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TABLE 4
Prep. ‘imidazole Product: " MH* | Yield
Ex. | I | (%)
69 '_(e 3 _ Me\—,- .
H/N\?N nzﬂ/\/lk’/N o
126 | 75
Me
: ~
HNN NN
[ NHN H,N NN
L ol .
Y T\ 12 | 65
NN _ N
Y HNT N\ TN 176 | 55
Me .
: Me
72 N}=‘N : HzN’\/NF%N "
- L/ .
I 2 A Y 126 | 53
: Me Me
T O R
N, «N H N @ A A.'
& N NNy (A): | (A):
163 60
N ’Q(B)
B): | (B):
N
BTN~ 163 | 40
_ PREPARATIVE
0
O/l(n_ + HZN\/\,N%N —_—— ‘
V\/N -N

A mixture of 1-(3-aminopropyl)imidazole (37.1 g, 297 mmol),
benzaldehyde (30 g, 283 mmol), 3A molecular sieves (50 g), sodium
acetate (24.1 g, 283 mmol) and anhydrous methanol (700 mL) was .
stirred at room temperature under N2 overnight. The mixture was
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cooled to 0°C and sodium borohydride (10.9 g, 288 mmol) was
added portionwise over 1 hour. The mixture was s_tirred at room
temperature for 3 hpure. The mixture was filtered through celite,
washed with methanol, and concentrated in vacuo to give a residue
which was diluted with dichloro-methane and washed with 10%
agqueous sodium hydroxide. The organic phases were washed with
brine, dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to glve the title compound as a pale yellow ol

| (66.3 g, 92%, MH* = 216).

_ PREPARATIVE EXAMPLES 75-95
Following the procedure set forth in Preparatlve Example 74,

but using the aldehyde and nmdazolylalkyl amine (imidazole) in
Table 5, the amines (Product) in Table 5 were obtained.

 TABLE5 .

Prep" "'Aldehyd'e i Imidazole 'Prcdﬁc't o %

(ex | " | Yield
(MIH")

O ' '
75 FO,Q By NN 46
2l (234)

77

76 (| BTN ¥ 91
w@l H | (234)
fo—
0 HQN\/\'/N,:'N N 74
'@Jﬂ | (217)
: _ =
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= 217)

0 ~ OH ‘
. (232)
7
[+ '
80 | Me© HoN NN o 97
|/© (246)
| N =
) MANANN
O H : = o
81 BN NN - Me | 81
| | (246)
o H™ N\/\/NF::N
- .
82 Nc@)ln BN NN & 68
| | I/é | 221
| H’N\/\/.N N :
%

83 » X B“N\/\’NJTN _ ' 87
o ot

84 Oi:' HzNV\/NTN 84
| (222)

85 { o ‘- (A): 45
. : T (A .
@J H HZNV\_/NI\=1,{N f (,=)fM° (230)
Me)=‘ H™ MN\—NyN
H,N
- ,( 7 B): 21
V\,NVN s Meh(B) (230)
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26 ) . ~ T = _
N H,N, e - I/@ 62
@-/QH 2 \/\/N\/,N - HMe (239)

. . Me H/NV\/N\’N
H,N =N
. NN :
\/.\’_ ~ l&j Me’-ﬁ
. : H’N\/\/N\,N |

87 0 HNA~S | 80
or's | N ( g (202)

88 0 HoN = : .

“~N\~N_N ( ? 63
@Jﬂ L : (244)

. Me H‘N\/\/ v=|N- .

| - e} ™ - MeiT _

| @45 BN iR | /‘@ M oan

- ; ; Me . - \/\/NTN '

Me Me i

l‘I"’N\’\/I\ITN \
Me Me
-

5 ' Me .

20 ' ' Me F

= 83
F’@ﬁl‘n HzN\/\/N\/,N i — e (248)
. Me. H N @N
HN = ' ¥
N | L
: : ' N =
. MA—NeN
) T Me | -
91 @‘l‘n | ° : (@ Me | 20
; HoN, _ = ,=> (244)
- A H A N_N
Me o (@
Me
HRN\/\/ N_N H’K’\/NETN




WO 00/37459 | PCT/US99/27939

10

- Step A

-113 -
93 0 Me 44
O | mve~N
=y (216)
Me
HN A~y Me HN\/‘Ni\
HN Me
Y
=N .
94 @J:I HZNV\/N']__,'N ' 95.
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H’ V\/N T N:
_ Me L
95. N HoN 68
L UJ(H NA-NCN A\ ) _ 217
H’N\/\/an

PREPARATIVE EXAMPLE 95.1

o Me | O _ M
N / =\ N /=(
d NN N d NN
To a CH,C], (500 mlL) solution of the title compound from
Preparative Example 62 Step A (65.7 g) cooled to 0°C was added
trityl chloride (27.2 g. The resulting mixture was warmed to and
stirred at room temperature for 1.5 hr, then concentrated in vacuo
without heating. Purification by flash column chromatography
(silica, 1:1 Acetone-EtOAc) afforded the pure 4-methyl isomer |
(35.02 g, MH"* = 270). |

e -
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Step B

(o] . Me

Me

_ ~

N 2 .

4 \/\/N\//N o \/\/N\?N_

Following essentially the same procedure as that described in
Preparative Example 62 Step B except using the pure 4-
methylimidazole product from Preparative Example 95.1 Step A

" (35.02 g), the title compound was afforded (16.1_2 g, MH' = 140).

| SfegC |

Me
. HaN : ’ ‘ ' . : i Me .
. - : HT NN N N

Following essentially the same procedure as that described in

) Preparative Exaniple 74 e_Xcépt using thé pure 4-

methylimidazolepropylamine pi'oduct from Preparative Examplé'
95.1 Step B above (16.12 g instead of 1-(3-aminopropyl)limidazole,
the title compound was afforded (18.03 g, MH" = 230).

PREPARATIVE EXAMPLE 97

CN , _ CONH,,

BN A__N_N H™ NN
A mixture of thé title compound fi‘om Preparative Example 82
(0.50 g, 2.1 mmol), absolute EtOH (50 mL), 30% hydrogen peroxide
(ag) (0.45 mL, 4.4 mmol) and 1M NaOH (ag) (4.4 mL, 4.4 mmol) was

stirred at 50°C for 12 h. The mixture was concentrated in vacuo
and purified by flash column chromatography (silica gel) using 10%
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MeOH-CH2Cl2 saturated with aqueous ammonium hydroxide to
give the title compound as an oil (0.33 g, 61%, MH+* = 259).

PREP, E

Qe 5)
a + HzNV\/NVN —_—

H” V\/N 2N
To a cooled (0°C) solution of 1-(3-aminopropyl)imidazole
(Aldrich, 1.9 mL, 16 mmol) and triethylamine (5.6 mL, 40 mmol)
dissolved in anhydrous CH2Cl2 (20 mL) was added phenylacetyl

chloride (2.12 mL, 16 mmol). The mixture was warmed to and
10  stirred at room temperature overnight. The mixture was washed
with 1N aqueous NaOH, dried over anhydrous MgSO4 and filtered.

The solution was concentrated in vacuo and purified by flash
column chromatography (silica gel) using 2% MeOH-98% CH3Clo
saturated with aqueous ammonium hydroxide to give the title -

15 compound as an oil (1.8 g, 45%, MH* = 244).

PREPARATIVE EXAMPLE 99

o | >

- = ~=
H N N ’ H™ NN

To a refluxing solution of the title compound from Preparative
20 Example 98 (0.51 g, 2.1 mmol) dissolved in anhydrous THF (5 mL)
was added borane dimethylsulfide complex (6.3 mL, 2M in THF, 13
mmol). After 1 hr, the mixture was cooled to room temperature and
stirred overnight. Hydrochloric acid (1N) was added dropwise until
the reaction mixture was determined to be acidic {pH paper). The
25 mixture was basified with 1N aqueous NaOH, extracted with
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CH2Cl2, dried over anhydrous MgSO4 and filtered. The solution
was concentrated in vacuo and purified by flash column
chromatography (silica gel) using 2% MeOH-98% CH2Clg saturated
with aqueous ammonium hydroxide to give the title compound as

an oil (0.25 g, 52%, MH+ = 230).

PREPARATIVE EXAMPLE 100

. - . o ]
o _ -HLN, . _ _ . Me
, NN =
QT
'HzNV\/iv\,N o o] 1
L HETNA RN

To a cooled (0°C) solution of the title compound from
Preparative Example 62 Step B (0.7 g, 5 mmol) and triethylamine
(1.7 mL, 12.5 mmol) dissolved in anhydrous CH2Cl2 (10 ml) was

- added phenylacetyl chloride (0.67 mL, 5 mmol). The mixture was

warmed to and stirred at room temperature overnight. The mixture
was washed with 1M HCI (ag) and the aqueous phase was basified
with 1N aqueous NaOH. This phase was extracted with CHaCla
and dried over anhydrous MgSO4 and filtered. The solution was
concentrated in vacuo to give the title compound as an oil (0.72 g.

56%, MH+ = 258).

PCT/US99/27939
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Me
N ' H™
—_—
o, Me
u-N N S BT\ _N
NAN—NN

To a refluxing solution of the title compound from Preparative
.Example 100 (0.66 g, 2.5 mmol) dissolved in anhydrous THF (15
' 5 'mlL) was added borane-THF complex (5 mL, 1M in THF, 5 mmol).
The mixture was refhixed for 12.h, then cooled to room temperature -
and concentrated in vacuo. The residue was diluted with 1M HCl .-

and washed with CH2Cls then the aqueous phase was basified with: - -

50% aqueous NaOH and extracted with CH2Clg and dried over

10  anhydrous MgS04 and filtered. The solution was concentrated in v ¢

vacuo and purified by preparative plate chromatography (silica gel) -
using 3% MeOH-CHgCly saturated with aqueous ammonium
hydroxide to give the title compound as an oil (0.21 g, 35%, MH+ =
244) which was purified by preparative chiral chromatography

15 (Chiralpack AD, 5 cm X 50 cm column, flow rate 80 mL/mm, 5-8% . -
IPA-Hexane +0.2% diethylamine) ' '

REP. VE E LE 101.1
If the procedure of Preparative Example 100 were followed,

N. o
EjY
' y o)
N
Ci

20 but the compound
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was to be reacted with the title compound from Preparative Example
62 Step B, then the Product

would be obtained.

PREPARATIVE EXAMPLE 10]_..2
If the procedure of Preparative Example 101 were followed,
but the Product from Preparative Example 101.1 was to be used,

then the Product
| _ .
()
‘/(N/ CHy
’ Sy
NN

would be obtained=. .

PREPARATIVE EXAMPLE 102

Step A
HoN = — : ——

~ Toa cooled [0°C) solution of 1-(3- aminopropyl)lmidazole (10 g,
80 mmol) and triethylamine (17.1 mL, 120 mmo}) dissolved in
anhydrous CHzCl3 (50 mL) was added trifluoroacetic anhydride
(_12.4_ mL, 88 mmol). The rmxtﬁre was warmed to and stirred at
room temperature overnight. The mixture was washed with water,
dried over anhydrous MgSOy4, filtered and concentrated in vacuo to

give the title compound as an oil (15.7 g, 88%, MH* = 222).
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o CF, . OY CF,
.
H "N\/\, N’:—:N Me’N\/\,,N,:‘N
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To the title compound from Step A (0.24 g, 1.1 mmol)
dissolved in anhydrous DMF (10 mL) was added solid sodium
hydride (85 mg, 2.1 mmol, 60% dispersion in mineral oil}. When'
gas evolution ceased, methyl iodide (0.1 mL, 1.1 mmol) was added
and the mixture was stirred-at 70°C for 40 min. The resulting
mixture was cooled to room temperature, concentrated in vacuo,
diluted with CHyCly and washed with water. The solution was dried
over anhydrous MgSOy4, filtered and concentrated in vacuo to give
an oil (0.28 g). Purification by preparative plate chromatography
(silica gel) using 2% MeOH-98% CHgCly saturated with aqueous
ammonium hydroxide gave the title é_ompbund as a yellow oil (78
mg, 30%, MH* = 236). |

Step C
OYCFa
_ S > H
N, =\ ana—N =)
Me” MN~NN ' Me™ "\\__N_N
>

A mixture of the title compound from Step B (74 mg, 0.3
mmol} and 20% KOH in H20 (0.6 mL) was stirred at room
temperature for 15 min. The resulting'mixture was concentrated in
vacuo and purified by flash column chromatography (silica gel}
using 10% MeOH-90% CH2C12___ éatmated with aqueous ammonium
hydroxide to gave the title compound as an oil (65 mg, 100%, MH* =
140).
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PREPARATIVE EXAMPLE 103
\/\./NvN AN

Following a similar procedure as that used for the preparation
of the title compounds from Preparative Example 102 Steps B-C,
5 but using ethyl jodide instead of methyl jodide, the éthyl amine was
obtained as an oil (893 mg, 43%, MH* = 154).

- PREPARATIVE EXAMPLE 104

. 10 - Following a. sirmlar procedure as that used for the preparation
O of the title compounds from Preparative. Example 102 Steps B-C, -
but usmg propyl 1od1de mstead of methyl iod1de. the propyl amine
was obta.ined as an oil (649 mg 29%, MH* = 168).

15 ~ PREPARATIVE EXAMPLE 105
_ ternative Procedure to Preparative E le 74
o CFqy - . | : ’/© :
Y S

Following a similar procedure as that used for the preparatlon
of the title compounds from Preparative Example 102 Steps B-C,
20 but using benzyl bromide instead of methyl fodide), the benzyl
amine was obtained as an oil {1.64 g, 56%, MH* = 216).
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A mixture of the title compound from Preparative Example 74
(1.34 g, 6.2 mmol), the title compound from Preparative Example 44
5 (1.6 g, 6.2 mmol), triethyl amine (1.3 mL, 9.3 mmo}) and anhydrous: -
‘CH2Cl2 (10 mL) was stirred at room temperature for 48 hrs. '
Trifluoroacetic acid (10 mlL) was added and the resulting mixture =
was stirred for an additional 1.5 hrs. Aqueous NaOH (1N) was
-added dropwise to neutralize the reaction mixture and the resulting
10 mixture was extracted with CHzClz. The organic phase was dried

over anhydrous MgSO0g4, ﬁltered and concentrated in vacuoto givea
residue which was purified by flash column chromatography (sihca R

~ gel) using 1% MeOH-99% CHzCly saturated with aqueous
ammonium hydroxide to give the title compound as an oil (520 mg,

15 26%, MH* = 328).

PREPARATIVE EXAMPLE 107

o ° ' o
ey
Me [N ) ENJ
_ +
Nlﬁ;_/_.o V\/N\,N 'ff \/\,N \,,N

o*o

Using the procedure described for Preparative Example 106,

20 but usihg- the title compound from Preparative Example 76, the title

compound was prepared: 0.16 g, 10%, MH* = 346).
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PREP, VE EXAMPLE 10

F >
o } £ F +'1v F

C:J o E::]//,rm r=\ ENJ YN =

N S0 INSNGN o TN NN
Using the procedure described for Preparative EXampIe_ 110

"( N\/\,n

(below], but using the title compound from Preparative Example 107
(146 mg, 0.55 mmol), and the 8-Cl-tricyclic chloride (see _Prepar_ative

Example 71 m WO 95/ 10516)

(159 mg 0.46 mmol) the title compounds were prepared and |

" ' dxastereomerA (45 17 1% MH+ = 573) dlastereomer B {43 mg,
- 16. 3%, MH* = 573) o -

15

20

i separated by preparatlve plate chromatography (sxlica gel) usmg 2% |
MeOH—CHgClz saturated with aqueous ammomum hydroxide

Ww

(J

1
Mev\ ’k 0 V\/N,N [N ‘/\,NTN »ﬁ- \/\/N\,N

" To a solution of the title compound from Example 113 (below)
(4.90, 6.7 mmol) dissolved in anhydrous CHzCla (25 mL) was added
TFA (15 mL). The solution was stirred at room temperature under
Ng for 2 hrs, then concentrated in vacuo, diluted with CHoClo,
washed with a saturated aqueous solution of NaHCOg3 and dried
over anhydrous MgSO4. The mixture was filtered, concentrated in
vacuo and puriﬁed by flash column chromatography (silica gel)
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using 2% MeOH-98% CHgClg saturated with aqueous ammonium
hydroxide to give the title compound as a mixture of diastereomers
(3.66 g, quantitative). The diasterecomers .were' separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
column, flow rate 80 mL/min., 99.8% MeOH +0.2% diethylamine) to
give 1.62g of the 11S,2R diastereomer A and 1.97 g of the 11R,2R
diastereomer B. e .

Physical chemical data 11S,2R diastereomer A: mp = 109.3°C;
MH* = 633; [0]*’,= -66.2° (3.93 mg/2 mL MeOH).

Physical chemical data 11R,2R diastereomer B: mp = 64. 5°C
MH* = 633; [0]*°,= -41.8° (4.69 mg/2 mL MeOH).

PREPARATIVE EXAMPLE 110
. (Alternative procedure to Preparative Example 109}

-—>—
Eﬂj’lp/ \/\/N\;, [- 1 V\/N'-‘N 1:1 1 \/\/N,=,\N
H H
A mixture of the title compound from Preparative Example

106 {510 mg, 1.6 mmol), the tricyclic chloride (Compound No. 42.0)
(534 mg, 1.6 mmol), triethylamine (1.1 mL, 7.8 mmol) and CHzCly
(10 mL) was stirred at room temperature overnight. The reaction
mixture was concentrated in vacuo and purified by flash column
chromatography (silica gel) using 2% MeOH-98% CHsClp saturated
with aqueous ammonium hydroxide to give the title compound as a
light yellow solid (420 mg, 42%, MH* = 633). The diastereomers
were separated by preparative chiral chromatography (Chiralpack
AD, 5 cm X 50 cm column, flow rate 80 mL/min., 99.8% MeOH
+0.2% diethylamine) to give 182 mg of diastereomer A and 126 mg
of diastereomer B. '




WO 00/37459 PCT/US99/27939

-124 -

PREPARATIVE EXAMPLE 111
E . * ‘/@
____r .
NJ//K : NJ’ N )

N. oo
G
T AL TS T

C -

A mixture of the title compound from Preparative Example
106 (1.93 g, 5.9 m:t___nol),- the 8-Cl-tricyclic ch_lorlde {see Preparative
5 Example 7 in WO95/10516) (1.56 g, 5.9 mmol), triethylamine (4.1
mL, 29.5 mino}) and CHoClz (10 mL) was stirred at room |
temperature for 48 h. The reaction rmxture was concentrated in
vacuo and punﬁed by flash column chromatography (silica gel)
usmg 2% MeOH 98% CH2012 saturated with aqueous ammonium

10 hydroxide to give the title compound as a hght yellow solid (1.56 g,

49%, MH* = 555 ). The dlastereomers were separated by

preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm

column, flow rate 80 mL/min., 30% IPA +70% Hexane +0.2% .

diethylamine) to give 0.72 g of the 11S,2R diastereomer A and 0.57.
15 gof the 1 1R,2R diastereomer B. | :

_ PREPARATIVE EXAMPLE"I 11.1
‘Follow the procedure of Preparative Example 111, but use the
10-Cl-tricycle chloride.

 __/\
=

20 . - - aa
to obtain
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' PREPARATIVE EXAMPLE 112

. 0 | 0.9
>r[§l - & (QFJ“
. _ N ,
Qo e —
5 _ Té the cafboxylic acid from Pfeparative__ Example 43 (2 g, 6 .

mmol) were added HOBT (0.82 g, 6.1 mmol), DEC (1.2 g, 6.0 mmol),
the title compound from Preparative Example 85 (1.39 g, 6.1 mmiol,

isolated by preparative chiral chromatography (Chiralpack AD,5c¢m

X 50 cm column, flow rate 80 mL/min., 8% IPA +92% Hexane

10  +0.2% diethylamine), NMM (1.7 mL, 15.5 mmol) and anhydrous
DMF (60 mL). The mixture was stirred at room temperature under
N2 overnight. The mixture was concentrated in vacuo, diluted with
CHaCly and washed with NaOH (aqg). The organic phase was dried
-over anthydrous NagSOy, flltered and concentrated in vacuo. The

15 residue was purified by flash column chromatography (silica gel)
using 2-15% MeOH-CH2Cly saturated with aqueous ammonium

hydroxide to give the title compound (1.8 g, 55%, MH* = 542).
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PREPARATIVE EXAMPLE 1 1

_ Uémg tho procedure described for Preparative Example 109,
| ' but using the title compound from Example 126 below, the title -
- 5 compounds were prepared and separated 11S 2R(-) chastereomer
© A:25.4% yield MH* = 619; [of",= -46.7° (1.86 mg/2 mL MeOH);

" 11R2RG- dlastereomer B: 21.1% yield MH+ = 619; [o]® = -23.0°
2.6 mg/2 L MeOH)

10 " PREPARATIVE EXAMPLE 114

To a solution of the title compound from Preparative Example
112 (1.8, 3.33 mmol) dissolved in anhydrous CH2Clz (5 mL) was
added TFA (5 mL). The solution was stirred at room temperature
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under Ng overnight, concentrated in vacuo and diluted with DMF
(10 mL). To this was added the 8-Cl-tricyclic chloride (562 mg, 1.1
mmol) and triethylamine (10 mL) and allowed to stir at room
temperature for 48 h. The reaction mixture was concentrated in
vacuo, diluted with CH2Cl2, washed with a saturated aqueous
solution of NaHCOg3 and dried over anhydrous MgSO4. After
filtration and concentration in vacuo, the residue was purified by
flash column chromatography (silica gel) using 3-10% MeOH-98%

'CHaClg saturated with aqueous ammonium hydroxide to give the

title compounds (1 1S,2R diastereomer A, 152 mg, 27%, MH* = 569;
and 11R,2R diastereomer B, 316 mg, 56%, MH* = 569).

REPARATIVE EXAMPLE 115

) >KY

N.

+ H—N

@) & f@
ﬂ\o. /&O/ com N\ >ko g

To the title compound from Preparative Example 43 (2;64 g
8.0 mmol) were added HOBT (1.26 g, 9.3 mmol), DEC (1.79 g, 9.3
mmol), the title compound from Preparative Example 78 (1.44'g, 6.7
mmol), NMM (1.5 mL, 13.6 mmol) and anhydrous DMF (10 mL).
The mixture was stirred at room temperature under N3 overnight.
The mixture was concentrated in vacuo, diluted with CHzCl and
washed with NaOH (aq). The organic phase was dried over
anhydrous NasS0y4, filtered and concentrated in vacuo. The residue
was purified by flash column chromatography (silica gel) using 1%
MeOH-CH2Clg saturated with aqueous ammonium hydroxide to give

the title compound (0.94 g, 27%, MH* = 529).
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| - PREPARATIVE EXAMPLE 116 -
o o : _ :
1Y Lo
[N)' /@ Ny ~ (:l,, f‘

<N o l'i OI- N\/\/ N

The tltle compound from Preparative Example 115 (0.73 g,-
. L.38 mmol) and anhydrous CHg2Clg (5 ml) was stirred at room
5 temperature for 48 hrs ‘Trifluoroacetic acid (2 mL) was added and"
the resulting mixture was stirred for an additional 1.5 hrs.
Aqueous NaOH (1N) was added dropwise to neutralize the reaction
mixture and the resultmg mixture was extracted w1th CHsClz. The

organic phase was dried over anhydrous MgSOy, filtered and

10 concentrated in vac_ub. _td ‘give a residue Wh_lch was purified by flash
column chromatography'(silica gel) using 5-15% MeOH-CHzCls -
saturated with aquéoﬁs ammonijum hydrbxi‘de to give the title
compound as an oil (346 mg, 76%, MH* = 329)

13 ' PREPARATIVE E 117

%
"b

Enl

Using the procedure described for Prep‘aratwe Example 110,
but using the title compound from Preparative Example 116 (343
mg, 1 mmol) and the tricyclic chloride (Compound No. 42.0) (718

1T AN
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mg, 2 mmol), the title compounds were prepared and separated:
11S,2R diastereomer A: 135 mg, 29%, MH* = 634; 11R,2R’
diastereomer B: 126 mg, 27%, MH* = 634.

5 PREPARATIVE PLE 118

> L e K

Ofo

N _— _K

S SN R e N
og\o o™, ©

' 1]
To the carboxylic acid from Prepérétive Example 43 (7.26 g,
22 mmol) were added HOBt (3.92 g, 29 mmol), DEC (5.49 g, 29
mmol), the title compound from Preparative Example 74 (4.73 g, 22 -
10 mmol), NMM (4.84 mL, 44 mmol) and anhydrous DMF (35 mL). The"
mixture was stirred at room temperature under N3 overnight. The
mixture was concentrated in vacuo, diluted with CH5Clg and - o

washed with NaOH (aq). The organic phase was dried over
anhydrous NagSOy4, filtered and concentrated in vacuo. The residue

15 was purified by flash column chromatography (silica gel) using 1%
MeOH-CH2Clz saturated with aqueous ammonium hydroxide to give
the title compound (1.71 g, 15%, MH* = 528).

PREPARATIVE EXAMPLE 119 _
0.° 0.0
1 FO Y F©
q’ [:J”” n,N V\/SN ____.,>r [:]-M‘TN\/\,Nrn
oJ\o 0 oJ\o ° JCOH

w T +

The title compound from Preparative Example 118 (1.4 g, 2.7
mmol) and paraformaldehyde (solid, 2.8 g) were heated at 130°C in
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a sealed tube for 12 h. The mixture was diluted with CH2Cls and
filtered. The organic phase was concentrated in vdcuo and purified
by flash column chromatography (silica gel) using 1% MeOH-
CHgClg saturated with adueous ammonium hydroxide to give the
title compound (0.89 g, 59%, MH* = 558).

-SSP ¥

O

The title compound from Preparatxve Example 119 (0. 88 g
1. 6 mmol) anhydrous CH2012 ( 10 mL) and tnﬂuoroacetic acid (10

mlL) were stirred at room temperature for 1 5 hrs. Aqueous NaOH
[lN] was added dropwlse to neutralize the reactlon mixture followed

= by concentratlon in vacuo and punﬁcatmn by f ﬂash column

15

chromatography (silica gel) usmg 5-12% MeOH CH2012 saturated
with aqueous ammonium hydroxxde to give the t1tle compound as
an oil (503 mg, 88%, MH+ = 358). -
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OH
The title compound from Preparative Example 120 (498 mg,
1.4 mmol) was dissolved in anhydrous CH5Cls (10 mL). To this was
5 added the 8-Cl-tricyclic chloride (370 mg, 1.4 mmol) and .
_tﬁethylamine (0.6 mL) and allowed to stir at room temperature for |
24 h. The reaction mixture was concentrated in vacuo and diluted
‘with CH2Clp, purified by flash column chromatography (silica gel) -
using 3% MeOH-CH2Clp saturated with aqueous ammonium
10 hydroxide to give the title compounds as a mixture of diastereomers
(38% yield) which were separated by preparative chiral
chromatography (Clﬁralpaék AD, 5 cm X 50 cm column, flow rate
80 mL/min, 30% IPA-Hexane +0.2% diethylamine). (diastereomer A:
178 mg, MH* = 585; and diastereomer B: 130 mg, MH* = 585).
15
PREPARATIVE EXAMPLE 122
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To the carboxylic acid from Preparative Example 43 (8.11 g,
25 mmol) were added HOBT (4.39 g, 33 mmol); DEC (6.33 g, 33
mmol), the title compound from Preparative EXample 88 (56.97 g, 25
mmol}, NMM (5.5 mL, 50 mmol) and anhydrous DMF (40 mL). The
mixture was stirred at room temperature under Na for 48 h. The
mixture was concentrated in vacuo, diluted with CH2Clg and
washed with NaOH (ag). The organic phase was dried over
anhydrous NaQ,SO4, filtered and concentrated in vacuo. The resxdue
was purified by flash column chromatography (silica gel) using 1%
MeOH-CH3Cly saturated with aqueous ammonium hydroxide to give

the title compound (5.24 g, 38%, MH+ = 556).

" PREPARATIVE EXAMPLE 123

‘>r. et
' E{J ,/® E:l,r(@ _
>l\ V\/L k V\/"L

- The title compound from Preparative Example 122 (6.23 g,
9.4 mmol), anhydrous CHzCls (10 mL) and trifluoroacetic acid (10
mL) were stirred overnight. Aqueous NaOH (1N) was added
dropwise to neutralize the reaction mixture, concentrated in vacuo,
and purified by flash column chromatography (silica gel) using 5-9%
MeOH-CHgClp saturated with aqueous ammonium hydroxide to give

O

~ the title compound as an oil (2.69 mg, 81%, MH* = 356).
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'PREPARATIVE EXAMPLE 124

The title compound from Preparative Exainple 123 (2.67, 7.5.
. mmol) was dissolved in anhydrous CHaClp {40 mL). To this was
5 added the 8-Cl-tricyclic chloride (1.98 g, 7.5 mmol) and
triethylamine (3.14 mL) and allowed to stir at room temperature for
12 h. The reaction mixture was concentrated in vacuo, diluted with
CH3Cly, washed with a saturated aqueous solution of NaHCOg and
_ dried over anhydrous MgSO4. After filtration and concentration in
10  vacuo, the residue was purified by flash column chromatography
(silica gel) using 1-2% MeOH-CHqCly saturated with aqueous
ammonium hydroxide to give the title compounds in 43% yield
(diastereomer A, 1.2 g, MH+ = 583; and diastereomer B, 681 mg,
MH* = 583).

15
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PREPARATIVE EXAMPLE 125

H .
I |
N.
Eg — E,J
H
A mixture of the title compound from Prepai'ative Example

_ 106 (200 mg, 0.61 mmol), chlorobenzosuberane (140 mg, 0.61

5 mmol), triethylamine (0.43 mL, 3.1 mmol) and CH3Cls (10 mL) was
stirred at room temporature overnight. The reaction mixture was
concentrated in vacuo and purified by preparatlve plate
chromatography (sihca gel} using 2% MeOH -CHoClp saturated w1th
aqueous ammonium hydromde to glve the tlﬂe compound as a light

10 yellow solid (63 mg, 20%, MH" = 520).

| 'PREPARATIVE:ExAMPi,E 126

If the prooedure of Preparative Example 114 is followed,
15 except the 3,8-dichloro tricyclic compound

~X_re

is used instead of the 8-Cl-tricycle chloride, the title compound
would be obtained.
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PREPARATIVE EXAMPLE 127
Step A

j Y
o . EQ,mzn

O

" To the piperazine carboxylic acid dicamphorsulfonic acid salt
5 (Preparative Example 42) (14.63 g, 24.6 mmol) dissolved in water
(80 mL) and dioxane (80 mL) was added 50% NaOH (aq} until pH"
11. BOC-ON (6.65 g, 27.04 mmol) was' added while stirring at room
temperature for 6.5 hrs and while maintaining the pH at 11 with -
50% NaOH. The pH was lowered to 9.5 using 10% HCI (aq) and
10  cyclohexyl chloroformate (4.0 g, 24.6 mmol) was added dropwiée '
while maintaining the pH at 9.5 with a slow addition of 50% NaOH -
(ag) with stirring at 25°C for an additional 12 h. The mixture was .
extracted with Et20 and the aqueous phase was acidified to pH 3
with 6M HCi (ag). This aqueous phase was extracted with EtOAc
15 and the organic phase was dried over anhydrous MgSOy, filtered
and concentrated in vacuo, and purified by flash chromatography
(silica gel) using 25-50% EtOAc-hexane to give the title compound
(6.65 g, 76%, MH* = 357). -
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Step B :
o_/°
Y ;
N N
E ] — (],
N co,n 7co,H

o o,

The title compound from Step A (6.65 g, 18.7 mmol) and
trifluoroacetic acid (20 mL) dissolved in anhydrous CH2€12 (50 mL]

5 were stirred at room temperature for 1 hr The orgamc phase was

concentrated in vacuo to give a residue.

10 The title compound from Step B was dissolved in anhYGrous
CH>Cl3 (50 mL) and DMF (50 mlL). To this was added the 8-Cl-
tricyclic chloride (8.42 g, 31.8 mmol) and triethylamine (3 mL) and
allowed to stir at room temperature for 48 h. The reaction mixture
was concentrated in vacuo, diluted with EtOAc, washed with 3N

15 NaOH and the organic phase was neutralized with 50% citric acid
and dried over anhydrous NagSO4. After filtration and

concentration in vacuo, the residue was purified by flash column
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chromatography (silica gel) using 2-5% MeOH-CH2Cls to give the
title compounds (11S,2R diastereomer A, 2.43 g 27%, MH* = 485;
and 11R,2R diastereomer B, 2.5 g, 30%, MH* = 484).

5 'PREPARATIVE EXAMPLE 128
N\
o ] _ o_,©O
>r \r + H—N \ = >l/ \r N
) V—O
v 7/°°2H' N"%-N FN. _
SLA, S AL N

To the title compound from Preparative Example 43: (1.83 g,

5.6 mmol) were added HOBT (0.88 g, 6.5 mmol), DEC (1.24 g, 6.5
mimol), the title éompound from Preparative Example 95 (1 g, 4.6 -

10 mmol), NMM (1.0 mL, 9.25 mmol) and anhydrous DMF (10 mL).

 The mixture was stirred at room temperature under Ng overnight. -.

