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PROTEI N TRANSFERASE | NHI Bl TORS SUMVARY OF THE | NVENTI ON 10 This invention
provi des conpounds useful for the inhibition of farnesyl prdlbfﬁﬂlﬂ
transferase (FPT). The conmpounds of this invention are represented by the
formula: RS X R7 R6i 1 Rfa N2 R8 15 (1.0) or a pharmaceutically
acceptable salt or solvate thereof, wherein: one of a, b, ¢ and d represents
N or N+O-, BR*THE remaining a, b, ¢, and d groups repré&d@it? % bon

wherein each carbon has an Rl or R2 group bound to said carbon; or 2, FEB
2005 WO 021 18368 PCT/ US01/ 26792 2 each of a, b, ¢, and d is carbon, wherein
each carbon has an R or R2 group bound to said carbon; the dotted |ine
(---) represents optional bonds; X represents N or CH when the optional bond
(to Cl1) is absent, and 5 represents C when the optional bond (to Cl1) is
present; \Wen the optional bond is present between carbon atom5 (i.e., CG5)
and carbon atom6 (i.e., C6) (i.e., there is a double bond between C5 and

C-6) then there
TRICYOLTIC ANTITUMOR COMPOUNDS BEING FARNESYL PROTEIN TRANSFERASE INHIBITORS

v

SUMMARY OF THE INVENTION

10 This invention provides compounds useful for the inhibition of farnesyl

protein transferase (FPT). The compounds of this invention are represented

by the formuia:

(1.0)

or a pharmaceutically acceptable salt or solvate thereof, wherein:

15
one of a, b, ¢ and d represents N or N*O", and the remaining a, b, ¢,
and d groups represent carbon, wherein each carbon has an R! or R? group

bound to said carbon; or



is only one A substituent bound to C5 and there is only one B substituent
bound to G 6 and A or Bis other than H, 10 When the optional bond is not
present between carbon atom5 and carbon atom6 (i.e., there?li'sfi Bingle
bond between C-5 and C-6) then there are two A substituents bound to C5,
wherein each A substituent is independently selected and two B substituents
bound to C‘?w%ﬁ:’ei n each B substituent is independently.s8l865.ed, i.e.,
15 In fornula represents A B when there is a single bon etween C-5 and
C-6 and each A and each B are 20 independently sel ected, and wherein at

| east one of the two A substituents or éne of the two B substituents are H,

and wherein at st .one ti fet two B
substituants i séegcéa1 e Q,hcagik#ﬂ%F%rgep,%mﬁeg%ﬁteﬁéﬁggg@ng{ag iaﬁSI? eoqtgqo Fhet ween
C-5 and C Boogmetoafaicdmbdour substituents (A, A B, and B) is Hand one is

2%t ) 0, B BN, 27 1) 219
(5) - (CH2) pR26; X 9pré&dc@tdNURD CH witkretrei gptiedd hoRa (loC thes siewwet, anddi f ferent;
(7)-A 0)5 NHBe%re e8 s g(wg)elr}lﬁhgggﬁo%g%c;n%%% C11) is present;
When the optional bond is present between carbon atom 5 (i.e., C-5) and

carbon atom 6 (i.e., C-6) (i.e., there is a double bond between C-5 and C-6) then there

is only one A substituent bound to C-5 and there is only one B substituent bound to C-

6 and A or B is other than H;

10 When the optional bond is not present between carbon atom 5 and carbon

atom 6 (i.e., there is a single bond between C-5 and C-6) then there are two A

substituents bound to C-5, wherein each A substituent is independently selected and

two B substituents bound to C-6, wherein each B substituent is independently

selected, t.e.,

15

in formula 1.0 represents

5 6

when there is a single bond between C-5 and C-6 and each A and each B are
20 independently selected, and wherein at least one of the two A substituents or one of
the two B substituents are H, and wherein at least one of the two A substituenis or
one of the two B substituants is other than H, (i.e., when there is a single bond
between C-5 and C-6 one of the four substituents (A, A, B, and B) is H and one is
other than H);
25 A and B is independently selected from:
1 -H
(2 -R%
(3) -R*-C(OMR’;
4) -R-CO-R™



5(9)-C(O NHR26; (10)-(CH2)pC(R9)-OR9a; (11)-(CH2)p(R9)2, wherein each RO is
the sanme or different; (12)-(CH2)pC(O R9; (13)(CH2)pC(O R27a;

10(14) - (CH2) pC( O N( R9)2 wherein each RI is the same or differgnttrp 1004
(15)-(CH2) pC(O NH(R9); (16)-(CH2)pC(O N(R26) 2, wherein each R26 is the sane
or different; (17)-(CH2)pN(R9)-R9', (e.g

- CH2- N( CH2 ) - CH2-i m dazol e) ; (18) (CH2) pN( R26) ere| R26 is the
sane or d|f$‘g6rezﬁ?ﬂ§e g., 15-(CH2) p- NH CH2- CH3): (19)- (ch)W& quo

(20)- (CH2) pNHC( O 2R5; (21)-(CH2) pN(C(O R27a) 2 wherein each R27a is the sane
or different; (22)-(CH2)pNR51C(O R27, orf R51 and R27 taken together with the
atons to 20Wn| c{g thegcﬁ ﬁ :kaound forma heterocycloal kyi ring consisting of 5
or 6 nenbers, &wd ?t) at’when R51 and R27 forma ring, R51 is not H (23)
(CHZ)pNRSlC(O)(‘ﬂRZ? -C¢0)\RB). avdheRAT ebetk Bhisttog earheor diffefent;he at oms to whi ch

t hey are bound rm 8 ocycl oal kyl ring consisting or 5 or 6 nenbers,
provi ded t hat n R( R27 forma ring, R51 is not H,

25(24) - ( CH2) pNRE) C( OCNORBT-E)H2.C(OhHgt N each R27a is the sane or different;
(25) - ( ) pPNHS (RS(J:)é V\Qégrel n each RS1 is the sane or different;
(26) - ( )pNH (IR GHo) pNC( O) NHRS1:  (28) - (CH2) pCOR2R51;  30( 29) - NHRI.

(30) 25 FEB 200(15) ~(CH2)pC( Rg -O-R%:

(11)  -(CH.)p(R%a, wherein each R? is the same or different;

(12) -(CH2)pC(O)R;

(13) -(CH2)pC(O)RT?;

10 (14)  -(CH2)pC(OIN(R™2, wherein each R? is the same or different;

(15) -(CHz)pC(O)NH(RY);

(16) -(CHPC(OIN(R®),, wherein each R* is the same or different;

(17)  -(CH2)pN(R®)-R™, (e.g. —CHa-N(CH2-pyridine}-CHs-imidazole);

(18)  -(CH2)pN(R™),, wherein R is the same or different (e.g.,

15 ~(CHa)p-NH-CHa-CHg);

(19) -(CHz)pNHC(O )R5°-

(20) -(CH2)pNHC(O).R

(21) -(CHg)pN(C(O)RETa)z wherein each R*¥’? is the same or different;

(22) ~(CHz)pNR®'C(O)R?, or R®' and R*” taken together with the atoms to

20 which they are bound form a heterocycloalkyi ring consisting of 5 or 6 members,
provided that when R®' and R* form a ring, R®' is not H;

(23) -(CH2)pNR®'C(O)NR?, or R®' and R?’ taken together with the atoms to
which they are bound form a heterocycloalkyl ring consisting or 5 or 6 members,
provided that when R%' and R¥ form a ring, R®' is not H;

25 (24)  -{CH2)pNR®'C(O)N(R?"®),, wherein each R?"?is the same or different;

(25) -(CH2)pNHSON(R"),, wherein each R® is the same or different;

(26) -{CH2)pNHCO,R*®;

(27) -(CH2)pNC(O)NHR®";

(28) -(CHz)pCOR™";

30 (29) -NHR®.

(30)



' NO 02/ 118368 PCT/USO01 /26792 4 R30 1 (CH)p C- RO 1 R 31 13 same or
different; (31) 5 wherein R30 and R3' are the R30 R32 1 | -(%,R)Fg-%ﬁc-m
131 133 wherein R30, R31, R32 and R33 are the sane or differentt g) ’

-al kenyl - CO2R9a; (33) -al kenyl-C(O R9a; (34) -alkenyl-C02R51; 10 (35)

-al kenyl -C(O -R 27a; (36) (CH2)p-al kenyl -C02-R5" (37) -(CH2)pC=NOR51or (38)
-(CH2) p- Phtwabt/msek, p is 0, 1, 2, 3 or 4; 15 each RL andTR2ui%792

i ndependently selected fromH, Halo, -CF3, 10 10 10 1s 10 10 -OR, COR,
-SR, -S(OtR whereint is 0, 1 or 2, -NR)2, -N®2, -CC(OR,

RBU
|
{(CHo)p| = C— R’
R /p wherein R and R* are the
sarne or different;
(31)
HSO RSZ
| |
(CHyp-C C-R®
5 R*  R®  wherein R® R¥, R* and R® are the

same or different;
(32) -alkenyl-COzR®;
(33) -alkenyl-C(O)R™;
(34) -alkenyl-CO,R®";
10 (35) -alkenyl-C(O)-R¥'%;
(36) (CHo)p-alkenyl-CO»-R®' ;
(37) -(CHo)pC=NOR>'or
(38) -(CHy)p-Phthalimid;
pis0,1,2,30r4;
15 each R and R? is independently selected from H, Halo, -CFs,
~ .0R" COR", -SR", -S(O}R" whereintis 0, 1 or 2, N(R™),, -NO,, -OC(O)R",
COR"’, -OCO,R", -CN, -NR'’COOR", -SR"°C(0)OR", -SR™N(R"*), provided that
R%in —SI={1SI\I(F113)2 is not -CH and wherein each Ris independently selected from

Hor —C(O)OR15, benzotriazol-1-yloxy, tetrazol-5-ylthio, or substituted tetrazol-5-ylthio,
20 alkynyl, alkeny! or alkyl, said alky! or alkeny! group optionally being substituted with
halogen, -OR"’ or -COQR‘O;
R’ and R4 are the same or different and each independently represent H, and
any of the substituents of R’ and R%

R5, RS, F{7 and F{Ta each independently represent H, -CF;,

25 -CORm, alkyl or aryl, said alkyl or aryl optionally being substituted with
—0R", -sR", -S(0)R". -NR"°COOR", .NR"),, -NO,, -C(O)R",



10 15 10 15 15 15 15 13 CO2R, -0002R, -CN, -NR COX , -SR C(OOR, -SR N(R
)2 provided that R15 in --SRI5N(R13)2 is not -CH2 and wherein each R13 is

i ndependently selected from H or -C(O ORl15, benzotriazol-1-y. OWB
tetrazol -5-ylthio, or substituted tetrazol-5-ylthio, 20 al ky Fq<enyl or
al kyl, said al kyl or al kenyl group optionally being substitut ed W th

hal ogen, -OR10 or -CO02R10; R3 and R4 are the sane or di fferent and each

i ndependent I‘\P‘Péwesent H and any of the substituents '$f"'R1"8Ad R2; 5 R 6
, R7 and R 7a R, each independently represent H -CF3, 25 -COR10, al kyl or
aryl, said al kyl or aryl optlonally be| Plg substituted with -OR', 10 R10,

_NRLOOOOR 5 -N(1CR1 -NOs-C(O R, - EsB 70D5 WD 112518368 PCTI USH

1126792 5 Q@:@ﬂl G632 236192?@# Gﬁcﬁsm'@mweqqeﬂhﬁ JRpieRed 3@ Ph Rs to

represent % —S R8 is seI ected from 5 10 15 20 H O-'"-O0" , wherein 1
=0 R11 (2:0) (3 0)

R® is selected from:

A\ I J\ 3
11 —oe t1a R
I o O’H : 0 S‘ O , .R A

" 0" N 07 Cc-R%
R12 or F|{m5
(2.0) (3.0) (4.0) (5.0)

5 R? is selected from:
(1) heteroanyt;
{2)  substituted heteroaryl;
(3)  arylalkoxy;
(4)  substituted arylalkoxy;

10 (5)  heterocycloalky);
(6}  substituted heterocycioalky!;
(7)  heterocycloalkylalkyl;
(8)  substituted heterocycloalkylalkyi;
(9)  heteroarylalkyl;
15 (10) substituted heteroarylalkyl;

(11) heteroarylalkenyl;
(12) substituted heteroarylaikenyl;
(13) heteroarylalkynyl and
(14) substituted heteroarylalkynyl;
20  wherein said substituted R® groups are substituted with one or more (e.g. 1, 2 or 3)

substituents selected from:

(1) -OH;
(2) -COR™;
(3) -CHOR™,
25 (4)  halogen {e.g. Br, Clor F),
(5)  alkyl (e.g. methyl, ethyl, propyl, butyl or t-butyl);
(6) amino;
(7)  trityl;

(8)  heterocycloalkyl;
30 (9)  cycloalkyl, (e.q. cyclopropyl or cyclohexyl);



RO is selected from heteroaryl; substituted heteroaryl; arylal koxy;
substituted aryl al koxy; heterocycl oal kyl; substituted heterocycl oal kyl ;

het er ocycl oal kyl al kyl ; substituted heterocycl oal kyl al kyl ; he%&ggq;m&glkyl
substituted heteroaryl al kyl; heteroarylai kenyl; substituted

het er oaryl ai kenyl ; heteroaryl al kynyl and substituted heteroaryl al kynyl;
(4.0) said gpshikyted RO groups are substituted with ongQismEe (e. 9. 1, 2
or 3) substltuents selected from (1) -OH 25 30 -CX2Ri 4; -CH20R14,

hal ogen (e.g. Br, C or F), alkyl (e.g._nethyl, ethyl, propyl, butyl or
t-butyl); anino; trityi; heterocyclankyI;

(10)  anylalkyl;
(11) heteroaryl;
(12) heteroarylatkyl and

W PO,

5 wherein R* is independently selected from: H; atky!; aryl, arylalkyl, heteroaryl and
heteroarylalkyl;
R is selected from: alky or arylalky!;
R is selected from: H; alkyl; aryl or arylalky!;
R is selected from:

10 (1)  aikyl;
(2)  substituted alkyl;
(3} anyl;

(4)  substituted aryl;
(5)  cycloalkyl
15 {6y  substituted cycloaikyl;
(7 heteroaryl;
(8)  substituted heteroaryl;
{(9) heterocycloalkyl; and
(10)  substituted heterocycloalky!;
20 wherein said substituted R'" groups have one or more (e.g. 1, 2 or 3) substituents

selected from:

(1y -OH;
(2 halogen (e.g. Br, Clor F) and
(3)  alkyl;
25 R is selected from:
(1 H
(2) OH;
{3) alkyi;
(4)  substituted alkyl;
30 (5) anyl;

{8)  substituted aryl;
(7}  cycloalkyl;



cycl oal kyl, (e.g. cyclopropyl or cyclohexyl); 11 Rlla ON 12 or |5 FEB
2005 %/(c) 1)2118368 PCT/USO /26792 6 (10) arylalkyl; (11) heteroaryl; (12)
heteroaryl al kyl and (13) H Swherein Rl4 is independently selected from H;
al kyl; aryl, arylalkyl, heteroaryl and heteroarylal kyl; R9a isl§éﬁ8d§§d
from alky or arylalkyl; Riois selected from H, alkyl; aryl or arylalkyl;
R' is selected from 10(1)al kyl; (2)substituted al kyl; (3)aryl;
(4)substituted aryl; (5)cycloalkyl; 15(6)substituted cycloalkyl%
(7)heteroar99ﬁ”ﬁ§¥%ubstituted het eroaryl; (9)heterocycl SaF&y1*¢3Ad

(10) substituted heterocycl oal kyl ; ,

8)  substituted cycloalkyl;

<)

{
(9)  heteroaryl,
(10)  substituted heteroaryl;
{11) heterocycloalkyl; and
5 {12) substituted heterocycloalkyl;
wherein said substituted R"*? groups have one or more (e.g. 1, 2 or 3} substituents
selected from:

(1y -OH;

{2y -CN;
10 (3) -CFs

{4y  balogen (e.g Br, Cl or F);

(5) alkyk

(6}  cycloalkyl;

(7)  heterocycioalkyl;
15 (8) arylaikyl;

{9}  heteroarylalkyl;

{(10) aikenyl and

(11)  heteroatkenyl;

R is selected from: H, or alkyl;

20 R is selected from: alkyl or aryt;

R*', R* and R* are independently selected from:
(1 -H
(2)  alkyl (e.g., methyl, ethyl, propyl, butyl or t-butyl);
{3) aryl, (e.g. phenyl);
25 (4)  substituted aryl,
optionally substituted with one or more substituents selected
from: alkyl, halogen, CF5 or OH;
(5)  cycloalkyl, (e.g. cyclohexyl);
(6)  substituted cycloatkyl;
30 optionally substituted with one or more substituents selected from:
alkyl, halogen, CF3 or OH;
(7)  heteroaryl of the formula,



20wherein said substituted R' groups have one or nore (e.g. 1, 2 or 3)
substituents selected from (1)-OH (2)halogen (e.g. Br, d or |I=) and
(3)al kyl; 25R119 is selected from (1)H, (2)CH, (3)alkyl; (4)subgtsiogtied
al kyl; 30(5)aryl; (6)substituted aryl; (7)cycloal kyl; 25 FEB 2005 WO

02/ 18368 PCT/ USO01/26792 7 5 10 15 al kyl; cycloal kyl; heterocycl oal kyl ;
arylal kyl; whesge@aryl al kyl; ai kenyl and heteroal kenylp 1R 48-S€el ect ed

from H, or alkyl; 20 R35 is selected from alkyl or aryl;
8
’ and l
N N+
= 2 \o-;

(8)  heterocycloaikyl of the formula:

>

5 R

wherein R** is selected from:

(M -H
(2) alkyl, (e.g., methyl, ethyl, propyi, butyl or t-butyl);
10 (3)  alkylcarbonyl (e.g., CHaC(O)-);
4) alkyloxy carbonyl {e.g., -C{Q)O-t-C4Hg, ~-C(O)OC.Hs, and
—C(OYOCHS);

(5) haloalkyl (e.qg., trifluoromethyl) and
(6) —C(ONH(R™);
15 when R?', R®or R* is the heterocycloalkyl of the formula above {i.e. Ring V), Ring V

includes:



25 30 (8) substituted cycl oal kyl ;
heteroaryl; (11) heterocycl oal kyl ;

wherein said substituted RL a groups have one or

(9) heteroaryl; (10) substituted
and (12) substituted heterocycl | ;
nore (e.g. 1, %Fé)@;“@/

substituents selected from (1) -OH (2) -CN; (3) -CF3; (4) halogen (e.g
Br, C or F); R1 R22 and R46 are independently selected from (1) -H (2)
al kyl (e.g., nmethyl, ethyl, propyl, butyl or t-butyl); 3) aryl, (e.g.
phenyl ) ; (4)\"03‘%§¥ﬂut ed aryl, optionally substituted wi't )Uéﬂié%@tl nor e

substituents selected from alkyl,

hal ogen, CF3 or OH (5) cycloal kyl,

(e.g. cyclohexyl); (6) substituted cyclPoal kyl ;
one or nore substituents selected from alkyl,
het er oar yl

Examples of Ring V include:

optionally substituted with
hal ogen, CF3 or OH (7)

of the fornmula, 25 FEB 2005 WO 02/18368 PCT/ US01/ 26792 S

NH N
N \C(O)CHg
CHs
and
AN ~
T CO,CoHs C(O)NHg
C{O)CH;
N
5 \coz-t-eum_
R%is selected from:
(1 -H;
(2) alkyl (e.g. methyl, ethyl, propy!, butyi or t-butyl};
10 (3) alkoxyl (e.g. methoxy, ethoxy, propoxy);
{4y -CH2-CN;
(5) R
(6) -CH2CO:H;
{7y -C(O)alkyl and
15 (8) CH2CO.alkyl;
R* is selected from:
(H -
(2) -OH;

(3)

alkyl (e.g. methyl, ethyl, propyl, or butyl), and



and N5 10 (3) heterocycloal kyl of the formula: V N 144 R wherein R44 is
selected from (1) -H (2) alkyl, (e.g., nethyl, ethyl, propyl, butyl or
t-butyl); (3) alkylcarbonyl (e.g., CH3C(O-); (4) al kyI oxy car be'ﬁli/{B 18 qg.,
-C(OOt-C4H9, -C(O OC2H5, and -C(O OCH3); (5) haloal kyl (e.g.,
trifluoromethyl) and (6) -C(ONH(R$1l); 15 when R21, R22 or R46 is the
het er ocycl q; lﬁ%}%s&f the formula above (i.e. Ring V), Ri r],QT,\(S'”dng)l,udes
25FEB2MS WO ( 12/ 18368 Exanples of Ring V include: NH CH3

10
(4) alkoxy ;
R is selected from:

(1)  alkyl (e.g. methyi, ethyl, propyl, or butyl), and

(2)  alkoxy;
5 R*, R¥ R and R*is independently selected from:
{1y -H;
(2) -OH;
3 =0
{4} alky!;
10 (5)  aryl{e.g. phenyl) and

(6)  arylalkyl {e.g. benzyl);

R is selected from:

(1Y  alkyh
(2)  heteroaryl;

15 (3)  substituted heteroaryl and
(4) amino;

wharein said substituents on said substituted R*° groups are independently
selected from: alkyl {e.g. methy), ethyl, propyl, or butyl); halogen {e.g. Br, C|, or
F); and —OH,;
20 R* is selected from:
(1)  heteroaryl;
(2)  substituted heteroaryl and
{3) amino;
R* is selected from: -H, or alkyl {e.g.:methyl, ethy}, propyl, butyl or t-buty!);
25
The compounds of this invention: (i) potently inhibit farnesyl protein transferase,
but not geranylgeranyl protein transferase |, in vitro; (i) 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; (it} block intracelluiar
30 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.



R26 is selected from 10 15 C02C2H5 PCT/ US411126792 C(O CH3 N N
C02-t-BUTYL . -H alkyl (e.g. nethyl, ethyl, propyl, butyl or t'z%”ﬁﬂé'ﬁ][iS
al koxyl (e.g. nethoxy, ethoxy, propoxy); -CH2-CN, R9; -CH2CO2H; -
-C(Oal kyl and C H2CQ2al kyl; R2" is selected from (1) -H (2) -OH (3)
al kyl (e.g. nmethyl, ethyl, propyl, or butyl), and C(O NH2 25 FEB 2005 WO

02/ 18368 PCT/ US01/ 26792 10 (4) alkoxy ; R27a is selected from
WO (12/18368 PCT/USH1/26792

11

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

5 amount (e.g. a therapeutically effective amount) of the tricyclic compounds described
above. The administration of the compounds of this invention to patients, to inhibit
famesyl protein transferase, is useful in the treatment of the cancers described below.

This invention provides a method for inhibiting or treating the abnormal growth
of cells, including transformed cells, by administering an effective amount (e.g. a

10 therapeutically 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

15 malignant cells of other proliferative diseases in which aberrant Ras activation occurs.

This invention also provides a method for inhibiting or treating tumor growth by
administering an effective amount {e.g., a therapeutically effective amount) of the.
tricyclic compounds, described herein, o a mammal {e.g., a human) in need of such
treatment. In particular, this invention provides a method for inhibiting or treating the

20 growth of tumors expressing an activated Ras oncogene by the administration of an
effective amount (e.qg. a therapeutically effective amount) of the above described
compounds.

The present invention also provides a method of treating proliferative diseases,
especially cancers (tumors), comprising administering an effective amount (e.g., a

25 therapeutically effective amount} of a compound of the invention, described herein, to
a mammal (e.g., a human) in need of such treatment in combination with (2) an
effective amount of at least one anti-cancer agent i.e. a chemotherapeutic agent
and/or radiation).

The present invention also provides a method of treating proliferative diseases,

30 especially cancers (tumors), comprising administering an effective amount (e.g., a
therapeutically effective amount) of a compound of the invention, described herein, to
a mammal (e.g., a human) in need of such treatment in combination with (2) an

effective amount of at least one signal transduction inhibitor.



(1) alkyl (e.g. nethyl, ethyl, propyl, or butyl), and (2) alkoxy ; 5 R30 ,

R31, R32 and R33 is independently selected from 10 15 (1) -H (222’5)

(3) =0; (4) alkyl; (5) aryl (e.g. phenyl) and (6) arylalkyl (e enzyl)

R50 is selected from (1) alkyl; (2) heteroaryl; (3) substituted heteroaryl
and (4) am no; wherein said substituents on said substituted R50 groups are

i ndependent\¥ oy,88lsected from alkyl (e.g. nmethyl, ethyl pcRhQPYsm20r butyl);
hal ogen (e.g. Br, d, or F); and -OH, 20 R50a is selected from (1)
heteroaryl; (2) substituted heteroaryl and (3) amno; RS is selected from
-H, or alkyl (e.g.;nethyl, ethyl, propyr butyl or t-butyl), 25 The

conpounds of t Iixgini [Béecﬂtdréhlf’eraﬁ\le)d@é%iséﬁKthbﬁokd‘)h\lrrhb!'imfaﬁlb@ﬂﬂmteﬁrd?ftr@hféad
transferase, but not eranyl geranyl protein transferase |, in vitro; (ii)

bl ock t he IPHuFRBESAE RAAAET 19, HNIEACH(E &) BRFREINCREFTOND RANG'SHE whi ch i s
a farnesyl . ReERALY, (RINerddAE cR¥inBrniaQuBh as, for example, exocrine pancreatic

carcinoma}, colon cancers (e.g., colorectal carcinomas, such as, for example, colon
5 adenocarcinoma and colon adenoma), myeloid leukemias (for example, acute

myelogenous leukemia (AML)), thyroid follicular cancer, myelodysplastic syndrome
(MDS), bladder carcinoma, epidermal carcinoma, mefanoma, breast cancer and
prostate cancer.

it is believed that this invention aiso provides a method for inhibiting or treating

10 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 (e.g. a therapeutically
effective amount) of the tricyclic compounds described herein, to a mammal (e.g., a
.15 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.

The tricyclic compounds useful in the methods of this invention inhibit or treat

20  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 biocking G-protein isoprenylation, thus making them useful in the
treatment of proliferative diseases such as tumor growth and cancer. Without wishing
to be bound by theory, it is believed that these compounds inhibit ras famesyt protein

25 transferase, and thus show antiproliferative activity against ras transformed cells.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the following terms are used as defined below unless

otherwise indicated:
30 MH*-represents the molecular ion plus hydrogen of the molecule in the mass
spectrum;
BOC-represenis tert-butyloxycarbonyt;
CBZ-represents -C{OYOCH2CsHs (i.e., benzyloxycarbonyl);



of transform ng Has engi neered to be a geranyl geranyl acceptor; (iii) block
intracel lular 30 processing of Has which is a farnesyl acceptor buyrpLief
Has engineered to be a geranyl geranyl acceptor; and (iv) bl ock abnormal
cell growth in culture induced by transform ng Ras. 25 FEB 2005 WO
102/ 18368 PCT/ US01/ 26792 |11 The conpounds of this invention inhibit farnesyl
protein transferase and the farnesylation of the oncogep 0 n Ras.

0 FrRYTEE

i
Thus, this inVeRtYEn further provi des a nmethod of inhi bl 7rjf‘lesyl

protein transferase, (e.g., ras farnesyl protein transferase) in mammals,
especi al |y humans, by the administratiof’ of an effective 5 anount (e.g. a

t herapeutically 9(13}1‘i %gaz-}eé?es%m%%th?orgr];etﬁﬁgﬁe't ricyclic conpounds descri bed
on o

above. The admi ni $t7 t'he conpounds of this invention to patients, to
inhibit fanesyl GiMS3-epresenarcbbmicabienizatioruse$ubpdctrutnhe treat nent of the

cancers describe | ow. This_inventiaon vides_a nethod for inhibiting or

treating the abnﬂ?@gfe@?m%iS‘cﬁﬁa@@fqyg'?[s%Qluﬂa??ia"etn?ansf ormed cells, by

admi ni stering an EfABGEprescras@Bmyiatadicarb@xyldlet her apeutical ly effective
invention. Ab wt h of ells refers to

anmount) of a co d of thi nor el

cel | gt dut h i ndeperdamesin BPRAMIPR BTSN e armeindRETerep) Foss of
contact inhibiti afpyicatbbdintidchyddasmide; abnormal growth of: (1) tunor cells
(tunors) expressing an activated Ras oncogene; (2) tunor cells in which the

Ras protein is a{%’i”?v%@rééefﬁ%Né\"P'@ﬁnyoﬁFa'ﬁﬁébgeni c nutation in another gene;
and (3) benign argt-rd5eaBhtsgihgnt cells of other proliferative diseases in

whi ch aberrant Ras activation occurs. This invention also provides a nethod
for inhibiting orEPASIEPIEERBAGY 37880 ®h by adninistering an effective

amount {@. 9., a theipRrewserd!dnagf.fective amunt) of the tricyclic
conmpounds, described _herein, to a manmal uman) in need of such

(e.g., ah
treatnent. |n pariPBUirapresqms $-hydreehenseirinedienydates nmet hod for inhibiting or

treating the 20 gpawbhreRbnts W¥BfcpaRNPr €SSing an activated Ras oncogene by the
adm nistration of an effective anount (e.g. a therapeutically effective

anmount) of the abdetdepesepedsopropanol;
Me-represents methyi;

15 MeOH-represents methanot;
MS-represents mass spectroscopy;
FAB-represents FABMS which represents fast atom bombardment mass
spectroscopy;
HRMS-represents high resolution mass spectroscopy:
20 NMM-represents N-methylmorpholine;
PPhs-represents triphenyl phosphine;
Ph-represents phenyl;
Pr-represents propyl;
SEM-represents 2,2-(Trimethylsilyl)ethoxymethyl;
25 TBDMS-represents tert-butyldimethylsilyl;
Et;N-represents TEA which represents triethylamine;
t-BUTYL-represents —-C-(CHz)s;
TFA-represents trifluoroacetic acid;
THF-represents tetrahydrofuran;
30 Tr-represents trityl;
Ti-represents SO.CF3;
at least one- represents one or more-(e.g. 1-8 ), more preferrably 1-4 with 1,

2 or 3 being most preferred;



conpounds. The present invention also provides a nethod of treating
proliferative di seases,, especially cancers (tunors), conprising . ,
adm nistering an effective amount (e.g., a 25 therapeutically ef f 2ot £§ 400
anount) of a conpound of the invention, described herein, to a mamal

(e.g., a human) in need of such treatnment in conbination with (2) an
effective agpuntissef at | east one anti-cancer agent i.e. @Ghgymbher apeutic
agent and/or radiation). The present invention also provides a method of
treating proliferative diseases, 30 especially cancers (tunors), conprising
adm nistering an effective amount (e.g., a therapeutically effective

amount) of a CO”&%HHQpr%E%#t@@tréi MENG! P Ancri@8 EaFddAeHhalhe Ak rbonfa?nﬁ f?ozrﬁﬁgﬁm

(e.g., a human) in need such treatnment in conbination w
ef fective Hniwenty erben atpegspretsiebls ot sit calhed@ms Mara prdetably.on2 18 FEB 2005

WO 412/ 18363, R OH?‘?%"@g'%zg'%Péoi? %ﬂpﬂ%@%ngfm %OS%AFE& abie diseases (tunors)

whi ch may be inhi or t I"ude, are not limted to, lung
cancer (e.g., |amgkadepoesanisianaie) grquanas deftned aboamcebstit(edgvith gremgl eat i ¢

carcino S,..dar aml exocrin ancr i rcin ol on
cancer <5 (e UB. 8 perl B SIRLR G EhEE Lol RPN SRt Ep o) o
adenocar ci noity;and col on adenoma), nyeloid | eukemas (for exanple, acute
Syndr ome.( VDS) R 2808 =ik iR Botesp Al F ng AP AUt e B RO east
cancer andanpiipst@tstrueRirg efemdrit tHrudtedn exgen biah, fohéxanpy engthen,, al so

provi des a npethod for jnhibitj or treating 10 proliferative diseases,
both beni gRN@t¥ pr?ﬁ?‘?’ﬁn%ﬂf’)fy M‘Bgihheﬂas proteins are aberrantly activated

as.a rasult of eMGRAEAFBiir ARlyMOIENCEs BEMRSRHabove, whdrbm thasogaalyl t sel f
is not activated _bé’drrutatl on to an oncogenic form-with said inhibition or

treat ment BERYR§ MaEBdABN2EA SEPURY 2% AefingdReRvs eReaR!G ~@whenYlect i ve anount
(e.g. a therapegkémtdpfesents straight and branched carbon chains having at least one

carbon to carbon double bond and containing from 2-12 carbon atoms, preferably
from 2 to 6 carbon atoms and most preferably from 3 to 6 carbon atoms;
15 alkynyl represents straight and branched carbon chains having at least one
carbon to carbon triple bond and containing from 2-12 carbon atoms, preferably from
2 to 6 carbon atoms and most preferably from 2 to 4 carbon atoms;
amino represents an —NH; moiety;
aryl-(including the aryl portion of arylalkyl and heteroarylalkyl)-represents a
20 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 with one or more (e.g., 1 to 3} of halo,
alky), hydroxy, alkoxy, phenoxy, CF,, -C(O)N(R'),, -SOsR'®, -S0.N(R"®),, amino,

25 alkylamino, dialkylamino, ~CC)OF{23 or -NO,, wherein R' represents H, alkyl, aryl,

arylalkyl, heteroaryl or cycloalkyl and R represents alkyl or aryl;

cycloalkyl-represents saturated carbocyclic rings of from 3 to 20 carbon
atoms, preferably 3 to 7 carbon atoms, said cycloalky! ring being optionally substituted
with one or more (e.g., 1, 2 or 3) of the same or different alkyl groups (e.g., methyl or

30 ethyl);

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



effective anmount) of the tricyclic conpounds described herein, to a mammal
(e.g., a 15 human) in need of such treatnent. For exanple, the pqqk%quﬁ
proliferative disorder neurofibromatosis, or tunors in which Ras*i's
activated due to nmutation or overexpression of tyrosine kinase oncogenes
(e.g., neu, src, abl, Ick, and fyn), may be inhibited or treated by the
tricyclic conpounds described herein. The tricyclic conpounds useful in the
met hods of MH'8$f%ention inhibit or treat 20 the abnorf&{VSHf6ih of cells.
W thout wishing to be bound by theory, it is believed that these conpounds
may function through the inhibition of Gprotein function, such as Ras p21

by bl ocking G protein i,sqpr | ation,, thus making them yseful in the
treat nent of pr oﬁ??@&?’?@@'ﬁ%’éﬁ%&segﬁ(ﬂ? k!l QWBraﬁ?%WFﬁ E’gﬂﬂa*cancer . W't hout
wi shing t eubsgithedidh Bhetdiesicloalikyt grofp bel dtvedbéibat sidnars: te@pBaRsA | nhi bit

ras farnesyl ﬁr otein 25 transferase, and thus show antiproliferative
activity agarhstsybstitiepip s eyl ®ei8h. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON As  usefBefeBidientsMidgeh i 8Wiito Lidis, Ré@owngthdes defined bel ow
unl ess otherw se indicated; 3 -represents the nolecular ion plus

hydrogef of the R#Pakylt @rraseplianriisd orapeas fefifedpoeye sypeddnd with a halo

tent - butyl oxyAR0ABed dBds "<BRA BRE Hedhord APt Ribstitugnris o the alkyl
benzyl oxycarbony! ): 25REBNE WO B3 MeSar o R Siblugntisio o a1 Yepr esent s
di chl or onetm#@le; Cl MS-represents chemical ionization nmass spectrum
DBU-represents 1,8-Pi e 0 =7 ined 2640 I

di et hyl azodi car bg%?ﬁgﬁé?}% ré@é%ﬁtgfa&sgwgﬁagoa?é‘\ﬁngﬁ rgpr’esgggf{ﬁ%gamh

1- ( 3- di net Hetermayopoupds)degnedbdipive swdidbial the: Hendiydmawhiber sdsstituent is to

10 the alkyl moiety;

heteroarylalkenyl- represents an atkenyl group, as defined above, substituted
with a heteroaryl group, as defined below, such that the bond from another substituent
is to the alkyl moiety;

heteroalkyl- represents straight and branched carbon chains containing from

15 one to twenty carbon atoms, preferably one to six carbon atoms interrupted by 1 to 3

heteroatoms selected from -O-, -S- and —N-;

heteroalkenyi- represents straight and branched carbon chains having at
least one carbon to carbon double bond and containing from one to twenty carbon
atoms, preferably one to six carbon atoms interrupted by 1 to 3 heteroatoms selected

.20 from -0O-, -S- and -N-;

heteroalkynyl- represents straight and branched carbon chains having at
least one carbon to carbon triple bond and containing from one to twenty carbon
atoms, preferably one to six carbon atoms interrupted by 1 to 3 heteroatoms selected |
from —O-, -S- and -N-;

25 arylheteroalkyl- represents a heteroalky! group, as defined above, substituted
with an aryl group, as defined above, such that the bond from another substituent is to
the alkyl moiety;

alkylcarbonyl- represents an alkyl group, as defined above, covalently
bonded to a carbonyl moiety (-CO-), for example, -COCHa;

30

alkyloxycarbonyl- represents an alkyl group, as detined above, covalently
bonded to a carbonyl moiety (-CO-) through an oxygen atom, for exampie, -C(O)-
OCzHs;



DVF-represents N, N-di met hyl formam de; Et-represents ethyl; EtOAc-represents
ethyl acetate; 10 EtOHrepresents ethanol; HOBT-represents

1- hydr oxybenzotri azol e hydrate; |PA-represents isopropanol; 75 FEB 1
i -PrOHrepresents isopropanol; Me-represents nethyl; 15 MeOHrepresents
met hanol ; MS-represents nmass spectroscopy; FAB-represents FABMS which

represents {ash,atom bonbardnment mass spectroscopy; H neRLeseNt s high
resol uti on mass spectroscopy; 20 NVMrepresents N nethyl nor phol i ne;
PPh3-represents triphenyl phosphine; Ph-6r epresents phenyl; Pr-represents
propyl; SEMrepresents 2,2-(Trinethylsi Ilyl ) et hoxynet hyl ; 25

TBDVG-r epresent s tert-nﬁut | di net hyl silyl: t 3N r epr.esent l4ch
roprosents triet R PEREeD oRarYEI apis el s R Bl Vin AT AT et <
trifl uor oagating adlebst oneHdterb presaedisd fretrlYy dr 0f saidheter@omnintegpstegent s
trityl; Tf-represents SO02CF3i at |east ope- represents onle ar .nPre- e.g. 1-6
). more pr &E/IGHTIY MOFURFURE and haviag & SUBSPRGRIE hreleERiad P BeaTons, Sk 5

to provide aromatic character, with the aromatic heterocyclic groups preferably

5 containing from 2 to 14 carbon atoms, e.g., 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-

thiazolyl, 2-, 4- or 5-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, 3- or 4-pyridazinyi,

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 2-, 3- or 4-pyridyl N-oxide, wherein pyridyl N-oxide can be represented

10 as:
ANy AN
(J CJ-L
= + = =
N N N
| b *
0 O
C ;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 - NRM,
15 (e.g., -NC(0)-NH,) wherein R’ represents alkyl, aryl, -C(O)N(R'®), wherein R'® s as
above defined, suitable heterocycloalkyl groups include 2- or 3-tetrahydrofuranyl, 2- of
3-tetrahydrothienyl, 2-, 3- or 4-piperidinyl, 2- or 3-pyrrolidinyi, 1-, 2-, 3-, or 4-
piperizinyl, 2- or 4-dioxanyl, morpholinyl, and

N
\O\C(OWHZ

The positions in the tricyclic ring system are:

20




WO (12/ 18368 PCT/ US01/ 26792 14 al kyl -represents strai ght and branched carbon
chains and contains fromone to twenty carbon atons, preferably PPefﬁﬂm§iX
carbon atons, nore preferably one to four carbon atoms; even nore’ '~ .
preferably one to two carbon atons. aryl al kyl-represents an al kyl group, as
defined above, substituted with an aryl 5 group, as defined bel ow, such
that the bond from another substituent is to the al kyl nvoiety;
al koxy- r epr¥Q4&#t%®8an al kyl moiety, alkyl as defined aboﬁ@?”%ﬂéﬁpéntly bonded
to an adjacent structural elenment through an oxygen atom for exanple,
met hoxy, ethoxy, propoxy, butoxy and t'he |ike; 10 phenoxy represents an
al koxy noiety, as defined above, .wherejn.the coval entl .bonded noiety is an
aryl group, as defiﬁéﬂCﬂ@PBWNBFEF”E%&h%ﬁé?“ﬂﬁiﬁﬁB ??Q£BR%%?¥:represents
strai ght and branched carbon chains having at |east one carbon to carbon
doubl e bond and contai ning from2-12 cafhbon 4at ons, preferably from2 to 6
carbon atons and nost preferanyHfron13 1 bogs at ons; 15 al kynyl
represents straight and branched éagﬂo havi ng at | east one carbon
to carbon triple bond and containifig firy bon atons, preferably from
2 to 6 carbon atons and nost pref’erabal y OMR. 1B carbon atons; am no
represents an -NH2 noiety; aryl-(incl&dinc Rhe aryl portion of arylal kyl and
heteroaryl al kyl )-represents a 20 carbacy ~.Cc g¥oup containing fromé6 to 15
carbon atonms and having at | east one anofatic ring (e.g., aryl is a phenyl
ring), with all available substitutahte<carbonRdtons of the carbocyclic
group being intended as possible points off attachnment, said car bocyclic
group being optionally substituted with omg or nore (e.g., 1 to 3) of halo,
al kyl, hydroxy, al koxy, phenoxy, CF3, -C(O N(R18)2, -S02R18, -S02N(R18) 2,
ami no, 25 al kyl anmi no, dial kyl ami no, - COOR28Adr -NO., wherein R10O represents
H, alkyl, aryl,

X=NorCH

a=NorC

wherein the optional bond between C-5 and C-6 is present, and B is H, or the optional

bond between C-5 and C-6 is absent and each B is H; and the preferred S isomer:

X=Nor CH
10 a=NorC

wherein the optional bond between C-5 and C-6 is present and A is H, or the optional
bond between C-5 and C-6 is absent and each A is H.
Preferably, R', R?, R®, and R* are independently selected from H or halo, more
15 preferably H, Br, F or Ci, and even more preferably H, or Cl. Representative

compounds of formuia 1.0 include dihalo (e.g., 3,8-dihalo} and monohalo {e.g., 8-halo)



aryl al kyl, heteroaryl or cycloal kyl and R23 represents al kyl or aryl;

cycl oal kyl -represents saturated carbocyclic rings of from3 to 20 ¢ rQ@n
atons, preferably 3 to 7 carbon atons, said cycloal kyl ring beiﬂgJUg%P'hally
substituted wth one or nore (e.g., 1, 2 or 3) of the sanme or different

al kyl groups (e.g., nethyl or 30 ethyl); cycloal kyl al kyl - represents an

al kyl groupwods@gfi ned above, substituted with a cycl @ gnQias defined
above, such that the bond from anot her substituent is to the alkyl noiety;
25 FEB 2005 WO 02/ 18368 PCT/ US01126792 15 het erocycl oal kyl al kyl - represents
an al kyl group, as defined above, subsfituted with a het er ocycl oal kyl

group. a5 dELIAGH Al o Ul Loab: LhGBaNd. o REle NBINGG sty tent 1o to

t he al kyl noiet represents uor o,’ ‘chl oro, ono and
i odo; 5 habroaiokyhd (Fefgomdent s an al kyl group, as defined above, substituted

with a halo gr, as, defined above, such that th ond, f rom anot her -
substituent is @ﬁgqtﬁ%ﬁtaﬁ Eﬁrggm?@e@ﬁf N%t@\r‘ Béllr@fr%%@f%?er?egdpresents an al kyl
group, as defi rmeciealdby ®® issdsticti toed with a heteroaryl group, as defined
bel ow, guch that the bond from anot her substituent is to 10 the al kyl

noi ety;~ heteroaryl al kenyl - represents an al kenyl group, as defined above,
substituted wth a heteroaryl group, as defined below, such that the bond
from anot her subgti tuent iogét__ the al Kyl .npi ety; |het’eroal kyl - represents
strai ght and br@ncied car bon igfai-ns ntai ni-ng fg”o ~f£5 one to twenty carbon
atons, preferably one to six carbon atoms®int erruptF@d by 1 to 3 heteroatons
selected from-0-, -S- and -N-; heteroal kenyl - r%presents strai ght and
branched carbon &hdi ns havi Hg-Cat (4.0) 0)

More preferably R® is 2.0 or 4.0; and most preferably R® is 4.0.
Preferably, R''?is selected from: alkyl, substituted alkyi, ary!, substituted aryt,
10 heteroaryl, substituted heteroaryl, cyloalkyl or substituted cycloalkyl; wherein, said

substituted aryl, heteroary, and cycloalkyl, R'*2

groups are substituted with
substituents independently selected from: halo (preferably F or Cl), cyano, -CF3, or
alkyt; and wherein said substituted alkyl R'"? groups substituted with substituents
selected from halo, (preferably F or Cl), cyano or CFs. Most preferably, R"?is

15  selected from: atkyl, aryl, substituted aryl, cyloalky!, or substituted cycloalkyl, wherein,
said substituted aryl and substituted cycloalkyl groups are substituted with
substituents independently selected from: halo, (preferably F or Cl), CN or CF3. More
preferably, R''® is selected from methyl, tbutyl, phenyt, cyanophenyl, chiorophenyl,
fluorophenyl, or cyclohexyl. Stilt more preferably, R’ is selected from: t-butyt,

20  cyanophenyl, chiorophenyl, fluoropheny! or cyclohexyl. Even more preferably, R'"?is
selected from cyanophenyl, with p-cyanophenyl being even stilf more preferred.

Preferably, R, is selected from alkyl, cycloatkyl, or substituted cycloalkyl,

wherein said substituted cycloalkyl group is substituted with 1, 2 or 3 substituents
independently selected from: halo (preferably chloro or fluoro), or alkyl,(preferably

25  methyl or t-butyl). Examples of R groups include: methyl, ethyl, propy!, t-butyi,
cyclohexy! or substituted cyclohexyl. More preferably, R is setected from methyl, t-
butyl, cyctohexyl, chlorocyclohexyl, {preferably p-chlorocyclohexyl} or fluorocyclohexyi,
{preferably p-fluorocyclohexyl). Most preferably, R'" is selected from: methyl, t-butyl,
or cyclohexyl, with t-butyl or cyclohexyt being still more preferred.



| east one carbon to carbon doubl e bond and containing fromone to tmenty
carbon atons, preferably one to six carbon atons interrupted by ﬁ

het er oat ons sel ected 20 from - 0-, -S- and -N-; heteroal kynyl - %pﬂegé t's
strai ght and branched carbon chains having at |east one carbon to carbon
triple bond and containing fromone to twenty carbon atoms, preferably one
to SIX carb interrupted by 1 to 3 heteroatons s from-0-,

- S aﬂﬁghgﬁilheteroalkyl represents a heteroalk?kgﬁ%ﬁgﬁ? as defi ned
above, substltuted with an aryl group, as defined above, such that the bond
from anot her substituent is to the aIH@I noi ety; al kyl carbonyl - represents

an al kyl group, earbonyl noiety
(-CO), for exal:)rrr%fi;rg9 W&Xﬁjmﬁﬁ%ﬁﬁ%ﬁﬂbo %@gﬁe‘f%r%@gzgn s}pan al kyl
group, as defi rieéd RAbRVand B@\ﬁﬁéewﬁe@blyﬂrbnded to a carbonyl noiety (-CO)

t hrough an oXyge d.0r C(O- OC2H5; WD 02/18368

PCT/ US01/ 26792 1r8feﬂ£e@g}%d$yFl%Ct?gEP§TSent s cyclic groups, optionally

substi tuted with R3(§nd Reeroahgvi ng at | east one heteroatom selected fromO,
S or said heteroagtominterruptin 1y carbocyclic ring structure and

havi ng Q suf fi ci ent urrb%‘r';b E{“t%&eé%'gf‘wged pi electrons to provide aromatic
character, w th the (3 onmad/iakorgt erocyclic groups preferably 5 containing
from2 to 14 carbon t ons or 3-furyl, 2- or 3-thienyl, 2-, 4- or
5- thiazolyl, 2-, or %”%tﬁugegzﬂ’zl?‘koxb 4- or 5-pyrinmidinyl, 2-pyrazoyl,
3- or 4-pyri da2| nyI (5) 3- hetﬁroc?éloeﬁk;[{l 2, 4 triazinyl], 3- or

5-11, 2, 4-t hi adi zol ylé - or 7- benzofuranyl 2-, 3-, 4-,
5-, 6- or 7-indolyl (OB 3‘435“899@96VP8W%W! 2., 4- or 5-oxazolyl, triazolyl,
2-, 3-10r 4-pyri dyl(—;) or h&erocgclofMyldrByri dyl N-OXI de, wherein pyridyl

N-OXI de can be represented 10 as:
(8)  substituted heterocycloalkylalkyl;

(9) heteroarylalkyl;
(10) substituted heteroarylalkyl;
(11) heteroarylalkenyl and
15 (12) substituted heteroarylalkenyl;
~ wherein said substituted R® groups are substituted with one or more substituents {e.g.,

1, 2, or 3) independently selected from:

(1)  -OH;
(2) -COR™;
20 wherein, R' is selected from: H or alky! {e.g., methyl or ethyl), preferably

alkyl,most preferably methyl or ethyl;
(3)  alkyl, substituted with one or more —OH groups (e.g., 1, 2, or 3,
preferably 1), for example —(CHz)qOH wherein, gis 1 - 4, withg =1
being preferred. '

25 (4) halo (e.g., Br, F, 1, or Cl);
(5)  alkyl, usually G1-C6 alkyl, preferably C1-C4 alkyl (e.g. methyt,
ethyl, propyl, or butyl {(preferably isopropyl, or t-butyl));

(8) amino;
(7)  trityl;
30 (8)  heterocycloalkyl;
(9)  arylatkyl (e.g. benzyl);
(10)  heteroaryl (e.g. pyridyl} and

(11) heteroarylalkyl (piperidine-CHs);



or N U ; and heterocycloal kyl- represents a saturated, branched or
unbranched carbocylic ring containing from3 to 15 carbon atons, preferably
from4 to 6 carbon atonms, which carbocyclic ring is interrupted fﬁ{L‘g$‘3
hetero groups selected from-0-, -S or - NR24, 15 (e.g., -NC(O) - ‘b}LiL“
wherein R24 represents al kyl, aryl, -C(ONR18)2 wherein .R18 is as above
defined, suitable heterocycloal kyl groups include 2- or 3-tetrahydrofuranyl,
2- or 3- tebnahydrothienyl, 2-, 3- or 4-piperidinyl, 2-pcorssvfaysrolidinyl,
1-, 2-, 3- , or 4- piperizinyl, 2- or 4-dioxanyl, norpholinyl, and 20
C(O NH, The positions in the tricyclic fing systemare: 25 FEB 2005 WO
02/ 18368 PCT/ US01/ 20792 17 The conpouﬁgs of fornmula 1.0 include the
preferred Risomer: R R5X7 fV7ia RGN R Ra (1.0A) X=Nor CH a =Nor C5

Most preferably, R’ is selected from:
) heterocycloalkyl;
2) substituted heterocycloalkyl;

(
5 (3)  heterocycloalkylalkyl;

(4) substituted heterocycloalkylalkyl;
(5)  heteroarylatkyl;
(6) substituted heteroarylalkyl;
(7 heteroarylalkenyl and

10 {8)  substituted heteroarylalkenyl;

wherein said substituted R® groups are substituted with substituents independently
selected from:

15 (1) -OH;
(2)  -COR™;
wherein, R™ is selected from: H or alkyl (e.g., methyl or ethyl), preferably
alkyl, and most preferably methyl or ethyl;
(3) alkyl, substituted with one or more —OH groups

20 (e.g.,1, 2, or 3, preferably 1), for example —(CH)qOH wherein, gis 1 — 4,
with g = 1 being preferred.
(4) halo(e.g., BrorCl);
(5)  alkyl, usually C1-C8 alky!, preferably C1-C4 alkyl
(e.g. methyl, ethyl, propyl, isopropyl, butyl or t-butyl, most preferabfy t-

25 butyl);
(8) amino;
(7)  trityl;
(8) heterocycloalkyl;
(9) arylalkyl;

30 (10} heteroaryl and
(

11)  heteroarylalkyl;

More preferably, R® is selected from:



wherein the optional bond between C5 and CG-6 is present, and Bis H or the
optional bond between CG-5 and G-6 is absent and each Bis H; &and the
preferred Sisomer: ABBSRs !, XR7I R6 ~2 Rfa NR3 X= N or GHFJ.@{
a=Nor C (LOB) wherein the optional bond between G5 and G-6 is prés’“‘e‘n‘t“ nd A
is H or the optional bond between C-5 and C-6 is absent and each Ais H
Preferably, Rl, R2, R3, and R4 are independently selected fromH or halo,
more 15 preferably H Br, t" or O, and even nore preferabIAX H_ _or Cf.
Repr esent at MY #6fpounds of formula 1.0 include di hal o {&Y"2¢828_ di hal o)
and nonohalo (e.g., 8-halo) 25 FEB 2005 WD 02/ 18368 PCT/ US01/ 26792 18
substituted conpounds, such as, for exafple: (3-brono, 8-chloro),
(3,8-dichloro), (3- brom)% and Ié?)-chl oro). Substituent a is preferably C or

N with N being nost (bt ef BrPEEYCOPKEs erably, R8 is selected from 5 QJ.O R’
G=5=0 -~11 (2)  substituted heterocycloalkyl;
{3)  heterocycloalkylalkyl;
(4)  substituted heterocycloalkylalkyl;
5 {56) heteroarylalkyl;
(6)  substituted heteroarylalkyt;
(7)  heteroarylalkenyl and

(8)  substituted heteroarylalkenyl;

wherein substituents for said substituted R® groups are each independently selected

10 from:
{1}  bhalo {e.g., Br, or Clj;
(2)  alkyi, usually C1-C8 alky!, preferably C1-C4 alkyl
(e.g. methyl, ethyl, propy!, isopropyl, butyl or t-butyl, most preferably
t-butyl);

15 (3)  alkyl, substituted with one or more (i.e. 1, 2, or 3, preferably 1} -
OH groups, (e.g. —{CH2)qOH wherein g is 1-4, with g=1 being preferred).
(4) amino;
{5}y  trityl;
(6) arylalkyl, and

20 - (7)  heteroarylalkyl.

Even more preferably, R? is selected from:

(1}  heterocycloalkylalkyl;
(2)  substituted heterocycloalkylalkyl;
(3)  heteroarylalkyl and

25 (4)  substituted heteroarylalkyl;

wherein substituents for said substituted R® groups are each independently selected
from:

(1Y  halo{e.g., Br, or Cl);
(2)  alkyl, usually C1-C6 alkyl, preferably C1-C4 alkyl

30 {e.g. methyl, ethyl, propyl, isopropyl, butyl or t-butyl, most preferably

t-buiyl);
(3} amino and
(4y  ftrityl,



Rlla | RZ1 ON' O CF22 12 1 46 R (2.0) (3.0) (4.0) (5.0) Mre preferably
R8 is 2.0 or 4.0; and nost preferably R8 is 4.0. Preferably, Rlla IS ,
selected from alkyl, substituted alkyl, aryl, substituted aryl, 2 S1iokb 2ECY

het eroaryl, substituted heteroaryl, cyloal kyl or substituted cycl oal kyl ;
wherein, said substituted aryl, heteroary, and cycloal kyl, Rl 'a groups are
subst i t ut edywhi egSubstituents i ndependently sel ected fr,,@ﬁr) sh@k, (preferably
F o d), cyano, -CF3, or alkyl; and wherein said substltut ed al kyl Rlla
groups substituted with substituents sﬁl ected fromhalo, (preferably F or
Cl), cyano or CF3. Most preferably, R11a is 15 selected from alkyl, aryl,

substituted ar gy Még%f&xu R? issddastdd wdgd cycl oal kyl, wherein, said
substituted aryl and substi uted cycl oal kyl groups are substituted with

substituents i ndepefidentiejereeyciasitetntiom hal o, (preferably F or C), CN or.
CF3. More preferab thyl, t-butyl, phenyl,
. L%en%%&ltpﬁgﬁgﬁﬁéﬁ&au{y%mym .

cyanophenyl, chioro cycl ohexyl Still nore
preferably, Rlla is{3el detedadytadinl abd butyl, 20 cyanophenyl, chl orophenyl,

fl uorophenyl or cyclqhex I erably, Ritais selected from
cyanopﬁg;nyl wth plagyan%%ﬁtg eﬁ'ﬁ) g“’gav n still nore preferred.

Pr ef er abl ywh&éih, substiteehte éiredicf smmlmtdoymg groyed araldayh indmpesddrslyistleced

cycl oal kylf wherein said substituted cycloal kyl group is substituted with 1,
2 or 3 subSt'tuents i ndependently selected from halo (preferably chioro or
fluoro), or alkyl, (prefreicl.y., B826r OBthy! or t-butyl). Exarrpl es of R1'

groups include: nethyl, thyI y. but or substituted
cycl ohexyl . More pr a"’g SF&FV 85(1@?%61%3 f@&#&r&?@?‘? - butyl,

cycl ohexyl, chlorocyg %; ?4 eth(ﬂpFpr@r alabiop Er ﬁbthCBrQQ:)(ﬁ;th@Wréfeﬂiblﬂ _
uor ocycl ohexyl (pre er ably uorocycl ohexyl'). Most preferably, H11 is

sel ected from net h9FV t- butyl or cycl ohexyl, with t-butyl or cycl ohexyl
being still nonetRy&f ﬁforeeﬂefezébtﬁﬁﬁ i2@BRcted from:

(1)  piperidinyl;
(2)  piperizinyl;
15 (3)  -(CH2)p-piperidinyl;
(4) -(CH2)p-piperizinyl;
(5)  -(CH2)p-morpholinyl and
{6) ~(CH2)p-imidazolyl;
wherein pis 0 to 1, and wherein the ring moiety of each R® group is optionalty
20 substituted with one, two or three substituents independently selected from;
(1)  halo (e.g., Br,or Cl) and
(2)  alkyl, usually C1-C6 alkyl, preferably C1-C4 alkyl
(e.g. methyl, ethyl, propyl, isopropyl, buty! or t-butyl, most preferably t-
butyt).
25 Still more preferably, R® is selected from:
(1)  -piperizinyl,
(2)  -(CH2)p-piperidinyl;
(3) -(CH2)p-imidazolyl; and
(@)  -(CH2)p-morpholinyt,
30 wherein p is 1 to 4, and the ring moisty of each R® group is optionally
substituted with one, two or three substituents independently selected from: methyl,

ethyl, and iscpropyl.



WD 112/13308 PCT/USIA / 2(79 2 19 Preferably, R12 is selected fromH or

nmet hyl . Most preferably, R12is H R5, R6, R7 and R7a are pref ezgﬂl; ql—td
Preferably, RO is selected from 5 10 15 (6) (7) (8) (9) wherei ait
substituted RO groups are substituted with one or nore substituents (e.g.,
1, 2, or 3) independently selected from (1) -OH, (2) -CO2R14; 20 wherein,
R14 is selected from H or alkyl (e.g., nmethyl or ethyl) referably

al kyl , nost pY&PEESHIy nethyl or ethyl: (3) alkyl, substl"tct]pléq&”W’tzh one or
more - OH groups (e.g., 1, 2, or 3, preferably 1) for exanple -(CH2)qgOH
wherein, q is 1-- 4, withq=1 belng ‘preferred. 25 (4) halo (e.g., Br, F,

oo 601 5 o A ol e e e b o,
het er oaryl ;imicﬁublgltr:nguﬁ ecticnateswuatiylted wight y|2albk8xubstituants, preferably 1,
independently selected from methyl or ethyl.
Still even more preferably, R® is selected from —(CHa)-{2-methyl)-imidazole.
5 Preferably, at least one of R*', R* and R*®is other than H or alkyl. More
preferably, R*' and R* is H and R* is other than H or alkyl. Most preferably, R*' and
R*?is H and R* is selected from heteroaryl or heterocycloalky!.
Preferably, said heteroary! groups for said R*, R® or R* is 3-pyridyl, 4-pyridyl,
3-pyridyl-N-Oxide or 4-pyridyl- N-Oxide; more preferably 4-pyridy! or 4-pyridyl- N-
10  Oxide; most preferably 4-pyridyl- N-Oxide.
Preferably, said heterocycloalkyl groups for said R*', R*, or R*® is piperidine

Ring V:

HM&
wherein R* is —C(O)NHR®', and preferably R®' is ~C(O)NH,. More preferably,
15  piperidine Ring V is:

and most preferred Ring V is:

dﬁ
X
.
L.



substituted aryl al koxy; heterocycloal kyl; substituted heterocycl oal kyl ;
het erocycl oal kyl al kyl ; substituted heterocycl oal kyl al kyl ; hete@&gnxﬂg@kyl;
substituted heteroarylal kyl; heteroarylal kenyl and substituted® " "~
het er oaryl al kenyl ; am no; trityl; heterocycloalkyl; arylalkyl (e.qg.
benzyl); (10) heteroaryl (e.g. pyridyl) and (11) heteroaryl al kyl

(pi peridi newBhid)sses2 r. WO 02/ 18368 PCT/ US01/ 26792 20 5 I¢1Nsteps.ef er ably,
RO is selected from (1) heterocycloal kyl; (2) substituted

het erocycl oal kyl ;  (3) heterocycl oal kyl.al kyl; (4) substituted

het er ocycl oal kyl al kyl ; (5) heteroarylal kyl; (6) substituted

het eroaryl al kyl ; (7) heteroaryl al kenyl and

Thus, R*', BR?* and R" are preferably independently selected from:
(1 H
5 (2)  aryl (most preferably phenyl);
(3) heteroaryt and
(4)  heterocycloalkyl {i.e., Piperidine Ring V)
wherein at least one or R*', R%, or R*® is other than H, and most preferably R*' and
R*are H and R* is other than H, and more preferably R*' and R* are H and R* is
10 selected from heteroaryt or heterocycloalkyl, and still more preferably R*' and R* are
H and R* is Piperidine Ring V; wherein the preferred definitions of heterocaryl and
Piperidine Ring V are as described above.
Preferably, A and B are independently selected from:
(1) -H:
15 2y -R%
3) -R%-C(0)-R%
(4) -R%-COx-R%®;
(5) -C(O)NHR®

6)  -C(O)NH-CHy-C(O)-NHy;
20 (7)  -C{O)NHR™
(8)  -(CHg)p(R%,, wherein each R’ is the same or
different;

(9  ~(CHxpC(O)R;
(10)  ~(CH2)pC(O)R¥*;
25 (11)  -(CHa)pC(OIN(R®),, wherein each R is the same or different;
(12)  ~(CHz)pC(O)NH(R?);
(13) -(CH2)pNHC(O)R™;
(14)  -(CHz)pNHC(0),R>"
(15)  -(CHa)pN(C(O)R*?), wherein R*"? is the same or different;
30 (18) ~(CHR)pNR®'C(O)R*¥, optionally, R>* and R¥, taken together with
the atoms to which they are bound, form a heterocycloalkyl ring consisting of 5
or 6 members, provided that when R®' and R? form a ting, R*' is not H;



(8) substituted heteroaryl ai kenyl; wherein said substituted RO groups are
substituted with substituents independently selected from 15 20725 R0/¢1)
-OH,  (2) -CO2R14; wherein, Rl4 is selected from H or alkyl (e.g., methyl
or ethyl), preferably alkyl, and nost preferably nmethyl or ethyl; (3)
al kyl, substituted with one or nore -CH groups (e.g.,1, 2, or 3, preferably
1), for exanple -(CH2)gOH wherein, gis 1 - 4, wth g =1 being preferred
(4) halo (e.q’go.‘,'z“B?"Sor a): (5) alkyl, usually Cl1-C6 al kyP¢ThYEeEYably Cl1-C4
al kyl (e.g. nethyl, ethyl, propyl, isopropyl, butyl or t-butyl, nost
butyl); (6) (7) (8) (9) (10) (11) amno; trityl; heterocycloalkyl;
(17)  -(CHa)pNR*'C(O)NR¥, optionally, R®' and R¥, taken together
with the atoms to which they are bound, form a heterocycloalkyl ring consisting
or5 or 6 members, provided that when B®' and R¥ form a ring, R®' is not H;
(18)  -(CHo)pNR*'C(O)N(R*?),, wherein each R*?is the same or

5 different;
(19) -(CH2)pNHSO,N(R®"),, wherein each R*' is the same or different;
(20) -(CH,)pNHCO,R®;
(21)  -(CHZ)pCOR®";
(22) -NHR?.
10 (23)

o

I
(CH2}p- [ C |R?
,i‘m

P wherein R* and R®' are the same or different and
(24)
TSO TSZ
«(CH,)p-C——C-R®

R R® wherein R, R®', R® and R are the same or

different.
15
Most preferably, A and B are independently selected from:
(h -H
@ R
3 -R-C(O)-R’
20 4y -R%-CO-R%

(5)  -C(O)NHR?;

(6)  -(CH2)p(R%., wherein each R%is the same or different;

(7)  -(CH2)pC(O)R?;

(8)  ~(CHo)pC(OIN(R®), wherein each R® is the same or different;

25 (9  ~(CH2)pC(ONH(R®);

(10)  ~(CHo.)pNR®'C(Q)R™, optionally, R®' and R?’, taken together with
the atoms to which they are bound, form a heterocycloalkyl ring consisting of 5
or 6 members, provided that when R%' and R%’ form a ring, R® is not H;



aryl al kyl; heteroaryl and heteroarylal kyl; preferably t Mre preferably,
RO is selected from WD 1)2/1336 PCT/USO1/26792 21 5 (1) heterocye;l;f-ggl?,lﬁyl;
(2) substituted heterocycloal kyl; (3) heterocycloal kyl al kyl; (4)~ """ "
substituted heterocycl oal kyl al kyl; (5) heteroaryl al kyl; (6) substituted
het eroaryl al kyl; (7)) heteroaryl al kenyl and (8) substituted

het er oar yl al kgylsscsWherei n substituents for said substitybegs.8k0uUps are
each independently selected 10 from 15 20 25 heterocycl oal kyl al kyl ;
substituted heterocycl oal kyl al kyl; heteroaryl al kyl and substituted
heteroaryl al kyl ; wherein substituents f& said substituted RO groups are

each independently sghecteq, \,\psic(o)NR?, optionally, R® and RY, taken together
with the atoms to which they are bound, form a heterocycloalky! ring consisting
of 5 or 6 members, provided that when R*! and R* form a ring, R*" is not H
and
5 (13) -NHR®.

Examples of A and B include but are not limited to:



from 30 (1) halo (e.g., Br, or C); (2) alkyl, usually Cl1-C6 al kyl,
preferably Cl1-C4 alkyl (e.g. nethyl, ethyl, propyl, isopropyl, buti}if /i
t-butyl, nost preferably t-butyl); (3) alkyl, substituted with one or nore
(i.e. 1, 2, or 3, preferably 1) - OH groups, (e.g. -(CH2)gOH wherein q is
1-4, with g=1 being preferred). (4) amno; (5) trityl; (6) arylalkyl, and
(7) heteroa . Even nore preferably, RO is selecte r _(,1) halo
(e.qg., Br, S%L%L$¥L(2) al kyl, usually Cl1-C6 al kyl, prefe&gﬁﬁﬁn%ﬂﬁcn al kyl
(e.g. nmethyl, ethyl, propyl, isopropyl, butyl or t-butyl, nost preferably
t-butyl); (3) amino and (4) trityl. WO02/18368 PCT/USO /20792 22 Still
nore preferably, is selected from 5 heterocycloal kyl al kyl; substituted
het er ocycl oal kyl al'kyl ; _ het er oar | ky]  and substituted heteroaryl al kyl ;
sai d subs utidd RO groups are each independently
\) S

wherei n substituent |
( ( N ﬁ/
I/jp ﬁp N

sel ected

whereinpis 0,1, 2, 3 or 4;

5
When the optional bond between C-5 and C-6 is present (i.e., there is a double
bdnd between C-5 and C-8), then preferably one of A or B is H and the other is R®,
and preferably, R%is selected from:
(1) heteroaryi;
10 {2)  substituted heteroaryt;
(3) arylalkyl;
(4)  substituted arylalkyl;
(5) arylalkoxy;
(6)  substituted arylalkoxy;
15 (7)  heterocycloalkyl;
(8)  substituted heterocycloalkyl,
(9)  heterocycloalkylalkyl;
(10) substituted heterocycloalkylalkyl;
(11)  heteroarylalkyl;
20 (12)  substituted heteroarytalkyt;
(13) alkenyl;
(14) substituted alkenyi;



from (1) (2) 10 15 piperidinyl; piperizinyl; -(CH2)p-piperidinyl;
-(CH2) p-pi perizinyl; -(CH2)p-norpholinyl and -(CH2)p- |n1dazolylﬂ.wmepaln p
is 0to 1, and wherein the ring noiety of each RO group is optlonally '
substituted with one, two or three substituents independently sel ected fronl
(1) halo (e.g., Br,or d) and (2) alkyl, usually C1-C6 al kyl, preferably

Cl- C4 al kyl wpangssegret hyl , et hyl, propyl, isopropyl, butypcrarsoiizdamtyl, nost
preferably t- butyl). 25 Still nore preferably, RO is selected from (1)
-piperizinyl; (2) -(CH2)p-piperidinyl; ,{3) -(CH2)p-imdazolyl; and (4)

- (CH2) p- nor pholinyl, 30 wherein pis 1 to 4, and the ring noiety of each RO
group is optionalIy(1$ubBMEKHWﬁmkMMMbn@ne two or three substituents

i ndependent |y select and isopropyl. halo (e.g.,
Br,or d) and al kyl [ su% 59“@i @éeﬁFW6@2¥H leferably Cl-C4 alkyl (e.g.

met hyl, ethyl, @ﬁQ@MHheBﬂﬁmﬂ@ﬂ%Horﬁyﬂﬁthmﬁbdbﬁbﬁhms%@§éa@feferab'y t-

independently selected from:

5 (hy -OH;
(2) '002R14;
(3) -CH.OR",
(4) halo,
(5)  alkyl (e.g. methyl, ethyi, propyt, butyl or t-butyl);
10 (6}  amino;

(7)  trityl;

(8)  heterocycloalkyl,

9y arylakyl;

{10) heteroary! and
15 (11) heteroarylalky!,

wherein R'* is independently selected from: H; or alkyl, preferably
methyl or ethyl.
More preferably, when there is a double bond between C-5 and C-6, Ais H
and B is R®. Most preferably, when there is a double bond between C-5 and C-6, A is

20 Hand B is R? wherein R? is selected from:

(1)  arylalkyl;

(2)  substituted arylalkyt;

{3) arylalkoxy;

(4)  substituted arylalkoxy;
25 (5)  heterocycloalkyl;

(8)  substituted heterocycloalkyl;

(7}  heterocycloalkylatkyl;

(8)  substituted heterocycloalkylalkyl;

(9)  heteroarylaikyl,
30 (10) substituted heteroaryialkyl;

(11) alkenyl;

(12) substituted alkenyl;

(13) heteroarylalkeny! and



butyl). Yet even nore preferably, RO is selected from WD 02/15368

PCT/ US01/ 26792 23 Yet even nore preferably, R9 is selected from , . .. ..
-(CH2)-imdazolyl, wherein said imdazolyl ring is optionally subst it dfed
with 1, 2, or 3 substituants, preferably 1, independently selected from
met hyl or ethyl. Still even nore preferably, RO is selected from
-(CH2)-(2-methyl )-imdazole. 5 Preferably, at |east one of R2', R22 and R46
i s other thapohhpneal kyl. More preferably, R21 and R22 pgrik@nghR46 is
other than H or alkyl. Mst preferably, RR1 and R22 is Hand R45 is

sel ected from heteroaryl or heterocycloalkyl. Preferably, said heteroaryl
groups for said R2Z1, R22 or R4s is 3-pyridyl, 4-pyridyl, 3-pyridyl-N Oxide

or 4-pyridyl- N Oxi dfm Wﬁs%f’eﬁg{e@é}bﬁ %Ik%}ﬁ jdyl or 4-pyridyl- N 10 Oxide;
nost preferably 4-py iglyl - N Oxi de. Prrg erably, said heterocycl oal kyl groups
for said RewhemRirRhe spbsRi@nisiopsaidsubstiieed R gepups ang indgpendlentieseedieRis | s
-C(O)NHRSL]c&%g] preferably R51 is -C(O NH2. More preferably, 15 piperidine
Ring Vis: 0 HR51 and nost preferred Ring Vis: o--~NH2 25 FEB 2005 WO
02/ 18368 PCT/ US01/ 26792 2DH;

5 (2) halo, {(preferably Br);
(3) alkyl (e.g. methyl, ethyl, propyl, buty}, or t-butyl);
(4 amino and
(5) trityl.
Stifl more preferably, when there is a double bond between C-5 and C-6, Ais H
10 and B is R® wherein R? is selected from:
(1)  heterocycloalkylalkyl;
(2)  substituted heterocycioalkylalkyl;
(3) heteroarylatky! and
(4 substituted heteroarylalkyl,
15 wherein said substituents for said substituted R® groups are the same or different alky!
groups (e.g., C1-C4 alkyl).
Even more preferably, when there is a double bond between C-5 and C-6, A is
H and B is R? wherein R® is selected from:
(1)  heteroaryl{(C1-C3)alkyl and
20 (2)  substituted heteroaryl{C1-C3)alkyt,
wherein the substituents for said substituted R® group are as defined above.
Yet stilt more preferably, when there is a double bond between C-5 and C-6, A
is H and B is R? wherein R? is selected from:
(1)  heteroaryl(C1-C3)alkyl, with heterocaryl-CH;- being preferred and
25 (2)  substituted heteroaryl(C1-C3)alkyl, with substituted heteroaryl-
CH,- being preferred,
wherein the substituents for said substituted R® groups are selected from one or more
(e.g. 1, 2 or 3) with one being preferred, of the same or different alkyl groups (e.g., -
CHy, -CoHs, -CsHy) with -CHj3 being preferred.
30 Even still more preferably, when there is a double bond between C-5 and C-6,
A is H and B is R° wherein R’ is selected from:
(1)  -CHz-imidazolyl,
(2) substituted imidazolyl-CH,-;



5 Thus, R21, R22 and Ras are preferably independently selected from (1) H,
(2) aryl (nost preferably phenyl); (3) heteroaryf and (4) heterocycl oal kyl
(i.e., Piperidine Ring V) wherein at |east one or R21, R22, or R4BLijsiqtiher
than H, and nost preferably R21 and R 22 are H and R46 is other than H, and
nore preferably R21 and R22 are H and R46 is 10 selected from heteroaryl or
het erocycl oal kyl, and still nore preferably R21 and R22 are H and R46 is
Pi peri di ne ®iong 13s wherein the preferred definitions of hatenoaryl and
Piperidine Ring V are as descri bed above. Preferably, A and B are
i ndependently selected from 15 20 25 39 (1) (2) (3) (4) (5 (6) (7)
(8) different; (9 (10) (11)

3} -(CHa)z-imidazolyi;

(
(4)  substituted imidazolyl-(CHa)z-;
(5)  -{CHp)s-imidazolyl;
(6)  substituted imidazolyl-{CH2)a-;
5 (7)y  -CHs-piperaziny! and
(8) -CHz-morpholinyl;
wherein the substituents for said substituted R? groups are selected from one or more
(e.g. 1, 2 or 3), with one being preferred, of the same or different alkyl groups (e.g.,
-CHjs, -CaHs, -CsH;) with -CHg being preferred; and wherein, the substituted imidazolyl
10 groups:
CHa
(\/{' CJ Ty
= CHs L%L 11.‘{
are preferred, with
15

(\N
/' //\
’LL"’L CHs
heing most preferred.

Yet stifl more preferably, when there is a double bond between C-5 and C-6, A
is H and B is R® wherein R® is substituted imidazotyl-CHy-, with

Y
"

20 pbeing preferred.



(12) (13) (14) (15 (16) -H -R9; -R9-C(O-R9; -R9--C02-R9a;
-C(ONHR9;  -C(ONHCH2-C(O-NH2; -C(ONH Res'. -(CH2)p(R9)2, wijeréiinitgach
RO is the sanme or -(CH2)pC(OR9; -(CH2)pC(0)R27a; -(CH2)pC(O N(R9) 2,
wherein each RO is the sane or different; -(CH2)pC(O NH(R9);
- (CH2) pNHC( O R50; - (CH2) pNHC(0) 2R50; -(CH2)pN(C(O R27a)2 wherein R27a is
the sanme or different; -(CH2)pNRS1C(O R27, optionally, R51 and R27, taken
toget her wi tWCtH&E*4t ons to which they are bound, form a ReVEy*%¢E5/&t oal kyl
ring consisting of 5 or 6 nenbers, provided that when R51 and R27 form a
ring, R51 is not H 25 WO 02/18368 PCT/ 8501 /2(792 25 (17)
-(CH2) pNR51C(O NR27, optionally, R-" and R27, taken together wth the atons
to which they are bound, forma heterocycl oal kyl ring consisting

When B is H and A is R®, and there is a double bond between C-5 and C-6, the

R? groups for A are those described above for B.

When the optional bond between C-5 and C-6 is not present (i.e, there is a

5 single bond between C-5 and C-6), each A and each B are independently selected
and the definitions of A and B are 'the same as those described above when the
optional bond is present, provided that when there is a single bond between C-5 and
C-6 then one of the two A substituents or one of the two B substituents is H (i.e., when
there is a single bond between C-5 and C-6 one of the four subslituents (A, A, B, and
10 B} has to be H}.
Preferably, there is a double bond between C-5 and C-6.



or 5 or 6 nenbers, provided that when R51 and R27 forma ring, R51 is not H,
(18) -(CH2)pNRs C(O N(R27a)2, wherein each R27a is the sane or 3 djffapent;
(19) -(CH2) pNHSO2N( R51) 2, wherein each R51 is the sane or different; (20)

- (CH2) pNHCO2R50; (21) -(CH2)pC2R51; (22) -NHR9 ; 10 (23) Rao 1 -(CH2)p- C
R31 (24) 9 wherein R30 and Rai are the sanme or different and Rao R32 1 1
-(CH2) p-C G R33 wherein R3, R31, R32 and R33 are By Pr
different. i v s%s preferably, A and B are independentlykks]lz'ljsg@?@) from (1)
-H (2) -R9; (3) -R9-C(OQ-R9; 20 (4) -R9-CO-R9a; (5) -C(OQNHR9; (6)
-(CH2) p(RO) 2i wherein each RO is the sane or different;

Compounds of this invention having C-11 R- and S- stereochemistry include:




(7) -(CH2)pC(O R9; (8) -(CH2)pC(O N(R9)2, wherein each A9 is the sane or
different; 25 (9) -(CH)pC(ONH(Rg); (10) -(CH2)pNR51C(O R27, optlonally
R5' and R27, taken together with the atons to which they are boﬂhd’lfdr‘ma
het er ocycl oal kyl ring consisting of 5 or 6 nenbers, provided that when R51
and R27 forma ring, R51 is not H, WO 02/18368 PCT/ US01/ 26792 26 (12)
(CHZ)pNRSC(O NR27, optionally, R51 and R27, taken together wth the atons
to which theY?¥¥%ound, form a heterocycl oal kyl ring coRSTBMAY*? of 5 or 6
menbers, provided that when R51 and R27 forma ri ng, R51 is not H and 5
(13) - NHRO. Exanpl es of A and B include3ut are not limted to: NHO t NY
N\,Br N RP NHWO 1121 1 8368 27 NH and wherein pis 0, 1, 2, 3 or 4; 5

M N
o R 2!
H22 0 Rzg
5 R46 R46
Y Y
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PCTIUSII 1/26792 Wien the optional bond between C-5 and C-6 is present

(i.e., there is a double bond between G5 and C-6), then preferab) one of
Aor Bis Hand the other is R9,. and preferably, R9 is sel ect ed 4+ bm 190 15
'20 heteroaryl; substituted heteroaryl; aryl al kyl ; substituted arylal kyl;
aryl al koxy; substituted aryl al koxy; heterocycloal kyl; substituted

het er ocycl oalpkighéses het erocycl oal kyl al kyl ;  substituted pcruso26792

het er ocyci oal kyl al kyl ; heteroaryl al kyl; substituted heteroarylal kyl;

al kenyl ; substituted al kenyl; %O 02/18368 PCT/US01/26792 28 (15)

het er oaryl al kenyl and (16) substituted heteroaryl al kenyl, wherein the
substituents for said substituted RO groups are each independently selected

from 5

LD LD
) )
O 0
C, ()
| - A
Lo LT
) )
N N

wherein X=Nor C;



10i5 (1) -OH -(2) -CO2R14; (3) -CH20R a, (4) halo, (5) alkyl (e.g

met hyl, ethyl, propyl, butyl or t-butyl); (6) amno; (7) trityl fl(g)q..w
heterocycl oal kyI (9) aryl al kyl; (10) heteroaryl and (11) heteroarylal kyl,
wherein R14 is |ndependently selected from H, or alkyl, preferably nethyl
or ethyl. More preferably, when there is a double bond between C-5 and C 6,
Ais H and Bis R9. Mst preferably, when there is a double bond between
C-5 and C6,WVA'YS3¥820 H and B is RO wherein RO is sel ect ¥d"¥¥8H#"25 30
aryl al kyl; substituted arylal kyl; arylal koxy; substituted aryl al koxy;
het er ocycl oal kyl; substituted het erocyéi oal kyl ; heterocycl oal kyl al kyl ;
substi.tuted het 8r9g¥(c:)llr &al kyl al kyl ;

Y = alkyl, arylalkyl, or heteroarylalkyl.

