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Description
BACKGROUND

[0001] WO 95/10516, published April 20, 1995, W096/31478, published October 10, 1996, and appending Applica-
tion Serial No. 09/094687 filed June 15, 1998 and WO 98/57960 disclose tricyclic compounds useful for inhibiting
farnesyl protein transferase.

[0002] In view of the current interest in inhibitors of farnesyl protein transferase, a welcome contribution to the art
would be compounds useful for the inhibition of farnesyl protein transferase. Such a contribution is provided by this
invention.

SUMMARY OF THE INVENTION

[0003] This invention provides compounds useful for the inhibition of farnesyl protein transferase (FPT). The com-
pounds of this invention are represented by the formula:
[0004] A compound of the formula:

or a pharmaceutically acceptable salt or solvate thererof, wherein:

one of a, b, c and d represents N or N*O-, and the remaining a, b, ¢ and d groups represent CR! or CRZ; or

each of a, b, ¢, and d are independently selected from CR! or CR?,

each R! and each R2 is independently selected from H, halo, -CF3, -OR10 (e.g., -OCHj), -COR10, -SR10 (e.g.,
-SCH3 and -SCH,CgHg), -S(O)R1! (wherein tis 0, 1 or 2, e.g., -SOCHj; and -SO,CHj), -N(R10),, -NO,, -OC(O)R19,
-CO,R19, -OCO,R1, -CN, -NRIOCOOR™1, -SR11C(0)ORM (e.g., -SCH,CO,CH3), -SRIIN(R73), (provided that R in
-SRIIN(R7%), is not -CH,-) wherein each R7® is independently selected from H or -C(O)OR (e.g., -S(CH,),NHC(O)
O-t-butyl and -S(CH,),NH,), benzotriazol-1-yloxy, tetrazol-5-ylthio, or substituted tetrazol-5-ylthio (e.qg., alkyl substitut-
ed tetrazol5-ylthio such as 1-methyl-tetrazol-5-ylthio), alkynyl, alkenyl or alkyl, said alkyl or alkenyl group optionally
being substituted with halo, -OR10 or -CO,R10;

R3 and R# are the same or different and each independently represents H, any of the substituents of R1 and R?,
or R3 and R4 taken together represent a saturated or unsaturated Cs-C-, fused ring to the benzene ring (Ring I11);

R5, R6, and R7 each independently represents H, -CF5, -COR19, alkyl or aryl, said alkyl or aryl optionally being
substituted with -OR10, -SR10, -5(0),R1, -NR1I9COOR1, -N(R10),, -NO,, -COR19, -OCOR19, -OCO,R1, -CO,R10,
OPO3R10, or R5 is combined with R® to represent =O or =S; provided that for the groups -OR19, -SR10, and -N(R10),
R10is not H;

R10 represents H, alkyl, aryl, or aralkyl (e.g., benzyl);

R11 represents alkyl or aryl;

X represents N, CH or C, and when X is C the optional bond (represented by the dotted line) to carbon atom 11
is present, and when X is CH the optional bond (represented by the dotted line) to carbon atom 11 is absent;

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 -R10, halo, -OR1, -OCO,R1! or -OC(O)R19, and when no double bond is
present between carbon atoms 5 and 6, A and B each independently represent H,, -(OR1),, H and halo, dihalo, alkyl
and H, (alkyl),, -H and -OC(O)R10, H and -OR1?, =0, aryl and H, =NOR9 or -O-(CH,),-O- wherein p is 2, 3 or 4

R8 represents a heterocyclic ring selected from:



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

— ¥ /™

—nN  ~—(CRI3RI4—R!2
\__/\ (CR13R14] —RI12 \/’ n
(2.0) ' (3.0 ,
(5.0)
—N<>-— (CRIR')—R!2 __y
(4.0 N (CRBPRM)—R1?

’ s

(6.0 _O

(CR]3R14)D Rlz (CR13R14)n__...R12
{7.0)

N——/\

/~\ .
—N Y ——N/\,——-Q—R"QA —N<>—Q—-R'2A
N Q—R'?A A

(2.1) | (3.1) , (4.1)
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(5.1) , or (7.1) o—R™A .

said heterocyclic rings (2.0 to 7.0 and 2.1 to 7.1) being optionally substituted with one or more substituents independ-
ently selected from:

(a) alkyl (e.g., methyl, ethyl, isopropyl, and the like),

(b) substituted alkyl wherein said substituents are selected from: halo, aryl, -OR2% or -N(R15),, heteroaryl, hetero-
cycloalkyl, cycloalkyl, wherein each R15 group is the same or different, provided that said optional substituent is
not bound to a carbon atom that is adjacent to an oxygen or nitrogen atom, and wherein R15 is selected from : H,
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or cycloalkylalkyl;

(c) hydroxyl, with the proviso that carbon atoms adjacent to the nitrogen, sulfur or oxygen atoms of the ring are
not substituted with hydroxyl;
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(d) alkyloxy or
(e) arylalkyloxy;

(i.e., each substitutable H atom on each substitutable carbon atom in said heterocyclic rings is optionally replaced with
substituents selected from (a) to (e) defined above);

Y represents CH,, NR16, O, S, SO, or SO, wherein R16 is selected from: H, alkyl, cycloalkyl, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, acyl, aroyl, carbamoyl, carboxamido, alkylsulfonyl, arylsulfonyl, arylalkylsulfonyl,
sulfonamido, alkylsulfonamido, arylsulfonamido and arylalkylsulfonamido;

nis 0 to 6 (preferably 1-3);

Q represents O or N, provided that Q is not adjacent to a heteroatom in the heterocycloalkyl rings of 2.1, 3.1,
4.1,5.1,6.1and 7.1;

R12 s selected from:

l | \
N AN
f/‘N . /=N
——_—-‘f: N/> 8.0 is preferably || N/ —N__ or _

(8.0) (8.1) ' (9.0) (9.1)

(e.g., R12is 9.0);

wherein R17 is selected from: (1) H, (2) alkyl, (3) aryl, (4) arylalkyl, (5) substituted arylalkyl wherein the substituents
are selected from halo (e.g., F and CI) or CN, (6) -C(aryl)3 (e.g., -C(phenyl), i.e., trityl), (7) cycloalkyl, (8) substituted
alkyl (as defined above in (b)), or (9) cycloalkylalkyl;

R12Ais selected from rings 8.0, 8.1 or 9.1, defined above;

said imidazolyl ring 8.0 and 8.1 optionally being substituted with one or two substituents, said imidazole ring 9.0
optionally being substituted with 1-3 substituents, and said pyridyl ring 9.1 optionally being substituted with 1-4 sub-
stituents, wherein said optional substituents for rings 8.0, 8.1, 9.0 and 9.1 are bound to the carbon atoms of said rings
and are independently selected from: -NHC(O)R15, -C(R18),0R19, -OR15, -SR15, F, Cl, Br, alkyl (e.g., methyl, such as
4-methyl in 9.0), substituted alkyl (as defined above in (b)), aryl, arylalkyl, cycloalkyl, or -N(R15),; R15 is as defined
above; each R18 is independently selected from H or alkyl (preferably -CHs), preferably H; R19 is selected from H or
-C(O)NHR20, and R29 is as defined below;

R13 and R4 for each n are independently selected from: H, F, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl, cycloalkylalkyl or -CON(R15), (wherein R1% is as defined above), -OR15 or -N(R1%), provided that the -OR15
and -N(R1%), groups are not bound to a carbon atom that is adjacent to a nitrogen atom, and provided that there can
be only one -OH group on each carbon; and the substitutable R13 and R14 groups are optionally substituted with one
or more (e.g., 1-3) substituents selected from: F, alkyl (e.g., methyl, ethyl, isopropyl, and the like), cycloalkyl, arylalkyl,
or heteroarylalkyl (i.e., the R13 and/or R14 groups can be unsubtituted or can be substituted with 1-3 of the substitutents
described above, except when R13 and/or R4 is H); or

R13 and R14, for each n, together with the carbon atom to which they are bound, form a C5 to Cg4 cycloalkyl ring;

RY is selected from:

A -
)\ R0 © //k )\ |
0 CH2 SO,

20/
uzm ' usm ’ u4m (wO) or (16.0).

R20 js selected from: H, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocy-
cloalkyl, or heterocyloalkylalkyl, provided that R20 is not H when R9 is group 12.0 or 16.0;



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

when R20 is other than H, then said R20 group is optionally substituted with one or more (e.g., 1-3) substituents
selected from: halo, alkyl, aryl, -OC(O)R1 (e.g., -OC(O)CHy), -OR15 or -N(R1%),, wherein each R15 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;

R21 is selected from: H, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocy-
cloalkyl or heterocycloalkylalkyl;

when R21 is other than H, then said R21 group is optionally substituted with one or more (e.g., 1-3) substituents
selected from: alkyl, aryl, wherein each R group is the same or different, and wherein R1% is as defined above; and

R22 is selected from cycloalkyl (e.g., cyclopropylmethyl, i.e.,

oS"nSJ CHg

heterocycloalkyl, aryl (e.g., phenyl), substituted aryl (e.g., halo as a substituent, such as F or Cl), alkyl (e.g., t-butyl),
or substituted alkyl or substitued cycloalkyl (substituents include -OH, -CO,H, and -C(O)NH,).

[0005] Thus, in one embodiment of this invention RY is 12.0. In another embodiment R® is 13.0. In another embod-
iment R? is 14.0. In another embodiment R? is 15.0. In another embodiment R? is 16.0.

[0006] The compounds of this invention: (i) potently inhibit farnesyl protein transferase, but not geranylgeranyl protein
transferase |, in 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.

[0007] The compounds of this invention inhibit farnesyl protein transferase and the farnesylation of the oncogene
protein Ras. Thus, this invention further provides a method of inhibiting farnesyl protein transferase, (e.g., ras farnesyl
protein transferase) in mammals, especially humans, by the administration of an effective amount of the tricyclic com-
pounds 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.

[0008] This invention provides a method for inhibiting or treating 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.

[0009] This invention also provides a method for inhibiting or treating tumor growth by administering an effective
amount of the tricyclic compounds, described herein, to a 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 (e.g., lung adenocarcinoma), pancreatic cancers
(e.g., pancreatic carcinoma such as, for example, exocrine pancreatic carcinoma), colon cancers (e.g., colorectal car-
cinomas, 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, epi-
dermal carcinoma, melanoma, breast cancer and prostate cancer.

[0010] Itis believed that this invention also provides a method for inhibiting or treating proliferative diseases, both
benign and malignant, wherein Ras proteins are aberrantly activated as a result of oncogenic mutation in other genes--
i.e., the Ras gene itself is not activated by mutation to an oncogenic form--with said inhibition or treatment being
accomplished by the administration of an effective amount of the tricyclic compounds described herein, to a mammal
(e.g., a human) in need of such treatment. For example, the benign proliferative disorder neurofibromatosis, or tumors
in which Ras is activated due to mutation or overexpression of tyrosine kinase oncogenes (e.g., neu, src, abl, Ick, and
fyn), may be inhibited or treated by the tricyclic compounds described herein.

[0011] The tricyclic compounds useful in the methods of this invention inhibit 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
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compounds inhibit ras farnesyl protein transferase, and thus show antiproliferative activity against ras transformed cells.
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[0012] As used herein, the following terms are used as defined below unless otherwise indicated:

MH*-represents the molecular ion plus hydrogen of the molecule in the mass spectrum;

BOC-represents tert-butyloxycarbonyl;

BOC-ON-represents 1-(tert-butoxycarbonyl)-2-tert-butyl-3-methyl-4-imidazolidinone nitrile;

CBZ-represents -C(O)OCH,CgH5 (i.e., benzyloxycarbonyl);

CBZ-OSUC-represents benzyloxycarbonyl-O-succinimide;

CH,Cl,-represents dichloromethane;

CIMS-represents chemical ionization mass spectrum;

DEAD-represents diethylazodicarboxylate;

DEC-represents EDC which represents 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride;
DMF-represents N,N-dimethylformamide;

Et-represents ethyl;

EtOAc-represents ethyl acetate;

EtOH-represents ethanol;

HOBT-represents 1-hydroxybenzotriazole hydrate;

IPA-represents isopropanol;

iPrOH-represents isopropanol;

LAH-represents lithium aluminum hydride;

LDA-represents lithium diisopropylamide;

MCPBA-represents meta-chloroperbenzoic acid;

Me-represents methyl;

MeOH-represents methanol;

MS-represents mass spectroscopy;

NMM-represents N-methylmorpholine;

Ph-represents phenyl;

Pr-represents propyl;

TBDMS-represents tert-butyldimethylisilyl;

TEA-represents triethylamine;

TFA-represents trifluoroacetic acid,;

THF-represents tetrahydrofuran;

Tr-represents trityl;

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 R2> and R26 are independently selected from alkyl or aryl;

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 (e.g., aryl is a phenyl ring), with all available substitutable carbon atoms of
the carbocyclic group being intended as possible points of attachment, said carbocyclic group being optionally
substituted (e.g., 1 to 3) with one or more of halo, alkyl, hydroxy, alkoxy, phenoxy, CF5, -C(O)N(R18),, -SO,R18,
-SO,N(R18),, amino, alkylamino, dialkylamino, -COORZ3 or - NO,, wherein R23 represents alkyl or aryl;
aroyl-represents -C(O)aryl wherein aryl is as defined above (e.g., -C(O)phenyl);

cycloalkyl-represents saturated carbocyclic rings of from 3 to 20 carbon atoms, preferably 3 to 7 carbon atoms,
said cycloalkyl ring 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 can be the same or different;
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;

heteroaryl-represents cyclic groups, optionally substituted with R3 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 delo-
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calized pi electrons to provide aromatic character, with the aromatic heterocyclic 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-pyri-
midinyl, 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:

A

¥
O o g
and

heterocycloalkyl-represents a saturated, branched or unbranched carbocylic ring containing from 3 to 15 carbon
atoms, 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(R18), wherein R18 is as above defined (e.g.,
-C(O)NH,) or acyl-(suitable heterocycloalkyl groups include 2- or 3-tetrahydrofuranyl, 2- or 3- tetrahydrothienyl,
tetrahydropyranyl, 2-, 3- or 4-piperidinyl, 2- or 3-pyrrolidinyl, 2- or 3-piperazinyl, 2- or 4-dioxanyl, morpholinyl, etc.).

-0
!

[0013] The positions in the tricyclic ring system are:

[0014] The compounds of formula 1.0 include the 2R and 2S isomers shown below (2R is preferred):
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[0015] Examples of the optional substituents for the R12 or R12A moiety include: -CH3, -CH,OH, -CH,0C(0)O-cy-
clohexyl, -CH,OC(O)O-cyclopentyl, ethyl, isopropyl, NH,, and -NHC(O)CF3.

[0016] Examples of R17 include: -C(O)NH-cyclohexyl, -C(phenyl)s;, H, methyl or ethyl.

[0017] Examples of R20 include t-butyl, i-propyl, neopentyl, cyclohexyl, cyclopropylmethyl,

HO HsC/ﬁ\O %“A }or g&i :

[0018] Examples of R20 for group 12.0 include: t-butyl, ethyl, benzyl, -CH(CHs),, -CH,CH(CHs),, -(CH,),CHg, n-
butyl, n-hexyl, n-octyl, p-chlorophenyl, cyclohexyl, cyclopentyl, neopentyl, cyclopropylmethyl or

—CN —CONH,,

[0019] Examplesof R20and R21 for 13.0 include: cyclohexyl, t-butyl, H, -CH(CHj),, ethyl, -(CH,),CHs, phenyl, benzyl,
-(CH,),phenyl, and -CHa.
[0020] Examples of R20 for 14.0 include: 4-pyridyINO, -OCHs, -CH(CHs),, -t-butyl, H, propyl, cyclohexyl and

—CN ~CONH,

[0021] Examples for R22 for 15.0 include: t-butyl, cyclohexyl, cyclopentyl, cyclobutyl, cyclopropyl, cyclopropylmethyl,
phenyl, substitued phenyl (e.g., halo, such as F or Cl),

&L Q.

[0022] Examples for R20 for 16.0 include: methyl, phenyl, isopropyl and cyclohexylmethyl.
[0023] Examples of R13 and R4 include: H, F, phenyl, -CHg, -CH,CH(CHg),, -(CH,)3CHs, benzyl, ethyl, p-chloroph-
enyl, and -OH (provided that that there can only be one OH on each carbon).
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[0024] Cyclopropyl is an Example of the R13 and R4 group being taken together with the carbon atom to which they
are bound to form a cycloalkyl ring.

[0025] RY, R2, RS3, and R* are preferably selected from H and halo, and are more preferably selected from H, Br, F
and Cl. Representative compounds of formula 1.0 include trihalo, dihalo and monohalo substituted compounds, such
as, for example: (1) 3,8,10-trihalo; (2) 3,7,8-trihalo; (3) 3,8-dihalo; (4) 8-halo; (5) 10-halo; and (6) 3-halo (i.e., no sub-
stituent in Ring IIl) substituted compounds; wherein each halo is independently selected. Preferred compounds of
formula 1.0 include: (1) 3-Br-8-Cl-10-Br-substituted compounds; (2) 3-Br-7-Br-8-Cl-substituted compounds; (3) 3-Br-
8-Cl- substituted compounds; (4) 3-ClI-8-Cl-substituted compounds; (5) 3-F-8-Cl-substituted compounds; (6) 8-Cl-sub-
stituted compounds; (7) 10-Cl-substituted compounds; (8) 3-Cl-substituted compounds; (9) 3-Br-substituted com-
pounds; and (10) 3-F-substituted compounds.

[0026] Substituent a is preferably N or N*O- with N being preferred.

[0027] A and B are preferably H,, i.e., the optional bond is absent and the C5-C6 bridge is unsubstituted.

[0028] RS, RS, and R7 are preferably H.

[0029] X is preferably N or CH (i.e., the optional bond is absent), and more preferably X is N.

[0030] When one or more of the carbon atoms of the imidazole ring 8.0 or 9.0 are substituted, the substituents are
generally selected from: -N(R15),, -NHC(O)R15, -C(R18),0R19, or alkyl, e.g., -CH3, -CH,OH, -CH,0OC(O)O-cyclohexyl,
-CH,0C(0O)O-cyclopentyl, ethyl, isopropyl, NH,, or -NHC(O)CF.

[0031] RY7is preferably H or alkyl, most preferably H, methyl or ethyl, and more preferably methyl.

[0032] R20in substituent 12.0 is preferably selected from: alkyl or cycloalkyl, most preferably t-butyl, isopropyl, ne-
opentyl, cyclohexyl or cyclopropylmethyl.

[0033] R20 in substituent 13.0 is preferably selected from: alkyl or cycloalkyl; most preferably t-butyl, isopropyl or
cyclohexyl. R21 is preferably selected from: H or alkyl; most preferably H, methyl or isopropyl; and more preferably H.
[0034] R209in substituent 14.0 is preferably selected from: cycloalkyl or alkyl.

[0035] RZ22in substituent 15.0 is preferably selected from: phenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
t-butyl, cyclopropylmethyl,

O
or o,

and most preferably selected from: t-butyl, cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

[0036] R20in substituent 16.0 is preferably selected from: alkyl or cycloalkylalkyl; most preferably methyl, isopropyl
or cyclohexylmethyl; more preferably methyl or isopropyl; and even more preferably methyl.

[0037] RI3 and R14 are preferably selected from: H, F, C; to C, alkyl (e.g., methyl or isopropyl), -CON(R15), (e.g.,
-CONH,), -OR*> (e.g., -OH), aryl (e.g., phenyl) or arylalkyl (e.g., benzyl); or when R13 and R4 are taken together to
form a cycloalkyl ring, said ring is preferably cyclopropyl cyclopentyl or cyclohexyl. Most preferably R13 and R14 are H.
[0038] For compounds of the invention, n is preferably 1-3, most preferably 1-2.

[0039] For compounds wherein R8is ring 2.0 or 7.0, the -(CR13R14) -R12 substituent can be in the 2-, 3- or 4- position
relative to the ring nitrogen, provided that the -(CR13R14)_-R12 substituent is not in the 4-position when Y is O, S, SO
or SO,. Preferably, the -(CR13R14) -R12 substituent is in the 2- or 3- position, and most preferably in the 3- position.
More preferably, the -(CR13R14) -R12 substituent is in the 2- position when n is 2, and in the 3- position when n is 1.
[0040] Compounds of formula 1.0, wherein X is N or CH, include, with reference to the C-11 bond, the R- and S-
isomers:
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[0042]

Compounds of this invention include the C-11 R- and S-isomers having the 2S stereochemistry.
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Compounds of this invention include:
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Cl
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(42.02)

(42.0BB

e
R® 8
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R® (lj' tg 1l
0]

[0043] Compounds of the invention also include compounds corresponding to 19.0-42.0 DD, except that Ring | is
phenyl instead of pyridyl.

[0044] Compounds of the invention also include compounds corresonding to 19.0-42.0DD, except that Ring | is
phenyl instead of Pyridyl, and the compounds have the 2S stereochemistry.

[0045] Compounds of this invention also include compounds corresponding to 19.0-42.0DD, except that the com-
pounds have the 2S stereochemistry.

16
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[0046] Compounds of formula 1.0 include compounds of formula 1.0(C)

R1
X \ [ N
LN R 1.0(C)
N CHs
[Nj“’/ ’O\/N -—/ N
o T
.RQ 0O

wherein Rl is H or halo (preferably Br, Cl or F), and R? is H or halo (preferably Cl), and R? is as defined for formula
1.0. Preferably, R1 is halo (most preferably Br, Cl or F), and R2 is H or halo (preferably Cl). Those skilled in the art will
appreciate that compounds of formula 1.0(C) include compounds of formulas 1.0(D) to 1.0(G):
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and

\’ \ [ N
L _~R? 1.0(G)

CH3
[ ] 'I/ N

'[///N /N

[0047] Lines drawn into the ring systems indicate that the indicated bond may be attached to any of the substitutable
ring carbon atoms of any ring when more than one ring is present (e.g., ring 5.0).

[0048] Certain compounds of the invention may exist in different isomeric (e.g., enantiomers, diastereoisomers, at-
ropisomers) forms. The invention contemplates all such isomers both in pure form and in admixture, including racemic
mixtures. Enol forms are also included.

[0049] Certain tricyclic compounds will be acidic in nature, e.g. those compounds which possess a carboxyl or phe-
nolic 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 phar-
maceutically acceptable amines such as ammonia, alkyl amines, hydroxyalkylamines, N-methylglucamine and the like.
[0050] 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 base solution such as dilute aqueous
NaOH, potassium carbonate, 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.

[0051] 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.

[0052] 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 unsolvated forms for purposes of the invention.

[0053] Compounds of the invention may be prepared according to the procedures described in WO 95/10516 pub-
lished April 20, 1995, WO96/31478 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.

[0054] Compounds of the invention can be prepared according to the reaction schemes described below.

18
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Scheme 1
] R} Cl
R/ ) Cl 7 \

\ \N

>kE /,3 "'/r&* o [Nj' e

R'=H or Br
R/ \ Cl R! /\ Cl
=~ - \
N
N

E]

[0055] The synthesis of the carboxylic acid (Scheme 1) begins with the differential protection (J. Med. Chem. (1994)
37, 3443-3451) of the piperazine dicamphorsulfonic acid salt (Helv. Chim. Acta, (1960) 117, 888-896) as illustrated in
Scheme 2. Reaction of the distal amine with CBZ-OSuc at pH 11 followed by acylation with (BOC),O gives the differ-
entially protected acid. Hydrogenation over Pd-C selectively removes the CBZ group and the resulting amino acid was
coupled with the desired tricyclic chloride. Compounds containing various functional groups can also be prepared by
the different protection strategy shown in Scheme 3, except for the compounds wherein R20 is tert-butyl.

.,I//n/ RS "”n’
O

Scheme 2
( j 1. Cbz-OSuc [ ] Hg/Pd -C

K CO,H 50% NaOH 7 co,H

2. (BOC),0
. 2CSA
74 \ Cl

E] C/ \Qb

v COZH //

R1=H, Br N COH
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Scheme 3

[ :l 1. BOC-ON. [ ] _HCl/dioxane [ ]

"f/fr 2. R2.00(C OC(O)CI 'v//(OH "’//]f
R20

~
: ZCSA 0 O o ?

[0056] Alternatively, the amine can be coupled to the di-BOC-protected acid intermediate prior to incorporation of
the tricycle (Scheme 4). This derivative can be prepared from the di-CSA salt (Scheme 1) upon treatment of the salt
with two equivalents (BOC),0 under basic conditions. Coupling of the desired amine to this intermediate under standard
conditions (DEC, HOBT, NMM) gives the amide, which upon TFA-mediated removal of the BOC-protecting groups can
be selectively alkylated by the desired tricyclic chloride (TEA, DMF, rt, 48 hours). At this stage, the free amine can be
acylated, alkylated, or amidated under conditions obvious to one skilled in the art. When R=Br, chiral HPLC separation
can be employed to readily resolve the C-11 diastereomers.

Scheme 4
I'BOC
N +
[ ] ut amine ——»E j 28 LN
iy 8 4y,
f g N
BOC BOC O
7\
EJ m f%
"y + CH,Cly
]/ ‘I//
R‘—H or Br I/
Rl \ Cl
>

ijﬂrR
Ry O

[0057] Finally, the anhydride derivative can be opened with the appropriate amine (rt, CH,Cl,), followed by acylation,
alkylation, or amidation of the resulting free amine. From there, a similar sequence as illustrated in Scheme 4 (Scheme
5) may be employed for the synthesis of the desired derivatives.
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Scheme 5
BOC BOC EOC
E :’ > j + aming —» [ ]
*u/ 4=0 (R%) 2. R%X N "'/1gR
BOC o R®

'll//

[0058] The synthesis of the requisite amines are described generally in the following schemes. In each, one skilled
in the art can appreciate the areas where synthetic generalities can be applied for the synthesis of a wider variety of
compounds than those specifically illustrated.

[0059] The majority of the 2-and 3-substituted piperidine and pyrrolidine derivatives can be prepared through similar
methods as illustrated in Scheme 6 beginning with the appropriate amino alcohol. Likewise, various imidazole deriv-
atives may be prepared by employing the sodium salt of the desired imidazole derivative. This general scheme is not
applicable where indicated i.e. piperidines with a 2-hydroxymethyl substitutent cannot be prepared using an N-car-
bamoyl protecting group due to the formation of undesired oxazolones. In these cases the NH must be protected as
the N-benzyl or N-allyl derivative.

Scheme 6
CO,Et WCOEL AN O
OP 1.0-(-)-tartaric acid O LAH O
» »
N N
H 2. NaOH H H
NN
BOCZO “\\\OH 1. TsCl O 3 N/\B
—_ » =
N 2. Na-imidazole E\I N
BOC BOC
NN
HCl O L/\
“dioxang™

H
- 2HCI

[0060] Resolution of ethyl nipecotate with D- or L-tartaric acid (J. Org. Chem. (1991) 56, 1166-1170; Gazz. Chim.
Ital. (1972) 102, 189-195.) gives the desired enantiomer which is converted to the free base by treatment with NaOH.
Reduction of the acid with LAH followed by protection of the amine as the BOC derivative gives the alcohol. Treatment
of the alcohol with p-toluenesulfonyl chloride in pyridine at 0 °C, followed by displacement with the sodium salt of the
desired imidazole derivative and removal of the BOC-protecting group with Hcl/dioxane results in the desired amine
as the hydrochloride salt.

[0061] The corresponding 2- and 3-substituted piperazine derivatives can generally be accessed through the anhy-
dride (Scheme 5) as shown in Scheme 7. Ring opening of the anhydride with EtOH followed by reduction with NaBH,
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gives the amino alcohol which can be converted to the N-substituted derivative by reductive amination with parafor-
maldehyde or another relevant aldehyde. Conversion to the desired imidazole derivative can be accomplished by
displacement of the mesylate or tosylate with the sodium salt of the imidazole which upon removal of the BOC-protecting
group gives the desired amine.

Scheme 7

, ]
[N NaBH,4 / EtOH EN] 1. (HCHO)y [ j
»
Nj"”?; o reflux : 12h N vy ,-OH Ti( OlPr)4 *wy,-OH
4 H 2. NaBH4 M

8]

'BOC
1. MsCl/ NEt3 N

> [] P
CHoCly P N

2. sodium imidazole

-l[,//N

f [

Me Me

[0062] The 3-pyrrolidinemethanol intermediates can be synthesized as shown in Scheme 8 (J. Med. Chem. 1990,
71-77). Treatment of the amine with the enoate gives a mixture of diastereomers which are readily separated by silica

gel chromatography. Reduction of the amide with LAH and conversion to the imidazole derivative can be carried out
as previously described. Catalytic hydrogenation gives the free amine.
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Scheme 8
()

0
COOCH
§7:0000H3 HC 'j;:>‘ 3 ‘T::>MCOOCH

+  H,C
COOCH3

O
(i)Chromatography HsC IQ-\OH HaCa N OH

- and
(i) LAH
(1) MsCI (i) MsCl .
EGN MSCI | (i) na-
3 Imidazole

(i} Na-Imidazote

g} &

[0063] The 4-membered ring analogs can be synthesized as illustrated in Schemes 9 and 10. When the imidazole
is directly attached to the ring, the sequence begins with mesylation of the alcohol followed by displacement with the
sodium salt of the desired imidazole derivative. Removal of the benzhydryl protecting group is accomplished by catalytic
hydrogenation.
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Scheme 9

MsCl Na-lmidazole
on 28 Ao TR
O . O GD(;\QE

[0064]

) -
N:>_N/\jN ~—————p HN N\;N

For 4-membered ring compounds with a methylene spacer between the imidazole and the ring, displacement

of the mesylate with NaCN gives the nitrile which is readily hydrolyzed to the acid with NaOH and esterified under
Fischer esterification conditions. The desired amine can be realized via transformations previously discussed.

[0065]

Scheme 10
NaCN O (i) NaOH
N OH 222 5y —_—
:>— N:>" CN (i) MeOH/MCI

) &
\/\=> ‘\_/

OH

N:>—CO0Me — > | N\’}—/

() MsCl GN
(i) Na-tmidazole - HN:>__/N
(iiy Pd/C

The morpholino side chains are prepared beginning with the epichlorohydrin as shown in Scheme 11 (Hete-

rocycle, 38, 1033, 1994). Ring opening of the epoxide with benzyl amine followed by alkylation of the resulting amino
alcohol gives the amide. Reduction of the amide with BH; gives the morpholine into which the imidazole is incorporated
by previously discussed methodology. Removal of the N-benzyl protecting group gives the desired amine.

[0066]

Following the above procedure, but using the epichlorohydrin
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Cl

N

O

gives the amine
HN /Y\N/\x
K/O l\\N

Scheme 11

SR

©/\ /\¥\\| B:lo

NaOH BH3
CHCl3-H,0O -
a-He NN THF
—_— ————T
O

N ,ﬁ\\‘.-\ cl Na-imidazole ©/\ /\\\v N/\\
©/\K/O DMF > ‘\/ L=y

Pd/C HN \\“.\N N

[0067] Compounds with a 7-membered ring in the side-chain may be prepared as shown in Scheme 12. a-Bromina-
tion of caprolactam followed by displacement with NaCN gives the nitrile. Methanolysis and subsequent reduction with
LAH gives the amino alcohol which can easily be converted to the desired compound by previously described meth-
odology.
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Scheme 12

Bra/ PBry __NaCN
18 -Crown- 6 HN
Q/D Bocz0
MeOH

1. MsCt
BocN OH  NEts/ CHgClg /

2. sodium imidazole

—N

The 4-substituted piperidine-3-methanol derivatives can be synthesized as illustrated in Scheme 13. Protec-

tion of the carboxylic acid as the oxazoline also serves to activate the pyridine ring toward nucleophilic attack by MeLi.
Rearomatization with sulfur, hydrolysis of the oxazoline, and esterification gives the ester which upon quatemization
and reduction gives the enoate. Conjugate addition with Mel gives the 4,4-dimethyl derivative. This ester may be con-
verted into the desired compound by previously described procedures.

Scheme 13

Ref. J. Pharm. Sci. (1992) 81, 1015; U.S. Paf. (1949) 2546652.

NH,
& HO/>(\ Y, D MetiTHE /YCHS

| .
| Na - ] 2) S, Toluene N - N
N%/\[rOH Heat \/\g/} Heat \A(/)L
i O

0
1) Con HCI, Heat A ~\Ctb c
4 1) CHyl, CHLCN | Ho

2) H,80, MeOH  Nx OMe ) NaBH,, MeOH H,c—N Me
0 o]
H3

CH,aMgl, CuCl

~ n.c-N Me
E%0 H

o}
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Scheme 14

THIOMORPHOLINE DERIVATIVES

(Boc)20 \\ 2

rEijone [] 1) LDA E:r
2} EtOCOCI
Boc

CO,ET

®

H
%A N //
LIBH4 s og Msd [ r\onas
THF - [
N
Boc Boc

Na
) 1) HCl/diox. @’C‘
P[ j/\ L~/ 0
Boc

N ”/0
% ct (87 &N
\C\\’/ Ho':ﬁq,,‘c(n\/\,{j

( 1// ', OH

doked

EDC, HOBt
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Scheme 15
‘*’ 0
s s 4
mepba 1) LDA S__CO,Et
) - ()22 %y
N N 2) EtOCOCl
quant. N
Boc Boc 239, Boc
(o] 6]
A A
S OH 1) Ts-Cl/Pyr S
THF »E Ny
1 hr. Boc 3) HCl/diox. H HCol

1) TFA

Scheme 16

Cl

((x) 52.0)

((+) 52.0)
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{(+) 52.0)

2z

(54.0a) o
+
(54.0b)

(55.0a) q
-+

(55.0b})

{56.0a)
+

(56.0b)

HOOC Ny N""COOH
(57.0a) COOt-Bu (57.0b) COO¢t-Bu
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HOOC™ ™y N"COOH
i ]
(58.0a) COOt-Bu (58.0b) COOt-Bu

N
((-)52.0)

[0069] Those skilled in the art will appreciate that in Scheme 16 the wavy bond to H (+ 52.0), -OCH5 (54.0a and
54.0b), -CN (55.0a and 55.0b), -COOH (56.0a and 56.0b), -COOH (57.0a, 57.0b, 58.0a and 58.0b) indicates that the
band can be either

~~eamg OF M}

[0070] Compound (+) 52.0 is resolved following procedures similar to those disclosed in WO97/23478 (published
July 3, 1997).

[0071] The reagents used in Reaction Scheme 3 are: Reaction Step a: Isatoic anhydride/methylene chloride; Reac-
tion Step b: sodium nitrite/hydrochloric acid/methanol/cuprous chloride; Reaction Step c: (i) ag. hydrochloric acid/meth-
anol/reflux (ii) sodium hydroxide/sodium cyanide; Reaction Step d: conc. hydrochloric acid/reflux.; and Reaction Step
e: di-tert.butyldicarbonate/-sodium hydroxide/tetrahydrofuran.

[0072] Compounds useful in this invention are exemplified by the following preparative examples, which should not
be construed to limit the scope of the disclosure. Alternative mechanistic pathways and analogous structures within
the scope of the invention may be apparent to those skilled in the art.

PREPARATIVE EXAMPLE 1

[0073]

o

-0
- 2CSA

[0074] To (R)-(-)-camphorsulfonic acid (2.5 kg) in distilled water (1250 mL) at 60 °C was added a solution of the
potassium salt of 2-carboxypiperazine (565 gm, 3.35 mol). The mixture was allowed to stir at 95 °C until completely
dissolved. The solution was cooled to room temperature and allowed to stand 48 hrs. The resulting precipitate was
filtered to obtain a damp solid (1444g). The solids were then dissolved in distilled water (1200 mL) and heated on a
steam bath until all solids dissolved. The resulting solution was cooled slowly to room temperature and let stand 72
hrs. The crystalline solids were filtered to give a white crystalline solid (362 g). [a]p=-14.9°.

PREPARATIVE EXAMPLE 2

[0075]

?OC
N

(.

BOC O
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[0076] The title compound from Preparative Example 1 (362 gm, 0. 608 mol) was dissolved in distilled water (1400
mL) and methanol (1400 mL). 50% NaOH was added to the stirred reaction mixture until the pH reached ~9.5. To this
solution was added di-tert.butyl-dicarbonate (336 gm, 1.54 mol) portionwise. The pH of the reaction mixture was main-
tained 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 with ice/water (9000 mL) and washed with Et,O (2000 mL). The Et,O was discarded
and the pH of the aqueous layer adjusted to pH 3.0 by the portionwise addition of solid citric acid and extracted with
CH,CI, (3 X 2000 mL). The organic layers were combined, dried over Na,SO,, filtered and evaporated to give the title
compound as a white glassy solid (201.6g). FABMS: MH*=331.

PREPARATIVE EXAMPLE 3

[0077]

?OC

@

}40
O

[0078] To an ice cold solution DMF ( 49.6 ml) under a nitrogen atmosphere was added, dropwise, SOCI, (46.7 ml)
over a period of 5 minutes in a 5 L round bottom flask The reaction mixture was allowed to stir for 5 minutes, warmed
to room temperature, and stirred 30 minutes. The resulting solution was cooled to 0 °C and the title compound from
Preparative Example 2 (201.6 gm, 0.61 mmol) in pyridine (51.7 mL) and CH;CN (1900 mL) was added via canulae.
The resulting solution was warmed to room temperature to obtain a yellowish turbid solution and stirred 18 hours. The
reaction mixture was filtered and the filtrate poured into ice water (7L) and then extracted with EtOAc (4 X 2000 mL).
The combined organics were dried over Na,SO,, filtered, and evaporated to dryness in vacuo to give the title product
as a white solid ( 115.6g, 73% vyield).

PREPARATIVE EXAMPLE 4

[0079]

?BZ
N -
C ) o

~~
~ /"l,' J

N
BOC O

[0080] The title compound from Preparative Example 1 (17.85 gm, 30 mmol) was dissolved in distilled water (180
mL). 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 benzylchloroformate (4.28 mL, 30 mmol) in dioxane (80 mL) 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 concentrated under reduced
pressure. The residue was dissolved in distilled water (180 mL), the pH adjusted slowly to 4.0 with 1N HCI, and extracted
with EtOAc (3 X 180 mL). The combined organics were dried over MgSO,, filtered, and evaporated to obtain the N,N-
di-CBZ-2-carboxy-piperazine byproduct. The pH of the aqueous layer was adjusted to ~10.5 with 50% NaOH and solid
(Boc),0 (7.86 gm, 36 mmol) was added and the mixture was stirred while keeping the pH at ~10.5 with 50% NaOH.
After 1 hr. the pH stablized. The reaction was checked by tlc (30% MeOH/NH5/CH,Cl,) and if not complete, more
(Boc),0 was added keeping the pH at ~10.5. When reaction was shown to be complete by TLC, the reaction mixture
was washed with Et,O (2 X 180 mL) (check that the product is not in the Et,O layer and dispose of the Et,0O layer).
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The aqueous layer was cooled in an ice bath and pH to adjusted to 2.0 with 1N HCI (slowly) (get bubbling initially).
The aqueous layer was extracted with EtOAc (3 X 200 mL) and the combined organics dried over MgSQ,, filtered and

evaporated in vacuo to obtain a white solid (9.68 g, 88% vyield).

PREPARATIVE EXAMPLE 5

[0081]

H
N

(). o

BOC O

-~

[0082] The title compound from Prepartive Example 4 (9.6 gm, 26.3 mmol) was dissolved in absoluteEtOH (100 mL)
in a hydrogenation vessel. The vessel was flushed with N, and 10% Pd/C (3.0g, 50% by weight with water) was added.
The mixture was hydrogenated at 55 psi of H, for 18 hours during which time a precipitate formed. When the reaction
was complete (TLC, 30% MeOH/NH5/CH,Cl,), the reaction mixture was filtered through a pad of celite, and the pad
washed with EtOH followed by distilled H,O. The filtrate was evaporated to ~1/3 the volume and distilled H,O (200
mL) was added. The resulting solution was extracted with EtOAc (contains pure N,N-Di-Boc-2-carboxy-piperazine
which was saved). The water layer was evaporated to dryness with azeotropic removal of residual H,O with methanol
(2X) to give pure product (3.989).

PREPARATIVE EXAMPLE 6

4-(3-bromo-8-chloro-6,11-dihydro-5H benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-[(1,1-dimethylethoxy)carbonyl]-2
(R)-piperazinecarboxylic acid

[0083]

Br /\ Cl

[0084] The tricyclic alcohol

Br / \ Cl

N
OH

(5.6 gm, 17.33 mmol) was dissolved in CH,Cl, (56 mL) and SOCI, (2.46 mL) was added while stirring under a dry N,
atmosphere. After 5 hrs. the tic was checked ( by adding an aliquot of the reaction mixture to 1N NaOH and shaking
with CH,Cl, and checking the CH,ClI, layer by tlc using 50% EtOAc/Hexanes as the eluent). The mixture was evapo-
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rated to give a gum which was evporated from dry toluene twice and once from CH,CI, to give a foamy solid. The
resulting chloro-tricyclic compound was dissolved in dry DMF (100 mL) and the title compound from Preparative Ex-
ample 5 (3.98 gm) was added followed by triethylamine (12.11 mL) and the mixture stirred at ambient temperature
under a nitrogen atmosphere. After 24 hours, the reaction mixture was concentrated and the residue dissolved in EtOAc
(200 mL) and washed with brine. The brine layer was extracted with EtOAc (2X) and the combined organics were dried
over MgSQy,, 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/NH3:CH,Cl,, 2L of 0.65% 7N MeOH/
NH3:CH,Cl,, 2L of 0..8% 7N MeOH/NH3:CH,Cl,, 4L of 1% 7N MeOH/NH;:CH,Cl,, 2L of 3% 2N MeOH/NH;:CH,Cl,,
2L of 5% 2N MeOH/NH3:CH,Cl,, 2L of 10% 2N MeOH/NH3:CH,ClI,, 2L of 15% 2N MeOH/NH,:CH,Cl,, 4L of 20% 2N
MeOH/NH;:CH,CI, to obtain 4.63 gm of final product.

PREPARATIVE EXAMPLE 7

Step A

[0085] Ref: Gazz. Chim. Ital. (1972) 102, 189-195; J. Org. Chem. (1991) 56, 1166-1170.

..\\C OZEt
N
H

[0086] Ethyl nipecotate (70.16g, 0.446 mmol) and D-tartaric acid (679, 1.0 eq) were dissolved in hot 95% EtOH (350
mL). The resulting solution was cooled to room temperature and filtered and the crystals washed with ice-cold 95%
EtOH. The crystals were then recrystallized from 95% EtOH (550 mL) to give the tartrate salt (38.5g, 56% yield). The
salt (38.5g) was dissolved in water (300 mL) and cooled to 0 °C before neutralizing with 3M NaOH. The solution was
extracted with CH,Cl, (5 X 100 mL) and the combined organics dried over Na,SO, and concentrated under reduced
pressure to give a clear oil (19.0g, 89% yield). CIMS: MH*= 158.

Step B

[0087]

.,\\COQEt ._u‘\

O ————rva—i

OH

N N
H H

[0088] LAH (118 mL, 1.0 Min Et,0, 1.0 eq.) was added to a solution of the title compound from Step A (18.5g, 0.125
mmol) in THF (250 mL) at 0 °C over 20 minutes. The resulting solution was warmed slowly to room temperature and
then heated at reflux 2 hours. The reaction was cooled to room temperature and quenched by the slow addition of
saturated Na,SO,. The resulting slurry was dried by the addition of Na,SO,, filtered through Celite and concentrated
to give a colorless oil (13.7g, 98% crude yield). CIMS: MH*=116; [a]20= - 8.4° (5.0 mg in 2 mL MeOH).
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Step C

[0089]

———
N ‘ N
H }

BOC

[0090] The title compound from Step B (13.6g, 0.104 mmol) was dissolved in MeOH (100 mL) and H,O (100 mL)
and di-tert-butyl dicarbonate (27.24, 1.2 eq.) was added portionwise keeping the pH >10.5 by the addition of 50%
NaOH. The reaction mixture was stirred at room temperature an additional 2.5 hours and concentrated in vacuo. The
residue was diluted with H,O (350 mL) and extracted with CH,Cl, (3 X 150 mL). The combined organics were dried
over Na,SOy, filtered, and concentrated under reduced pressure. The crude product was purified by flash chromatog-
raphy using a 50% EtOAc in hexanes solution as eluent to give a white solid (12.13g, 48% yield). FABMS: MH*= 216;
[0]295= +15.2 (5.0 mg in MeOH).

Step D

[0091]

.\"‘ ~ .\'\\ ~

OH OTs

N \

BOC BOC

[0092] p-Toluenesulfonyl chloride (12.75g, 1.2 eq.) was added portionwise to the title compound from Step C (12.00g,
55.74 mmol) in pyridine (120 mL) at 0 °C. The resulting solution was stirred 0 °C overnight. Thereaction mixture was
diluted with EtOAc (300 mL) and washed with cold 1N HCI (5 X 300 mL), saturated NaHCOj5 (2 X 150 mL), H,O (1 X
100 mL), brine (1 X 100 mL) , and dried over Na,SO, and concentrated in vacuo to give a pale yellow solid (21.0g,
100% crude yield). FABMS: MH*= 370.

Step E

[0093]

N

""‘\OTS O.-"‘ \l‘l\/\>
> —
N
| N

BOC BOC

[0094] The title compound from Step D (21.0g, 55.74 mmol) in DMF (300 mL) was treated with sodium imidazole
(8.379, 1.5 eq.) and the resulting solution heated at 60 °C for 2 hours. The reaction mixture was cooled to room tem-
perature and concentrated in vacuo. The residue was diluted with H,O (300 mL) and extracted with CH,Cl, (3 X 150
mL). The combined organics were dried over Na,SO,, filtered, and concentrated. The crude product was purified by
flash chromatography using a 7% MeOH in CH,CI, solution as eluent to give a pale yellow solid (7.25g, 49% yield).
FABMS: MH*= 266; [0]205= +8.0 (5.0 mg in MeOH).
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Step F

[0095]

[0096] The title compound from Step E (5.50g, 20.73 mmol) stirred at room temperature in 4M HCI in dioxane (50
mL) overnight. The resutlig solution was concentrated and the residue triturated with Et,O to give a yellow solid (4.90g,
99% yield). CIMS: MH*= 166.

PREPARATIVE EXAMPLE 8

[0097]

Q - 2HCI

N
H

[0098] By essentially the same procedure set forth in Preparative Example 7 except using L-tartaric acid instead of
D-tartaric acid in Step A, the title compound was prepared.

PREPARATIVE EXAMPLE 9

Step A

[0099]

BOC BOC
N N
[ Jop —
N /%O [N]""/ /OH
0]

[0100] A mixture of the piperazine anhydride (2.56 g, 10.00 mmol, 1.0 eq.) and sodium borohydride (965 mg, 25.00
mmol, 2.5 eq.) in absolute ethanol (50 ml) was gently refluxed under a nitrogen atmosphere for 48h. The reaction
volume was decreased to approximately 10 ml under house vacuum and diluted with brine (50 ml). The mixture was
extracted with ethyl acetate (8 x 25 ml). The combined organic extracts were washed with brine (50 ml), dried over
Na,SO,, filtered, and concentrated under house vacuum at 30 °C. The residue was flash chromatographed (CH,Cl, :
10% NH,OH/MeOH = 17:1 v/v) over silica gel to give the title compound (1.09 g, 50%) as a light-yellow, viscous oil.
EIMS: m/z 217 ([M+H]*, 46%), 161 (B*). HR-MS (FAB): Calculated for C;3H,1N,O3 ([M+H]*): 217.1552. Found:
217.1549.

Step B

[0101] (Bhattacharyya, S. Tetrahedron Lett. 1994, 35, 2401.)
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oC ?OC

?
N

[Nj"-,, /OH
H

[0102] A mixture of the title compound from Step A (1.09 g, 5.04 mmol, 1.0 eq.), paraformaldehyde (300 mg, « 10.08
mmol, 2.0 eq.), and titanium isopropoxide (1.5 ml, 5.04 mmol, 1.0 eq.) in absolute ethanol (5 ml) was stirred at 70 °C
for 30 minutes and at room temperature for another 30 minutes. Sodium borohydride (195 mg, 5.04 mmol, 1.0 eq.)
was added to the colorless solution. The solution was stirred at room temperature for 12h and at 60 °C for another 3h.
The solution was cooled to 0 °C and treated with a 2.0 M aqueous ammonia solution (25 ml, 50.00 mmol, excess) to
give a snow-white suspension. The suspension was filtered through a Celite® 521 plug and the filtrate was extracted
with diethyl ether (4 x 25 ml). The ethereal extracts were combined and washed with brine (10 ml), dried over Na,SO,,
filtered, and concentrated under house vacuum at 30 °C. The residue was flash chromatographed (CH,Cl, : 10%
NH,OH/MeOH = 9:1 v/v) over silica gel to give the title compound (1.10 g, 95%) as a light-yellow, viscous oil. MS (EI):
m/z 231 ([M+H]*, 59%), 175(B*). HR-MS(FAB):Calculated for C1;H,,N,05 ([M+H]*): 231.1709. Found: 231.1716.

"l,l /OH
!
CHy

Step C

[0103]

?OC OC
N
) [[Tl]h"'/OH N "/.,/N\/
{
Me ' Me

[0104] Methanesulfonyl chloride (296 pl, 3.80 mmol, 1.25 eq.) was added dropwise to a stirred solution of the title
compound from Step B (700 mg, 3.04 mmol, 1.0 eq.) and triethylamine (640 pl, 4.56 mmol, 1.50 eq.) in anhydrous
dichloromethane (5 ml) at 0 °C under a nitrogen atmosphere. The resulting yellow suspension was stirred at 0 °C for
1h and at room temperature for another 3h. The mixture was poured onto brine (25 ml) and extracted with dichlo-
romethane (5 x 10 ml). The combined organic extracts were dried over Na,SO,, filtered, and concentrated under house
vacuum at 25 °C to give a quantitative yield (940 mg) of crude mesylate, which was used directly in the next transfor-
mation (vide infra) without any attempts at characterization or purification.

[0105] A mixture of crude mesylate (940 mg, 3.05 mmol, 1.0 eq.) and sodium imidazole (608 mg, 6.08 mmol, 2.0
eq.) in anhydrous N,N-dimethylformamide (10 ml) was stirred at 60 °C for 12h under a nitrogen atmosphere. The
brownish mixture was cooled to room temperature and diluted with brine (25 ml). The layers were separated and the
aqueous layer was extracted with dichloromethane (4 x 25 ml). The combined organic extracts were dried over Na,SOy,,
filtered, and concentrated under house vacuum at 50 °C. The residue was flash chromatographed (CH,CI, : 10%
NH,OH/MeOH = 19:1 v/v) over silica gel to give the title compound (432 mg, 1.54 mmol, 51%) as a thick, greenish oil.
MS (El): m/z 281 ([M+H]*, B*), 225 (79), 157 (91). HR-MS (FAB): Calculated for C;4H,sN,O, ([M+H]*): 281.1978.
Found: 281.1976.
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Step D
[0106]
() o — (), O
N ""//N\/ N ""//N
Me e

[0107] A solution of the title compound from Step C (400 mg, 1.43 mmol, 1.0 eq.) in anhydrous trifluoroacetic acid-
dichloromethane (10 ml, 1:1 v/v) was stirred at room temperature under a nitrogen atmosphere for 12h. The volatiles
were removed under house vacuum at 40 °C and the residue was redissolved in 2.0 M aqueous NaOH solution (10
ml). The volatiles were again removed under house vacuum, but at a bath temperature of 60 °C. The residue was flash
chromatographed (CH,ClI, : 10% NH,OH/MeOH = 6:4 v/v) over silica gel to give the title compound (136 mg, 0.76
mmol, 53%) as a thick, yellow oil. MS (El): m/z 181 ([M+H]*, B*), 161 (76). HR-MS (FAB): Calculated for CgH;;N,
([M+H]*): 181.1453. Found: 181.1458.

PREPARATIVE EXAMPLE 10

Step A

N-Bu toxycarbonyl-thiomorpholine

[0108]

ES
)
BOC

[0109] Thiomorpholine (6 gm, 58 mmol) was dissolved in CH,Cl, (200 mL) under a dry nitrogen atmosphere and the
reaction mixture cooled in an ice bath. A solution of di-tert.butyl-dicarbonate (15.3 gm, 70 mmol) in CH,Cl, (50 mL)
was added dropwise and the reaction mixture stirred for 4 hours. The reaction mixture was washed with brine, followed
by saturated NaHCOg, dried over MgSO,, filtered, and evaporated to obtain 14.37 gm of title product as a crystalline
solid. mp= 72.9-78.9°C.

Step B

N-Butoxycarbonyl-thiomorpholinesulfone

[0110]

e
O

BOC
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[0111] The title compound from Step A (16 gm, 78.7 mmol) was dissolved in 50% CH;OH-H,0 (500 mL) at 0°C. A
slurry of Oxone® ( 72.6 gm, 118.05 mmol) was added portionwise while monitoring the pH at 10.5 with 25 % NaOH.
After 2 hours, the reaction mixture was filtered and the CH;OH was evaporated under reduced pressure. The residue
was extracted with EtOAc 3 times to obtain 15.5 gm (84%) of title product as a crystalline solid. mp= 157-159.2 °C.

Step C

N-Butoxycarbonyl-2-carboxyethyl-thiomorpholinesulfone

[0112]

QL
Esj/cozrst
I
BOC

[0113] The title compound from Step B (3.0 gm, 12.7 mmol) was dissolved in THF (30 mL). The reaction mixture
was cooled to -78°C in a dryice acetone bath under a dry nitrogen atmosphere and 8.5 ml of a 1.5 Molar solution of
lithium diisopropylamide in cyclohexane (LDA) was added dropwise and the solution stirred for 1/2 hour. Ethylchloro-
formate (1.83 mL, 19.05 mmol) was added dropwise and the solution stirred at -78 °C for 1 hour. The temperature was
allowed to rise to ambient and the reaction mixture stirred an additional 2 hours. The reaction mixture was added to
brine and the product extracted three times with EtOAc to obtain 2.87 gm of crude product which was used in the next
step without purification.