The mixture was concentrated in vacuo, diluted with CH2Cls and
washed with NaOH (ag). The organic phase .w'as dried over
anhydrous NagSO0y, filtered and concentrated in vacuo. The residué

15 was purified by flash column chromatography (silica gel) using 10%
MeOH-CHCly saturated with aqueous ammonium hydroxide to give
the title compound (0.70 g, 24%, MH* = 529).

' PREPARATIVE EXAMPLE 129
o O '
Y i
NZ | N=

The title compound from Preparative Example 128 (0.70 g,
1.3 mmol), anhydrous CH2Cl; (10 mL) and trifluoroacetic acid (10
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mL) were stirred at room temperature for 12 h, then concentrated in
vacuo. Aqueous NaOH (IN) was added dropwise to neutralize the
reaction mixture and the resulting mixture was, extracted with
CH2Clg. The orgamc phase was dried over anhydrous NagSO;,,
filtered and concentrated in vacuo to give a residue which was
purified by flash column chrématogfaphy (silica gel) using 10%
MeOH-CH2Cly saturated with aqueous ammonium hydroxide to give
the title compound as a brown oil (232 mg, 53%, MH* = 329).

PREPARA EXAMPLE 130

The title cd__fnp_o_u_nd from _Prepatétjv_e EJ_iample_ 129 (0.20 g,
0.61 mmol) was dissolved in anhydrous DMF (5 mL). To this was
added the tncychc chloride_ {Compound No.'_42_.0_)_ (0.2 é, 0.58 mmol)
and triethylaimine (0.43 mL, 3. 0 mmol) and' allowed to stir at room

| temperaturc for 12 h. The reaction rmxture was poured into brine

and extracted with EtOAc. The organic extract was dned over
anhydrous NagSOg4, ﬁltered. and concentrated in vacuo. Purification
by flash column chromatography (silica gel) using 10% MeOH-
CHCly saturated with aqueous ammoriium hydrdxide afforded the
title compound (100 mg, 27%, MH* = 634). |
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'PREPARATIVE EXAMPLE 131

To the title compouhd from Preparative Example 51 (1.4 g,
70% purity, 1.8:mmol) and CHCl; (10 ml) cooled to °C were added '

triethylamine (0.5 mL, 3.6 mmol) and isobutyl chloro-formate (0.25
mL, 1.9 mmol). After stirring the mixture at 0°C for 3 h, the title
compound from Preparative Example 95.1 (0.4 g, 1.7 mmol, isolated " -
by preparati:ve' chiral chromatography (Chiralpack AD, 5 cm X 50
cm column, flow rate 80 mL/min, 8% IPA +92% Hexane +0.2%
diethylamine) was édded and the mixture was stirred at room
temperature under Np overniight. .'The mixture was washed with 1M .
NaOH(aq) and the organic phase was dried over anhydrous NagSOg4,
filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (silica gel) using 2-5% MeOH-CH2Cly, -
saturated with aqueous ammonium hydroxide to give the title

compound as a mixture of ciiastereomers (0.45 g, 34%, MH* = 747). -
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Step B

\/\_,NVN
To a solution of the title compound from Step A [0 45, 0. 60

g mmol] dlSSOlVCd in’ anhydrous CH2012 5 mL) was added TFA (5 mL)
" The solution was stirred at room temperature under Nz overnight

k then concentrated m vacuo diluted with CHzclg, washed with 1N |
NaOH [aq] and dried over anhydrous NazSO4 The mixture was

o filtered, concentrated in vacuo and punﬁed by ﬂash column

10

15

20

chromatography (s:]ica gel) usmg 2-5% MeOH CHzclz saturated

‘with aqueous ammonium hydromde to give the tiﬂe compound as a
mixture of diastereomers. The diastereomers were separated by

preparative chiral chromatography (Chira.ipack AD,5cmX50cm -
column, flow rate 80 mL/min., 60% IPA + 40% hexane +0.2% _
diethylamine) to give 0.1 1- g of diastereomer A and 0.23 g of
diastereomer B. _

Physical chemical data for the 11S,2R(-)-diastereomer A: M+
= 647; [0]*,= -45.4° (2.91 mg/2 mL MeOH).

Physical chemical data for the 1 1R.2R(—)-diastereomer B: MH+
= 647; [o]*;= -23.5° (2.21 mg/2 mL MeOH).
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PREPARATIVE EXAMPLE 132

) H\/\/<\Njn\_"

N ' N
HO. ﬁ : ﬁ
\/\/&,N\ - » ﬁq\/\/&h’\ -

“To a stirred solution of 1-(tripheny1methyl—1H—irrndazol;4-y1)-
3-hydroxypropane (WO 9629315) (5.04g, 13.68 mmoles),
phthalimide (2¢, 13.6 mmoles) and triphenyl phosphine (3.57g, 13.6

mmoles) in THF (100 mL) at 0°C was added diethyl azodicgrboxylate" B

(2.14 mL, _13.6 mmoles) dropwise. The reaction mixture stirred for _
1h at 0°C and then at room temperature for 16h. Filtered to give "

the title compound {4.6¢, 100%), CIMS: m/z (MH') = 498 : 5, (CDCL,

) 1.72 (bs, 1H), 1.9 (m, 1H), 2.05 (m. 1H), 2.6 (m, 1H), 3.75 (m, 2H), |
6.6- 7.8 (m, 21H). -

Step B

O
_ N~t\ N,\_\
MN\ T >H2N\/\/<\/N\ T
T | B 1
i _

The title compound from Step A (2g, 4.02 mmoles) and
hydrazinehydrate (3.89 mL, 80.39 mmoles) were heated under
reflux in ethanol (80 mlL) for 16h. The solids were filtered off and
the filtrate was evaporated to give the title compound { 1.35g, 91%),
CIMS: m/z (MH’) 368; 5, (CDCJ, ) 1.8-1.85 (m, 2H), 2.6-2.62 (m,
2H), 2.8-2.83 (m, 2H]), 7.1( s, 1H), 7.3 (s, 1H).
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A AL,
_ Ph = phenyl
To a stirred solution of the title compound from Step B (1.5g,
4.08 mmoles) and benzaldehyde (0.433g, 4.08 mmoles) was added
sodium cyanoborohydride (0.256g, 4.08 mmoles). The pH of the
solution was adjusted to ~4.25 with acetic acid. The reaction
mixture was then stirred for 2h. The PH was then adjusted to 11.5

~ with 50% NaOH and extracted with ethyl acetate. The ethyl acetate

extract was washed with water and brine and dried (MgSO,)
Evaporated to give a crude resmue Whmh was chromatographed on
silica gel using 4% (10% conc NH OH in methanol) CH .Cl, as the

| eluant to glve the tiﬂe compound {1 04 & 78%), CIMS: m/z (MH‘) =
458; 5, (CDCI:,] 1. 8-1 82 (m, 2H), 2 58—2 64 (m, 4H] 3.6 (s, 2H), 6.5

(s, lH) 715 74(m 6H]

Ph

Step A

fHa
N
W{\,m N\/\@

The title cqmpound from Preparative Example 132 Step A (2g,
4.1 mmoles) in CH,CL (20 L) was treated with methyl iodide (0.75
mL 12.05 mmoles) and stirred for 16h. Evaporated to dryness to a
gummy residue which was then refluxed with 6N HCl (25 mL) for
16h. Evaporation to dryness gave a semisolid which was
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neutralized with aqueous NaHCO, and evaporation to dryness again
gave semi-white solids. Stirred with CH,C], (100: mL)and MeOH (50
ml) and filtered off the solids. The filtrate was evaporated to give

‘the title compound (0.3g), CIMS: m/z (MH’) 140; §, (CDC), ) 1.8 (m,

2H), 2.6-2.8 (m, 4H), 3.6 (s, 3H), 6.68 (s, 1H), 7.4 (s, 1H).

Step B
CHs _ -CHg

N~

The title compound from Step A (1.97g 14.14 minoles),
benzaldehyde (1.65g 15.556mmoles), sodium acetate (1.1g, 13.42
mtno_les) and 3A molecular sieves (2g) in methanol were stirred for -
18h. To this sodium borohydride (0.519¢g 13.72 mmoles) was added
and stirred for 4h. The solids were filtered off and the filtrate was
evaporated to a residue which was chromatographed to give the title
compound (0.59g 18.5%) CIMS: m/z (MH") 230; 3, (CDCL)1.8 (q,
2H), 2.6 (t, 2H), 2.65 (t, 2H), 3.25 (s, 3H), 3.8 (s, 2H), 7.2-7.4 (m,
7H).

PREPARATIVE EXAMPLE 134
NH,

=S .
G

OH

\=N ————

1-(2-Phenyl-2,3-epoxypropyl)- IH-imidazole (GB 2 099818 A)
(2.15g, 10.85 mmpoles) and sodium azide (1.41g, 21.71 mmoles)
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were heated in DMF (20 mL) at 60°C for 16h. Evaporated to -

dryness and ¢xtraeted with CH,Cl,, washed with brine and dried

(MgSO,). Evaporated to give the title compotind (0.932g, 36%),

CIMS: m/z (MH') = 244; §, (CDCL) 3.7 (q, 2HO, 4.5 (dd, 2H), 6.6 (s,
5 1H), 6.95 (s, 1H), 7.3-7.45 (m, 5H), 8.2 (s, 1H).

~The title compound from Step A ( 0. 8g, 3.31 mmoles) in
ethanol (15 mL) was hydrogenated over 10% Pd on carbon (0.2g) at
-50 psi overnight. “The catalyst was filtered off and evaporated to
- give the title compound (0.71g 98%). CIMS: m/z (MH) = 218.

10

TIVE EXAMPLE 135

15

By following Steps a to € of Preparative Example 41 starting
with the (+) isomer, a mixture of the title compounds A and B is
obtained as a light tan solid that appears as a single tlc spot: 'NMR
(CDCl,, 300 MHz) § 1.42 (s, 9H), 4.85 (m, 2H), 7.12 (s, 1H), 7.50 (s,

1H), 7.55 (s, 1H), 8.48 (m, 1H); HRMS (FAB) calcd for C,,H,,N,O,
BrCI*'Br 615.0084, found 615.0092. '

20 .
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'PREPARATIVE EXAMPLE 136
E j = \ —»[ ] _ I|-I I\
"f,"/N\/\/N\/ N "'I/]/N\/\/N\?N
| ko

Following the procedure set forth in Preparative Example 123,
but using the title compound from Preparative Example 37 Step A.
5 the title compound was obtained (quantitative yield; MH" = 338).

PREPARATIVE EXAMPLES 137-138
Following the procedure described for Preparative Example
1086, the piperazines listed in Table 5A below were prepa.red usmg
10 the corresponding amines. .

fI.ABf LE 5A

Prep. Amine Product yield | MH*'
Ex. . (%)
HoN_- Lh ﬁ' ' -
| NT Ej. 47 | 238
137 g ,—N\/— Neg?
_g
" ,'L‘ .
NN
, .HzN/\/ e E :‘, H N
138 Vo Ve
o 100 | 238
HNN NN i
| ) g
t, N\/_NVN
o
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PREPARATIVE EXAMPLES 139-141
Similarly, using the procedure described for Preparative
Example 110 and the piperazines listed in the Table 5B below, the
corresponding tricyclic amines were prepared.

5 . TABLE 5B
Prep. " Piperazine Product yield | MH"
Ex. - (%)
139 73 | 543
140 | 4 | 543
141 | hd ») g 31 | 543
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“PREPARATIVE EXAMPLE 142

N, Me N. Me
,uo\ ( = N={W ' H [ / . N;:{V
FOX™ "o
° @B ° @B
¢
peSoa = o
N M .
i [ H ::,:‘ [N B
SoQtad R YN NN
o ]O\/k o
/I\ o (A+B) ° (A+B)

The title compound from Example 289 (0.39 g, 0.51 mmol),
anhydrous CH2Clo (3 mL) and trifluoroacetic acid (3 mL) were
5 stirred at room temperature for 2 h, then concentrated in vacuo.’
Aqueous NaOH (1N) was added dfopwise to neutralize the reaction
mixture and the resulting mixture was extracted with CH2Cl2. The - -

organic phase was dried over anhydrous MgSO4, filtered and

concentrated in vacuo to give a residue which was purified by flash
10 column chromatography (silica gel) using 5% MeOH-CH2Clg

saturated with aqueous ammonium hydroxide to give the title

compound as an off-white solid (52 mg, 15%, mp = 150°C, MH"' =
768).

156 PREPARATIVE PLE 143

R
H,N/\/IZD:N CL ENJ ¥ Q

i ° i
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A solution of the title compound from Preparative Example 71
{0.9 g, 5.14 mmol) and the anhydride from Preparative Example 44

 (1.38 g, 1.05 eq) dissolved in anhydrous dichloromethane (10 ml)

was stirred at room temperature overnight. Additional anhydride
(0 105 g) was added and after 1 hr cyclohexyl 1socyanate (0.98 mL,
7.71 mmol) was added to the reaction mixture Whlch was stirred for
an additional 1.5 hrs. Concentration in vacuo and purification by
flash column chromatography (silica gel) using 1-3% MeOH-CH2Clg
saturated .with aMOmum hydroxide as eluent afforded the title

compound as a white solid (1.82 g, 69%, mp = 126.9-128.9 °C MH+
= 513). ' .

PREPARATIVE EXAMPm 144- 149

_ Followmg essentra]ly the same procedure as that described for
Preparatlve Example 143 the BOC—protected piperazines hsted in
Table 50 below were prepared using the corresponding amines.

TABLE5C
Prep. Amine "~ Product | vietd | MH*
LEx. | _ (%)

| | T
_ Sh ca e

100 } 500

s | HATNANN () n p el e
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N
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| C:] o=
% N N
SU¢Aa vay
5 "N
If one were to follow essentially the same procedure as that

described for Preparative Example 143, but using the amine
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B
N
Hy _W:?—_cna

~ instead of the amine from Preparative Example 71, the title
compound would be obtained.

5 . PREPARATIVE EXAMPLE 151

,.__(M" L | [N]"ffrn'n

_ A solution of the ':title compound from Preparative Example 68
'(2.12 g, 15.2 mmol), triethylarmine (30.4 mmol) and the anhydride
from Preparative Example 44 (3.89 g, 15.2 mmol) dissolved in
10  anhydrous dichloromethane (30 ml) was stirred at room
temperature for 30 min. Benzyloxycarbonylsuccinimide (4.17 g,
16.7 mmol) was added and the resulting mixture was stirred at
room temperature overnight. Concentration in vacuo and
purification by flash column chromatography (silica gel) using 2%
15 MeOH-CH2Clg saturated with ammonium hydroxide as eluent
afforded the title compounds (2.57 g, 35%). The regioisomers were
separated by HPLC (Chiracel AD column) using 5% isopropanol-
95% hexane-0.2% diethylamine to give the 2,4-dimethyl isomer (mp
= 64.2°C, MH* = 486) and the 2,5-dimethyl isomer (mp = 71.5 °C,
20 MH* =486).
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PREPARATIVE EXAMPLE 152

. A solution of the title compound from Example 293
5 diastereomer A (0.386 g, 0.56 mmol), glacial acetic acid (3 mL) and
33% HBr in acetic acid (1 mL) was stirred at room for: 2 hr. Diethyl - -
ether was added and the precipitate filtered and dried under vacuo

to afford the title compound (0.48.g, 100%, MH* = 557.

. 10 : PREP. TIVE EXAMPLE 153
B cl
(B)
O/\o/L d 'qﬂe'
Me

A solution of the title compound from Example 293
diastereomer B (0.372 g), glacial acetic acid (3 ml) and 33% HBr in -
acetic acid: (1 mL) was stirred at room for 2 hr. Diethyl ether was

15 added and the precipitate filtered and dried in vacuo to afford the

title compound (0.433 g, 100%, MH* = 557.
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PREPARATIVE EXAMPLE 154
Step A
?01’/0 | BOC
N + L= N
[ J _ 'H"’N\/\/NF:\N _— EN)
o> o Me

Me
A mixture of the title compound from Preparatlve Example 66
5 (1.0g, 7.2 mmol}, the anhydride from Preparative Example 44 (2.2
g, 8.6 mmo)), triethyl amine (1.5 mL, 10.8 ;nmol) and anhydrous
CH2Cl2 (10 mL) was stirred at room temperature for 12 hrs. The
mixture was concentrated in vacuo, diluted with CH2Cl2 and
__ washed with a saturated aqueous solution of NaHCO3. The organic
.10 phase was dried over anhydrous NagS04, filtered and concentrated

in vacuo.
Step B e
BOC o ) . )
[:1/ g P — ' [:J | H
N % AN N . , '
H 0 N NY-No N
. Me Ho =~ X
Me
15 Triﬂuoroacetlc acid (10 mL] was added to the t1tle compound

from Step A above (1.0 g, 7.2 mmol) dissolved in CH2C12 (10 mL)
and the resulung mixture was stirred for 5 hrs at 25°C. The mixture
was concentrated in vacuo, diluted with CH2Cl2 (50 mL) and
combined with the tricyclic chloride (compound # 42.0) (2.7 g, 7.9
20 mmol) and triethylamine (5-10 ml) and stirred at room temperature
overnight. The mixture was concentrated in vacuo, diluted with
éHzClz and wash_ed with a saturated aqueous solution of NaHCO3.
The organie phase was dried over anhydrous Na2804, ﬁltered, :
concentrated in vacuo and purified by flash column chromatography
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(silica gel) using 5% MeOH-CH2Cl2 saturated with aqueous
ammonium hydroxide to give the title compound as a mixture of -
diastereomers (1.9 g, 47%, MH+ = 557).

PREPARATIVE EXAMPLE 155

Step A | | -
o o o
o _ 4 |
Ot O
o /\)N o

2 HCleHoN

N-Carbethoxyphthalimide (62.8 g, 0.275 mol, 1.1 eq.) was
added portionwise over a period of 30 minutes to a stirred solution
of histamine dihydrochloride (46.7 g, 0.250 mol, 1.0 eq.) and
sodium carbonate (54.3 g, 0.513 mol, 2.05 eq.) in distilled water - -
(1250 ml) at room temperature. The resulting snow-white
suspension was stirred V_igorously at room temperature for 90
minutes. The solid was filtered off and thoroughly washed with ice- -
cold distilled water (4 x 50 ml). The solid was collected and dried
under vacuum over P,0O, at 60°C for 12h to give the title compound

(59.2 g, 0.245 mol, 98%, MH* = 242).

Step B

e o— GQxQW o

A solution of chloromethyl pivalate (18.5 ml, 0.125 mol, 1.2
eq.) in anhydrous N,N-dimethylformamide (DMF, 100 ml) was added
dropwise over a period of one hour to a stirred mixture of Step A
above (25.0 g, 0.104 mol, 1.0 eq.) and potassium carbonate (17.2 g,
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0.125 mol, 1.2 eq.) in anhydrous DMF (500 ml) at 90°C under-a
nitrogen atmosphere. The mixture was stirred at 90°C for 12h. The
volatiles were renioved under vacuum at 50°C. The residue was
taken up in brine (100 ml) and extracted with ethyl"acetate 4x25
ml). The combined organic extracts were dried_ over Na,SO,, filtered,
and concentrated under vaeulim at 30°C. The residual off-white

solid was ﬂash—chromatographed (hexanes : acetone = 6 : 4 v/v)

over silica gel to glve the title compound (20 g, 0.056 mol, 54%.

MH+ = 356)

Step C

. o . o : o Cl"' a
: N . L ————

d vtrg o . o Vr\>
1 H

A solution of the title cornp‘ound from Step B e.bove 5g 14.1

~ mmol) and 4—ch10robenzylchloride (2.5 g, 15.5 mmol) was stirred in
15 .

anhydrous acetomtrﬂe (60 ml) at reﬂux under a mtrogen
atmosphere for 48 h. The mixture was concentrated in vacuo and
recrystallized from ethyl acetate—hexane to give the title compound
as a solid {3.2 g, 47%, MH+ = 480), and the filtrate which was
concentrated to give additional product (3.6 g, 53%).

Step D | |
N +/ —_— _N
A X Al v
.\—ok_é

A 7 N solution of ammonia in methanol (10 ml, 0.07 mol) was
added slowly to a stirred solution of the title compound from Step C
above (3.2 g, 6.6 mmol) diluted with MeOH (10 mL) at
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-20°C. The resulting mixture was warmed to room temperature and
stirred for another 12 h, then concentrated in vacuo and purified by
flash column chromatography (silica gel) using 3% MeOH-CH2Cl2

saturated with ammonium hydroxide as eluent to afford the title

compound as a sticky solid (1.2 g, 51%, MH* = 366).

.%0 | /Q,cl . 2 KO:’C'I _
N, N —> HyN

\/1[2)

A solution of the title compound from Step D above (1.21 g,
3.3 mmol) and hydrazine mqnohydrate (1.7 mil, 0.033 mol, 10eq.) = -
in absolute ethanol (20 ml) was stirred at 50 °C under a nitrogen
atmosphere for 20 min. The resulting suspension was diluted with -
ethanol and dichloromethane and filtered. The filtrate was '

concentrated in vacuo to aﬂord the title compound as a ye]low 011y

solid (0.7 g, 91% MH+ = 236).

%N\/TE}/O} | . (vlffn /’Om

A solution of the title compound from Step E above (0.695 g,
2.94 mmo)) and the anhydride from Preparative Example 44 (0.75 g,
2.94 mmol) dissolved in anhydrous dichloromethane (10 ml) was
stirred at room temperature overnight. Additional anhydride (0.1 g)
was added and after 1 hr the reaction mixture was diluted with
CH2Cl2 and extracted with 1M HC1 (ag). The aqueous phase was
basified with 1N NaOH (aq), extracted with CH2Clg and the organic
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phase dried over anhydrous MgSO4. After filtration, the organic
phase was concentrated in vacuo to afford a white foam (0.744 g
57%, MH* = 448).

- PREPARATIVE EXAMPLES 156-157
Following the procedﬁre described for Preparative
Example 155 Steps C-F, the piperazines listed in Table 5D below
were prepared using the corresponding arylalkyl halides.

TABLE 5D

" Prep. | Halide | Product - | MH*

156 () » C | a28

157 H FO»CN 441

' N
PREPARATIVE EXAMPLE 158
STEP A '
BOC
N: - = . : . :
VNG 3 * - HNV\/N':.'N

To 3-(1H-imidazol-1-yl)propylamine (20 mL, 167.6 mmol)-
dissolved in water (200 mL) and MeOH (200 mL) was added 50%
NaOH (aq) until pH 9.5. Di-tert-butyldicarbonate (41 g, 187.9
mmol) was added while stirring at room temperature for 4 hrs and
while maintaining the pH at 9.5 with 50% NaOH. The mixture was
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concentrated in vacuo to remove most MeOH, then extracted with
CH2Cl2. The organic phase was dried over anhydrous MgSO4,
filtered and concentrated in vacuo to give the title compound (23.7

g, 63%, MH+ =226).

Step B _ _ _
MN\—NGN - HNV\/N?'N
OH

To a solution of the title compound from Step A above (0.50 g,
2.22 mmol) dissolved in anhydrous THF (15 ml) and stirred at -78°C
was added n-butyllithium (2.8 mL, 1.75M in hexane) and the
resulting mixture was warmed to and stirred at -20°C for 1.5 h. .
The reaction mixture was recooled to -78°C and anhydrous DMF
(0.35 mL, 4.52 mmol) was added. After warming to and stirring at -
25°C for 2 h, MeOH (2 mL) and NaBH4 (171 mg, 4.5 mmol) were

-added and the resulting mixture was stirred for 1 h at 25°C. The

mixture was concentrated in vacuo, diluted with dichloromethane, .
washed with water, and the organic phase was dried over
anhydrous Na2SO04, filtered, and concentrated in vacuo. Purification

by flash column chromatography (silica gel) using 5-10% MeOH-
CH2Cl2 saturated with ammonium hydroxide as eluent afforded the

title compound (0.32 g, 56%, MH* = 256).
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Step C
BOC

MWoNN_N _____ @y __ o/~ H
f M>»NrrN_oN
OH . _ LOH :
To the title compound from Step B above (0.31 g, 1.2 mmol)
was added 4M HCI in dioxane (5 mL) and the mixture was stirred at
25°C for 12 h. Concentration in vacuo afforded a residue which was

used directly in Step D.

Step D

‘ - BN a
x No - _(*; (D

A mlxture of the tltle compound from Step C above.
triethylamine 4 mL) and the anhydnde from Preparative Example
44 (0.55 g, 2. 15 mmol) dissolved in anhydrous DMF (10 ml) was.
stirred at room temperature overnight. The mixture was
concentrated in vacuo and diluted with anhydrous CH2Cl2 (5 mL),
DMF (5 mlL) and trifluoroacetic acid (10 mL). The resulting mixture
was stirred for 12 hrs at room tempera‘turé, then concentrated in
vacuo and diluted with anhydrous CH2Cl2 (5 mL) and DMF (5 mL).
The tricyclic chloride (compound # 42.0) (0.75 g, 2.17 mmol) and
triethylamine (3 mL) were added and the mixture was stirred at
25°C for 48 h. The mixture was concentrated in vacuo, diluted with
CH2Clo and washed with a saturated aqueous solution of NaHCO3.

The organic phase was dried over anhydrous Na2SO4, filtered,

concentrated in vacuo and purified by flash column chromatography
(silica gel) using 5-10% MeOH-CH2Cl2 saturated with aqueous
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ammonium hydroxide to give the title compound as a mixture of

diastereomers (0.376 g, 33%, MH* = 573).

PREPARATIVE EXAMPLES 159-160
5 Following the procedure described for Preparative Example
158 Step D, the piperazines listed in Table 5E below were prepared
using the corresponding amines or amine hydrochlorides.

TABLE 5E
10
Prep. Amine Product 1. yield
Ex. . (%)
- 2. MH'
HCl ng@,c: | 1.37
™
N _NN N 2.559
T e [
oH N~
' OH
. a;@q | 1.25
OTBDMS ‘
2.573
HaN OH
oo | IS A |
AL
PREPARATIVE EXAMPLE 161
St A SEeeRAAE R el = |
| ~0H | OTBDMS
o B
g | - .
15 A mixture of 4-hydroxymethylimidazole (2 g, 14.9 mmo}),

triethylamine (5 mL) and TBDMS-CI (2.5 g, 16.6 mmol) dissolved in
anhydrous CHzClz (20 ml) was stirred at room temperature
overnight. The mixture was filtered, diluted with anhydrous Et20
and refiltered. The filtrate was concentrated in vacuo, diluted with
20 CH2Cl2 and washed with a saturated aqueous solution of NaHCOs3.
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The organic phase was dried over anhydrous Naz_SO4, filtered and

concentrated in vacuo to give the title compound (2.22 g, 71%, MH*
= 213).

Step B
: OTBDMS
Jo'rnnms _ F(*o'mnms
H-N~&N - NC™™N_-N.> + Nc’\/Nv

A solution of the title compound from Step A above 2.22 g,

-10.5 mmol) dissolved in acrylonitrile (10 ml) was stirred at reflux for
- 48 h. Concentration in vacuo afforded the title :c_.ompound'(z.'og_ g,

75%, MH* = 266).

.  OTBDMS . ' ~ OTBDMS
NC NN . TN~ N

A mixture of the title compound from Step B above (2.08 g,
7.85 mmol), Raney nickel (230 mg), MeOH (20 mL) and NH,OH (7.5

ml) was stirred in a Parr hyﬂrogénator at room temperature for 48
h. The mixture was filtered through celite, concentrated in vacuo,
diluted with CH2Cl2 and washed with a saturated aqueous solution

of NaHCO3. The organic phase was dried over anhydrous NazSO4,
filtered, concentrated in vacuo and punﬁed by flash column
chromatography (silica gel) usmg 5% MeOH-CH2Clg saturated with
agueous ammonium hydrofcide to give thé ﬁﬂe compounds [(4-
s_ubstitutéd isoxhe_r, 465 mg, 22%, MH* = 270) and (5—Subsututed
isomer, 220 mg, 10%, MH* = 270)].
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-PREPARATIVE LE 162
)

H,N
b

Following _thé procedure described for Preparative Example
155 Steps C-E, except using 4—ﬂliorobenzyl bromide instead of 4- - .
5 chlorobenzyl chloride in Preparative Example 155 Step C, the title

compound was prepared (52%, MH* = 220).

PREPARATIVE EXAMPLE 163

10 o Fo]iowing the procedure described for Preparative Examplé _
155 Steps C-E, except using 4-cyanobenzyl bromide instead of 4- = .
chlorobenzyl chloride in Preparative Example 155 Step C, the title

compound was prepared (63%, MH* = 227).

5 PREPARATIVE EXAMPLE 164

@”m E].,,, o .._.[ .

0 O

O
Tricyclic chloride (5.04g, 1.1 eq.) was added to a solution of
the title compound from Preparative Example 50 (4.0g, 17.3 mmol)
and TEA (12.05 mL, 5 eq.) in DMF (60 mL). The resulting solution
20 was stirred at room temperature 72 hours at which time the
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reaction mixture was concentrated under reduced pressuré. The
residue was diluted with 3M NaOH and extracted with EtOAc. The
aqueous layer was neutralized with 50% citric acid and extracted
with EtOAc. The combine organics were dried over Na,SO,, filtered,
5 and concentrated in vacuo. The crude product was purified by flash
chromatography using a 12% (10% NH,OH in MeOH) solution in
CH,C], as eluent to gi.ve the C-l 1 (S)-isomer (2.13g, 54%}) as the first
eluting isomer and the C-11 (R)-isomer (2.4g, 61%] as the second

eluting isomer.
{ \ °
[ j - 118,2R(+)-Isomer

10 : 0 0 |
11(S),2(R) (+)~iSomér (first eluting isomer): [o]®,= +84.9
(5. 18mg in 5.0 mL MeOH] LCMS: MH'= 458.

11R,2R Iéomer

11(R),2(R)-isomer (second eluting isomer}: FABMS: MH'= 458.

15 _ _
P TIVE EXAMPLE 165
HN, I/
N
2>
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Following the procedure described for Preparative Example
25, except using the title compoﬁnd from Preparative Example 13
instead of N-1-methyl histamine, the title compound was prepared
(33%, MH* = 195).

PREPARATIVE EXAMPLE 166

N
Diastereomer A [ j Me
‘ a,

Similarly, using the procedure described for Preparative
Example 142, except using the title compound from Example 305
10 diastereomer A instead of the title compound from Example 289,

the title coftxpound was prépamd (80%, MH* = 599).

PREPARATIVE EXAMPLE 167

B\@@/CI _
Diastereomer B E j » I\,//A;

15 Following the procedure described for Preparative Example
" 142, except using the title compound from Example 305
diastereomer B instead of the title compound from Example 289,

the title compound was prepared (100%, MH* = 599).
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.- PREPARATIVE EXAMPLE 168
Step A ' o

MeO OMe

_ The title compound from Preparative Example 40A Step A
5 (compound 52.1i) (5"g, 12.8 mmol) was dissolved in 2.7 ml of 2,4-
dimethoxybenzaldehyde by heating to 120°C. Formic acid (1.3mL)
was dripped into the reaction mixture while the .freaction mixture
stirred at 120 °C for, .45 min. Thf::._.resulﬁng S.olid x_ilix_ture was
- dissolved in d.ichloijmethane.and dried over még__nesium sﬁlfate,-
10 filtered and evaporated to dryness to obtain a solid which was
chromatographed on silica gel to obtain 5.17 g of title product.
FABMS (M+1)= 463.4 |

1) Hg(OAc), /85°C

2) KCN/ 0°C >r.t.
57%

_ ~oMe MeO OMe
The title compound from Step A (1 gm, 1.8 mmol) was
dissolved in 45 ml of 5% acetic acid/water and stirred at 85°C.
Mercuric acetate { 2.3 gm) was added and the reaction mixture
stirred for 5 hours. After cooling in an ice bath, potassium cyanide

20 (1.25 gm) was added and the reaction mixture stirred vigorously for
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18 hours. 1N Séditum hydroxide (excess) was added and the
product extracted with ethyl acetate three times. After
chromatography on silica gel using ethylacetate as the eluent 0.747
gm of title product was obtained.

Step C

47%

_ major
The title product from Step B (0.2 gm) was dissolved in 6 ml
of trifluoroacetic acid and 0.5 ml of anisole and stirred for 1 hour at
10 60°C to obtain the title carboxamide product (72 mg) after silica gel
chromatography using 2% ‘methanol/dichloro-methane as the
eluent. FABMS { M+1)= 432.

Step D

15
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The major product (carboxamide) from Step C (0.19 gm) was
dissolved in 10 ml of 6N hydrochloric acid and refluxed for 24

~ hours. The 6 N HCI was removed under vacuum and the residue

dissolved in water (5 ml). Di-tert-butyldicarbonate (0.13 gm) was
added and the pH of the reaction mixture brought to 9.0 with 1 N
sodium hydroxide. After stirring 2 hours at arx;ibient temperature,
the reaction mixture was added to citric acid and extracted with
dichloromethane to obtain the crude iaroduct which was
chromatographed on silica gel to obtain 93 mg of title product
FABMS ( M+1)= 533.