Preferred compounds of this invention are listed below:

5
N /ﬁ l\,N
C C
N o N 0
(139) (628) (699)
S
C CI C‘
N
N o N 0 |

10

(326) (644) (332)



het er oaryl al kyl ; substituted heteroarylal kyl; al kenyl; substituted al kenyl;
het er oaryl al kenyl and WO 02/ 18368 PCT/ US01/ 26792 29 (14) substituted

het er oaryl al kenyl, wherein the substituents for said substltuted?R&Pgrpqps
are independently selected from 5 (1) -OH (2) halo, (preferably Br); (3)
al kyl (e.g. nmethyl, ethyl, propyl, butyl, or t-butyl); (4) amno and (5)

trityl, Still nore preferably, mhen there is a double bond between C-5 and
C-6, Ais HybQanek B is RO wherein RO is selected from pcr/usotize792
het erocycl oal kyl al kyl ; substituted heterocycl oal kyl al kyl; heteroaryl al kyl

and substituted heteroaryl al kyl, 15 whewein said substituents for said
substituted RO groups are the sane or different alkyl groups (e.g., CL-C4
al kyl'). Even nore preferably, when the 8. is a doubl e/bond between C-5 and

C-6, Ais Hand Bis \ erern RO i \séTEcted fr (1)
het er oar yl ( C1- C3) al kyl d 20 (2) substiuted het
/ Co * ¢ ﬁo
\
N o
(362a) (372)

c'
E,‘ii\] \QE] s

(378) (690)

M N
I S S
o

(586)



wherein the substituents for said substituted RO group are as defined above.
Yet still nore preferably, when there is a double bond between C 57 and.Gr6,
A is Hand Bis RO wherein RO is selected from 25 (1) o
het eroaryl (Cl1-C3)al kyl, with heteroaryl-CH2- being preferred and (2)
substituted heteroaryl (Cl-C3)al kyl, with substituted heteroaryl- CH2- being
preferred, wherein the substituents for said substituted RO groups are

sel ected froRBAESr nore (e.g. 1, 2 or 3) with one beifd/UsP\&F®ered, of the
sane or different alkyl groups (e.g., - CH3, -C2H5, -C3H4) with -CH3 being
preferred. 30 Even still nore preferably; when there is a double bond
between G5 and CG6, Ais Hand Bis RO wherein RO is selected from (1)
-CH2-imdazolyl; (2) substituted imdazolyl-CH2-; WO 02/183@8

PCT/ US01/ 26792 3@Hp (3) -(CH2)2-imdagglyl; (4) substityped
i m dazol yl - (CH2L2-; (5) -(CH2)3-imidazolyl; (6) substituted
inidazolyl-(CﬂEigf' (7) -CH2-pipeN§ghnyl and (8) -CHz- 3
the substituen sai d substitu#ed 9, groups ar eS¢

Nnyl ; wherein

nore (e.g. 1, 2 M th one bein erred, ¥l different
al kyl groupsB(e(g. ~GoH5, Br=ZHA CH3 et rred; and
wherei n, the sulist#ty i dazol yl No=




CH3 15 are preferred, with CH3 HBC N NI CH3 being nost preferred. Yet
still nore preferably, when there is a double bond between C-5 and. C g” A
is Hand Bis RO wherein RO is substituted imdazolyl-CH2-, Wit CHe? 29 A
being preferred. WO 02/18368 PCT/ US01/ 26742 31 Wien Bis Hand Ais R9, and
there is a double bond between G5 and C-6, the RO groups for A are those
descri bed alpowe d;e B. When the optional bond between CppTanreéh & is not
present (Le, there is a 5 single bond between C-5 and C-6), each A and each
B are independently selected and the dgfinitions of A and B are the same as
t hose descri bed above when the optional bond is present, provided that when
there i s aVerepgileterisdmdnipetngeor tsimanton Gedistdidrelome of the two A
substituents or one of the two B substituents is H(i.e., when there is a
singl e bond between C-5 and C-6 one of the four substituenhs (A, A B, and
10 B) has to be H). Preferably, there is a double bond bet leen G5 and G 6.
WD 02/ 18368 PCT/WUK01/ 26792 CH HO N\”

NN




32 Conpounds of this invention having C11 R and S- stereochem stry
include: ci r-1, X I-, N~ Rlla R21 RR2 C4 G Rla a nip HR21 R22 ci C C
WO 02/ 18368 PCT/USO /26792 33 5 Rila O N- HH W 112118368 34 34| /i

WO 02/18368 , PCT/USO1/26792
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Most preferred compounds of this invention are listed below:

(372a).

Lines drawn into the ring systems indicate that the indicated bond may be

10  attached to any of the substitutable ring carbon atoms.



10 HN R21 OQu /822 Ras wherein X = Nor C H N PCT/USA 1126792 R21 H22 5 10
WO 02/18368 Q=Br orC; Y = alkyl, arylalkyl, or heteroarylal kyl. B5fFE ik
Preferred conmpounds of this invention are listed below. N (139) (326) d N
(644) cl N~z

WO (12/18368 PCT/USN1/26792
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Certain compounds of the invention may exist in different isomeric (e.g.,
enantiomers, diasterecisomers, atropisomers) forms. The invention contemplates all
such isomers both in pure form and in admixture, including racemic mixtures. Enol
forms are also included.

5 Certain tricyclic compounds will be acidic in nature, e.g. those compounds
which possess a carboxyl or phenolic hydroxyl group. These compounds may form
pharmaceutically acceptable salts. Examples of such salts may include sodium,
potassium, calcium, aluminum, gold and silver salts. Also contemplated are salts
formed with pharmaceutically acceptable amines such as ammonia, alkyl amines,

10 hydroxyalkylamines, N-methylglucamine and the like.

Certain basic tricyclic compounds also form pharmaceutically acceptable saits,
e.g., acid addition salts. For example, the pyrido-nitrogen atoms may form saits 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

15 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 sait

20  with a suitable dilute agueous 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.

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

The compounds of formula 1.0 can exist in unsolvated as well as solvated

30 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.



PC /USOL126792 (332) cl C WD 02/18308 (362a) N\ C (684) N 36 (372) N
PCT/ US01/ 26792 (230) C WD 02/18368 37 5 (816) (778) ci O cl PCTIUSO
1126792 (790) (793) d 25 FEG

WO 02/18368 PCT/GS01/26792
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The method of treating proliferative diseases (cancer), according 1o this
invention, includes a method for treating (inhibiting} the abnormal growth of cells,
including transformed cells, in a patient in need of such treatment (e.g., 2 mammal
such as a human), by administering, concurrently or sequentially, an effective amount

5 of a compound of this invention and an effective amount of a chemotherapeutic agent
and/or radiation. Abnormal growth of cells means cell growth independent of normal
regulatory mechanisms (e.g., loss of contact inhibition), including 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

10 another gene; and (3) benign and malignant cells of other proliferative diseases.

In preferred embodiments, the methods of the present invention include
methods for treating or inhibiting tumor growth i a patient in need of such treatment
(e.g., a mammal such as a human) by administering, concurrently or sequentially, (1)
an effective amount of a compound of this invention and (2) an effective amount of at

15 least one antineoplastic agent, microtubule affecting agent and/or radiation therapy.
Examples of tumors which may be treated include, but are not limited to, epithelial
cancers, e.g., prostate cancer, lung cancer (e.g., lung adenocarcinoma), pancreatic
cancers {e.g., pancreatic carcinoma such as, for example, exocrine pancreatic
carcinomay), breast cancers, colon cancers {e.g., colorectal carcinomas, such as, for

20 example, colon adenocarcinoma and colon adenoma), ovarian cancer, and bladder
carcinoma. Other cancers that can be treated include melanoma, myeloid leukemias
(for example, acute myelogenous leukemia), sarcomas, thyroid follicular cancer, and
myetodysplastic syndrome. tn particular, the proliferative disease (tumor) that may be
treated is selected from lung cancer, pancreatic cancer, prostate cancer and myeloid

25 leukemia. Preferrably for the methods of the present invention, the disease {tumor)
that may be treated is selected from lung cancer and myeloid leukemia.

The methods of treating proliferative diseases, according to this invention, also
include a method for treating (inhibiting) profiferative diseases, both benign and
malignant, wherein ras proteins are aberrantly activated as a result of oncogenic

30 mutation in other genes —i.e., the ras gene itself is not activated by mutation to an
oncogenic form. This method comprises administering, concurrently or sequentially,
an effective amount of a compound of this invention and an effective amount of an

antineopiastic agent and/or radiation therapy to a patient in need of such treatment



Cl ,~"N11-1 5 WD 02/18368 38 More preferred conpaunds of this invention are
listed below. /CH3 CRJ N=K, )N =~ VN~ (816) O H3CCH3N H3C 0 0 (788)
PCT/US01126792 (790) | C (372) L, | L' WO /18368 39 Most preff@ry@g T
conpounds of this invention are |listed below H3C HO N (790) SRE

WO 02/18308 PCT/USU1/26792
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(e.g., a mammal such as a human). Examples of such proliferative diseases which
may be treated include: the benign proliferative disorder neurofibromatosis, or tumors
in which ras is activated due to mutation or overexpression of tyrosine kinase
oncogenes (e.g., heu, stc, abl, ick, lyn, fyn).

5 For radiation therapy, y-radiation is preferred.

The methods of treating proliferative diseases (cancer), according to this
invention, also include a method for treating (inhibiting) the abnormal growth of cells,
including transformed cells, in a patient in need of such treatment {(e.g., a mammal
such as a human), by administering, concurrently or sequentially, an effective amount

.10 of a compound of this invention and an effective amount of at least cne signal
transduction inhibitor.

Typical signal transduction inhibitors include but are not limited to:

(i) Ber/abl kinase inhibitors such as, for example, STI 571 (Gleevec);

(i) Epidermal growth factor (EGF) receptor inhibitor such as, for example,

15 Kinase inhibitors (lressa, 0S1-774) and antibodies (Imclone: C225 [Goldstein et al.
(1995), Clin Cancer Res. 1:1311-1318], and Abgenix: ABX-EGF) and

(i) Her-2/neu receptor inhibitors such as, for exampie, Herceptin®
(trastuzumab).

As used herein the following terms have the following meanings unless

20  indicated otherwise:
antineoplastic agent - a chemotherapeutic agent effective against cancer;

concurrently - (1) simultaneously in time, or (2) at different times during the

25  course of a common treatment schedule; and

sequentially - (1) administration of one component of the method ((a)
compound of the invention, or (b) chemotherapeutic agent, signa! transduction
inhibitor and/or radiation therapy) followed by administration of the other component or
30 components; after adminsitration of one component, the next component can be
administered substantially immediately after the first component, or the next

component can be administered after an effective time period after the first



5HCCH,~HCO0O0d i d NO (793) (778) (788) G dd C, N 'O (372a).
PCT/ US01/ 26792 Lines drawn into the ring systens indicate that the indicated
bond may be 10 attached to any of the substitutable ring carbon &tons J(i25

f EB 2005 WD 02118368 PCT/ US01 /26792 40 Certain conpounds of the invention
may exist in different isoneric (e.g., enantioners, diastereoisoners,

atropi somers) forms. The invention contenplates all such isoners both in
pure form af® PA8¥8ni xture, including racemc mxtures. BrBFSMRGPhs are al so
included. 5 Certain tricyclic conmpounds will be acidic in nature, e.g. those
conpounds whi ch possess a carboxyl or phenolic hydroxyl group These

conmpounds ma for m maceut i cal tabl e salts such
salts may i H?H@“ts %thvedm%e@f%%&@fg O?HV‘ﬁrﬁ"f‘?Gr{?r f&g]j @t'aﬂﬁ’ si | ver
salts. Al S%éﬂﬂbﬁl@r@hﬁ%fﬁﬂ@ fhihiStration of the first component.
The term “in association with” as used herein in reference to the combination
therapies of the invention means-the agents or components are adminstered

5 concurrently or sequentially as defined above.

CHEMOTHERAPEUTIC AGENTS

10 Classes of compounds that can be used as chemotherapeutic agents
{antineoplastic agent/microtubule affecting agents) include but are not limited to:
alkylating agents, antimetabolites, natural products and their derivatives, hormones
and steroids (including synthetic analogs), and synthetics. Examples of compounds
within these classes are given below.

15

Alkylating agents {(including nitrogen mustards, ethylenimine derivatives, alkyl
sulfonates, nitrosoureas and triazenes): Uracil mustard, Chlormethine,
Cyclophosphamide (Cytoxan®), Ifosfamide, Melphalan, Chlorambucil, Pipobroman,
Triethylene-melamine, Triethylenethiophosphoramine, Busulfan, Carmustine,

20  Lomustine, Streptozocin, Dacarbazine, and Temozolomide.

Antimetabolites (including folic acid antagonists, pyrimidine analogs, purine
analogs and adenosine deaminase inhibitors): Methotrexate, 5-Fluorouracil, .
Floxuridine, Cytarabine, 6-Mercaptopuring, 8-Thioguanine, Fludarabine phosphate,
Pentostatine, and Gemcitabine.

25 Natural products and their derivatives (including vinca alkaloids, antitumor
antibiotics, enzymes, lymphokines and epipodophyllotoxins): Vinblastine, Vincristine,
Vindesine, Bleomyecin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,
Idarubicin, paclitaxel (paclitaxel is commercially available as Taxol® and is described
in more detail below in the subsection entitled “Microtubule Affecting Agents™),

30 paclitaxel derivatives (e.g. taxotere), Mithramycin, Deoxyco-formycin, Mitomycin-C,
L-Asparaginase, Interferons (especially IFN-a), Etoposide, and Teniposide.

Hormones and steroids (including synthetic analogs): 17o-Ethinylestradiol,

Diethylstilbestrol, Testosterone, Prednisone, Fluoxymesterone, Dromostanolone



formed wth pharmaceutically acceptabl e am nes such as ammoni a, al kyl

am nes, 10 hydroxyal kyl am nes, N-nethyl gl ucam ne and the |ike. Ceig%kq\ggsic
tricyclic conpounds al so form pharnaceutically acceptable salts, Agiacid
addition salts. For exanple, the pyrido-nitrogen atons may formsalts with
strong acid, while conpounds having basic substituents such as am no groups
al so form sghtiisiswist h weaker acids. Exanpl es of suitabl epasuds fef salt
formation are 15 hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic,
mal onic, salicylic, malic, fumaric, sugginic, ascorbic, maleic,

met hanesul foni c and other m neral and carboxylic acids well known to those
in the art.préhiensd Tsstdlacomns, dpajestiolayetanTadbkifeg, Mathyiprednisdiass Maliyn wi th a
sufficient anmount of the desired acid to produce a sg&t in the conventional
manner. The®HPEEYEsBrebishiontaliaReinigRsm S etapiens: EXLIRYPLAESIEANE: 20 with
a sui t abl e ghinghRicuEIHRRYEsPAREstFR] Melifkysloebstamnthdatiie, Bslesias, NaOH, ’
pot assi um carbonate, amonia and sodi um bi carbonate. The free base forns

di ffer fronf'vRelde, Toepeeei {daday-t forms somewhat in certain physica
propertises, suchyames HildidginbRianRUApl@b YEEH 8s plRtturh BSodfhfofnd base
salts are otherw'se equivalent to their respective free base forms for

pur poses ofcaneeiasi dnitnldin Cadoplatingdydorairer. Aiepasase Rararsazing Mita@itded to
be phar nac i I iLt-hinLt.he scope of the invention and
all acid aﬁﬂ&%%@gbﬁﬁﬁ%ggg%ggb%ﬁ%F%gééﬁww@gﬁ?vg?ént to the free forns of the
correspondi ng cdiepisulady pfajerrgliaedbe antiedplastic ageranselesied Thee» conpounds of
formul a 1. j L0 A 2d 18Sy Sk - f i ncl udi ng
hydr at od T oPiaoPrEepHmE S PRGlR T Ao kiR ARRL S emthy GBpiat '
phar maciéut | al Ggmaitabept dBds psbvaly,she actneaplaght aygnt &t fedeed Giord t he |ike are

0311 836 PCPORC kTSP Ry GBRAh L oot i ng prol i ferative di seases
(cancer), accor dilatijgodsdot thie safe and effective administration of most of these
chemotherapeutic agents are known to those skilled in the art. in addition, their
administration is described in the standard literature. For example, the administration
15  of many of the chemotherapeutic agents is described in the “Physicians’ Desk
Reference” (PDRY}, e.g., 1996 edition (Medical Economics Company, Montvale, NJ
07645-1742, USA); the disclosure of which is incorporated herein by reference
thereto.

20 MICROTUBULE AFFECTING AGENTS

As explained above, the present invention also provides methods of treating
diseased cells by contacting the cells with an FPT inhibiting compound of the
invention and a microtubule affecting agent (e.q., paclitaxel, a paclitaxel derivative or a

25 paclitaxel-like compound). As used herein, a microtubule affecting agentis a
compound that interferes with cellular mitosis, i.e., having an anti-mitotic effect, by
affecting microtubule formation and/or action. Such agents can be, for instance,
microtubule stabilizing agents or agents which disrupt microtubule formation.

Microtubule affecting agents useful in the invention are well known to those of

30  skill in the art and include, but are not limited to allocolchicine (NSC 406042),
Halichondrin B (NSC 609395), colchicine (NSC 757), colchicine derivatives (e.g., NSC
33410), dolastatin 10 (NSC 376128), maytansine (NSC 153858), rhizoxin (NSC
332598}, paclitaxe! (Taxol®, NSC 125973), paclitaxel derivatives (e.g., Taxotere, NSC
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5,440,057; 5,422,364; 5,411,984; 5,405,972; and 5,296,508}).
More specifically, the term “paclitaxel” as used herein refers to the drug
commercially available as Taxol® (NSC number: 125973). Taxol® inhibits eukaryotic
cell replication by enhancing polymerization of tubulin moieties into stabilized
20  microtubule bundies that are unable to reorganize into the proper structures for
mitosis. Of the many available chemotherapeutic drugs, paclitaxel has generated
interest because of its efficacy in clinical trials against drug-refractory tumors,
including ovarian and mammary gland tumors (Hawkins (1 992) Oncology, 6: 17-23,
Horwitz (1992) Trends Pharmacol. Sci. 13: 134-146, Rowinsky (1990) J. Nati. Canc.
25 Inst. 82: 1247-1259).
Additional microtubule affecting agents can be assessed using one of many
such assays known in the an, e.g., a semiautomated assay which measures the
tubulin-polymerizing activity of paclitaxel analogs in combination with a cellular assay
to measure the potential of these compounds to block cells in mitosis (see Lopes
30 (1997) Cancer Chemother. Pharmacol. 41:37-47).
Generally, activity of a test compound is determined by contacting a cell with
that compound and determining whether or not the cell cycle is disrupted, in particular,

through the inhibition of & mitotic event. Such inhibition may be mediated by



30 nutation in other genes - i.e., the ras gene itself is not activated by
mutation to an oncogenic form This method conprises adm nistering,s i
concurrently or sequentially, an effective anbunt of a conpound of this
invention and an effective anount of an antineopl astic agent and/or

radi ati on therapy to a patient in need of such treatnent WO 02118368 PCTI USO
| /26792 42 a mammal such as a human). Exanpl es OF n.pLeliferative
di seases whr&ﬁpq%gy be treated include: the benign proli Cﬁﬁ?lﬁg'glsorder
neur of i bromatosis, or tunmors in which ras is activated due to nutation or
over expressi on of tyrosine kinase oncoé nes (e.g., neu, src, abl, Ick, lyn,

fyn). S Forgd ﬁﬂbﬂtdf% E aré(ttlé aegt%aﬂ')ir%Buér?o dﬁﬁ%‘%;ﬁﬂdlﬁﬂ?ﬁlaﬁﬂ h@%?s of

treating prolrferative accor Irnvention, also
i ncl ude a rewhat nitsistis eﬂdanrmmecq malibbicharaglerizbe balaﬁemduhorgh@o@ﬂecg‘., cells, .
i ncluding tran rred ce such treatnent (e.g.; a

n
mammal  sucdh® zUbéi' %?ﬂpa%ctlogyn%raﬂ?erﬂp@}r%rﬁ)%odneg 5%?’%&%‘& |y or sequentially, an
e]t fect : ve anounin d@re@éirr@l @tﬁﬂ@chBdt o&f)mpdsum{gww\qmgsmm mbldhrami;eﬁelﬁr&etmrvedanount
of at ast ane signa ransduction_inhi bit ca nal transduction
Cnhi bit &r e 3N ATe SHEEnS] I Hee: %r?ft%edreg b%\r'?e@)clﬁﬁéﬁ’r’"ﬂ?f’ﬁ%%@eu nhi bitors
such as, fogcr@ﬁ@@fﬁb@mst%ﬂnufemm@ @@nse@)enve(d from liRé dorapAp-easamiktd) fhact or  (EGF)
receptor inhibitor such a exa Ki nase inhibitors (lressa,

OSl - 774) arighibien %qu;{pggra@pﬁ@pg/ﬁéfor@ﬁ@l’sd@Q}H%@p@ﬁpﬁo@gy dn particylgoigy  Qliri
Cancer Res.yiLickibldes dopd@btioANth mgﬂé%inﬁﬁ(ﬁ@% t@%g@o‘rﬂﬂouﬁ%c%tﬂ@h‘ pkecept or

i nhi bitors such as, for exanp Her ce trastuzumab). used herein
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; y si mul t aheo time erent tines
during the Other methods of screening compounds for desired activity are well known to
those of skill in the art. Typically such assays involve assays for inhibition of
microtubule assembly and/or disassembly. Assays for microtubule assembly are
described, for example, by Gaskin et al. (1974) J. Molec. Biol,, 89: 737-758. U.S.
15  Patent No. 5,569,720 also provides in vitro and in vivo assays for compounds with
paclitaxel-like activity.
Methods for the safe and effective administration of the above-mentioned
microtubule affecting agents are known to those skilled in the art. In addition, their
administration is described in the standard literature. For example, the administration
20  of many of the chemotherapeutic agents is described in the “Physicians’ Desk
Reference” (PDR), e.g., 1996 edition (Medical Economics Company, Montvale, NJ
Q7645-1742, USA); the disclosure of which is incorporated herein by reference

thereto.

25 General Preparative Schemes

The following processes may be employed to produce compounds of the
invention.

Pyridyl Tricyclic Compounds

One skilled in the art will appreciate that the compounds of the invention
30  represented by Formula 1, wherein one of a, b, ¢ or d is N or N*-O" can be prepared

according to the following schemes:



25 course of a common treatnent schedul e; and sequentially - (1)

adm ni stration of one conponent of the nethod ((a) conpound of the N

i nvention, or (b) chenotherapeutic agent, signal transduction i rfHjbiit 8
and/or radiation therapy) followed by adm nistration of the other conponent
or 30 conponents; after adm nistration of one conponent, the next conponent
can be adm nistered substantially inmmediately after the first conponent, or
the next cOHBABKY can be administered after an effectPY&UEI'REperi od after
the first 25 FEB 2005 WO 02/ 18368 PCT/ US01/ 26792 43 conponent; the effective
time period is the anobunt of tine givern’/for realization of maxi num benefit
fromthe admnistration of the first conponent. The term"in association

wi th" as used herein in reference to the conbination therapies of the

i nventi on r@demd te agents or conponents are adm nstered 5 concurrently or
sequentially as defined above. CHEMOTHERAPEUTI C AGENTE 10 Cl asses—of

conpounds that can be used as chenot hétapeutic agents| (antineopl dstic agent
m cr ot ubul e af f= gent sP i ncl ude Qe not limt yl ating
agents, anti netz es, Bpat wPal plo nd thedw el vatile hor nones
and steroids (inclyding syn ic andl ofjs), and mwnt heti c Exanplles of
conpounds w thin these-etasses—awe (i bel ow. Alkyl ati ng aggnts

(i ncludi ng nitrogeéh nust acdgy, retchyl eni e derivatives, g sul [f onat es,
nitrosoureas and triazenes): Uracil nudtard, Chlornethine, "Cycl ophospham de
(Cytoxan), Ifosfam de, Mel phal an, Chl orapbucil, Pi pobroman,

Tri et hyl ene- nel arfitne, Tri et hyl enet hi ophosphor ani ne, Busul flan,, Carnustine, 20
Lonusti ne, Streptozocin, Dacarbazine, and Tenobzol om de. An i@qe},abol ites
(including folic acid antagonists, pyrimdine anal ogs, pur§n i

@) Ch,

O o
= cl = i = Cl ‘“O Cl
’, \ - \ ’ \ p’
\ z N N O * N
+ B T—
N
N N N \
R R R R

1f 1e 1d 1c

5 The synthesis of 5-bromo tricyclic compound 1b begins with bridgehead olefin
1a (J. Med Chem (1998}, 41,1561-1567) which is treated with dibromo
dimethylhydantoin in triflic acid media. Further treatment of the vinylbromide with
potassium t-butoxide in the presence of the appropriate secondary amine gives the 5
and 6-substituted enamine adducts. When Y is NH (piperazine case), acylations,

10 sulfonylations and amide formation can be carried out using standard procedures.
Treatment of these amine adducts with HCl(aq) at the appropriate temperatures
results in the formation of the 5 and 6 azaketones, 1f and 1e respectively.



anal ogs and adenosi ne deam nase inhibitors): Mthotrexate, 5-Fluorouracil,” .
Fl oxuri di ne, Cytarabine, 6-Mercaptopurine, 6-Thioguanine, Fludaraljinets /it
phosphate, Pentostatine, and CGentitabine. 25 Natural products and their
derivatives (including vinca al kal oids, antitunor antibiotics, enzynes,

| ynphoki nes and epi podophyl | ot oxi ns): Vinbl astine, Vincristine, Vindesine,
Bl eonyci n, PaGtidiyrycin, Daunorubi ci n, Doxor ubi cin, Epi raghie@higre2! dar ubi cin,
paclitaxel (paclitaxel is commercially available as Taxol (r) and is
described in nore detail belowin the subsection entitled "Mcrotubule
Affecting Agents"), 30 paclitaxel derivatives (e.g. taxotere), Mthramycin,
Deoxyco-fog_;m{&;1 o Mtonycin-C, L-Asparaginase, Interferons (especially

i FN-a), Et O‘p‘OST%E“ and Teni posi de. Hornones andﬂ steroids (incluygding

synt hetic anal ogs): 17a-Ethinylestradiol, D et hyl"s\ti | bestrol, Téstosterone,
Pr edni sono, Fbuoxynesterone, Drgmpstanol one 25 WO 02/ 18368 PCTIMUS01/ 26792 44
pr opi onat e, > Meges{r ol acet at e, e _sol one,

Met hyl - te 2r e dfii=8
Ar nlngg

Hydr oxypr og
Medr oxypr og sacet at e;N Leuprdli de, Fl ut
udi ng | nor gap'c~conpl exes Such

Synthetics (i
conpl exes): Ciispllatin, Carbopl atli n, Hydroxyureal._ Aflrsacri ne, C
Mtotane, Mtoxantrone, Levanjsole, and Hexamet Myl mel ami ne. Partficularly
preferred are the anti neopl asté ¢ agents sel ected™from Cycl ophasphani de,
5-Fl uorouracil,, Tenozol om de, Vincristine, Csplajin, Carboplatin 10 and
Genti t abi ne. MYt preferrably, i¢he anti neopl astic agent is sel ect¥®d from
Genti t abi ne, Cilsphsas whemdeGadaopdraniines Wetehiedsirddo synthesis tibe Hadddef ect i ve
adm ni strat] f . I | . to those
ki 1ed i netape Wepdullzslt e 3Gring DR FLL, indH5HLH1AE Relthdtha

5 amine was refluxed in toluene in the presence of p-toluene sulfonic acid in a Dean

Stark apparatus.

Scheme 3:
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adm nistration is described in the standard literature. For exanple, the
adm ni stration 15 of many of the chenotherapeutic agents is descri hgaldg;g Mt he
"Physici ans' Desk Reference" (PDR), e.g., 1996 edition (Medical Econom cs
Conmpany, Montvale, NJ 07645-1742, USA); the disclosure of which is
incorporated herein by reference thereto. 20 M CROTUBULE AFFECTI NG AGENTS
As expl ai ned above, the present invention also provides Of treating
di seased celwosmﬁi?“%ont acting the cells with an FPT i nhi ggﬂ”ﬁ'gf%(%:ggpound of
the invention and a mcrotubule affecting agent (e.g., paclitaxel, a
paclitaxel derivative or a 25 paclitaxet-like conpound). As used herein, a
m crotubul e affecting agent is a conpound that interferes with cellular

: : . P "y ; . : |
Format o and’ o TR St Sperkek i nedbendted EnbliiedhEhBotR L o
st abi I'i zi n@. Agen ssbjoctinggasycic vy Gfordider b anfieikafpsdrehaichasmgtation.

M crotubul e affecting agents ;(ief_ul in the invention are well known to those
of 30 ski laprviate apdécalalyzethley Pdic|ginge the otp un-eatnisted ¢sint3ad Reslugliaroefdbehi ci ne

NSC 406042). .. [ i ( 7) | chi ci
Gor  vat Puog 7iaodE! LRABBBaNEyEs Cien BEPERI cory R RAR borbhnacl? " Rec”
153858), r medokigneddNSC THRI2EISYas fpdiodri reduael t¢ arbol usNGGIHLED @A)inurpac! i t axel
derivati o I C.25 VWO 02/ 18368 PCT/US01/ 26792 45 608832),
i ovol chi VAT seA By 8o PPl it e Eh e ORe e Rl DA A e
sul fate ( MNpfotid 38Kant, folowed b tispacaukhiatien 4iNgiprofaT3odiepehlhidsahed iR,
epot hi |l one,, and. i.scog@g H;ngjﬁde (see Serv Ci ence, 009)
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(1997) Nat wiEnedBierd@Bndaidd tYardeZarbdPawls, Mionamidel an€ahlides8: 973-
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985; Panda (1996) J. Biol. Chem 271:29807-29812. Particularly preferred
agents are conpounds with paclitaxel-like activity. These 10 incigq%w.pgt
are not limted to paclitaxel and paclitaxel derivatives (paclita I'<Fi ke
conpounds) and anal ogues. Paclitaxel and its derivatives (e.g. Taxol and
Taxotere) are available commercially. In addition, nethods of naking
paclitaxel vamob/gasl i taxel derivatives and anal ogues ar ecwekdi,knewn to those
of skill in the art (see, e.g., US. Patent Nos: 5,569, 729; 5,565, 478;
5,530, 020; 5,527,924; 5,508, 447; 5,489:589; 15 5,488, 116; 5, 484, 809;

5,478, 854; 5,478,;736; 5,475,120; 5,468,769, 5,461, 169; 5, 440, 057,

5,422, 364, Sched e SURSHEIR ‘ YPUESBf i cally, the term
"paclitaxel" as used herein refers to the drug comrercially avail able as
Taxol (NSC nunber: 125973). Taxol o inhibits eukaryotic cell replication by
enhanci ng pobynerization of tubulin noieties ingg stabilized 20 @fifcr ot ubul e
bundl es that Yare unabl e toyufeorgani ze into the preper struc S
mtosis. Q< £ /3 @h@ﬁg?ﬁgrapeuti.
gener at ed eNgs CAUSE its efficacy in-¢
drug-refractq tunors el udrmgovartarr-and
6: 17-23, I Horwitz (1992) Trend

31)¢

ieal trials agai nst
qary gland {ufprs (Hawki ns
e, 13:

134- 146, Rowi risky (1990) J¥ Natl. Canc. 25 Inst. f82: 1247-1258). Additional
m crotubul e affecting agents can be assessed using osga@fe many 4such assays
known in the afit, e.g., aisem autonated assay whi ch measures the

tubul i n-pol yneri zing activity of paclitaxel analogs in conbination with a

cellular assay to neasure the potential of these conpoundgd I g& gells
c

in mtosis (see Lopes 30 (1997) Cancer Chenother. Pharmacol. 2

General ly, actiwjty of a test conpound is determ ned by cont
with that conpgghd
di srupted, in Parti
i nhibition nmay be

tijngyaecel |
and determ ni ng whet her or not the cell cyclYe4is
ular, through the intipition of a mtoticogveht. Such
p(li at ed by WO 02/ 18368 46

Cl
CO 1. MsCl

2. Imidazole

A

D\
R N
A R
2
l ad 4c
Separate

Preparation of 6-substituted 3-carbon spaced imidazole compounds was
5 carried out as outlined in scheme 4. A mixture of ketones 1f and 1i were treated with
N-phenytrifluoromethane sulfonimide to give a seperable mixture of 5 and &-tricyclic
triflate compounds. The 6-trilate adduct was converted to the desired 3-carbon spaced
analogs using similar protocol as described for the 5-bromo tricyclic compounds
outlined in scheme 3.
10

Scheme 5;: SYNTHESIS OF 2-CARBON SPACER ANALOGUES




PCT/ US01/ 26792 di sruption of the mtotic apparatus, e.g., disruption of
normal spindle formation. Cells in which mtosis is interrupted nmayhens:
characterized by altered norphology (e.g., mcrotubule conpaction, '
i ncreased chronosone nunber, etc.). In a preferred enbodi nent, conpounds
Wi th possible tubulin polynerization 5 activity are screened in vitro. In a
preferred enbodi nent, the conpounds are screened against cultured WR21
cell's (deriV&*#$#6M fine 69-2 wap-ras mice) for inhibit"CoSYfBroliferation
and/or for altered cellular norphology, in particular for mcrotubule
conpaction. In vivo screening of positile -te sting conpounds can then be
performed using nude mce bearing the WR21 tunor cells. Det@iled pr ot ocol s
for this 10 screening nmethod are descriled by Pomggé (1995) bah, Anim Sci.,
45(2):145-150. L her nngods of screening conpoup nfor deskred activity
are well kno k0 thos& [ ¥ i assays invol ve
assays for orl_of 2 WY EegiBulgfasseabl y_and/ gr di sasgenbly. Assays
for M G ot upyli g assenbl y MR  descri beg NI @t al .

al so

e le. b
(1974) J. Mol ecw Biol ., @%:{"bam?-ws. .S, 15?3@@@2%”1%.
activity. I\/%@%‘Ss for the safe and effecCtive Saaledtiest rati gn™of the

provides in viittlo and in"vivo assays fof conpesnds w t h Np

above-nmenti one m crotubul e affecting &gents are known to ose skilled in
the art. In addition, their admnistration is described im the standard
literature. For exanple, the adm nistration 20 of many of the

chenot her apeut i i i i N i Cl ' ference"”
(PR o o 10BRB BN oh e R AR St B e A R T
07645- 1742 Inilaggrgth waheulpeed bsdille chiemidiychy remclime witip bibatybdnyheteenaeby
referenge |5 P Ve . T | J. ow ng processes
may be gnplc%%%S{igygﬁggﬁgﬁétg%ogﬁg@@%? ﬁ‘ﬁ&?mﬁ%ﬁ”ﬂw El’rb‘l :%%ig‘ll Tricyclic
Conpounds carbon spaced compounds were obtained by treating the tricylic compound with the

appropriate imidazole that had been previousty treated with Buli-THF in a seated tube

and refluxed at 120 "C. Further funtionalization was carried out as previously

described. Suberane compounds were prepared in a similar way.

10
Scheme B:
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Scheme 6 illustrates method of making amine 6b through phthalimido
displacement of a mesylate followed by hydazine hydrolysis of the phthalimido moiety.
Amine B8b can be convertaed to targets that have acyl, sufonyl, carbamoyl and urea

functionaiities.



One skilled inh the art will appreciate that the conpounds of the invention
30 represented by Fornmula 1, wherein one of a, b, ¢ or d is N or Q-v;;c;aaw;_be
prepared according to the follow ng schenes: 25 PCT/ US01/ 26792 47°Schéne
CllaF R if Rl1le 01 R id A R 1c C1 5 The synthesis of 5-brono trlcycllc
compound ib begins with bridgehead olefin 1la (J. Med Chem (1998),
41, 1561- 1564p o¥uzgzh is treated with di brono di net hyi hygamy@ifeion triflic
acid nedia. Further treatnent of the vinylbrom de with potassiumt-butoxide
in the presence of the appropriate secagpdary amine gives the 5 and
6- substituted enam ne adducts. Wien Y is NH (pi perazine case), acylations,
10 sul fonyl ations and am de formation can be carried out using standard
procedures. Treatnent of these am ne adducts with HCl (aq) at the
appropriate tenperatures

Scheme 7:
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N
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Lactams 7a can be prepared from amine 6b by reacting with bromo butanony!

10  acid chloride as outlined in scheme 7.

Scheme 8: Preparation of cyclic ureas

15
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Cyclic urea can be prepared from the mesylate shown above by treating with
the salt of the cyclic urea Ba as outlined in scheme 8.
20

Scheme 9: PREPARATION OF 5-SUSTITUTED PROPANOIC ACID DERIVATIVES




results in the formation of the 5 and 6 azaketones, 1 f and 1 e
respectively. WD 02/18368 PC /US01/ 26792 4S Scheme 2 CIl NNRR 1£ e =F,\’>,( NH
Cl Rk HNN -NRR2a 2b In cases where secondary enam nes were éé]ui red
synthesis froml| f and | e- azaketones were utilized as outlined in scherre 2.
Thus, the appropriate ketone and 5 am ne was refluxed in toluene in the
presence of p-toluene sulfonic acid in a Dean Stark apparatus. Schenme 3: 10

1b N= RV Rpnss0s PCT/US01/26792
53
EO._.0
HO__O Ry
HQJN ©
~ cl DEC-HOBT
' O LIOH -~ cl o (COCH,
N Citie Acid 2 RR,NH OO cl
—_—— - N N\
N
N
N
3b R 9a ¥ oop

VY
o DEC-HOBT
i (COCI
\“‘ Sl Gitric Acid \ é@ Ci O,; A NH)2
2z ——— 2
N -
3a 9c

Amides from 3-carbon spaced carboxylic acid 9a and 9¢ can he prepared as
outlined in scheme 10 using either DEC-HOBT mediated protocol or from the
appropriate acid chioride.

10



3a CuCl NaBH4 G McOH 0OC MsCl Et3N;o0o- C -BOHOE R 3d Chiral separation
R 3c & WD 02/18368 PCT/ US01/ 26792 49 SyntheS|s of 3-carbon spaced 7anal-ogs
can be prepared as outlined in scheme 3. Thus, subjecting tricyclic vinyl
bromde 1 b to a Heck type reaction using ethyl acrylate and catal yzed by
Pd gives the a-~ un-saturated ester 3a. Reduction of the 5 conjugated double
bond was catviivedsseut usi ng copper chlori de-sodi um bor ohyriigei»ereduci ng
reagent. The ester was further reduced to al cohol using lithium alum num
hydride. Treatnent of the al cohol w th gyet hanesul fonyl chloride in an
appropriate aprotic solvent, foll owed by displacenent with an appropriate
sodi um sal t Segreswlibed in the desired i mdazole targets. In nost cases,
separation of isonmers were effected at 10 this point. Were the R group of
3e was a BOC group, deprotection usin Cl - di oxane gave e hydrochl ori de
salts of amines. Using standard chehi y, these am re converted to
ureas, carban#t8s, sulggﬂaﬁades afﬂ am des. [N]

N

c{ ]
Cl HC! .
EN] \ CD Dioxane é@ cl

N X N
BOC [ j
aa N
BO& 0

10a 10b

TSI

= cl CH3CN
\ o O = cl
N - 1 O

Preparation of piperazine compounds off the bridgehead starts from mesylate
5 aawhich is reacted with CBZ-protected piperazine. The BOC group is then removed
and the resulting amine 10c¢ is functionalized appropriately. Removal of CBZ group oif

the piperazine is effected with TMSI.



15 WD 412/ 1836f 50 TfO Scheme 4: PREPARATI ON OF 6- SUBSTI TUTED CARBON
ANLOGUES: R if cl 1i PCT/USO1 /26792 C1 R 4a separate Ot R 4b Clj d\Et3;ip:Et O
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Scheme 11: C-SUBSTITUTED IMIDAZOLE-3-METHYLENE-PIPERIDINES
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R 4d R 4c Cl Preparation of 6-substituted 3-carbon spaced im dazole
conpounds was 5 carried out as outlined in schene 4. A m xture of g? | f
and 1 i were treated with N-phenytrifluoronethane suffonim de t o vé“
seperable m xture of 5 and 6-tricyclic Inflate conpounds. The 6-trilate
adduct was converted to the desired 3-carbon spaced analogs using simlar
protocol as described for the 5-brono tricyclic conpounds outlined in
schene 3. 1008¥kstte 5: SYNTHESI S OF 2- CARBON SPACER ANALFCGHUYES /252D

112/ 13368 51 OIf NW Pd2(dba)3 LiCl R 5a R N d IfNJ T Buli (10 % nol)
THE 56

Compound 12a is reduced with DIBAL in an inert solvent such as toluene or
tetrahydrofuran to give 12b after acidic workup. Treatment of 12b with an
appropriately substituted and tritylated imidazole iodide in the presence of

5 ethylmagnesium bromide in solvents such as dichloromethane at ambient temperature
yields the adduct 12c. Elimination of the hydroxyl group by converting the hydroxyl
group to an appropriate leaving group such as a mesylate, tosylate, or halide, using
methanesulfonyl chioride, p-toluenesulfonyl chloride, or thionyl chloride, followed by
elimination using an appropriate base such as triethylamine gives 12e. Removal of the

10 trityl group with acid such as trifluoroacetic acid or hydrochioric acid gives the double
bond compound 12f which is then hydrogenated using an appropriate catalyst such as
platinum oxide under from 1 to 55 psi of hydrogen in an appropriate solvent such as

ethanol gave the desired product 12g.

15 Alternatively the ester 12a can be saponified with an appropriate base such as
lithium hydroxide to obtain the acid 12h. Converting the acid 12h to the “Weinreb
amide” followed by reaction with an appropriately substituted and tritylated imidazole
iodide in the presence of ethylmagnesium bromide in solvents such as
dichloromethane at ambient temperature yields the adduct 12c (shown in Scheme 12

20  below).



120 C Sealed tube R 5b C Two carbon spaced anal ogs were prepared as
outlined in schene 5. Thus, triflate 4b was subjected to Stille chéniFgtiiy,
by reacting with tributylvinyl stannate 5 catalyzed by an appropriate NO to
afford the tricyclic vinyl conmpound 5b. The 2- carbon spaced conpounds were
obtained by treating the tricylic conpound with the appropriate imdazole

t hat had beenyphigniQusly treated with Buli-THF in a seal eg 4[%%2(7%nd
refluxed at 120 T. Further funtionalization was carried ouUt as previ ously
descri bed. Suberane conpounds were prepakged in a simlar way. 10 Schenme 6: R
3d ~SnBu3 d Tri-2-furyi Phosphine d DW R 6a PCTIUSO 1126 792 O Acyl ated

sul f onyl at edchetnee P2:oducts 15




Schenme 6 illustrates nethod of making am ne 6b through phthalimdo

di spl acenent of a nesylate foll owed by hydazi ne hydrolysis of th&?5ER /il

pht hal i m do noiety. Am ne 6b can be converted to targets that have acyl,
sufonyl, carbanoyl and urea functionalities. CVO 112/ 18368 PCT' /US01/ 26792
52 Scheme 7: 5 R6b 8, ---"if C 0 C TEA 7a Cl Lactans 7a can be prepared
from am ne 6R.day geacting with brono butanonyl 10 acid chhordyge,as outlined
in schene 7. Schenme 8: Preparation of cyclic ureas 15 CI R 8b C Cyclic
urea can be prepared fromthe nesyl ate shown above by treating with the
salt of the cyclic urea Sa as outlined in schenme 8. 20 Schene 9: PREPARATI ON
OF 5- SUSTI THERBMRRGRANO C ACI D DERI VATI VES 2511 E

/Tr

N

N R0
5 Dess- 1
perioding R "MgBr
R2 - B2
o ?
=
12k
12¢ TFA
124
5 Compounds of type 12L were prepared as shown above. Oxidation of the

hydroxyl compound 12¢ can be accomplished with the Dess Martin periodinane to
obtain 12j. Reaction with a grignard reagent gave 12k. The trityl group is removed
under standard conditions mentioned above to give the desired compound 12L.



WO 02/18363 53 R 3b Cl LIiOFI CGitric Acid 0 R 5 R 3a C LIOH Gtric
Acid 9c CI Am des from 3-carbon spaced carboxylic acid 9a and 9,CL?_§51 @g
prepared as outlined in schene 10 using either DEC HOBT nedi at ed p}’(?) col
or fromthe appropriate acid chloride. PCT/US02/20792 CI C 10

PCT/ US01/ 26792 54 0f0 N

WO 02/18368 PCT/USHI/26792
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Scheme 13: C-Substituted Imidazole Single Methylene Bridgehead Compounds

i SN 1 1
Y ]

RS
EiMgBr 5 =V
R4 - 'H4
2. CuCN-2LIiC! TR7
RQ
5 132 13h 13c

Single methylene bridgehead C-Imidazole derivatives (13c) were prepared as
shown above. Compound 13a was first converted to bromide 13b. Treatment of
10 compound 13b with C-imidazole cuprates (prepared from corresponding iodo

imidazole} yielded the adduct 13c.

Scheme 14: Preparation of one-methvlene piperazines

15
Ketone A is brominated with brominating reagents such as NBS, with a small
amount of an activator such as benzoyl peroxide, in solvents such as dichloromethane
at elevated temperature, such as 80-100° G to give dibromo compound B.
20

Dibromo compound B is reacted with a base such as DBU in a solvent such as
dichioromethane at temperatures from 0°C to room temperature to give vinylbromides

25 Cand D. These vinylbromides are separated by chromatography such as sitica gel



Cl BOCas C1 BOC 1 Ga H 10b TWMsl CH3CN C R 10d R 10c Preparation of

pi perazi ne conpounds off the bridgehead starts from nesyl ate 5nz§ _.ng his
reacted with CBZ-protected piperazine. The BOC group is then re véd z; d the
resulting amne 10c is functionalized appropriately. Renoval of CBZ group
off the piperazine is effected with TMSI. WO 02/ 13363 PCT/ US01/ 26792 55 5
10 Schene 1woGSRSTI TUTED | M DAZOLE- 3- METHYLENE- Pl PERI Rid¥aSefic®> N a H

60

flash chromatography using solvents mixtures such as ethyl acetate and hexane.
Alternatively, vinylbromides C and D can be separated by crystallization from solvents

such as dichloromethane.

The ketone groups of separated vinyibromides C and D are reduced to the
corresponding alcohols E and F with a reducing agent such as NaBH; in solvents

such as methanol or ethanol at temperatures of 0°C to room temperature.

10
Br
R1
RE
Xy
R R
OH
E F

The resulting alcohols functions of E and F are converted to a leaving group,
such as a halide, with reagents such as SOCI; in solvenis such as dichloromethane
15  containing a base such as 2,6-lutidine and running the reaction at 0°C to room
temperature. The resulting intermediate halides are reacted, without purification, with
piperazine or a protected piperazine, such as BOC-piperazine in a solvent such as
dichloromethane at room temperature giving intermediates G and H.

20 G H



R 7'\ Rs Ra~NR9 1 Rs 12b Ms-Cl (Et)3NTFA .7 R'""N-R6 R6 < Ni Rg |

R8 12f a H2/Pto 2 EfMgBr 12e 12c / Tr 25 FEB 2005 WO 02/ 18368 56

PCT/ US01/ 26792 Conpound 12a is reduced with DIBAL in an inert sol V§5't}'f§l?'[¥%h

as toluene or tetrahydrofuran to give 12b after acidic workup. Treatnent of
12b with an

-

WO 02/18368 PCT/USHI/26792
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The vinylhalide intermediates are carbonylated with CO gas under a pressure
of about 100 psi and a temperature of 80°C to 100°C using a palladium catalyst such
5 as PdCl; and triphenyl phosphine in toluene and containing DBU and an alcohol such

as methanol. |f methanol is used, methyl esters | and J are obtained.

10 The ester functions are of | and J are reduced 1o hydroxymethyi functions of K
and L. This can be done directly by first removing the protecting BOC group with TFA
or HCl-dioxane and then reducing with a reducing agent such as DIBAL-H, followed
by reintroduction of the BOC group with di-tert-butyl dicarbonate. Alternatively, the
ester function is hydrolyzed with LiOH and water followed by neutralization with citric

15 acid. The resulting carboxylic acids are then converted into a function that is easily
reduced, such as a mixed anhydride or an acyl imidazole. This is done by reacting
the resulting carbocylic acids with a chloroformate to form the mixed anhydride or with
carbonydiimidazole to form the acyl imidazole (Synlett. (1995), 839). The resulting
activated carboxylic acids are reduced with NaBHj, in solvents such as methanol,

20 ethanol or agueous THF.



appropriately substituted and tritylated im dazole iodide in the presence
5 et hyl magnesi um brom de in solvents such as dichl oronet hane at azrti

yi el ds the adduct 12c. Elim nation of the hydroxyl group by
group to an appropriate |eaving group such as a

t enperat ure

converting the hydroxyl

mesyl ate, tosylate, or halide, using nethanesulfonyl chloride,

p- t or uenesul anyghssehl ori de,

gi ves the double

appropriate
hydrogen in

12g. 15 Alternati vel V\ R

base such as Ilithiu hy
12h to the "Weinreb A
substituted and trlty$a ed nﬁdaz@le i odi de infhe p

cat al yst
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10

15
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or thionyl chloride, followedrdiyusoebdirm nation
usi ng an appropriate base such as triethylam ne gives 12e. Renoval of the
trityl group with acid such as trifluorogcetic acid or
bond conpound 12f which is then hydrogenated using an

hydrochl oric acid

of

10

e desired product
. a@ appropriate

‘Fb—zertlng t he acid

yields the adf ucpilzc (shown in Scheng@—f2 below). 57 Rim Tr
2 5 FEB 2005 W\QZ/‘I@@GS PCT/ US01/ 26702
l
BOC
K L

The hydroxy functions of K and L are converted into leaving groups such as a
methanesulfonate or an arylsulfonate such as a tosylate, by reacting with the
appropriate sulfony! chloride in dichloromethane containing a base such as
triethylamine. The sulfonate leaving groups can be displaced by nucleophiles such
amines. The nucloephile can also be basic heterocycles such as imidazole or a
substituted imidazole. In the case of an imidazole, the anion of the imidazole is first
formed with NaH in DMF and then reacted with the above sulfonate. Displacement of
the sulfonates with a nucleophile gives O and P, which can be converied to the
compounds of this invention 1.0, by first removing the BOC protecting group and then
forming the desired amide, urea, carbamate or sulfonamide on the resulting amine by

methods well known in the art.

P

BOC

o P
Y Y

Formula (1.0) Formula (1.0}



58 Scheme 12a 12c¢ R6 . RO F16-11 7" RO N 121 i Re 12k 12L 5 Conpounds of
type 12L were prepared as shown above. xidation of the hydroxyl conpound
12c can be acconplished with the Dess Martin periodinane to obtain 12j.
Reaction with a grignard reagent gave 12k. The trityl group i 9 Y{efoN&d
under standard conditions nmentioned above to give the desired conpound 12L.
WO 02/ 18368 5 ' 7USI )1 /26792 Schenme 13: C- Substituted .l m e Single
Met hyl ene Br‘?gé‘e’ é%’fd Conpounds R2 R11 i R' 'L El MyBr ~ql§1,~@i.qg,;§5 13a 7 13b

63

Scheme 15: Preparation of one-methylene piperidenes

5
R1
X =Bror *08020F3
X
BOC
C D
10 The vinylhalide or vinyltriflate intermediates A and B, (described in other

general schemes) are carbonylated with CO gas under a pressure of about 100 psi

and a temperature of 80°C to 100°C using a palladium catalyst such as PdCl, and

triphenyl phosphine in toluene and containing DBU and an alcohol such as methanol.

if methanol is used, methyl esters C and D are obtained. Intermediates C and D are
15 reacted as are intermediates [ and J in the general scheme for one methylene

piperazines to yield compounds of Formula 1.0, of this invention.



13c Single nethylene bridgehead C- | m dazol e derivatives (13c) were prepared
as shown above. Conpound 13a was first converted to brom de 13b. Treat nent
of 10 conpound 13b with Cimdazole cuprates (prepared from corpggygnang
iodo imdazole) yielded the adduct 13c. Schene 14: Preparation of

one- et hyl ene pi perazines 15 Ketone Ais bromnated with brom nating
reagents suchoagifsBS, with a small anount of an acti vat diCtdisehzeaas benzoyl
peroxi de, in solvents such as dichloronethane at elevated tenperature, such
as 80-100 C to give di brono conmpound B, @d0 A 2. CuCN-2LICI | ; R B Di brono
conpound B is reacted wth a base such as DBU in a solvent such as

di chl or onet hane Sghemggnpea:at ures from OC to roomtenperature to give

vi nyl brom des 25 C and D.B These vinyi brom des are sgparated by

chr omat ogr aphy such as si ash chromat ography usi ng
sol vents m xtures sucdh ¢

)
o
A B
l 10 (Bu)
Y E

BCC BOG

F G
Alternatively, Intermediates A and B can be reacted with tin vinylether E, in the

presence of PdCl,, as described in Tetrahedron, (1991), 47, 1877, to yield vinylethers
5 Fand G (Scheme 15a). Allowing F and G 1o stand until aldehyde is visible by NMR (at
least two weeks) and then reacting with Hg(CAc),, Ki followed by NaBH,, as
described in J. Chem. Soc., Perkin Trans., (1984), 1069 and Tet. Leit., (1988), 6331,
yields mixtures H, | and J, K. Intermediates H and J are separated and reacted as are
intermediates K and L in the general scheme for one methylene piperazines to yield
10 compounds of Formula 1.0, of this invention.



correspondi ng al cohols E and F wth a reduci ng agent such as NaBH4 in
sol vents such as nethanol or ethanol at tenperatures of 0OC to room
tenperature. 10 F The resulting alcohols functions of E and F are converted
to a leaving group, such as a halide, with reagents such as SOGI3& dpmih
sol vents such as dichl oronet hane 15 containing a base such as 6- Tutidine
and running the reaction at 0OC to roomtenperature. The resultlng
i nt er medi at ewlnahiigges are reacted, wi thout purification, wicdrhsopicperazi ne or
a protected piperazine, such as BOC-pi perazine in a solvent such as
di chl oronet hane at roomtenperature givi@g internediates G and H 20 WO
02/1836 61 PCT/ US01/ 25792 The vinyl halide internedi ates are carbonyl at ed
with CO gas under a pPeSietire of about 100 psi and a té¥peratiure of 80C to
talyst such 5 as PdC 2 and ipohenyl phosphine in
t ol uene and contalnﬁh( ;p“alcohol SsuchR\ @s—fe e /fﬁf met hanol is
used, nmethyl esters { e gbtained. | H \10 \ est er] functions are
of ! and J are reduced yo~kydroxynet hyf functi ongg {¥L. This can be
done directly by fir&t nvﬁngffhe protecting BOC gr g
HClI - di oxane and then rgducl ,
foll oned by relntroduc&lpn-afathe BOC group mnthRdL-t It sbut yl di carbonate.
Al ternatively, the esFef\ﬁﬂﬁctlon i s hydrolyzed Wi t A er and wat er
fol |l onwed by neutrallzatloné th citric 15 acid. The r%ggltlng car boxylic
acids are then converted |n 0 a function that is easily reduced, such as a
m xed anhydride or an acyl Th\dazole This is done bifkggctlng t he
resul ting carbocylic aC|ds mnth a chloroformate to formthe m xed anhydri de

or with Scheme 16: Branching on the methvlene chain
R frivatc]] R30R 31
- " LAH T
r\“l\‘//Ne—H . Y\COgEt neat F{\,..\~ K/COEEI R \f\ )«/\OH
N
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car bonydi | m dazole to formthe acyl im dazole (Synlett. (1995), 839). The
resulting activated carboxylic acids are reduced with NaBH4 in sol vents
such as nethanol, 20 ethanol or aqueous THF. 25 FEB 2001 WO 02//188681(l5

PCT/ US01/ 26792 62 R2 NR5 / R7 s/ 7 1 BOC K The hydroxy functions of K and
L are converted into | eaving groups such as a nethanesul fonate or an

aryl sul f onat &osucéssas a tosylate, by reacting with the 5 Epprsoprirat e

sul fonyl chloride in dichloromethane contai ning a base such as

triethylam ne. The sulfonate | eaving grosps can be di splaced by nucl eophil es
such am nes. The nucl oephile can al so be basic heterocycles such as

i midazole or a Sabseundstvath Subistiviion along the dhairceasedeosyndiesizeddtaringywith he
anion of th ted
wth the aboti LR Bt thl TRA rhREd 6 tEs BRI FaF

nucl eophi | e byirgd@stion gnds Pe mhmcal deenchehcbrae bt edded i the appappeiehds of t hi s

i nvention 1. first in eBOC rotetlng d.the form ng
t he desired S&R’f’tgléfed HWEIJJFOE‘%HQW%{ eS’F resaﬁ '888 oﬁg@ﬁg\?errggﬂ?tfoﬁﬁj “}fm ne by
met hods el Idi-kiewnutédoitivegiasd theGaliratéd dé(m’/aiﬂwbaSéHerﬁB 16).

Scheme 17: C-linked imidazoles

T

;
/\[> PhgpngBl' = N & éo Cl Pd(OAC
Y/
nBuli /> Bu4NBr
K,CO4

DMF

)
B
l 80% AcOH

TosNHNH,
- —
oBU

The synthesis of the C-linked imidazoles proceeds through the Heck reaction of
10  the appropriately substituted vinyl imidazole with the appropriate vinyl bromide,
Selective reduction of the resulting di-substituted olefin gives the target compound. A
similar procedure can be carried out with differentially N-substituted imidazoles to give

N-alkyl imidazole derivatives (Scheme 17).



PV Formula (1.0) 25 FEB 2003 WO 02/18368 PCT/ USO1/ 26792 63 Schene 15:
Preparation of one-nethylene piperidenes 5 R R~ ~~-R7 RRal X = Br or
-052CF3 BOCABYR F7T R7T Re _>RBRs~\ -RB NfvIl BOCCI sOCD10
The vinyihalide or vinyltriflate internmediates A and B, (descri Bed hHiniot her
general schenes) are carbonylated with CO gas under a pressure of about 100
psi and a tenperature of 80C to 100C using a pall adium catal yst such as

PdCl 2 and  woa2/1836% PCT/US1/26792

67

Suberyl Compounds

One skilled in the art will appreciate that the compounds of the invention
represented by Formula 1.0, wherein a, b, c or d is C can be prepared according to
the following schemes:

5 Scheme 18: Preparation of suberyl analogues
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tri phenyl phosphine in toluene and containing DBU and an al cohol such as

nmet hanol. |If methanol is used, nethyl esters C and D are obtai ned.
Internediates C and D are 15 reacted as are internediates | and J 5 phEg Heé;
general schene for one nethylene piperazines to yield conmpounds of Fornul a
1.0, of this invention. 25 FEB2005; \\'O 02118368 PCT/US01/26792 64 Schene
15a: BOC Et Owbnt/Buys3 E BOC B E10 Sn(Bu)3 E Ot 80C F CrArtuesmatizvel y,
Internmedi ates A and B can be reacted with tin vinylether E, in the presence
of PdCl2, as described in Tetrahedron, (&991), 47, 1877, to yield
vinylethers 5 F and G (Schene 15a). Allowing F and Gto stand unti l

al dehyde is visible by NWVR (at Ieast two weeks) and then reacting with

Hg( QAc) 2, KI foll owe ri be Per

Trans.) “(1984) . 1060 ANIRRE rafiue SRkblns douhs et Fla TR ke it f 1 and

J, K. Inter Ragadteesi. Waﬁdethr& D3P ed1-22d8). Gedueibnas kaibee td atedredi at es
Kand L in the enera nb Iﬁ' n hyl ene pi nes to yield 10
conpounds of*® Iﬁ’é Aifngd ?“b"‘” Heﬁ ﬁsﬁ%ﬁ%‘ﬂﬁ W%S Cweffg?ﬁgé @%lfér?” $126792 65
5 treated with N-methylpiperidine Grignard reagent to give piperidine detivative 4e.
Demethylation was effected with ethyl chloroformate followed by acid hydrolysis and
subsequent derivitization (i.e sulfonylation, acylation and carbomyiation etc.).
Preparation of compounds with 3-carbon substituted imidazole moieties on the
suberane trycyclic bridgehead was carried out in a similar way as described in

10  scheme 3.

Preparation of Intermediates and Examples

PREPARATIVE EXAMPLE 1

Siep A Preparation of Compound (2).
15
RS Cl == Cl
&\./ \
N N
—_—— e

N N

Py "
O OCH,CHg
1 2

Loratadine® (448 g, 1.17 mol) was refuxed in 2 L of 70% aqueous HCI (1.4 L
conc.HClin 600 ml H2Q) for 12h. The reaction mixiure was then cooled and poured into
20 ice. It was then basified with 950 mL of 50% NaOH followed by extraction with CH2Cl2

(1 x 4L, and 2 x 2.51). The organic phase was washed with brine, dried over NasS0O4
and MgS04 and then filtered. All the volatiles were then removed to give 368 g of the

title compound (2). MH* = 311



HO-(C H2)" H n=# 1,n=2 Scheme 16: Branching on the nethylene chain J, n
1 K n=2 R' 830 WR31 R31IR31 14-H + CO02Et neat R(\N CO2Et LAHI- R , N
"OH R31 N N~ R1. Ph3P;, 12 imdazole 2 KOBu CI TosNHNH2 DBU tol uene

reflux cl 1. Pd(OAc)2 Bu4NBr K2CO3 DM, 100 R C °~ + vN R3R31; 5IEg 06
WO 02/18368 PCT/USO1/26792
69
Step B Preparation of Compound (3).
T Ci T Cl
L L
N N
N N
H H
2 3
5

To the title compound from Preparative Example 1, Step A (363 g, 1.17 mol)

was added trifuromethane sulfonic acid ( 1.8 Kg) under N2. The reaction mixture was

refluxed at 170°C. The progress of the reaction was monitored by TH NMR. After 4

days the reaction was only 63% complete. After 8 days the reaction was found to be
10 80% complete according to TH NMR; thus another 130 mi of CF3SO3H were added

and refuxing continued for another 24h. It was then poured into ice and basified with
800 mL of NaOH (50%) and extracted twice with CH2CI2( 1 X 8L then 1 X 7L). The

organic phase was combined, washed with HoO and filtered through celite. It was
then dried over MgSO4 and Na2S04 and again filtered through celite. The filirate was

15  concentrated to give a black brown semi-solid that was pre adsorbed on 600 g of silica
gel and then chromatographed on 2.3 Kg of silica ge! eluting first with 5% CH30H-
CHoCl2 (saturated with ammonia) and then with 10% CH30H-CH2Clo (saturated with
ammonia) to give 102 g of the title compound (3) as a solid. mp =73-75; MS (FAB)
m/z 483 (MH).

20
Step C Preparation of Compound (4}.
\ P
N N
—— -
N )
Et0.C



25 FEB 2005 WD 02118368 PCT/ US01/ 26792 66 Conpounds with substitution al ong
the chain can be synthesized starting with a substituted ethyl acrylate
derivative. Addition of imdazole across the olefin followed by reduction

gives the terninal al kene, which can be added to the appropriateby b# (i
substituted vinyl brom de under Heck reaction conditions. Selective
reduction of the 5 di-substituted olefin gives the saturated derivative
(Schenme 16) .WE¢HEHES 17: C-linked i midazoles Tr N Ph PCH BCTN>3/28792° N/ nBuli
N/ ~1 Pd(OAc)2 Bu4NBr K2co3 IMF R ci TosNHNN2 DBU cl The synt hesis of
the C-linked i mdazol es proceeds through©the Heck reaction of
To a solution of the title compound of Preparative Example 1, Step B (145 g) in

1L of CH2Clo at O°C was added ethylchloroformate (55 ml), dropwise. The reaction

mixture was stirred at room temperature overnight. It was further diluted with 1L

CHoCl2 and stirred with 2L of dilute NaHCO,, pH ~ 7-8. The organic layer was

5 separaied and dried over MgSO, and Na,80,, filtered and concentrated to afford 174

g of a brown black gum. The crude compound was purified by silica gel column
chromatography, eluting with 20-60% ethyl acetate-hexane to afford the title
compound (4). MS (FAB) m/z 383 (MMT).

10 D. Preparation of compounds {(6) and {5).

' éo o

Br
N [4:1 ratio] N
E0,C EtO,C
5 5

15
The title compound of Preparative Example 1, Step C (251 g, 0.65 mol) was
dissolved in 1.65 L of CH2Cl2 and dibromo dimethylhydantoin, (132 g, 0.462 mol)

was then added. The solution was stirred until the system was homogeneous. The

solution was cooled to 0 °C under N atmosphere and 174 mL of CF3SOgH were

20  added over 37 min. while keeping temperatures between "1 to 1°C. The reaction



10 the appropriately substituted vinyl imdazole with the appropriate vinyl
brom de. Sel ective reduction of the resulting di-substituted olefin gives
the target compound. A simlar procedure can be carried out with (05
differentially N-substituted imdazoles to give Nalkyl im daz%lue“-Bz -
derivatives (Schenme 17). Tr | Tr r W O2!18368 PCTI US9 /26792 67 Suberyl
Conmpounds Ongskidsled in the art will appreciate that thg-¢cupewigds of the
invention represented by Fornula 1.0, wherein a, b, ¢c or d is C can he
prepared according to the follow ng schenes: 5 Scheme 18: Preparation of
suberyl anal ogues Br Br R 4g 4a NaOH M 1. EEOCOCI 2. H+, A 3."R' N5
(+)-isoner.

mixture was stirred for 3 h, cooled to "10°C and basified with 50% NaOH (170 mL),

keeping the temperature below 1 °C. The agueous phase was extracted with CH2Cl2
and then dried over MgSO4, dried and concentrated to give 354 g of yellow foam that
was chromatographed on silica gel eluting with 10-50% of ethyl acetate-hexanes

5 gradient to give 50 g of compound (5) (14% yield) and 147 grams of the desired title
compound (6) (49% yield). Compound (8) MS m/z (rel intens) 462 ( MHT);
Compound (5) MS m/z (rel intens) 542 ( MHT).

E. Mixture of compounds {7) and (8).

10

+BuCK
Piperazine

E10,C




(-)-isoner*r--- Chirai AD O 4b Me 4e R 4h NaBH4 ~MgC LNJ Me DI BAL-H I m Na
OH SOCL2 C 4d R 4i MsCl  EL13N 4k 25 FEB 2005 Nv O 112/18368 PCIT/. L‘l§ 17/ 26792
68 Tricyclic vinyl brom de azaketone 4b was prepared as descri béd pard
at. al. (J. Med. Chem 1989, 32, 2261-2268). Reduction of ketone to al cohol
4c was carried out with NaBH4. The al cohol was converted to chloride 4d and
t hen WO 02/18368 PCT/USI/26792
72
To a solution of piperazine 0.186 g ( 2.2 mmol, 5 equiv.) in 5 mL of THF

was added 0.20 g (0.4 mmol) of compound 6 (from Preparative Example 1, Step D.

The reactants stirred at room temperature untit everything was in solution. To this

mixture was added potassium t-butoxide (0.243 g, 2.1 mmol, 5 equivalents} in one

5 portion. The reaction mixture was stirred at room temperature for 2 h. All of the THF
was rermoved by rotary evaporation and the resulting crude product was purified by

flash chromatography eluting with 3-4% (10% CH3OH: saturated with NH,OH)-CH.Cl;
to give a mixture of titie compounds (7) and (8). FAB m/z 467 (MH™).

10 F. Mixture of compounds {9) and (10).

NH HN

\\/ (- / ’

N
Eio;gé Eto2
7 8
Y
E102 5102
9 10
15 The mixture of compounds from Preparative Example 1, Step E (43.6 g) in 100

mL of conc. HCI was stirred at room temperature for 16 h. The reaction mixiure was



S treated with N-nethylpiperidine Gignard reagent to give piperidine
derivative 4e. Denethylation was effected wi Th ethyl chioroformate foll owed
by acid hydrolysis and subsequent derivitization (i.e sulfonyl atbohg 0"

acyl ation and carbonyiation etc.). Preparation of compounds wi th 3-carbon
substituted i m dazole noieties on the suberane trycyciic bridgehead was
carried out \a;8lgm!lar way as described in 10 schene 3.p-phepagati on of

I nt er redi at es and Exanpl es 15 Step A PREPARATI VE EXAMPLE 1 Preparation of
Compound (2). 1 d 2 C Loratadine(r) (448 g, 1.17 mol) was refuxed in 2 L
of 70% aqueous HCl (1.4 L conc.HCl in 6 H20) for 12h. The reaction

m xture WaSBéJ}é@ wﬁ&%b%ﬂd%@gﬁ@@mﬂ@@ohdﬁ\m@ﬂi hﬁ@thehtexﬂ@@tea heR opasiid ted Wi th
950 nmL of 50% NaOH foll owed by extraction with CH2CI2 (1 x 4L, and 2 X

2.5L). The ?wganhmumﬁmmmnw@m@ddm)mgrFmB)m@hfgw(mmr Na2SO4 and MgSO4
and then filtered. All the vol atiles were then renoved to give 368 g of the
title conpound (2). IHf = 311 HD 2005 W) 02/ 18368 69 Step B Preparation of

Conpound (3). H5 2 PREPARATIVE EXAMPLE 2
5 A. Compound {11).

pSon
S
N

Iz

8 11

10 Compound & from Preparative Example 1, Step D (10 g, 21.7 mmol) was
hydrolyzed in the same manner as described in Preparative Example 1, Step A | to
give the title compound (11). MH+ = 389.

B. Compound (12).

o
H N

|
HaCO,S

15

11 12

To the amine product from Preparative Example 2, Step A (20 g, 0.5 molf) and
20  triethylamine (10.4 g, 14.4 mL, 1.02 mol) dissolved in anhydrous dichloromethane
{100 mL) was added methanesulfonyl chloride (8.8 g, 6mL, 0.77 mol). After stirring at



| 3 PCT/USQ01/26792 CI To the title conpound from Preparative Exanple 1, Step
A (363 g, 1.17 nmol) was added trifuronethane sulfonic acid (1.8 Kg) under
N2. The reaction m xture was refluxed at 170C. The progress of d;hae; meact i on
was nonitored by 1 HNVR After 4 days the reaction was only 63/ocorrp1 ete.
After 8 days the reaction was found to be 10 80% conpl ete according to 1 H
NMR; thus another 130 nlL of CF3SCGBH were added and ref uxi ng conti nued for
anot her 24h. W'Z%k&EE t hen poured into ice and basified w tH88022 of NaOH
(50% and extracted twice with CH2A2( 1 X 8L then 1 X 7L). The organic
phase was conbi ned, washed with H20 and #iltered through celite. It was

then dried over alnfllte d.throu cellt The
filtrate vvaéooi%teg%i%@wter %T§ th&ﬁ?ﬂ““ Bira dpuigd dichipro gp]aaet‘ﬁ Sfas pre
adsor bed onwGAQa@irdéd Nehcc&g ar@Pdricaintlet Ay dedisonBgregiLap Bethi@NFiRialioKangf
silica gel eluting first with 5% CH3OH CH2Cl 2 (saturated with anmoni a) and
then with 100p@HIEHMICR2ErR EFatigddiearude phdughthenwa) Perdiegibydlagh2 g of the

C propar at i SRCoPHas e plgh ool ot Y Rk S AGR A, 10 T0 e
sol uti onsof atrm)rﬁa&drgcgct@gwnﬁle efie EreRRnat i ve NS ambemi, 4c8t@p8, (145 g) in
1 L of CH2Cl2 at added et hyl chl orof ormate (55 m), dropwn se. The

reaction mxture was stirred at roomtenperature overnight. It was further
diluted with 1 L CH2C12 and stirred with 2L of dilute NaHCO3, pH 7-8. The

organic |ayer Wagteg C Preparation of Compounds (13) and {14).

10 31 32

Product from Preparative Example 2, Step B (21.25 g, 45.3 mmol) was treated
in the same manner as described in Preparative Example 1, Step E, to give 22.2 g of
a mixture of compounds (13} and (14). MS (473) (MH").
15



5 separated and dried over MgSO4 and Na2SO4, filtered and concentrated to
afford 174 g of a brown black gum The crude conpound was purified b
silica gel colum chronmatography, eluting with 20-60% et hyl acébzhf&l%éxane
to afford the title conpound (4). M5 (FAB) mz 383 (M+). 10 D. Preparation
of conmpounds (6) and (5). 4 C1 O Br--NON--8r C1 15 6 5 The title conpound of
Preparative Exanpses 1, Step C (251 g, 0.65 nmol) was di ssehyes 1. 65 L of
CH2Cl 2 and di brono di net hyl hydantoin, (132 g, 0.462 nol) was then added.
The solution was stirred until the system was honbgeneous. The sol ution was
cooled to O C under N2 atnosphere and 174 nL of CF3SO3H were 20 added over
37 mn. while kegpi n@réempphaf ue@sobeiswesnandlyitp 1C. The reaction 25FEB2x05
WL' (} 02/18368 PCTIUS01126792 71 m xture was stirred for 3 h, cooled to -10C
and basified with 50% NaCH (170 nlL), keeping the tenperature below 1 C. The
aqueous phase was extracted w tHhWCH2Cl 2 and tmdri ed over MpSO4, dried
ha

and concentrated to give 354 of) yel | ow f oam was chromat ographed on
silica gel eluting with 10-50% et hyl acet at xanes 5 gradient to give
50 g of conpound (5) (14%y' =Hd) and 147 grams of }.he desired title

conpound (6) (49% vyi el g 0@ 462 (MH) ;

Conpound (5) MB mz (rai ( M) .

N N

Chy05 CHsogé
13 14

Y
o e}
—= Cl S Cl
\
N4 . \ N4
j

N N
15 16

The product from Preparative Example 2, Step C (22.5 g) was dissolved in 150
ml. of conc. HCI and stirred for 16 h. The reaction mixture was poured into ice,

basified with conc. NH4OH and then extracted with CH2Cl2 to give a mixture of
10 compounds (15) and (18). MS (FAB) m/z 405 (MH?).



10 E. Mxture of conpounds (7) and (8). 6 1-BuOK Piperazire C 7 8 25 FEB
2005 WO 112/18368 PCT/ US01/ 26792 72 To a solution of piperazine 186 g
(2.2 mol, 5 equiv.) in 5 nm of THE was added 0.20 g (0.4 nmol) 5‘c%ﬁ%ound
6 (from Preparative Exanple 1, Step D. The reactants stirred at room
tenperature until everything was in solution. To this mixture was added

pot assi um t -wuboxide (0.243 g, 2.1 mmol, 5 equival ents) imTase/s7yportion.
The reaction mxture was stirred at roomtenperature for 2 h. Al of the THE
was renoved by rotary evaporation and the resulting crude product was
purified by flash chromatography eluting with 3-4% (10% CH3OH: saturated
with NHAOH) - CH2E 2 Pemiratenaf compourelsdfi 7tard @8conpounds (7) and (8). FAB
mz 467 (MH). 10 F. M xture of conpounds (9) and (10). Cd EtOC 7 Y cl }
E1Q2C 9

12
Br Br
Y
CO Ct S ‘O Cl
» »
+
N N
CH3024 CH302§[,
17 i8

Separation of compound of Preparative Example 2 Step B by HPLC using a
Chiralpack AD column eluting with 40-50% isopropanol:60-50% hexane-0.2%
10 diethylamine gave enantiomeric amines (17) and (18).
Compound 17; mp =118-119; [oc]é2 =+ 136.9° (9.00 mg/2ml., MeOH); MS
(FAB) m/z 469 (MH+).

15 Compound 18: mp = 119-120; [nc][z)2 =-178.2° (9.90 mg/2mL., MeOH); MS
(FAB) m/z 469 (MH).



HC Et O2C 8 E1O2G 10 15 The m xture of conpounds from Preparative Exanple 1,
Step E (43.6 g) in 100 nL of conc. HC was stirred at roomterrpe,ra%tlé%jor
16 h. The reaction mxture was 5 FEB 20B WD 02/ 18363 PCTI L' S0112679 3
poured into ice and basified with conc. NHACOH and then extracted with CH2Cl 2
to give a mxture of conpounds (9) and (10). MsS (FAB) nfz 399 (M#H).
PREPARATI VE EXAWVRLE 2 5 A Conpound (11). 6 10 15 C H3GER S ;267],} c
Compound 6 from Preparative Exanple 1, Step D (10 g, 21.7 mml) was

hydrol yzed in the same manner as described in Preparative Exanple 1, Step A
, to give the title compound (11). M+ = 389. B. Conpound (12). 11 12

PREPARATIVE EXAMPLE 3

A, Compound (19),

CHy

Y

10 To a sotution of the title compound from Preparative Example 2, Step B (2.0 g,
4.3 mmole) in DMF (50 mi) under nitrogen atmosphere, was added triethyl amine (17
mi), ethyl arcrylate (2.5 mi), potassium carbonaie (3 g, 21.4 mmole),
tetrabutylamonium bromide (2.8 g, 8.6 mmole) and palladium (ll) acetaie (0.1255 g,
0.56 mmol). The resulting mixture was heated to 100°C, and stirred for 4 h then it was

15 cooled to room temperature and the solvent was removed. To the residue was added
CH.Cl> and water and the mixture was then extracied with CH,Cl.. The organic layer
was dried over magnesium sulfate, filtered and concentrated to dryness. The crude
product was purified using pre-adsorbed flash silica column chromatography eluting
with 30-50% ethyl acetate-hexane gradient to give the title compound (19). MS 487

20 (MH™Y.