Step D
N-Butoxycarbonyl-2-hydroxymethyl-thiomorpholinesulfone

[0114]

WP
()
)
BOC

[0115] The crude tile compound from Step C was dissolved in 30 ml of THF, cooled in an ice bath, and stirred. A 2M
THF solution of Lithium borohydride (9 mL, 18 mmol) was added dropwise and the reaction mixture stirred for 3 hours.
1IN HCI (~ 10 mL) was added slowly and the mixture stirred for 5 min. 1N NaOH (~20 mL) was added and the crude
product extracted with ethylacetate, dried over magnesium sulfate, filtered, and evaporated to obtain a crude oil. The
crude oil was chromatographed on silica gel using 20% ethyl acetate/hexanes to 40% ethylacetate/hexanes to obtain
0.88 gm of title product as a solid. mp= 126.9-131.9 °C.
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Step E
N-Butoxycarbonyl-2-imidazolylinethyl-thiomorpholinesulfone

[0116]

QP

SR,

[0117] The title compound from Step D (0.56gm, 2.14 mmol) and diisopropylethylamine( 0.372 ml, 2.14 mmol) was
dissolved in 5 mL of dichloromethane. Methanesulfonyl chloride ( 0.198 ml, 2.56 mmol) was added and the reaction
mixture stirred under a dry nitrogen atmosphere for 30 min. The reaction mixture was added slowly to melted imidazole
(2.9 gm, 20 eq.) at 120 °C. After the dichloromethane evaporated the reaction mixture was cooled to ambient to obtain
a brown solid. The solid was dissolved in water and the product extracted with ethylacetate three times to obtain 0.449
gm of title product. mp= 149.7-151.3 °C, FABMS (M+1)=316.2.

Step F

Preparation of 2-imidazolylmethyl-thiomorpholinesulfone

[0118]

WP
N
T

-2 HCI

[0119] The title compound from Step E (0.44 gm, 1.4 mmol) was dissolved in 5 ml of 4ANHCI/dioxane and stirred for
1 hr. The mixture was evaporated to obtain 0.45 gm of title product.

PREPARATIVE EXAMPLE 11

Step A

N-Butoxycarbonyl-thiomorpholinesulfoxide

[0120]

-0

()

BOC
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[0121] N-Butoxycarbonyl-thiomorpholine from Preparative Example 10 Step A (7.07 gm, 58 mmol) was dissolved in
200 ml of dichloromethane. 50-60% mCPBA (13.7 gm, 80 mmol) was added portionwise over a period of 15 min. After
2 hours at ambient temperature the reaction mixture was washed with sat. sodium bisulfite, followed by sat. sodium
bicarbonate, and the dried over magnesium sulfate, filtered, and evaporated to obtain 13.08 gm of a white solid. FABMS
(M+ 1)=220.

Step B

[0122]

?

S
(o

H

- 2HCI

[0123] By essentially the same procedures set forth in Preparative Example 10 Step C-F, the title compound was
prepared.

PREPARATIVE EXAMPLE 12

“NOTs ""‘\Nx
— 0
N HC

[0124]

N

BOC BOC

[0125] 2-Methylimidazole (0.27g, 1.3 eq.) was added to a solution of NaH (0.13g, 1.3 eq., 60% in mineral oil) in DMF
(5 mL) at room temperature and the resulitng solution stirred 20 minutes before adding the title compound from Pre-
parative Example 7 Step D (0.94g, 2.54 mmol). The reaction mixture was heated to 60 °C for 2 hours, cooled to room
temperature and concentrated. The crude product was diluted with H,O (50 mL) and extracted with CH,Cl, (3 X 75
mL). The combined organics were dried over Na,SO,, filtered and concentrated in vacuo. The product was purified
by flash chromatography using a 7% MeOH in CH,ClI, solution as eluent to give a white solid (0.66g, 93% yield). CIMS:
MH*= 280; [0]205= +4.9 (6.5 mg in 2.0 mL MeOH).

[0126] By essentially the same procedure set forth in Preparative Example 7 Step E, the following title compounds
in Column 4 were synthesized beginning with the tosylate in column 2, using the imidazole derivative in Column 3,
Table 1:
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TABLE 1

Prep Column 2 Column 3 Column 4
Ex.
13 Y N0Ts CH, N /\/3 Hy
N - N N L
l HN-_/
BOGC \/ l
14 =
OTs N />
7| W O‘ &
N CH N HyC
BOC 3 BOC
LCMS: MH'= 280
15 ' OTs Hy ~LEHs
=\ L 7
N HN~ Y
BOC BOC
16 OTs |4\N CH;
HN-
) L | O
BOC CHs N =
}
BOC
16(8) | QP CHg QLR
/\
Sha-Nleg"
HN- S4
N N CH,
BOC BOC _
16(B) P r‘;\N Q. 0O CHs
[gj/\OMs N~ A
[ N
BOC _BOC
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TABLE 1 - continued

Prep Column 2 Column 3 Column 4
Ex.

A /2 \

|

16(D) O""‘\OTS HSC\/EH:; . "f\
= /\
N N H3C/4 CH,

BOC HN\/< ri\i

BOC
16(E) OTs CH, H
HO/Y< N
N
N HN~7 4 \
BOC N~ CH,
N
. BOC

PREPARATIVE EXAMPLE 17

[0127]

ANWRACH SRR
NI NNy, —CH
oG — O

N

1
BOC BOC

[0128] To the title compound from Preparative Example 13 (1.0g, 3.58 mmol, 69 : 31 4-Me : 5-Me) in CH,Cl, (10 mL)
at 0 °C was added TrCl (0.32g, 1.05 eq. based on 5-Me). The resulting solution was stirred at 0 °C for 2 hours and
concentrated under reduced pressure. The crude mixture was purifed by flash chromatography using a 50 % acetone
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in EtOACc solution as eluent to give the title compound as a clear oil (0.50g, 72% yield). CIMS: MH*= 280.

PREPARATIVE EXAMPLE 18

[0129]

(\/r\ /\/: M OA /§—C Hy

BOC BOC

[0130] By essentially the same procedure set forth in Preparative Example 17, the title compound was prepared
(0.49g, 82% yield).

[0131] By essentially the same procedure set forth in Preparative Example 7 Step F except using the compounds
prepared in Preparative Examples 12, 13, 14, 15, 16 (Column 2, Table 2), 16A, 16B, 16C, 16D, 17, 18, 71A (step D),
71A (step F) 16E, 72A, 74A, 75A and 76, the amine hydrochlorides in Column 3, Table 2 were prepared:

TABLE 2
Prep N-Boc Amine Amine
Ex.
=N
[ H3C ) {’\'i, H3C
BOC
- 2HCI

CIMS: MH"= 180

N N =

| N
BOC -
- 2HCI

CIMS: MH'= 180
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TABLE 2 - continued

Prep N-Boc Amine Amine
Ex.
21
T | O e
=N =N
N N
BOC
- 2HCI
22
N™ HyC N" HiC
BOC - 2HCI
23 /(CH3 /(CHs
\ N™ N
(j/\IL/N (jﬁ <N
) ;
BOC
. 2HCI
23(4) H H
N N
(T | (O
\ N ¥
BOC H 2HCI
23(B) Ch, .CHy
N N
(YR | W
N N N N
BOC H 2HCI
23(C) H H
AN N Y
% | O
N N - N
BOC H 2HCI
NOR® SRhe
l‘ Y ) l ~
N N N N
BOC H  oye
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TABLE 2 - continued

Prep N-Boc Amine Amine
Ex.
23(E) RN N
| P »
Hs N N” CH,
H
2HCI
»
N"H,C N"H,C” N
BOC H  ohel
23(H) Q O\\ //O
[ NN [ N/\\N
\‘Xq N lQ<
CH
° H opor b
23(1) /E Q 0 /EHs
@AM SRS,
N
BOC H  2HCI
23(J) CHs CHs

\ N"f\
r1?,c/£;§\c:r43 e N\ CHs
O

l N
BOC H
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TABLE 2 - continued

Prep N-Boc Amine Amine
Ex.
23(K) Ha \ CHs,
Y gt
HsC™ N ~CH; HsC™ N\ ~CHs
|“| ‘,\\|
N N 2HCI
BOC H
23(L) HQ H
N
«ﬁ L]
N~ CHs N~ CHy
N N™  2HCI
|
BOC H
EXAMPLE 1
[0132]
B~/ \ Cl B~y \ Cl
=N
N N
] OH g j O :\/;///\N
"y ' "y ey N
ST ST
NI N PPN |
[0133] Thetitle compound from Preparative Example 6 (1.0g, 1.15 eq.) was added to a solution of the title compound

from Preparative Example 1 (2.43g, 3.81 mmol), DEC (0.95¢g, 1.3 eq.), HOBT (2.57g, 5 eq.) and NMM (2.51 mL, 6.0
eq.) in DMF (50 mL). The resulting solution was stirred at room temperature 24 hours. The reaction mixture was diluted
with H,O until precipitation ceased and the slurry filtered. The precipitate was diluted with CH,Cl, (200 mL), washed
with H,O (2 X 100 mL), dried over Na,SO, and concentrated. The crude product was purified by flash chromatography
using a 5% (10%NH,OH in MeOH) solution in CH,Cl, as eluent to give a pale yellow solid (1.8g, 68% yield). LCMS:

MH*= 683.
[0134]

obtain compounds of the formula shown below with R as listed in Column 2 of Table 3.

46
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Br / \

Cl

TABLE 3
Ex. R= MP (C) CMPD
2 LCMS: MH = 683
=
EO\/N\//N
11-(R,S) B
3 LCMS: MH = 697

126-131

CHs.

k4

11- (R,S)
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TABLE 3 - continued

Ex. R’= MP (°C) CMPD
4 O _— 128-133 | LCMS: MH'= 697
3N /N\(N
CHs,
11- (R,S)
4.1 CH; | 114-121 | LCMS: MH'= 697
~
:L'"LN "'I/N\//N
4.2 ‘/<CH3 131-135 | LCMS: MH'= 697
5 _Me 123-134 FABMS: MH'=
(\N rﬁ\N 698
: 'N\)\/N\//
11- (R,S)
6 ——-- FABMS: MH'=
'\Ii\)s\/r\lj//\N 701
3.,’; 7
7 0 - FABMS: MH*=717
N N
8 L 179-182 | FABMS: MH'=733
02 -
_ Nli\)s\/r\[;’;\N
b’; /4
9 HN\ 175-183 | FABMS: MH'=669
N
:H.'LN
11- (R,S)
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EXAMPLE 10 and EXAMPLE 11

[0135] The title compound from Example 1 was separated into individual (R)- and (S)-isomers by Preparative HPLC
with a CHIRALPAK AD column using a 15% iPrOH in hexanes solution with 0.2% DEA as eluent.

EXAMPLE 10

[0136]

BF / \ Cl

N
N
N

N ""’n/N iy NI

S\ /K O
o 0

[0137] 11-(R)-isomer: retention time (analytical) =8.845 minutes; [a]p= +14.0 (2.72 mg in 2.0 mL MeOH);
mp=130-134 °C; LCMS: MH*= 683.

—y

EXAMPLE 11

[0138]

@©
N
Q

() O
g N Ay N

N
k. o
/\ONO v
[0139] 11- (S)-isomer: retention time (analytical)=15.416 minutes; [a]p=; mp=122-127 °C; LCMS: MH*= 683.

EXAMPLE 12 and EXAMPLE 13

[0140] By essentially the same procedure set forth in Example 10 and 11 except using the title compound from
Example 2, the title compounds were prepared.
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EXAMPLE 12

[0141]

:::>l\\C)'JIL§C)

[0142] 11- (R)-isomer: retention time (analytical-15% iPrOH: 0.2% DEA in hexanes)= 18.84 minutes; [0]p=;

mp=135-138 °C; MS: MH*=683.

EXAMPLE 13

[0143]

Br / \

Sy

oo

[0144] 11- (S)-isomer: retention time (analytical-15% iPrOH : 0.2% DEA in hexanes)= 23.758 minutes; [0]p=;

mp=127-130 °C; MS: MH*=683.

PREPARATIVE EXAMPLE 24

[0145]

Br~ \ Cl

[0146] The title compound from Example 12 (0.87g, 1.27 mmol) in CH,Cl, (9.0 mL) was stirred with TFA (9.0 mL)

()

‘s,

O

- Br
N .
CJ o
. N ‘l//lr N N\//

50

N

Cl

N
(A AD
o

_—D

C

‘(\S Z?’
N

cl
N
=
] NN

N‘r// N
S
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at room temperature 1 hour. The reaction mixture was cooled to 0 °C and neutralized with 50% NaOH, separated, and
the aqueous layer extracted with CH,Cl, (3 X 200 mL). The combined organics were dried over Na,SO,, filtered, and
concentrated in vacuo (0.56g, 75% crude yield).

EXAMPLE 14
[0147]
Br—/ ) Cl Br—/ ) Cl
=N =N
N N
[: j] ri:::LN.»-[==\PJ —> [: :] N

N l//l N N\// ! N 'I//[rN N\//
H 0 /LO&OO

[0148] The title compound from Preparative Example 24 (0.12g, 0.21 mmol) and TEA (0.15 mL, 5.0 eq.) were dis-
solved in CH,Cl, (5.0 mL) and isopropyl chloroformate (1.05 mL, 5.0 eq.) was added. The reaction mixture was stirred
at room temperature overnight before adding H,O (15.0 mL) and extracting with CH,CI, (2 X 100 mL). The combined
organics were dried over Na,SO,, filtered, and concentrated in vacuo. The crude product was purified by flash chro-
matography using a 2.5% (10% NH,OH in MeOH) solution in CH,Cl, as eluent (0.096g, 69% yield). FABMS: MH*=
669; mp=126-128 °C.

EXAMPLE 15

[0149]

B~ \ , / \\—Cl
= Y =

[Nj N N
)

O
o 0

[0150] By essentially the same procedure set forth in Example 14 only substituting cyclohexyl chloroformate, the
titte compound was prepared (0.053g, 44% yield). FABMS: MH*=709; mp= 140-144 °C.
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EXAMPLE 16

[0151]

[0152] The title compound from Preparative Example 24 (0.13g, 0.23 mmol)was dissolved in CH,Cl, (4.0 mL) and
t-butylisocyanate (0.13 mL, 5.0 eq.) was added. The resulting solution was stirred at room temperature 2 hours, diuted
with H,O (15 mL) and extracted with CH,Cl, (3 X 50 mL). The combined organics were dried over Na,SO,, filtered,
and concentrated in vacuo. The crude product was purified by flash chromatography using gradient of 2.5% MeOH in
CH,Cl,, 5%MeOH in CH,CI,, and finally a 10% (10% NH,OH in MeOH) in CH,CI, as eluent (0.069g, 44% vyield).
LCMS: MH*= 682; mp= 148-153°C.

EXAMPLE 17

[0153]

B~/ \ Cl

-
N
N
N
N I‘"/r]/N N\/
|
J AL S
N0 T
H
[0154] By essentially the same procedure set forth in Example 16 only substituting the isopropylisocyanate, the title
compound was prepared (0.09g, 64% yield). LCMS: MH*= 668; mp= 132-136 °C.

PREPARATIVE EXAMPLE 25

[0155]

Br /\ Cl Br /\ Cl

N

N ,
N N
F\ F\
“, N / N /N /N
N //"/ ty o N~& .,,/'rN ,,//N\/
o o) '

ks g
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[0156] By essentially the same procedure set forth in Preparative Example 24 only using the title compound from
Example 10, the title compound was prepared.

EXAMPLE 18

[0157]

B~ Y Cl

N
N
SNeye:
N ""/er “"I/N\¢
Ao

H

S~

[0158] By essentially the same procedure set forth in Example 16 only substituting the title compound from Prepar-
ative Example 25, the title compound was prepared. FABMS: MH*=682; mp=112-120 °C.

EXAMPLE 19

[0159]

B /\N\ Cl

N

[0160] By essentially the same procedure set forth in Example 14 only substituting the title compound from Prepar-
ative Example 25, the title compound was prepared. FABMS: MH*=669; mp= 123-132 °C; [a]20= +16.4° (4.5 mg in
2.0 mL MeOH)

PREPARATIVE EXAMPLE 26

[0161]
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[0162] By essentially the same procedure set forth in Preparative Example 7Steps C to F only beginning with L-
prolinol, the title compound was prepared.

PREPARATIVE EXAMPLE 27

[0163]

- 2 HCI

[0164] By essentially the same procedure set forth in Preparative Example 24, only beginning with D-prolinol, the
title compound was prepared.

PREPARATIVE EXAMPLE 28

[0165]

- 2 HCI

[0166] Piperazine anhydride (1.03g, 1.2 eq.) was added portionwise to a solution of the title compound from Prepar-
ative Example 27 (0.75g, 3.35 mmol) in CH,CI, (5.0 mL) and TEA (2.33 mL, 5.0 eq.) and the resulting solution was
stirred 10 minutes at room temperature before adding CBZ-OSuc (1.00g, 1.0eq.) The resulting mixture was stirred at
room temperature overnight, and concentrated in vacuo. The crude product was purified by flash chromatography
using a5% MeOH in CH,ClI, solution as eluent to yield a white solid (0.94g, 56% yield). LCMS: MH*= 498; [a]20,=
+61.6° (3.8 mg in 2.0 mL CHCly).
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EXAMPLE 20

[0167]

Br 4 \ Cl

[0168] A solution of the title compound from Preparative Example 28 (0.85g, 1.71 mmol) was stirred at room tem-
perature in CH,Cl, (10 mL) and TFA (3 mL) three hours. The reaction mixture was concentrated under reduced pressure
and the compound was redissolved in CH,Cl, (7 mL), treated with chloride {Scheme7 4} (0.29g, 1.0 eq.) and TEA
(1.75 mL, 15 eq.). The resulting solution was stirred at room temperature 96 hours. The reaction mixture was diluted
with saturated NaHCOg (50 mL), water (50 mL), and CH,Cl, (50 mL) and separated. The aqueous layer was extracted
with CH,Cl, (2 X 75 mL) and the combined organics dried over Na,SO,, filtered, and concentrated under reduced
pressure. The crude product was purified by flash chromatography using a 6% (10% NH,OH in MeOH) solution in
CH,CI, as eluent to yield a tan solid (0.29g, 48% yield). mp 80-84 °C; LCMS: MH*= 703.

PREPARATIVE EXAMPLE 29

E,g...,,r@ E].,, 0
okt by T g

[0170] The title compound from Example 20 (0.24g, 0.341 mmol) was stirred at room temperature in HBr/AcOH (2.0
mL) 2 hours. The reaction mixture was triturated with Et,O and any remaining AcOH removed by azeotroping with
toluene to give the HBr salt which was neutralized with 1N NaOH and extracted into CH,Cl, (3 X 50 mL). The combined
organics were dried over Na,SO,, filtered, and concentrated in vacuo to give a tan solid (0.18g, 95% yield) which was
used without further purification. LCMS: MH*= 569.

[0169]

IAASL
(TR0
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EXAMPLE 21

[0171]

Br /\ Ci

Z
-:t\

\I |\ ~ .:\\ N\
N0 BN

[0172] By essentially the same procedure set forth in Example 16, only using the title compound from Preparative
Example 29, the title compound was prepared (0.029¢g, 50% vyield). LCMS: MH*= 668; mp=137-139°C.

EXAMPLE 22

[0173]

Br /\ Cl

—_—

oWy

PreiN O ;\N\

[0174] To the title compound from Preparative Example 29 (0.10g, 0.175 mmol) and TEA (0.037 mL, 1.5 eq.) in
CH,ClI, (5.0 mL) was added MsCl (0.16 uL, 1.2 eq.) and the resulting solution was stirred at room temperature overnight.
The resulting solution was quenched by the addition of saturated NaHCO3 (10 mL), diluted with H,O (25 mL) and
extracted with CH,Cl, (3 X 25 mL). The combined organics were dried over Na,SO,, filtered, and concentrated in
vacuo. The crude product was purified by flash chromatography using a 10% (10% NH,OH in MeOH) solution in CH,Cl,
as eluent to yield a tan solid (0.70g, 64% vyield). LCMS: MH*= 647; mp= 135-141 °C.
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EXAMPLE 23

[0175]

B~ \ Cl

ol
’Ko o N@

[0176] By essentially the same procedure set forth in Example 22 only substituting the amine hydrochloride from
Preparative Example 26 and quenching with cyclohexyl isocyanate in place of CBC-OSuc, the title compound was
prepared. LCMS: MH*= 669; mp=187.

Iz

PREPARATIVE EXAMPLE 30

[0177]

\ Cl

CQCY ( J.,,,g S,
SL LS

[0178] Tricyclic chloride (5.04g, 1.1 eq.) was added to a solution of the title compound from Preparative Example 5
(4.0g, 17.3 mmol) and TEA (12.05 mL, 5 eq.) in DMF (60 mL). The resulting solution was stirred at room temperature
72 hours at which time the reaction mixture was concentrated under reduced pressure. 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, and concentrated in vacuo. The crude product was purified
by flash chromatography using a 12% (10% NH,OH in MeOH) solution in CH,Cl, as eluent to give the C-11 (S)-isomer
(2.13g, 54%) as the first eluting isomer and the C-11 (R)-isomer (2.4g, 61%) as the second eluting isomer.

’l// ,( OH

a2 o

Z‘\l~

!
ST

OH
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[0179] 11- (S)-isomer (first eluting isomer): [0]20,=-13.4° (3.72 mg in 2.0 mL MeOH); LCMS: MH*= 458.

[0180] 11- (R)-isomer (second eluting isomer): [0]205=

EXAMPLES 24-35G

Cl

+84.9° (5.18 mg in 5.0 mL MeOH); FABMS: MH*= 458.

[0181] By essentially the same procedure set forth in Example 1 only using the title compounds from Preparative
Example 30 (individual C-11 (S)- and (R)-isomers) as listed in column 2 of Table 4 and substituting the appropriate
amine, the title compounds of the formula shown below with R8 as listed in column 3 of Table 4 are obtained.

25

30
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40

45

50

55

74 \ Cl
\
E ]"I/
TABLE 4
EX. C-11 R’= ‘MP CMPD
isomer (o)
24 S /4\ 115- LCMS:
Ny NN 126 | MH'= 605

58




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 4 - continued

EX. C-11 R’= MP CMPD
isomer (°C)

25 R O /_;\ 124- LCMS:
'\’IZN oy N N 143 | MH'= 605

26 S O = 120- LCMS:
: N 132 | MH'= 619

SN~ NY
CH;
27 R O 110- LCMS:
»
f&;” oy N/ 119 | MH'= 619
CH,

28 S CH, | 115- LCMS:

O I4<N 132 | MH'= 619
:L{N “y, /N\¢

29 R CH, | 109- LCMS:

O ,4<N 124 | MH'= 619
:H;N "l,,/N\//

30 S 105- LCMS:

119 | MH'=619

59




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 4 - continued

EX. C-11 R= MP CMPD
isomer (°C)
31 R = 121- LCMS:.
hif‘O\/N\(N 142 | MH'= 619
CHa
32 S CH, | 80-85 | LCMS:
,4< MH'= 619
AN NN
33 R CH, | 117- LCMS:
,4< | 120 | MH'= 619
34 S N LCMS:
CHs, -
35 R = LCMS:
~CHs -
35(A) S 110- MS:
‘ 112 | MH'=633
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TABLE 4 - continued

EX. C-11 R°= MP CMPD
isomer (°C)
35(B) R 89-92 MS:
MH'=633
’EOI"'//N\//N
35(C) S 104- MS:
106 | MH'=633
xfng\//“‘
35(D) R 79-81 MS:
MH'=633
){‘O\/N Y
35(E) R P --- | FABMS:
(\ =0 MH'=670
o.N
N
CH,
Ve
35(F) S ,/\ 115- LCMS:
;_‘.1N 120 | MH'=606
/YCHS
35(G) S ’ '\\B 97- LCMS:
7’§N /EN 122 | MH'=605
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PREPARATIVE EXAMPLE 31

Step A

[0182]

?(JCJ
N

(.

AL

[0183] 50% NaOH was added to a solution of the title compound from Preparative Example 1 (11.47g, 19.28 mmol)
in dioxane : H,O (1:1, 64 mL) until the pH was ~11.5 and BOC-ON (5.22g, 1.1 eq.) was added in two portions. 50%
NaOH was added to keep the pH at ~11.5. When the pH stabilized the resulting solution was stirred at room temperature
overnight. The pH was adjusted to ~9.5 ny the addition of 1M HCI and isopropy! chloroformate (21.21 mL, 1.0 M in
toluene, 1.1 eq.) was added. The resulting solution was kept at pH ~9.5 and stirred 3 days. The reaction mixture was
concentrated and extracted with Et,O, readjusting the pH to 9.5 following each extraction. When the pH stabilized at
~9.5 for 3 consecutive extractions the aqueous layer was acidified to pH ~4.5 with 50% citric acid and to pH~3 with
1M HCI and extracted with EtOAc (3 x 100 mL). The combined organics were dried over Na,SO,, filtered, and con-
centrated under reduced pressure to give a white solid (5.8g, 90% yield).FABMS: MH*= 317. Treatment of the product
with TFA yielded the deprotected amine which was used without further purification.

OH

Step B

[0184]

H 4
N /\ Ct

o] — Xy
— + N "// /OH N
Cl
0" X © U~ OH

[0185] By essentially the same procedure set forth in Preparative Example 30 only substituting the compound from
Preparative Example 31 Step A, the title compound was prepared and separated into C-11 isomers:
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[0186] 11- (S)-isomer (first eluting isomer): LCMS: MH*= 444,

7\

—_—

N

EXAMPLES 36-411

[0188] By essentially the same procedure set forth in Example 1 only substituting the title compounds from Prepar-
ative Example 31 (individual C-11 (S)- and (R)-isomers) and substituting the appropriate amine, the compounds of the

(-

i
N0

[0187] 11- (R)-isomer (second eluting isomer): LCMS: MH*=444,

OH

¢

/%OU

Cl

formula shown below with R8 as listed in column 3 of Table 5 are obtained.

/\\

N

P

!

N

o

i

O

RB

Cl
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125

TABLE 5
EX. C-11 R= MP | CMPD
isomer (°C)

36 S CH, | 123- | LCMS:
O ,4<N 132 | MH'=605

j.,{N "l,//N\¢
37 R CHs 95- | LCMS:
O f—(N 111 | MH'=605

:S{N "I,,/N\¢
38 S O =N 92- | FABMS:

H'=
;{N » -.,,,/N\/(‘l 101 | MH'=605
CHs,

39 R O N 111- | FABMS:
:L{N oy N/ MH'=605
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TABLE 5 - continued

EX. C-11 R°= MP | CMPD
isomer (°C)
40 S F\ 107- | FABMS:
”’Z'\O\/N\(\' 112 | MH'=605
CHs
41 R = 95- | FABMS:
‘:.{O\/N\(N 100 | MH'=605
CHa
41(A) S Hs 117- | LCMS:
= 120 | MH'=605
j.,;N N_~
41(B) R Hs 101- | LCMS:
O = 120 | MH'=605
léN "l,l/N /
41(C) S Z ' 104- | LCMS:
’iN N N 108 | MH'=604
Isomer 1,2
41(D) S Y £ 98- | LCMS:
)’;N\/L N 100 | MH'=604

Isomer 1
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TABLE 5 - continued

EX. C-11 R°= MP | CMPD
isomer °C)
41(E) S P l 100- | LCMS:
:,’;N N N 103 | MH'=604
Isomer 2
41(F) S A CHs | 90- | LCMS:
N SN 105 | MH'=618
= 0
Isomer 1,2
41(G) S ~CHa | 90- | LCowms:
N S 'N 105 | MH'=618
X o)
Isomer 1
41(H) S A CHs | 95- | LCMS:
N SN 105 | MH'=618
X 0
Isomer 2
41(1) S @& 95- | LCMS:
){‘N N 104 | MH'=602

Isomer 1,2
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PREPARATIVE EXAMPLE 32

[0189]

/\ Ci

[0190] By essentially the same procedure set forth in Preparative Example 31 only substituting cyclohexyl chloro-
formate for isopropyl chloroformate in Step A, the title compounds (C-11 (S)- and (R)-isomers) were prepared and
separated into individual diastereomers:

[0191] 11-(S)-isomer (first eluting isomer): FABMS: MH*=484.

[0192] 11-(R)-isomer (second eluting isomer): FABMS: MH*=484.

EXAMPLES 42-47CC

[0193] By essentially the same procedure set forth in Example 1 only substituting the title compounds from Prepar-
ative Example 32 (individual C-11 (S)- and (R)-isomers) and substituting the appropriate amine, the compounds of the
formula shown below with R8 as listed in Column 3 of Table 6 can be obtained.

/\ Cl

Ny

N
N
[ NAj"/

&y
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TABLE 6
EX. C-11 R°’= MP CMPFD
isomer (°C)
42 S 99- FABMS:
'4<N 113 | MH'=645
:&LN |,,/N
43 R 108- FABMS:
F<N 118 | MH'=645
*&(N n,,/N
44 S - 112- | FABMS:
N 135 | MH'=645
N e, N~
S (
CH,
45 R O = 108- | FABMS:
2 H'=
s N N \/(v 123 | MH'=645
CHs
46 S = 91- | FABMS:
O\/N y 94 | MH'=645
CHs
47 R 100- | FABMS:
O\/ 106 | MH'=645
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TABLE 6 - continued

EX. C-11 R'= MP | CMPD
isomer (°C)
47(A) S Hs 122- | FABMS:
= 127 | MH'=645
)1: N N\//N
47(B) R CH, 133- | FABMS:
,4<N 139 | MH'=645
1,; N N\//
47(K) R 74- MS:
76 | MH'=659
),; lO\/ Nz
47(D) S 66- MS:
68 | MH'=659
47(E) R 85- MS:
89 | MH'=659
I‘: OI"-’; e N\//N
47(F) S 48- MS:
52 | MH'=659
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TABLE 6 - continued

EX. C-11 R’= MP | CMPD
isomer °C)
47(G) S Hy Hy | 98- | LCMs:
= 130 | MH'=659
J{(N N/
47(H) S HeC. S8 | 106- | LCMs:
= 125 | MH'=659
E;N ."l,/N\,?
47(1) S \ 113- | LCMS:
: j”,N b, /[N> 115 | MH'=631
H
47(J) 'S - r\\g 106- | LCMS:
AN ’ N 132 | MH'=631
H
47(K) S f\\l 101- | LCMS: -
:S;N ’ N> 123 | MH'=645
|
CH,
47(L) S Py --- | FABMS:
" S=o MH'~696
:’*{N
N
/
Y
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TABLE 6 -~ continued

EX. C-11 R’= MP CMPD
isomer (°C)
47(M) R Py --- | FABMS:
(\ =0 MH'=696
;LZN
N
bR
HaC
47(N) S O --- | FABMS:
l .
(\ >=0 MH'=696
NS
N
¢
H,C
47(0) R e --- | FABMS:
(\ =0 MH'=696
3N
N
} N
H,C
- 47(P) S (\Hsc\,;N --- | FABMS:
N\)/r’u \%—-CHG, MH'=674
CH,
47(Q) R HaC__N --- | FABMS:
MH'=674

71




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 6 - continued

EX. C-11 R’= MP CMPD
isomer (°C)
47(R) S HSCW?N --- | FABMS:
CH,
47(S) S (\> --- | FABMS:
;(,;N : MH'=646
—\
"
N\ lN
Ha,C
47(T) S -—- | FABMS:
:S;N MH’'=646
"
g\/|N
HaC
47(U) S | O\ /O 117- | FABMS:
AN 120 | MH'=644
;,1 o e N
Isomer 1
47(V) S 105- | FABMS:
108

_J,;'OO/@N

Isomer 2 -

MH'=644
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TABLE 6 - continued

LK

© 4-N AN

X 9
CHs;

Isomer 2

EX. C-11 R’= MP CMPD
isomer (°C)
47(W) S 2N | 94- | LCMS:
N ! 113 | MH'=658
%! o
(Isomer 1,2)
47(X) S ~~CHs | 94- | FABMS:
N ! 113 | MH'=658
= 0
Isomer 1
47(Y) S A~ | 100- | LcMs:
N N 118 | MH'=658
2t o
Isomer 2
47(2) S 7t | 100- LCMS:
N SN 108 | MH'=658
X o
| CH,
Isomer 1,2
47(AA) S 72l ] 100- LCMS:
5N ~ _N 115 | MH'=658
A oY
CH,
Isomer 1
47(BB) | S 108- | LCMS:
120 | MH'=658
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TABLE 6 - continued

EX. C-11 R’= MP CMPD
isomer °C)
47(CC) S CHy | 108- | FABMS:
N ( _’< 113 | MH'=659
29 N
Isomer 1,2
PREPARATIVE EXAMPLE 33
[0194]
«Osy ¢Osp
N
EJ oy — (), (0, o
'//n/ “ty-N N "//n/N nNZ
CH3 H o CH,3
[0195] By essentially the same procedure set forth in Preparative Example 24, only using the title compounds from

Example 26, the title compound was prepared.

[0196]

Table 7 were prepared:

74

By essentially the same procedure set forth in Preparative Example 33 only substituting the compound from
the example listed in column 2 of Table 7, the title compounds of the formula shown below with R8 as in column 4 of
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TABLE 7
Prep. Ex. Ex. C-11 R’=
Isomer
34 27 R _
’HzN "',‘/N Y
CHs
35 28 S I/<CH3
N
:YLIO‘%,//N\J
36 29 R CHs
=
EO"‘,’/N\//
36(A) 30 S I,;\
E;O\/N N
CHs
MP=99-112°C
LCMS: MH'=618
36(B) 31 R O\/ F_\
N
:L‘lN N\/(
CH,
MP=110-123°C
LCMS: MH'=618
36(C) 32 S

Hs
ol

MP=96-106°C
LCMS: MH'=618
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TABLE 7 - continued

[0198] By essentially the same procedure set forth in Example 16 only substituting the title compound from Prepar-

Prep. Ex. Ex. C-11 R’=
Isomer
36(D) 33 R CHg
J’C‘ N N\//\'
MP=150-152°C
LCMS: MH'=618
EXAMPLE 48
[0197]
/a \ Cl 74 \ Cl
:.N :.
M, 0,0 — (), 00, 5
,//Ir 'l///N\( "//'( "I//N \T/
CH,4 CH,4
N O

H

ative Example 33, the title compound was prepared. FABMS: MH*=618; mp= 111-140 °C.

[0199] By essentially the same procedure set forth in Example 48 only substituting the title compounds from the
Preparative Example listed in column 2 of Table 8, the title compounds of the formula shown below with R8 listed as
in column 4 of Table 8 are obtained.

S

T

76

e
(@B

(e

)



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 8
Ex. |Prep.| C-11 R°= MP (°*C) | CMPD
Ex. | isomer
49 | 34 R _ 102-125 | FABMS:
.'O'-"I/N\( MH'=
Chy 618
50 | 35 S Hy| 123-135 | FABMS:
Q.8 |
N
"'7_2N u, oNZ 618
51 | 36 R CH,| 112-130 | FABMS:
o8 |
:(,{N , N 618
51A | 36A S ™\ 99-112 | LCMS:
5N NN MH'=
618
CH,
51B | 36B R A 110-123 | LCMS:
iﬁ;N NN MH'=
' 618
CHa
51C | 36C S _ CHal 96.106 | LCMS:
/4<N MH'=
N N/ 618
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TABLE 8 - continued

Ex. | Prep.| C-11 R= MP (°C) | CMPD
Ex. | isomer
51D | 36D R Hs| 150-152 | LCMS:
= MH'=61
)’;N N/ 8

PREPARATIVE EXAMPLE 48

(R) AND (S)-[2-(1H-IMIDAZOL--1-YL)METHYL]JMORPHOLINES

[0200]

Step A

(R) AND (S)-3-CHLORO-1(BENZYLAMINO)-2-PROPANOLS

[0201]

(T.Mori et al Heterocycles 38,5 1033, 1994)

070
N
H

78
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K ‘\\ ~
0]

H —— P

Sy

',/ —
H

£ o

H
o Y OH
NH

(R)
o = _oH
H

(S)

[0202] A mixture of (R)- epichlorohydrin (5g, 54.03 mmoles) and benzylamine (5.8g9,54.03 mmoles) in cyclohexane
(50 mL) was stirred at room temperature for 16 h. The resulting precipitates were collected to give the title compound
(5.49, 50.09%): 8., (DMSO-dg) 2.28 (bs, 1H), 2.43- 2.67 (m, 2H), 3.45-3.85 (m, 5H), 5.13 (bs, 1H), 7.05-7.48 (m, 5H).
[0203] In a similar manner (S) isomer was prepared from (S)-epichlorohydrin in 67% yield.

Step B

(R) AND (S)-2-CHLOROMETHYL-4-BENZYL-5-OXOMORPHOLINES

[0204]

4 OH
o e Br-CH,COBr

H
= OH
Ct/\'[ Br-CH,COBr
—

N

O

H
al //Il,‘ | Ql
O
(R)

o
N0
(S)

[0205] To a mixture of the title compound from step A above (5.3g, 26.57 mmoles), NaOH (10.62g, 265 mmoles)
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CHCI3 (50mL) and H,O (20mL) was added dropwise a solution of bromoacetyl bromide (14.98g, 74.25 mmoles) in
CHCl3 (15mL) over a period of 1h at 0°C and then at room temperature for 16h. The organic layer was separated and
washed successively with water, 1INHCI, and brine. The solvent evaporated to leave the title compound ((R) isomer)
(5.439, 84.4%): FABMS (M+1) =240 ; §,; (CDCl3) 3.2-3.33 (m,2H). 3.50 (dd, 1H), 3.51 (dd, 1H), 4.0 (m, 1H), 4.25 (d,
1H), 4.4 (d, 1H), 4.52 (d, 1H), 4.7 (d. 1H), 7.20-7.33 (m, 5H),

[0206] In a similar manner (S) isomer was prepared (67 %). FABMS (M+1) = 240; &, (CDCl5;) 3.2-3.33 (m,2H). 3.50
(dd, 1H), 3.51 (dd, 1H), 4.0 (m,1H), 4.25 (d, 1H), 4.4 (d, 1H), 4.52 (d, 1H), 4.7 (d. 1H), 7.20-7.33 (m, 5H).

Step C

[0207]

(R) -2-CHLOROMETHYL-4-BENZYL-MORPHOLINES

/| b o) /, Y O
L e
—_—
N (o] N

(R)

[0208] A solution of the title compound from Step B (5.09g, 21.23 mmoles) in anhydrous THF (55 mL) was added
to a stirred 1.0M BH5-THF complex (109 mL) over a period of 0. 5h at -15° C under nitrogen atmosphere. The mixture
was stirred at room temperature for 1h, heated to reflux overnight and then cooled to 0° C. After concentrated HCI
(75mL) was added to the reaction mixture, THF was evaporated in vacuo. The resulting aqueous solution was basified
with 10% NaOH and extracted with CH,Cl,. The extract was successively washed with water and brine, and the CH,ClI,
was evaporated to leave a crude product, which was chromatographed on silica gel with CH,Cl,-2% acetone to give
the title compound (3.2 g, 80%). FABMS (M+1)= 226, §,, (CDCl3) 2.1 (dd,1H). 2.3 (dd, 1H), 2.72 (m, 1H),2.84 (m,1H),
3.5-3.6 (s, 2H), 3.62- 3.98 (m, 31H), 7.2-7.4 (m, 5H).

Step D

(R)-4-BENZYL-2-(1H-IMIDAZOL-YL)METHYL-MORPHOLINES

[0209]
H ///,
7, L
C|/ ’ ..EO) E
————— N
N

(R)

[0210] A solution of the title compound from Step C (3.1g, 13.77 mmoles) in DMF (15 mL) was added to a stirred
solution of NaH (1.29g 53.75 mmoles) and imidazole (3.67g, 53.97 mmoles) in DMF (50mL) under nitrogen atmosphere.
The mixture was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was extracted
with CH,Cl, and the extract was successively washed with water and brine, and the CH,Cl, was evaporated to leave
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a crude product, which was chromatographed on silica gel with CH,Cl,-5 % (10% NH,OH in methanol) to give the title

compound (1.65 g, 45%). FABMS (M+1) = 258 (MH*); 3, (CDCI3) 1.8 (m, 1H), 2.15 (m, 1H), 2.8 (m, 2H), 3.4-3.8 (m,
7H), 6.9 (S, 1H), 7.02 (S, 1H), 7.3 (M. 5H), 7.5 (S, 1H).

Step E
(S)-4-BENZYL-2-(1H-IMIDAZOL-YL)METHYL-5-OXOMORPHOLINES

[0211]

(S)

[0212] A solution of the title compound from Step B (2.73g, 11.37 mmoles) in DMF (15 mL) was added to a stirred
solution of NaH (1.55g 22.79 mmoles) and imidazole 0.55g, 22.75 mmoles) in DMF (25 mL) under-nitrogen atmosphere.
The mixture was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was extracted
with CH,Cl, and the extract was successively washed with water and brine, and the CH,Cl, was evaporated to leave
a crude product, which was chromatographed on silica gel with CH,Cl,2-5 % (10% NH4OH in methanol) to give the
titte compound (0.761 g, 24.7%). FABMS (M+1) = 272 (MH*) ; 6, (CDCI3 3.12 (m, 2H), 3.98 -4.71 (m, 7H), 6.98 (S,
1H), 7.1 (S, 1H), 7.2- 7.4 (m. 5H), 7.98 (S, 1H).

Step F
(S)-4-BENZYL-2-(1 H-IMIDAZOL-YL)METHYL-MORPHOLINES

[0213]

.p"I

O

[0214] 1 NLAH inether (5.5 mL) was added to a stirred solution of the title compound (0.75g, 2.75 mmole) from step
E in anhydrous THF (25 mL) dropwise over a period of 0.5h and the resuting mixture was refluxed for 4h. The reaction
mixture was slowly decomposed with ice-water and extracted with CH,Cl,. The extract was washed with with water
and brine and dried (MgSO, ), filtered and evaporated to dryness to give the titte compound (0.53g, 75%). FABMS
(M+1) = 258 &, (CDCI3) 1.8 (m,1H), 2.15 (m, 1H), 2.8 (m, 2H), 3.4-3.8 (m, 7H), 6.9 (S, 1H), 7.02 (S, 1H), 7.3 (M. 5H),
7.5 (S, 1H).
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Step G
(R) AND (S)-[2-(1H-IMIDAZOL--1-YL)METHYL]MORPHOLINES

[0215]

Q y A, [(:)

DN

(S)

[0216] A mixture of the title compound(1.6g) from Step D and Pd(OH), on carbon (0.32g) in EtOH (20 mL) was stirred
at 50 psi under an atmosphere of hydrogen for 24h. The catalyst was filtered to give the title compound (1.03g, 99.9%).
FABMS (M+1) =168 ; 8, (CDCl3) 2.4- 2.5 (m, 1H), 2.8 (m, 3H), 3.5-3.9 (m, 5H), 6.9 (S,1H), 7.02 (S, 1H), 7.45 (S, 1H).
[0217] Inasimilar manner (S) isomer was prepared from (0.5g) and Pd(OH), on carbon (0.2g) in 99% yield. FABMS
(M+1) = 168 ; &, (CDCly) 2.4- 2.5 (m, 1H), 2.8 (m, 3H), 3.5 - 3.9 (m, 5H), 6.9 (S, 1H), 7.02 (S, 1H), 7.45 (S, 1H).

PREPARATIVE EXAMPLE 49

[4-(1H-IMIDAZOL--1-YL)METHYL]PIPERIDINE

[0218]
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Step A

IN-tert-BUTOXYCARBONYL-4-HYDROXYMETHYL - PIPERIDINE

[0219]

HN

H H

[0220] To a solution of 4-hydroxymethyl-piperidine (5g, 43.41 mmoles) and triethylamine (8.78g, 86.82 mmoles) in
CH,CI, (100mL), di-tert-butyldicarbonate (18.95g, 86.82 mmoles) was added and stirred at room temperature for 16h.
The solution was diluted with CH,Cl, and washed with water, dried(MgSO,) filtered and evaporated to give the title
compound (9.04g, 99%). FABMS (M+1) = 216 .

Step B
IN-tert-BUTOXYCARBONYL-4-METHANESULFONYLOXYMETHYL-PIPERIDINE

[0221]

=~ e =
OH oM

[0222] The title compound from Step A above (8.8g, 40.87 mmoles) and triethylamine (8.55 mL, 61.31 mmoles) were
dissolved in CH,Cl, (100 mL) and the mixture was stirred under nitrogen at 0°C. Methanesulfonylchloride (3.8 mL mL,
49.05 mmoles) was added and the solution was stirred at room temperature for 2h. The solution was diluted with
CH,CI, and washed with saturated aqueous sodium bicarbonate, water and dried (MgSQ,), filtered and evaporated
to dryness to give the title compound (12.8g) FABMS (M+1) = 294.3.

S

Step C

IN-tert-BUTOXYCARBONYL-4-(1H-IMIDAZOL-1-YL)METHYL-PIPERIDINE

B°°"OTOMS - &PO“Q

[0224] A solution of the title compound from Step B (1.0g, 3.408 mmoles) in DMF (15 mL) was added to a stirred
solution of NaH (0.27g, 6.817 mmoles) and imidazole (0.464g, 6.817 mmoles) in DMF (15 mL) under nitrogen atmos-
phere. The mixture was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was
extracted with CH,Cl, and the extract was successively washed with water and brine, and the CH,Cl, was evaporated
to leave the title residue which was chromatographed on silica gel using 3% (10% conc NH,OH in methanol)- CH,Cl,
as eluant to give the title compound (0.823 g). FABMS (M+1) = 266.2, &, (CDCl;) 0.8-1.0 (m, 2H), 1.2 (s, 9H), 1.2-
1.4 (m, 1H), 1.65 (m, 1H), 2.4 (dt, 2H), 3.6 (d, 2H), 4.8 (d, 2H), 6.7 (s, 1H), 6.8 (s, 1H), 7.2 (s, 1H).

[0223]
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4-(1H-IMIDAZOL-1-YL)METHYL-PIPERIDINE

[0225]

_O_\/E

[0226]

- ”O_\@

HCI

\==N ' ' \=N

The title compound(0.187g, 0.705 mmoles) from Step C was stirred in 4N HCI in dioxane (20 mL) for 2h and

then evaporated to dryness to give the title compound which was used to couple with the tricyclic acid.

PREPARATIVE EXAMPLE 50

3(R) AND 3(S)-(1H-IMIDAZOL--1-YL)METHYL]PYRROLIDINES

[0227]
N:
H
Step A

Iz

1N-tert-BUTOXYCARBONYL-3(R) AND 3(S) -(1H-IMIDAZOL-I-YL) METHYL) PYRROLIDINES

[0228]

OMs

SN /w

— [J
QL

(R)

)

P
w—2
8

S)
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[0229] 3(R)-(3-Methanesulfonyloxymethyl)pyrrolidine (J. Med. Chem. 1990, 33, 77-77) (0.993g, 3.56 mmoles) was
dissolved in anhydrous DMF (25 mL) and sodium imidazole (0.6g, 10 mmoles) was added. The mixture was heated
at 60° C for 2h and then evaporated to dryness. The product was extracted with CH,Cl, and washed with brine. CH,Cl,
extract was evaporated to dryness to give the titled compound (1.1409g, 100%), ESMS: FABMS (M+1) = 252; &
(CDCl3) 1.45 (s, 9H), 1.5-1.7 (m, 1H), 1.9 - 2.1 (m, 1H), 2.5-2.7 (m, 1H), 3.0-3.2 (m, 1H), 3.3- 3.6 (m, 2H), 3.9 (dd, 2H),
6.9 (s, 1H), 7.1(s, 1H), 7.45 (s, 1H)

[0230] In a similar manner, (S) isomer was prepared from 3(S)-(3-Methanesulfonyloxymethyl)pyrrolidine (0.993g,
3.56 mmoles to give the title compound (1.1409g, 100%).

Step B
3(R) AND 3(S)-(1H-IMIDAZOL--1-YL)METHYL]JPYRROLIDINES

[0231]

N N
N N «2HC
Boc
\=N = =N
N
N H *2HCI
Boc

[0232] The title compound(0.48g, 1.91 mmoles) from Step A was stirred in 4N HCI in dioxane (10 mL) for 2h and
then evaporated to dryness to give the title compound which was used to couple with the tricylic acid.
[0233] In a similar manner (S) isomer was prepared.

PREPARATIVE EXAMPLE 51

3(S)-(1H-4 (5)-METHYLIMIDAZOL--1-YL)METHYL]PYRROLIDINE

[0234]

3

Iz

(S)
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Step A

1N-tert-BUTOXYCARBONYL- 3(S) -(1H-4 (5)-METHYLIMIDAZOL -I-YL) METHYL) PYRROLIDINE

OMs NA/7
> \=
N  CHs —N
| HN/\I/ N «2HC

\=nN Boc

[0235]

Boc

S)
[0236] 3(S)-(3-Methanesulfonyloxymethyl)pyrrolidine (1.05g, 3.77 mmoles) was dissolved in anhydrous DMF (25
mL) and sodium 4-methylimidazole (0.74g, 10 mmoles) was added. The mixture was heated at 60° C for 2h and then

evaporated to dryness. The product was extracted with CH,Cl, and washed with brine. CH,Cl,was evaporated to
dryness to give the titled compound (0.92g, 100%), FABMS (M+1) = 266.

Step B

3(S)-(1H-4(5)-METHYLIMIDAZOL -1-YL)METHYL]PYRROLIDINE

[0237]
CHs CHa
N/\/ NA/7
—N > —N
N N
| H
Boc

[0238] The title compound(0.31g, 1.17 mmoles) from Step A was stirred in 4N HCI in dioxane (10 mL) for 2h and
then evaporated to dryness to give the title compound which was used to couple with the tricylic acid.

PREPARATIVE EXAMPLE 52

3-(1H-IMIDAZOL-1-YL)METHYL-PYRROLIDINE

[0239]

1
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Step A

IN-DIPHENYLMETHYL-AZETIDINE-4-METHYLCARBOXYLATE

[0240]
/COZH /go 2CH3
N___.' ,l,_ |
Ph/< Ph/<
Ph Ph

[0241] 1N-Diphenylmethyl-azetidine-3-carboxylic acid (J. Chem. Res. 1996, 430) (5.38g, 20.16 mmoles) was reflux-
ed with conc,H,SO, (2mL) and MgSO, (5g) in anhydrous methanol (25 mL) for 16h. Evaporated to dryness and the
residue was extracted with ethylacetate and washed the extract with 10% sodiumbicarbonate and water. Ethylacetate
was evaporated to give a residue which was chromatographed on silica gel using hexane-10% ethylacetate as the
eluant afforded the title compound (2.2g, 40.64%), FABMS (M+1) = 282; é,; (CDCI3) 3.2- 3.6 (m, 5H), 3.7 (s, 3H), 4.45
(s, 1H), 7.2 - 7.4 (m, 10H).

Step B

1 N-DIPHENYLMETHYL-3-HYDROXYMETHYL-AZETIDINE

[0242]
/co 2CH3 /CHZOH
] — |
N—— N——d
Ph/< . Ph/<
Ph Ph

[0243] 1 N LAH in ether (20 mL) was added to a stirred solution of the title compound (2g, 7.11 mmole) from Step A
in anhydrous ether (25 mL) dropwise over a period of 0.5h and the resuting mixture was refluxed for 4h. The reaction
mixture was slowly decomposed with ice-water and extracted with ethylacetate. The extract was washed with with
water and brine and dried (MgSO,), filtered and evaporated to dryness to give title compound (1.72g, 98%). FABMS
(M+1) = 254 .
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Step C

IN-DIPHENYLMETHYL-3-METHANESULFONYLOXYMETHYL - AZETIDINE

[0244]

/CHQOH /CHZOMS
] - |
N— N——o
Ph(< ph/<
Ph Ph

[0245] The title compound from Step B above (1.7g, 6.72 mmoles) and triethylamine (1.1g, 10.87 mmoles) were
dissolved in CH,CI, (20 mL) and the mixture was stirred under nitrogen at 0°C . Methanesulfonylchloride (1.1g, 9.6
mmoles) was added and the solution was stirred at room temperature for 2h. The solution was diluted with CH,ClI,
and washed with saturated aqueous sodium bicarbonate, water and dried (MgSQ,), filtered and evaporated to dryness
to give the title compound (2.32g, 99%). FABMS (M+1) = 332.

Step D

IN-DIPHENYLMETHYL-3-(1H-IMIDAZOL-1YL)METHYL -AZETIDINE

[0246]

/CHZOMS | /\ @

= e

N———] N

— —

Ph Ph

[0247] A solution of the title compound from Step C (2.3g, 6.95 mmoles) in DMF (15 mL) was added to a stirred
solution of NaH (0.25g, 10.42 mmoles) and imidazole (0.71g, 10.44 mmoles) in DMF (10 mL) under nitrogen atmos-
phere. The mixture was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was
extracted with CH,Cl, and the extract was successively washed with water and brine, and the CH,Cl, was evaporated
to leave the title compound (2.1 g, 100%). FABMS (M+1) = 304
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Step E

3-(1H-IMIDAZOL-1-YL)METHYL-PYRROLIDINE

[0248]

N— ) HN=—

—

Ph

[0249] A mixture of the title compound(1.7g) from Step D and Pd(OH), on carbon (0.2g) in EtOH (20 mL) was stirred
at 50 psi under an atmosphere of hydrogen for 24h. The catalyst was filtered to give the title compound (0.508g, 66.8%).
m/z =137 (MH™)

PREPARATIVE EXAMPLE 53

4-(1H-IMIDAZOL-1-YL) -PIPERIDINE

[0250]

Step A

IN-tert-BUTOXYCARBONYL-4-HYDROXY - PIPERIDINE

HNQOH —_— Boc——NQ——OH

[0252] To asolution of 4-hydroxy-piperidine (29, 19.78 mmoles) and triethylamine (4.16 mL, 29.67 mmoles) in CH,Cl,
(20mL), di-tert-butyldicarbonate (5.18g, 23.72 mmoles) was added and stirred at room temperature for 16h. The so-
lution was diluted with CH,CI, and washed with water, dried(MgSO,) filtered and evaporated to give the title compound
(3.95g, 99%). FABMS (M+1) = 202.

[0251]
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Step B

IN-tert-BUTOXYCARBONYL-4-METHANESULFONYLOXY-PIPERIDINE

Boc-—-ND*OH —_— Boc-—N/\:>"OMS

[0254] The title compound from Step A above (3.5g, 17.39 mmoles) and triethylamine (4.85mL, 34.79 mmoles) were
dissolved in CH,Cl, (30 mL) and the mixture was stirred under nitrogen at 0°C. Methanesulfonylchloride (1.62 mL,
20.88 mmoles) was added and the solution was stirred at room temperature for 2h. The solution was diluted with
CH,CI, and washed with saturated aqueous sodium bicarbonate, water and dried (MgSQ,), filtered and evaporated
to dryness to give the title compound (4.68g , 96.4 %). ESMS: m/z= 280 (MH*)

[0253]

Step C

1IN-tert-BUTOXYCARBONYL-4-(1H-IMIDAZOL-1-YL) -PIPERIDINE

) /N
Boc—N OMs » Boc—N N \/l
a—

[0256] A solution of the title compound from Step B (4.0g, 14.32 mmoles) in DMF (120 mL) was added to a stirred
solution of NaH (0.52g, 21.66 mmoles) and imidazole (1.46g, 21.47 mmoles) in DMF (20 mL) under nitrogen atmos-
phere. The mixture was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was
extracted with CH,Cl, and the extract was successively washed with water and brine, and the CH,Cl, was evaporated
to leave the title residue which was chromatographed on silica gel using 3% (10% conc NH,OH in methanol)- CH,Cl,
as eluant to give the title compound (0.94 g, 26%). FABMS (M+1) = 252; &, (CDCl3) 1.4 (s, 9H), 1.6-1.8 (m, 2H), 2.0
(dd, 2H), 2.8 (dt, 2H), 4.05 (m, 1H), 4.2 m, 2H), 6.9 (s, 1H), 7.0 (s, 1H), 7.65 (s, 1H).