The title cbmpdund"ﬁ'om' Step D (70? mg, 0.13 mmol)
was dissolved in 2 mil of DMF and DEC (37 mg, 0.19 mmol.), HOBT
~ (26 mg, 0.19 mmol), and N-methy}-morpholine {42 uL, 0.4 mmol)
-were added and the reaction mixture stirred at ambient -

temperature for 7 hours. After addition to water and extraction
with dichloromethane, the crude product was chromatographed on
a silica gel column to obtain 86 mg of title product. FABMS -

(M+1) = 640. '
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‘PREPARATIVE EXAMPLE 169
11-Chloro-6,1 1-dihydro-5H—benzb[5,6]cyclohepta[ 1 2—B]pyndme

O

The ketone (starting materiaol;.I 5,6-dihydro-11H-
benzo[5,6]cycloheptafl,2-c]pyridine-11-one, may be prepared by
following the methods described in U.S. 3;419,565.

Sodium borohydride (2g, 53.3mmol) was added to a solution
of the ketone (3g;14.35mmol) in methanol (50ml) at 0°C, then
stirred for 2 hours at roomt temperature. The reaction was quenched
by addition of ice (10g) and 2N HCI (10ml, basified with 2N NaOH
(13ml)and extracted with MeCL, (2x50ml). The organic layer was

N

separated, dried over MgSO,, filtered and solvent evaporated y1e1d1ng S

the alcohol (3g, 100%).
1H NMR (DMSO, 8) 3.0-3.4(m,4H) 6.101(brs, 2H} 7.0-
7.3(m,4H) 7.5(m,2H) 8.314(d.1H). .
Thionyl chloride (3ml, 41.12mm01) was added to a solution of
the alcohol (2.5g, 11.84 mmol) in MeCL(50ml) at room B

temperature,then stirred for 1 hour. The solvent was evaporated,

water 50 (ml) and 5% NaOH (10ml) were added. The mixture was
extracted with MeCl, (100ml), organic layer was dried over MgSO,,

- filtered, and solvent evaporated yielding a tan solid, which was

triturated with ether, and filtrate concentrated yielding a white
solid. (1.5g).

1H NMR (CDCl,, §) 2.9-3.0 (m, 2H), 3.6 (m, 1H), 3.9 (m, lH),
6.3 (s, 1H), 7.2 (m,3H). 7.3 (4, 1H), 7.4 (d, 1H), 7.5(d, 1H), 8.42 (4,
1H).

The filtered solid was dried yielding (0.9g) of additional
material. Total yield (2.4g, 87%)
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CHa

* Acetonitrile (5ml) was added to a mixture of the 10-Chloro
5 tricycle (0.5¢, 1'gomon (Preparative Example 9.1) and the
substituted piperazine (0.78g, 1.90mmol). Triethylamine (1ml,
7. 18rnmol) was added,and the rmxture stlrred overmght at room
temperature Water [50m1) and 5% NaOH were added and the -
mixture was extracted with MeCl, (2x100m1) The organic layer was
10 separated,dried over MgSO and solvent was evaporated yielding
desired product (0.7g, 57%) as a mixture of 2 diastereomers, which
were separated by column chromatography on silica gel, eluting
with 5% v/vMeOH/ Me:Cl2 contaumng 2% NH,OH. Isomer A (the less

' polar jsomer) eluted first.
15 .
TABLE 5F
Isomer | Mass el
- | (Fabs, MH) _

A, B 569.1 |~

A . 569.2786 .-55.9_°_ ° = 0.1085
B 569.2816 -27.4°= 0.1085
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PREPARATIVE EXAMPLE 171

-

A mixture of 2-chloroacetophenone (25g, 0.16 moles) and 4-
methyl imidazole (66.1g, 0.8 moles) was heated at 100 °C for 2h.
Cooled and the crude product chromatographed on a silica gel
column eluting with CH ,CL/ 3% CH30H saturated with aqueous
ammonium hydroxide to give mixture of 4- and 5- methyl 1H-
imidazolyl acetophenone (23g, 73% ), MS, MH * = 201).

STEP B B
CHg

/‘/*\

Trityl chloride (7. 28g, 0.26 moles) was added to the product
from Step A in CH,CL, (200 mL) and stirred overnight at room
temperature. The mixture was chromatographed on a silica gel
column eluting with ethyi acetate / acetone (3:1) to give 4-methyl-
1H-imidazolyl acetophenone (15.5 g), FabMS: MH'= 201.

STEP C

- ﬁ NaH/ DMSO "
‘/'\/\/ +  (HCly—8=~—I| —— @k/\/n

To a mixture of NaH (0.998 g, 24.97 mmoles, and trimethyl
sulfoxonium iodide (5.49¢g, 24.97 mmoles) in DMSO (50 mL) the
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product (5g) from Step B was added and stirred for 1.5h. Extracted
the product with ethyl acetate and washed with brine, dried and
solvent evaporated to give 1 ~(2-phenyl-2,3-epoxypropyl)-1H-4-
methyl imidazole ( 3.44 g, 64 %) , FABMS : MH' = 215) |

STEP D

N

CHa CH,
/_§( NaN3/ DMF /§(
N\% — ’

- The produét from Step C (3.45g, 16.11 mmoles) and sodium
azide (2.093g, 32.21 mmoles) were heated in DMF (100 mL) at 600
C for 12h. Evaporated to dryness and extracted with CH,CL,, washed
with brine and dried (MgSOJ Evaporated to give the title
compound (3.83¢, 93%). FABMS: MH' =258 -

The title compound from Step D in ethanol ( 80 mL) was

'hydrogenated over 10% Pd on carbon (1.2 g) at 50 psi overnight.
‘The catalyst was filtered off and evaporated to give the title -

compound (2.83g, as yellow viscous oil).

PREPARATIVE EXAMPLES 172-188
Following the procedure set forth in Preparative Exaniple 74
but using the aldehyde and imidazoalkyl amine (lmidazole) in Table
5G, the amines (Product) in Table 5G were obtained.
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_ TABLE 5G
Prep| Aldehyde Imidazole Product
Ex.
OoH O
172 H

173

! e

H” \/\/N\'//N

_%Yleld 22
MH'=247 -

| C’"
174 | H~¥OH
3

H
OH

. V | ; : e
H N H
o H” v\/de M/N«N
' -1 %Yield = 27
MH'=214
1
0
a7 | D H y o
e Fgﬁe ,=(Me
Ch \/\/‘N\/N H/N\/\/NVN
%Yield = 59
MH'= 299
(o]
0
5 H e
176 /x ol Me
H \/\/N\/N N N
Ci AV
|1 %Yield = 76

MH' = 264
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' G
177 /O)\” ¥ " e
¢ H/N\/\/ H’N\/\/N\/N
%Yield = 77
"MH = 264

O

| %Yield = 79
MH" = 264

HO
" OH r_(ll S
H’N\/\/N\/_N :

| %Yield = 45
I MH* =291

178

179

%Yield = 71
MH® = 244

181 H H/\/\/ ,N\/\/
%Yield = 25
MH" = 258 |
- 0

182 | H H”"\/\/N/;N(M 'H a e
N . N\/N

%Yield = 89
MH"= 247

| 180

O—Z\ /




PCT/US99/27939

WO 00/37459
-173 -
o | m o
183 | V/‘LH ’t}Me -H"\/\ t}m
%Yield = 13~
- MH'= 180
. _ ' N}.
# .
184 I{jj\ﬂ H/\/\/“;,_fm H\/\/Nr:gM
"
%Yield = 27
| MH =232
HO
" [ ) \
185 \/\@/m ,,/"\/__\O/e"%
- %Yield = 50
MH'= 195
HO , " .
186 .N\/m l H
.  hg . . /N N7
\/}l
.
%Yield = 12 -
MH = 180
187 M e
| Oiﬂ H’K/\/?%{w _ Mwe
Me . H™ N\rN
Me '
%Yield = 84
MH'= 258
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1 188

\
N

%Yield = 88
MH*= 266

20|

PREPARATIVE EXAMPLES 190-197
- Using the procedure described for Preparative Example 109,

5 but using the title compounds from the Examples listed in the Table

5H, the Product armnes were prepared.

TABLESH
Pep. | BOC | Product 1.Yield
" Ex. | compound | B | A
from Ex. | - 2.MH"
No. ' _
190 343 \ 1. 661
- E ] _ we | 2- 87
R A W
. Me
Isomer A
a cl
191 344 N 1. 661
( ] Me | 2. 80
N~ =
| gf N\/\/N ZN
H T
Me
Isomer B
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192 345 1.72.
2. 661
Isomer A
N .@ cl
193 346 1.71
| | [ j Me | 2. 661
\/\/N N
' Isomer B | ;
194 347 l l_Q 1.93.
o 2. 661
o \9_
lsomer A
{m
195 348 'p 1.92
| | Lz. 661
'lsomerB
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196 349 o | 1.85
| E"j ' - 2.647

N %N \

| oﬁ’ NN ~N_ N

H b
_ : Me
Isomer A

| Bﬁ@(&

197 350 [N] . 1.87
' : - |2.647
I Of \/\/N\rn
. . Me
_ _I§ome__r B

PREPARATIVE EXAMPLE 199

Step A
| Cl ' o .
I cl . —— (d |
N FKAE | .' o G e
AN N ~
5 H \/\/N\fN

The title compound from Preparative Example 175 (0.9 g},
benzyl alcohol (0.68 ml), solid potassium hydroxide (0.66 g), 18-
crown-6-ether (80 mg) and anhydrous toluene (20 mlL) were stirred
at reflux. Purification by.pre'parative plate chromatography (silica,
10 4% MeOH-CH,CL, NH,OH saturated) afforded the benzyl ether (0.73
g, 68%, MH' = 371).
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Step B

OH

N | | | @)
) — _
¢ =('“'° /==(Me
H N
H” NVN N\/

The title compound from Step A above (0.72 g}, methanol (60
mL) and 10%palladium on carbon (300 mg) were stirred under 50 -~ -
psi hydrogen atmosphere for 3 days. Filtration through celite
afforded a solution which was treated with TEA (3 equiv) and '
CH,C],. Filtration and ISuriﬁcaﬁon by preparative plate
chromatography (silica, 5% MeOH-CH,CL, NH,OH saturated)
afforded the title comipound (0.20 g, 42%, MH' = 247).
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PREPARATIVE EXAMPLE 200
aratlon of the tricyclic N-oxide moi

/7 \ Gl MCPBA/CHCh m
o

2
| lNOBHs/MeOH
Cl SOC£ / Toluene J.@
cp cl P on
. 4 . ) . ; 3
HOT FA:
[ j on /NEts/CHaCh
SV s s
Y _. 5 ' | S : .
/ \ c o m,cu
| ) <X

Chromatography (p N
EJ,, (Ao
O‘o o 'r - O\oio ‘lg |
éa

Cm/c'
a [,'Ll

éb
- A solution of 3-peroxybenzoic acid (25 g, 102.59 mmol,

5 2.5 eq.) in anhydrous dichloromethane (250 mL) was added
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dropwise over a period of one hour to a stirred solution of 8-chloro-
4-aza-10,11-dihydro-5H-dibenzo[a,dlcyclohepten-5-one 1 (10 g,
41.04 mmpol, 1.0 eq.) in anhydrous dichloromethane (100 mL) at O
°C under a mtrogen.atmosphere. The solution was slowly (3h)
warmed to room temperature and stirred for another 12h. The
solution was extracted with 1 M aqueous sodium hydroxide solution -
(6 x 100 mL), washed with brine (2 x 100 mL), dried over Na,SO,,
filtered, and concentrated under house vacuum at 30 °C to give 2 as
a canary-yellow solid. The title compound 2 was used directly
without further attempts at purification.

Yield: 10 g = 38.51 mmol = 94%

M + H}*: 260

HRMS (FAB+):

Calculated for C14H11CINO2 (IM + H}*): 260.0475
* Observed: 260.0478 |

Sodium borohydride (2.21 g, 57.76 mmol, 1.5 eq.) was
added portionwise over a period of 15 minutes to a solution of 2 (10
g. 38.51 mmol, 1.0 eq.) in anhydrous methanol (500 mL) at 0 °C -
under a nitrogen atmosphere. The resulting suspension was stirred
at 0 °C for one hour and at room temperature for another hour.

The volatiles were removed under house vacuum at 30 °C and the
residue was taken up in 1 M aqueous NaOH solution (250 mL): The
aqueous solution was extracted with dichloromethane (5'x 100 mL).
The combined or§anic extracts were washed with brine (100 mlL),
dried over Na,SO,, ﬁltered, and concentrated under house vacuum
at 30 °C to give 3 as a lime-green solid. Compound 3 was used
directly without any attempts at purification.
- Yield: 9 g = 34.39 mmol = 89%
M + HJ": 262
HRMS (FAB+):
Calculated for C, H,,CINO, (M + HJ'): 262.0635
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. “Observed: 262.0636

[8B>4] Thionyl chloride (5 mL, 68.78 mmol, 2.0 eq.) was added
dropwise over a period of 10 minutes to a stirred suspension of 3 (9
g, 34.39 mmol, 1.0 eq.) and a.nhydrous toluene (150 mL) at O °C

under a nitrogen atmosphere. The cream-colored suspension was
slowly (3h) warmed to room temperature and stirred for another

| '12h. The volatiles were removed under house vacuum at 30 °C.
‘The residue was taken up in dichlorOinethane (25_0”m'L') and washed
'jwith jce-cold, saturated aqueous NaHCO, solution (5 x 100 mL)
iuntil the aqueous washings were moderately basic at pH 9. The
organic layer was washed with brine (100 mL), dried over Na,SO,,

| :ﬁltered, and concentrated under house vacuum at 30 °C to give 4 as

.. ‘a cream-colored solid in essentially qﬁantitative yield. Due to its

;high reactivity, compound 4 was us'éc.i'.'aireétly without any attempts

at purification or characterization (other than 'H NMR) |

Yield: 9.55 g = 34.09 mmol 99%

@ Triethylamine (18 mL, 126.65 mmol, 5.0 eq.) was added
dropwise to a stirred solution of 5 (previously described in the art;
9.38 g, 25.33 mmol, 1.0 eq.) in anhydrous dichloromethane (50 mL)
at room temperature under a nitrogen atmosphere. The solution
was stirred at room temperature for 30 minutes and was cooled to 0
°C. A solution of 4 (8.52 g, 30.39 mmol, 1.2 eq.) in anhydrous
dichloromethane {50 mL) was added dropwise over a period of 25
minutes. The mixture was slowly (3h) warmed to room température
and stirred for another 12h. The volatiles were removed under
house vacuum at 30 °C. The residue was taken up in 50% m/v
aqueous citric acid solution (100 ml) and extracted with ethyl
acetate (5 x 100 mL). The organic extracts were combined and dried
over Na,SO,, filtered, and concentrated under house vacuum at 30
°C. The residual cream-colored solid was flash-chromatographed
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(CH,CL:MeOH = 19:1 v/v) to give the diastereomerically pure
isomers 6a and 6b at C-11 of the tricycle.

For Ba:
Yield: 5.75 g = 11.50 mmol = 45%
5 Off-white foam; M.p.: 78-83°C .
- [M + H]": 500
HRMS (FAB+):

Calculated for C,H,,CIN,O, (IM + HJ'): 500.1953
Observed: 500.1952
10 :For 8b:
Yield: 3.00 g = 6.00 mmol = 24%
‘Off-white solid; M.p.: 94-99 °C
(M + HJ": 500 |
HRMS (FAB+):
15  Calculated for C,H, CIN,0, (M + HJ'): 500.1953
Observed: 500.1952

PREPARATIVE EXAMPLE 201

StepA

Following the procedure outlined in US 5,151,423, except
substituting the 8-chloro tricycle with the 8-H analog described in
US 3,419,565, the 8-hydrido tricyclic chloride is obtained.

20

25 StepB

CLOI o QQD "‘.‘"” Grvcom
| QL=



' 'WO 00/37459 PCT/US99/27939

-'182 -
Following the procedure described for Preparative
Example 127 Step C, except using the 8-hydrido tricyclic chloride
from Preparative Example 201 Step A instead of the 8-chloro
tricyclic chloride, the title compounds were isolated.
5 The isomers were separated by column chromatography (silica)

using 3% MeOH/CH,CL,.

Isomer A: C(11)-{S): 38%, MH'=450.

Isomer B: C(11)-(R): 31%, MH"'=450.

10 _ o * PREPARATIVE EXAMPLE 202

StepA - _
Following the procedure set forth in Preparative Example 127

Sté,p C, but substituting the tricyclic chloride

Ho
c
15 for the 8-Cl tricyclic chloride, one obtains the following acid:

D

P
QLT

Solid, 51% yield, mp=120.5-125.1°C.

PREPARATIVE EXAMPLE 202A

20 - - o
By essentially the same procedure set forth in Njoroge et. al.

(J. Med. Chem. (1997),40, 4290) for the preparation of 3-
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aminoloratadine only substituting the 3-H ketone (J. Het. Chem
(1971) 8, 73) for loratadine; the title compound was prepared.

PREPARATIVE EXAMPLE 203

The title compound from Preparative Example 202A (1.62g,
6.26 mmol) was added portionwise to NO'BF4~ (0.81g, 1.1 eq.} in
toluene (10 mL) at 0 °C. The resulting slurry was stirred at 0 °C for
2.5 hours before warming to room temperature. The reaction
mixture was heated at reflux for 2 hours, cooled, neutralized with
1N NaOH and extracted with EtOAG (3 X 50 mL). The combined

organics were washed with 1N HCI (2 X 25 ml), saturated NaHCoé. : S e
(1 X 25 mL), and water (1 X 15 mL), dried over Na,SO,, filtered, and - R

concentrated under reduced pressure. The crude product was
purified by flash chromatography using a 70 : 30 hexanes : EtOAc .
mix as eluent to yield a yellow solid (0.68¢g, 42% yield). LCMS:
MH'=262.

PREPARATIVE EXAMPLE 204
Vi cl
8
N
cl

By essentially the same procedure set forth in Preparative
Example 201 Step A, the title compound was prepared from the
ketone of Preparative Example 203 and used without further
purification (0.66g, 100% crude yield).
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- PREPARATIVE EXAMPLE 205

‘NHHCO, (2.44¢, 10eq.) was added to a sdlution_ of the title
compound from Preparative Example 202A [2.00g, 7.74 mmol) and
5% Pd/C (0.50g) in EtOH (100 mL) and the resulting solution was
heated to reflux 2 hours. The reaction mixture was cooled, filtered

- through a plug of Celite and concentrated under reduced pressure.

The residue was diluted with H,O (100 mL) and extracted with
CH,CL (3 x 75 mL). The combined organics were dried over Na,SO,,
filtered, and concentrated in vacuo to give a yellé‘w solid (1.22g, 70%
yield) which was used without further purification: FABMS: MH'=
225. oo K

PREPARATIVE EXAMPLE 206

The title compound from Preparative Example 205 (1.22g,
5.44mmol) was added portibnwise to CuCl, (0.88g, 1.2eq) and
tBuONO (0.98mL., 1.5eq) in CH,CN (25mL) at O °C. The resulting
solution was warmed to RT and stirred for 72 hours. The reaction
mixture was quenched by the addition of 1M HCi (10mL),
neutralized with 15% NH,OH and extracted with EtOAc (3 x
100mL). The combined organics were washed with 15% NH,OH (1 x
50mL), 1M HCI (1 x 50mL) and saturated NaHCO,, dried over
Na,SO,, filtered and concentrated. The crude product was purified
by flash chromatography using a 50:50 EtOAc:hexanes mixture as
eluent to give a pale yellow solid (0.81g, 61% yield): CIMS: MH'=244.

PCT/US99/27939 ..
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'PREPARATIVE EXAMPLE 207

By essentially the same procedure set forth in Preparative
Example 201 Step A, the title compouhd was prepared from the
5 ketone of Preparative Example 206 and used without further
purification.

PREPARATIVE EXAMPLE 208

10 By essentially the same procedure set forth in Preparative .
Example 206, only substituting CuBr, for CuCl, the title compound -
was prepared (1.33g, 60% yield):FABMS: MH'= 244. '

PREPARATIVE EXAMPLE 209

ot ‘O

15 :
By essentially the same procedure set forth in Preparatlve

Example 201 Step A, the title compound was prepared from the

ketone of Preparative Example 208 and used without further

purification.
20

PREPARATIVE EXAMPLE 210
<4
=N

o
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By essentially the same procedure set forth in Preparative
Example 203 only substituting the title compound from Preparative
Example 205, the title compound can be prepared.

5 PREPARATIVE EXAMPLE 211
7
<
N
Ci

By essentia]ly the same procedure set forth in Preparative
Example 201 Step A, except starting with the ketone of Preparative
Example 210. the tiﬂe compound can be prepared.

10 : | |
PREPARATIVE EXAMPLE 212

By essentially the same prOcedure' set forth in Preparative
15 Example 127 Step C, only substituting the 3-Cl, 8-H tricyclic
chloride prepared in Preparative Example 207 for the 3-H, 8-Cl
tricyclic chloride the title compound (C-11(S)- and (R)-isomers) was
prepared. FABMS: MH'= 484. | '
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‘EXAMPLE 1
BOC
QE j”'r VY“V

H

A solution of the title compound from Preparative Example 5
(0.44g, 0.897 mmol) was stirred at room temperafu_re in CH,CL, (10 -
5 ml) and TFA (4 mL) until starting material was consumed (TLC).
The reaction mixture was concentrated under reduced pressure to
remove any excess TFA and the compound: was redissolved in
CH,C], (5 mL), treated with chloride (42.0)

(42 0)

10 (0.37g, 1.2 eq.) and TEA (2.5 mL, 10 eq.} and stirred at room
temperature for 84 hours. The reaction mixture was diluted with
saturated NaHCO, (25 mL), water (25 mL), and CH,Cl, (25 mL) and
separated. The aqueous layer was extracted with CH,Cl, and the
combined organics dried over Na,SO, and concentrated under

15 reduced pressure. The crude product was purified by flash
chromatography using a 5% (10% NH,OH in MeOH) solution in



WO 00/37459 PCT/US99/27939

- 188 -

CH,CL, as eluent to yield a tan solid (0.45g, 71% yield). mp 142-
144°C; FABMS: MH'= 696. -

EXAMPIE 2 -

—
N

2

J. .N ' y N (11S,2R(+)-Isomer)

( 1 1R.2R(+)-Isomer)

The title compound from _Example 1 was separated into the
11(S)(+)- and 1 1(R) (+)- diastereomers by preparative HPLC using a
CHIRALPAK AD column using a 12% i-PrOH in hexanes solution
10 with 0.2% diethylamine as eluent:
11S,2R(+)-Isomer: retention time= 29.21 minutes; [0]**°,=
+19.1 (3.35 mg in 2.0 mL CHCL); mp= 147-149°C; LCMS: MH'=
696. . : — ' '
11R,2R(+)-Isomer: retention time= 39.8 minutes; [o0J**' =
15 +73.0 (3.07 mg in 2.0 mL CHCL; mp= 128-131°C; LCMS: MH'= 696.
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By essentially the same procedure as that set forth in
Example 1, except using the title compound from Preparative
5 Example 6, the title compound was prepared (0.085g, 45% yield).
mp 103-106°C; LCMS: MH'= 705.

10 By essentially the same procedure as that set forth in
Example 3, except using the title compound from Preparative
Example 6.1, the title compound was prepared. nip =111-115°C; -
MH" = 703 '
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By essentially the same procedure as that set forth in
Example 1, except using the title compound from Preparative
5 Example 7, the title compound was prepared. mp 138-140°C;
LCMS: MH'= 778. : -

10 A solution of the title compound from Preparative Example 8
(0.10 g, 0.17 mmol) (1 iS,2R[—)—isomer) in DMF (1.0 mL) was treated
with 4-pyridylacetic acid N-oxide (0.039 g, 1.5 eq.), NMM (0.03 mL,
1.5 eq), DEC (0.049 g, 1.5 eq.), and HOBT {0.034 g, 1.5 eq.) and the
resulting solution stirred at room temperature overnight. The
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reaction mixture was quenched by the addition of saturated
NaHCO, (10 mL) and extracted with CH,CL (4 X 50 mL). The
combined organics were dried over MgSO0,, filtered, and
concentrated. in vacuo. The crude residue was purified by
5 Preparative TLC using a 15% (10% NH,OH in MeOH) solution in

CH,CL, as eluent to yield the 11S,2R isomer(0.044g, 39% yield). mp=
115-117°C; LCMS: MH'= 706.

By essentially the same procedure, except using the racemate
or 11R,2R isomer from Preparative Example 8, one can obtain the

10  corresponding racemate or 11R,2R isomer product.

EXAMPLES 7-9: _
By essentially the same procedure as that set forth in
Example 6, the compounds of the formula

H
“ry, ~N . N\?
Em 1]/ \/Y

wherein R" is as defined in Table 6 below, were obtained.

15

TABLE 6
EX. R"= MP (°C) Mass Spec
A | uss0 LCMS:
o~ . - MH'=706
11R,2R isomer

20
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N/U\NHZ 123-127 B LCMS:
_ MH'=739
O .
11S,2R isomer '
9 _ ]
_ N/_u\NHz _ .150.—153 LCMS:
' ' MH'=739
o - L o
11R,2R isomer

{1 iS.2R Isomer)

A solution of the title compound from Preparative Example 8
(11S,2R-isomer) (0.080 g, 0.14 mmol) in CH,Cl, (2.0 mL) was treated
with t-BuNCO (0.080 mL, 5.0 eq). The resulting solution was
stirred at room temperature overnight and concentrated under
reduced pressure. “The crude product was pun'ﬁed by preparative
TLC using a 10% (10% NH,OH in MeOH) solution in CH,CL as
eluent to give the title compound (0.045g, 48% yield). mp=139-
142°C; LCMS: MH’= 670.
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N \? N (1 llR,2R Isomer)

_ The title compound was prepared by essentially the same
procedure as that set forth in Example 10, but subétituting_ the
5 . 11R,2R-isomer from Preparative Example 8. mp= 157-159°C;
LCMS: MH'= 670. '

EXAMPLES 12-14
By essentially the same procedure as that set forth in
10 Example 10, except the title compounds from Preparative Example
9 are used, the compounds of the formula

wherein R" is as defined in Table 7 below, were obtained.
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. TABIE 7
EX. R= MP (C) Mass Spec
12 OAN _ 136-139 LCMS:
| - H MH'= 668
11S,2R isomer
e J<
13 o%-.\N _ 106-110 LCMS:
H : MH'= 668
11R,2R isomer _ '
14 O&\N 133-139 LCMS:
o | MH'= 654
11R/S,2R isomers |

To a solution of the title compound (11-racemate) from
Preparative Example 8 (0.072g, 0.12 mmol) and TEA (0.010 mL, 1.1
eq.) in CH,C], (4 mL) was added MeSO,Cl (0.01 mL, 1.1 eq.) and the
resulting solution was stirred at room temperature overnight. The
reaction mixture was quenched by the addition of saturated
NaHCO, (5 mL), separated and extracted with CH,CL, (2 X 50 mL).
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The combined organics were dried over Na,SO, and concentrated in
vacuo. The crude residue was purified by preparative TLC using a
10% (10% NH,OH in MeOH) solution in CH,CL as eluent (44 mg,
63% yield). mp=107-110°C; LCMS: MH'= 649.

5 By essentially the same procedure, the 11R,2R or 115,2R .
jsomers can be obtained by using the 11R,2R or 11S,2R isomer,
respectively, title compounds from Preparative Example 8.

EXAMPLES 16-18
10 By essentially the same procedure as that set forth in
Example 15, compounds of the formula:

wherein R" is as defined in Table 8, were obtained.

15 TABLE 8
EX. R= MP (°C) “Mass Spec
|
16 OJ\OJ\ | 109-111 LCMS:

11S,2R isomer . MH"=657
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_ . 0%\0 . 107-108 . LCMS:
. 11R.2R isomer _ _ _ | MH'=657
OAN/ _ - 139-142 LCMS:
I : - MH'=642
11R/S,2R isomers

e N : |
()=
: N "y rN \/YN \/
R
' o . Me .
g N o '
5 By essentié.lly the same procedure as that set forth in
Example 1, except using the title compound from Preparative

Example 7.3, the title compound was obtained. mp= 133-138°C;
LCMS: MH'= 682.

10




‘WO 00737459 - s PCT/US99/27939
-197 -

The title compound from Preparative Example 4 (0.211 g, 1.4
eq.) found in Table 1 was added to a solution of acid from '
Preparative Example 51 (0.487 g, 0.90 mmol), DEC (0.201 g, 1.2
eq.}, HOBT (0.73 g, 6.0 eq.), and NMM (0.60 mL, 6.0 eq.) in DMF

5 (6.0mL). The resulting solution was stirred at room temperature 3 -
days. The crude product was precipitated from the reaction mixture
by the addition of water and filtered. The residue was purified by
flash chromatography using a gradient of 0.5% to 3% by 0.5%
increments (10% NH,OH in MeOH) solution in CH,Cl, as eluent to

10 give the title compound (0.411 g, 67% yield). mp=178-179°C; MH’= -
685.

15 The title compound was prepared by eséentia]ly the same
procedure as that set forth in Example 110, but substituting the
title compound from Preparative Example 11 Step C. mp= 150-
154°C; MH'= 682. |
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The title compound was prepared by essentially the same
procedure as that set forth in Example 110, but substituting for the
title compound from Preparative Example 102 Step C the amine
prepared by the method described in Preparative Example 11 Steps
A-C only substituting dichloroethane for methyl iodide in
Preparative Example 11 Step A. mp= 156-158°C; MH'= 680.

EXAMPLE 24
Step A

The title compound from Preparative Exampie 12 (0.23 g,
0.49 minol) in CI-Iz(;JI2 (5.0 mL) and TFA (3.0 mL) was stirred at room
temperature 2 hours and concentrated in vacuo. The residue was
dissolved in CH,CL, (5.0 mL) and treated with TEA (0.45 mL, 20 eq.)
and chloride
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(0.056 g, 0.33 eq.) and stirred atj'oom temperature 48 hours. The
reaction mixture was diluted with saturated NaHCO, (5.0 mL), water
(15 mL), and extracted with CH,CL (2 X 50 mL). The combined
organics were dried over Na,SO, and concentrated under reduced

pressure. The crude product was purified by flash chromatography
using a 15% (10% NH,OH in MeOH) solution in CH,C], as eluent
(0.063g, 67% yield). mp= 157°C(dec.); FABMS: MH'= 572.

Br—/" \ Cl.

Qo,,,( ey

The title compound from Step A (0.058 g, 0.101 mmol) in CH,CL, (3
ml) was treated with excess cyciohexyl isocyanate and stirred at
room temperature for one hour. The reaction mixture was
concentrated in vacuo and purified by flash chromatography using
an 8% MeOH in CH,C], solution as eluent to give the title compound
(0.062g, 75% yield). mp= 164-167°C;FABMS: MH'= 822.
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EXAMPLE 25

- The title compound from Example 24 (0.045 g, 0.0547 mmol)
~ was stirred in concentrated NH,OH (3.0 ml) and MeOH (3.0 mL)
5 overnight. The resulting solution was concentrated in vacuo and
the residue puﬂﬁed by flash chromatography using a 15% MeOH in
CH,C], solution as eluent to give the title compound (0.022 g, 58%
yield). mp= 164-169°C; FABMS MH’= 697

10
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Dissolve 2.99 g (15.09 mmol) of the 3-methylhistamine
‘hydrochloride in 100 mL of methylene chloride followed by 3.21 g
5 (31.70 mmole) of tricthylamine. Stir under nitrogen for 30 min then

add, in small portions, 4.83 g (18.87 mmol) of anhydride from
Preparative Exaﬁnple 44 and stir under nitrogen for 30 min. Add
4.14 g (16.60 mmol) of benzyl chloroformate and stir over night. =
Dilute with 100 mL of methylene chloride and wash with agueous

10 NaHCO, solution. Dry the organic layer over MgSO, and -
concentrate in vacuo. Flash chromatograph on 650 g of silica gel
using 97% CH,CL, (NH,OH) - 3% methanol to give the product as a
white solid, mp = 51.8-63.2°C. '

15 StepB

Lra
o

Dissolve 4.9 g of the product from Step A in 30 mL of
methylene chloride and add 13 mL of trifluoroacetic acid. Stir
overnight under nitrogen then concentrate in vacuo. The residue

20 was triturated with ether then dried in vacuo giving the product as
a clear oil.
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Step C

“Dissolve 10.01 g(11.04 mmol) of the };roduct of Step B in 50
mL of DMF containing 5.6 g (55.19 mmol) of triethylamine. Add
dropwise a solution of the chloride | |

in 70 mL of DMF and stir under nitrogen overnight. Concentrate
under vacuo and dissolve the residue in 50 mL of methylene
chloride. Wash with aqueous NaHCO, solution, dry the organic
layer over MgSO, and concentrate in vacuo. Flash chromatograph
the residue on 640 g of silica gel using 97% CH,CL, (NH,OH) - 3%
methanol to give the product as a tan solid, mp = 111.8-114.5°C,
MH' = 677 (FAB).
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Step A

Dissolve 4.61 g (6.8 mmol) of the product of Example 26, Step
5 C, in 6 mL of acetic acid 9 mL of a 5.7 M (33%) solution of HBr in
acetic. After 3 hr the reaction was complete by silica gel tic (95%
CH,C], (NH,OH) - 5% methanol). Add 25 mL of diethyl ether and
filter the resulting precipitate under nitrogen giving 5.8 g of a tan_
solid. Chromatograph on a Chiralpack AD, 5 cm x 50 em column
10 (Chiral Technologies) using 25% 2-propanol/-hexane + 0.2%
diethylamine, and a flow rate of 80 mL/min to give the two
diastereomers. | _
Diastereomer A: Mp = 122.2-130.2°C, MH" = 543 (FAB).
Diastereomer B: Mp = 122.1-130.2°C, MH" = 543 (FAB).
15 o
Step B

Dissolve 0.07 g (0.129 mmol) of Diastereomer A of Step A in 2
mL of methylene chloride followed by 0.021 g (0.155 mmol) of 4-
20 fluorophenylisocyanate and stir over night under nitrogen. Dilute
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with 20 mL of methylene chloride and wash with aqueous NaHCO,
solution, dry the organic layer over MgSO, and concentrate under
vacuo. Chromatograph the residue by preparative silica gel TLC
using 95% CH,CL (NH,OH) - 5% methanol to give 0.0179 g of the
product as a white solid. Diastereomer A: Mp = 143.1-145.2°C, MH'
= 680 (FAB).