Cl To the am ne product from Preparative Exanple 2, Step A (20 g, 0.5 nol)
and 20 triethylamne (10.4 g, 14.4 nL, 1.02 nol) dissolved in anhydrous

di chl oronet hane (100 nL) was added methanesul fonyl chloride (8.8 rgFg6Mts,
0.77 mol). After stirring at WO 02/18368 PCT/ US01/26792 74 room tenperature
overnight, the solution was diluted with dichloronmethane, washed wth
saturated NaWO@3nsad dried over anhydrous magnesi um sul f at@suskitdgrat i on and
concentration in vacuo afforded the crude product that was purified by flash
chromat ography on a silica gel colum, ejsguting with 1% CH30H(saturated with
5 amoni a)-CH2CI 2 to give the title conmpound (12). M5 (FAB) niz 469 (MH).
Step C Preparati®epdf Conplixmdsof(Cd)pamds (A03)andGel).cl 17 cl N ' N H3c02S
H3cQzs 10 31 32 | Product from Preparative Exanple 2, Step B (21.25 g, 45.3
mmol) was treated in the sanme manner as described in Preparative Exanple 1
Step E, to give 22.2 g of a mxture O{H:corrpounds (13) and (14). Ms (473)

(MH). 15 75 i .7 EB21i5

Y RO

N
Hacozl

21

To a solution of the title compound from Preparative Example 3, Step A (6.4 g,
13 mmole) in ethanol (500 ml), was added copper chloride (0.96 g, 9.7 mmole). The
reaction was cooled to 0°C. Portionwise, added sodium borohydride (4.97 g, 131
10 mmole). The reaction stirred overnight at room temperature. Another portion of
sodium borohydride (2.46 g, 65 mmole) was added and the reaction stirred for 2 more

hours, then the solvent was removed. To the residue was added saturated sodium



ci 131 ci WWO 02/18368 PCTIUSLI 1 126702 75 D. Preparation of conpounds
(15) and (16). 14 5 15 16 The product from Preparative Exanple 23 5$TE§F?UEC
(22.5 g) was dissolved in 150 nlL of conc. HCl and stirred for 16 h. The
reaction mxture was poured into ice, basified with conc. NHAOH and then
extracted wwth CH2Cl 2 to give a m xture of 10 conpounds (15) and (16). MS
(1=AB) nlz 4QpitMstk) . 2 5 FEB 2005 12 CVO 02/ 18368 PCT/ UsQ1426/492, 76 E.
Preparati on of compounds (17) and (18). O C 5 17 18 Separation of conpound
of Preparative Exanple 2 Step B by HPLC-.ysing a Chirai pack AD col um
eluting with 40-50% i sopropanol : 60- 50% hexane-0. 2%

bicarbonate and the mixture was extracted with CH.Cl,. The organic layer was dried

over sodium suifate, filtered and concentrated to dryness to afford a mixture of the

reduced ester (20} and the alcohol (21) title compounds. This crude mixture was

5 taken on to the next step without purification.

Step G Preparation of Compound {22).
10
o~ Y
HO
TR | s Cl
L~ O \ O
N N
3 8
T N
H3CO4S HsCOs8
21 22
15 To a solution of the products from Preparative Example 3, Step B (5.74 g) in

CH,Clz (100 mi) was added triethyt amine (2.4 mi). Slowly, methane sulfonyl chloride
(0.8 mi) was added and the mixture stirred over night at room temperature. To the
reaction was added saturated sodium bicarbonate and then it was extracted with
CH:Cl.. The organic layer was dried over magnesium sulfate, filttered and

20 concentrated to dryness. The crude product mixture was separated on a Biotage®
column, eluting with 30% ethyl acetate-CH,Cls, 1o afford the desired iitle compound
(22). MS 525 (MH*). {recovered unreacted ester (20))



10 di et hyl am ne gave enantionmeric amnes (17) and (18). Conpound 17: rrp =
118-119; [a]22 =+ 136.9 (9.00 ng/2nm., MeOH); M5 (FAB) miz 469 (MH).
Conpound 18: np = 119-120; [a]22 = -178.2 (9.90 ng/2n., MOH); W5 L_@F?ﬁflﬁ) m z
469 (MH). FEB2U 110 02/18368 77 5 A. Conpound (19). Br PREPARATI VE EXAMPLE
3 CECI 10 To a solution of the title conpound from Preparative Exanple 2,
Step B (2.0 yg0n24838 mole) in DMF (50 m ) under nitrogen Mitrssphene, was
added triethyl amne (17 m), ethyl arcrylate (2.5 m ), potassium carbonate
(3 g, 21.4 mvol e), tetrabutyl anoni um broﬁr@i de (2.8 g, 8.6 mmle) and

pal l adium (I1) acetate (0.1255 an mml ). The resulting m xture was
heated to 100C, and stirred for EBABAIWE EXABLEIS cool ed to room
tenperature and fhe &SMEENNAY@H. renoved. To the resi due was added CH2Cl 2 and
wat er and the m xture was then extracted with CH2Cl 2. The organic | ayer was
dried over magnesiumsuwfate, filtered and concentrated to dryness. The
crude product was purifiied using pre-adsorbed flashisilica colum

chr omat ogr aphy el uti ag ( Sg% et hyl acet at e=he S ignt to give .
the title conpound ' 0 (VH}). PCs\IU ) 5 FEB 2005
1% 02/ 18368

Y

I
H

11

P

To a solution of title compound (11) from Preparative Example 2, Step A (20 g,
51.32 mmole) in CH;OH/HL0 (400 ml, 50:1) was added di-teri-butyl dicarbonate (16.8
g, 77.0 mmole). The pH was adjusted to 9 and the mixture was stirred for 4 h. The
solvent was removed, then water was added. The mixture was extracted with CH:Cl,.
10 The organic layer was dried over magnesium sulfate, filiered and concentrated to
dryness affording the title compound (23). MS 491 (MH+).

B. Compound (24),

Ak

15 23 24

Following a similar procedure as in Preparative Example 3, Step A, the title
compound (24) was prepared. MS 509 (MH4).



78 Step B Mixture of Conmpounds (20) and (21). C1 H3CO2L 19 r H3CO21 20 5
cl e3CAJ 21 cl To a solution of the title conpound from PreparatAi\,\/F-WE@@qrpl e
3, Step A (6.4 g, 13 mole) in ethanol (500 m), was added copp’e‘rL {b oride
(0.96 g, 9.7 mole). The reaction was cooled to 0OC. Portionw se, added

sodi um borohydride (4.97 g, 131 10 nmmole). The reaction stirred overnight at
room t enper at 4i,g,53Qn0t her portion of sodi um borohydri depf2y4R,8v, 65 nmol €)
was added and the reaction stirred for 2 nore hours, then the sol vent was
removed. To the residue was added saturated sodi um PCT/ US01126792 25FEB21i i
WD 02/ 15368 PCT/ CSI 11/ 26792 79 bicarbonate and the m xture was extracted
with CH2C 2. The organic |layer was dried over sodiumsulfate, filtered and
concentrated to @rynggspbon@fdsord a m xture of the reduced ester (20) and

t he al cohol (21) titTe conmpounds. This crude m xture was 5 taken on to the
next step w thout puri fifati on. 10

To a solution of the title compound from Preparative Example 3, Step B (19.62 g.
38.5 mmole) in ethanol (150 ml) was added platinum (IV) oxide {1.962 g). The reaction
stirred over night at room temperature under H, balloon pressure atmosphere. After
monitoring the reaction, an additional 2% (by weight) of platinum (IV) oxide was added"

10 and the reaction stirred for 6 more hours, under Hp balloon pressure atmosphere. The

mixiure was filtered through celite and concentrated to dryness io afford the title
compound (25) as a white solid. MS 511 (MH™).

Step D Preparation of Compound (26).

15 25 26



Step C Preparation of Conmpound (22). H3CO2S 21 H3COR2S 22 15 To a sol ution of
the products from Preparative Exanple 3, Step B (5.74 g) in CHZ(ilﬁ [(1«1 0 )
was added triethyl amne (2.4 m). Slowy, methane sul fonyl chl or S %@.8
m ) was added and the m xture stirred over night at roomtenperature. To the
reacti on was added saturated sodi um bi carbonate and then it was extracted
with CH2C 2woThesser gani ¢ | ayer was dried over magnesi ummsuhfsatwjo2filtered
and 20 concentrated to dryness. The crude product m xture was separated on a
Bi otage(r) colum, eluting with 30% ethyl acetate-CH2C 2, to afford the
desired title conmpound (22). M5 525 (MWAJ. (recovered unreacted ester (20))
t L B 20C 5 \1' ieyB365dsO [IPREPARAEIVEERXAMBLE HAep B, (2.CanPdunchoe28) THBr 11

5 CBr 23 C,.To.a solution of title, ¢ d%’% r rat.i Exanpl e
5 Co73 g BT b4l By b SRR o RO SPRERO Bl
di -t ert - but wWdrdieq@shnin@Lemnbi) 8 Thg reatfo®wamal@yed their pht narse &djogst ed to 9
and the m'xEure S stirr%g {_or 4 h. (;[Qe . ,
emperature over might. The reaction did not go to completion. The mixture was cooled
5 inan ice bath (0°C) and fresh diisobutylaiuminum hydride/toluene (7.8 ml) was added.
After the reaction stirred for 4 more hours, it was still not complete. The reaction mixture
was cooled to 0°C, and an additional 3.9 ml of diisobutytaluminum hydride as added.
The reaction stirred for 3 more hours. The crude reaction mixture was then extracted
with ethyl acetate:10% citric acid, and 1.0 N NaOH. The organic layer was dried over
10 magnesium sulfate, filtered and concentrated to dryness to afford the desired title

compound (26). MS 471 (MH").

Step E Preparation of Compound (27).

15

26 27

Following a similar procedure described in Preparative Example 3, Step C, the
20 title compound (27) was prepared. MS 549 (MH").



sol vent was renoved, then water was added. The m xture was extracted with
CH202. 10 The organic | ayer was dried over nmagnesiumsulfate, filtered and
concentrated to dryness affording the title conpound (23). MS A9Lc{Md). B
Compound (24). CI 15 23 24 PCT/USO 1126792 C Following a simlar pr ocedure
as in Preparative Exanple 3, Step A the title conpound (24) was prepared.
M5 509 (M) wol 292/ 18368 PCT/ US01/ 26792 81 C. ConmpounGgcfaRdaefh 30 24 5
25 C1 - E.8 24C5 To a solution of the title compound from Preparative
Exanple 3, Step B (19.62 g. 38.5 mml e).in ethanol (150 nl) was added
platinum (1V) oxide (1.962 g). The reaction stirred over night at room
tenperat ure undegichlZ bal | peRpaRNies sHCEmpbhRspRere. After nonitoring the
reaction, an additronal 2%(by wei ght) of platinum (1V) oxide was added 10
and the reaction stirred figr 6 nore hours, under HZ,balloon pressure

at nosphere. The m xture waégffq ltered thr ough cel |<612and concentrated to
dryness to afford the titl@& C§:orrpound (25) as a solid. M5 511 (MH).

27 28

5 To a solution of the title compound from Preparative Example 4, Step E (1.6 g,
3.01 mmole) in DMF (50 ml) was added imidazolylsodium (Aldrich) (0.407 g, 4.52
mmole). The reaction mixture was heated to 90°C for 2 h. The reaction was cooled
and the DMF was removed. Saturated sodium bicarbonate was added and the
mixture was extracted with CHxCl;. The organic layer was dried over magnesium

10 sulfate, filtered and concentrated to dryness. The crude product was purified by
column chromatography eluting with 2% CHsOH: saturated with ammonia-CH,Clp, to
afford the title compound (28). MS 519 (MH*).

Step G Preparation of Compound (29).

<3 7

\:/ Cl \:/ cl
K

€I=

29



Step D Preparation of Compound (26). CI C1 15 2526 2 5 FEB2UC i \%
02118368 PCTI US01/ 26792 82 Di ssol ved product from Preparative Exanple 3,
Step C (2.0 g, 3.9 nmole) in THE (30 mM) and cooled to OC in arl§ EES bl h.
To the reaction was added diisobutylalum num hydride (7.8 m, 7.8 mmole).
The reaction was allowed to stir and come to room tenperature over night.
The reactionwdiid/iss6t go to conpl etion. The m xture was co®I@v1/57¢n an ice
bath (0C) and fresh diisobutyl ai um num hydri deftoluene (7.8 mM) was added.
After the reaction stirred for 4 nore hadrs, it was still not conplete. The
reaction mxture was cooled to OC, and an additional 3.9 m of

di i sobutyl al um num hydri de as added. The reaction stirred for 3 nore hours.
The crude reacti ' t i t4h t :10%citric
acid, and 1.0 N %ﬂ%é%ﬁg{gm@ﬁFé%réﬁm%s%w%%bggpﬁ@'%&%ggﬁﬁum sul f at e,
filtered anthneimoertN dicsena/BCHRGmaS ST hegeadtionmdixtune wde stiredifor 8t a ro@onpound
(26). Ms 47 i f 4 o-0' \
26 27 d Foﬂ%”(o‘!vg#%%rea%‘fﬁeﬁg&%mé% (P dngssh V@@Oﬁgﬁ*‘# %ire)ecﬁjggpg)%l%é%x%r?pl e 3,
Step C, §heligi2@elidvt baidc biptinth (\27)). was prepared. M5 549 (MH+). 7~ ~-161
2005 WD 112118308 PCT/ US01/ 26792

PREPARATIVE EXAMPLE 5
A. Compound {30}.

”

o}

HACO45 HL00,5

10 20 , 30

Compound (20} from Preparative Example 3, Step B (0.67 g, 1.37 mmole} was
dissolved in THF (5 mi). To the mixutre was added 1N NaQH (6.9 ml) and the
resulting solution stirred over night at room temperature. The reaction mixiure was

15 concentrated, acidified with 10% citric acid (w/v} and extracted with CH:Clz. The
organic layer was drived over magnesium sulfate, filtered and concentrated to dryness
to afford the title compound (30) as a yellow solid. mp 122.7-123.4°C; MS 461 (MH").



S3 Step F Preparation of Conpound (28). d O-'-028 Cf 5 To a sqlutign of
the title conpound from Preparative Exanple 4, Step E (1.6 g, 3501 -mmfuole)
in DM (50 m) was added i m dazol yl sodium (Al drich) (0.407 g, 4.52 mole).
The reaction m xture was heated to 90C for 2 h. The reaction was cooled and
the DMF was renoved. Saturated sodi um bi carbonate was added and the m xture
was extractedombfy,CH2Cl 2. The organic |ayer was dried oyehRRgpesi um 10
sulfate, filtered and concentrated to dryness. The crude product was
purified by colum chromatography eluting with 2% CH3OH: saturated with
ammoni a-CH2Cl 2, to afford the title conpound (28). M5 519 (M#). Step G
Preparati on of Conmpound (29). N D 29 ©aip EEB 2005 WO 02/ 18368 84

PCT/ US01/ 26792 Dpgsalayissof denpduasiich) khemAT eparative Exanple 4, Step F
(0.55 g, 1.08 nmole) Tn 4 NdioxanelTHCI (20 m ). The reaction m xture was
stirred for 3 h at room tenperature anq then concentrated to dryness to

afford the title conpound (29) as a 5 | t yellow solid. HRVS 419 (IVH ).
PREPARATI VE EXAMPLE 5 A. Conpound ( / Sy -Gl
N/ e
)
H3C0,8

S as

Compound {17) from Preparative Example 2, Step E 0.31 g (0.66 mmol) was
treated in the same manner as described in Preparative Example 1, Step E to give a
mixiure of compounds (31) and {32} that were further separated on a HPLC Chiralpack
AD column eluting with 30% isopropanol-70% hexane-0.2% diethylamine to give 0.04 g
10  of target compound (31} and 0.07 g of target compound (32).

. Compound 31: mp = 174-175; [oa]%2 =+ 96.0° (3.6 mg/2mL, CH2Cl2); MS (FAB) m/z

473 (MHH).

Compound 32: mp = 173-174; [oc]%2 =+ 21.7° (8.4 mg/2mL, CH2Cl2); MS (FAB) m/z
156 473 (MH*).



~H3 OH d | H3C2S 10 H3CO2S 30 20 Conpound (20) from Preparative Exanple 3,
Step B (0.67 g, 1.37 nmmle) was dissolved in THE (5 nl). To the pixutrig:was
added 1 N NaOH (6.9 m) and the resulting solution stirred over ni ght at
roomtenperature. The reaction m xture was 15 concentrated, acidified with
10%citric acid (wv) and extracted with CH2Cl 2. The organic | ayer was
drived over weagnesisum sulfate, filtered and concentrated r@ichymess to
afford the title conpound (30) as a yellow solid. np 122.7-123.4C;, NS 461
(MH). WD 02/18368 PCT/USOL126792 85 EXAMPLE 1 Preparation of conpounds
(31) and @@). 17 531 C1-1 y H3C®S 32 Conpound (17) from Preparative
Exanple 2, Step E 0. 31 g (0. 66 mml) M@ted in the sane manner as
descri bed i n PreBapa Ekampb St &l B34}

CHIO05

18

(5 v

N N
98N e®s 0
) D

N N
CHa0zS CH3025,=
33 34

As described for preparation of Example 1 above, 0.31 g of compound (18) from
Preparative Example 2 Step E was converted to a mixture of compounds (33) and (34)
that were subsequently separated on a Chiralpack AD column HPLC eluting with and
10 30% isopropanol-70% hexane-0.2% diethylamine as eluent to give 0.12 g of target
compound (33) and 0.04 g of target compound (34).

Compound 33: mp =178-179, [oc]QD2 =- 30.5° (2.5 mg/2mL, CH2Clo); MS (FAB) m/z

473 (MH).
Compound 34: mp = 172-173; [oc]%2 =-84° (3.5 mg/2ml., CH2Cl2); MS (FAB) m/z
15 473 (MH).



m xture of conpounds (31) and (32) that were further separated on a HPLC
Chiral pack AD colum eluting with 30% i sopropanol - 70% hexane- 0. 2%
diethylamne to give 0.04 g 10 of target conpound (31) and 0.07 g of %EE?
conpound (32). Conpound 31: np = 174-175; [a]D =+ 96.0 (3.6 ny/2nL,

M5 (FAB) mz 473 (M+). Conpound 32: np = 173-174; [cc]22 = + 21.7 (8.4

mg/ 2L, CH2GL@ho VR (FAB) miz 15 473 (M+). LE t VO 02/ 38368, B&HL US01/ 26792
S6 EXAMPLE 2 Preparation of Conpounds (33) and (34). C C) 18 Y O 5 33
34 As described for preparation of Exanple 1 above, 0.31 g of conmpound (18)
from Preparative Exanple 2 Step E was converted to a m xture of conpounds
(33) and (34) that were subsequently separated on a Chiral pack AD col um
HPLC eluting with and 10 30% i sopr opEKAMPTE% hexane- 0. 2% di et hyl am ne as

el uent to give Eréfargtiof oftGorgetunds ¢BHaumdd3€)33) and 0.04 g of target conpound
(34). Compound 33: np = 178-179; [(x] 22 3Q50 (9.5 ng/2nm., CH2Cl 2); M5

(FAB) iz
Br
\ Cl
SO
N
TJ\!
CHa028
12
(\NH Y HNK/
i cl s Cl
D D
N/ + N/
f;\l N
CH3C25 CHgOgér:
5 35 36

Product from Preparative Example 2, Step B (0.4 g, 0.86 mmol) was treated in the
same manner as described in Preparative Example 1 Step E, substituting
10 homopiperazine (Aldrich), to give of a mixture of compounds 35 and 36 that were further
separated by flash chromatography, eluting with 10% CH30OH:saturated with
NHa/CH2Cl2 as eluent to give 0.13 g of target compound (35} and 0.17 g of target
compound (36).

Compound (35): mp = 116-117; MS (FAB) m/z 487 (MH™).
16 Compound (36): mp = 111-112; MS (FAB) m/z 487 (MH*).



473 (MH). Conpound 34: np = 172-173; [(x]2 = -84 (3.5 ng/2n, CH2O 2); MS
(FAB) mz 15 473 (MH}). 25FEia2[1 C5 N O 02/13368 PCTJUS01126792 87 EXAMPLE
3 Preparation of Compounds (35) and (36). O 12 O CH3M2S 5 35736 G Foduct
from Preparative Exanple 2, Step B (0.4 g, 0.86 nmol) was treated in the
sanme manner as described in Preparative Exanple 1 Step E, substituting 10
honopi per aziwe ogAdsdy i ch), to give of a m xture of conpourds/8si/angd 36 t hat
were further separated by flash chronmatography, eluting with 10%
CH3OH: saturated with NH3ICH2Cl2 as eluest to give 0.13 g of target conpound
(35) and 0.17 g of target conpound (36). Conpound (35): np = 116-117; M5
(FAB) mz 487 (M#). 15 Conpound (36): nmp = 111-112; MS (FAB) niz 487
(M#). 25 FEB 2005 WD 02/ 18368 88 EXAERAHPAE 4

Preparation of Compounds (37) and (38).

5
[8] Q
== Cl T il
\ e \ Y
N . N
?‘ N
CH40sS Cr02S
15 16
iy Y T
NH HNE
\ ‘O ) =~ i
e
N/ .\ \ N/
N N
! f
CHZ0-S CHy0,8
37 38
10 The ketones of Preparative Example 2, Step D (0.50 g, 1.23 mmol},

Histamine® (0.21 g, 1.8 mmol) and p-toluene sulfonic acid (monohydrate) were
dissclved in anhydrous toluene (40 mL) and refluxed in a Dean Stark trap apparatus
for 24 h. The reaction mixture was then cooled, diluted with ethyl acetate and
extracted with NaHCOg3. The organic layer was then dried over MgSO4 and

15 concentrated 1o dryness. Purification by flash chromatography on silica gel, eluting
with 3% CH3OH(saturated with NH3)-CH2Clp, afforded 0.17 g (28% yield) 5-
substituted histamine adduct (38) as the first eluting product and 0.08 g (13% vield) of
the 6-substituted histarmine adduct (37} as the second eluting product.



Preparati on of Conmpounds (37) and (38). 5 15 NH 37 C C HN 16 38 C PCT/
US+lt 126792 10 The ketones of Preparative Exanple 2, Step D (0.50 g, 1.23
mol ), Histamine(r) (0.21 g, 1.8 mmol) and p-tol uene sul fonic agéitdB 1%
(monohydrate) were dissolved in anhydrous toluene (40 nL) and refluxed in a
Dean Stark trap apparatus for 24 h. The reaction m xture was then cool ed,

di luted withygthy;,acetate and extracted with NaHCO3. Theretgam.s | ayer was
then dried over MgJSO4 and 15 concentrated to dryness. Purification by flash
chromat ography on silica get, eluting wth 3% CH3OH(saturated with
NH3) - CH2Cl 2, afforded 0.17 g (28%yield) 5- substituted histam ne adduct

38 t henf i | d 0 sayield) of th
6 Shbat U?CW?%QOZ(%""%'a“%&ﬁf%fﬁ%%‘?%%'9‘?%"3/2245‘%@“%{ t§ng_product 25 FEB
2005 WD 02/ $83BRUIBGPALISHR F26Pgt20; ¢S FFEMH Ip = 124-125; Vs (FAB)

Mz 498 (MH+). Co d (38): mp,m,1192120; FAB) iz 498 (NH+).
EX,ZAI\/PLES((S))AND(g;)_Oug (38): By Amples 12 AnDRs( FAB) M 2 (V)

5
By using the same procedure as above and substituting the appropriate amines,
the following mixtures of compounds were prepared:
R R
L0 oy
\_ L/ O
N . N
| !
10 CHg025 CHy028
Ex R= Compound #:
5 r\ix {(39) AND (40).
L

6 x (41) AND (42).




By using the sanme procedure as above and substituting the appropriate

am nes, the follow ng m xtures of conpounds were prepared: 10 ci Oﬁ%g;
ExR=Conpound -4: 5N(39) AND (40). . LN Hz 6(41) AND (42). NH2 ci 228 LEEB" 2005
WO 02/ 18368 PCT/ US01/ 26792 90 EXAMPLE 7 Preparation of Compounds (43) and
(44). C 5 To a solution of the title conpound (22) from Preparative Exanple
3, Step C (Mo02eg3682. 03 nmmole) in DVF (20 m) was added ipgirdazigdoy2sodi um
(0.257 g, 2.85 nmole). The reaction m xture was heated to 90C for 2 h.

Cool ed the reaction and renoved DWF. Added saturated sodi um bi carbonate and
extracted with CH2C 2. 10 Dried organic |ayer over magnesi um sul f ate,
filtered and concentrated to dryness. X EE 7oroduct was purified by Biotage

col utm chr omat ogr aphy eILgin v.vithf %—gﬂg (s%t rated with
anmoni a) - CH2A 2, to af f ordRHAL @Mfﬁ;
N
HaC Z
5 ¢ J

oF

“‘\ cl \ CO Cl @
\ P O N/ -
—_—
N
CHaOg‘L CHBO?l
29 43

To a solution of the title compound (22) from Preparative Example 3, Step C
(1.0 g, 2.03 mmole) in DMF {20 ml) was added imidazolylsodium (0.257 g, 2.85
mmole). The reaction mixture was heated to 90°C for 2 h. Cooled the reaction and
removed DMF. Added saturated sodium bicarbonate and extracted with CH.Cl,.

10 Dried organic layer over magnesium sulfate, filtered and concentrated to dryness.
Crude product was purified by Biotage column chromatography eluting with 3%
CH3OH: (saturated with ammonia)-CH,Cl,, to afford the title compound as an
enantiomeric mixture. The mixture was separated into pure enantiomers on Prep
HPLG Chiral AD column eluting with 35-40% |sopropanci-Hexane: 0.2% Diethyl

15 amine, to give the title compounds (43} and (44). MS 497 (MH")



enantionmeric mxture. The m xture was separated into pure enantioners on
Prep HPLC Chiral AD columm eluting with 35-40% | sopropanol - Hexane; 1 Q. 20
Diethyl 15 amine, to give the title conpounds (43) and (44). M 497 (MH) 25
FEB 2005 WD 112118303 PCT/ US01/ 26792 91 EXAMPLE 8 Step A Preparation of
Compound (45). H 3C 5 45 2-nethylimdazol e was dissolved in DM (10 m). To
this was addggd ,9n8s €qui val ent of NaH and the reaction wagtakhewed to stir
at roomtenperature for 1 h. 10 Step B Preparation of Conpound (46). Cl
H3C2S 22 15 Fol lowing a simlar procedyre as described in Exanple 7,
substituting 2-nethyl i mdazoyl sodium 645) for imdazoyl sodium the
racem c mxture of the title conpouncexA¥bp)Ewas prepared. M5 511 (MH). 2 5
FEB 2005 WO 02118368 PCT/iJeRdrd&Y &0 LE 9 M XTURE OF COVPOUNDS (47)
AND (48). 5 48 Conpound (Z22) Was réacted rn the sane the sane manner as
Exanple 8, substituting 4-nethyl imdazole in Step A, affording a m xture

of 4 and 5-net hyl Na
: |
H?’C/&\‘j

5 45

2-methylimidazole was dissolved in DMF (10 mi). To this was added one

equivalent of NaH and the reaction was allowed to stir at room temperature for 1 h.

10 Step B Preparation of Compound (46).

H36\</Nj

N
)
HiCOLS HzCO:S8
15 Following a similar procedure as described in Example 7, substituting 2-methyl

imidazoyl sodium (45) for imidazoyl sodium, the racemic mixture of the title compound
(46) was prepared. MS 511 (MHY).



substituted i m dazol e derivatives (47) and (48). EXAMPLE 10 10 Step A
Preparation of Conpound (49). Na 49 To SEM protected nethyl im dazole (30
g, 0.141 nole) prepared according to 15 literature procedure, Wi tteffd 34P. ,
J. Og. Chem 1986, 51, 1891-1894., in THE (250 mM) at -78C was added 2.5 M
n-butyl lithium (74 m, 0.184 nole) over 1 h. The solution was stirred for
1 h at -78C wohemse sol uti on of Bi phenyl disulfide (34.27CFUs0/%B83 nole) in
THE (125 m) was added over 1/2 h. The m xture was stirred and warned to
room2 5 FEB ?t Yl ~ WD 02/18368 PCTI US0126792 93 tenperature over night. The
solvents were renoved and then the residue was diluted wth ethyl acetate
(250 M) and washed with 1.0 MNaO—| (MM) and then brine (50 nm). The
organi c | ayer g 8 ) b} eid).and concentrated. The crude
product (45.28 g, 0. 141 rml e) was di ssoved in ethanol (100 mM) and 5 M ‘
aqueous HCf 5 (100 m) and stirred for 12 h(“ &0C. The sol vent was renoved
and the residue was di%Sgbved in distilled ibu 5M aqueous NaOH was added
until pH=B, then the mxtyre was extracted Wi th et hyl acetate. Conbined .

[ over Na2SO4, filtered and

N 1 h. affordi ng the
oun ((50). 27 15 i 50
=

1 equival en

further 10 reacted with
> f 3o CatIOn \Of

title conpound (49).

N
Hscogi!
48
5
Compound (22) was reacted in the same the same manner as Example 8,
substituting 4-methyl imidazole in Step A, affording a mixture of 4 and 5-methyl
substituted imidazole derivatives (47) and (48).
EXAMPLE 10
10 Step A Preparation of Compound {49).

H:C
i TN\>/S
N @
|
Na
To SEM protected methyl imidazole (30 g, 0.141 mole) prepared according to
15 literature procedure, Whitten, J.P., J. Org. Chem. 1986, 51, 1891-1894., in THF (250 mi)
at -78°C was added 2.5 M n-butyl lithium (74 ml, 0.184 mole) over 1 h. The solution was

stirred for 1 h at -78°C, then a solution of diphenyl disulfide {34.27 g, 0.155 mole) in THF

(125 ml) was added over 1/2 h. The mixture was stirred and warmed to room



Conpound (27) from PREPARATI VE EXAMPLE 4, STEP E was reacted in the

manner as EXAMPLE 8, substituting 4-nethyl-2-phen
sodi um (49), affording the title conpound (50) as
643 (MH). 25(E82Th WD 02/18368 27 ~N~CH3 N 1 94
Conpounds (51) AND (52).
PREPARATI VE Ex¥AMPLE; 4, STEP E, was treated in the

9 above to afford a m xture of the 4 and 5-substituted

conpounds (51) and (52). CVO 02! 18368 95,Step B
PCTI USOL126792 Preparation of pure (+.-) Conmpound

sane

yl suf fanyl -1 Him dazol e
a light yellow sol btED fs
EXAMPLE 11 M xture of

51 PCT/US0112(792 52 5 Conpound (27) from

same FRRREr a2 n Exanpl e

i mdazol title
(54A) & (54B).
s (53A) & (53B); and pure

(+,-) NN Cildnpeehidre@vethight. The sblven@werd rerfd@l and then the residue was diluted
with ethyl acetate (250 ml} and washed with 1.0 M NaOH (5 x 50 ml) and then brine (50

ml). The organic layer was dried over NaxSOy, filtered and concentrated. The crude

product (45.28 g, 0.141 mole) was dissoved in ethanol (100 ml) and 5 M aqueous HCi

(100 ml) and stirred for 12 h. at 60°C. The solvent was removed and the residue was

dissolved in distilled H.0. 5M agueous NaOH was added until pH=8, then the mixture

was extracted with ethyl acetate. Combined organic layers and washed with brine, dried

over Na,50,, filtered and concentrated. Purified by flash chromatography eluting with

70% Hexanes:Acetone to afford the product as a white solid. The amine was further

10

Step B Preparation of Compound (50).

Hg(‘\s P
N

A A0

N

O

N
o)\o/k
27
15

reacted with NaH (1 equivalent) in DMF for 1 h. affording the litle compound (49).

.0

pOos

N

Ak

50

Compound (27) from PREPARATIVE EXAMPLE 4, STEP E was reacted in the
same manner as EXAMPLE 8, substituting 4-methyl-2-phenylsulfanyl-1H-imidazole
sodium (49}, affording the title compound (50) as a light yellow solid. MS 643 (MH*).



52 Cl 54A 54B C 5 The conpounds from Step A above were further seperated
into a mxture of (4 and 5) (+) enantioners and (4 and 5) (-) enapg%gﬁ["ﬁ
usi ng preparatory HPLC Chiral AD columm, eluting with 20% SNARY

| sopropanol - Hexane : 0.2% Di ethyl amne. M5 532 (MH). The pure (+) and (-)
enantionmeric pairs were then reacted with triphenyl nethyl chloride

(Al drich) i nMO2@$328starting at 0C and warni ng to room t etfgerdt'isrd over 3 h.
The 10 crude product was purified by col unmm chromat ography eluting with 50%
ethyl acetate- acetone, affording the put#«e (-1-) and (-) 4-nethyl
substituted enantioners (53A) and (5383; M5 533 (MH). The col um was then
flushed with 100% net hanol, the fract lconcentrated and the residue
was treated w thgpgthanol m@,@r@t@%# ﬁﬁg@m ?Jﬁ% overni ght at reflux

t enper at ur e. The—%ﬁ‘duct S puri ofu omat ography 15 el uting.
with 50% et hyl acet’te,fcetone, affordi ng mhe chure (+) an% ) 5- rret hyl
substituted enantioners (54A) and (54B); ( 33 (VH) . FEE 2~, IL ": NV
O 02/ 18368 PCT/ US01/ ?92 96 EXAMPLE 12 epar ation of ounds (55) and
(56). 5 CI 56 Conpound (28) from PREPARATI VE EXAMPLE 4, TEPCH: ,

separated into pure i
eluting with 20% 10 |
title conpounds (55

5 Compound (27) from PREPARATIVE EXAMPLE 4, STEP E, was .treated in the
same manner as in Example 9 above to afford a mixture of the 4 and 5-substituted

imidazol titte compounds {51) and (52).



519 (MH). WD 02; I N3(8 PCTii 1501126792 97 Preparation of conpound-(:57): -
EXAWPLE 13 5 N OCDy 29 G Conpound (29) from PREPARATI VE EXAMPLE 4, STEP G
(0.20 g, .48 mmole) was dissolved in CH2CI2 (10 nml). Added triethyl am ne
(0.30 M, 1.92 mole) followed by 10 trinmethylsilyl isocyanate (Al drich)
(1.3 n, 9.6 mple) and stirred at roomtenperature over night. Quenched
reaction wi tRol: AN NaOH and extracted with CH2Cl 2. Dri ederegaphe | ayer
over MgSH4, filtered and concentrated. Purified by colum chromatography
eluting with 3-5% Met hanol saturated w th Amonia-CH2Cl 2, affording the
title conpound (57) as a white solid. 464 (MH). 2 Efix'|rJ 1VO 112/ 18368
PCT/ US01126792 38, EXAMPLEES,A41iANG phise C R IBYpSHas (531 BOBY: AR aNRr@pPY i ate
I socyanat es54al | owi ng the procedure described in EXAMPLE 13 above, the
fol | owi ng conmpounds were prepared: 5 ExR-CorrNoquia#f: (E/CH:’

4 f

\;) ; \:/ ’

N N
Ak A
S54A 54B
5 The compounds from Step A above were further seperated into a mixture of (4

and 5) (+) enantiomers and (4 and 5) (-) enantiomers using preparatory HPLC Chiral AD
column, eluting with 20% Isopropanol-Hexane : 0.2% Diethyl amine. MS 532 (MH*). The
pure (+) and (-) enantiomeric pairs were then reacted with tripheny! methyl chloride
(Aldrich) in CH,Cl, starting at 0°C and warming to room temperature over 3 h. The

10 crude product was purified by column chromatography eluting with 50% ethyl acetate-
acetone, affording the pure (+) and (-) 4-methyl subsiituted enantiomers (53A) and
(53B); MS 533 (MH"). The column was then flushed with 100% methanol, the fraction
was concentrated and the residue was treated with methanol saturated with ammonia,
overnight at reflux temperature. The product was purified by column chromatography

15 eluting with 50% ethyl acetate-acetone, affording the pure {+) and (-} 5-methyl
substituted enantiomers (54A) and (54B); MS 533 (MH").



14(58). Ms 518 (MH"). ON H 15~ (59). MS 544 (MH). 0 O' ' EXAMPLE 16
Preparati on of Conpound (60). \ C C 10 60 1 WD 02113368 K 171' Sul126792 99
Compound (55) was deprotected foll ow ng the procedure described in?Ef"fb‘?ﬁfif
PREPARATI VE EXAMPLE 4, STEP G, to give the (-) enantioner of the starting
am ne which was then reacted wi th 4-Chl orophenyl isocyanate (Al drich) (0.05
g, 0.34 mmol &P t/ms3ct he sane manner as Exanpl e 13 above, affigstdl/mg2zt he title
conmpound (60) as a white 5 solid. M5 572 (MH#). EXAMPLE 17 Preparation of

Conpound (61). 10 N C]r 9%

EXAMPLE 12
Preparation of Compounds (55} and (56).

cr o 55
28

Compound (28) from PREPARATIVE EXAMPLE 4, STEP F, was separated into
pure enatiomers by preparatory HPLC using a chiral AD column eluting with 20%
10 lsopropanol:Hexane; 0.2% Diethyl amine to give pure title compounds {55) and (56). MS
519 (MH).



Cl 61 Conpound (56) was deprotected follow ng the procedure described in
PREPARATI VE EXAMPLE 4, STEP G to give the (-) enantionmer of the starting

am ne. 15 Reacting in the same fashion as Exanple 16 above, afforded the
title compound (61) as a white solid. M5 572 (M4). Z° 5 WO (1211583¢8/("
PC1' /USI 11/ 26792 100 EXAMPLE 18 Preparation of Conpound (62). ND/ 62 5 Cl
Fol | ow ng the procedure described in EXAMPLE 16, substituting cycl ohexyl

chl orof ormateo(BASEY in place of the isocyanate, affordegctheniiihte conmpound
(62) as a white solid. M5 545 (M+). 10 EXAMPLE 19 Preparation of Conpound
(63). G C 63 WHO 112/1836 PCTIUS01126%92 101 Fol I owi ng the sane procedure
as described in EXAMPLE 18 above, substituting the (-) enationer of the
starting am ne from EXAMPLE 17, afforded the title conpound (63) as a white

olid. M5 545 (MH).
SO ( ) EXAMPLE 13
Preparation of compound {57).

i g

29

Compound (29) from PREPARATIVE EXAMPLE 4, STEP G (0.20 g, .48 mmole)
was dissolved in CH.Cl> (10 mf). Added triethyl amine (0.30 ml, 1.92 mmole) followed hy
10 trimethylsilyl isocyanate (Aldrich) (1.3 ml, 9.6 mmole) and stirred at room temperature
over night. Quenched reaction with 1.0 N NaOH and extracted with CHzCl,. Dried
arganic layer over MgSQ;,, fitered and concentrated. Purified by column
chromatography eluting with 3-5% Methanol saturated with Ammonia-CH,Cl,, affording
the title compound (57) as a white solid. MS 464 (MH™).



5 PREPARATI VE EXAMPLE 6 A. PREPATI ONOF TRI BUTYL- ( 2- ETHOXY- VI NYL) - STANNANE
(64) _ 5 n(Bu )3 10 64 In a seal ed tube, was added et hoxy et hyne (Fl uka)
followed by tributyltin hydride (A drich) and heated to 55C for t;\@smgdgaﬁgs.
The reaction mxture was then concentrated to a brown red quui%l." R
Purification via distillation afforded the title conpound (64) as an

of f-white |i9@i'd183BP range 98-115C, (.35 to.2 mmHg). 15 St@pBURrgparation
of Conpound (65). 23 ci b. ci 20 To a solution of conpound (23) from
Preparative Exanple 4, Step A (6.51 g, <%3.29 nM),

di chl orobi s(tri phenyl phosphl ne) palladiun(ll) (Arich) (0.373 g,.53 nV,

and tetrabutyl anmoni um chl ori de (EE&M_EHJE)S_&_H.&_@ 13.29 mM) in DVF (50 m)
was added compound (64) from PREPARATI VE EXAMPLE 6, STEP A. The reaction L
J4 L3 .~ ~:1 S \VO 02118368 PCTI US(Ol 26792 142 stirred over night at
75- 80C under nitrogen atnosphere. The rjeacti on was cooled to room
tenperature, then a solution of KF (.98 g, 15.94 mM in H20 (70 m) was
added. A precipitate formed upon addition. The reaction m xture was stirred
for fifteen mnutes then added CH2Cl 2{and stirred an additional fifteen

m nutes. The 5 reaction m xture was extxa ted with CH2Cl 2, the organic |ayer
was dried over

By substituting the appropriate isocyanates, and following the procedure
described in EXAMPLE 13 above, the following compounds were prepared:

Ex |R= Compound #:

14 (58). MS 518 (MH").
P

15 - /O (59). MS 544 (MH").
oy

EXAMPLE 16
Preparation of Compound (60).

. )

>

Iz
=

10 60



magnesi um sul fate, filtered and concentrated. Purified by silica gel colum
chromat ography eluting with 1:3%-1:1 % ethyl acetate-hexanes affording the
title conpound (65) as a yellow solid, np 86-90C. 10 Step C Prepadrzaitiitonof
Compound (66). ci 65 66 To a solution of conpound (65) from Preparative
Example 6, Step B (3.25 g, 15 6.76 mM in THEFH20 (33.7 mM /7.3 m), was
added nercury (11) acetate. The reaction stirred at roomtenperature for
fifteen m nutveszaucsi ng which tinme a precipitate fornmed. plothesnt xture was
t hen added saturated KI solution (70-80 m) and was stirred for five

m nutes. Added CH2Cl 2 and stirred for 1¢h. The reaction was extracted wth
CH2A 2 (2 x 100 mM). The organic layer was dried over magnesium sul fate,
filtered and 20 memmtir(%)ef@hstdmpemémedfctilb@rintgithda pracedpeulrder(t@d)inas a | i ght

brown solid 8. PCT/ 1267 Pre aration of
Compound (SRRSO ERVELE F ST Cop Sl bE ke el P ol BRI
Examﬁl g 6d Bhiep vastRerOGagied with8l- @fhlbrdplhe&;fl o pdnatet Qrladioh) Weass aduled rrsmdﬁe)um
orohydride, (0.31 seven The
encton st heredia Binies Srtiarel (PR OREaR He P LaREN s & 40 B hy)
acet at e andsyashebmi tdHpri ne. Re-extracted brine 10 layer with additional
ethyl acetate and then conbi ned organic |ayers, dried over nagnesium
sulfate, filtered and concentrated to _a solid. Further purification by
silica gel colum chronat ography el WYYMPMELA 1:1-5:1 ethyl acetat e- hexane
af forded the titferarziemelf(anperyl (@4 white solid. MP range 120-130C, MS

455 (MH{) . N N
< J

Iz
=z

Compound (56) was deprotected following the procedure described in
PREPARATIVE EXAMPLE 4, STEP G to give the (-) enantiomer of the starting amine.
15 Reacting in the same fashion as Example 16 above, afforded the title compound (61)
as a white solid. MS 572 (MH").



15 E. Preparation of Conpound (68). HOC 1r C 67 68 2 U \VO 02118368
PCT/ USI'| 1126792 104 Conpound (67) from Preparative Exanple 6, Step D was
reacted in the same manner as described in Preparative Exanple 3, Step:C
to afford the title conpound (68) as a peach solid. F. Preparation of ~
conmpound (69). 5 SA2CH3 CI 69 CI Conpound (68) from Preparative Exanple 6,
Step D (0.1 YO021965m\) was dissolved in THE (2.5 m). TPHHEWREure was
added Lill (Aldrich) (0.064 g, .48 m) 10 and stirred over night at room
tenperature. The reaction m xture was ca¥icentrated, taken up in CH2Cl2 and
washed with brine (25 ml). The organic |ayer was dried over magnhesium
sulfate, filtered and concentrated t Sthe title conpound (69) as a

yel | ow br own solp@paEVRLERBountsby epar ati on of conpound (70). G QO Q
p' k

N N,

(] (]

I=
=

62
5
Following the procedure described in EXAMPLE 186, substituling cyclohexyl
chloroformate (BASF) in place of the isocyanate, afforded the title compound (62) as a
white solid. MS 545 (MH").
10 EXAMPLE 19

Preparation of Compound (63).

<




68 70 CI CVO 02/18363 105 PCT/USO 1 /26792 Conpound (68) from Preparative
Exanple 6, Step E, was reacted in the sanme manner as described in Exanple
8, Step B, resulting in the title conpound (70) as a white SO|IC|;, P np;94- 1
01C. EXAMPLE 21 5 Preparation of Conpound (71). ci 1~ 69 71 Cl T Ldor’rtjound
(69) fromPreparative Exanple 6, Step F (0.3 g, .05 mM¥) in CH3CN (1 m) was
added i m dazgher{shlsdrich) (0.014 g, .2 mM. The reactionppagshQsPheated to
52C and stirred over night. The reaction was cool ed, concentrated, then
diluted with ethyl acetate and washed w}h brine. The organic |ayer was
dried over nmagnesiumsulfate, filtered and concentrated. The product was
purified by silica gel colum chromatography eluting wth 0-5% net hanol/

saturated with ammonja:CH2ClI2 to afford the title conpound (71)as a white
solid. np 95- 104CIoWRITESTNERICCEgUTE AS@ipsEibegon EEAMPIE 18 above!

substituting the (-) enatiomer of the starting amine from EXAMPLE 17, afforded the
title compound (63) as a white solid. MS 545 (MH").

PREPARATIVE EXAMPLE 6
A, PREPATION OF TRIBUTYL-(2-ETHOXY-VINYL)-STANNANE (64).

P

64

Sn(Bu)s

10
In a sealed tube, was added ethoxy ethyne (Fluka) followed by tributyitin
hydride (Aldrich) and heated to 55°C for two days. The reaction mixture was then
concentrated to a brown red liquid. Purification via distillation afforded the title
compound (64} as an off-white liquid. BP range 98°-115°C, (.35 to .2 mmHg).
15
Step B Preparation of Compound (65).

—

o]
Br,

/
Ak Ak
23 65

20 To a solution of compound (23) from Preparative Example 4, Step A (6.51 g,
13.29 mM), dichlorobis(triphenylphosphing) palladium(ll} {(Alrich) (0.373 g, .53 mM),
and tetrabutylammonium chloride (Aldrich) {3.69 g, 13.29 mM) in DMF (50 ml) was
added compound (64} from PREPARATIVE EXAMPLE 6, STEP A. The reaction



5 Substituting 2-nmethyl imdazole for imdazole and reacting in essentially
the same manner as Exanple 21, the title conpound (72) was afforded as a
light tan solid. np 93-104C. EXAMPLE 23 Preparation of conpound; (78} yN Q
CE Y 10 NV O 02/18368 PC 1711S) 1/26792 106 EXAMPLE 22 Preparation of
conmpound (72). 71 73 Conpound (71) (0.31 g, 0.06 mV from Exanple 21 was

di ssol ved i nWON2/1HE / Di oxane (0.5 m) and stirred for 1 HCIGEAEEHALr ati on of
the reaction mxture afforded the title conpound (73) as a |light yell ow
solid. nmp 195-205C. WO n21 1836 107 EXAMRiE 24 Preparation of Conpound (74).

0 PCT/US01126792 ClI 5 73 )
stirred over night at 75-80°C under nitrogen atmosphere. The reaction was cooled to

room temperature, then a solution of KiF (.93 g, 15.94 mM) in H20 (70 ml) was
added. A precipitate formed upon addition. The reaction mixture was stirred for
fifteen minutes then added CH,Cl, and stirred an additional fifteen minutes. The
5  reaction mixture was extracted with CH,Cl,, the organic layer was dried over
magnesium sulfate, filtered and concentrated. Purified by silica gel column
chromatography eluting with 1:3% -1:1% ethyl acetate-hexanes affording the title

compound (65) as a yellow solid, mp 86-90°C.

10 Step C Preparation of Compound (66).

To a solution of compound (65) from Preparative Example 6, Step B (3.25 g,
15 6.76 mM) in THF/H20 (33.7 ml/7.3 ml), was added mercury (il) acetate. The reaction
stirred at room temperature for fifteen minutes during which time a precipitate formed.
To the mixture was then added saturated Kl solution (70-80 ml) and was stirred for
| five minutes. Added CH.Cl> and stirred for 1 h. The reaction was extracted with
CH:Cl, (2 x 100 ml}). The organic layer was dried over magnesium sulfate, filtered and
20 concentrated to afford the title compound (66) as a light brown solid. MS 453 (MH*).



"H3 74 To a solution of conpound (73) from Exanple 23 (0.026 g, 0.05 nVM in
CH2Cl 2, was added, triethyl amne (Aldrich) (0.046 m, 0.33 nV) followed by
nmet hane sul fonyl chloride (Aldrich) (0.01 m, 0.1 nVM. The reaﬁniﬁnyw&irred
at roomtenperature for 36 10 h. The reaction was quenched with “sat'urat ed
sodi um bi carbonate (50 nml) and extracted with ethyl acetate (2 x 75 m). The
organi ¢ | ayeg \9a5,;dri ed over magnesium sulfate, filtered-qpd,eencentrated.
The product was purified by preparatory thin | ayer chronatography el uting
with 90:10 CH2CI 2: net hanol saturated wth ammonia to afford the title
compound (74), np 105-116C. 2 |: |~ t'1E= ¢ N WD 02/ 1836X PC7/USQ / 26772

109 EXAMPLE 25 Preparation of conpound (75). H3 N Conpound (72) from
Exanpl e 22 was stirred with 4M HCI/ D oxane over 2 h Concentration of
reaction m xturd®.aff tiph @f u und (75) as an off-white solid, np
185-203C. C 5 EXAMPLE 26-29 10 Reacting conmpound (75) from Exanple 25, in
the sanme manner as descrijped in Exanple 13, andgsubstituting the
appropriate isocyanate, tRe_follow ng conpounds

N7 N
PP ALK
66 67

To a solution of compound (66} from Preparative Example 6, Step C (3.06 g,
6.8 mM) in ethanol (40 m!) was added sodium borohydride (0.31 g, 8.1 mM} in two
portions over seven minutes. The reaction stirred for 45 minutes was then
concentrated, taken up in ethyl acetate and washed with brine. Re-extracted brine

10 layer with additional ethyt acetate and then combined organic layers, dried over

magnesium sulfate, filtered and concentrated to a solid. Further purification by silica
gel column chromatography eluting with 1:1-5:1 ethyl acetate-hexane afforded the title
compound (67) as a white solid. MP range 120-130°C; MS 455 (MH™).

15 E. Preparation of Cormnpound (68).
50.CHgy
HO
Lo D
4 W



were prepared: C1 R 15 CH3 72 U 75 75 Ex. i R= Conpound #: 25F1~11101, ~ WO

02118368 PCT/ USO 1126792 109 26F(76). \np 133-144C o" N H 27( 77% £ (B e
131-140C a N 28Hnp np 126-132C. 29CN(79). ON\ np 160-172C H e R

WO 02/18368 PCT/USOI/26792

104

Compound (67) from Preparative Example 6, Step D was reacted in the same
manner as described in Preparative Example 3, Step C, to afford the title compound
(68) as a peach solid.

F. Preparation of compound (69).

S0,CHy

/

Ak

Compound (68) from Preparative Example 6, Step D (0.1 g, .19 mM) was
dissolved in THF (2.5 ml}. To the mixture was added Lil (Aldrich) (0.064 g, .48 mM)
10 and stirred over night at room temperature. The reaction mixture was concentrated,
taken up in CH2Cl, and washed with brine (25 ml). The organic layer was dried over
magnesium sulfate, filtered and concentrated to afford the title compound (69) as a
yellow-brown solid.

EXAMPLE 20
15 Preparation of compound (70},

SOuGCia




EXAMPLE 30 A, PREPARATI ON OF CYCLOHEXYL CHLOROFORVATE 5 OH 6 80 A solution

of cycl ohexanol (Aldrich) (25 m, 0.2 nol) in CH2CI2 (50 m) was jadded:
dropwi se over 1 h to a solution of phosgene in toluene (262 m of a 1.93 M
10 solution, 0.5 nmol) at OC. The reaction was warnmed to roomtenperature
over 3 h. and stirred over night. The volatiles were renoved to afford the
title conpou as a col orI ess liquid. B. Preparati C ound {81

of compound ?@1@@'35 25 1F ,,:~ 4 110 O CH3 75 React | ncgm:c'gr?%'ozgﬂg (75) from
Exanple 25 in the sane manner as descrl goed in Exanple 13, substituting the
acid chloride (80) fromExanple 30, Step”A in place of the 5 isocyanate,

afforded the titgh gmgp(g q‘rc(n$ﬂ’ i £ SEMyas g S
EXAMPLE 31 Prepa‘?’g Ton o corrpoeun ?’55* I”ﬁ%% 8368P%d? ERESIES oo
Ci manner as described in Example 8, Step B, resulting in the title compound (70)as a

white solid, mp 94-101°C.

EXAMPLE 21
5 Preparation of Compound (71).

0

Ak Ak

To compound (69) from Preparative Example 6, Step F (0.3 g, .05 mM) in
CH3CN (1 ml) was added imidazole (Aldrich) {0.014 g, .2 mM). The reaction was
10 heated to 52°C and stirred over night. The reaction was cooled, concentrated, then
| diluted with ethyl acetate and washed with brine. The organic layer was dried over
magnesium sulfate, filtered and concentrated. The product was purified by silica gel
column chromatography eluting with 0-5% methanol/ saturated with ammonia:CH.Cl,
to afford the title compound (71)as a white solid. mp 95-104°C; MS 505 (MH™).



10 75 i Reacting conmpound (75) from Exanple 25 in the sanme manner as
described in Exanple 13 but substituting nmethanesul f onyl chloride‘&nmﬁlace
of the isocyanate, afforded the title conpound (82) as a tan sem L8bl'vd np
120-129C. 15 WD 112/ 18368 H PCTI US01/ 26792 EXAMPLE 32 Separation of
conmpound (75) into (+) and (-) enantioners (83) and (84). Cl 5 84 Conpound
(75) was sepwatzagsgnto pure (+) and (-) enantionmers usi ngCr/psweparat ory

chi ral pak- AD col um chromat ography, eluting with 85:15:0.2% 2-
propanol : hexane/ diethyl am ne affordingothe title conpounds (83) and (84)
respectively. \V O 02118368 PCT/US(11/26792 112 EXAVMPLE 33 Preparation of
conmpound (85). N CE 5 83 Conpound (8BXAWEsErzacted in the same manner as in
Exanpl e 27 af f or Biepgratihe of ¢g und (85) as %émhite solid. mp 122-129C.

\ é@ ’ \ ‘D C'

N

o
N N
O)\D/Z O)\Ok
62 72
5 Substituting 2-methyl imidazole for imidazole and reacting in essentially the

same manner as Example 21, the title compound (72) was afforded as a iight tan

solid. mp 83-104°C.
M
R
Ly |
N
== ol
S
N
N

H *2 HCI

EXAMPLE 23
Preparation of compound (73).

Y \
=
Sk

O O

10 71 &

Compound (71) (0.31 g, 0.06 mM) from Example 21 was dissolved in 4M
HCl/Dioxane (0.5 ml) and stirred for 1 h. Concentration of the reaction mixture

afforded the title compound (73) as a light yeliow solid. mp 195-205°C.



10 EXAMPLE 34 Preparation of conpound (86). CH3 84 15 / =r WD 02/]8368 113
["Ci /USO 1 /26792 Conpound (84) was reacted in the sanme manner as in
Exanpl e 27 affording the title conpound (86) as a white SO|Id gpiébﬁhpssc
EXAMPLE 35 5 Preparation of Conpounds (87) AND (88). CI C ound
(69) from Exanple 19 was reacted in the sane manner as descrlbed 10 in
Exampl e 21 swbstidut i ng 4-nmethyl im dazole for imdazol epcr@sahfeid a

m xture of the 4 and 5 substituted i m dazole derivatives. The m xture
(0.234 g, 0.45 mM) was subsequently tregted with trityl chloride (A drich)
(0.047 g, 0.17 mM and separated by preparatory thin |layer chromatography,
eluting with 1: 6% ethyl acetate-acetone affording the pure isoners (87) and
(88) mp (87) 97-107C (white solid). @] 02/1%368 PCT/ US01126792 114 EXAMPLE

36 Preparation of conpound (89). 5 EXAMPLE 24
Preparation of Gompotnd (74).

O O
\; C.% \; '

N

Iz

*2 HCI O=é=o

73 Ha
5 74
To a solution of compound (73) from Example 23 (0.026 g, 0.05 mM) in CHCl,,
was added, triethyl amine (Aldrich) (0.046 mi, 0.33 mM) followed by methane sulfonyl
chloride {Aldrich) (0.01 ml, 0.1 mM). The reaction stirred at room temperature for 36
10 h. The reaction was quenched with saturated sodium bicarbonate (50 ml) and
extracted with ethyl acetate {2 x 75 ml). The organic layer was dried over magnesium
sulfate, filtered and concentrated. The product was purified by preparatory thin layer
chromatography eluting with 90:10 CH.Cl,: methanol saturated with ammonia to afiord
the title compound (74), mp 105-116°C.



H 30 90 ci Conpound (87) from Exanple 35 (0.085 g, 0.16nmV) was reacted in
the same manner as described in Exanple 25. The resulting enanti,o,rpie,rr [~
m xture was then 10 separated by Preparatory Chiral pak- AD col um L bEb (n
chromat ography eluting with 15-85% | sopropanol - Hexane, 0.2% di et hyl am ne,
affording enantioners 1 and 2 as off-white solids. Pr O 02/ 18368

PCT/ US01126792 21385 EXAMPLE 37 Preparati on of conpound (®AYUSIH2E89 5 |
Enantionerically pure conpound (89) from Exanple 36 (0.02 g, 0.049 mM was
reacted in a simlar manner as in Exanplies 27 to afford the title conpound
(91) as a white 10 solid. np 130-142C PreEarati on of conpound (92). 90
EXAMPLE 38 cIl oN O H 15 92 | ~_ LL EXAMPLESS 02/ 18368

Preparation of compound (75).

72 75

Compound (72) from Example 22 was stirred with 4M HCI/Dioxane over 2 h
Concentration of reaction mixture afforded the title compound (75) as an off-white
solid, mp 185-203°C.

EXAMPLE 26-29
10 Reacting compound (75) from Example 25, in the same manner as described in

Example 13, and substituting the appropriate isocyanate, the following compounds

were prepared:

N

n—z

15 75

[Ex [R= | Compound #:




Enantionerically pure conpound (90) fromE xanple 36 (0.023 g, 0.054 mM was
reacted in a simlar manner as in E xanple 27 to afford the title conpound
(92) . np 125- 135C. PREPARATI VE EXAMPLE 7 5 A. Conpounds (93A 8? Bieah3C O
0 C 116 PCTJUISOL1267 )2 EQRC Et 2C Et2C 9 & 10 93A 93B 10 A nmixture of

pi peri zi nyl conpounds (9) and (10) from PREPARATIVE EXAMPLE 1, STEP F in
THE at -78C was reacted with LDA (1.1 eq.) and stirred for 1.5 h. The

m xture was wahigd. o -20C and then N-phenyl trifl uoronetroams:igult oni mi de
(1.1 eq.) was added. Stirred over night at roomtenperature then extracted
m xture with Et OAc 15 and washed with H2@Q. Dried over Na2SO4 and
concentrated. Purification and separation by flash silica gel colum

chr omat ogr aphy af|foer de ure Cenpouinds (A693A & 93B). WH O 0211R368 117 B.
Preparation of canmpound J(2”94). RCT/ | | 4326782 Conmpound (93A) from above
was di ssolved in|DWF. S ess y added, Et3N

O
H
27 o (77).
)\ /O mp 131-140°C
O N
H

28 o (78).
)\ mp 125-132°C.
9] N
H
29 . N 1(79).
)\ /O/ mp 160-172°C
O N
H
EXAMPLE 30

A PREPARATION OF CYCLOHEXYL CHLOROFORMATE

o]
OH O)L(;l
@ — (J
80
A solution of cyclohexanol {Aldrich) (25 ml, 0.2 mol) in CHxCls (50 ml) was
added dropwise over 1 h to a solution of phosgene in toluene (262 miof a 1.93 M
10 solution, 0.5 mol) at 0°C. The reaction was warmed to room temperature over 3 h,

and stirred over night. The volatiles were removed to afford the title compound (80) as

a colotless liguid.

B. Preparation of compound (81).

15



(29 eq.), Ethyl acrylate (5.4 eq.), K2CO3 (5 eq.), Bu4NBr (2 eq.) and

Pal l aduim (I'l) acetate (0.13 eq.). The m xture stirred and heated to 100C
for 4 h. After cooling, the mixture was concentrated and the r&sibudtas
taken up in CH2Cl2 and extracted with 10 CH2Cl 2/ H20. The organi c | ayer was
dried over Na2SO4 then concentrated and the residue purfied by flash silica
col um chromsboyrsaphy to afford the title conpound (94). PZSUSEAD 112118368
PCTI USU1126792 118 C. Preparation of conpound (95). C 5 Conpound (94) was
di ssolved in EtOH cooled in an ice bathiand reacted with NaBH4 (15 eq.) for
3 mn. Then added CuCl (2 eq) and stirred for 2 h. at room tenperature. The
m xture was filtered, ncentrated and extracted w CH2Cl 2. Washed with
wat er then brine, drﬂ%g ovEE Na2SO4 and concentrafied/to ' a mixture of the
title conpound (95) amdithe hydroxy compound (96). 710 251~1~ 1? 119 D.
Preparation of conmpound ¥96). 5 WD (12/18368 PCTI | SO1126792 Conpound (95),
was then further reacted with LiBH4(3 eq.) in THE at tenperature for
4 h. Et CAc was added anc e mxture was washed with¥a2CO3 then dried over
Na2SO4 and concent r gteg ;| rd fhe title conpotrg \ L0 ki Preparation

of conpound (97).
*3 HCI /Q
I\ N
H
A

75 81

Reacting compound (75) from Example 25 in the same manner as described in
Example 13, substituting the acid chloride (80) from Example 30, Step A in place of the
5 isocyanate, afforded the title compound (81) as an off-white semi-solid.
mp 89-98°C.

EXAMPLE 31
Preparation of compound (82).

@5. ﬁy
o

H *3 HCI }

O==5=

75 CHs
10 a2

Reacting compound (75) from Example 25 in the same manner as described in
Example 13 but substituting methanesulfonyl chloride in place of the isocyanate,
afforded the title compound (82) as a tan semi-solid mp 120-129°C.
15



Cl 96 - 97 NN O (12118368 PC1l7t' Sn 11/26792 120 Di ssol ved conpound (96) in
CH2Cl 2, added Et3N (3 eq.) followed by nethane sulfonylchloride (1.5 eq.).
The mi xture stirred at roomtenperature over night then diluted with CH2Cl 2
and washed with Na2COB. Dried over NaSO4 and concentrated to &ftbrdithe
title conpound (97). 5 F. Conpounds (98) and (99). C 97 Cl1 99 10 To a

sol ution of $g¢iums m dazole (Al drich) in DMF was added, pNakk(3¢89. ) -
Stirred for 15 mn. then added conpound (97) (from above) (1 eq.) and
stirred over night at roomtenperature, The reaction nmixture was
concentrated and then extracted with et]hyl acetate. Washed with Na2CQ3,
dried over NaSO4, filtered then concematiedss 250EB2000 W/() O2/ 18368

PCT/ USO /26792 XghsrfabH YRR el (788RtUT bid feMnibh@edyssl hh@E@ag 0l um
chromat ogr aphy. "Further seperation of pure (+) enantiomers and pure (-)
enanti omers was acconplished on a chiracelsx AD colum affording the title
conpounds (98) and (99). 5 G Conpounds d\\/io\p%camd (101). CN

C?_CHS

N *3 HCl 83

s o90s

84

Compound {75) was seperated into pure {+} and (-} enantiomers using
preparatory chiralpak-AD column chromatography, eluting with 85:15:0.2% 2-
propanol:hexane/ diethyl amine affording the title compounds (83) and (84) respectively.



Cl 98 CI 99 101 10 Conpounds (98) and (99) were individually hydrolyzed to
their free amnes by refluxing in conc. HCQ for 5 h. The reactiof:m xtures
were seperately poured into ice and basified with NHAOH. The sol tit'ions were
then extracted with CH2A 2, dried over Na2SO4, filtered and concentrated to
afford the title conpounds (100) and (101). WD 02118368 PCTI US01126792 122
PREPARATI VE EXRAMPEE 8 Preparation of Conpounds (102) ANDCTAB®)2679F 102 Cf
103 C1 8 In a simlar nmanner as described in Preparative Exanple 7, Steps
A-G substituting 2-nmethyl imdazole foi2 sodiumimdazole, in Step F, the
title conpounds (102) and (103) were prepared. PREPARATI VE EXAVMPLE 9 A.
Compound (104). O 10 H C Conpound (23) from Preparative Exanple 4 was
reacted with piperazine in the EXAMPLE 33

Preparation of compound (85).

EyH

S ci
LA
N/ - ™

5 83 85

Compound (83) was reacted in the same manner as in Example 27 affording the
titie compound (85) as a white solid. mp 122-129°C.

10 EXAMPLE 34
Preparation of compound (86).

oo e

N

pO N o0y

N

»—
O

O
84 86

N

15



same manner as described in Preparative Exanple 1, Step E, affording the
title conmpound (104). 25f'f'2( WD 112/18368 123 B. Preparation of conpound
(105). ~Nh1 No C) o -o 104 PCI 7115111126792 105 5 Conpound (104) from above
was hydrolyzed with 6N HCl over night at ref lux tenperature. THe ldoolied
reaction m xture was basified with 50% w w NaOH and then extracted with 80%
THF- Et OAc. The organic | ayer was dried over \gSH4, filtered and

concentr at edwipoizdsyness, affording the title compound (10&)rusdet:
Preparation of Conmpounds (106) and (107). C H 105 Cl 107 C 2 S FE[1 2ti9%®
W O 02/18368 PCT/ US01126792 124 Conpound;{105) was dissolved in 50:1

MeOH H20 then added di-tert-butyl dicarbonate (2 eq.). Adjusted pHto 9 and
stirred for 4 h abmpoom tsanpes adasiel in Thesame manner as in Example 27 affording the

title compound (86) as a white solid mp 118-133°C.

EXAMPLE 35
5 Preparation of Compounds (87) AND (88).

0

Compound {89) from Example 19 was reacted in the same manner as described
10 in Example 21 substituting 4-methyl imidazole for imidazole, to afford a mixture of the 4
and 5 substituted imidazole derivatives. The mixture (0.234 g, 0.45 mM) was
subsequently treated with trityl chloride (Aldrich) (0.047 g, 0.17 mM) and separated by
preparatory thin layer chromatography, eluting with 1:6% ethyl acetate-acetone affording
the pure isomers (87) and (88) mp (87) 97-107°C (white solid).



reaction m xture was concentrated and extracted with CH2C 2. The organic

| ayer was 5 washed with Na2CO3, dried, filtered and concentrated to dryness
affording a m xture of title conpounds (106) and (107). D. Pre ;13;5 q.,E[ of
conpound (107). CI 10 107 To the m xture of conpounds (106) ande?‘ 7 'From
Step C above, in 80% MOH H20 at roomtenperature was added, cesium
carbonate (2,ed., The reaction stirred overnight. The m re vwas then
concentr at ed}\%g&%?g%t ed with CH2ClI 2, washed 15 with H20 rTi;riﬂyg(%ﬁ"(')ﬁ\\?%r MySO4,
filtered and concentrated to dryness affl%di ng the title conpound (107). E.
Preparati on of Conmpounds (108A & B). ci 1TV 20 107 108A 108B 2 54 zB 2665 WD

02/ 18368 PCTI U S011267 )2 125 Conpound (107) was reacted wth N phenyl

trifluoromethane sulfonimde in a si @kAI@i _Fapher as descri bed in
Preparative Exanplg a?a*tior%?@ ff tle conmpound (108A & 108B).
F. Preparation o 3 -5 108A 109 Conpound (1 08A) was :

reacted \@'th ethyl acrylate in a simlar manner as

H SC\E?

N
H

90

Compound (87) from Example 35 (0.085 g, 0.16mM) was reacted in the same
manner as described in Example 25. The resulting enantiomeric mixture was then
10  separated by Preparatory Chiralpak-AD column chromatography eluting with 15-85%
Isopropanol-Hexane, 0.2% diethylamine, affording enantiomers 1 and 2 as off-white
solids.



described in Preparative Exanple 7, Step B affording the title conpound
(109). G Preparation of conmpound (110). 10 cl 109 110 ci Conpound (109)
was reacted with NaBH4 and CuCl in a sinmlar nmanner as describedZistti il
Preparative Exanple 7, Step C affording the title conmpound (110).
251EB7t10ti W 1121183( PCTIIISI-1126792 126 H. Preparation of Conpound

(111). G 119 ;1,3 Di ssol ved conpound (110) in THE and thep. 1M
Li Al HA1THF %\%0&%7 3é’and stirred for 1.5 h at room tenperggﬁgg'ﬁg'gﬁ)gt he

m xture was added H20O and 15% NaCH therlllsextract ed with Et OAc. The reaction
was washed with brine, dried over MgSH, "~ filtered and concentrat ed.

Purification by flash silica colum QpEtepgraphy eluting with 20%
Et OAc/ CH2Cl 2 af fg i oy (4 :EIIXe‘TUrTD‘Gund (111). 10 1. Preparation of

conmpound (112).

“~{ 0y
P

»

O cl
) e
5 91

Enantiomerically pure compound {89) from Example 36 (0.02 g, 0.049 mM) was
reacted in a similar manner as in Example 27 to afford the titie compound (91) as a white
10 solid. mp 130-142°C

EXAMPLE 38
Preparation of compound (82).

H3C\t\1? Hac\{"?

. A )

15 92



2 f FE1UIj WO (12118368 127 PCl 711SO 1 /26792 Conpound (111) was reacted
wi th nmethane sulfonyl chloride in a simlar manner as describ I{E e
Preparative Exanple 7, Step E affording the title conpound (112)v'5t g
Preparation of conmpounds (113). (114). (115) and (116). O ~H3 / ~o O 115
116 Conmpound (112) was reacted in a simlar manner as Preparative Exanple 7,
Step F subswidattikng 4- nmet hyl i m dazol e for sodi um i m dazok@vsh/mrxt ure of
(+,-)4 and (+,-)5 2 5 F ED 70 W) 02i 18308 PCT/ SOL/26i 792 11-S net hyl

i mdazoles resulted. The m xture was treated in the same manner as descri bed
in Exanple 11 affording pure stereoisoners (113), (114), (115) and (116). 5
K. Preparation oEndoiopeuoaly puidZdmpnchd(($aBromEBknGhle BE 10023 4,30.680mM) was

reacted in a similar manner as in E xample 27 to afford the title compound (92} . mp 125-

135°C.
PREPARATIVE EXAMPLE 7
5 A, Compounds (93A & B).
0
e
T Cl
\
N
)
EtO,C
9&10 93A a93B

10
A mixture of piperizinyl compounds (9} and (10) from PREPARATIVE EXAMPLE
1, STEP F in THF at -78°C was reacted with LDA (1.1 eq.) and stirred for 1.5 h. The
mixture was warmed to -20°C and then N-phenyl trifluoromethane suffonimide (1.1 eq.)
was added. Stirred over night at room temperature then extracted mixture with EtOAc
15  and washed with H.Q. Dried over Na;SO, and concentrated. Purification and separation

by flash silica gel column chromatography afforded pure Compounds (93A & 93B).



H 118 Cf d 114 L 5 F E B 2 WD 02118363 PCT711S01126792 129 Conpounds (113)
and (114) were hydrolyzed to their free amnes by stirring in HCIéDiuo_xane
for 4 h. The m xtures were then concentrated to dryness affording héltiltt e
conpounds (117) and (118). 5 PREPARATIVE EXAMPLE 10 Conpounds (119) AND
(120). 119 d 120 A 10 In a simlar manner as described in Preparative
Exanpl e 9, Skepsnf&sK, substituting 4,5-dinethyl imnmdazolthriSep J, the
title conpounds (119) and (120) were prepared. EXAMPLE 39-45 15 Reacting
conpounds (100) or (101) from Preparative, Exanple 7, in the same nmanner as
described in Exanple 13, substituting the appropriate isocyanate or

chl orof ormat e, the fdrbmrhtitgy GeopRUNGS (oaer e prepared: 2 5FEB2005 NV O

02! 18368 PCT1CJS111126792 130

83A t

Compound (93A) from above was dissolved in DMF. Successively added, EtzN
(29 eq.), Ethyl acrylate (5.4 eq.), KoCOs (5 eq.), BusNBr {2 eq.) and Palladuim {il)
acetate (0.13 eq.). The mixture stirred and heated to 100°C for 4 h. After cooling, the
mixture was concentrated and the residue was taken up in CH,Cl; and extracted with
10 CHCI/H:O. The organic layer was dried over Na,SO, then concentrated and the

residue purfied by flash silica column chromatography to afford the title compound (94).



C OR ExR=Conpound #., 39 F(121) AND (122) ol~- N 4011 (123) and (124) k ,
| o N 410 N (125) AND (126). H 42CN(127) AND (128). N o H 430 gm(LLz,saa
AND (130). 44t'V (131) AND (132). 0 0 450 O(133) AND (134). 2 5 H'B B 205
WO 021 1S36S

WO 112/18368 PCTAISIN/26792

118

C. Preparation of compound {95).

96

5 Compound (94) was dissolved in EtOH cooled in an ice bath and reacted with
NaBH, (15 eq.) for 3 min. Then added CuCl (2 eq) and stirred for 2 h. at room
temperature. The mixture was filtered, concentrated and extracted with CH,Cl,.
Washed with water then brine, dried over Na:S0Q, and concentrated to a mixiure of the
title compound (95) and the hydroxy compound (96).

10



111 PC /US1n/ 26792 EXAMPLE 46-51 Reacting conpounds (102) or (103) from
Preparative Exanple 8, in the sane manner as described in Exarrp&g 13,
substituting the appropriate isocyanate or 5 chloroformate, the Iilf'év{/l‘t‘hg
conpounds were prepared CI OR R ExR=Conpound #: cc F 460~ N (135) AND
(136). F1 470'" "N (137) AND (138). HcN 480J~ N (139) AND (140). H
49~(141) ANDwOlA49;690 -"" (143) AND (144). 0)"0, ~ ( 510~akAR)i16HP (146),

119

D. Preparation of compound (96).

95 96
5
Compound (95), was then further reacted with LiBH4(3 eq.) in THF at reflux
temperature for 4 h, EtOAc was added and the mixture was washed with Na;CO4 then
dried over Na»,S0O, and concentrated to afford the title compound (96).
10 E. Preparation of compound (97).
O\ /3H3
AN
O/ N




Cl t 54E32005 Nv O 11211 8308 PCI/[JSO /267J2 132 EXAVPLE 52-59 Reacting
conpounds (117) or (118) from Preparative Exanple 9, in the sane nmanner as
described in Exanple 13, substituting the appropriate isocyanate,, ..

chl orof ormate or suifonyl chloride, the follow ng conpounds were ?)r?*é'par'ed: 5
C ExR=Conpound #: 52/ F (147) AND (148) i \ O- N H 53(Q(149) and (150) V

H 540 N(151) AND (152). 55/ CN(153) AND (154). Ol~- N H_
WO 02/18368 PCT/USO/20792

120

Dissolved compound (96) in CH.Cl, added Et;N (3 eq.) followed by methane
sulfenylchloride (1.5 eq.). The mixture stirred at room temperature over night then
diluted with CH.Cl, and washed with Na,COa. Dried over NaSQO,4 and concentrated to
afford the title compound {97).

5
F. Compounds (98) and (99).
O S
Ss,
/0
o}
99

10 To a solution of sodium imidazole (Aldrich) in DMF was added, NaH (2 eq.).

Stirred for 15 min. then added compound (97) (from above) (1 eq.) and stirred over night
at room temperature. The reaction mixture was concentrated and then extracted with
ethyl acetate. Washed with Nax,COj, dried over NaSOy, filtered then concentrated.



56\ | (155) AND (156) O N H 579 157) AND (158). 0=S- =O | cH3 25FE621i5 WO
02,118368 |i 580),~"0'-k(159) AND (160). 590 a(161) AND (162). EXAMPLE 60-69
PCT/ USOL/ 26792 Reacti ng conpounds (119) or (120) from Preparative @(ﬂ?ﬂﬂﬁ
10, in the sane 5 manner as described in Exanple 13, substituti n&i /
appropriate isocyanate, chloroformate or sulfonyl chloride, the foll ow ng
corrp(()und)s wey s PLepar ed: HC 10 15 G OR H,, C ExR=Conpound #:60,, F (163)
AND (164 '

121

Crude product was purified by flash silica column chromatography. Further seperation of
pure {+) enantiomers and pure (-) enantiomers was accomplished on a chiracel AD

column affording the title compounds (98) and (99).

5 G. Compounds (100} and (101).

08 100
N N
= 2
L L]
49N sGes
N N
PN "
o” o7 ™
99 101
10 Compounds (98) and (99) were individually hydrolyzed to their free amines by

refluxing in conc. HCl for 5 h. The reaction mixiures were seperately poured into ice and
hasified with NH;OH. The solutions were then extracted with CHxClz, dried over
Na,S0,, filtered and concentrated to afford the title compounds (100) and (101).



f \ o~ u 61(165) and (166) 62n(167) AND (168). Cl1 \\'O (12118368 134
63cN(169) AND (170). a~ N H 64CH3 (171) ~ ON H 65 (172) AND (173) I ON
H 66(174) AND (175). o-~-0 7 5TER T

WO 02/18368 PCT/USO1/26792

122

PREPARATIVE EXAMPLE 8
Preparation of Compounds (102) AND (103).

C?/Cm @TCHa

o o

N N
H H
102 103
5 In a similar manner as described in Preparative Example 7, Steps A-G,

substituting 2-methyi imidazole for sodium imidazole, in Step F, the title compounds
(102) and {103} were prepared.

PREPARATIVE EXAMPLE 9
A. Compound (104).

Br

: é‘ o

K Ak

10

Compound (23) from Preparative Example 4 was reacted with piperazine in the
same manner as described in Preparative Example 1, Step E, affording the title
compound (104).



CH3 67~"s (176) AND (177). 0)O- 68,,,,,, (178) AND (179). 0"J"o 69a~0(180)
AND (181). PREPARATI VE EXAMPLE 11 A PREPARATI ON OF COVPOUND (182). 5 CO2Et
PCT/ US01/ 26792 Ethyl 2,2-dinethyl acrylate (50.0 g, 2.0 eq.) was spistEedith
with imdazole (13.28 g, 200 mmol) at 90 for 48 hours. The resulting
solution was cooled, diluted with 300 nL H20-CH2ClI 2 (1:1) and separ at ed.
The aqueous 8lqyas extracted with CH2G 2 (2 x 10 75 my)-qRg L.he conbi ned
organic Iaye&\%yv{/'élsm\é\?i ed over Na2SO4 and concentrated in vellcuol.]' The crude
m xture was purified by flash chromat ogrlggohy using a 10% MeOH in CH2C12
solution as eluent to give pure product ‘45 a clear oil. M M+= 197. L J
L 1J 2(13C WO (42/1 183 OH A solution of the title
conmpound from Pre'pareﬁg ardth of n& ol A, (10.0 g, 50.96 nmol) was
treated with LIAIH4 (51 rrL,(_LNM solution in ether, 1.0 eq.). The

)

o

/
S Cl
\_/
- N
h
H
105
5 Compound (104) from above was hydrolyzed with 8N HCI cver night at reflux

temperature. The cooled reaction mixture was basified with 50% w/w NaOH and then
extracted with 80% THF-EtOAc. The organic layer was dried over MgSO4, filtered and

concentrated to dryness, affording the title compound (105).

10 C. Preparation of Compounds (106) and (107).
0
A-
7 \ Cl
=N
-
N
H

105

S Cl




10 reaction mxture was stirred one hour before quenching by the dropw se
additon of saturated Na2SO4 (--3.0 nL). The resulting slurry was dried with
Na2SO4 (solid), diluted with EtQAc (100 nL) and filtered throug arpg ugh of
Celite. The filtrate was concentrated to give crude product which was used
Wi thout further purification. CIM: M+ = 155. 15 B. PREPARATI ON OF COVPOUND
(183). C PRERARATEON OF COVPOUND (184). OH 20 Il odine (3.83gMi%2 eq.) was
added to a solution of Ph3P (3.95 g, 1.2 eq.) and imdazole (1.02 g, 1.2
eq.) in CH2Cl2 (30 nL) portionw se over 136 mnutes followed by a solution
of the title conmpound from Preparative Exanple 11, Step B, (3.83 g, 12.56 25
nmmol ) in CH2C12 (10 m.). The resulting solution was stirred one hour before
concentrating | S ] H treated
wtn Ko B (4 S GTR SAENENE A o TRBDEARA Bl dbd el T R

The reacti omcamomateréemas /Jdgdstﬁdaﬂ—iwabndvaiﬁreard 10096 atir)ora tenEH2ACE2 THe00 m_)

separ at ed, and .t he ueous I Cl

conbi ned or&ea%‘f '8% %Lr'r Koini 0880 M@é@@%‘j “?‘”#q ?g_%lét %h%R'@aE'Sg%yeeﬁ%vraﬁt ed
under reducedspsesBiiNg.CTheript ,Gdumti andscoREInt St BoM82 aPfollirkEBMIAENWO
021 18368 PCT] U80112679é @6 gz{dfl ed by flash chromat ography using neat
Et OAc then 595 RRBRPYNKSH AGn luent to give a pale yellow oil (184).
CvMs: MH = 137. 5 D. PREPARATI ON OF COMPOUND (185). 23

D. Preparation of compound {107).

va

A

To the mixture of compounds (106) and (107) from Step C above, in 80%
MeOH/H,O at room temperature was added, cesium carbonate (2 eq.). The reaction
stirred overnight. The mixture was then concentrated, extracted with CH.Cl., washed
15 with H:0, dried over MgSQy, filtered and concentrated to dryness affording the title
compound (107).