[0255]

Step D

4-(1H-IMIDAZOL-1-YL)-PIPERIDINE

[0257]

O — O
oCc— R
) = =

«2HCI

[0258] The title compound(0.21g, 0.836 mmoles) from Step C was stirred in 4N HCI in dioxane (5 mL) for 2h and
then evaporated to dryness to give the title compound which was used to couple with the tricylic acid.
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3-(R) AND (S)-(1H-IMIDAZOL-1-YL) -PYRROLIDINES

[0259]
O
H
(R)
Step A

IN-BENZYL-3-(R) AND (S)-METHANESULFONYLOXY)-PYRROLIDINES

[0260]

A0H
S\OH

.
~O

Z

Dt <

|

)

-
Ne

S\OMs

<

[0261] 1N-Benzyl-3(R) -hydroxy -pyrrolidines (5g, 28.21 mmoles) and triethylamine (7.86 mL, 56.35 mmoles) were
dissolved in CH,CI, (50 mL) and the mixture was stirred under nitrogen at 0°C . Methanesulfonylchloride (2.62 mL,
33.87 mmoles) was added and the solution was stirred at room temperature for 2h. The solution was diluted with
CH,Cl, and washed with saturated aqueous sodium bicarbonate, water and dried (MgSQ,), filtered and evaporated
to dryness to give the title compound (7.2g, 96.4 %). FABMS (M+1) = 256; &, (CDCl3) 2.2 (m, 1H), 2.3 (m, 1H), 2.52
(m, 1H), 2.7-2.85 (m, 3H), 2.95 (s, 3H), 3.65 (g, 2H), 5.16 (m, 1H), 7.3 (s, 5H).

[0262] In a similar way (S) isomer was prepared from 1N-Benzyl-3(S)-hydroxy-pyrrolidines (5g, 28.21 mmoles) to
give the title compound (7.15g, 98%)
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Step B

IN-BENZYL-3-(S) AND (R)-(1H-IMIDAZOL-1-YL) - PYRROLIDINES

[0263]
OMs ..\\\N/E
S — g
N N ‘

: (R) S)

N
N
.o\OMs ’ \;?
[ ] >
(S) (R)

[0264] A solution of the title compound from Step A (2.0g, 7.84 mmoles) was added to a stirred solution imidazole
(1.19, 16.17 mmoles) in DMF (25 mL) under nitrogen atmosphere. The mixture was stirred at 60° C for 16h. DMF was
evaporated in vacuo..The resulting crude product was extracted with CH,Cl, and the extract was successively washed
with water and brine, and the CH,Cl, was evaporated to leave the title residue which was chromatographed on silica
gel using 3% (10% conc NH,OH in methanol)- CH,ClI, as eluant to give the title compound (0.95 g, 50.56%). FABMS
(M+1) = 228.

[0265] In a similar fashion the other isomer was prepared.

Step C
3-(R) AND (S)-(1H-IMIDAZOL-1-YL) -PYRROLIDINES

[0266]

/
J

\\\\ N

\\mN
Ql \__= ., UN =

pd
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[0267] A mixture of the title compound(0.95 g) from Step B and 10% Pd on carbon (0.5 g) in EtOH (20 mL) was
stirred at 50 psi under an atmosphere of hydrogen for 24h. The catalyst was filtered to give the title compound (0.522
g, 99.9%) which was used to couple with the tricylic acid.

[0268] Inasimilar manner (R) isomer was prepared from (1.0 g) and 10% Pd on carbon on carbon (0.6 g) in 99% yield.

PREPARATIVE EXAMPLE 55

(-) 2-METHYL-3-(1H-IMIDAZOL-4-YL) -PYRROLIDINE

[0269]

\\“‘.“ \\LH

CH3

Iz

[0270] This compound was prepared according to the procedure in J. Med. Chem. 1995, 1593-1599.

PREPARATIVE EXAMPLE 56

3-(1H-IMIDAZOL-1-YL) -AZETIDINE

[0271]

HN——~
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Step A

IN-DIPHENYLMETHYL-(1H-IMIDAZOL-1-YL)-AZETIDINE

[0272]

/OMS /N\//

e

Ph Ph

[0273] 1N-Diphenylmethyl-3-methanesulfonyloxy-azetidine (J. Che. Res. 1996, 430) (10.0g, 29.26 mmoles) was
added to a stirred solution imidazole (5.96g, 87.78 mmoles) in DMF (100 mL) under nitrogen atmosphere. The mixture
was stirred at 60° C for 16h. DMF was evaporated in vacuo. The resulting crude product was extracted with CH,Cl,
and the extract was successively washed with water and brine, and the CH,Cl, was evaporated to leave the title residue
which was chromatographed on silica gel using 4 % (10% conc NH,OH in methanol)- CH,Cl, as eluent to give the title
compound (2.87 g, 33.9 %). FABMS (M+1) = 290; é,, (CDCl3) 3.3 (dd, 2H), 3.65 (dt, 2H), 4.45 (s, 1H), 4.8 (m, 1H),
7.1-7.5 (m, 12H), 7.8 (s, 1H).

Step B

3-( 1 H-IMIDAZOL-1-YL)-AZETIDINE

[0274]

/N\//N ——— '—-—/N\/N

HN—

I
N———

P

Ph

[0275] A mixture of the title compound(2.8g) from Step A and 10% Pd on carbon (1.1g) in MeOH (25 mL) was stirred
at 50 psi under an atmosphere of hydrogen for 24h. The catalyst was filtered to give the title compound (1.05 g, 99.9%)
which was used to couple with the tricylic acid.

EXAMPLE 54

[0276]

Br /\ Ci Br/\ Cl

ioij"/ﬁ” - GO0
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[0277] 4-(3-bromo-8-chloro-6,1 1-dihydro-5H-benzol5,6]cyclohepta[l,2-b]pyridin-11-yl)-1-[(1,1-dimethylethoxy)car-
bonyl]-2(R)-piperazinecarboxylic acid (2g, 3.8 mmoles.) was added to a solution of the title compound from Preprative
Example 50 (1.1g, 4.7 mmol), DEC (1.8g, 9.4 mmoles.), HOBT (1.28, 9.48 mmoles.) and NMM (2.6 mL, 23.7 mmoles.)
in DMF (100 mL). The resulting solution was stirred at room temperature 24 hours. The reaction mixture was diluted
with H,O until precipitation ceased and the slurry filtered. The precipitate was diluted with CH,Cl, ,washed with brine,
dried over Na,SO, and concentrated. The crude product was purified by flash chromatography using a 5% (10%NH,OH
in MeOH) solution in CH,Cl, as eluent to give the title compound (1.48g, 55 % yield).FABMS (M+1)= 669.

EXAMPLE 55 and EXAMPLE 56

[0278] The title compound from Example 1 was separated into individual 11-(R)- and 11-(S)- isomers by Preparative
HPLC with a CHIRALPAK AD column using a 15% iPrOH in hexane solution with 0.2% DEA as eluant.

EXAMPLE 55

[0279]

Br /\ Cl

—

N
N
[Nj-,,, r&u@”
Sl K S

[0280] Isomer A: retention time (analytical) = 8.885 minutes; [a]y = -13.1 (3.06 mg in 2.0 mL MeOH); FABMS (M+1)
= 669.

EXAMPLE 56

[0281]

Br/\ Cl

0, O

[0282] Isomer B: retention time (analytical) = 8.885 minutes; [a]p = + 12.1 (2.32 mg in 2.0 mL MeOH) ; FABMS
(M+1)= 669.

Y-

z

EXAMPLE 57-69

[0283] By essentially the same procedure set forth in Example 1 only substituting the appropriate amines, one can
obtain compounds of the formula shown below wherein R8 is defined in Table 9 below.
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Brmm
=N

Ex.

R’ ' CMPD

57

= FABMS (M2 1)=
2N N _N
: O_ = 669
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TABLE 9 - continued

Ex. R® CMPD
,_ FABMS (M+1)=
B ‘
5 NN A 655
58
11-(R,S)
l‘\, FABMS (M+1)=
q /&N\/ 655
59
11-(R,S)
Q FABMS (M+1)=
N A, 669
) W “\5
60 CHa N
H
11-{R,S)
/ﬁ FABMS (M+1)=
fLL.‘.NO_N\fN 641
61
11-(R,S)
=\ FABMS (M+1)=
O/\N\//N 683
9N
62 ’ :
11-(R,S)
—~ /A FABMS (M+1)=
N .
QN AN 685
63

11-(R,S)

97




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 9 - continued

Ex. R® CMPD
— M -
FN FABMS (M+1)
1/// 685
64 11- (R,S)
'4\ FABMS (M+1)=
N
wy NI 669
65
11- (R,S)
— FABMS (M+1)=
Y
o, N N~ 669
66
11-S
FABMS (M+1}=
;/\
G NPy NN 669
67
11-R
H3 FABMS (M+1)=
gv A 683
5 N N
68 ~
11- (R,S)
~=\ FABMS (M+1)=
N\?N
N 655
‘7_'/
69 _ 11- (R,S)
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EXAMPLE 70
Step A
[0284]
B Va \ Cl' B~/ \ Ci

\ —

[:D-,,, (XN\/ C ;j-,,,' rQ\,N@”

LA, 6

TFA

[0285] The title compound from Example 54 (0.1g, 0.15 mmoles) was stirred at room temperature in CH,Cl, (20 mL)
and TFA (1 mL) for 2h. The reaction mixture was evaporated to dryness to give the title compound which was used as
such in Step B below.

Step B

Br / \ Cl / \
=N
——i

[:j',,g:@yw'j” E ]'//r <>\ r‘\

[0287] The title compound from Step A ( 0.186g, 0.182 mmoles ) dissilved in CH,Cl, (20 mL) and triethyl amine
(0.063 g, 0.621 mmoles) and t-butylisocyanate (0.0185g, 0.187 mmoles ) was added. The resulting solution was stirred
at room temperature for 2 h, diluted with water and extracted with CH,Cl,. CH,Cl,extract was dried (MgSQO,) and
filtered and concentrated in CH,Cl,as eluant to give the title compound (0.084g ) FABMS (M+1)= 668.

[0286]

EXAMPLES 71-73

[0288] By essentially the same procedure set forth in Example 1 only substituting with different isocyanates, one can
obtain compounds of the formula shown below wherein R® is as defined in Table 10 below.
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Br—/ \ Cl

TABLE 10
R’ CMPD
WA FABMS (M+1)= 668
O)\NJV
Ex. 71 H
11- (R,S)

Ex. 72
11- (R.S)

X0

FABMS (M+1)= 696

CHs
AN
OJ\ N
H
Ex. 73 Hs

11- (R,S)

FABMS (M+1)= A0
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PREPARATIVE EXAMPLE 57

2(R/S)-[2-(1H-IMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0289]
H </
Step A

IN-tert-BUTOXYCARBONYL-2(R/S)-(2-HYDROXYETHYL)-PIPERIDINE

(j\/\
N H N H
N 0O

|
Boc

[0290]

[0291] 2(R/S)-(2-Hydroxyethyl)piperidine (5g, 38.7mmoles) and sodium hydroxide (1.55g, 67.4mmoles) were dis-
solved in THF-water (1:1) (100mL) and di-tert-butyldicarbonate (9.29g, 42.6mmoles) was added and the mixture was
stirred at 25°C for 120h. The solution was treated with BioRad 50W-X4 (RSO3H) resin (42mL) and filtered. The resin
was washed with water and THF and the combined filtrates were evaporated to dryness. Chromatography on silica
gel using 1% (10% conc. NH,OH in methanol)-dichloromethane as the eluant afforded the title compound (8.87g, 95%):
CIMS: m/z 230.2 (MH*); 8, (CDCl3) 1.47ppm (9H, s, CHy); &¢ (CDCl;) CH3: 28.4, 28.4, 28.4; CH,: 19.2, 25.6, 29.6,
32.3, ~39.6, ~58.3; CH: ~45.9; C: 80.1, carbonyl not visible.

Step B

IN-tert-BUTOXYCARBONYL-2(R/S)-(2-METHANESULFONYLOXYETHYL)PIPERIDINE

O\/\O > Cj\/\
I\Il H N OMs

)
Boc Boc

[0292]

[0293] The title compound from Step A above (2g, 8.72mmoles) and triethylamine (7.29mL; 52.4mmoles) were dis-
solved in dichloromethane (50mL) and the mixture was stirred under argon at 0°C. Methanesulfonyl chloride (2.03mL;
26.2mmoles) was added and the solution was stirred at 25°C for 2h. The solution was diluted with dichloromethane
and washed with saturated aqueous sodium bicarbonate, water and dried (MgSO,), filtered and evaporated to dryness.
The product was chromatographed on silica gel using 2% (10% conc. NH,OH in methanol)-dichloromethane as the
eluant to give the title compound (1.25g, 61%): ESMS: m/z 308.1 (MH*); 8- (CDCl3) 28.5, 28.5, 28.5, 37.4/39.3; CH,:
19.1, 23.8/25.5, 28.9/29.6, 33.1, 45.2; CH: 54.2; C: 79.8, ~155.2.
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Step C

1N-tert-BUTOXYCARBONYL-2(R/S)-[2-(1H-IMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0294]

. — (.
N OMs N

] '}J N
Boc Boc =

[0295] The title compound from Step B above (2.68g, 8.72mmoles) (crude product, prior to chromatography) was
dissolved in anhydrous DMF (30mL) and sodium imidazole (1.18g, 13.1mmoles) was added. The mixture was heated
at 70°C for 2h and then evaporated to dryness. The product was directly chromatographed on silica gel using 1% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (1.69g, 69%): ESMS: m/z 280.1
(MH*); dy (CDCl3) 1.48ppm (9H, s, CHy); d; (CDCl3) CHg: 28.5, 28.5, 28.5; CH,: 19.1, 25.5, 28.9, 31.8, ~39.1, 44.3;
CH: 48.1, 118.9, 129.5, 137.1; C: 80.1, carbonyl not visible.

Step D

2(R/S)-[2-(1H-IMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0296]

[0297] The title compound from Step C above (1.6g, 5.73mmoles) was dissolved in methanol (10mL) and 10% conc.
H,SO, in dioxane (v/v) (40mL) was added and the solution was stirred at 25°C for 2h. The mixture was treated with
BioRad AG1-X8 (OH-) resin until basic. The resin was filtered off and washed with methanol. The combined filtrates
were evaporated to dryness and the product was chromatographed on silica gel using 5% (10% conc. NH,OH in
methanol)-dichloromethane as the eluant to give the title compound (1.02g, 99%): CIMS: m/z 180.35 (MH*); ,; (CDCly)
6.94 (1H, s, Im-Hg), 7.18 (1H, s, Im-H,) and 7.50ppm (1H, s, Im-H,); &: (CDCl3) CH,: 24.6, 26.8, 33.2, 38.6, 43.8,
47.0; CH: 53.9, 118.9, 129.5, 118.8.

PREPARATIVE EXAMPLE 58

2(R/S)-[3-(1H-4-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0298]

(Nj\/\/@-cm
H
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Step A

2(R/S)-(3-HYDROXYPROPYL)PIPERIDINE

[0299]

N

I - O\/\/O
D R
N H N H
H

[0300] 2-(3-Hydroxypropyl)pyridine (5g, 36.4mmoles) was dissolved in 1N HCI (36.4mL, 36.4mmoles) and water
(63.6mL) and platinum (IV) oxide monohydrate (1g, 4.08mmoles) was added under an argon atmosphere. The mixture
was hydrogenated at 55psi in a Parr bomb at 25°C for 96h. The catalyst was filtered off through Celite® and washed
with water. The combined filtrates were treated with BioRad AG1-X8 (OH") resin until basic. The resin was filtered off
and washed with water. The combined filtrates were evaporated to dryness and the product was chromatographed on
silica gel using 10% increasing to 20% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title
compound (5.22g, 100%): CIMS: m/z 144.40 (MH™); &¢ (dg-DMSO) CH,: 24.0, 25.3, 28.8, 31.5, 32.8, 45.9, 60.8; CH:
56.1.

Step B

IN-tert-BUTOXYCARBONYL-2(R/S)-(3-HYDROXYPROPYL) PIPERIDINE

[0301]

[j\/\/o
H

{
Boc

[0302] The title compound from Step A above (3g, 20.9mmoles) was reacted with di-tert-butyldicarbonate (5.03g,
23mmoles) and sodium hydroxide (0.8378g, 20.9mmoles) essentially as described in Preparative Example 57, Step
A above, but allowing the reaction to proceed for 166h. The product was chromatographed on silica gel using 3% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (4.04g, 79%): ESMS: m/z 244.0
(MH*); &y (CDCl3) 1.45ppm (9H, s, CH3); ¢ (CDCl3) CHg: 28.5, 28.5, 28.5; CH,: 19.0, 25.6, 26.2, 29.2, ~38.8, 62.8;
CH: ~50.0; C: 79.3, ~155.2.

Step C
IN-tert-BUTOXYCARBONYL-2(R/S)-[3-(4-TOLUENESULFONYLOXY)PROPYL]PIPERIDINE

[0303]

(j\A/D
(Nj\/\/OH N Ts

{
!Boc Boc

[0304] The title compound from Step B above (2g, 8.22mmoles) was dissolved in anhydrous pyridine (10mL) and
the solution was cooled with stirring to 0°C, 4-Toluenesulfonyl chloride (1.88g, 9.86mmoles) was added and the mixture
was stirred at 0°C for 2h. The mixture was evaporated to dryness and the residue was taken up in dichloromethane
and washed with saturated aqueous sodium bicarbonate, water, dried (MgSQO,), filtered and evaporated to dryness.
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The product was chromatographed on silica gel using 0.25% methanol in dichloromethane as the eluant to give the
titte compound (2.53g, 77%): ESMS: m/z 398.1 (MH*).

[0305] & (CDClg) 1.41 (9H, s, CHy), 2.45 (3H, s, Ar-CHs3), 4.06 (2H, m, CH,0), 7.36 (2H, d, Ar-Hz and Ar-Hg) and
7.79ppm (2H, m, Ar-H, and Ar-Hg); 6o(CDCl3) CH5: 19.1, 28.5, 28.5, 28.5; CH,: 21.7, 22.8, 25.7, 25.8, 28.8, 38.7,
70.6; CH: ~49.6, 127.9, 127.9, 129.9, 129.9; C: 71.1, 133.2, 144.6, 155.1.

Step D

1N-tert-BUTOXYCARBONYL-2(R/S)-[3-(1H-4/5-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0306]

O\/\/OTs——— ’\/\/\\/\/ ()“CHS (j\/\,f 2
Boc

Boc CHga

[0307] 4-Methylimidazole (0.5453g, 6.64mmoles) was dissolved in anhydrous DMF(15mL) and 95% sodium hydride
(0. 1678g, 6,64mmoles) was added. The mixture was stirred at 25°C for 0.5h. under argon. The title compound from
Preparative Example 58, Step C, (2.4g, 6.04mmoles) in anhydrous DMF (10mL) was added and the mixture was stirred
at 25°C for 1h. The product was worked up as described in Preparative Example 2, Step A and chromatographed on
silica gel using 3% methanol in dichloromethane as the eluant to give a mixture of the title compounds (1.459g, 79%)
(4-Me:5-Me::63:37): CIMS; m/z 308.25 (MH*); 4-Me: 8, (CDCl3) 1.43 (9H, s, CH3), 2.18 (3H, s, Im-4-Me), 3.87 (2H,
m, CH,-Im), 6.58 (1H, s, Im-Hs) and 7.33ppm (1H, s, Im-H,); 6c(CDCl3) CH5: 13.8, 28.5. 28.5, 28.5; CH,: 19.0, 25.6,
26.4,27.7, 28.7, 38.9, 46.5; CH: ~49.4, 115.2, 136.2; C: 79.4, 138.7, 155.1 and 5-Me: §,; (CDCl;) 1.43 (9H, s, CH,),
2.16 (3H, s, Im-5-Me), 3.87 (2H, m, CH,-Im), 6.74 (1H, s, Im-H,) and 7.37ppm (1H, s, Im-H,); 5-(CDCl3) CH3: 9.3,
28.5, 28.5, 28.5; CH,: 19.0, 25.6, 26.5, 27.3, 28.7, 39.0, 44.4; CH: ~49.4, 126.9, 136.8; C: 79.4, ~138.7, 155.1.

Step E

1IN-tert-BUTOXYCARBONYL-2(R/S)-[3-(1H-4-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0308]

(hl,j\/\/l\,:N/)'"cHB OWN\/)‘CHG
(I (j\/v

=N
( ) (CeHsiCCl

CH3

[0309] The mixture of compounds from Step D above (1.054g) was dissolved in anhydrous CH,Cl, (10mL) at 0°C
under argon. Trityl chloride (0.3891g, 1.1 equivalents per equivalent of the 5-methyl isomer) was added and the mixture
was stirred at 0°C for 2h. The reaction mixture was introduced directly onto a silica gel column and the column was
eluted with 50% ethyl acetate in acetone to give the pure 4-methyl isomer (0.7242g, 69%): 4-Me: CIMS: m/z 308.30
(MH*); &y (CDCl5) 1.43 (9H, s, CH3), 2.18 (3H, s, Im-4-Me), 3.84 (2H, m, CH,-Im), 6.58 (1H, s, Im-H;) and 7.30ppm
(1H, s, Im-H,); 8c(CDCl;) CH4: 13.8, 28.5, 28.5, 28.5; CH,: 19.0, 25.5, 26.4, 27.7, 28.7, 38.8, 46.5; CH: ~49.4, 115.2,
136.2; C: 79.3, 138.4, 155.1.
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Step F

2-(R/S)-[3-(1H-4-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0310]
AN —N N
’\,}IJ\/\/'\I‘\/).~CH:1 _—> (N\j\/\/f"l:/)~CH3
Boc - Ho

[0311] The title compound from Step E above (0.44569g, 1.5mmoles) was deprotected as described in Preparative
Example 57, Step D and the product was chromatographed on silica gel using 20% (10% conc. NH,OH in methanol)-
dichloromethane as the eluant to give the title compound (0.2627g, 87%): CIMS: m/z 208.25 (MH*); 8, (CDCly) 2.14
(3H, s, Im-4-Me), 3.79 (2H, m, CH,-Im), 6.52 (1H, s, Im-Hg) and 7.24ppm (1H, s, Im-H,); c(CDCl3) CHj: 13.7; CH,:
24.7,26.6, 27.5, 32.9, 34.3, 47.0, 47.1; CH: 56.3, 115.2, 136.1; C: 138.4.

PREPARATIVE EXAMPLE 59

[0312]
N}CH;;

N

H
Step A
4(R/S)-(3-HYDROXYPROPYL)PIPERIDINE
[0313]

H H

| S
/
N

N H

[0314] 4-(3-Hydroxypropyl)pyridine (5g, 36.4mmoles) was dissolved in 1N HCI (36.4mL, 36.4mmoles) and water
(63.6mL) and platinum (IV) oxide monohydrate (1g, 4.08mmoles) was added under an argon atmosphere. The mixture
was hydrogenated at 55psi in a Parr bomb at 25°C for 66h. The catalyst was filtered off through Celite® and washed
with water. The combined filtrates were treated with BioRad AG1-X8 (OH") resin until basic. The resin was filtered off
and washed with water. The combined filtrates were evaporated to dryness and the product was chromatographed on
silica gel using 7% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (4.91g,
94%): CIMS: m/z 144.40 (MH*); . (dg-DMSO) CH,: 29.4, 31.6, 31.6, 32.8, 45.1, 45.1, 60.8; CH: 34.8.
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Step B

N-tert-BUTOXYCARBONYL-4(R/S)-(3-HYDROXYPROPYL) PIPERIDINE

[0315]

N )

B
[0316] The title compound from Step A above (3g, 20.9mmoles) was reacted with di-tert-butyldicarbonate (5.03g,
23mmoles) and sodium hydroxide (0.8378g, 20.9mmoles) essentially as described in Preparative Example 57, Step
A above, but allowing the reaction to proceed for 166h. The product was chromatographed on silica gel using 3% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (3.33g, 65%): ESMS: m/z 244.2

(MH*); 3, (CDCl3) 1.47ppm (9H, s, CHy); 8. (CDCl) CHg: 28.5, 28.5, 28.5; CH,: 29.9, 29.9, 32.2, 32.6, 44.1, 44.1;
CH: 35.9; C: 79.3, ~154.8.

Step C

IN-tert-BUTOXYCARBONYL-4(R/S)-[3-(4-TOLUENESULFONYLOXY)PROPYL]PIPERIDINE

[0317]

H Ts

)

oC Boc

o) Ror”d

[0318] The title compound from Step B above (2g, 8.22mmoles) was dissolved in anhydrous pyridine (10mL) and
the solution was cooled with stirring to 0°C. 4-Toluenesulfonyl chloride (1.88g, 9.86mmoles) was added and the mixture
was stirred at 0°C for 2h. The mixture was evaporated to dryness and the residue was taken up in dichloromethane
and washed with saturated aqueous sodium bicarbonate, water, dried (MgSQO,), filtered and evaporated to dryness.
The product was chromatographed on silica gel using 0.5% methanol in dichloromethane as the eluant to give the title
compound (2.86g, 88%): ESMS: m/z 398.1 (MH™).

[0319] &, (CDCl;) 1.44 (9H, s, CH,), 2.46 (3H, s, Ar-CHy), 4.01 (2H, m, CH,0), 7.35 (2H, d, Ar-H; and Hg) and
7.79ppm (2H, d, Ar-H, and Hg); 6c(CDCl3) CHj: 21.7, 28.6, 28.6, 28.6; CH,: 26.1, 32.0, 32.0, 32.1, 43.9, 43.9, 70.7;
CH: 35.5, 127.9, 127.9, 129.9, 129.9; C: 79.3, 133.1, 144.8, 154.9.
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Step D

1N-tert-BUTOXYCARBONYL-4-[3-(1H-4/5-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

Ts l\liN/)* E\%
—_— +
) )
Boc Boc

[0321] 4-Methylimidazole (0.5453g, 6.64mmoles) was dissolved in anhydrous DMF (15mL) and 95% sodium hydride
(0.1678g, 6.64mmoles) was added to the stirred solution at 25°C under argon. The solution was stirred at 25°C for
0.5h. The title compound from Preparative Example 59, Step C, (2.4g, 6.04mmoles) in anhydrous DMF (10mL) was
added and the mixture was stirred at 25°C for 1h. The product was worked up as described in Preparative Example
2, Step A and chromatographed on silica gel using 3% methanol in dichloromethane as the eluant to give the title
mixture of compounds (1.584g, 85%) (4-Me:5-Me::58:42): CIMS: m/z 308.25 (MH*); 4-Me: & (CDCl3) 1.44 (9H, s,
CHy), 2.21 (3H, s, Im-4-Me), 3.82 (2H, m, CH,-Im), 6.59 (1H, s, Im-H;) and 7.33ppm (1H, s, Im-H,); 8z(CDCl3) CHa:
13.8, 28.5, 28.5, 28.5; CH,: 28.3, 32.1, 33.4, 33.4,44.0, 47.1, 47.1; CH: 35.8, 115.2, 136.2; C: 79.3, 138.5, 154.9 and
5-Me: 6, (CDCly) 1.44 (9H, s, CHg), 2.19 (3H, s, Im-5-Me), 3.82 (2H, m, CH,-Im), 6.77 (1H, s, Im-H,) and 7.39ppm
(1H, s, Im-H,); 8:(CDCl3) CH3: 9.3, 28.5, 28.5, 28.5; CH,: 28.1, 32.1, 33.4, 33.4, 44.0, 44.0, 44.9; CH: 35.8, 127.0,
136.2; C: 79.3, 133.7, 154.9.

[0320]

CH3

iy

Boc

Step E

IN-tert-BUTOXYCARBONYL-4-[3-(1H-4-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0322]

&CHs @-CH:».

oo oo
+ — and
) | {" ) (cstascal
CH3 CHs
) Y
Boc Boc

[0323] The mixture of compounds from Step D above (1.51g) was dissolved in anhydrous CH,Cl, (10mL) at 0°C
under argon. Trityl chloride (1.15g, 2 equivalents per equivalent of the 5-methyl isomer) was added and the mixture
was stirred at 0°C for 2h. The reaction mixture was introduced directly onto a silica gel column and the column was
eluted with 50% ethyl acetate in acetone to give the pure 4-methyl isomer (0.635¢g, 65%): 4-Me: CIMS: m/z 308.30
(MH*); &y (CDCl5) 1.44 (9H, s, CH3), 2.22 (3H, s, Im-4-Me), 3.83 (2H, m, CH,-Im), 6.60 (1H, s, Im-H;) and 7.33ppm
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(1H, s, Im-H,); 8:(CDCl3) CH3: 13.8, 28.5, 28.5, 28.5; CH,: 28.2, 32.0, 33.4, 33.4, 43.9, 47.1, 47.1; CH: 35.7, 115.2,
136.2; C: 79.3, 138.5, 154.8.

Step F

4-[3-(1H-4-METHYLIMIDAZOL-1-YL)PROPYL]PIPERIDINE

o ~ons

[0324]

Boc

[0325] The title compound was deprotected as described in Preparative Example 57, Step D to give after chroma-
tography on silica gel using 20% (10% conc. NH,OH in methanol)-dichloromethane as the eluant, the title compound
(0.3581g, 89%): CIMS: m/z 208.25 (MH*); 8, (CDCl3) 2.12 (3H, s, Im-4-Me), 3.74 (2H, m, CH,-Im), 6.51 (1H, s, Im-
Hs) and 7.25ppm (1H, s, Im-H,); 8c(CDCI3) CH3: 13.6; CH,: 28.1, 33.3, 33.3, 33.9, 46.5, 46.5, 47.1; CH: 35.8, 115.1,
136.0; C: 138.2.

PREPARATIVE EXAMPLE 60

3(R/S)-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0326]
Ny
m\ s
N
H
Step A

3(R/S)-(HYDROXYMETHYL)-1,2,3,4-TETRAHYDRO-QUINOLINE

(I‘\K\DH ‘ B “OH
N AN

N
H

[0327]

v

[0328] 3-Hydroxymethylquinoline (0.45g, 2.83mmoles) (prepared as described in: B. R. Brown, D. LI. Hammick and
B. H. Thewlis, J. Chem. Soc., 1951,1145-1149.) was dissolved in methanol (100mL) and placed in a Parr bomb. Plat-
inum (IV) oxide monohydrate (0.225g. 0.918mmoles) was added and the mixture was hydrogenated at 50psi at 25°C
for 6h. The catalyst was removed by decantation and washed with methanol. The methanol was evaporated to dryness
and the product was chromatographed on silica gel using 3% (10% conc. NH,OH in methanol)-dichloromethane as
the eluant to give the title compound (0.3843g, 83%): CIMS: m/z 164.35 (MH*); 8, (CDCl3) 6.50 (1H, d, Ar-Hg), 6.64
(1H, t, Ar-Hg), 6.98 (1H, d, Ar-Hs) and 6.99ppm(1H, m, Ar-H;); 6c (CDCl;) CH,: 29.5, 44.0, 65.2; CH: 34.9, 114.2,
117.4,126.9, 129.8; C: 120.2, 144.5.
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Step B

1N-tert-BUTOXYCARBONYL-3(R/S)-(HYDROXYMETHYL)-1,2,3,4-TETRAHYDROQUINOLINE

[0329]

‘V

|
Boc

N N

H
[0330] The title compound from Step A above (2.578g, 15.79mmoles) was dissolved in THF (51.5mL) and sodium
hydroxide (0.634g, 15.79mmoles) in water (51.5mL) was added. Di-tert-butyldicarbonate (6.888g, 31.58mmoles) was
added and the mixture was stirred at 25°C for 187h. Additional di-tert-butyl dicarbonate (0.6888g, 3.16mmoles) was
added and the reaction was allowed to proceed for a total of 301h. The product was worked up and purified as described
in Preparative Example 1, Step A to give the title compound (3.794g, 91%): FABMS; m/z 264.1 (MH"); 8, (CDClI;) 1.50
(9H, s, CH3), 7.03 (1H, m, Ar-H), 7.19-7.10 (2H, m, Ar-H) and 7.58ppm (1H, d, Ar-H); 8c (CDCl3) CH4: 28.3, 28.3, 28.3;
CH,: 29.5, 45.1, 63.6; CH: 36.1, 124.0, 124.6, 125.6, 129.2; C: 81.5, 128.2, ~138.8, ~154.7.

Step C

IN-tert-BUTOXYCARBONYL-3(R/S)-[(4-TOSYLOXY)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0331]

Y

)

oc Boc

W-=Z

[0332] The title racemic compound from Step B above (0.322g, 1.22mmoles) was dissolved in anhydrous pyridine
(2mL) and the solution was cooled to 0°C. 4-Toluenesulfonyl chloride (0.28g, 1.464mmoles) was added and the reaction
was stirred at 0°C for 5h. The mixture was then heated at 40°C for 13h and worked up as described in Preparative
Example 2, Step C to give the title compound (0.481g) which was used directly in Step E below.

[0333] The individual pure enantiomers from Step C above may be similarly treated to give the 3(R) and 3(S) enan-
tiomers of the title compound.

Step D
IN-tert-BUTOXYCARBONYL-3(R/S)-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0334]

ooy - OO
y )

)
Boc . Boc

[0335] The title racemic product from Step D above was dissolved in anhydrous DMF (5mL) and sodium imidazole
(0.1652g, 1.83mmoles) was added. The mixture was heated at 65°C under argon for 4h. The solution was evaporated
to dryness and the residue was taken up in dichloromethane, washed with water, dried (MgSO,), filtered and evaporated
to dryness. Chromatography on silica gel using 2.5% (10% conc. NH,OH in methanol)-dichloromethane afforded the
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title compound (0.3284g, 86%): ESMS: m/z 314.1 (MH*); 8, (CDCl5) 1.51 (9H, s, CHy), 6.97 (1H, s, Im-H;g), 7.01 (1H,
t, Ar-Hg), 7.06 (1H, t, Ar-H;), 7.12 (1H, s, Im-H,), 7.17 (1H, t, Ar-Hg), 7.51 (1H, s, Im-H,) and 7.68ppm (1H, d, Ar-Hg);
0c(CDCl3) CHg: 28.4, 28.4, 28.4; CH,: 31.0, 46.7, 49.5; CH: 35.9, 119.1, 123.8/123.9, 126.4, 126.9, 129.0, 129.8,
137.5; C: 81.5, 137.5, 138.2, 153.7.

[0336] The individual pure enantiomers from Step D above may be similarly treated to give the 3(R) and 3(S) enan-
tiomers of the title compound.

Step E
3(R/S)-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0337]

‘V

N N
H

[0338] The title racemic compound from Step E above (0.3208g, 1.024mmoles) was dissolved in anhydrous methanol
(5.42mL) and 10% conc. H,SO, / dioxane (v/v) (13.95mL) was added and the mixture was stirred at 25°C for 1h. The
product was worked up as described in Preparative Example 1, Step D above. Chromatography on silica gel using
2.5% (10% conc. NH,OH in methanol)-dichloromethane as the eluant gave the title compound (0.19g, 90%): CIMS:
m/z 214.2 (MH*); 8, (CDCl3) 3.97 (2H, m, Im-CH,), 6.51 (1H, d, Ar-Hg), 6.65 (1H, t, Ar-Hg), 6.95 (1H, s, Im-Hg), 6.96
(1H, t, Ar-H), 7.01 (1H, t. Ar-Hg), 7.09 (1H, s, Im-H,) and 7.50ppm (1H, s, Im-H,); c (CDCl;) CH,: 30.2, 43.5, 49.0;
CH: 33.7, 114.2, 117.7, 119.3, 127.3, 129.5, 130.0, 137.7; C: 118.4, 143.9.

Boc

Step F

3(R)-[(1H-IMIDAZOL-1-YL]METHYL]-1,2,3,4-TETRAHYDROQUINOLINE and 3(S)-[(1H-IMIDAZOL-1-YL)METHYL]-
1,2,3,4-TETRAHYDROQUINOLINE

[0339]

N @j\@
SORY .

N ¥
3R KR

[0340] The racemictitle compound (0.6545g) from Step E above was separated by preparative HPLC on a Chiralpak®
AD column (50X5cm) using hexane-iso-propanol-diethylamine::80:20:0.2 as the eluant to give a less polar (-)-enanti-
omer (0.32449): CIMS: m/z 214.15 (MH*); 8, (CDCl3) 3.97 (2H, m, Im-CH,), 6.52 (1H, d, Ar-Hg), 6.68 (1H, t, Ar-Hg),
6.96 (1H, s, Im-Hg), 6.96 (1H, t, Ar-H-), 7.02 (1H, t, Ar-Hg), 7.10 (1H, s, Im-H,) and 7.49ppm (1H, s, Im-H,); 6. (CDCly)
CH,: 30.2, 43.5, 49.0; CH: 33.7, 114.2, 117.7, 119.3, 127.3, 129.6, 130.0, 137.7; C: 118.5, 143.9; [0]520°C -57.3°
(c=10.43mg/2mL, methanol) and a more polar (+)-enantiomer (0.32869): CIMS: m/z 214.15 (MH*); &, (CDCl;) 3.97
(2H, m, Im-CH,), 6.52 (1H, d, Ar-Hg), 6.67 (1H, t, Ar-Hg), 6.96 (1H, s, Im-Hg), 6.96 (1H, t, Ar-H;), 7.01 (1H, t, Ar-H;),
7.11 (1H, s, Im-H,) and 7.50ppm (1H, s, Im-H,); 8 (CDCl3) CH,: 30.2, 43.5, 49.0; CH: 33.7, 114.2, 117.7, 119.3, 127.3,
129.6, 130.1, 137.7; C: 118.5, 143.9; [0]520°C +56.8° (c=10.70mg/2mL, methanol), corresponding to the title com-
pounds.
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PREPARATIVE EXAMPLE 61

3-[(1H-4-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0341]
soge
' N CHy
Step A

IN-tert-BUTOXYCARBONYL-3-[(1H-4-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0342]

SoN
N

B|oc Boc

s

[0343] 4-Methylimidazole (0.9504g, 11.6mmoles) was dissolved in anhydrous DMF (52mL) and 95% sodium hydride
(0.2924g, 11.6mmoles) was added in portions to the stirred solution at 25°C under argon. The mixture was stirred for
1h. The title racemic compound from Preparative Example 60, Step C (4.394g, 10.5mmoles) in anhydrous DMF (25mL)
was added and the mixture was stirred at 25°C for 1h and then at 55-60°C for 7h. The mixture was evaporated to
dryness and the residue was chromatographed on silica gel using 0.5%-2%-4%--6%-10% (10% conc. NH,OH in meth-
anol)-dichloromethane as the eluant to give the racemic title compound (1.93g, 56%) (4-Me:5-Me::1.46:1.0): CIMS:
m/z 328.25 (MH™); ., (CDCl;) 1.51 (9H, s, CHgy), 2.20/2.24 (3H, s, 5-Me/4-Me), 3.81/3.88 (2H, m, 5-Me-Im-CH,/4-Me-
Im-CH,), 6.65/6.83 (1H, s, 4-Me-Im-Hs/5-Me-Im-H,), 6.99-7.07 (2H, m, Ar-H; and Ar-Hg), 7.17/7.20 (1H, d, Ar-Hg),
7.36/7.43 (1H, s, 4-Me-Im-H.,/5-Me-Im-H,) and 7.67/7.71ppm (1H, d, Ar-Hg); ¢ (CDCl;) 4-Me: CHg: 13.8, 28.4, 28.4,
28.4; CH,: 31.0, 46.8,49.4; CH: 35.8, 115.6, 123.8, 123.9, 126.3, 129.1, 136.7; C: 81.4, 127.0, 138.2, 153.7; and 5-Me:
CHj: 9.4, 28.4, 28.4, 28.4; CH,: 31.0, 46.9, 47.1; CH: 35.3, 123.9, 123.9, 126.4, 126.9, 129.1, 137.3; C: 81.5, 127.3,
138.9, 153.7.

Step B

3-[(1H-4-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0344]

Boc

[0345] The title compound from Step A above was deprotected essentially as described in Preparative Example 57,
Step D above and chromatographed on silica gel to give the title compound.
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PREPARATIVE EXAMPLE 62

6-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0346]
OO0
N
H
ROUTE 1
Step A

6-(METHANESULFONYLOXYMETHYL)QUINOLINE

[0347]

N/ . N/

[0348] 6-Hydroxymethylquinoline (0.4325g, 2.72mmoles) (prepared by the method of: C. E. Kaslow and W. R. Clark,
J. Org. Chem., 1953, 18, 55-58.) and triethylamine (1.5147mL, 10.87mmoles) were dissolved in anhydrous dichlo-
romethane (16mL) and the mixture was cooled to 0°C. Methanesulfonyl chloride (0.421mL, 5.43mmoles) was added
and the mixture was stirred under argon at 0°C for 1h. Additional triethylamine (0.758mL, 5.435mmoles) and meth-
anesulfonyl chloride (0.211mL, 2.72mmoles) were added and the reaction was allowed to proceed for a further 1h at
0°C. The mixture was evaporated to dryness to give the title compound which was used without further purification in
the next step.

Step B
6-[(1H-IMIDAZOL-1-YL)METHYL]QUINOLINE

[0349]

MsO S : o 7N N
O ~ )
N N

[0350] The title product from Step A above was dissolved in anhydrous DMF (10mL) and sodium imidazole (0.367g,
4.08mmoles) was added. The mixture was heated at 70°C under argon for 2h and then evaporated to dryness. The
product was chromatographed on silica gel to give the title compound (0.1559g, 27%): FABMS: m/z 210.0 (MH*); &y
(CDCly) 5.34 (1H, s, CH,), 6.97 (1H, s, Im-Hs), 7.15 (1H, s, Im-H,), 7.44 (1H, dd, Ar-Hy), 7.52 (2H, m, Ar-Hg and Ar-
H-), 7.64 (1H, s, Im-H,), 8.12 (2H, d, Ar-H, and Ar-Hg) and 8.95ppm (1H, d, Ar-H,); 8- (CDCl3) CH,: 50.6; CH: 119.4,
121.8, 125.9, 128.4, 130.1, 130.5, 136.0, 137.6, 151.0; C: 128.2, 134.6, 147.9.
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Step C

6-[(1H-IMIDAZOL-1-YL)METHYL-1,2,3,4-TETRAHYDROQUINOLINE

7N X 7N
“ase - 07O
H

[0352] The title compound from Step B above (0.045g, 0.215mmoles) and methanol (11mL) were placed in a Parr
bomb and platinum (IV) oxide monohydrate (0.05g, 0.204mmoles) was added. The mixture was hydrogenated at 50psi
at 25°C for 2h. The catalyst was removed by decantation and washed with methanol. The methanol was evaporated
to dryness and the product was chromatographed on silica gel using 3% (10% conc. NH,OH in methanol)-dichlo-
romethane as the eluant to give the title compound (0.0325g, 71%): CIMS: m/z 214.15 (MH*); §,, (CDCl;) 1.92 (2H, t,
3-CH,), 2.61 (2H, m, 4-CH,), 3.30 (2H, m, 2-CH,), 4.93 (2H, s, CH,), 6.42 (1H, d, Ar-H3), 6.77 (1H, s, Ar-Hg), 6.79
(1H, d, Ar-H4), 6.90 (1H, bs, Im-Hg), 7.07 (1H, bs, Im-H,) and 7.52ppm (1H, bs, Im-H,); &c (CDCl;) CH,: 21.9, 27.0,
41.9, 50.8; CH: 114.2, 119.2(b), 126.4, 128.7, 129.1, 137.2(b); C: 121.6, 123.8, 144.8.

[0351]

ROUTE 2

Step A

6-HYDROXYMETHYL-1,2,3,4-TETRAHYDROQUINOLINE

[0353]

Y

HO ' = HO l
o
N N
H

[0354] 6-Hydroxymethylquinoline (1g, 6.28mmoles) (prepared by the method of: C. E. Kaslow and W. R. Clark, J.
Org. Chem., 1953, 18 , 55-58.) and methanol (200mL) were placed in a Parr bomb and platinum (V) oxide monohydrate
(0.5g, 2.04mmoles) was added. The mixture was hydrogenated at 50psi at 25°C for 2h. The catalyst was filtered off
and washed with methanol. The combined filtrates were evaporated to dryness and the product was chromatographed
on silica gel using 1.5% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound
(0.70449, 68%): CIMS: m/z 164.35 (MH*); 8, (CDCl3) 1.93 (2H, m, 3-CH,) and 2.76 (2H, t, 4-CH,), 3.30 (2H, m, 2-CH,),
4.50 (2H, s, CH,0H), 6.45 (1H, d, Ar-Hg), 6.96ppm (2H, m, Ar-Hg and Ar-H-); 8- (CDClg) CH,: 22.1, 27.0, 42.0, 65.6;
CH: 114.2, 126.4, 129.2; C: 121.5, 129.4, 144 5.

Step B
IN-tert-BUTOXYCARBONYL-6-HYDROXYMETHYL-1,2,3,4-TETRAHYDROQUINOLINE

[0355]

[0356] The title compound from Step A above (0.684g, 4.19mmoles) was dissolved in THF (25mL) and sodium
hydroxide 0.21g, 5.25mmoles) in water (10mL) was added. Di-tert-butyldicarbonate (1.26g, 5.76mmoles was added
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and the mixture was stirred at 25°C for 92h. Additional di-tert-butyldicarbonate (0.628g, 2.88mmoles) was added and
the reaction was continued for a total of 116h. The reaction was worked up as described in Preparative Example 1
Step A above and the product was chromatographed on silica gel using 0.5% (10% conc. NH,OH in methanol)-dichlo-
romethane as the eluant to give the title compound (0.7978g, 72%): ESMS: m/z 264.1 (MH*); 8., (CDCl53) 1.52 (9H, s,
CH3), 1.91 (2H, m, 3-CH,), 2.76 (2H, t, 4-CH,), 3.70 (2H, m, 2-CH,), 4.60 (2H, s, CH,OH), 7.09 (1H, s, Ar-Hg), 7.12
(1H, d, Ar-H;) and 7.64ppm (1H, d, Ar-Hg); 6c (CDCl3) CHj: 28.4, 28.4, 28.4; CH,: 23.5, 27.6, 44.7, 65.1; CH: 124.3,
124.7, 127.4; C: 80.9, 130.1, 135.6, ~138.4, ~154.2.

Step C
IN-tert-BUTOXYCARBONYL-6-(4-TOSYLOXYMETHYL)-1,2,3,4-TETRAHYDROQUINOLINE

[0357]

N N

] |
Boc Boc

[0358] The title compound from Step B above may be reacted with 4-toluenesulfonyl chloride and pyridine under
essentially the same conditions as described in Preparative Example 58, Step C and chromatographed on silica gel
to give the title compound.

Step D
IN-tert-BUTOXYCARBONYL-6-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0359]

TsO = N =
98 - T
~ r\l]— A C— MN

Boc Boc

[0360] The title compound from Step C above may be reacted with sodium imidazole in anhydrous DMF under
essentially the same conditions as described in Preparative Example 62, Route 1, Step B and chromatographed on

silica gel to give the title compound.
@/m
N

[0361] Alternatively:
| |

0
N
Boc Boc

Y

[0362] The title compound from Route 2, Step B above (0.5166g, 1.96mmoles) was dissolved in anhydrous THF
(5.5mL) and N,N'-carbonyldiimidazole (0.668g, 4.12mmoles) was added and the mixture was heated under reflux at
75°Cfor 4.5h. The solution was evaporated to dryness and chromatographed on silica gel using 2% (10% conc. NH,OH
in methanol)-dichloromethane as the eluant to give the title compound (0.0612g, 10%): CIMS: m/z 314.25 (MH*); &y
(CDClg) 1.51 (9H, s, CH3), 1.92 (2H, m, 3-CH,), 2.72 (2H, d, 4-CH,), 3.69 (2H, d, 2-CH,), 5.04 (2H, s, CH,-Im), 6.85
(1H, s, Im-Hg), 6.91 (1H, s, Ar-Hg), 6.97 (1H, d, Ar-Hg), 7.08 (1H, s, Im-H,), 7.59 (1H, s, Im-H,) and 7.67ppm (1H, d,
Ar-Hg); 6c (CDCly) CHj: 28.4, 28.4, 28.4; CH,: 23.4, 27.6, 44.8, 50.5; CH: 119.4, 124.5, 125.0, 127.6, 129.4, 137.3;
C:81.1,130.5, 130.5, 138.7, 153.9.
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Step E

6-[(1H-IMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROQUINOLINE

[0363]

“aeH o™X
_ I - N |
O D)
Boc

[0364] The title compound from Step D above may be deprotected essentially as described in Preparative Example
57, Step D and chromatographed on silica gel to give the title compound.

PREPARATIVE EXAMPLE 63

4(R/S)-[(1H-4/5SMETHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROISOQUINOLINE

[0365]
—N o —N
NE/)‘CHS hE/e
and ChHs
NH NH
ROUTE 1
Step A
4-HYDROXYMETHYLISOQUINOLINE
[0366]
CHO H
S - X
=N —’- =N

[0367] 4-Isoquinolinecarboxaldehyde (6.15g, 39.13mmoles) (prepared by the method of: J. B. Wommack, T. G. Bar-
bee, Jr., D. J. Thoennes, M. A. McDonald and D. E. Pearson, J. Heterocyclic Chem., 1969, 6 , 243-245.) was dissolved
in anhydrous dichloromethane (369mL) and the solution was cooled to 0°C. Borane-dimethyl sulfide complex (1M in
THF) (5.23mL, 5.09mmoles) (as described in: E. Mincione, J. Org. Chem., 1978, 43, 1829-1830) was added and the
mixture was stirred at 0°C for a 1.5h. Additional borane-dimethylsulfide complex (1M in THF) (10.455mL, 1.35mmoles)
was added and the reaction was stirred for an additional 2h at 0°C. Methanol (93.3mL) was added and the solution
was evaporated to dryness and chromatographed on silica gel using 2-3% (10% conc. NH,OH in methanol)-dichlo-
romethane as the eluant to give unreacted 4-Isoquinolinecarboxaldehyde (~23%), 4(1.2-dihydroisoquinoline)carboxal-
dehyde (identical to that described in Preparative Example 63, Route 3, Step A (~27%) and the title compound (1.94g,
31%).

[0368] Alternatively the title compound may be prepared by catalytic hydrogenation of 4-isoquinolinecarboxaldehyde
using 10% Pd-Al,O3 as the catalyst (as described in: J. Vassant, G, Smets, J. P. Declercq, G. Germain and M. Van
Meerssche, J. Org. Chem., 1980, 45, 1557-1565).
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Step B

4-[(4-TOLUENESULFONYLOXY)METHYL]ISOQUINOLINE

[0369]

AN X
/N - /N

[0370] To a stirred solution of the title compound from Step A above (1.94g, 12.2mmoles) in anhydrous pyridine
(14mL) at 0°C was added 4-toluenesulfonyl chloride (2.784g, 14.6mmoles) and the mixture was stirred at 0°C for 2.5h.
The solution was evaporated to dryness and the product was azeotroped with toluene and then taken up in dichlo-
romethane and washed with saturated aqueous sodium bicarbonate, filtered and evaporated to give the title compound
which was used without purification in the next step.

Step C

4-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]ISOQUINOLINE

[0371]

~ ~
Ts N / CH3 N /
§ \ L CHa
—————
_N =N and =N.

[0372] 4-Methylimidazole (1.099g, 13.38mmoles) was dissolved in anhydrous DMF (33.5mL) and 95% sodium hy-
dride (0.338g, 13.42mmoles) was added in portions to the stirred solution at 25°C. The title compound from Step B
above was dissolved in anhydrous DMF (14mL) and added dropwise to the stirred solution at 25°C over 20min. The
mixture was stirred at 25°C for 17h and evaporated to dryness. The residue was taken up in dichloromethane and
washed with water, dried(MgSO,), filtered and evaporated to dryness. The product was chromatograped on silica gel
using 2.5% methanol in dichloromethane as the eluant to give a mixture of the title compounds (0.5085g, 19%) (4-Me:
5-Me::1.2:1): & (CDCl3) 2.18/2.22 (3H, s, 4-Me/5-Me), 5.46 (2H, s, CH,-Im), 6.63/6.89 (1H, s, 4-Me: Im-Hs/5-Me: Im-
Hy), 7.43/7.55 (1H, s, 5-Me: Im-H,/4-Me: Im-H,), 7.63-7.86 (3H, d and t, Ar-Hg 7 g), 8.02/8.38 (1H, s, 5-Me: Ar-Hg/
4-Me: Ar-Hs), 8.05 (0.5H, d, 5-Me: Ar-Hz) and 9.26/9.28ppm (1H, s, 5-Me: Ar-H,/4-Me: Ar-H;), 6c (CDCl;) 4-Me: CHa:
13.6; CH,: 46.5; CH: 115.7, 121.8, 127.8, 128.7, 131.6, 136.3, 143.3, 154.1; C: 124.7, 128.5, 133.8, 138.7; and 5-Me:
CHj: 9.5; CH,: 44.4; CH: 121.6, 127.4, 127.8, 128.7, 131.5, 137.2, 142.0, 153.7; C: 124.8, 128.2, 133.4, 138.7.
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Step D

4-[(1H-4-METHYLIMIDAZOL-1-YL)METHYL]ISOQUINOLINE and 4-[(1H-5-METHYLIMIDAZOL-1-YL)METHYL]
ISOQUINOLINE

[0373]

N N
= [~
OTs N\/)~CH3 N\/X
AN . X 4 ‘ N, e
. — n
N _N 2 N

[0374] The title mixture of regio-isomers from Step C above (0.45g) was subjected to chiral HPLC on a Chiralpak®
HPLC column using hexane: iso - propanol:diethylamine::85:15:09.2 to give first the 4-methyl isomer (0.04069):
FABMS: m/z 224.0 (MH*); 8, (CDCly) 2.18 (3H, s, 4-CHy), 5.46 (2H, s, CH,-Im), 6.62 (1H, s, Im-Hg), 7.54 (1H, s, Im-
H,), 7.67 (1H, t, Ar-Hg), 7.76 (1H, t, Ar-H,), 7.84 (1H, d, Ar-Hg), 8.04 (1H, d, Ar-Hg), 8.39 (1H, s, Ar-Hz) and 9.27ppm
(1H, s, Ar-Hy); 8¢ (CDCl3) CH4: 13.6; CH,: 46.5; CH: 115.7,121.8, 127.8, 128.7, 131.6, 138.3, 143.3, 154.1; C: 124.7,
128.7,133.8, 138.8; and then the 5-methyl isomer (0.0361g): FABMS: m/z 224.1 (MH*); &, (CDCl5) 2.20 (3H, s, 5-CHj),
5.45 (2H, s, CH,-Im), 6.86 (1H, s, Im-H,), 7.41 (1H, s, Im-H,), 7.68 (1H, t, Ar-Hg), 7.98 (1H, t, Ar-H), 7.84 (1H, d, Ar-
He), 8.02 (1H, s, Ar-Hy), 8.05 (1H, d, Ar-Hg) and 9.22ppm (1H, s, Ar-H,); 8. (CDCl3) CHg: 9.4; CH,: 44.3; CH: 121.5,
126.9, 127.9, 128.8, 131.7, 137.0, 141.7, 153.6; C: 124.9, 128.2, 133.4, 138.7 and an overlap fraction (0.28g).