Ina simﬂar manner react 0.07 g (0. 129 mmol) of
Diastereomer B from Step A with 4—ﬂuorophenylisocyanate to obtain
0.018 g of the Diastereomer B product asa white solid.
D1astereomer B Mp = 140.1-149.4°C, MI-F 680 (FAB)

Following the procedure of Example 27, react 0.07 g (0.129
mmol) of Diastereomer A from Example 27, Step A, with tert-
butylisocyanate to obtain 0.065 g of the Diastereomer A product as
a white solid. Mp = 125.1-133.5°C, MH" = 642 (FAB).

Following the above procedure, but using Diastereomer B
from Example 27, Step A, obtain 0.052 g of the Diastereomer B
product as a white solid. Mp = 128.1-135.2°C, MH" = 642 (FAB).
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. EXAMPLE 29

Following the procedure of Example 27, react 0.10 g (0.184
mmol) of Diastereomer A from Example 27, Step A, with iso-
propylisocyanate to obtain 0.041 g of the Diastereomer A product as
a white solid. Mp = 128.1-133.3°C, MH" = 628 (FAB).

Following the above procedure, but using Diastercomer B
from Example 27, Step .A, obtain 0.040 g of the Diastereomer B
product as a white solid. Mp = 128.1-133.4°C, MH' = 628 (FAB).

EXAMPLE 30

Dissolve 0.116 g (0.202 mmol) of Diastereomer A of Example
27, Step A, in 2 mL of methylene chloride followed by 0.02 g (0.202
mmol) of triethyl amine and 0.24 mL (0.24 mmol) of a 1.0M solution
of isopropyl chloroformate in toluene and stir overnight under
nitrogen. Dilute with 20 mL of methylene chloride and wash with
aqueous NaHCO, solution, dry the organic layer over MgSO, and

concentrate under vacuo. Chromatograph the residue by
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preparative silica gel TLC using 95% CH,CL, (NH,OH) - 5% methanol
to give 0.044 g of the Diastereomer A product as é white solid.
Following the above procedure, but using Diastereomer B
from Example 27, Step A, obtain 0.038 g of the Diastereomer B
5 product as a white solid. _
Diastereomer A: Mp = 120.5-125.5°C, MH" = 629 (FAB).
Diastereomer B: Mp = 120.3-126.1°C, MH" = 629 (FAB).

10

Following the :procedure of Example 30, react 0.07 g (0.128
mmol) of Diastereomer A from Example 27, Step A, with 0.021 g
0.142 mmo'I)' of 4-m6mhohnecarbonyl chloride and 0.035 g (0.256
15 mmol) triethylamine to obtain 0.024 g of the Diastereomer A
product as a white solid. _ |
Following the above proc‘édure, but using Diastereomer B
from Example 27, Step A, obtain 0.019 g of the Diastereomer B
product as a white solid. _ | :
20 ~ Diastereomer A: Mp = 137.9; 138.9°C, MH“ = 656 (FAB).
" Diastereomer B: Mp = 136.4-138.6°C, MH" = 656 (FAB).
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EXAMPLE 32

‘Dissolve 0.07.g (0.129. mmool) of Diastereomer A of Example
27, Step A, in 0.5 mL of methylene chloride followed by 0.033.g
5 (0.152 mmol) di-tert-butyldicarbonate and stir overnight under
nitrogen. Dilute with 20 mL of methylene chloride and wash with
aqueous NaHCO, solution, dry the organic layer over MgSO, and
concentrate under vacuo. Chromatograph the residue by
preparative silica gel TLC using 95% CH,Cl, (NH,OH) - 5% methanol - -
10 to give 0.024 g of the Diastereomer A product as a white solid.
Following the above proceduré. but using Diastereomer B
from Example 27, Step A, obtain 0.026 g of the Diastereomer B |
product as a white solid.
Diastereomer A: Mp = 127.1-128.4°C, MH' = 643 (FAB).
15 Diastereomer B: Mp = 134.9-137.5°C, MH" = 643 (FAB).
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Following the procedure of Example 30, react 0.05 g (0. 092'
o | mmol) of DiastereomerA from Example 27, Step A, with 1.1g (0.10
" 5 mmol) of methanesu]fonyl chloride and 0.019 g (0 183 mmol)
triethylamine in 1.5 mL of methylene chloride to obtam 0.011 g of
' the Dlastereomer A product as a white solid.
Followmg the above procedure, but usmg Dlastereomer B
- from Example 27 Step A obtam 0 032 g of the Diastereomer B
10 product as a White solid __ , : :
DlastereomerA Mp = 138 1-144. 6°C MH' = 621 [FAB]
Diastereomer B: Mp = 139-145.1°C, MH' = 621 (FAB].

EXAMPLE 34

Br /4 \ Cl

—~——
H
N .
N -
", N
S
| | D
o N
15 F

O
Dissolve 0.07 g (0.129 mmol) of Diastereomer A of Example
27, Step A, in 1.0 mL of DMF followed by 0.023 g (0.167 mmol) 4-
fluorobenzoic acid, 0.032 g (0.167 mumol) DEC, 0.0225 g (0.167
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mmol) HOBT and 0.018 mL (0.167 mmol) N-methylmorpholine and
stir overnight under nitrogen. Concentrate. in vacuo and dissolve
the residue in 20 mL of methylene chloride. Wash with aqﬁeous 1IN
NaOH, dry the organic layer over MgSO, and concentrate in vacuo.
Flash chromatograph on silica gel using 93% CH,CL, (NH,OH) - 7%
methanol to give 0.060 g of the Diastereomer A product as a white
solid. |

Following the above procedure, but using Diastereomer B
from Example 27, Step A, obtain the Diastereomer B product as a
white solid.

-Diastereomer A: Mp = 141.5-145.8°C, MH" = 665 (FAB).
Diastereomer B: Mp = 144.9-148.7°C, MH" = 665 (FAB).

EXAMPLE 35

P,
o

Following the procedﬁre of Example 34, use 4-fluoro-
phenylacetic acid instead of 4-fluorobenzoic acid to obtain the
Diastereomer A product as a white solid. Mp = 132.8-140.1°C, MH"
= 679 (FAB).

Following the above procedure obtain the Diastereomer B
product as a white solid. Mp = 132.5-139.7°C, MH" = 679 (FAB).

(
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15

Following the procedure of Example 34, use 4—pyridylacetic
acid N-oxide instead of 4-fluorobenzoic acid to obtain the

Diastereomer A product as a white solid, and the Diastereomer B

- product as a white solid. Diastereomer A: Mp = 168.5-172.4°C,

MH'* = 678 (FAB). . Diastereomer B: Mp = 168.9-172.3°C, MH' =
678 (FAB). i e _

S (] '
°J\‘ng | fO
Following the procedure of Example 34, use N-t-butoxy-
carbony-4-piperidinacetic acid instead of 4-fluorobenzoic acid to
obtain the Diastereomer A product as a white solid, and the
Diastereomer B product as a white solid. Diastereomer A: Mp =

135.1-142.1°C, MH" = 768 (FAB). . Diastereomer B: Mp = 141.7-
143.2°C, MH' = 768 (FAB).

PCY/US99/27939
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Dissolve 0.23 g (0.31 mmol) of the Diastereomer A product of
Example 37 in 3 mL of methylene chloride and 3 mL of
5 trifluoroacetic acid and stir under nitrogen for 3.5 hr. Concentrate -
under vacuo and dissolve the residue in 20 mL methylene chloride
and wash with 1.0 N aqueous NaOH. Concentrate the organic layer
in vacuo and chromatograph the residue by preparative silica gel-
TLC using 80% CH,CL, (NH,OH) - 20% methanol to glve 0.113 g of -
- 10  the Diastereomer A product as a white solid. '
* Following the above procedure, but using the Diastereomer B
product of Example 37, StepA, obtain the Diastereomer B product
as a white solid.
Diastereomer A: Mp = 136.1-139.5°C, MH" = 668 (FAB).
15 Diastereomer B: MH" = 6668 (FAB). ).
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Dissolve 0.073 g {(0.11 mmol) of the Diastereomer A product
from Example 38 in 3 mL methylene chloride containing 0.013 g
(0.121 mmol) of trimethylsilyl isocyanate and stir under nitrogen
overnight. Dilute with 5 mL methylene chloride and wash with 10
mL sat aqueous NaHCO,. Dry the organic layer over MgSO, and
concentrate in vacuo. Chromato’graph'the residue by preparative
silica gel TLC using 90% CH,CL (NH,OH) - 10% methanol to give
0.032 g of the Diastereomer A product as a white solid.

Following the above procedure, but using the Diastercomer B
product of Example 38, obtain the Diasteredmér B productas a
white solid. | . o

Diastereomer A: Mp = 148.2-151.3°C, MH' = 711 (FAB).

Diastereomer B: Mp = 148.1-150.4°C, MH' = 711 (FAB). ).

' EXAMPLE 40

Dissolve the carboxylic acid from Preparative Example 51
(0.32 g, 0.596 mmol), the product from Preparative Example 13
(0.108 g, 0.775 mmol), DEC (0.149 g, 0.775 mmol), HOBT (0.105 g,
0.775 mmol) and 0.13 mL of N-methylmorpholine in 5 mL of DMF
and stir overnight. Concentrate in vacuo and dissolve the residue in
20 mL of methylene chloride. Wash with satd. NaHCO, solution,
dry over MgSO, and flash chromatograph on silica gel using 97%
CH,CL, (NH,OH) - 3% methanol to give 0.2 g of the product as a
white solid. Separate the diastereomers by preparative chiral
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chromatography (Chiralpack AD, 5 cm x 50 cm column, flow rate

100 mL/min., 15% 2-propanol/hexane + 0.2% diethylamine).
Diastereomer A: Mp = 54-58°C, MH'" = 657 (FAB).
Diastereomer A: Mp-= 64-58°C, MH" = 657 (FAB).

CH,

L

cH, N7 N N\/\C"»

H3c§\ o \ N
HeX ©° O |

Following the procedure of Example 40, use the product from -

10 Preparative Example 14 instead of Preparative Example 13 to obtain

the product as a white solid. Mp = 116-123°C, MH" = 671 (FAB).

EXAMPLE 42

HSC
15 Following the procedure of Example 40, use the product from

Preparative Example 15 instead of Preparative Example 13 to obtain
the product as a white solid.

Diastereomer A: Mp = 115-120°C, MH"' = 671 (FAB).
Diastereomer A: Mp = 98-101°C, MH" = 671 (FAB).
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5 Following the procedure of Example 40, use the p'roddéf from
Preparative Example 16 instead of Préparétive Example 13 to obtain
the product as a white solid. Mp = 120-122°C, MH* = 685 (FAB).

10
' Following the procedure of Exam'ple 40, use the product from
" Preparative Example 17 instead of Preparative Example 13 to obtain

the product as a white solid. Mp.= 101-103°C, MH* = 733 (FAB).
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EXAMPLES 45-59 | |
'Following the procedure of Example 40, use the amines from
Preparative Examples 18-26 instead of Preparative Example 13 to
obtain the compounds

wherein R” is defined in Table 9.

TABLE 9
Ex. | Prep. Product _ Meiting Maés
EXx. R7= Point Spec
(amine) SR | ) MH+

45 18 l)i) 128-133 | 719
H
[}

’N\/\@l?

Isoiner A_

46| 18 . 129-132 | 719
3

_N N

N2

N

Isomer B
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7| 19 C ' ~ [ 106-112 [ 733
N N

e
\/\&D
N

 .Isomer A
48 19 - | o 105-111 733

.- Isomer B

49| 20 | - 0H3CH3 ' - 1 115-117 713

Isomer A

50 | 20 T Chy o — | 108-110 | 713

H(C'He Gt
A \/\@3

Isomer B

511 21 | CHz 8680 | 699
CH.
_ 3 CH

Isomer A
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52 | 21 CH, 58-86 | 699

AN \/\@3

Isomer B

53 22 CHg 106-111 | 685

Isomer A

54 22 CH3 ' 110-114 | 685 -
CHg
}

Isomer B

55 23 98-111 _ 739
| (O oHy
N- N
Ve
N

Isomer A

56 23 99-111 | 739
1 | ' CHg _ |
: 7 \/\&»

N

Isomer B
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57 24 ' ' 136-144 | 725
. I._I . .
N N
g
N
58 25 | 101-103 | 697
o |CH3
. N N
s \/\&D
683

59 | 26 - 128-133
| G S

’ N N
\/\&N

EXAMPLE 60

Step A

Dissolve the product of Example 47 (0.148 g, 0.202 mmol) in

0.78 mL of methylene chloride and add 0.45 mL of trifluoroacetic
acid and stir under nitrogen for 2 hr. Concentrate under vacuum.
Dissolve the residue in 20 mL of methylene chloride and wash with

aqueous NaHCO,, dry the organic layer over MgSO,, and

concentrate under vacuum to give the amine as a white solid.
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Step B _ S
Dissolve the product of Step A (0.05 g, 0.078 mmol) in 2 mL

of methylene chioride and add 0.015 g, 0.118 mmol of cyclohexyl
isocyanate. Stir overnight then concentrate under vacuum. Flash
5 chromatograph the residue on silica gel using 99% CH,CL, (NH,OH) -

1% methanol giving the Isomer A product as a white solid. Mp =
138-142°C, MH' = 758 (FAB). -

Follow the above procedure, but use the product of Example
48 instead of Example 47 in Step A, to obtain the Isomer B product

10 as a white solid. Mp = 130-139°C MH* = 758 (FAB).

' H
Step A : _
15 Using the product of Example 47, follow the procedure of

Example 60, but use t-butyl isocyanate instead of cyclohexyl
isocyanate in Step B, to obtain the Isomer A product as a white
solid. Mp = 127-132°C, MH' = 732 (FAB).

20 StepB
Follow the procedure of Example 60, but use the product of
Example 48 instead of Example 47 in Step A and t-butyl isocyanate
instead of cyclohexyl isocyanate in Step B to obtain the Isomer B
product as a white solid. Mp = 127-130°C, MH" = 732 (FAB).
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HgC™ o . HC O0 "o |
- Dissolve the acid from Preparative Example 43 (0.37 g, 1.12
S ?mmol),:.the product from Preparative Example 19 ( 0.29 g, 1.35 o
~ mmol), DEC (0-289 g, 1.46 mmol), HOBT (0.197 g, 1.46 mmol), N-
" methylmorpholine (0.25 mL, 2.24 mmol) in 20 mL of DMF and stir
under nitrogen over night. Concentrate under vacuum. Dissolve
10 the residue in 50 mL of methylene chloride, wash with sat. NaHCO,
soln., dry the organic layer over MgSO, and concentrate under
vacuum. Flash chromatograph the residue on silica gel using 100%
CH,CL, (NH,OH) giving a white solid. :

H 7 HC o
3 0O o 3 X o ]
HoC \f o HC
H,C H,C
CH
i
- CH
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Dissolve the product of Step A (0.59 g, 1.048 mmol) in 3 mL

of methylene chloride and add 2.5 mkL of trifluoroacetic acid. Stir -~ -

5 ovemnight and concentrate under vacuum.

’d cl
\
o

Cl ) :
Dissolve the product of Step B (0.5 g, 1.048 mmol), the 8-Cl-
10  tricyclic chloride (0.359 g, 1.048 mmol) and triethyl amine (2.19 mL,
15.72 mmol) in 5 mL of methylene chloride and stir overnight.
Concentrate under vacuum and flash chromatograph the residue on
silica gel using 95% CH,CL, (NH,OH) - 5% methanol giving the
product as a white solid.
15
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Step D

D1ssolve the product of Step C (0.27 g, 0.486 mmol) in 2 mL
of methylene and add di-tert-butyldicarbonate ( 0.125 g. 0.57 mmol)
5 and stir for 2 hr. Concentrate under vacuum and separate the
diastereomers by preparative chiral chromatography (Chiralpack
AD, 5 cm x 50 cm column, flow rate 100 mL/min., 5% 2-
propanocl/hexane + 0.2% dlethyla.tmne) givmg the products as white -
~ solids. : : :
10 Diastereomer. A: Mp = 93. 1-99.8°C, MH“ = 655 (FAB).
Diastereomer B: Mp = 93.1-99.8°C, MH' = 655 (FAB).

N
\ 2
N

15
Following the procedure of Example 40, use the product from

Preparative Example 27 instead of Preparative Example 13 to obtain
the products as white solids.
Isomer mix 1: Mp = 148-151°C, MH' = 687 (FAB).
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Isomer mix 2: Mp = 110-114°C, MH" = 687 (FAB).

N
\ 2

N

5 .
Following the procedure of Example 40, use the product from

Preparative Example 28 instead of Preparative Example 13 to obtain - -

the product as a white solid: Mp = 131-138°C decomp., MH' = 687 .
(FAB). - -

" 10

EXAMPLE 65

El, - ()3 ™0
| Hsc>l\o’§o °

Following the procedure of Example 40, use the product from
Preparative Example 29 instead of Preparative Example 13 to obtain
15 the products as white solids.
Isomer mix 1: Mp = 148-157°C, MH' = 721 (FAB).
Isomer mix 2: Mp = 120-126°C, MH' = 721 (FAB).
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H3C (o) o
" Following the procedure of Example 40, use the product from
Preparative Example 30 instead of Preparative Exém‘ple 13 to obtain
5 the products as white solids. '
Isomer mix 1: Mp = 146-154°C, MH' = 657 (FAB). .
Isomer mix 2: Mp = 122-127°C, MH' = 657 (FAB).

10

The 11R,2R(-)-diasterecisomer from Preparative Example 34
(0.25g, 0.46mmoles), 4-pyridylacetic acid N1-oxide (0.0915g,
_ 0.598mmoles) (see Preparative Example 61 of US 5,719,148 issued
15 February 17, 1998), DEC (0.1146g, 0.598mmoles), HOBt (0.0807g,
0.598mnioles] and 4-methyl-morpholine (0.0657mL, 0.598mmoles)
were dissolved in anhydrous DMF (9mlL) and the mixture was
stirred under argon at 25°C for 96h. The reaction was worked up
as described in Preparative Example 40, Step A above, and
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chromatographed on a silica gel column using 5% (10% conc.
NH,OH in methanol)-dichloromethane as the eluant to give the title
compound: (Yield: 0.2434g, 78%); FABMS: m/z 678.0 (MH'); &,
(CDCL) 30.1, 30.3, 30.9, 36.5, 38.5, 44.1, 44.3, 50.7, 52.5; CH:
53.4, 78.3, ~119.1, 126.2, 127.3, 127.3, ~129.1, 130.6, 132.3,
~137.1, 138.6, 138.6, 141.1, 146.9; C: 120.1, 134.2, 134.6, 134.8,
137.1, 140.8, 155.1, 169.2, 169.8; 3, [CDCL) 4.31 (1H, s, H,), 4.97 -
(1H, broad s, CHCO), 6.74 (1H, broad s, Im-H,), 6.91 (1H, broad s,
Im-H,), 7.02 (1H, broad s, Ar-H), 7.07-7.17 (5H, m, CONHCH, and

Ar-H), 7.38 (1H, broad s, Im-H,), 7.56 (1H, s, Ar-H), 8.08, (1H, d, Ar-~- - - .

H), 8.10 (1H, d; Ar-H) and 8.35ppm (1H, s, Ar-H,); [a],®* +44.4°
(c=10.64mg/2mL, methanol). '

EXAMPLE 68

The 11S,2R(-)-diastereoisomer from Preparative Example 34
(0.3g, 0.552mmoles), 4-pyridylacetic acid N1-oxide (0.110g,
0.718mmoles) (US 5,719,148 , Feb. 17, 1998}, DEC (0.1375g,
0.718mmoles), HOBt (0.0969g, 0.718mmoles) and 4-
methylmorpholine (0.0788mL, 0.718mmoles) were dissolved in
anhydrous DMF (9mL) and the mixture was stirred under argon at
25°C for 19h. The reaction was worked up as described in -
Preparative Example 40, Step A above, and chromatographed on a
silica gel column using 6% (10% conc. NH,OH in methanol)-
dichloromethane as the eluant to give the title compound: (Yield:
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0.2847g, 80%); FABMS: m/z 678.0-(MH"; 5, (CDCL) 30.1, 30.6, -
30.8, 36.5, 38.5, 44.0, 44.4, 51.1, 52.7; CH: 53.4, 78.5, ~119.0, .

-126.2/126.3, 127.2/127.3, 127.2/127.3, ~129.2, 130.3, -

132.4/132.6, ~137.1, 138.7, 138.7, 141.2/141.5, 147.0/147.2; C:
120.1, 134.2/134.4, 134.3, 134.9, 136.9, 141.5, 154.4/154.7,

168.8/169.2, 169.0/169.9; §, (CDCL) 4.30 (1H, s, H,,), 4.96 (1H,

broad s, CHCO), 6.64 (1H, broad s, CONHCH,), 6.89-7.02 (3H,
broad overlap, Im-H;, Im-H, and Ar-H), 7.10-7.18 (4H, m, Ar-H),
7.33 (1H, broad s, Im-H,}, 7.59 (1H, s, Ar-H), 8.08, (1H, d, Ar-H),
8.10 (1H, d, Ar-H) and 8.37ppm (1H, s, Ar-H,) [a],** +6.9°
(c=10.48mg/2mL, methanol).

The 11R,2R(-)-diastereoisomer from Preparative Example 34
{0.3g, 0.552mmoles), 1-aminocarbonyl-4-piperidinylacetic acid
(0.1335g, 0.718mmoles)} (Preparative Example 33), DEC (0.1375g,
0.718mmoles), HOBt (0.0969g, 0.718mmoles) and 4-- :
methylmorpholine (0.157mL, 1.436mmoles) were dissolved in-
anhydrous DMF (7ml) and the mixture was stirred under argon at
25°C for 68h. The reaction was worked up as described in
Preparative Example 40, Step A above, and chromatographed on a
silica gel column using 6% (10% conc. NH,OH in methanol)-
dichloroin_ethane as the eluant to give the tiﬂe compdu_nd: (Yield:
0.3547g, 90%); LCMS: m/z 711.2 (MH?); §. (CDCl,): 30.3, 30.4, 31.2,
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32.0, 32.0, 36.6/37.2, 39.3/39.6, 43.9, 44.4, 44.4, 444, 51.0, 51.8;
CH: 32.9, 53.0, 78.7, 118.9, 126.2, 129.7, 130.5/130.7, 132.3,
137.3, 141.3, 147.0; C: 120.3, 134.3, 135.1, 137.3, 141.1, 155.1,
157.9, 170.0, 171.9; 8, (CDCL) 4.30 (1H, s, H,), 4.89 (2H, s,
NCONEH,), 4.98 (1H, s, CHCO), 6.92 (1H, broad s, Im-H,), 6.99 (1H,
broad s, Im-H,), 7.07-7.14 (3H, m, Ar-H), 7.41 (1H, broad s, Im-H,),
7.57 (1H, s, Ar-H), 7.59 (1H, broad s, CONHCH,) and 8.35ppm (1H,
s, Ar-H); [al,*” +35.5° (c=9.40mg/2mL, methanol).

'EXAMPLE 70
Br /\ cl
\N =
i [j/ N ' ﬁN
O
o - |
(8]

Following thép_:ocedure_ of Example 69, except using the
118,2R(-)-diasterecisomer from Preparati\ie Example 34 instead of
the 11R,2R(-)-diastereoisomer, and stirring under argon for 96h
instead of 68h, the title compound was obtained: (Yield: 0.3241g,
83%); LCMS: m/z 711.2 (MH); §, (CDCLy: 30.2, 30,6, 31.1, 32.0,

' 32.0, 86.5/36.8, 39.6/39.7, 43.8, 44.4, 44.4, 44.4, 51.3, 51.6; CH:

32.9, 53.0, 78.8, 119.0, 126.3/126.4, 129.4, 130.4/ 130.6,
132.5/132.6, 137.1, 141.5, 147.1; C: 120.2, 134.8, 135.0, 137.1,
141.5, 155.1, 158.1, 170.3, 172.4; §, (CDCL) 4.29 (1H, s, H,,), 4.55.
(2H, s, NCONH,), 4.98 (1H, s, CHCO), 6.23 (1H, t, CONHCH,), 6.92
(1H, broad s, lm-H,), 7.03 (1H, broad s, Im-H,), 7.10-7.17 (3H, m,
Ar-H), 7.43 (1H, broad s, Im-H,), 7.59 (1H, s, Ar-H) and 8.37ppm
(1H, s, Ar-H)); [a],>*" +1.0° (c=10.00mg/2mL, methanol).
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EXAMPLE 71.

Pyndme—4—acyla21d_e Nl-o_xxde (J. Med. Chem., 1998, 41, 877-
893) (0.346¢, 2.30mmoles) was dissolved in dry toluene (30mL) and .
the solution was he‘ated'un'der reflux in an argon atmosphere at
110°C for 1h. The solution was cooled to room temperature and the

'C,,-Racemic title compound from Preparative Example 141 (0.250g,

0.46mmoles) was added.: The mixture was stirred at 25°C for 22h.
The solution was evaporated to dryness and the residue was '
chromatographed on a silica gel column using 4% (10% conc.

- NH,OH in methanol)-dichloro-methane as the eluant to give the title B o

compound: (Yield: 0.1265¢, 32%); LCMS: m/z 679.2 (MH); 3
(CDCL) CH,: 30.3, 30.6, 31.0/31.1, 36.7/36.8, 42.6, 44.6,
51.0/51.8, 52.4/52.6; CH: 55.1/55.2, 78.8, 115.8, 115.8, 119.2,
126.3, 129.1, 130.5/130.5, 132.7, 137.2, 138.6, 138.6, 141.4,
147.0/147.2; C: 120.2, 134.2, 134.3, 134.9, 136.9, 141.3, 155.0,
165.2, 170.4; §, (CDCI) 4.34 (1H, s, H,)), 4.67 (1H, s, CHCO), 6.89
(1H, d, Im-H,), 6.99 (1H, d, lm-H,), 7.10-7.15 (3H, m, Ar-H), 7.46
(2H, d, Ar-H), 7.59 (1H, s, Im-H,), 7.90 (2H, d, Ar-H), 8.39 (1H, s,
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EXAMPLE 72
Step A

10

15

1-N-t-Butoxycarbonylpiperidine-3-acylazide (Preparative
Example 35, Step B above) (1.177g, 4.63mmoles), was dissolved in-
dry toluene (150mlL) and the solution was heated under refluxin an
argon atmosphere at 110°C for 1h. The solution was cooled to room"
temperature and added in three portions (1.47mmoles at Oh;
2.21mmoles at 69h and 0.95mmoles at 93h) to a solution of the C,,-
Racemic title compound from Preparative Example 141 (0.4g,
0.735mmoles) in anhydrous dichloromethane (26mL). The mixture
was stirred at 25°C for 117h. The solution was evaporated to
dryness and the residue was chromatographed on a silica gel
column using 4% (10% conc. NH,OH in methanol)-dichloromethane
as the eluant to give the title compound: (Yield:_ 0.1265g, 32%);
LCMS: m/z 679.2 (MH); 8, (CDCL) CH,: 28.5, 28.5, 28.5; CH,: 30.5,
30.6, 31.2/31.3, 32.5, 32.5, 36.6, 41.8, 42.7, 42.7, 44.6, 50.9/51.1,
51.9/52.2; CH: 48.2, 54.9/55.0, 78.9/79.0, ~119.0, 126.4/126.5,
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~129.6, 130.5/130.6, 132.8, ~137.1, 141.3/141.4, 147.1/147.3; C:
79.6, 120.3, 134.5, 134.7, 136.9,-141.1, 154.7, 154.8, 157.6, 171.0;
8,(CDCl,) 1.46 (9H, s, CH,), 4.33 (1H, s, H,)), 4.41 (1H, broad s,
CHCO), 5.18 (1H, d, NCONH), 6.55 (1H, broad m, CONHCH,), 6.92
(1H, broad s, Im-H,), 7.08 (1H, broad s, Im-H,), 7.10-7.15 (3H, m,

‘Ar-H), 7.50 (1H, broad s, Im-H,), 7.59 (1H, d, Ar—H) and 8.40ppm
© (1H. s, Ar-H,) o -

. StepB -

The title compound from Step A above (0.2361g,
0.307mmoles) was dissoived in methanol (1.61mL) and a 10% (v/v)
solution of conc. H,SO'4 in dioxane (4.18mL) was added. The
mixture was stirred under argon at 25°C for 1h. The mixture was
passed over a bed of BioRad® AG1-X8 {(OH) resin and the resin was
washed with methanol. The combined eluates were evaporated to
dryness and the r_ésidue_ was chromatographed on a silica gel
column using 20% (10% conc. NH,OH in methancl)-
dichloromethane as the eluant to give the title compound: (Yield:

0. 1984g, 97%); LCMS: m/z 669.2 [MH') 3. (CDCL) CH,: 30.3, 30. 5,

30.9, 31.6, 31.6, 36.3/36.4, 42.3, 42.3, 42.3, 44.3, 50.8/51.2,

52.1/52.4; CH: 47.2/47.3, 54.8, 78.9, 119.1, 126.3, 129.0,

130.5/130.6, 132.7, 137.5, 141.8, 147.0/147.1; C: 120.1,
134.2/134.3, 134.9, 136.9, 141.2, 155.2, 157.7/157.8, 171.2; §,
(CDCL,) 4.29 (1H; s, H,,), 4.61 (1H, broad s, CHCO), 5.72 (1H, broad
m, NCONH), 6.85 (1H, m, CONHCH,), 6.92 (1H, broad s, Iin-H,),
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6.99 (1H, broad s, Im-H,), 7.10-7.15 (3H, m, Ar-H), 7.57 (1H, s, Ar-
H), 7.66 (1H, broad s, Im-H,) and 8.37ppm (1H, s, Ar-H,).