E. Preparation of Compounds (1084 & B).

O, / e
\:fsi‘o o S\/
0 O

0

s

=~ o -~ i -~ ol
\ . \ Y \ y
N
— +
| J< I /l< /l\ k
O)\O O)\O O O

20 107 108A 108B



Cl M M|l 184 NC Pd(QAc)2 (0.023 g, 10 nol %9 was added to a sol ution of
the title conmpound 10 (184) from Preparative Exanple 11, Step C, (0.30 g,
2.0 eq.) , compound (23)(0.50 g, 1.02 mol), Bu4NBr (0.66 g, 2.0 eq.), TEA
(2.84 m, 20.eq.) and K2COB (0.70 g, 5.0 eq) in DMF (10 nL). The res UHJ ng
solution was heated to 100 C for 48 hours, cooled to roomterrper7aﬁ hré and
concentrated under reduced pressure. The residue was diluted with water (50
nm) and CH2CIWo (b0:l), separated, and the aqueous |ayer 1a exfracied with
CH2Cl 2 (2 X 25 nL). The conbi ned organic | ayer was dried over f\’laé SA4,
filtered, and concentrated in vacuo. The,crude product was purified by flash
col um chr omat ogr aphy using an 8% MeOH in CH2Cl 2 solution as eluent to yield

ad4: 1m XtheC@rﬁw by (QQ?’P@é@\@aé%@%ﬁl@ﬂ%@?lﬁh%r@rﬁ@tﬁ!ﬂﬁé smﬁe&%ldemas
m xture (0.27 %éfnwas stirred in CH2Cl2 : TFA (7 1.5 hours.

The crude pStkEMaRaS! W%Wﬂfﬁ?%ah%@am@@uc%%éeﬁ%—"tﬁ'@? th?éﬁ‘?r al i zed
with NaOH (%o}wﬁouﬁdﬂﬁo%t&ﬂmd with WO 021] 8368 PCT/ USOL /26792 137 CH2CI 2
(3 X 20 nmL). The_conbined organics were dried over Na2SO4, filtered, and
concentrated in bacudremiatigyreigempesnd(9nas purified by flash

chromat ography using a 15% (10% NHAOH in MeOH) sol ution in CH2CT2 as el uent
to give the title conpound (185) as a tan solid. LO . MHf= 445. 5 185 Cl

Oj\ O/k

5 108A 109
Compound {108A) was reacted with ethyl acrylate in a similar manner as
described in Preparative Example 7, Step B affording the title compound (109).

G. Preparation of compound {110).

10 109

Compound {109) was reacted with NaBH4 and CuCl in a similar manner as
described in Preparative Example 7, Step C affording the titte compound (110).



186 CI 10 Met hanesul fonyl chloride (0.005 nL, 1.3 eq) was added to a
solution of Conpound (185) from Preparative Exanple 11, Step D (0.02 g,
0.045 mmol) and TEA (0.010 nm., 1.5 eq.) in CHRC 2 (1 nL). The regukimnK
solution was stirred 12 hours at roomtenperature and diluted with
saturated NaHCO3 (5 nL), separated, and the aqueous |ayer extracted with
CH2C12 (3 X @@ miy3es The conbi ned organic |ayer was 15 drid/EVER™Ra2SO4 and
concentrated in vacua. The crude product was purified by flash

chr omat ogr aphy using an 8% (10% NH4AOH i n2dveOH) solution in CH2Cl 2 as el uent
to give the title conpound (186) as a tan solid np 124-129 C, LCMS: M=
523. EXAMPLE 70. H. pr dpiapaipiiamefdfonaenyndi{hdity 186) . FEB WO 02/ 1 8368

PCTIUSO /26792 lib G N N | | SO2Me SO2Me 5 EXAMPLE 71 Preparation of
Compound (187). 186 187 C pTasNHNH2 (0,085 g, 3 eq) was added to a solution
of conmpound (186) from Exanmplg 70 (0..08 g, 0.0153 nmmol) and DBU (0. 11 ni,
5.0 eq.) in toluene (5 nL) and RQ

Ak PP

110

5 Dissolved compound (110) in THF and then added 1 M LIAIH./THF (1 eq.) and
stirred for 1.5 h at room temperature. To the mixture was added H.O and 15% NaOH
then extracted with EtOAc. The reaction was washed with brine, dried over MgSOs,
filtered and concentrated. Purification by flash silica column chromatography eluting with
20% EtOAC/CH,CI, afforded the hydroxy title compound (111).

10
Preparation of compound (112},

HO,




the resulting solution was heated to refl ex. Subsequently, every 2 hours
over 6 hours 10 the solution was cool ed and additional pTosNHNH2 (3.0 eq)
added and the solution heated to reflux. After heating at reflux 2 hours
following the final addition the solution was cool ed, diluted wﬁ:h ChigCl 2
(25 m.) and washed with saturated NaHCO3 (3 X 20 nlL). The orgari 1ayer was
dried over Na2SO4, filtered, and concentrated under reduced pressure. The
crude reacti &o mhxbhkr e was puri fied by flash colum 15 chronmtography using
a 5% (10% NH4COH in MeOH) solution in CH2C12 as eluent to give the title
conpound (187) as a tan solid. np 112-116,C LCVMs: MH+= 525. PREPARATI VE
EXAMPLE 12 A. PREPARATION OF COWOUND (188). 20 Tr H' NI > -)b. NJ,/>
188 L. B 1005 WD 02/18308 PC /US01126792 1 39 Literature conpound 1

H i m dazol e- 4- carbal dec}/ efl was trit Iated accord%ﬁg ? the literature
procedure Kel |l ey; Cogpound (113) wep gpac ne gyl chigns 18 ASEPIRT MRATYRE
title conpoudicbd@Rhin 5@3@1@5@&%&@@4% @%Wh@wa)comﬁaum 4§8) 189

5 J. Preparation of compounds (113}, {114). (115) and (116).

t15 116

Compound (112) was reacted in a similar manner as Preparative Example 7, Step
F substituting 4-methylimidazole for sodium imidazote. A mixture of (+,-)4 and (+,-)5-



nBuLi (2.00 nmL, 2.2 eq; 1.7Min hexanes) was added dropw se to Ph3PCH3Br 10
(1.4 g, 2.3 eq) in THE (10 nL). The resulting orange solution was stirred 30
m nutes at roomtenperature before cooling to -78 C and addin? the trityl
protected 1(3)H i m dazol e- 4- car bal dehyde (0.50 g, 1.48 nmol)7bhEfHE (7.0
m.). The resulting solution was warnmed slowy to roomtenperature and
stirred overnight. The reaction was quenched by the addition of water (20
m.) and extréetetswith CH2Cl 2 (3 X 20 nL). 15 The conbi nddTddgianies were
dried over Na2SO4 and concentrated in vacuo. The crude product was purified
by flash chromat ography using a 45% hexames in EtOAc solution as eluent to
yield the title conpound (189) as a white solid. WO 02118308 PCT/US01126792
140 C. PREPERRAT| ioNfazelasormadignND TheguyturegrasNraaded ipthelsamsgnanieg aenesaived. 021

g, 0.10 eq.; §Eﬁg ; L OF Ay ( 42k £50 reparative
Exanpl e 2, ét%% (g’egﬁ&g‘”ﬁoﬁ@%%mo%é%ﬁgggxg ()1@93"’) %r om@ﬁepar ative
Exanple 12, Step B (0.32 g, 1.0 eq.), Bu4NBr (0.61 g, 2.0 eqg.), and K2CC3
(0.66 g, 5.0 eq,) i ggg . %&hﬁ' ! zr gg! g glsolution was heated to 100
C over night, cggled?r ra&ﬁ”g %5 &§11? {3 jced pressure. The residue
was diluted wth water Q@? lﬁ m.) and CH2C12 %EO ), serparated, and the
aqueous | ayer extracted ™t Sﬁgﬁ e conbi ned organi cs were
e

-&E_§H2CI2 (2 X 50
dried over Na2SO4 and concemtpated in vacuo. ude product was purified
by flash chromat ography usi ng 400% Et OAc as el uent.NLCOVS: 723 (MH). 25 FEB




WO 02/ 18368 PCT/ USn11/ 26792 141 EXAVPLE 72 Preparation of Conpound (191).
5 Tr 1 a S2CH3 SOZCH3 190 191 To a solution of the title conpound from
Preparative Exanple 12, Step C (1.43 10 g, 1.97 mol) in water (70 nm-) was
added AcOH (70 nmL). The resulting solution was heated at refl ux?twag i
hours, cooled to roomtenperature and neutralized by the dropw se addition of
50% (W w) NaCOH. The solution was then extracted wth CH2Cl2 (3 X 200 nl)
and the conbiyge-e&:gani cs were dried over Na2SO4 and conceptiaded-«>under
reduced pressure. The crude product was purified by flash chromatography 15
using a 10% (10% NHAOH in MeCH) sol utiopgin CH2CI 2 as el uent. np=190 C
(dec.); LCVMs: MHO= 483. WO 021183(i 8 PCT/ US01126792 142 EXAMPLE 73

Separation of Cargestigsls(103)andlD 4 205 hylttobized td 82irk@% amines by stirring in

HCl/Dioxane for 4 h. The mixtures were then concentrated to dryness affording the title
compounds (117) and (118).

5 PREPARATIVE EXAMPLE 10
Compounds {119} AND {120).

119 120

10 In a similar manner as described in Preparative Example 9, Steps A-K,
substituting 4,5-dimethyl imidazole in Step J, the title compounds (119} and (120} were
prepared.

EXAMPLE 39-45

15 Reacting compounds (100) or (101) from Preparative Example 7, in the same
manner as described in Example 13, substituting the appropriate isocyanate or
chloroformate, the following compounds were prepared:



Cl 193 | The title conpound (191) from Exanple 72 was separated into
individual (+)- and (-)- enantioners by preparative HPLC using a Chiral Pak
AD colum eluting with 70 : 30 hexanes : i PrOH containing 0.2% 3'%3@ am ne
as eluent. Conpound (192): FABMS: MH{= 481; np=109-112 C; [a] 20%) t (2.0
ng in 2.0 10 nL MeOH). Conpound (193): FABMS: M+~ 481; np=126-129 C

[a] 200= -367wW02u%3esy in 2.0 L MeOH). WO 02/ 18368 143 EXANRISH /7492
Preparation of Conmpound (194). H 5 191 PCTIUS01l 26792 194 The title
conmpound (191) from Exanple 72 was di ssakwved in toluene (50 m-) and DBU
(0.26 nL, 5.0 eq.) and pTosNHNH2 (0.33g, 3.3 eq.) were added. The resulting
solution was heated to reflux™2.5 hours before c ing to roomtenperature
10 and addi ng additional pTasNANH2 (0.33g, 3.3 eg. The reaction m xture
was heated at reflux for an ddditional 2 hours and cooling to room
tenperature. The resulting solution was diluted w t)h saturated NaHCO3 (100
m.) and extracted with CH2C12 (3 X 100 nlL). The c i ned organics were
washed with brine, dried over Na2SO4, filtered, and concentrated in vacua.
The crude product was purified/by flash chromatography 15 using a 5% (10%
NHAOH in MeOH) sol ution in CH2GL !as gl uent t e product

n—=

Ex [R= Compound #:

39 o~ /©/F (121) AND (122)
N

40 N /O (123) and (124)
A,

41 WA (125) AND (126).

42 o /Q/CN (127) AND (128).
Py
H

43 j\ (129) AND (130).
o) O/\
42 o (131) AND (132).

45

A /O (133) AND (134).
OAO




(194). mp=158-162; LCMS: MH+H=483. 4 5 ' LU ? WD 02/18368 PCT/ U501/ 26792 144
EXAMPLE 75 Separation of conpounds (195) AND (196). H CE 191 Y 5 195 C 196
Cl In a simlar manner as described in Exanple 73 above, the foljlgg{gﬁg}%
enanti onmers were separated: Conpound (195): LCMS: MH+= 483; np= 131 C
[a] 200= +134 (2.0 ng in 2.0 10 nmL McOH). Conpound (196): LCVB: M+ 483,

np= 125-126 \COE£EJ3 = -105 (2.0 ngin 2.0 nL MOH). 2 Sk,gﬁg%”\(p)pZ/ 13368
145 PREPARATI VE EXAMPLE 13 Preparati on of Compound (197).

131

EXAMPLE 46-51

Reacting compounds (102} or (103} from Preparative Exampie 8, in the same

manner as described in Example 13, substituting the appropriate isocyanate or

5 chioroformate, the following compounds were prepared:

Ex R= Compound #:

46 . /@,F (135) AND (138).
A,

47 . /O {(137) AND (138).
A

48 . /@,GN (139) AND (140).
Ay
H

49 i (141) AND (142)
o” o N

50 j\ (143) AND (144),
A

51 e /O (145) AND (148).
A




PCTI US01126792 197 i m dazole (2.50g, 36.72 mvol) and basic alum na (15 g)
were combined and shaken 15 m nutes before adding propargyl chloride (2.66
m., 1.0eqg.)_ The resulting mxture was stirred 84 hours and suspended in
Et OAc. The slurry was filtered and the 10 filtrate was washed wijtHhf #%and
brine and dried over Na,,,SO4. The solution was filtered and concentrated
under reducedoptessure to give a clear oil. EXAMPLE 76 Rrapanatsian of
Compound (198). 15 i 197 23 198 ci A solution of conpound (23) (0.50g, 1.02
mrol ) and conpound (197) from Preparatiyye Exanple 13 (0.22g, 2.0 eq.) in
TEA (3.0 nmL) and pyridine (0.5 nmL) was WO 02/18368 PCTI USOL126 792 146
deoxygenat ed 15 mi nutes before admIEXNMRHEGPBB3)2 (0.0188, 2.5 mol% and

G (9,0028, 5.0 U S PRS0 e BEBREA{ oSS ™

extract ed wnahAn&HE@dedcribethia Frampianes] sobguire thayppropistedsdcganayver Na2SO4,
filtered, and concentrated. The 5 crude product was purified by flash

chr omat ograﬁH?rc’l&’mﬁ’@e eruopEtiarife; lesplipyingGompcBds ‘é@reef?rﬁ@'f‘f? mp 109-112 C
LCVS: 515 (MH+). PREPARATI VE EXAMPLE 14 A. Preparation of Compound (199).

10 Hac\{w

Ex R= Compound #:

52 ", /O/F (147) AND (148)
by

53 e /O (149) and (150)
O)\N

54 T (151) AND (152).

55 o QCN (153) AND (154).
PN
H

56 . /O/Cl (155) AND (156)
Ay
H

57 2 (157) AND (158).




Cl 21 199 Conpound (21) from Preparative Exanple 3, Step C, (2.83 g, 6.37
nmmol ) was dissolved in 120 mM of dichloronethane and 0.16 m of de-ionized
wat er. Dess-Martin 15 periodinane (3.85 g, 9 mmol) was added as a solid at
anbi ent tenperature and the reaction mxture stirred for 4 hourstr%@g{@g
added a 20% Na2S2Q3 solution (50 m) and stirred for 15 m nutes. e layers
were separated and the dichl oronet hane | ayer washed with saturated NaHCG3,
dried over magnesium sul fate, filtered and evaporated tgcghisainbhe title
product (199). FABMS: 445 (MH). 1 "a |I-E. B 1C WO 02/18368 PCTI USO /26792
147 B. Preparation of Conpound (200). Clj5:199 200 4-1o0do-1 -trityl-im dazole
(prepared according to the literature procedure Kirk, 5 Kenneth L.;J.

Het erocyci | 5€hem ;~EN;, 22; 1985; 5/7459)AND.(4&)g,| 1.1 nmol ) was di ssolved in
5 m of dighlorpnetihane funder a drly nitrogen atnosphere. Ethyl magnesi um
brom de (0.36 m}/riasg ed and the reaction mxture stirred. After 30

X

m nut es conpeunt——(199)—( 044 g1 "1%H\AWWO| ved in 5 m of

di chl or onetihane| arff addg p the re(lactfon i Xt'urle while stirring. After
stirring 4|10 hourg at ent terﬂperature, the Im xture was washed wth
sat ur at ed arrrmnr@ A de sol utjion, dried over magnesi um sul fate,
filtered, and evaporated to give a solid residue. The product was
chromat ographed on a flash silica gel ephMpnEwsigly ethyl acetate as the
eluent to obtain the title conpound (200). FABMs: 756 (MH). EXAMPLE 77.

Reacting compounds (119) or (120) from Preparative Example 10, in the same

5 manner as described in Example 13, substituting the appropriate isocyanate,

chloroformate or sulfonyl chloride, the {following compounds were prepared:

HsC

HaCn Ny, N\7
S

HsC

z. 7

10

15

Ex B= Compound #:

60 ", F (163) AND (164)
T
H
61 . /O {165) and (166)
A,

62 e (167) AND (168).




15 Preparation of Conpound (201). cl N-N'" i S02CH3 SCQzZCH3 ci 201 200 2 B
h 3 C W 112/18368 PCT/USO /26792 148 Conpound (200) (0.6 gn) was dissol ved
in 10 m of trifluoroacetic acid and stirred at ambient tenperature.. After
7 hours the reaction mxture was evaporated to dryness under Vacilpiy ﬁ@gd
chromat ographed on silica gel using 5% 2N rnethanol : anmoni a/ fetE

di chl oronet hane to obtain title conpound (201). FABMS: 514 5 (IVH¥).

PREPARATI VE BXANPIBES15 A Preparati on of Conpounds (202) PCTRSAIFES02Me SO2Me
C N N 200 202 C Conpound (200) (0.5 g, 0.66 mmol) was dissolved in 5 m of

di chl oronet hane. Triethylam ne (0.14 nl }340. 99 mmol ) and net hanesul f onyl
chloride (0,062 ™, 0 79

63 . /@/m {(169) AND (170).
A,
H

64
)\ CHj
0

N/
H
65 Q/C‘ (172) AND (173)
Ny
o)\w
H
[AVAVA

66 l (174) AND (175).

(171)

L,
67 ;[ (176) AND (177).
P
68 s /O {(178) AND (179).
e

69 )\ (180) AND (181).
o Ové
PREPARATIVE EXAMPLE 11

A. PREPARATION OF COMPOUND (182).

Me Me
(/\ N
’/‘;/ 182

Ethy! 2,2-dimethy) acrylate (50.0 g, 2.0 eq.) was stirred with imidazole (13.28 g,

5 N

200 mmol) at 90° for 48 hours. The resulting solution was cooled, diluted with 300 mL

H.0-CH.Ci» (1:1) and separated. The aqueous layer was extracted with CHoClp (2 x
10 75 ml) and the combined organic layer was dried over Na»SO,; and concentrated in

vacuo. The crude mixture was purified by flash chromatography using a 10% MeQOH

in CHzCl, solution as eluent to give pure product as a clear oil. CIMS: MH*= 197.



mmol ) were added and the reaction mxture stirred for 18 hours. The reaction
m xture 15 was added to brine and extracted with dichl oronethane three
times. Dried over magnesiumsulfate, filtered and concentrated g_cgi.Fess
under vacuumto give a residue which was chromat ographed on sid P ER 3@

using ethyl acetate as the eluent to obtain the title conpound (202).

FABVS: 537 (| O 02118368 149 B. Preparation of Co n 203) Nzl /1-
NITr 202 C ‘W‘%ﬁﬁ“ 03 PCT/ US01120792 C Conpound (202) vn\/ggﬂggl[]&l%?gl ated in

t he same manner as EXAMPLE 77 5 affording the title conpound (203). FABMS:
495 (MH ). EXAMPLE 78 Preparation of Cohpounds- (205, 206) 10 4 EL WO

02/ 18368 PCT/ USB1/ 26792 150 NNH 203 N*NH CI -+

B. PREPARATION OF COMPOUND (183).

CO,Et

A solution of the title compound from Preparative Example 11, Step A, (10.0 g,
50.96 mmol) was {reated with LiAlH,; (51 mL, 1M solution in ether, 1.0 eq.). The
10 reaction mixture was stirred one hour before quenching by the dropwise additon of
saturated Na50, {(~3.0 mL). The resulting slurry was dried with NaSO; (solid),
diluted with EtOAc (100 mL) and filtered through a plug of Celite. The filtrate was

concentrated to give crude product which was used without further purification. CIMS:

MH*= 155.
15
C. PREPARATION OF COMPOUND (184).
Me Me Me Me
(\NX/\OH (/\NW
—_—
hﬁiiij 183 h;::lj 184
20

fodine (3.83 g, 1.2 eq.) was added io a solution of PhaP (3.95 g, 1.2 eq.) and
imidazole (1.02 g, 1.2 eq.) in CHCl: (30 mL) portionwise over 15 minutes followed by
a solution of the title compound from Preparative Example 11, Step B, (3.83 g, 12.56

25  mmol) in CHzClz (10 mL). The resuliing solution was stirred one hour before

concentrating in vacuo. The residue was dissolved in THF (100 mL}, treated with
KOt-Bu (4.51g, 3.2 eq.) and stirred at room temperature over night. The reaction
mixture was diluted with water (100 mL) and CH»Cl; (100 mL)}, separated, and the
aqueous layer extracted with CH,Cl» (2 X 50 mL). The combined organics were dried

30  over Na,SQy, filtered , and concentrated under reduced pressure. The product was



N E SO2CH3 205 C NNH 204 N i SOQ2CH3 206 C Compound (203) (77 ng) was
hydr ogenat ed over Pt02 in ethanol at atnospheric hydrogen for 24 hours.
After filtration of the catalyst followed by 5 evaporation of thg,ﬁ% nol
and chromat ography on a Chiral Technol ogi es(c) AD HPLC col umn ¢ hetd it e
product was obtained as two pure enantionmers (205) and (206). FABMS: 497
(MH). 2 U REBusRGHSUSOL /2(7!'J2 151 PREPARATI VE EXAVPLE ¥er1/Rneparati on of
Conpound (207). Tr N N NIr CI S2Me 5 200

136

purified by flash chromatography using neat EtQAc then 5% MeOH in EtOAc as

eluent to give a pale yellow oil (184).

CIMS: MH*= 137.
5 D. PREPABATION OF COMPOUND (185).
Br
\ ‘O Cl Me Me
=
2 N
N . &

185

Pd(OAc)2 (0.023 g, 10 mol%) was added to a solution of the title compound

10 {184) from Preparative Example 11, Step C, (0.30 g, 2.0 eq.) , compound (23)(0.50 g,
1.02 mmol), BusNBr (0.66 g, 2.0 eq.}, TEA (2.84 mL, 20.eq.) and K>CO; (0.70 g, 5.0
eq) in DMF (10 mL). The resulting solution was heated fo 100 °C for 48 hours, cooled
to room temperature, and concentrated under reduced pressure. The residue was
dituted with water (50 mL) and CHCl; (50 mL), separaied, and the aqueous layer

15 extracted with CHxCl: (2 X 25 mL). The combined organic tayer was dried over
Na:-SOq, filtered, and concentrated in vacuo. The crude product was purified by flash
column chromatography using an 8% MeOH in CHzCl, solution as eluent to yielda 4 :
1 mixture of the compound (184) and coupled product (185). This mixture (0.27 g)
was stirred in CHoClz : TFA (7.0 mL, 5: 2) for 1.5 hours. The crude product was

20 concentrated under reduced pressure, neutralized with NaOH (1N), and extracied with



207 CI Conpound (200) (0.15 g, 0.198 mmol ) was dissolved in 4 m of

di chl oronet hane and 5 uL. of de-ionized water. Dess-Martin periodi nane (0.12
g, 0.3 mmol) was added and the reaction mxture stirred for 4 h. 5 nl of a
20% Na2S2C8 sol ution was added and the reaction mixture stirred fiéf lhot her
15 mnutes. The 10 | ayers were separated and the dichl oronet hane | ayer was
washed with §@H(Ey1§3tﬁ§d NaHCCBi dried over magnesi um sul fafthmsf,w)ﬁt,ﬁred and
evaporated to obtain the title conpound (207). FABMS: 753 (IVH}). 15 EXAMPLE
79 25ETE82[' E \ VO 02/ 1836S 152 Prepar at i197n of Conmpound (208). N1~ N_--Tr
S02Me 207 5 Cl PC 1US01126792 NNH 208 CI™ Conpound (207) was detritylated in
the sanme ma Expnp / - i : f (o )arFABVS:
511 (M) | PREPAGATI R Rl %ﬁdgddgg};%gb\grs%eﬁ%ég% wE p%%}%ﬂﬁ'fﬁ G N Tr
NAN- Tr concentrated in vacuo. The crude residue was purified by flash chromatography using

a 15% (10% NHyOH in MeOH) solution in CHCl, as eluent to give the title compound
(185) as a tan solid. LCMS: MH"= 445,

5
EXAMPLE 70.
Preparation of Compound {(186).
2 (\N
Me Me
/ ¥4
O — O
)
}|'| SOQMG
185 186
10 Methanesulfony! chioride (0.005 mt, 1.3 eq) was added o a solution of

Compound (185) from Preparative Example 11, Step D (0.02 g, 0.045 mmol) and
TEA (0.010 mL, 1.5 eq.) in CHxCl, (1 mL}). The resulting solution was stirred 12 hours
at room temperature and diluted with saturated NaHGCO4 (5 mL)}, separated, and the
aqueous layer extracted with CH:Cl» (3 X 10 mL). The combined organic layer was

15 dried over Nap,S0O,4 and concentrated in vacuo. The crude product was purified by
flash chromatography using an 8% (10% NH;OH in MeOH) solution in CH,Cl; as
eluent to give the title compound (186) as a tan solid mp 124-129 °C; LCMS: MH*=
523.



Cl N N S02Me SO2Me 207 209 C 15 Compound (207) (0.15 g, 0.2 mol) was
dissolved in 5 m of tetrahydrofuran. Ethylmgnesiumbromde (0.1 nm, 3 M
in ether) was added at anbient tenperature and stirred under a dry |trogen
at nosphere. After 2 hours, added anot her portion of 25FEB2LI G V\@Jdi?é /8368
PCT/ US01126792 153 et hyl magnesi um bromde (0.1 m, 3 Min ether). After 4
hours the re¥@V8RSM xture was washed with saturated amPfsiitat26Hkori de,
dried over magnesium sulfate, filtered and evaporated to obtain the title
conmpound (209). The product was furthersgpurified by flash silica colum
chromat ography eluting with 50% et hyl acet at el hexanes. 5 FABMS: 783 (VH).
EXAMPLE 80 Preparation of Conmpound EX2MBLE RN Tr 209 N CI S2Me 210 ClI

Conmpound (209) \aspadetion ehilmmdindigNe sanme manner as Exanple 77 af fordi ng
10 the title conmpound (210). FABMS: 541 (MH).
)
Me N———"/
Me
Vi
Sl
=N
J
SO,Me
5 186 187

pTosNHNH. (0.085 g, 3 eq) was added to a solution of compound (188) from

Example 70 (0.08 g, 0.0153 mmol) and DBU (0.11 mL, 5.0 eq.) in toluene (5 mL) and
the resulting solution was heated to reflux. Subsequently, every 2 hours over 6 hours

10 the solution was cooled and additional pTosNHNH; (3.0 eq) added and the solution

' heated to reflux. After heating at refiux 2 hours following the final addition the solution
was cooled, diluted with CH.Cl> (25 mL) and washed with saturated NaHCO; (3 X 20
mL). The organic layer was dried over Na,S0y, filtered, and concentrated under
reduced pressure. The crude reaction mixture was purified by flash column

15 chromatography using a 5% (10% NH,OH in MeOH) solution in CH,Cl: as eluent to
give the title compound (187) as a tan solid. mp 112-116 °C; LCMS: MH"= 525,

PREPARATIVE EXAMPLE 12
A, PREPARBATION OF COMPOQUND (188).

20
Tr
/

o L

188



PREPARATI VE EXAMPLE 18 A. Preparation of Conpound (212). 0 A C 211 212 1
513} D?u"C ", W 02118308 PC T/ USQL/ 26792 154 Conpound (211) (14 g, 29
mmol ) prepared by NaCH hydrol ysis of Conmpound (20) from Prepairatt,gqgg?xanpl e
3, Step B, was dissolved in 400 m of DWMF. 1-(3- dinethylam no*

propyl ) -3-et hyl carbodii m de hydrochloride (8.3 g, 43 nmmwol), 1-

hydr oxybenzogpiyazale (5.9 g, 43 mmol ), triethylam ne (40 per)soiaed N, O 5

di met hyi hydr oxyl am ne hydrochloride( 3.8 g, 40 nmol) were added and the
reaction mxture stirred at roomtenpergture under a dry nitrogen

at nosphere. After 24 hours the reaction m xture was poured into brine and

the product ext rL%P@QreV&o%oﬁh@YH%ﬁia%% 4- é%alﬂbﬁ%@ we thf%/TatéH ARy
magnesi um sul fate, filtration, and chronat ography on lica get using 10%

et hyl acet aje/ o]

Pr e);;ar ati on{h% Il@éﬁl@@ﬁ o%@?ur%&hé‘y %9%22\}1%%(1(2%8%“2@@”@?3%%?aféé;%(ngt g, 1.01

mol ) was tfy O%q‘% REPARATIVE Exanple 14, Step B to obtain the title
i%ﬂé after

conmpound (2 |ca gel chromat ogr aphy.
5 B. PREPARATION OF COMPOUND (189).
N/Tr N/Tr
OJN/> —M_)h \/[N/>
188

nBuli (2.00 mL, 2.2 eg; 1.7M in hexanes) was added dropwise to Ph;PCH;Br

10 (1.4 g, 2.8 eqg) in THF (10 mL). The resulting orange solution was stirred 30 minutes at
room temperature before cooling to -78 °C and adding the irityl protected 1(3)H-
imidazole-4-carbaldehyde (0.50 g, 1.48 mmol) in THF (7.0 mL}. The resulting solution .
was warmed slowly to room temperature and stirred overnight. The reaction was
quenched by the addition of water (20 mL) and exiracted with CHxCl, (3 X 20 mL).

15  The combined organics were dried over Na,SO, and concentrated in vacuo. The
crude product was purified by flash chromatography using a 45% hexanes in EtOAc

solution as eluent to yield the title compound (189} as a white solid.



25 NO 0211X368 155 EXAMPLE 81 Preparation of Conpounds (214) and (215).
P('T/USQ /26792 r-1 hl1l 5 213 o0 o a 214 215 Conpound (213) (300 ng, O0.387
nmol ) was di ssolved in nmethanol and sodium 10 borohydride (50 gg) \gaﬁﬁadded
portionwi se while stirring. After 1 hour the m xture was added

foll owed by the addition of 1 N NaOH and extracted wth ethylacetato to
obtain a crus® pnedsict which was treated with neat triflupecobseti’ee acid for
5 hrs, and evaporated to dryness. The mi xture was dissolved in nethanol and
reacted with di-tert. butyl di carbonate (042 gm while nmaintaining the pH at
10 with 1 N 15 NaOH for 1 hour. The m xture was then treated with 2N

Met hanol i ¢ anmonfa f dBERARA RN O GOMPEIMND tAPOkvapor ati on of the sol vents
and chromat ography on silica gel. Further seperation of isonmers was

acconpl i shed on a Chiral Techhol ogi es(c) AD HPLC col um obtai ning the pure
i somers. (214) and (215). A\

Preparati on-of Conpounds O Cl /\[N
.o L

N
189
|
SCuCH3
Tr
12 I
N
!
N/
/
cl
— (SO
=N
]
SC,CHz
190
5 Pd{OAc), (0.021 g, 0.10 eq.) was added to a solution of compound (12) from

Preparative Example 2, Step B (0.44 g, 0.95 mmol}, compound (189) from Preparative
Example 12, Step B (0.32 g, 1.0 eq.), BusNBr (0.61 g, 2.0 eq.), and K;CO; (0.66 g, 5.0
eq.) in DMF (8.0 mL). The resulting solution was heated to 100 °C over night, cooled,
and concentrated under reduced pressure. The residue was diluted with water (50

10 mL) and CH.Cl; (50 mL}, serparated, and the aqueous layer extracted with CH,Cl, (2
X 50 mL}). The combined organics were dried over Na,80,4 and concentrated in
vacuo. The crude product was purified by flash chromatography using 100% EtOAc
as eluent. LCMS: 723 (MH").



23 216 PCTI US01/ 26792 Conmpound (23) from Preparative Exanple 4, Step A
(25.47 gm 52 mmol) was 10 dissolved in 300 mM of dry toluene and 39.5 ni
of methanol. Palladiumchloride (0.92 rin), triphenyl phosphine (6} B8¥3 &)
and DBU ( 10.5 m) were added and the reaction mxture transferred to a
pressure reaction vessel. The reaction vessel was purged wth carbon
monoxi de andwdenspgessurized to 100 psi with carbon nmonogdgg,and,t he

m xture stirred at 80 C for 5 hours. The reaction was cooled in an ice bath
and 15 purged with nitrogen 3-4 tines. ];ﬂe reaction mxture was transferred
to a separatory funnel and 500 ml of ethylacetate was added. The m xture
was washed with water three tines, gage pygr nmagnesium sulfate, filtered
and evapor at ed tmegidnass areeiundy@agyum to give a dark brown gum The gum
was purified by colum chromatography on silica gel using 12.5% 25%

et hyl acet at e/ hexanes to obtain 12.58 gmof pure title 20 product (216)
FABMS: 469 (MH) and 9.16 gmof a m xture of two conpounds. 2 WO 02/ 18363
PCTIUS[ | 1126792 157 PREPARATI VE EXAMPLE 19 Preparation of Conpound (217 H3C
0 G 217 C 5 Conpound (216) from Exanple 82 (5.6 gm 11 mmol) was

di ssolved in nethanol q\/l O nm). 10%Iithium h)‘\ﬁrxi de (2.9 m) was added

al ong with dioxane (50 nm#) and the reaction stixfed for 4 hours. Added an
addi tional portion of 10% \ithium

To a solution of the title compound from Preparative Example 12, Step C (1.43
10 g, 1.97 mmol) in water (70 mL) was added AcOH (70 mL). The resulting solution was
heated at reflux two hours,cooled to room i{emperature and neutralized by the
dropwise addition of 50% (w/w) NaOH. The solution was then extracted with CH:Cl,
(3 X 200 mL) and the combine organics were dried over Na-SQ,4 and concentrated
under reduced pressure. The crude product was purified by flash chromatography
15 using a 10% (10% NH,OH in MeOH) solution in CH.Cl, as eluent. mp=190 °C (dec.);
LCMS: MH*= 483.



hydroxide (5.7 m) and the reaction stirred for 18 hours. The reaction

m xture was concentrated to s small volunme and diluted with 50 mMl of water.
The m xture was 10 acidified to pH=3 with 10%citric acid and thg&igrg@im
extracted with dichloronethane to obtain the title conmpound (217). “E :
455 (M+) PREPARATI VE EXAMPLE 20 A. Preparation of Conpound (218) OH CI HO
Cl 65 OH 218w@yoziikssg V ' O 02/18368 PCT/ US1. 11126792 15S Ceefppoianeh7$65) from
Preparative Exanple (6), Step B, was let stand for approximately two weeks
at roomtenperature, after which tinme thg:pressence of sone al dehyde was
observed by NVR of the crude material. This material was then treated as in
Preparative Exanple 6, Steps Cand O to afford a m xture of Conpounds 5
(218) and (67). The crude m xture wagXaddEafed on flash silica colum

chr omat ogr aphy ebBeparatpnwftGomipdunds 3192) Ny {198t et at e: hexanes to afford pure
Conpound (218). B. Preparation of Cgnmpound (219) 10 218 C

9
/

i) ! A,rﬂ/
/ /
Y LY

192 193

The title compound (191) from Example 72 was separated into individual (+)-
and {-)- enantiomers by preparative HPLC using a ChiralPak AD column eluting with
70 : 30 hexanes : iPrOH containing 0.2% diethylamine as eluent.
Compound (192): FABMS: MH*= 481; mp=109-112 °C; [o*°p= +398° (2.0 mg in 2.0
10 mL MeOH).

Compound (193): FABMS: MH'= 481; mp= 126-129 °C; [a]*%p= -367° (2.0 mg in 2.0
mL MeOH).



>00 219 Cl1 Conmpound (218) from Step A above, was conbined with triethyl am ne
(64.4 mM; .462 mmol) in CH2C12 (4 M) treated with nethyl sulfonyl chloride
(17.93 m; .231 15 nmmol) and let stir over night at room tenperatutreq,The
reaction mixture was diluted with CH2C12 (70 m), quenched with bri#e ‘(25
m ) and extracted. The organic |layer was dried over MpSO™4, filtered and
concentrated 'gomgisve an off-white solid (219) (93 ny; 1009@[. % LIl LUu WO
02/ 18368 159 Y0 ""Bf¥Parati on of Conpound (220) 219 220 PCT /'USH1*" 26792 5
Conmpound (219) from Step B above, was taken up in DMF. To this solution was
added a previously reacted sol ution of 2Hret hyl im dazole (145.27 ng; 1.734
nmol ) and NaH (60% (69.4 ng; 1.734 mmmol) in DMF. The reaction m xture was

allowed to stir at roomtenperature !f:- K Hf_\gﬂours. The DMF was renpoved and
the residue takgg ‘ﬁpatiig %ﬁé%lﬁ @EQB%EM_W sat. aqueous NaHCO3 and
extracted with 2 ” ~—+The organic,] ayers were conbi ned and
purified by preparative (220) D.
Preparati on of Conpound rEZ

The title compound (191) from Example 72 was dissolved in toluene (50 mL.)
and DBU (0.26 mL, 5.0 eq.) and pTosNHNH, (0.33g, 3.3 eq.) were added. The
resulting solution was heated to reflux 2.5 hours before cooling to room temperature

10  and adding additional pTosNHNH, (0.33g, 3.3 eq.). The reaction mixture was heated
at reflux for an additional 2 hours and cooling to room temperature. The resulting
solution was diluted with saturated NaHCO3 (100 mL) and extracted with CHCl, (3 X
100 mL). The combined organics were washed with brine, dried over NaySQ,, filtered,
and concentrated in vacuo. The crude product was purified by flash chromatography

15 using a 5% (10% NH,OH in MeOH) solution in CH,Cl, as eluent to give pure product
(194). mp=158-162; LCMS: MH*=483,



H3C Q hl ' 221 C Conpound (220) from Step C above, was dissolved in
1,4-Dioxane (3 m). To this solution was then added 4M HCJ in D oxane (5
M) and the reaction stirred for 3 5 hours at roomtenperature. The m xture
was then concentrated and dried over night under high vacuumto@f%@@ﬁ't he
hydrochl oride salt as an off-white solid. (221) EXAMPLE 83 Preparation of
Conpound (228 oRGsBks U SO 1 /26792 Cl 10 221 222 2 LE WO Of/th8368742C

/US(n/ 26792 161 To a solution of conmpound (221) from Preparative Exanple
20, Step D (51 ng; .126 nmmol) and triethylamne (61.47 m; .441 mol) in
CH2Cl 2 (2 m) was added 4- trifluoronethyl phenyl isocyanate (20.26 m; .139
nrnol) at 0 C. The reaction stirred for 2-3 hours under N2 atnosphere. The
CH2Cl 2 and excess triethyl am ne werezoaieppved under vacuo and the resultant
product was puriddataddh FBRRHAE@ Mo AND] r chromat ography eluting with
98: 2 CH2G 21(sat™ af fordi ng e title conpound as a white solid
(222). PREPARATI VE EXAMPLE 21 10 A.—~PREPARATI ON OF Pl PERI DYL | NTERVEDI ATE
CHa .15 Comrercially available Eth \ A- Pyridyl Acetate (4.5g; 27.2 mmol),
EtOH (70 m) and 10% Pal | adi um on Charcoal (catalytic) was shaken under 55
psi hydrogen at

S0.CHy
195 196
5
In a similar manner as described in Example 73 above, the following
enantiomers were separated:
Compound (195): LCMS: MH*= 483; mp= 129-131 °C; [o%p= +134° (2.0 mg in 2.0
10 mk MeOH).

Compound (196): LCMS: MH*= 483; mp= 125-126 °C; [0]*°p=-105° (2.0 mg in 2.0 mL.
MeOH).



roomtenperature for 94 hrs. The m xture was filtered through Celite and the
cake was washed with (4 x 40 m) of EtOH The filtrate was concentrated and
purified by flash silica colum chromatography eluting with 3% (10% )
NHAOH: MeOH) / CH2Cl 2_ 20 B PREPARATI ON OF (1- CARBAMOYL- PI PERI DI N- 4- E)LE}E\(%TI C
ACID ETHYL ESTER. 25 o0 4-Pyridyl Acetic Acid (2.362 g) from Step A above,
was taken upy HRC12 (118 nml). To this was added tri yvilsidy.

i socyanate (5‘%15%@). The reaction stirred for 67 hr '?ﬁ;e(ﬁyl\l/\gglsdﬁ)c{{*zl uted with
CH2C12 (700 m ) and washed with saturated aqueous 30 NaHCO3 (150 m ). The
aqueous | ayer was extracted with 2 x 200°m CH2Cl2. The organic layers were

conbi ned, dried over MySH, fi,},é@,{,ﬁﬁp\?% Egﬂw}zrﬁt ed. The \V O 02/18368

PCT/ 501/ 26792 e C purtftred-HBy—f1ash silica colum
chr omat ogr aphy LIRSS tihd LERNHAOH: MeOH) / CH2G1 2. OH H NN ) O HN 5
223 C. Product from Step B above (40.63 ng; 0.1896 nmol) was taken up in

EtOH (2 mM) and CH2ClI 2 (2 mM) and treated with 1 MLIiOH (.5 m; .455 nmol).
The 10 reaction m xt heat qﬂ;t{gHSOC and sti r%/ﬁ)m r. The reaction
ed wtir™ N H (.57\rrar1
e

was cooled to room’(errper ature wre .531 mmol) and
stirred for 5 minutes. The resultant m xture was concentrated and dri ed
under high vacuum for 4 days affording the title corrpoajgfi as a white solid.
(223) 155 EXAMPLE 84

imidazole (2.50g, 36.72 mmol) and basic alumina (15 g) were combined and
shaken 15 minutes before adding propargyi chloride (2.66 mL, 1.0eq.). The resulting
mixture was stirred 84 hours and suspended in EtOAc. The slurry was filtered and the
10 filkirate was washed with H;O and hrine and dried over Na,S0,4. The solution was

filtered and concentrated under reduced pressure to give a clear ofl.

EXAMPLE 76
Preparation of Compound (198).

15
Br

+
197
AL
N
2 A

\

= Ct
— L0
N

N /k
o/l\o
198

A solution of compound (23) (0.50g, 1.02 mmol) and compound (197) from
Preparative Example 13 (0.22g, 2.0 eq.) in TEA (3.0 mL) and pyridine (0.5 mL) was



Preparation of Conmpound (224) 224 20 To a solution of Conpound (221) from
Preparative Exanple 20, Step D (51 ng; .126 nmol), 4nethyl norpholine (69.3
m; .630 nol), DEC (31.44 nyg; .164 rrm)l) and HOBT (22.2 ng; .164 "L) in
DIVF (2 m ) was added, 4-Pyridyl acetlc Acid 1-N- Oxide (di sclosedflhfw '
5,719, 148; 2/17/98). The reaction stirred for 3 hours at room 25~~~ 'O
412118368 PGIiLlhInGy 26792 163 tenperature. The reaction wasn i 4ted Wth
CH2Cl 2 and washed two tinmes with saturated aqueous NaHCO3. The organic

| ayers were conbi ned, concentrated and purified by preparative thin |ayer
chromat ography eluting with 95:5 CH2Cl 2: sat. MOH/ NH3 affording the title
conpound an@x\p@eﬁa@ecﬁ% ihut@dgforeSadehfMPEL, (BB h,) P(eREERLITMoRE) Lenpgund
(225). 10 C_ 225 15 Corrpo nd (221) from Preparative Exanple 20, Step D (51
ng; . 126 nmmoi®)0028ad-0daeiEs) iaemstuﬁmacﬁ%'ewa@f@é‘aedff?roﬁﬁ W%awﬂe r%ct@anm e 21,
Step C and mixgasied doBlekhE rReriFAGIFe @ﬁut%ﬁﬁﬁ'l—%OSﬁn@ Oxipddied itk ber it | e
compound as_a white solid. (145-155C dec 25) 20 WO 4211836

PCT/ 11541125 T00misineEXARPICHa 86 Waprcsig e ox e %8&4, fmﬂﬁ%@ﬁd Cegw)trated The

5 crude product was purified by flash chromatography using an 8% MeQOH in CH.Cl,
solution as eluent. mp 109-112 °C; LCMS: 515 (MH™).

PREPARATIVE EXAMPLE 14
A, Preparation of Compound (189),

10

OH

/\ cl

Compound (21) from Preparative Example 3, Step C, (2.83 g, 6.37 mmol) was
dissolved in 120 ml of dichloromethane and 0.16 ml of de-ionized water. Dess-Martin
15 periodinane (3.85 g, 9 mmol) was added as a solid at ambient temperature and the |
reaction mixture stirred for 4 hours. Then added a 20% Na;Sz03 solution (50 ml) and
stirred for 15 minutes. The layers were separated and the dichloromethane tayer
washed with saturated NaHCOg, dried over magnesium sulfate, filtered and
evaporated io obtain the title product (199). FABMS: 445 (MH").



Cl 5 226 Conpound (221) from Preparative Exanple 20, Step D (51 ny; .126
nmmol ) was conbi ned with 4-Fl uorophenyl acetic acid (Acros) (29.29 ng; .190
mol ) and reacted in the sanme manner as Exanple 84 to afford theqtyitdpelf:
conmpound as an off- white solid. (108-125C dec.) M#541.(226) 10 PREPARATI VE
EXAMPLE 22 Preparation of Conmpounds (227 and 228) N H3G--~ N N1 220 (+)
227 (-) 228, d (220) from Preparative Exanple 20, 506 150 ng;

. 289 mmol) &gq%%w{reat ed with 4M HCl in D oxane and al ngf/\rg mt%”étir for
2-3 hr at roomtenperature WD 112/18368 PCTIUSO /26792 165 wunder a N2

at nosphere. The crude m xture was separéf’ed into pure (+) isomer (227) and

(-) isonmer (228)rby 5&%%@%@@@%@(: using an AD columm, eluting with
85: 15: 2 Hexanes: ?'PA: %@&? =90 T

4-lodo-1-trityl-imidazoele {prepared according to the literature procedure Kirk,

5 Kenneth L.;J. Heterocycl. Chem.; EN; 22; 1985; 57-59) (0.48 g, 1.1 mmol) was
dissolved in 5 mi of dichloromethane under a dry nitrogen atmosphere.
Ethylmagnesium bromide (0.36 ml) was added and the reaction mixture stirred. After
30 minutes compound (199) (0.44 g, 1 mmol) was dissolved in 5 mi of
dichloromethane and added to the reaction mixture white stirring. After stirring 4

10 hours at ambient temperature, the mixture was washed with saturated ammonium
chioride solution, dried over magnesium sulffate, filtered, and evaporated o give a
solid residue. The product was chromatographed on a flash silica gel column using
ethyl acetate as the eluent to obtain the title compound (200). FABMS: 756 (MH™).

EXAMPLE 77.

15 Preparation of Compound (201).
Tr

e

N




The appropriate (+) conpound (227) or (-) conpound (228) isomer from
Preparative Exanple 22 above, was taken up in CH2Cl 2 treated with the
correspondi ng i socyanate and stirred at roomtenperature over nirTth_E_,\Qri[fL_'g'de
product 10 was purified directly by preparative thin |ayer chro t&gf‘jaﬁg"y to
afford the follow ng conpounds (229-232): N N3C -~ N1 C Ex. RConpound #
87F(229) (+) (Md8x15& C dec. ~ MH 556. \ O N ~ H 88CN( 280)i(st)16185- 1660C
dec. ~M+ 563. 0 N H 89F(231)(-)(145-153 C dec.)

148

Compound (200) (0.6 gm) was dissolved in 10 ml of trifluoroacetic acid and
stirred at ambient temperature. After 7 hours the reaction mixiure was evaporated o
dryness under vacuum and chromatographed on sifica gel using 5% 2N
methanol.ammonia/ dichloromethane to obtain title compound (201). FABMS: 514
5  (MHY).

PREPARBATIVE EXAMPLE 15
A. Preparation of Compounds {202).

Y

10

Compound {200) {0.5 g, 0.66 mmol} was dissolved in 5 ml of dichloromethane.
Triethylamine (0.14 ml, 0.99 mmol) and methanesulfonyi chioride {0.062 ml, 0.79
mmol) were added and the reaction mixture stirred for 18 hours. The reaction mixture

15 was added to brine and extracted with dichloromethane three times. Dried over
magnesium sulfate, filtered and concentrated to dryness under vacuum to give a
residue which was chromatographed on silica gel using ethyl acetate as the eluent to
obtain the title compound (202). FABMS: 537 (MH*).



~MH 556. N ~ o WD 02/18368 166 901 CN (232)(-)(159-168()C dec.) 0) NV
563. PREPARATI VE EXAMPLE 23 5 A. Preparation of Conpound (233). 233 C The
tricyclic keto-conpound (disclosed in US Pat. No. 5,151, 423) (30j6§L@Q
123.2 mol ) was conbined with NBS (48.2 g; 271.0 mmol) and benzoyl perOX|de
(0.42 g) in CC14 (210 m). The reaction was heated to 80C for 10 hr. The

m Xt ure and let stand for 8 hr. The resultin Jate was
filtered. Adaaggk% (200 M) and stirred the m xture osg?ﬁ%&égys he
solid was filtered and dried under vaczﬁﬁ1to a constant weight. 15 B.
Preparati on of Conmpounds (234a) AND (23 233 234a PCTAI S111/ 26792 Br 234b

Cl 20 The di bromp compeimshid2siDonidRmy Bigp A (35.72 ¢g; 88.97 nmmol ) above was
N N N7 NH

]
SO,CH,

203

Compound (202) was detritylated in the same manner as EXAMPLE 77
5 affording the title compound (203}. FABMS: 495 (MH*).

EXAMPLE 78
Preparation of Compounds {205, 206)

10



dissolved in CH2C12 (1.5 L) and cooled to OC. Dropw se, DBU (15.96 m) was
added and the suspension stirred for 3 hr. The reaction m xture was
concentrated redissolved in GC 2 (1.5 L) filtered through a bed gquasn@jl ca
gel and rinsed with 5% EtOAc/CH2CI2 (4 L). The conbined rinses ier
concentrated and purified by flash 25 silica gel colum chronat ography into
pure 5 and 6wobmossky ono substituted conpounds el uti ng w tHeThGe 30:%:2Et QAc/ Hex
then 3%t QAc/CH2CI 2. 2 jr F F ) f, WD 02113363 PCT/ US01126792 167 C.
Preparation of Conmpound (235). C NaBH4 % 0 234a OH 235 ¢3 The 5-brono
substituted conpound (234a) from Step B above (4.0 g; 12.45 nrnol) was
taken up in MeOH and cool edsto OC. NaBH4 (916.4 ng; 24.2 mol) was added
and the reaction mixture stiry8d for 5.5 hr. The sollveft! was renoved and the

10 resulting residue was ye directly. Step D Prepgrati on of Conpound 236).

N N

|
S0,CHy S0,CHa
203 204

Compound (203} (77 mg) was hydrogenated over PtO; in ethanot at
atmospheric hydrogen for 24 hours. After filtration of the catalyst followed by
5 evaporation of the ethanol and chromatography on a Chiral Technologies® AD HPLC
column the title product was obtained as two pure enantiomers (205) and (2086).
FABMS: 497 (MH").



G G The al cohol conpound (235) from Step C above (3.98 g; 12 mml) was

di ssolved in CH2CI 2 cooled to OC and treated with 2,6-Lutidine (5.73 nm; 49
mrol ). WO U2! 18368 PCTI USUl i 26792 168 SOC12 (1.8 m; 24.6 mmol) was added
and the reaction was allowed to stir and cone to roomtenperaturk pvefii3
hr. The reaction m xture was poured into 0.5 N NaCH (80 nl) extracted and
concentrated in vacuo. The crude product was taken up in CH3CN and treated
with 1,2, 2,6, met hyl pi peridine (4.45 m; 24.6 mol) jch). The 5
reacti on was %e‘gt %Ic(iéto 60-65C treated with tent-butyl P('(Tﬁgsg{d(’%q

1- pi per azi necar boxylate (2.32 g; 12 mqoll) (Aldrich) and stirred over night
under N2 at nosphere. The reaction m xturé was concentrated to dryness,

redi ssolved in CH2Cl 2 and washegpwadh$ $¢ NaCO3. The organic |ayer
was dried over Na2sOM. fitEe 0@%% silica gel colum

chr omat ogr aphy efuﬁl—rrg—wrg*émj OQAc/ Hexanes to afford the product 10
as a white solid. Step E Prepargtion of Conmpound (237). N~ 15 G /N C The
BOC- pr ot ect ed br ono- corrpound ¢236) from Step D above *%%erml)

tri phenyl phosphine (.54 mrol ), and pal | adi um chhorjde (.0723 g; .4
mol ) were 20 conbined i beH (10 ) and toluene (3@71l). To this mxture
was added DBU (. 83810¢d" 5. ] nmol ) and the m xtur@®=was sealed in a Parr
bonb. The reaction mxture was stirred and subjected to 90 psi of CO at 80C
for 5 hr. The reaction vas diluted wth Et OAc (200 ¢r) and washed with 2 x
80 m H2O. The organic Nayer was drie

N N

| 1

SO Me SO,Me
200 207

Compound (200) (0.15 g, 0.198 mmol} was dissolved in 4 ml of
dichioromethane and 5 ul. of de-ionized water. Dess-Martin periodinane (0.12 g, 0.3
mmol) was added and the reaction mixiure stirred for 4 h. 5 ml of a 20% Na,5:04
solution was added and the reaction mixture stirred for another 15 minutes. The

10 layers were separated and the dichloromethane layer was washed with saturated
NaHCQj3;, dried over magnesium sulfate, filtered and evaporated to obtain the title
compound (207). FABMS: 753 (MH").

15 EXAMPLE 79



over MgSOH4, filtered and purified by flash silica colum chronat ography
eluting with 25 1:3 Et OAc/ Hexanes. \'' O 02/18368 169 F. Preparation of
Conpound (238). C PC TJUSO 1 /26792 31-1Cf 238 ClI Conpound (237) fgriqmﬁsep
E above (1.73g; 3.681 nmol) was treated with 4 M 5 HCl in Dioxang"(3’g£ )
and allowed to stir at roomtenperature for 3 hr. The reaction m xture was
concentr at edwbnmzwaeuo and the resulting tan solid was furcharsodsied under

hi gh vaccuum G Preparation of Conpound (239). 10 238 239 C The HC salt
(238) fromStep F above (1.36 g; 3.68 mml) was dissolved in 15 THF, cool ed
to 4C, treated with 1 M DI BAL in cycl ohexane (18.41 m; 18 mml) and 25 r1
WD +) 2118368 PCRres03i@6F92087urstt(P88)ed over night at roomtenperature. The
m xture was concentrat ed - dryfiess and used direct Ny the next step. H
Preparati on of Conpound (240).

5
Compound (207) was detritylated in the same manner as Example 77 affording
the title compound (208). FABMS: 511 (MH").
PREPARATIVE EXAMPLE 17
10 Preparation of Compound (209),
N AN N /Tr NA N ~Tr
15 Compound (207) (0.15 g, 0.2 mmol) was dissolved in 5 ml of tetrahydrofuran.

Ethylmagnesium bromide (0.1 ml, 3 M in ether) was added at ambient temperature
and stirred under a dry nitrogen atmosphere. After 2 hours, added another portion of



5 OCHOHC /N 239 The al cohol -9) from Step G above was taken up in MeOH
(50 M) and HRO (5 m) and treated . Boc anhydride (1.56 g; 7.14 mmol). The
pH was adjusted to 10 approxinmately 10 with 1 N NaCH The reacti 02 r[j:iétm«.e
was concentrated, taken up in CH2CI 2 and washed with H2O (2 x) T & 16 gani c
| ayer was dried over MgSH4, .filtered and concentrated to a tan solid

cont ai ni ng bg; uct and an inpurity. Alternatively, £237) was
converted togg)g)ﬁ/g%gﬂd (240) by first 15 preparing the acy gngggzzol e

foll owed by NaBH4 reduction using the fql,jl owi ng procedure: Compound (237)
from Step E above (7.0 mml) was dissolved in a mxture of 15 nlL net hanol,
60 nL di oxa : R} f 9 i The
m xture ms@ﬁg@?&ég@g{]ﬁ@é@%ﬁe&@ﬂﬁ%lﬁ?{ﬂhFﬁeéﬁé?{‘h{/t\gszﬂ, %@*ﬁ%gﬁﬁ%@é‘ #r)l(?eﬂ? 20
vacuum and whae wsshedljviis saidrates @npopjurhchiowea durboer cragnesiuacsufateThe resi due
was di ssol ' Y | I e

concentr at eg]?éj%% gpgg\%ﬁg ﬁ{ﬁ%a\?gé;%lgi\?\gh% R\é@%dgﬂgogg 9 I(%@a@?led[sm%{ﬁ‘éﬁqgacsﬁggr\}%s t hen

di ssol ved i pu@dily sk siliciontlamnichgporiztography efiirdg @itk sehclzdmypbcatatemedamel e and
heat ed ag BE gM%og %g'}ngr; The m xture was then concentrated under vacuumto
gi ve the ac fs‘ : g .)'The resi due 25 was dissolved in a mxture of 21.2
mL of THE and 5.3 nL water and cool eBXAMPDE@D 1V O 02/ 18368 PClI !l SOL/ 26792
171 To the sol uticparaviensofCiclagodh (emp). of NaBH4 and it was stirred for 1.5

hr. 5 nL brine and 25 rrLN;%ZNng was t hen added The N%S:I c layer was dried

over MgSH and

209 210
Compound (209) was detritylated in the same manner as Example 77 affording
10 the title compound (210). FABMS: 541 (MH™).

PREPARATIVE EXAMPLE 18
A. Preparation of Compound (212).




concentrated under vacuumto give conpound (240) in essentially a
quantitative yield. 5 1. Preparation of Conpound (241). OH 240 C1 O N\ N
t-BOC 241 CY The crude product (240) from Step H above (200 ny; (. %5 i)
was taken up 10 in CH2C 2 (2 mM) and treated with triethyl amne (126 mnl;
0.91 mmol ) followed by nethanesul fonyl chloride (35 m; 0.45 mmol). The
reaction sti mwaeg/ieser night at room tenperature. The m xtamesowasedi | ut ed
with CH2Cl 2 and quenched with sat. aqueous NaCl. The organic |ayer was
dried over MgSHA4, filtered and concentrated to afford conpound (241). Is
EXAMPLE 91 Preparation of Conpound (242) 2 5 C " r.'" ~ WD 4215836%

PCT/ USQl / 2f , 792 QdidpdindZ421)The gresyhabk pepareelindN4@(d Ty dialem dPiGzpaioantiv e
SRSV NPT PN M TR, T T S S
was acconpl drkail I B¥in peRaT) 8- emelcdibedithiab ®§drochloride (8.3 g, 43 mmol), 1- '

hydroxybenzotriazole (5.9 g, 43 mmol), triethylamine (40 mi), and N,O-

5 dimethylhydroxylamine hydrochioride( 3.8 g, 40 mmol) were added and the reaction

mixture stirred at room temperature under a dry nitrogen atmosphere. After 24 hours

the reaction mixture was poured into brine and the product extracted with ethylacetate

two times. After drying over magnesium sulfate, filtration, and chromatography on

silica gel using 10% ethyl acetate/hexanes the title compound (212} was cbtained.

10
B. Preparation of Compound (213).
-~
?
212 213
15

Compound (212) (0.53 g, 1.01 mmoi} was treated as in PREPARATIVE
Example 14, Step B to obtain the title compound (213) after silica gel
chromatography.



eluting with 95:5 CH2Cl 2/ MeOH(NH3) foll owed by 1:1 Et OAc: Hexanes to afford
the title conmpound as a light tan solid (242) 105-116C (dec) M+ 506. 10
PREPARATI VE EXAMPLE 24 A. Preparation of Conpound (243) 243 15 NaCN and

3- Phenyi pr opi onal dehyde (ACROS) were dried overni ght under vacu;?nii ;Thgam

al dehyde was then passed through activated A1203. Tosyl net hyl yaTli de (5
g, 25.6 mol) (ACROS) and dry 3-Phenyi propi onal dehyde (3.36 g; 25.1 2 5 F
1,Eb / i VOwWRRAAS3IH8 PCT/ USIt 1126792 173 mmol ) were combprgekoi fs&t OH (42
m) and stirred for 5 mnutes. To the turbid m xture was added the dry NaCN
(1.23 g; 25.1 nmmol ). An exotherm c reaction was observed and after 5

m nutes TLC showed consunption of starting material. The reaction was
transferred to a seal ed tube and usegyxglijpeetdyy in the next experinment. 5 NH
244 10 B. The crpgeaRiigsBEEMRddds| HPM plagp14), above (25 mml ), was dil uted
up to 65 m total volume Wih ETOA. To this mxture was added 7N NH3 in
McOH (100 M) and the reaction was heated to 90C over night (20 hr). The
reaction was allowed togool to roomtenperature and stirred for 2 hr then
concentrated to dryness., The crude produfit was purifiediby flash silica

col um chr omat oghr aphy \eI)Jti ng with a gr d@ent of 15 1\5\% MeOH( sat .
NH3) / CH2Cl 2 (244). N N N

Compound (213) (300 mg, 0.387 mmol) was dissolved in methanot and sodium

10 borohydride (50 mg) was added portionwise while stirring. After 1 hour the mixture
was added to 1N HCI followed by the addition of 1 N NaOH and exiracted with
ethylacetaie to obtain a crude product which was treated with neat trifluoroacetic acid
for 5 hrs, and evaporated to dryness. The mixture was dissolved in methanol and
reacted with di-tert.butyldicarbonate (0.2 gm) while maintaining the pH at 10 with 1N

15 NaOH for 1 hour. The mixture was then treated with 2N Methanolic ammonia for 15
minutes followed by evaporation of the solvents and chromatography on silica gel.
Further seperation of isomers was accbomplished on a Chiral Technologies® AD HPLC
column obtaining the pure isomers. (214) and (215). FABMS M+1=535



PREPARATI VE EXAMPLE 25 Preparation of Conpound-(245) 20 H 245
Propi onal dehyde (1.5 g; 25.11 nmol) (ACROS) and tosyl nethyl isocyanide (5
g; 25.6 mol) were reacted in the same manner as Preparative Exanfy i R44"
above to 25 afford the title conpound (245). 2 5 F 7) 7@QJ WO (12118368 174
PREPARATI VE EXAMPLE 26 Conpound (246) (+) isonmer HO (+)67 ci 246 c¢ The (+)
| soner of cowpoewndsq{ 67) from Preparative Exanple 6 isol ated/usyi/shizral AD
col um chr omat ography was further reacted as in Preparative Exanple 6 to
obtain conpound (246). 10 EXAMPLE 92 ANE; 93 PREPARATI ON OF COVPOUNDS (247)
AND (248), Ca 247 248 PCT/i ?S0O1/ 26792
EXAMPLE 82
Preparation of Compounds (216}

O)N\ O/k Oj\ Ok

216

Compound (23} from Preparative Example 4, Step A (25.47 gm, 52 mmol) was

10 dissolved in 300 mi of dry toluene and 39.5 mi of methanol. Palladium chloride (0.92
gm'), triphenylphosphine (6.887 gm) and DBU ( 10.5 ml) were added and the reaction
mixture transferred to a pressure reaction vessel. The reaction vessel was purged
with carbon monoxide and then pressurized to 100 psi with carbon monoxide and the
mixture stirred at 80 °C for 5 hours. The reaction was cooled in an ice bath and

15  purged with nitrogen 3-4 times. The reaction mixture was transfetred to a separatory
funnel and 500 ml of ethylacetate was added. The mixture was washed with water
three times, dried over magnesium sulfate, filtered and evaporated to dryness under
vacuum to give a dark brown gum. The gum was purified by column chromatography
on silica gel using 12.5%-25% ethylacetate/hexanes to obtain 12.58 gm of pure title

20 product (216) FABMS: 469 (MH™) and 9.16 gm of a mixture of two compounds.



2 51-FH, 7~i "~ WD 02/15368 PCT111S01126792 175 Conpound (246) from
Preparative Exanpl e 26 above was reacted in the sanme nmanner as E?ﬁWDL,e,S.;
(22), (25) and (29) using the appropriate imdazole or isocyanate R
respectively to afford the title conmpounds (247) and (248). 5 EXAMPLES 94- 96
Preparation of Conmpounds (2249). (250) AND (251) O0--""-0--- RH 249-251 In
a simlar manner as Preparative Exanple 26 above, the (+ f the 10
carbamat e was®8bPPAPned and reacted in essentiall y the sa}ﬁ%h?r%rqﬁr”p

Exanpl es 92 and 93 substituting with the appropriate i m dazoles, to provide
conpounds (249)-(251) shown |n the tabl’é bel ow. Ex. #R=Cm . #Ph s. Data 94N

CH3 249np 133.2- 144. 3C dec. sem ik Toibfte 85N CH3 250np 132.1-143. 8C
dec. \H MH(+) 5%;@13@3%”%0%& -rrp%@g—ﬁf——éﬁ-a—*a : C dec. C -- CH3MH(+)

563. 10 "

Xk Ak

5 Compound (216) from Example 82 (5.16 gm, 11 mmol) was dissolved in
methanol (150 ml). 10% lithium hydroxide (2.9 ml) was added along with dioxane (50
ml) and the reaction stirred for 4 hours. Added an additional postion of 10% lithium
hydroxide (5.7 ml) and the reaction stirred for 18 hours. The reaction mixture was
concentrated to s small volume and diluted with 50 mi of water. The mixture was
10  acidified to pH=3 with 10% citric acid and the product extracted with dichloromethane
to obtain the title compound (217). FABMS: 455 (MH")

PREPARATIVE EXAMPLE 20
A. . Preparation of Compound {218)

Vs on

Q

/ L




NL .J 25FGW 02/18368 PCT/USOL/ 26792 176 EXAMPLES 97- 101 Preparation
of Conpounds (252), (253), (254). (255) AND (256). R H 252-256 In
essentially the same nmanner as in Preparative Exanple (20) and Exanple 5
(29), the follow ng conpounds were prepared: EX R=4PHYS. DATA 97N; GH3:252np
148-159C dec. )-KMH (+) 577. N CH3 98- H3C N253np 134-142C dec. Y - CH3VH( +)
563. N 99254mp:96¢402C dec. MH(+) 625. PCT/USO1/26792

158

Compound (65) from Preparative Example (8), Step B, was let stand for
approximately two weeks at room temperature, after which time the pressence of
some aldehyde was observed by NMR of the crude material. This material was then
treated as in Preparative Example 6, Steps C and D to afford a mixture of Compounds

5 {218) and (67). The crude mixture was separated on flash silica column
chromatography eluting with 1:1 — 3:1 ethyl acetate:hexanes to afford pure Compound
(218). '

B. Preparation of Compound (219}

10

218 219

Compound (218) from Step A above, was combined with triethylamine (64.4 ml;
462 mmol) in CH:Cl, (4 ml) treated with methyl sulfonyl chioride (17.93 mi; .231
15  mmol} and let stir over night at room temperature. The reaction mixture was diluted
with CH:Cl. (70 ml), quenched with brine (25 mi) and extracted. The organic layer
was dried over MgSQ,, filtered and concentrated to give an off-white solid (219} (93
mg; 100%).



100N CH3 255np 126-139C dec. )__1MH(+) 577. 101N, 256np 151-164C dec. C
\MH(+) 535. N EXAMPLE 102 WD 02/ 18368 Preparation of Conpound (257) OH 177
PCTI USOL/ 26792 ~oN H 215 257 5 The (+) isoner of conpound (218) obtaifeé:in
essentially the sane manner as Preparative Exanple (22), was further
reacted in the sane manner as in Preparative Exanple (6), Steps E and F,
Exanpl es (21) and (29) sustituting with 2-Ethyl 1g e, N Ex. (21)
to afford tkjl‘keo{ml(/%?(}eﬁ conmpound (257). (146-157C dec.), M+ g@g;%&ﬁREPARATI VE
EXAMPLE 27 Conpounds (258A) AND (258B) ingBC a d

C. Preparation of Compound (220}

219 290

5 | Compound (219} from Step B above, was taken up in DMF. To this solution
was added a previously reacted solution of 2-methyl imidazole {(145.27 mg; 1.734
mmol) and NaH (60%) (69.4 mg; 1.734 mmol) in DMF. The reaction mixture was
aliowed to stir at room temperature for two hours. The DMF was removed and the
residue taken up in CH.Cl> quenched with sat. aqueous NaHCO; and extracted with 2

10 x 100 ml CH.Clo. The organic layers were combined and purified by preparative TLC
plates 1o give an off-white solid. (220}

D. Preparation of Compound (221}

15



258A 258B 25F LLI (1l e WD 02/18368 PC /US01126792 178 In essentially the sane
manner as Preparative Exanple (20), substituting 4- nethylimdazol e,

conpound (258) was prepared as a mxture of 4 and 5 substituted 5 §rnidazole
derivatives. This m xture was then reacted in a simlar manner as Exanpl e

35 and the isoners separated (258A) and (258B). EXAMPLE 103 Preparation of
Conmpound (258p vd33@58A H 259 The pure 4-nethyl i m dazol eCrdsmen72258A) was
reacted as in Preparative Exanple 20, Step D, and Exanple (29) to afford
the title conpound as a white solid 15 6259). (128-138C dec.) M+ 549 WO
02/ 18368 PCT/ USO|/26792 179 EXAMPLE 104 Preparation of conmpound m xture

(260a) AND (260Db). 5 Step A Conpoug fromPreparative

Exanple 9, Step E, vvas re&(ijed wi th conmpound (64)\fr Preparative Exanpl e
6, Step Ain essentiall same manner as in Prepafative Exanple 6, Steps
B-F, to afford a mxture of one and

220 221

Compound (220) from Step C above, was dissolved in 1,4-Dioxane (3 ml). To
this solution was then added 4M HCI in Dioxane (5 mi) and the reaction stirred for 3
5  hours at room temperature. The mixture was then concentrated and dried over night

under high vacuum to afford the hydrochtoride salt as an off-white solid. (221) -

EXAMPLE 83
Preparation of Compound {222)

10 221 222



two net hyl ene spaced iodo internediates. 10 Step B The m xture of
internmediates from Step A above was reacted in essentially the sanme manner
as in Exanple 22 to afford a m xture of one and two nethyl ene spageds ;i

i mdazol e derivatives. Step C The m xture from Step B above was reacted in
the sane manner as 15 Preparative Exanple 20, Step D, followed by a
reaction wth i socyante in the sane manner as Exa afford
the title co‘ﬁﬁ@ﬁfﬁ@yas a 1:1 mxture (260a) and (260b) (ﬁgﬁ]i‘ﬁgé)gec ); M
544 WD 112/ 18308 PCTI US01126792 PREPARATI VE EXAMPLE 28 COVPOUND (261). Step
A. Ref: Gazz, Chim lItal. (1972) 102, 188-195; J. Org. Chem (1991) 56,

1166-1170. N 5 ' I

D-tartaric acid T%z}gg%@ 8T%OP§/FJOU%@% 3?@@@?%@%@ gxr—tlrﬂgléff;% g@ﬂgﬁgﬁ QrL) The
resul ti ng solaftmonl)wad tredelladnedct.4omi; nehpmoam@ﬁz@mce i) Iw:asmideand t he
crystal s wa

d th 95% re then
recrystalli %ﬂd’ofo\ﬂ@)ﬁwymnﬁf@y@@ %%?é{t”g 35(\9/ e ta W@le reggtlnop 51'59?38 59,
ge;m ]Yi el d) . fdrtee3 salrt uhd&. %gatnmﬁgﬁesiﬁbmt;(l:lgranm/@keéss(taéxaylmn)neg\mleuﬁolue_lgcf(2) 0
ef ore _neutr al e S uti on Xtracte 1
(5% 08w e Vst e ol g e S Ry S B RCSHE ot ba
under reduw@m&%;yﬁyeaimggweg%z_l@rg@ry ﬁhi IeH/08;) S&8S%einhehaiile C MS: MH* -

158. 15 Step B C) CCITE
compotnd as a white solid (222).

PREPARATIVE EXAMPLE 21

10 A, PREPARATION OF PIPERIDYL INTERMEDIATE
N O\\/CH3 O\/CH3
NI = 0
15 Commercially available Ethyl 4-Pyridyt Acetate (4.5g; 27.2 mmol), EtOH (70 ml)

and 10% Palladium on Charcoal (catalytic) was shaken under 55 psi hydrogen at .
room temperature for 94 hrs. The mixture was filtered through Celite and the cake
was washed with (4 x 40 ml) of EtOH. The filirate was concentrated and purified by
flash silica column chromatography eluting with 3% (10% NH;OH:MeOH)/CHCl..

20
B PREPARATION OF (1-CARBAMOYL-PIPERIDIN-4-YL)-ACETIC ACID
ETHYL ESTER.
o\\/cH3 0\/’CH3
___+.
HN 0 HgN\”/N C
25 o

4-Pyridyl Acetic Acid (2.362 g) from Step A above, was taken up in CH.Cl, (118
mi). To this was added trimethylsilyl isocyanate (27.87 mi). The reaction stirred for 67
hr then was diluted with CHzCl, (700 ml) and washed with saturated aqueous
30 NaHCO; (150 ml). The aqueous layer was extracted with 2 x 200 ml CHCl. The

organic layers were combined, dried over MgSO;, filtered and concentrated. The



LAH (118 nL, 1.0 Min Et20, 1.0 eq.) was added to a solution of the product
fromStep A (18.5g, 0.125 mmof) in THI = (250 nm.) at 0 C over 20 njpu}tgag,,m The
resulting solution was warned slowy to roomtenperature and then heat ed at
reflux 2 20 hours. The reaction was cooled to roomtenperature and quenched
by the slow addition of saturated Na2SO4. The resulting slurry was dried by
t he addi ti onygl 1 PHE2SO4, filtered through Celite and congephkalRé,to give a
colorless oil (13.7g, 98% crude yield). CMs MH-116; [a]200= -8.4(5.0 ny
in 2 MeOH). 25 Step C OH n OH _H_ BOG, The product of Step B (13.6g,
0.104 mmol) was dissolved in MeOH (100 nf) and H20 (100 nL) di-tert-butyl

di car bonat e cfudd pfuctlwas @.ﬂif'&ad‘h@ﬁ[a&ﬁ%ﬂ]o@é@@rﬂn%h?orﬁd&ograhh Giythg With 2%f 11°' O
02/13363 PCTI U581126792 181 portionw se keeping the p &10.59 by the addition
of 50% NaOH{10PhBH@HMe¥A) wisklar e was stirred at roomtenperature an
additional 2.5 hours and concentrated in vacua. The residue was diluted
wth HO (350 nL) and extracted with CH2ClI 2 (3 X 150 nL). The conbi ned
organi cs were dried over Na2SO4, filtered, and concentrated under 5 reduced.
pressure. The crude pro uri't ed“dy flash c aphy using a
50% Et OAc i n hexanes solution as gluent to give a whi ig (12.13g, 48%

yield). FABMS: Mqhh\”; [ 20a:o+15._2—95..0.4;r{[irm . Step D
5 &

C. Product from Step B above (40.63 mg; 0.1896 mmol) was taken up in
EtOH (2 ml) and CH,Cl: (2 ml) and treated with 1M LiOH (.5 ml; .455 mmol). The

10  reaction mixture was heated to 50°C and stirred for 5 hr. The reaction was cooled to

room temperature treated with 1N HCI (.57 ml; .531 mmol) and stirred for 5 minutes.
The resuitant mixture was concentrated and dried under high vacuum for 4 days

affording the title compound as a white solid. {223)

15 EXAMPLE 84
Preparation of Compound (224)

\\‘ 0

224

20 To a solution of Compound (221) from Preparative Example 20, Step D (51 mg;
.126 mmol), 4-methylmorpholine (69.3 ml; .630 mmol), DEC (31.44 mg; .164 mmol),
and HOBT (22.2 mg; .164 mmol) in DMF (2 ml) was added, 4-Pyridylacetic Acid 1-N-
Oxide (disclosed in US 5,719,148; 2/17/98). The reaction stirred for 3 hours at room



n-""-0Ols 10 .10 ~ N N BOG BOC p-Tol uenesul fonyl chloride (12.75g, 1.2 eq.)
was added portionwi se to a solution of the product from Step C (12 00g,

55.74 mmol) in pyridine (120 nL) at 0 C. The resulting sol uti stlrred
at 0 C overnight. The reaction mxture was diluted wth EtOAc (é f’r‘L and
washed with cold 1 NHC (5 X 300 m.), saturated NaHCO3 15 (2 X 150 m_) H20
(1 X 100 ) and brine (1 X 100 nm.) , dried over Na2SO4 ﬂ concentrated
in vacuo to‘@? JRIsYe pal e yellow solid (21.0g, 100% crude y?g Hmml’f‘ABlVB MH+=
370. Step E 20 N The product of Step D (21.Cg, 55.74 mmol) in DVF (300 nl)
was treated with ~OOTs N Oy BOC BOC sodffum i m dazol e (8.37 g, 1.5 eq.) and

the resulti sol ut| hea ed at hour s actl m Xture was
cooled to r g}% u‘?%c lgﬂavaééﬁgfgﬁtvwgt%ﬁﬂgnanc{/\%%@?\mgmteagw ue was
diluted w tlstatha@d(ah@@om&mam@gexhé@egem Ijdré wetEsAhindd, Xon@dmirad amd) . The
combi ned organl ¢ layer was dried over @Pﬁ‘)& filtered gnd concentrat ed.
The crude pPYHEE LY REPARIVEANB YY) CRICHGHP r?é%‘@r"‘élW@ ihg282%% MeOH in

VI"O

/18308 PC1/US01126792

CHdl 2 sol UMe@PI/r@ﬁs dﬂ&ﬂ@ tﬁé)tlt?a* y&n;ﬁauaalagaw%lﬁ)b%wnﬁ@izzxg2(7 25 g, 49%yield).

FABMS: VH* = 6;, [a] 2
Step F

EXAMPLE 85
Preparation of Compound (225).

10

15 Compound {221) from Preparative Example 20, Step D (51 mg; .126 mmol)
was combined with compound (223) from Preparative Example 21, Step C and
reacted in the same manner as Example 84 io afford the title compound as a white
solid. (145-155°C dec.) MH* 573.(225)

20



N 182 ~Ni "~N N~ BOC H 261 2HCI 5 The product of Step E (5.50 g, 20.73
nmol ) was stirred at roomtenperature in 4MHC in dioxane (50 m)
overnight. The resulting solution was concentrated and the regisdue
triturated with Et20 to give Conpound (261) as a yellow solid ?4.'90’ g, 99%
yield). CAM: MA= 166. 10 PREPARATI VE EXAMPLE 29 Conpound (262) N H 262
15 By essent wa d:Mskdhe sanme procedure set forth in Preparatdmeosanpl e 28
above, using L-tartaric acid instead of D-tartaric acid in Step A Conpound
(262) was prepared. PREPARATI VE- EXAMPLE,30 20 PREPARATI ON OF COVPOUNDS
(263) AND (264). Step A 1 N-tert-BUTOXYCARBONYL-3(R) AND 3(S)

-(1H 1M DAZOL-1- YL) METHYL) PYRROLIDINES 25 N 2HCI HNN ~ (R 2

EXAMPLE 86
Preparation of Compound (226).