Step E

4[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROISOQUINOLINE

[0375]
N \/XéH;; N \/)_ CH3 N\%
Q CHs
_N > NH and NH

[0376] The title compound from Step C above (0.346g, 1.55mmoles) was dissolved in anhydrous methanol (80mL)
and platinum (IV) oxide.monohydrate (0.11g) was added. The mixture was hydrogenated at 25°C at 50psi in a Parr
bomb for 2h. The catalyst was filtered off and washed with methanol and the methanol filtrates were evaporated to
dryness. The residue was chromatographed on silica gel using 3% (10% conc. NH,OH in methanol)-dichloromethane
as the eluant to give the title 4-methyl compound (0.0299g, 9%): ESMS: m/z 228.0; & (CDCl3) 2.24 (3H, s, Im-4-CH,),
2.81 (1H, bs, NH), 2.93 (2H, m, 3-CH,), 3.03 (1H, m, 4-CH), 4.04 (2H, s, 1-CH,), 4.08, 4.27 (2H, dd, CH,-Im), 6.68
(1H, Im-H,), 7.01-7.09 (2H, m, Ar-H), 7.18 (2H, m, Ar-H) and 7.36ppm (1H, s, Im-Hg); 6 (CDCl3) CH3: 13.8; CH,: 45.0,
48.4,51.1; CH: 39.6, 115.6, 126.5, 126.8, 126.9, 129.1, 136.9; C: 134.5, 135.7, 138.6, and the title 5-methyl compound
(0.0641g, 18%): CH3: 9.3; CH,: 44.9, 48.8, 50.5; CH: 39.4, 126.5, 126.9, 126.9, 129.0, 136.7; C: 127.0, 134.4, 135.7,
138.5.
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ROUTE 2

Step A

4-HYDROXYMETHYLISOQUINOLINE

[0377]
HO OH
N 7N
—_—
ZN =N

[0378] 4-Isoquinolinecarboxaldehyde (lmmole) (prepared by the method of: J. B. Wommack, T. G. Barbee, Jr., D.
J. Thoennes, M. A. McDonald and D. E. Pearson, J. Heterocyclic Chem., 1969, 6 , 243-245.) is dissolved in anhydrous
THF (50mL) and treated with borane-methyl sulfide (0.3mmoles) (as described in: E. Mincione, J. Org. Chem., 1978,
43, 1829-1830) at 0°C for 0.5-1h and worked up in the usual way to give the title compound.

[0379] Alternatively the titte compound may be prepared by catalytic hydrogenation of 4-isoquinolinecarboxaldehyde
using 10% Pd-Al,O3 as the catalyst (as described in: J. Vassant, G, Smets, J. P. Declercq, G. Germain and M. Van
Meerssche, J. Org. Chem., 1980, 45, 1557-1565).

Step B

4-[(4-TOLUENESULFONYLOXY)METHYL]ISOQUINOLINE

[0380]

AN AN
=N ~N

‘V

[0381] The title compound from Step A above is dissolved in anhydrous pyridine and cooled to 0°C with stirring.
4-Toluenesulfonyl chloride is added and the reaction is carried out as described in Preparative Example 60, Step D to
give the title compound which may be used without further purification.

Step C

4-HYDROXYMETHYL-1,2-DIHYDROISOQUINOLINE

[0382]
HO | H

x _ EN
NH NH

[0383] The title compound from Step A above may be selectively reduced with freshly prepared zinc borohydride
(asdescribedin: D. C. Sakar, A. R. Das and B. C. Ranu, J. Org. Chem., 1990, 55, 5799-5801.) to give title allylic alcohol.
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Step D

N-tert-BUTOXYCARBONYL-4-HYDROXYMETHYL-1,2-DIHYDROISOQUINOLINE

[0384]
H
CHO
AN g N
N‘Boc N‘Boc

[0385] The title compound from Step B above is reacted with zinc borohydride as described in Step C above to give
the title compound.
[0386] Alternatively:

X X

NH N.BOC

‘V

[0387] The title compound from Step C above is reacted with di-tert-buylydicarbonate and sodium hydroxide as
described in Preparative Example 57, Step A to give the title compound.

Step E

4(R/S)-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-1,2-DIHYDROISOQUINOLINE

[0388]
=
NS R NS
A NH s LA NH

[0389] The title compound from Step C above may be reacted with N,N'-carbonyldiimidazole using the procedure
described in Preparative Example 22, part two of Step D, to give the title compounds.

Step F

4(R/S)-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROISOQUINOLINE

[0390]

A =\
N2 Ha
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[0391] The title compounds of Step E above is reduced with platinum (IV) oxide as described in Route 1, Step D
above to give the title compounds.

Step G
4[4-(TOLUENESULFONYLOXY)METHYL]-1,2-DIHYDROISOQUINOLINE

[0392]

H Ts

X X

N~Boc N‘Boc

1 4

[0393] The title compound from Step D above is reacted with 4-toluenesulfonyl chloride in pyridine as described in
Preparative Example 4, Step D to give the title compound.

Step H
2N-tert-BUTOXYCARBONYL-4(R/S)-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-1,2-DIHYDROISOQUINOLINE

[0394]

T P
1K) (h\/\CH’j
S X -
N‘Boc ' N‘Boc

[0395] The title compounds from Step G above was reacted with sodium 4-methylimidazole as described in Route
1, Step C above to give the title compounds.

[0396] The regio-isomers may be separated by chiral HPLC on a Chiralpak® column, or by treatment with trityl
chloride as described above.

Step |

2N-tert-BUTOXYCARBONYL-4(R/S)-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-
1,2,3,4-TETRAHYDROISOQUINOLINE

[0397]
o e
~2CHs N Ha

X

N‘Boc N‘Boc

Y

[0398] The title compounds from Step H above were reduced with platinum (IV) oxide as described in Route 1 Step
D above to give the title compounds.
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Step J
4(R/S)-[(1H-4/5-METHYLIMIDAZOL-1-YL)METHYL]-1,2,3,4-TETRAHYDROISOQUINOLINE
[0399]

. o

N\// CH3 N\//‘\CHa

N\Boc NH

[0400] The title compounds from Step H above were deprotected as described in Preparative Example 57, Step D,
to give the title compounds.

EXAMPLE 74

1,1-DIMETHYLETHYL-4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-
11-YL)-2(R)-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]JCARBONYL]-1-PIPERAZINECARBOXYLATE

Route 1

[0401]

Br—/ \ o] Brm,m

N T
CHg 'N™ ™y CH[Nj"“ J"‘
B, 8 sl 8 LD

HyC” 070 HsC” S0 0

/\
\—/
O
I

Y

[0402] 1,1-Dimethylethyl-4-(3-bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-2(R)-car-
boxy-1-piperazinecarboxylate (0.250g, 0.466mmoles) (prepared as described in Preparative Example 6), 2-[2-(1H-
imidazol-1-yl)ethyl]piperidine (0. 1085g, 0.6054mmoles) (prepared as described in Preparative Example 1),
1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride (0.116g, 0.6054mmoles), 1-hydroxybenzotriazole
(0.0818g, 0.6054mmoles) and 4-methylmorpholine (0.0665mL, 0.6054mmoles) were dissolved in anhydrous DMF
(10mL) and the mixture was stirred under argon at 25°C for 18h. The solution was evaporated to dryness and the
residue was washed with water, dried (MgSO,), filtered and evaporated to dryness. The residue was chromatographed
silica gel using 1% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.0617g,
19%): ESMS: m/z 697.2 (MH*); 8, (CDCl;) 6.97 (1H, broad s, Im-Hg), 7.04 (1H, broad s, Im-H,), 7.09-7.20 (broad m,
Ar-H), 7.56 (2H, broad s, Ar-H and Im-H,) and 8.38ppm (1H, broad s, Ar-H,); 8- (CDCl3) CH3: 28.4, 28.4, 28.4; CH,:
18.9/19.1, 25.2/25.3/25.8, 30.4, 30.5, 31.4/31.6, 36.6, 40.2, 42.9, 43.4/43.7, 50.3, 52.7/53.0; CH: 45.8/46.4,
50.1/51.7/52.2, 78.3/78.4/~79.3, ~119.0, 126.3, ~129.8, 130.7/130.8, 132.5/132.6, ~137.1, 141.4/141.5, 146.9; C:
80.4, 120.0, 134.3, 134.8, 137.5, 141.0, 155.9, 156.8, 157.2.
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Route 2

Step A.

4-(3-BROMO-8-CHLORO-6.11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11-YL)-2(R)
-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]1-PIPERAZINE

[0403]

[0404] 3-Bromo-8,11-dichloro-6,11-dihydro-5H-benzo[5,6]cycloheptal1,2-b]pyridine (prepared as described in Pre-
parative Example 40 (U.S. 5,719,148) was reacted with the title compound from Peparative Example 1, Step B, and
triethylamine, in a mixture of anhydrous THF and dichloromethane at 25°C to give the title compound.

Step B

1,1-DIMETHYLETHYL 4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZOJ[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-
11-YL)-2(R)-[[2-[2-[(LH-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

Br— ) Cl Brm/m
=N =N

[0405]

N N
[ ]’u, N [ ]/,,, N
HTTD =l LD

[0406] The title compound from Example 74, Step A was reacted with di-tert-butyldicarbonate and sodium hydroxide
in THF-water (1:1) at 25°C as described in Preparative Example 57, Step A, and the product was chromatographed
on silica gel, to give the title compound.
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EXAMPLES 75-86

[0407]
4 \ Cl
=N
®
. n,, OH
N
Rg O
11(R), 2(R)
74 \ Cl
EE']
n, OH
N
Rgy O
11(S), 2(R)
Where
CHs

R9= H3 e
Hsgj\O/\O

EP 1 140 904 B1

‘V

CH3,'W\,
A X

HsC o 0

/\ Cl

h N
[Njﬂ..] r Rs
Rg O

11(R), 2(R)

/\ Cl

;?\1
[r}l]] r Rs
Re O

11(S), 2(R)

§
Ok

[0408] Using essentially the same procedure as described in Example 74 above the 11(R),2(R) and 11(S),2(R) acids
from Preparative Example 30, may be reacted with the product from Preparative Example 58, Step E to give the targets
of Examples 75-80; or with the product from Preparative Example 59, Step E to give the targets of Examples 81-86,

respectively (Table 11).
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TABLE 11

Ex Product
’ RQ . RB
75 Ha i

Hal s )

Hag;\o’% Q\/\/h’i}mm

11(R).2(R) “ '

2(R/S)
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TABLE 11 - continued

Ex Product
- ~
76 Hz_t_
C /% meHa
11(S).2(R) -~
2(R/S)
77 Ha o
chio’% Q\/\/N@CHS
11(R),2(R) "'“‘
2(R/S)
78 - CHg 1
Hsc)\o’% (D\/\/@‘CHS
11(S).2(R) -
2(R/S)
" O\ ' (j\/\/ ©‘
oo Sy N CHs
11(R),2(R) '
2(R/S)
> (j\/\/ -
o @_
11(8),2(R) '
2(R/S)
81 CHz =N
gﬂ\)&) /\,/"I‘:—./)‘CH:’
11(R),2(R)

e

N

WAA

‘ . 4(R/S)




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

TABLE 11 ~ continued

Ex Product
R® R’
82 Ha
oTx >
Hzgio’% N~ CHs
11(S).2(R) 6\/
..AN«.
4(R/S)
IR -
chio/% N y/, CH3
11(R).2(R) (S\/
wa
4(R/S)
84 Hy o+ =
H3C O/% N:>—CH3
11(9).2(R) 6\/
wf&
4(R/S)
85 O\ | r
- //—CHs
o /% } ~ N:>~
11(R),2(R)
- ..&L)
4(R/S)
86

Ok,

11(9).2(R)

r@' CHa

| :D?

4(R/S)
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EXAMPLE 87-110

[0409]

Ilaoc !|30c
N N
ENj/,,/O * CNH ’ [Nj"" ]rNQ >
o)~o// H oo

7 cl
N 7 cl B N
(DD - I —— OO
H oo Ci Ho o

/\ Cl

b

N
- 0
/,, Ra
N
Ry O
Where; Rg= %NO

[0410] By reacting the anhydride from Preparative Example 3 as shown in the scheme above, with the product of
Preparative Example 60, Steps E, or F, one may obtain the intermediate of Examples 87-98; or with the product of
Preparative Example 61, Step B, one may obtain the intermediate of Examples 99-102; or with the product of Prepar-
ative Example 62, Step C, one may obtain the intermediate of Examples 103-106; or with the intermediate of Preparative
Example 63, Step D of Route 1, or Steps F or J of Route 2 one may obtain the intermediate of Examples 107-110. By
reacting the intermediates so obtained with 8,11-dichloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[l,2-b]pyridine (pre-
pared as described in US 5,807,853, Sept. 15, 1998) one may obtain, after reaction with either di-tert- butyldicarbonate
and sodium hydroxide, or with iso-propyl chloroformate and triethylamine, or with cyclohexyl chloroformate and tri-
ethylamine as described herein, the title compounds of Examples 87-110 (Table 12).
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TABLE 12
Ex Product
RS R8

87 Ha 1 /\
H;,Cio/% C(N\/(\ L/
11(R),2(R) -

3(R/S)

88 Hy 1 /\\\‘
Hscj\o/% GED/\L
11(S).2(R) ~

3(R/S)
- Sopw
i~ |
O\O /% y \§/
11(R).2(R) R
3(R/S)
. SRS
. I
O\o’% N ~/
11(S),2(R) '
3(R/S)
91 A
i N
11(R).2(R) o~
3(R)
He” 0" o ©I\/Nj/\\§/“
11(S).2(R) o~
3(R)
93 ) O\ | H3 v\|-
0o
11(R),2(R) 3C O/§O
3(R)
94 CH3 [}
/% AN )
11(S),2(R) H3C OAO
3(R)
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TABLE 12 - continued

11(S),.2(R) -

Ex Product
R° R
95 CHz RN
N
HaC E:Emj \/
11(R),2(R) e
3(S)
96 TN, v S
ST | OO C
' N
11(S),.2(R} ~
3(S)

97 @«"\WN T~
T [ o
+ N =

11(R),2(R) '
3(8)

e | N
Ok, J0
11(S).2(R) '

3(S)

99 Ha . NNy
30’10’% C(j/\
11(R},.2(R) Ha

3(R/S)
100 CHz 1 A
BEN NS,
11(S).2(R) -~ CHa
3(R/S)

101 QO \ Z I/j/\ N\

. /% ~ Y L{:H
11(R),2(R) - - *

‘ 3(R/S)

or OOA®

o . N \CHa

3
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TABLE 12 - continued

Ex Product
R® R®
103 CHg . /~N
ch/ko’% = /\@j
11(R).2(R) ~~
104 Hy 1 I~
HaC "N = /\©|\/Nj
11(S).2(R) o~
T Ok | OO
oS - N
11(R),2(R) )
QL 00
0 = N
11(S),2(R) 5
107 Ha 1 ,/,N
Hae” o Yo NP —CHs
| e
4(R/S)
108 CHz s =N
H3c)\0/§) {p—cms
11(S),.2(R) ‘
| Nyt
4(R/Sr3
109 : =
v\!‘.‘—v r\’;‘/' Cn 3
NN
11(R),2(R) | ‘
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TABLE 12 - continued

Ex Product
R® R®
110 o =Y
t
Ok -
11(S),2(R} l
Nor!
4(R/S)

PREPARATIVE EXAMPLE 64

Step A

[0411]

!
(52.) CO,ET

[0412] 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). Ag. 50% NaOH is added to pH 12 followed by extraction with EtOAc (3x4 L), the

(52.i) H

extracts are washed with brine, dried and evaporated to afford 52.ii (166 Q).

Step B

[0413]

(52.1)

N
H

((+) 52.0) H

[0414] 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 extracted with 1N HCI (2
L). The aqueous extract is basified to pH 10 with 50% NaOH and extracted with EtOAc ( 3x2 L). The extracts are
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evaporated and chromatographed on silica-gel (1 Kg). Elution with 10% MeOH/CH,CI, affords the title compound ()
52.0 (104 g): HRMS (FAB) calcd for C1gH,;N,79BrCl 393.0556, found 393.0554.

Step C

[0415] The racemate (x) 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 g): [0(]20 -28.4° (c
0.3, MeOH); Further elution with the same solvent affords: Peak 2 (+) 52.0 (42 g): [0(]2Do +27.5° (¢ 0.3, MeOH).

PREPARATIVE EXAMPLE 65

Step A

[0416]

(+)52.0) N

[0417] A solution of (+)-52.0 (2.3 g) in dimethylformamide (30 ml) is reacted with isatoic anhydride (1.25 g) in the
presence of DMAP (0.1 g) at r.t. for 3hrs and is then evaporated under reduced pressure and residual dimethylforma-
mide is azeotroped with toluene. The residue is dissolved in ethylacetate (50 ml) and the solution is extracted with
10% sodium carbonate (3x100 ml). The organic layer is filtered through 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)*.

Step B

[0418]

OCHj

(54.0a) °© O (54.0b)

[0419] 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 chloride (0.15 g) while adding dropwise over 10 minutes a 4M hydrochloric acid/dioxane solution (3.9 ml). The
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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). The combined extract
is evaporated under reduced pressure and the crude reaction product is flash chromatographed on silica-gel (400 ml).
Elution with 25% ethylacetate-hexane affords after evaporation the title compound 54.0a and 54.0b as an off-white
amorphous solid (2.97 g). 1H NMR (CDCl5, 300 MHz) d 3.30 (s, 3H); MS (FAB) m/e 525 (MH)*.

Steps C-E

[0420]

N
|
(67.0a) L . o (57.0b)  oorBu

[0421] A solution of 54.0a and 54.0b (17 g) in methanol (150 ml) and 2N hydrochloric acid (170 ml) and conc. HCI
(60 ml) is heated under 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 HCI (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 (BOC),O (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). 1H NMR (CDClg, 300 MHz) d 1.40 (s, 9H); MS (FAB) m/z 535 (MH)*.

[0422] The single tlc spot is a mixture of four isomers.

[0423] Following the above procedure (Steps A-E), except 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 (MH").

EXAMPLE 118

[0424]
B c

B cl =

Z + EDCI, HOBT, NMM « J

s DMF NTTY

= O\
H N .2HCI co—
reagent 1 COOH i A
5\

Reagent 2 O =
O‘k— \/;f‘\‘

[0425] The imidazole (reagent 2), (220mg,0.92mmol) was added to a solution of the Boc-acid (reagent 1), (0.45g,
0.842mmol), EDCI (200mg, 1.043mmol),HOBT (130mg, 0.962mmol),and N-methyl morpholine (0.2ml,1.81mmol) in
DMF (anhydrous, 3ml) at room temperature (20°C).The resultant solution was stirred overnight at 20°C.The solvent
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was evaporated, water (70ml) and EtOAC (120 ml) were added. The organic layer was separated,and washed with
10% Na,COj solution (50ml),then dried over MgSQ,, filtered and evaporated solvent yielding an oil, which chromato-
graphed on silica gel eluting with 5% MeOH:MeCl, yielding the product as a white solid (425mg,74%). Mixture of 4
isomers A,B,C,D.

[0426] Mass Spec (ES,MH,682) High Resolution Mass Spec Estimated(MH) 684.2139(Br =81) Observed 684.2120

EXAMPLE 119

Step A
[0427]
P! S A A

4N HCI - dioxane

9\9— PR @ W
o /LO \'\;N E\GN

[0428] A solution of the tricycle Isomers (A,B,C,D) from Example 118 (150mg,0.205mmol) in 4N Hcl-dioxane (3ml)
and MeOH(3ml) was stirred at 20°C for 3 hours. The solvent was evaporated,water (25ml) and 10% NaOH (4ml) were
added,then extracted with MeCl, (2x100ml). The organic layer was separated,dried over MgSQO,, and solvent evapo-
rated yielding a solid which was purified by chromatography on silica gel eluting with 3% MeOH-MeCl, containing 2%
NH,OH yielding the product as a white solid (70mg,54% yield). Mixture of 2 Isomers(C,D) (PRODUCT 1) Mass Spec
ES (MH) 582.

[0429] Further elution yielded a white solid (25mg, 20% yield). Mixture of 2 isomers.(A,B) (PRODUCT 2) Mass Spec
ES (MH) 582.

mn

W \‘O
I —
o]

Step B
[0430]
Br = Cl Br / Cl
>~ ~
(Boc),0
_ ( > Agq NaOH, THF ( >
% q
H o 2 o] Z

~) e ~)

[0431] A solution of Boc dicarbonate (100mg, 0.45mmol) in THF(2ml) was added to a solution of the tricycle (170mg,
0.29mmol )-(Isomers (C,D) Product 1 Step A in THF:H,O(V/V 1:1) (10ml), and 10% NaOH (2ml) at 20°C. Then stirred
at this temperature for 60 minutes. Water (5ml), and MeCl, (10ml) were added. The organic layer was separated, dried
over MgSQ,, filtered and solvent evaporated yielding an oil, which chromatographed on silica gel , eluting with 3% v/
v MeOH: MeCl, yielding the product as a white solid (170mg) as a mixture of 2 isomers. Isomers C,D. Mass Spec (ES,
MH) 682.
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[0432] Following the above procedure but, substituting Product 2 from Step A (isomers A/B) for Product 1, the title
Product 2 was obtained as a mixture of 2 isomers (A/B). Mass Spec (ES.MH) 682

EXAMPLE 120

[0433]

4

| =~
\N
\=N

[0434] Compounds with (R) stereochemistry at C;; were obtained using the procedures of Examples 118 and 119,
but substituting reagent 1, Example 118 with the corresponding (R) tricyclic isomer.

EXAMPLES 121-126

[0435] By substituting reagent 2, Example 118, with the corresponding 2-methyl imidazole analog, the following
structures were obtained

Br. X - Cli
L
() 1™H CHs
CHgs
~ =)
”I’l._N\;,N N _
R, O =
wherein R is defined in Table 14 below.
TABLE 14
Ex. _ R’ Isomer C-11 Isomer
121 CH3 AB,C,D : S
el L
Hsc O ~o

MS ES (MH)=696
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TABLE 14 - continued

Ex.

R® Isomer

C-11 Isomer

122

CH,

H3C>]\ /K ‘ AB,C,D
O

H,C o)
MS ES (MH)=696

R

123

CH,

Hscy\ /k ¢.D
0

H,C o
MS ES (MH)}=696

124

CH,

H3C>l\ /K AB
o

H,C o)
MS ES (MH)=696

125

CH,

HSC>[\ /k - CD
o

H,yC 0
MS ES (MH)=696

126

CH,

H3C>|\ /k aB
o

H,C o)
MS ES (MH)=696

EXAMPLES 127-132

[0436]

CH
Lo P N

HyC”

[0437] Following the procedures of Examples 118 and 119 the isomers identified in Table 15 below are obtained.
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TABLE 15
Ex. | C-11Isomer | Isomer | mass spectra observed (estimate)
127 R A,B,C,D 684.2123
(684.2139)
128 R A,B 684.2163
(684.2139)
129 R C,D 684.2163
(684.2139)
130 S A,B,C,D 684.2149
684.2139
131 S A,B, 684.2139
(684.2139)

PREPARATIVE EXAMPLE 66

Step A
[0438]
SN OoH . O2H
o
M N/
e
Me ll\l
H

[0439] A solution of 6-methylnicotinic acid (9.97 g, 72.7 mmol), water (100 mL) and ammonium hydroxide was hy-
drogenated (40 psi) in a Parr low-pressure hydrogenation apparatus with 5% Rh-Al,O5 (3.229) catalyst over 72 hours.
The mixture was filtered and the filtrate was concentrated in vacuo to give the title compound as a white solid (10.58g,
100%, MH* = 144).

Step B
[0440]
OoH
CO2Et
' ot
Me l
H M \
H

[0441] A mixture of the title compound from Step A (10.40 g, 72.72 mmol), ethyl alcohol (190 proof, 50 ml) and HCI
(4ml) was stirred at reflux for 4 hours. The reaction mixture was cooled to room temperature and poured into water.
Basification of the mixture to pH=10 with 10% aqueous NaOH, extraction of the aqueous layer with EtOAc and drying
of the organic phase over anhydrous Na,SO, gave the title compound after filtration and concentration in vacuo (1.85
g, 15%, MH* =172).
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Step C

[0442]

O5Et
CHoOH

Y

Me

I—-=2

Me T'\l
H

[0443] Following the procedure set forth in Preparative Example 7 Step B but using the title compound from Prepar-
ative Example 66 Step B instead of the title compound from Preparative Example 7 Step A, the product was isolated
as a mixture of diastereomers and used directly in Step D (MH* = 130).

Step D
[0444]
HOH
CH,0H
>
Me I
H Me l’il
BOC

[0445] Following the procedure set forth in Preparative Example 7 Step C but using the title compound from Prepar-
ative Example 66 Step C instead of the title compound from Preparative Example 7 Step B, the product was isolated
as a mixture of diastereomers (1.7 g, 70%, MH* = 230).

Step E

[0446]

H,OH HoOTs

‘V

Me fil M N
BOC BOC

[0447] Following the procedure set forth in Preparative Example 7 Step D but using the title compound from Prepar-
ative Example 66 Step D instead of the title compound from Preparative Example 7 Step C, the product was isolated
as a mixture of diastereomers and used directly in Step F (MH* = 384).
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Step F

[0448]

CH,OTs

Y

Me N —

[0449] Following the procedure set forth in Preparative Example 7 Step E but using the title compound from Prepar-
ative Example 66 Step E instead of the title compound from Preparative Example 7 Step D, the product was isolated
as a 5:1 mixture of diastereomers (328 mg, 16 %, MH* = 280).

Step G

[0450]

'Q_

N TF
Lo XTFA-

[0451] Following the procedure set forth in Preparative Example 7, Step F, except using the title compound from
Preparative Example 66, Step F instead of the title compound from Preparative Example 7, Step E, the amine hydro-
chloride was obtained (290 mg, 100%): MH* = 180.

PREPARATIVE EXAMPLE 67

Step A

[0452] Ifthe procedures setforth in Preparative Example 66 Steps A-E were followed, except using 5-hydroxynicotinic
acid instead of 6-methylnicotinic acid in Step A, the alcohol

HO, CHQOTS

o—=Z

would be obtained.

Step B

[0453] If the product from Step A were treated with PCC according to standard procedures set forth in the literature,
then the ketone
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O HQOTS

would be obtained.

Step C

[0454] Ifthe procedures set forth in Preparative Example 7 Steps E-F were followed, except using the title compound
from Preparative Example 67 Step B instead of the title compound from Preparative Example 7 Step D in Step E, the
amine hydrochloride

e

would be obtained.

Step D

[0455] If the product from Preparative Example 67 Step C were treated with excess NaBH, according to standard
procedures set forth in the literature, then the alcohol

HO N/\

\
N
|
H
would be obtained.
PREPARATIVE EXAMPLE 68
Step A
[0456]
~CO,EL
Y
BOC
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[0457] Following the procedure set forth in Preparative Example 7 Step C, except using the title compound from
Preparative Example 7, Step A instead of the title compound from Preparative Example 7, Step B the ester was obtained
(62 g, 96%): MH* =258.

Step B

[0458]

(\[)\\/kacozst
/

Y

|
BOC

[0459] The product from Preparative Example 68, Step A was treated with LDA in anhydrous THF and the resulting
anion was alkylated with methyl iodide to afford the title product (3.53 g, 82%): MH* =272.

Step C

[0460]

Me
COoEt
N
H TFA

[0461] The title compound from Preparative Example 68, Step B was treated with TFA in CH,Cl, to afford the amine
as a TFA salt (1.63 g, 84%): MH* =172.

Step D

[0462]
)
Me N
N

|
BOC

[0463] Following the procedures set forth in Preparative Example 7, Steps B-E, except using the title compound from
Preparative Example 68, Step C instead of the title compound from Preparative Example 7,Step A in Step B, the
imidazole product was obtained (0.445g, 100%): MH*= 280.
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[0464]

[0465] Following the procedure set forth in Preparative Example 68 Step C, except using the title compound from
Preparative Example 68 Step D, the amine was obtained as its TFA salt. The mixture was basified with 1N NaOH and

EP 1 140 904 B1

)
H

Me

extracted with CH,Cl, to afford the product (14.6 g, 96%): MH*= 194.

PREPARATIVE EXAMPLE 69

[0466] Following the procedures set forth in Preparative Example 68 Steps A-D, except using benzyl bromide in

Preparative Example 68 Step B instead of methyl iodide, the amine hydrochloride

would be obtained.
EXAMPLE 133

[0467]

142

N7 N\

-/

2 HCI

Cl
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[0468] If the procedure set forth for preparing the compounds in Table 4 were followed using the title compound from
Preparative Example 66 Step G, the 11 (S) or 11(R) isomers of the carboxylic acid from Preparative Example 30, DEC,
HOBt and NMM, the title products would be obtained.

EXAMPLE 134

[0469]

N N
7 n/ [N)"/// n/N
S LT T S |
o] O 7 O 0O 7
) \
N N
[0470] If the procedure set forth for preparing the compounds in Table 4 were followed using the title compound from

Preparative Example 67 Step D, the 11(S) or 11(R) isomers of the carboxylic acid from Preparative Example 30, DEC,
HOBt and NMM, the title products would be obtained.

EXAMPLE 135

[0471]

[0472] If the procedure set forth for preparing the compounds in Table 4 were followed using the title compound from
Preparative Example 68 Step D, the 11(S) or 11(R) isomers of the carboxylic acid from Preparative Example 30, DEC,
HOBt and NMM, the title products would be obtained.
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EXAMPLE 136

[0473]

/\ cl

[0474] If the procedure set forth for preparing the compounds in Table 4 were followed using the title compound from
Preparative Example 69, the 11(S) or 11 (R) isomers of the carboxylic acid from Preparative Example 30, DEC, HOBt
and NMM, the title products would be obtained.

EXAMPLE 137

[0475]

[0476] If the procedure set forth for preparing the compounds in Table 4 were followed using the title compound from
Preparative Example 70 Step B, the 11(S) or 11 (R) isomers of the carboxylic acid from Preparative Example 30, DEC,
HOBt and NMM, the title products would be obtained.

50
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PREPARATIVE EXAMPLE 71

2(R)-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]PIPERAZINE

[0477]

)
eN o

BIS-(1,1-DIMETHYLETHYL) 2(R)-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]-
1,4-PIPERAZINEDICARBOXYLATE

Step A

[0478]

Bloc l?oc
N

ENJ H > [ j N

rg,oc g/o zoc g/ Nr:N/>

[0479] 1,4-Di-N-tert-butoxycarbonylpiperazine-2(R)-carboxylate (prepared as described in Preparative Example 2)
(0.69464g, 2.1mmoles), 2(R/S)-[2-(1H-imidazol-1-yl)ethyl]piperidine (0.49g, 2.73mmoles) (prepared as described in
Preparative Example 57, Step D) (IN0972), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.524qg,
2.73mmoles), 1-hydroxybenzotriazole (0.3693g, 2.73mmoles) and 4-methylmorpholine (0.2765g, 0.3005mL,
2.73mmoles) were dissolved in anhydrous DMF (3mL) and the mixture was stirred under argon at 25°C for 122h. The
mixture was evaporated to dryness and chromatographed on silica gel using 2-3%(10% conc. ammonium hydroxide
in methanol)-dichloromethane as the eluant to give the title compound (0.3127g, 30%): CIMS: m/z 492.4 (MH*); &y
(CDClg) 1.47 (18H, s, CH3), 7.01 (1H, s, Im-Hg), 7.05 (1H, s, Im-H,) and 7.63ppm (1H, s, Im-H,); 6; (CDCl3) CHa:
28.2, 28.2, 28.2, 28.4, 28.4, 28.4; CH,: 19.1, 25.9, 26.2, 31.9, 40.8/41.3, 41.7, 43.0, 44.0; CH: 46.0, ~52.1, 128.4,
137.2; C:~80.4, 80.6, ~154.3, ~154.3 and ~169.8.

Step B

2(R)-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]PIPERAZINE

P e

[0481] The title compound from Step A above was deprotected as described in Preparative Example 57, Step D and
chromatographed on silica gel to give the title compound.

[0480]
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EXAMPLE 138

1,1-DIMETHYLETHYL 4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11
(S)-YL)-2(R)-[[2-[2-(1H-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

[0482]

Br—/ \ Cl Br—/ \ Cl
[Nj ’
/s, O' Na+ E j
CH3 N n/ CHs N n/ FN
H3C H3C /
Hscj\o/go 8] >‘\ /& N\)

[0483] Sodium 1,1-dimethylethyl 4-(3-bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[l,2-b]pyridin-11(S)-
y)-2(R)-carboxy-1-piperazinecarboxylate (prepared as described in Preparative Example 6 (sodium salt)) (0.1g,
0.179mmoles), 2-[2-(1H-imidazol-1-yl)ethyl]piperidine (prepared as described in Preparative Example 57, Step D)
(0.0417g, 0.233mmoles), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.0446g, 0.233mmoles),
1-hydroxybenzotriazole (0.0314g, 0.233mmoles) and 4-methylmorpholine (0.0512mL, 0.466mmoles) were dissolved
in anhydrous DMF (4mL) and the mixture was stirred under argon at 25°C for 42h. The solution was evaporated to
dryness and the residue was taken up in dichloromethane and washed with 1IN NaOH, dried (MgSQO,), filtered and
evaporated to dryness. The residue was chromatographed on silica gel using 2.5%-4.5%-7.5% (10% conc. NH,OH in
methanol)-dichloromethane as the eluant to give the title compound (0.0172g, 14%): HRFABMS: m/z 697.2285 (MH*)
(Calcd. m/z 697.2269); &, (CDCl3) 1.38/1.41 (9H, s, CHy), 4.31 (1H, s, Hy;), 4.68 (1H, bs, H,.), 7.03-7.20 (5H, bm, Ar-
H and Im-H, and Im-Hg), 7.57 (1H, s, Im-H,), 7.83/8.19 (s, Ar-H) and 8.38ppm (1H, s, Ar-H,); 8- (CDCl3) CHj: 28.4,
28.4, 28.4; CH,: 19.1, 24.8/24.9, 28.3, 30.3, 30.5, 31.4, 40.3, 42.9/43.2, 44.1/44.6, 45.6, 50.2/50.5; CH: 44.1/44.6,
52.4, 78.4, 119.2, 126.2, 127.9, 130.8/130.9, 132.6, 136.7, 141.6, 146.9/147.2; C: 80.4, 119.8/120.2, 134.4, 135.9,
137.0, 141.5, 155.0, 156.7/157.1, 170.3/170.9.

EXAMPLE 139

1,1-DIMETHYLETHYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZQO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2
(R)-[[2-[2-(AH-IMIDAZOL-1-YL)ETHYL]-1-PIPERIDINYL]JCARBONYL]-1-PIPERAZINECARBOXYLATE

[0484]

72 \ Cl v \ Cl
SNT T =N" F
N N
Hj
H30>]\O/&O © HSCS\O/‘K N\/)

[0485] Sodium 1,1-dimethylethyl 4-(8-chloro-6,11-dihydro-5H-benzo[5,6]cycloheptall,2-b]pyridin-11(S)-yl)-2(R)-
carboxy-1-piperazinecarboxylate (prepared as described in Preparative Example 6 (sodium salt)) (0.5239g,
1.09mmoles), 2-[2-(1H-imidazol-1-yl)ethyl]piperidine (prepared as described in Preparative Example 57, Step D)
(0.2544g, 1.42mmoles), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.272g, 1.42mmoles), 1-hy-
droxybenzotriazole (0.1918g, 1.42mmoles) and 4-methylmorpholine (0.156mL, 1.42mmoles) were dissolved in anhy-
drous DMF (23.5mL) and the mixture was stirred under argon at 25°C for 286h. The solution was evaporated to dryness
and the residue was taken up in dichloromethane and washed with 1N NaOH, dried (MgSQO,), filtered and evaporated
to dryness. The residue was chromatographed on silica gel using 2. 5% (10% conc. NH,OH in methanol)-dichlorometh-
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ane as the eluant to give the title compound (0.2298g, 32%): HRFABMS: m/z 619.3169 (MH*) (Calcd. m/z 691.3163).
EXAMPLE 140

4-(8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[L,2-b]PYRIDIN-11(S)-YL)-2(R)-[[2-[2-(1LH-IMIDAZOL-
1-YL)ETHYL]-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINE

[0486]

N

J,
CHz "N~ ™ =N N7 =N
woft 18 ?D D

[0487] The title compound from Example 2 (0.225¢g, 0.363mmoles) was dissolved in methanol (2mL). A 10% (v/v)
solution of conc. H,SO, in dioxane (v/v) (4.92mL) was added and the mixture was stirred at 25°C for 30h. The mixture
was diluted with methanol (300mL) and then treated with BioRad AG1-X8 (OH") resin until it was basic. The resin was
filtered off and washed with methanol. The combined filtrates were evaporated to dryness and the residue was chro-
matographed on silica gel using 4% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title
compound (0.1692g, 90%): HRFABMS: m/z 519.2655 (MH*) (Calcd. m/z 519.26390), 8, (CDCl3) 4. 43 (1H, s, Hy),
6.89, 6.93,7.00, 7.10, 7.13,7.19, 7.21, 7.43, 7.45, 7.50, 7.58, 8.03, 8.30 and 8.33ppm (8H, Ar-H and Im-H); -(CDCly)
CH,: 19.0/19.1, 25.0/25.7/26.1, 28.3/29.0, 30.7/30.8, 30.9/31.0, 31.5/31.9, 40.0/40.7, 43.5, 44.1/44.2/44.4, 49.3,
51.5/52.3; CH: 45.7/46.1, 54.4/55.8, 79.5/79.7, 118.3/118.9, 123.1, 126.1/126.2, 129.1/129.5/129.7, 130.4/130.5,
132.7/132.8, 137.0/137.5, 138.9, 146.3; C: 134.0, 134.9, 135.5, 141.3, 157.1 and 169.8/170.5.

Zu
Zan

EXAMPLE 141

CYCLOHEXYL 4-(8-CHLORO-6, 11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2(R)-[[2-[2
(R/S)-(1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

[0488]

/\ Ci /\ Cl

N

O, ? — () % N
S IO S Ry

[0489] The title compound from Example 3 (0.165g, 0.318mmoles) and triethylamine (0.1329mL, 0.954mmoles) were
dissolved in anhydrous dichloromethane (5mL). Cyclohexylchloroformate (0.0517g, 0.318mmoles) dissolved in anhy-
drous dichloromethane (3.18mL) was added and the mixture was stirred at 25°C for 18h. Additional cyclohexylchloro-
formate (0.0129g, 0.0795mmoles) was added and the stirring was continued for a total of 43h. Methanol (10mL) was
added and the mixture was evaporated to dryness. The residue was chromatographed on silica gel using 2% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.153g, 75%): HRFABMS: m/z
645.3323 (MH*) (Calcd. MH* for C55H46NgO5Cl: m/z 645.3320).

Zan
2l
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EXAMPLE 142

CYCLOHEXYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZOJ[5,6]CYCLOHEPTA[L,2-b]PYRIDIN-11(S)-YL)-2(R)-[[2-[2
(S)-(1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]JCARBONYL]-1-PIPERAZINECARBOXYLATE

[0490]

7 \ ‘

El %C}

Isomer 1

2

and

(-)-CYCLOHEXYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2(R)
-[[2-[2(R)-(1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

[0491]

/\ I
SN

ENJ;.W(% o

0 @]
Isomer 2

[0492] The diastereoisomeric mixture of compounds from Example 4 (0.1549) was separated using chiral HPLC on
a Chiralpak AD® analytical column using hexane: iso- propanol: diethylamine::85:15:0.2 as the eluant to give firstly
isomer 1 (0.0376g): HRFABMS: m/z 645.3305 (MH*) (Calcd. MH* for C36H,46NgO5Cl: m/z 645.3320); & (CDCl3) 4.30
(1H, s, Hyy), 6.69, 7.00, 7.08, 7.11, 7.16, 7.18, 7.42, 7.70, 8.32ppm (9H, s and m, Ar-H and Im-H); 5.(CDCl3) CH,:
18.9, 23.6, 23.6, 24.8/25.1, 25.5, 28.0/28.2, 30.7/30.8, 30.9, 31.4, 31.8,31.8,42.7,43.9/44.2,50.9, 52.7; CH: 49.9/50.5,
52.3,73.6,79.3/79.9,119.1/119.3, 123.3,126.0, 128.7,132.8, 137.1, 139.0/139.3, 146.3/146.9; C: 134.0, 135.1, 136.4,
141.8/ 142.0, 156.1, 157.0 and 170.1; [0]°°°C 0° (c=6.89mg/2mL, MeOH) and then isomer 2 (0.0867g): HRFABMS:
m/z 645.3305 (MH*) (Calcd. MH* for 036E|46N6O3CI: m/z 645.3320); &y (CDClg) 4.34 (1H, s, Hy4), 6.93, 6.99, 7.086,
7.12,7.17,7.21, 7.43, 7.70 and 8.33ppm (9H, s and m, Ar-H and Im-H); 8o(CDCl;) CH,: 19.1, 23.5, 23.5, 24.7/24.8,
25.5,28.9, 30.6/30.8, 31.5, 31.7, 31.7, 36.7,40.4,42.8,44.1, 50.5, 52.5; CH: 45.9,52.3, 73.7, 79.2/79.4, 119.4, 123 .4,
126.0, 128.1, 130.7, 132.7, 137.1, 139.4, 146.3/146.9; C: 134.1, 135.1, 136.6, 142.0, 156.1, 157.0 and 170.2; [0]20"(:
-44.1° (c=10.05mg/2mL, MeOH). An overlap cut consisting of a mixture of isomer 1 and isomer 2 was also obtained
(0.0196g).
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PREPARATIVE EXAMPLE 72

2(R/S)-[2-(1H-4-METHYLIMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0493]
. Hy
Step A

1N-tert-BUTOXYCARBONYL-2(R/S)-[2-(1H-4/5-METHYLIMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0494]

[0495] 4-Methylimidazole (6.46g, 78.64mmoles) was dissolved in anhydrous DMF (300mL) and 95% sodium hydride
(1.987g, 86.5mmoles) was added in portions over 0.25h to the stirred solution at 25°C under argon. The mixture was
stirred for 1.5h. A solution of 1-tert-butoxycarbonyl-2(R/S)-(2-methanesulfonyloxyethyl)piperidine (21.97¢,
71.49mmoles) (prepared as described in Preparative Example 57, Step B) in anhydrous DMF (70mL) was added and
the mixture was heated under reflux at 65°C for 2.25h. The mixture was evaporated to dryness and the residue was
taken up in dichloromethane and washed with water, dried (MgSQO,), filtered and evaporated to dryness. The product
was chromatographed on silica gel using 1% (10% conc. NH,OH in methanol)-dichloromethane to give a mixture of
the title compounds (12.06g, 58%) (4-Me:5-Me::63:37): CIMS: m/z 294.25 (MH*); 4-Me: 8, (CDCl5;) 1.43 (9H, s, CHj3),
2.20 (3H, s, Im-4-CH,), 6.63 (1H, s, Im-Hg) and 7.35ppm (1H, s, Im-H,); 8c(CDCl;) CH4: 13.6, 28.4, 28.4, 28.4; CH,:
19.0, 25.4, 28.7, 31.6, 38.8, 44.1; CH: 48.0, 115.2, 136.1; C: 79.7, 138.3, 155.0 and 5-Me: 3, (CDCl;) 1.43 (9H, s,
CHgy), 2.19 (3H, s, Im-5-Me), 6.75 (1H, s, Im-H,) and 7.41ppm (1H, s, Im-H,); dc(CDCl;) CH3: 9.2, 28.4, 28.4, 28.4;
CH,: 19.0, 25.4, 28.7, 31.4, 38.8, 42.0; CH: 48.0, 126.9, 136.5; C: 79.7, 138.3, 155.0.
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Step B

1N-tert-BUTOXYCARBONYL-2(R/S)-[2-(1H-4-METHYLIMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0496]

CHa

N A N N (CeHglsCC

[0497] The mixture of compounds from Step A above (1.77g) was dissolved in anhydrous CH,Cl, (18.6mL) at 0°C
under argon. Trityl chloride (1.2445g, 2 equivalents per equivalent of the 5-methyl isomer) was added and the mixture
was stirred at 0°C for 2h. The reaction mixture was introduced directly onto a silica gel column and the column was
eluted with 50% ethyl acetate in acetone to give the pure 4-methyl isomer (0.6267g, 56%): 4-Me: &, (CDCl;) 1.44 (9H,
s, CH3), 2.20 (3H, s, Im-4-CHy), 6.64 (1H, s, Im-Hg) and 7.36ppm (1H, s, Im-H,); 8c(CDCl;) CH3: 13.7, 28.5, 28.5,
28.5; CH,: 19.1, 255, 28.9, 31.7, 39.0, 44.2; CH: 48.1, 115.1, 136.2; C: 79.8, 138.4, 155.1.

Step C

2(R/S)-[2-(1H-4-METHYLIMIDAZOL-1-YL)ETHYL]PIPERIDINE

[0498] The pure 4-methylisomer (0.7518g, 2.,56mmoles) was deprotected as described in Preparative Example 57,
Step D, to give after purification, the title compound (0.43669, 88%): FABMS: m/z 194.2 (MH*); 8, (CDCl3) 1.76 (2H,
m, CH,), 2.19 (3H, s, Im-4-CHj3), 3.94 (2H, m, CH,-Im), 6.60 (1H, s, Im-Hs) and 7.33ppm (1H, s, Im-H,); 3-(CDCl3)
CH3: 13.7; CH,: 24.5, 26.6, 32.9, 38.4, 43.6, 46.8; CH: 53.9, 115.2, 136.2; C: 138.4.

EXAMPLE 143

CYCLOHEXYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZOI[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2(R)-[[2-[2
(R/S)-(4-METHYL-1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]JCARBONYL]-1-PIPERAZINECARBOXYLATE

o,,.. . o,, .
o NC%CH;;

[0500] Cyclohexyl 4-(8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[l,2-b]pyridin-11(S)-yl)-2(R)-carboxy-1-piper-
azinecarboxylate (0.275g, 0.568mmoles) (prepared as described in Preparative Example 32), 2-[2(R/S)-(4-methyl-1H-
imidazol-1-yl)ethyl]piperidine (0.1428g, 0.7386mmoles) (prepared as described in Preparative Example 2, Step C),

[0499]
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1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.1416g, 0.7386mmoles), 1-hydroxybenzotriazole
(0.0998g, 0.7386mmoles) and 4-methylmorpholine (0.0812mL, 0.7386mmoles) were dissolved in anhydrous DMF
(12.2mL) and the mixture was stirred at 25°C for 212h under argon. The solution was evaporated to dryness and taken
up in dichloromethane and washed with 1N NaOH. The aqueous layer was extracted 3X with dichloromethane (200mL)
and the combined organic layers were dried (MgSO,), filtered and evaporated. The product was chromatographed on
silica gel using 2% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.149g,
40%): FABMS: m/z 659.62 (MH*).

EXAMPLE 144

(-)-CYCLOHEXYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2(R)
-[[2-[2(S)-(4-METHYL-1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

[0501]
Va \ Cl
j"n,rN /N
- O\Q 0 t!i:/)‘ CHa
Isomer 1
and

(-)-CYCLOHEXYL 4-(8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-11(S)-YL)-2(R)
-[[2-[2(R)-(4-METHYL-1H-IMIDAZOL-1-YL)ETHYL-1-PIPERIDINYL]CARBONYL]-1-PIPERAZINECARBOXYLATE

[0502]

/ \\ ] Ny—Ci
I’ CH,
Isomer 2

[0503] The diastereoisomeric mixture of compounds from Example 6 (0.145g) was separated using chiral HPLC on
a Chiralpak AD® analytical column using hexane: iso-propanol: diethylamine::70:30:0.2 as the eluant to give firstly
isomer 1 (0.0475g): FABMS: m/z 659.4 (MH™); &, (CDCl3) 1.66 (2H, m, CH,), 2.23 (3H, s, Im-4-CHy), 3.71 (2H, m,
CH,-Im), 4.32 (1H, s, Hq4), 6.58, 6.72, 6.75, 7.10, 7.14, 7.20, 7.41, 7.60 and 8.34ppm (9H, s and m, Ar-H and Im-H);
0c(CDClg) CH3: 13.4/13.7; CH,: 18.9, 23.5, 23.5, 24.2/25.1, 25.5, 28.1, 30.7, 30.8, 31.4, 31.8, 31.8, 36.7, 42.4/42.6,
43.8/44.1, 50.5/50.8, 52.8; CH: 49.8, 52.3, 73.6, 79.3/80.0, 115.5/115.8, 123.3, 126.0, 130.6/130.8, 132.8, 136.0,
139.2/139.3, 146.3; C: 134.0, 135.0/135.1, 136.2/136.5, 137.8, 141.8/142.0, 156.1, 157.0, 170.1; [0]*°°C -4.3°
(c=8.07mg/2mL, MeOH), and then isomer 2 (0.852g): HRFABMS: m/z 659.3492 (MH*) (Calcd. MH* for C37I-BSN6O3CI:
m/z 659.3476); &, (CDCl3) 1.64 (2H, m, CH,), 2.22 (3H, s, Im-4-CHj), 3.72 (2H, m, CH,-Im), 4.35 (1H, s, Hy4), 6.61,
6.67,7.12,7.17, 7.22, 7.43, 7.57 and 8.35ppm (9H, s and m, Ar-H and Im-H); d- (CDCIl3) CH5: 13.3/13.5; CH,: 19.1,
23.5, 23.5, 24.7, 25.5, 28.7/28.9, 30.6, 30.8, 31.5, 31.7, 31.7, 40.3, 42.1/42.8, 44.1/44.2, 50.5/50.7, 52.6/52.7; CH:
46.0/46.2, 52.5, 73.7, 79.3/79.4, 115.6/115.8, 123.4, 126.0, 130.7, 132.7, 136.0/136.2, 139.4, 146.3; C: 134.1, 135.1,
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136.2/136.6, 137.2, 142.0, 156.1, 157.1, 170.3; [or]zDO“C -44.7° (c=9.0mg/2mL, MeOH).

PREPARATIVE EXAMPLE 73

2(R/S)-[3-(1H-IMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0504]
H
Step A

1N-tert-BUTOXYCARBONYL-2(R/S)-[3-(1H-IMIDAZOL-I-YL)PROPYL]PIPERIDINE

[0505]

|
Boc Bloc

[0506] The title compound from Preparative Example 58, Step C, (1.29¢g, 4.3mmoles) was dissolved in anhydrous
DMF (15mL). Sodium imidazole (0.3215g, 4.7mmoles) was added and the mixture was stirred at 25°C under argon
for 3h. The solution was evaporated to dryness and the residue was chromatographed on silica gel using 2% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.6813g, 72%): CIMS: m/z 294.25
(MH*); & (CDCl3) 1.43 (9H, s, CHj3), 3.97 (2H, m, CH,-Im), 6.90 (1H, s, Im-Hg), 7.04 (1H, s, Im-H,) and 7.45ppm (1H,
s, Im-H,); 6c(CDCl3) CH,: 28.4, 28.4, 28.4; CH,: 18.9, 25.4, 26.3, 27.7, 28.6, 38.8, 46.5; CH: ~49.0, 118.6, 129.4,
137.1; C: 79.3, 155.0.

Step B
2(R/S)-[3-(1H-IMIDAZOL-I-YL)PROPYL]PIPERIDINE

[0507]

M _—> l\/r\:j\/\/@
Boc H

[0508] The title compound from Step A above (0.6075g, 2.1mmoles) was deprotected as described in Preparative
Example 57, Step D, and chromatographed on silica gel using 10% (10% conc. NH,OH in methanol)-dichloromethane
as the eluant to give the title compound (0.3805g, 95%): CIMS: m/z 194.20 (MH"); &, (CDClI;) 3.89 (2H, m, CH,-Im),
6.84 (1H, s, Im-Hg), 6.99 (1H, s, Im-H,) and 7.41ppm (1H, s, Im-H,); 8o(CDClg) CH,: 24.9, 26.7, 27.2, 33.1, 34.4, 47.2,
47.2; CH: 56.4, 118.8, 129.6, 137.1.
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EXAMPLE 145

1,1-DIMETHYLETHYL 4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2-b]PYRIDIN-
11-YL)-2(R)-[[2-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINYLJCARBONYL]-1-PIPERAZINECARBOXYLATE

[0509]

B~yZ \ Cl

=N
!
Hs hd
N
LN

Isomers 1, 2, 3 and 4.