Step C

The title compound from Step B above (0.195g, 0.291mmoles)
was dissolved in anhydrous dichloromethane (10mL) and

trimethylsilyl isocyanate (0.394mL, 2.91mmoles) was added. The -~

mixture was stirred under argon at 25°C for 20h. Additional
trimethylsilyl isocyanate (0.188mL, 0.873mmoles) was added and

 the mixture was stirred for a total of 23h. The mixture was diluted’ -

with dichloromethane (QOOIhL] and washed with saturated élqueous' o
sodium bicarbonate, dried (MgSO),), filtered and evaporated to- :

dryness. The product was chromatographed on a silica gel column =~

using 4% (10% conc. NH,OH in methanol)-dichloromethane as the
eluant to give the title compound: (Yield: 0.1325g, 64%); LCMS: m/z -
712.2 (MH?", 8, (CDCL) CH,: 30.3/30.4, 30.6, 31.0/31.1, 32.4, 32.4,
36.5, 42.0, 43.4, 43.4, 44.4, 50.9/51.2, 52.4/52.6; CH: 48.1, "
54.9/55.0, 78.9, 119.0, 126.3/126.4, 129.4, 130.5/130.6, 132.7,
137.3, 141.3/141.4, 147.1/147.2; C: 120.2, 134.2/134.3, 135.1,
136.9, 141.2, 155.1, 157.8/157.9, 158.1, 171.4/171.5; §,: (CDCL}
4.31 (1H, s, H,,), 4.53 (1H, broad s, CHCO), 4.75 (2H, broad s,
NCONH,), 5.73 (1H, d, NCONH), 6.65 (1H, t, CONHCH,), 6.92 (1H,
broad s, Im-H,), 7.04 (1H, broad s, Im-H,), 7.10-7.15 (3H, m, Ar-H),
7.46 (1H, s, Ar-H), 7.58 (1H, broad s, Im-H,) and 8.38ppm (1H, s,
Ar-H):
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EXAMPLE 73" - -

The 11R,2R(+)-diastereoisomer from Preparative Example 38,
Step D above (0.1647g, 0. 294mmoles) 4-pyridylacetic acid Nl-oxide
(0.0586g, 0. 382mmoles) DEC (0.0733g, 0.382mmoles), HOBt
(0.0517g, 0. 382mmoles] and 4-methyl-morphohne (0.042mL,

-0.382mumoles) were dxssolved in anhydrous DMF (5ml) and the

mixture was stu'red under argon at 25°C for 25h. The reaction was
worked up as described in Preparative Example 40, Step A above,
and chromatographed on a silica gel column using 2% increasing to
6% (10% conc. NH,OH in methanol) dlchloromethane as the eluant .:
to give the title compound: (Yield: 0.1048g, 51%); SIMS: m/z 694.5 . .
(MH"); 8, (CDCL) 30.0, 30.4, 31.0, 36.7, 38.5, 44,1, 44.5, 50.5, 51.3;
CH: 53.6, 63.6, 119.1, 126.4, 127.4, 127.4, ~129.1, 130.7, 130.8,
133.4, ~137. 2, 138.4/138.6, 138.7, 138 7; C: 118 5, 133. 3 134. 6

'134.9, 1404, 141.4, 147.4, 169.2, 169.9; SH(CDCIS) 4.98 (1H, broad

s, CHCQ), 5.70 (1H, s, H,)), 6.92/6.97 (1H, broad s, Im-H,), 7.01
(1H, broad s, Im-H,), 7.08-7.18 (5H m, Ar-H) 7.43/7.51 (1H, broad
s, Im-H,}, 7.79 (1H, t, CONHCH,), 8.05 (1H, d Ar-H), 8.09 (2H, d,
Ar-H), 8.26/8.31ppm (lH s. Ar H,) [a]D’°°'+82 8° (c=9. 11mg/2mL,
methanol).
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EXAMPLE 74

The 11S,2R(-)-diastereoisomer from. Preparative Example 38,
Step D above (0.1576g, 0.28 1mmoles), 4-pyridylacetic acid N1-oxide
-(0.0560g,j0.-366mmoles), DEC (0.0702g, 0.366mmoles), HOBt |
(0.0495¢, 0.366mmoles) and 4-methyl-morpholine (0.040mL,
0.366mmoles) were dissolved in anhydrous DMF (6mL) and the

mixture was stirred under argon at 25°C for 26h. The reactionwas - .- .

worked up as described in Prepardtive Example 40, Step A above, -~ -
and chromatographed on a silica gel colurnn using 2% increasing to

6% (10% conc. NH,OH in methanol)-dichloromethane as the eluant . - ..

to give the title compound: (Yield: 0.1017g, 50%); SIMS: m/z 694.5 -
(MH?; 8, (CDCL) 29.7, 30.5, 30.8, 36.5, 38.4, 44.2, 44.3, 50.1, 52.3;

CH: 53.4, 63.6, ~119.0, 126.4, 127.4, 127.4, ~129.1, 130.3, 130.9,

133.3, ~137.3, 138.3/138.7, 138.7, 138.7; C: 118.4, 133.3, 134.6,
134.8, 140.1, 141.6, 147.4, 169.2, 169.9; §,(CDCL,) 4.97 (1H, broad
s, CHCO), 5.71 (1H, s, H,)), 6,58 (1H, t, CONHCH,), 6.88 (1H, broad-
s, Im-H,), 6.98/7.03 (1H, broad s, Im-H,), 7.09-7.21 (5H, m, Ar-H),
7.34/7.41 (1H, broad s, Im-H2), 8.09 (1H, d, Ar-H), 8.10 (2H, d, Ar-

H), 8.27/8.28ppm (1H, s, Ar-H,); [a],*"

-12.7° (c=10.08mg/2mL, methanol).
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- EXAMPLE 75

3-Bromo-8, 1 1-dichloroe-6, 11-dihydro-5H-benzo[5,5]cyclo-
hepta[1,2-b]pyridine N1-oxide (Preparative Example, 38 Step C).
(0.2656¢, 0.74mmoles) in anhydrous dichloromethane (3.8mL) was
added to 1-[2-[N-[3-(1H-imidazol- 1-yl)propyll-2(R)-
piperazinecarboxamide]-2-oxoethyl-1-piperidinecarboxamide
(Preparatiﬁe Example 40, Step B above) (0.3g, 0.74mmoles) and
triethylamine (1.0316mL, 7.40mmoles) in anhydrous _
dichloromethane (6mL) and the mixture was stirred at 25°C under
argon for 19h. The solution .was""-directly chromatographed on a -
silica gel column using 3.5% (10% conc. NH,OH in methanol)-

- dichloromethane as the eluant to give the title co;npou_nd:_ (Yield:

0.3727g, 69%); LCMS: m/z 727.2 (MH’); § (CDCL) CH,: 29.9/30.1,
30.4/30.5, 31.1/31.2, 32.0, 32.0, 36.5/36.6, 39.6, 44.0/44.4, -
44.0/44.4, 44.4, 44.4, 50.5/50.7/51.1, 52.1; CH: 32.9, 53.0/53.1,
63.8, ~119.2, 126.4/126.5, ~129.4, 130.5/ 130.7, 180.9, 133.4,
~137.2, 138.4; C: 118.5, 133.3/133.4, 134.8/134.9, 140.2/140.5,
141.4/141.6, 147.6/147.8, 158.1, 169.3/170.2, 171.4/172.0; §,
(CDCL) 4.60 (1H, s, NCONH,), 2.98 (1H, broad s, CHCO), 5.69 (1H,
s, H ), 6.29/6.53 (1H, t, CONHCH,, S(-} and R(+) isomers at C,, '
respectively), 6.92 (1H, broad s, Im-H,), 7.05 (1H, broad s, Im-H),
7.14 (2H, m, Ar-H), 7.18 (1H, m Ar-H), 7.20 (1H, m, Ar-H), 7.56 (1H,
broad s, lm-H,) and 8.27ppm (1H, s, Ar-H)).
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_ ( J N\/\/Q (11S 2R() Isomer)

. 'rN\/\/N@N (1 1R.2R(+)—Isomer)

Method 1: | .
3-Bromo-8, 1 1-dichloro-6, 1 1-dihydro-5H-benzo[5,5lcyclo-
‘heptall,2-blpyridine N1-oxide (Preparative Example 38, $tep Q)
(0.2818g, 0.785mmoles) in anhydrous dichloromethane (4mL) was
added to N1-cyclohexyl-N2- IB-[lH-irnidazdl— '-yl)pfopirl] 1,2(R)-
piperazmedicarboxarmde (below) (0. 2844g, 0. 785mmoles) and
triethylamine (1. 094miL, 7. 85mmoles) in anhydrous
dichloromethane (4.5ml) and the mixture was stirred at 25°C under
argon for 67h. The solution was directly chromatographed on a
silica gel column using 3% (10% conc. NH,OH in methéno’l]-
dichloromethane as the eluant to give the racemic mixture of the
title compounds: (Yield: 0.4664¢g, 87%). The mixture was subjected
to preparative HPLC on a Chiralpak AD® column (50X5cin) using
65% hexane- 35% isopropyl alcohol- 0.2% 'diethylamine as the
eluant to give in the order of elution the 1 1S,2R(-)-diastereoisomer
and the 1 1R.2R(+)-digstereoisomer. | | '
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11S,2R(-)-diastereoisomer: (Yield: 0155.5g); LCMS: m/z 684.2
(MH’); 8 (CDCL) 25.0, 25.1, 25.6, 30.1, 30.5; 31.1, 33.7, 33.7, 36.4,
42.4, 44.5, 50.2, 51.5; CH: 49.9, 54.8, 64.1, 119.1, 126.5, 129.3,
130.5, 130.8, 133.5, 137.2, 138.4; C: 118.4, 133.1, 134.9, 140.2,

5. 141.4, 147.8, 157.6, 171.2; §, (CDCL) 4.53 (1H, broad s, CHCO),
4.91 (1H, d, NCONH), 5.68 (1H, s, H,)), 6.62 (1H, t, CONHCH,), 6.94
(1H, broad s, Im-H,), 7.08 (1H, broad s, Im-H,), 7.15 (1H, m, Ar-H),
7.17 (1H, s, Ar-H), 7.21 (1H, s, Ar-H), 7.23 (1H, m, Ar-H), 7.55 (1H,
broad s, Im-H,) and 8.27ppm (1H, s, Ar-H,); [a] " -33.1°
10 [0-8 76mg/2mlL, methanol). '

11R.2R(+] diastereoisomer: (Yield: O. 1890g] LCMS: m/z
684.2 (MH); §. (CDCL) 25.1, 25.1, 25.6, 30.3, 30.7, 31.1, 33.7,
33.7, 36.5, 42.3, 44.7, 50.2, 50.7; CH: 500 550 64.2, 119.1,
126.3, 1288 130.8, 1309 1335 1372 1385 C:1185,133.1,

15 '1347 1404 141.4, 1475 157.5, 171 18, [CDCls)452 (1H, broad
s, CHCO), 4.95 (1H, 4, NCONHJ, 5.69 (1H, s, H,), 6.97 (1H, t, |

e .CONHCH,) 6 97 (1H, broad s, Im-Hy), 7. 10 (1H. broad s, Im- H,,)
i " 7.13(1H,m, ArH), 7.18 (2H, s, Ar-H), 7.21 (1H, m, Ar-H), 7.69 (H,
._ broad s, Im-H.) and 8. 27ppm (lH s, Ar-H,,) [a] ’°°’+49 9°

20 (c=10. 23mg/2mL methanol) ,

The starting reactant N l-cyclohexyl-NZ [3 (1H—1midazol-1-
yl)propyl] 1 2[R)-piperazmedlcarboxamide is obtained following the
'procedure of Preparative Example 5, except that

(\N/\/\NHZ

=

25 is used instead of

Me;kMe/\ :
| N= .
The resulting BOC protected compound s deprotected with TFA
following the procedure in Preparative Example 8, Step B.
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Method 2:

The 11S,2R(-)-diastereoisomer (Preparative Example 38, Step
D above) (1mg, 0.00179mmoles) was dissolved in anhydrous
dichloromethane (0.05mlL) and cyclohexylisocyanate (0.0023mL,
0.0179mmoles) was added. The mixture was stirred at 25°C for 0.5h
under argon. The solution was evaporated to dryness to give the
title compound which was identical on chiral HPLC to the 11S,2R(-}-
diastereoisomer prepared in Method 1 above. |

- + EDCI HOBT =N

reagent 1 01 ™ N N— N
coon ~ reagent2 NV N2

[]

0”0 00 ?
HC/l\CH HC’I\CH
3~ cH; 3 3~ cHs °

Reagent 2 = N@NWNH

The imidazole from Preparative Example 74 (Reagent 2),
(250mg, 1.16mmol), was added to a solution of the BOC-acid
(Reagent 1, see Preparative Example 41), (0.45g,0. 842mmol) , EDCI
(200mg, 1 043mmol] HOBT (130mg, 0. 962mmol),and N-methyl -
morpholine (0.2ml, 1. 81mmol) in DMF (anhydrous, 2ml) at room-
temperature (20°C). The resultant solution was stirred overnight at
20°C. The solvent was evaporated, Water'(70ml)_and_Et_OAC (120 '
ml) were added. The organic layer was separated, and washed with
10% Na,CO, solution (50ml), then dried over MgSO,, filtered and
evaporated solvent yielding an oil, which chromatographed on silica
gel eluting with 100% EtOAC ylelding the product as a white solid
(300mg). Mixture of 4 isomers AB.C,D.
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Mass Spec: High Resolution(ES) Estimated(MH") 732.2316
Observed 732.2332

EXAMPLE 78

] ™=\
N N
I R SR I
o0 % oo
Hac/l\CHS

CHg-

A solution of the title compound from Example 77, (Isomers

A, B, C and D); (150mg,0.205mmol) in 50% trifluoro-acetic acid-"
'CH,C], was stirred at 20°C for 3 Hours. The solvent was evaporated,
* water (25ml) and 10% NaOH (4inl) were added, then extracted with

CH,C), (2x100ml). THe organic layer Was separated, dried over

- MgSO,, and solvent evaporated yielding a solid which was purified -

by chromatography on silica gel eluting with 3% MeOH- CH,Cl,
containing 2% NH,OH y1eldmg the product as a white solid (70mg
54% yield).

The product was obtained as a mixture of 2 Isomers (C and
D). (Product 1] Mass Spec FABS (MH) 632.

Further elution yielded a white solid (25mg,20% yield). This
product was a mixture of 2 Isomers (A and B) (Product 2) Mass Spec
FABS (MH') 632. | | |

Product 2 Was separated into single isomers on a Chiralcell
AD column eluting with 40% IPA-Hexanes yieldmg Isomer A as a
white solid FABS (MH") 632. Further elution yielded Isomer B as a
white solid, FABS (MH') 632. o

" Product 1 was derivatised and separated into constituent
Isomers C and D as shown in Step B below
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Step B

Br Cl - Br~y/ \ _Cl
~.. - .

é

= — =
CL o L’l ﬂN
H O 00
HsC' oulho

A solution of di-tert-butyldicarbonate (65mg,0.29mmol) in
5 CH,C], (2ml) was added to a solution of Product 1 (Step A, Isomers °
C and D) (150mg, 0.237mmol) in CH,CL (10ml), at 0°C, then stirred
at 20°C for 10 minutes. The reaction was cooled to 0°C, water
(5ml), 10% NaOH (2ml) and CH,CL (10ml) were added. The organic
layer was separated, dried over MgSO,, filtered and solvent - '
10 evaporated yielding an oil, which was chromatographed on silica
gel, eluting with 3% v/v MeOH: CH,C), yielding the product as a.
white solid (150mg) as a mixture of 2 isomers, which were separated
on Chiralcell AD column, eluting with 30% IPA-Hexanes/ 0.2%
Diethylamine yielding Isomer C 60mg. Mass Spec (FABS, MH")
15 Calculated (C,H,N,O,BrCl: 734.2296) Measured: 734.2304. Further
elution yielded Isomer D 70mg. Mass Spec (FABS MH") CALC MH
(734.2296) Measured: (734 2305)
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EXAMPLE 79

Following,the' procedure of Example 78 Step A, the BOC
5 group of the Isomer C product of Step B was removed to produce
the Isomer C title product as a white solid (Mass Spec, MH’) FABS
(632). ' B '

o S N
10 ' - H
Cyclohexyl isocyanate (0 025m1 0. 19mm01) was added to a
solution of Isomer A (Example 78, Step A) (25mg 0. 039mmol] in
CH ,CL, (3ml) at 0°C, then stirred at 20°C for 30 minutes. Methylene
chloride (20m1] and water (20ml) were added. The organic layer was
15 separated, dried over MgSO,,, filtered and solvent was evaporated
yielding a residue, which chromatographed on silica gel, eluting
with 2% v/v MeOH: CH,CI,, yielding the product (Isomer A) as a
white solid (25mg). High resolution Mass Spec (ES) Calculated:
CH,,0,N,CIBr (757.2632)(Br=79) Measured: 757.2643.
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Following the above procedure, but substituting an equivalent
quént:lty of Isomer B (Example 78, Step A) for Isomer A, the title
product (Isomer B) was obtained: Mass Spec (FABS, HRMS)
Calculated: 759.2612 (Br=81) Measured 759.2626

Following the above procedure, but substituting an equivalent
quantity of Isomer C ( Example 79, Step A) for Isomer A, the title
product Isomer C was obtained. Mass Spec (ES, MH') 757 (Br =79)

Following the above procedure, except using the mixture of
Isomers C and D' (Product 1 from Example 78 Step A), yields the C
and D isomer mixture of the title compbund: Mass Spec (ES,MH’)
757 : .

EXAMPLE 80

0 ] :
)\ O
0" "9
GH;

Ethyl chloroformate ( 0.1ml, 1.04mmol) was added to a
solution of the Isomer A (Example 78, Step A) ( 20mg, 0.03mmol) in
CH,CL, (2ml) at 20°C. Triethylamine (0.1ml, 0.7mmol) was added,
and the solution was stirred for 30 minutes at 20°C. The solvent
was evaporated, and the residue chromatographed on silica gel,
eluting with 3% v/v MeOH: CH,Cl, containing 2% NH,OH, yielding
the Isomer A product as a white solid (20mg). Mass Spec (ES, MH")
704. ’

Following the above procedure, but substituting an equivalent
quantity of the Isomer B (Example 78, Step A) for Isomer A, the
Isomer B product was obtained. Mass Spec (ES, MH') 704: HRMS
(ES) Calculated (704.2003) (Br= 79) Measured (704.2012),
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EXAMPLES 81-85 . _ _
Follow the procedure of Examples 127 and 80, but use the
title compounds from Preparative Examples 9.1 or 111.1 with the

appropriate isocyanate or chloroformate to obtain compounds of the
5 formula:

wherein R and R' are defined in Table 10 below are obtained.

TABLE 10

Ex. ' R R* - | Isomer MS .

81 _ H ' J\ N .. A Fabs
(Product of Prep. | | o2 0 . and (MH)
Ex. 9.1 and di-t- . o 1_1:3(.“4\(:}!3 B 565
butyldicarbonate) R.S)

82 | J\ | A ES
(Product of Prep. r@ o’ o ~ and (MH)
Ex 111.1 and di-t- | | Hsc/l\"cﬂs B 655
butyldicarbonate) -~ CHg - ' RS) '
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83 J\ A ES
(Product of Prep. : 4 O O (R(+)) {MH)
Ex. 111.1 and di-t- - H3C’|\CH3 655
butyldicarbonate) R CHg
| ol =+2.5°
84 B ES
(Product of Prep. ' OJ\O (S(-)) (MH)
Ex. 111.1 and di-t- | HSC’I(;ICHs 655
butyldicarbonate) 3
. | [ a]2DO=_34'9° .
85 A - ES
(Product of Prep. O\ N'.ko and (MB)
Ex. 111.1and -| H B 680
lohexyl |
cyclonexy R.S)

isocyanate)

The compounds of Examples 83 and 84 were separated on
Chiralcell AD column. |

(o)

Following the procedures of Examples 77-79, but substituting
an equivalent quantity of 1-(3-aminopropyl)imidazole for the N-
10  benzyl substituted imidazole from Preparative Example 74 in
Example 77, the title compounds are obtained.
11S-Isomer: Mass Spec: Fabs (MH') 667(Br=79) HRMS Calc
(MH) C,H, N,0,C1(81)Br 669.2142 Measured 669.2151
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11R-Isomer: FABS (MH") 667.

B Use the imidazole from Preparative Em'mjﬂe 1 Step D and
- follow the procedure of Example 77 and Example 79 Step A to
“obtain the compound o

HyC

_ which is then reacted with ‘cyclohexyl isocyanate according to the -
10 procedure set forth in Example 79 Step B. Mass Spec: Fabs (MH)
695 (Br=79) 669. 2142

LES 87-97
Foliowing the procedures set forth in Examples 77-80, but
15 using the 11(R)-isomer, compounds of the formula:
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. qe b
are obtained. R is defined in Table 11.
TABLE 11
Ex. R" | : Isomer Mass Spec
Observed -
(Estimated)
87 J\ A BCD 732.2343 °
(o) 0 1 (732.2316)
H?;C";Igl-is |
88 J\ A |7322332
(o) /T\ (732.2316)
HsC CH§H3
89 : J\ B . 734.2305 .
o j\' | (743.2296)
HgC CH?H"’ . | R
90 Q - A 757.2641
N_J§o - (757.2632)
H
91 O\ B 750.2618
NJ§O | (759.2612)
H
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92 ' J\ C 734.2296
o /T\ (732.2296)
HsC CH:’H"
93 ,L | D 734.3297
0 i | (734.2296)
- | B
: H3C_ CH; ° .
94 _ J\ C.D. 734.2318
o” 9 (734.2296)
Hsc’l\cm "
CHs
95 O\ o C 759.2611
| N‘go (759.2612)
: H
96 O\ D 759.2618
- N’ko | (759.2612)
97 O\ C,D 759.2626
N"ko (759.2612)
H

CN
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The product of Preparative Example 45 (0.6 gm) was dissolved
in 6 ml of dichloromethane and 6 ml of trifluoroacetic acid was
added and the reaction mixture stirred for 2 hours. After 2 hours
the reaction mixture was evaporated to an oil. The oil was dissolved
in N,N,-dimethylformamide and triethyl amine (0.445 mL, 3 eq.) was
added and 3-bromo-8, 11-dichloro-6, 11-dihydro-5H- '
benzo[5,6]cycloheptall,2-b]pyridine (0.39 gm, 113 mmol.) was -
added and the reaction mixture stirred for 24 hours. The reaction
mixture was added to brine and the product extracted with
ethylacetate 3 times to obtain a crude oil after the solvent was

evaporated under reduced pressure, which was purified by

- chromatography on a silica gel column using 2% up to 4%
~ methanol/dichloromethane as the eluent. The product containing " -
- fractions were pooled to obtain 0.34 gm of pure title compound. - -
The compound was separated into its pure enantiomeric formsby - -
- HPLC on a Chiral Technologies AD column using 20% '
* isopropanol/hexanes. Isomer 1: mp= 148.3-157.5°C; Isomer 2: .o

mp= 148.3-157.5°C

The title compound from Preparative Example 48 (0.487 gm)
was dissolved in dichloromethane (3 ml) and trifluoroacetic acid (3
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ml) and the reaction mixture stirred for 2 hours. The reaction
mixture was evapdr_ated to dryness and dissolved in 10 mL of N,N-
dimethyl-formamide. Triethylamine (1.42 mL, 10 eq.) was added
and 3-bromo-8,11-dichloro-6,11-dihydro-5H-benzo-
[5,6]cycloheptall,2-b]pyridine (Compound No. 42.0) (0.45 gm, 1.2
eq.) was added and the reaction mixture stirred for 24 hours. The
reaction mixture was added to brine and the product extracted with
ethylacetate 3 times to obtain a crude oil after the solvent was
evaporated under reduced pressure, which was purified by .
chromatography on a silica gel column using 2% up to 4%
methénol/ dichloromethane as the eluent. The product cdntaining
fractions were pooled to obtain 0.26 gm of pure title compound as a
mixture of isomers. Isomers were separated by HPLC on a Chiral
Technologies AD column using 20-30% isopropanol/hexanes.
Isomer 1: mp= 192.7-194.3 °C; Isomer 2: mp= 189.2-190.7°C

EXAMPLE 100

0o
Hsc—l'_ CH3

CHs

The title compound from Preparative Example 52 (0.3 gm, 0.5
mmol) was stirred in a mixture of 10 ml of dichloromethane and 15
yL of water and Dess-Martin Periodinane (0.32 gm, 1.5 eq.) was
added and the reaction mixture stirred at ambient temperature.
After 24 hours the reaction mixture was washed with 20% Na,S,0,

" solution followed by sodium bicarbonate solution and evaporated to

dryness under vacuum. This compound was dissolved in
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dichloromethane and a premixed solution of 4-iodo-1-trityl-
imidazole (89 mg) and ethylmagnesiumbromide (3M soln in ether,
66 uL, added to the reaction mixture and stirred at ambient
temperature for 4 hours. The reaction mixture was poured into
saturated ammonium chloride solution and the product extracted |
with dichloromethane to obtain the crude product which was
purified by preparative tlc to obtain 52 mg of title product after
deprotection with TFA and introduction of the Boc group with
(BOC),0.

'EXAMPLES 101-102
Following procedures similar to those described in Examples
98-100, the following compounds are obtained: |
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N
H

S ~ The title compound from Preparaﬁve Example 58 was
- B dissolved in 1 ml of dichloromethane and 68 microliters of tert-
butylisocyanate was added and the reaction mixture stirred. The
" reaction mixture was evaporated to obtain the crude product which
was stirred with 33% HBr/HOAc to obtain 20 mg of the title product
after addition to ethcr; collection of the product as a tan solid, and
10  preparative thin layer chromatography. FABMS M+1= 659.°

H3C 0
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-EXAMPLE 104

El., L%,

.HN:

Hsc>|\N o0 ° >=°

H HgC
The title compound from Example 103 (50 mg) was dissolved
in 5 ml of dichloromethane and 0.5 ml of abetic anhydride was
5 added. The reaction mixture was evaporated to dryness after 18
hours and chromatographed by preparative tlc to obtain 39 mg of
pure title product. FABMS MH'= 699.

EXAMPLE 105

0
(\

[ :l 1'/ \/\/N
Hac>]\
10 HgC 0
The title compound was prepared following essentially the
same procedure as set forth in Preparative Example 52, but
substituting 1-(3-aminopropyl)-2-aminoimidazole for 1-amino-3-
propanol to obtain the title product in 65% yield. FABMS MH'=
15 660.
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o The title compound was prepared followmg the procedure set
forth in Example 104 but using the title compound from

5 | Preparatlve Example 105 in place of the ﬁtle compound from
Example 103 and triﬂuoroaceuc anhydnde in place of acetic
anhydnde to obtam the pure title product FABMS MH"—756

| EXAVRLE107

et T -
Hc” N o - '/go
10 3 H FiC
Follow the precedure set forth in Example 104, but substitute
trifluoracetic anhydride for acetic anhydride to obtain the pure title
product. FABMS MH'= 755.

[) w” \/\/N4N
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'EXAMPLE 108

. \/\/N \g-
CHs
HsC >k | OH
o HsC
HsC N O _

~ The title product was prepared following the procedure set
forth in Example 1 10, but substituting the title compound from _
5 Preparative Example 60 for that from Preparative Example 102 Step
C and tert-butyl isocyanate for cyclohexyl 1socyanate to obtain the
pure title product. FABMS MH" = 688

10 :
The title product was obtained following the procedure set

forth in Preparative Example 52, but substituting 2-S-benzyl-3-R,S-
hydroxy-histamine for 1-amino-3-propanol. FABMS (MH')= 737.
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EXAMPLE 110

. H
A mixture of the title compound from Pr_eparative Example
102 Step C (0.28 g, 2 mmol), the title compound from Preparative
5 Example 44 (0.5 g, 2 mmol) and anhydrous CHaCl (5 mL) was
stirred at room temperature for 15 min. Cyclohexyl-isocyanate
{0.51 mL, 4 mmol) was added and the reaction mixture allowed to
stir at room teniperat_ure for an additional 48 hrs. After
concentrating the reaction mixture in vacuo, the residue was
10 diluted with CH2Cly (10 mL) and trifluoroacetic acid (10 mL) and
stirred at room temperature overnight. The resulting mixture was
concentrated in vacuo, diluted with anhydrous DMF (5 mL) and to it
were added N-methylmorpholine (2.2 mL, 20 mmol) and the tricyclic
chloride (compound No. 42.0) (0.83 g, 2 mmol). The reaction
15 mixture was stirred at room temperature overnight, concentrated in
vacuo and purified by flash column chromatography (silica gel)
using 5% MeOH-95% CH2Cl; saturated with aqueous ammonium
hydroxide to give the title compound as a mixture of diastereomers
(tan solid, 95 mg, 7%, MH+ = 682, mp = 118.4°C).
20 ' ' ' '
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EXAMPLE 111

Following a similar procedure as that used for the preparation
of the title compound from Example 110, but using the title
compound from Preparative Example 103, the title compound was
obtained as a mixture of diastereomers (brown, sticky solid, 28.7 -
mg, 2%, MH* =696, mp = 79.3°C). | I

EXAMPLE 112

" Following a similar procedure as that used for the
preparation of the title compound from Example 110, but using the
title compound from Preparative Example 104, the title compound
was obtained as a mixture of diastereomers (tan solid, 18.5 mg, 1%,

MH* = 710, mp = 63.8-67.4°C)..
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EXAMPLE 113

:] + /©—>

>'\ i?on _H'l‘\/\/

o
To the title compound from Preparative Example 51 (10.04 g,
19 mmol) were added HOBT (3.34 g, 25 mmol), DEC (4.79.g, 25
5 mmol), the title compound from Preparative Example 74 (4.32 g, 20
mmol}, NMM (5.5 mL, 50 mmol) and anhydrous DMF (20.mL). The
mixture was stirred at room temperature under Np overnight. The
mixture was concentrated in vacuo, diluted with. CHaCly and
washed with a saturated agquéous solution of NaHCOs3. The organic
10 phase was dried over anhydrous MgSOQOy, filtered and concentrated
in vacuo. The residue was purified by flash column
chromatography (silica gel) using 2% MeOH-98% CH2Cly saturated
- with aqueous ammonium hydfoxide to give the title compound as a
mixture of diaétereome_rs (4.92 g, 36%, MH* = 733).
15 | |
EXAMPLE 114
I the procedure set forth in Example 113 is followed, but the
N-substituted imidazolylalkyl amine below is used the indicated
compound would be obtained. | |

90  AmineA Compound A
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CH,

Amine B Compound B

Amine D Compound D

5 - EXAMPLES 115-126
Following the procedure set forth in Example 113, but using
the N-substituted imidazolylalkyl amine {(Imidazole) in Table 12 and

the carboxylic acid from Preparative Example 51, the Products in
Table 12 were obtained.
10 '
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TABLE 12
Ex. Amine Product 1. %Yield
2. MH'
_ _ ' .' 3. mp (°C)
115 /@/" m@m 119
- >N 2. 751
B NN N ¥ 131054
\/l\ Ao 7
16| /C"N Br o/ a 1.27
_ _ o | 2.734
H N“/\/N\/,N '[N AN 8. semi-
- : )/ lid
4N - SO
TRoAg e
0 "o
117 \j Br /Y a 1.35
o — sy N 2.734
HNA NN : [N & 3. semi
solid
% ~
7‘\ A (/;r R S
o o
118 OH Br /'\ a . [1.82
: N 2.749
- %N =
S AG T
0O "0
119 oMe Br /Y a . |18
=N 2.763
_N = N 3.65-70
H
V\/‘NVN [ N =
ﬂ\ A0 NN
0o
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| 120 /O,om Br .O o 1.8
' —- SN Y E 2.763

| N r,C:)’°”“ 3. 125-
ENJ%-N 130

| 121 ' & Br/ i c 1.20
,,IZf) - oy ?N 2.758

3. semi-
solid

o o
122 /éomz Brmm 1.19
CONHjy
' 12.776
-N, =1 N 3. semi-
Y = soli

' =N 2.783
@ 3.85-90

Mt l:NJ"/ N =)
r —
ﬂ\ 0 “N—HNuN
o o

3. semi-
~ solid

124 () Br., 1.12
~ = rxi;ﬂlF.I!iEEE> 2.739
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125 | Y Vo 1.85
sy A\ 2. 747
= N 3. (A): 86
H— - : .
| NN [“J.,/rn = | (B)847
A JE A
o,
126 | Br i cl 1.15
_ 12.719
. | N L) |a o
Y ( ) 206.7
=N %N, 5.7
| j\ Ao M\, ®)
070 | &;\\ 121.2-
130.4
Br</ \ cl
-

N N

N
™ A
Y

To a solution of the title compound from Preparative Example
109 (11R,2R diastereomer B, 1.7 g, 2.7 mmol) dissolved in
anhydrous CHzClg (10 mL) was added cyclohexylisocyanate (0.38
mL, 2.9 mmdl)- and the resulting solution was stirred at room.
temperature under Ng fof 1.5 hrs. The solution was concentrated in
vacuo and purified by flash column chromatography (silica gel)
using 2% MeOH-98% CHaCly saturated with aqueous ammonium
hydroxide to give the title compound as a light yellow salid (1.98 g,

84%, MH* = 758).
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~ EXAMPLES 128-148 | |
Following the procedure set forth for Example 127, but using
the isocyanates and the compounds of the preparative examples

given in Table 13 below, the Products given in Table 13 were
5 obtained.

TABLE 13
Ex. | lsocyanate | - Product 1.Yield (%)
and 2. MH*

. Prep. Ex. 3. mp (°Cy
Compound ' ' ' :

128 Q Br- i\(‘ b a 1.87
NCO -
- r@ 2, 760

q 74/N :
Prep. Ex. 109 | NA vN 3.125.2
Diastereomer A : 1'{ o '
222421

129 >Lmo. nr{m' 1.61
‘i’cl ,/Q 12.732
"\/

Prep. Ex. 109 >|\ K NvN 3.126.6
,&o |

Diastereomer A )
H
130 ' Br c 1. 100
oo @Q@
Y-N =\
Prep. Ex. 109 >l\ ](k o MN\—NyN |3 1123
Diastereomer B N o
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131 | B,c, 1.95
)_\mo . N\ . .
E"ﬁ 2.718
%-N A\
Prep. Ex. 109 )\ {k o M\—N4N |3 1008
Diastersomer A N0
H
132 Br cl 1.63
)\NCO ~N\ . -
E:J I/@ 2.718
| YN A
Prep. Ex. 109 )\N/& olf M\—N_N 3.118.1
‘Diastereomer B - N o
Lo
133 “neo Br o/~ a 1.95
a2 .
_N._é (>
['.Tw‘ 2, 704
Prep. Ex. 109 _ ”
- : %N =\
Diastereomer A | .-~ l(k o Y N\—-NgN 13,935
. N o] .
134 N"yco Br m 1.86
N
[Nl I/O 2.718
Prep. Ex. 109 N"Z-N =
. :
DiastereomerB | ~~_ NA o V\_’N«-N 3.98.9
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135 @ Br/ .@ ct 1. 56
NCO ' N é _
| E:l ]/@ 2.752
- %N =
Prep. Ex. 109 ©\ NAoo N‘/\’N«'N 3.81.4
Diastereomer A I
136 ©/\mo Brcl 1.17
N 3
[Tv I/© 2. 766
"N =\
YN\—NuN
Prep. Ex. 102 g\-“/koo N
Diastereomer A H
e @\/\ | B /\ c 1.80
} . NCO \N é .
[N I/O 2.780
@\/\ lg‘?ﬂq‘-’\/m,-_'\m
Prep. Ex. 109 ' N'Aoo —NoN | 3 684
Diastereomer A I!I
= Q. | o |
N I/@ 2.772
[ . Me
- - SNyeN o =
Prep. Ex. 131 Lo MN\~NyN
Diastereomer A g o
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139 Q m@,m ~ [1.53
NCO : , .
| | (N I/@ 2.772
e
| Y-N_ _
Prep. Ex. 181 (l A o MN\NyN
Diastereomer B E o :
140 Q Br /Y a 1.83
~ 'NCO o =
| - _' (x—q 2.744
- ' "
Prep. Ex.113 O\ ,gér N A 3.143.8
Diastereomer A S :-: o e
141 | Q | _ 1.96 ¢
. o “NY-N
Prep.Ex.113 | - O\NA {N\/\W - |3.1354
Diastereomer B e 0 L
142 >|\ Br. a 1.77
Nco SN ~N .
EN Y/ 2.733
: U I %N ==
Prep. Ex.117 >|\ | of N—NeN |3, 120.8
Diastereomer B N "o '
H
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143 >|\ Brcl 1.64
NCO e
N 3 =N, _
‘,, =1
Prep. Ex.117 > A IRANeN 15 1168
Diastereomer A X o
NCO N
E:] 2. 680
%N ==\
. Prep. Ex.111 O\ﬁ 0 T \—RGN
Diastereomer B H ©
w . | oo .
\
NCO :
N I
. [i],/ 4 ) _ 2,654
Prep. Ex.111 S o NNl 3613
Diastereomer A g O 69.3
146 >|\ . _ c 1. 97
NCO sy . :
[N | ( ) | 2.654
], =
Prep. Ex.111 S LI~k [z970
Diastereomer B g O 1
147 Q : 1.91
oo
5 e J
e =~
Prep. Ex.125 O\ N“k (;f'N\’\/N\,N
H O
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Br/ a 1.68-

148

>\

NCo
2.735

Prep. Ex.130

Toa solutlon of the title compound from Preparative Example
109 (1 1S.2R diastereomer A. 50 mg, 0.08 mmol) dissolved in

: anhydrous CHxCly (1.1mL) was addedbenzoyl chloride (0.02 mL,.