Compound (221) from Preparative Example 20, Step D (51 mg; .126 mmol)
was combined with 4-Fluorophenylacetic acid {Acros) (29.29 mg; .190 mmol) and
reacted in the same manner as Example 84 to afford the title compound as an ofi-
white solid. (108-125°C dec.) MH* 541.(226)

10 PREPARATIVE EXAMPLE 22
Preparation of Compounds (227 and 228)

(+) 227
220 (-} 228

Compound (220) from Preparative Example 20, Step C, {150 mg; .288 mmol)
15  was treated with 4M HCI in Dioxane and allowed to stir for 2-3 hr at room temperature



WD 02118368 PCTI 1JS0O1126792 183 Ovs Bee N Bee (9S)

3(R) - (3- Met hanesul f onyl oxynet hyl ) pyrrolidine (J. Med. Chem 1990, 33, 77-77)

(0.993g, 3.56 mmol es) was di ssolved in anhydrous DMVF (25 nl) and? $odizuit:5

i mdazole (0.6g, 10 mmol es) was added. The m xture was heated at 60 C for 2

h and then evaporated to dryness. The product was extracted with CH2Cl2 and

washed wth brine. The CH2Cl 2 extract was evaporated to .J O give the

titled corrpt(}ﬁﬁagﬂq%fGS) (1.1409g, 100%, ESMS: FABMS (Ml{ei/}ﬁ%g;&){iHNNR

(CDC13) 1.45 (s, 9H), 1.5-2.7 (m 1 H, 1.9- 2.1 (m 1 H, 2.5-2.7 (m 1
3.0-3.2 (m 1 H), 3.3- 3.6 (m 2H), %0 3.9 (dd, 2H), 6.9 (s, 1 H),

H) ,

7.1(s, 1 . | i 1. . i S0 d
{1 om 3(9) - P RaN At ey Mol ol BRS BinarkieS bl bR el Pr o
gi ve the tithe(-ioapeu(ds) (ipbpagpiivd 66 HPLE StiepaBABCRUMANBILELS)vth 1

IZ-IE)I ?/Izg)ﬁ)ZO_- _Bé_TgIZ)HI\énggé'TLAPgBBO'I DINES 1-~ 2HC (263) ~-- NY N N N 2HC

EXAMPLES 87-90

The appropriate (+) compound (227) or (-) compound (228) isomer from

Preparative Example 22 above, was taken up in CH.Cl treated with the
carresponding isocyanate and stirred at room temperature over night. Crude product

10 was purified directly by preparative thin layer chromatography to afford the following
compounds (229-232):

Ex. |R Compound #

87 s F | (229) (+)(148-156°C dec.
)\ /O/ MH* 556.
. 0 fpl!
88 o CN| (230) (+)(155-166°C dec.
)\ O/ MH?* 563,
o
89 o F1(231) (-)(145-153°C dec.)
/k /O/ MH* 556.
Q N
H




The (R) product (0.48g, 1.91 mvles) from Step A was stirred in 4N HCl in
di oxane (10 m-) for 2h and then evaporated to dryness to give the title
conpound (263) as the HCl salt. In a sinlar manner the (S) i someriiwagl:
prepared to give conpound (264) as 25 the HG salt. "Ny LJL 5 WD 02/ 15368
PCTI US01/ 26792 184 PREPARATI VE EXAMPLE 31 Conpounds (265) AND (266). H H
(R (S) StepwdoliN«BENZYL-3-(R) AND ( S)- METHANESULFONYLO$OruskYRRGLI DI NES t
.~\OH 10 1 N-Benzyl-3(R) -hydroxy -pyrrolidines (5g, 28.21 nmol) and
triethylamne (7.86 nlL, 56.35 mmol) weng dissolved in CH2A 2 (50 nl) and
the m xture was stirred under nitrogen at 0C . Methanesul fonyl chloride
(2.62 nL, B8p87] nmol) was. addedogmd the @)Mggqr@;g@@@eg_};l rred at room
temperature for} 2™, T bl utli on was dil Upgg x4 h CH2CIR 15 and washed with
saturated agqueols di ¥ b carlbonate, water and dried (MgSO4), filtered and
evaporatedito df§nes§ to give the (R titlle compound (7.2g, 96.4 % . FABMS
(Mt1) = 256; 1 MR(CDCI3) 222 (m I H, 223 (m IH, 2.52(m 1 H, 2.7-
2.85 (m 3H), 2.95 (s, 3H, 3.65 (q, 2H), 5.16 (m 1 H, 7.3 (s, 5H). In a -
simlar way the (S) isoner was prepared from 1l N Benzyl-3(S)-hydroxy-
PREPARATIVE EXAMPLE 23
5 A. Preparation of Compound (233).

Br Br
= ol T cl
\ Va NBS \ S }
N — I N
0 o
' 233

The tricyclic keto-compound (disclosed in US Pat. No. 5,151,423) (30.0
10 g; 123.2 mmol) was combined with NBS {48.2 g; 271.0 mmol) and benzoyl peroxide
(0.42 g) in CCl; {210 ml). The reaction was heated to 80°C for 10 hr. The mixiure
was cooled and let stand for 8 hr. The resuilting precipitate was filtered. Added MeCH

LD

(200 mi) and stirred the mixture over 2 days. The solid was filtered and dried under

vacuum to a constant weight.

15
B._Preparation of Compounds (234a) AND (234b)
Br Br Br Br
\ A
M/ pBU ﬁ/ M/

O (s} s}

233 234a 234b
20 The dibromo compound (233) from Step A (35.72 g; 88.97 mmol} above was

dissolved in CH.Cl; (1.5 L) and cooled to 0°C. Dropwise, DBU (15.96 ml) was added
and the suspension stirred for 3 hr. The reaction mixture was concentrated
redissolved in GH,Cl» (1.5 L) filtered through a bed of silica gel and rinsed with 5%
EtOAc/CH,Cl, (4 L). The combined rinses were concentrated and purified by flash

25  silica gel column chromatography into pure 5 and 6 mono-bromo substituted
compounds efuting with 10-30% EtOAc/Hex then 3%EtOAG/CH:Cl..



20 pyrrolidines (5g, 28.21 nmoles) to give the (S) title conpound (7.15g,
98%. 2 54 i3 "" 111, "1 WD }2118368 PCTIUS} 1126792 185 Step B .1

N- BENZYL-3-(S) AND (R -(1 HIMDAZOL-1-YL) -- PYRROLIDINES Y 5 (7R§i"wr@\/ls
(S (S (R A solution of the (R product from Step A (2.0g, 7.84 mol es)
was added to a stirred solution of imdazole (1.1 g, 16.17 nmoles) in DW
(25 nL) unde L en 10 atnosphere. The m xture was st ., 60 C for
16 h. DWF vva{gogv@l%g?at ed in vacuo. The resulting crude grgoéﬁ@{ﬁv{/as
extracted with CH2Cl 2 and the extract was successi vely washed with wat er
and brine, and the CH2C 2 was evapor at ed”to leave the title residue which
was chromat ographed on silica gel using 3% (10% cone NHACOH in nethanol) -
CH2Cl 2 as el uant to g| ve the t|tIe compound (0.95 g, 50.56% . 15 FABMS
(Mr1) = 228. In @ Beps ‘ a3t her i somer was prepared. Step C
3-(R) AND (S)-(1H1 M DAZO_ 1- YL) - PYRROLI DI NES 20 (266) WD 02/18368 186 N

(265)
< Iy (T
& O NaBH, \ y O
N —_— N

5 234a 235

The 5-bromo substituted compound (234a) from Step B above (4.0 g; 12.45
mmo!) was taken up in MeOH and cooled to 0°C. NaBH, (916.4 mg; 24.2 mmol} was .
added and the reaction mixture stirred for 5.5 hr. The solvent was removed and the

10 resulting residue was used directly.

Step D Preparation of Compound (236).
Br - Br ]
== ol “‘“- oy
M Y. 1. 5001, \ Y ‘
N ——————— Y N
OH Cl
235

oy A

15 236

The alcohol compound (235) from Step C above (3.98 g; 12 mmol) was
dissolved in CHzCl, cooled to 0°C and treated with 2,6-Lutidine (5.73 mi; 49 mmol).



PCT/ USOL/ 26792 A m xture of the (S) product (0.95 g) from Step B and 10% Pd
on carbon (0.5 5 g) in EEOH (20 nL) was shaken at 50 psi under an

at nrosphere of hydrogen for 24h. The catalyst was filtered and t he I$ol/ient
renmoved to give the title conpound (266) (0.522 g, 99.9%. In a simlar
manner the (R) isoner was prepared from1l.0 g ofthe starting (R) product
fromStep B and 10% Pd on carbon (0.6 g) to give conpound (265) in 99% 10
yi el d. PREPARATEMBGEXAMPLE 32 Conpounds (267) AND (268) JCTRSe26HC1 ' u" 2
HC1 15 267 268 By essentially the sane procedure set forth in Preparative
Exanpl e 31 above, beginning with L or Dipsolinol, the title conpounds (267)
and (268) were prepared. WD 112118368 187 EXAI\/PLE 105 Preparation of
Conpound ( 269)-l: HOT! 246 TmopERsUISHed /apd Turegstipyouatiafoxer) iosivindasirar at i ve

I
Exanpl e 19 LPRR meR 8 Enyhe ke AR e 304 AL 0IRRRH 0> (267
HOBT (0. 175mg) enraeten!\mti)coamtmm i('norasucmjha cruﬁ)h/ﬁrc(dzstmastakéﬁ‘mep MeGHIGN ng
sol ution V‘%ﬁd?)ﬁated%vlihaTt2 E%OéTbent H%f ;5endf' e (4. 4A5 hPHE% mm oﬁ /&lgnct) ﬂwn m xture

was diluted W
5 reaction was heated to 60-65°C treated with tert-butyl 1-piperazinecarboxylate (2.32 g;

12 mmol} (Aldrich) and stirred over night under N> atmosphere. The reaction mixiure
was concentrated to dryness, redissolved in CH,Cl. and washed with sat. aqueous

NaCQ;. The organic layer was dried over Na,SO,, filtered and purified by flash silica
gel column chromatography eluting with 1:4-1:2 EtOAc/Hexanes to afford the product

10 as a white solid.

Step E Preparation of Compound (237).

15

The BOC-protected bromo-compound (236) from Step D above (2 g; 4 mmol),

tripheny! phosphine (.54 g; 2 mmol}, and paliadium chloride (.0723 g; .4 mmol) were
20 combined in MeOH (10 ml) and toluene (30 ml). To this mixture was added DBU

{.835 mi; 5.5 mmol) and the mixture was sealed in a Parr bomb. The reaction mixture

was stirred and subjected to 90 psi of CO at 80°C for 5 hr. The reaction was diluted

with EtOAc (200 ml) and washed with 2 x 80 ml HxO. The organic layer was dried

over MgSQ,, filtered and purified by flash silica column chromatography eluting with
25  1:3 EtOAc/Hexanes.



H20 until precipitation ceased and the slurry was filtered. The precipitate
was diluted wth CH2CO 2, washed with brine, dried over Na2SO4 angls rr i
concentrated. The crude 10 product was purified by chromatography” ising a 5%
(10% NHACH in MeOH) solution in CH2ClI2 as eluent to give the title conpound
(269) (0.184 g, 62 %yield). N H.HC 262 r") N~/H,,~ NCl W 112118365

PCl 1USI}] 12(,792 188 EXAMPLES 106-111 Preparation of Cﬁ),gpf%g(pqs”

(270) - (275) W ‘i"hsd('st he appropriate am ne fromthe Preparati vé"@anpl es
28-32, and follow ng essentially the sanme procedure as in Exanple 105
above, the follow ng conpounds were prepired: R 5 C EX R=Conpound #PHYS.

DATA 1060' 270M l_E-,:603Pr}ep§ati% %Pgarw[ﬁn]d%gg) =589 N 108N'i 272M+= 589

237 238

Compound (237) from Step E above (1.73g; 3.681 mmol) was treated with 4 M
5 HClin Dioxane (35 ml) and allowed to stir at room temperature for 3 hr. The reaction
mixiure was concentrated in vacuo and the resulting tan solid was further dried under

high vaccuum.

G. Preparation of Compound (239).

10

CH

23¢9

The HCl salt {238) from Step F above (1.36 ¢; 3.68 mmol) was dissolved in
15 THF, cooled to 0°C, treated with 1 M DIBAL in cyclohexane (18.41 mi; 18 mmol) and



J N N 109273M+#=589 N N\ N 110N274VH =603 111N275M+=603 EXAMPLE 112
Preparati on of Conpound (276) tB IM 1VO (12118368 189 274 276 PCT/ USO
1126792 Conpound (274) from Exanple 110 above (0.125g, 0.213 mmoles) in
CH2Cl2 (50 nm.) was stirred with TFA (10 nL) at roon1tenperaturg;oygﬁquht.
The reaction 5 mixture was evaporated to give the TFA salt (0.28g) Which was
redi ssol ved won g6l 2 (50 nl) and cool ed (ice water bat hjcrukhigtdhyl am ne
(0.1 nL) followed by nmethane sulfonyl chloride (0.038 g, 0.319 nmoles) were
added and the reaction m xture was stifrfed at room tenperature overnight.
The reaction m xture was washed with sodi um bicarbonate and water. The

or gani ¢ | aysettrragasredniggtataven idSEAtandTey apoanat eek tenctftraey teggndse gidve t he

'E|2t7I7)e g(r)gPSHSnB% éirzezty;in(t é%g%’ste'z\g#:%?) EXAMPLE 113 Preparation of Conpound

H Preparation of Compound (240).

OH

t+BOC
239 240

The alcohol {""3) from Step G above was taken up in MeOH (50 mi) and HxO
(5 mi) and treated w . Boc anhydride {1.56 g; 7.14 mmol). The pH was adjusted to
10 approximately 10 with 1N NaOH. The reaction mixture was concentrated, taken up in
CH.Cl; and washed with H»Q (2 x) The organic layer was dried over MgSQO,, filtered
and concentrated to a tan solid containing both product and an impurity.

Aiternaﬁvely, compound (237) was converted to compound (240} by first
15 preparing the acyl imidazole foltowed by NaBH; reduction using the following
procedure:
Compound (237) from Step E above (7.0 mmol) was dissolved in a mixture of
15 mL methanol, 80 mL dioxane and 6 mL water containing 25 mL of 10% agqueous
LIOH. The mixture was heated at 60° C for 4 hr, then it was concentrated under
20  vacuum and the pH adjusted to 5.2 with 10% aqueous citric acid. The residue was
dissolved in CH.Cl,, washed with brine, dried over MgSQ, and concentrated under
vacuum to give the carboxylic acid. The acid was then dissolved in 20 mL THF
containing 14 mmol of 1,1’-carbonyl diimidazole and heated at 38° C for 18 hr. The
mixture was then concentrated under vacuum 1o give the acyl imidazole. The residue
25  was dissolved in a mixture of 21.2 mL of THF and 5.3 mL water and cooled to 0° C.



1 CH3 273 277 2 5 FEB 2E ".'. WD 112/18368 PCT/ US01126792 190 Starting with
Compound (273) from Exanpl e 109 above and following essentially the sane
procedure as in Exanple 112 above, Conpound (277) was prepared (NH#Z56F). 5
10 PREPARATI VE EXAMPLE 33 A. Conpound (278) 0 278 To a stirred solution of
brom ne (33.0g, 210 nmmol) in CC4 (100 mM) was added a solution of
di benzosuber gnopg,(37. 09, 179 mmol ) in CCl4 (200ml) at rQqem !;@/,h%t;rperature.
The resulting solution was stirred at roomtenperature for if “hours. The
white crystals were collected by filtration to give the product (278)
(60.12g, 92%yield, MH=367). 20 B. Pr&pParation of Compound (279) 0 278 0
r2n7’rgl )ZSaﬁ‘ dSOJrHHeOébuct)ifontwt‘:% a%'dég L8 néi %?H%E%H? a‘wg ?tsvx}asfsrﬁﬂgai %relps ﬁ‘r (56r9L%ri9é 163

and 25 mL CH,Cl; was then added The organic layer was dried over MgSO; and

concentrated under vacuum to give compound (240} in essentially a quantitative vield.

5 i, Preparation of Compound (241).

t-BOC
240 241

The crude product (240) from Step H above (200 mg; 0.45 mmol) was taken up
10 in CHCIl: (2 ml) and treated with triethyl amine (126 mi; 0.91 mmol) followed by
methanesulfonyl chloride (35 ml; 0.45 mmol). The reaction stirred over night at room
temperature. The mixture was diluted with CH.Cl, and quenched with sat. aqueous
NaCl. The organic layer was dried over MgSQ,, filtered and concentrated to afford
compound (241).
is

EXAMPLE o1
Preparation of Compound {242)




NaOH (20.0 g, 491 mmol) in MeOH (500nml) was stirred and heated to reflux for
1.5 hours. The reaction mxture was then cooled to roomterrperaigri.%ijiang
stirred overnight. The m xture was evaporated to dryness then extracted
with CH2Cl 2-H20. | 5 FEB 20U WHO 112/ 13363 PCTI USAO /26792 191 The conbi ned
organic layer was dried over MgSHi filtered and evaporated to dryness to
give a yel |l omosoldzek (279) (46.34 g, 100% vyield, M=285) 5 rCrRreparati on of
Compound (280). 0 279 10 OH 280 To a stirred solution of the nono-brono
conmpound (279) fromstep B (10.0 g, 35.7 mol) in MeOH (200 m ) under
nitrogen at 0 C was added NaBH4 (1.94 g, 51.2 mml). The resulting solution
was stirred at 0 C for 1.5 hours, ¥Yhen evaporated, followed by extraction
wi th CH2Cl 2- H20. The conbi ned q\rg{i c layer was dried over 15 MySO4,
filtered, and evaporated to dry[giisﬁ. give a white solid (280) (10.3 g, ,
100% M=287). 20 D. Preparatio Coypound (281). OH 280 I Boc 281 To a
stirred solution of the al cohol (280) Step C (10.0 g, 34.8 mmol) in

R

The mesylate compound (241) from Preparative Example 23, Step | above
5 (230 mg; .442 mmol) was reacted in the same manner as Preparative Example 20,
Step C. Purification of the crude product was accomplished by preparative TLC plates
eluting with 95:5 CH,Clo/MeOH(NH;) followed by 1:1 EtOAc:Hexanes to afford the title
compound as a light tan solid (242) 105-116°C (dec) MH* 506.

10
FREPARATIVE EXAMPLE 24
A, Preparation of Compound (243)
H W”’«'J, o
e
o] J‘j/>
TOS N
243
15

NaCN and 3-Phenylpropionaldehyde (ACROS) were dried overnight under
vacuum. The aldehyde was then passed through activated Al2O3. Tosylmethy!
isocyanide (5 g, 25.6 mmol} (ACROS) and dry 3-Phenylpropionaldehyde (3.36 g; 25.1



25 CH2CJ2 (200 M) at 0 C was added 2,6-lutidine (14.9 g, 139.3 nmmol) and
thionyl chloride (8.28 g, 69.66 mml). The resulting solution was warnmed to
room tenperature and stirred overnight. The solution was then pdh?@hﬁéﬁio
0. 5N NaOH solution, followed by extraction with CH2Cl12. The conbi ned
aqueous |l ayer was dried 2 F E B 2085 WD 112/18368 PC1'/US01/2(792 192 over
Na2SH4, filtg d concentrated to dryness to give a wn oi

(15.5 g). T%hggggﬁﬂtion of this crude oil (15.5 g) in a%g?gﬁp?pﬁfe (200 )
was added 2,6-Bis (dinethyl)-1-nethyl PLperidine (10.81 g, 69.66 nmol) and
N-Boc piperidine (6.49 g, 34.83 nnDI).'?he resulting mxture was warned to

65 C i ] . i .
oxt ractton N GEEPEHR ) SEH PRENERRN Sha ROsRMREE"To U WA RORe, o

dri ed over Wa28@®kd theniceltCHt €3 anzb.purndl).elin byotbaimieneactdr eamblogenagghy on

silica gel,_eluti wi th-5% Et OAc195% Hexan 0. give the rotected N Boc
conpound (Mafﬁeé%%gm&esggé%%ﬁ)gﬁ ’com_ @@)O?S%g"%.m%%%ar@ ir%%%S? Wéarrpound
(282). Br Boans?&iedlid d seaPB2ufoaad sedduditeatly dfthé hextNxBetmeanpound (281) from
Step D (4.0 g, 8.78 nmml) in anhydrous toluene (100 n) and nethanol (20
m) was added triphenyl phosphine (1.15 g, 4.39 rmol), DBU (1.81 g, 11.9
nmml ) and palladium (Il1) chloride (0.15 g, 0.88 mmol). The resulting

m xture was purged with carbon oxide at 80 psi to 100 psi and 20 heated to

78 C-82 Cfor 5 he foll owed by stirring m t enperature for
/w;,,j, 0
i e
I :
N
TOS N =~/
243 244
10 B. The crude product (243) from Step A above (25 mmol), was diluted up to 65

ml total volume with EtOH. To this mixture was added 7N NH3 in MeOH (100 ml) and

the reaction was heated to 90°C over night (20 hr). The reaction was allowed to cool

to room temperature and stirred for 2 hr then concentrated to dryness. The crude

product was purified by flash silica column chromatoghraphy eluting with & gradient of
15 1-5% MeOH(sat. NH3)/CH:Cl, (244).

PREPARATIVE EXAMPLE 25
Preparation of Compound {245)

20

Propionaldehyde (1.5 g; 25.11 mmol) (ACROS) and tosylmethyl isocyanide (5
g; 25.6 mmol) were reacted in the same manner as Preparative Example 24 above to
25  afford the title compound (245).



overni ght. The solution was then extracted with Et OAc. The conbi ned organic
| ayer was washed with water, brine, dried over Na2SO4, filtered, evaporated
and the crude product was purified by col um chromatography on gjiii_iao;@ﬂzgel,
eluting with 10% Et CAc/ 90% Hexane to give the ester conpound Z EJ?) (‘ﬂ. 1 g,
55% vyield, MH=435). 25 WO 021] 8368 PCT TSO01 /26792 193 5 F. Preparation
of Conpound 88814363282 283 To a stirred solution of the estrexs@erpound (282)
fromStep E (1.2 g, 2.77 mmol) in THE (15 nl) at 0 C was added a 1M
solution of DI BAL (16.62 m, 16.62 mol;),, The resulting solution was
stirred at roomtenperature for 4 hours. To the 10 solution was then added
10% pot assi um sodi um t art ar at epREGARAWNE By spmtirrazd i on with Et OAc. The
conbi ned or gani cCdray®Rindwese)ds) edmever Na2SO4, filtered, and evaporated to
give a solid (283) (1.1 g, 100%yield, M+H=406). 15 G Preparation of
Compound (284). o, G3 S~0 OH 283 284 To a sol utjon of the al cohol (283)
fromStep F (0.62 g, 1.52 nmmol) in CH2Cl 2 (15 20 rl) under nitrogen was
added triethyl am ne (0.64m , 4.56mmol) and net haneg sul fonyl chloride (0.26
g, 2.29 mmol). The resul¢ing solution was stirred<<at roomtenperature
overnight. The m xture was washed wi th NaHCO3 sol ution, dried over Na2SO4,

5
The (+) isomer of compound (67) from Preparative Example 6 isolated by chiral
AD column chromatography was further reacted as in Preparative Example 6 to obtain
compound (246).
10

EXAMPLE 92 AND 93
PREPARATION OF COMPOUNDS (247) AND (248).




2 51 WO 02/18368 PCT/USOL/ 26792 194 filtered and concentrated to dryness
to give the nesylate conpound (284) (0.53 g, 76%yield, M CH3SO3H=389.1). 5
H, Preparation of Conpound (285). N "N Boc BOG 284 10 285 To a gtijrned:
solution of 1-nethyl-imdazole (1.04 g, 12.7 mmol) in DWF (10 m? under
nitrogen, was added NaH (0.305 g, 12. 7mml). The resulting solution was
stirred at erature for 15 mnutes, followed by t,,on of the
mesyl at e co\?r%% gnép284) fromstep G (2.05 g, 4.23 tp@?hgq?%ea%tl on

m xture was stirred at 15 room tenperatyre over ni ght then evaporated to
dryness, and extracted with an Et OAc- NaHCO3 sol ution. The conbi ned organic
| ayer was dri ed @ueo ARG ot PRARNBIERABRLA DR /ediGeREMho BB | ed by
silica gel colum chromat odgraphy luting with 2% MeOH 98% NH3- CH2Cl 2 to

gi ve the prBdooer 2BEMIIE: ( ?25 (&) aw%?%)i wding the ppeapriale. imiazole @Fs@pﬂ@fﬁiﬁ on of

Conpound (28&heciely b afidAGnbifEooRGN0 OF) tRaG8diCT111501126792 195

5 EXAMPLES 94-98
Preparation of Compounds (249}, (250) AND (251)

249-251

In a similar manner as Preparative Example 26 above, the {+) isomer of the
10 carbamate was obtained and reacted in essentially the same manner as Examples 92
and 93 substituting with the appropriate imidazoles, to provide compounds (249)-(251)
shown in the table below.

Ex. #]R= Cmp. # | Phys. Data
94 N CH, 249 mp 133.2-144.3°C dec.
[ \>_/ MH(+) 577.14
N
};
95 N CHg 250 mp 132.1-143.8°C dec.
[ \>_< MH(+) 591.16
N CH
}_r(' 3
96 | HC_ 251 mp 134.1-144.9°C dec.
\[ \> CH, MH(+) 563.10
N
b




A solution of the product (285) fromstop H (0.3 g, 0.64 mol) in 4AMHCl in
di oxane (40 m) was stirred at roomtenperature for 3 hours and then
concentrated to dryness to give the hydrochloride salt of the ti#hdtEprdduct
(286) (0.42 g, 100%yield, M#=371). 5 EXAMPLES 114 AND 115 Conpounds
(287) AND (288). The racem c m xture of Preparative Exanple 33, Step H above
was seperategoobifz its pure isoners by HPLC, using a ChipcaluséResol umm
eluting with 15% | PA/ 75% 10 Hexane/ 0.2% DEA to afford the conpounds in the
tabl e bel ow. EX. #PROCEDURER=CMPD #PHYS.;DATA 114Prep. Ex. 33, BOC287M5

M =471 Steps A-H soner 1 115Prep. Ex. 33,B0OC288M5 M =471 Steps A-Hi soner 2
15 EXAMPLES 116-119. Starting w tEXAePREPOraiine conpound (286) from
Preparati ve Exanplepad8oSbeDompourdidd2sBa@EBnpsd). bENANDE28E)pr opri at e

i socyanate or sulfonyl chloride, following essentially the sane procedure .
as indicated in the table below, the/follow ng 20 conpounds were prepared: R
(286) 22[i . .ilCLB\\'O 02/18368 196 PCT! |i S01126792 EX. #PROCEDURER=CMPD
#PHYS. DATA 116Exanpl e 13H T .

252-255

In essentially the same manner as in Preparative Example (20) and Example

5 {29}, the following compounds were prepared:

EX. | R= % | PHYS. DATA
97 N CHs 252 | mp 148-159°C dec.
[ \>_< MH(+) 577.
N CH
E‘Jy 3
98 HSCYN 253 | mp 134-142°C dec.
N MH(+) 563.
L >_‘CH3
N
¥
99 254 | mp 90-102°C dec.
MH(+) 625.
N
[ \
N
A
100 N CHz [ 255 | mp 126-139°C dec.
[ w MH(+) 577.
N
b
101 N 256 | mp 151-164°C dec.
[ \> MH(+) 535.
N
A

EXAMPLE 102




289M5 Mt=515 I-V- 0_ CNisonmer 1 o 117Exanple 13H 290M5 M+=515 CN i soner 2
118Exanpl e 24291aM5 Mt=449 o=s=0 isoner 1 1 CH3 119Exanpl e 241 291bM5 M+=449
0= s.ai somer 2 CH3 PREPARATI VE EXAMPLE 34 5 A. Preparation of Conpound
(292). OH 280 10 O 292 To a stirred solution of al cohol (280) f#émtg /!
Preparative Exanple 33, Step C (30.0 g, 104.5 mmol) in CH2Cl 2 (500 nl)
under nitrogﬁgug%ykzo C was added thionyl chloride (106PZT%EMN 946 nmol ) .
The resul ting sol'ution was stirred at room tenperature overnl ght and then
evaporated to dryness. The crude m xtue was diluted 15 with toluene (50 ni),

fol | owed by the addition of nmore SOC12 {'106.7 nmi-) at room
Preparation of Compound (257)

5 The {+) isomer of compound (218) obtained in essentially the same manner as
Preparative Example (22), was further reacted in the same manner as in Preparative
Example (6}, Steps E and F, Examples (21), (23} and (29) sustituting with 2-Ethyl
imidazole in Ex. {21) to afford the title compound (257). (146-157°C dec.), MH* 564

10

PREPARATIVE EXAMPLE 27
Compounds (258A) AND {258B).

258A 258B



tenperature. The resulting solution was heated to reflux for 2 hours until
the reaction went to conpletion. The reaction m xture was then cooled to
roomtenperature and concentrated to dryness to give a |ight brdwnfigoljid
(292) (35.67 g, 100%yield, M BrCl=191). 20 WO 02113368 PCT/ USO1126792 197
B. Preparation of Conpound (293). C 292 5 To a suspension of My (3.63 g) in
anhydrous THiso¢/PReyrl -) under nitrogen at room tenper at urcanweseadded
4-chloro-1 -methyl piperidine (3 m., 10%of the total amount) and one snall
crystal of iodine. The resulting solutiorr was heated to reflux, followed by
the addition of iodonethane (0.5 nL) and the remai nder of the 4-chloro-1 10
nmet hyl piperidine (27 nmL). The reaction was stirred for one hour and then
concentrated to dryness to give the crude Gignard reagent (0.8M. To a
stirred solution of the chloro compound (292) from Preparative Exanple 34,
Step A (35.67 g,intd€enliamie)sane raamined ae PsepBritiveZDGinly (20hdebsthitingegen at
room tenperature., s added w se the ignard reagen s obtai ned
Lbove) (o sRENTTeagtRcomag s M it edar B s et P R oho S bed o at
room t enper plitd\d @rivativd0ThB. mikiotd @aetheRYeddied Bxd sid@hi @AWl ERbAMEe H20.

The conbi ned_organic | ayer was dried over MgSO4r filtered and evaporated to
dryness to %?9@%%8%?%&@@8%)?5%@@5(25%@-100% yi el d, MH=368). 20 C.
Preparation of Conmpound (294) 294 2 1n r~ ~ WD 02/18368 PCT/USO 1126792

EXAMPLE 103
Preparation of Compound (259)

10
HaC
Ay
-
{

\ éo ’

N _—

O/NLO/k

258A

The pure 4-methyl imidazole isomer (258A) was reacted as in Preparative
Example 20, Step D, and Example (29) to afford the title compound as a white solid
15 (259). (128-138°C dec.) MH* 549



198 To a stirred solution of Conmpound (293) from Step B above (42.9 g, 116.5
nmml) in toluene (400 nmL) under nitrogen was added triethylamne (49 ni,
349.5 mmol). The resulting solution was heated to refux, followkdlby 7 the
dropwi se addition of ethyl chloroformate (126 g, 1165 mmol ). Continued to
heat the solution at the reflux 5 tenperature for 2 hours. The reaction was
then stirre qQm tenperature overnight, followed by J, nwnth an
Et OAc-1 N Ng\&lalt(mF %’[I on. The conbi ned organic | ayer gﬁuéﬁgg)\}gr
filtered, concentrated to dryness and thfz crude product purified by coI urm
chromat ogr aphy on normal phase silica gé eluting with 30% EtQAc/ 70%
Hexane to give a |light yeI I ow soI i dE&% 0P9 g, 12%yield, MH=426.3). 10
D. Preparation of. .o A)nic 42)o) 15 CO2Et Boc N -N 294 295a
295b A solution © e AL el above (3.34 g, 7.83 mmol) in
6N HCl (20 nmL) was heat refl ux over ni ght. The reaction was cooled to
room tenperature 20 and ajg\llfled with NHACH s N%I/OH, foll owed by extraction
ri ed over MgSH4, filtered, and
idine (2.80 g, 100%yi el d,
(2.77 g, 7.82 mmol ) in
di carbonate (3.41 g,
pF=9 and stirred at
en extracted with
MpSH4, filtered,

rgani c | ayer was
evapor at ed to dryness to. give a crude free pipef
IVH} =534) To the crude mayerial (as obtai ned above

(260Db)..

-5 Step A Compound (108} from Preparative Example 9, Step E, was
reacted with compound (64) from Preparative Example 6, Step A in essentially the
same manner as in Preparative Example 6, Steps B-F, to afford a mixture of one and

two methylene spaced iodo intermediates.

10 Step B The mixture of intermediates from Step A above was reacted in
essentially the same manner as in Example 22 to afford a mixture of one and two

methylene spaced imidazole derivatives.

Step C The mixture from Step B above was reacted in the same manner as
15 Preparative Example 20, Step D, followed by a reaction with phenyl isocyante in the
same manner as Example 15 to afford the title compound as a 1:1 mixture (260a) and
(260b) (133-145°C dec.); MH* 544



using chiral AD colum, eluting with 15% | PA/ 75% Hexane/ 0. 2% DEA to give the
pure isoners of the N-Boc conpounds (295a) and (295b) (3.42 g, 96%yield,
MH+=. 454) . \' O 02/ 18365 PCT/LJS04126792 199 E. Preparation of Codpolurdsr:
(296a) and (296b) 5 Boc Boc N -N 295 296 To a stirred solution of the pure
(+) or (-) isoner of the N-Boc conmpound from Step D above (4.0 g, 8.78
nmol ) i n anhydoousest ol uene (100 nL) and net hanol (20 nl)rorascedded

tri phenyl phosphine (1.15 g, 4.39 mmol), DBU (1.81 g, 11.9 mml) and

pall adium (11) chloride (0.15 g, 0.88 mmal). The resulting m xture was
purged with 10 carbon nonooxi de at 80 psi to 100 psi and heated to 78 C-82 C
for 5 hours, followed by stirri iRERARAUNEIEAIPEE GBe overni ght. The
solution was then extracted with EAROUNIhESIbNDI ned organic | ayer was
washed wi t h wat €tep Br i ne, Refr Gadz dvem. /tiald STE), 1052, It 8@+ g, J. évrgpGhat.etl 98md
purified byS&oli6friicbr omat ography on silica get, eluting with 10% Et OAc/
90% Hexane to give the ester (296a) (206BEt (2.1 g, 55% 15 yield,
MH+=435). F. Preparation of Conpoun@Q?a) and (297b). 20 1 FIFB1L1 wO
02i 18368 PCT/ US01/ 26792 200 To a stivr solution of the (+) or (-) isoner
of the ester fromStep E above, (1.2 Ng, 2.77 mml) in THE (15 ni) at 0 C
was added 1M sol ution of DIBAL (16.62 nL, 16.62 mml). The resulting

sol uti on was st ikthgdirsrcotaga MOt Eng drettumenof) end D-totaris acillds7 g, 1.0 eq) were

dissolved in hot 85% EIOH (350 mL). The resulting solution was cooled to room
temperature and filtered and the crystals washed with ice-cold 95% EtOH. The
crysials were then recrystallized from 95% EtOH (550 mL) to give the tartrate salt

10 (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 organicé dried over Na,50,4 and concentrated under
reduced pressure to give a clear oil {19.0g, 89% yield). CIMS: MH"= 158.

wCO:EL o
SN (J
——

N N
H H

LAH (118 mL, 1.0 M in Et,O, 1.0 eq.) was added to a solution of the product
from Step A (18.5g, 0.125 mmol} in THF (250 mL) at 0 °C over 20 minutes. The
resulting solution was warmed slowly 10 room temperaiure and then heated at reflux 2

15 Step B

20 hours. The reaction was cooled to room temperature and quenched by the slow
addition of saturated Na>S0O,4. The resulting slurry was dried by the addition of
Na-SQ,, filtered through Celite and concenirated to give a colorless oil (13.7g, 98%
crude yield). CIMS: MH*=116; [0]*s=-8.4° (5.0 mg in 2 mL MeOH).

——————

H \
BOC

The product of Step B (13.6g, 0.104 mmol) was dissolved in MeOH (100 mL)
and H.O (100 mL) di-teri-butyl dicarbonate (27.24, 1.2 eq.) was then added

25 Step C



the solution was then added 10% potential sodiumtartarate, followed by
extraction 5 with Et OAc. The conbi ned organic | ayer was dried over Na2SO4,
filtered, and evaporated to give a solid (297a) or (297b) (1.1 ¢, #00%"
yield, Miy=406). G Preparation of Conpounds (298a) and (298b). 0 S-CH3 ~
OH ~O 0 297 298 To a stirred solution of the (+) or (-) isonmer of the

al cohol fromygt epsks above 10 (0.62 g, 1.52 mmcl) in CH2GAd&748L) under
nitrogen was added triethyl amne (0.64 nL, 4.56 mml) and net hane sul f onyl
chloride (0.26 g, 2.29 mol). The resultjipg solution was stirred at room
tenperature for overnight. The m xture was washed with NaHCO3 sol ution,
dried over Naawriseficbpepatk #nd108nsant kadigsh bosE Waess THe @hMRntrhRture
nmesyl at e conpound (298a) or (298b) (0.53 g, 76%yield, M CH3S8H=389.1). 15
H. Prepar at i'¥i¥ Dfeeghisoinigererdys)anafditiopaichy hovigandogcattiataddn veeHt i on of
1-met hyl - i m@pzetigud haddided hdh AOMBE) mlLrar_l;aVExt(a%%dm}h CHE@I?&S RHEHFI§N, was
added NaH (0.305 g, 12.7 mmol). ?I"he resul ting solution was 201 stirred at
room t enper athgre@ngiedisyanisiuves dripglovenkda S8y, tiksed dar crosenyptedieden) or (-)

| somer ofg t heq eyl OfRAk: @%88& vﬁafsﬁ:{ﬂriﬁé&@ @a@rpwgmét%ﬁ%gn?usﬁg%?’ mol ) _

The reaction m xture was stirred at roomtenperature overii thén

evapor at ed tT®% BAeisdiexdnsisl coWdidn oy edsent ativeon wiite olith(1E4Gpcta% etoB.

solution. T bi,ned, 5..or.gani c .| ) i £d over Na2SO4, concentrated
e REneca B 2980155 LA mi BN

and the cru ct was
Siep D
™ [y e
——r—
) )
10 BOC BOC

p-Toluenesulfonyl chloride (12.75g, 1.2 eq.) was added portionwise to a
solution of the product from Step C (12.00g, 55.74 mmol) in pyridine (120 mL) at ¢ °C.
The resulting solution was stirred at 0 °C overnight. The reaction mixture was diluted
with EIOAc (300 mL) and washed with cold 1N HCI (5 X 300 mL), saturated NaHCO;4
15 (2 X 150 mL), H20 (1 X 100 mL.}, and brine {1 X 100 mL) , dried over Na,SO,4 and
concentrated in vacuo to give a pale yellow solid (21.0g, 100% crude yield). FABMS:
MH*= 370.

Step E

AN LN
' OTs '
(e (O
N N N
BOC

20 I:l’;OC
The product of Step D (21.0g, 55.74 mmol) in DMF (300 mL) was treated wiih

sodium imidazole (8.37 g, 1.5 eq.) and the resulting solution heated at 60 “°C for 2
hours. The reaction mixture was cooled to room temperature and concentrated in
vacuo. The residue was dituted with H,O (300 mL) and extracted with CH.Cl (3 X

25 150 mL). The combined organic layer was dried over Na,SO;, filtered, and
concentrated. The crude product was purified by flash chromatography using a 7%
MeOH in CH.Cl, solution as elueni to give a pale yellow solid (7.25 g, 49% yield).
FABMS: MH*= 266; [c]*’o= +8.0 (5.0 mg in MeOH).



purified by silica gel colum chromatography, eluting with 2% MeOH 98%
NH3-CH2Cl 2 to give the product (299a) or (299b) (0.775 g, 39%yvyield,
M+H=471). 10 Preparation of Conpounds 300a and (300b). C H3 CH37N|rhk7N HC
H 299 300 A solution of the (+) or (-) isoner of the product from Step |
above (0.3 g, 0.64 15 nmmol) in 4M HCl in dioxane (40 nL) was stirred at
room t enper a{ydrs f3e8¢ 3 hours and then concentrated to drymnessea-gi ve the
HCl salt of the product (300a) or (300b) (0.42 g, 100%yield, MK=371).
EXAMPLES 120 AND 121 20 Starting with the,appropriate (+) or (-) isonmer of
Conpound (300) and reacting in a sinmliar manner as in Exanple 13 using the
appropriate isocgghate, the follow ng conpounds were prepared: 25 2 F [113

1' NVO 02/ 18368 S01/ 26792 202 R 300 EX #PROCEDURER=CMPD#PHYS. DATA
120Exanpl e 13- -f( -OmﬁW-SM 0i som_.\.\m
BOC
261
5 The product of Step E (5.50 g, 20.73 mmol) was stirred at room temperature in

4M HCl in dioxane (50 mL) overnight. The resulting solution was congentrated and
the residue triturated with Ei2O to give Compound (261) as a yeliow solid (4.80 g, 99%
yield). CIMS: MH"= 166.

10 PREPARATIVE EXAMPLE 29
Compound (262}
SRS
= - 2HCI
N~ N
H
262

15 By essentially the same procedure sef forth in Preparative Example 28 above,

using L-tartaric acid instead of D-fartaric acid in Step A, Compound (262} was

prepared.
PREPARATIVE EXAMPLE 30
20 PREPARATION OF COMPOUNDS (263) AND (264).
Step A 1N-tert-BUTOXYCARBONYL-3(R) AND 3(S) -(1H-IMIDAZOL-1-

YL METHYL) PYRROLIDINES

N 2
~ \ J\\\\N/ﬁ
[ :| —N
| () )\

e
&
/
Y

oc

(R)



H 121Exanple 13N 302Ms5 MH+#=514 CN i somer 2 0 5 PREPARATI VE EXAVMPLE 35 A
Preparation of Conpound (303a). 10 To a stirred solution of isoner 1 of the
bor no- conpound (295a) from Preparative Exanple 34, Step D, (0.5 g, 1410 g,
mmol) in 1-nethyl-2-pyrrolidinone (4.3 mnlL) under nitrogen, was addéd
lithiumchloride (0.14 g, 3.3 mol ), tri-2 15 furyl phosphine (0.013 g, 0.04
nmml ) and tr zyl i deneacet one) -di pal | adi um(0) (0.0 nmol ) .
The resultlng%égzgfgon was stirred at roomtenperature fd%qgmﬂgmﬂﬁ e e
11' 0 42/ 18308 PCT/US01126792 203 nlnutes foll owed by the addition of
tributyl (vinyl) tin (0.39 g, 1.24 mmol)!®® The reaction was then heated to
85C for 2 hours, followed py extraction with Et OAc-H20_ The conbi ned
organi c | ayer was dri er S, filtered, concen dryness and
purified by colum chrongtography_on nornmgl phase si]icalgel; eluted with

10% 5 Et QAc/ 90% CH2 give alig yel l ow | kgui d/ (303&~N0.06 g, 15%
yi el d, Mk=390). B. Pr?par ation ofy ound (304a)l 304a 10 To a stirred
solution of 1- nethyl Epidazole (O. Ng, 4.6 mol

é)ooi n anhydrous THE (4mil.)
under nitrogen at -78C was added 2. SM n- BulLi / Hexane (SO 33 nmL). The

3(R)-(3-Methanesulfonyloxymethyl)pyrrolidine (J. Med. Chem. 1990, 33, 77-77)

(0.993q, 3.56 mmoles) was dissolved in anhydrous DMF (25 mL} and sodium
5 imidazole (0.6g, 10 mmoles) was added. The mixture was heated at 60° Cfor2 h
and then evaporated to dryness. The product was extracted with CH;Cl2 and washed
with brine. The CH.Cl; extract was evaporated to dryness to give the titled compound
(263) (1.1409g, 100%), ESMS: FABMS (M+1) = 252; 'THNMR (CDCly) 1.45 (s, 8H),
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),
10 3.9(dd, 2H), 6.9 (s, 1H), 7.1(s, 1H}, 7.45 (s, 1H)

In a similar manner, the (S) isomer was prepared from 3(S)-(3-
Methanesuifonyloxymethyl)pyrrolidine (0.993g, 3.56 mmol) to give the title compound
(1.14 g, 100%).

15 Step B 3(R) AND 3(S)-(1H-IMIDAZOL-1-YLYMETHYL ] PYRROLIDINES

SN N SN
N
O i U O
N «2HCl
Boc
(263)
N N N N
[ ] \-N > ] , {::Z
! N «2HC
Boc
20 (264)

The (R) product {0.489, 1.91 mmoles) from Step A was stirred in 4N HCl in
dioxane (10 mL) for 2h and then evaporated to dryness to give the title compound
{263) as the HCI sait.
In a similar manner the (S) isomer was prepared to give compound (264} as
25  the HCl salt.



resulting solution was stirred at -78C for 30 mnutes and then allowed to
warmat roomtenperature. To this stirred solution was added the al kene
conmpound (303a) 15 fromstep A above,(0.78 g, 2.1 nrnol) in THE Tfyter\ PE I
resulting solution was then heated to 120C overni ght then cool ed 4%’ r'oom
tenperature, and extracted with Et OAc- H20. The conbi ned organi c | ayer was
dried over My8D#/sfkl tered, evaporated and purified by cedTmmiery:

chromat ogr aphy on nornmal phase silica gel, eluted with 3% MeOH 97%
NH3-CH2Cl 2 to give a light yellow solid {s304a) (0.09 g, 10%yield,
MH4=456.1). i .1 f NN O 112/18368 PCTI US01126792 204 C. Preparation of
Compound (305a)  CH3 N Boc H HREPAIBSHVE BEXAGPUEISdNn of the product (304a)
from Stop B aboZempBuris (@B5BANMR (B8@8)l ) in 4M HCl /di oxane (5 nL) was stirred
at roomtenperature for 2 hours, then concentrated to dryness to give a )
crude off white solid (305a) (@& g, 100%vyield, MH=334=2). Using the sane

procedure as defined in Prepﬁmg% e Exanpl e 35 above I\&%Nng 10 with

| somer 2 of the Boc-profectdd no conpound (29@, | sorfer 2 (305b) was
prepared (MHO=384.2). MPLES 122 - 125 15 Starting!with the appropriate
(+) or (-) isoner of Co und (305) and reacting “Nh a simliar manner as in
Exanpl e 153 usi ng the appr agl ate isocyanate, the f6l1 &w ng conpounds were

prepared:¥ 25 WO 02/ 18363
Step A TN-BENZYL-3-(R) AND {S)-METHANESULFONYLOXY)}-
PYRROLIDINES
OH OMs
SOH ANOMs
. O O

1N-Benzyl-3(R) -hydroxy -pyrrolidines (5g, 28.21 mmol) and triethylamine (7.86
mi., 56.35 mmol) were dissolved in CHxClz (50 mL) and the mixture was stirred under
nitrogen at 0°C . Methanesulfonylchloride (2.62 mL, 33.87 mmol) was added and the
solution was stirred at room temperature for 2 h. The solution was diluted with CHCl,
15  and washed with saturated aqueous sodium bicarbonate, water and dried (MgSQ.),
fittered and evaporated to dryness to give the (R} title compound (7.2g, 96.4 %).
FABMS (M+1) = 256; ‘HNMR (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).
In a similar way the (S) isomer was prepared from 1N-Benzyl-3(S)-hydroxy-
20 pyrrolidines (5g, 28.21 mmoles) to give the (S) title compound (7.15g, 98%).



205 PCTJUSOL1126792 EX. #PROCEDURER=CVPD #PHYS. DATA M5 MH =537.1 =118
122Exanpl e 13ci 3061-119 mOC . \ /isoner 1.p. . O M5s MH =537.1 Hm
123Exanpl e 13ci 307=107 8-108 4C .p. isonmer 2. . 0 M5 MH=528.2 H =2137?

TR
124Exanpl e 13cN3082C m 6- 120 Ho At

WO 12/18368 PCT/USH1/26792
185
Step B IN-BENZYL-3-(S) AND (R)-(1H-IMIDAZOL-1-YL} -

PYRROLIDINES

OMs
N A O e
5 (R) (S)
AOMs N/B
U/L_.

<

(S) (R)

A solution of the (R) product from Step A (2.0g, 7.84 mmoles) was added to a
stirred solution of imidazole {1.1g, 16.17 mmoles) in DMF (25 mL) under nitrogen
10 atmosphere. The mixiure was stirred at 60 °C for 16 h. 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 (0.95 g, 50.56%).
15 FABMS (M+1) =228,

In a similar fashion the other isomer was prepared.

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

N N /“\‘\
S0 W
Q N
. O

Iz

(266)



isomer 1.p. . 0O M5 MH=528.2 H = 120 125Exanpl e 13cw3095-121 3C m . isomer
2.p. . 0 PREPARATI VE EXAMPLE 36 A. Preparation of Conpound (310) 5 CE | |

CO2Et CO2Et 93A 310 cf 2 . [- L; ?2itC, | , WO 02/18368 PCT/ US01/ 26792 206
To a solution of Conpound (93A) from Exanple 7, Step A (5.0g, 10.D2fnmndl’)

WO 02/18368 PCT/USO1/26792

186

N =

%

A mixture of the {S) product (0.95 g) from Step B and 10% Pd on carbon (0.5

!

(265)

5 g)in EIOH (20 mL) was shaken at 50 psi under an atmosphere of hydrogen for 24h,
The catalyst was filtered and the solvent removed to give the title compound (266)
(0.522 g, 99.9%).

In a similar manner the (R) isomer was prepared from 1.0 g ofthe starting (R)

product from Step B and 10% Pd on carbon (0.6 g) to give compound (265) in 99%
10 vyield.
PREPARATIVE EXAMPLE 32
Compounds (267) AND (268)
N N/-\;\N E_/' “y N /\jl\\]
~e 2HCL : ’V\f 2HC

15 267 268

By essentially the same procedure set forth in Preparative Example 31 above,

beginning with L or D-prolinal, the title compounds (267) and {268) were prepared.



in 1-nethyl-2-pyrrolidinone (40 nL) under nitrogen at room tenperajure, Was
added LiC (1.27g, 30.06 mmol), Tri-2-furryl phosphi ne (0.093g, 0.%"mol})-
and tris(dibenzylidene acetone)dipalladium0) (0.18g, 0.2 mml). The
resulting solution was 5 stirred at roomtenperature for 5 mnutes, followed
by the addition of tributyl(vinyl) tin (3.3 nm, 11.3 mml) and stirred
over ni ght at ;89 C The solution was cooled to roomtenpnalatyre,

fol |l oned by é‘)%?“rzgﬁc‘???on wi th Et OAc- H20. The organic | ayer l\L)vas ) ?ﬂl'}gd over
MySO4, filtered, concentrated to dryness1 7and purified by colum

chromat ography on silica gel, eluted wi t1i’ 20% Et OAc/ 80% C - 12C12 to gi ve the
product 10 (310) (3.88g, 95%yi el dyMfit5 ) B. Preparation of Conpound
(311). C H3 15 33Q Q43415 EbmbQuiH 5 ’r@dﬂgifl%ti on of 4,5-dinethylimdazol e
(25.8 ng, O0.268 WMU@E%HE (0.2 nL) at -78C under Argon, was
added 2.5M n- Butt®040.032 nl, 0.08 rnnol). The resulting solution was war nmed
to roomtenperature ol l owed by the 20 addition of the al kene conpound

(310) from Ste a @, 0.24 mml) in anhydrous TH = (0.2 nlL). The
solution was t eat =m an oil ba t g20C 25 hours, followed by
extraction with Z-H28¢/ The combi ned Jorgan®c | ayer was then washed with
brine, dried over Na2SO4, filtered and purified i¢olum 2 51' ; WO

02/ 13363 PCTI USI | 1%¥2674J2 207 chromatography on silica gel, eluting with 5%

MeOH 95% CH2Cl 2 to igive the product H HQl

N
262
S,

269 Compound (217) from
Preparative Example 19 (0.227g, 0.499 mmol} was added to a solution of Compound
5  (262) from Preparative Example 29 (0.131 g, 0.,649 mmol), DEC {0.249 g,1.3 mmol),
HOBT (0.175 g, 1.3 mmol) and NMM (0.5 mL) in DMF (25 mL). The resulting solution
was stirred at room temperature for 24 hours. The reaction mixture was diluted with
H2O untit precipitation ceased and the slurry was filtered. The precipitate was diluted
with CH.Cl,, washed with brine, dried over Na,SO, and concentrated. The crude
10 product was purified by chromatography using a 5% (10% NH;OH in MeOH) solution
in CH2Cl; as eluent to give the title compound (269) (0.184 g, 62 % vyield).



(311) (0.046 g, 100%yield, MF¥=505). 5 C. Preparation of Conpounds (312a)
AND (312b). CH3 cH ci N NI | CO2E 311 312a/ 312b ci 10 A solution of
Conmpound (311) from Step B above (0.57 g, 1.28 mml) in 6N HC (20 nL) was
heated to reflux for 24 hours then concentrated to dryness. To 7ti-hef‘8 Tesi due
was then added saturated NaHCO3 and NaCl . The sol ution was ext r"a"i:1t ed twce
with CH2CI 2. The conbi ned organic |ayer was dried over Na2SO4 and
concent r at edwionggsyness to give the crude product (0.52 gcra83%wyirel d). The
crude 15 material was then dissolved in 20% Et OH 80% Hexane/ 0. 2% DEA and
purified by HPLC on a preparative AD cabumm, eluting with 20% 50%

| PA/ Hexane/ 0. 2% DEA (Uv=254nm Attn=1 024, ABS=2) to give pure isoners of
the product (312a) and (312b) (OEXAMRLESMPELRB). 20 EXAMPLES 126- 133
Starting with thereapistionot GempEeudsdR7):(R75)s bimeg thyf amguepiniaamirsLipgm died
reacting i i.m_ld € i i riate :
i socyanat e %rr@psaz%ltw 8néy)(?hpcﬁ’%lry§?§|2d%?dtf(ﬂgwg%niaéy(ﬁén%%ﬂ% gjc\%g%%%r'%par ed: 25
2 J 6 _ ! ' Exampfl j05,abdve, i@ GBHIBGE®mMpounds were prepared:

5
EX. {R= Compound #| PHYS. DATA
106 '\\\\N = 270 MH'=603
o
N
N
107 ‘\\\\N R 271 MH"=589
\==N
|
la AW
108 N = 272 MH*=589
[ I \=N
|
~
109 | | /‘-b\ 273 MH*=589
N NN
Ny
110 U /= 274 | MH'=603
N "I"///N\,//,N
Ny
111 s, 275 MH'=603
AN
\==N
N
Ny

EXAMPLE 112
Preparation of Compound (278}




208 312 P(' T/ USOL/ 26792 EX. #PROCEDURER=CMPD #PHYS. DATA 126Exanple 13H\ /
313Mass spec. M+=577 cN O 127Exanpl e 13H 314Mass spec. Mr=577 ON O H

128Exanpl e 13| 315Mass spec. Mr=558 | o 129Exanpl e 13H316Mass spec. =558 0
130Exanpl e 13H 317Mass spec. MF=570 F 0 131Exanple 13H 318Mass sfs?pi'e*ea =570
/I FO

WO 02/18368 PCT/USO17267492
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274

Compound (274) from Example 110 above (0.125g, 0.213 mmoles) in CH,Cl,

(50 mL) was stirred with TFA (10 mL) at room temperature overnight. The reaction

5 mixture was evaporated 1o give the TFA salt (0.28g) which was redissolved in CH.Cl,
{50 mL}) and cooled (ice water bath). Triethyl amine (0.1mL.) followed by methane
sulfonyl chloride {0.038 g, 0.319 mmoles) were added and the reaction mixture was
stirred at room temperature overnight. The reaction mixiure was washed with sodium
bicarbonate and water. The organic layer was dried over MgS0O, and evaporated to

10 dryness to give the title compound (276) (0.05g, MH+=567)

EXAMPLE 113
Preparation of Compound (277)

QN
Iy

=

273 277



132Exanpl e 13319Mass spec. MI=511 o-s-o0 CH3 133Exanpl e 131320Mass spec.
M+=511 o=s-0 | 01-13 5 25 WD 02/ 18308 PCT/ US01/ 26792 209 PREPARATI VE
EXAMPLE 37 A. Preparation of Compound (321) 5 310 C 321 C To am% igpn of
Compound (310) from Preparative Exanple 36, Step A (0.66 g,

THE (4.0 nL) under nitrogen at -78 C, was added dropw se 2.5M n 10
BuLi / Hexane (wlo btk The resulting solution was stirred atrydBsshor 30
mnutes, then allowed to warmto roomtenperature, followed by the addition
of 1 -nethylinmdazole (3.0 g, 7.3 nmml) ,n THE (3.0 nmL). The sol ution was

t hen heated to 120C over the weekend an t hen cool ed down to room

t enperature and S@ﬂlﬁ%ﬂﬁnﬂﬂ@@ﬁhpb@ndj@%’@?ﬁ@m ExBRidTod e istwimet ed with

Et OAc- H20, dried over MgSO4, filtered and purified 15 by col umm

chr onat ogr amweraﬁ”tthﬁﬁ@aﬂeg@]oce@ra@ﬁ HyEvgople 390 pboyy. S7opnusd FOeMast o gi ve

the product fdZldd (6454 46% yield, M#A=491.1).

PREPARATIVE EXAMPLE 33
A. Compound (278)

10

A0 — o

O
278

To a stirred solution of bromine (33.0g, 210 mmol} in CCls (100 ml) was added
a solution of dibenzosuberenone (37.0g, 179 mmol) in CCly (200mi) at room
15 temperature. The resuiting solution was stirred at room temperature for 1.5 hours. The
white crystals were collected by filtration to give the product (278) (60.12g, 92% vield,

M+H=367).
20 B. Preparation of Compound (279)
Br Br Br
D —— (D
O 8]
278 279
25 A solution of the di-bromo compound (278) from step A (60.0 g, 163 mmol) and

NaOH (20.0 g, 491 mmol) in MeOH (500ml) was stirred and heated to reflux for 1.5
hours. The reaction mixture was then cooled to room temperature and stirred

overnight. The mixture was evaporated to dryness then extracted with CHyCl-HO.



N -N | | co2Et H 321 322 WD 02; 1%$368 PCT/1SOL/ 26792 210 A sol ution of
Compound (321) from Preparative Exanple 37, Step A above (0.6 g, 1.22 mmmol)
in 12N HCO (10 m-) was heated to reflux overnight then concentrated Eﬁ
dryness to give the residue as a gum This residue was dissolved i PEB 700
saturated NaHCC3, stirred for 10 mnutes, saturated with NaCl and then
stirred with for 5 10 m nutes. The solid vvasfilt

aqueous Iaye}\%lv-\gg%%ract ed twice with CH2CI 2, and the orggfr%?%r??ayer was
dried over Na2SO4, filtered and concentrat ed to dryness to give the
Compound (322) as a light brown solid ng, MH+#=419.1). C. Preparation of

(322) Trom &% 3@8‘9%%&69%?89'%%%9d5§§é %ﬁ@%@%%@%ﬁéﬁﬁﬁksﬁ%ﬁf 120 (1 )
at 0C, was dddesht Bagveaan sl shdid (794448334 g, TR Gielip®i-ps5iThe sol uti on was

basified with 1 N NaOH solution to maintain pH=8.5-9.5 and concentrated to
dryness, followed by extraction with CH2C 2-H20. The conbi ned organic |ayer

was washed twice with H20 t hen bri ne, i ed over Na2SsO4, filtered and
concent r &t ed to%ryngs‘,%ﬁ’i@t@é-’iﬁg@—o&gﬁﬂ@gé@of i somers 1 and 2 (0.63 g, 100%
yield). The isomers were separated by HPLC on a prep AD columm, eluting
with 20 15% PA/ 85%exane/ 0. 2%EA (wave | engt h=254nm Att =64, ABS=1) to give

isoner 1 (323a) (0.28 g, ﬁ&SlQ 2) and isomer 2 (323i (0.28 g, MH=519. 2)

279 280

10
To a stirred solution of the mono-bromo compound (279) from step B (10.0 g,

35.07 mmol) in MeOH (200 mi) under nitrogen at 0 °C was added NaBH, (1.94 g, 51.2
mmol). The resulting solution was stirred at 0 °C for 1.5 houts, then evaporated,
followed by extraction with CH,Clo-HO. The combined organic layer was dried over
15 MgSQy, filtered, and evaporated to dryness 1o give a white solid (280) (10.3 g, 100%,
' M=287).

D. Preparation of Compound (281).
Br Br
Ay — OO
OH [Nj
N
Boc

281

20

280

To a stirred solution of the alcohol (280) from Step C (10.0 g, 34.8 mmol) in
25  CH:Cl, (200 mi) at 0 °C was added 2,6-lutidine (14.9 g, 139.3 mmol) and thionyl
chloride (8.28 g, 69.66 mmol). The resulting solution was warmed to room
temperature and stirred overnight. The solution was then poured onto 0.5N NaOH

solution, followed by extraction with CH2Cl. The combined aqueous layer was dried



WO 02118308 PCT/ USCh/ 20792 211 D. Preparation of Conpound (322a). 323a 5
322a A solution of Conpound (323a) isoner 1 from Step C above (0.24 g, 0.46
rnmol) in 4N HCl/Di oxane (20 mL) was stirred at roomtenperature f%fﬂ-[@ﬁ
CH2CI 2 (7 10 nmL) was added to the solution and the reaction contihued lz ;
stir for 2 hrs before being concentrated to dryness. The solution was
stirred for Higunskes W th saturated NaHCO3, then saturabedywtds-NaC and
extracted three tinmes with CH2Cl 2. The conbi ned organic |ayer was dried
over Na2SO4, filtered and evaporated to gdfyness to give Conpound (322a)
isoner 1(0.163 g, 84%yield, MH=419.2). 15 20 EXAMPLES 134-147 Starting

Wi th conpoubgerI28Q] iHeres add coficeddrdizd(th sipyess &) giddd cherMrbRg ol (56 gpi M | i ar
manner as in Exanple 13 using the apf)_ropri ate ch? orgformate, i socyanate, or

25 sul f onyl TERISY188 of BYS §HUE Akl a3 &) BracelanBeiry#9EMieTas, 2496 RBEC nedi at ed

coupling) t fmefQ)10MBIGI SOERIMENED e BoRIESRRLE Gnd FPEBOBRdridide 2P)o Yas

prepared in a simlar manner as in Step D above, starting wth Cofpoun

(323b) to gPdE3trHaohtHerresyinmmixtwe 1o wamedde §b ef @vermight =4he nijturpmias b

(l %2 é13323%%%@0%%&?%%@&?%0@& b ER R RIRRTEEMIA RENG nDAdH, FaExanpl e
L combined 'organic layer was dried over Na,SO4, concentrated and purified by column

d

chromatography on silica gel, eluting with 5% EIOAc/95% Hexane to give the
protected N-Boc compound (281) (5.68 g, 36% yield, MH™=455).

10
E. Preparation of Compound (282).
O
Br OMe
Dy — a9
N ®
() Qj

E‘ioc Boc

281 282
15

To a solution of the N-Boc compound (281) from Step D (4.0 g, 8.78 mmol) in
anhydrous toluene (100 m!) and methanol (20 ml) was added friphenylphosphine
(1.15 g, 4.39 mmol), DBU (1.81 g, 11.9 mmol) and palladium {li) chloride {0.15 g, 0.88
mmol). The resulting mixture was purged with carbon oxide at 80 psi to 100 psi and

20  heated to 78 °C-82 °C for 5 hours, followed by stirring at room temperature for
overnight. The solution was then extracted with EtOAc. The combined organic layer
was washed with water, brine, dried over Na,S0O4, filtered, evaporated and the crude
product was purified by column chromatography on silica gel, eluting with 10% EtOAc/
90% Hexane to give the ester compound (282) (2.1 g, 55% vield, MH*=435),

25



Ol sonmer 1 135Exanpl e 13Nyo,, 0325M5 Mt=545.2 Ol soner 2 136Exanpl e 13H 326NM5
M-=563. 2 CN Ol soner 1 137Exanple 13H 327M5 M+=563.2 CN Ol soner 2 M5 M+=606. 1
H =62 i 38Exanpl e 13CF33287-63 mOC . \ /Isormer 1. .p. O M5 M=606.1 H =70
139Exanpl e 13CF33291-71 0C m. 55 2R 700G

WO 02/18368 PCT/USOHL/26792
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E. Preparation of Compound {283).

0
OH

0 — D
™ ()

To a stirred solution of the ester compound (282) from Step E (1.2 g, 2.77
mmol) it THF (15 mi) at 0 °C was added a 1M solution of DIBAL (16.62 ml, 16.62
mmol). The resulting solution was stirred at room temperature for 4 hours. To the
10  solution was then added 10% potassium sodium tariarate, followed by extraction with
EtOAc. The combined organic layer was dried over Na,SO4, filtered, and evaporated
to give a solid (283} (1.1 g, 100% yield, MH"'=406).

G. Preparation of Compound (284).

15
CHy

O. ¢
0

<=
/

Lo — GO
0 -

>

|
Boc

283 284

To a solution of the alcohol (283} from Step F (0.62 g, 1.52 mmol} in CH,Cl» (15
20  ml) under nitrogen was added triethyl amine (0.64ml, 4.56mmol) and methane sulfonyl
chloride (0.26 g, 2.29 mmol). The resulting solution was stirred at room temperature
overnight. The mixture was washed with NaHCOj; solution, dried over Na,S04,



| somer 2.p. . 0 M5 M=572.1 H 4C 140Exanpl e 13ci 330m =120 1-121 . |somer
1.p. . 0 M5 Mt=572.1 N 0-129 141Exanple 13C13310 =128 m. \ /Isoner 2. p O

142Exanpl e 13"0332M5 M+=544.2 |sonmer 1 0 1l43Exanple 13N333M5 M+:'?5L4Af{%2?ﬂb[soner

2 7
WO 12/18368 PCT/USO1/26792
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filttered and concentrated o dryness to give the mesylate compound (284) (0.53 g,
76% yield, M-CH;S0;H=389.1).

5 H. Preparation of Compound (285).

CHg

/

S\}O /—,/_..'\

N\<N
SSLENNs® s
() ()

Boc

o)

i

O\

284 285

10
To a stirred solution of 1-methyl-imidazole (1.04 g, 12.7 mmol} in DMF (10 ml)

under nitrogen, was added NaH (0.305 g, 12.7mmol}. The resulting solution was
stirred at room temperature for 15 minutes, followed by the addition of the mesylate
compound (284) from step G (2.05 g, 4.23 mmol). The reaction mixture was stirred at

15 room temperature overnight, then evaporated to dryness, and extracted with an
EtOAc-NaHCO; solution. The combined organic layer was dried over Na,S04,
concentrated and the crude product purified by silica gel column chromatography
eluting with 2% MeQH/98% NH3-CH,Cl, to give the product (285) (0.775 g, 39% yield,
MH*=471).

20 L. Preparation of Compound (286).

» -\
D (D
[::‘ [:j HO)

285 288



0 25 \ O 02/18368 213 PCT/ti SOL126792 144Exanpl e 13-334M5 M=5541 1 NO C
| somer 1np=111.9-112. 0C O 145Exanple 13-335M5 M=554.1 N O G Isoner

2m p.=114.3-115 1 0 146Exanpl e 13! 336M5 Mr=497. 1 - S+O soner Ccn
1m p. =52. 4-53. 3C CHs 147Exanpl e 13337M5 M =497.1 --s=o |somer 1 5{Ed 13
2m p.=47.1-48.0 | CHg PREPARATI VE EXAMPLE 38

WO 02/18368 PCT/US01/26792
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A solution of the product (285) froim step H (0.3 g, 0.64 mmol) in 4M HCl in
dioxane (40 ml) was stirred at room temperature for 3 hours and then concentrated to
dryness to give the hydrochloride salt of the title product (286) (0.42 g, 100% yield,
MH*=371).

5 EXAMPLES 114 AND 115
Compounds (287) AND (288).

The racemic mixture of Preparative Example 33, Step H above was seperated
into its pure isomers by HPL.C, using a Chiral AD column eluting with 15% IPA/75%
10 Hexane/0.2% DEA to afford the compounds in the table below:

EX. # | PROCEDURE R= CMPD # | PHYS. DATA
114 Prep. BEx. 33, BOC 287 MS M*=471
Steps A-H lsomer 1
115 | Prep. Ex. 33, BOC 288 MS M*"=471
Steps A-H isomer 2
15 EXAMPLES 116-119.

Starting with the piperazine compound (286) from Preparative Example 33 Step
1, and reacting it with the appropriate isocyanate or suifonyl chloride, following

essentially the same procedure as indicated in the table below, the following
20  compounds were prepared:



A. Conpounds (338) AND (339). 5 NC G N | COEt C O2Et COREt 310 338 339
C To a solution of Conpound (310) from Preparative Exanple 36 Step A (3.0
g, 10 7.34 mml) in THE (8 m-) under nitrogen at -78C, was added dpopwi se
2.5M n BuLi/Hexane (0.65nm, 8.07 mmol ). The resulting solution was stirred
at -78C for 30 mnutes, then allowed to warmto roomtenperature, followed
by the additigg,9fs;&- nmethylimdazole (0.66 g, 8.07 mml) piciyEHkgI e

sol ution was heated to 120C over night cool ed down to roomtenperature and
concentrated to dryness The reaction 15 pj.xture was extracted with

Et OAc- H20, and the organic | ayer was dri eg over MgSH4, filtered and

concentr at ede¥ ¢ gpm@@mp@ur ER_OT 4=methyl su’@g}ip[{)l#t eqam@qjm@nc 5- net hyl
substituted [(339)! praoducts (2 g, 76%yield M=491 WD 02/{18368
PCT/ USO1r 2670t 21ExBnpisdar at ilon §f /eompounds[26838alb M%NH $E89a/b). In a
simlar nmanner as| descri bed i rQlf.& @ Nt h%orrp'l&qure of produgts from
117  Example 13 \[rg 290 MS M*=515
\< >—CN _
5 isomer 2
118 Example 24 | 291a MS M'=449
Oz?zo isomer 1
CHs
119 Example 24 l 291b MS M7=449
O=?=O isomer 2
CH
PREPARATIVE EXAMPLE 34
5 A, Preparation of Compound (292).
Br Br
OH Cl
280 292
10

To a stirred solution of alcohol (280) from Preparative Example 33, Step C
(30.0 g, 104.5 mmol} in CHCl, (500 mL) under nitrogen at —~20 °C was added thionyl
chloride (106.7 mL., 1,48 mmol). The resulting solution was stirred at room
temperature overnight and then evaporated to dryness. The crude mixtue was diluted
with toluene (50 mL), followed by the addition of more SOCI (106.7 mL}) at room
temperature. The resulting solution was heated to reflux for 2 hours until the reaction

15

went to completion. The reaction mixture was then cooled 1o room temperature and
concentrated to dryness to give a light brown solid (292) (35.67 g, 100% vield, M-
BrCl=191).

20



5 Step A, above were first separated into a m xture of pure 4 and
5-substitured (+) enantioners and pure 4 and 5-substituted (-) emar%'rtghqm:ers
using chiral HPLC colum chromatography, then upon treatment w th'tri phenyl
met hyl chloride follow ng the procedure in Exanple 11, the conpounds were
further seperated into the pure isomers of the 4-substituted conpound
(338a) (M5 Mr=491: np= 72.1-73.0C) and 10 (338b) (M5 M= 1= 68. 9-69. 0C)
and the 5-sub8 T %it%ed conmpound (339a) and (339b). 15 C 4%}%} @ﬁ& Fon of
Compound (340a). CH3 /, N' -N | | COzZLt H 338a 340a A solution of Conpound
(338a) fromstep B above (0.035 g, 0.07¥nmol) in 6N 20 HO (2.0 nL) was

heated to reflux ove rgio%hatti' Eh;ﬁ rsno!jut i @E;g/as cooled to room tenperature,
basified with NF4ACH with CH2A 2. The conbi ned
organi ¢ layer was dried over MySH4, filtered and concentrated to give pure
isoner 1, Conpound (340a) (0,0834 g, 100%yield, ;
60.3-61.00). In asimla annher~as above, starki

onpound ( 338b)

(isomer 2), 25 Conpou# =419. 1) wa§ 0O 0211338
| TTI LCSOL126792 215 E 56 Starti n’g Vit ropriate (+) or

(-) isonmer of Conpound (340) and reacti ng 5 in a sialiar manner using the

procedure shown in the tabl &'bel ow, with the
N
292 CHs
293

To a suspension of Mg (3.63 g) in anhydrous THF (95 mL) under nitrogen at
room temperature was added 4-chloro-1-methyl piperidine (3 mL, 10% of the total
amount) and one small crystal of iodine. The resulting solution was heated 1o reflux,
followed by the addition of iodomethane (0.5 mL) and the remainder of the 4-chloro-1-

10  methyl piperidine (27 mL). The reaction was stirred for one hour and then
concentrated to dryness to give the crude Grignard reagent (0.8M).

To a stirred solution of the chioro compound (292) from Preparative Example
34, Step A (35.67 g, 116.7 mmol) in anhydrous THF (200 ml.) under nitrogen at room
temperature , was added dropwise the Grignard reagent (as obtained above) (0.8M,

15 146 mL, 116.7 mmol).The resulting solution was stirred at room temperature for 3
hours, followed by the extraction with EtOAc-H,0. The combined organic layer was
dried over MgSQO,, filtered and evaporated to dryness to give the product (293} (49.25
g, 100% yield, MH™=368).

20 C. Preparation of Compound (294).
Br
Br ‘
N N
| CO,Et
CHj

293 294



appropriate chioroformate, isocyanate or sulfonyl chloide, the follow ng
conpounds were prepared: CE EX. #PROCEDURER=CMPD #PHYS. DATA 148Preparative
Ex. 4; BOC341M5 M+H+=519 Stop Am p. =90. 2-91. 0C 149Exanpl e 131t o0--0342M5

MH} =545 0Oi somer 1m p. =58.8-59. 6C 150Exanpl e 13'-Y o OB43M5 M+=545 [eigtifrer
2m p. =60. 8- 61. 2C 151Exanpl e 13H 344M5 MHO =545 CN i soner 1mp.=98.7-99.5 C O
152Exanpl e 13t 34aNe MHO=545 0 cN Oi somer 2m p. =111. 3- 112pfr/51535xanpl e 13H
346M5 MH=544 -0 Oisomer 1mp.=77.1-77.8 C WO 02/18363 216

198
To a stirred solution of Compound (293) from Step B above (42.9 g, 116.5
mmol) in toluene (400 mL) under nitrogen was added triethylamine (49 mL, 342.5
mmol). The resulling solution was heated io refux, followed by the dropwise addition
of ethyl chloroformate (126 g, 1165 mmol). Continued to heat the solution at the reflux
5 temperaiure for 2 hours. The reaction was then stirred at room temperature overnight,
followed by extraction with an EtOAc-1N NaQOH solution. The combined organic layer
was dried over MgSQOy, filtered, concentrated to dryness and the crude product
purified by column chromatography on normal phase silica gel, eluting with 30%
EtOCAc/70% Hexane to give a light yellow solid {294) (2.992 g, 12% yield, MH*=428.3).

10
D. Preparation of Compounds (295a) and (295b).
Br Br
D LD

) \
COzEt BDC
294 295a

15 295b

A solution of the ester (294) from step C above (3.34 g, 7.83 mmol) in 6N HCI
(20 mL) was heated to reflux overnight. The reaction was cooled to room temperature
20 and basified with NH,OH solution, followed by extraction with CH>Clo. The combined
organic layer was dried over MgSQ,, filtered, and evaporated to dryness {o give a
crude free piperidine (2.80 g, 100% vyield, MH"=534)
To the crude material (as obtained above) (2.77 g, 7.82 mmot) in 50%
MeOH/1% H,0 (200 mL) was added Di-tert-butyl dicarbonate (3.41 g, 15.64 mmol).
25  The reaction mixture was adjusted to pH=9 and stirred at room temperature for 4
hours, evaporated to dryness then extracted with CH,Clo-H20. The combined organic
layer was dried over MgSOs, filtered, concentrated to dryness and purified by HPLC,
using chiral AD column, eluting with 15% IPA/75% Hexane/0.2% DEA o give the pure
isomers of the N-Boc compounds (295a) and (295h) (3.42 g, 96% yield, MH'=454).



PCT/ USO1 /26792 154Exanpl e 13~N'O 347 M5 MH+=544 oi soner 2m p.=78.9-79.0C

155Exanpl e 131 348M5 MH =497 - -isoner 1mp.=87.4-88.0 C CH3 156Exanpl e

131 349M5 MH=497 -1 ! isomer 2m p.=88.8-89.0 CCH3 5 NN N i I Et |ﬁ 10
339a H3C 350a C Conpound (339a) was reacted in a simlar rranner L’n
Preparative Exanpl e 38, Step C. to give Conpound (350a) (i sorrer 1) (0 13 g,
76% yield, MH=419 . Conmpound (350b) (isoner 2) was prep ared | sane
nmanner as ab&?é”’”i“"é“ EXAI\/PLES 157-160 Starting with the ap 6‘&”?%( (+) or
(-) isoner of Conpound (350) and reactin in a simliar manner using the

procedure indicated in the table bel ow did the

E. Preparation of Compounds {286a) and {296b)

O
Br OMe
Ay (D
N N
Boc Boce
295 296

To a stirred solution of the pure {+) or (-) isomer of the N-Boc compound from
Step D above (4.0 g, 8.78 mmol) in anhydrous toluene (100 mL) and methanol (20
mL} was added triphenyl phosphine (1.15 g, 4.39 mmol), DBU (1.81 g, 11.9 mmol)
and palladium (l{) chioride (0.15 g, 0.88 mmol). The resulting mixture was purged with
10 carbon monooxide at 80 psi to 100 psi and heated to 78 °C-82 °C for 5 hours, followed
by stirring at room temperature overnight. The solution was then extracted with
EtOAc. The combined organic layer was washed with water, brine, dried over
Na,S04, filtered, evaporated and purified by column chromatography on sifica gef,
eluting with 10% EtOAc/ 90% Hexane to give the ester (296a) or (296b) (2.1 g, 55%
15 yield, MH'=435).

F. Preparation of Compounds (2973} and (297b).

20
Q
OMe OH
Ay a9
N N
Boc Boc

296 297



2C appropriate Boc or isocyanate reagent, the follow ng conpounds were
prepared: PREPARATI VE EXAMPLE 39 Preparation of Conpound (350a). WO
02/18368 217 cl PCT/USol/ 26792 EX. #PROCEDURER=CVPD #PHYS. DATA . . ..
157Preparative Ex.4; BOC351IMS NMH =519 Step Ai soner 1m p.=87.8-88. 263 HEBIW
158Preparati ve Ex.4; BOC352M5 M+H+=519 Step Ai soner 2m p.=89. 0-89.9C

159Exampl e 13 353N M =563 | \ / ONisomer 1 o H M5 M} sbp8sptbPExanpl e 13N
354 CN isoner 2m p.=130.1-131.0 C 5 cl _N

200

To a stirred solution of the (+) or {-} isomer of the ester from Step E above, (1.2
g, 2.77 mmol) in THF (15 mL) at 0 °C was added 1M solution of DIBAL (16.62 mL,
16.62 mmol). The resulting solution was stirred at room temperature for 4 hours. To
the solution was then added 10% potential sodium tartarate, followed by extraction
5 with EtOAc. The combined organic layer was dried over NazSQOy, filtered, and
evaporated to give a solid {297a) or (297b) (1.1 g, 100% vield, MH'=408).
G. Preparation of Compounds (298a) and (298b).