[0510] 1, 1-dimethylethyl 4-(3-bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[l,2-b]pyridin-11-yl)-2(R)-car-
boxy-1-piperazinecarboxylate (0.7225g, 1.3mmoles) (prepared as described in Preparative Example 6), the title com-
pound from Preparative Example 8, Step B (0.3382g, 1.7mmoles), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (0.3354g, 1.7mmoles), 1-hydroxybenzotriazole (0.2364g, 1.7mmoles) and 4-methylmorpholine (0.192mL,
1.7mmoles) were dissolved in anhydrous DMF (3mL) and the mixture was stirred under argon at 25°C for 319h. The
solution was evaporated to dryness and the residue was taken up in dichloromethane and washed with saturated
aqueous sodium bicarbonate, water, dried (MgSO,), filtered and evaporated to dryness. The residue was chromato-
graphed on silica gel using 3% (10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the partially
purified title compounds. The appropriate fractions were rechromatographed using 1.5% (10% conc. NH,OH-metha-
nol)-dichloromethane as the eluant to give title compound as a mixture of 4 diastereoisomers (0.3718g, 39%): FABMS:
m/z 711.4 (MH"); 8, (CDCl,) 1.39 (9H, s, CH3), 6.91, 7.08, 7.13, 7.17, 7.56, 7.67 (Ar-H), 6.97 (1H, s, Im-Hg), 7.04 (1H,
s, Im-H,), 7.58 (1H, s, Im-H,) and 8.38ppm (1H, m, Ar-H,); 8-(CDCI;) CH4: 28.3/28.4, 28.3/28.4, 28.3/28.4; CH,: 18.9,
24.9/25.0/25.5, 26.8, 30.2, 30.5, 36.2, 40.1, 42.7/43.0, 46.5/46.7, 50.1/50.3/50.7, 52.7/52.9; CH: 46.9, 51.6/52.0, 78.5,
119.0, 126.2/126.3, 128.6, 130.8/130.9, 132.6, 137.0, 141.5, 146.9/147.2; C: 80.2. ~120.1, 134.3, 134.9, 137.6, 140.8.
~155.1/156.1, ~156.8, ~170.3.

[0511] A portion of the diastereomeric mixture (0.28g) was subjected to chiral HPLC on a Chiralpak© AD column
using hexane: iso-propanol: diethylamine::85:15:0.2 as the eluant to give only a partial separation. Isomer 1 (0.06049)
was obtained pure while isomers 3 and 4 (0.0376g) were obtained as a 97% pure mixture. The remaining overlap cuts
could not be separated.

[0512] Isomer 1: HRFABMS: m/z 711.2429 (MH*) (Calcd. MH* for C35H,5NgO3BrCl: m/z 711.2425); &, (CDCl3) 1.41
(9H, s, CHy), 4.29 (1H, s, Hqq), 6.92, 7.14, 7.18, 7.20 (Ar-H), 6.98 (1H, s, Im-Hg), 7.08 (1H, s, Im-H,), 7.58 (1H, s, Im-
H,), 7.63 (1H, s, Ar-H,) and 8.38ppm (1H, s, Ar-H,); 8-(CDCl;) CH5: 28.3, 28.3, 28.3; CH,: 18.9, 24.7, 25.4, 26.7,
28.8, 30.3, 30.5, 40.2, 43.1, 46.6, 50.6/50.7, 52.6; CH: 46.9/47.1, 52.1, 78.5/78.6, 119.1, 126.2, 128.3, 130.9, 132.6,
136.9, 141.5, 146.9/147.2; C: 79.7/80.2, 120.2, 133.6, 134.2, 136.9, 136.9, 155.1, 156.7, 170.2; [a]**'C -22.2°
(c=6.74mg/2mL, MeOH). b

[0513] Isomers 3 and 4: FABMS: m/z 711.3 (MH*); 6, (CDCl3) 1.39, 1.42 (9H, s, CHj3), 4.27, 4.29 (1H, s, Hy;), 6.85,
6.91, 7.05, 7.12-7.18, 7.43 (Ar-H), 6.98 (1H, s, Im-Hg), 7.08 (1H, s, Im-H,), 7.56 (1H, s, Im-H,), 7.60, 7.71 (1H, s, Ar-
H,) and 8.38ppm (1H, s, Ar-H,); 5.(CDCl;) CHj: 28.3/28.4, 28.3/28.4, 28.3/28.4; CH,: 18.8, 25.2, 25.3, 26.8, 28.6,
30.2,30.4/30.5, 36.4,42.8,46.6,50.5,52.7/53.3; CH: 46.9/47.2,51.6/52.2, 78.5/78.6, 119.2,126.2, 128.6, 130.7/130.8,
132.6, 137.0, 141.5, 146.9; C: 80.1, 80.1, 120.0, 134.4, 134.8, 137.5/137.6, 141.0, 156.1, 156.6, 156.6, 170.0/170.2,
170.0/170.2.
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PREPARATIVE EXAMPLE 74

4-[3-(1H-IMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0514]

I=

Step A
1 N-tert-BUTOXYCARBONYL-4-[3-(1H-IMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0515]

Ts | f\’iN/)

—=Z

oc

[0516] The title compound from Preparative Example 59, Step C (1.39g, 3.5mmoles) was dissolved in anhydrous
DMF (10mL) and sodium imidazole (0.3464g, 3.85mmoles) was added and the mixture was stirred at 25°C for 3h
under argon. The solution was evaporated to dryness and the residue was chromatographed on silica gel using 2%
(10% conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.7637g, 74%): FABMS:
m/z 294.20 (MH*); &, (CDCI5) 1.39 (9H, s, CH3), 3.88 (2H, m, CH,-Im), 6.85 (1H, s, Im-H;), 7.00 (1H, s, Im-H,) and
7.40ppm (1H, s, Im-H,); 6o(CDCI3) CHj: 28.5, 28.5, 28.5; CH,: 28.3, 32.0, 33.3, 33.3, 44.0, 44.0, 47.2, 118.7, 129.5,
137.1; CH: 35.7; C: 79.3, 154.8.

Step B
4-[3-(1H-IMIDAZOL-1-YL)PROPYL]PIPERIDINE

[0517]

o o

y N
Boc
[0518] The title compound from Preparative Example 4, Step A above was deprotected as described in Preparative
Example 57, Step D, to give after chromatography on silica gel using 20% (10% conc. NH,OH in methanol)-dichlo-

romethane as the eluant, the title compound (0.4346g, 95%): CIMS: m/z 194.20 (MH"); &, (CDCl3) 3.89 (2H, m, CH,-
Im), 6.88 (1H, s, Im-Hg), 7.02 (1H, s, Im-H,) and 7.42ppm (1H, s, Im-H,); 8-(CDCl3) CH,: 28.3, 33.5, 33.5, 34.1, 46.7,

154



EP 1 140 904 B1

46.7, 47.4; CH: 36.0, 118.8, 129.6, 137.2.

PREPARATIVE EXAMPLE 75

2(R)-[[4-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINALJCARBONYL]PIPERAZINE

[0519]
N
R
O 0
N~
O
Step A

1,4-BIS-1,1-DIMETHYLETHYL 2(R)-[[4-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINYL]CARBONYL]
PIPERAZINE-1,4-BIS-CARBOXYLATE

[0520]

[\
Wi
g
‘V
o2 Lo
g \/ 8

[0521] 1,4-Di-N-tert-butoxycarbonylpiperazine-2(R)-carboxylate (0.521g, 1.6mmoles) (prepared as described in Pre-
parative Example 2), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.393g, 2.1mmoles), 1-hydroxy-
benzotriazole (0.0.277g, 2.1mmoles) and 4-methylmorpholine (0.225mL, 2.1mmoles) were dissolved in anhydrous
DMF (3mL) and the mixture was stirred under argon at 25°C for 150h. The solution was evaporated to dryness and
the residue was taken up in dichloromethane and washed with saturated aqueous sodium bicarbonate, water, dried
(MgS0Q,), filtered and evaporated to dryness. The residue was chromatographed on silica gel using 3% (10% conc.
NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.693g, 87%): CIMS: m/z 506.35 (MH™);
oy (CDCl3) 1.42 (18H, s, CHy), 3.91 (2H, m, CH,-Im.), 6.88 (1H, s, Im-Hg), 7.03 (1H, s, Im-H,) and 7.43ppm (1H, s,
Im-H,); 8c(CDCl;) CHj4: 28.4, 28.4, 28.4, 28.4, 28.4, 28.4; CH,: 28.4, 31.8, 33.1, 33.1, 41.2/41.6, 43.8, 43.8, 45.6,
47.1, ~51.0; CH: 35.8, 52,9, 118.7, 129.6, 137.1; C: 80.1, 80.4, 168.1, 168.1 168.1.

Step B

2(R)-[[4-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINYL]CARBONYL]PIPERAZINE

[0522]
poc » o
T — QOO
Boc O H 0]

[0523] The title compound from Preparative Example 5, Step A above (0.6344g, 1.26mmoles) was deprotected as
described in Preparative Example 57, Step D, and the product was chromatographed on silica gel using 10% (10%
conc. NH,OH in methanol)-dichloromethane as the eluant to give the title compound (0.3076g, 80%): CIMS: m/z 306.30
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(MH*); 8y (CDCl3) 3.87 (2H, m, CH,-Im), 6.82 (1H, s, Im-Hg), 6.99 (1H, s, Im-H,) and 7.38ppm (1H, s, Im-H,); &
(CDClg) CH,: 28.1, 31.7, 32.6/32.9, 33.0/33.1, 42.0/42.2, 45.2/45.5, 46.9/47.0, 46.9/47.0, 46.9; CH: 35.7/35.8, 55.6,
118.7, 129.4, 137.0; C: 169.7.
EXAMPLE 146

4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZQO[5,6]CYCLOHEPTA[1 ,2-b]PYRIDIN-11-YL)-2(R)
-[[4-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINYL]CARBONYL]PIPERAZINECARBOXYLATE

[0524]

Br—/ \ Ci
=N
N N/\\N
[] N b/
il--\<o
_N
Ny cl
Br 74 \ Cl
<\ _— and
Cl
Br / \ Cl

N
N N
Eujhl'g/O/\/\ E’/N

[0525] 3-Bromo-8,11-dichloro-6,11-dihydro[5,6]cyclohepta[l,2-b]pyridine (0.2043g, 0.596mmoles) (prepared as de-
scribed in Preparative Example 40 (U.S. 5,719,148)), the titled compound from Preparative Example 5, Step B
(0.2729g, 0.894mmoles) and triethylamine (0.249mL, 1.79mmoles) were dissolved in anhydrous THF (8mL) and an-
hydrous dichloromethane (20mL) and the mixture was stirred at 25°C for 72h under argon. The solution was evaporated
to dryness and the residue was chromatographed on silica gel using 3% then 5% and the 10% (10% conc. NH,OH in
methanol)-dichloromethane as the eluant to give first the dimer (Sch 377314) (0.0681g, 12%): SIMS: m/z 916.2 (MH*);
oy (CDCl3) 3.99 (4H, m, CH,-Im), 6.95, 7.08, 7.10, 7.12, 7.26, 7.54, 7.69, 8.28, 8.31 and 8.34ppm (13H, s and m, Ar-
H and Im-H); 8:-(CDCl;) CH,: 28.3/28.5, 30.3/30.4, 30.5, 31.3/31.5, 33.1, 33.1. 41.0/41.1, 41.0/41.1, 45.0, 47.5,
51.2/51.3/52.0, 53.9/54.1/54.2; CH: 35.7, 78.8/79.0, 119.7/119.9, 125.9/126.0/126.2, 128.6/128.7, 130.7, 133.8/134.1,
136.9/137.6, 141.5, 146.7/146.9; C: 119.0, 130.0, 132.5/133.2, 134.6, 141.1/141.3, 156.2, 156.8, 170.0 and the then
monomer (Sch 377318) (0.2291g, 63%): CIMS: m/z 611.20 (MH™); §,, (CDCls;) 3.93 (2H, m, CH,-Im), 6.90, 6.92, 7.07,
7.12,7.14,7.47,7.49, 7.57, 7.59, 8.33, 8.35and 8.38ppm (8H, s and m, Ar-H and Im-H); 8-(CDCI;) CH,: 28.3, 30.6,
30.6, 31.6/31.7/31.9, 33.1/33.3, 33.1/33.3, 41.6/42.2, 44.4/44.9, 44.4/44 9, 45.3/45.7, 47 .2, 52.2/52.7, 55.0; CH: 35.6,
55.4, 78.8, 118.8, 126.2/126.3, 129.6, 130.3/130.6, 133.0/133.2, 137.1, 141.3,146.9/147.1; C: 120.1, 134.1, 135.0,
137.2, 141.1, 154.4/155.9, 169.0/170.0.
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EXAMPLE 147

1,1-DIMETHYLETHYL 4-(3-BROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[ 1,2-b]PYRIDIN-
11-YL)-2(R)-[[4-[3-(1H-IMIDAZOL-1-YL)PROPYL]-1-PIPERIDINYL]JCARBONYL]PIPERAZINECARBOXYLATE

[0526]

[0527] The title compound from Example 9 (0.1768g, 0.29mmoles) was reacted with di-tert-butyldicarbonate
(0.0694g, 0.319mmoles) and sodium hydroxide (0.0116g, 0.29mmoles) in THF-water (1:1) (5mL) and purified as de-
scribed in Preparative Example 57, to give the title compound (0.1294g, 63%): FABMS: m/z 711.1 (MH*); &, (CDCly)
1.38/1.40 (9H, s, CHy), 3.98 (2H, m, CH,-Im), 6.93, 7.03, 7.09, 7.18, 7.54, 7.58, 7.63, 8.32 and 8.38ppm (8H, s and
m, Ar-H and Im-H); 8 (CDCl3) CH3: 28.4, 28.4, 28.4; CH,: 28.3, 30.2, 30.7, 31.3/31.8, 33.2, 33.2, 42.2/42.6, 44.4/45 4,
44.6, 44.6, 47.4, ~50.4, ~50.9; CH: 35.8, 78.6/78.8, 118.9, 126.3, 130.2, 130.8, 132.7, 137.0, 140.7/141.5, 147.2; C:
80.0, 119.9, 133.4, 134.0, 137.5, 141.4, 156.2, 156.2, 168.8.

PREPARATIVE EXAMPLE 71A

Step A
[0528]
CHO
OH
—
\ )
BOC BOC

[0529] To the title compound from Preparative Example 8, Step B (1.63g, 7.57 mmol) in DMSO (5.0 mL) was added
iProNEt (6.59 mL, 5.0 eq.) followed by pyre SO5 (7.23g, 3.0 eq.) in DMSO (10 mL). The resulting solution was stirred
1 hour, diluted with EtOAc and washed with 1N HCI, H,O, and sat. NaHCOj. The organics were dried over Na,SOy,
filtered, and concentrated under reduced pressure. The residue was used without purification (1.26g, 76% yield): LCMS:
MH*=214.

Step B

[0530]

CHO x_OCHs
(T -

y y
BOC BOC

[0531] NaHMDS (14.7 mL, 1M in THF, 1.5 eq.) was added to a solution of CH;OCH,P*Ph;CI- (5.069, 1.5 eq.) in THF

157



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

(25 mL) at 0 °C. The resulting solution was stirred 15 minutes before adding via canulae to a solution of the title
compound from Preparative Example 71A, Step A (2.1g, 9.80 mmol) in THF (25 mL) at -78 °C. The reaction mixture
was stirred 1 hour at - 78 °C, warmed to 0 °C and stirred 1 hour. The resulting solution was diluted with Et,O, washed
with H,0, and dried over Na,SO,. The organics were dried over Na,SO,, filtered and concentrated. The crude product
was purified by flash chromatography using a 65 : 35 hexanes EtOAc solution as eluent (1.51g, 64% yield).

Steg C
[0532]
OCH
X 8 CHO
—
) V"
BOC BOC

[0533] The title compound from Preparative Example 71A, Step B (0.70g, 2.90 mmol) was stirred in 40% HCI (6.6
mL) at room temperature overnight at which time additional 40% HCI (3.0 mL) was added and the reaction mixture
stirred an additional 4 hours. The resulting solution was neutralized with Na,CO, (aqg.) and extracted with Et,O. The
combined organics were dried over Na,SO,, filtered, and concentrated in vacuo. The residue was purified by flash
chromatography using a 65 : 35 hexanes : EtOAc solution as eluent (0.30g, 46% yield + SM): LCMS: MH*=228.

Step D

[0534]

H
CHO | N>
— §
N N
BOC BOC

[0535] The title compound from Prepartive Example 71A, Step C (0.90g, 1.02 eq.) was stirred with TosMIC (0.77g,
3.88 mmol) and NaCN (0.0194g, 0.1eq.) in EtOH (7.0 mL) for 30 minutes. The reaction mixture was transferred to a
sealed tube, diluted with 7M NH; in MeOH (13.0 mL) and heated to 90 °C for 22 hours. The resulting solution was
cooled, concentrated under reduced pressure, diluted with 1IN NaOH and extracted with CH,Cl,. The combined or-
ganics were dried over Na,SO,, filtered, and concentrated. The crude product was purified by flash chromatography
using a 5% (10% NH,OH in MeOH) solution in CH,Cl, as eluent (0.53g, 51% yield): LCMS: MH*=266.

StegE
[0536]
H
N N
\ ) | Y
) " ) \
BOC BOC T

[0537] The title compound from Preparative Example 71A, Step D (0.34g, 1.28 mmol) in CH,Cl, was treated with
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TrCl (0.38g, 1.05 eq.) and TEA (0.27 mL, 1.5 eq.). The resulting solution was stirred 2 hours at room temperature,
diluted with saturated NaHCO3, and extracted with CH,Cl,. The combined organics were dried over Na,SO,, filtered,
and concentrated in vacuo. The crude product was purified by flash chromatography using a 3% (10% NH,OH in
MeOH) solution in CH,Cl, as eluent (0.43g, 66%): LCMS: MH*=508.

SteQF
[0538]
CHs
N
'y | 2
N N N N
| [
BOC Tr BOC

[0539] The title compound from Prepartive Example 71A, Step E (0.43g, 0.846mmol) in Et,O was treated with Mel
(0.79 mL, 15 eq.) and stirred overnight and filtered. The resulting solid washed with Et,O, dissolved in MeOH and
heated at reflux overnight. The reaction mixture was concentrated in vacuo and purified by flash chromatography using
a 5% (10% NH,OH in MeOH) solution in CH,Cl, as eluent (0.14g, 79% yield): LCMS: MH*=280.

PREPARATIVE EXAMPLE 72A

[0540]

BOC

[0541] By essentially the same procedure set forth in Preparative Example 71A, the title compound was prepared.

PREPARATIVE EXAMPLE 73A

Step A

[0542]

HN —_—> N

[0543] A solution of e-caprolactam (6.86 g, 60 mmol, 1.0 eq.) in anhydrous THF (50 mL) was added dropwise over
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a period of 50 minutes to a stirred suspension of sodium hydride (1.59 g, 1.05 eq.) in anhydrous THF (20 mL) at 0 °C
under a nitrogen atmosphere. The snow-white mixture was stirred at room temperature for 2h, whereupon a solution
of benzyl bromide (7.65 mL, 1.05 eq.) in anhydrous THF (20 mL) was added dropwise over a period of 30 minutes.
The mixture was stirred at room temperature for 2h and filtered through CELITE 521 to remove sodium bromide. The
volatiles were evaporated under house vacuum at 30°C to give the title compound as a dark-yellow oil which was used
without further purification(10.60 g, 87% yield). FABMS: MH*=204.

Step B

[0544]

/N
: — g\[-]—/\L/O (/
O .

O

Z."

[0545] A 2.45 M solution of n-butyllithium in hexanes (18.1 mL, 44.3 mmol, 1.44 eq.) was added dropwise over a
period of 30 minutes to a stirred solution of diisopropylamine (5.2 mL, 36.9 mmol, 1.2 eq.) in anhydrous THF (100 mL)
at 0 °C under a nitrogen atmosphere. The yellow solution was stirred at 0 °C for another 30 minutes and was then
cooled to - 78 °C. A solution of the title compound from Preparative Example 73A, Step A (6.25 g, 1.0eq.) in anhydrous
THF (50 mL) was subsequently added dropwise over a period of 25 minutes and the solution was stirred at - 78 °C for
another 3h. Neat benzyl chloromethyl ether (7.0 mL, 1.3 eq.) was added dropwise over a period of 10 minutes. The
dirty-brown solution was slowly (3h) warmed to room temperature and stirred for another 12h. The volatiles were
removed under house vacuum at 30 °C. The residual deep-yellow oil was partitioned between distilled water (100 mL)
and diethyl ether (100 mL). The layers were separated and the aqueous phase was extracted with diethyl ether (5 x
50 mL). The organic layer of earlier and the ethereal extracts were combined and washed with brine (50 mL), dried
over Na,SO,, filtered, and concentrated under house vacuum at 30 °C. The oily residue was flash-chromatographed
(hexanes:acetone = 8:2 v/v) over silica gel to give the title compound as a lime-green oil (6.77g, 68% yield). [M+H"*]:
324; HRMS (FAB+): Calculated for C,1H,6NO, ([M + H]*): 324.1961; Observed: 324.1964.

o L

[0547] A 1 M solution of lithium aluminum hydride in diethyl ether (23 mL, 1.1 eq.) was added dropwise over a period
of 25 minutes to a stirred solution of the title compound from Preparative Example 73A, Step B (6.77 g, 20.9 mmol) in
anhydrous THF (100 mL) at - 20 °C under a nitrogen atmosphere. The yellow solution was slowly (3h) warmed to room
temperature and stirred for another 12h. The solution was cooled to 0 °C and carefully treated with a saturated, aqueous
Na,SO, solution (10 mL) to give a snow-white slurry. The mixture was filtered and the precipitate was carefully washed
with diethyl ether (3 x 50 mL) and absolute alcohol (3 x 50 mL). The filtrate was concentrated under house vacuum at

Step C

[0546]
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30°C, redissolved in acetone (100 mL) and dried over Na,SO,, filtered, and again concentrated under house vacuum
at 30°C. The oily residue was flash-chromatographed (hexanes:acetone = 9:1 v/v) over silica gel to give the title com-
pound as a lime-green oil (5.08 g, 78% yield): [M + H]*: 310; HRMS (FAB+): Calculated for C,1H,gNO ([M + H]*):
310.2173; Observed: 310.2171.

Step D

[0548]

[0549] A mixture of the title cmpound from Preparative Example 73A, Step C (5.08 g, 16.4 mmol) 20 wt. % Pd(OH),
("Pearlman's catalyst," 2.54 g, 50 wt. % reagent), and absolute alcohol (100 mL) was hydrogenated at 4.5 atmosphere
pressure and room temperature for 8h. The mixture was filtered through CELITE 521 and the filtrate was concentrated
under house vacuum at 30 °C. The residual oil was flash-chromatographed (CH,Cl,:10% NH,OH-MeOH=9:1 v/v) over
silica gel to give the title compound as a yellow oil (2.86 g, 79% yield): [M + H]*: 220; HRMS (FAB+): Calculated for
C14H2,NO ([M + HJ*): 220.1698; Observed: 220.1701.

Step E

[0550]

[0551] Potassium metal (2.60 g, 5.0 eq.) was added portionwise to a stirred solution of the title compound fro Pre-
paraive Example 73A, Step D (2.86 g, 13.0 mmol) and t-butanol (1.5 mL, 1.2 eq.) in a mixture of liquefied ammonia
(125 mL) and anhydrous THF (125 mL) at -60 °C under a nitrogen atmosphere. The dark-blue mixture was slowly
(12h) warmed to room temperature and the volatiles were removed under house vacuum at 30 °C. The residue was
taken up in distilled water (50 mL) and extracted with diethyl ether (5 x 50 mL). The ethereal extracts were discarded
and the aqueous layer was concentrated under house vacuum at 50 °C to give the title compound (1.70 g, 100% crude
yield): [M + H]*: 130; HRMS (FAB+): Calculated for C;H;gNO ([M + H]*): 130.1232; Observed: 130.1231.
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Step F

[0552]

CH;

HN §\¢$ - 2HCI

[0553] By essentially the same procedure set forth in Preparative Example 7, Step C through Step F only substituting
the title compound from Preparative Example 73A, Step F, the title compound was prepared.

PREPARATIVE EXAMPLE 74A

Step A

[0554]

[0555] Di-isopropyl azodicarboxylate (0.54 mL, 1.5eq.) was added to N-t-butoxycarbonylpiperidin-3-ol (0.37, 1.83
mmol), 3-hydroxypyridine (0.26g, 1.5eq.), and PPh3 (0.72g, 1.5 eq.) in THF (5.0 mL). The resulting solution was stirred
at room temperature overnight, concentrated in vacuo, and purified by flash chromatography using a 30% hexanes in
EtOAcC solution as eluent (0.14g, 27% yield): LCMS: MH*=279.

Step B

[0556]

| ] - 2Hcl
N N
H

[0557] By essentially the same procedure set forth in Preparative Example 8, the title compound was prepared.

PREPARATIVE EXAMPLES 74B AND 74C

[0558] The title compound from Preparative Example 74A was separated into individual C-3 isomers by Preparative
HPLC using a CHIRALPAK AD column using a20% iPrOH in hexanes with 0.2% DEA as eluent.
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PREPARATIVE EXAMPLE 74A

[0559]
O
®
P
I}J N
BOC
[0560] First eluting isomer: LCMS: MH*=279.
PREPARATIVE EXAMPLE 74B
[0561]
O
®
7
I?l N
BOC )
[0562] Second eluting isomer: LCMS: MH*=279.
PREPARATIVE EXAMPLE 74C
[0563]
=
N N
H . 2HCI

[0564] By essentially the same procedure set forth in Preparative Example 8 only substituting the title compound
from Preparative Example 74A, the title compound was prepared.

[0565] By essentially the same procedure as set forth in Preparative Example 74A, the title compounds in Column
4 of Table 16 were prepared using the 3-hydroxypyridine derivative in Column 2 of Table 16.
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TJABLE 16
Prep. Column 2 Column 3 Column 4
Ex.
0L [OTLOTC
| z N N cH, | SN N” cH,
N "CHs BOC H
- 2HCI
76 H A NN AN
P » L.
H;C N ll\l HsC N N H;C” °N
BOC H
- 2HCI

PREPARATIVE EXAMPLE 77

Step A

[0566]

[0567]

prepared: LCMS: MH*=190.
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Step B

[0568]

[0569] To a solution of the title compound from Preparative Example 77, Step A (3.68g, 2.4eq.) in THF (50 mL) was
added LiIHMDS (19.4 mL, 2.4 eq., 1M solution in THF) at -78 °C. The resulting solution was stirred at - 78 °C for 2.5
hours before adding 3-bromomethylpyridine hydrobromide (1.39g, 8.09 mmol). The reaction mixture was warmed slow-
ly to room temperature and stirred overnight. The resulting solution was diluted with saturated NH,Cl (20 mL), extracted
with CH,Cl, (3 X 75 mL), dried over Na,SO,, filtered and concentrated to give a yellow oil (0.63g, 28% yield): LCMS:
MH*=281.

Step C

[0570]

N
L £
N

[0571] To a solution of the title compound from Preparative Example 77, Step B (0.65g, 2.31 mmol) in THF (3.0 mL)
was added LAH (2.54 mL, 1M in Et,0) and the resulting solution stirred at room temperature overnight. The reaction
mixture was quenched by the addition of saturated Na,SO,, filtered through Celite and concentrated under reduced
pressure. The product was purified by flash chromatography using a 20% hexanes in EtOAc solution as eluent a give
a yellow oil (0.42g, 68% yield): LCMS: MH*=267.
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Step D

[0572]

\
A/

"HCI

[0573] The title compound from Preparative Example 77, Step C (0.40g, 1.50 mmol) in dichloroethane (3 mL) was
treated with 1-chloroethylchloroformate (0.37 mL, 2.3 eq.). The resulting solution was stirred 3 hours, concentrated
under reduced pressure, diluted with MeOH, and heated at reflux for 3 hours. The recation mixture was cooled, con-
centrated under educed pressure, and purified by flash chromatography using a 10% (10%NH,OH in MeOH) in CH,ClI,
solution as eluent (0.20g, 63% yield): LCMS: MH*=177.

PREPARATIVE EXAMPLE 78

STEP A

[0574]

[ » Q\/CN

OH
N —
) Ph)

[0575] Toasolution of (S)-1-benzyl-2-pyrrolidinemethanol (15.5 g, 81.03 mmoles) and TEA (16.38 g, 161.93 mmoles)
in CH,Cl, (200 mL). MsCl (11.13 g, 97.16 mmoles) was added at 10 °C and stirred at room temperature overnight.
Washed with H,O and evaporated to dryness to give mesylate (15.6 g) which without further purification, was mixed
with NaCN (5.64 g, 115 mmoles) and heated at 80° C in DMF (100 mL) overnight. The reaction mixture was evaporated
to dryness and extracted with EtOAc, washed with H,O, and dried (MgSO,). The solvent evaporated to give (S)-
1-benzyl-2-cyanomethyl-pyrrolidine (11.5 g): (MS, MH* = 201.

Ph
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STEP B

[0576]

()\/CN L O\/COZCHs,
J J

Ph Ph

[0577] The title compound from Preparative Example 78, Step A (13.0 g) was refluxed in concentrated HCI (100 mL)
overnight and evaporated to dryness. The semisolid residue was stirred in MeOH (100 mL), MgSO, (5 g) and concen-
trated H,SO, (2 mL) at 80 °C overnight. The reaction mixture was evaporated to dryness to give (S)-1-benzyl-methy-
2-pyrrolidineacetate (11.5 g ): MS, MH* = 234.

STEPC

[0578]

N » N oH
or? »

[0579] The title compound from Preparative Example 78, Step B (13 g, 55.76 mmoles) was dissolved in THF (100
mL) and cooled to 10 °C (ice water bath). 1M LAH in ether (111.52 mL, 111.46 mmoles) was added slowly and the
resulting mixture was refluxed for 2h. The reaction mixture was cooled to room temperature and decomposed with the
addition of ice. The residue was extracted with EtOAc and washed with brine and H,O. The organics were dried and
evaporated to a residue which was flash chromatographed on a silica gel column in CH,Cl, / 5% CH3;0H to give (S)-
benzyl-hydroxyethyl-pyrrolidine (7.8 g): MS, MH* = 206.

STEP D

[0580]

[0581] The title compound from Preparative Example 78, Step C (7.7 g) was dissolved in EtOH (80 mL) and hydro-
genated over Pd(OH), (2.5 g) at room temperature at 50 psi overnight. The catalyst was filtered and solvent was
removed to give (S)- 2-hydroxyethylpyrrolidine (4.4 g): MS, MH* = 116.
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STEP E

[0582]

<Nj\/\or <}\11/\0Ts

H ' Ts

[0583] The title compound from Preparative Example 78, Step D (2.4 g, 20.85 mmoles) was dissolved in CH,Cl,
(250 mL) and cooled to 10 °C. TsCl (11.92 g, 62.52 mmloes) followed by TEA (10.54 g, 104.2 mmoles) were added
and stirred at room temperature overnight. The reaction mixture was diluted with CH,Cl, and washed with brine and
H,O. The organics were dried and solvent evaporated to give (S)-tosyl-2-O-tosylethyl-pyrrolidine (3.96 g): MS, MH* =
332.

STEP F

[0584]

CH,.
(Nl/\OTS> El}_\-N/:/:I i
T S/ Ts \=N

[0585] The title compound from Preparative Example 78, Step E (3.96 g, 9.2 mmoles) was dissolved in DMF (15
mL) and cooled to 10 °C. NaH (0.74 g, 60%, 18.43 mmoles) was added slowly and stirred at room temperature until
a clear solution was obtained. 4-Methylimidazole (1.51 g, 18.43 mmoles) was then added and heated at 80° C overnight.
The resulting solution was evaporated to dryness and the residue was extracted with CH,Cl, and washed with brine
and H,O. The comboned organics were dried and solvent evaporated to give a crude product which was flash chro-
matographed on a silica get column in CH,Cl,/ 5% (CH;0H-10%NH,OH) to give a mixture (S)-tosyl-2- (4 -methyl- 1H-
imidazol)-ethyl-1-pyrrolidine (2.98 g, MS, MH* =334 ) and (S)-tosyl-2- (5 -methyl- 1H-imidazol)-ethyl-1-pyrrolidine (2.98
9): MS, MH* = 334.

STEP G

[0586]

\

Ts

H CH
E'}_\—'\C//El 3 - Q_-\—NN ’
=N o =N

[0587] The title compound from 78, Step F (2.9 g) and trityl chloride (1.5 g) were stirred in CH,Cl, (35 mL) at 10 °C
overnight. The reaction mixture was flash chromatographed on a silica gel column in acetone / ethyl acetate (1:1) to
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give (S)-tosyl-2-(4-methyl-1H-imidazol)-ethyl-1-pyrrolidine (0.827 g): (MS, MH* = 334).
STEP H

[0588]

EH_N /\(CH3 EH_ CHa

Ts

[0589] The title compound from Preparative Example 78, Step G (0.82 g) was dissolved in dry THF (2 mL) and liquid
ammonia (150 mL). Sodium pieces were added until the blue colour remained and the resulting solution was stirred
for 1/2 hr. EtOH was added dropwise until the blue coloured disappeared. The resulting solution was evaporated to
dryness to give sticky white solid which was chromatographed on a flash silica gel column in CH,Cl, / 20% (CH3;OH-
10% NH,OH) to give the title compound (S)-2-(4-methyl-1H-imidazol)-ethyl-1-pyrrolidine, (0.375 g): MS, MH* = 180.

PREPARATIVE EXAMPLE 79

[0590]

Q/ D ...\—N /\(0H3
J

[0591] By essentially the same procedure as that set forth in Preparative Example 78, (R)-2-(4-methyl-1H-imidazol)-
ethyl-1-pyrrolidine was prepared from (R)-1-benzyl-2-pyrrolidinemethanol.

Ph

PREPARATIVE EXAMPLE 80

Step A

[0592]

Me
“MCOLEt

)

H

[0593] Thetitle compound from Preparative Example 68, Step C was treated with D-(-)-Tartaric acid and recrystallized
from acetone-water to afford a piperidine salt enriched in the 3-(S) isomer which was neutralized with hydroxide to
afford the title compound (11.1 g, 18%): MH*=172.
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Step B

[0594]

N
¢ ) R
o ! e 0

[

L) +
?‘ N
BOC BOC

Q137

[0595] Following the procedures set forth in Preparative Example 7, Steps B-E, except using the title compound from
Preparative Example 80, Step A instead of the title compound from Preparative Example 7, Step A in Step B, and
using 4-methylimidazole and NaH instead of sodium imidazole in Step E, the regioisomeric imidazole products were
obtained (1.1 g, 84%): MH* =294.

Step C

[0596]

CHs
/NI

Yy

\

BOC

[0597] Following the procedure set forth in Preparative Example 17, except using the title compound from Preparative
Example 80, Step B instead of the title compound from Preparative Example 13, the 4-methylimidazole product was
obtained (0.501 g, 68%): MH* =294.

Step D

[0598]

CH,
/NI

(2P

N
H 2TFA
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[0599] Following the procedure set forth in Preparative Example 68 Step C, except using the title compound from
Preparative Example 80 Step C, the amine was obtained as its TFA salt (0.72 g, 100%): MH*= 194.
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PREPARATIVE EXAMPLE 81

[0600]
— \\A " _y
N
H 2TFA
[0601] Following essentially the same procedures set forth in Preparative Example 80, Steps A-D, except using L-(+)

-Tartaric acid instead of D-(-)-Tartaric acid in Step A, the amine enriched in the 3-(R) isomer was obtained as its TFA

salt (0.157 g, 100%): MH*= 194.

PREPARATIVE EXAMPLE 82

Step A
[0602]
“ICO,Et
N
H
[0603] Following essentially the same procedure set forth in Preparative Example 80, Steps A, except using the

benzylpiperidine prepared as described in J. Med. Chem. 41, 2439 (1998) instead of the title compound from Prepar-
ative Example 68, Step C, the amine enriched in the 3-(S) enantiomer was obtained (6.81 g, 25%): MH* = 248.

Step B

[0604]
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[0605] Following the procedures set forth in Preparative Example 80, Steps B-D, except using the title compound
from Preparative Example 82, Step A instead of the title compound from Preparative Example 80, Step A in Step B,
the 4-methylimidazole product was obtained as its TFA salt which was neutralized with NaOH (aqg.) to give the amine
product (0.163 g, 86%): MH* = 270.

PREPARATIVE EXAMPLE 83

Step A

[0606]

0 OH ICHs OH (
Of ﬁ~
oY Oy

[0607] The epoxide (J. Med. Chem. 30(1), 1987, pps. 222-225) was treated with 4-methylimidazole and NaH in
anhydrous DMF to obtain the resulting mixture of regioisomeric imidazole products (7.77 g, 100%): MH*=302.

Step B

[0608]

ICHS OH(/ /

[0609] The product from Preparative Example 83, Step A was treated with H,, Pd(OH),/C and EtOH in a Parr hy-
drogenator to afford the amine as a mixture of imidazole regioisomers which were used directly in Step C.
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Step C

[0610]

N
OH E/NJ/ Hs OH g/ _/Z
CH3

+

o )
BOC ' BOC

[0611] Following the procedure set forth in Preparative Example 7, Step C except using the title compound from
Preparative Example 83, Step B instead of the title compound from Preparative Example 7, Step B the BOC derivatives
of the regioisomeric methylimidazole products were obtained (5.4 g, 87%): MH*= 296.

Step D

[0612]

[0613] Following the procedure setforth in Preparative Example 17, except using the title compound from Preparative
Example 83, Step C instead of the title compound from Preparative Example 13, the 4-methylimidazole products were
obtained as an enantiomeric mixture (1.03 g, 43%): MH*= 296.

Step E

[0614]

on (/ _/7/CH3

|
H 2TFA
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[0615] Following the procedure set forth in Preparative Example 68, Step C except using the title compound from
Preparative Example 83, Step D the amine was obtained as its TFA salt (6.3 g, 100%): MH*= 197.

PREPARATIVE EXAMPLE 84

Step A

N-Butoxycarbonyl-[(1triazolyl-imidazol-5-yl)hydroxymethyl]-4-thiomorpholinyl]carbonyl]-1-piperazinecarboxylate s,s-
dioxide

[0616]

BOC

[0617] N-Butoxycarbonyl-thiomorpholine (3.19 gm, 13.5 mmol) was dissolved in 70 ml of THF and cooled to -78 °C
under a nitrogen atmosphere. 1.2 equivalents of LDA was added to the reaction mixture and stirred for 20 minutes.
1-N-trityl-imidazole-4-carboxaldehyde (4.62 gm, 13.6 mmol) was dissolved in in 70 ml of THF and added to the reaction
mixture. After 4 hours the reaction mixture was poured into sat. NH,Cl solution and extracted with EtOAc three times.
The extracts were combined, dried over MgSO, and the solvent evaporated under reduced pressure. The crude mixture
was chromatographed on a silica gel column using 1% MeOH/CH,ClI, to obtain 3.21 gm of title product.

Step B

N-Butoxycarbonyl-[(1triazolyl-imidazol-5-yl)methylene]-4-thiomorpholinylJcarbonyl]-1-piperazinecarboxylate s,s-
dioxide

[0618]

ST
/—-fN
e

o

BOC

[0619] N-Butoxycarbonyl-[(1triazolyl-imidazol-5-yl)hydroxymethyl]-4-thiomorpholinyl]carbonyl]-1-piperazinecarbox-
ylate s,s-dioxide (2.4 gm) was dissolved in CH,Cl, (48 mL). TEA (1.32 ml) and MsCI (0.4 ml) was added and the
reaction mixture stirred under dry nitrogen. After 24 hours the reaction mixture was added to brine and the product
extracted with CH,Cl, to obtain 1.56 gm of title product.
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Step C
N-Butoxycarbonyl-[(1H-imidazol-5-yl)methyl]-4-thiomorpholinyl]carbonyl]-1-piperazinecarboxylate s,s-dioxide

[0620]

[0621] N-Butoxycarbonyl-[(1triazolyl-imidazol-5-yl)methylene]-4-thiomorpholinyl]carbonyl]-1-piperazinecarboxylate
s,s-dioxide (0.68 gm) was dissolved in EtOH. 10% Pd/C (0.1g) was added and the mixture hydrogenated under balloon
H, conditions for 24 hours. The catalyst was filtered and the filtrate evaporated to obtain 0.3g of a mixture which was
then treated with 1N HCI/Et,O to obtain the HCI salt.

PREPARATIVE EXAMPLE 85

Step A

[0622]

O
gN OH L:

[0623] 4-Hydroxymethyl-5-methylimidazole hydrochloride (4 g; 30 mmol) was dissolved in DMF. TBDMSCI (6.1 g,
45 mmol) and imidazole (5.1 g, 75 mmol) were added and the reaction mixture stirred at ambient temperature for 24
hours. The reaction mixture was poured into water and extracted with EtOAc to obtain 7 gms of title product.

OTBS

Step B

[0624]

T
HNN OTBS _ t \_ OTBS
!QN =N

[0625] 4-tert.butyldimethylsilyloxymethyl-5-methyl-imidazole (9 gm, 40 mmol) was dissolved in 100 ml of CH,Cl,.
TEA (6 ml) and TrCI (11 gm, 40 mmol) were added and the reaction mixture stirred for six hours. The reaction mixture
was added to brine, extracted with EtOAc, and purified on a silica gel column to obtain 7.97 gm of title product as a
white solid.
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Step C

[0626]

Tr\ T
1. TBAF N
L\ 2. Dess-Martin ?1\\\ CHO
N oTBS N

[0627] 1-trityl-4-tert.butyldimethylsilyloxymethyl-5-methyl-imidazole (7.92 gm, 17 mmol) was dissolved in dry THF
and 17ml of 1M TBAF in THF was added. The reaction mixture was stirred at room temperature for 3 hours. 100 ml of
H,O was added and the precipitate was filtered and dried under vacuum to obtain 5.33 gm of title product.

Step D

N-Butoxycarbonyl-[(1H-4-methyl-imidazol-5-yl)methylene]-4-thiomorpholinyl]carbonyl]-1-piperazinecarboxylate s,s-
dioxide

[0628]

[0629] By essentially the same procedure set forth in Preparative Example 84, Step 1 through Step C, the title product
was prepared.

PREPARATIVE EXAMPLE 85A

cl
(@/ »HQN J ) Cl
<x —_— <
o) o)

[0631] By essentially the same procedure set forth in Njoroge et. al. (J. Med. Chem. (1997),40, 4290) for the prep-
aration of 3-aminoloratadine only substituting the 3-H ketone (J. Het. Chem (1971) 8, 73) for loratadine, the title com-
pound was prepared.

[0630]
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PREPARATIVE EXAMPLE 86

[0632]

Cl—/ ) cl
=N
o)

[0633] The title compound from Preparative Example 85A (1.0g, 3.87 mmol) was added portionwise to t-butyl nitrite
(0.69 mL, 1.5 eq.) and CuCl, (0.62g, 1.2 eq.) in CH3CN (20 mL) at 0 °C. The resulting solution was warmed slowly to
room temperature and stirred 72 hours. The reaction mixture was quenched with 1IN HCI (10 mL), neutralized with
15% NH,OH and extracted with EtOAc (3X50 mL). The combined organics were dried over Na,SO,, filtered, and
concentrated under reduced pressure. The crude product was purified by flash chromatography using a 50 : 50 EtOAc :
hexanes mixture as eluent to give a pale yellow solid (0.72g, 67% yield). FABMS: MH*=278.

PREPARATIVE EXAMPLE 87

[0634]

[0635] The title compound from Preparative Example 85A (0.72g, 2.59 mmol) was dissolved in THF (10 mL) and
treated with NaBH, (0.13g, 1.3 eq.). The resulting solution was stirred at room temperature 1 hour. The reacton mixture
was quenched by the addition of 1N NaOH and the resulting solution extracted with EtOAc (3 X 50 mL). The combined
organics were dried over Na,SO,, filtered, and concentrated under reduced pressure to give a tan solid which was
used without further purification (0.71g. 97% crude yield). The crude product was dissolved in toluene (15 mL), cooled
to 0 °C, and treated with SOCI, (0.32 mL, 1.75 eq.). The resulting solution was stirred at 0 °C for 1 hour and room
temperature for 2 additional hours. The reaction mixture was diluted with CH,Cl, (30 mL) and washed with 1IN NaOH
(20 mL) and the organic layer dried over Na,SO,,. filtered, concentrated, and used without further purification (0.76g,
100 crude yield).

PREPARATIVE EXAMPLE 88

[0636]

Vi { Cl
=N
0

[0637] The title compound from Preparative Example 85A (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 ex-
tracted with EtOAc (3 X 50 mL). The combined organics were washed with 1N HCI (2 X 25 ml), saturated NaHCO;5 (1
X 25 mL), and water (1 X 15 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure. The crude
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product was purified by flash chromatography using a 70 : 30 hexanes : EtOAc mix as eluent to yield a yellow solid
(0.689, 42% yield). LCMS: MH*=262.

PREPARATIVE EXAMPLE 89

[0638]

/\ o

N
Cl

[0639] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared and
used without further purification (0.66g, 100% crude yield).

PREPARATIVE EXAMPLE 90

[0640]

HoN—f {
=N
0

[0641] *NH4HCO, (2.44g, 10eq.) was added to a solution of the title compound from Preparative Example 73A
(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 yellow solid (1.22g, 70% yield) which was used without further
purification: FABMS: MH*= 225,

PREPARATIVE EXAMPLE 91

[0642]

CI/\

—

N
O

[0643] By essentially the same procedure set forth in Preparative Example 86, the title compound was prepared
(0.81g, 61% yield):FABMS: MH*= 244,
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PREPARATIVE EXAMPLE 92

[0644]

CI/\

S

N
Cl

[0645] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared and
used without further purification.

PREPARATIVE EXAMPLE 92A

[0646]

Br / \

—

N
O

[0647] By essentially the same procedure set forth in Preparative Example 86, only substituting CuBr, for CuCl, the
titte compound was prepared (1.33g, 60% yield):FABMS: MH*= 244,

PREPARATIVE EXAMPLE 93

[0648]

Br—7 \

o~

N
Cl

[0649] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared and
used without further purification.

PREPARATIVE EXAMPLE 94

[0650]
- .O
N
0]
[0651] By essentially the same procedure set forth in Preparative Example 88 only substituting the title compound
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from Preparative Example 90, the title compound was prepared. FABMS: MH*=228.

PREPARATIVE EXAMPLE 95

[0652]

[0653] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared.

PREPARATIVE EXAMPLE 96

[0654]

EP 1 140 904 B1

4

N

73

o© 0

Cl

Cl

[0655] A solution of 3-peroxybenzoic acid (25 g, 2.5 eq.) in anhydrous dichloromethane (250 mL) was added dropwise
over a period of one hour to a stirred solution of 8-chloro-4-aza-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-one (10
g, 41.04 mmol) in anhydrous CH,Cl, (100 mL) at 0 °C under a nitrogen atmosphere. The solution was slowly (3h)
warmed to room temperature and stirred for another 12h. The solution was extracted with 1 M NaOH (5 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
a canary-yellow solid which was used without purification (10 g, 94% yield): [M + H]*: 260; HRMS (FAB+): Calculated
for C14H1,CINO, ([M + HJ*): 260.0475 Observed: 260.0478.

PREPARATIVE EXAMPLE 97

[0656]

7 cl

6o Ci

[0657] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared
(9.554g, 99% yield).
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PREPARATIVE EXAMPLE 98

[0658]

7

e

N
O ¢

[0659] The title compound was prepared according to the methods described in U.S. Patent No. 3,419,565.

PREPARATIVE EXAMPLE 99

[0660]

7

ey

N
Cl o

[0661] By essentially the same procedure set forth in Preparative Example 87, the title compound was prepared
(2.4g, 87% yield).

PREPARATIVE EXAMPLE 100

[0662]
QBZ

. o
N gy n/OMe

BOC O

[0663] Mel (1.75mL, 3.0 eq.) added to a solution of Cs,CO4 (9.12g, 3.0 eq.) and the title compound from Preparative
Example 4 (3.40g, 9.33 mmol) in DMF (10 mL). The resulting solution was stirred at room temperature 4 hours. The
reaction mixture was concentrated under reduced pressure, diluted with H,O (50 mL) and extracted with CH,Cl, (3 X
50 mL). The combined organics were dried over Na,SO,, filtered, and concentrated in vacuo. The crude product was
purified using a 50 : 50 EtOAc : hexanes mix as eluent (1.4g, 40% yield). FABMS: MH*=379.
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Preparative Example 101

[0664]

H

i
[Nj . HCl
" Irow\e

!
BOC O

[0665] A solution of the title compound from Preparative Example 100 (1.40g, 3.70 mmol) and 5% Pd/C (0.50g9) in
MeOH (20 mL) and 1N HCI (5 mL) was stirred under 1 atm of H, overnight. The reaction mixture was filtered through
a plug of Celite and concentrated in vacuo to give a white solid (1.02g, 98% yield) which was used without purification.
FABMS: MH*=245.

PREPARATIVE EXAMPLE 102

[0666]

Ci /\ cl

[0667] A solution of the title compound from Preparative Example 101 (1.01g, 3.78 mmol) and TEA (2.63 mL, 5 eq.)
in DMF (10 mL) were stirred at room temperature for 30 minutes before adding the title compound from Preparative
Example 87 (1.68g, 1.5eq.). The resulting solution was stirred at room temperature overnight and concentrated under
reduced pressure. The residue wasdiluted with saturated NaHCO4 (25 mL) and extrated with CH,Cl, (3 X 50 mL). The
combined orgaincs were dried over Na,SO,, filtered, and concentrated and the crude product purified by flash chro-
matography using a 3% EtOAc in CH,Cl, solution as eluent to give an off-white solid (1.1g, 39% yield): LCMS: MH*=506.
[0668] The individual C-11 (R)- and (S)-isomers were separated by Preparative HPLC using a CHIRALPAK AD col-
umn using a 15% iPrOH in hexanes with 0.2% DEA solution as eluent.

[0669] 11-(R)-isomer (first eluting isomer): FABMS: MH*= 506; [a]p= +70° (5.0 mg in 2.0 mL MeOH).

[0670] 11-(S)-isomer (second eluting isomer): FABMS: MH*=506; [a]p= ° (28 mg in 2.0 mL MeOH).
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PREPARATIVE EXAMPLE 103

[0671]

Cl— \ Cl

——

N

N
>L Nj""’ n/OT\Ja“
O/ko o

[0672] A solution of the title compound (C-11 (R)-isomer) from Preparative Example 102 (0.465g, 0.918 mmol) and
1IN NaOH (2.76 mL, 3.0 eq.) in MeOH (15 mL) was heated at reflux 2 hours. The reaction mixture was cooled, con-
centrated, diluted with EtOAc (25 mL) and washed with brine (10 mL). The organics were dried over Na,SO,, filtered,
and concentrated under reduced pressure to give a white solid (0.45g, 96% yield): FABMS: MH*= 492; [a]p= +57.4°
(5.0 mg in 2.0 mL MeOH).

PREPARATIVE EXAMPLE 104

[0673]

O/ ’O c
N

EN oy, [rONa**
e

[0674] By essentially the same procedure set forth in Preparative Example 103, the title compound (C-11 (S)-isomer)
was prepared (0.45g, 96% yield): FABMS: MH*= 492; [a]p= +13.7° (5.0 mg in 2.0 mL MeOH).
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PREPARATIVE EXAMPLE 105

[0675]

Br— \ Cl

[0676] By essentially the same procedure set forth in Prepartive Example 102, the title compound (C-11 (R)- and
(S)-isomers) was prepared only the C-11 (R)- and (S)-isomers were separated by flash chromatography using a 3%
EtOAc in CH,CI, solution as eluent.

PREPARATIVE EXAMPLE 106

[0677]

Br— \ Cl

()
N7 n/O'Na"

O OO

[0678] By essentially the same procedure set forth in Preparative Example 103, the title compounds (individual C-
11 (R)-and (S)-isomers) were prepared.

PREPARATIVE EXAMPLE 107

[0679]

F/\ Cl
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[0680] By essentially the same procedure set forth in Preparative Example 102 only substituting the title compound
from Preparative Example 89, the title smpound was prepared (C-11 (R)- and (S)-isomers) (0.71g, 57% yield): FABMS:
MH*=490.

PREPARATIVE EXAMPLE 108

[0681]

F/\ Cl

[:j rowa+
>|\o)§o g

[0682] By essentially the same procedure set forth in Preparative Example 103, only using the title compounds (C-
11 (R)- and (S)-isomers) from Preparative Example 107, the title compound were prepared. The individual C-11 (R)-
and (S)-isomers were separated by flash chromatography using a 12% (10% NH,OH in MeOH) solution in CH,ClI, as
eluent:

C-11 (S)-isomer (first eluting isomer): FABMS: MH*= 476.
C-11 (R)-isomer (second eluting isomer): FABMS: MH*= 476.

PREPARATIVE EXAMPLE 109

[0683]

E:j, 1/OMe
S Ko 6

o

[0684] By essentially the same procedure set forth in Preparative Example 102, only substituting the 3-ClI, 8-H title
compound from Preparative Example 92 for the 3-Cl, 8-Cl title compound from Preparative Example 101, the title
compound (individual C-11 (R)-and C-11 (S)-isomers) was prepared. LCMS: MH*-479.

185



10

15

25

30

35

40

45

50

55

EP 1 140 904 B1

PREPARATIVE EXAMPLE 110

[0685]

[0686] By essentially the same procedure set forth in Preparative Example 103, the title compound (individual C-11

(R)- and C-11 (S)-isomers) was prepared. LCMS MH*=458.

PREPARATIVE EXAMPLE 111

[0687]

Br /\

~

O

[0688] By essentially the same procedure set forth in Preparative Example 102, only substituting the 3-Br, 8-H title
compound from Preparative Example 93 for the 3-Cl, 8-Cl title compound from Preparative Example 101, the title

0]

@l
A

,_OMe
¢

o)

compound (individual C-11 (R)-and C-11 (S)-isomers) was prepared.
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PREPARATIVE EXAMPLE 112

[0689]

[0690] By essentially the same procedure set forth in Preparative Example 103, the title compound (individual C-11
(R)- and C-11 (S)-isomers) was prepared.

PREPARATIVE EXAMPLE 113

[0691]

[0692] By essentially the same procedure set forth in Preparative Example 102, only substituting the 3-F, 8-H title
compound from Preparative Example 95 for the 3-Cl, 8-Cl title compound from Preparative Example 101, the title
compound (individual C-11 (R)-and C-11 (S)-isomers) can be prepared.
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PREPARATIVE EXAMPLE 114

[0693]

F</ \

-

N

O,

N~ n/ONa“‘

>|\o/J§o ©

[0694] By essentially the same procedure set forth in Preparative Example 103, the title compound (individual C-11
(R)- and C-11 (S)-isomers) can be prepared.