' 0.16 umol) and triethylamine (0.03 mL, 0.2 mmol) and the

10

15

20

' resulting mixture was stirred at room temperature under Ng

overnight. The solution was diluted with dichloromethane, washed

- with 1N aqueous NaOH and dried over anhydrous MgSOj4.

Filtration and concentration in vacuo provided a residue which was
purified by preparaﬁve ﬁlate chrbmatography (silica gel) using 5%
MeOH-95% CH2Clz saturated with aqueous ammon;lum hydrdxide |
to give the title compound as an off-white solid (54.4 mg, 93%, MH+
= 737). SCH

_ EXAMPLES 150-217 o
Similarly, using the procedure described for Example 149, the
title compound (diastereomer A or B) from the Preparative Example
given in Table 14 was treated with the corresponding acid chloride,
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chloroformate, carbamyl chioride, dicarbonate, anhydride or
sulfonyl chloride given in Table 14 below (Electrophile column) to-
-give the N-substituted arylalkyl or heteroarylalkyl Products listed in

Table 14.
TABLE 14
Ex. Electrophile Product 1. Yield
and (%)
Prep. Ex. 2. MH"
Compound _ _ 3. mp
. (°C) -
150 /‘E B/ o 1.54
1,0V Yy~ 2675
Prep Ex. 109 C:)g, N/ : ~
Diastereomer A /& or MN\—NgN
b .
151 /E Be - 1.75
HaC o SN - - 2 :;53
Prep Ex. 109 E:l/ N/ : ~
Diastereomer B /k { MMN—N N
: o
152 \/\/‘i Br. c 1.72
0 i : 2. 717
X | 3.86.4
Prep Ex. 109 E ,
Diastereomer A oﬁ’ N\/\/N':'N
n-CHy” o
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153 Br a 1.172
' LT § :;14
o N /O T
- C ]'// N ~ |
Prep Ex. 109 T or “\—N 4N
Diastereomer A TR N
o
5. 0 ey VN 1.85
2.743

ci
| ‘1=i | ~|3.100-
Q{l /@ 101
. . : . 7—~N '
Prep Ex. 109 . 0 -
| DiastereomerA | ;

gy - Brmcl - 1.88
_ <\ | 2.729
= _ 3. 101-
N ).
@ /O 104
N

Prep Ex. 109 o NN
Diastereomer A o |
o N 2.705

2 | 3. 1027

Prep Ex. 1'09 - [:]
/,

: | %N
DiastereomerA | T NA NN
. MeO A
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— %) :
[ 157 | e Br .O - 1.92-
o sy Y . 2. 704
1!« = /@ 3.114.7
(]
Prep Ex. 109 Mo N'L o M\—NN
Diastereomer A Y
Me.
cl -
e (g O _ 2,704
N
IL . [ /@ . 13.1104
we E“]- ' ?
: Z-N ‘)
Prep Ex. 109 e, 0 “\—NN
Diastereomer B : i ©
Me
o -
R CNEATE L2 © & S Ve
} (4] o \N - 2.733
2 E /@ 3.103.5
Prep Ex. 109 E:j'zr'N ~
Diastereomer A l o T \—NGN
ﬂ‘o o
5)
160 ( >|\ ’ug\ Br. / N c1 1.83
O 0O \N' 2.733
2 /@ 3.94.5
Prep Ex. 109 E:l, N | ~
-
Diastereomer B l o N\ —NN
Foto
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_ /@ 3.955
N
\/\/

Prep Ex. 109

N T ')
Diastereomer A )\ /1 o NN
o "o
I o 1.87

162

7/\0/k0 1SS 2.733
= | 3.84.5
Prep Ex._109

~ Diastereomer A
S DX

163 /il | Br . ‘ - Cl 1.89
S0 | _\N‘ - - {2.705
| - SRR ' 3.93.7
Prep Ex. 109 . | B} /@

' | Dia; : %N
: Diastereomer A o/r' NN\ —~NN
- |7 0o ‘o -
164 /‘C Br @CI 1.89
1 NN N Y 2.719
Eﬁ | - |8.70.8
l.’repEx.109 4N T
Diastereomer A o Y\ NN
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—Cl :
165 . Br. / . cl 1.87
 n-C,Hy \0/&0 v D 2.733
: X /@ 3.70.5
Prep Ex. 109 [ e W =
Diastereomer A , gf NA-NN
n-C,Hy ~o" Y%
c1
,L | Br .@ cl 1.83
00 | sy 2.761
= 3.60.2

166

n-Csﬂls\
Prep Ex. 109 [
/,
Diastereomer A ,L gr
' 2-Cetis< 0
167 i‘ Br / ‘ a 1.86
| 2-Cetliz~ 0 . BN & 2.789
' 2 /@ 3.63.1
Prep Ex. 109 l/ N H
' Diastereomer A TNANN
_ ' n'canrr\o o
Br mq 1,50
. =3 2.753
N . _
= 3.91.1

168

AL

F'rep Ex. 109 Y~ YN
Diastereomer A o
0" o
169 m\@\ al mm_m 1.91
o’ko >N Y~ 12.787
| ('fv | /@ 3.87.3
Pl
br “A_N_N

Prep Ex. 109
Diastereomer A




WO 00/37459

PCT/US99/27939
-272 -
1?0 | O\ il Br. /_\ ct 1.83
oo =X . 2.759
X /@ 3.78.7
Prep Ex. 109 E ].,/ =
Diastereomer A O\ 1 or N\/\/NvN
o o
171 1.96
ct |2.815
X 364
e il ¢ (o]
N
Prep Ex. 109 -
Diastereomer A | <
| 172 H o 1.88
’k 2.815 .
3.95.8
Prep Ex. 109 oy
Diastereomer A oo
173 MeSO,Cl Br /™ a 1.68
| | SN . 2.711
Prep Ex. 109 _ % _ 3.113.6
‘Diastereomer A [ _
YN M
gf ~\—N_N
s=0
Me” \\
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174 MeSO,Cl 1.83
2. 711
Prep Ex. 109 ' 8 3.114.6
Diastereomer B E J |
%-N, /o
1 0 ~\—NuN
Me”SS
175 [ nPSOCL | 5 o 1.50
\N_‘_ ._ 2.739
Prep Ex. 109 ' % ; ] 3.86.5
Diastereomer A Ev] /@ |
176 n-PrSO,Cl 1.15
| 2,739
Prep Ex. 109 1 3.938
Diastereomer B g] /@
4N /M
| or MN\—N_N
/\/S\\"o '
o
177 n-BuSO,Cl Br @’m 1. 40
RSN 2,753
Prep Ex. 109 = 3.87.9
Diastereomer A E:J
%N ‘o
| o AN N
- -0
AT |
o




180

‘WO 00/37459 PCT/US99/27939
- 274 -
178 i-PrSO,Cl e/ o v
ISR QN 2.739
- Prep Ex. 109 £ : @ 3.93.2
Diastereomer A J N
a %N ~
o T \—NyuN
s°
o
179 | PhCH,SOC 1.50
2.787
Prep Ex. 109 3.1104
Diastereomer A
- 1.02
O/L o 2,715
o 3. 105.5

Prep-Ex. 109
Diastereomer A
181 ™ 1,98
VL - |2.701
© /@ 3.106.8
" Prep Ex. 109 Zf N\/\/N’;—;‘N
Diastereomer A o
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182 a | e D a 1.90
| X NS |2.787

- (F /@ | 3.78.8"
o | TN

o oo

Prep Ex. 109

| DiastereomerB | | :
183 f Br /™ a 1.57
| >\ /k = - 12.719°
o ‘o N . : : _
o . EN : . 3 95.2,
Prep Ex. 109 - ., .
Diastereomer B - \ folrl\/\/N\I/N
. . o Yo |
| 184 i’ B/ a 195 |
Y\o o 2.733
| [n /@ S k2 84.9i
Prep Ex. 109 "lfl' N\/\,»-NC\N |
Diastereomer B >/\O,L°° | 7

185 /t' | 4 ’ —a 153
A o 2. 641
' . - 13.89.6
. N
Prep Ex. 111 [
Diastereomer A /I\ - ; o |
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N
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Diés'tereome_r A Q o MMN\—NN
. o\,
187 /l\ /E —
o o _ o 2. 641
o /@ 3.68
Prep Ex. 111 _ E l y g : _ -
Diastereomer B )\ (;I' NN N
o o
18 o 1.61.
A 2 es1
' e 3.87.9 :
Prep Ex. 111
Diastereomer B
189 . ! 1.85
| /k _ 2.745
¢ /@ 3.94.2
N.
Diastereomer B O\ /[)o NN N
. o ' (0] o .
190 s c 1.72
/k _ 2.667
¢ /@ 3.97.2
Prep Ex. 111 E lﬁ’ N ~
N
Diastereomer B O\ o T N\—NN
o ‘o
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Prep Ex. 109 TR —wuw
Diastereomer B o
192 el . a 1.81
O\ J\\ ' 2. 867
o ‘o X /@ 3.85.8
Prep Ex. 111 ( . Kt
Diastereomer A O\ o TN
o o
v (ﬂ\ M B/ o 1.76
| o o _ 2.719
. 2 N 2
= 3. 206.7
Prep Ex. 113 [NJ%N
Diastereomer A ﬂ\ /k o V\W
0 ‘o L >
__ N
194 ﬂ\ h Br ) Cl 1.85
( oo | - 2.719
2 N
8 3.121.2-
: E 130.4
Prep Ex. 113 %N
Diastereomer B 7‘\ Ao V\“
0o ‘o P4
. N
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Prep Ex. 131 [ % ~ )
Diastereomer A~ | o l\/\/N\éN.
KA TN~
| 196 /‘C .77
/‘\o o 2.733
. 3. 105.1-
Prep Ex. 131 114.2
Diastereomer B
197 | T a 1.56
| DA 3. 100.4-
: 108.8
- Prep Ex. 131

Diasteresomer B

198 cl - 3 _a ]11.869
| ,k ; | 2.695
| oo | EN /@ 3.825

1. Me
Prep Ex. 114 Q ?N\/\/EN
Diastereomer B _ o ‘o _
199 Ci & c 1. 60
,k . Y 2.695
. o o [ﬁ /O e 3834
Prep Ex. 114 O\ X (’erV\/ me
Diastereomer A o o
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200 | - )\ I /\ O a 1. 61
' fﬁ /@ 3.83.2
Prep Ex. 114 : [ " F(_Me
Diastereomer A ’ P\/\/MN‘-
) o .
/I\ 0/-&0
& - .
201, /k /L a O a 1.64
[} o N _ 2.655
X 3.81.2
Prep Ex. 114 |: s F'(Me
- N /
Diastereomer B )\ /§ K, \/\/N\,/N
: 0o "o .

202 | a | N — T1.72
O\ /k CI = - | 2.681
| ° o = | 3.98.2

| (:] /@ Me

Prep Ex. 114 O\ %N N
N.
Diastereomer A 0/& o \/\/ ~

203 ¢ 1 a 1.76
/k - 2. 681
. O (s} : .

N. 3.94.5
[NJ—,/r /@ F(Me

Prep Ex. 114 O\ N Eon
0
Diastereomer B o/k o \’\/ -
. [+
> /'\ /k CI o2
o o =>N" : - 2. 659

= /Q/F_ 13.97.8
N
Prep Ex. 108 [N)

Diastereomer A /I\
oA
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| : o Yo ey 2.56.7

. /@,F 3. 659
N -
Prep Ex. 108 El\),/ T A
Diastereomer B )\ - A { N\/\/N\'//N

o — '
206 Br—/ . cl 1.64
' : (S\OMO ' SN @ : o 12.734
' ' 2 £
' 3 = 3.114.9
Prep Ex. 117 |

_ : %
Diastereomer A j\ ,& o \/-\/N\'/

o ‘o
- ( _ o’L)jb_ |2.734
T 2 1 3.124.2
PrepEx 117 [ Ny A |
| Diastereomer B >k0/£ o N\ AN |
1 e o :
208 | ~N (\@,m | 1.45
: ,k A a7
R : [31 /@ 3. 95.1
s
Prep Ex. 121 O\ Py r N\/\/FC
Diastereomer A o ‘o Ol
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Prep Ex. 121 O\ Zf V\/ N
Diastereomer A o ' Nj
(o)
Yo
o
209 ci a cl 1.39
/k =N 2.711
e e [:] /@ 3.101.8
N Y% F\N
Prep Ex. 121 O\ Ko '\/\/m(_
DiastereomerB | 0o "o oH
209 cl 2 a —
A /k N '
° e [:J r“@
Prep Ex. 121 Q A g’ N\/\/ N
Diastereomer B o o N}
o
o
ot
210 | o1 7 .@ a 1.49
/k *N 3 . 2.697
o~ "o [= /@ 13.64.3
/
Prep Ex. 121 O\ Agf"\/\/f
Diastereomer A 0o "o OH
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o
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Diastereomer A 0 "o
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o o - [N /@ 3.83.6
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Diastereomer B 0 "o
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Diastereomer A 0o "o
214 MeSO,Cl ) . 1.81
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EXAMPLE 218

If the procedure described in Example 149 were followed, the
5 title compound from Preparative Example 109 (diastereomer A)
could be reacted with '

to give the compound

10 .
- EXAMPLE 219 )
If the procedure'. described in Example 149 were followed, the
title compound from Préparaﬁve_Example 109 (diastereomer A)
could be reacted with
a
o

15 o

to give the compound
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' EXAMPLE 220
If the procedure set forth in Preparative Example 51 were
5 followed, but substituting the 3,8-dichloro tricyclic alcohol

~X

"OH
for the 3-Br-8-Cl tricyclic alcohol, the following compound could be
prepared:

jeN

OH
e CH, ’g ',1]/

HoC

10 Then, if the procedure of Example 113 were followed to react the
~ above compound with the title compound from Preparative Example
95.1 the following compound could be obtained



10

WO 00/37459 _ PCT/US99/27939

Then, if the procedure of Preparative Example 109 were followed
using the above compound the following compound could be
obtained: |

Then if the procedufe of Example 149 were followed using the above

- Ak

the following compound could be obtained

compound and

EXAMPLE 220A
If the procedure of Example 220 were followed, but the title
compound from Preparative Example 90 were used instead of the
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title compound from Preparative Example 95.1 in the procedural
step of Example 113, the following compound could be obtained

Cl- Q - |
N | /—-=(CH3
Qf,f L

5 EXAMPLE 221

A0
’?"N\/\/N,:—;\N M Z’_ N/:—//-\N '
To a solution of the title compound from Preparative Example
' 109 (11S,2Rdiastereomer A, 75 mg, 0.12 mmol) dissolved in
anhydrous DMF (1 mL) was added HOBT (32 mg, 0.24 mmol), DEC -
10 (45.4 mg, 0.24 mmol) and isovaleric acid (0.026 mL, 0.24 mmol)
and the resulting solution was stirred at room temperature under
N3 overnight. The solution was concentrated in vacuo, diluted with
dichloromethane, washed with 1N aqueous NaOH and dried over
anhydrous MgSOjy. Filtration and concentration in vacuo provided
15 aresidue which was purified by preparative plate chromatography
~ (silica gel) using 5% MeOH-95% CH2Clg saturated with aqueous
ammeonium 'hydroxidé to give the title compound as an off-white

solid (81.5 mg, 96%, MH* = 717).
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o EXAMPLES 222-224 -
Following the procedure described for Example 221, the title
compound (diastereomer A or B) from Preparative Example 109 was

treated with the carboxylic acid given in Table 15 to give the N-
5 benzyl Product listed in Table 15.

Ex. | Carboxylic Acid Product 1. Yield
and (%)
Diastereomer of 2. MH*
Prep. Ex. 109 3. mp(°C)
222  om | 1.74
S _' 2.757
d No| - ) 3.94.7
Diastereomer A | - Ll
223 N Br N\ _c1 11.85
| . No| | /@ 3.104.2
Diastereomer B :[ E
%N
o MN\NUN
0 .
224 HzNYO B'{wa 11.59
- N 3.129.3
ﬂ Nl /@ .
o o |
Diastereomer A
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E 225

§

(:QQ/@CH

ENJ'/cozn \/\/N 4 —>

0" o

2

KO,.(

,,,1 "y

2

)\—z

0" ™o

O

To the title compound from Preparative Example 127 Step C
(11S,2R diastereomer A) (1.73 g, 3.57 mmol) were added HOBt
5 (0.689 g, 5.1 mmol), DEC (0.98 g, 5.1 mmol), the title compound
from Preparative Example 95.1 (0.9 g, 3.9 mmol), NMM (0.87 mL,

7.9 mmol) and anhydrous DMF (20 mL). The mixture was stirredat - -

room temperature under Np overnight. The mixture was
concentrated in vacuo, diluted with CH2Cly and washed with a

10 saturated aqueous solution of NaHCOgs. The organic phase was =
dried over anhydrous MgSOg4, filtered and concentrated in vacuo.
The residue was purified by flash column chromatography (silica -
gel) using 2% MeOH-98% CH2Cly saturated with aqueous
ammonium hydroxide to glve the title compound (1.7 g, 69%, MH* =

15 695).

EXAMPLES 226-232 __
Following the procedure described for Example 225, the

Products listed in Table 16 below were prepared using the

20 carboxylic acid from Preparative Example 127 Step C (diastereomer
A) and the appropriate N-substituted imidazolylalkyl amine purified
by preparative chiral chromatography (Chiralpack AD, 5 ecm X 50
cm cohumn, flow rate 80 mL/min, 5-13% IPA-Hexane +0.2%
diethylamine),
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TABLE 16
Ex. [Amine of Product 1. Yield (%)
Prep Ex. ' 2. MH*
No. 3. mp (°C)
226 89 —\ .l 1.40
e 2. 709
= /@ 3.92.4
O "
» N
AN w
0% O ' I
O °
227 | 86 c’; 1.43
N _ X 2. 696
- [N:g Y //=(Me 13.93.7
RS S
0 0 - g
228 | 90 I a 1.39
N o 2.713
[§ /O',F_(ue 3.74.6
e, N, - =
f NN
0™g O
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EXAMPLES 234B

If the procedure of Example 225 were followed, but the amine
from Preparative Example 101.2 was to be used, then the following
compound would be obtained

«Oep 5
E 1,, \/\/N Example 234B
QL

5 O
EXAMPLE 235
Br. / \ ' Cl.l . . BrCl
[:J"’( o - - | -f"lllf M _Ph
. T S - Boc. O .
‘Boc O oo R el

| _ | The title compound from Preparative Example 51 (0.184g,

_10' 0.35 mmoles.) was added to a solution of the title compound from

" Preprative Example 132 Step C (0.2¢, 0.437 mmol), DEC (0.168g,
0.87 mmoles.), HOBT (0.118g, 0.87 mmoles.) and NMM (0.22 g,
2.19 mmoles.) in DMF (10 mL). The resulting solﬁtion was stirred
at room temperature 24 hours. The reaction mixture was diluted

15 with H,0 until precipitation ceased and the slurry filtered. The

| precipitate was diluted with CH,C, ,washed with brine,drled over
Na,SO, and concentrated. The crude product was purified by
chromatography using a 5% (10%NH,0H in MeOH) solution in
CH,C}, as eluent to give the title compound (0.18g, 42 % yield).

20
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EXAMPLES 236-238
Following essentially the same procedure as set forth in

Example 235, except using the amine given in Table 18, compounds
of the formula

5 HsC
are obtained, wherein Z is as defined in Table 18.

TABLE 18

Ex. Amine yA

236 Ph Ph
r r Ne

N
HNMPN "_Ph /Nw

Ph
en
Ph

FAB: MH' = 975

237 . CHS CH3

HL/MJL . /NMJ«

FAB: MH'" = 747
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238 . _
HgN N/\:N _N N/\:\N
OH OH
-FAB: MH' = 735
- EXAMPLE 239
Br 4 .@ ¢
(L
. CHjs . k 1r M
5 Ste p' .

Boc _ _

The title compound from Example 235 (0.5¢g, 0.517 mmoles)

in CH,C), (50 mL) was stirred with TFA (6 mL) at room temperature
overnight. The reaction mixture was evaporated to give the title

10 compound as a TFA salt (0.743g) which was used for following
reactions.
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”l'r r\/::f/ HaC$\EJ3 ”,Ir M/NH

To a stirred solution of the title compound from Step A

(0.102g, 0.0936 mmoles), triethyl amine (0.0798g, 0.798 mmoles) in

5 CH,CL, di-tert-butyldicarbonate (0.0515¢, 0.236 mmoles) was added
and stirred overnight. Evaporated to a residue which was stirred in
2N ammonia solution in methanol (2 mL) overnight and evaporated
to dryness. Thé residue was chromatographed on silica gel using
5% (10% conc NH,OH in methanol) to give the title compound

10 (0.043pg). |

EXAMP -243
Following essentially the same procedure as that set forth in
Example 239 Step B, except using the chloroformate given in Table
15 19 below, compounds of the formula:

BrCI

rPh

R14
were obtained, wherein R* is as defined in Table 19.
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TABLE 19
Ex. Chl_o_roformaf_e — R"
240 HCL = G - HeC .,
N T B
- " HeC o/&o K o7 o
R, S)

FAB: MH" = 733

S S
| ' '/go | w0

HsC o

R, S)
FAB: MH' = 719

242 | —cr I -
H . H3C

, 3CY\O/§O 3 \(\ o

' (R, S)

FAB: MH*_= 733

O | O

(R, S)
FAB: MH' = 759
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_‘N\ ! Ph ..____>" N .O
(ol o Gl

TFA HaC L
| H3?\ N0

To a solution of the title compound from Step A of Example
239 (0.126g, 0.126 mmoles), triethylamine (0.071g, 0.726 mmoles)
5 in CH,CL (5 mL), t-butylisocyanate (0.018g, 0.189 mmoles) was
added. The resulting solution was stirred at room temperature
overnight. Evaporated to dryness and the residue was then stirred
with 2N ammonia solution in methanol (3 mlL) overnight. |
Evaporated to dryness and the product was chromatograi)hed on
10 silica gel using 5% (10% conc. NH,OH in methanol)-CH,Cl, as the -
' eluant to give the title compound. (0.046g) CIMS: m/z (MH') 732.

: les 245-254
| Following the procedures set forth in Examples 77-79 and 86,

15 but using the diastereomeric mixture A and B from Preparative

Example 135 and the appropriate amido-imidazole, the following
compounds were prepared:

Xample 245
(Example ) (Example 246)

20
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(Example 252)

Mixture l - _
CONH cycHexyl

(Example 253) (Example 254)
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EXAMPLES 255-278
Following the procedure described for Example 127, the title
compound (diastereomer A or B or A+B) from the Preparative
Example indicated in Table 20 below was treated with the
corresponding isocyanate to give the urea products listed in Table
20. '

TABLE 20
Ex. Isocyanate Product 1.Yield
" and (%)
Prep. Ex. o 2.MH*
3. mp
(°C).

c'\Q | Br{/m()l
NCO N -
255 : (:] - = |149

&
13 A Me |3, 150.1
diastereomer A " (A)

>\ B a ~
NCO . :

N =3

256 En) - - 1.65
| S HN T N 2.642

139 _ >l\l.(k° Me  |3.1415

diastereomer B o
H ®B)
O | ~0H0
NCO N
257 E:l - = 1.82
| | Q PN YN 2.668
139 ,(k\ o Me 3.147.5
. o
diastereomer A ] (A)
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Q Br cl
NCO ey -
258 ' EN - 1.90
O__\ PN YN 2. 668
139 ' (? Me 3.148.2
diastereomer B 1'1 (B)
Q Br/ cl
“nNeo y
259 - E" e 1.7
- H 7
B O\ N]'zrn\/-NvN 2.668
| 140 N,ko 3.1415
. O
diastereomer n - (a8 -146.6
~A+B : -
o Bri/. ‘ Cl
B :
' M
() r =
QX
R @ (A+B)
c NCO _ N
260 [N . = 117
Q\ YN NeN 2.696
140 a o~ AL 3.136.1
diastereomer r!I (A+B) :
A+B .
Br ./ c1
N
(“ a
J@\ %N NN
a 0
b} 0 (AiB)
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c"O\ Br/ -c1
NCO y -
261 | [NJ - = |1.15
| m@'\ NN, NN (2,696
140 RN 0 3.140.8
-diastereomer 1'1 (A+B)
A+B
Br/ -Cl
\N .
N. Me
a E B =
) Yo~
N
(o]
s (A+B)
FQ Br/ c
NCO N ;
262 | . [N o = (112
F@\ %N Nl 2. 680
140 N/koo 3.130.3
diastereomer 1'1 (A+B)
A+B
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TMS-NCO
263 NJ 1.25
142 o 3.165.5
(A+B)
-.m°'
ol O\; T
_ . | | o. (A+B)
_ , NN (A)
ENj H 2.682
152 4N Me [3.131.6
O X~y
1 . Me
Qe | X
NCO : ~ o
265 | - N 1.71
- ' N. B) )
[N] - 2,682
153 E ] TN Me |3.120.6
_ _ oo \/\N)___ Ni
>LNco Br i \ a
N
266 1.65
N A
e E H (A4) 2.656
7. .
% Me |3.143.6
>|\v’k o N\/\Nﬁ’
a © =N
_Me
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>LNCO
267 ' 1.64
’ . N ()]
153 [Nl/ H 2. 656
. ' j\NA orN\/\N/ﬁ,Me 3.142.9
g ° b |
Me
B
>LN o rCl
268 A GV 1.83
N : .
C) B a2
154 INANGN  [3.1428
diastereomer A >LN/& o \(Me _
>LNCO Br\@/cj _
269 | | (B). 1.89
H .
| 2. 656
154 E: VNGB
¢ 3.146.8
diastereomer B >Ln’& o TMe
Q ﬁrCl
' NCO :
270 (A+B) 1.43
H
] 2. 682
Yr N —
e Q N/& a MNNGH 8. 1448
diastereomer e o Me .
A+B : H
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N§ =~ e
NCO | 1.52
271 - L) 2.672
(N H ¢~N 3.1225
% —~N_ :
>|\ (e V\/N‘K_ -143.6
diastereomer _N/ko OH
A+B H °
>l\NCO B Y a
N
075 vl _ 1. 21
| E l H ¢N 2. 769
158 - % NN 3.141.0
diastereomer o
N Yo
A+B H ©
. YO
o
- Br / Cl .
o
273 | ' [ N], 1. 61
158
3.151.7
diastereomer j\l.‘/ko
A+B B
Qo | =G0
NCO
074 E:J 1.48
- " ’N‘/_NT\ 2.683
158 Q |o o  |3.133.1
diastereomer - H ° '
A+B
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: Q " Bro# Cl
“NCO ey’ o -
275 C:] T 1.46
N YN/ NN 2. 809
159 Q(Lo ; 3.131.2
diastereomer g ©° ° o
A+B : Y
ol
>|\NCO Br</ cl
SN
276 15 on |1.52
[N] H fr 2,672
160 % Mo N< 3.130.8
diastereomer >L “,L °_ ' .
A+B a °
ﬂ\ — — (O
“weo | P “ O)L N
277 X ' /& 1.38
o [:J H F)N 2. 771
160 % N NZ 3.144.6
diastereomer >L N,.ko
A+B gz ©
Oheo | =L Iy
o S9D.
(" - Pu 2. 698
158 Q N_g:’_V\/N-K_ 3.141.2
diastereomer W/ko oH
A+B H
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EXAMPLES 279-286
Following the procedure described for Example 149, the title
compound (diastereomer A ot B or A+B]) from the Preparative
Example indicated in Table 21 below was treated with the
5 corrésponding acid chloride, chloroformate, carbamyl chloride,
dicarbonate, anhydride or sulfonyl chloride to give the products

listed in the Table 21.
; TABLE 21
10 _ __
Ex. Electrophile : - Product 1.Yield
and ' (%).
Prep. Exam. ' 2. MH*
' ' " 3. mp
(°C)

RO

1.66

279 PhCH,SO,Cl1 [p -
o ’/N\/_N'N 2.1697;'_
=0 Me 3.148.5
139 % A)

diastereomer A

neSos
CH,SO,Cl I

280 Me | 1.10
[N] H m~ |2.621
I 2V PRI
140 MeSO30  (A+B)
diastereomer '

"A+B Brc1

E Ja,i N \/-N%N

MeSO, O
(A+B)
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Br”/ .\ Cl
281 | CHiCH,SO,CI N Me | 1. 11
[Nj = |26
N 4N Y 3.124.8
140 | CH3zCH,80, O (A+B)
diastereomer _
A+B Br/ ‘ cl
{\Nh
. . N. Me
(=
B S NP
CH4CH, S0, 0
(A+B)
Brv/ Cl
282| CH,CH,COCI [:J a o= |17
: 4N NN 12,509
(;’_ _ 3.93.2
140 (A+B)-
diastereomer
A+B Br /5 .cl
) N
: N. M
(L= =
4N NoN
(o)
° (A+B)
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Br/ cl
_ . N :
' N Me .
283 | CH;CH,CH,COC] [ H = 1.17
4N NN 2,613
/\Ag’ 3.85.7
140 : . (A+B)
. diastereomer
/\E'lz\J : N\/—N"N
| | (A+B)
NN o Bry/ o]
284 | - | o EN ‘a = 1.1 o
140 OSNA? 3.128.4
" diastereomer - (A+B)
A+B
Br cl
Bl |
N M
. ( H =
0
| % (a+B)
~ i Br/ \ cl
}‘l o] <N A _
285 [: A) 1.55
H
. 2.628
v .N -
154 g V\,N{“ 3.108.9
diastereomer A \N’ko Me _
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v | NGO
Jo ® -
286 ENl " 1.23
, ofN"\"Q' 2.628
\)\, 3.109.3
154 |
diastereomer B
O\ L] = a
0”0 =y
286 " ! 1.70
A . [ ]‘.II INI e 2. 725
166 Q /IL /"/"\/m: ! 3. 88-96
0" ~o © N
QL |~ O
- 0 "o =y |
286 ® I 1.60
B [ j | 2.725
' "ty —N /' 13.89-96
167 O\ N N '
B &
EXAMP 87-289

Following the procedure described for Example 221, the title

compound (diastereomer A or B or A+B) from the Preparative

Example indicated in Table 22 below was treated with the

22.

corresponding carboxylic acid to give the products listed in Table



PCT/US99/27939

WO 00/37459
- 310 -
TABLE 22
Ex. | Carboxylic Acid Product 1.Yield
' and (%)
Prep. Ex. 2 MH*
3.mp
: . (og).
. N :
o
287 | [N . - 71
-5 %N NN |2.678
- 139 Q\/L° Me [3.1395
T g - _ o (A)
diastereomer A _
"ﬁNi H - B -Cl
288 | ,l?\ | (N H = |[1-3¢°
. S &
139 0} .- S Me |3.136.1
diastereomerA | = . (
fw Br./ 1
' N
O
/'\- SO 3.116.5
o 140 : . (A+B)
diastereomer
A+B :
: Br«7 1
N
N, Me
H =
+°i'0\5k gy~
o
%  (A+B)
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EXAMPLE 290

< o

@% L T A0

g ° )_N o >,N

A solution of the title compound from Preparative Example
143 (0.59 g, 1.15 mmol) dissolved in anhydrous dichloromethane
5 (10 ml and trifluoroacetic acid (2 ml) was stirred at room
temperature for 3 hrs. The resulting solution was concentrated in' -
vacuo, then the residue was combined with anhydrous '
dichloromethane {10 ml), the tricyclic chloride {(compound No. 42.0) -
(0.474 g, 1.38 mmol) and triethylamine (1.61 mL, 11.5 mmol) and -~
10 allowed to stir at 25-40°C for 12 h. The reaction mixture was
concentrated in vacuo and purified by flash column and preparative
- plate chromatography (silica gel) using 1-4% MeOH-CH2Clo:
saturated with aqueous ammonium hydroxide to afford the title
compounds {457 mg, 55%, MH* = 718).
15

EXAMPLES 291-297
Following the procedure described for Preparative Example

290 and the BOC-protected piperazines listed in Table 23 below, the
20 tricyclic compounds in Table 23 were prepared as diastereomeric
mixtures. The diastereomers that were separated, were separated
by preparative chiral chromatography (Chiralpack AD, 5 cm X 50
cm columm, flow rate 80 mL/min., 7-12% IPA-Hexane +0.2%
diethylamine) to give diastereomer A and diastereomer B.
25
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Ex. BOC-Piperazine Product

o '% Br\( "”/cl |
201 E; oo ‘/“;rls

1. Yield: 44%
2. MH' = 705
3. mp = 132-135°C

202

1. Yield: 14%
2. MH* = 705
3. mp=127-132°C

293

For (A): - - For (B):
1. Yield: 38%1. Yield: 36%

2. MH' =691 2. MH' = 691
3.mp=1075°C 3.mp=82.2°C
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QQ

1. Yield: 36%
2. MH' =722
3. mp=173.8°C

e

205

SR

BOC

'B ., ’ .