' CH
OH o8 7
0
QO e QD
N
1 )
BOC BOC
297 298

To a stirred solution of the (+) or (-) isomer of the alcohol from Step F, above
10 (0.62 g, 1.52 mmol) in CH2Cl> (15 mL) under nitrogen was added triethyl amine (0.64
mL, 4.56 mmol) and methane sulfonyl chloride (0.26 g, 2.29 mmol). The resulting
solution was stirred at room temperature for overnight. The mixiure was washed with
NaHCO; solution, dried over NaxS04, filtered and concentrated to dryness to give the
mesylate compound (298a) or (298b) (0.53 g, 76% yield, M-CH;SO3H=389.1).

15 H. Preparation of Compounds (299a) and
O CHg
‘w—~CH
O’E:)\ 8 NA\N
o \—/
S —— D
! A
Boc Boc
(299b). 298 299

To a stirred solution of 1-methyl-imidazote (1.04 g, 12.7 mmol) in DMF (10 mL)
under nitrogen, was added NaH (0.305 g, 12.7 mmol}. The resulting solution was



i | C42Et CO2Et PREPARATI VE EXAMPLE 40 A. Conpound (355). 93A 355 G 10 W)
(12118368 PCT/ LI SOL/ 26792 218 To a sol ution of Conpound (93A) from
Preparative Exanple 7, Step A (2.92 g, 5.5 nmol) in anhydrous tol uene &70
m.) and MeOH (10 m-) was added triphenyl phosphine (0.72 g, 2.75 imzol)

DBU (1.11 m, 7.42 mmol) and PdCl 2(0.097 g, 0.55 mmol). The resulting
solution was purged with CO (100psi), then heated to 80C for 5 five hours.
The sol uti onWHE 8Bl ed to roomtenperature, purged with ¥ 8H¥R°2and
evaporated to dryness to give a brown oil. The product was purified by
silica gel colum chromatography elutimgiwith 1% MeOH 99% CH2CI 2 to 4%
MeOH 96%CH2C1l2 to give Conpound (355) (2.22 g, 92.5%yield, WA 441 1). 10
|  CXREt 15 SIS*‘YGWHQQF&?IT@RVWreé@fn’;ﬁ)rﬂﬁﬂt@(%%?weé%ﬂ@l adP*lOBd@@s(a) or (

isomer of the mesylate compound (299) from Step G above (2.05 g, 4.23 mmol). The
reaction mixture was stirred at room temperature overnight then evaporated to
dryness, followed by extraction with an EtOAc-NaHCO; solution. The combined

5 organic layer was dried over Na.S04, concentrated and the crude product was
purified by silica gel column chrematography, eluting with 2% MeOH/98% NHa-CH.CH,
to give the product (299a) or (299b) (0.775 g, 39% yield, MH'=471).

10 1. Preparation of Compounds (300a) and (300h).

CHy CHs

N/L*N N/LEN
=/ =

G D

HCI

BOC h

299 300

A solution of the (+)} or () isomer of the product from Step | above (0.3 g, 0.64
15 mmol) in 4M HCl in dioxane (40 mL) was stirred at room temperature for 3 hours and
then concentrated to dryness to give the HCI salt of the product (300a) or (300b) (0.42
g, 100% vield, MH™=371).

EXAMPLES 120 AND 121

20
Starting with the appropriate (+) or (-} isomer of Compound (300) and reacting

in a similiar manner as in Example 13 using the appropriaie isocyanate, the following

compounds were prepared:

25



Cl A solution of Compound (355) from Preparative Exanple 40, Step A (2.2 g,
4.99 mmol) in 6N HC (50nm.) was heated to 100C - 110C overnight. The
solution was cooled to roomtenperature and evaporated to dryness to. %i..\’e
the crude product. To a solution of the crude material in MeCOH (%G)&M &hd
H20 (1 m-) at 0C, was 20 added Boc anhydride (1.63 g, 7.48 mol). The
resul ting solysipRs;Mmas basified with 1 N NaOH to pH=8.5 38,9804, stirred
for two hours at OC, then evaporated to dryness and extracted wth Et OAc-5%
Citric acid solution. The organic |ayer )Q?s washed with H2O then brine,
dried over Na2SO4, filtered and concentrated to dryness to give Conpound
(356) as a yellow solid (2.299, 100%vyield, M#=455.1). 25 C. Preparation of
Conpound (357). 1. ) L. i.. f3 L J WO 112! 1 68 219 Cl BOC 356 Cl To a
sol ution of Conpound (356) from Preparative | e 40, Step B above(2.26
g, 4.97 mol) in anhydrous benzene (18.0 nt’iﬁnd MeOH (2 nl), was 5 added,
over five mnutes, (trinethylsilyl)diazonethane (3 rnL, 5.99 nmol) in 2M1 N
Hexane. The resulting solution was @%@ roomtenperature for one hour
then evaporated to dryness to give 3g oE&=crude material (M+#=369). A
solution of the crude material (obtainedlabove) in 4N HCl in D oxane (25 nlL)
was stirred at roomtenperature for on¢ hdqur- The reaction was then
evaporated to 10 dryness and purified™y-flash silica gel colum
chr omat ogr aphy, eluting with 2% MeOH 98%3 CH2C12 to 6% MeOH 94% CH2Cl 2 and
then with 50% (10% 0

30

EX. # | PROCEDURE R= CMPD # | PHYS. DATA

120 | Example 18 H 301 MS MH'=514
CN
W \Q_ isomer 1

0
121 | Example 13 H 302 MS MH+=514
\IC])/ @CN isomer 2

5 PREPARATIVE EXAMPLE 35

A, Preparation of Compound {303a).

AT 0

N N
i Boc

To a stirred solution of isomer 1 of the bomo-compound (295a) from
Preparative Example 34, Step D,(0.5 g, 1.10 mimol) in 1-methyi-2-pyrrolidinone (4.3
mL} under nitrogen, was added lithium chioride (0.14 g, 3.3 mmol}, tri-2-
16 furylphosphine (0.013 g, 0.04 mmol) and tris(dibenzylideneacetone)-dipalladium(0)
(0.02 g, 0.02 mmol). The resulting solution was stirred at room temperature for 5



NHAOH CH3OH 50% CH2CI 2). The col l ected fractions were evaporated to dryness
and diluted with CH2Cl2. The organic solution was then washed with
saturated NaHCO8 and brine, dried with Na2SO4, filtered and evaporated to
dryness to afford Conmpound 15 (357) (1.26g, 68.3%yield, M =369)L: B
Preparation of Conmpound (358). G H Boc N N 357 358 PCTfl SO 126792 WD
02/ 1836 E' CT/ US0O1 792 220 To a solution of Conmpound (3 Jrom.
Preparative &%‘Hﬂ%ﬁ‘%o, Step C (0.6 g, 1.62 mmol) in anhlg flf)sﬁgg%E (6 nl)
at 0C was added D1BAL (1 Msolution in toluene) (9.78 nL, 9.78 muol). The

resulting solution was warmed to room 5 ¥&nperature and stirred overnight.

The sol ution_was then e W th nd, .. r t ness .to give
2 or ude.pr odubres Ry ErGRa b L ERCHLEPD sECRETLE e SRR SR s
added Boc anhytbsnh Beated i OSFC 14r Dhoure) ihllowdieby egrkliomgits BIQMd-BROWRs: basi fi ed
with 1 NNaOHto pH=8.5-9.5, stirred for, 1 hour and evaéorated to dryness.
The crude meLBPINgd %&%‘?'ﬁ@yﬁwfﬁﬁ%’ifdﬁ@ﬁ”@%fﬁtef%j}(jPW@“Ha gdgpwneﬁgnd _
pr eci pi tate%m@ﬁe& Bye[gbmmhfcﬁ@%éé BSHOEh 6l Fha@%@icﬁ@%!,%@itw‘@@%v"%hed with

H2O, brine, filtered over Na 1 and concentrated to dryness. The crude
al cohol pr oddefcie858§H¢Gl, torgjve 2 bgvergllew Hyuigai3as KOG & BieyialexMH sBYY. wi t hout
further purification. 15 E. Preparation of Conpound (359). 358

B. Preparation of Compound {304a).

Ha

ATy — LD

N
|
Boc Boc
303a 304a

10
To a stirred solution of 1- methyl imidazole (0.377 g, 4.6 mmol)} in anhydrous

THF (4mL) under nitrogen at —78°C, was added 2.5M n-BuLi/Hexane (0.33 mL). The
resulting solution was stirred at —78°C for 30 minutes and then allowed to warm at
room temperature. To this stirred solution was added the alkene compound (303a)

15 from step A above,(0.78 ¢, 2.1 mmol) in THF. The resulting solution was then heated
to 120°C overnight then cooled to room temperature, and extracted with EtOAc-H:0.
The combined organic layer was dried over MgSOQ,, filtered, evaporated and purified
by column chromatography on normal phase silica gel, eluted with 3% MeQOH/97%
NHa-CH,Cl, to give a light yellow solid (304a)} (0.09 g, 10% yield, MH*=456.1).



20 G | Boc 359 CI To a cooled solution of the al cohol (358) fromStep D
above (1.2 g, 2.73 mmol) in anhydrous CH2ClI 2 (12 nL) at OC was added
triethyl amne (1.14 nL, 8.18 nmol) and net hanesul fonyl chloride (0.3 ni,
4.1 mmol ). The resulting solution was warnmed to roomtenper atur,_e;,w_lis___t,j rred
overni ght, then quenched with H20 and stirred for 10 25 m nutes/ The
reaction was washed with water, then brine, dried over Na2SO4, filtered and
evapor at ed t evaeymsss to gi ve Conpound (359) (1.22 g, 86%ryrekdpewt 3 CVO
112118368 221 F. Preparation of Conpounds-1360a) AND (36Qb PCT11 SO1126792 5
To a solution of anhydrous DVF (5 nL) at»@C was added, NaH (0.19 g, 8.18
mml ) and 2-nethylim dazole (0.67 g, 8.18 nmmol ). The resulting solution was
war med to room CenpefrapancoandCenpouret(3P6a). 20 m nutes. To the reacti on was
added a solution of Conpound (359) from Step E above (1.22 g, 2.3 nmol) in
anhydrous DMF (5 nL), The resulkting of solution was stfrred at room .
t enperature overni ght, then di u;&'?;with 10 Et CAc and \wa Eed with water then

bri ne. The organic |ayer was drn over Na2SO4 , conc ated to dryness
and purified by silica gel colum fomat ography el uti ng vgr;h 1 % MeOH 99%
CH2CJ2 to 5%veOH CH2C12 to give the product as a m xjure of isonmers (1.18
g, 100%vyield, MH=505.2)./Se ion of the pr ixture by HPLC using
a prep AD col umm, el utj 5% PA/ 75%hexare OEA (i socratic 60 15
m/mn.) afforded pure ) H=50

(360b)

iy "
1
Boc H
304a 305a
5 A solution of the product (304a) from Step B above (0.18 g, 3.72 mmol} in 4M

HCl/dioxane (5 mL) was stirred at room temperature for 2 hours, then concentrated to
dryness to give a crude off white solid (305a) (0.22 g, 100% yield, MH'=384.2).

Using the same procedure as defined in Preparative Example 35 above starting
10 with isomer 2 of the Boc-protected Bromo compound (295b), Isomer 2 (305h) was
prepared (MH'=384.2).

EXAMPLES 122 - 125

15 Starting with the appropriate (+) or {-) isomer of Compound (305) and reacting
in a similiar manner as in Example 13 using the appropriate isocyanate, the following

compounds were prepared:



(0.251 g, MH#=505.1) as light pink solids. G Preparation of Conpounds (361
a) AND (361 b). 20 2 J F ' NVO 02/18368 PCT/ US01l 26792 222 360a 36la A

sol ution of Conpound (360a) (isoner 1) from Step F above (0.2 g, 0.4 mol)
in 4N HCl in D oxane (10 nL) was stirred at roomtenperature for. 2 hours and
then 5 evaporated to dryness to afford Conpound (361 a) (0.292 d 1'00U

yi el d). Conmpound (361b) (isonmer 2) was prepared in a simlar manner as above
begi nni ng wi 4, Loopeund (360b) from Preparative Exanpl e 40.v,&pR-6 i
il s:, WO 02/18368 PCTI US01126792 223 EXAMPLES 161-166 Starting mnth the
appropriate (+) or (-) isomer of Conmpoungd (361) and reacting in a simliar
manner as in Exanple 13 using the approprlate i socyanate shown in the 5
tabl e bel ow, the follow ng conmpounds were ared c EX
#PROCEDURER=CMPD#PHYS. DATA 161Exanpl e 13H NH+ 548 cN Oi soner 1

162Exanpl e 13N 362bM5 MH+=548
E CHS

305
EX. # | PROCEDURE R= CMPD # |PHYS.DATA
122 | Example 13 H 306 MS MH"=537.1
ﬁor \@—m isomer 1 | M-P=118.1-119.0°C
123 | Example 13 H 307 MS MH'=537.1
\Ior \©~cu comer 2 | M-P-=107.8-108.4°C
124 | Example 13 X 308 MS MH™=528.2
ﬁg’ @—CN isomer 1 | M-P-=119.6-120.2°C
125 [ Example 13 H 309 MS MH*=528.2
\([)r @—CN omerp | MP.= 120.5-121.3°C

PREPARATIVE EXAMPLE 36
A. Preparation of Compound (310}

5
CF.
Oy / °
S
g ° 3\
L0 A
\ 7
N ——— N
! )
CO,Et CO,Et

93A 310



CN Oi sonmer 2 163Exanpl e 13N 363aMs MH+=541 \ / F Oisoner 1 164Exanple 13\
/[ 363bM5 MH=541 Oi soner 2 H 165Exanple 13l 364aMs M+#=558 | oisoner 1
166Exanpl e 13H364bM5 M+H+=558 0i soner 2 166. 1Exanpl e 13N 364cM 20%(5-_-200§;1SC
I\ / 01-1 0 10 PREPARATI VE EXAMPLE 41 2 51 HP f; 1i WD 021183 8’&?4““
Compound (365). C G 234b

WO 02/18368 PCT/US /26792

206

To a solution of Compound (93A) from Example 7, Step A (5.0g, 10.02 mmol)
in 1-methyl-2-pyrrolidinone (40 mL} under nitrogen at room temperature, was added
LiCl (1.27g, 30.06 mmol), Tri-2-furrylphosphine (0.093g, 0.4 mmol) and
tris(dibenzylidene acetone)dipalladium(0} (0.18g, 0.2 mimol).The resulting solution was
5  stirred at room temperature for 5 minutes, followed by the addition of tributyl(viny!) tin
{3.3 mL, 11.3 mmol) and stirred overnight at 80 °C-85 °C. The solution was cooled to
room temperature, followed by extraction with EXOAc-H:0. The organic Jayer was
dried over MgS0O4, filtered, concentrated to dryness and purified by celumn
chromatography on silica gel, eluted with 20% EtOAc/80% C 4:Cls to give the product
10 (310) (3.88g, 85% yield, MH"=409.1)

B. Preparation of Compound (311).

CHg
H,C
1 ya N
-/
\
LD |
N \N
—
Fil N
CO,EL clsogEt
15 310 31

To a stirred sclution of 4,5-dimethylimidazole {25.8 mg, 0.268 mmol) in
anhydrous THF (0.2 mL) at -78°C under Argon, was added 2.5M n-BuLi (0.032 mL,
0.08 mmol). The resulting solution was warmed to room temperature, followed by the
20  addition of the alkene compound (310) from Step A above ( 0.1 g, 0.24 mmol) in
anhydrous THF (0.2 mL). The solution was then heated in an oil bath to 120°C for 25
hours, followed by extraction with CH;Cl-H,O. The combined organic layer was then
washed with brine, dried over Na-S04, filtered and purified by column



365 CI 5 In essentially the sane manner as in Preparative Exanple 23, Steps
A-D, using the 6-Bronp substituted product from Step B, Conpound (234b),

t he product Conpound (365) was prepared (76.6 g, 100%yield). PREPARATI VE
EXAMPLE 42 10 A. Preparation of Conpound (366). cl 1 BOO 365 ., ... . ..,
PCTI USO1/ 26792 366 CI To a sol ution of Conpound (365) from Pr epaJr al fyel”
Exanmpl e 41 (4w§4»18616 15 mmol) in toluene (75 nl) and McOH gZO m), was
added triphenyl phosphine (1.099g, 4.08 nmmol), DBU (1.7 g/ “I¥3"69mol) and
pal | adi um chl ori de (0.145 g, 0.82 WO 02/18368 PCr/US01126792 225 mmol ). The
resulting solution was evacuated with CG3%t 100 psi and heated at 78C 82C

for 5 hours, followed by the extraction w th EtQAc-H0. The conbi ned organic
| ayer was tl‘?@ﬁ’%@%@%‘ﬁq ﬁn??rﬁlgfie‘?‘u 9‘@'&‘ %@é‘@e(ﬁﬁ@éﬁsﬁégﬁ&%’?g‘ﬁéﬂo Yt dryness
and purifi qg1pxo_gmd5gmom,g erENMIgE8pRY, eluting with 30% Et OAc/ 70% Hexane to
give a 5 Conpound (366) (3.12 g, 100%yield, MHO=47D.1). B. Preparation of

Compound (367). C | _H HC
C. Preparation of Compounds (312a} AND (312b).

5
CH; CHy
HsC
HBCY/‘kN 3 Y/k[\;
- !
ci o
¢ A0
'--._N - "*--N
| |
COsEL H
311 3124/
312b
10 A solution of Compound (311) from Step B above {0.57 g, 1.28 mmol) in 6N

HCI (20 mL) was heated to reflux for 24 hours then concentrated to dryness. To the
residue was then added saturated NaHCO; and NaCl. The solution was extracted
twice with CH:Clz. The combined organic layer was dried over Na;SO4 and
concentrated to dryness to give the crude product (0.52 g, 93% yield). The crude

15 material was then dissolved in 20% E1OH/80% Hexane/0.2% DEA and purified by
HPLC on a preparative AD column, eluting with 20%-50% |IPA/Hexane/0.2% DEA
(UV=254nm, Attn=1024, ABS=2) to give pure isomers of the product (312a) and
(312b) (0.225 g, MH"=433).

20 EXAMPLES 126-133

Starting with the appropriate (+) or (-) isomer of Compound (312) and reacting
in a similiar manner as in Example 13 using the appropriate isocyanate or sulfonyl
chlotide, the following compounds were prepared:

25



10 366 367 CI A solution of Conpound (366) from Step A above (3.1 g, 6.6
nrnol) in 4M HCI /Di oxane (120 nL) was stirred for 3 hours and then
concentrated to dryness to give the crude salt of Compound (367) (3 89 g,
100% yield, WH =370.2) 151 HHC 367 C I BOO 368 C 20 To a s [‘LF{' Ol of
Compound (367) from Step B above (3.43 g, 8.45 mmol) in THE (60 “att dC,
was added DI BAboyiZz@1 g, 50. 7mmol ). The resul ting sol uti omcTvwas v@t rred to
roomtenperature, stirred overnight and then concentrated to dryness, C.
Preparati on of Conpound (368). WO 02/1838 PCT!US01126792 226 foll owed by
the addition of Boc anhydride (3.69 g, 16.9 mml). The reaction was then
extracted with CH2Cl 2-H20, filtered over Na2S@Hand concentrated to dryness

to afford Conpound (368) (3.75g, 100% vyi b =442.4). 5 CCl Alternate
Preparation of Conpound (368). A soI ut| on %0 {omnound 366 fromstep A above
(23.46g, 50.98 mmol) in CH2Cl2 - - HZOIQ OnL, 600 ni, 60 mL

respectively) conbined with Li OH (12. 0 g,

é Cl
49

EX. # | PROCEDURE R= CMPD # | PHYS. DATA

126 | Example 13 \[(H\Q— 313 Mass spec. M™=577
CN
0
CN

127 | Example 13 WH\Q- 314 Mass spec. M*=577
o}
H
W,

128 | Example 13 \n’ 315 Mass spec. M*=558

o

129 | Example 13 H 316 Mass spec. M*=558
T

130 | Example 13 H 317 Mass spec. M*=570
W

131 Example 13 X 318 Mass spec. M*=570
N

132 | Example 13 | 319 Mass spec. M™=511
O:?:O
CHg
133 | Example 13 | 320 Mass spec. M*=511
o=?=o
GCHs




350.88 mml ) was refluxed at 40C overnight. Solvent was renoved fromthe
reaction 10 m xture and the residue diluted wwth CH2Cl 2, was acidified to pH
6 wwth 1 NHC. The organic |ayer was separated and washed with vvater
dried over Na2SO4 and concentrated. The product was dissol ved i (285
m.) at OC. Triethyl amne (6 nlL, 42.97 mmol ) and et hyl chl orof ‘hh “(’4 1
m., 42.97 added and stlrred at OCfor 1 h. T fLon m xture
was filtered aném%[{g filtrate was cooled to 15 -70C. To pﬁiﬁs% T('lgjrgate was
added NaBH4 (3.97g, 104.94 mmol) and stirred for 1 h at -70C after which
time 40 nL of MeOH was added dropw se. The solvents were renoved and the
resi due taken up in nethylene chloride, washed with sat. (agq) NaHCO3, then
brine, dried over Na2SO4 and conwj@wm”nd (368) as a solid.
20 D. Preparation of Conpound (3 ; = C 369 A 25 To a
sol ution of Conpound (368) from Step C above (3.74 g, 8.46 mmol) in CH2Cl 2
(100 mL) was added t rA. et hRteparatioe of Gobprlind 22188 nmol ) and net hanesul f onyl
chlorides(1.45g, 2.7 nnDI) The resulting solution was stirred under
nitrogen at room2 1 | \\'"a 02/18368 227 PCT/C SOl/26792f+—arrperature for
overni ght and then washed W|th sat urated NaHCG3, then bl‘fNQF and

C'___,\

i
COLEL

310 321

To a solution of Compound (310) from Preparative Example 36, Step A (0.66 g,

8.1 mmol} in THF (4.0 mL) under nitrogen at —78 °C, was added dropwise 2.5M n-

10 BulLi/Hexane (1.5 mL). The resulting solution was stirred at -78°C for 30 minutes, then
allowed to warm to room temperature, followed by the addition of 1-methylimidazole
(3.0 g, 7.3 mmol) in THF (3.0 mL). The solution was then heated to 120°C over the
weekend and then cooled down to room temperature and concentrated to dryness.
The mixture was extracted with EtOAc-H,O |, dried over MgSQy, filtered and purified

15 by column chromatography on silica gel, eluting with 3% MeQOH/97% NH3-CH:Cl; to
give the product (321){ 1.64 g, 46% vyield, MH*=491.1).

Nr:'\N Nrd/\N

T b

CHg CHg

‘\ Cl “““* Cl

D — LD
N N
) ';'
CO,Et H



dried over Na2SO4 to give the nesylate conpound (369) (3.86 g, 88%yield).
E. Preparation of Conpounds (370a) AND (370b) 5 369 Cl Y 370a (isoner 1)
370b (isomer 2) To a solution of 2-nmethylim dazole (2.43g, 29.68 qu’rpd ) ;ifji;-.{n
DVMF (30 nL) under 10 N2 was added NaH (0.53g, 22.3 rnnol) and stirred for
10 min, followed by the addition of Conpound (369) from Step D above (3.86
g, 7.42 mol Jywo Mgsg0l ution was stirred over night. The sgiptiieponas then
concentrated to dryness and extracted with Et OAc- NaHCO3, dried over Na2SO4,
and concentrated. The crude product was P rified by colum chronmat ography,
eluting with 2% MeOH NH3/98% CH2Cl 2 to afford a m xture 15 of isoners.
Furt her separati ; i r 1l kral l,umm
”so%%n%\‘fm Eteﬁ%bb%f%% A}’%or'ﬁ e r%hl/fé/ EXW%%S@P%&% A ARdvedglad

chromat ogr aphy, el uting 25% 75% hekane/ 0. 2% ive pure
Conpound ( 370&)2 ingwher 12N H@ (1B04) waste@erpo taitx 03F0Igt (Hesmepeeptgdio140 g)

WO 021183( , 97558 Baee S0 lur R R GBSk Bhydiybdot®l ifbanfiled = T THT-S
NaHGCOs3, stirred for 10 minutes, saturated with NaCl and then stirred with CH-Cl, for
5 10 minutes. The solid was filtered and the agueous layer was extracted twice with
CH.Clz, and the organic layer was dried over NapSQ,, fillered and concentrated to
dryness to give the Compound (322) as a light brown solid (566 mg, MH'=419.1).

C. Preparation of Compounds (323a) and {323h).

10
=\ =\
N NN
N\], Y
CHs CHg
== Cl \ Cl
oL LD
N N
N N
|1| Boc
322 323a
323b

To a solution of Compound (322) from Step B above (0.566 g, 1.35 mmol) in

MeOH (20 mL) and H.O (1 mL) at 0°C, was added Boc anhydride (0.44 g, 2.02

15 mmol). The solution was basified with TN NaOH solution to maintain pH=8.5-9.5 and
concentrated to dryness, followed by extraction with CH.Clx-H:0. The combined
organic layer was washed twice with H,O then brine, dried over NaxS0,, filtered and
concentrated to dryness to give a mixture of isomers 1 and 2 (0.63 g, 100% yield).
The isomers were separated by HPLC on a prep AD colurmn, eluting with

20  15%IPA/85%hexane/0.2%DEA (wave length=254nm, Attn=64, ABS=1) to give isomer
1 (323a) (0.28 g, MH'=519.2) and isomer 2 (323b) (0.28 g, MH'=519.2)



371a A solution of Conpound (370a) (isoner 1) from Step E above (0. 105g,
0.21 5 mmol) in 4M HCl/Di oxane (10 nL) was stirred at roomtenperature for
3 hours and concentrated to dryness to afford Conpound (371 a) (0. 147g,
100% yi el d) Conpound (370b) (isoner 2) from Step E was treated i/t fthe/i§anme
manner as isoner 1 above, to afford Conpound (371 b) (isoner 2). 10 EXAMPLE
167 Prepar at“ii,on of( Compound (372) To a solution of conmpouynd 371 a (1. 3g,
2.94 mol ) in"EPES (60 M-) was' added triethyl anmine (1¢3YMY2% 4 mnol )
and p-cyano phenyl isocyanate (0.466g, 3.24 15 mmol). The resulting
solution was stirred at room tenperaturezldverni ght, foll owed by the
extraction with 2CJ and,satfu gted NaHCO3 The organic |ayer was dried

over Na2SO4, eva&por ar&84L

i fied by colum chronat ography,

eluting with 1 % -2% MeOH NH3/98% CH2Cl 2 to afford conmpound (372) (0.870 g
, 48%yield) see table below 20 EXAMPLE 168 Preparation of Conpound (373)
Conmpound 371 b (isoner 2) was reacted in a simlar manner as in Exanple 13

wi th p-cyano phenyl isocyanate to afford conpound (373) see=
@gﬂ)ound (374) 2 5 WO U2/ 1836

EXAMPLE 169 25 Preparation of
229 Conpound 371 a (i soner
13 with p-chloro phenyl
bel ow.

Wgs reacted in a sinmilar
i socyalat:e to afford conpoups

——_—-—>_
N N
Boc H
323a 3224

abl e bel ow.
PCTI USQO1/ 26792

reinngr  as i n Exanpl e
374

See tabl e

A solution of Compound (323a) isomer 1 from Step C above (0.24 g, 0.46

mmol} in 4N HCI/Dioxane (20 mL) was stirred at room temperature for 1hr. CH:Cl, (7

10 mL} was added to the solution and the reaction continued to stir for 2 hrs before being

concentrated to dryness. The solution was stirred for 5 minutes with saturated
NaHCOj3, then saturated with NaCl and extracted three times with CHoCla. The

combined organic layer was dried over Na,S0,, filtered and evaporated to dryness to

give Compound (322a) isomer 1(0.163 g, 84% yieid, MH*=419.2).
15

Compound (322b) was prepared in a similar manner as in Step D above,
starting with Compound (323b) to give the other isomer (0.193 g, 84% yield,

MH'=419.2)
20
EXAMPLES 134-147
Starting with compound 322a (isomer 1) or 322b (isomer 2} and reacting in a
similiar manner as in Example 13 using the appropriate chloroformate, isocyanate, or
25  sulfonyl chloride (or in the case of carboxylic acid, using DEC mediated coupling) the

following compounds were prepared:



EXAMPLE 170 5 Preparation of Compound (375) Conpound 371 b (isoner 2) was
reacted in a simlar nmanner as in Exanple 13 wth p-chloro phenyl

i socyanate to afford conpound (375) see table bel ow. 25FF WD 02118368.230 Cl
PCTI US01126792 EX. #PROCEDURER=CMPD #PHYS. DATA 167Exanple 13\ | B7INME
M+H=550 i soner 1 o S-isoner 168Exanple 13H 373M5 M+#=550 ON oi soner 2

R-i sonmer 169Ex@ampisesl3H 374M5 MH=559 \ / cs isoner 1 o0 Syts0&Rhs7aO0Exanpl e
13--w cl 375M5 M+H+=559 oi soner 2 R-isoner

21z

CHa

Cl
495

N
R
EX. # | PROCEDURE R= CMPD # | PHYS. DATA
134 Example 13 WOO 324 MS M*=545 .2
O lsomer 1
135 Example 13 \I]/O\Q 325 MS M*=545.2
0 Isomer 2
136 Example 13 \H/H 326 MS M*=563.2
\<: :}-—CN
o lsomer 1
137 | Exampie 13 \n’ﬁ 327 MS M'=563.2
\<: :)—CN
o Isomer 2
138 Example 13 H 328 MS M*=606.1
\Cr)r \Q—CFS lsomer 1 | M-P-=62.7-63.0°C
139 Example 13 ﬁ 329 MS M*=606.1
\g’ \©—CF3 (somer 2 | M-P-=70.1-71.0°C
140 Example 13 H 330 MS M*=572.1
~Nr \@-ol 1somer { | M-p-=120.1-121.4°C
o}
141 Example 13 “ 331 MS M*=572.1
N @—c» somer 2| M-P-=128.0-129.0°
0
3 Isomer 1
143 Example 13 \n/H \<:> 333 MS M*t=544.2
, 5 Isomer 2




170. 1Exanpl e 13375. 1M5 MH=525 Oisoner 1 5 25 FEB PCTI US01126792 211
PREPARATI VE EXAMPLE 43 A. Preparation of Conpounds (376a) AND (376b). OWs
CH3 CI 369 Nl1-1 BOC 376al 376b 5 To a sol ution of 1-ethy|inidazgkqigqh§39,
3.46 mol) in DVF (5 nlL) under nitrogen was added NaH (0.083g, 8.46-nol)
and stirred for 10 mnutes, followed by the addition of Conpound (369) from
Preparative Ex 42, Step D (0.6g, 1.15 mmol) and stifregc r.-over

ni ght. The sgﬁﬁgﬁgﬁsmas t hen evaporated to dryness, diIutg%ﬁgwpgﬁm%thyl
acetate, washed with sodi um bi carbonate, dried over sodiumsulfate and 10
concentrated to dryness. The reaction nmiXfure was purified by col um

chr omat ogr .

p.”zy' ef-St-H-easgel—etuted—with 3% MO 97 CH2C 2 to—gi-ve, a
mixture of | Veone @M Bher GM% égg%ﬁnpl i 5;%@%@2 prep. | HPLC
with a chirlal AD colum to afif orld pule /Conmppisachet 3763)P T sb¥et=-23C and

Compound (376b) (isoner 2) (N :0520. 1). 15 B. Preparation of conpounds
(377a) AND (3B7b) Exdatple 13 — 335 MS M™=554.1
AR m.p.=114.3-115°
0

lsomer 2
146 | Example 13 | 336 MS M*=497 .1
o=?=o Isomer 1 m.p.=52.4-53.3°C
CHg
147 | Example 13 | 337 MS M*=497.1
O:?zo lsomer 2 m.p.=47.1-48.0°
CHa

PREPARATIVE EXAMPLE 38
A. Compounds (338) AND (339).

5
CH;
%\N HyC = N
1/ N*Jj
-
‘ Cl = o Ci
——— \ p O + \ y
N N
N I
COLEt CO,Et
310 338 339

To a solution of Compound (310) from Preparative Example 36 Step A (3.0 g,

10 7.34 mmol) in THF (8 mL) under nitrogen at -78°C, was added dropwise 2.5M n-
BulLi/Hexane (0.65mL, 8.07 mmol). The resulting solution was stirred at -78°C for 30
minutes, then allowed to warm to room temperature, followed by the addition of 4-
methylimidazole (0.66 g, 8.07 mmol) in THF. The solution was heated to 120°C over
night cooled down to room temperature and concentrated to dryness The reaction

15  mixture was extracted with EtOAc-H,O, and the organic layer was dried over MgSQsg,
filtered and concentrated to give a mixture of 4-methyl substituted (338) and 5-methyl
substituted (339) products (2.76 g, 76% yield, M*=491.1).



CH3 Cl CH3 ¢ 376a 377a ~EB206 WD 02/ 18368 PCT/ USO1126792 22 A sol ution of
Compound (376a) from Step A (0.107g, 0.2 mol) in 4MHCI in D oxane (10 nl)
was stirred for two hours at roomtenperature then concentrated t2 (41 yness
to afford Conpound (377a) (isoner 1) (0.13g, 100%yield, M—I+=420.%)‘.“5'““
Compound (376b) was reacted in a simliar manner as above to afford
Conpound (378 ofiss®mer 2) (MH=420.1). EXAMPLES 171-174 O1/Bt@nting with
the appropriate (+) or (-) isoner of Conpound (377) and reacting in a
simliar nmanner as in Exanple 13 using thg appropriate isocyanate as shown
in the table below, the foll ow ng conpounds were prepared: CH3 G | R 15
EX. #PROCEDURER=CVPD #PHYS. DATA 171Exanple 13H378M5 MH=504 isomer 1 o

172Exanpl e 13H379M5 M+H+=504 i soner 2
B. Separation of compounds (338a/b) and (338a/b).

in a similar manner as described in Example 11, the mixture of products from
5 Step A, above were first seperated into a mixture of pure 4 and 5-substitured (+)
enantiomers and pure 4 and 5-substituted {-) enantiomers using chiral HPLC column
chromatography, then upon treatment with triphenyl methyl chloride following the
procedure in Exampie 11, the compounds were further seperated into the pure
isomers of the 4-substituted compound (338a) (MS M+=491; mp=72.1-73.0°C) and
10 (338h) (MS M+=491; mp= 68.9-69.0°C) and the 5-substituted compound (339a) and
(339b).

C. Preparation of Compound (340a),

15
CH3 CHS
7N 7N
n— h—

“.J )
CO,Et H
338a 340a

A solution of Compound {338a) from step B above (0.035 g, 0.071 mmol) in 6N
20  HCI (2.0 mL) was heated to reflux overnight. The solution was cooled to room
temperature, basified with NH;OH solution and extracted with CHCl». The combined
organic layer was dried over MgSQsa, filtered and concentrated to give pure isomer 1,
Compound (340a) (0.0334 g, 100% yield, MH"=419.1; mp= 60.3-61.0°C).
In a similar manner as above, starting with Compound (338b) (isomer 2),
25 Compound (340b) (MH'=419.1) was prepared.



0o 173Exanple 13H 380M5 MH#=573 Il \ / G isomer 1 O 174Exanple 13H 381MS
MH+=573 Cl isomer 2 0 WO 02/ 18368 233 BOO 5 PREPARATI VE EXAMPLE 44
Conpounds (382a) AND (382b). 369 PCTIUS01126792 N NH BOC 382a/ 382b%¢l.To'a
sol ution of Conpound (369) from Preparative Exanple 42, Step D (0.5 g, 0.96
mmol) in CH3CN (80 nL), was added piperazine (0.25 g, 2.88 nmmol) and 2, 6-bis
(di met hyl)-1-nmet hyl pi peridine (0.597 g, 3.84 mmol ). The resulting solution
was stirred ado@Qm tenperature for 4hrs, concentrated topdfyaess.and
extracted with CH2Cl 2

215

EXAMPLES 148-156

Starting with the appropriate (+) or (-} isomer of Compound (340) and reacting
5  ina similiar manner using the procedure shown in the table below, with the
appropriate chloroformate, isocyanate or sulfonyl chioide, the following compounds

were prepared:

CHa
o,
N—!
30
N
N
}
R
EX. # | PROCEDURE R= CMPD # | PHYS. DATA
148 | Preparaiive Ex.4; | BOC 341 MS MH*=519
Step A m.p.=90.2-91.0°C

149 | Example 13 \ﬂ/O\Q 342 MS MH*'=545
0

isomer1 | m.p.=58.8-59.6°C

150 | Example 13 O\Q 343 MS MH*=545
b

isomer 2 | m.p.=60.8-61.2°C

151 | Example 13 i 344 MS MH"=545

\g/ Q_CN isomer 1 | m.p.=98.7-99.5°C
152 Example 13 ﬁ 345 MS MH™=545

\g \Q_CN isomer2 | m.p.=111.3-112.0°C

153 Exampie 13 N 346 MS MH"™=544
\lof O isomer1 | m.p.=77.1-77.8°C




10 NaHCGs. .
col um
t he product

separated by HPLC on chiral
1) (0.136 g,

The conbi ned organic |ayer was dried over
eluting with 3%veOH 97%CH2CI 2 to give
These two isoners
AD columm to give pure Conpound (382a)
MH =51 0.3) and Conpound (382b) (isomer 2) (0.14 g,

of

chromat ography on silica gel,
2 isoners (0.28 g,

57% vyi el d).

Na2SO4 and puri

(i

fied by

qu l'l

| SOITEI’

MH+=510. 3)

15 369 PREPARATRNMEEXAMPLE 45 A. Conpounds (383a) AND ( 38Bbysoi@i7vBOG 383a/
383b 20 WD 02/ 18368 PCTI LI S01126792 234 To a sol ution of Conpound (369)
from Preparative Exanple 42, Step D (1. 2,9,

was added norpholine (0.8 g,

2. 31 mol)
9.23 mmol) and 2,6-bis

in CH3CN (100 nl),

(di met hyl) 1 15aet|Sslapipen g di ne (1. 9 9,~42. 24 feat ) . Theig misuksdang sol gtion
was stirred at [room tenperatyreyov ht ahd conceptrated to qune$s,
foll owed by extrlacti on wi t h 5 C12-NgHCOB. *?H@e&émaﬂh%a B ac’rﬁ’ | ayer was.
dried over _NEDSC and H++1+€6 —e ohumm—ehf 04t Sy 47 Hca 39' )
el uting wi 1A § %}?QQ%EHZCIi to give ﬁ%yprod g{ MFIT isonmens (1.1
g, 82%yielld hese two i songré&—were separ al rdmey 1 AR S=en acdy.g ad AD col um
to give pure Cbnpound (383a) (liso 1) (0.24 g, MHF£425.1) and Conpound
(383b) (isgmer 2) (0.112 g =425 1) 10 Nt N | |
156 | Example 13 | 349 MS MH™=497
0=3=° isomer 2 | m.p.=88.8-89.0°C
CHg
5 PREPARBATIVE EXAMPLE 39
Preparation of Compound (350a).
HiC~ ™y HaC o N
L m— N
N N
| )
COLEt H
339a 350a
10
Compound (339a) was reacted in a similar manner as in Preparative Example
38, Step C to give Compound (350a) (isomer 1) (0.13 g, 76% vyield, MH'=419.3).
Compound (350b) (isomer 2) was prepared in the same manner as above.
15
EXAMPLES 157-160
Starting with the appropriate (+) or (-) isomer of Compound (350) and reacting
in a similiar manner using the procedure indicated in the table below and the
20 appropriate Boc or isocyanate reagent, the following compounds were prepared:



BOC H HCI 383a 15 20 B. Preparation of Conpound (384a) 384a CI A solution of
Conmpound (383a) from Step A (0.19 g, 0.37 mmol) in 4M HC /D oxane (25 ml)
was stirred at roomtenperature for 2.5 hrs and concentrated to dryness,to0
gi ve Conpound (384a) (0.194 g, M+=411.1). Conpound (384b) was prepared ih
simlar manner as above starting with Conpound (383b) from Step A 15 i E.
i 3 WO 02/ 1836 EXAMPLE 175 Preparation of Conpounds (385b).
a PCT/ U Si ?\%@gsfg)zmu\l 384a 5 H 385a To a sol ution of cﬁén'g‘g%?{“( 84a) from
Preparative Exanple 45, Step B above (0.05 g, 0.11 mmol) in anhydrous

CH2A 2 (5 m-) was added triethyl amne {06.036 g, 0.36 mmol) and

4- cyanophenyl isocyanate (0.018 g, 0.173 nmol ). The resulting solution was
stirred at roomtenperature for 4 hrs under nitrogen and concentrated to

\7} .

N
i
EX. # { PROCEDURE R= CMPD # | PHYS. DATA
157 Preparative Ex.4; | BOC 351 MS MH*=519
Step A isomer 1 | m.p.=87.8-88.2°C
158 Preparative Ex.4; | BOC 352 MS MH™=519
Step A {isomer2 | m.p.=89.0-89.9°C
152 | Example 13 H 353 MS MH"=563
\([:)r Q_CN isomer 1
1680 | Example 13 H 354 MS MH"=563
\[.r \Q_CN isomer 2 | m.p.=130.1-131.0°C

5 PREPARATIVE EXAMPLE 40
A. Compound (355).
0
oTi OCH,
SN eSas
Y V
N - N
| \
CO,Et CO,Et
93A 355

10



10 dryness, followed by extraction with CH2Cl 2- NaHCO3 . The conbi ned organic
| ayer was dried over Na2SO4 and concentrated to dryness to give Conpound
(385a) (isoner 1) (0.06 g, 100%yield, MH=555.4). Starting with Conpound
(384b) from Preparative Exanple 45, Step B and 15 reacting it in?the;sane
manner as above, Conmpound (385b) (isonmer 2) was prepared (MH#=555.4).
PREPARATI VE EXAMPLE 46 A. Preparation of Conpound (386) 20 CI BOC BOC 386
369 WO 021] S369P&TH# US01126792 236 To a sol ution of Conp&Undsqi869) from
Preparative Exanple 42 Step D (3.0 g, 5.77 mmol) in CH3CN (150 nL) was added
2,6 -bis (dinmethyl)-1 nmethyl piperidine;{(7.16 g, 16.16 mml) and

benzyl -1 - pi per azi necarboxylate (7.61 g, 34.62 nmmol ). The resulting solution
was stirred overﬂiogfﬁotutloont@nmpamefﬂ a0 froyrraesaraticd Eravadielyy StepeX(2.82 ] on

wi th CH2C 2- e ne I S i ed

concent r at eﬁ@%ﬂﬂ chﬁ nﬁ?{gg”ﬁ; %%ﬁ“ gﬁ‘r'@ W%@Fﬁ%ﬁ‘f@tﬂgﬁe@l lica gel ,
eluting wittholorth NGy CHORMABELA NNt et 304G Qhe bttt o of ve
the title product Conpound (386) (1. 24 g, 67% yield, M+ 44

Prepar ati on Wolq;oﬂﬂgd@ﬁdtlqgggo)ytnonlxgaqwr@wath m@gzso 'then heated to 8 °C for
5  five hours. The solution was cooled to room temperature, purged with nitrogen and

evaporated to dryness to give a brown oil. The product was purified by silica gel
column chromatography eluting with 1% MeOH/99% CH.Cl; to 4% MeQH/96%CH-Cl»
to give Compound (355) (2.22 g, 92.5% vield, MH =441 1).

10
B. Preparation of Compound (356).
O
OCH, OH
Q LD
N N
| ]
CO,E BOG
355 336
15

A solution of Compound {(355) from Preparative Example 40, Step A (2.2 g,

4.99 mmol) in 6N HCI (50mL) was heated to 100°C - 110°C overnight. The solution
was cooled to room temperature and evaporated to dryness to give the crude product.
To a solution of the crude material in MeOH (50mL) and H,O (1 mL) at 0°C, was

20  added Boc anhydride (1.63 g, 7.48 mmol). The resulting solution was basified with 1N
NaOQH to pH=8.5 - 9.5 and stirred for two hours at 0°C, then evaporated to dryness
and extracted with EtOAc-5% Citric acid solution. The organic layer was washed with
H-O, then brine, dried over Na>S0y, filtered and concentrated to dryness to give
Compound (356) as a yellow solid (2.29g, 100% yield, MH*=455.1).

25

C. Preparation of Compound (357).




BOC 386 CI H 387 ClI A solution of Conpound (386) from Step A above (0.5 g,
0.77 mol) in 4MHCL 1D oxane (50 nL) was stirred at roomtenperature for 2
hrs. The solution was then 15 poured onto ice and basified with 1 N NaCOH
solution, followed by extraction with CH2Cl 2. The conbi ned or gapisd tliayér
was dried over Na2SO4 and concentrated to dryness to give Conpound (387)
(0.43 g, 100%yvyield, M#=544.5). C. Preparation of Conpounds (388a) AND
(388b). N N-&BA21G3ks H 387 388a/ 388b NVO 02/ 18368 PCTI LUSOIUSRGRD2 2 37
Conpound (387) from Step B above was reacted In a similar nmanner to that
described in Exanple 175 to give a m xtwuwe of 2 isomers (0.102 g, 55%
yield). Further separation by HPLC, using a chiral AD colum afforded pure
Compound (388a) (i somer (0,05 g, M+#=688.2) and Cagpound (388b) (isomer
2) (0.048 g, 5 MH=688. 2) XﬁﬁbLES 176 AND 177 10 Rear‘ﬁﬁ§@Cbnpound (387)
from Preparative Exam )
usi ng the appropri &

N
|
H

336 357

To a solution of Compound (356) from Preparative Example 40, Step B
above(2.26 g, 4.97 mmol} in anhydrous benzene (18.0 mL) and MeOH (2 mL), was
5 added, over five minutes, (trimethylsilylidiazomethane (3 mL, 5.92 mmol) in 2M 1N
Hexane. The resulting solution was stirred at room temperature for one hour then
evaporated to dryness to give 2.33g of crude material (MH=369).
A solution of the crude material (obtained above) in 4N HCl in Dioxane (25 mL)
was stirred at room temperaiure for one hour. The reaction was then evaporated to
10 dryness and purified by flash silica gel column chromatography, eluting with 2%
MeQOH/98% CH.Cl, to 6% MeOHR/94% CH-Cl, and then with 50% (10%
NH,OH/CH3;0H/50% CH,CL). The collected fractions were evaporated to dryness and
diluted with CH,Clz. The organic solution was then washed with saturated NaHCO4
and brine, dried with Na,SQ,, filtered and evaporated to dryness to afford Compound
15 (357) (1.26g, 68.3% yield, MH*=369).

D. Preparation of Compound (358).

QCH4 OH
g ®
N
N N
I I
H Boc

357 358



bel ow, the follow ng conpounds were prepared 15 EX. #PROCEDURER=CMPD#PHYS.
DATA 176Exanpl e 175H 389M5 M+=688 \ / cN isoner 1 0 177Exanple 175CN 390M5
M+=688 \ / isoner 2 0 2 4F.31c 5 WO 021133(,3 235 5 PClI/USO1126792 EXAMPLE
178 Preparation of ConlLoundS (391 a) AND (391 b). N NC57 \ O ylat:388a/
388b CN 391aJ 391b

WO 02/18368 PCT/US01/26792

To a solution of Compound (357) from Preparative Example 40, Step C (0.6 g,
1.62 mmol) in anhydrous THF (6 mL}) at 0°C was added DIBAL (1M solution in
toluene) (9.78 mL, 9.78 mmol). The resulting solution was warmed to room

5 temperature and stirred overnight. The solution was then quenched with MeOH and
evaporated to dryness to give a crude product.

To the crude material {obtained above) in MeOH at 0°C was added Boc
anhydride (1.06g, 4.9 mmol). The resulting solution was basified with 1N NaOH to
pH=8.5-9.5, stirred for 1 hour and evaporated to dryness. The crude material was

10 diluted with CH.Cl, to give a slurry. The precipitate was then filtered through celite
and the CH:Cl: was washed with H.O, brine, filtered over Na:S04 and concentrated
o dryness. The crude alcohol product {358) (1.27g, 100% yield) was used in the next

step without further purification.

15
E. Preparation of Compound (359).

OH OMis
= cl \ ct
LA s LANO
N N

N N

f |

Boc Boc

358 339
20

To a cooled solution of the alcohol (358) from Step D above (1.2 g, 2.73 mmol)
in anhydrous CHxCl, (12 mL) at 0°C was added triethyl amine (1.14 mL, 8.18 mmol)
and methanesulfonyl chioride (0.3 mL, 4.1 mmol). The resulting solution was warmed
to room temperature stirred overnight, then quenched with H»O and stirred for 10

25 minutes. The reaction was washed with water, then brine, dried over Na,S0,, filtered

and evaporated to dryness to give Compound (359) (1.22 g, 86% yield).



CN To a solution of Conpound (388a) from Preparative Exanple 46, Step C
(0.05 g, 0.086 nml) in CH3CN (1 nl-) at OC was added i odotri net hyl sil ane
(0.05 nmL, 0.343 mmvl). The resulting solution was stirred at 0G ,{\‘or 1-hr
and concentrated to dryness. The residue was then poured onto T ‘N HCL"
solution, followed by extraction 10 with ether. The aqueous |ayer was then
basified with 0% N#OH solution and then extracted wt 2 gy 1 NE

conbi ned orggrﬁ)i]‘}éj{%%lgr was dried over Na2SO4 and concenﬁcgtﬂgq&]rtgg)'dryness
affordi ng Conpound (391 a) (isonmer 1) (0.02 g, 42.5%yield, MH = 554.1).
Starting with Conmpound (388b) from Preparative Exanple 46, Step C, 15 and
reacting in the sane nmanner as above, Conpound (391b) (isoner 2) was
prepared (Mt= 554.1). PREPARATI VE EXAMPLE 47 A. COVPOUND (394). 20 MOO Cl
B 0--A-or- 392 303 CPrafaefi&3G8nChtiHEHER? 6FIP(3B88). To a sol ution of
Conmpound (392) prepared according to the procedure in, The_.Journal of

Medi ci nal Chem stry (1998), 6#@10), 1563 (5.0 g, 9.24 mmol) ¥y n MeCH (20 nl)
and toluene (50 nL), at rog enperature, was added trip phosphi ne (1.21
g, 4.62 mol), DBU (1.90 g, 12.48 mml) and pal |l adi um chl ortde (0.16 g, 0.92
mmol). 5 The resulting. s L1 on was stirred at 8Q ‘then stirred
at room t enper at ur o ol

N )
éoc BOC
359 360a/
360b
5 To a solution of anhydrous DMF (5 mL) at 0°C was added, NaH (0.19 g, 8.18

mmol) and 2-methylimidazole (0.67 g, 8.18 mmol). The resulting solution was warmed
to room temperature and stirred for 20 minutes. To the reaction was added a solution
of Compound (359) from Step E above {(1.22 g, 2.3 mmol) in anhydrous DMF (5 mL).
The resulting of solution was stirred at room temperature overnight, then diluted with

10 EtOAc and washed with water then brine. The organic layer was dried over NaSOy ,
concentrated to dryness and purified by silica gel column chromatography etuting with
1% MeOH/99% CH.Ck to 5%MeOH/CH.CI; to give the product as a mixture of
isomers (1.18 g, 100% vield, MH"'=505.2). Separation of the product mixture by HPLC
using a prep AD column, eluting with 25%IPA/75%hexane/0.2%DEA (isocratic 60

15 mi/min.) afforded pure isomer 1 (360a) (0.251 g, MH=505.1) and isomer 2 (360b)
(0.251 g, MH*=505.1) as light pink solids.

G. Preparation of Compounds {361a) AND (3615).

20



overnight. The solution was then concentrated to dryness to give two
products. The desired product was purified by colum chromat ography

normal phase silica gel, eluting with 30% Et QAc/ 70%exane to gi ve lai Whl te
solid conmpound (394) (2.24 g, 47%yield, M{=521.1) 10 B. Preparation of
Compound 1395). 394 ci 395 C A solution of Conmpound (394) from Step A above
(2.38 g, 4.58vomois)ssin 15 concentrated HCL (40 nL) was heatredntemeef | ux
over night. The solution was then cool ed down at roomtenperature and
basified with NH4OH sol ution, foll owed by» extraction with CH2O 2. The

combi ned organic layer was dried over MySO4, filtered and concentrated to
dryness to give a white solid Cpfpound (395) (1.03 g, $2%vyi eId

MH+=435.1). 20 C. Preparation_d m ound (396). OH OCKRCHN3 Cl 395 396 WO
112118368 PCT/ U SU t 126702 24 Tonﬁ sol ution of Conp é%ES) from Step B
(2.03 g, 2.37 mmol) in 200 proof) erature, was
bubbl ed in anhydrous CHC } 5 T 5 m nut es T Ot was t han heated
4Nt o—toom>t erpef at nd concentrated to
dryness to afford Corrpound 96) (1.1 g, 100% 5 yle d, MH=463.1)

N N
BOC i
360a 361a

A solution of Compound (360a) (isomer 1) from Step F above (0.2 g, 0.4 mmol)
in 4N HCI in Dioxane (10 mL) was stirred at room temperature for 2 hours and then
5 evaporated to dryness to afford Compound (361a) (0.292 g, 100% vyield).

Compound (361b) (isomer 2) was prepared in a similar manner as above
beginning with Compound (360b) from Preparative Example 40, Step F.



D. Preparation of Conmpound (397). I H 396 10 C1 CI To a solution of
Conmpound (396) from Step C (1.09 g, 2.19 mol) in THE (10 m-) at 0C was
added dropwi se DI BAL/toluene (11.0 mL, 10.95 nmol). The resul ting Z §6tutiton
was stirred overnight at roomtenperature, then quenched with H20 and
concentrated to dryness to give a light brown solid Conmpound (397) (1.2 g,
100% 15 yi el ¢ho Misfz=421.1). E. 20 Preparation of Conpoung-{@@R)s.H 397 398
Cl To a solution of Conpound (397) fromStep D (0.92 g, 2.19 mmol) in 50%
MeOH 1% H20 (50 nlL) at room tenperature, was added Boc anhydride (0.95 g,
4.38 Erb PCTIUSO /20792 241 mmol). The Tesulting solution was adjusted to
pH=9 and stirred at room tenperat ghe\pots 4shiggand concentrated to dryness,
foll owed by extraction with CH2Cl Z-HZO  The conbi ned organi c | ayer was
dried over MpSH4, filtered and concentrated to dryness ive a |light
brown sol i d ConpStaihy @8 e @op@prigie (8095 (yi isdrder mﬂ@aﬁmnm){%g and reacting

in a similiar manner as in Example 13 using the appropriate isocyanate shown in the

5 tabie below, the following compounds were prepared:

EX. # | PROCEDURE R= CMPD # | PHYS. DATA

161 Example 13 H 362a MS MH+=548
it \@—CN i 1
5 isomer
162 | Example 13 N 362b MS MH+=548
\[r \Q_CN isomer 2

0
163 | Example 13 \n/ﬂ 363a MS MH+=541
\<: >——F .
o isomer 1
164 Example 13 \n’g 363b MS MH+=541
F .
5 C > isomer 2
165 | Example 13 ¥ 364a MS MH+=558
cl
\g’ \@— isormer 1

166 | Example 13 H 364b MS MH+=558
ﬁ'l/ OCI isomer 2

H

166.1 | Example 13 WN\Q— 364c Mp 201.5-208.3°C
OH
3]

Q

10 PREPARATIVE EXAMPLE 41




5 F Preparation of Conpound (399). 10 \VO D2/1831 398 Cl 399 C) To a

sol ution of Conpound (398) from Step E (0.91 g, 1.75 mmol) in CH2Cl2 (10
m.) was added triethyl amne (0.73 m., 5.25 nmol) and net hanesul fonyl =
chloride (0.3 g, 2.62 nmol). The resulting solution was stirred at! ¥oom!
tenperature overni ght 15 and then washed with NaHCO3 sol ution, dried over
Na2SO4: filterednssagd concentrated to dryness to give theptesylate as a

| ight yellow solid Conpound (399) (0.94 g, 90% vyield). 20 G Preparation of
Compounds (400a) and (400b). ci 400a cl B4400b ci To a solution of Conpound
(399) fromStep IF (0.93 g, 1.60 mmol) in DW (10 mnm-) under nitrogen, was
added 2-net hyl i nCdapobred (38519 g, 2.3 rnnol) and NaH W' 0 42/ 18368

PCTI USOL/ 26792 242 (0.037g). The resulting solution was stirred at room
tenperature for 15 minutes, then at 90C for 3hfs. The solution was then
cool ed down to room tenper & Br

‘O cl \:/ cl

O Ci

234
Br l‘(/////
oD
N

)
)
Boc
365

5 in essentially the same manner as in Preparative Example 23, Steps A-D,
using the 6-Bromo substituted product from Step B, Compound (234b), the product
Compound (365) was prepared (76.6 g, 100% vyield}.

PREPARATIVE EXAMPLE 42

10 A. Preparation of Compound (366).
0
OMe
Br
ALY —
N N
) )
T N
BOC éoc
363 366

To a solution of Compound (365) from Preparative Example 41 (4.0g, 8.16
15 mmol) in toluene (75 mL) and MeOH (20 mL), was added triphenyl phosphine
(1.099g, 4.08 mmol), DBU (1.7 g, 11.02 mmol) and pailadium chloride (0.145 g, 0.82



concentrated to dryness, followed by extraction with CH2Cl 2- NaHCO3. The
conbined organic |layer was dried over MgSO4, filtered, concentrated and
purified by colum 5 chromatography on nornal phase silica gel, e ll,l,lt_\j.g nfgivvith
50%veOH NH7/ 95%CH2CI 2 to give mixture of two isonmers as a |ight ¥edikolid
(0.39 g, 42%yield, MH =585.1). The 2 isoners were separated by prep HPLC,
using a chiral AD colum, eluting with 15% PA/ 85%exane/ 0. 200EA to give
Conmpound (406‘&50‘/(1i‘3§§)ner 1) as a light brown solid (0.10 '&T’[[isf”%‘ifi el d) and
Conpound (400b) (isoner 2) as a white solid (0.10g, 10 11 %yield) H
Preparati on of Conpound (401). cl N _N*Boc rl 15 20 cl 400a 401 A

solution of Co nd 00a)  (isomer 1) from Step G above .07 0..12 mmof)
1 aM PO/ DIRane Teae SRRt ey AL P O Kol Gt oy énd Beatas H &nen
concent r at e@ot@ (SHYRRSS 1bIRwaH %G the Bl A0S Pth @t@ﬂ&’@%@f‘@'hé E0hbinkd oRin@ 100%
yield) |. Preparation of Conpound (402). cl 401 402 v L.L i i 1t7 WD 0211836

PCT/ US01126 ta2r 248 then washeH withdningf drgshpen ha-3A6 rontedatst wplesbene (0. 057

0 026 o Pbg 9l pf SHGhE chiontEtdgrBfeifih LRASH, MRMARIEHLEN LY 2T N

5  GCompound {366) (3.12 g, 100% yield, MH"=470.1).

B. Preparaticn of Compound (367).

\1} R C

|
BOC

10 366 367

Tz

HCI

A solution of Compound (366) from Step A above (3.1 g, 6.6 mmol) in 4M HC}
/Dioxane {120 mL) was stirred for 3 hours and then concentrated to dryness to give
the crude sait of Compound (367} (3.89 g, 100% yield, MH*=370.2)

15
C. Preparation of Compound (368).
O\ OMe Ot
\ N/ O N/
) )
N |
H.HC! BOC
367 368

20 To a solution of Compound (367) from Step B above (3.43 g, 8.45 mmol) in

THF (80 mL) at 0°C, was added DIBAL (7.21 g, 50.7mmol). The resulting solution

was warmed to room temperature, stirred overnight and then concenirated to dryness,



cyanophenyl isocyanate (0.019 g, 0.13 mm[). The resulting solution was
stirred at roomtenperature overnight and then extracted with
CH2Cl 2- NaHCG3. The conbined 5 organic |ayer was dried over Na2SO4,: ,filtered,
concentrated to dryness to afford Conpound (402) (isoner 1) as & “whit'e
solid (0.053 g, 70%vyield, M##=629.3) H3C---1"jN1 CN 403 Conpound (400Db)
was reacted W@ gkl ar manner as in Steps H and | aboveptpyaftpsd Conpound
(403) (isomer 2) (0.059 g, 79%yvyield, MH#=629.3) 10 PREPARATI VE EXAVPLE 48
Conpound (404) 15 371 a CI 404 C Corrpou,%g (371 a) (isomer 1) from
Preparative Exanple 42, Step F (70 ny, 717 mol ) was dissolved in 1 nL of
et hanol and eN: ] i B i | e (45
mg, 0.29 mé@@w%g?gh déedéﬁa%‘gﬁpe%ﬁ%ﬁﬁ%r% G DA 'V\onlgté%cﬁgrg%vggg%ﬁ‘ JUSL1
/26792 244 skirpgtediwigh C86CEH5Y, fitdredawesNazfite andiranotniyeed tovdipmsatiediferdder
reduced pre cl..chr t phed on silica gel using 5%
nmet hanol i c-mﬁiuggtﬁai%%%ﬁe%r{%ﬂg@t @%ﬁ?%"ﬁ' 47 nmg of title product
Conpound (404) (FABMS M+1=504). 5 EXAMPLE 179

5 C.1 Alternate Preparation of Compound (368).

A solution of compound 366 from step A above (23.46g, 50.98 mmol} in CH>Clo
- MeOH - H;0 (120mL, 600 mL, 60 mL respectively) combined with LiOH (12.0 g,
350.88 mmol) was refluxed at 40°C overnight. Solvent was removed from the reaciion
10 mixture and the residue diluted with CH,Cl, was acidified to pH & with INHCL. The
organic layer was separated and washed with water, dried over Na;S0O, and
concentrated. The product was dissolved in THF (285 mL) at 0°C. Triethyl amine {6
mL, 42.97 mmol) and ethyl chloroformate (4.1 mL, 42.97 mmol) were added and
stirred at 0°C for 1 h. The reaction mixture was filtered and the filirate was cooled to
15 -70°C. To this filtrate was added NaBH, (3.97g, 104.94 mmol) and stirred for 1 h at
-70°C after which fime 40 mL of MeOH was added dropwise. The solvents were
removed and the residue taken up in methylene chloride, washed with sat. (aqg)
NaHCOs;, then brine, dried over Na,S0, and concentrated to give Compound (368) as

a solid.
20
D. Preparation of Compound (369).
OH OMs
U ‘ Cl = é Cl
LD D
N N
(] N
| )
BOC tlaec
368 369
25 To a solution of Compound (368) from Step C above (3.74 g, 8.46 mmol} in

CH:Cl, (100 mL) was added triethyl amine (3.5 mL, 25.38 mmol) and methanesulfonyl
chloride (1.45g, 2.7 mmol). The resulting solution was stirred under nitrogen at room



Preparati on of Conpound (405). 10 rN LN NC 404 C 405 CN To a sol ution of
para-cyanoanaline (53 ng, 0.45 mmol) inl mM N/ N 15 di net hyl f or mam de was
added sodi um hydride (18 ng, 0.45 nmol). After stirring under jj{}r/

ni trogen atnosphere for 1/2 hour, Compound (404) (isonmer 1) from
Preparative Exanple 48 above (40 ng, 0.08 mmol) was added and the reaction
m xture stirred at 55 C for 4 hours. The reaction m xture was cooled to
anbi ent t enP&3ttH%e and added to brine. The crude produdtThasEx®€r act ed
with 20 dichloronmethane 3 tines. The extracts were concentrated and the
crude product chromatographed on si | i ca*gel using 5%

met hanol i ¢c- ammoni al dj chl or onet h ajn 17 roduct (405)
FABNG. 125 FITRTiA 300 9y B 5B %ﬁ@e ﬁﬁ%&“ﬁéﬁ“ﬁ@%@*ﬂk ‘ﬁiﬁﬁ’a IngRNG
Conpounds ( 48dd oNRa,BON1d ¢ the B881ECoMbEPIHLZBFPR .49 g, 88% yield).

E. Preparation of Compounds (370a) AND (370b)

OMs

\:J} "

é’.OC
369 370a (isomer 1)
370b (isomer 2)
To a solution of 2-methylimidazole (2.43g, 29.68 mmol) in DMF (30 mL) under
10 N:was added NaH (0.53g, 22.3 mmol) and stirred for 10 min, followed by the addition -
of Compound (369) from Step D above (3.86 g, 7.42 mmal}. The solution was stirred
over night. The solution was then concentrated 1o dryness and extracted with EtOAc-
NaHCOs,, dried over NazS0Q,, and concentrated. The crude product was purified by
column chromatography, eluting with 2% MeOHM-NH«/98% CH,CI; to afford a mixture
15 of isomers. Further separation was accomplished by Preparative HPLC Chiral AD
Column chromatography, eluting with 25% IPA/75% hexane/0.2% DEA to give pure
Compound (370a) {isomer 1) (0.160g) and Compound (370b) (isomer 2) { 0.140 g)
(MH™=506.1)
F. Preparation of Compounds (371a) AND (371b).

20



5 Conmpound (696a) from Preparative Exanple 59, Step B, was reacted in the
sane manner as in Preparative Exanple 48 and Exanple 179 substituting the
appropriate R reagent to afford the follow ng conpounds: EX. #R=CMPD #RHVS.: ),

DATA 180407FARMS M#+=601.1 .~a NC H CN 181408FARMS MH=531.1 N NG H H
10 PREPARATI VE EXAMPLE 49 COVPOUNDS (51 a) AND (52a) %tl1 WO O2/ 18368 246

51 1 52 C 5@, 30%,JFAl CH2Cl 2 PCT/USH1/26792
NF:\N
A
\<CH3
-,
sOs=
N/
)
N
|

BOC

370a 371a

A solution of Compound {370a} (isomer 1) from Step E above (0.105g, 0.21
5 mmol) in 4M HCI/Dioxane {10 mL) was stirred at room temperature for 3 hours and

concentrated to dryness to afford Compound (371a) (0.147g, 100% yield)

Compound (370b) (isomer 2) from Step E was treated in the same manner as
isomer 1 above, to afford Compound (371b) (isomer 2).
10
EXAMPLE 167
Preparation of Compound (372)

To a solution of compound 371a (1.3g, 2.94 mmol) in CHCl: (60 mL) was
added triethyl amine (1.3 mL, 9.4 mmol) and p-cyano pheny! isocyanate (0.4669, 3.24
15 mmol). The resulting solution was stirred at room temperature overnight, followed by
the extraction with CH,Cl, and saturated NaHCO5_ The organic layer was dried over
NaySQ4, evaporated and the residue purified by column chromatography, eluting with
1 % -2% MeOH-NH3/98% CH.Cl, to afford compound (372) (0.870 g, 48% vield) see
table below.
20 EXAMPLE 168
Preparation of Compound (373)

Compound 371b (isomer 2) was reacted in a similar manner as in Example 13
with p-cyano phenyl isocyanate to afford compound (373) see table below.
EXAMPLE 169
25 Preparation of Compound (374}




PCTIUSO ] /26792 O 52a d Conpounds (51) and (52) from Exanple 11, Step A
were reacted with TFAin CH2CI2 to afford conpounds (51 a) and (52a). 5 C
12 HLibrary Preparation N R R-NC 10 Figure 1 Figure 2 WO Oﬁliﬁgﬁﬁﬁ,%
PCTI LS411 26792 247 A library of conpounds was prepared by solutiorf p ase”
parall el synthesis. A generic structure of these conpounds is shown in
Figure 1 aboye. The Rl group on the inmidazole ring can H.or , the R2
on N1 of thé"%pli"ﬂsejrmf dine is varied in the library. 5 Li Efcg?[?%ézg%gunds wer e
prepared using conmpound (29) from Preparative Exanple 4 or Conpounds (51 a)
or (52a) from Preparative Exanple 49 abé¥e as tenplates as shown in Schene

A. Synthesis is initiat in test tubes by reacti. conpoun 29 51 a)
o (Loa wi th mienpeERIPTPERl U U BaCkreRs BT S RFRRERR TR ki nee
aci ds, aci dwghbanidgteshesiiisboytateciol Diotdesmpanohdqbl Hrebasiisbemw n

di chl oronet hane or chloroform Wen urea is the desired product, the

reaction can be carried out using isocyanates directly, or alternatively,
treating an amne with CD for EXAMPLE 170

5 Preparation of Compound (375)

Compound 371b (isomer 2) was reacted in a similar manner as in Example 13

with p-chloro phenyl isocyanate to afford compound (375} see table below.



several hours, then subject the tenplates to this solution overnight. Wen
acids are wused, the reaction is carried out in the presence of a cz%gk%qg“
reagent such as PyBrop 15 and a base such as DI EA overni ght. Wen aéild:" "
chlorides, sulfonyl chlorides or chloroformates are used, the reaction is
typically conducted in the presence of triethylamne. After reaction, an
excess anmountwmfipekystyrene am nonethyl resin is added torwkerteaction
test tubes, and the reaction allowed to stand overnight. At which tinme each
test tube is filtered through a Bi o-Rad RBel y-Prep chronmat ography 20 col um
into another test tube, and the resin is washed wi th di chl oronet hane and
MeOH. The conbined filtrate sol uti dxanplasortdetnr at ed by rotovap evaporation.
The residue in each test tube is then dissalyed in H2OQ CH3CN (50/ 50,
containing 1% TFA) and purified by Gl son 5%§“quuid Handl i ng- HPLC syst em
to give pure product. The product was ide
Li brary conpounds prepared in this 25 fag

\1<fied by mass spectroscopy.

hi on e shown in Table 1 and Tabl e
N 3- Hd Rl= Hor CH3 1.

chfbri de[ Et 3N Sul f onyl

EX.# | PROCEDURE R= CMPD # | PHYS. DATA
167 | Example 13 ﬁf“@— 372 MS MH-+=550
' ocNo

o isomer 1
S-isomer
168 Example 13 \n’ﬁ 373 MS MH+=550
\< }—CN .
o isomer 2
R-isomer
169 Example 13 Wﬁ @_ 374 MS MH+=559
cl .
o isomer 1
S-isomer
170 | Example 13 \n’ﬁ\@ 375 MS MH+=559
cl )
o isomer 2
R-isomer
170.1 | Example 13 : ¥ 375.1 MS MH+=525
\g/ @ isomer 1




NH2 Further purified by GIson Auto-Separation System Bi ol ogi cal Assay
PCT/U Sii1/26792 C | R =H or CH3 WD 02/18368 249 EXAMPLES 182-283 Cl 1 R 5
TABLE 1 PCTI USOL126792 EXAMPLE #. RCOMPOUND #PHYSI CAL DATA 182H3{4@9Mass
spec. MH#=552 NO H 2 TFA 183F410Mass spec. MH-556 OLO H 2 TFA

184cj,, ~~411Vass spec. MH=571 0 2 TFA

WO 02/18308 PCT/US01/26792

231

PREPARATIVE EXAMPLE 43
A. Preparation of Compounds (376a) AND (376b).

OMs JF’:>V
GHg
\ . ‘allii — \ Vs ‘4'!;?
N N
) )
“s v
BOC BOC
369 376a/
376b
5 To a solution of 1-ethylimidazole {0.33g, 3.46 mmol) in DMF (5 mL) under

nitrogen was added NaH (0.083g, 3.46 mmol) and stirred for 10 minutes, followed by
the addition of Compound (389) from Preparative Example 42, Step D (0.8g, 1.15
mmol) and stirred for over night. The solution was then evaporated to dryness, diluted
with ethy! acetate, washed with sodium bicarbonate, dried over sodium sulfate and

10  concentrated to dryness. The reaction mixture was purified by column
chfomatography on silica gel, eluted with 3% MeOH/97% CH-Cl: to give a mixture of
isomers. Further separation was accomplished using prep. HPLC with a chiral AD
column to afford pure Compound (376a) (isomer 1) and Compound (376b) (isomer 2}

{MH+=520.1).
15 B. Preparation of compounds (377a) AND {377b).
N/—’—\N NF_:'\N

X o o
\:} o \\/ )

. O

376a 377a



1850'412Mass spec.
TFA 187F414Mass spec.
1/ 26792 250 1880415Mass spec.

N o H2 TFA ci

10

15

WO 02/183068

oM H =538 2 TFA 186/ W 413Mass spec- Y, MH}'=568 o H 2
MH+=557 )aolo 2 TFA 2L.r. j(J'

L WD 021 18368 PCT/ USO

= il K Gy - | =
MH4=544 NH 2 TFA 189ci ! 416Mass ISD?EB Z[M-" 572

232

PCTAIS01/26792

A solution of Compound (376a) from Step A (0.107g, 0.2 mmol) in 4M HCl in

Dioxane (10 mL) was stirred for two hours at room temperature then concentrated to
dryness to afford Compound (377a) (isomer 1) (0.13g, 100% vield, MH™=420.1).

Compound (377b) (isomer 2) (MH™=420.1).

EXAMPLES 171-174

Compound (376b) was reacted in a similiar manner as above to afford

Starting with the appropriate (+) or (-} isomer of Compound (377) and reacting

in a similiar manner as in Example 13 using the appropriate isocyanate as shown in

the table below, the following compounds were prepared:

=

N /N
\</CH3

ySsa

N
()
N
|
R
EX. # | PROCEDURE R= CMPD # | PHYS. DATA
171 Example 13 \rrﬁ@— 378 MS MH+=504
CN | .
o isomer 1
172 | Example 13 H 379 MS MH+=504
\n’ @—CN . 0
o isomer
173 | Example 13 \n’ﬁ \@_ 380 MS MH+=573
cl .
o isomer 1
174 | Example 13 H 381 MS MH+=573
T @CI isomer 2
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PREPARATIVE EXAMPLE 44

Compounds (382a) AND (382b).

OMs

\ al
LA A
N
)
N
80OC
369

To a solution of Compound (389) from

3824/
387b

Preparative Example 42, Step D (0.5 g,

0.96 mmol) in CH5CN (80 mL), was added piperazine (0.25 g, 2.88 mmol) and 2,6-bis
(dimethyl)-1-methylpiperidine (0.597 g, 3.84 mmol). The resulting solution was stirred

at room temperature for 4hrs,concentrated to

dryness and extracted with CH,Cls-

10  NaHCOs.. The combined organic layer was dried over NaxS0O4 and purified by column

chromatography on sHica gel, eluting with 3%MeOH/ 97%CH.Cl to give the product of

2 isomers (0.28 g, 57% yield). These two isomers were seperated by HPL.C on chiral

AD column to give pure Compound (382a) (is

omer 1) {0.136 g, MH"=510.3) and

Compound (382b) (isomer 2) (0.14 g, MH*=510.3)

15

PREPARATIVE EXAMPLE 45

A, Compounds {(383a} AND {383b)

20

Y
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197H3C 424Mass spec. MHO=566 1~( N fl CH3 H 2 TFA 198[ 425Mass spec. MH=505
00~ 2 TFA 199H 0 426Mass spec. M+H+=539 N T 3TF. A 2000427Mass spec.
MH+=544 aNH 201f| 428Mass spec. M++=580 N~O H

et Ny
PR S S| i
1 P I
Ao g
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To a solution of Compound (369) from Preparative Example 42, Step D (1.2 g,

2.31 mmol) in CH3CN (100 mL), was added morpholine (0.8 g, 9.23 mmol) and 2,6-bis
(dimethyl}-1-methylpiperidine (1.9 g, 12.24 mmal). The resulting solution was stirred at
room temperature overnight and concentrated to dryness, followed by exiraction with

5 CHuCl-NaHCO;. The combined organic layer was dried over Na;SOy and purified by
column chromatography on silica gel, eluting with 1%NH;-MeOH/29%CH.CI; to give
the product of two isomers (1.1 g, 82% yield). These two isomers were separated by
HPLC on chiral AD column to give pure Compound (383a) (isomer 1) (0.24 g,
MH"=425.1) and Compound (383b) {isomer 2) (0.112 g, MH"=425.1).

10
B. Preparation of Compound (384a}
)
N
H.HCI
384a
15
A solution of Compound (383a) from Step A (0.12 g, 0.37 mmol) in 4M
HCl/Dioxane (25 mL} was stirred at room temperature for 2.5 hrs and concentrated to
dryness to give Compound (384a) (0.194 g, MH"=411.1).
20

Compound (384b) was prepared in a similar manner as above siarting with
Compound (383b) from Step A.
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EXAMPLE 175
Preparation of Compounds (385a) AND {385h).

Y

]
H.HCI

384a

To a solution of Compound (384a) from Preparative Example 45, Step B above

(0.05 g, 0.11 mmol) in anhydrous CH:Cl: (5 mL) was added triethyl amine {(0.036 g,

0.36 mmol} and 4-cyanophenyl isocyanate (0.018 g, 0.173 mmol). The resulting

solution was stirred at room temperature for 4 hrs under nitrogen and concentrated to

10 dryness, followed by extraction with CH.Cl,-NaHCO3; . The combined organic layer

was dried over NapS0; and concentrated to dryness to give Compound (385a)}
(isomer 1) (0.06 g, 100% yield, MH*=555.4).

Starting with Compound (384b) from Preparative Example 45, Step B and
15  reacting it in the same manner as above, Compound (385b) (isomer 2) was prepared
(MH*=555.4).

PREPARATIVE EXAMPLE 46
A. Preparation of Compound (388)

20

OMs N N-CBZ
—/
pSag p s
L O - LU
N N
) )
) \
BO BOC

c

369 386
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To a solution of Compound (369) from Preparative Example 42 Step D (3.0 g,
5.77 mmol) in CH3sCN (150 mL) was added 2,6 —bis (dimethyl)-1 methyl piperidine
(7.16 g, 16.16 mmol) and benzyl-1-piperazinecarboxylate (7.61 g, 34.62 mmol). The
resulting solution was stirred overnight, concentrated to dryness, followed by

5  extraction with CH2Clo-NaHCO3. The cormbined organic layer was dried over NaxSQy,

concentrated to dryness and purified by column chromatography on silica gel, eluting
with 1% NHs-MeQOH/99% CH.Clo and then 30%EtQAc/ 70% hexane o give the title
product Compound (386) (1.24 g, 67% yield, MH™=644.2)

B. Preparation of Compound (387).

10

386 387

A solution of Compound (386) from Step A above (0.5 g, 0.77 mmof) in 4M HCI
/Dioxane (50 mL) was stirred at room temperature for 2 hrs. The solution was then
15 poured onto ice and basified with 1N NaOH solution, followed by extraction with
CH:Cl.. The combined organic layer was dried over Na>S0O, and concentrated to
dryness to give Compound (387) (0.43 g, 100% yield, MH"=544.5).
C. Preparation of Compounds (388a) AND (388b).

387 388a/
388b
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Compound (387) from Step B above was reacted in a similar manner to that
described in Example 175 to give a mixture of 2 isomers (0.102 g, 55% vyield). Further
separation by HPLC, using a chiral AD column afforded pure Compound {388a)
(isomer 1) (0.05 g, MH*:688.2) and Compound (388b) (isomer 2) (0.048 g,

5 MH'=8688.2).

EXAMPLES 176 AND 177

10 Reacting Compound (387) from Preparative Example 46, Step B in a similiar
manner as in Example 175 using the appropriate isocyanate as shown in the table

below, the following compounds were prepared:

15
EX. # | PROCEDURE R= CMPD # | PHYS. DATA
176 | Example 175 Yg @_ 389 MS MH+=688
CN |.
o isomer 1
177 | Example 175 H 390 MS MH+=688
\g/ \@_CN isomer 2
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EXAMPLE 178
Preparation of CompoundS (321a) AND (391b).

388a/ 391af
388b 391b
To a solution of Compound (388a) from Preparative Example 46, Step C (0.05
g, 0.086 mmol) in CHzCN (1 mL) at 0°C was added iodotrimethylsilane (0.05 mL,
0.343 mmol). The resulting solution was stirred at 0°C for 1 hr and concentrated to
dryness. The residue was then poured onto 1N HCI solution, followed by extraction
10 with ether. The agueous layer was then basified with 10% NH4OH solution and then
extracted with CH-Cl.. The combined organic layer was dried over Na,S0, and
concentrated to dryness affording Compound (391a) (isomer 1) (0.02 g, 42.5% yield,
MH*= 554.1).
Starting with Compound (388b) from Preparative Example 46, Step C,
15 and reacting in the same manner as above, Compound (391b) (isomer 2) was
prepared (MH*= 554.1).