EXAMPLES 138A-168

[0695] By essentially the same procedure set forth in Example 1 only substituting the title compounds from Prepar-
ative Example 106 (individual (R)- and (S)-isomers) and substituting the appropriate amine, the compunds of the for-
mula shown below with R8 listed in column 3 of Table 17 were obtained.
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TABLE 17
Ex. | C-11 R’= MP (°C) | CMPD
isomer
138A S H, 131- | FABMS:
= 135 | MH'=697
/\&.N N /
139A R 120- | FABMS:
/4<N 126 | MH'=697
1,7’\' N
140A S 114- | FABMS:
O //< 121 | MH'=697
141A R CHg 122- | FABMS:
O ,/< 126 | MH'=697
J.HN 'II/N\//N
142A R 125- | MS: MH'=
127 712
)L‘NO’Q/N\/)\’
143A S 109- | MS: MH'=
112 712

'/\) u/N\/N
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TABLE 17 - continued

Ex. | C-11 R'= MP (°C) | CMPD
isomer
144A| R | 68-71 | MS: MH'=
712
145A| S 97-100 | MS: MH'=
712
146A1 S P --- | FABMS:
=0 MH'=749
xN
1
.
H,C

147A1 R P --- | FABMS:
MH'=749
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TABLE 17 - continued

Ex. C-11 R= MP (°)C) | CMPD
isomer
148 s e --- | FABMS:
(\ =0 MH'=749
l{N "l,,
\
%
HaC
149 R e --- | FABMS:
" $=o MH'=749
XN
\
A
H,C
150 R e -- | FABMS:
l/\ =0 MH'=749
l{N
N —
iz
h HaC
151 S £ - | FABMS:
7= MH'=749
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TABLE 17 - continued

Ex. | C-11 R'= MP (°C) | CMPD
isomer
152 S e --- | FABMS:
(\ =0 MH'=749
:.I:N
N
Hs
C\&Z
153 S e FABMS:
K\ =0 MH'=749
R -N K
\
H,C
O
154 S pY - | FABMS:
l/\ =0 MH'=749
:L{N
N
HaC
)
155 S Py --- | FABMS:
l/\ =0 MH'=735
_N
o
=2
156 S O

17
»;Np O

- HiC— 2N

2

(Isomer 1)
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TABLE 17 - continued

Ex. | C-11 R’= MP (°C) [ CMPD
isomer
157 S
(Isomer 2)
158 R QHaCY --- | FABMS:
CH MH'=727
"L’{N “, /N\>‘ 3
CH,
159 | S OH:@Y --- | FABMS:
CH MH'=727
j’;N v, /N / 3
CH,
160 | RS FN OH FABMS:
RN N\(\“/ MH'=729
CH,
161 ! PN OH | - | FABMS:
N N\%\/ MH'=729
CHs
162 2 FABMS:
MH'=729

- =N OH
S~
CH3 )
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TABLE 17 - continued

Ex. | C-11 R°= MP (°C)| CMPD
isomer
163 S O FABMS:
)’;N ; MH'=699
"
\_N
HsC
164 S FABMS:
:{LN , MH'=699
"
\ lN
H,C
165 S CH, FABMS:
Ay MH’=68'5
/j
:’IZD"IH/
166 R Hs FABMS:
/_/ MH'=685
/
N
s
167 S Hs FABMS:
/_/\' MH'=685
/
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TABLE 17 - continued

Ex. C-11 Ré= MP (°C) CMPD
isomer
168 R Ha FABMS:
/_j\l MH'=685
P
'_1{ N
PREPARATIVE EXAMPLE 115
[0696]
Br / \ Cl Br- / \ Cl

—

>\

[0697] By essentially the same procedure set forth in Preparative Example 24 only using the title compound from

(

o)

A

). KQV
0]

o)

£ T
NN [

Sy

N

N
H

,/(‘Hs
j“'u I\O\/N://N

o

Example 73A, the title compound was prepared: FABMS: MH*= 599.
[0698] By essentially the same procedure set forth in Preparative Example 115 only substituting the title compounds
from the example listed in column 2, the title compounds of formula shown below with R8 as listed in column 4 of Table

40

45

50

55

18 can be obtained.
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TABLE 18

Prep | Ex. | C-11 R’=
Ex. isomer

116 | 139A R //(DHa
).,;’/\:k/N\//N
117 | 140A| S //<CH3
)y

N
:LL(

118 | 141A R Hsy

)’; O‘"’I P N\//N

=z

EXAMPLES 169-182

[0699] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 19, the compounds of the formula shown below with R® as listed in
Column 4 of Table 19, were obtained (where data is provided) or can be obtained (where no data is provided) by using
the appropriate electrophile.

Br—y/ \ Cl
=N CHg
NN Y A
|\N)""1 N\)\/N\//N
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TABLE 19

Ex. Prep. | C-11 R’= MP CMPD

Ex. isomer °C)

169 116 R AN /k 123- | LCMS:MH'=
o)\o 127 683

170 115 S ~——~ J\ 117- FABMS:
o)\o 123 MH'=683

171 116 R o 78-83 LCMS:
A MH'=723
o e

172 115 S o 129- FABMS:
A 135 | MH'=723

| 00

173 116 R ~~~ 129- LCMS:
o)\ o/\’< 132 | MH'=711

174 115 S o~ 121- LCMS:
OJ\O/K 125 | MH'=711

175 116 R o~ 108- LCMS:

) 041'\0/\v 113 | MH'=694
176 115 S o~ 101- LCMS:
- vo/\v 111 | MH'=694

177 116 R ~——~ J< 148- LCMS:

oé\N 151 | MH'=696
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EP 1 140 904 B1

Ex. Prep. | C-11 R’= MP CMPD
Ex. | isomer (°C)
178 115 ) o~ J< 149- FABMS:
04'\,\, 154 MH'=696
H
179 116 R FAVS 129- LCMS:
oa\'< 133 | MH'=681
180 115 S A~ 119- FABMS:
O//H< 123 | MH'=681
181 116 R \ /O
OAN
H
182 115 S . /O
OAN
H -—

EXAMPLES 183-196

[0700]

the appropriate electrophile.

198

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 20, the compounds of the formula shown below, with R® as listed in
Column 4 of Table 20 were obtained (where data is provided) or can be obtained (where data is not provided) by using
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Br—/ \ Cl
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TABLE 20
Ex. Prep. C-11 R’= MP CMPD
Ex. isomer (°C)
183 118 R BUNS /|\ 115- | FABMS:
oé\ o) 118 | MH'=683
184 117 S UV 109- | LCMS:
o%\ 130 | MH'=683
185 118 R " 82- | FABMS:
A 85 | MH'=723
o]
186 117 S o 101- | LCMS:
P 116 | MH'=723
o
187 118 R ~~ 122- | LCMS:
oé\o/\l< 126 | MH'=711
188 117 S ~~~ 128- | FABMS:
O)\O/* 131 | MH'=711
189 118 R LS 111- | LCMS:
116 | MH'=695
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TABLE 20 - continued

EX. Prep. C-11 R’= MP CMPD
Ex. isomer (°C)
190 117 S j: 90- LCMS:
o Q/w 94 | MH'=695
191 118 R o~ k 149- | FABMS:
OAN 152 | MH'=696
H
192 117 S ~——~ /]< 110- | LCMS:
oél\N 135 | MH'=696
H
193 118 R A~ 129- | LCMS:
o’j\ﬁ 133 | MH'=681
194 117 S NANN 132- | LCMS:
04\|< 143 | MH'=681
195 118 R i /O
OAN
H
196 S \

117

201
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EXAMPLE 197

[0701]

= CHy 2 CH,
N _ S N [’<N

O

[0702] A solution of the title compound from Preparative Example 115 (0.10g, 0.17 mmol) in CH,Cl, (5.0 mL) was
treated with p-fluorophenylacetic acid (0.034g, 1.3 eq.), NMM (0.11 mL, 6.0 eq.), HOBt (0.029g, 1.3 eq.), and DEC
(0.042g, 1.3 eq.) and the resulting solution was stirred at room temperature overnight. The reaction mixture was con-
centrated in vacuo and the crude product purified by flash chromatography using a 5% (10%NH,OH in MeOH) solution
in CH,ClI, as eluent (0.066g, 53% yield): mp = 105-110 °C; LCMS: MH*= 733.

EXAMPLES 198-200

[0703] By essentially the same procedure set forth in Example 197, only using the title compounds from the Prepar-
ative Example listed in column 2 of Table 21, the title compounds of the formula shown below, with R8 as listed in
column 4 of Table 21, were obtained.

Br /\ Ci

N

(e
O‘

0

202
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TABLE 21
’ Ex. | Prep. | C-11 R°= MP | CMPD
Ex. isomer (°C)
198 116 R CHsl 134- | LCMS:
° ~ ﬁ( 136 | MH'=733
J.L:N N\//' N
15
199 | 117 S CH3l 8g.92 | LCMS:
| O /4<N MH'=733
N Ny
20 ,ILI I/ \/
200 118 R CHz! 120- | LCMS:
2 O /4< 131 | MH'=733
)I:N .,‘I,/N\/\l

30

EXAMPLES 201-204

[0704] By essentially the same procedure set forth in Example 197, only substituting cyclopropylmethylacetic acid

35 in place of p-fluorophenylacetic acid, and using the title compounds from the Preparative Example listed in column 2
of Table 22, the title compounds of the formula shown below, with R8 as listed in column 4 of Table 22, were obtained
(Examples 201 and 203) or can be obtained (Examples 202 and 204).

40

Br /\ Cl

J., s

N
45 . [

o ) T
50 n 3 ¢ (@) o
55

Z]ll.
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TABLE 22
Ex. | Prep.| C-11 R’= MP | CMPD
Ex. isomer (°C)
201 115 S CH3 i 135. | LCMS:
/4< 137 | MH'=679
,‘Q;N N\//\‘
202 27 R ,/<CH3
EQVMN
203 28 S Ha| 135-| LCMS:
O =\, | 139 MH'=679
J’;N ":,‘/N\//
204 29 R Ha| .
}Q'O"":/N\//\‘

PREPARATRVE EXAMPLES 119-134

[0705]

column 4 of Table 23 were obtained.

204

By essentially the same procedure set forth in Preparative Example 115, only substituting the title compounds
from the example listed in column 2 of Table 23, the title compounds of the formula shown below, with R8 as listed in
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TABLE 23
Prep Ex. Ex. C-11 isomer R®=
119 145A S
120 144A R K}
J,_; O\/N\// N
121 143A S ,/?
:%’O""I/N\//N
122 142A R ,/?
J‘L:N "I/N /
123 150 R L
" $=0
:L';.N ""l
4
¥
H,C
124 149 S o
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TABLE 23 - continued

Prep Ex. Ex. C-11 isomer R’=
125 146A S e
$=o
rN
x
N
N
i
HaC
126 156 s ~ &
127 157 S (\ 'Y
128 159 S H3%¢N
) :"{ O'”':/ NT/)~ Ch
CH,
129 163 S ,/\
N
\ \”N

206
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TABLE 23 - continued

Prep Ex. Ex. C-11 isomer R’=
130 164 S
h,;N
"
\_N
HsC
131 165 S CH;,
Z N
N—
"lu/
132 166 R CHs
o)
N—/
:I{D"m/
133 167 S CH;,
72 /N
S
jLLL,N
134 168 R CHs
Z N
e\, \IR‘I—[/

EXAMPLES 205-214

[0706] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 24, the compounds of the formula shown below, with R8 as listed in
column 4 of Table 24, were obtained.
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B~/ \ Cl

TABLE 24
Ex. {Prep.| C-11 R®= MP CMPD
Ex. | isomer (°C)
205 122 R 68- MS:
70 MH'=736
J{(N‘OA"'I/N\//\‘
206 | 121 S //?
EO‘%/N\//\J
207 120 R 80- MS:
83 MH'=736
208 119 S 99- MS:
101

MH'=736

208
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TABLE 24 - continued

Ex. [Prep.| C-11 R’= MP | CMPD
Ex. |isomer °C)
209 | 123 | R P --- | FABMS:
=0 MH'=775
SN~
I
N
/
\ N
HsC
210 | 124 S pe --- | FABMS:
=0 MH'=775
SN~
|
N
/
\ N
HyC
211 | 126 | S 2 --- | FABMS:
(\ =0 MH‘=775
_57{N
N
/
\ N
HsC
212 | 126 S /\,P - | FABMS:
| =0 MH'=775
:,.L(,N
Hi,C—< N
H /]

(Isomer 1)

209
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TABLE 24 - continued

Ex. |Prep.| C-11 R’= MP CMPD
Ex. | isomer (°C)
213 | 127 | S b --- | FABMS:
l/\ =0 MH'=775
:L';N

HsC~~N

HNJ

{(Isomer 2)
214 | 128 | s OHscwéN —-- | FaBums:
CH MH'=753

:LLZN ..,,,/N\%'— 3
CH;,

EXAMPLE 215

[0707] By essentially the same procedure set forth in Example 14, only substituting the title compound from Prepar-

ative Example 129, and using the appropriate electrophile, the compound of formula

Br—/ \ Ci

SN P

=

I

N

r?a'i‘( N

was obtained (C-11 S isomer). FABMS: MH*=725.

EXAMPLE 216

[0708] By essentially the same procedure set forth in Example 14, only substituting the title compound from the

Preparative Example 130, and using the appropriate electrophile, the compound of formula

210
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Br / \ Cl
=N
., N (k
LT r{d
o 0

can be obtained (C-11 S isomer). FABMS: MH*=725.

EXAMPLES 217-221

[0709] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 OF Table 25, the compounds of the formula shown below, with R® as listed in
column 4 of Table 25, were obtained by using the appropriate electrophile.

Br / \ Cl CH3
) v
g /
7 D :
N -
R O
TABLE 25
E.-. P. ep- C‘ 1 1 A\9= PAP CI‘V{; D
Ex. isomer : °C)
217 131 S o - FABMS:
oé\ MH'=711
218 132 R o ' --- FABMS:
Oé\ MH'=711
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TABLE 25 - continued

Ex. | Prep. | C-11 R’= MP | CMPD
Ex. isomer (°C)

219 | 131 S o~ /k --- | FABMS:
04\0 MH"'=671
220 | 131 S 2’: --- | FABMS:
o o/\ﬁ MH'=699

]
221 131 ) ~~ /k --- | FABMS:
O%N MH'=684

H

EXAMPLES 222-226

[0710]

column 4 of Table 26, were obtained by using the appropriate electrophile.

Br

/\\

N

cl CH,

A
| "/

N
,\/:/\-./

212

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 26, the compounds of the formula shown below, with R® as listed in
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TABLE 26
Ex. Prep. | C-11 R’= MP CMPD
Ex. |isomer (°C)
229 133 S s FABMS:
PR MH’=711
o e
223 134 R , FABMS:
AN
PR MH'=711
0~ "0
224 133 S j: /k FABMS:
o0~ 0 MH'=671
225 133 S ~~ FABMS:
OAO/\K MH'=699
226 133 S NANS /k FABMS:
o//j\N MH*=684
H

EXAMPLES 227-230

[0711]

shown below with R8 listed in column 3 of Table 27 were obtained.

213

By essentially the same procedure set forth in Example 1, only substituting the titte compounds from Prepar-
ative Example 87 and Preparative Example 101, and substituting the appropriate amine, the compounds of the formula
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TABLE 27
Ex. C-11 R®= MP (°C) CMPD
isomer
227 S Hs | 100-116 | LCMS:
- MH'=653
s N
228 R Hy | 115-128 | LCMS:
- MH'=653
:'1: N N\y N
229 S | CHs | 102-113 | LcwMs:
O ,4<N MH'=653
J.,;N "'II/NJ
230 R CHy | 121-127 | LCMS:
/_/,< MH'=653
2N P
PREPARATIVE EXAMPLE 135
[0712]
NI He N I CH
OO — C v
N E j O\/ N
/
/t 'In/N N\/ N ‘Ilr N\//
H
o o O (0]
[0713] By essentially the same procedure set forth in Preparative Example 24, only using the title compound from

Example 227, the title compound was prepared: LCMS: MH*=553.
[0714] By essentially the same procedure, only substituting the title compounds from the example listed in column
2 of Table 28, the title compounds of the formula shown below, with R® as listed in column 3 of 28, were obtained.
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Cl—/ \ Cl

=N
o
H

m/
0]

TABLE 28

Prep Ex. Ex. C-11 isomer R’=

136 228 R (/<CH3
O\/N\//N
137 229 S C' //<CH3

138 230 R
N
:’1; IO'W, Py N\//

oy
=

Examples 231-242

[0715] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 29, the compounds of the formula shown below, with R® as listed in
column 4 of Table 29 were obtained (where data is provided) or can be obtained (were no data is provided) by using
the appropriate electrophile.

Cl— \ Ci
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TABLE 29
Ex. Prep. | C-11 R’= MP CMPD
Ex. isomer (°C)
231 136 R BUSS J\ 106- LCMS:
oé\o 115 | MH'=639
232 135 S -'-O/k 92- LCMS:
04'\ 101 | MH'=639
233 136 R e 107- LCMS:
A o/\ﬁ 117 | MH'=667
234 135 S UV 106- LCMS:
o)\ o/\,< 117 | MH'=667
]
235 136 R i B R
O O/w
236 135 S ~~
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Ex. Prep. | C-11 R’= MP CMPD
Ex. isomer (°C)
237 136 R Z k
0~ N
H
238 135 S BUSN /k 107- LCMS:
O&\N 113 | MH'=652
H
239 136 R A 107- LCMS:
oé\‘< 114 | MH'=637
240 135 S A~ 100- LCMS:
o%\|< 112 | MH'=637
241 136 R . /O -
OAN
H
2492 135 S \ /O
A
OAN
H

EXAMPLES 243-254

[0716]

the appropriate electrophile.

217

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 30, the compounds of the formula shown below, with R® as listed in
column 4 of Table 30, were obtained (where data is provided) or can be obtained (where no data is provided) by using
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Ex. | Prep. | C-11 R’= MP CMPD
Ex. isomer °C)

243 | 138 R —~ /l\ 103- LCMS:
OJ\O 114 | MH'=639

244 | 137 S Z\Mo/k 96- LCMS: -
') 106 | MH'=639

245 | 138 R o~ 104- LCMS:
OAO/X 108- | MH'=667

246 | 137 S ~~ 100- LCMS:
o)\o/\,< 107 | MH'=667

247 | 138 R -
O//\O/W

248 | 137 S ;‘m\
o O/\7
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Ex. | Prep. | C-11 R’= MP CMPD
Ex. | isomer {°C)

249 | 138 R ;': k
o~ N
H

250 | 137 S Z k
0~ N
H

251 | 138 R FANS 104- | LCMS:

o%\,< 119 | MH'=637

252 | 137 S NIS 100- LCMS:

oé\< 106 | MH'=637

253 | 138 R o O
H

254 | 137 S
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PREPARATIVE EXAMPLE 139

[0717]

Ci/ . cl
0
L

[0718] By essentially the same procedure set forth in Preparative Example 32 only substituting the 3-ClI, 8-Cl tricyclic
chloride prepared in Preparative Example 87 for the 3-H, 8-ClI tricyclic chloride in Step B, the title compound was

prepared. FABMS: MH*=518.

PREPARATIVE EXAMPLES 140 and 141

[0719] By essentially the same procedure set forth in Example 1, only substituting the appropriate amine, the com-
pounds of the formula shown below, with R8 as listed in column 3 of Table 31, were obtained.

Ci

EP 1 140 904 B1

7\

N

A

-0

o O

220
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TABLE 31
Prep. | C-11 R%= MP ('C) [ CMPD
Ex. isomer
140 RS Hy FABMS:
Y A\, MH'=679
J.L;N\)\/N\//" -
141 R,S ' Hs — LCMS:
= MH'= 679
SN NN

EXAMPLE 254A

[0720]

C 1,,‘ LA

[0721] By essentially the same procedure set forth in Example 1 only substituting the title compound from Preparative
Example 139 and the amine from Preparative Example 74B, the title compound was prepared. mp=105-113; LCMS:
MH*=678.

EXAMPLE 255-258

[0722] The title compounds from Preparative Examples 140 and 141 were separated into individual C-11 (S)- and
(R)-diastereomers by Preparative HPLC with a CHIRALPAK AD column using a 20% iPrOH in hexanes solution with
0.2% DEA as eluent to give the compounds of the formula shown below with R8 as listed in Column 3 of Table 32.
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Cl—y/ \ Cl
=N
N
O
N N~ '/n/
TABLE 32
Ex. C-11 R°= MP CMPD
isomer °C)
255 S CHz| 116- FABMS:
/4< 126 MH'=679
5N N o =+21.1
(3.62 mg in
2.0 mL MeOH)
256 R CHy | 199. FABMS:
/4<N 128 MH'=679
;.’;N N/ [a],=-20.7
(5.0 mg in 2.0
mL MeOH)})
257 S Hs|{ 115- | LCMS: MH'=
= 128 679
:,_L:N vy NL lo],= +20.1
(5.0 mg in 2.0
mL MeOH)
258 R Hy| 115- LCMS:
: = 128 MH'=679
N NN (o= -13.3
(5.0 mg in 2.0

mL MeOH)
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EXAMPLES 259-262

[0723] By essentially the same procedure set forth in Example 1, only substituting the title compounds from Prepar-
ative Example 89 and Preparative Example 101 and substituting the appropriate amine, the compounds of the formula

shown below, with R8 listed in column 3 of Table 33 were obtained.

F/\

223
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TABLE 33
Ex. C-11 R®= MP (°C) CMPD
isomer

259 S Ha | 126-135 | LCMS:
O\/ MH'=637
260 R 110-116 | FABMS:
,/< MH'=637

NN

261 S 115-118 | LCMS:

O MH'=637
I' /

262 R 122-126 | FABMS:

MH'=637

\:) "/N\/N

PREPARATIVE EXAMPLE 142

[0724]

E],, OJ%—» (

[0725]

O

By essentially the same procedure set forth in Preparative Example 24, only using the title compound from

Example 259, the title compound can be prepared.

[0726]

By essentially the same procedure, only substituting the title compounds from the example listed in column

224
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EP 1 140 904 B1

/\ Cl

=N
)
N7
H

. ( R®

O
TABLE 34
Prep Ex. Ex. C-11 isomer R®=
43 260 R //<CH3
144 261 S //<CH3
;L;O"':;/N\//N
TABLE 34 - continued
Prep Ex. Ex. C-11 isomer R’=
145 262 R CHa

LN P

EXAMPLES 263-274

[0727] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 35, the compounds of the formula shown below, with R® as listed in
column 4 of Table 35, were obtained (where data is provided) or can be obtained (where no data is provided) by using
the appropriate electrophile.
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F—" \ Cl
=N CH
) O A
N
ey N N\//
N
R° O :
TABLE 35
Ex. Prep.| C-11 R’= MP CMPD
Ex. | isomer °C)
263 143 R —~ J\ 92-95 | LCMS:
‘ OJ\O MH'=623
264 142 S ~ /l\ 103- LCMS:
| oél\o 106 | MH'=623
265 143 R o~ 74-81 | . LCMS:
MH'=651

G 0/\’<
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Ex. Prep.| C-11 R’= MP CMPD
Ex. | isomer (°C)
266 142 S o~ 90-95 | LCMS:
O)\O/\|< MH=651
267 143 R Z 100- LCMS:
') O/W 104 | MH'=635
268 142 S Z 83-87 | LCMS:
o) o/\7 MH'=635
269 143 R N J<
Oé\N
H
270 142 S 2‘: J<
O~ N
H
271 143 R FANS 105- LCMS:
o//'\ﬂ 107 | MH'=621
272 142 S ~~ 75-77 | LCMS:
o//‘w< MH'=621
273 143 R e Q
OAN
H
274 | 142 | S o /O
oé\N
H

EXAMPLES 275-286

[0728] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 36, the compounds of the formula shown below, with R® as listed in
column 4 of Table 36, can be obtained by using the appropriate electrophile.
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F/ \ Cl
=N | CH,
=
SN
7
R O
TABLE 36
Ex. Prep. C-11 R’=
Ex. isomer
275 145 R :L: J\
0] 0)
276 144 S i
0~ "0
277 145 R ;‘:
G O/\‘<
278 144 S ;’\w ~
o O/\]<
279 145 R i
o) O/W
280 144 S j: -
SV,
281 145 R VLIS /|<
o&\'N
. H
282 144 S i /l<
) 0~ N
H

228
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TABLE 36 - continued

Ex. Prep. C-11 R’=
Ex. isomer
283 145 R

284 144 S

285 145 R |

286 144 "R . /O

PREPARATIVE EXAMPLE 146 AND 147

[0729]

F/\ Cl

EJ,, on

[0730] By essentially the same procedure set forth in Preparative Example 36, only substituting the 3-F, 8-Cl tricyclic
chloride prepared in Preparative Example 89 for the 3-H, 8-Cl tricyclic chloride in Step B, the title compounds (C-11
(S)- and (R)-isomers) were prepared and separated into individual diasteromers by flash chromatography using a 12%
(10% NH4OH in MeOH) solution in CH,Cl:

PREPARATIVE EXAMPLE 146

[0731] 11-(S)-isomer (first eluting isomer): FABMS: MH*=502; [a]p= +7.7° (5.0 mg in 2 mL MeOH).

229
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PREPARATIVE EXAMPLE 147

[0732] 11-(R)-isomer (second eluting isomer): FABMS: MH*=502; [a]p= +74.6° (5.0 mg in 2 mL MeOH.

EXAMPLES 287-290

[0733] By essentially the same procedure set forth in Example 1, only substituting the title compounds from Prepar-
ative Example 132 (individual (S)- and (R)-isomers) and substituting the appropriate amine, the compunds of the for-
mula shown below, with R8 as listed in Column 3 of Table 37 were obtained.
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7 \ cl
TABLE 37
EX. C-11 R’= MP CMPD
isomer (°C)
287 S L£H3| 116- | FABMS:
O\/ A\ | 123 | Mm=663
SN A NN [o],=-34.4
(5.0 mg in 2.0
mL MeOH)
288 R CHs | 128- FABMS:
O\/ /—/——< | 134 | MH'=663
J.,:‘N N\//N [a],=+38.6
(5.0 mg in 2.0
mlL MeOH)
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TABLE 37 - continued

Ex. C-11 R= MP CMPD
isomer (°C)
289 S H3 | 120- FABMS:
O /4(: 126 | MH'=663
X N~ /N\//N [o],=-29.4
(5.0 mgin 2.0
mL MeOH)
290 R Hy | 121- FABMS:
O /4{ 125 | MH'=663
SN P [0),=+34.2
(5.0 mgin 2.0
mL MeOH)

EXAMPLES 291-294

[0734] By essentially the same procedure set forth in Example 1, only substituting the title compounds from Prepar-
ative Example 110 and substituting the appropriate amine, the compounds of the formula shown below, with R8 listed

in column 3 of Table 38 were prepared.

Ci /\

\N |
)
. >L ’.\". ~.,,“/R3
0o ©
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TABLE 38
Ex. | C-11 R®= MP CMPD
isomer (°C)
291 S Hs | 99-107 | LcMs:
= MH'=619
j.L;N N\//\j
202 | R CHy | 95-105 | LcMms:
=\ MH'=619
,v,;N N/
293 S CH3 | 110-123 | LcMs:
f< MH'=619
J'L;N "I‘I/NJN
294 R : CHz | 102-118 | LcMS:
O =\ MH'=619
).L"N ."l,/N\//
294 S Z I 93-107 LCMS:
2514 R /\ /ﬁ 102-113 LC"MS:

PREPARATIVE EXAMPLE 148-151

[0735]

4 of Table 39, were prepared.

232

By essentially the same procedure set forth in Preparative Example 107, only substituting the title compounds
from the example listed in column 2 of Table 39, the title compounds of formula shown below, with R8 as listed in column
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Cl /\

N

).

H o
TABLE 39
Prep | Ex. C-11 R’= CMPD
Ex. isomer
148 | 291 S CHg LCMS:
/4< MH"519
xN NN
149 | 292 R H, LCMS:
= MH'=519
/’I;N N\//N
150 | 293 S Ha LCMS:
O =\ MH'=519
z;N "III/N\//
151 | 294 R CH, LCMS:
O f< MH'=519
J'L:N "l,l/ N\//N

EXAMPLES 295-306

[0736]

the appropriate electrophile.

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 40, the compounds of the formula shown below, with R® as listed in
column 4 of Table 40, were obtained (where data is provided) or can be obtained (where no data is provided) by using
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Cl—y/ \
=N | CHs
=
(), 5
N
R® O
TABLE 40
Ex. |Prep | C-11 R’= MP CMPD
X isomer (°C)
Ex.
295 | 149 R i J\
oo
296 | 148 S j:
0
297 | 149 R o 94-119| LCMS:
OAO/\K MH'=633
208 | 148 S o~ 110- LCMS:
oé\o/\ﬁ 125 | MH'=633
299 | 149 R o~ 95-104 | LCMS:
- OAO/W MH'=617
300 | 148 S -~ 95-101 | LCMS:
o&\o/\vv MH'=617
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TABLE 40 - continued

Ex. | Prep C-11 R’= MP CMPD
i isomer (°C)
Ex.
301 | 149 R ~~ /|< 107- LCMS:
OAN 119 MH'=618
N .
302 | 148 S o~ k 110- LCMS:
of\N 121 MH'=618
H
303 | 149 R A~ 96-119 LCMS:
04‘\|< MH'=603
304 | 148 S o~
o//J\'<
305 | 149 R . /O
SN
o//J\N
H _
306 | 148 S o O
‘ .
H

EXAMPLES 307-318

[0737]

column 4 of Table 41, can be obtained by using the appropriate electrophile.

235

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 41, the compounds of the formula shown below, with R® as listed in
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TABLE 41
Ex. Prep. C-11 R’=
Ex. isomer
307 151 R i~
o&\o
308 150 S o
A~
309 151 R o
o}\o/\,<
310 150 S e
o)\o/*
311 151 R o~
0 O/\v
312 150 S o
oéj\o/w
313 151 R o~ J<
AN
H
314 150 S ~~ J<
AN
H
315 151 R A~
04W<
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TABLE 41 - continued

Ex. Prep. C-11 R’=
Ex. isomer
316 150 S ~n
| 04\’<
317 151 R i /O
OJ\N
H
318 150 S " /O
OAN
H
PREPARATIVE EXAMPLE 152
[0738]
Cl—~ \
=N
()
w, ~OH
Lt
o)
o 0
[0739] By essentially the same procedure set forth in Preparative Example 36, only substituting the 3-Cl, 8-H tricyclic

chloride prepared in Preparative Example 92 for the 3-H, 8-Cl tricyclic chloride in Step B, the title compounds (C-11
(S)- and (R)-isomers) was prepared. FABMS: MH*= 484.

PREPARATIVE EXAMPLES 153 and 154

[0740] By essentially the same procedure set forth in Example 1, only substituting the title compounds from Prepar-
ative Example 152 and substituting the appropriate amine, the compounds of the formula shown below, with R8 as
listed in column 3 of Table 42, were obtained.
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N:l gy R
Qoi

TABLE 42
Prep C-11 R’= CMPD
Ex. isomer
153 R,S //{Hs FABMS: MH'=645
154 R.S //’<CH3 FABMS: MH'=645
j.';N "1,,/N\//N

EXAMPLES 319-322

[0741]

=N

Ay

239

The title compounds from Preparative Examples 153 and 154 were separated into individual C-11 (S)- and
(R)-diastereomers by Preparative HPLC with a CHIRALPAK AD column using a 25% iPrOH in hexanes solution with
0.2% DEA as eluent to give the compounds of the formula shown below with R8 as listed in column 3 of Table 43.
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TABLE 43
Ex. C-11 R®= MP CMPD
isomer (°C)
319 S CHs | 114- | FABMS:
/4< 118 | MH'=645
){( N N\//N
320 R CH; | 115- | FABMS:
=\ 120 | MH'=645
,1,; N N\//
321 S CHs | 112- | FABMS:
O =\, 121 | MH'=645
:s; N "1,' / N\//
322 R CH3 | 117- | FABMS:
/\) /4< 125 | MH'=645
A; N ‘v, y / N\/)j

EXAMPLES 323-326

[0742] By essentially the same procedure set forth in Example 1, only substituting the title compounds from Prepar-
ative Example 112 and substituting the appropriate amine, the compounds of the formula shown below, with R8 listed
in column 3 of Table 44, can be obtained.

45

50

55
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TABLE 44

Ex. C-11 R’= MP CMPD
isomer (°C)
10 323 S 109-124 LCMS:

MH’'=663

=

15

102-119 LCMS:
MH'=663

324 R

=

§

s
q

-

20

»
(@)
I
&

t
1
1

325

BN

25

Q
X
5

1

}

!

326 R

e

:
Z
S

2
S

30

o

PREPARATIVE EXAMPLE 155-158

35
[0743] By essentially the same procedure set forth in Preparative Example 115, only substituting the title compounds
from the example listed in column 2 of Table 45, the title compounds of the formula shown below, with R8 as listed in
column 4 of Table 45, can be prepared.

40

Br /\

=N
)
-, ~R8
N "
0

45
50

55
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TABLE 45
Prep Ex. EX. C-11 isomer R’=

155 323 S //{Hs
X ’@/ N}N

156 324 R //<CH3
X "O\/ Ni//N

157 325 S ,/(CHs
X 'O: 7 N—://N

158 326 R H;
X O, ~ N_://N

EXAMPLES 327-338

[0744]

242

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 46, the compounds of the formula shown below, with R® as listed in
column 4 of Table 46, were obtained (where data is provided) or can be obtained (where no data is provided) by using
the appropriate electrophile.

CHs

a1
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TABLE 46
Ex. |Prep.| C-11 R°= MP CMPD
Ex. |isomer (°’C)

327 156 R N J\
oé\o
328 155 S o~ /k
o}\o
329 156 R o~ 112- LCMS:

o}\ o/w< 118 | MH'=677
330 155 S o 98- LCMS:
0)\0/\]< 122 | MH'=677
331 156 R o 93- LCMS:
OJ\O/W 103 | MH'=661
332 155 S i 89- LCMS:
0 O/W 108 | MH'=661
333 156 R ~~~ /l< 84- LCMS:
o%\N 108 | MH'=662

H _
334 155 S e~ /‘< 91- LCMS:
O%\N 118 | MH'=662

H

335 156 R VIS 103- LCMS:
113 | MH'=647
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TABLE 46 - continued

Ex. Prep. | C-11 R°= MP CMPD
Ex. |isomer (°C)
336 155 S . 115- LCMS:
o)\]< 124 | MH'=647
337 156 R o /O
o//l\N
H
338 155 S e /O
OAN
H

EXAMPLES 339-350

[0745]

column 4 of Table 47, can be obtained by using the appropriate electrophile.

By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 47, the compounds of the formula shown below with R® as listed in

R® ©
TABLE 47
Ex. Prep C-11 R’=
Ex. isomer |
339 158 R ;’: J\
(o yiie)
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TABLE 47 - continued

Ex. Prep. C-11 R’=
Ex. isomer
340 157 S AN
i L
o)
341 158 R ;':
o O/\]<
342 157 S j:
‘ o O/*
343 158 R i
S AV,
344 157 S ;‘m\
07Ty
345 158 R UM /|<
o//'\N
H
346 157 S ;’m\ /[<
o~ N
H
347 158 R P~
OA\[<
348 157 S ’2:
v 1<
349 158 R e /O
oél\N
. H
350 157 o /O

Iz
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PREPARATIVE EXAMPLE 159

[0746]

[0747] By essentially the same procedure set forth in Preparative Example 36, only substituting the 3-Br, 8-H tricyclic
chloride prepared in Preparative Example 93 for the 3-H, 8-C1 tricyclic chloride in Step B, the title compounds (C-11
(S)- and (R)-isomers) were prepared. FABMS: MH*=528.

PREPARATIVE EXAMPLES 160 and 161

[0748] By essentially the same procedure set forth in Preparative Example 126, only substituting the title compounds
from Preparative Example 144 and substituting the appropriate amine, the compounds of the formula shown below,
with R8 as listed in column 3 of Table 48, were obtained.

Br/\

o

N
1
Y
|\NJ~,, R®

LI

o)
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TABLE 48
Prep. | C-11 R’= CMPD
Ex. isomer
160 RS Ha FABMS:
- MH'=689
:L';N N\//N
161 | RS CH, FABMS:
= N ‘MH’'=689
){(N “,, /NJ ‘

EXAMPLES 351-354

[0749]

The title compounds from Preparative Examples 160 and 161 were separated into individual C-11 (S)- and
(R)-diastereomers by Preparative HPLC with a CHIRALPAK AD column using a iPrOH in hexanes solution with 0.2%
DEA as eluent to give the compounds of the formula shown below with R8 as listed in column 3 of Table 49.

TABLE 49
Ex. | C-11 R°= MP CMPD
isomer ) (°C)
351 S CHy 120- - | FABMS:
124 | MH'=689
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TABLE 49 - continued

Ex. | C-11 R’= MP | CMPD
isomer (°C)
352 R Hs 122- | FABMS:
O\/ F{ 125 | MH'=689
:,_';N N/
353 S 121- | FABMS:
O //{ 127 | MH'=689
vy NN
354 R CHs 124- | FABMS:
Q é< 128 | MH'=689
YL N NN

EXAMPLES 355-358

[0750]

in column 3 of Table 50, can be obtained.

248

By essentially the same procedure set forth in Example 1 only substituting the title compounds from Prepar-
ative Example 114 and substituting the appropriate amine, the compounds of the formula shown below, with R8 listed
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TABLE 50
EX. C-11 R®=
isomer
355 S ,/{HS
356 R //<CH3
5 & N
357 S //{Ha
| N
’I’:‘Olq’t yd N
358 R Hs
N
HQ"’:,/N\//

PREPARATIVE EXAMPLE 162-165

[0751] By essentially the same procedure set forth in Preparative Example 115, only substituting the title compounds
from the example listed in column 2 of Table 51, the title compounds of the formula shown below, with R8 as listed in
column 4 of Table 51, can be prepared.

40

45

50

55
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TABLE 51
Prep Ex. Ex. C-11 isomer _ R®=
162 355 s //(3'*3
i :L,;O\/N\//\J
163 356 R //<CH3
J,;"O\/Ni//N
164 357 S //<CH3
X "O/ ~ N’/
165 358 R //<CH3
X, O; e N;N

EXAMPLES 359-370

[0752] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 52, the compounds of the formula shown below, with R® as listed in
column 4 of Table 52, can be obtained by using the appropriate electrophile.

FW}
\QN/\I\lJ/\% ,
ooV~

1

!
R® O
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TABLE 52
Ex. Prep C-11 R’=
Ex. isomer
359 163 R i
o)
360 162 S //;\ww
o o)
361 163 R 2‘:
O O/\K
362 162 S e~
O)\O/\l<
363 163 R i
o) O/\v
364 162 S i
o O/W
365 163 R 2': /|<
0~ "N
H
366 162 S ;’m\ k
o~ N
H
367 163 R ~~
A
368 162 S S
O&\K
369 163 R . O
OAN
H .
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TABLE 52 - continued

Ex. Prep. C-11 R’=
Ex. isomer
370 162 S '
SN

O&\ N

I

EXAMPLES 371-382

[0753] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 53, the compounds of the formula shown below, with R® as listed in

Column 4 of Table 53, can be obtained by using the appropriate electrophile.

F— \
=N | ’/<CH3
j N, NN
N
'o
R* O
TABLE 53
Ex. Prep C-11 R°=
. 1S011el
371 165 R i J\
(o)
372 164 S i /|\
0~ 0O
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TABLE 53 - continued

Ex. Prep. C-11 R°’=
' Ex. isomer
373 165 R i
S O/*
374 164 S i
o O/w<
375 165 R i
TV
376 164 S i
SV,
377 165 R ;w\ /|<
0~ N
H
378 164 S i~ k
o//‘\N
M
379 165 R o%<
380 164 S A~
oﬁ<
381 165 R o /O
OJ\N _
H
382 164 S N /O
oé\N
H
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PREPARATIVE EXAMPLE 166

[0754]
BOC cH,
Nj f7<
LA
N 'lln/N N\//
o/&o ©

[0755] By essentially the same procedure set forth in Example 1 only substituting the title compound from Preparative
Example 32 Step A and the title amine from Preparative Example 21, the title compound was prepared. FABMS:
MH*=518.

PREPARATIVE EXAMPLE 166A

[0756]
BOC CH,
N —
) g
‘ N
N 7 N v, - N\//

0o ©

[0757] By essentially the same procedure set forth in Example 1 only substituting the title compound from Preparative
Example 32 Step A and the title amine from Preparative Example 20, the title compound ca be prepared.

PREPARATIVE EXAMPLES 167 and 168

[0758] By essentially the same procedure set forth in Preparative Example 32. only substituting the title compounds
from Preparative Example 166 and 166A and the 3-F, 8-H tricyclic chloride from Preparative Example 95, the compound
of the formula shown below with R8 as listed in Column 3 of Table 54 was prepared (Prep. Example 167) or can be
prepared (Prep. Example 168).
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TABLE 54
Prep. C-11 R’= CMPD
Ex. isomer
167 R.S Ha FABMS:
= MH'=629
,‘LL" N N\//N
168 R.S CH
N
;L":NO""I/ N\//

EXAMPLES 383-386

[0759]

formula shown below with R8 as listed in Column 3 of Table 55.

F/\

[ j"’c RB

O

255

The title compounds from Preparative Examples 167 and 168 were (Preparative Examples 167) and can be
(Preparative Example 168) separated into individual C-11 (S)- and (R)-diastereomers by Preparative HPLC with a
CHIRALPAK AD column using an iPrOH in hexanes solution with 0.2% DEA as eluent to give the compounds of the
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TABLE 55

Ex. | C-11 R®= MP (°C) CMPD
isomer
383 S Hs | 121-126 | FABMS:
| = MH'=629
:LL:N N\//N
384 R Hy | 104-111 | FABMS:
= MH'=629
).,:‘N NJ N
385 S //<CH3
- — N
},;NO-.,”/ N\y
386 R CH,
N
:Q;’O”"I/ N\//
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PREPARATIVE EXAMPLE 168A

Preparation of the tricyclic N-oxide moiety

[0760]

EP 1 140 904 B1
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7\ Cl MCPBA / CH,Cl, 7 ci

i
————

o P o

2
j NaBH, / MeOH

7 \ Cl SOCI, / toluene 74 \ Cl
P ¢ P OH

4 3

l;i TFA

[Nj"’lﬁ/OH / NEts / CHoCly

0o ©

/\Cﬁ\ Ci CI

O _N Chromatography ﬁ

CJ, o - E J,
Lt B!

6a (11-S Isomer)

6
+

Vi ) o]
4 \%
(&
.N .,/1 1/()H
o 8
6b (11-R isomer)

[0761] 1 -2 A solution of 3-peroxybenzoic acid (25 g, 102.59 mmol, 2.5 eq.) in anhydrous dichloromethane (250 mL)
was added dropwise over a period of one hour to a stirred solution of 8-chloro-4-aza-10,11-dihydro-5H-dibenzola,d]
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cyclohepten-5-one 1 (10 g, 41.04 mmol, 1.0 eq.) in anhydrous dichloromethane (100 mL) at O °C under a nitrogen
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 (5 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 C4H4,CINO, ([M + H]*): 260.0475
Observed: 260.0478
[0762] 2 -3 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 organic extracts were washed with
brine (100 mL), 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 + H]*: 262
HRMS (FAB+):
Calculated for C;4H3CINO, ([M + H]*): 262.0635
Observed: 262.0636
[0763] 3 -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 anhydrous toluene (150 mL) at 0 °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 dichloromethane (250 mL) and washed with
ice-cold, saturated aqueous NaHCOj solution (5 x 100 mL) until 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 quantitative yield. Due to its high reactivity, compound
4 was used directly without any attempts at purification or characterization (other than 1H NMR).
Yield: 9.55 g = 34.09 mmol = 99%
[0764] 4 -6 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 temperature 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
(CH,Cl,:MeOH = 19:1 v/v) to give the diastereomerically pure isomers 6a and 6b at C-11 of the tricycle.

For 6a:

Yield: 5.75 g = 11.50 mmol = 45%

Off-white foam; M.p.: 78-83 °C

[M + H]*: 500

HRMS (FAB+):
Calculated for C,gH3,CIN3Og ([M + H]*): 500.1953
Observed: 500.1952

For 6b:

Yield: 3.00 g = 6.00 mmol = 24%

Off-white solid; M.p.: 94-99 °C

[M + H]*: 500

HRMS (FAB+):
Calculated for C,gH31CIN3Og ([M + H]*): 500.1953
Observed: 500.1952
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EXAMPLE 387

[0765]

\ Cl
5 )

(b I AD
SO NI

[0766] By essentially the same procedure set forth in Example 47A, only substituting the title compound from Pre-
parative Example 168A, the title compound was prepared: mp = 85-90 °C; [M+H]*: 661.

EXAMPLE 388

[0767]

a \ Cl
”J : (L

[0768] By essentially the same procedure set forth in Example 42 (see Table 6), only substituting the title compound
from Preparative Example 168A, the title compound was prepared: mp = 108-113 °C; [M+H]*: 661.

PREPARATIVE EXAMPLE 169

[0769]

oC

? poc
(o A Sy
BOC

BOC O

Hs

[0770] By essentially the same procedure set forth in Example 1, only substituting the title compound from Preparative
Example 2 and susbtituting the appropriate amine, the title compound was prepared.
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PREPARATIVE EXAMPLE 170

[0771]

op goc
BOC o ‘ BOC o CH,

[0772] By essentially the same procedure set forth in Preparative Example 147, the title compound was prepared.

PREPARATIVE EXAMPLE 171

[0773]

*N* CHg
U O — O
BOCO : 1)( -

- x HCI

[0774] By essentially the same procedure set forth in Preparative Example 8, the title compound was prepared and
used without further purification.

PREPARATIVE EXAMPLE 172

[0775]

Z""UJ

oc

j N\//N

BOC CHa H 0o CH,
- x HCI

‘., Y

[0776] By essentially the same procedure set forth in Preparative Example 8, the title compound was prepared and
used without further purification.
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PREPARATIVE EXAMPLE 173

[0777]

A A CH;
N cI !4<
E j N, NN

[0778] By essentially the same procedure set forth in Preparative Example 6, only substituting the title compounds
from Preparative Example 171 and Preparative Example 99, the title compound was obtained: FABMS: MH*=519.

[0779] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 56, the compounds of the formula shown below, with R® as listed in

25

30

35

40

45

50

55

column 4 of Table 56, were obtained by using the appropriate acylating agent.

=N CH,
SJoNs
N
N7 N N~
L9
R O
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TABLE 56
Ex. Prep. C-11 R’= CMPD
Ex. isomer
389 173 R \ FABMS:
A
A MH'=644
0~ N
H
390 173 S o FABMS:
PN MH'=644
O~ N
H
391 173 A , N FABMS:
SAA-
A MH'=645
0]
230 173 B , FABMS:
: A
' A MH'=645
o]
393 173 . R on/k FABMS:
o%\. MH'=619
TABLE 56 - continued
Ex. Prep. C-11 R’= CMPD
Ex. isomer
394 173 S “~ /|< FABMS:
OAQ MH’=619
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PREPARATIVE EXAMPLE 174

[0780]

/\\

N

[0781] By essentially the same procedure set forth in Preparative Example 6, only substituting the title compounds
from Preparative Example 172 and Preparative Example 99 the title compound was obtained: FABMS: MH*=519.

EXAMPLES 395-397

[0782] By essentially the same procedure set forth in Example 14, only substituting the title compounds from the
Preparative Example listed in column 2 of Table 57, the compounds of the formula shown below, with R® as listed in

EP 1 140 904 B1

H

Y

,.,I’
o)

N

N

[n

\/g

Hs

column 4 of Table 57, was obtained by using the appropriate acylating agent.
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TABLE 57
Ex. Prep. C-11 R= CMPD
Ex. isomer
395 174 R.S Jmok FABMS:
oé\ MH'=619
396 174 A o~ /]< FABMS:
oé\o MH'=619
397 174 B j: /j< FABMS:
o~ "o MH’=619
EXAMPLE 398
[0783]
| Ci
B~ \ © Ha 7 \ Hs
N W N w
A" — ("
S | e v,
S LT ST
A O A O
[0784] The title compound from Example 165 (0.076 g) was balloon hydrogenated over 10% Pd/C (0.025 g) in EtOH

(15 mL) overnight at room temperature. The catalyst and the solvent removed to give the title compound: MS MH*= 606.

EXAMPLES 399-402

[0785]

were obtained.

265

By essentially the same procedures set forth in Preparative Example 24 and Example 14, only using the title
compound from Example 398, the title compounds of the formula shown below, with R® listed in column 3 of Table 58,
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cl

0 Qm

TABLE 58
Ex. C-11 R’= CMPD
isomer

399 S S FABMS:
A MH'=632

0~ "0
400 S ———~ J\ FABMS:
o&\o MH'=592
401 S o FABMS:
O)\O/K MH’=620
402 S ~~ /l< FABMS:
OJ\N MH'=605

H

EXAMPLES 403-406

[0786] By essentially the same procedure set forth in Example 399, compounds of the formula shown below, with

R listed in column 4 of Table 59, were obtained.
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7 Cl chH,

—

N z
) -
NO_/
N
R® O

TABLE 59

Ex. C-11 R°= CMPD

isomer

403 ) o FABMS:
A MH'=632
O

404 S AN J\ FABMS:
OAO MH'=592

405 S o~ FABMS:
O//'\O/K MH'=620

406 S FUNS J< FABMS:
oéj\N MH'=605

H

EXAMPLES 407-408

[0787] By essentially the same procedure set forth in Example 1, only substituting the appropriate amine, the com-

pounds of the formula shown below, with R8 as listed in column 3 of Table 60 were obtained.

267




10

15

20

25

30

35

40

EP 1 140 904 B1

/\ Cl

0”0
TABLE 60
Ex. C-11 R’= CMPD
isomer
407 1 CH, FABMS:
=\ MH'=699
:{(N g N
408 2 Hs FABMS:
= MH'=699
:'I:N ":‘I/N\//N

EXAMPLES 409 and 410

[0788] The title compound from Example 47(CC) was separated into individual diasteromers using a CHIRALPAK
AD column using a 15% iPrOH in hexanes with 0.2% DEA as eluent to give the title compounds of formula shown

45

50

55

below wherein R8 is as defined in column 3 of Table 60A.
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7 Cl

=N

QLY

TABLE 60A
Ex. C-11 R’= CMPD
isomer
409 S CHs FABMS:
{"—< MH'=659
N
Isomer 1
410 S CHs FABMS:
N {"'( MH'=659
2y N
Isomer 2

PREPARATIVE EXAMPLE 175

I
o,,@

o (”1 ,,

N/

n/Q/

o)

[0789] By essentially the same procedure put forth in Preparative Example 115 only substituting the title compound
from Example 32, the title compound was prepared.
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EXAMPLE 411

[0790]

3 \ Cl
10 - CH,
( j _
: N
"t,' N NJ
15 O -
>(\ o/go

20

[0791] By essentially the same procedure set forth in Example 14, only substituting the title compound from Prepar-

ative Example 175 and neopentyl chloroformate, the title compound was prepared: mp=103-115°C; LCMS: MH*=633. ]

EXAMPLES 412 and 413
25

[0792] The title compounds of the formula shown below with R® as listed in column 3 of the Table 61 were prepared

by essentially the same procedure as set forth in Example 1, only substituting the title compound from Preparative

Example 175 and the appropriate carboxylic acid.
30

a ) Cl
\
35 CH3
N
,,1 N\//

40 R ®)
45
50
55
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TABLE 61
Ex. C-11 R’= MP ('C) | CMPD
isomer
OL )
412 S |\|] AN o 175 FABMS:
P | (dec.) | MH'=654
O
413 S -9 150- | FABMS:
HQN/.U\.N : 1562 | MH'=687
0
PREPARATIVE EXAMPLE 175A
[0793]
H
l
)
N “COH
CBz
[0794] By essentially the same procedure set forth in Preparative Example 31, Step A only substituting CBz-NOS

for isopropyl chloroformate, the title compound was prepared.

PREPARATIVE EXAMPLES 175B and 175C

[0795]
v \ Cl
—_—
[N]
rl\! ‘COsH
CBz
[0796] By essentially the same procedure set forth in Preparative Example 31, Step B only substituting the title

compound from Preparative Example 175A, the title compounds (individual C-11 (S)- and (R)-isomers) were prepared.
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Example 175B: C-11 (S)-isomer, Yield=13%, MH*=492.
Example 175C: C-11 (R)-isomer, Yield=13%, MH*=492.

PREPARATIVE EXAMPLES 175D and 175E

[0797]

/\ Cl

°C .

COgH
CBz

[0798] By essentially the sames procedure set forth in Preparative Example 31, Step B only substituting the title
compounds from Preparative Example 97 and Preparative Example 175A, the title compounds (individual C-11 (S)-
and (R)-isomers) were prepared.

Example 175D: C-11 (S)-isomer, Yield= 12%, MH*=508.
Example 175E: C-11 (R)-isomer, Yield=15%, MH*=508.

EXAMPLE 414

[0799]

N
E j 1y N N\yN

Nl
o ©

[0800] The title compound was prepared by essentially the same procedure as set forth in Example 387, only sub-
stituting the dibenzosuberyl chloride for the tricyclic chloride: mp=98-112 °C; FABMS: MH*=610. ]

EXAMPLES 415-425

[0801] Following essentially the same procedure set forth in Example 1, only substituting the Carboxylic acid (11-(S)
or 11-(R) isomer) from the Preparative Example listed in Table 62 and the appropriately substituted piperidine (Amine),
the pure isomeric products were prepared and separated by Preparative HPLC (AD column) using IPA-hexanes.
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TABLE 62
Ex. Prep. Ex. Product
1. Amine
2. Acid
415 1. 68 J o
Step E \
\N p
2. 32 N
e SPSN
isomer O\ N | Me N \
O
o/l\\o SN
1. Yield (%): 82
2. MH': 645
3. mp (°C): 116.2
416 1. 80 J al
Step D \
2.32
115) [ j e N AN
isomer CL ,]
Me
1. Yield (%):50.8
2. MH":659
3. mp (°C): 112.5-116.3
417 | 1.81 @CI
2. 32 |
11(S)
isomer [ j '

CLLE 0

1. Yield (%0): 51.4
2. MH’:'659
3. mp (°C): 85:1-115 -
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TABLE 62 - continued

Ex.

Prep. Ex.

1. Amine
2. Acid

Product

418

1. 82
Step B

2. 32
11(S)
isomer

7\
N
(A
J

1. Yield (%): 63
2. MH": 735
3. mp (°C): 135.9

419

1. 83
Step E

2.32
11(S)
isomer

Isomer A

4 \ o
QU' O?Hn

1. Yield (%): 35.7

2. MH": 661
3. mp (°C): 117.6-124.8
Isomer B
72 \ Cl

QLT 7™
o) >
1. Yield (%): 35.7-

2. MH": 661
3. mp (°C): 95.7-107.2

Me

Me
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TABLEV 62 - continued

Ex.