Q ”f “AUNLN

Br y cl '
= (C+D) :

CL

For (A):
1. Yield: 30%
2. MH" =682

| For (C):

1. Yield: 10%

,,(

For (B):
1. Yield: 25%
2. MH' = 682

For (D):
1. Yield: 13%

2. MH' = 682

2. MH’ =682
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. 297 Qg’to{ h\/\ﬂ';,l—ou

296

?oc | | Br~/ . Cl
QR 50
M\~

1. Yield: 75%
2. MH" = 698
3. mp =141.2°C

£° Hoow Brm

O\m/k // NV\&?—OH ..

1 Yleld 13%
2. MH’ 670

3. mp = 182.1-219.4°C

EXAMPLE 299
Step A

ok
ﬁ/ _
N a [:J, I/@,m_
N]{ r@’ %N, N

K "\/\[N y e

_ To a solution of the title compound from Preparative Example
155 Step F (0.30 g, 0.67 mmol) dissolved in anhydrous
dichloromethane (3 mi) was added cyclohexylisocyanate (0.09 mL,
0.7 mmol) and the resulting solution was stirred at room
temperature for 30 min, then concentrated in vacuo. The resulting
residue was diluted with dichloromethane (3 ml) trifluoroacetic acid
(3 ml. The solution was stirred at room temperature overnight,
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then concentrated in vacuo, diluted with dichloromethane and
washed with 1N NaOH (aq). The organic phase was dried over
anhydrous MgSO4, filtered, and concentrated in vacuo to afford a

yellow foam (0.319 g, 100%, MH* = 473).

Step B

Z-H

C1

CL ”’I Qw

To a solution of the title compound from Step A above (0.212
g, 0.45 mmol) dissolved in anhydrous dichloromethane (10 ol) was
added the tricyclic chloride (compound # 42.0) (0.154 g, 0.45 mmol)
and triethylamine (0.32 mL, 2.25 mmol) and allowed to stir at 25°C .
for 48 h. The reaction mixture was concentrated in vacuoand -

purified by preparative plate chromatography (silica gel) using 5%

MeOH—CHzClz saturated with aqueous ammonium hydroxide to

afford the title compounds (125 mg, 35%, mp = 114.8°C, MH¥ =
778). ' :

EXAMPLE 300
Following the procedure described for Example 299 Steps A-
B, the product listed in Table 24 below was prepared using the
corresponding piperazine from the indicated Preparative Example.
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TABLE 24
Ex. | Prep. Product 1.Yield (%)
Ex. M
3. mp (°C)
nrmm
00 1%8 o N 1.38
[N:l H 2.758
O\ N 3.117.3
(o) : ;
o N/ko _ N»
"
S EXAMPLE 302

[:]: - HZN .- N.
o 0 . N
A mixture of the title compound from Preparative Example

162 (400 mg, 1.86 mmol), the anhydride from Preparative Example
44 (661 mg, 2.19 mmol) and anhydrous CH2Cl2 (10 mL) was stirred

at 25°C for 3 hrs before tert-butylisocyanate (0.26 mL, 2.19 mmol)
was added. After 12 h, the mixture was concentrated in vacuo,
dﬂutéd with CH2Cl2 and washed with water. The organic phase
was dried over anhydrous Na,SO,, filtered and concentrated. The
resulting foam was diluted with anhydrous CH2Cla (10 mL) and

trifluoroacetic acid (10 ml) and stirred for 3 h. Concentration in _
vacuo, redilution with CH2Cl2 and washing with 1N NaOH (0.5 M,

aqg) provided an organic solution which was dried over anhydrous
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Na,SO,, filtered, concentrated and used without further purification
(181 mg, 27%, MH* = 431.5).

Step B

Br '/\ Lo }

i | <
G, = A7 ,
A0,

>k;': *o "\/\[N’) "Jr‘\/t N,)/Q,

To a solution of the title compound- from Step A (170 mg, 0.39
mmol} dissolved in anhydrous dichloromethane (10 ml) was added -
the tricyclic chloride (compound No. 42.0) {175 mg, 0.51 mmol) and
triethylamine (71 pL, 0.51 mmol} and allowed to stir at 25°C for 48

10 h. The reaction mixture was concentrated in vacuo and purified by - -
preparative plate chromatography (silica gel) using 5% MeOH-
CH2Cl2 saturated with aqueous ammonium hydroxide to afford the

title compounds (oil, 24 mg, 8%, MH* = 7386).

15 : EXAMPLE 303

B Cl

N
(J, » »
S L Crene
(o) N
If the procedure set forth in Example 302 were followed using
in Step A '
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H &
N _
N

instead of the title compound from Preparative Example 162, the
title compound would be obtained.

5 |  EXAMPLE 304

Folching the procedure described for Exainplé 58 except
using the title compound from Preparative Example 165 mstead of
the title compound from Preparative Example 25, the title -

10 compound was prepared 5 1%,-MI-_I"‘ =711, mp = 103.7-107.5).
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EXAMPLE 305

The title compound from Example 58 was separated into its
two diastereomers by HPLC (Chiracel AD column) using 10%
5 isopropanol-90% hexane-0.2% diethylamine to give the 11(R),2(R)
and 11(S),2(R) isomers. -
' Diastereomer A : MH+ = 697; mp = 103-108°C.
Diastereomer B : MH+ = 697; mp = 101-107°C.

TAL
ST

Following the procedure described for Example 58, except
using the 11(S),2(R) diastereomer from Preparative Example 164
instead of the title compound from Preparative Example 51, the title

15 compound was prepared (59%, MH* = 619, mp = 100-114°C).

Z""



WO 00/37459 PCT/US99/27932

- 320 -

XAMPLE 307

_ Following the procedure described for Example 306, except
'5 using the title compound from Preparative Example 165 instead of
the title compound from Preparative Example 25, the title

comp_ound was prepared (73%, MH* = 633, mp = 89.1-96.5°C).

10
Following the procedui-e déscribed for Example 58, except |
using the 11{R),2(R) diastereomer from Preparative Example 164
Step C instead of the title compouxid from Preparative Example 51,
and using the title compdund from Preparative Example 165
15 instead of the title compound from Preparative Example 25, the title

compound was prepared (65%, MH* = 633, mp = 89.1-96.5).
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EXAMPLE 309

H NJl\N O\( j’"-n/“\/\/“‘r\N)

The racemic product from Préparative Example 141 (0.2g,
0.368mmoles), 4—(4-mtrophenyloxycarbonyl)plpendme-1-

carboxamide (0.1706g, 0.552mmoles) (Preparative Example 36, Step -

B) and isopropanol (10mL) were heated under reflux and under

argon at 87°C for 24h. The solution was evaporated to dryness and-
the residue was taken up in dichloromethane and washed with -
satd. aqueous NaHCO, , water, dried (MgSO), filtered and '
evaporated to dryness. The residue was chromatographedona
silica gel column using 3%-6%-10% (10% conc. NH,OH in

methanol)-dichloromethane as the eluant to give the title compound ~

(0.057g, 22%): FABMS; m/z 712.9 (MH"; §, (CDCl,) CH,: 30.3, 30.5,
30.6, 30.6, 31.1, 36.7, 41.3, 41.3, 42.2, 44.5, 50.7/51.1, 52.3; CH:
55.4, 71.0, 78.8, ~118.9, 126.3, 129.4, 130.5, 132.5, 137.0; 141.4,
147.1; C: 120.2, 134.3, 135.0, 137.0, 141.3, 155.2, 155.2, 158.0,
170.2; §, (CDCL) 4.31/4.32 (1H, s, H,), 4.56 (2H, broad s,

NCONH,), 6.93 (1H, broad s, Im-H,), 7.07 (1H, broad s, Im-H,), 7.10-
7.16 (3H, m, Ar-H), 7.48 (1H, m, Ar-H), 7.60 (1H, broad s, Im-H,)
and 8.30ppm (1H, s, Ar-H,).

_ EXAMPLES 310-342
Following the procedure described for Example 225, the
Products listed in Table 25 were prepared using the carboxylic acid
(diastereomer A or B) from Preparative Example 127 Step C and the
appropriate N-substituted imidazolylalkyl amine.
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TABLE 25
Ex. | Amine of Prep. Product 1.Yield
Ex. No. (%)

Carboxylic acid 2. MH*

diastereomer A 3.mp

orB ' (°C)

310 94 1.71
| 2. 695

'diastereomer A * 3.79.7
a1 | e3 | T & .29
R o [j 2. 681
.| diastereomer A | - A~ “N7%-N 3.82.2

o o ~Me
Oy

wo| .. o
- ' N 2,709

diastereomer B ( l | Me |3.884

N~ %-N
QA
0" Yo.
o] e

313 94 1.47
o | 2.695
diastereomer B 3.86.3
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314 101 1.52
. 2.709
| diastereomer B EN] -~ Me |3.89.1
\ * N v, N —
Q- *07;*’ MN—NN
0"
315 179 S HO NN 1.14
. = ' |
| | Eﬁ] N e 2.756
diastereomer A NN O Me| 3. semi-
Q /koﬁ’/ NA-N_N | solid
0"
/4 . \ Ci
| =N 2 1
316 172 H 1.65 .
| | [Nj | Mo | 2711
(diastereomer A « N7 %N OH =~ |3
Q A& NN 1222
0™ Yo '
317 173 - _0 1.27
N £ Z "N
£ ) .2. 712
diastereomer A EN] ve | 3 62.9-
' : N~ %N ,=( 88.2
Q A NN
_ 0y
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O
318 174 NOE oH 1.19
~N wey oM 2. 679
diastereomer A [Nj.,,/ d H " 3.78.3
e

SBC AN

0" Yo A
319 | 199stepB | | 2 a 1.20

= ]
. [ j NN0H e | 20712
| diastereomer A NN, = 3.

| _. O\ Nd NN sy

1.32

320 | . 9t

| [j ' N |2.700
diastereomer B | N"%-N_ = 3.94.6
et ) P
(o)

A T
)" Yo :
321 95.1 N % 1.4
[. s Me | 2. 695
diastereomer A N N F-—'( 3.76.7
O\ /K §d M\ —NN |
_ 0" Yo
40s5
322 176 ﬁ. : 1.37
E j SNt Me | 2. 729
" =~ |3.7s-

diastereomer A N~ %N
O\ A& NN e
(o)
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83 | 177 £ O 1.50

E :I | Me | 2729
diastereomer A . N "/ﬁ—N ~ 3.96-
Qozk ¢ NN g
(o]

324 178 . ﬁ 1.45

| [ ] | 2.729

diastereomer A N '%N ¢ /=(Me' 3. 87-

| SR A sl
0" o

N (82
325 85 (B)

1.55

: _ 2.695
diastereomer A [ ], Me 3. 88-
I\ o3

o)
7 .@ cl
326 180 | _\N 2 1.53
. - [] ‘Mo me | 2700
| diastereomer A N~ %N 3.87.7
O«: ¢°ﬁ’ \/\/C'(v "

327 183 | H 1.63
| ;. EN] 2,645
| diastereomer A| ' 3

NN . .
QLI AN e
O
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328 181 £ (© | 1.40
_ | [ j 2.723
diastereomer A O\ N"%-N | /--=>g 3. 86.5-
~ o./ko° MANNGN g5
7 \ Cl
\N X N
329 184 Y 2 1.16
AN N 2. 697
o - [] . we |2
diastereomer A O\ N”%-N_ = | 3.95-
100 -
330 | 182 I SN A | 1.7
| Ej 0 e [2712
diastereomer A | O\ NT%-N F_-( 3. semi- |
331 165 N =H KA N
" 7 ' 2.660
Diastereomer | E j.,, N. : : 3.90.7-
A - N |101.7
[ l ,go _ <
332
165 . KA 1.69
2. 660
Diastereomer [ j.,, CNO 3.91.6-
N (/ \/Y\
B | | | - N 1102.8
- O/&O o (N\//
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V2 \ ci 1.29 -
S ' | 2. 660
333 185 N & 3.75.9-
[ j (A |2 |
Diastereomer N SN "I/ﬁ/N N
w O
O (0] N
186 g ol 1.90
| ) 2.646
334 | Diastereomer N =™y 3. 83-
A EN) ’/4 - 89.7
4 \ ~Cl
| 133 — .
335 | Nz 168..
diastereomer A ENj - y | 2. 696
. e\
N %N N
O\ A=
o "o
/4 \ Cl
336 133 N 1.59
N 2. 696
. ' [ j Me
diastereomer B N~ % ‘N_\\
O\ I AN
o o
337 - 171 ; j 1.15
[] y Hy |2.608
diastereomer A Q N™%~-N N_N
._Q/koo_ OH v
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1.36
2,698

338 |- 171

diastereomer B

339 171 : N ) 1.26
' _ CH; | 2.698
. H
diastereomer A [NJ%N (1) ~
A3 \i,—N\éN : .

a0 | . | a2
[ [] | _CH; | 2,698
- L, H ¢ |
diastereomer A Q N"%-N_{ @ NN |
N Lo N

341 71 N - 1.57

CHs | 2 698
diastereomer B Q /k 4 NN .
(o] OH

o)
=N
342 171 - [Nj 1.21
,CHs | 2.698
’ “», H ,—‘_
diastereomer B Q i ;ﬁ’ N2 NN
0 Yo OH

| - EXAMPLES 343-361
| Foilowing the procedure described for Example 40, the
5 Products listed in Table 26 were prepared using either the mixture
or the pure isomers of the carboxylic acids (diastereomer A and/or
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B) from Preparative Example 51 and the appropriate N-substituted
imidazolylalkyl amine instead of the amine from Preparative
Example 13. The resulting Products were separated by HPLC
(Chiracel, AD column, 85/15 Hexane/IPA).

TABLE 26

Ex Amine of Product 1.Yield
| Prep. Ex. No. | (%)
. 2. MH*
_ 3. mp
- (0
Br/ .@ ci For (A):
=N
343 89 N 1. 27
and [ ) Me |2.761
N~ %N /=‘
344 j\ /k oﬁ’ NA_N_N 3.99.3
0% T
Me For (B):
Isomer A (Ex. 343) 1.30
And 2,761 -
Isomer B (Ex. 344) 3.92.3
For (A):
345 177 1118
and N 2. 761
346 [NJ%N Me, Me 3.924
S A N
"0 For (B):
Isomer A (Ex. 345) 1.17
And 2. 761
Isomer B (Ex. 346) 3.96.5
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1 Br~¢ cl | For (A):
_ 1K N Y
347 101 N. _ 11.25
and | [N - _ e 2. 761
348] - Lo NN
>L0-'ko N ~ For (B):
Isomer A (Ex. 347) | 1. 30
_ And a 2. 761
Isomer B (Ex. 348)
| o For (A):
. 349 94 R
and - Ej | | 1.24
350 N” N 2, 747
SO AN
0o Y | Fory:
i Me _
1.26
Isomer A (Ex. 349) © 1o 747

- And
Isomer B (Ex. 350)

Br—/ \ ci _ 1.65
s, - 2.713"
351 185 ﬁ H 3.
| | [ ] | 102.9-
diastereomer | N '141]/"\/\@»/ 107.5
A j-\o o O N

187 <N : 2.724
352 _ N 3, -
diastereomer | [ j Me ~ me
: B N ’%N .
/k & NN N
0" Yo T




WO 00/37459

PCT/US99/27939

- 331 -
1.66 .
187 12,724
353 3. ---
diastereomer
A
1.18
188 2.783
354 3. 98-
diastereomer 108
B
Br~ 2~ | Cl 1.28
188 N : 2.783
355 H 38.98-
diastereomer [Nj 105
A NN -%,NWN N :
= O
Bl'C|
356 171 P | - 1.54
H 2. 751
diast CHs
iastereomer N], " H =
A . /k (o] N\éN
0 Y0 OH
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. Br 7 Cl
171 =
) N
357 | diastereomer 1.55
B E _ [N] y o CHs 2. 751
>k N "ﬁ—N : Nr=..g
o"koo OH ~
- B~ cl
171 =3
N =
358 | diastereomer N 1. 17
A [J H CHs |2, 751
_ >k N ’ﬁ—N mn Nl=‘g
O’koo OH .
) Br /\ Cl
171 =
N =
359 | diastereomer| - -~ . % 1.12
A [N] H /CHs | 2. 751
; S\i%" @ N—.N .
o o  OH
a0
171 = -
N .
360 | diastereomer N 1.62
B E ] H Y. CHs |2, 751
3\ N“%-N_ | Nr=\;
o ~z
171 e
361 | diastereomer N 1.25
B ()« CHs | 2.751
S e S
7
o’koo OH h

EXAMPLES 362-366

Following the procedure described for Example 225, except
using the (118, 2R(+))-carboxylic acid from Preparative Example 164
instead of that from Preparative Example 127 Step C, and using the
substituted amine from the indicated Preparative Example in Table
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27 instead of that from Preparative Example 95.1, the product
listed in Table 27 was prepared.

TABLE 27
5 e
“Ex. Amine of ‘Product 1.Yield
Prep. Ex. No. _ (%)
2. MH*
3.mp
(°C)
/ \ .
: 1.69
362 183 | i 2.619.
[“] 3.98.8
4 \ <Cl S
<N : 1.44
363 89 ﬁ |2.683
E j  me 13917
>L ,g \/\/N‘Y,N:
' Me
/4 \ Cl
<x 1.42
364 95.1 £ 2. 609

'/© Me 3.83.5
>L[;3 I
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7 \ ~Cl -
_ Ny 1.57
365 185 ﬁ H 2.634
E ] | 3.92.1-
N "f/,{rN NY 102.7
>L A b
0 N
(8] @)
- |
366 186 NNy 1.71
[N] (A 2620
i 3.
sy, N . )
38 T I N> 130.2-
o~ o o N/ 140.2

EXAMPLES 367-374

' -Fo]lowiné the procedure described for Example 225, the
5 Products listed in Table 28 were prepared using the Carboxylic acid -
(diastereomer A or B) from Preparative Example listed in Table 28 . .
below instead of the éarboxylic acid from Preparative Exampie 127
Step C, and the appropriate imid_azolyla]kyi amine (Amine).
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 TABLE 28
Ex. | 1. Prep. Ex. - Product | 1.Yield
| No. of (%)
| Carboxylic ‘| 2. MH!
acid- 3. mp
2. Prep. Ex. (°C)
| No. of Amine
: =N .
367 | 1.200 O’ N 1.46 -
diastereomer E j - Me |2.719
Y, =X
A Q /k 77— \/\/n Ry 3.90-
0" Yo 195
2.95.1
Isomer A
4 .@ Cl
. =N ,
368 | 1.200 o 1.30
diastereomer [ ] F(m 2.711
° O\/k/#\/\/’l N 8.65-
0" 70
2.95.1
Isomer B
74 \ Cl:
=N
369 | 1.200 o 1.61
diastereomer E l OH Me |2.727
A Q /k\ N NF{J 3.128.5
0" Yo 2 '
2.172
Isomer A
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4 \ Cl
=N
370 | 1.200 ¢ on. L) 1.66
diastereomer [ ] “Me |2.727
B N“%-N OH 3.133.9
oAS N NN
2. 169
Isomer B
~ Ty
a71 | 1.200 d n. LN 1.16
diastereomer [ j OH ue [2.728
B /k 3.135.7
2. 199 Step
B
372 | 1.201 Step R 1.35
B [ ] - 2.661
diastereomer N"%-N 3. oil
Q 0 N\—NGN '
2.95.1 Isomer A
495
| =N
373 | 1.201 Step ) 1.49
B | [ ] Me |2.661
N”%-N :
diastereomer Q 077’ N NN 3. oil
B N
2. 951 isomer B
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374 |1.202 | 1.41
. N\,/\\,ﬁ(—< 2.660
2.95.1 Q /g T 3. 80.1-
- 0" Yo © 88.5
 EXAMPLES 375-382

Similarly, using the procedure described for Example 149, the
5 title compound (diastereomer A or B) from the Preparative Example
given in Table 29 was treated with cyclohexyl chloroformate to give
the products listed in the Table 29. '

TABLE 29
10 '
Ex. Prep. Ex. Product . 1.Yield
No. | (%)
2. MH*
3. mp
(°C)
Bf\</ \”,\ @ .Cl
375 190 1.76
[ ]L Me 12 787
[::]\ 1\ T n 3947
0" Yo T
Ne _
Isomer A
\(‘”/ Lo
376 199 fJ::J 1. 67
- :L F=(Me 2,787
\/\/N _N 3.92.3
0O o Ml/ }
Isomer B
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r~_/ \ Cl
: <N
377 | 192 ( ] 1.87
Me |2.787
“% N :
Q 14 F \/\/,\?:,(q 3.90.8
N 0% :
Isomer A
7 _cl
378 - 193 [ ] : 1.85
Me |2 787 -
%N ’
Q O g A
0" Yo
_ Isomer B
BrCI
379 | 194 = 1.72
[ ] Me |2.787
Q «k N’j{, 3.89.7
. lsomer.A
Br/ '\ N-Cl
=N
380 195 ( ] 1.62
- Me |2.787
, N
Q 14 ff \/\/,C{, 3.89.7
0" %o
IsomerB
381 196 1.74
[ j 2.773
N~%-N /A |3.839
O\ /ko# NN
0" Mo T
Me
Isomer A
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382 197 1.73

() r© 2773
Ao

_ EXAMPLES 383-392
Following essentially the same procedure described for
5 Example 149, the title compound (diastereomer A or B) from
Preparative Example 170 was treated with the appropriate acylatmg
agent (i.e cyclohexylchloroformate, or Boc dicarbonate, or
cyclohexylisocyanate, or tert-butyl isocyanate or isobutyl :
chloroformate) to give the products of ﬂme formula:

10
wherein R’ is as deﬁned- in column 2 of Table 30.

TABLE 30

Ex. R, Isomer | Mass B
- 'HRMS
(FABS, MH)

383 O—O A | 695.3473 |-202°
Y - c=0.107




5
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384 0_<:> B | 6953473 |+19:5°
Y ¢ = 0.1295
o)
385 | -COOC(CH,), A | 669.3366 |-42.5°
_ ' ' c=0.89
386 | -COOC(CH), B | 669.3322 |----
387 E_O A | 694.3629 |-51.0°
h ~ |c=0.2575
o _ :
388 WE_O B | 694.3642 | ---
o) _ _ 1 _
389 B A | 668.3480 |-41.0° ¢=0.19
Tl
390 B 668.3488 | ----
el
391 0 A | 669.3322 |-56.3°
'\[,r - < : | ¢ = 0.3005
392 | O« < | 669.3330 |----
\I_or
EXAMPLE 393
cl
E 1 Me
Step A

YO, — TUOIO
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If the commercially available acetoxycyclohexanol were
treated with phosgene the chloroformate would be obtained.

Step B

Y i

0" ™o

0 .
If the chloroformate from Step A were combined with the

piperazine amine shown. above accordmg to the procedure described

for Example 149 then the acetate would be obtained.

10 StepC
If the product of Step B were treated with potassium

carbonate in MeOH the title compound would be obtained.
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EXAMPLE 394

5 If the commercially available cyclohexanol were treated with
phosgene the chioroformate would be obtained.

(\ /\ &
U A . -, .

N w——

\/\/N\éN

~StepB

°§\\

(o)

e

10
If the chloroformate from Step A were combined with the

piperazine amine shown above according to the procedure described
for Example 149 then the ketal would be obtained.
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Step

C .
49ey
N

If the product of Step B were treated with aqueous acid the
5 ketone would be obtained.

StepD - - |
If the product of Step C were treated with MeMgBr or MeLi the

title product would be obtained.
10

By essentially the same procedure set forth in Example 225
(coupling), only substituting the title compound from Preparative
15 Example 212 for the acid from Preparative Example 127 Step C, the
title compound was obtained. Mp 91-107 °C, LCMS MH'=695.



'WO 00/37459 PCT/US99/27939

Step A

5 If the 3-bromotricyclic chloride from Preparative Example 209
were used instead of the chloride in Preparative Example 127 Step
C then the carboxylic acid

would be obtained.
10
If the carboxylic acid from Step A was used in essentially the
same procedure as that used for Example 225 then the title
compound would be prepared. Separation of isomers could be
15 made using chiral HPLC (AD column) using IPA-Hexane as eluent.



10

15

WO 00/37459 o L PCT/US99/27939

- 345 -
. EXAMPLE 398
F—~ .O F~¢7
=N F and N
N

E ]?’ F_{M.

*'//

Step A

If the 3-fluorotricyclic chloride from Preparative Example 211
were used instead of the chloride in Preparative Example 127 Step |
C then the carboxylic acid

would be obtained.

Step B :

If the carboxylic acid from Step A was used in essentially the
same procedure as that used for Example 225 then the title
compound would be prepared. Separation of isomers could be
made using chiral HPLC (AD column) using IPA-Hexane as eluent.



WO 00/37459 ' PCT/US99/27939

- 346 -
EXAMPLE 399
F~/ \ Cl

N i

ENj-,,, N o " .
L o o
Step A i °

If the 3-fluoro-8-chlorotricyclic chloride from Preparative -
5 Example 204 were used instead of the chloride in Preparative

Q1

Example 127 Step C then the carboxylic acid

would be obtained.

10 StepB
If the carboxylic acid from Step A was used in essentially the
same procedure as that used for Example 225 then the title
compouﬁd would be prepared. Separation of isomers could be
made using chiral HPLC (AD column) using IPA-Hexane as eluent.

15
ASSAYS

FPT ICsq (inhibition of farnesyl protein transferase, in vitro
enzyme assay) and COS Cell IC5¢ (Cell-Based Assay) were
determined following the assay procedures described in WO

20 95/10516, published April 20, 1995. GGPT ICsgo (inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell Mat
Assay, and anti-tumor activity (in vivo anti-tumor studies) could be
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determined by the assay procedures described in WO 95/105186.
The disclosure of WO 95/105186 is incorporated herein by reference
thereto.

Additional assays can be carried out by following essentially
the same procedure as described above; but with substitution of
alternative indicator tumor cell lines in place of the T24-BAG cells. -
The assays can be conducted: using either DLD-1-BAG human colon
carcinoma cells expressing an activated K-ras gene or SW620-BAG
human colon carcinoma cells expressing an activated K-ras gene.
Using other tumor cell lines known in the art, the activity of the
compounds of this invention against other types of cancer cells
could be demonstrated.

Soft Agar Assay:

' Anchorage-independent growth is a characteristic of
tumorigenic cell lines. Human tumor cells can be suspended in
growth medium containing 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution can -~
be overlayed onto growth medium solidified with 0.6% agarose
containing the same concentration of farnesyl transferase inhibitor -
as the top layer. After the top layer is solidified, plates can be
incubated for 10-16 days at 37°C under 5% COs to allow colony
outgrowth. After incubation, the colonies can be stained by
overlaying the agar with a solution of MTT (3-14, 5-dimethy1 -thiazol-

2-yl]-2,5-diphenyltetrazolium bromide, Thiazolyl blue) (1 mg/mL in
PBS). Colonies can be counted and the ICso s can be determined.

The compounds of Examples 1-19, 21-25, 67-71, 72 Step B,
72 Step C, 73-77, 78 Step B (Isomer C), 78 Step B (Isomer D), 79
Step B (Isomers A, B, and C), 80 Isomers A and B), 81-86, 8S6A, 87,
88, 93-104, 106, 108, 110-113, 1 15-211 214-217, 221-228, 236-
238, 236-238, 241-244, 255-286, 286A, 286B 287-297, 299 Step
B, 300, 302 Step B, 305 and 309 had an FPTIC,, w1th1n the range
of <0.05nM to 20%@170nM.
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The compounds of Examples 1, 2, 6-13, 15-17, 19, 78 Step B
(Isomer D), 80 (Isomer A), 67-71, 72 Step B, 72 Step C, 73, 76, 81-
86, 87, 88, 93, 95-101, 103, 106, 108, 110, 111, 113, 115-118,

121, 122, 124, 125 (Isomer A), 127-134, 137, 142, 144-146, 148,
151-158, 155-157, 161-162, 164, 166, 168, 173-175, 177, 180-187,
189-192, 195-196, 198-208, 210-211, 216-217, 221, 222, 225, 237,
238, 242-245, 247-263; 265, 268-286, 286A, 286B, 288-289, 292,
295-296, 299 Step B, 300, 302 StepB, 305, 309, 310-342, 343-373
and 375-382 had an FPT IC,, within the range of <0.04nM to.
6.7nM.

The compounds of Examples 11, 16, 78 Step B (Isomers C
and D), 79 Step B (Isomer A), 80 (Isomer A), 88 (Isomer A), 93
(isomer D), 99, 100, 225, 243, 367 and 368 had an FPT IC,, within
the range of <0.04nM to 2.7nM. The compound of Emmple 225 o
had an FPT IC,, of 0.36nM. R

The compounds of Ex:amples 1, 2, 8, 25, 86, 100, had a Cos.
Cell IC,, within the range of <10-920nM. The compounds of -

-Examples 98, 101, 103, 104, 106, 108, 258 259, 261, and 262 had -
“a Cos Cell IC,, within the range of <5 to >500nM. The compounds

of Examples 245-250 had a Cos Cell IC,, within the range of
100%@0.01 to 0.087 pM. The.compounds of Examples 100, 101,
103 and 259 had a Cos Cell IC,, within the range of <5nM to 35nM.

The compounds ofExamples 1,2,3,7, 8, 10-16, 21, 25, 67-
69, 70, 81, 82 86 [11R 2R Isomer), 88-95, 97, 110, 111-113, 115-
119, 121-176, 178-184, 186-200, 202-204, 206-211, 214-217, 221-
225, 256, 258 259, 261, 262, 268-271, 273-274, 276, 278, 280-
286, 289, 292, 295-296, 299 Step B, 305, 309-346, 351-373 and
375-382 had a Soft Agar IC,, w1thin the range of <5 to >500nM.

The compounds of Examples 116, 117, 160, 170, 184, 186- .
188, 196-200, 202-204, 206-208, 217, 225, 305 (11s,2R isomer),
316, 321, 322, 324, 325, 335, 339, 365, 364, 372, 373, 375, and
382 had a Soft Agar IC,, within the range of 2 to 10nM.
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The compounds of Examples 11, 16, 79 Step'B (Isomer ), 80
(Isomer A), 88 (Isomer A), 93 (Isomer D), and 225 had a Soft Agar
IC,, within the range of 2 to 300nM. ‘The compound of Example 225
had a Soft Agar IC,, of 2nM. '

For preparing pharmaceutical compositions from the
compounds described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liqtiid. Solid form
preparations include powders, tablets, dispersible granules,

‘capsules, cachets and suppositories. The powders and tablets may.

be comprised of from about 5 to about 95 percent active ingredient..

‘Suitable solid carriers are known in the art, e.g. magnesium

carbonate, magnesium stearate, talc, 'sugar or lactose. Tablets,
powders, cachets and capsules can be used as solid dosage forms - - .
suitable for oral administration. Examples of pharmaceutically

‘acceptable carriers and methods of manufacture for various

compositions may be found in A. Gennaro (ed.), Remington’s
Pharmaceutical Sciences, 18th Editlon, (1990] Mack Publishing -
Co., Easton, Pennsylvama

Liquid form preparations include solutions, suspensions and
emulsions. As an example may be mentioned water or water-
propylene glycol solutions for parenteral injection or addition of
sweeteners and opacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations may also include solutions for
intranasal administration. '

Aerosol preparations suitable for inhalation may include
solutions and solids in powder form, which may be in combination
with a pharmaceutically acceptable carrier, such as an inert
compressed gas, e.g. nitrogen. '

Also included are solid form preparations which are intended
to be converted, shortly before use, to liquid form preparations for
either oral or parenteral administration. Such hquid forms include

solutions, suspensions and emulsions.
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The compounds of the invention may also be deliverable
transdermally. The transdermal compositions can take the form of
creams, lotions, aerosols and/or emulsions and can be included in
a transdermal patch of the matrix or reservoir type as are
conventional in the art for this purpose. |

Preferably, the pharmaceutical preparatlon is in a unit dosage

form. In such form, the preparation is subdivided into suitably

sized unit doses containing appropriate quantities of the active
component, e.g., an effective amount to achieve the desired

purpose.