PREPARATIVE EXAMPLE 47
A, COMPQOUND (394).

20
Br
Br. = é Cl
\ N/ O — Me
N

392 303 394
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To a solution of Compound (392) prepared according to the procedure in, The
Journal of Medicinal Chemistry (1998), 41{10), 1563 (5.0 g, 9.24 mmol) in MeOH (26
mL) and toluene (50 mL), at room temperature, was added triphenylphosphine (1.21
g, 4.62 mmofl), DBU (1.20 g, 12.48 mmol} and paliadium chloride {0.16 g, 0.92 mmol).

5  The resulting solution was stirred at 80°C for 6 hrs, then stirred at room temperature
overmnight. The solution was then concentrated to dryness to give two products. The
desired product was purified by column chromatography on normal phase silica gel,
eluting with 30% EtOAc/70%hexane 1o give a white solid compound (394) (2.24 g,
47% vield, MH*=521.1)

10 B. Preparation of Compound (395).

OMe
C
Bra_ /=== Cl B
AT
7
N

N

O%‘\OA"‘

394 305

A solution of Compound (394) from Step A above (2.38 g, 4.58 mmol) in
15  concentrated HCL (40 mL) was heated to reflux over night. The solution was then
cooled down at room temperature and basified with NH,OH solution, followed by
extraction with CHoCl,. The combined organic layer was dried over MgSO,, filtered
and concentrated to dryness to give a white solid Compound (395) (1.03 g, 2% vyield,

MH*=435.1).
20 C. Preparation of Compound (396).
OH
0
Br \ cl
—_——
A
N
N
1
H

395
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To a solution of Compound (395) from Step B (1.03 g, 2.37 mmol) in EtOH (50
mL, 200 proof) at room temperature, was bubbled in anhydrous CH»Cl, gas for 5
- minutes. The solution was then heated at 60°C for 30 minutes, cooled down to room
temperature and concentrated o dryness to afford Compound (396) (1.1 g, 100%

5 vyield, MH+=463.1)
D. Preparation of Compound (397).

OCH,CH; OH
0
Br -.\ cl B/~ Cl
O \
\ N/ —e N
N N
B H
396 397

10
To a solution of Compound (396) from Step C {1.09 g, 2.19 mmol) in THF (10

mL) at 0°C was added dropwise DIBAL/toluene (11.0 mL, 10.95 mmol). The resuiting
solution was stirred overnight at room temperature, then quenched with H>0 and
concentrated to dryness to give a light brown solid Compound (397} (1.2 g, 100%

15 vyield, MH+=421.1).

E.  Preparation of Compound (398).

PN =y
A /
N — N
N N
H Boc

20 397 398

To a solution of Compound (397) from Step D (0.92 g, 2.19 mmol} in 50%
MeOH/1% H20 (50 mL) at room temperature, was added Boc anhydride {0.95 g, 4.38
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mmol). The resulting solution was adjusted to pH=9 and stirred at room temperature
for 4 hrs and concentrated to dryness, followed hy extraction with CH,Cl-H2O. The
combined organic layer was dried over MgSO,, filtered and concentrated to dryness to
give a light brown solid Compound (398) (0.91 g, 80% vyield, MH'=521.1).

5
F Preparation of Compound (399).
OH OMs
Br oo cl Br \_, Cl
\ O - " O
N N
) \
Boc Boc
10 398 399

To a solution of Compound (398) from Step E (0.91 g, 1.75 mmol} in CH.Clz

{10 mL) was added triethyl amine (0.73 mL, 5.25 mmol} and methanesulfonyl chloride

(0.3 g, 2.62 mmol). The resulting solution was stirred at room temperature overnight

15 and then washed with NaHCO3 solution, dried over NapSO,, filtered and concentrated

to dryness to give the mesylate as a light yellow solid Compound (399) (0.94 g, 90%
yield).

G, Preparation of Compounds (400a) and (400b).

20

Hsc \(/N HSC\(/NJ

] g

OMs
B
Br e Cl Br = O Cl T == C Ci
9\ A W + Ly
N N

N N )
E.ioc Bog Boc
399 400a 400b

To a solution of Compound (399) from Step F (0.93 g, 1.60 mmol) in DMF (10
mL) under nitrogen, was added 2-methylimidazole (0.19 g, 2.3 mmol) and NaH
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(0.037g). The resulting solution was stirred at room temperature for 15 minutes, then
at 90°C for 3hrs. The solution was then cooled down to room temperature and
concentrated to dryness, followed by extraction with CH,Cl,-NaHCO3. The combined
organic layer was dried over MgSQ,, filtered, concentrated and purified by column

5 chromategraphy on normal phase silica gel, eluting with 5%MeQH-NH3/95%CH:Cl, to
give mixture of two isomers as a light red solid (0.39 g, 42% vield, MH*=585.1). The 2
isomers were separated by prep HPLC, using a chiral AD column, eluting with
15%IPA/85%hexane/0.2%DEA to give Compound (400a) (isomer 1} as a light brown
solid {0.10 g, 11% yield) and Compound {400b) (isomer 2} as a white solid (0.10g,

10 11% yield)

H. Preparation of Compound (401).

HSC\(, H30-(f
Ci cl
\ /
15 400a 401

A solution of Compound {(400a) (isomer 1) from Step G above (0.07 g, 0.12
mmol} in 4M HCl/Dioxane (3 mL) was stirred at room temperature for 3 hrs then
concentrated o dryness to give a white solid Compound (401) (0.06 g, 100% yield)

I Preparation of Compound (402).

20
HiGC \(,_7 HsC \(/
O cl cl
(g—— /
N
H

I

401 402
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To a solution of Compound (401) from Step H above (0.057 g, 0.12 mmol) in
CH.Cl> (5 mL) under nitrogen, was added triethyl amine (0.026 g, 0.20 mmol) and 4-
cyanophenyl isocyanaie (0.019 g, 0.13 mmol). The resulting solution was stirred at
room temperature overnight and then extracted with CH,Clp-NaHCO;. The combined
5 organic layer was dried over NazS0;,, filtered, concentrated to dryness to afford
Compound {402) {isomer 1) as a white solid (0.053 g, 70% yield, MH*=629.3)

ch\{,N
w,
Br \ ci
LD
N
N
OJ\N

H
403

Compound (400b} was reacted in a similar manner as in Steps H and T above
to afford Compound (403) (isomer 2) (0.059 g, 79% yield, MH+=629.3)

10
PREPARATIVE EXAMPLE 48
Compound (404)
e L)
N
Ay —— (O
- N
N W H N
) -
H her
NC
371a 404
i5

Compound (371a) (isomer 1) from Preparative Example 42, Step F (70 mg,
0.17 mmol} was dissolved in 1 mL of ethanol and 50 uL of triethylamine. Dimethyl-N-

cyanimidothiocarbonate (45 mg, 0.29 mmo!} was added and the reaction mixture and
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stirred at 85 °C for 24 hours. The ethanol was evaporated under reduced pressure
and the product chromatographed on silica gel using 5% methanolic-ammonia

dichloromethane to obtain 47 mg of title product Compound (404) (FABMS

M+1=504).
5
EXAMPLE 179
Preparation of Compound (405).
10
N
o
N
& OO cl
~N
N H

404 405

To a solution of para-cyanoanaline (53 mg, 0.45 mmol) in1 ml N,N-

15 dimethylformamide was added sodium hydride (18 mg, 0.45 mmol). After stirring
under a dry nitrogen atmosphere for 1/2 hour, Compound (404} (isomer 1) from
Preparative Example 48 above (40 mg, 0.08 mmol) was added and the reaction
mixture stirred at 55 °C for 4 hours. The reaction mixture was cooled to ambient
temperature and added to brine. The crude product was extracted with

20  dichloromethane 3 times. The extracts were concentrated and the crude product
chromatographed on silica gel using 5% methanolic-ammonia/dichioromethane to
otain 17.6 mg of title product.(405) FABMS M+1=574.1
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EXAMPLES 180 AND 181

Preparation of Compounds (407} AND

N :(

M

696a

5 Compound (696a) from Preparative Example 59, Step B, was reacted in the
same manner as in Preparative Example 48 and Example 179 substituting the
appropriate R reagent to afford the following compounds:

EX. # | R= CMPD #| PHYS. DATA
180 “"""[ 407 FABMS MH+=601.1
v (-
NG H CN
181 ,L 408 FABMS MH+=531.1
NT
NG H
10

PREPARATIVE EXAMPLE 49

COMPOUNDS (51a) AND (52a)

PCT/USO1/26792
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spec. MH=491 a 2 TFA 277HO | 504Mass spec. MH#=603 s=0 0 2 TFA 2784

s505Mass spec. M+=589 "Q -0 0 279506Mass spec. Mt=616 HN 5 0 .0 2 TFA
VAT S
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30% TFA/CH,Cly
____—__,___>_

CHs

I
)v

Ly Ly
N 30% TFA/CHLCl, N
N
A<
52

=

52a

Compounds (51) and (52) from Example 11, Step A, were reacted with TFA in
CHCls to afford compounds (51a) and (52a).

5
Library Preparation
N
= )
N R? Ri™—N

10 Figure 1 Figure 2
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A library of compounds was prepared by solution phase parallel synthesis. A
generic structure of these compounds is shown in Figure 1 above. The R' group on
the imidazole ring can be H or CHs, the R? on N-1 of the piperidine is varied in the
library.

Library compounds were prepared using compound (29) from Preparative
Example 4 or Compounds (51a} or (52a) from Preparative Example 49 above as
templates as shown in Scheme A. Synthesis is initiated in test tubes by reacting
compound (29), (51a) or (52a)} with multiple equivalents of a variety of isocyanates,

10  amines, acids, acid chlorides, suffonyl chlorides and chioroformates in
dichloromethane or chioroform. When urea is the desired product, the reaction can be
carried out using isocyanaies directly, or alternatively, treating an amine with CDI for
several hours, then subject the templates to this solution overnight. When acids are
used, the reaction is carried out in the presence of a coupling reagent such as PyBrop -

15 and a base such as DIEA overnight. When acid chlorides, sulfonyl chlorides or
chloroformates are used, the reaction is typically conducted in the presence of
triethylamine. After reaction, an excess amount of polystyrene aminomethy! resin is
added to the reaction test tubes, and the reaction allowed to stand overnight. At
which time each test tube is filtered through a Bio-Rad Poly-Prep chromatography

20  column into another test tube, and the resin is washed with dichloromethane and
MeOH. The combined filtrate solution is concentrated by rotovap evaporation. The
residue in each iest tube is then dissolved in H,O/CHCN (50/50, containing 1% TFA)
and purified by Gilson 215 liquid Handling-HPLC sysiem to give pure product. The
product was identified by mass spectroscopy. Library compounds prepared in this

25 fashion are shown in Table 1 and Table 2.
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Scheme A
N
¢, 'y
-2 R :
N 1. Isocvanate N-7~R'
Amine/CDI
Acid/PyBrop/DIEA
Acid Chloride/Et;N
z é@ Cl Sulfonyl Chloride/Et,N ; é@ Ci
~ Chloroformate/Et 3N ~
" Oo
NH,
: %,
R
R'=H or CH, R'=H or CH,
Further purified by

Gilson Auto-Separation System

»  Biological Assay



NVO 021' 1836N 259 PC ['/US01/ 26792 290517588 F 2 TFA O 291~ 518558 C. NH
TFA 292c¢' 519586 \ H 2 TFA 293~ 520588 ~ N o0 H 2 TFA 294521594

25 FEG
WO 02/18368 PCT/USH1/26792
249
EXAMPLES 182-283
N
*
N
aSen
N
N
FIlQ
5 TABLE 1
EXAMPLE #. R* COMPOUND # PHYSICAL DATA
182 HsCO\ 409 Mass spec. MH"=552
A
H
2 TFA
183 FO\ 410 Mass spec. MH'=558
o
H
2 TFA
184 Clm 411 Mass spec. MH™=571
o}
2 TFA
185 N7 | 412 Mass spec.
= o
MH"=538
2 TFA ‘
186 OMe 413 Mass spec.
@ ,L MH"=568
N "0
H
2 TFA
187 E 414 Mass spec. MH*=557
oA,
2 TFA
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188 O\>__ 415 Mass spec. MH*=544
O
2 TFA
189 C'@ ,L 4186 Mass spec. MH'=572
NO
H
2 TFA
190 cl 417 Mass spec. MH =606
; N'Lo
ct H
2 TFA
191 F. 418 Mass spec. MH'=574
A,
F H
2 TFA
192 F@ 419 Mass spec. MH*=574
F N'LO
_ H
2 TFA ‘
193 C'\© 420 Mass spec. MH*=573
o’Lo
2 TFA
194 /L 421 Mass spec. MH*=519
185 NC@\ ,L 422 Mass spec. MH"=563
NSO
H
2 TFA
196 H o s 423 Mass spec. MH*=539
JT
N
3 TFA
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305532562 2R T

SO

WO 02/18368 PCT/US01/26792

251

197 HaG 424 Mass spec. MH™=566
A,

CHg H
2 TFA
198 /g 425 Mass spec. MH™=505
\r\o o
2 TFA
199 N5 426 Mass spec. MH'=539
I T
Y
3TFA
200 Q 427 Mass spec. MH =544

O

H
201 O 428 Mass spec. MH*=580
(E L,

N
H
202 ,L 429 Mass spec. MH'=556
NSO
FH
2 TFA
203 F30©\ 430 Mass spec. MH =606
N ’L o}
H
2 TFA
204 /L 431 Mass spec. MH™=518
H
2 TFA
205 MGO\Q 432 Mass spec. MH*=568
N’L o}
H
2 TFA
206 e 433 Mass spec. MH™=574
@‘ N ’L o)
£ H
2 TFA

207 X 434 Mass spec. MH'=538
N2 o




2 TFA 306533594 aN~0 H 2 TFA 307Cl 534620 CT N~o H 2 TFA 308535587 0 2 TFA
30901536586 2 TFA 3101537595 N 0 N 2 TFA Table 2 (continued) 2-" WO
02/ 18368 £ E

e At

WO 02/18368 PCT/US01/26792

e
Lh
-2

208 O 435 Mass spec. MH"=580
)“\‘@\HLO
209 (jl\/\ /L 436 Mass spec. MH*=572
S H 9
2 TFA
210 (\j\NH 437 Mass spec, MH'=553
N__~ o)\
2 TFA
211 |L 438 Mass spec. MH™=581
"L
o
H
2 TFA
212 @ L 439 Mass spec. MH'=538
NTT0
H
: 2 TFA
213 U;NC 440 Mass spec. MH™=553
L
0
214 | 441 Mass spec. MH'=497
0=8§=0
CHg
215 F@\/L 442 Mass spec. MH*=555
0
2 TFA
216 N 443 Mass spec. MH'=538
>
N 0
2 TFA
217 Cl @ 1 444 Mass spec. MH =606
cl N~0
H
2 TFA
218 /@\ L 445 Mass spec. MH'=556
F NTY0
H
2 TFA
219 Gl 446 Mass spec. MH*=606
Ao
a N
2 TFA




261 PCTI LJS01/2671)2 311538620 ~ °
NoH a2 TFA 3140 0541547 2
316Boc- _543533 317544586

a-J

N O 2 TFA 312i 539532 H 2 TFA 313540586

TFA 315i 542638 |

C Fa 2 TFA

751 Fu

WO 02/18368 PCTIUSH1/26792
253
220 /L 447 Mass spec. MH™=519
221 cl 448 Mass spec. MH'=640
CFgy H
2 TFA
222 @OO\ 449 Mass spec. MH™=630
o
2TFA  H
223 /l\ 450 Mass spec. MH'=604
EtO W3
T
1 H
224 O 451 Mass spec. MH"=610
FO
-~
225 L 452 Mass spec. MH"=553
SO
2 TFA
226 OMe 453 Mass spec. MH*=568
-
227 ¢l 454 Mass spec. M"=572
N’k()
H
228 F 455 Mass spec. MH"'=624
N’Lo
%3 ' 1em
229 ,L 456 Mass spec. MH'=572
N0
a "
230 O\N Ny 457 Mass spec. MH*=554
L 5
231 /L 458 Mass spec. MH =552
SN
H
2 TFA




H 2 TFA 318CN545577 \ N ~O H 319546532 N o H 2 TFA 3200we547582 N d
321p548553 2 TFA 25 PCT/t! SO 1126792 262 Table 2 (continued) 322-549566 H
0 C 2 TFA 323550567

25 P
WO 02/18368 PCT/USO1/26792
254
232 ,L 459 Mass spec. MH*=552
N0
Citg
2 TFA
233 MeO 460 Mass spec. MH =598
o
OMe > rra
234 461 Mass spec. MH'=570

235 OEOE 462 Mass spec. MH*=610
N/LO

236 CN 463 Mass spec. MH"=563
NLO
H
237 /L /L 464 Mass spec. MH =504
’ N° O
2 TFA
238 465 Mass spec. MH™=566
.
H
2 TFA
239 F L 466 Mass spec.MH"=574
O
F
2 TFA
240 @\/«L 467 Mass spec. MH*=543
S @]
241 xﬁ \]40 468 Mass spec. MH™=518
2 TFA
242 L 469 Mass spec. MH =582

I=z

MeQ :
oo

244 O\/L 471 Mass spec. MH*=543
0

| 2 TFA

243 470 Mass spec. MH*=519




2 TFA 324NON551519 O 2 TFA 325cl 1 xJ0552543 2 TFA 326S v\ p553557 2 TFA 327-

554584 -'-- N OO" 2 TFA 328C1555620 rl-11-0 4 HdO 2 TFA 32925[‘5(_5}3_24r
o ! ;::.\ ‘f.ii_;Lf
WO (12/18368 PCT/USI1/26792
255
245 ,k 472 Mass spec. MH™=610
N0
Eio~~o M
+
246 XHTO 473 Mass spec. MH"=518
247 474 Mass spec. MH =529
[ j/l\\o
2 TFA
248 475 Mass spec. MH'=513
= 0
\ ¢
2 TFA
249 : 01 476 Mass spec. MH*=606
N0
H
250 /L 477 Mass spec. MH*=491
oo
2 TFA
251 cl 478 Mass spec. MH*=606
CI/@N/LO
H
2 TFA
252 L 479 Mass spec. MH'=548
EtO
YN e
0
253 480 Mass spec. MH*=487
O
2 TFA
254 | 481 Mass spec. MH*=539
\/’\/E-__'O
0
255 EtOCO 482 Mass spec. MH*=562
N"\\o
H
256 483 Mass spec. MH*=565
FSC/\llSI=O
0
257 Q y 484 Mass spec. MH*=526
5 \




H 2 TFA 330Meo , 557612 ° oMe H 2 TFA 331558624 H 2 TFA'1 N N70
(12118368 PCr/ Us01126792 263 Table 2 (continued) 332~\ 0O 659505 2 TFA

333560540 N -ti =0 0 2 TFA 334561644 | fi 75 fEH
WO 02/183068 PCT/US1/26792
256
258 OMe 485 Mass spec. MH'=598
N’ko
Otte
2 TFA
259 486 Mass spec. MH*=548
0
NC
2TFA
260 | 487 Mass spec. MH™=580
/Nm
0
2 TFA
261 OMe 488 Mass spec. MH'=598
N’Lo
ome
2 TFA
262 N 489 Mass spec. MH"=529
\ A
2 TFA
263 \/k 490 Mass spec. MH =475
0
2 TFA
264 S/ 491 Mass spec. MH*=573
o+
265 \ O 492 Mass spec. MH'=525
A\
o}
2 TFA
266 AN 493 Mass spec. MH'=518
o)\
2 TFA
267 i 494 Mass spec. MH™=577
F $=0
0
2 TFA
H_
268 o/ \N< 495 Mass spec. MH™=532
~/ O
2 TFA
269 496 Mass spec. MH'=516
(D~ i
0
2 TFA




H 2 TFA 335562539 O 2 TFA 336f 563624 \ NN\OH '-' 00 2 TFA n 337F
564579 C3 S O O 2 TFA 338~565517

WO 02/18368 PCT/USO1/26792
57
270 497 Mass spec. MH"=524
NT ™= o
L
3 TFA
271 o 498 Mass spec. MH™=557
NP
NT o
H
2 TFA
272 499 Mass spec. MH™=524
=
| o}
N~
3 TFA
273 @_ | 500 Mass spec. MH*=584
NG §=0
2TEA”
274 Qé"o 501 Mass spec. MH'=584
1
0
NG o TR
275 C émo 502 Mass spec. MH™=573
> TEA®
276 \/L 503 Mass spec. MH™=491
0
- o}
2 TFA
277 HO, I_ 504 Mass spec. MH'=603
o@_%_o
2 TFA
278 S | 505 Mass spec. MH'=589
O 3=0
s n
o ,
279 506 Mass spec. MH'=616
o}
O 2TFA
280 P 507 Mass spec. MH*=584
Oy
2 TrA SN
281 o o 508 Mass spec. MH'=603
i
OH o}
2 TFA
282 /k 509 Mass spec. MH=490
/\E 0




O 2 TFA 339We566582 \ ~ N~4 H 3400F3567620 \ N~O H 2 TFA 341568501 2 TFA WO
02/ 18368 264 Table 2 (continued) PCT/USO 1/26792 342569598 s it O NC 2 TFA
343570543 ~1 0 ~ s 2 TFA 344571518

R N
Z_.,ii\,

HE

WO (2/18368 PCT/US0O1/26792

[
Ly
o

283 | 510 Mass spec. MH™=593

2 TFA
EXAMPLES 284-377
N
F
N-Z~CH,
e
“N
N
5 R
TABLE 2
EXAMPLE # R? COMPOUND # MH*
284 F@\ o 511 571
| o
2 TFA
285 NF 1+ 512 552
= o}
3 TFA
286 Ch 7 - 513 587
= o/&o
oTFA
287 Q 514 558
Ot
NH
288 NG L 515 577
.
2 TFA
289 F\@ - 516 570
o
H
2 TFA




X 2 TFA 345572580 H 2 TFA 346573546 o 2 TFA i
348575565 2 TFA 349576575 0 2TFA 350/ \ 577555 F-- --~ - 0 2 TFA 3§%aqq(mm

WO 02/18368

o=

347H-D 5T4596 ~

MO 2 TFA

U

PCT/USGH26792

290 P ‘ 517 588
\[/\h 1
\(\ﬁ/\\o
F 2
TFA
291 _ Q 518 558
{.
o
2 TFA
292 C‘@ n 519 586
o
¥ o
TEA
293 ji} B 520 588
F = HAO
2 TFA
294 . 521 584
LT
& H
2 TFA
295 /l — 522 570
ALK
H
2 TFA
296 P 523 588
N/J%O
H
F
2 TFA
297 N 524 559
N
2 TFA -
208 ot N 525 620
o
H
[0
2 TFA
299 P 7 o 526 569
= c2
TFA
300 Me /R 527 582
N C
TFA




578598 C 0 CN 2TFA NO 02/18368 65 Table 2 (continued) PCl1 1iS 11/261792
352579532 O 2 TFA 353--- 580504 NO H 2 TFA 354C0681527 2 TFA 355582489 2T FA
356X---]-~0683531 2 TFA 357584562 Ego

TV
FA— Loar A

260
301 e a 528 585 ]
=y 0
2 TFA
302 . 529 570
A
H
2 TFA
303 [::1\ " 530 552
N/&O
H
2 TFA
304 i 531 588
“ .
|
S
H
;:
2 TFA
305 T 532 562
NC.
\@O
2 TFA
306 9 533 594
=
2 TFA
307 < e 534 620
CI S H/&O
2 TFA
308 7~ 535 587
g o
2 TFA
309 o 536 586
N
H
2 TFA
310 | 537 595
0,
N 2
TFA

Table 2 (continued)



361CN- -

75V
oo P

3580 585562 roc 2 TFA 359/ \0586630 2 TFA o 360i 587538 rl-- 3 TFA
'588530 O 2 TFA/ 362\ 589591 7 F ) --
WO 02/18368 PCT/AUSO1/26792
261
311 FSCQ . 538 620
N/&O
H
2 TFA
312 T 539 532
N
H
2 TFA
313 Q - 540 586
‘ N/KO
Cl H
2 TFA
314 T 541 547
oo
2TFA
315 &@ N 542 638
o
H
CFy
2 TFA
316 Boc~*~§— 543 533
317 /1 + 544 586
<Sj\ﬁw’&o
H 2
TFA
318 N 545 577
o
H
319 ){ /R 546 532
H Q
2 TFA
320 @C’Mﬁ 547 582
.
H
321 < 0 548 553
\/\/\/
0
2 TFA




s=0 0 2 TFA \VO ) 2118368 266 Table 2 (continued) PC'I'I U SOL/ 26792

3630Me590612 MO\ N~ O H 2

a--!

~N‘

TFA 364\ 591603 O-

0

-0 2 TFA 365592620, J!

WO 02/18368 PCT/USHI/26792
262
Table 2 (continued)
322 T 549 566
s N0
| H
o
2 TFA
323 e 550 567
S O/&o
L
2 TFA
324 \)/O\H/z 551 519
0
2 TFA
325 T 552 543
O/ko
2 TFA
326 ﬂ e 553 557
NN,
2TFA
327 T 554 584
iepn
H
2
TFA
328 ¢ 555 620
o
H
Cl
2 TFA
329 S~ 0 556 624
-
2TFA
330 MeQ. N 557 612
o
OMe K
2 TFA
331 i 558 824
N v S
- EAD
2TFA




WO 02/18308

o0 H 2 TFA 366~ 593598 \ S ~ NG
368595539 a=s-= 0 2 TFA 369\596607 c~- 0 o

-O 2 TFA 367~594587 ,0 0 _ 0 2 TFA

263

Table 2 (continued)

PCT/US01/26792

332 < 559 505
/\o/&o
2 TFA
333 N 560 540
/Nmﬁ:O
0
2 TFA
334 TS+ 561 644
/ = N’%o2
TFA
335 X0 562 539
NS
2 TFA
336 = - 563 624
SN
oS
2 TFA
7 p 4 7
33 FSC/\S/\ 56 575
A ~0
O
2TFA
338 \/\/R 565 517
o)
2 TFA
339 GMe 566 582
= | .
SN
340 GFs 567 620
o
H
2 TFA
341 - 568 501
VA :
2 TFA




2 TFA 370597538 >0~ O

3 TFA 371598571 N~ 4 H 2 TFA 372Me599612 N-o

owe 2

TFA NV O 1)21183($ 267 Table 2 (continued) PCTIt] SOL126792 373600583 mpaip O

2 TFA 374601505 o"'

o 2 TFA 375"

~ 602617

WO 02/18368 PCT/ASH1/26792
264
Table 2 (continued)
342 T 569 598
ﬁ—O
: 0
NC
2TFA
343 - 570 543
“\l O
N ]
2 TFA
344 | b 571 518
.
2 TEA
345 572 580
ﬁ O
2TFA
346 T 573 546
‘/\N/&O
6.
2 TFA
T 7 95
347 Ny . 574 5
MeQ o
2 TFA
348 T 575 565
WO
2TFA
349 o T 576 575
- [}
O
2TFA
350 - __@_{‘ 577 555
e}
2 TFA
351 T 578 598
S—0
I
9]
CN
2TEA

i



tea ~ -00 2 TFA 376603617 HO O 02 TFA C 3771 604605 Cf 2 TFA 5 10
PREPARATI VE EXAMPLE 50 A. Conpound (605), (606) AND (607)1(608). 365 C] 605
(R1=Ft ; (606) or 607/608 (R =(2 or 415)-CH3) Conpound (365) from
Preparative Exanple 41 was reacted in essentially the same manner, as in. .
Preparative Exanple 4, substituting the appropriate WD 02118368 LaTer s
PCT/ US01126792

WO 02/18368 PCT/USM /26792

205

Table 2 (continued)

352 e 579 532
A
2TFA
353 /L 580 504
/\\ﬁ a
2TFA
354 e 581 527
i\/o
2 TFA
355 \/I\ 582 489
O
2TFA
356 T 583 531
DA
2 TFA
357 o T 584 562
e
Q
358 T 585 562
o
NC
2 TFA
359 y @ il 586 630
< i
2 TFA
360 T 587 538
D
/‘
3TFA
361 CN ‘<L 588 530
O
2 TFA
362 F_@Jg": o 589 591
Il
o 2
TFA




26S i m dazol e to obtain Conmpound (605) wherein R =H or Conpounds (606) and
(607)1(608) wherein RLl-(2 or 4/5)CH3. B.- Preparation of Compoundg, .. .
(607a)/ (607b) and (608a)1(608b). 5 N 607/608 (4 or 5)-CH3 608a & BOFRI
Compounds (607). and (608) from Step A above were treated in the sane
manner as described in Exanple 11 to afford pure (+,-) 4-nmethyl im dazole,
and 10 pure (hn)sses et hyl i m dazol e enantioners; Conpoung-(6d{a)y{ 607b) and
Compound (608a), (608b) respectively. A library of conpounds was prepared
by the method descri bed above starting wmth Conpound (605), Conpound (606),
Compounds (607)1(608), (607a), (607b) or" 15 Compounds (608a) or (608b) used
as the tenplates in Scheme 2. A gemghie® @biticidfe of these compounds is
shown in Figure 2 above. The R group on the I mdazole ring can be H or

CH3, the R2ron g of ttte pipmrazrne*rs—vaqﬁﬁp*rﬂ—Thp“frbragﬁg—trbrary
conpounds prepared infthis fashion afe shown 1n Tablie 3, Table 4 and|Tabl e -
5. 20 WD 02118368 269 [EXA (B78) - (396} Table 3 CI PCT/ U SO U26792
EXAMPLE #RCOVPOUND #PHYSKCAL "DATAY378Nc607564
2TFA
364 JN_ L 591 603
2TFA
365 ¢ 592 620
/)W N
o ‘H’&o
2TFA .
366 o @ %;O 593 598
=0
2 TFA
367 JA T 594 587
<_ I o
2 TFA
368 T 595 539
0==5==0
2TFA
369 o %; . 596 807
0
2 TFA
370 T 597 6538
@/go
N
3 TFA
371 0+ 598 571
N
AP
2 TFA
372 Me 599 612
o
H
OMe
2 TFA




\' N-O H 379No608564 1" Enantioner N 380NG /609564 \ N-o2nd Enantioner H 381F
r610575 N--'--0 F 382611553 N O H 383CN612564 N~o0 H 384cN613564 N~-O N
385BOC- -614520 386Boc-~ 615520 1st isoner 387BOC - -616520 2nd | soner WO
(2/1836 270 PCTIUSQO /26792 VIR R

WO N2/183068 PCT/USO1/26792

267

Table 2 {continued}

373 L 600 533
/\/\O/ 0O
2TFA
374 o 601 505
2 TFA
375 RO R T 602 817
?;—L% i—oz
TFA
376 Oy 603 617
O%/\/’J\ >
f //5\\0
HO (8] 2
TFA
377 T 604 805
CID)‘\
O
Ct
2 TFA
5
PREPARATIVE EXAMPLE 50
A. Compound (605), (608} AND {807)/(608).
=N
N 9
NF
R
Br
0 0
N N
) )
N N
| H
BOC
365 605 (R'=H); (606} or
607/608 (R'=(2 or 4 /5)-CH;)
10

Compound (365) from Preparative Example 41 was reacted in

essentially the same manner as in Preparative Example 4, substituting the appropriate



388617558 0~0 3 TFA 389618557 \ N~~O 3 TFA  390C Yl - 619545 ~ NH 391620545
~-1- 1S’ Isoner NH 392621545 0-~-- 2nd |somer NH 393c '622573 N o 3 TFA
394. ~ 623555 N O 25

WO 02/18368 PCT/USHT/26792

268

imidazole to obtain Compound (605) wherein R'=H or Compounds (606) and
(607)/(808) wherein R'=(2 or 4/5)CHa.

B. Preparation of Compounds (607a)/(607b) and (608a)/(608b).

: s
A~ L) '

\ H HaC
.
N G072 & /== o
N 607b \
E j | /
N
N N
N
H
608a &
608bh

607/608 {4 or 5)-CH,

Compounds (6807).and (608) from Step A above were treated in the
same manner as described in Example 11 1o afford pure (+,-) 4-methyl imidazole, and
10 pure {+,-) 5-methyl imidazole enantiomers; Compound {607a),(607b} and Compound
(608a), (608b) respectively.

A library of compounds was prepared by the method described above starting
with Compound (605), Compound (606), Compounds (607)/(608), (607a), (607b) or
15  Compounds (608a) or (608b) used as the templates in Scheme 2. A generic structure
of these compounds is shown in Figure 2 above. The R' group on the imidazole ring
can be H or CHs, the R® on N-1 of the piperazine is varied in the library. Library
compounds prepared in this fashion are shown in Table 3, Tabte 4 and Table 5.

20



395624567 \

N QH 3 TFA 396H625420 4 TFA EXAMPLES 397-401 5 C,

~, C:HJ

N WO

02/ 18368 271 Table 4 PCTIUS01126792 EXAVPLE #R -- COVPOUND #PHYSI CAL DATA

3970 _626Mass spec.
NH 2 --&Enantioner

M+#=578 NC NH2 | soners 3980627 Mass spec.

3TFA
WO (2/18368 PCT/USOE/26792
260
EXAMPLES (378) - {396)
N
N
N
Cl
49e
=N
0
N
=1
Table 3
EXAMPLE # R* COMPOUND # PHYSICAL DATA
378 e N 607 564
- |
NTOTo
H
379 NC@ - 608 564
st H
g A 1% Enantiomer
380 NG N 609 564
2" Enantiomer
E Q
381 F\Q\ ™ 610 575
o
H
F
N 0]
H
383 ON 612 564
N [@]
H
384 CN 613 564
i ‘N/J*o
H
385 614 520
Boc——%—
386 BOC___%_ 3} 615 520
1% Isomer
387 3 616 520
L Boc % 2™ [somer

MH+=378 L diNC



3990628 Mass spec. MH+=578 "d N2 Enanti oner
MH+=578 st /1 Enanti oner

NC NH 401SOC- ~- 630Mass spec.

NC H 4000629 Mass spec.
MH=534 2 |

c LS

EXAMPLES 402-406 C LA, H 3 5 Table 5 Cr EXAMPLE #R 2COVPOUND #PHi¥SIfCALY DATA

402~631
WO (12/18368 PCT/USO1/26792
270
388 R\Ei:ﬂ\ R 817 558
g
3 TFA
389 R\[::l\ N 618 557
i
NAO
H
3 TFA
390 §>L§ 619 545
i
391 Q 820 545
_ »? 1% lsomer
)~NH
392 Q 621 545
»z’- 2™ [somer
NH
393 e " 622 573
NAO
H
3 TFA
394 “w 623 555
N=" 1 o
= 8]
395 = . 624 567
]
% u/go
3TFA
396 H 625 420
4 TFA
EXAMPLES 397-401
5
N
ﬁ \>/CH3
N

{_N\ cl
)

N
R



Mass spec.
2"d enantionmer of 4- Me 404" C633Mass spec.

oM HI1

5

MH+=578 M xture of 4-Me and ~ 5- Me a 403Nc632 Mass spec
MH+=578 ~2"d enanti oner! of: 5.

~ enantiomer of 4- Me \\'O 02/18368 272 Cl
M+=578 ~1%P %aH&¥fi onmer of 5- N o Me N

405NC634Mass spec.
PCT/USO]/ZG 92

MH+- 578

”'I'H

Table 4
| EXAMPLE # R* COMPOQUND # PHYSICAL DATA
397 Cgh_ 626 Mass spec. MH+=578
NC-@—NH 2 lsomers
398 Q>__ 627 Mass spec. MH+=578
NG —QNH 2" Epantiomer
3 TFA
399 O} § ) 628 Mass spec. MH+=578
_ " .
NC—<;>-NH 2" Enantiomer
400 Q>€ 629 Mass spec. MH+=578
— St -
NC NH 1% Enantiomer
401 BOC—3$- 630 Mass spec. MH+=534
2 Isomers
EXAMPLES 402-406
N
HeCE
== Cl
S
»
Table 5
EXAMPLE # R* COMPOUND # PHYSICAL DATA
402 He " 631 Mass spec. MH+=578
QN o Mixture of 4-Me and
H 5-Me
403 NG - 632 Mass spec. MH+=578
\[:1\ 2™ enantiomer of 4-
B2 [Me
404 NG N 633 Mass spec. MH+=578
\[:j\ 2" enantiomer of 5-
N e}
H Me
1% enantiomer of 4-
Me




406BOC-) - 635Mass spec. MH+#=534 M xture of 4-Me and 5- Me PREPARATI VE EXAVPLE
51 5 Preparation of Conpound (_636) Soc 365 10 636 PCT/LSO 1126792 C =
Conmpound (365) from Preparative Exanple 41, was reacted in essentdallythe
sanme nanney, parative Exanple 35 substituting |Im dazol et hyl
| m dazol ee\lwn {IE%EB to afford Conpound (636) (M+H=406). Corrﬁ%ﬁ@gm%zéé was
then reacted in the library fashion as descri bed above followi ng the
procedure of Scheme 2 to afford the conpBunds in Table 6 below. C 15 Rz WO
02/ 18368 R%3—-Table—62Ef—ib-RCHUSOL{ 26792 EXANMPLE #RCOVPAUND#PENSICAL— DATA

T N KAVT TN NI SO
407NCB37Nmss 4Pec. %zgg@{(fNC&BMass §34c. MH=bBiRSS Spec. MH1=578
N ¢}
H

1*" enantiomer of 5-

Me

408 BOC—4- 635 Mass spec. MH+=534

Mixture of 4-Me and
5-Me

PREPARATIVE EXAMPLE 51
5 Preparation of Compound (836)

Br
o — Ly
—_—
\N” O \ O
. N
(J “
[ N
BOG H
365 636

10 Compound (365) from Preparative Example 41, was reacted in
essentially the same manner as Preparative Example 35 substituting Imidazole for 1-
Methyl Imidazole in Step B to afford Compound (636) (MH+=406). Compound (636}
was then reacted in the library fashion as described above following the procedure of
Scheme 2 to afford the compounds in Table 6 below:

\7 ’

N
N

(]

15 ¥



f 2"d Enantioner
- 640Mass spec.

was then further

~ o~

0 409639Mass spec.

M+=550 N~01ST Enanti oner
MH+=506 PREPARATI VE EXAMPLE 52 5 365 G 641 O Co
was reacted as above in Preparative Exanple 51, -

| ni dazol e WOP¥1%iHazol e to afford Conpound (641) (MH#=420)F &[#ﬁwﬂ

reacted in the Library fashion described above foll ow ng

substitutin

the 10 procedure in Schenme 2 to afford tH& conpounds in Table 7 below cl
02/ 18368 274 Table 7 5 PCT/ USOL/ 26792 EXAMPLE #RCOVPOUND #PHYSI CAL DATA

410BOC-
eund, . 365)

Kﬁtjﬁ |l? :gl'\n

(641)

411BOC- - &s spec. M =520
EXAMPLE # R* COMPOQUND i PHYSICAL DATA
407 NC\/\ , 637 Mass spec. MH+=550
' —
\\/\H/&O
408 NG N 638 Mass spec. MH+=550
A 2™ Enantiomer
H
409 NG » 639 Mass spec. MH+=550
A 15T Enantiomer
H
410 BOC—%- 640 Mass spec. MH+=506
PREPARATIVE EXAMPLE 52
N
Hso—( J
N
Br
= Cl == cl
Ly — ()
7 \ /
$ ”
’ ]
BOC H
5 365 641

Compound (365) was reacted as above in Preparative Examplie 51, substituting -
1-Methy! Imidazole for Imidazole to afford Compound {641) (MH+=420). Compound
(641) was then further reacted in the Library fashion described above foliowing the

10 procedure in Scheme 2 to afford the compounds in Table 7 below:

H:,c.(ij

L0y

N

.

HZ



412NC643MVass spec. MH}'=564 \ N o H 3 TFA 413NC644Mass spec. M+=564 ~1"
Enantiomer N o 414NC645Mass spec. MH+=564 N-02" Enantiomer EXAMPRE Adb:b N
N~1] C -- 2] H 646 647 In the essentially the sanme gmap in
Prepar at i v\g%gﬁ%ﬁe 52 above, substituting 4-nethylim dazole, ﬂﬁﬁ/ez%‘%z

I nternmedi ate am ne tenplate was prepared 10 Conpound (646). This was then
reacted in essentially the sane manner a§%in Exanples 411-414 above to

afford the product Conpound (647) as a m xture of 4 and 5-Methylim dazole
i somers (MM spec. MH' - =564) _

EXAMPLE # R* COMPOQUND # PHYSICAL DATA
411 Boc~§— 642 Mass spec. MH'=520
412 NC N 643 Mass spec. MH'=564

ﬁ)\j
3TFA
413 NC » 644 Mass spec. MH =564
A 1% Enantiomer
5l
414 NC # N 645 Mass spec. MH™=564
o A 2" Enantiomer .
H
EXAMPLE 415
5
N N
<—_—7"’—CH3 (}CHs

() S
w A e

647

In the essentially the same manner as in Preparative Example 52 above,
substituting 4-methylimidazole, the intermediate amine template was prepared
10  Compound (646). This was then reacted in essentially the same manner as in
Examples 411-414 above to afford the product Compound (647) as a mixture of 4 and
5-Methylimidazole isomers (Mass spec. MH'=564).

15 PREPARATIVE EXAMPLE 53




15 PREPARATI VE EXAMPLE 53 WO 02/ 18368 ?75 242 C3 25 FHB20 tl~ PCT/tl1S01
/26792 242b C The racem ¢ Conpound (242) from Exanple 91 was separat ed le 5
preparati chromat ography (Chiral pack AD, 5 cm X 5 %jr‘u bw
rate 100%&?5&% 20% 2- propanol / hexane + 0. 2% di et hyl am ngfcrmogﬁg H dth

two enantioners (242a) and (242b). 10 15 Conpound (242a), [a] b25 = +1448-
(3.16 ng/ 2 nL McOH) Conpound (242b), [& D25 = -144.8 (2.93 ng/ 2 nL MeOH)
PREPARATI VE EXAMPLE 54 CI | H 242a 242b - 648 (+ enantioner, A) 649 (-
enant i omer, B)/{O L 2 WD 02/ 18368 P"(IJSOI/26792 276/<

M k/N

N

242a 242b

The racemic Compound (242} from Exampie 91 was separated by
5 preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm column, flow rate
100 mL/min., 20% 2-propanol/hexane + 0.2% diethylamine) to afford the two
enantiomers (242a) and (242b).

Compound (242a), [o] p*° = +144.8° (3.16 mg/ 2 mL MeOH)

10
Compound (242b), [a] p* = -144.8° (2.93 mg/ 2 mL MeOH)

PREPARATIVE EXAMPLE 54

15

242a . 648 (+ enantiomer, A}
242b 649 (- enantiomer, B)
20



Conpounds (242a) and (242b) from Preparative Exanple 53 above were  reacted
separately in essentially the sanme nanner as Preparative Exanpl rEFELB);%’JSt ep D
to obtain \Rg-Qygdgochl oride salt of conpounds Conpound (648)~ppéhERmaound
(649). 5(64?) e enanti omer, isonmer A), M+ = 406.1793 (649) (- enantioner,
i somer B), M+ = 406.1789 10 PREPARATI VE EXAMPLE 55 C 15 20 R R=BOC (650)
(+ enantioner, A) (651) (- enantioner, @f R=H (652) (+ enantioner, A) ,
(653) (- enantjoner - br.ono- 8- chl Qr oazaket one LS. ent 5,977,128,

br par &t e 280mpRkpHs (428 h 2t HeUSfFeRacVe Fordp B H R M y the
sane Manngihcas ddharRicPRl é‘éée‘fﬁiaﬁ{ﬂi@hﬁn’%ﬁnaﬁﬁgr EXprphfafile Exapii@hy, S D
N- BOC derivatives (65 and (651). Conpounds (650) and (651) were t hen ,
react ed sigpaitainghg hiydrecderde adlt i composiade Gampeundi648) apdebamaplng (B4pl e -
19, Step Dto obtain the enantionmers (652) (+ enantioner, isonmer A) and _
(653) (- enaptioner, isomer B). 30 Conmpound (650), BOC derivative, [a] D25 = .
+69. 6 J 2. B8y [+ enaitiqper)soes bdﬂhﬂ(ﬁé@ﬁ;ﬁﬁg@c derivative, [a] n25 = -90.0 -
(3.3 ng/ 2 nmL MeOH) Conpound (652) (+ enantioner, isoner A), Mt = 485 21 5
F EM | D, (889 (- enantiomer, isomer B), MH+ = 406.1789

10
PREPARATIVE EXAMPLE 55
Br / \
=N
0
15 R=BOC
(850) (+ enantiomer, A)
{651) (- enantiomer, B)
R=H
20 (652} (+ enantiomer, A)

(653) (- enantiomer, B)

3-bromo-8-chloroazaketone (U.S. patent 5,977,128, Preparative
25 Example 11, step A, (1999)) was reacted in essentially the same manner as in
Preparative Example 23, and Example 91 to obtain the N-BOC derivatives (650) and
(651). Compounds (650) and (651) were then reacted separately in essentially the
same manner as in Preparative Example 19, Step D to obtain the enantiomers (652)
{(+ enantiomer, isomer A} and (653) (- enantiomer, isomer B).

30
Compound (650), BOC derivative, [o] p™ = +69.6° (2.5 mg/ 2 mL MeOH)
Compound (651), BOC derivative, [o] p*° = -90.0° (3.3 mg/ 2 mL MeQOH)

Compound (652) (+ enantiomer, isomer A), MH+ = 485



WO 02/18368 277 Conpound (653) (- enantioner, isoner B), MH = 485
PREPARATI VE EXAMPLE 56 Step A 02N 5 654a Cl H2N PCT/ USO 1/ 26792 7664 i)
Conmpound (654a 202 g; 0.7 nole) (J. Org. Chem 1998, 63,

di ssol ved ‘?n"%d’ﬁ thol (5 L). To this nixture was added 12 N"ééﬁk?@%%?ﬁ) and
iron powder (180 g) and the reaction was refluxed over night. Additional
HCl and iron was added to conplete the pmaction. The reaction m xture was
filtered and the precipitate 10 washed with hot methanol (1 L). The
filtrateCumspoontGHE3) dt edantivieer, \souemBY, dHappt®xi mately 600 ml then
partitioned between 4 L CH2CL2 and 1.3 L of 1.3 N NaCH.  The organic | ayer

was dried over MgSO4 and fil tplmpmpm\ﬁ'@g)mr{apq_ggawas concentrat ed under

vacuumto giv Q am noket one Conpound (654) (184 g). Step B H2N 15 654 C
30. H2N SiepA
02N~/ { cl Z \
—_—
=N .
0
654a 654
5

Compound (654a) (202 g; 0.7 mole) (J. Org. Chem. 1998, 63, 445) was
dissolved in ethanol (5 L). To this mixture was added 12 N HC! (80 m!) and iron
powder (180 g) and the reaction was refluxed over night. Additional HCI and iron was
added to complete the reaction. The reaction mixture was filtered and the precipitate

10 washed with hot methanol (1L). The filirate was concentrated under vacuum to
approximately 600 ml then partitioned between 4 L CH,CL, and 1.3 L of 1.3 N NaCH.
The organic layer was dried over MgSO, and filtered hot. The filtrate was

concentrated under vacuum to give the aminoketone Compound (654) (184 g).

Step B
D — LD
=N
8]
15 654 655

Compound (654) from Step A above (15 g; 57.98 mmol), was dissolved
in 750 mL of ethanol containing 3.75 g of 5% Pd/C (50% in water) and 37.69 g
(579.82 m mol) of ammonium formate. The mixture was brought to refiux for 2.5 hr
20 then stirred at room temperature overnight. The reaction was filtered concentrated
under vacuum and chromatographed on silica ge! using 95:5 methylene chloride
(saturated with ammonia) and methanol to give 6.15 g of the pure product Compound
(655) as a yellow solid.



655 Conpound (654) from Step A above (15 g; 57.98 muol ), was di sgs)gyi@qhﬁin
750 nmL of ethanol containing 3.75 g of 5% Pd/C (50%in water) an 769 ¢
(579.82 mymgl .gamonium formate. The m xture was brought ; for
2.5 hr 20 \Fﬁeu)rll“g{(?rred at room tenperature overnight. The rpeéeggﬁ(g)%t%s
filtered concentrated wunder vacuum and chromat ographed on silica gel using
95:5 nethyl ene chloride (saturated with&nmmonia) and methanol to give 6.15
g of the pure prodyct Conpound (655) as a yellow solid. 25FFB?,";0 WO

02/ 18368 PCTI 6792 278 Step C H2ZN 655 G 656 To a slurry of Conpound
(655) (4.79 g; 21.3¢ mpely am-St ep A above, inCZS oM agetonitrile
cool ed to 0C and uidet ni was added §.- but yImA i @ g; 32.05
nmol ) and Cud 2 (3. 45\g; y ). The m xture parpethta/ room t enp

stirrd over night and t Hen goncentrated under vacuum “hellr esi due was

slurried in 30 nL of 1 NHC, then neutralized with aque8us NH4OH and
extracted with 3 X 100 mL s ethyl acetate. The organi c gsgyer was dried
over Na2SO4. concentrated under 10 vacuum and chromat ographed on silica gel

‘(’ZEQ?_ hgtxgge-d R IR BrREGmbSnd §s8)4. RPE 2 AR o' RE A BN TS
5 mL of acetonitrile cooled to 0°C and under nitrogen, was added t-butylnitrite (10.31 g;
32.05 mmol} and CuCl; (3.45 g; 24.64 mmol). The mixture was warmed to room temp
stirrd over night and then concentrated under vacuum. The residue was slurried in 30
mL of 1 N HCI, then neutralized with aqueous NH,OH and extracted with 3 X 100 mL .
of ethyl acetate. The organic layer was dried over Na,SO4. concentrated under
10  vacuum, and chromatographed on silica gel using hexane:ethyl acetate (70:30) io

obtain the pure product Compound (656).

Step D
15
| | N
=, N =
Cl— ) '~ P
= Ci~yz ¢ \
N —————— - \ ~
() C)
N N
R R
R=BOC R=BOC
(657) (+ enantiomer, A}  (657.1) (+ enantiomer, A)
20 (658) (- enantiomer, B) (658.1) {- enantiomer, B)
R=H R=H
(659) (+ enantiomer, A}  (659.1) (+ enantiomer, A)
(660} (- enantiomer, B)  {660.1) (- enantiomer, B)
25

Compound (656) from Step B above was reacted in essentially the same
manner as in Preparative Example 23, and then Example 91 to obtain the N-BOC
derivatives (657), {658), (657.1) and (658.1). Compounds (657), (658), (657.1) and

30 {658.1) were then reacted separately in essentially the same manner as in Preparative
Example 19, Step D to obtain the enantiomers (659) (+ enantiomer, isomer A), (659.1)



656 20 25 R=BOC (657) (+ enantiomer, A) (658) (- enantioner, Bi] R=H  (659)
(+ enantioner, A) (660) (- enantioner, B) | R=BOC (657.1) (+ e-éﬁﬁ*‘éﬁér,
A)  (658. 1), .(: ntioner, B) R=H (659.1) (+ enantioner, (-
enant i one?‘%()&}“%ggrpound (656) from Step B above was react e?ClTﬁgsgggﬁe-’%% ially
the sane nmanner as in Preparative Exanple 23, and then Exanple 91 to obtain
the N-BOC derivatives (657), (658), (637 1) and (658.1). Conpounds (657),
(658), (657.1) and 30 (658. 1&1&\$re then reacted se aratel% in essentially
the sane (rEflFsioRer; igOmEs par 6N & epsiaiipsney, 13§>,m@t%ga'fﬂjt(%6 i1 & enantigmer,
enant i onﬁ%gg;?) (+ enantioner, isoner A, (659.1) WO 02/18368

PCTI UJS6 " 279 (+ enantioner, isonmer A), (660) (- enantioner, isoner
B) and (660.1) (- enantiomer, isonmer B). Conpound (657), BOC derivative,

[a] P25 Ta@Bolnd 3657)TBOC dBkvaREH] o) F° Communs 6658) 2 niCRdR) vat i ve, [a]
D25 =5 ST dmpbiind (888 80 MR TR 6959 3.4 ing ARL MEBAH) | somer A,
Compound (659), (+ enantiomer, isomer A), MH+ = 406
Compound (660}, (- enantiomer, isomer B), MH+ = 406

Compound (652.1), (+ enantiomer, isomer A}, MH+ = 406
10 Compound (660.1), (- enantiomer, isomer B), MH+ = 406

PREPARATIVE EXAMPLE 57
15
7
=N —_—
(o]
661
R=BOC
(662) (+ enantiomer, A) (663) (+ enantiomer, A)
20 (664) (- enantiomer, B)  (665) (- enantiomer, B}
R=H
(666) (+ enantiomer, A)  (667) (+ enantiomer, A)
(668) (- enantiomer, B)  (669) (- enantiomer, B)
25

Compound (661) was reacted in essentially the same manner as in Preparative
Example 23, and then Example 91 to obtain the N-BOC derivatives (662), (663), (664)
and {665). Compounds (662), (663), (664) and (665) were then reacted separately in
30 essentially the same manner as in Preparative Example 19, Step D to obtain the
enantiomers (666) and (667) (+ enantiomer, isormer A) and (668) and (669)(-
enantiomer, isomer B). The C5 and C-6 vinyl bromide intermediates were separated



Compound (660), (- enantioner, isonmer B), MH# = 406 Conpound (659.1), (+
enantioner, isomer A), M+ = 406 10 Conpound (660.1), (- enantipief; jivsomner

B), M :\682f}13 ARATI VE EXAMPLE 57 15 661 R 20 25 R R = %g%g&?éé?%-‘-(-

enanti omer, 3) (+ enantioner, A) (664) (- enantiomer,
enantiomer, B) R=H (666) (+ enantioner, A) (667) (+ enantiomer, A) (668)
(- enantiomer, B) (669) (- enantionmer, B}®Conpound (661) was reacted in

51 Lo obt B AIgR K ABEOAAS ALY 4 PEBSS clrybas tale il 2ORin S TEBIATY Barpounds
(662), (683 he rhBGHr ANWad BESiNES ﬁblb rétﬁ%cé?%ygf‘é)?ﬁ,a%?pya' n 30
e mpl € 19,

essentially the sanme manner as I n Preparative Step Dto obtain
the enantioners (666) and (667) (+ enantioner, isoner A) and (668) and

(669) (- eCenigounEr(662% BGC dBYivalie C5 and C-6 vinyl bronide internediates
wer e %epa@@hﬁﬁ)uy}@(@ggg@iﬁ@ &R aBaEC. | . PCT/ USOL/ 26792 by silica gel
chromat ogr aphy using hexane: ethyl acetate (80:20) in essentially the sane

manner asc%o%%ﬁ‘ié&?f%d)é o%rrﬁ‘}gﬁ(/@t i ve Exanple 23, Step B.
Compound (665), BOC derivative

10

Compound (666) (+ enantiomer, isomer A), MH+ = 372
Compound (667) (+ enantiomer, isomer A}, MH+ = 372

Compound (668) (- enantiomer, isomer B), MH+ = 372
15 Compound (669) (- enantiomer, isomer B), MH+ = 372

PREPARATIVE EXAMPLE 58

a4
7
=N o é@
c N "
M
661 E :’
N
I
R
20
R =BOC
(670) (+ enantiomer, A)  (671) (+ enantiomer, A}
(672) (- enantiomer, B)  (673) (- enantiomer, B}
25 R=H
(674) (+ enantiomer, A)  {675) (+ enantiomer, A)
(676) (- enantiomer, B)  (877) (- enantiomer, B)
30 Compound (661) was reacted in essentially the same manner as in Preparative

Example 23, and Example 91 substituting 2-ethylimidazole for 2-methylimidazole, to
obtain the N-BOC derivatives (670}, (671), (672) and (673). Compounds (670), (671),
(672) and (673) were then reacted separately in essentially the same manner as in
Preparative Example 19, Step D, to obtain the enantiomers (674) and (675)



Compound (662), BOC derivative 5 Conpound (663), BOG derivative Conpound
(664), BOC derivative Corrpound (665), BCC derivative 10 Conpound [(f68); (+
enantloner i soner A, M+ 372 Conpound (667) (+ enanti onmer, isomer A,
MH+ = 372 WA EUAY (668) (- enantioner, isoner B), = 376 T/UBI23%nound
(669) (- enantiomer, isomer B), MH+ = 372 PREPARATI VE EXAMPLE 58 661 20 25 R
R=BOC (670) (+ enantiorrer, A) (671) (+zenantioner, A (672) (- enantioner,
6) (673) (- enantiomer, B) R=H (674) (+ enantioner, A) (675) (+ enantiomner,
A)  (676)+énastiansd, somer ) arfd {57)6) (ande{GIT) (O@Mnttoﬁ)a;r&%oﬁ%fp@ﬂ nthd 6&landvas
reacted in essentially the sanme manner as in Preparative | e 23, and
Exanpl e $16 s\u'mﬁthrmd%@fezrwi*@tpﬁM%f&z%p@raf&ﬂwﬂ@&%gel.thaa%@ aphy usiisk ai n

the N Boﬁeggf;g;a%va%tﬁég% Qog éﬁkse &Z&t eg%&&?@ Ex&g&@dﬁte{pﬁém (671),

(672) and rea separatel y ‘i n essen e sanme nmanner
as in Preparative Exanple 19, Step D, to obtain the enantionmers (674) and
(675)5R E 51TE ][;i5 WD 02/18368 PCT/ US01126792

Compound (670), BOC derivative, (+ enantiomer, A)
Compound (671}, BOC derivative, (+ enantiomer, A)

Compound (672), BOC derivative, (- enantiomer, B)
10  Compound (673}, BOC derivative, (- enantiomer, B)

Compound (674), (+ enantiomer, isomer A), MH+ = 386
Compound (675), (+ enantiomer, isomer A), MH+ = 386

15  Compound (6786}, (- enantiomer, isomer B), MH+ = 386
Compound (677), (- enantiomer, isomer B), MH+ = 386

EXAMPLES 416-419

20

Compound (648)

Compound {649)

The appropriate (+)} enantiomer (648) or (-) enantiomer (649) from Preparative

Example 54 above, was taken up in CHCl, treated with the corresponding isocyanate

25  and stirred at room temperature over night. The crude product was purified directly by
silica gel preparative thin layer chromatography or silica gel column chromatography

fo afford the following compounds in Table 8 below:



281 5 (+enantioner, isoner A) and (676) and (677) (- enantioner, isomer B).
The C5 and GC-6 vinyl bromde internedi ates were separated by sili ca gel

chr omat ogr gph i.ng hexane:ethyl acetate (80:20) as descr 22 LU
Prepar at i vg%év?éltﬁ)se 23, Step B. Conpound (670), BOC derivat FB@%S’%] 36792
enantiomer, A) Compound (671), BCC derivative, (+ enantioner, A) Conpound
(672), BOC derivative, (- enantioner, B):28210 Conpound (673), BOC derivative,
(- enantiomer, B) Conpound (674), (+ enantioner i soner A), M+ = 386
Conpound TABLE 8( + enantl omer, isoner A), M+ = 386 15 Conpound (676) (-
enant i oneExat R B) = | Ifanticongro J@@bnﬁ;ﬁﬁ) (|-Pemamdtamer, isonen B),
M+ = 38p EXAMPLES 416 419 20 R Conpound (648) Com:ound (649) C or I |R The

appropri ahgg(¥) §me t 5A8) Qf (-) | ena mer @1 58] ratijve
Exanpl e 5% above, m/gbm inQFCHZCI p trerga?téejd WI 6 é dg;sgél%dl ng

i socyanate 25 and st ¥ ed room tenpefature over %‘ oduct
was purified di rect |y by siliica gel preparative th r omat ogrdtphy
I AffArA tha tf nl | paxy 1

or silica eohypr—echroratography—toraffe the WI n
Sabre 8 paTtw vo 679 " [Mp=1 :

I

368 —
N,ko [o] 0™ = -81.2° (2.6 mg/
H 2 mL MeOH)
418 o + 680 Mp = 161.5-164.8°C
\©\N A, M- = 559.1787
H

419 F + 681 Mp =157.7-161.7°C
\©\ /k MH+ = 543.2069
N7 o
H

EXAMPLES 420 AND 421
5
Compound (652)
Compound (653)
10 The appropriate (+) enantiomer (652) or (-) enantiomer {653) from Preparative

Example 55 ahove, was taken up in CH.Cl, treated with the cotresponding isocyanate
and stirred at room temperature over night. The crude product was purified directly by
silica gel preparative thin layer chromatography or silica gel column chromatography
to afford the following compounds in Table 9 below:

15



282 TABLE B .
#Phys. Dat a.
m. McOH)

.c 111 L. u
416" C Nzzz +678Mp =

2 51 PCT/USQOL/ 26792 Exanpl eREnantloqq
162.2-165.6C | L aJ D25 = +98. 2¢
158. 1-164.5C ' k[oc~ 025 =

¢4 gl He

M T = ;61 S 164 80 M = 550, 1787 No. 1l 418ET @ﬁi’%ﬁ op 2 M

157.7-161. 7C | S, M H+ = 543. 2069
283
Table 9
Example # | R Enantiomer | Comp # Phys. Data.
420 “C\©\ + 682 Mp = 168.8-172.3°C
L,
421 NC\@\ _ 683 Mp = 172.5-177.7°C
ﬂ/LO
421.1 + 683.1 Mp = 157.1-160.5°C
F300\©\ /L (deC)
N "
421.2 HO + 683.2 Mp = 223.6-229.1°C
\©\ /lx (dec)
N C
H
5
EXAMPLES 422 AND 423
10

The appropriate compound (659) (+) enantiomer, (660} (-) enantiomer or

{659A) (+) enantiomer from Preparative Example 56 above, was taken up in CHzCl,

treated with the corresponding isocyanate and stirred at room temperature over night.

15 The Crude product was purified directly by silica gel preparative thin layer

chromatography or silica gel column chromatography to afford the following

compounds in Table 10 below:

20



N o H EXAMPLES 420 AND 421 5 Conpound (652) Conpound (653) a ci orsH:&i--10
The appropriate (+) enantioner (652) or (-) enantiomer (653) from =~ ~ '
Preparati e, BExapl € 55 above, was taken up in CH2C 2 treatgdwfingeihe
correspondi ng i socyanate and stirred at room tenperature over ni glgut. The
crude product was purified directly by silica gel preparative thin |ayer
chr omat ogr aphy or silica gel colum chrotfatography to afford the fol |l ow ng
conmpounds_in Table 9 below. 15 WO 02/18368 283 Table 9 PCT/ USOL/ 26792

Exanpl e & &0t gner Conp #Ph-s.Data. 420NC +682Mp = 168, 8-172.3C N-o.
421Nc Example # | R Enantiomer | Comp # Phys. Data.

422 NC\CL n 684 | Mp=155.9-165.1°C
Iy

423 NC\@\ _ 685 Mp = 164.2-164.8°C
A

492 = " 806 Mp = 157.1-160.5°C

\©\ Y MH" = 689

N o)
H

EXAMPLES 424 AND 425

Compound (666)

or

Compound (668)

The appropriate (+) enantiomer (666) or (-) enantiomer (668) from Preparative
Example 57 above, was taken up in CH.Cl,, treated with the corresponding
isocyanate and stirred at room temperature over night. The crude product was
10 purified directly by silica gel preparative thin layer chromatography or silica gel column

chromatography to afford the following compounds in Table 11 below:

Table 11
Example # | R Enantiomer | Comp # Phys. Data.
424 NG + 686 Mp = 166-170°C
\©\ ,g [o] 0*° = +106.8°
No° (1.45 mg/ 2 mL
MeOH)

425 NG _ 687 Mp = 170-176°C
OMQO [o] o™ =-91° (2.78
H

mg/ 2 mL MeQOH)




_683Mp = 172.5-177.7C N O 421.1+683.1Mp = 157. 1- 160. 5C F3CO (dec

N O H

421. 2H10 +683. 2Mp = 223.6-229.1 C N-LQ(dec) H5 O 10 C or The aﬁéﬂ’éi@r!i?ate

conmpound (

@?3@#}& enanti oner,
enanti oner

over night.
preparative thin |ayer

to afford the follow ng conpo
20 WD 02118368 Table 1 0 284

5

10

15

Compound (674)

Compound (676)

(660) (-) enantiomer or (6 +
eparative Exanple 56 above, was taken upgl%ﬁ)[a(}ly%ﬁ@z
treated with the correspondi ng i socyanate and stirred at roomtenperature

or

15 The Crude product was puiffied directly by silica gel
chromat ography or silica

g EP Eel

w. EXAMPLES 422 AND 423

col utm chr omat ogr aphy

The appropriate (+) enantiomer (674) or (-) enantiomer (676) from Preparative

Example 58 above, was taken up in CHxClIy, treated with the corresponding

isocyanate and stirred at room temperature over night. The crude product was

purified directly by silica gel preparative thin layer chromatography or sifica gel column

chromatography to afford the following compounds in Table 12 below:

Table 12
Example # | R Enantiomer | Comp # Phys. Daia.
426 ”C\Q + 688 Mp = 150-153°C
A,
427 ”‘:\@\ _ 689 Mp = 154-158°C
A,
EXAMPLES 428 AND 429
)
N \///J
Compound (667)

Compound (669)

LD



PCT/ US01126792 Exanpl e #REnanti omer Conp #Ph s. Data. 422+684My = /156::9-:165. 1
C 423685Mp = 154.2-164.8C N O 492+806Mp = 157.1-160.5C M4 = 689 NO H
EXAMPLES 424 ANB425 N-  Conpound (666) Conpound (668) 5 R@fuBiHis:
appropriate (+) enantioner (666) or (-) enantioner (668) from Preparative
Exanpl e 57 above, was taken up in CH2Cl 2, treated with the correspondi ng

| socyanat e and sti rred at room t enper at Lﬁsé over night. The crude product was

i1 on gel - col U APBIHYIA Soh SO AoP6: o (henPal PRl TP AR Vea! o
11 bel ow. E)Zreﬁfﬁbl% S above, was taken up in CHoCla, treated with the carresponding
isocyanate and stirred at room temperature over night. The crude product was
purified directly by silica gel preparative thin layer chromatography or silica gel column
5 chromalography to afford the following compounds in the table below:

Example # R Enantiomer Comp # Phys. Data.

428 NC\Q Isomer 1 690 MH"= 516
m”ko |

429 NC\@\ isomer 2 691 MH™= 516
&’/J\O

EXAMPLES 430 AND 431

Compound (675
ompound (675) 3

Compound (677)

10

The appropriate (+) enantiomer (675) or (-) enantiomer (677) from Preparative
Example 58 above, was taken up in CH,Cl,, treated with the corresponding
isocyanate and stirred at room temperature over night. The crude product was
15  purified directly by silica gel preparative thin layer chromatography or silica gel column

chromatography to afford the following compounds in the table below:

Example # R Enantiomer Comp # Phys. Daia.

430 ”"\@\ Isomer 1 692 MH*= 530
a’ko

431 ”°\©\ isomer 2 693 MH*= 530
u*o




Exanpl e #REnanti onmer Conp #Ph s. Data. "C 424a | +686M = 166-170€:jrrf:a): 025
= +106.8 - N ' (1.45 ng/ 2 nL MeOH) 425NO _687Mp = 170-176C a I[a] b25 =
-91 (2.78 Hnpg/ 2 nmL McOH) N O 02/18368 285 EXAMPLES 426 AND 427 Conpound
(674) mnﬁ%%ﬂg%eé%) R or PCT! USO1/26792 5 The appropri at e’ EHYUSBHEHET omer
(674) or (-) enantioner (676) from Preparative Exanple 58 above, was taken
up in CH2A 2, treated with the correspogti ng

PREPARATIVE EXAMPLE 59
Compounds Type A {(696a), (696b). and Type B (697a), (697b)

Type A Type B

696a 697a
= = N
N
N~ N-%
= = cl
o (L)
\ CO MPED
N N
N N
H H

696b 897b



I socyanate and stirred at roomtenperature over night. The crude product was
purified directly by silica gel preparative thin [ayer chronmatography or
silica gel colum chromatography to afford the foll owi ng conpourds fi:n Tabl e
12 bel ow: ] |l e 12 Exanpl e #REnantioneernp #Ph s. Data. ,43688Mp =
To0 1550 TR ¢ 689Mp = 154-158C ' N O H EXAVPLES 428 P&ﬁ%%@“&%rrpound
(667) Conmpound (669) or 15 R R WD 02/183% 286 PCT/ USO /26792 The
appropriate (+) enantioner (667) or (-) Bhant i omer (669) from Preparative
Exanpl e , i.th the corresponding
|socyana§%—§#§ vuar 0 - S Tgtit. The crude product was
purified directly by S|I|ca gel preparatlve thin |ayer chromatography or

silica gel colum 5 chromatogrép to afford theﬁh} | owi ng conpounds in the
tabl e bel ow. Exanpl e #REnanti o¥re€ Conp #Ph s. Da "é\(
M

( OO ct

) )
BOG BOC
694a 695a

5 To a stirred solution of 2-methyl imidazole (1.80 g, 21.97 mmol} in anhydrous

DMF (40 mL) at room temperature, was added NaH (5.3 g, 21.97 mmol) and
Compound (27) from Preparative Example 4, Step E (4.0 g, 7.33 mmol). The resutting
solution was stirred at room remperature for 1 hr and concentrated to dryness,
followed by extraction with EtOAc-NaHCQOs3. The combined organic layer was dried

10 over NaySO,, filtered and concentrated to dryness to give the mixture of single bond
and double bond compounds. These compounds were further purified by column
chromatography on silica gel, eluting with 2%MeQOH/NH3/98%CH.CI; to yield : Pure
Type A Compound (694) (0.450 g) (MH"=533) and a mixture of Type A (694) andType
B Compound (695) ( 2.55 g)(MH"=535).

15 Compounds (694) and (695) were further purified by prep HPLC, eluting with
15%IPA/85%Hexane/0.2%DEA to give : Type B Compound (695a) (isomer 1; 0.58 g,
MH*=535.4) and Type A Compound (694a) ( isomer 1; 0.61g, MH'=533) and a
mixture of compounds (694b) and (695b) ( isomer 2 products; 0.84g).



428MG | | sonmer 1690MH+= 516 N O H 429NC | sonmer 2691MH+= 516 N Q H, L
430 AND 431 Corrpound (675) Compound (677) 10 R or R The appropr‘féte 8+)
enantloner 675 or (-) enantioner (677) from Preparative _Exanple ab
was taken ¥ GF’I'I @420 2, treated with the corresponding |S(5’€37é¥h°’é{f/%“7e{ﬁd
stirred at roomterrperature over night. The crude product was 15 purified
directly by silica gel preparative thin8ayer chromatography or silica gel
colum chronmat ography to afford the foll OWI ng corrpounds in the table bel ow
Exam f e #REnarittender Com’rg Rit GOMPS — 9WiHy= 530 N o 431~ N
O soner 2693MH= 530 FS WO 02/ 18368 PCT/ U801126792

Y
N\/<N N~
CH
CHs ®
a S G
o I \ /
o0 Ay
N
'}] 1
BOC

(894b)/(695b) 596b 697b
mixture

ES

ove,

_ The mixture of compounds (694b/695b) from Step A above (0.8 g, 1.5 mmol) in
5 4N HCl/Dioxane (40 mL) was stirred at room temperature for 3 hrs and concentrated
to dryness to give a mixiure of deprotected compounds as product. The product was
fuﬁher purified by HPLC, eluting with 15%IPA/85% hexane/0.2%DEA to give the pure
compound (696b) Type A (isomer 2; 0.29 g) and pure Compound (697b) Type B
(isomer 2, 0.19 g).

10
Step C Preparation of Compounds (696a) and (697a)
N //N
N N~{
\<CH3 CH,
T = Cl
o (1)
\ OO 7 Q
N * N
N N
Hy H
696a 697a

Compounds (694a) and {695a) (pure isomer 1) were individually deprotected
using 4N HCl/Dioxane in essentially the same method as that of the isomer 2 products
15 described above, to give the corresponding N-H products (626a) Type A (isomer 1)
and (697a) Type B (isomer 1).



287 PREPARATI VE EXAMPLE 59 Conpounds Type A f 696a), (696b), and Type B
(697a), (697b) TypeB 5 696a CI CE + H 696b 697a 697b Cf Cf WO 02/518368('288
Step A Pr rakl of Conpounds (694a) and (695a) CI + N - 15{%(“? 694a
695a 4 Pé@?UJé%%?ZG?QZ 5 To a stirred solution of 2-net hyl‘mfm a{zgo é (1.80
g, 21.97 mml) in anhydrous DMF (40 nmL) at roomtenperature, was added NaH
(5.3 g, 21.97 mmol ) and 290

EXAMPLES 432-437

Reacting Compound (696a) (isomer 1} in essentially the same manner as in
Example 13 with the appropriate chioroformate or isocyanate, the following

5 compounds listed in Table 13 below, were prepared.

.10 Table 13: 2-Methvipropylimidazole-5-Substituted Bridgehead Double bond Analogs

EXAMPLE # R COMPOUND # PHYSICAL DATA
432 o 698 MH+=519.1
}o/’*o
433 NCO , 699 MH+=577.1
NS0
H
434 FO 700 MH+=570.1
o
H
435 CIO I 701 MH+=585.1
N"S0
H
436 L 702
’>\N/§O
H
437 CL n 703 MH+=558.1
NS0
H




Compound (27) from Preparative Exanple 4, Step E (4.0 g, 7.33 mol ). The
resulting solution was stirred at room rerrperature for 1 hr and, ..., 0
concentrated to dryness, followed by extraction with Et OAc- NaH@CB

conmbi ned of §aA* ayer was dried 10 over Na2SO4, filtered §ﬁ&"l§8Hc@ﬁ%rat ed
to dryness to give the m xture of single bond and double bond conpounds.
These conpounds were further purified by%tolum chronmat ography on silica
gel, eluting with 29ve0OH NH3/ 98%CH2CI 2 to yield: Pure Type A Conmpound (694)
(0.450 g) (MH=533) and a ni xt ur EXAMRIES 438684 andType B Conpound (695)
(2.55 g) (MH+#=535). 15 Conmpounds (694) and (695) were further purified by
prep HPLC, el m@m:w@mpéa%m@%ﬁm@eﬂﬂn@whaw thevearne Ryqrndd gednpound
(695a) (isoner MH=535. 4) and Type A Conpound (694a) ( isomer 1;
0.61 g, m&m@@eﬂ)f% waﬁlaﬂae appsaniede ﬁhl%@f@ﬂ@atﬂdgr seovmyatantne(fedowNg( i somer 2

(607" o e sdiry PB4 belo R B8Rl (oo 1126700 6070 1 The -

m xture of conpounds (694b/695b) from Step A above (0.8 g, 1.5 mol) in 5
AN HCl / Di oxane (40 nlL) was stirred at roomtenperature for 3 hrs and
concentrated to dryness to give a mxtu of deprotected conpounds as
product. The product was further purifl\iggl by HPLC, eluting with 15% PA/ 85%
hexane/ 0. 2%EA to gi ve the pure

CHy
o Cl
\
N
h
R
10
Table 14: 2-Methvipropvlimidazole-5-Substituted Bridgehead Sinale bond Analogs
EXAMPLE # R COMPOUND # PHYSICAL DATA
438 e 704 MH+=521.1

jue

439 NCO \ 705 MH+=579.1

wAAS

440 FCL 1 706 MH+=572.1
N O
H

441 CICL 1 707 MH+=587.1
N

0
H
442 O\ | 708 MH+=560.1

WA

NS0
o




conmpound. (696b) Type A (isomer 2; 0.29 g) and pure Conpound (697b):cFype B
(isomer 2, 0.19 g). 10 Step C Preparatlon of Conpounds (696a) and 697) N H
Ct HC a Conpounds (694a) and (695a) (pure iso

i ndi vi dual"léé(3 é%?%t ected using 4N HCl /D oxane in essenti al {}5{1%/ e(”}égfr?g met hod
as that of the isomer 2 products 15 described above, to give the
correspondi ng N-H products (696a) Type A%isoner 1) and (697a) Type 6
(isonmer 1). 2 11 i" x:12 ,_t1& _WD 02/18368 PCT/LUSO1/ 26792 290 EXAMPLES
432-437 Reacting Compound (69 EPARMEIVEEXAMBEESY j al |y the sane manner
as in Exanpl eCOMBEHMNIDHAT b i socyanate, the
followi ng 5 conpounds Ilsted in Table 13 bel ow, were prepared. O . 10 Table
13: 2-Methyl prop |im dazol e-5-Substituted Bridgehead Doubl e bond Anal ogs

EXAMPle= #RCOV%#PHYSP@M&W&&%HMW@@QL3(7D9Q)1T}11Gé)(hnd (710b)
433NC699MH=577.

L U

/
N__J
é cl C
O \ /
f?‘
BO
70%a 709b
isomer 1 isomer 2
+
p \ /
27 N
BOC
710a 710b
isomer 1 isomer 2

To a stirred solution of 4,5-Dimethylimidazole (1.08 g, 11.25 mmol) in
10  anhydrous DMF (35 mL) at room temperature, was added NaH (0.27 g, 11.2 mmol)
and stirred for 10 minutes, followed by the addition of Compound (27) from
Preparative Example 4 Step E (4.0 g, 7.32 mmol). The resulting solution was srirred at
room temperature overnight. To this solution was added the solution of 4,5-
dimethylimidazole (0.35 g, 3.65 mmol) and NaH (0.088 g, 3.67 mmol) in DMF (5 mL).
15  The resuliing solution was heated at 80°C-90°C for 4 hrs, then coolea down to room

temperature, followed by extraction with EtOAc-H20. The combined organic layer was



NO H 434F700M#+=570.1 I N O H 435N ' O701M+=585.1 H 436->-H 0702
437703M+=558.1 Nfi O H WO 02/ 18368 291 EXAMPLES 438-442 L ? LL i I
PCT/ 1S01126792 Reacting Conpound (697a) (isoner 1) in essentially the sane
manner aswddoyEsadpl e 13 with the appropriate chl orof or mat conshgacyanat e,
the followng 5 conmpounds listed in Table 14 bel ow were prepared. C R 10
Tabl e 14: 2-Met hyl propyl i m dazol e- 5- SUb‘Sl)'% tuted Bridgehead Single bond
Anal ogs EXAMPLE #RCOVPOUND #PHYSI CAL DATA 438704M++=521.1 OHO

washed with brine, dried over Na,SQy, filtered and concentrated to dryness and
purified by column chromatography on silica gel, eluting with 50%EtOAc/50%hexane
to 5%MeOH/CH.CI: to give the mixture of products Compound (708) Type A and
Compound (710) Type B ( 1.2 g, MH+=547.3). The products were further purified by

5 prep HPLC, using a chiral AD column, eluting with 15%IPA/85%hexane/0.2%DEA to
give 4 seperate compounds:

Compound (709a) isomer 1, type A (0.291 g, MH+=547.3), Compound (710a) isomer
1, type B (0.305 g, MH+=549.3) and -7

10 Compound (709b) isomer 2, type A (0.280 g, MH+=547.3), Compound (710b) isomer
2, type B ( 0.2 g, MH+=549.3)

Step B Preparation of Compounds (711a), (711b), (712a) and (712b)
Y\
) \\,\%_\LfN
p O e oy
NS (A
N N
N N
BOC H
710a 711a
isomer 1 isomer 1
15
A solution of Compound (710a), isomer 1 type B (0.245 g, 0.45 mmol) in 4N
HCI/Dioxane (2 mL) was stirred at room temperature for 3 hrs then concentrated o
dryness to give Compound (711a) isomer | , type B product (0.184 g, 98% yield)
(MH+=455.1).
20

Compounds (711b), (isomer 2; type B}; (712a) (isomer 1; type A) and (712b}
(isomer 2; type A) were all prepared in a similar fashion to that of Compound (711a)
isomer 1 type B in Step B above.