Prep. Ex.
1. Amine
2. Acid

Product

420

1. 83
Step E

2. 168A
11(S)
isomer

Isomer A

Q[ 8 O‘C\Lm

1. Yield (%): 36
2. MH": 677
3. mp (°C): 172.4
Isomer B

\N 0

o N

LA
QLY Oﬁ&;\»m

1. Yield (%%): 36
2. MH": 677
3. mp (°C): 152.9

275




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

Table 62 - CONTINUED

Ex. | Prep. Ex. Product
1. Amine
2. Acid

421 1. 83 Isomer A

t

Step E 7 \ ol
2. 168A =N
11(R) o N
isomer [ j, N

O LT 7=y,

1. Yield (%): 50

2. MH". 677

3. mp (°C): 152.6
Isomer B

~ Yy

¢ 3
CL Og“ll

1. Yield (%): 50
2. MH": 677
3. mp (°C): 145.4
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Table 62 - continued

Ex. Prep. Ex. Product
1. Amine '
2. Acid

422 1. 83 Isomer A
Step E
2. 175B c
11(S) =N
isomer

i

()
©Aa§o

1. Yield (%): 32.7
2. MH": 669

3. mp (°C): 142.2-150.9
Isomer B

O

N
_©/\ O/KO
1. Yield (%): 32.7

2. MH': 669
3. mp (°C): 133.2-148.1

S\
H/ o)
o)

ﬁ\_—\>\ Me

N

TGN
o on k\—\>\ Me

N
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TABLE 62 - continued

Ex.

Prep. Ex.

1. Amine
2. Acid

Product

423

1.83
Step E

2.175C
11(R)
isomer

Isomer A

7 Cl

1. Yield (%): 27

2. MH": 669
3. mp (°C): 117.7
Isomer B
74 \ Ci

'8 O“@

@Ao*o 0

1. Yield (%): 32
2. MH": 669
3. mp (°C): 140.1
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TABLE 62 - continued

Ex.

Prep. Ex.

1. Amine
2. Acid

Product

424

1. 66
Step G

2.32
11(S)
isomer

1. Yield (%): 54.5
2. MH": 645
3. mp (°C): 127.3
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TABLE 62 - continued

Ex. Prep. Ex.
1. Amine
2. Acid

Product

425 1. 83

Step E

2. 175D
11(S)
isomer

Isomer A

/\ Cl

N

O
()

@/\ O/l o !C])/ oH L\\:&\ Me

1. Yield (%): 35

-

N

2. MH": 685
3. mp (°C): 140-142
Isomer B
72 \ Cl
=N T
5 N

©/\o 0 ‘ N M

1. Yield {(%0): 19
2. MH": 685
3. mp (°C): 133-135

PREPARATIVE EXAMPLES 176-179

[0802]

Stirring the benzyloxycarbonyl (CBZ) compounds listed in Column 2 of Table 63 and Palladium on carbon

catalyst in EtOH under 1 atmosphere of hydrogen gas afforded the Product amines.
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TABLE 63
Prep. CBZ Product
Ex. compound
from
Example
No.
176 422 ol
Isomer A 7 \
=~ N Y
[N
).
N~ N
H g/ OH (:\>\
. N Me
1. Yield (%): 95
2. MH": 535
Isomer A
177 422
Cl
Isomer B 7 \
N
7N
Y )
S N

O

NN \/k\N
| " i OH Q:N_\>\Me |
1. Yield (%): 82

2. MH": 535
' Isomer B
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TABLE 63 - continued

Prep CBZ Product
Ex. compound
from
Example
No.
178 423 7 Cl
Isomer A \
\N d
N
() f
: i OH N'\>\
0 Q\ Me
N
Isomer A
179
/ \ Cl
493 =N
Isomer B [N] '/\J/\
-, N
» i’ OH N"\>\
O A\ Me
N
Isomer B

EXAMPLES 426-434

[0803]

aGey

- _N Electrophile
(LIS
N g OH
o]

@Q@r

oNeN
A0

282
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[0804] By essentially the same procedure as set forth in Example 14, only substituting the piperazine amines (isomer
A or B) listed in column 2 of Table 64 for the title compound from Preparative Example 24, and using as the Electrophile
either an isocyanate to give the urea products, or a carboxylic acid, HOBt, DEC and DMF to give the amide products
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listed in Table 64.
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TABLE 64

Ex. Prep. Ex. Product
No. of
Amine
Electrophile
426 1.176
@@rc’
2.
+ N
=l (A Qh
LT
Ho
pa i
1. Yield (%): 100
2. MH": 634
3. mp (°C): 240.2-253.7
Isomer A
427 1. 177
74 \ / Ny, —Cl

—w-ceo

1. Yield (%): 100 -
2. MH": 634 .
3. mp (°C): 148.7-164.2

Isomer B
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TABLE 64 - continued

Ex. Prep. Ex. Product
No. of
Amine
Electrophile
428 1. 176 7 \ al
N
>—n=c=o ( ]
.. _N
NI N
OH \
no A0 N
){go Q\N Me
1. Yield (%): 75
2. MH": 620
3. mp (°C): 165.5-178.2
Isomer A
429 1. 176 y \ ol
2 = >

CO,H N

N
><on | [ ]

\
- OH

1. Yield (%): 21.4

2. MH": 619

3. mp (°C): 148.7-168.3
. Isomer A

N 'H/N oH N7\
MO O A\}\Me
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TABLE 64 - continued

Ex. Prep. Ex. Product
No. of
Amine
Electrophile
430 1.177
Yy
2. =N H
D<002H N
oH [ j
“, ~N
N !O( OH E“\>\
OH
1. Yield (%0): 10
2. MH": 619
3. mp {°C): 169.2-190.9
Isomer B
431 1.176
a0
2. =N 2
><C02H N -
00
N OH N’&
0 A\N Me
OH
1. Yield (%): 29 -
2. MH": 621
3. mp (°C): 146.5-153.6
Isomer A
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TABLE 64 - continued

Prep. Ex. Product

Ex.
No. of
Amine
Electrophile
432 1. 177
/4 \ Cl
2. =N H
><002H N
on ()
)/&O \N Me
OH
1. Yield (%0): 31
2. MH": 621
3. mp (°C): 138.3-161.3
Isomer B
433

1. 176
2. =N :
N
COH [ ]
) N
0
"OH

\

1. Yield (%0): 36

2. MH": 649

3. mp (°C): 123.4-133.9
Isomer A

OH Q\Me
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TABLE 64 - continued

Ex. Prep. Ex. Product
No. of
Amine
Electrophile
434 1. 177
2. SN T
CO,H [ j
OH l"I/ N
| OH E’\L
O O \N Me
OH
1. Yield (%0): 35
2. MH": 649
3. mp (°C): 119.3-135.7
Isomer B
435 1. 178 Y \ a
2. =

—{—N=c=o

(o
H /ko OH A’}\
A

1. Yield (%0): 63

2. MH": 634

3. mp (°C): 159.2
-Isomer A

N/
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436 1. 179 y \ o
2, =
N
+N=°=° [j (\jr\
A
WREEVGS
~ o \N Me
1. Yield (%): 69
2. MH": 634
1 3. mp (°C): 175
Isomer B
437 1. 178
y \ Cl
2. =
> “
el oNeR
, N
T T ey
\N O \N Me

PN

1. Yield (%): 77

2. MH": 620

3. mp (°C): 167.2
Isomer A
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EXAMPLES 438-457

[0805]

; lectrophlle é

E]

'l

N
Me R/&O | OH k\;\>\Me

[0806] If the procedure described for Example 426 were followed using the piperazine amines (isomer A or B) listed
in column 2 of Table 65 and, as the Electrophile, either an isocyanate, or a carboxylic acid and HOBt, DEC and DMF,
then the urea or amide products, respectively, listed in Table 65 would be obtained.
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TABLE 65
Ex. | Prep. Ex. No. Product
of Amine
Electrophile
438 | 1.179 Y \ Ci
2. =N
N
e (O O
"%, N
N ! N
OH \
He O
Isomer B
439 |1.177 m/u
2. \N :

>-N=c=o
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TABLE 65 - CONTINUED

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
440 {1.178
74 \ Cl
2. =N
D<(:02H N
oH [ ]
N ,,,“, rN \
OH
A{K © L\-\>\Me
0] N
OH
Isomer A
441 |1.179
74 \ Cl
2.
D<COZH N
oH [ j
N ""'n/ N N
OH
M O A\’&Me
0] ‘N
OH
Isomer B
442 [1.178
74 \ Cl
2. <N
\/C()zi-i _N :
/oM L ] ’\(\/\F\ ‘
N
[y
0 N~ Me
OH ' |
Isomer A
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Table 65 - CONTINUED

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
443 1. 179 .
. _ 74 \ Cl
2. =N
><C02H N
o [ ) !
N !( N
OH \
N
OH
Isomer B
4 . 178
44 1 J \ al
2. =N :
N
COH E ]
OH "‘l, N
ARETe
o) >N Me
OH
445 | 1. 179
2.
COzH [ j
OH N7

Isomer B
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Table 65 - continued

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
446 | 1. 178
/2 \ Ci
2. =N
N
NN N
| e T
HOL_ o 0 \N Me
Isomer A
447 | 1. 179
/2 \ Cl
2. N
O\‘/ N
coaH [ j Or\
e, N
OH N OH E’\>;
Isomer B
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TABLE 65 - continued

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
448 |1. 176
/ \ Cl
2. \N H
O\‘/COZH [ ] Q/\
OH N™ oH N
Hgo o X Me
Isomer A
449 | 1. 177
J \ Cl
2. =N Y
Ckrcozﬁ () Oﬁ
OH v OH E \
H o O \N Me
Isomer B
450 [ 1. 176 :
: 74 \ Ci
2. A
J\( N
COLH j
E v, N
OH N
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TABLE 65 - continued

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
451 (1. 177
LIy
2. A N
/K’/ N
CO,H j
OH N ""’“/ @\N
OH
0 N
OH
Isomer B
452 (1. 178
/4 \ Cl
2. =N
)\/ N
CO,H [ j
", N
OH N™ i oH N
®) O Q\N Me
OH
Isomer A
453 1. 179
2.
|
Ny ( ) C{«
OH’ "I(

Isorner B
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TABLE 65 - continued

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
454 11.17
5 6 J \ al
2. =N T
> N
CO.H j
OH [N ""’n/ '\Q/\N
' OH
><’/§ o) k\—\>\Me
O N
OH
Isomer A
. 177
455 | 1.1 C@/a
2.
>H/CO.QH [ j
OH "
' o3
O
OH
Isomer B
456 |1.178 J \ CI'
2.
>|\r002H [ j \}\
OH oH E \

X(go
OH
Isomer A
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TABLE 65 - continued

Ex. | Prep. Ex. No. Product
of Amine
Electrophile
457 | 1. 179 Y \ cl
2. =\
N
COH [ ]
OH N
OH E’\>\
o O \N Me
OH
Isomer B

EXAMPLES 458-463

[0807] Using a similar procedure as that described for Example 14, only using the piperazine amine from Preparative
Example 175 instead of the title compound from Preparative Example 24, and using as the Electrophile either a chlo-
roformate to give a carbamate or an anhydride, or a carboxylic acid, HOBt, DEC and DMF to give the amide products
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55

listed in Table 66.
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Table 66
Ex. Electrophile Product 1.Yield (%)
2. MH*
3. mp (°C)
458 = Me |11, 54.1
D<C02H [ j O\/N’ N 2.603
o e 77 13,1452
0
o}
OH
/\ Cl
SN Z - Me
459 = ( 1.67.8
><(C3)C;2H [ ],,/ "O\/N;N 2.605
VI 3. 86.7
l 0
OH
a0
N Me
462 N < 1.100
o] [ j., O\/N N 2.647
N~ ~
o 3.86.2
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TABLE 66 - continued

Ex. Electrophile Product 1.Yield (%)
2. MH’
3. mp (°C)
{ \ Cl
N = Me
463 N — 1. 100
i EN]%/N NN |2 661
7@?\0 o 00 3.65.1
HO
© 73 cl
Q N = Me
463A N — 1. 85
OYCI CO\ [N]%/O\/N\//N 2. 647
5 oL 3. 52.1

PREPARATIVE EXAMPLE 180

[0808]

pyran-4-ol, the title compound was prepared (3.1g, 78%, MH*=165).

300

Following essentially the same procedure as that used in Example 466 Step A, except using tetrahydro-4H-
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EXAMPLE 464

[0809]

/\ (o] /\ (o]
N

HO H,N

o o

[0810] The title compound from Preparative Example 462 (0.205 g), 0.5M ammonia in dioxane (2 mL), DEC (0.175
g), HOBt (0.123 g) and anhydrous DMF (5 mL) were stirred at room temperature overnight. Purification by preparative
plate chromatography (silica, 5% MeOH-CH,Cl,, NH,OH saturated) afforded the title compound (0.136 g, 66%, MH*
= 646).

EXAMPLE 465

[0811]

/\ cl /\ cl

1, JoUv SN eVo W1

(o} 0 e} 0

lell'

HO H,N

[0812] The title compound from Preparative Example 463 (0.228 g), 0.5M ammonia in dioxane (2 mL), DEC (0.175
g), HOBt (0.123 g) and anhydrous DMF (5 mL) were stirred at room temperature overnight. Purification by preparative
plate chromatography (silica, 5% MeOH-CH,Cl,, NH,OH saturated) afforded the title compound (0.139 g, 61%, MH*
= 660).
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EXAMPLE 466

[0813]
7\
N

0 )

g N

NGOG

0 ™o
SteQA
[0814]

[0815] The commercially available cis-acetoxycyclohexanol (0.25 g) was treated with phosgene (2 mL). Concentra-

tion in vacuo afforded the chloroformate (0.307 g, 88%).

/-

302
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Step B
[0816]
5
7 cl
Me

\n/ /K + [], N N/fj"'

15 Cis °
74 Cl
20 >~ \
N2

- [Nj Me

- (o] ,=<
2 \ﬂ/ ' N™ %N N__N

o /K o N
0" “o

30 [0817] Combining the chloroformate (0.052 g) from Step A with the piperazine amine (0.103 g) from Preparative
Example 175 and following a similar procedure as that described in Example 14, the title compound was obtained

(0.07 g, 50%, MH* = 703).
EXAMPLE 467

35
[0818]

Cl

40

Me
) w0 [N]ﬂ”/f— O\/j

o"ko

o)

Z““"

50
Treatment of the product from Example 466 (0.06 g) with potassium carbonate (0.2 g) in MeOH (2 mL) afforded

[0819]
the title compound (0.056 g, 100%, MH* = 661).

55
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EXAMPLE 468
[0820]
7 \ Cl
10 =
N
YO//," j &/
15 O\
Step A

20
[0821]
25 WO\O\ ' Yo Ci
—_—
I L] A
OH ‘ 0 o
: trans

trans
The commercially available trans-acetoxycyclohexanol (0.05 g) was treated with phosgene (0.5 mL). Con-

30

[0822] [
centration in vacuo afforded the chloroformate (0.062 g, 89%)

35
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Step B
[0823]
5
7 cl
\N -
10 °© ci E
N
0 o ‘////
e trans
72 ) o]
—~—
20 N H
’N'
- \n/O///,, j O\/
25 SWY;
[0824] Combining the chloroformate (0.062g) from Step A with the piperazine amine (0.103 g) from Preparative
30 Example 175 and following a similar procedure as that described in Example 14, the title compound was obtained
(0.058 g, 42%, MH* = 703).
EXAMPLE 469
35 [0825]
7 cl
—
N

40

ZI-

Me

", A~ [ ;
45 . N 77—»!‘! N. N
. l\/'\ /k o b

0" Yo

Treatment of the product from Example 466 (0.05 g) with potassium carbonate (0.2 g) in MeOH (2 mL) afforded

50 [0826]
MH* = 661).

the title compound (0.047 g, 100%,

55
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EXAMPLE 470

[0827]
4 ) ci
\ .
10 N z Me
N
‘l, N N N
15 HO N ’7/ \%
Me /R 0o
0" ‘o
20
Step A
[0828]
25
QQ C .
— © /k
30 OH o o
[0829] If the commercially available cyclohexanol were treated with phosgene then the chloroformate would be ob-
tained.
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Step B
[0830]
Y
10 C[
0
+
0 o]
15
20
N __-; Me
N
25 _ ( j F<
- :—0 . N
N ,,Z/N N\y
(0] /K o)
30 o o

If the chloroformate from Step A were combined with the piperazine amine shown above according to the

[0831]
procedure described for Example 461 then the ketal would be obtained.

35
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Step C

[0832]

73 cl

———

N

20
N

lelu...

A

30
[0833] If the product of Step B were treated with aqueous acid the ketone would be obtained.

Step D

35 [0834] If the product of Step C were treated with MeMgBr or MeLi then the title product would be obtained.

EXAMPLE 471

[0835]
40

45
N
50 [ j N
HO N "//
Me}O\ /K °
. ‘ o .

55
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Step A

[0836]

o
(o) eOH

go

[0837] If the commercially available ketone were treated with methyl magnesium bromide, then the desired alcohol
would be obtained.

Step B

[0838]

& S Sy

MeOH Me

[0839] Ifthe product of Step A above were treated with acetic anhydride, then the desired acetate would be obtained.

Step C

[0840]

g Oj,l\ ” Me /?k

Me

[0841] If the product of Step B were treated with formic acid, then the desired ketone would be obtained.
ASSAYS

[0842] FPT ICyq (inhibition of farnesyl protein transferase, in vitro enzyme assay) was determined following the assay
procedures described in WO 95/10516, published April 20, 1995. GGPT ICgj (inhibition of geranylgeranyl protein trans-
ferase, in vitro enzyme assay), Cell Mat Assay, COS Cell ICg, (Cell-Based Assay), and anti-tumor activity (in vivo anti-
tumor studies) could be determined by the assay procedures described in WO 95/10516. The disclosure of WO
95/10516 is incorporated herein by reference thereto.

[0843] 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.
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Soft Agar Assay:

[0844] Anchorage-independent growth is a characteristic of tumorigenic cell lines. Human tumor cells can be sus-
pended 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% CO, to allow colony outgrowth. After incubation, the colonies can be stained by overlaying the agar
with a solution of MTT (3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenyltetrazolium bromide, Thiazolyl blue) (1 mg/mL in PBS).
Colonies can be counted and the ICgy's can be determined.

[0845] Compounds of this invention had an FPT ICg, within the range of <0.04nM to 20nM, and a Soft Agar ICg
within the range of <0.5nM to >500nM.

[0846] Compounds of Examples 1-4, 4.1, 4.2, 5, 7, 8, 10-19, 24-51, and 74, 138, 142, 144, 145 had an FPT ICg
within the range of <0.04nM to 2.7nM. Compounds of Examples 1-4, 4.1, 4.2, 5, 7, 10-19, 24-51, and 74, 138, 142,
144, 145 had a Soft Agar ICgj within the range of <0.5nM to 30nM.

[0847] Compounds of Examples 35(A), 35(C), 35(D), 35(E), 35(F), 41(A), 41(B), 41(C), 47(A), 47(B), 47(D), 47(G),
47(H), 47(1), 47(K), 47(L), 47(M), 47(N), 47(0), 47(P), 47(R), 47(S), 47(T), 47(U), 47(CC), 51(A) to 51 (D), 138 A to
147A, 148 to 158, 160, 161, 163, 169 to 180, 183 to 188, 191, 192, 197, 201, 207 to 216, 227 to 234, 238 to 240, 245,
255 to 262, 287 to 294, 297 to 303, 316 to 324, 351 to 354, 383, 384, 387, 388, 391, 392, 394 to 397, 407, 408, 409,
410, 411, 412, 414, 415 to 417, 419, 422 and 424 had an FPT ICg within the range of <0.04 to 2.7 nM, and a Soft
Agar IC5y within the range of <0.05 to 30 nM.

[0848] For preparing pharmaceutical compositions from the compounds described by this invention, inert, pharma-
ceutically acceptable carriers can be either solid or liquid. 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 stea-
rate, 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 com-
positions may be found in A. Gennaro (ed.), Remington's Pharmaceutical Sciences, 18th Edition, (1990), Mack Pub-
lishing Co., Easton, Pennsylvania.

[0849] 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 so-
lutions, suspensions and emulsions. Liquid form preparations may also include solutions for intranasal administration.
[0850] 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.

[0851] 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 liquid forms include solutions, suspensions and
emulsions.

[0852] 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.

[0853] Preferably, the pharmaceutical preparation 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.

[0854] The quantity 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.

[0855] 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 convenience, the total daily dosage may be divided and administered in portions during the day as
required.

[0856] 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.

[0857] While the present invention has been described in conjunction with the specific embodiments set forth above,
many 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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Claims

1.

A compound of the formula:

A B

R! R
% /
2__2t I T -{

R o \_J K

X 1.0

R N 7 i

RE—— v

\N Cc—R8
I
R° 0

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 d groups represent CR! or CRZ; or

each of a, b, ¢, and d are independently selected from CR! or CR?;

each R and each RZis independently selected from H, halo, -CF5, -OR19, -COR19, -SR10 , -S(O);R1! (wherein
tis 0, 1 or 2), -N(R19),, -NO,, -OC(O)R10, -CO,R10, -OCO,RL, -CN, -NRIOCOOR1, -SRIIC(O)OR , -SRIIN
(R75), (provided that R11 in -SR1IN(R73), is not -CH,-) wherein each R7> is independently selected from H or -C
(O)OR1, 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, -OR10 or -CO,R10;

R3 and R4 are the same or different and each independently represents H, any of the substituents of R! and
RZ2, or R3 and R4 taken together represent a saturated or unsaturated C5-C-, fused ring to the benzene ring (Ring 111);

R, RS, and R7 each independently represents H, -CF3, -COR10, alkyl or aryl, said alkyl or aryl optionally
being substituted with -OR10, -SR10, -S(0O),R1, -NRI0COOR, -N(R19),, -NO,, -COR19, -OCOR19, -OCO,R,
-CO,R19, OPO4R10, or R is combined with R® to represent =O or =S; provided that for the groups -OR10, -SR10,
and -N(R19), R10 is not H;

R10 represents H, alkyl, aryl, or aralkyl;

R1 represents alkyl or aryl;

Xrepresents N, CH or C, and when X is C the optional bond (represented by the dotted line) to carbon atom
11 is present, and when X is CH the optional bond (represented by the dotted line) to carbon atom 11 is absent;

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 -R19, halo, -ORL, -OCO,R or -OC(O)R19, and when no double bond
is present between carbon atoms 5 and 6, A and B each independently represent H,, -(OR11),, H and halo, dihalo,
alkyland H, (alkyl),, -H and -OC(O)R10, H and -OR19, =0, aryl and H, =NOR10 or -O-(CH,),-O- wherein pis 2, 3 or 4;

R8 represents a heterocyclic ring selected from:

/~ \
-—N /Y ——-N/\-—— (CR13R14);'— R12
AN S (CRI3R!4 —RI!2 N
(2.0) , (3.0)
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A

B —( (5.0)

-_NQ‘ (CR13R14)R__ R12 —N -
(4.0) AN (CRISR!4)—RI12’

’ ’

(Veo
_/\ \\,\vY

(CR13R14)n—_ R!2 (CR13R14)n__R12
(7.0)

N

—N\__/'\YQ__thA —NG——Q-RQA —N<>_O—R12A
(2.1) . (3.1) , (4.1)

(6.1) _N/—‘»

—N
T Ngq—g'2t N QR A K, Y
(5.1) o/ or (7.1) @—R™A .

said heterocyclic rings (2.0 to 7.0 and 2.1 to 7.1) being optionally substituted with one or more substituents inde-
pendently selected from:

(a) alkyl,

(b) substituted alkyl wherein said substituents are selected from: halo, aryl, -OR15 or -N(R1%),, heteroaryl,
heterocycloalkyl, cycloalkyl, wherein each R15 group is the same or different, provided that said optional sub-
stituent is not bound to a carbon atom that is adjacent to an oxygen or nitrogen atom, and wherein R15 is
selected from : H, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or cycloalkylalkyl;

(c) hydroxyl, with the proviso that carbon atoms adjacent to the nitrogen, sulfur or oxygen atoms of the ring
are not substituted with hydroxyl;

(d) alkyloxy or

(e) arylalkyloxy;

Y represents CH,, NR16, O, S, SO, or SO, wherein R16 is selected from: H, alkyl, cycloalkyl, cycloalkylalkyl,

aryl, arylalkyl, heteroaryl, heteroarylalkyl, acyl, aroyl, carbamoyl, carboxamido, alkylsulfonyl, arylsulfonyl, aryla-
Ikylsulfonyl, sulfonamido, alkylsulfonamido, arylsulfonamido and arylalkylsulfonamido;
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nis0to6;

Q represents O or N, provided that Q is not adjacent to a heteroatom in the heterocycloalkyl rings of 2.1,
3.1,41,51,6.1and 7.1;

R12 is selected from:

Rﬂ

|

oy —N_| o
N
8.0) ' (9.0 (9.1)

wherein R17 is selected from: (1) H, (2) alkyl, (3) aryl, (4) arylalkyl, (5) substituted arylalkyl wherein the substituents
are selected from halo or CN, (6) -C(aryl)3, (7) cycloalkyl, (8) substituted alkyl (as defined above in (b)), or (9)
cycloalkylalkyl;

R12A s selected from rings 8.0 or 9.1, defined above;

said imidazolyl ring 8.0 optionally being substituted with one or two substituents, said imidazole ring 9.0
optionally being substituted with 1-3 substituents, and said pyridyl ring 9.1 optionally being substituted with 1-4
substituents, wherein said optional substituents for rings 8.0, 9.0 and 9.1 are bound to the carbon atoms of said
rings and are independently selected from: -NHC(O)R15, -C(R18),0R19, -OR15, -SR15, F, ClI, Br, alkyl, substituted
alkyl (as defined above in (b)), aryl, arylalkyl, cycloalkyl, or -N(R1%),; R15 is as defined above; each R18 is inde-
pendently selected from H or alkyl; R19 is selected from H or -C(O)NHR20, and R20 is as defined below;

R13 and R14for each n are independently selected from: H, F, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl, cycloalkylalkyl or -CON(R1%), (wherein R1% is as defined above), -OR® or -N(R15), provided that the
-OR15 and -N(R15), groups are not bound to a carbon atom that is adjacent to a nitrogen atom, and provided that
there can be only one -OH group on each carbon; and the substitutable R13 and R14 groups are optionally substi-
tuted with one or more substituents selected from: F, alkyl, cycloalkyl, arylalkyl, or heteroarylalkyl; or

R13and R14, for each n, together with the carbon atom to which they are bound, form a Cg to Cg cycloalkyl ring;

RY is selected from:

A ~ ) |
> N AT A

o Yo R o cnz/ o’ ‘rR® Rzo/soz
(12.0 | (130 (140 (1500 4 (16.0)

R20 is selected from: H, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocy-
cloalkyl, or heterocyloalkylalkyl, provided that R20 is not H when RS9 is group 12.0 or 16.0;

when R20 js other than H, then said R20 group is optionally substituted with one or more substituents selected
from: halo, alkyl, aryl, -OC(O)R15, -OR15 or -N(R1%),, wherein each R15 group is the same or different, and wherein
R15 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;

R21is selected from: H, alkyl, aryl, arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylalkyl, heterocy-
cloalkyl or heterocycloalkylalkyl;

when R21 js other than H, then said R21 group is optionally substituted with one or more substituents selected
from: alkyl, aryl, wherein each R1% group is the same or different, and wherein R% is as defined above; and

R22 is selected from cycloalkyl which is optionally substituted with one or more substituents selected from
alkyl, -OH, -CO,H and -C(O)NH,; heterocycloalkyl; aryl; substutited aryl; and alkyl which is optionally substituted
with one or more substituents selected from alkyl, -OH, -CO,H, -C(O)NH,,

alkyl-represents straight and branched carbon chains and contains from one to twenty carbon atoms, pref-
erably one to six carbon atoms said cycloalkyl ring being optionally substituted with one or more alkyl groups and
when there is more than one alkyl group each alkyl group can be the same or different;

acyl-represents a G-C(O)- group wherein G represents alkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
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-O-alkyl, -O-aryl, or NR25R26 wherein R25 and R26 are independently selected from alkyl or aryl;

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 motety;

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 with all available substitutable carbon atoms of the carbocyclic group
being intended as possible points of attachment, said carbocyclic group being optionally substituted with one or
more of halo, alkyl, hydroxy, alkoxy, phenoxy, CF5, -C(O)N(R19),, -SO,R10, -SO,N(R19),, amino, alkylamino, di-
alkylamino, -COORZ23 or - NO,, wherein R23 represents alkyl or aryl;

aroyl-represents -C(O)aryl wherein aryl is as defined above;

cycloalkyl-represents saturated carbocyclic rings of from 3 to 20 carbon atoms, preferably 3 to 7 carbon
atoms, said cycloalkyl ring optionally substituted with one or more alkyl groups and when there is more than one
alkyl group each alkyl group can be the same or different;

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;

heteroaryl-represents cyclic groups, optionally substituted with R3 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 heterocyclic groups preferably contain-
ing 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:

v PP

and

heterocycloalkyl-represents a saturated, branched or unbranched carbocylic ring containing from 3 to 15
carbon atoms, 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(R18), wherein R18 is as above defined
or acyl-(suitable heterocycloalkyl groups include 2- or 3-tetrahydrofuranyl, 2- or 3- tetrahydrothienyl. tetrahydro-
pyranyl, 2-, 3- or 4-piperidinyl, 2- or 3-pyrrolidinyl, 2- or 3-piperazinyl, 2- or 4-dioxanyl, morpholinyl.

The compound of Claim 1 having the structure

A B
Rl o
Xd \ —
' . HI {

(1.0A)
e v
S 28" G—R®

L
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or

(1.0B)

3. The compound of Claim 1 wherein R! to R4 is independently selected from H, Br, F or Cl; R5to R7 is H; ais N and
the remaining b, ¢ and d substituents are carbon, or a, b, ¢, and d are carbon; A and B are H,; and nis 1 to 3.

4. The compound of Claim 1 wherein R® is ring 2.0 and the -(CR13R14) -R12 substituent is in the 2- or 3- position.

5. The compound of Claim 1 wherein R8 is ring 2.0 and the -(CR13R14) -R12 substituent is in the 2- or 3- position,
and Y is CH,.

o

The compound of claim 1 wherein R13 and R14 are H.

7. The compound of Claim 1 wherein Y is selected from S. SO, or SO,.

8. The compound of Claim 1 wherein Y is O.

9. The compound of Claim 1 wherein Y is NR16,

10. The compound of Claim 1 wherein RY is selected from: 12.0, 13.0 or 15.0.

11. The compound of Claim 1 wherein R1 to R4 is independently selected from H, Br, F or Cl; RS to R” is H, ais N and
the remaining b, ¢ and d substituents are carbon; A and B are H,; and nis 1 to 3: R8is ring 2.0 and the -(CR13R14) -

R12 substituent is in the 2- or 3- position, and Y is CH,.

12. The compound of Claim 11 having the structure:

A B
1 r3
R\ _
Rz_f—- I \ I ,‘)\Rts

b N\
Rs< N R (1.04)
=3

e
R o .

13. The compound of Claim 12 wherein R13 and R4 are H.
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14. The compound of Claim 13 wherein R12 is 9.0.
15. The compound of Claim 12 wherein R? is selected form: 12.0. 13.0 or 15.0.

16. The compound of Claim 12 wherein R29 is selected from t-butyl, i-propyl, neopentyl, cyclohexyl, cyclopropylmethyl,

pSealeal

17. The compound of Claim 13 wherein R? is selected from 12.0 or 13.0, and wherein R21 for 13.0 is H.

HO

18. A compound selected from the compounds of Examples 1-4, 4.1, 4.2, 10-19, 24-51, 74, 138, 142, 144, 145, 35
(A), 35(C), 35(D), 35(E), 35(F), 41(A), 41(B), 41(C), 47(A), 47(B), 47(D), 47(G), 47(H), 47(1), 47(K), 47(L), 47(M),
47(N), 47(0), 47(P), 47(R), 47(S), 47(T), 47(V), 47(CC), 51(A) to 51 (D), 138 A to 147A, 148 to 158, 160, 161,
163, 169 to 180, 183 to 188, 191, 192, 197, 201, 207 to 216, 227 to 234, 238 to 240, 245, 255 to 262, 287 to 294,
297 to 303, 316 to 324, 351 to 354, 383, 384, 387, 388, 391, 392, 394 to 397, 407, 408, 409, 410, 411, 412, 414,
415 t0 417, 419, 422, 424, 463A or 466-469, which have the structures shown below; the compound

wherein R8 is as listed in the tables below,
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Ex. =
1] oo~ =
r ',IO-«.,,/N\/Q
11-(R,S)
'
)L;'Q/N\¢ ,
11-(R.S)
3 r;\
oW~
Chy,
11- (R,S)

-

Example 12 (C-11 R isomer)

Br\(mcn
< .

Ex. =
4 .
O. =
,‘;N "q/N 7
CHy,
11- (R.S)
4.1 CH;
JQO."',/CN
) [’(CHS
X NN

: Example 11 (C-118 isomer)
B/ .O cl
" D

YNy
ST

(o)

: Example 13 (C-11 S isomer)

| ~CY )

ove
ST A
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Example 16

. sr\@,cn
<

the compound
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Example 15

7\

'>LEL'1"‘? ,@

wherein R8 is as listed in the tables below,
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EX C-11 R°=
isomer
35 | S
J,;Ov %
35(D) R ,Q
35(E) R h%
[ $=0
x
: N
{ Ve
35(F) S
My ~-CHe
the compound
e ) al

' (:j~,,,fras
LA

wherein R8 is as listed in the tables below,
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EX. | C-11 R= . B T Cil
isomer isomer
36 5 r_ezua 40 S -
' N : ‘ﬁl"O\/N
JI:N o,’/N\f ' ]
i
37 R Hs |° |
= 41 R
PN NN
- 38 . S r}.\
:;ihOm, /N\/(' a@ | s
CHy
39 R F\
41(B) R
i P!
X s
41(C) S

the compound

wherein R8 is as listed in the tables below,
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EX c-11 R= EX. C-11 R=
isomer ) isomer
a2 s ’/fHa a7 | s I/(%
;.‘NO-'-.,/M" ;;OVN\//“
43 R . ‘/{“3 4708) R d&
J&'NO%/N\//N }“O\/ 7
47(D) S ,/?
44 g - O\/ ¥
b J‘Ow,, /N Y4 )'; M
Hs 47(G) s - H’w
45 R =N );O\/N\%N
_\';N gy /N Y
Sy 47(H) S " Hy CH,
46 S F-_\ J.‘;N(j”'nc/b~l
;,,{N . N
b
47( S . O N
. ] N
a7 R X ";Ir)
» "
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EX. C-11 R’= EX. C-11 R=
isomer isomer
47(K) S l/\l/":lg 47(R) S Hy _
N N A’O\/ 7
CH, CHy
a7 s (\:80 47(5) S O
’N\/i A
X N» Y
}.N 9‘
H Hy
47M) R '/\’80 47(m s
N
IS :
A '
HoC N
HyC
47(N) ) o
r(\/'é’ao 47(U) s O\ GO
X "'k X N
}» Isomer 1
N
Hy 47(CQ) s O\/ d}g
47(0) R ‘/\,80 3N N
Isomer 1,2
N ™
§
£
HyC
47(P) S H,

7
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Example 48
7
N

the compound

wherein R8 is as listed in the tables below,
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Ex. | C-11 R= Ex | C-11 R'=
isomer isomer
49 R - 51B{ R —
.silo-s,, /b’l//\ l %O\/Q N
CH, ! © CHy
- S o 51C S 6
N —
£ l N4
%’O»,/N\%“ sk
51 R r(crg - |51D| R m
: {Qm,/w"' SNAANLS
51A] s =
Example 74 Example 138

o
HC” O

rr

(o)

Cn

325
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Example 142
/ /

QSif“?é o\i}r@

Isomer 1 Isomer 2

Example 144

O~

Isomer 1

Example 145

ijf‘r"?»@% Qi*OJw

B/‘ o

i{v

Isomers 1, 2, 3and4.
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Br~~7 \

XEE@ "

wherein R8 is as listed in the tables below,
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Ex. | C-11 R’= Ex. { C-11 R°=
isomer - isomer
138A| S l/("‘n 144A R ’/?
/ =
g e JH'O\/N\//‘
139A| R CH,
- 145A| S
40A| S * "~
1 ,’{N)
= 146A| S O
)';O".,/ Y, '/\,LO
2t
141A| R ,/(Hs S_
, - M
};O"'l/ Y, ch
14280 R /? 1478 R '/\ ’80
‘./\ P
J.;"‘\/L»;/"\'/ A
v
114381 s r} HyC
}.;O'r,‘/N\/)J
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Ex. | C-11 R’= Ex. | C-11 R’=
isomer isomer
148 S (\180 - 152 S (\180
J{N\j’:" J ‘N\/t|
£ X
HsC
153| s P
48| R Iy I/\I"o
(\ =0 3 N "oy
).&N\j: '
| Hy
Q C\@
HoC |
i 154 | S . N(\\/éo
150 R /f 3 :
,'/\ © Hao\(j
X ‘ \
Q 155 | S P
HaC $=o
= X
151 s (\"*o //N
gN\/i
C‘?/CHS 156 S (\I;o
HC~ N
'
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Ex | C-11 R'=
isomer
157 S
158 R
160 RS
161 1
163 S
=N
ooV
'N e, &/an
R ©
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wherein R? is as listed in the tables below,

Ex. | C-11 R’= | e [ cmn R°=
isomer isomer

10

15

20

25

30

35

40

45

50
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169 R *‘MOJ\ 177 R
OA

170 S -~
KA TS

171 R . O/O
AN,
OA\ : 179 R

172 S MO,O
; o

i | 180 S
173 R —~—
. S
174 S —~'-|
1725 R PN
OAW
176 s | .s..!
the compound
Br—~/ \ Cl
=N
) ol
N O, NN
R 0

wherein R? is as listed in the table below,

330




R’=

EP 1 140 904 B1

isomer

C-11

Ex.
183

184

N
185 | R OZ:(O

- e — o —

10

(C-11 S isomer)

Exgmplg 201

331

186 | S o;:O/O

C

192

Example 197

the compound
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Bf/\ Ci

obas

wherein R8 is as listed in the tables below,

Ex. | C-11 R’= Ex | C-11 R=
| fsomer isomer
| 207 R '} 210 S P

i |
' {
208 S HC

J,,Ov'f; 211 s '/\,8

)(N
1 209 R
| 2. )
)’; N \)”'l
HsC

2

45

50
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Ex. | C-11 R’=
.} isomer
212 )
213 S I§
o
Hy 7 N
y/
{Isomer 2)
214 | s MG
AN
CHy
Example 215 (C-11 S isomer) Example 216 (C-11 S isomer)
) N
*, N / ‘ ‘ E J \
%, 4 N .'l' N
QLT X
0o ’ 0o ©

the compound
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o~ 3

xi?’@f "

7
\N

wherein R8 is as listed in the table below,

Ex. C-11 R=
{somer

27 | s
Q5
228 | R /-”(}‘J

30

35

40

45

50

55

229 s 55 -
},;O"':/ g
230 R {’(3*:
";O"/N\//‘l
the compound
Ci~7 \ C!

R

wherein R? is as listed in the table below,

o)
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Ex. C-11 R’=
isomer
231 R —-— OJ\
(o)
232 s -'v~| oJ\
233 R o;\!w -
| 234 s -~;
]
OJ\N
H
239 R ~ &
240 S cfdr\'<

Example 245 (C-11 R isomer)

Ci~—~/ \ ¢
=N CHs
N F(
. N
oYeNe

the compound
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O~

\
(), v
QLY

wherein R8 is as listed in the table below,
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the compound

Ex. | C-11 R'=
isomer

265 S ,/("*u
J,’O\/M

256 R CHs
Nouv!

257.] S m
3N NS

258 R //(}&
).;O""c/ M
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74 \ ]

(o
AT

Ex.

C-11 R’=
isomer

259

260

261

262

the compound

wherein R8 is as listed in the table opposite,
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Ex. C-11 R’=

288 R

0| D
%

X N
‘| 289 T N i/\ /(}h
l.&"‘
,,;N\)% NN
290 R
;,;Ou, NN
the compound
a /\
=N

/\
S

LY

wherein R8 is as listed in the table below,
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Ex. | C-11 R=
isomer
291 s ,/()':
292| R CH,
293 s r‘(ﬁ:
){"O"'a/N\//N
1204 R .d‘:”s
S
the compound
Ci~/ \

=N
OO
Nt
R® O

wherein R? is as listed in the table below,
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Ex. C-11 R’=
isomer
297 R ~~~

;-

298 S

;_

299 R

Q

4|4

8
hat
4

301 R

I}_;‘
)\—- .

302 S

D}
)T'

N
H
303 R &

the compound

G/ \
=N CH
N = ?
N
[N] %, NO"'[,/ N\//
A o '

wherein R? is as listed in the table below,
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Ex. C-11 ‘R=
fsomer
316 S &
317 R S O
oé\N
H
318 S . O
OJ\N
H
the compound
O/ \

wherein R8 is as listed in the table opposite,
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Ex C-11 Ré=
isomer
319 S ,/(3*5
).;O\/M
320 R CH,
O
321 s N h
[ N\
J,;N\)"":/M
322 R
L;'O"':/N\/)\l 1
the compound
</ \
=N

wherein R8 is as listed in the table opposite,
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Ex. C-11 R’=
isomer
323 S : r(?‘:
. Y/
324 R ,/(*‘»..
O\/ Z
AN
the compound
Br. / \

(L

OLE

wherein R8 is as listed in the table opposite,
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Ex | C-11 R=
isomer —
351 S ’
J,;_O\/
352 R l/<a"3
353 s ,/(3"5
J,;O‘-.,,/ 4
354 R ’/{Ha '
),;O"w/ %
the compound
< \

0.

Qrr"

wherein R8 is as listed in the table below,

344



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

Ex C-11 R=
=
383 S

QO
384 R

QS

Example 387

QLY

the compound

wherein R? is as listed in the table below,

eV ou~] .
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Ex | o1 R=
isomer
391 . A T
%«O
392 B . O/O
A~
394 s LA
: Kk

wherein R? is as listed in the table below,

the compound

Ex. | C-11 R°=
isomer
308 RS o;'r o’J<
396 A —— ok
OA
397 B -~ o/[<
oé\
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wherein R8 is as listed in the table below,

Ex. C-11
isomer |
407 1 .di“a

S

408 2 ,/(}&
J{(O",,/N\/)\‘

the compound
7\

wherein R8 is as listed in the table below,
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Ex. - C-11 R’=
isomer
- 409 S Q r_(?l-h
.:_‘1N NN
Isomer 1
410 S Q
X N
Isomer 2

Example 411

Example 414

Example 412 (C-i-l S isémer)

/-\ Cl

Example 415 (C-11 S isomer)
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Example 417 (C-11 S isomer)

Example 419.(C-11 S isomers)

Ov@”’
A LE

N]Oo?n(l

Example 422 (C-11 S isomers)

Isomer A

o

ol 1@%@% o B!

@/\o*o

oWoN

349

Q

0

OH E\;\)\Me



EP 1 140 904 B1

Example 424 (C-11 S isomer) Example 463A
. \N "

QO

15

Example 466
I Vi \ c

20
—
N

| o

30
Example 467 .
35
. =y
40 '
“(l L
% "o

45

kN

j'/
NN
’

50
55
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Example 468 Example 463
SN Y =N’ Y

fhee
T8

-4
z

\E])’%"QE/NSZ N ij H%,.O\[ j;ff" 'O\/N jue

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

>

> (v

The compound of Claim 18 selected from a compound of Examples 35(C), 41(A), 47(S), 47(T), 140A, 144 isomer
1, 144 isomer 2, 163, 164, 183, 185, 215, 238, 258, 259, 287, 291, 292, 298, 300, 320, 351, 353, 411 or 416.

The compound of Claim 18 selected from a compound of Examples 47(a) or 140A.

A pharmaceutical composition for inhibiting farnesyl protein transferase comprising an effective amount of com-
pound of any of Claims 1 to 20 in combination with a pharmaceutically acceptable carrier.

A compound of any of Claims 1 to 20 for use as a medicament.

A compound of any of Claims 1 to 20 for use in inhibiting farnesyl protein transferase.

A compound of any of Claims | to 20 for use in inhibiting farnesyl protein transferase.

A compound of any of Claims 1 to 20 for use in treating tumor cells.

A compound of Claim 23 wherein said compound is for use in the treatment of 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 tumor cells, melanoma, breast tumor cells and prostate tumor

cells.

The use of a compound of any of Claims 1 to 20 in the manufacture of a pharmaceutical composition, for treating
tumor cells.

The use of Claim 27 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 tumor cells, melanoma, breast tumor cells and prostate tumor cells.

The use of a compound of any of Claims 1 to 20 in the manufacture of a pharmaceutical composition for inhibiting
farnesyl protein transferase.

The use according to Claim 29, wherein said pharmaceutical composition is for treating tumor cells wherein the
Ras protein is activated as a result of oncogenic mutation in genes other than the Ras gene.

Patentanspriiche

1.

Verbindung mit der Formel:
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oder ein pharmazeutisch annehmbares Salz oder Solvat davon, worin

einer von a, b, c und d fiir N oder N*O- steht, und die verbleibenden a, b, ¢ und d-Gruppen fiir CR! oder CR2
stehen; oder

jedes von a, b, ¢ und d unabhangig ausgewahlt ist aus CR! oder CRZ?;

jedes R1 und jedes R2 unabhéangig ausgewahlt ist aus H, Halogen, -CF3, -OR19, -COR10, -SR10, -5(0),R (wobei
t 0, 1 oder 2 ist), -N(R19),, -NO,, -OC(O)R10, -CO,R10, -OCO,R1, -CN, -NRIOCOOR1, -SR11C(O)OR1, -SRIIN
(R75), (mit der MaRgabe, dass R in -SRIIN(R75), nicht -CH,- ist), wobei jedes R7> unabhangig ausgewahlt ist
aus H oder -C(O)OR11, Benzotriazol-1-yloxy, Tetrazol-5-ylthio oder substituiertem Tetrazol-5-ylthio, Alkinyl, Alkenyl
oder Alkyl, wobei die Alkyl- oder Alkenylgruppe gegebenenfalls mit Halogen, -OR10 oder -CO,R10 substituiert ist;
R3 und R4 gleich oder verschieden sind und jeweils unabhangig fiir H, irgendeinen der Substituenten von R! und
R2 stehen, oder R3 und R4 zusammengenommen fiir einen gesattigten oder ungeséttigten an den Benzolring (Ring
[l) kondensierten Cg- bis C,-Ring stehen;

R®, R% und R7 jeweils unabhéangig fur H, -CF3, -COR19, Alkyl oder Aryl stehen, wobei das Alkyl oder Aryl gegebe-
nenfalls mit -OR10, -SR10, -5(0);R, -NR1IOCOOR1, -N(R10),, -NO,, -COR10, -OCOR19, -OCO,R1, -CO,R10,
OPO4R10 substituiert ist, oder R> mit R8 kombiniert ist, um =O oder =S wiederzugeben, mit der MaRgabe, dass
fur die Gruppen -OR10, -SR10 und -N(R19), R10 nicht H ist;

R0 fiir H, Alkyl, Aryl oder Aralkyl steht;

R fir Alkyl oder Aryl steht;

X fur N, CH oder C steht, und wenn X C ist, die optionale Bindung (wiedergegeben durch die gestrichelte Linie)
zu Kohlenstoffatom 11 vorhanden ist, und wenn X CH ist, die optionale Bindung (wiedergegeben durch die gestri-
chelte Linie) zu Kohlenstoffatom 11 fehlt;

die gestrichelte Linie zwischen Kohlenstoffatomen 5 und 6 fiir eine optionale Bindung steht, so dass, wenn eine
Doppelbindung vorhanden ist, A und B unabhangig fur -R10, Halogen, -ORL, -OCO,RL, oder -OC(O)R10 stehen,
und wenn keine Doppelbindung zwischen den Kohlenstoffatomen 5 und 6 vorhanden ist, A und B jeweils unab-
hangig fur H,, -(OR),, H und Halogen, Dihalogen, Alkyl und H, (Alkyl),, -H und -OC(O)R10, H und -OR19, =0,
Aryl und H, =NOR?0 oder -O-(CHz)p-O- stehen, wobei p 2, 3 oder 4 ist;

RS fiir einen heterocyclischen Ring ausgewahlt aus

/N /N 12
(CR13RI 4);—-—-R

—N Y —N
% (cRURI R N
(2.0 . (3.0) ,
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- (5.0}
———N<>——(CR13R“‘1-—R12 ~—N : )
(4.0) e NI AN (CRIRI4—R12
~Y
N — 7 (CRI3RM) —R!2 (CRI3R!%) —R12
- _ (7.0)
Ve VRV TP W
T ~g—R'2A g
(2.1) (3.1) @1
\ (6.1)
—N '\\\\
T ~g—R" N— ~Q—R'*
(5.1)

oder

_Q

(7.1) o—R'™* |

353



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

steht, wobei die heterocyclischen Ringe (2.0 bis 7.0 und 2.1 bis 7.1) gegebenenfalls mit einem oder mehreren
Substituenten substituiert ist bzw. sind, die unabhangig ausgewahlt sind aus:

(a) Alkyl,

(b) substituiertem Alkyl, wobei die Substituenten ausgewahlt sind aus Halogen, Aryl, -OR15 oder -N(R15),,
Heteroaryl, Heterocycloalkyl, Cycloalkyl, wobei jede R15-Gruppe gleich oder verschieden ist, mit der MalRgabe,
dass der optionale Substituent nicht an ein Kohlenstoffatom gebunden ist, das sich neben einem Sauerstoff-
oder Stickstoffatom befindet, und wobei R15 ausgewahltist aus H, Alkyl, Aryl, Arylalkyl, Heteroaryl, Heteroaryl-
alkyl, Cycloalkyl oder Cycloalkylalkyl;

(c) Hydroxyl mit der MaRRgabe, dass die Kohlenstoffatome neben den Stickstoff-, Schwefeloder Sauerstoffa-
tomen des Rings nicht mit Hydroxyl substituiert sind,;

(d) Alkyloxy oder
(e) Arylalkyloxy;

Y fur CH,, NR16, O, S, SO oder SO, steht, wobei R16 ausgewahlt ist aus H, Alkyl, Cycloalkyl, Cycloalkylalkyl, Aryl,
Arylalkyl, Heteroaryl, Heteroarylalkyl, Acyl, Aroyl, Carbamoyl, Carboxamido, Alkylsulfonyl, Arylsulfonyl, Arylal-
kylsulfonyl, Sulfonamido, Alkylsulfonamido, Arylsulfonamido und Arylalkylsulfonamido;

n 0 bis 6 ist;

Q flr O oder N steht, mit der MaRRgabe, dass Q nicht neben einem Heteroatom in den Heterocycloalkylringen von
2.1,3.1,4.1,5.1, 6.1 und 7.1 steht;

R12 ausgewdhlt ist aus:

80 * (90) - °%T  (a.1)

worin R17 ausgewahlt ist aus: (1) H, (2) Alkyl, (3) Aryl, (4) Arylalkyl, (5) substituiertem Arylalkyl, wobei die Substi-
tuenten ausgewahlt sind aus Halogen oder CN, (6) C(Aryl),, (7) Cycloalkyl, (8) substituiertem Alkyl (wie oben in
(b) definiert) oder (9) Cycloalkylalkyl;

R12A ausgewdhlt ist aus den oben definierten Ringen 8.0 oder 9.1;

wobei der Imidazolylring 8.0 gegebenenfalls mit einem oder zwei Substituenten substituiert ist, wobei der Imida-
zolring 9.0 gegebenenfalls mit 1 bis 3 Substituenten substituiert ist, und der Pyridylring 9.1 gegebenenfalls mit 1
bis 4 Substituenten substituiert ist, wobei die optionalen Substituenten fiir die Ringe 8.0, 9.0 und 9.1 an die Koh-
lenstoffatome der Ringe gebunden sind und unabh&ngig ausgewahlt sind aus -NHC(O)R15, -C(R18),0R19, -OR15,
-SR15, F, ClI, Br, Alkyl, substituiertem Alkyl (wie oben in (b) definiert), Aryl, Arylalkyl, Cycloalkyl oder - N(R15),;
wobei R15 wie oben definiert ist; jedes R18 unabhéngig ausgewahlt ist aus H oder Alkyl; R1® ausgewahlt ist aus H
oder -C(O)NHR20, und R29 wie nachfolgend definiert ist;

R13 und R4 fur jedes n unabh&ngig ausgewahlt sind aus: H, F, Alkyl, Aryl, Arylalkyl, Heteroaryl, Heteroarylalkyl,
Cycloalkyl, Cycloalkylalkyl oder -CON (R15) , (wobei R15 wie oben definiert ist), -OR> oder -N(R15),, mit der
MaRgabe, dass die -OR15 und -N(R%),-Gruppen nicht an ein Kohlenstoffatom gebunden sind, das sich neben
einem Stickstoffatom befindet, und mit der MaRgabe, dass es an jedem Kohlenstoff nur eine -OH Gruppe geben
kann; und wobei die substituierbaren R13- und R14-Gruppen gegebenenfalls mit einem oder mehreren Substitu-
enten ausgewahlt aus F, Alkyl, Cycloalkyl, Arylalkyl oder Heteroarylalkyl substituiert sind; oder

R13 und R4 fur jedes n zusammen mit dem Kohlenstoffatom, an das sie gebunden sind, einen Cs- bis C4-Cyclo-
alkylring bilden;

R® ausgewahlt ist aus
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I
A S K AL
- o O R o7 Vew o” ‘r® SO,

/
Q2.0 | (1300 | (1400 (150 o4y B (16.0);

R20 ausgewahlt ist aus H, Alkyl, Aryl, Arylalkyl, Cycloalkyl, Cycloalkylalkyl, Heteroaryl, Heteroarylalkyl, Hetero-
cycloalkyl oder Heterocycloalkylalkyl, mit der MaRgabe, dass R20 nicht H ist, wenn R® Gruppe 12.0 oder 16.0 ist;
wenn R20 von H verschieden ist, dann die R20-Gruppe gegebenenfalls mit einem oder mehreren Substituenten
ausgewahlt aus Halogen, Alkyl, Aryl, -OC(O)R15, -OR15 oder -N(R1%), substituiert ist, wobei jede R15-Gruppe
gleich oder verschieden ist, und wobei R15 wie oben definiert ist, mit der MaRgabe, dass der optionale Substituent
nicht an ein Kohlenstoffatom gebunden ist, das sich neben einem Sauerstoff- oder Stickstoffatom befindet;

R21 ausgewahlt ist aus H, Alkyl, Aryl, Arylalkyl, Cycloalkyl, Cycloalkylalkyl, Heteroaryl, Heteroarylalkyl, Hetero-
cycloalkyl oder Heterocycloalkylalkyl;

wenn R21 von H verschieden ist, dann die R21-Gruppe optional mit einem oder mehreren Substituenten ausgewahlt
aus Alkyl, Aryl substituiert ist, wobei jede R15>-Gruppe gleich oder verschieden ist und wobei R15 wie oben definiert
ist; und

R22 ausgewahlt ist aus Cycloalkyl, das gegebenenfalls mit einem oder mehreren Substituenten ausgewahlt aus
Alkyl, -OH, -CO,H und -C(O)NH, substituiert ist; Heterocycloalkyl; Aryl; substituiertem Aryl; und Alkyl, das gege-
benenfalls mit einem oder mehreren Substituenten ausgewahlt aus Alkyl, -OH, -CO,H, -C(O)NH, substituiert ist;
wobei Alkyl fur geradkettige und verzweigte Kohlenstoffketten steht und ein bis zwanzig Kohlenstoffatome, vor-
zugsweise ein bis sechs Kohlenstoffatome enthélt, wobei der Cycloalkylring gegebenenfalls mit einer oder meh-
reren Alkylgruppen substituiert ist und, wenn es mehr als eine Alkylgruppe gibt, jede Alkylgruppe gleich oder ver-
schieden sein kann;

Acyl fir eine G-C(O)-Gruppe steht, wobei G fiir Alkyl, Aryl, Heteroaryl, Cycloalkyl, Heterocycloalkyl, -O-Alkyl, -
0-Aryl oder NR25R26 steht, wobei R25 und R26 unabhangig ausgewahlt sind aus Alkyl oder Aryl;

Arylalkyl fir eine Alkylgruppe wie oben definiert steht, die mit einer Arylgruppe wie nachfolgend definiert substituiert
ist, so dass die Bindung an einen anderen Substituenten an die Alkyleinheit erfolgt;

Aryl (einschlieBlich des Arylanteils von Arylalkyl) fur eine carbocyclische Gruppe steht, die 6 bis 15 Kohlenstoffa-
tome enthalt und mindestens einen aromatischen Ring aufweist, wobei alle verfugbaren substituierbaren Kohlen-
stoffatome der carbocyclischen Gruppe als mdgliche Bindungspunkte vorgesehen sind, wobei die carbocyclische
Gruppe gegebenenfalls mit einem oder mehreren von Halogen, Alkyl, Hydroxy, Alkoxy, Phenoxy, CF;, -C(O)N
(R18),, -SO,R18, -SO,N(R18),, Amino, Alkylamino, Dialkylamino, -COOR?23 oder -NO, substituiert ist, wobei R23
fur Alkyl oder Aryl steht;

Aroyl fir -C(O)Aryl steht, wobei Aryl wie zuvor definiert ist;

Cycloalkyl fiir gesattigte carbocyclische Ringe mit 3 bis 20 Kohlenstoffatomen, vorzugsweise 3 bis 7 Kohlenstoffa-
tomen steht, wobei der Cycloalkylring gegebenenfalls mit einer oder mehreren Alkylgruppen substituiert ist, und
wenn es mehr als eine Alkylgruppe gibt, jede Alkylgruppe gleich oder verschieden sein kann;

Cycloalkylalkyl fir eine Cycloalkylgruppe wie oben definiert steht, die mit einer Alkylgruppe wie oben definiert
substituiert ist, so dass die Bindung von einem anderen Substituenten Uber die Alkyleinheit erfolgt;

Halogen fir Fluor, Chlor, Brom und lod steht;

Heteroaralkyl fur eine Alkylgruppe wie oben definiert steht, die mit einer Heteroarylgruppe wie nachfolgend definiert
substituiert ist, so dass die Bindung von einem anderen Substituenten ber die Alkyleinheit erfolgt;

Heteroaryl furr cyclische Gruppen steht, die gegebenenfalls mit R3 und R4 substituiert sind, mit mindestens einem
Heteroarom ausgewahlt aus O, S oder N, wobei das Heteroatom eine carbocyclische Ringstruktur unterbricht und
eine ausreichende Anzahl delokalisierter T-Elektronen aufweist, um aromatischen Charakter zu liefern, wobei die
aromatischen heterocyclischen Gruppen vorzugsweise 2 bis 14 Kohlenstoffatome enthalten, z. B. 2- oder 3-Furyl,
2-oder 3-Thienyl, 2-, 4- oder 5-Thiazolyl, 2-, 4- oder 5-Imidazolyl, 2-, 4- oder 5-Pyrimidinyl, 2-Pyrazinyl, 3-oder
4-Pyridazinyl, 3-, 5- oder 6-[1,2,4-Triazinyl], 3-oder 5-[1,2,4-Thiadiazolyl], 2-, 3-, 4-, 5-, 6- oder 7-Benzofuranyl, 2-,
3-, 4-, 5-, 6- oder 7-Indolyl, 3-, 4-oder 5-Pyrazolyl, 2-, 4- oder 5-Oxazolyl, Triazolyl, 2-, 3- oder 4-Pyridyl oder
Pyridyl-N-oxid (gegebenenfalls mit R3 und R# substituiert), wobei Pyridyl-N-oxid als
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S

o oder

o

wiedergegeben werden kann; und

Heterocycloalkyl flrr einen gesattigten, verzweigten oder unverzweigten carbocyclischen Ring steht, der 3 bis 15
Kohlenstoffatome, vorzugsweise 4 bis 6 Kohlenstoffatome enthélt, wobei der carbocyclische Ring durch 1 bis 3
Heterogruppen ausgewahlt aus -O-, -S- oder -NR24 unterbrochen ist, wobei R24 fur Alkyl, Aryl, -C(O)N(R18),, wobei
R18 wie oben definiert ist, oder Acyl steht (geeignete Heterocycloalkylgruppen schlieBen 2- oder 3-Tetrahydrofura-

nyl, 2-oder 3-Tetrahydrothienyl, Tetrahydropyranyl, 2-, 3- oder 4-Piperidinyl, 2- oder 3-Pyrrolidinyl, 2- oder 3-Pipe-
razinyl, 2- oder 4-Dioxanyl, Morpholinyl ein).