The quantlty of active compound in a unit dose of preparation

‘may be varied or adjusted from about 0.01 mg to about 1000 mg, -

preferably from about 0.01 mg to about 750 mg, more preferably -
from about 0.01 mg to about 500mg, and most preferably from
about 0.01 mg to about 250mg, according to the particular
application.

The actual dosage employed may be varied depending upon
the requirements of the patient and the severity of the condition
being treated. Determination of the proper dosage regimen for a
particular situation is within the skill of the art. For conv_enience,
the total daily dosage may be divided and administered in portions
during the day as required. - | _

The amount and frequency of administration of the
compounds of the invention and/or the pharmaceutically
acceptable salts thereof will be regulated according to the judgment
of the attending clinician considering such factors as age, condition
and size of the patient as well as severity of the symptoms being
treated. A typical recommended daily dosage regimen for oral
administration can range from about 0.04 mg/ day to about 4000
mg/day, in two to four divided doses.

While the present invention has been described in
conjunction with the specific embodiments set forth above, many
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alternatives, modifications and variations thereof will be apparent to
those of ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall within the spirit

and scope of the present invention.
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WHAT' IS CLAIMED IS:

1. A compound of the formula:

R12

ora pharmaceutlcally acceptahle salt or solvate thererof, wherein:
~_one of a, b, c and d represents N or N'O’, and the remaining a,

b, c and d groups represent CR1 or CR2 or '

each of a, b. c, and d are independently selected from CR! or

X represents N or CH When the optional bond (represented by

_the dotted ]ine) is absent and represents C when the optional bond

-is present

the dotted lme between carbon atoms 5 and 6 represents an
optlonal bond, such that when a double bond is present, A and B

independently_represent -R15, halo, -OR16, -OCO3R16 or
-OC(O)R15, and when no double b_ond.is present between carbon
atoms 5 and 6, A and B each independently rtépresent Ha,
~(OR16)3, H and halo, dihalo, alkyl and H, (alkyl)z, -H and
-OC(O)R15, H and -OR15, =0, aryl and H, =NOR!5 or -O-(CHg)p-O-
wherein p is 2, 3 or 4; |

each R! and each R?2 is independently selected from H, halo,
-CF3, -ORI5, -CORI5, -SR!5, -S(O}tR18 (wherein t is 0, 1 or 2,
-N(R19), ;N02', -OC(O)R15, -CO4R15, -OCO2R16, -CN,
-NRI5COORIS6, -SR16C(O)OR16, -SR16N(R17), (provided that R in
-SR16N(R17), is not -CH,-) wherein each R17 is independently

-

- ONTRT
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selected from H or -C(O)OR16, benzotriazol-1-yloxy, tetrazol-5-
ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl,
said alkyl or alkenyl group optionally being substituted with halo,
-ORI5 or -CO3R15; |

" R3 and R* are the same or different and each independently
represents H, any of the subsﬁtuehts of Rl and R2, or RS and R4
taken together represent a saturated or unsaturated Cs5-C7 fused
ring to the benzene ring (Ring III)

RS, R6, and R7 each independently represents H, -CFs,
-CORIS5, alkyl or aryl, said alkyl or aryl optionally being substituted-
with -OR15, -SR15, -S(0);R16, -NR1SCOORI6, -N(R15)y, -NOg,
_COR!5, -OCORI5, -OCO3R!6, -CO2R15, OPO3RI5, or RS is
combined with RS to represent =O or =S;

" R%is selected from: H; C, to C, alkyl, aryl, arylalkyl,

heteroaryl, heteroarylalkyl, cycloalkyl, cycloalkylalkyl, substitated ~~

alkyl, substituted aryl, substituted aryla]kyl substituted heteroaryl
substituted heteroarylalkyl, substituted cycloalkyl, substituted-
cycloalkylalkyl;

the substutuents for the R® substituted gi'oups being selected

from: alkyl, aryl, arylalkyl, cycloalkyl, -N(R'),, -OR”, cycloalkyalkyl, =

halo, CN, -C(O)N(R"),, -SO,N(R"), or -CO,R"; provided that the -OR™
and -N(R*), substituents are not bound to the carbon that is bound
to the N of the -C(O)NR®- moiety; |

each R is independently selected from: H, alkyl, aryl,
arylalkyl, heteroaryl or cycloalkyl;

R® and R" are independently selected from: H, alkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl or -CON(R"),"
(wherein R* is as defined above); and the substitutable R° and R®
groups are optionally substituted with one or more substituents
selected from: alkyl, cycloalkyl, aryla]kyl or heteraryla]kyl or

R° and R together with the carbon atom to which they are
bound, form a C, to C, cycloalkyl ring;

I
L
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R" and R are independently selected from: H, alkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, -CON(R"), -OR" or
-N(R"),; wherein R" is as defined above; provided that the
-OR" and -N(R"), groups are not bound to a carbon atom that is
adjacent to a nitrogen atom; and wherein said substitutable R and
R" groups are optioha}ly substituted with one or more substituents
selected from: a]_.kyl_,__eycloa.l_kyﬂ_, aryla]kyl. or heterarylalkyl; or

R" and R” together with the carbon atom to which they are
bound, form a C to Cs cycloalkyl ring; '

R“3 is an imidazolyl ring selected from

R19

[20) o (40) o :"_ 4.1 Q

wherein R” is selected from [1) H, (2] alkyl @) alkyl (4) aryl (5)

aryla]kyl, (6) substltuted arylalkyl Wherein the substituents are

selected from halo or CN (7) -C(aryl]s or (8] cycloa]kyl

sa1d 1m1daz01yl ring 2.0 optionally being substituted with one

"~ or two substituents and said imidazole ring 4.0 optionally being:
' substituted w1th 1-3 substituents and said inndazole ring 4.1 being

optiona]ly substltuted Wlth one substituent Wherem said optional

'substituents for rings 2 0, 4.0 and 4.1 are mdependently selected

from : -NHC(O)R®, -C(R*),0R*, -OR", -SR", F, Cl, Br, alkyl, aryl,

" arylalkyl, cycloalkyl, or -N(R"), (wherein each R* is independently

selected); wherein R™ is as defined above; wherein each R* is
independently selected from H or alkyl; wherein R* is selected from
H, -C(O)OR®, or -C(O)NHR®, and R® is as defined below; Q
represents an arylrmg a cycloalkyl ring or a heteroaryl ring, said Q
is optionally substittite_d with 1 to 4 substituents inedependently
selected from halo, alkyl, aryl, -OR", -N(R"), (wherein each R® is
independently selected), -OC(O)R”®, or ~C(O)N(R"), (wherein each R*
is independently selected), and wherein R* is as defined above;

R" is selected from: |

-——————__——_—_——————_—_—‘_

NI A
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R" is selected from: H, alkyl aryl or alylalkyl
R" is selected from: alkyl or aryl; __
® is selected from: H, alkyl, alkoxy, aryl, arylalkyl,

cycloa.lkyl heteroaryl heteroarylalkyl or heterocycloalkyl, provided
that R® is not H when R* is ‘group 5.0 or 8. 0;

when R® is other than H, then said R® group is optiona]ly
substituted with one or more substituents selected from: halo,
alkyl, aryl, -OC(O)R®, -OR" or -N(R"),, wherein each R* group is the -
same or diﬂ'ereﬁt; and wherein R® is as defined above, provided that

said optional substituent is not bound to a carbon atom that is :

adjacent to an oxygen or nitrogen atom;

R” is selected from: H, alkyl, aryl, aryla.lkyl cycloa.lkyl
heteroaryl heteroarylalkyl or heterocycloalkyl

when R* is other than H, then said R* group is optionally
substituted with one or more substituents selected from: halo,
alkyl, éryl, -OR" or -N(R"),, wherein each R" group is the same or -
different, and wherein R" is as defined above, provided that said
optional substituent is not bound to a carbon atom that is adjacent
to an oxygen or nitrogen atom;

n is 0-5;

each R” and R* for each n are independehtly selected from:
H, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl,
-CON(R"), -OR" or =-N(R"),; wherein R is as defined above; and
wherein said substitutable R® and R*® groups are optionally
substituted with one or more substituents selected from: alkyl,
cycloalkyl, arylalkyl, or heterarylalkyl; or _

R® and R® together with the carbon atom to which they are
bound, form a C,to C, cycloa]kyl ring; and

-

O A
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R® is selected from branched alkyl, unbranched alkyl,

cycloalkyl, heterocycloalkyl, or aryl; and |
~ provided that: |

(1)  whenR" is selected from: group 6.0, 7.0, 7.1 or 8.0,
and X is N, then R® is selected from: C, to C,, alkyl, substituted C, to
C,, allyl, arylalkyl, substituted arylalkyl, heteroarylalkyl,
substituted heteroarylalkyl, cycloalkyia.lkjl, or substituted
cycloalkylalkyl; and

(2) when R" is selected from: gt'oup 6.0, 7. 0, 7.1 or 8.0,
and X is N, and R’ is H, then the alkyl chain between R"” and the
amide moiety is substituted

2. The compéund of Claim 1 having the structure:

3.  The compound of Claim 1 wherem R'to R'is
independenﬂy selected from H, Br or CL R’ to R’ is H; a is N and the

Ly
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remaining b, ¢ and d substituents are carbon, or a, b, ¢, and d are
carbon; A and B are H,; n is O or 1; and R" is group 2.0 or 4.0.

4. The compound of claim 1 wherein:

(@) R®is selected from: arylalkyl, substituted
arylalkyl, cycloalkylalkyl, substituted cycloalkylalkyl,
heteroarylalkyl or substituted heteroarylalkyl

(b) R°and R" are independently selected from: H,
alkyl, -C(O)N(R"),, or arylalkyl; ~

(o0 R" and R" are independently selected from: H,
alkyl, substituted aryl, -OR", or R" and R" taken together with the
carbon atom to which they are bound form a cycloalky! ring;

_. (d R®and R® are independentily selected from: H,
-OR", arylalkyl or aryl; '
| (0 R"is selected from: -C(O)N(R"™),, alkyl, arylalkyl,
or -Claryl)y; and | B | |

()  said optional R"” substitutents are selected from:
-N(R"),, -NHC(O)R", -C(R*),OR™, alkyl, or cycloalkyl substituted
with -OH provided that the -OH substitutent is not bound to a
carbon that is adjacent to an oxygen atom.

5. The compound of claim 1 wherein R* is:

(@) 5.0 and R” is selected from: alkyl, arylalkyl,
heterocycloalkyl, aryl, aryl substituted with halo, cycloalkyl, or
cycloalkyl substituted with alkyl;

(b) 6.0 wherein R* and R* are independently

selected from: H, cycloalkyl, alkyl, aryl, or arylalkyl;
(c) 7.0 wherein R” is selected from: heteroaryl,

‘cycloalkyl, heterocycloalkyl, alkoxy, heterocycloalkyl substituted

with -C{O)N(R"),;
(d) 7.1 wherein R* is selected from: cycloalkyl or
heterocycloalkyl; or ' '
——/—_—._-—’——__

R
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(e} 8.0 wherein R” is selected from: alkyl or
cycloalkyl.

6. The compound of Claim 1 wherein:
(@ R toRisindependently selected from H, Br or

ClL; :
b) RtoRisH - .
(c) - ais N and the remaining b, c and d substituents
are carbon; - ' :
(d AandBarel,;
'_(e): .r-;_isOor-lz | '_

@  R"is group 2.0 or 4.0, and said optional R®

subsututents are selected from: —N(R"’)z. -NHC(O)R®, -C(R*),0R”, or

a]kyl :
[g) " Ris selected ﬁ'om arylalkyl, substituted

" arylalkyl, cycloalkyla.lkyl ‘substituted cycloalkylalkyl,
' heteroarylalkyl or substituted heteroarylalkyl

(a) " R® and RY are independently selected from: H, alkyl, -

'C(O)N(R“’)z. or arylally

| (h) R and R* are independenitly selected from: H,
alkyl, substituted aryl, -OR", or R" and R" taken together with the

- carbon atom to which they are bound form a cycloalkyl ring;

W ' and R™ are independently selected from: H,
alkyl, substituted aryl, -OR", or R"' and R" taken together with the
carbon atom to which they are bound form a cycloalkyl ring;

® XisCHorN;

() R is selected from: -CIO)N(R"™),, alkyl, arylalkyl,
or -Claryl),; '

O R for 5.0 is selected from: (1) alkyl, (2) arylalkyl,
(3) heterocycloalkyl, (4) aryl, (5) aryl substituted with halo, (6). -
cycloalkyl, (7) cycloalkyl substituted with alkyl, or (8) cycloalkyl
substituted with ~OC(O)R" or -OH provided said -OH substitutent is
not bound to a carbon atom that is adjacent to an oxygen atom;

* c L | S *
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(m) R*andR" for 6.0 are independently selected
from: H, cycloalkyl, alkyl, aryl, or ary]élkyl:

m) R* for 7.0 is selected from: heteroaryl, cycloalkyl,
alkoxy, heterocycloalkyl substituted with

-C(ON(R"),; .
E (00 R*for 7.1 is selected from heterocycloalkyl or
cycloalkyl; _ o
(p) R for 8.0 is selected from: alkyl or cycloalkyl;
and

(@ R®andR®are independently selected from: H,
-OR", arylalkyl or aryl. : '

7. The compound of Claim 6 wherein:
(a) R®is selected from arylalkyl, cycloalkylalkyl, or
heteroarylalkyl; )
) (b) R’ and R are mdependently selected from: H or
benz:yl; _
| (@ R" and R"” are independently selected from: H,
-CH,, -CH,CH(CH,),, -{CH,),CH,;, benzyl, ethyl, p-chlorophenyl,
-OH, or R" and R* taken together with the carbon atom to which
they are bound form a cyclopropyl ring;
(d R*® and R*® are independently selected from: H,
phenyl, -OH or benzyl;
() R"is selected from: -C(O)NH-cyclohexyl,
-C(phenyl),, H, methyl or ethyl
6 said optxonal R™ substitutents are selected from:
-CHS, -CH,OH, -CH,0C(0)O-cyclohexyl, -CH,0C(0)O-cyclopentyl,
ethyl, isopropyl, NH,, or -NHC(O)CF,; .
{2) R for group 5.0 is selected from: t-butyl, ethyl,
benzyl, -CH(CH,),, -CH,CH(CH,),, -(CH,),CH,, n-butyl, n-hexyl, n-
octyl, p-chlorophenyl, cyclohexyl, cyclopentyl,

I
Ll
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~CONH, A
—CN HiC' CHs | HC' CHs o OH .

(h) R* and R* for 6.0 are independently selected from:
cyclohexyl, t-butyl, H, -CH(CH,),, ethyl [CHJQCH,,, phenyl, benzyl, -
(CH,),phenyl, or -CH,;

5 - R*for7.0is selected from: 4-pyridyINO,
-OCH,; -CH(CH,),, -t-butyl, H, propyl, cyclohexyl or

(]) " R*®for 7.1 is selected from: cyclohexyl

cyclopentyl cyclobutyl cyclopropyl s

10 T é or 0 ";and

_. & " R®for 8 0 1s selected from: methyl i-propyl or
_ cyclohexylmethyl '

8. The compound of Claim 7 wherein R® is selected from:
15 benzyl, -CH,C(CHa)z, —CHz-cyclohexyl -CH,-cyclopropyl,
-(CH,)cha,

= ¢ L M s =
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9.  The compound of Claim 8 wherein: | |
' (a) R’is selected from: benzyl or -CH,-cyclopropyl;
{b) R for 5.0 is cyclohexyl;
(©) R for 6.0 is selected from: t-butyl, i-propyl, or
cyclohexyl; and R* is selected from: H, -CH, or i-propyl;
(@ R for 7.0 is selected from: cyclohexyl,
cyclopentyl, or i-propyl; '
() R¥for 7.1 is selected from: cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl; and '
(d R for 8.0 is methyl.

10. The compound of Claim 9 wherein said compound is
the 2R isomer.
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11. The compound of Claim 1 wherein R’ is H and the alkyl
chain between the amide substituent -C(O)NR® and R” is
substituted.

5 12. The compound of Claim 1 wherein when R" is group
5.0, and X is N, and R® is H, then (a) the alkyl chain between R
and the amide mofety is substituted and/or (b) R° and R®, and/or
R" and R", are taken together to form a cyloalkyl ring.

10 13.. A compound of the formula:
. A - B

R! .d
Rz/‘_b"\ I\R4
L X " (25.04)
5N 'Ra_z' . R3S
II:SE\IVJ\_R? il \(c{ RIS
_~N n
ST eI TS

‘or a pharmaceutically acceptable salt or solvate thererof, wherein:
- one of a, b, ¢ and d represents N or N'O’, and the remaining a,
b, c and d groups represent CR! or CR?; or

15 each of a, b, c, and d are independently selected from CR! or
CR2; " | | -

X represents N or CH when the optional bond (represented by
the dotted line) is absent, and represents C when the optional bond
is present; _ :

20 the dotted line between carbon atoms 5 and 6 represents an
optional bond, such that when a double bond is present, A and B
independently represent -R15, halo, -OR16, -OCO2R16 or
~-OC(O)R15, and when no double bond is present between carbon
atoms 5 and 6, A and B each independently represent Hp, |

25 -(OR16)y, H and halo, dihalo, alkyl and H, (alkyl)s, -H and

* € L M 5 *
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-OC(OJRI15, H and -OR!5, =0, aryl and H, =NOR!5 or -O-(CHg)p-O-
wherein pis 2, 3 or 4; ' '

each R! and each R2 is independently selected from H, halo,
-CF3, -ORI5, -COR15, -SR15, -S(0)tR16 (wherein t is O, 1 or 2,
-N(R1%);, -NOz, -OC(O}R5, -COR1S, -OCO5RIS, -CN;
-NR15COOR16 -SR16C(O)ORIS, -SRIGN(RI7)2 (prov1ded that R in
-SR16N(R17); is not -CH,-) wherein each R17 is independently
selected from H or -C(O)OR!6, benzotriazol-1 1-yloxy, tetrazol-5-
ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl,
said alkyl or alkenyl group optionally being substituted with ha.lo,
-OR15 or -COgRI15; _ _

R3 and R% are the same or different and each independently
represents H, any of the substituents of R! and R2, or R3 and R¢ -
taken together represent a saturated or unsaturated C5-C7 fused

‘ring to the benzene ring (Ring II);

R5, R6, and R7 each independently represents H, -CFsg,
-~COR!5, alkyl or aryl, said alkyl or aryl optionally being substituted
with -OR15, -SR15, -S(0);R16, -NRISCOORIS, -N(R15),, -N02 '
-CORI!5, -OCOR15, —OCOzR16 -CO2R15, OPO3R15, or RS is
combined with RS to represent =O or =S; '

R’ is selected from: H, C, to C, alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkjl, cycloalkylalkyl, substituted
alkyl, substituted aryl, substituted arylalkyl, substituted heteroaryl,
substituted heteroarylalkyl, substituted cycloalkyl, substituted
cycloalkylalkyl; | | |

the substutuents for the R® substituted groups being selected
from: alkyl, aryl, arylalkyl, cycloalkyl, -N(R"),, -OR", cycloalkyalkyl,
halo, CN, -C(O)N(R"),, -SO,N(R"), or -CO,R™; provided that the -OR"
and -N(R"), substituents are not bound to the carbon that is bound
to the N of the -C(O)NR’- moiety; - |

N
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each R"” is independently selected from: H, alky), aryl, -
arylalkyl, heteroaryl or cycloalkyl; .

R’ and R" are independently selected from: H, alkyl, aryl,
aiyialkyl heteroaryl heteroarylalkyl, cycloalkyl or -CON(R'),

5 (wherein R” is as defined above); and wherein said substitutable R’
and R" groups are optionally substituted with one or more
substituents selected from. alkyl cycloalkyl arylalkyl, or
heterarylatkyl; or’

R® and R" together with the carbon atom to which they are
10 bound, form a C, to C, cycloalkyl ring;

R" and R"” are independently selected from: H, alkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, -CON(R™), -OR™ or
-N(R"),; wherein R" is as defined above; provided that the
-OR" and -N(R"), groups are not bound to a carbon atom that is

15 - adjacent to a nitrogen atom; and wherein said substitutable R" and
- R® groups are optibn‘a]ly substituted with one or more substituents
- selected from: alkyl, cycloalkyl, arylalkyl, or heterarylalkyl; or

R" and R” together with the carbon atom to which they are

bound, form a C, to C, cycloalkyl ring; -~ - :

20 R" is an mdazolyl ring selected from:
R19
X /=N /=y
I /> —N\¢| ___N -

wherein R” is selected from: (1) H, (2) alkyl, (3) alkyl, (4) aryl, (5)
arylalkyl, (6) substituted arylalkyl wherein the substituents are -
selected from halo or CN, (7) -Claryl), or (8) cycloalisyl;

25 said i'm'idazolyl'ring 2.0 optionally being substituted with one
or two substituents and said imidazole ring 4.0 optionally being
substituted with 1-3 substituents and said iinidazp_le ring 4.1 being
optionally substituted with one substituent wherein said optional
substituents for rings 2.0, 4.0 and 4.1 are independently selected

*x € L M S x
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from selected from: -NHC(O)R", -C(R*),0R*, -OR", -SR", F, Cl, Br,
alkyl, aryl, arylalkyl, cycloalkyl, or -N(R" ,; wherein R" is as defined
above; wherein each R* is independently selected from H or alkyl;
wherein R® is selected from H, -C(O)OR®, or -C(O)NHR®, and R® is
as defined below; Q represents an afyl ring; a cycloalkyl ring or a
heteroaryl ring, said @ is optionally substituted with 1 to 4
substituents independently selected from halo, alkyl, aryl, -OR",
-N(R"), (wherein each R" is independently selected), -OC(OJR", or -
C(O)N(R"), (wherein each R" is independently selected), and '
wherein R is as defined above;
R" is selected from: H, alkyl, aryl or aryla]kyl
- R"is selected from: alkyl or aryl; '
* is selected from: alkyl, alkoxy, aryl; arylalkyl, cycloa]kyl
heteroaryl heteroarylalkyl or heterocycloalkyl;
said R group is optionally substituted with one or more -

substituents selected from: halo, alkyl, aryl, -OC(O)R™, -OR®or =
-N(R"),, wherein each R" group is the same or different, and
wherein R'" is as defined above, provided that said optional
substituent is not bound to a carbon atom that is adjacenttoan =
oxygen or nitrogen atoni; |

n is 0-5;

each R and R*® for each n are independently selected from:
H, alkyl, aryl, arylalkyl, heteroaryl heteroarylalkyl, cycloalkyl,
-CON(R"), -OR" or —-N(R’°]2. wherein R* is as defined above; and
wherein said substitutable R® and R™ groups are optionally
substituted with one or more substituents selected from: alkyl,
cycloalkyl, arylalkyl, or heterarylalkyl; or

R™ and R* together with the carbon atom to which they are
bound, form a C, to C, cycloalkyl ring; and :

provided that when X is N, and R’ is H, then the alkyl chain
between R* and the amide moiety is substituted.

' 14. The compound of Claim 13 having the structure:
I —

N

PCT/US99/27939
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| (25.0B)
5 .7 32 33
11:6\ IVBIR? R8 R \ R
Ny

K /N (Clg ><R‘3
11 i

R2°A '<'>R RI® R
N\ .

or

[25 OC)

32 .

RlO R

R13
1><

. . I
R0 o
o ‘o

5 15. The compound 25.0B of Claim 14 wherein R® is H and
the alkyl chain between the amide substituent -C(O)NR® and R is
substituted.

16. The compound 25.0B of Claim 14 wherein:
10 ' (@ R'toR'is indepéndently selected from H, Br or |
ClL; | | |
) RtoR isH;
(©)
(1) a b, c, and d are carbon, and R” is
15 selected from: alkyl, alkoxy, aryl, arylalkyl, cycloalkyl, heteroaryl,
heteroarylalkyl or heterocycloalkyl; said R® group is optionally
substituted with one or more substituents selected from: halo,
alkyl, aryl, -OC(O)R", -OR" or -N(R" ),, wherein each R" group is the

A O A L
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same or different, and wherein R" is as defined above, provided that
said optional substituent is not bound to a carbon atom that is
adjacent to an oxygen or nitrogen atom; or

(2) ais N and the remaininighb, cand d
substituents are carbon, and.R* is selected from: alkyl, arylalkyl,
heterocycloalkyl, aryl, aryl substituted with halo, cycloalkyl,
cycloalkyl substituted with alkyl, or cycloalkyl substituted with
-OH provided that said -OH substituent is not bound to a carbon
adjacent to an oxygen atom;

(d AandBareH,;

€ mnisOorl;

) R%is group 2.0 or 4.0;

(® Ris selected from: arylalkyl, substituted
arylalkyl, cycloalkylalkyl, substituted cycloalkylalkyl,
heteroarylalkyl or substituted heteroarylalkyl; and

(h) XisCHor N _

) R° and R" are independently selected from: H,
alkyl, -C(O)N(R"),, or arylalkyl;

@ R and R" are independently selected from: H,
alkyl, substituted aryl, -OR", or R" and R"” taken together with the -
carbon atom to which they are bound form a cycloalkyl ring;

() R®and R*® are independently selected from: H,

-OR', arylalkyl or aryl; _

1)) R*® is selected from: -C(O)N(R™),. alkyl, aryla]kyl
or -C(aryl),; and

(m) said optional R* substitutents are selected from:
-N(R'"),, -NHC(O)R", -C(R*),OR™, or alkyl-

17. The compound of Claim 16 wherein a is N and the
remaining b, ¢, and d substituents are carbon and:
(@) Ris selected from arylalkyl, cycloalkylalkyl, or
heteroarylalkyl;

W) D
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{(b) R® and R are independently selected from: H or
benzyl; _ - :
(©@ R and R" are independently selected from: H,
-CH,, -CH,CH(CH,),, -(CH,),CH,, benzyl, ethyl, p-chlorophenyl,
-OH, or R" and R" taken together with the carbon atom to which
they are bound form a cyclopropyl ring;

(@ R*®andR®are independently selected from: H,
phenyl -OH or benzyl;

{e) R is selected from: -C(O)NH-cyclohexyl

'-C(phenylla, H, methyl or ethyl;

0 said optional R" substitutents are selected from:

- -CH,, -CH,OH, -CH20C(0)O-cyclohexy1 -CH OC(O)O -cyclopentyl,
- ethyl, isopropyl, NH,, or -NHC(O)CF;; and "

. (8) R” is selected from: t-butyl, ethyl, benzyl,
-CH(CH,),, -CH,CH(CH,),, -(CH,),CH,, n-butyl, n-hexyl, n—octyl p-
chlorophenyl, cyclohexyl cyclopentyl,

or OH .

TR
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18. The compound of Claim 17 wherein R®, R, R, R?, R%®,

and R® are H.

19. The compound of Claim 17 wherein R® is selected from:
5 benzyl, -CH,C(CH,),, -CH,-cyclohexyl, -CH,-cyclopropyl,

'(C}{r)chs-
OCH3

Hzc Z Hzc . _.H - HQC
j CONH2
Hzc

O

|

B 1l b

BCTNT o

10 —(CHy), , \ cor

20. The compound of Claim 19 wherein:
(@ R°is selected from: benzyl or -CH,-cyclopropyl;

and
15 (b) R®is cyclohexyl.

21. The compound of Claim 20 which is (1) a 3-Br-8-Cl-
compound, an 8-Cl-compound, or a 10-Cl-compound; or (2) a 3-Br-

L
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8-Cl-compound, an 8-Cl-compound, or a 10—_Cl-compbund wherein
R’ R R",R? R?, andR®are H. '

, N N |
| H:cj\ o \ N (Example 58),

R O
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N Z K@ .
P (Example 78 Step B)

Br—/ \ Cl

—_—
N
1 - .
_N N /N\ (Example 79
O\ NT rCT NN NS Isomer A)

N
H
Br—/ \ Cl
adds
. .
o NN

)’\ ] _ (Example 80
o (o) o Isomer A)

(Example 88
Isomer A)

A
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LM~ NN (Example 93
I Isomer D)

\)\./. @N (Example 99)

I

A




WO 00/37459 .
. | _ PCT/US99/27939

O o

O\ [Nl’”l N AN (Example 226)
Of’g 18]
o

O\ N :,1 ]/N\/\/N N (Example 227)
o ' |

7\
=N
O\ N ,,1 ]/N\/\/N (Example 228)
_ 0 '

N 0 R
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)=( (Bample 326)

i T |
: N \ . 3
E j (O I~ ; (Example 330)
4, .

O A
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N T ' o .
N KA : -
E j wp N ! (Example 327)

- .
N i H3C
[ j,, " (Exgmplg 328)

O\ N~ [NM/NH (Example 243)

* [ L M H *



WO 00/37459 PCT/US99/27939

peecsN

[“'j "|/ \/I p (Example 286B)
|/Me ' |
\/I (Example 304)

TS, |
N .
>l\0 /&o 1(])/ VIII;) (ExamPIe 306? ;

>’\ /L ”.”1(])/' \/\[‘b (Example 307)
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73 a

>I\O/Lo lc])/ \/T;} (Example 308) |

23 The compound of Claim 1 selected from:

Brm/m
LA
O'L e

=N
e §H N \/\(_ | .
H:Cxo/k \ E Example 58 |

O\ ENjw"h/N\/\/N\//N (Example 225)

C N NP (Example 226)
0’& o I(I)/ YN | .

s

L
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(Example 227)

 (Example 228)

F
CHy

.
B

a a
\N ’/©/ |
CL C AN

o

(Example 229)

CH,

Cl

N

(Example 232)

N

~

o

P

O
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i Example 326
O\ z "’ﬁ’N\/\/_N\?N (Example 326)

» O

3 . (Example 330)
N ”]/
S8 E
73
=N

_ ., - (Example 327)
NT . _
o g

:O\ [N ""#"/N\/\/N\//N (Example 225)
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25. A compound of the formula:

/\ .D o

N
[ :l ' . | Me (Example 393)

HO\O\ /L (:7/’N\/\/N\,;N

=y
N E .
' E j Me (Example 394)
HO N" %N s
e /k I A

0" Mo

26. The compound of Claim 1 selected from a compound of
Example 1-22, 25, 45-66, 77, 78 Step B, 79, 80, 82-85, 86, 864,
87-97, 99, 100, 102, 112-208, 208A, 209, 209A, 210, 210A, 210B,
211-220, 220A, 221-232, 234B, 234C, 234E, 235-254, 286A, 286B
10 304-308, 310-342, 343-366, 367-373 or 375-382.

27. A compound selected from a compound of Example 26,

27, 28, 29, 30, 31, 32, 33, 34, 55, 36, 37, 38, 39, 40, 41, 42, 43,
44, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 81, 98, 101, 103, 104,

15 105, 106, 107, 108, 110, 111, 255, 256, 257, 258, 259, 260, 261,
262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274,
275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287,
289, 290, 291, 292, 293, 294, 295, 296, 297 299, 300, 301, 302,
303 or 309. |

20

R
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28. A method of treatirig tumor cells comprising
administering an effective amount of a compound of any of Claims
1-27.

29. The method of Claim 28 wherein the tumor cells treated
are pancreatic tumor cells, lung cancer cells, myeloid leukemia
tumor cells, thyroid follicular tumor cells, myelodysplastic tumor
cells, epidermal carcinoma tumor cells, bladder carcinoma tumor

cells, colon tumors cells, melanoma, breast tumor cells and prostate

-tumor cells.

30. A method of treating tumor cells wherein the Ras
protein is activated as a result of oncogenic mutation in genes other
than the Ras gene, comprising administering an effective amount of
a compound of any of Claims 1-27. |

31. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of a

‘compound of any of Claims 1-27.

32. A pharmaceutical composition for inhibiting farmesyl
protein transferase comprising an effective amount of a compound
of any of Claims 1-27 in combination with a pharmaceutically
acceptable carrier.

33. A use of a compound of any of Claims 1-27 for the
manufacture of a medicament for inhibiting farnesyl protein
transferase.

34. A use of a compound of any of Claims 1-27 for the
manufacture a medicament for treating pancreatic tumor cells, lung
cancer cells, myeloid leukemia tumor cells, thyroid follicular tumor
cells, myelodysplastic tumor cells, epidermal carcinoma tumor cells,

-
I
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bladder carcinoma tumor cells, co_lon tumors cells, melanoma,

breast tumor cells and prostate tumor cells.

35. A use of a compound of any of Claims 1-27 for
5 inhibiting famesyl protein transferase:

36. A use of a compound of any of Claims 1-27 for treating
pancreatic tumor cells, lung cancer cells, myeloid leukemia tumor
cells, thyroid follicular tumor cells, myelodysplastic tumor cells,

10 epidermal carcinoma tumor cells, bladder carcinoma tumor cells,
colon tumors cells, melanoma, breast tumor cells and pros’éé.te
tumor.cells.
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