Verbindung nach Anspruch 1 mit der Struktur:

oder

Verbindung nach Anspruch 1, wobei R bis R4 unabhangig ausgewahlt sind aus H, Br, F oder Cl, R5 bis R” H sind;
a N ist und die verbleibenden b, ¢ und d Substituenten Kohlenstoff sind, oder a, b, ¢ und d Kohlenstoff sind; A und
B H, sind und n 1 bis 3 ist.

Verbindung nach Anspruch 1, bei der R8 Ring 2.0 ist und sich der -(CR13R14) -R12 Substituent in der 2- oder

356



10

15

20

25

30

35

40

45

55

10.

11.

12.

13.

14.

15.

16.

17.

EP 1 140 904 B1
3-Position befindet.

Verbindung nach Anspruch 1, bei der R8 Ring 2.0 ist und sich der -(CR13R14) -R12 Substituent in der 2- oder
3-Position befindet und Y CH, ist.

Verbindung nach Anspruch 1, bei der R13 und R4 H sind.

Verbindung nach Anspruch 1, bei der Y ausgewahlt ist aus S, SO oder SO,.

Verbindung nach Anspruch 1, bei der Y O ist.

Verbindung nach Anspruch 1, bei der Y NR16 ist.

Verbindung nach Anspruch 1, bei der R® ausgewahlt ist aus 12.0, 13.0 oder 15.0.

Verbindung nach Anspruch 1, wobei R bis R4 unabhangig ausgewahlt sind aus H, Br, F oder Cl; R5 bis R7 H sind,
a N ist und die verbleibenden b, ¢ und d Substituenten Kohlenstoff sind; A und B H, sind; und n 1 bis 3 ist; R8 Ring

2.0 ist und der -(CR13R4) -R12 Substituent in der 2-oder 3-Position ist, und Y CH, ist.

Verbindung nach Anspruch 11 mit der Struktur:

Verbindung nach Anspruch 12, bei der R13 und R4 H sind.
Verbindung nach Anspruch 13, bei der R12 9.0 ist.
Verbindung nach Anspruch 12, bei der R® ausgew&hlt ist aus 12.0, 13.0 oder 15.0.

Verbindung nach Anspruch 12, bei der R20 ausgewahlt ist aus t-Butyl, i-Propyl, Neopentyl, Cyclohexyl, Cyclopro-

pylmethyl,
HO ,H:c’lko | CO/

"oder

Verbindung nach Anspruch 13, bei der R® ausgewabhlt ist aus 12.0 oder 13.0, und wobei R21 fiir 13.0 H ist.
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18. Verbindung ausgewéhlt aus den Verbindungen der Beispiele 1 bis 4, 4.1, 4.2, 10 bis 19, 24 bis 51, 74, 138, 142,
144, 145, 35(A), 35(C), 35(D), 35(E), 35(F), 41(A), 41(B), 41(C), 47(A), 47(B), 47(D), 47(G), 47(H), 47(1), 47(K),
47(L), 47(M), 47(N), 47(0), 47(P), 47(R), 47(S), 47(T), 47(U), 47(CC), 51(A) bis 51(D), 138A bis 147A, 148 bis
158, 160, 161, 163, 169 bis 180, 183 bis 188, 191, 192, 197, 201, 207 bis 216, 227 bis 234, 238 his 240, 245, 255
bis 262, 287 bis 294, 297 bis 303, 316 bis 324, 351 bis 354, 383, 384, 387, 388, 391, 392, 394 bis 397, 407, 408,
409, 410, 411, 412, 414, 415 bis 417, 419, 422, 424, 463A oder 466 bis 469, die die nachfolgend gezeigten Struk-

turen haben, der Verbindung
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wobei R8 wie in den folgenden Tabellen aufgefiihrt ist:
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Beispiel 10 (C-11 R-Isomer)

1,0
() “u /NJ

Beispiel;lz (C-11 R—Isomgr)
a\@,m
'N Q/
C 2
” N
ST
(0 M &

*

Beispiel 14,

(j}T o

‘Beispiel 16.

Beispiel 15

Beispiel 11 (C-11 S-Isomer)

Beispiel 13 (C-11 S-Isomer)

L0 OV"”

Béispigl 17%
B jl\ N |
SYSVe!
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i iel 19
Beispiel 18 B_elSPI !

,B/\ __Cl B/\ '

=N 4
' [:ln’ O*"/CN [:1 O-«.,,r://\"
AL

der Verbindung

7\

——

o Q .
ST

wobei R8 wie in den folgenden Tabellen aufgefiihrt ist:
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. . Beispiel C-11-Isomer R'= : lBeis_piel »C-ll-lsomer R=
24 S, . — 31 R o
FOYeRID oWs
25 R .
L e 32 5 rffl‘h
26 s — ;{NO\,NJN )
e |
N » ,N\(" . ) : _
CH, 33 R ‘ Hy
27”1 R o= :.;NO\/N\I/‘
) -
W
CH, 3 3 =
% \C%
- 28 . S , H,
ISYe B |
AR R RNV
5N \Q
25 R , 4
” D . "
aN W NI .
s | s |
30 S : — Q 5 .
‘YO\,N y X NG
Hy

361




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

‘ BeispielT -l R=

C-11-Isomer

[Tss0 | s

!35@ R 'Q

35(3) — l./\"po“

35{F) S
A,
N
der Verbindung
7 \ a
—,
N
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wobei R8 wie in den folgenden Tabellen aufgefiinrt ist:

'Beispiel]—_ 7 = 1 Beispiel | I ‘R=
C-11-Isomer _ C-11-Isomer
36 s |- Hy 40 S =\
- - —_— f— jl:N '//NJ“ _;_ = - . .- -c&“
. | i :
37 R ’/{l‘b ‘ : ,
= a1 R ,
~38 S — CH;
_\{'O'*q/Q 41{a) S ,/(:“3
' ks J,;O\/M |
dMPes-
KN N am | R rf‘e
- Q.5
T
41(C) S - i
),; N
" Isomer 1.2

der Verbindung

Y
QOE%,,OTR"

wobei R8 wie in den folgenden Tabellen aufgefiihrt ist:
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=
%O\/N\c(; |

364

-Beiépiel] ” ] - R= [Beispiel| . T R=
C-11-Isomer; ) C-11-Isomer: -
42 Hy a7 | s /’(}h
Fou-1 s N Ne U+
as " rﬁ& ECEEE ‘ Ov 6‘.
&“'/\:L,,/'N://“ X a
a70) | s "
i v Ov'f’2
}{‘O‘Q/Q . }‘; M
, ,  CHy 47(G) s | | w
45 < F\ )‘;O\/N\//N
:Q{NO*-,,/N\/('
CHy rE S | %ﬁ*
® = LG
\
. Chy 47(0 s . O /[N
X N
a7 X ™ :')
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Beispiell - 1 R= [Beispiell B | T R=

C-11-Isomer ) C-11-Isomer

47K S N 7R | s iy —
OB || o
7 oy

4704) R P

=0 47(1) s
NN #Q\
N» - .

47(N) S o)

SO | [

47(CC) S Q/
/P KN g _N

47(0) R

45

50
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Beispiel 48

der Verbindung

wobei R8 wie in den folgenden Tabellen aufgefiihrt ist;
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Beispiel [ R= Beispiel™ T =
C-11-Isomer C-11-Isomer:
49 | R , — [siBf R —
:ﬁ£:::Lm/£:%N i Jﬁg::]\~/£§fﬂ
CH,. ] | - CHa
s1c] s (' ‘
e /BN~
' . Y
\N \',/N\/N . J‘l . .
51 R CHyl - [51ID| R m ,/()bﬁ
:«Q,/N\f" | SN AN
R
S.al S . P\
j\; s N
o, |-

Beispiel 74

B/

Beispiel 138
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Beispiel 142"

Beispiel 144]
Lo oo
O AN

Isomer 1

Beispiel 145

G0
S

Isomere 1, 2, 3 und 4
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wobei R8 wie in den folgenden Tabellen aufgefiihrt ist,

1143A
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Beispiel] R.= — Béfspiel T T oy
C-11-1somer C-11-Isomer
138A| ¢ r{)g 144 R o
| . V.
1139A ,O\/ 6‘ 145A S
N/
’* o¥s
x NN
140A ,Jﬂa
Q N uea| s v ’8
X " $=o
. l % |
l4l§ A ’/F‘S ﬁ
)\;O"'n/ g | HC |
' 147A R [ I
1424 2 _ (\io
- X
£
H,C
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Be.ispiell T —e Bei;_piel —7 -
C-11-Isomer C-11-Isomer A
P 152 s
148 s N(:f’ 5 ,20
){ *.,l ),{N
{ mcﬁ
HC | |
153 | s P
NS (I
- )(N\/tl " |
£ ~Q
hc T [1ss | s P
[ $=o
150 R P X \
o
% mcﬁ
) 155 S P
151 s | P Al _
(fo 7N
s ,
‘ CE/Q*& 156 | S (\,P
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der Verbindung

Beispiel | i R'=
' ,_,;__C~11—Isomer
157 s | P
=0
5,;
7
IN
(1somer 2)
158 R Hy
%O"l/ /
CH,
[1e0 | ®rs O\,NFN o
X ‘sl
CHg -
161 1 &/NFN
AL~
CH,
163 S g
ﬁ
- HC
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o]
-~
N
O A
h,' '."‘{rQ/N\’/N
R® o
wobei R® wie in den folgenden Tabellen aufgefiihrt ist,
Beispiel | " R= | Beispiel : R'=

C-11-Isomer ' C-11-Isomer

169 R J*o’k : 177 R
O'A A

D3

o s | A e s

x| x|

H

XZ

171 R . o(O
A
cé\ . 179 R

. 172 s MO/O
, | &

R

i 180 S
173 R oj:
174 S -'-I :
125 R L
. oé\m
176 S | =~

der Verbindung
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(

L - FHo
;,J "otr 'O”'o;/Ner
R0

wobei R® wie in der folgenden Tabelle aufgefihrt ist,

Beispie! fo b §'=
: _C-l 1-Isomer -
183 R —
B Bl R RSN
i :
‘1 184 S UGS
! 185 R .
186 [ S o
187 R ——
|
188 s g ‘
o%\o/\[<
i1 R -
od\NK
H
- 192 S o~ J<
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Beispiel 197

der Verbindung

wobei R8 wie in den folgenden Tabellen aufgefiihrt ist,
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Beispiel -7 R= B'eispiel' ’ . R=
) C-11-Isomer '

IC-_I I-Isomer
1207} R 210 s Y
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Breispielr

212

. .C-11-Isomer

S

I

213 )

214

Beispiel 215 (c-11 S-Isomer)

sr\(m,u
!
QLY

der Verbindung

N7

0 A
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Gl/\

-~

xoi?'zf "

wobei R8 wie in der folgenden Tabelle aufgefiihrt ist,

é) Beispiel |

. C-11-Isomer

227

S

R .
QLS
229 s 6‘ “
;;'Ow.z 7
230 | R
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Beispiel =7 R=
~ C-11-Isomer.
231 R -
| R R a
232 | s oj: oJ\
= Fog

P

]

238 S .
239 R

U
A,

FK

&
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Beispiel 245 (C-11 R-~Isomer)

O~ \

der Verbindung

O/
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. Beispiel =~ T R=
|~ C-11-Isomer,
255 S I’fﬁ
256 R .
Y/
).;;'O\/
257.{ S (\‘ K(Dﬁ
)';N\/"».,/M
258 R
J{‘OW/MN
der Verbindung
7
~

. E&rﬁa

wobei R8 wie in der gegeniiberliegenden Tabelle aufgefiihrt ist,
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*|Beispiel | T Rz
C-11-Isomer
259 S ,’(?ﬁ
J‘N(\l/"\‘?"
260 R F{%
261 S . Ff‘e
| J(O'q/ g
262 "R ,4(3*: .
J{O\/ g
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wobei R8 wie in der gegenuberliegenden Tabelle aufgefiihrt ist,
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:ﬁg_g_;re]: ]- T l . R‘f-”
C-11-Isomer
287 s ’ lJ‘s
}\O\/N\/)‘
288 R ‘ Iﬁfﬂa
)‘;O\/N\’)
!, 289 S . ' /fb !
Y
)‘; /" g
290 R f(}‘)
' ),;QQ/ g
der Verbindung
O~/ \
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Beispiell T -l R=
C-11-Isomer '
29| s | : ,/(}‘a
292 R '
Jq'()\/ 7
293 S

QL5
! 294 R ' . .
, )»;O\/’é&'

der Verbindung
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R O
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1

‘-

7‘2

;..

;..

;-

31813

I+
)Y— :

Iz
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)‘-

7}—3— s

Beispiel

-}~ . |C-11-Isomer .- -
A297 R
1298 S
.299 R
[300| s
301 R
302 S
303 R

der Verbindung
G \

=N
N F{
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R O

wobei R9 wie in der folgenden Tabelle aufgefiihrt ist,
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|Beispiet | = | R

C-11 ;Isomer

316 S &

317 R

£ 0

‘318 S - O
' AN

O
QEE

wobei R8 wie in der gegeniiberliegenden Tabelle aufgefiihrt ist,
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Beispiel I l R'=
C-11-Isomer
319 S r_(?‘:
%O\rw
320 R s
D
321 s h
NOW e
322 R ”("‘:
J{(O”ﬁ/w

der Verbindung

xf&é‘gf "
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386




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

B'e'ispiell : | ~ R=

C-11-Isomer

323

S .
oV~3

der Verbindung

B /\

| Nl R
: O\‘Etovgf

wobei R8 wie in der gegenuberliegenden Tabelle aufgefiihrt ist,
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Beispiel = T
T C-11-Isomer

351 S

52| R | |
iou+%

383

n
(@
\
‘ \%

der Verbindung
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o "o

RB

wobei R8 wie in der folgenden Tabelle aufgefiihrt ist
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C-1 I-Isomerf

Beispiel
s8s| s
ass | R

Beispiel 387

der Verbindung

—

N -

C

N
!

RD

)
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&

Beispiel 388

7\
®
NN ©
CHy

wobei R® wie in der folgenden Tabelle aufgefiihrt ist,
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‘Beispiel. |. T =
C-11-Isomer

”'891_, T--a 1. 02:;/0
10 &0

der Verbindung

N oV

o CH,

wobei R? wie in der folgenden Tabelle aufgefihrt ist,

{ I . R= .
Belsplel C-11 Isomer .

3es RS —— O/|<

396 A O o/'<

‘397 B e Ok
4 Oé\

der Verbindung
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wobei R8 wie in der folgenden Tabelle aufgefiihrt ist,

Beispiel] i
C-11-Isomer
407 1 ‘ '{59
EO‘Q/ g
408 2 rg"&
;‘:Q; _NAN

der Verbindung

\

wobei R8 wie in der folgenden Tabelle aufgefiihrt ist.
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. . " N \ I rg
Beispiel C-11-Isomer
;{‘N — I‘_b_!“
Isomer 1
410 S Q/
oy N
Isomer 2

Beispiel 411

Beispiel 414
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Beispiel 416 (C-11 S~-Isomer) Beispiel 417 (C-11 S-Isomer)|

E

e OLDX

P 1140904 B1

QCD”’
Ve,

Beispiel 419 (C-11 S-Isomere)

«i;jéf‘:
ohaoe

Beispiel 422

7 \ Ci

Ne\ ozrawz}m

(C-11 S-Isomere)
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Beispiel 424 (C-11 S-Isomer) Deispiel 463a

O

Q-2

o

_Beispiel 466

19.

20.

21.

22.

23.

24,

Y‘Q ,,,

(

Z““

_Beispiel 468

\‘(01,,, Q ),,

{]

Zl("

Verbindung nach Anspruch 18, ausgewahlt aus einer Verbindung der Beispiele 35(C), 41(A), 47(S), 47(T), 140A,
144-Isomer 1, 144-Isomer 2, 163, 164, 183, 185, 215, 238, 258, 259, 287, 291, 292, 298, 300, 320, 351, 353, 411

oder 416.

T e
=~
N N

N

2l

E

Y

Beispiel 467

e

N

-

o O,
‘O\Ox

o

Beispiel 469

Me
~
N N

/ Ny .
line.

HOu,,. [ J
L

(+]

NN -

Verbindung nach Anspruch 18 ausgewahlt aus einer Verbindung der Beispiele 47(a) oder 140A.

Pharmazeutische Zusammensetzung zur Inhibierung von Farnesylproteintransferase, die eine wirksame Menge
Verbindung gemaf einem der Anspriiche 1 bis 20 in Kombination mit einem pharmazeutisch annehmbaren Trager

enthalt.

Verbindung nach einem der Anspriiche 1 bis 20 zur Verwendung als Medikament.

Verbindung nach einem der Anspriiche 1 bis 20 zur Verwendung zur Inhibierung von Farnesylproteintransferase.

Verbindung nach einem der Anspriiche 1 bis 20 zur Verwendung zur Inhibierung von Farnesylproteintransferase.
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25.

26.

27.

28.

20.

30.

EP 1140 904 B1
Verbindung nach einem der Anspriiche 1 bis 20 zur Verwendung bei der Behandlung von Tumorzellen.

Verbindung nach Anspruch 23, wobei die Verbindung zur Verwendung zur Behandlung von Pankreastumorzellen,
Lungenkrebszellen, myeloiden Leukéamietumorzellen, Schilddrisenfollikeltumorzellen, myelodysplastischen Tu-
morzellen, Epidermalcarcinomtumorzellen, Blasencarcinomtumorzellen, Colontumorzellen, Melanom, Brusttu-
morzellen und Prostatatumorzellen ist.

Verwendung einer Verbindung nach einem der Anspriiche 1 bis 20 zur Herstellung einer pharmazeutischen Zu-
sammensetzung zur Behandlung von Tumorzellen.

Verwendung nach Anspruch 27, bei der die behandelten Tumorzellen Pankreastumorzellen, Lungenkrebszellen,
myeloide Leukdmietumorzellen, Schilddrisenfollikeltumorzellen, myelodysplastische Tumorzellen, Epidermalcar-
cinomtumorzellen, Blasencarcinomtumorzellen, Colontumorzellen, Melanom, Brusttumorzellen und Prostatatu-
morzellen sind.

Verwendung einer Verbindung nach einem der Anspriiche 1 bis 20 zur Herstellung einer pharmazeutischen Zu-
sammensetzung zur Inhibierung von Farnesylproteintransferase.

Verwendung nach Anspruch 29, bei der die pharmazeutische Zusammensetzung zur Behandlung von Tumorzellen
ist, bei denen das Ras-Protein als Ergebnis von onkogener Mutation in von dem Ras-Gen verschiedenen Genen
aktiviert ist.

Revendications

1.

Composé de formule

(1.0)

ou sel ou produit d'addition de solvant, pharmacologiquement admissible, d'un tel composé,
dans laquelle formule :

I'un des symboles a, b, c et d représente N ou N*O-, et les autres des symboles a, b, ¢ et d représentent CR1
ou CRZ;

ou bien chacun des symboles a, b, ¢ et d représente indépendamment CR! ou CR2 ;

chaque symbole R et chaque symbole R? représente indépendamment un atome d'hydrogéne ou d'halogéne,
un groupe de formule -CF5, -OR10, -COR19, -SR10, -5(0),R1 ol t vaut 0, 1 ou 2, -N(R19),, -NO,, -OC(O)R19,
-CO,R10, -OCO,RY, -CN, -NRIOCOOR1, -NRIOCOOR1, -SRMC(O)ORM ou -SRIN(R73), (sous réserve
que R11, dans ce groupe -SRIIN(R75),, ne représente pas -CH,-) ol chaque symbole R75 représente indé-
pendamment un atome d'hydrogéne ou un groupe -C(O)OR1!, ou un groupe benzotriazol-1-yl-oxy, tétrazol-
5-yl-thio, tétrazol-5-yl-thio a substituant, alcynyle, alcényle ou alkyle, ce groupe alcényle ou alkyle pouvant
porter en tant que substituant un atome d'halogéne ou un groupe -OR10 ou -CO,R10;

R3 et R4 sont identiques ou différents et représentent chacun, indépendamment, un atome d'hydrogéne ou
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n'importe lequel des substituants cités pour R1 et R2, ou bien R3 et R4 représentent ensemble un cycle saturé
ou insaturé en Cg_4, condensé avec le cycle benzénique Il ;

R5, R6 et R7 représentent chacun, indépendamment, un atome d'hydrogéne, un groupe de formule -CF5 ou
-COR10, ou un groupe alkyle ou aryle, lequel groupe alkyle ou aryle porte éventuellement un substituant de
formule -OR10, -SR10, -S(O);R1%, -NRIOCOOR1, -N(R19),, -NO,, -COR10, -OCOR10, -OCO,R1, -CO,R10 ou
-OPO3R10, ou bien R5 représente, conjointement avec R8, un substituant =O ou =S, sous réserve que R10 ne
représente pas un atome d'hydrogéne dans les substituants -OR10, -SR10 et -N(R10), ;

R10 représente un atome d'hydrogéne ou un groupe alkyle, aryle ou aralkyle ;

R1! représente un groupe alkyle ou aryle ;

X représente N, CH ou C, la liaison éventuelle, représentée par le trait en pointillé, a I'atome de carbone n°
11 étant présente si X représente C, mais absente si X représente CH ;

le trait en pointillé placé entre les atomes de carbone n° 5 et n° 6 représente une liaison éventuelle, de sorte
que, lorsqu'il y a la une double liaison, A et B représentent chacun, indépendamment, un atome d'halogéne
ou un groupe de formule -R10, -OR11, -OCO,R ou -OC(O)R19, et lorsqu'il n'y a pas de double liaison entre
les atomes de carbone n° 5 etn® 6, A et B représentent chacun, indépendamment, I'une des paires H,, (OR11),,
H et halogéne, (halogéne),, H et alkyle, (alkyle),, H et -OC(O)R19, H et -OR19, ou H et aryle, ou encore un
substituant =0, =NOR10 ou -O-(CH,),-O- ot p vaut 2, 3 ou 4 ;

R8 représente un groupe hétérocyclique choisi parmi :

/\

—N Y —N (CRI3R14)=—R12
\——)((CRIKRM)B—RIZ
(2.0) ’ 3.0) o,
(5.0)
~—N (CRBRM)[T-RIZ —N

(CRBRM)E_RIZ
4.0) ’ ’

(6.0) —_— 7 (1.0)

Y

N—7 "(CRIIR14)—R!2 (CRI3R14)—R12
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N Y NG—_Q RI2A Q_
— — - —N Q—RI2A
\-—jQ-—szA

(2.1) 3.1 4.1

_N/—\

Q—R12A , /N Q.—RIZA ou Q_Rle ;
G.D 6.1 (7.1)

ces groupes hétérocycliques 2.0 a 7.0 et 2,1 a 7.1 portant éventuellement un ou plusieurs substituants choisis
indépendamment parmi les suivants :

a) les groupes alkyle,

b) les groupes alkyle a substituant(s), ledit ou lesdits substituant(s) étant choisi(s) parmi halogéno, aryle,
hétéroaryle, hétérocycloalkyle, cycloalkyle, -OR15 et -N(R1%), ou les R15 sont identiques ou différents,
sous réserve que ledit ou lesdits éventuels substituants ne soient pas liés a un atome de carbone adjacent
a un atome d'oxygéne ou d'azote, R15 représentant un atome d'hydrogéne ou un groupe alkyle, aryle,
aryl-alkyle, hétéroaryle, hétéroaryl-alkyle, cycloalkyle ou cyclolkyl-alkyle,

c) le groupe hydroxyle, sous réserve que les atomes de carbone adjacents a un atome d'azote, d'oxygéene
ou de soufre du cycle ne portent aucun substituant hydroxyle,

d) les groupes alcoxy,

e) et les groupes aryl-alcoxy ;

Y représente CH,, NR16, O, S, SO ou SO,, ol R16 représente un atome d'hydrogéne ou un groupe alkyle,
cycloalkyle, cycloalkyl-alkyle, aryle, aryl-alkyle, hétéroaryle, hétéroaryl-alkyle, acyle, aroyle, carbamyle, car-
boxamido, alkylsulfonyle, arylsulfonyle, aryl-alkylsulfonyle, sulfonamido, alkylsulfonamido, arylsulfonamido ou
aryl-alkylsulfonamido ;

nvautde0a6;

Q représente O ou N, sous réserve que Q ne soit pas adjacent a un hétéroatome des cycles hétérocycloalk-
yliques des groupes de formules 2.1, 3.1, 4.1,5.1,6.1 et 7.1;

R12 est choisi parmi les cycles de formules :

R!7
€ -0 -
S = N”
(8.0) (9.0) 9.1)

ou R17 est choisi parmi

1) un atome d'hydrogéne,
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2) les groupes alkyle,

3) les groupes aryle,

4) les groupes aryl-alkyle,

5) les groupes aryl-alkyle portant un ou des substituants choisis parmi les atomes d'halogéne et le groupe
cyano,

6) les groupes de type -C(aryle)s,

7) les groupes cycloalkyle,

8) les groupes alkyle a substituant(s), tels que définis plus haut en (b),

9) et les groupes cycloalkyl-alkyle ;

R12A est choisi parmi les cycles 8.0 et 9.1, définis ci-dessus ;

ledit cycle imidazolyle 8.0 portant éventuellement un ou deux substituants, ledit cycle imidazolo 9.0 portant
éventuellement un a trois substituants, et ledit cycle pyridyle 9.1 portant éventuellement un a quatre substi-
tuants, lesquels éventuels substituants portés par ces cycles 8.0, 9.0 et 9.1 sont liés a des atomes de carbone
de ces cycles et sont choisis indépendamment parmi les groupes de formules -NHC(O)R15, -C(R18),0R19,
-OR15, -SR15 et N(R15),, les atomes de fluor, de chlore et de brome et les groupes alkyle, alkyle & substituant
(s), tels que définis plus haut en (b), aryle, aryl-alkyle et cycloalkyle, ou R1° a la signification indiquée plus
haut, chaque symbole R18 représente indépendamment un atome d'hydrogéne ou un groupe alkyle, et R1®
représente un atome d'hydrogéne ou un groupe de formule -C(O)NHR29 ot R20 a la signification indiquée
plus loin ;

R13 et R4, pour chaque valeur de n, représentent chacun, indépendamment, un atome d'hydrogéne ou de
fluor, un groupe alkyle, aryle, aryl-alkyle, hétéroaryle, hétéroaryl-alkyle, cycloalkyle ou cycloalkyl-alkyle, ou un
groupe de formule -CON(R1%),, -OR15 ou -N(R15), oU R;5 a la signification indiquée plus haut, sous réserve
que les groupes -OR15 et -N(R15), ne soient pas liés & un atome de carbone adjacent a un atome d'azote, et
sous réserve qu'il n'y ait qu'un seul groupe -OH sur chaque atome de carbone, et les groupes représentés
par R13 et R4 qui peuvent porter un substituant portent éventuellement un ou plusieurs substituants choisis
parmi les atomes de fluor et les groupes alkyle, cycloalkyle, aryl-alkyle et hétéroaryl-alkyle ;

ou les groupes représentés par R13 et R14, pour chaque valeur de n, constituent, conjointement avec I'atome
de carbone auquel ils sont liés, un groupe cycloalkyle en C5 ¢ ;

R est choisi parmi les groupes de formules :

0 R21 o CH, O R22 R2°/

(12.0) : (13.0) | (14.0) , (150 ou (16.0);

R20 est choisi parmi un atome d'hydrogéne et les groupes alkyle, aryle, aryl-alkyle, cycloalkyle, cycloalkyl-
alkyle, hétéroaryle, hétéroaryl-alkyle, hétérocycloalkyle et hétérocycloalkyl-alkyle, sous réserve que R20 ne
représente pas un atome d'hydrogéne quand R® représente un groupe de formule 12.0 ou 16.0, étant entendu
que, si R20 représente autre chose qu'un atome d'hydrogéne, le groupe représenté par R20 porte éventuelle-
ment un ou plusieurs substituants choisis parmi les atomes d'halogéne, les groupes alkyle ou aryle et les
groupes de formule -OC(O)R15, -OR15 ou -N(R1%), oU les R15 sont identiques ou différents et ot R1% a la
signification indiquée plus haut, sous réserve que cet ou ces éventuels substituants ne soient pas liés a un
atome de carbone adjacent a un atome d'oxygéne ou d'azote ;

R21 est choisi parmi un atome d'hydrogéne et les groupes alkyle, aryle, aryl-alkyle, cycloalkyle, cycloalkyl-
alkyle, hétéroaryle, hétéroaryl-alkyle, hétérocycloalkyle et hétérocycloalkyl-alkyle, étant entendu que, si R21
représente autre chose qu'un atome d'hydrogéne, le groupe représenté par R21 porte éventuellement un ou
plusieurs substituants choisis parmi les groupes alkyle ou aryle, ot les R15 sont identiques ou différents et ol
R15 a la signification indiquée plus haut ;

et R22 est choisi parmi un groupe cycloalkyle portant éventuellement un ou plusieurs substituants choisis
parmi les groupes alkyle, hydroxyle, carboxyle et carbamyle, un groupe hétérocycloalkyle, un groupe aryle,
un groupe aryle a substituant, et un groupe alkyle portant éventuellement un ou plusieurs substituants choisis
parmi les groupes alkyle, hydroxyle, carboxyle et carbamyle ;
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étant entendu que :

le terme "alkyle" désigne une chaine linéaire ou ramifiée d'atomes de carbone, qui comporte de 1 & 20 atomes
de carbone et de préférence de 1 a 6 atomes de carbone, ledit groupe cycloalkyle portant éventuellement un
ou plusieurs substituants alkyle qui peuvent, s'il y en a plus d'un, étre identiques ou différents ;

le terme "acyle" désigne un groupe de formule G-C(O)- ou G représente un groupe alkyle, aryle, hétéroaryle,
cycloalkyle, hétérocycloalkyle, alcoxy ou aryl-oxy ou un groupe de formule -NR25R26 o(1 R25 et R26 représen-
tent chacun, indépendamment, un groupe alkyle ou aryle ;

le terme "aryl-alkyle" désigne un groupe alkyle, tel que défini ci-dessus, qui porte en tant que substituant un
groupe aryle, tel que défini ci-dessous, de telle sorte que la liaison provenant d'un autre fragment aboutit au
groupe alkyle ;

le terme "aryle", ainsi que I'élément "aryl" du terme "aryl-alkyle", désigne un groupe carbocyclique qui comporte
de 6 a 15 atomes de carbone et au moins un cycle aromatique et dont tous les atomes de carbone disponibles
pour porter des substituants peuvent constituer le point d'attache, ledit groupe carbocyclique portant éven-
tuellement un ou plusieurs substituants halogéno, alkyle, hydroxy, alcoxy, phénoxy, -CF;, -C(O)N(R18),,
-SO,R18,-SO,N(R18),, amino, alkylamino, dialkylamino, nitro ou -COORZ3 ou R23 représente un groupe alkyle
ou aryle ;

le terme "aroyle" désigne un groupe -C(O)-aryle, ou le groupe aryle est tel que défini ci-dessus ;

le terme "cycloalkyle" désigne un groupe carbocyclique saturé comportant 3 & 20 atomes de carbone et de
préférence 3 a 7 atomes de carbone, ce groupe cycloalkyle portant éventuellement un ou plusieurs substi-
tuants alkyle qui peuvent, s'il y en a plus d'un, étre identiques ou différents ;

le terme "cycloalkyl-alkyle" désigne un groupe cycloalkyle, tel que défini ci-dessus, qui porte en tant que subs-
tituant un groupe alkyle, tel que défini ci-dessus, de telle sorte que la liaison provenant d'un autre fragment
aboutit au groupe alkyle ;

le terme "halogene" désigne fluor, chlore, brome ou iode ;

le terme "hétéroaryl-alkyle" désigne un groupe alkyle, tel que défini ci-dessus, qui porte en tant que substituant
un groupe hétéroaryle, tel que défini ci-dessous, de telle sorte que la liaison provenant d'un autre fragment
aboutit au groupe alkyle ;

le terme "hétéroaryle" désigne des groupes cycliques portant éventuellement des substituants représentés
par R3 ou R4, comportant au moins un hétéroatome choisi parmi O, S et N, lequel hétéroatome est inséré
dans une structure carbocyclique, et possédant suffisamment d'électrons 1t délocalisés pour présenter un
caractere aromatique, ces groupes hétérocycliques aromatiques comportant de préférence 2 a 14 atomes de
carbone, tels par exemple les groupes 2- ou 3-furyle, 2- ou 3-thiényle, 2-, 4- ou 5-thiazolyle, 2-, 4- ou 5-imi-
dazolyle, 2-, 4- ou 5-pyrimidinyle, 2-pyrazinyle, 3- ou 4-pyridazinyle, 3-, 5- ou 6-(1,2,4-triazinyle), 3- ou
5-(1,2,4-thiadiazolyle), 2-, 3-, 4-, 5-, 6- ou 7-benzofuranyle, 2-, 3-, 4-, 5-, 6- ou 7-indolyle, 3-, 4- ou 5-pyrazolyle,
2-, 4- ou 5-oxazolyle, triazolyle, 2-, 3- ou 4-pyridyle ou -pyridyle-N-oxyde (tous portant éventuellement des
substituants représentés par R3 ou R4), le groupe pyridyle-N-oxyde pouvant étre représenté ainsi :

A X S
l/ '+, ou '/ )
N
| l.
0 0 i
O

et le terme "hétérocycloalkyle" désigne des groupes carbocycliques saturés, ramifiés ou non, qui comportent
de 3 a 15 atomes de carbone et de préférence de 4 a 6 atomes de carbone et dans lesquels sont insérés 1
a 3 hétéroatomes ou hétérogroupes choisis parmi -O-, -S- et -N(R24)- oli R24 représente un groupe alkyle,
aryle ou acyle, ou encore un groupe de formule -C(O)N(R19), ot R10 a la signification indiquée plus haut
(parmi les groupes hétérocycloalkyle appropriés, il y a les groupes 2- ou 3-tétrahydrofuranyle, 2- ou 3-tétra-
hydrothiényle, tétrahydropyranyle, 2-, 3- ou 4-pipéridinyle, 2- ou 3-pyrrolidinyle, 2- ou 3-pipérazinyle, 2- ou
4-dioxanyle, et morpholinyle).
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2. Composeé conforme a la revendication 1, de formule

A B
R! R3
s L
R2
b=, ; R4
RS X R (1.0A)
R6 v
NES
RS O

ou

(1.0B)

3. Composé conforme alarevendication 1, dans lequel les symboles R1 a R4 représentent chacun, indépendamment,
un atome d'hydrogéne, de brome, de fluor ou de chlore, les symboles R> a R” représentent chacun un atome
d'hydrogene, le symbole a représente un atome d'azote et les autres symboles b, ¢ et d représentent des atomes
de carbone ou bien les symboles a, b, c etd représentent des atomes de carbone, les symboles A et B représentent
chacun une paire d'atomes d'hydrogene, et n vautde 1 a 3.

4. Composé conforme a la revendication 1, dans lequel le symbole R8 représente un groupe cyclique de formule 2.0
sur lequel le substituant de formule -(CR13R14) -R12 se trouve en position 2 ou 3.

5. Composé conforme a la revendication 1, dans lequel le symbole R8 représente un groupe cyclique de formule 2.0
sur lequel le substituant de formule -(CR13R14) -R12 se trouve en position 2 ou 3, et le symbole Y représente CH,.

6. Composé conforme & la revendication 1, dans lequel les symboles R13 et R14 représentent chacun un atome
d'hydrogéne.
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Composé conforme & la revendication 1, dans lequel le symbole Y représente S, SO ou SO,.
Composé conforme a la revendication 1, dans lequel le symbole Y représente O.
Composé conforme a la revendication 1, dans lequel le symbole Y représente NR16,
Composé conforme a la revendication 1, dans lequel le symbole R® représente un groupe de formule 12.0, 13.0
ou 15.0.
Composé conforme ala revendication 1, dans lequel les symboles R1 a R4 représentent chacun, indépendamment,
un atome d'hydrogéne, de brome, de fluor ou de chlore, les symboles R> a R” représentent chacun un atome
d'hydrogene, le symbole a représente un atome d'azote et les autres symboles b, ¢ et d représentent des atomes
de carbone, les symboles A et B représentent chacun une paire d'atomes d'hydrogéne, n vautde 1 a 3, le symbole
R8 représente un groupe cyclique de formule 2.0 sur lequel le substituant de formule -(CR13R14) -R12 se trouve
en position 2 ou 3, et le symbole Y représente CH,.
Composé conforme a la revendication 11, de formule
A B
Rlxd R3
C .
b= . R
a ]
RS X R (1.0A)
RS v
e
R® O
Composé conforme a la revendication 12, dans lequel les symboles R13 et R14 représentent chacun un atome
d'hydrogene.
Composé conforme a la revendication 13, dans lequel le symbole R12 représente un groupe de formule 9.0.
Composé conforme a la revendication 12, dans lequel le symbole R? représente un groupe de formule 12.0, 13.0
ou 15.0.
Composé conforme a la revendication 12, dans lequel le symbole R20 représente un groupe t-butyle, i-propyle,
néopentyle, cyclohexyle ou cyclopropyl-méthyle, ou encore un groupe de formule
0]
H C/lko ou O
HO , 3
. Composé conforme a la revendication 13, dans lequel le symbole R® représente un groupe de formule 12.0 ou
13.0, et dans la formule 13.0, le symbole R21 représente un atome d'hydrogéne.
. Composé choisi parmi les composés des exemples 1 a 4, 4.1, 4.2, 10 a 19, 24 a 51, 74, 138, 142, 144, 145, 35

(A), 35(C), 35(D), 35(E), 35(F), 41(A), 41(B), 41(C), 47(A), 47(B), 47(D), 47(G), 47(H), 47(1), 47(K), 47(L), 47(M),
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47(N), 47(0), 47(P), 47(R), 47(S), 47(T), 47(V), 47(CC), 51(A) & 51(D), 138A & 147A, 148 & 158, 160, 161, 163,
169 a 180, 183 a 188, 191, 192, 197, 201, 207 a 216, 227 a 234, 238 a 240, 245, 255 a 262, 287 a 294, 297 a
303, 316 a 324, 351 a 354, 383, 384, 387, 388, 391, 392, 394 a 397, 407, 408, 409, 410, 411, 412, 414, 415 a
417, 419, 422, 424, 463A et 466 a 469, lesquels composés présentent les structures indiquées ci-dessous :

composeés de structure

~, R
=S

dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :

-v 4 > —
),;'O; /N\)' 3 -O., Nz
1 CH,.
11-(R.S) o
11- (R.S)
e 4.1 i
2 =\
| :,"O\/'D\ N 'Ow,, ,AE/-(
11-(R.S) 4.2 CH,
| oV
E) _— ’ 7.
oW~
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exemple 10 (isomére R en C-11) exemple 11 (isomére S en C-11)

N N .
>L [/Ll"'r@"/@ N [N " A 'O":/@N
0o o- _ ,

exemple 12 (isomeére R en C-11) exemple 13 (isomeére S en C-11)

exemple 15
VoUWV
/L/é.on NI O\CEL}?O(“O\’DN
exemple 17
=N
[N:L, =) N A
X {:O_\,w»« C):\Lo DD
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v

exemple 18

exemple 19

B 7 cl

composeés de structure

dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :
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Hy

/NJN

)‘:N

%-

. ,/NJN

a‘.N

C-11

isomere]

EX.

27

29
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C-11 R=

31

35

35(A)
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1 EX C-11 R=
isomere,
—
50 | S

35(D) R r?
| FOU v

35(E) R O

composes de structure

dans laguelle R8 représente ce qui est indiqué dans les tableaux suivants :
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EX. c-11 R=
momére
36 X3 Hy
J.:N- I/N\?N
37 Rl Hy
38 s '
IoWe
CHy
39 R
){’O‘v/ F—'/\
. ” CHy
40 S .
Iﬁ\
™ {
N\c{;
41 R
™\
;.':N N /
1.
41 s '
).;'O\/ N
41(B) R . 5&: '
J.;O“o/ g )
41(C)
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dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :

EX | c11 R=
isomere
42 S o
:.lN'/\:Lv/Nf/f{
43 R . CHy
| aNQv/‘N;”
- é ,(O,,f:?
. | Hy
a5 R Q /N\(‘
46 E) O\/ r\
37 R

=
”I'O\’N‘i;
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EX. C-11 A R's
_ isomér¢
47(0) s |
47(8) ‘R
' 47(D) s
' 47(G) s -
47(H) s
" 47M s
IR | S
| 470} S P
, o
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EX C-11 R’=
700 | R P
. =0
KN -
)
5
470V Py >
o
X '1‘7
o
47(0) R P
47® | S
a7(R) | S
47(S) S
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EX | 11 RS
isomere]
a7 | s
N
-
\;.
HC
a7 | s Q p
X a N
47CC)| S Q .
SN
Isomeéxl,2
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dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :

Ex

exemple 74

exemple 142

SHepes Qs

isomére 1

413

K S cnn | Ra
A\ o R
49 "R Q f 51B R O\,
RO ell s A
| CHy| ! | O
B N /f. - Isip}] R » T ‘
Js; v N J{O\/ g.

B1A

exemple 138

isomeére 2
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exemple 144

l&% (ii
isomeére 1 iéomérc 2

exemple 145

isoméres 1, 2, 3 et 4

composés de structure

dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :
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Ex. | C11 R'=
138A] S
A
R

139A
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Ex | C11 R'a
.| tsomere]
140A| S
141A n.
142a] R
1434 S
144A| R
145a] s
1464 | s' '
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R'=

R

B | C11
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148

149

150

161

10

15

20

25

30

35

40

45

50

55

417



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

Ex C-11 R=
isomere

12| s - P

=0
. ,{N

\

1s3| s

154| s

165 S

156 S
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| 157 |

158

160

161

163

419




10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

dans laquelle R® représente ce qui est indiqué dans les tableaux suivants :

Ra

169 _;. oIoJ\
B e
_né R | OQ.:O,O |
T EO
.1.73 | R 2‘:0/\,<
174 s 02':0/\'< :
125 R o;“”o’\v
176 ‘s__ oj:c’\v

composeés de structure

B | C1 R
‘isomene] .
TR | HK

- H
178 | S ojzu’k
N .
e " &
180 | s &

dans laquelle R® représente ce qui est indiqué dans les tableaux suivants :
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il I Y
oé\o* .4 187 | R o;:of\ﬁ

,m | R‘. o;:o,k 188 " s g:o,x

186 ."s:_' 2:-0/0 192 | s' c;::/l(

exemple 197

composés de structure

dans laquelle R8 représente ce qui est indiqué dans les tableaux suivants :
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F.
3

1208 | R

BT ) (\'p,;,‘

exemple 215 (isomeére S en C-11)
~
NeVoPa
NG & ,’l N

e

composés de structure

422

N
211 S.
22| &
= OF
Y

exemple 216 (isomeére S en C-11)
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dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :

R

C-11 .

-

composés de structure

dans laquelle R® représente ce qui est indiqué dans le tableau suivant :

423



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

R'=

iHES
232 s OZOJ\
=1 F ;"’Y
234 | S c;:f\K
238 S ftt’k
239 | R °2:l<

exemple 245 (isomere R en C-11)

composés de structure
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Ex, C-11 R'=
. -
255 S
| %
256 R
257 . S
R
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261
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dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :

IS At

Bx | c11 | R=
287 .| .8 . .
J‘,Ov 4
288 R | . — ]
289 | .S | -
J.;O\/db
290 R | s |
NS ¥

composés de structure

dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :

427



10

15

20

25

30

35

40

45

50

55

EP 1 140 904 B1

composés de structure

dans laquelle R® représente ce qui est indiqué dans le tableau suivant :
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T A
B Esa:
T oi;\v
| —
I M
= e f\‘:k
=T A

: -

SN’
N , "Ov/N\//

dans laquelle R® représente ce qui est indiqué dans le tableau suivant :
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Ex. c-11 ‘R= -
| isomerg
3816 s &
317 R . - NO ‘
2:_“ |
318 S . O
An
H

obas

dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :
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Ex C-11 R'e
. I 4
319 S

320 R
‘s21 | s

composeés de structure

dans laguelle R8 représente ce qui est indiqué dans le tableau suivant :
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B | 11 Ra

323 m:gﬁ . o

324 | R -
“Too

composés de structure

dans laguelle R8 représente ce qui est indiqué dans le tableau suivant :
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Ex | C-11 © /K=

I 53 N L
881 s o
882 R '
s58| s

54T R | 5‘!
§ }.;CLQ/ I

composes de structure

4
Sr

dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :
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Ex | C-11
383 S
384 R

exemple 387

dans laguelle R représente ce qui est indiqué dans le tableau suivant :
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Ex. C-11
isomere. ey
.- 89)- A ;.: ;/O
392 B ‘.\'....
A
e

composés de structure

dans laquelle R® représente ce qui est indiqué dans le tableau suivant :

Ex | c-11 . Rm
.395 ‘RS o;t oJ<
6 | A K
397 B : o/k
K

composeés de structure
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composés de structure

dans laquelle R8 représente ce qui est indiqué dans le tableau suivant :
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&= .o | R= =
© 408 8 Q .
. x N
Isomizel '
alo | s Q
. ‘ ),;‘N ‘ 4N
' )
exemple 411 exemple 412 (isomére S en C-11)

CHy
gxemple 414 exemple 415 (isomeére S en C-11)

b ey

exemple 416 (isomeére S en C-11) exemple 417 (isomére S en C-11)
SYSNE OO
\ QL Wy,
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exemple 419 (isomeére S en C-11)
isomére A

exemple 422 (isomére S en C-11)

isomere A

exemple 424 (isomére S en C-11)
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isomére B

Qs N

QX ey

isomeére B

exemple 463A
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21

22

23

24

25

26

27

28
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exemple 466 exemple 467

LeeSans e o8 cat el

F

exemple 468 exemple 469

ro Rl oo

. Composeé conforme a la revendication 18, choisi parmi les composés des exemples 35(C), 41(A), 47(S), 47(T),
140A, 144 (isomeéres 1 et 2), 163, 164, 183, 185, 215, 238, 258, 259, 287, 291, 292, 298, 300, 320, 351, 353, 411
et 416.

. Composé conforme a la revendication 18, choisi parmi les composés des exemples 47(A) et 140A.

. Composition pharmaceutique servant a inhiber la farnésyl:protéine transférase, comprenant une quantité efficace
d'un composé conforme a I'une des revendications 1 a 20, en combinaison avec un véhicule pharmacologiquement
admissible.

. Composé conforme a l'une des revendications 1 a 20, destiné a servir de médicament.

. Composé conforme a l'une des revendications 1 & 20, destiné a servir pour inhiber la farnésyl:protéine transférase.

. Composé conforme a l'une des revendications 1 & 20, destiné a servir pour inhiber la farnésyl:protéine transférase.

. Composé conforme a l'une des revendications 1 & 20, destiné a servir pour traiter des cellules tumorales.

. Composé conforme a la revendication 23, lequel composé est destiné a servir pour traiter des cellules de tumeur
du pancréas, des cellules de cancer du poumon, des cellules tumorales de leucémie myéloide, des cellules de
tumeur des vésicules thyroidiennes, des cellules de tumeur myélodysplasique, des cellules tumorales de carci-
nome épidermoide, des cellules tumorales de cancer de la vessie, des cellules de tumeur du cblon, des cellules

de mélanome, des cellules de tumeur du sein ou des cellules de tumeur de la prostate.

. Emploi d'un composé conforme a l'une des revendications 1 a 20 dans la fabrication d'une composition pharma-
ceutique destinée au traitement de cellules tumorales.

. Emploi conforme a la revendication 27, dans lequel les cellules tumorales traitées sont des cellules de tumeur du
pancréas, des cellules de cancer du poumon, des cellules tumorales de leucémie myéloide, des cellules de tumeur
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des vésicules thyroidiennes, des cellules de tumeur myélodysplasique, des cellules tumorales de carcinome épi-
dermoide, des cellules tumorales de cancer de la vessie, des cellules de tumeur du c6lon, des cellules de méla-
nome, des cellules de tumeur du sein ou des cellules de tumeur de la prostate.

Emploi d'un composé conforme a l'une des revendications 1 a 20 dans la fabrication d'une composition pharma-
ceutique destinée a inhiber la farnésyl:protéine transférase.

Emploi conforme a la revendication 29, dans lequel ladite composition pharmaceutique est destinée au traitement

de cellules tumorales dans lesquelles la protéine Ras est activée par suite d'une mutation oncogénique survenue
au sein de génes autres que le géne de Ras.
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