(711b) { 0.085 g, 75% vield).
25 (712a) (0.141 g, 75% vield),
(712b) (0.106 g, 59% yield),



439NC705MH#=579. 1 NCO H 440F706M++=572.1 | N O H 441Cl 707M+=587.1 i NN O
H 442708MH+=560. 1 NCO H WD 02/ 18368 PCT/ US01126792 292 PREPARATIMME SEXAMPLE
60 COVPOWNDS (ki ), (711b), (712a) AND (712b). 5 Step A Rrepaistioon of

Compounds (709a), (709b), (710a) and (710b) G N -N BOC BOG 709a isomer 1
f 709b
294

Examples 443-447

Reacting Compounds (711a) and (711b) seperately following the procedure
described in Example 13 with the appropriate chioroformates or isocyanates, the
5 following compounds listed in Table 15 below were prepared.

>

= Cl

Table 15: 4 5-Dimethylpropylimidazole-5-Substituted Bridgehead Sinale bond Analogs

EXAMPLE # R COMPOUND # PHYSICAL DATA
443 QO o 713 MH+=575.1
¥
444 714 MH+=575.1
Qo;zo
445 NC@ 715 MH+=593.2
NSO
H
446 NC. 716 MH+=593.2
N"SO
H
447 F@ 7i7 MH+=586.1
NSO
H
10 Examples 448-454

Reacting Compounds (712a) and (712b) seperately following the procedure
described in Example 13 with the appropriate chloroformates or isocyanates, the

following compounds listed in Table 16 below were prepared.
15



isomer 2 CI O 27 Boc BOON "NE 1 71 Ga isomer 1 71 Gb isoner, 2 . To.a
stirred solution of 4,5-Dinethylimdazole (1.08 g, 11.25 mmol) in 10~ """
anhydr ous ‘WF m.) at roomtenperature, was added NaH ( 11,2 mol)
and stirred %é&?% m nutes, followed by the addition of Co(r%gié]n U%%% from
Preparative Exanple 4 Step E (4.0 g, 7.32. nmol). The resulting solution was
srirred at roomtenperature overnight. " this solution was added the
solution of 4,5- dinethylimdazole (0.35 g, 3.65 mmol) and NaH (0. 088 g,
3.67 mol) in DMF (5 nmL). 15 The resulting solution was heated at 80C 90C
for 4 hrs, then cooled down to room te rature, followed by extraction

wi th Et OAc- H20. The conbi ned organic | ayei—fas WO 02/ 18368 PCT/ US01126792
293 washed with brine, dried over Na2S®, filtered and concentrated to
dryness and purified by colum chronmat ography on silica gel, eluting with

&l.2 g, MH=547.3). The
using a chiral AD col um,
Ohve’ 4 seperate conpounds:

MH+=547. 3), Conpound (710a)

products were further purified by 5 gr
eluting with 159% PA/ 85%exane/ 0. 2%DEA
Compound (709a) isoner 1, type A (0.29
i soner

N
R
Table 16: 4 5-Dimethylpropylimidazole-5-Substituted Bridaehead Double bond
Analogs
EXAMPLE # R COMPOUND # PHYSICAL DATA
448 <:>——O o 718 MiH+=573.1"
X
1
449 719 MH+=573.1
Croyo
450 NC@ 720 MH+=591.1
N"S0
H
451 NC@ 721 MH-+=591.1
N"SO
N .
452 FO 722 MH+=584.1
NS0
453 CHa 723 MH+=525.1
o:v?fo
454 CHg 724 MH4+=525.1
O=£i%=0
5 PREPARATIVE EXAMPLE 61

PREPARATION OF COMPQOUNDS (727a), (727b), (728a) AND (728h).

STEP A Preparation of Compounds (725a), (725b), (726a) and (726b).



1, type B (0.305 g, MH=549.3) and 10 Conpound (709b) isoner 2, type A
(0.280 g, M+=547.3), Conmpound (710b) isomer 2, type B (0.2 g, MIHS549. 3)
Step B Prepar@ahikpne of Conmpounds (711 a), (711 b), (712a)- a%ﬁgg%}g}ﬂ}l N

N Na C 71 Ga isoner I 15 20 711a isomer 1 cl A solution o npound
(710a), isomer 1 type B (0.245 g, 0.45 mol) in 4N HC I D oxane (2 nlL) was
stirred at roomtenperature for 3 hrs th®¥h concentrated to dryness to give
Compound (711 a) isoner | , type B product (0.184 g, 98%yi el d)

( MH+=455. 1) . Conpounds (711 b), (isonmer 2; t B); (712a) Wafisomer 1; type
A) and (712b) (isoner 2; type A) were all pr ed in a sne)t\ r fashion to
that of Conmpound (711 a) isoner 1 type Bin Stép B above. ﬁ b) ( 0.085
g, 75%yield). 25 (712a) (0.141 g, 75%vyield), (712b) (O. 6 g, 59%
yield), WO 42/18368 294

Q
o) BOC BOC
725a 725b
\ Cl isomer 1 isomer 2
\ O - . +
N
H3C Hsc
N
1 d N
BOC N—//
27

CL" L

BOC
726a 726b
isomer 1 isomer 2

Compound (27) from Preparative Example 4, Step E was reacted in
essentially the same manner as described in Preparative Example 60, Step A above
5 substituting 4-Methylimidazole for 4,5-Dimethylimidazole to obtain four seperate

compounds as products.

BOC derivatives
Compound (725a) isomer 1, type A (0.69 g, MH*=533.1)
10 Compound (725b) isomer 2, type A (0.10 g, MH*=533.1)
Compound {726a) isomer 1, type B (0.35 g, MH"=535.1)
Compound (726b) isomer 2, type B, (0.22 g, MH*=535.1)



Exanpl es 443-447 25 1, F L?c: PCTIUS41126792 Reacti ng Conpounds | 71:1"@%' and
(711 b) seperately follow ng the procedure described in Exanpl 13 Wi tth the
appropri at formates or isocyanates, the 5 foll ow ng listed
in Table fgogg:l%&v@v\ere prepared. CI R Table 15: HETRAHAA,

4, 5- Di net hyl propyl i m dazol e-5- Substituted Bridgehead Single bond Anal ogs
EXAMPLE #RCOVPOUND #PHYS| CAL DATA 443713WH+=575.1 444714M+=575.1 &O'r' O
445NC715M+=593. 2 NO H 446NC N 716M+=593.2 1 ;~ ~Nfi0 H 447F717M H+=586. 1
NCO H 10 Exanpl es 448-454 Reacting Conpounds (712a) and %712b) seperately

fol | owi ngSTERE Br ocddgparation of Compounds (727a) (727b), (728a), (728b)
H3C HSC
S
N—// N—//
\_ O " O
N N

N N
1 H

726a 726b

isomer 1 isomer 2

+
HsC HaGC
N—/ N—
PV POS
N N
N N
e H
727a 727b
isomer 1 isomer 2
5
In essentially the same manner as described in Preparative Example 60,
Step B, the —NH derivatives were prepared:
Compounds:
(727a) isomer 1 type B (0.3 g, 100% yield, MH+=435.1),
10 727b) isomer 2, type B;

(
(728a) isomer 1, type A and
(728b) isomer 2, type A.



described in Exanple 13 wth the appropriate chioroformtes or |socyanat es,
the follow ng conpounds listed in Table 16 bel ow were prepared.: 15 Wt

02/ 18368 29§ Sksaks PCT/ Ul SOL126792 Tabl e 16: PCT/USO1/26792

4, 5- D nmet hyﬁpr opyl i m dazol e- 5- Substi tuted Bri dgehead Doubl e bon é Anal ogs
EXAVPLE #RCOVPOUND #PHYSI CAL DATA 448718M H+=573.1 &0 O 449719MH+=573.1 ~0 O
450NC720M H+=591. 1 NCO H 451NC721MH= 5917-9§ NCO H 452F1722M+=584.1 NCO H

453CH3723MH+=525.1 0=5=0 454CHs724M+=525. O=S=0
Examples 455-459

Reacting Compounds (727a) and (727b) seperately following the procedure
described in Example 13 with the appropriate chloroformate or isocyanate, the

5 following compounds listed in Table 17 below were prepared.

== Cl

Tabie 17: 4-Methylpropyiimidazole-5-Substituted Bridaehead Single bond Analoas

EXAMPLE # R COMPOUND # |PHYSICAL DATA
455 QO R 729 MH+=561 1
X
1
456 NC. 730 MH+=581.1
NS0
457 F 731 MH+=572.1
NS0
458 Q N 732 MH+=560.1
NAO
H
459 CH; 733 MH-+=513.1
0=5=0
10 Examples 460-469

Reacting Compounds (728a) and (728b) seperately following the procedure
described in Example 13 with the appropriate chloroformates and isocyanates, the
following compounds listed in Table 18 below were prepared.

15



JI - 5 PREPARATI VE EXAMPLE 61 PREPARATI ON OF COVPOUNDS (727a), (727b), (728a)
AND (728b). STEP A Preparation of Conpounds (725a), (725b), (726?),—1 5a;n,dw

(726b) V\qg%é,;,gj%@s 296 PCTI USO 1/26792 H3C O O BOC BOC $25a.c,fsaper 1 t
725b isomer 3 TBC N N 27 BOG BOC G N' 'N 726a i soner %gﬁb §Qomar

299

HsC

Z "N
N—

\:\} cl

N
f

R -
Table 18: 4-Methvlpropylimidazole-5-Substituted Bridaehead Double bond Analogs

EXAMPLE # R COMPOQUND # PHYSICAL DATA
460 QO o 734 MH+=559.1
e
461 735 MH+=559 .1
Q OO
{ .
462 NC 736 MH+=579.1
Tl 4
463 NC. 737 MH+=579.1
OIS
464 F 738 MH+=570.1
Tl s
465 K 739 MH+=570.1
Tl
H
466 O\ o 740 MH4+=558.1
NAO
H
467 O\ o 741 MH+=558.1
N&O
H
468 CH3 742 MH+=511.1
OwS @]
469 CHs 743 MH+=611.1
O—S‘




Cl d Conpound (27) from Preparative Exanple 4, Step E was reacted in
essentially the sane manner as described in Preparative Exanple 60, rStep A
above 5 s ' i ng 4-Methylim dazole for 4,5-Di rrethylim'd[jacz[?iﬂI bt ai n

f our sepe;{gétéﬁﬁéé%#rpounds as products. BOC derivatives Conmpoun 5?"}%%5? I somer
1, type A (0.69 g, M+"=533.1) 10 Conpound (725b) isonmer 2, type A (0.10 g,
MH =533.1) Conpound (726a) isomer 1, ty¥eé B (0.35 g, M+=535.1) Conpound
(726b) isomer 2, type B, (0.22 g, Mdt= 35.%) 2 WD 02/ 18368 PCT/ USO1126792
297 STEP B Preparation of Co EXAMBLE 479 72862, (728b) H3C H3C
Cl H 726a isomer 1 726b isBREPAR D £748).

Step A Preparation of compound {744).
5
COzEt
Y,
W 4 —
N
N
O:|:O
CHy

To a stirred solution of Compound (24) from Preparative Example 4, Step D
(4.0 g, 8.2 mmol) under nitrogen at room temperature, was added CuCl (0.7 g, 8.2
10 mmol). The solution was then cooled to 0°C, followed by portion wise addition of
NaBH; (4.66 g, 123,2 mmol). The resulting solution was stirred at 0°C for 6 h.,
concentrated to dryness, then extracted with CHsCls-sat.NaHCOs. The combined
organic layer was dried over MgSQy, filtered, concentrated and purified by column
chromatography on 200 mL of normal phase silica gel, eluting with 20%EtOAc/CH:Cl;
15 to give Compound (744) (3.62 g, 99% yield, MH'=447).

Step B Preparation of compounds (745) AND (20).
OH OMs 0 OFEt
\ O - N\ s O W
N N N
) N y
0=5=0 0=5=0 O=§=
1 ]
CHj CHs CHa

744 745 20



H3C A f H727b isoner 2 CI Cl In essentially the sane manner as descri bed
in Preparative Exanple 60, Step B, the -NH derivatives were prepay ediy i
Conpounds: (727a) isonmer 1 type B (0.3 g, 100%vyield, M= %?‘U 6133{% ) b
(727b) i sOMBN2B83Eype B; (728a) isomer 1, type A and (7285’% oY%, type
A. L. WD 02/18368 298 Exanpl es 455-459 PCT/ US01/ 26792 Reacti ng Conpounds
(727a) and (727b) seperately follow ng tshe procedure described in Exanple
13 with the appropriate chlorofornmate or isocyanate, the 5 foll ow ng
conmpounds | i st’BdlaighirEaldotution dfelowpoene (ptbfesrabieflA Bbdab( 8.00F; 5.7 mmol)

4- Net hyl pronyl i dazol o5, Substitut od Bridgehead Singl e hond Atal Q5 SYIPLE
mL, 17.1 mmol) and methanesulfonyi chloride (0.98 g, 8.7 mmol). The resulting
solution was stirred at room tempetrature over night, then washed with saturated
5 NaHCQj;. The combined organic layer was dried over Na,SQy, filtered, concentrated
to dryness and purified by Biotage column chromatography, eluting with
30%E1OAC/70%CH,Cl» to give Compound (745) as a white solid ( 1.19 g, MH™=525.1)
and Compound (20) (1.31 g, MH"=489.1)

10
Step G Preparation of compound {746).
O
OMs N
O
=== cl ' -
\ /‘ - { ‘Q ’
N
L N
0=5=0 0=5=0
CHa CHy
745 746
15 To a stirred solution of Compound (745) from Step B above (2.17 g, 4.3 mmol)

in DMF (50 mL) under nitrogen at room temperature was added phthalimide
potassium derivative (1.20 g, 0.5 mmol). The resulting solution was heated to 90°C for
4 h., cooled down to room temperature, concentrated to dryness and extracted with
CH.Clz-sat.NaHCOs. The combined organic layer was dried over NaSOy, filtered,

20  concentrated to dryness and purified by column chromatography on silica gel, eluting
with 50%-70%EtOAc/hexane to give Compound (746) as a white solid (1.76 g, 71 %
yield, MH*=577.0).



~0O O 456NC730M+H=581.1 NCO H 457F731M+=572.1 NCO H 458732MH=560.1 N --0 H
459CH3733M+, 513. 1 O=S=0 10 Exanpl es 460-469 Reacting Conpounds (728a). g'tqd
(728b) se foll owi ng the procedure described in Ex W, t-hi't‘he
appropri aﬁg{)%ﬁ%%&%f ormates and i socyanates, the follow ng%r{g%%ﬁ’ﬂ?zl i sted
in Tabl e 18 bel ow were prepared. 15 WO 02/18368 CI PCT/US01 /26792 Table 18:
4- Met hyl propyl i m dazol e- 5- Substitut ed Briddgehead Doubl e bond Anal ogs EXAMPLE
#RCOVPOUND #PHYSI CAL DATA 460734M++=559.1 ~0 O 461735M+#=559.1 a0 O
462NC736NBlepdY9. 1 Preparation of compound (747).

Q

To a stirred solution of Compound (746) from Step C above (1.67 g, 2.9 mmol)
in EtOH (50 mL) at room temperature, was added hydrazine monohydrate (0.29 g, 5.8
mmol). The resulting solution was heated to reflux for 4 h. cooled down to room
temperature, concentrated to dryness and extracted with CH>Clz-H,O. The combined
10 organic layer was dried over MgSQy, filtered and concentrated to dryness to give
Compound (747) as a white solid (1.23 g, 95% yield, MH"=446.1)

Step E Preparation of compound (748).
IS
O
\ ci -- cl
LA - ANO
N N
) )
O=§=O o=§:o
CHs CHs
747 748

15

To a stirred solution of Compound (747) from Step D (0.1 g, 0.22 mmol) in
CH.Cl; (5 mL) under nitrogen at room temperature, was added TEA (0.06 mL, 0.45



NO H 463NC737M+#=579. 1 NCO H 464F738M+=570.1 NCO H 465F. 739M+=570.1 NCO H
466740M H+=558.1 NO H 467741M+=558.1 NO H 468CH3742M H+=511.1 0@-@3 i

e RS o e e o o oo
303
mmol) and methanesulfonyl chioride (0.038 g, 0.34 mmol). The resulting solution was
stirred ai room temperature over night, then washed with sat. NaHCO;. The combined
organic layer was dried over Na,SQy, filtered and purified by column chromatography
on silica gel, eluting with 3% MeOH-NH3/CH,Cl, to give Compound (748) as a white
5 solid (0.087 g, 76% yield, MH*=524.0)

EXAMPLE 471
Preparation of compound (749).

NH,

N
0=8=0
CHs
747 749
10
Reacting Compound (747) from Exampie 470 Step D above in essentially the
same manner as in Step E of Example 470 substituting acetyichloride, Compound
(749) was prepared.(0.048 g, 45% yield, MH+= 488.2),
EXAMPLE 472
15 Step A Preparation of compound (750}
NH,
L0 -
N
N . .
o=§=o O‘—“§=O
CHg CHS
747 750

Reacting Compound (747) from Example 470 Step D above in essentially the
same manner as in Step E of Example 470 substituting 4-Chlorobutyry! chloride
(ACROS), Compound (750) was prepared ( 0.67 g, 100% viled, MH"=514.1).



504 ,0 C QI 24 C To a stirred solution of Conpound (24) f% e
Preparative Exanple 4, Step D (4.0 g, 8.2 mmol) under nitrogen at’ "Fodh

t enper at ur. added CuCl (0.7 g, 8.2 10 nmol ). The sol uty dhen

cool ed to\ggo\%?i“ owed by portion wi se addition of NaBH4 (#4. %Mg?(;)g 2
mmol ). The resulting solution was stirred at OC for 6 h. concentrated to
dryness, then extracted with CH2d 2-sat.{¥HCO3. The conbl ned organic |ayer
was dried over MgSO4, filtered, concentrated and purified by colum

chr omat ogr aphy_on 200 nL_of normal phase silica gel, eluting with

209&t OAc/ CH2dl StepBt o gi REenasationehcempeund §7%5D). g, 99% yi el d, MH+=447). Step
B Preparation of conpounds (745) AND (20). CI—|3 744 € C 744 745 20 WO

2/ 18368 301 2Jfiti( PCTﬂUSO /26792 To a stirre Blution of Conmpound (744)

from Step A above (3.0 I'§l in CH2C 2 (1 -) under nitrogen at
roomtenperature, was addedotriethyl amne (2.4 , /17.1 mol ) and

nmet hanesul fonyl chloride (0.98 g, 8.7 mmmol). The resylting solution was
stirred at roomtenperat over (Si ght, then wash S tu&at ed

N N
0=8=0 0=§=0
CHa CHa
750 751
5 To a stirred solution of Compound (750) from Step A (0.575 g, 1.11 mmol) in

toluene (15 mL) under nitrogen at room temperature, was added KoCOj3 (0.55 g, 4.01
mmol). The resulting solution was stirred at room temperature over the weekend then
heated to 55°C for 7 h. The solutioh was then cooled down to room temperature,
filtered, concentrated to dryness and purified by column chromatography, eluting with

10 1.5%MeOH-NH3/98.5%CH,Cl; to give Compound {751) as a white solid (0.15 g, 26%
yield, MH™= 524.1)

EXAMPLE 473
Step A Preparation of compound (752).

CO,Et Oxy—OH

L Loy

h N
0=5=0 0=$=0
CHg CHg
20 752
15 To a stirred solution of Compound (20) from Example 470, Step B (0.67 g, 1.37

mmol} in THF (5 mL), was added 1N NaOH solution (6.9 mL, 6.88 mmol). The
resulting solution was stirred at room temperature overnight and concentrated to
dryness. The solution was then acidified with 10% citric acid and then extracted with



5 NaHCO3. The conbined organic layer was dried over Na2SO4, filtered,. g
concentrated to dryness and purified by Biotage col um chromat ography
el uting t t OAc170%€CH2Cl 2 to give Conpound (745) as lid
1.19 g, WW(SIOB@% and Conpound (20) (1.31 g, =489. 1) P?B%ﬁ@‘éﬁpme al
15 To a stirred sol ution of Conmpound (745) from Step B above (2.17 g, 4.3"
nmmol) in DM (50 ml-) under nitrogen at30 oom tenperature was added

pht hal i m de potassiumderivative (1 The resulting solution

, 0.5 I
was heat &di1(d2.00ECcemBpineg cprgan@d@wdfv%ﬂﬁe@ @vemegséwﬁ&tea@@a@d C@Bﬁ%@ﬁ% Pdt ed

to dryne ,—% ic layer
was dri egé d%%s%ﬁé@ eg”m ereﬁ%&%gﬁ@i‘ny% e r?é-ﬂ(?r%es and %ﬁqfl ed by
col um chvidteddigtiaphy on silica gel, eluting wth 50% 70%t OAc/ hexane to
gi ve Conpound (746) as a whlte soI|d (1.76 g, 71 % yield, MH=577.0). Stop
C Preparation mpourtepAARIoN ekMoINaUNsE SBET/ USOL120792 302 Step D
Preparation of conpound (747). 746 5 C 747 C To\g stirred solution of
Conmpound (746) from Step.C@bpove (1.67 g, 2.9 I idh EtOH (50 m -) at

d hydrazi ne nonohydrate (0 29 g, 5.8

5 752 753

To a stirred solution of Compound (752) from Step A above (0.1 g, 0.23 mmoi)
in CH2Clz (5 mL) under nitrogen at room temperature, was added oxalyl chioride (0.97
g, 7.62 mmol) and diethyi amine (0.47 g, 6.43 mmol). The resuiting solution was
10 stirred at room temperature for 1hr and concentrated to dryness. The crude product
was then purified by column chromatography, eluting with 2%MeOH-NHs/98%CH,Ci;
to give Compound (753) as a white solid (0.051 g, 49.5% vyield, MH'=516.1)

EXAMPLE 474

Preparation of compound (754)
0

A
"L/N

\7 C'

N

15 | CHs
(754)



mmol ). The resulting solution was heated to reflux for 4 h. cooled down to
roomtenperature, concentrated to dryness and extracted with CHZ(?IZ H2 O The
conmbi ned Q9481 ¢ | ayer was dried over MySO4, filtered gne: enbrat ed
to dryness to give Conpound (747) as a white solid (1.23 g, 95%y|e d, M=
446.1) Step E Preparation of conmpound (748). CI EV' -N 0=5=0 O=S=O0 CH3 GH3
747 748 15 O To a stirred solution of 3@Brrpound (747) from Step D (0.1 g,
0.22 mml) in CHZCI2 (5 m-) under nitrogen at roomtenperature was added
TEA (0.06 ni, 0.45 WO 02/18368 PCT/USOL/ 26792 303 mol ) and nethanesul f onyl
chl oride (O. os@ast'cregi@qifmfjo Fh@iGazelifens (-38I1%uE: %ﬁnrwaa in VI (H M) Wasom

e g g S S DL R A S

on silicdogelhr. Ftlnstslolnglom wasaa@rwa@uiemmab@meom of @Iovmac@mda(ﬂﬂ)dro@ﬂ%) aS a
white 5 solid (0.087 g, 76%yield, M = 0) EXAVPLE 471 Preparation of

conpoénd Rrg@gyatlvg.@cqu@ eprad0.67 g, 1 3 mmg)l) in DMF (20 mL) under nitrogen inlet
at room temperature. The resulting solution was heated to 90°C for 2 hrs,
concentrated to dryness, then extracted with CH.Cls-sat.NaHCO3. The combined
organic layer was then dried over MgS0,, filtered, concentrated o dryness and
purified by column chromatography on silica gel, eiuting with 3% MeOH-NH3/97%
10 CH:Cl; to give a light yellow solid (754) (0.17 g, 25% yield, MH'=515.1).

EXAMPLE 475
PREPARATION OF COMPOUND (762)

Step A: Preparation of compound (755).

15

(12) (755)
20

To a stirred solution of Compound (12) from Preparative Example 2, Step B

(15.75 g, 0.336 mmol) in DMF (200 mL) under nitrogen inlet at room temperature, was

added trimethylsilylacetalene (12.14 g, 124 mmol)}, bis(triphenylphosphine)palladium
25  (ll)}dichloride (0.47 g, 0.67 mmol), EtzN (13.1 mL, 24 mmol), Cul (0.89 g, 4.7mmol) and

Nal (1.53 g, 10 mmol). The resulting solution was stirred at room temperature

overnight, concentrated to dryness, then extracted with CH,Cl>-HO. The combined

organic layer was dried over MgSQsy, filtered, concentrated to dryness and purified by

column chromatography on silica gel, eluting with 20% EtOAc/80% hexane to give the
30  product (755) (12.35 g, M=485).



Cl Reacting Conpound (747) from Exanple 470 Step D above in essentially the
sanme manner as in Step E of Exanple 470 substituting acetyi chl orifde’ "L
Conmpound nas prepared. (0.048 g, 45%yield, Mi+= 488. MRLE 472
15 Step A‘é’(rzfe}%gsrﬁ;\?i on of conpound (750) CI CH3 747 750 Reé%%rlmnsg mpound
(747) from Exanple 470 Step D above in §§;enti ally the same manner as in
Step E of Exanple 470 substituting 4-Chlorobutyryl chloride (ACROS),
Compound (750) was prepared ( 0.67 g, 100%vyieed, MH+H=514.1). 21 WD 02/ 18368
PCT/ USQ | 26792 304 Step B Preparation of conpound (751). HC 750 751 5 To a
stirred sol ut iswp@‘; Conpengndrdtitrdf doheiodpice@siy( 0. 575 g, 1.11 mmol ) in
toluene (15 nlL) under nitrogen at room tenperature, was added K2C03 (0.55 g,
4.01 nmmol). The resulting solution was stirred at roomtenperature over the
weekend then heated to 55C fogr 7 h. The solution was then cool ed down to
roomtenperature, filter Seoncentrated to drynes€Hand purified by col um
chr omat ogr aphy, el uting 10 1.5%ve0H NH3198. BFHH2CI 2 to gi ve Conpound
(751) as a white solid (O 26% vyield, M—I}:\S 1) EXAMPLE 473

Cl

th

N R
O:$:O H
CHy
5 (755) (756)

A solution of Compound (755) from Step A above (4.48 g, 9.24 mmol}, in
10 concentrated HCI (100 mL) was heated to refiux overnight. The solution was then
cooled down to room temperature and basified with 50% NaOH solution (w/w) and
then extracted with CH2Cl,. The combined organic layer was dried over MgSOy,
filtered and concentrated to dryness to give an off white solid {756) (4.40 g, 100%
yield, MH*=353.1).



Step A Preparation of compound (752). COREt- f ClI 20 752 Cl 15 To a stirred
sol ution of Conpound (20) from Exanple 470, Step B (0.67 g, 1.37 7mdli)sin
THE (5 ”L)oni’%?ssg}gded 1 N NaOH solution (6.9 nL, 6.88 mmol )PCTTlFEE(‘n/zEﬁ?Ul ting
solution was Stirred at roomtenperature overnight and concentrated to
dryness. The solution was then acidified with 10%citric acid and then
extracted with I. WD 02/18368 PCT1USOL13®86792 305 CH2Cl 2. The conbi ned
organic |l ayer was dried over MgSH, filtered and concentrated to dryness to
gi ve Conpound St2BH: as i 59).0.33 g, 52%yield,
M+=461.1) Step B Preparation of conpound (753). CH3 5 752 Cl 753 Cl To a
stirred solution of Conpound (752) from Step A above (0.1 g, 0.23 mmol) in
CH2CI 2 (5 m-) under nitrogep.at roomtenperature, Chlgs added oxal yl chloride -
(0.97 g, 7.62 mol) anddh etﬁyl am ne (0.47 ¢g,063X43 mmol ). The resulting
solution was 10 stirred atmterrperature for F—and concentrated to
!{'-,

dryness. The crude prog s h\hen; purified '
el uting with 2%e0H NH3Y 98 4(@ —
N

hcpmat ogr aphy,

N N
b 0=8=0
CH4
5
(756) (757)

To a stirred solution of Compound (756) from step B (3.15 g, 8.93 mmol}) in
CH2Cl, (100 mL) was added EtzN (2.5 mi, 17.85 mmol) and methanesulfonyl chloride
10 (0.51 g, 4.46 mmol). The resuiting solution was stirred at room temperature overnight.
The solution was then washed with saturated NaHCO3; and the organic layer was
dried over MgSQy, filtered and concentrated to dryness to give a crude product (4.31
g, 100% yield, MH"=431.1)

15 Step D: Preparation of compound (758).
CH, OH
O O
—= — Cl
Ly LD
N N
\ N
Q:§:O O=$:O
CH3 CH3
(757} (758)
20

The solution of Compound (757) from Step C (3.84 g, 8.91 mmol) in 4% NaCIO
(150 mL) and 45% NaOH solution (15 mL) was heated to reflux for 2 hrs, then cooled
25 down to room temperature, followed by addition of saturated sodium bisulfite solution
(150 mL). The solution was then adjusted to pH=6.5 and exiracted with CH:Cl. The



to give Conpound (753) as a white solid (0.051 g, 49.5%yield, MHO' =516.1)
EXAMPLE 474 Preparation of conpound (754) 0 C! 15 CH3 (754) f V\Dzlqggg&;%%
PCT/ USAl / 2, Q6 To a stirred solution of 2-im dazolidong@iddr@e; 2-0
ol ) i n Dﬁé%%f% §1-) was added NaH (0.28 g 2.0 mmol). The resulting
solution was stirred at roomtenperature for 1 hr. This solution was then
added into a solution of Conpound (22) f¥%m 5 Preparative Exanple 3, Step C

(0.67 g, 1.3 muol) in DMF (20 nml) under nitrggen inlet at ro%[ntenperature.
The r esulCOMYNEd IFRYR '3ues WisHrrf PyedaSCes fitelpdsand eontaitialed ydrypess 10

dryness, & ' : @q&?_ ; e conbined organic |ayer
was t hen g&f?‘féé@@%r k‘g%&%ﬁ EC?lslq:llaérg(l(é\)ér ﬁi%ldﬁggﬁﬁa %gslt o dryness and purified
by col um chr dhtebdgr aphyPepasationcet aeghpo@hdit73e). wi t h 3% MeOH NH3197% 10
CH2CI 2 to give a light yellow solid (754) (0.17 g, 25%vyield, MH =515.1).

EXAMPLE 475 PREPARATI ON OF COVPOUND (762) Step A: Preparation of conpound
(755). 15 C (12) 20¢755) OCHs

OH
0 0
o Cl = Ct = cl
Gy LD _.y,
N N N
A A N
O:§'_—.O O:IS::O O:$:0
CHs CHj CHs
5 (758) (759) (760)

To a stirred solution of Compound (758) from step D (3.31 g, 7.65 mmol} in
toluene (80 mL) and MeOH (50 mL) under nitrogen at room temperature, was added
(trimethylsilyl)diazomethane (2.0M in hexane)(3.4 mL., 68.8 mmol) at 0°C, until the

10 colorless solution turned o yellow solution. The resulting solution was stirred at 0°C

for half an hour and concentrated to dryness to give a crude product (759).

To a stirred cooling solution of the crude product (759) from above, in THF (30
mL) at 0°C was added DIBAL (15.3 mL, 15.3 mmol). The resulting solution was stirred
15  at 0°C for 2hrs, followed by extraction with 10% citric acid and 1N NaOH solution. The
combined organic layer was dried over MgSQ,, filtered and concenirated to dryness to
give a light yellow solid (760) (2.90 g, 90% vyield, MH"=419.1).

Step F: Preparation of compound (761).
20
OH OMs
= Ci ““ Cl
\ é@ —
N N
y A
O:?:O O:?:O
CHg CHq

(760) (761)



To a stirred solution of Conpound (12) from Preparati ve Exanple 2, Step B
(15.75 g, 0.336 nmml) in DVF (200 m -) under nitrogen inlet at roor‘n g
t enper at Ungg oWaseg added trimet hyl silyiacetal ene (12.14 g, Jp%q,ﬁgﬁngw
bis(tri phenyl phosphi ne) pal l adium 25 (Il1)dichloride (0.47 g, O0.67 mmﬁ) Et 3N
(13.1 nm, 94 mol), Cul (0.89 g, 4. 7mol) and Nal (1.53 g, 10 mmmol). The
resulting solution was stirred at room £ Ch‘perat ure overnight, concentrated
to dryness, t xtracted w The conbi ned or ani ayer was
e ed” over” NSRRI CaRERuNL ARG ssentaly BAEse M os a8 SRBL BPVEol U
chr omat ogy, cﬁcﬁgéf w28 1) ves Selpar&d.uting wi th 20% Et OAc/ 80% hexane to give the
30 product (755) %12 35 ¢, Ietz485). 2 WD 02/ 18368 PCT/USA /26792 307 Step B:
Prepar ati on ofStepriiound Hrzpaiatios gf GuNdH ) CI A solution of Conpound
(755) from Step A above (4.48 g, 9.24 mol), in 10 concentrated HCl (100
m.) was heated to reflex overnight. The sol uti 02@ t hen cool ed down to

roomtenperature and basi 'Med with 50% NaCH sol (ww) and then
extracted with CH2Cl 2. The"“Conbi ned organic | aye s dried over MySOM4,

filtered and concentrate 0 dryness to give_an offf white solid (756) (4.40
@m& /26792 309 Step C

g, 100% vyield, MHIi VDCPZ/ 18368
Preparation of conpodnd @'.

N
0=5=0
I N
CH3 O:$:O
5 CH3
(761) (762)

To a stirred solution of 2-benzylaminopyridine (0.115 g, 0.624mmol) in DMF (10

mL) at room temperaiure, was added NaH (9.81 g, 0.41 mmol} and stirred for 0.5 hr.
10  To a stirred solution of mesylate compound from step F {0.2 g, 0.41 mmol} in DMF (10

mL) under nitrogen inlet, was added the solution of 2-benzylaminopyridine in DMF

above. The resulting solution was heated to 90°C for 3hrs, concentrated to dryness

followed by extraction with CHoClo-sat.NaHCO3, then dried over MgSOy, filtered,

concentrated to dryness and purified by column chromatography on silica gel, eluting
15  with 5% MeOH-NHy/CH,CL to give a light yellow solid (762) {0.03 g, 13% vield,

MH*=585.1).
EXAMPLE 476
PREPARATION OF COMPOUND (768)
Step A: Preparation of Compound (763).
OMs
= = Cl
\ é@ cl \ /
N -~ N
N N
O:IS:O O:$=O
CH4 CH,4
20 (761) (763)

In essentially the same manner as Example 475, Step E, Compound (763) was
prepared.



CH3 ~ /CH3 H (756) C (757) CI To a stirred solution of Conpound (¥56) -ffom
step B (3.15 g, 8.93 mml) in CH2CI2 (100 nlL) was added Et3N (2.5 nl, 17.85
nmol ) and t hapesul fonyl chloride 10 (0.51 g, 4.46 mol). L1 ng

sol ution vﬁ?" ﬁﬁ(’ ed at roomtenperature overnight. The sdﬁ?‘f’"’r&@%é t hen
washed with saturated NaHCO3 and the organic |ayer was dried over MySO4,
filtered and concentrated to dryness to Yilve a crude product (4.31 g, 100%
yield, MH=431.1) 15 Step D: Preparation of conmpound (758). CI CH3 20 CH3

[ OH (757) (758) C _The solution of Conpound (/757) fromStep C (3.84 g, 8.91
mmol ) in 4%Naé]g9 -'( nie » (”Bft.on (15 m-) was heated to
reflux for 2 his, then cooled 25 down to roomtenperature, followed by
addition of saturated sodiumbisulfite solution (150 nlL). The sol ution was
then adjusted to pH=6.5 and extragted w th CH2C ghe WO 02/ 18368

PCT/ UJSQO /26792 309 conbined organic | ayer was ied over \gSHA, filtered

and concentrated to dryness toi/\] \ Q \
g Tr
° (764)

To a stirred solution of 4(5)-imidazolecarboxaldehyde (20.0 g, 0.208 mmol) in
CHoClz (200 mL), was added EtzN (29.0 mL, 0.208 mmoi). The solution was then
cooled down at 0°C, followed by addition of triphenytmethylchloride (52.8 g, 0.18
10  mmol) at 0°C. The resulting solution was stirred at room temperature overnight and
then washed it with brine, water and concentrated to dryness to give a white solid
(63.0 g, 98% yield, MH"=339.1)

Step C: Preparation of Compound (765).
15
O
H NH
N N{
| —_— |
LN\ LN\
Tr Tr
(765)
20 To a stirred solution of starting material benzyl amine (0.99 g, 8.87 mmol) in

MeOH (50 mL) under nitrogen inlet at room temperature, was added sodium acetate
(0.73 g, 8.87 mmal), 3°A molecular sieves (3.0 g) and aldehyde (3.0 g, 8.87 mmol).
The resulting solution was stirred at room temperature overnight, followed by addition
of NaBH, (0.67 g, 17.74 mmol), then stirred for 4 hrs and concentrated to dryness,

25  followed by extraction with CHxCl>-1N NaOH. The combined organic layer was dried
over MgSQ,, filtered, concentrated to dryness and purified by column chromatography



give a light yellowsolid (3.31 g, 86%yield, M{=433.1). Step E
Preparation of conmpound (759). OH ,0OCH3 C N' 'N O=S=0 O=S=0 CH3 cH3 "A1"
(758) (75 To a stirred sol ution of Compound (758) D (3 31
g, QQ’?)JZ/(?Q“)“{OI uene (80 m-) and MeOH (50 nl-) under nl{C{I?[omg[‘Z%Pgtz room
terrper ature was added (t rinethylsilyl %dl azonet hane (2. OMin hexane) (3.4
m, 68.8 nmml) at 0C, until the 10 col of2ess sol ution turned to yell ow
solution. The resulting solution was stirred at 0C_for half an_hour and

concent r 2R alliEd 9gh pHEEY wih &%MGQ%T‘\U@@%@ME {orgig lighbyellagt pHl k2dSbol i ng

sol ution &fo cwﬁg uct (759) fromabove, in THF (30 m-) at OC was
added DI B /( @dB 4?9% nmmol ). The resulting solution was stirred 15 at

0C for 2hrs, followed by extraction with 10%citric acid and 1 N NaCH

solution. The _conbined grganic |ayer was dried over MgS™4, filtered and

concentrated taflyness Prepayaiian 91 Gogmound (78d)sol i d. (760) (2.90 g, 90%

yield, M+H=419.1). Step F. Preparation of _conpound (761). 20 +OH ,Ov N -N -
i

0=5=0 O=S=0 CHs CH3 C (760) (761) :
azpr
N

Cl

|
0:5:330 o:$:o 0=5=0
CHsy CHa CH,
5 763 766 767

To a stirred solution of Compound (764) from step B (0.41 g, 1.14 mmol) in
DMF (10 mL) under nitrogen at room temperature, was added NaH (0.02 g, 0.84
mmal). The resulting solution was stirred at room temperature for 1 hr.
To a stirred solution of Compound (763) from step A (0.4 g, 0.84 mmol) in
10 acetone (30 mL) under nitrogen inlet at room temperature, was added Nal (0.12 g,
0.84 mmol). The resulting solution was heated to reflux for 1 hour and then
concentrated fo dryness to afford Compound (766). To crude Compound (766) was
added, DMF (10 mL) and the solution of Compound (764) from above and NaH (0.02
g, 0.84 mmol}. The resulting solution was heated to 90°C for overnight, then
15 concentrated to dryness and purified by column chromatography on silica gel, eluting
with 2% MeOH-NH2/98% CH.Cl, to give Compound (767) as a yellow solid (0.23 g,
33% yield, MH*=830.4)



1. I WO 02/18368 PCT/USOL126792 310 Reacting Conmpound (760) in essentially
the same manner as Step C above, Conpound (761) was prepared. Stép !Gd:'"

Prepar at i ound (762). C CL 5 CH3 CH3 (761) (762) drred

sol ution g‘ibg{’ﬁ‘ghgzw ami nopyri dine (0.115 g, 0.624mDi) in Bﬂ?ﬂ(q"i‘éﬁm%) at
roomtenperature, was added NaH (9.81 g, 0.41 mmo)) and stirred for 0.5 hr.
10 To a stirred solution of nesylate codpound fromstep F (0.2 g, 0.41 mmol)
in DM (10 m-) under nitrogen inlet, was added the sol ution of

2-benzyl am no@ieR &ine i CENBAtPROAIL OoMmMAeURGETA3) ng sol uti on was heated to
90C for 3hrs, concentrated to dryness followed by extraction with

CH2Cl 2- sat _NaHCCB3, then dried over MySO4, filtered, gqoncentrated to dryness
and purified by colum c mat o /hy on sili gel,\elwting 15 with 5%
MeOH NH3/ CH2Cl 2 to give@ :éég] ht | ow solid (0703 g, 13%yvyield,

IVH} =585. 1) . EXAMPLE 476 TI ON OF COVPOUND ('768) Step A: Preparation
of Compound (763). 20 OMs C\&C (761)

N
0=5=0 0=9=0
CHa CHs
(767) (768)

A solution of Compound (767) from step C (0.238 g, 0.29 mmol} in 80% acetic
acid in H-O was heated to reflux for 2 hrs and then concentrated to dryness, followed
5 by extraction with CH>Cl>-1N NaOH. The combined organic layer was dried over
MgSO,, filtered, concentrated to dryness and purified by column chromatography on
silica gel, eluting with 3% MeOH-NH3/97%CH.CI: to give white solid ( 0.10 g, 2%

yield, M=588.2).
10 PREPARATIVE EXAMPLE 82
. StepA 1N-ter-BUTOXYCARBONYL-3(R) AND 3(S) -(1H-IMIDAZOL-I-
YL METHYL) PYRROLIDINES.
Q S
S o ~"‘\\N/§
| i | — ] \—yl
| HNO N
Boc =N Boc
15 (R)
OMs N/w
) " !
| HNO N
Boc =N Boc



(763) A In essentially the sane manner as Exanple 475, Step E, Conpound
(763) was prepared. WO 02/18368 PCT/ U50.1/26792 311 Step B: Prepanatiidgn of
Conmpound ( HHTr 5 (764) To a stirred solution of .

4(5)- | mda‘ggﬁ’)e’”é%?%oxal dehyde (20.0 g, 0.208 mmwl) in cHct? (VY. was
added Et3N (29.0 nmL, 0.208 mmol ). The solution was then cooled down at O0C,
fol | owed by addition of triphenyl nethyl ctiforide (52.8 g, 0.18 10 nmol) at °

OC. The resulting solution was stirred at roomtenperature overnight and
t hen washed i t3( %’t(ﬁ Meth@eswﬁ@@ylome%i)wmlrchn@cﬂdtMeer}h@gs 119809 Je7&Mhi t e

solid (6 I P und (765).
15 Tr @E%S% @%ﬁaﬁl#%@*{%pﬁeﬁ @o#ﬁ&dé%u%p?\@?éﬁ Fﬂ'a ‘%ﬁ%‘?ﬂ% benzyl
ani ne (0 lﬁﬁd@zolé%(@égmlrhmdres M hd Rl e wnsé@rre Wdd IRSRBJIa 60 Crforrpoand
tenperature, was ad ed sodi um acet at e (0.73 g, 8.87 mmol), 3A nol ecul ar
si eves (3hengvapatatad dekyesss. Thegproeiustzwmx)ractenmnth €8HGl and yealsidositivas
st rr%d 8brlne %plt(ﬁng%rraaétu\nrxaes 8¥ae|50ra rE]It’o ér?mtlegs 0 gw% 1S %'tlg}j%%mpound (1.14094,

100%), ESMS: FABMS (M+1) = 252; &1 (CDClI3) 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)

In a similar manner, (S) isomer was prepared from 3(8')-(3-
10 Methanesulfonyloxymethyi)pyrrolidine (0.993g, 3.56 mmoles to give the fitle

compound (1.1409¢g, 100%).

Step B 3(R) AND 3(S}-{1H-IMIDAZOL--1-YLIMETHYL]PYRROLIDINES
..\Q\\ /§ \\“\\\ /E
I ] l\.__N —_— ] ‘ | I\.__N
N N «2HCI
Roc
15 (760a)
N/S N/S
= — -
" N «2HC!
Boc
(760D)

The title compound(0.48g, 1.91 mmoles) from Step A was stirred in 4N HCI in
20 dioxane (10 mL) for 2h and then evaporated to dryness to give the title compound
which was used to couple with the tricylic acid.

In a similar manner (S) isomer was prepared.

25



of NaBH4 (0.67 g, 17.74 mmol), then stirred for 4 hrs and concentrated to
dryness, 25 followed by extraction with CH2Cl 2-1 N NaOH The conbi ned
organic |layer was dried over MgSO4, filtered, concentrated to dryhéss and
purified Qy chr omat ogr aphy WO 02/ 18368 312 PCTI[ 1S , silica
gel, elut Br%&\?\gg?‘ﬁ;nZ%/EO-l- NH3/ 98%CH2Cl 2 to give |light yell c?\%vérg/?g(%(%gggS g,
98% yi el d, MH+#=430.2) Step D. Preparation of Conpound (767).  C N -N
O=S=0 O=S=0 CH3 CH3 ci cl 5 763 766 7673'3To a stirred sol ution of Conpound

(764) fromstep B (0.41 g, 1.14 mmol) _i (10 m -) under nitrogen at room
tenperature, was added NaH (0.02 %Qoié@&%g—? The resulting solution was
stirred at roomteﬁféﬁﬁﬁﬁé@h}roﬁ MPRURBILE{T7ed sol ution of Conpound
(763) from st SEMALO. 4 @repaigdior )L agBt one (30 L) under nitrogen
i'nlet at roomtenperature, was added Nal (0.12 g, 0.84 mml). The resulting
solution was heated to reflux for 1 hour and then concentrated to dryness
to afford Compound (766). To crude Conpound (766) was added, DVF (10 ml-)
and the sol ution of Conpouncﬁ (764) from above and NaH (0.02 g, 0.84 mmol).
The resulting sol ution wa ated to 90C for oper ight, then 15 concentrated
to dryness and purified ol um chromat ography @n silica gel, eluting

N v
0=5=0 0=$=0

CHa CHg

(20) (769)

To a stirred solution of Compound (20) from preparative example 3 step B
(4.86 g, 9.94 mmol) in EtOH (100mL}, was added 1N LIOH {80 mL). The resulting
10 solution was then stirred at room temperature overnight and concentrated to dryness,
followed by dissolving in CH,Cl;. The solution was then adjusted to pH=6.5-7.0 with
1N HCL The aqueous layer was then separated and concentrated to dryness , then
dissolved in THF to give the lithium salt (4.86 g, 100 %yield,M+Li=467.1)

Step B: Preparation of Compound (771).

15

N
N N
O:?,:: O—§_O
EHg CHs



W th 2% McOH NH3/ 98% CH2Cl 2 to gi ve Conpound (767) as a yellow solid (0.23
g, 33%yield, MH+=830.4) L WO 02/18368 PCT111S01126792 313 St epy Epri i
Preparatiqn ound (768). HCH3 C CH3 O (767) (768) | uti on of
Conpound %83‘%"%% step C (0.238 g, 0.29 mmol) in 80% acetﬁ@’ﬁ%\‘é(’?"ﬁ H20
was heated to reflux for 2 hrs and then concentrated to dryness, followed 5
by extraction with CH2C12-1 N NaOH The dénbi ned organic | ayer was dried
over MSO4, filtered, concentrated to dryness and purified by colum

chr omat ogr aphyT@a stigieidi sadutips of ompongduir 68) BoseicpH-ANRBP & (CER @, Zx &4 girvel)

AR I TR L TR o e
PYRROLI Dipe. Prephdiive RixansiVe d {d.143 BN~08emndl, BrtZb®lazoyl-N-oxtris (dimethy! -

amino)phosphoniumhexafluro phosphate (0.44 g, 1.01 mmel) and EtsN (0.5 mL, 3.36

5 mmol). The resulting solution was stirred at room temperature overnight and

concentrated to dryness, followed by extraction with CH.Cls-10% Citric acid. The

combined organic layer was then washed with saturated NaHCQOs, brine, dried over

MgSOy, filtered, concentrated o dryness and purified by column chromatography on

silica gel, eluting with 3% MeOH-NHy/CH:Cl, to give a light yellow solid (0.12 g,

10 M=594.2).

PREPARATIVE EXAMPLE 63
COMPOUND (772) '

Step A 1N-teri-BUTOXYCARBONYL-4-HYDROXY — PIPERIDINE.

O i
| 15

To a solution of 4-hydroxy-piperidine (2g, 12.78 mmoles) and triethylamine
(4.16 mL, 29.67 mmoles) in CHCl, (20mL), di-tert-butyldicarbonate (5.18g, 23.72
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 e\}aporated to
20 give the title compound (3.95g, 99%). FABMS (M+1) = 202.

Step B 1N-tert-BUTOXYCARBONYL-4-METHANESULFONYLOXY-
PIPERIDINE.

Boc——-N\/:>"OH — BOC‘_NO'OMS
25

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

30  diluted with CH.Cl, and washed with saturated aqueous sodium bicarbonate, water
and dried (MgSQy,), filtered and evaporated to dryness to give the title compound
(4.68g , 96.4 %). ESMS: m/z= 280 (MH)



WO 02/ 18368 PCT/ USOL/ 26792 314 3(R)-(3-Met hanesul f onyl oxynet hyl ) pyrrolidi ne
(J. Med. Chem 1990, 33, 77-77) (0.993g, 3.56 mml es) was dissol yed fin.

anhydr ous m.) and sodium imdazole (0.6g, 10 mol ded. The
m xt ure mé%%/ﬁ%ég’@‘d at 60 C for 2h and then evaporated to g&i]ﬁ%@@(’%ﬁl

product was extracted with CH2Cl 2 and washed with 5 brine. CH2Cl 2 extract
was evaporated to dryness to give the ti3dtTed conpound (1.14098, 100%,

ESMS: FABMS (Mtl) = 252; 5H (CDCI3) 1.45 (s, 9H), 1.5-1.7 (m 1 H, 1.9 2.1
(m 1 H, 2.5-300m 1 8y- §-terB BOUTDZY CARBONYL -3-(3H-IMIBAZRL-ANL) 3. 9 (dd,

2H), 6.9 (s, 1 H), 715@@%@_@5745(5 1H)Ina5|mlar manner, (S)
| soner was prepared fro 10 Met hanesul f onyi oxynet hyl) pyrrolidi ne

(0.993g, 3.56 nmoles to,gtwe the title conpound (1 9g @};& StepB 3(R)
AND 3(S) (1H 1M A%%g__ - YL iYLl PYRROLI QI NES,_15 HOT\ Rnn (760a) L
HA™ Bao 0

N$- -r NNI H2 60b) The title corrpoun 489 1 mol es)
fromStep A was stirred in 4N HCl in 20 dioxane (10 nL) for 2h and then

evapor at ed t o Alsyingss of thegtite compotihtl fieont Stpe e .Oyvhi 482 wasolsseth DMFEOR e

wh %he ntwlr_)I \fv)a/lls Ia%dgd Itg a stirred solution of NaH (0.52g, 21.66 mmoles) and imidazole
(1.464, 21.47 mmoles) in DMF (20 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

10  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;« 4 (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).
Step D 4-(1H-IMIDAZOL-1-YL) —PIPERIDINE.

O O-C
Boc——N \J _—— HN
P e
15 | «2HC!

(772)
The titie compound(0.21g, 0.836 mmoles) from Step C was stirred in 4N HCl in

dioxane (5 mL) for 2h and then evaporated to dryness to give the title compound
(772)which was used to couple with the tricylic acid.

20 EXAMPLE 478
PREPARATION OF COMPOUND (773)
HN \
Cl
‘Q . w /
N
0=3=0 o=t-0
CH3 CHs

(758) (773)



In a simlar manner (S) isomer was prepared. 25 WO 02/18368 PCT/ USO1. /26792
315 EXAMPLE 477 PREPARATI ON OF COVPOUND (771) Step A: Preparation ofLI
Conpound ((6Ynss(20) G CH3 (769) C To a stirred sol uti hdiC
(20) from\grgepgrsz?l?l ve exanple 3 step B (4.86 g, 9.94 mmol ?{h% (t' 100m.),
was added 1 N LiOH (80 nmL). The resulting 10 solution was then stirred at
roomtenperature overni ght and concentra éd to dryness, followed by
di ssolving in CH2Cl 2. The solution was then adjusted to pH=6.5-7.0 with 1 N
HO . The aqueous |ayer was then separated and concentrated to dryness , then
di ssol ved in TﬂEatserl%'a‘/ﬁ}I&M bf @B u%@i' 5818k Exafidie Ay ek Mﬂﬁf 66.49
Step B: Preparation of ound 1). 1(t57 N)<1 ON'" OH ,, ~CN NébCI él’

mmol} in CHxCl, (5 mn?

(772) from Preparative Example 63, Step D (0.19 g, 0.55 mmol}, bezotriazoyl-N-oxy-

L) under mtrogen at room temperature, was added Compound

5 tris-(dimethylamino)phosphoniumhexaflurophosphate (0.25 g, 0.55 mmol) and EizN
(0.3 mL, 1.85 mmol). The resuiting solution was stirred at room temperature overnight
and concentrated to dryness, followed by extraction with CHoCl.-10% citric acid. The
combined organic layer was then washed with sat. NaHCO;, brine, dried over MgSO,,
filttered ,concentrated to dryness and purified by column chromatography on silica gel,

10 eluting with 3%MeOH-NH3/CH,Cl; to give a white solid (773) {0.013 g, 5% yield,
M=566.2}

EXAMPLE 479
PREPARATION OF COMPOUNDS (774-777)

N

N
N
0 N H
0
R

R =N-BOC
(774) (enantiomer 1), (M+1 = 584)
20 (775} {(enantiomer 2) (M+1 = 584)

15

R=H

(776) (enantiomer 1)

(777} {(enantiomer 2)
25

3-bromo-8-chloroazaketone (U.S. patent 5,977,128, Preparative
Example 11, step A, (1999)) was reacted in essentially the same manner as in
30 Preparative Example 23, and Example 91 to obtain the N-BOC derivatives (774} and
(775). Compounds (774) and (775) were then reacted separately in essentially the



O_ O0CS=0CH CH3 C (769) (771) 2 WO 02/18368 PCTIUSOLI 2(792 316 To a
stirred solution of Compound (769) fromstep A above (0.38 g, 0.84 7ol n
DMVF (10mM),,, pitrogen inlet at roomtenperature, was anelq[ pynd
(770) 1 oWo gg%%(rgative Exanpl e 62 (0.163 g, 1. 09nmol ), SHARRY
benzotriazoyi-N-oxtris (dimethyl - am no)phosphoni umhexaf! uro phosphate
(0.44 g, 1.01 mml) and Et3N (0.5 nm, 3. 5 mmol ). The resulting solution

was stirred at roomte rature oxernigh d ncentrated to.dryne

ol | owed BYTEXPRIGET Emi it DS BYAGRE I p EP AT GODHHS e GBS G R o
layer wasagpfepn7rashed with saturated NaHCO3, brine, dried over MSO4,
filtered, concentrated to dryness and purified by colum chromatography on
silica gel, eluting with 3% MeOH NH31CEXAMPLE 480ve a |ight yell ow solid
(0.12 g, 10 M=594.2). PREPARMRINEIGNAMWPITORFOINNEOUND) ANR)Y738ep A 1
N-t er t5 BUTOXYCARBONYL- 4- HYDROXY-- PI PERI DINE. 15 CH Bow CH To a sol ution of
4- hydr oxy- pi pefd 8iduntialig thedl Sarf@ MERh&SAs ANExAmbRIsMMbahAG (424, torbourkds 67
nmol es) i ngyzaqdzw(?gp a ppépiér@@:‘ -but yl di carbonate (5. 18g, 23.72

N N
B
ey ha
=N H or =N H
N N
R R
10
Compound R= Enantiomer FABMS(M+1)
#
778 M‘X': 1 628
HN O
CN
779 wj\”: 2 628
HN O
CN
Phys. Data

(778): "H-NMR (Varians 400 MHz, CDCls, ppm); 5=8.564 (1H, d, J=2 Hz), 7.784 (1H,
d, J=2 Hz), 7.624 (1H, d, J=2 Hz), 7.51-7.37 (5H, m), 7.305 (1H, s), 7.267 (1H, s),
6.870 (1H, s), 6.867 (1H, ), 8.579 (1H, s), 5.282 (1H, d, J=16 Hz), 5.031 (1H, d, J=17

15 Hz), 4.576 (1H, s), 3.176 (4H, br ddd, J=6, 14 and 58 Hz), 2.485 (3H, s), 1.950 (4H,
dd, J=6 and 9 Hz); MS (m/e) 630 (M+H), 340, 327, 293, 263, 249; HRMS (Jeol JMS-
HX110A) calcd for C31H27BICIN7O 628.1227 (M-+1), found 628.1229.



mol es) was added and stirred at roomtenperature for 16h. The sol ution was
diluted with CH2CI 2 andhmashe? wth matgr( dried(N@%%M-) filtered ?g??02
evaporat e ive the title conpoun 3.95qg, 99% . FAR - i
Step-B 1 ﬂf{)g?%’g’ ¥TOXYCARBONYL - 4- NETHANESULFONYLOXY- * P PER:%T@j})fg7)§L
OH b-. Bo --N OWw The title conpound from Step A above (3.5g, 17.39 nnDtes)
and triethylanmne (4.85n, 34.79 mmol es¥%were dissolved in CH2Cl 2 (30 nl)
and the m xture was stirred under nitrogen at OC . Methanesul fonyl chloride
(1.62 nL, 20.88 nmobtes) was added andiﬁgﬁﬁﬁdiﬂﬁlon was stlrred at room
tenperature for 2h. The B 1A VG ‘ SOHANIP (HHd washed with
sat ur at ed aqueous sodi um bi carbonate, water and dried (NgSO4) filtered and
evapor at ed t o idressestallyothgiseend hearindrlas indrpeenmd 70 ‘Ctﬁﬁgouﬁﬂ% & 8%) andIWB1)
m z= 380 WM oreirce2/ 18368 PCT11JS01126792 317 Step
Nt ert - BUTOXYCARBONYL-4- (1 H |1 M DAZOL- 1-YL) - PIPERIDINE /N Boc--N Ovs
Boc--N N. j A solution of the tiNle conmpound from §ep B (4.0g, 14.32
nol es) in DV (120 5 ) wasf adged to a stlrred[L |on of NaH (0.52gq,
21.66 mmol es) and i m dazole (1*48g, 21.47 mmol es) DMVF (20 nmL) under
ni trogen atnosphere. The m xture was stirred at 60 § for 16h. DVF was
evaporated in vacuo. The resul tifg crude product extracted with CH2Cl 2
and the extract was SuGg : Yy Al g dPréme, and the
CH2Cl 2 was evaporated to ¢ tle restdue as 10

il S g N n met hanol ) - CH2Cl 2
as eluant to give the title cofound (0.94 g, 26%.. FABMS (Mtl) = 252; H
(CDCI3) 1.4

N N
R R
Compound R= Enantiomer FABMS(M+1)
#
780 - 1 562
0=S=0
|
781 T 2 562
0:?:0

10
PREPARATIVE EXAMPLE 64
STEP A COMPOUND (782)

OH Br
‘N\/ o 6@
N
() ()
oA, o,
368_< 782%

15



(s, 9H), 1.6-1.8 (m 2H), 2.0 (dd, 2H), 2.8 (dt, 2H), 4.05 (m 1 H), 4.2 m
2H) , 69(s 1H) 7.0 (s, 1 H, 7.65 (s, 1 H. Step D 4-(1H | M DAZ&OLLAIYL)

- PI PERI DI N 15 20 Boc---N N Am HN N ~ 2HC (772) T it] e,
conpound(gggf’d 3%8. 836 rnnol es) fromStep C was stirred in &%’@—é@ﬂb%ﬁz

di oxane (5 nmL) for 2h and then evaporated to dryness to give the title
conpound (772)which was used to couple Wlth the tricylic acid. EXAMPLE 478
PREPARATI ON OF COMPOUND (773) HNC CH3 C (758) (773) WO 02/18368
PCT/ USOL1. 679 Gegppend (368) ired Bsinaratbe Exam@lep&x epﬁ%é 3rgomBramsiievay 5

temper at uf 8ol EeR AT bRt 7 P e tes e ufbh PSR bE, o
(0.19 g, fnd) WeRd 2dddeZAkEH 82 exiInsNtHRXdeaction was difuted with CH.Cls (20 mL),
washed with sat. NaHCOs, brine and dried with MgSQO,4. The crude product was
5 purified on a silica ge! column (4:1 hexanes/EtOAc to 2:1) 1o yield 1.8 g of Compound
(782) as a light yeliow solid. MS M+1 504.
Step B Compound (783)

Br

5-lodo-1N-methyl imidazole (455 mg, 2.18 mmol) was dissolved in 10 mL THF
10 atroom temperature. EtMgBr (2.4 mL, 1.0 M in THF) was added dropwise. After 30
mins, the reaction mixture was cooled to 0°C. 10 mL THF solution of CuCN (175 mg,
1.96 mmol) and LiCl (166 mg, 3.9 mmol) was then added. 10 mins later, Compound
(782) from Step A above (289 mg, 1.96 mmol, in 10 mL THF) was added. The
reaction was stirred overnight. Sat. NH,Ci solution was added to quench the reaction.
15 The resuiting emulsion was filtered through a sintered funnel and the filtrate was
extracted with EtOAc twice. The organic layer was washed with NaHCO; solution and
brine, dried over magnesium suifate, filtered and evaporated in vivo. The resulting
crude material was chromatographed on a silica gel column (using 1:1
hexanes/EtOAc then 10:1 CH,Cl/MeOH) to obtain 330 mg of the title product. MS
20  M+1 = 506 The enantiomers were seperated on a chiral AD column.



5 tris-(di nethylam no) phosphoni unmhexaf | ur ophosphate (0.25 g, 0,55 mmol ) and
Et3N (0.3 nL, 1.85 mmol). The resulting solution was stirred at rckogrt,__,__‘rlr,‘_

t enperature overni ght and concentrated to dryness, followed by extiacti on
with CH2Cweledswstric acid. The conbined organic |ayer wasTisen2e@shed
with sat. NaHCO3, brine, dried over MgSO4, filtered concentrated to dryness
and purified by colum chromatography on,silica gel, 10 eluting with
3%veOH NH3>CH2Cl 2 to give a white solid (773) (0.013 g, 5%vyield, M566.2)
EXAVMPLE 479 PREPARATI ON OF COVPOUNRS ApfBfE4ED 15 20 G C R = N-BCC (774)
(enantioner 1), (Ml = 584) (775) Eena'n{z—rmrer‘Z) (Ml = 584) R=H (776)
(enanti ormer 1)Prepavation ensomhpoumsd (784)25 3- br ono- 8- chl or oazaket one (U. S.
patent 5,977,128, Preparative Exanple 11, step A (1999)) was reacted in
essentially the sane manner as in 30 Preparative Exanple 23, and Exanple 91
to obtain the N-BOC derivatives (774) and (775). Conpounds (774) and (775)
were then reacted separately in essentialfy T he WD 02/ 18368 PCT/1JS0O1/ 26792
319 sanme manner as in Preparative Exanple 1 Step Dto obtain the
enantiomers (776) and (777).

5 784
Compound (783) from Preparative Example 64, Step B above (40 mg ) was

dissolved in CH.Clz (5 mL) at room temerature followed by addition of TFA (0.5 mL.).
After 2 hrs, the solvent was evaporated in vivo and coevaporated with PhCHs twice.
The crude mixture was then dissolved in CH>Clo (4 mL) and EtzN was added dropwise

10 till the solution became basic by PH paper. 4-Cyanophenyl isocyanate (14 mg) was
added. After 5 minutes, the reaction mixture was evaporated in vivo to dryness. The
crude material was then purified using prep TLC plate (10:1 CH2Clo/MeQOH) to get 23
mg of Compound (784} as a white solid. MS M+1 550.

EXAMPLE (483)
15 Preparation of compound (785)




EXAMPLE 480 PREPARATI ON OF COMPOUNDS (778) AND (779) 5 10 In essentially the
same manner as in Exanples (8420) and (421), Conpounds (778) andy (Y79)iiwere
prepared. v ¢9igs6d ConpoundR=Enant i omer FABMS( M+1) 77801628PHI}J,[§M Zgi—lNOZ628

CN Phys. Data 778: 'H NVR (Varians 400 MHz, CDCI3, ppm): 6=8.564 (1 H, d,
J2Hz)7784(1H d, J=2 Hz), 7.624 1HdJ2Hz)751737(5H,n'),
7.305 (1 H s), 7.267 (1 H s), 6.870 CB3H s), 6867(1H s) 6579(1H

, 5.282 (1 d, 031 17 1 576 H, ),
2178 can (b Cribodad {745 adip@yoned loviae testntaly it seais Panbtulf S
d 9 H)p
1 o) ca U?Oél%chaﬁ@gﬁdg@%%ggpl%@?( Qéﬁt'tgﬁﬁéazs ol s
320 2 5 lod@wmlyIMMO@(ANPLE 481
EXAMPLE 484

5 Preparation of compounds {786) and {787}

50:CHs

786 : 787

10 © Compound (786) and (787) were prepared following essentially the same
procedure as in Preparative Example 7, substituting ketones (15) and (16) from
Preparative Example 2, Step D for ketones {©) and (10).

Compound (786) MH'=497; [o] p*°= +15.3;
Compound (787) MH*=497; [ p?°= -13.4.
15 EXAMPLE 485
Preparation of compound (788)

W
\:, cl

)

0] O/|<



PREPARATI ON OF COVPOUNDS (780) AND (781 In essentially the sane rranner as in
Exanpl e 70, Conpounds (780) and (781) 5 wer e prepared. N N Cl or
ConmpoundR=Enant i orer FABM5( M+1) 780562 o = S=o0 7812562 O=S=0 10 PREIiA[R’IA'I‘I VE
EXAMPLE 64v0 &FERssA COVPOUND (782) OH C 368 CI 782 CI 15 d %chtysbindat) WO
02/ 18368 PCT/ USQL/ 26792 321

324

Following essentially the same procedure as in Preparative Example 33, Steps
E-H, except substituting compound (365) for Compound (281) and 2-hydroxymethyi
imidazole for 1-methyl imidazole, compound (788) was prepared.

(788):'H-NMR (Varians 400 MHz, CDCls, ppm): 8=8.5 (1H,dd), 7.34 (1H,s), 7.59 (1H,
5 d), 7.4 2H, m), 7.25 (2H, m), 7.04 (1H, s), 6.9 (1H, s), 6.6 (1H, s), 5.37 (2H, dd}, 4.8
{2H, dd), 4.6 (1H, s}, 3.2 (BH, br s), 2.0 (2H, br s}, 1.9 (2H, br s), 1.4 (9H, s).

PREPARATIVE EXAMPLE 65
STEP A COMPOUND (789)
HO,

\ éo Cl
)
DS
o "t

To a solution of the alcohol (3.8 g, 8.6 mmol} in CH,Cls (100 mL) under nirtogen

was added MnQ; (40 g). The resulting solution was stirred at room temperature for 4
days. The mixture was then filtered through a pad of Celite with ethyl acetate (500
15 ml) as the eluant. The filirate was concentrated to yield a yellow liquid (4.0 g, MH+
440.1). The crude material was separated into its pure isomers by HPLC, using a
chiral AD column eluting with 20% IPA/80%Hexanes/0.2%DEA (isomer 1, 810 mg;
isomer 2, 806 mg).
STEP B COMPOQUND (790)

Q
H

\ ‘O Cl

PN
.



Conmpound (368) from Preparative Exanple 42, Step C (2.34g, 5.29 mol) was
dissolved in 25 nL CH2C12 at O T. PPh3 (1.66g, 6.34 nmol) and NBS?(:lL G304
5.82 molyo yefgssadded. After 90 mins, the reaction was di bpigdoMebdéy CH2CI 2
(20 nL), washed with sat. NaHCC3, brine and dried with MySH4. The crude
product was 5 purified on a silica gel colum (4:1 hexanes/ EtQAc to 2:1) to
yield 1.8 g of Conpound (782) as a |ight yellow solid. M5 M+l 504. Step B
Conmpound (783)|_CS 782 783. 5-1ode-1 N-nethyl imdazole (455 , 2.18 mmol)
was di ssol ved 1o $0lufien phimitezale @aaﬂa&dew@aé% am @ﬂmﬂl\kmn%wmmld@zglem in

o0 15 IEL N ARAE el By bralfos HIgEPRRE Al KEULAYR R GE,
nol ) vva$7$‘n)e(®83ddg,ct} 8$®nmonanlCa4ifﬁlz (mgurdter CTERg érm@n&@ﬂpéraam@ve (989

ng, 1.96 mmi, in 10 THF) was added The reaction was stirred overnight.
Sat . NH4GVeHUghk mﬁn\iﬁﬁfea‘daéd‘eﬁtﬁch%‘%PIthWéOm%Q@ﬂf ofifter ¢golingetori@en t i ng

enul si on t i t I

oxt bt edf e Cagn FHBHAG g AR WAR SN S Ot FGEs Tre
sol ution oa%@h;c teyieneuastdiictiany ¢ie aalgeﬁswamew batied. mhletres@dneamb eharpor at ed
in vivo. resulting crude material was chromat raphed on a silica gel

col unm ( sifgd by silicRedal seknen demiiaro 197 MedT in/ i) toivding Rrosiet ag of
the titl 0 Th
chiral b BORAHG! g b B B R e D RS s SRR Bl 55
Pr epar at Is@pafdted@lypﬂ?ﬂn@, (5184 )k dhifal A8%column eluting with 20%
10 [PA/80%Hexanes/0.2%DEA.
STEP C COMPOUND (791)

\
HO N

)
o}\o\é

To a THF solution (5 mL) of (790) (200 mg, 0.38 mmol) at room temperature
was added DPPA (210 mg, 0.76 mmo!) followed by addition of DBU (120 mg, 0.76
15 mmol). The mixture was stirred overnight and then diluted with ethyl acetate (30 mL),

washed with water twice and brine once. The organic layer was dried and the solvent
was evaporated. The residue was purified by prep TLC (10% MeOH in CHCl, with
0.2 % NHy) to give product (791) (102.8 mg, MH+ 547.1). Starting material (790) (58
mQ) was also recovered. The diastereomers of (791) were separated on a chiral AD
20  column.
EXAMPLE 486
PREPARATION QF COMPQOUND (792)




Compound (783) from Preparative Exanple 64, Step B above (40 ng ) was

di ssolved in CH2C12 (5 nlL) at roomtenerature followed by additiop5dft i THA
(0.5 m). wéhtgsseg hrs, the solvent was evaporated in vivo @idy&eeyapor at ed
with PhCH3 twce. The crude mxture was then dissolved in CH2CI 2 (4 ml-)
and Et 3N was added dropwi se 10 till the solution becane basic by PH paper.
4- Cyanophenyl isocyanate (14 ng) was add€d. After 5 nminutes., the reaction
m xture was evaporated in vi vo to dryness. The crude material was then
purified using prep TLC phaten(10:1 CH2Cl 2/ MeOH) to 23\ nmg of Conpound
(784) as a white solid. 4 $50. EXAMPLE (483) 1 Atgtion of
conmpound (785) WD 02/ 183¢ L5 .Jf.) 2 PCT/ USQOL//26F
was prepared foll oW NG altly the sane procedusge j
Exanpl e 64 and Exa Al e 48
| odo-1 N-nethyl im da2bl e

gepar ative
zole for 5-
AMPLE 484 5 Prepgr at imay ffpounds (786) and
(787 C OR 786 787 16 pound (786) and (787) were priepared foll ow ng
essentially the sanme ptocedure as in Preparative Exanplie 7, substituting
ket ones (15) and (16) fr Preparative Example 2, St D for ketones (9)

and (10). Conpound (786) =497; [a] D2= +15. 3; O)\O\é

To a wet THF solution (3 mL) of (791) (48 mg, 0.09 mmol) was added PPh; (32

mg, 0.12 mmol) at room temperature. After stirring overnight, the reaction mixture

was concenirated and the residue was purified with prep TLC (10% MeOH in CH.Cl,

5  with 0.2 % NHa) to give a white solid (24.3 mg). The white solid was then redissolved - -
in THF/H20 (5mL/0.5 ml) and the mixiture was heated to reflux overnight. The reaction
mixture was then partitioned between ethyl acetate and water. The organic layer was
dried and concentrated. The residue was purified with prep TLC (5% MeOH in CH.Cl,
with 0.2 % NHjs) to yield a yellow solid (792) (8.3 mg, MH+ 521.1).

10 EXAMPLE 487
PREPARATION OF COMPOUND (793)

o)\o\é

Compound (790} was converted to compound (793) following the essentially
the same procedure as described in EXAMPLE 482. MS M"! 566.1.
15 EXAMPLE 488

PREPARATION OF COMPOUND (794)

2 Conpound (785) |



Compound (787) MK =497; [a] p20 -13.4. 15 EXAMPLE 485 Preparation of
conpound(788) Cl L i E WD 02/ 18368 PCT/ USOL125792 324 Fol | owi ng essenfi af [y

t he sane g, e as in Preparative Exanple 33, Steps E- )tgs
substitutﬁr?fg)&g‘g?lr‘%‘ound (365) for Conpound (281) and 2- hydroxl;ky"'&@?ﬁ'ﬁ’g“

i mdazole for 1-nethyl imdazole, conpound (788) was prepared. 77 88):'H NWR
(Varians 400 MHz, CDCI 3, ppm: 5=8.5 (13H,dd), 7.34 (1 H,;s), 7.59 (1 H 5
d, 7.4 (2H, m, 7.25 (2H, m, 7.04 (1 H s), 6.9 (1 H s), 6.6 (1 H s),
5.37 (2H, dd), 4.8 (ZE{b dd), 4.6 (1 H s), 3.2 (5H br s), 2.0 (2H, br s),

1.9 (2H, br s), 1.4 (9 :’HREPARATl VE EXAVPLE 65 STER A OUND ( 789)

HO 10 G C To a solutioh ofhtthe al cohol (3.8 g, 8.6 mol 2C1 2 (100
nL) under nirtogen~y dded Mh02 (40 g). The resultiz ol uti1on was
stirred at roomtgnp for 4 days. The m xt : Glltered

t hrough a pad of A et hyl acetate (500 15 \ e eluant. The
i (4.0

filtrate was concent;i d to yiel d-ayeHowt+gowd g, M+ 440.1). The
p

crude material was separated into its pure isomers by B , using a chiral
AD colum eluting wt % | PA/ 80%exanes/ 0. 2%DEA (i s ril, 810 ng; isoner
2, 806 ngy). STEP B OUND (790) C N

O o% o)\o \é

Compound (790) was converted to compound (794) foi'lowing essentially the
same procedure as described in PREPARATIVE EXAMPLE 65, Step A. MS M*

520.1.
5 EXAMPLE 489
Step A. Compound (795)
789 795
10 Aldehyde (789) from Preparative Example 65, Step A (150 mg, 0.34 mmol) was

dissolved in THF (6 mL). To this solution was added MeMgBr (0.3 mL, 3.0M in Et,O)
dropwise. After stirring at room temperature for 4 hrs, the reaction mixture was
quenched with sat. NH4ClI solution and extracted with ethyl acetate. The organic layer
was washed with brine, dried and concentrated to give a yellow solid (150 mg). The

15 crude product was then dissolved in CH,Cl, (5 mL). To this solution was added Dess-
Martin Periodinane (210 mg) and a drop of water. After 1 hr, aqueous NaxS,0s
solution (4 mL, 10%) was added. The mixture was stirred for 10 min. and extracted
with CH,Cl;. The organic layer was washed with NaHCQO,, dried and concentrated.
The crude material was purified using prep TLC piates (5% methanol in CH.CL) to

20 yield the methyl ketone product (795) as a yellow solid (70 mg).



0-~ 0 20 WD 02/ 18368 325 PCT/ US61126792 To a solution of imdazole Gignard
prepared from 5-iodo-1 N-nethyl imidazole (312 ng, 1.5 mmol, prepaEkdilve
exanmpl e 64:péaR:B) was added a solution of al dehyde (791)pB8Q1mg7920. 86
mml) in CH2Cl2 (10 nL). After stirring at roomtenperature overnight, the
m xture was heated to 40 C for one hour. After cooling to room5 tenperature
agai n, saturated NH4Cl sol ution was addéo8 to quench the reaction- The

organi c |l ayer was dried and the sol vent was evaporated. The residue was then
purified by silica gel colum (from2%to 10% MeOH in CH2CI 2) to give the

product as oi | qyi el d, M+= 522.1). The diastereoners

wer e then seﬁ%’%‘?’gd by%@%@chi ral AD columm eluting with 20% 10 | .
PA/ 80%exanes/ 0. 2% EA. STEP C COVPOUND 791) N To a THE %%\I ution (5 nL) of .
(790) (200 nmg, 0.38 nmold at roomtenperature was addb PAy (210 g, 0.76
nmmol ) followed by additior-@fi; DBU (120 ng, 0.76 15 nm)I). he Nm Xt ure was

washed with
¢ solvent was

evaporated. The r 4 k urified by prep TLC >OH/n CH2Cl 2 with
0.2 % NH3) to give p\‘oduct 791) (102 8—ng—MwhH 547. 1) Start| ng materi al
(790) (58 ng) was al ecovered. The di astereoners 791) were separated
on a chiral AD 20 colsﬁ j EXAMPLE 486 PREPARATI ON OUND (792)
5 O\é OA\O\G
795 795.1
5 To a solution of imidazole Grignard prepared from 5-iodo-1N-methyl imidazole

(624 mg, 3 mmol, see preparative example 64 step B using CICH,CH.C! as solvent
instead of THF) was added a CICH,CH,CI (6 mL) solution of methyi ketone (795) (272
mg, 0.6 mmol). The mixture was heated to 60 °C for 1.5 hours. After cooling to room
temperature, saturated NH,Cl solution was added to quench the reaction. The

10 organic layer was dried and then evaporated to dryness. The residue was then
purified by silica gel column (from 2% to 10% MeOH in CH.Cly) to give the product
(795.1) as a brown solid (63 mg, 10:1 diastereomeric selectivity, MH+= 538.1). Major
diastereomer: (CDCl;, 300 MHz) 8.47 (d, 1H), 7.66 (d, 1H), 7.57 (s, 1H), 7.54 (s, 1H),
7.34 (d, 1H), 7.25-7.22 (m, 1H), 7.05 (s, 1H), 6.89 (s, 1H), 6.82 (s, 1H), 4.61 (s, 1H),

15 3.84 (s, 3H), 3.24 (br s, 4H), 2.24 (m, 2H), 2.02-2.00 (m, 2H), 1.88 (s, 3H), 1.41 (s,

9H).
Step C Compound (795.2)
HaC OH\N
3
9!

\ é@ N :
®
o)\o%

795.1 795.2




WO 02/ 1K368 PCT/ US01/ 26792 326 o o To a wet THE solution (3 m-) of (791)
(48 ng, 0.09 nmmol) was added PPh3 (32 ng, 0.12 mmol) at roomt ﬁ'ﬂ)’éﬁé@ﬁmre.
After stiggd rnight, the reaction mxture was concen ng, t he
resi due wé‘sé%}&??/fed with prep TLC (10% McOH in CH2CI 2 5 wﬁ‘?ﬁ}‘%g‘éﬁ?mm) to
give a white solid (24.3 ng). The white solid was then redissolved in

THE/ H20 (5mJ0.5 ml) and the m xture was3Heated to reflux overnight. The
reaction mxture was then partitioned between ethyl acetate and water. The

organi ¢ | ayer CBPowHd E@5ahdcabhe anvaied to FeriatesdBneund s/ Purt Py d834int

(.5 g, Wl e Eogn bl st Bt BB il (759 | 2 b
CN) N o---1"GtepDl N Edpdund (F58) ir--CN 15 Conpound (790) was

converted to conmpound (793) follow ng the essentially the sanme procedure as
described i n EXAMPLE 48R. \\M‘l 566. 1. \
|

795.2 795.3
5 Compound (795.2) can be converted to compound (795.3) by reacting it with
1.5 equivalents of NaNj3, 15-crown-5, and a catalytic amount of Pd(dba)./PPhs.
Alternatively, (795.3) can be synthesized by treating (795.1) with NaNgz, TFA
followed by (Boc),0, and triethyl amine.

10 Step E Compound 795.4

795.3 795.4
Compound {795.4) can be prepared by reacting (795.3) with P(CHa)s/H20.

PREPARATIVE EXAMPLE 68
15 Compounds (796) — (803)




EXAMPLE 488 PREPARATI ON OF COVPOUND (794) WO 02/18368 327 251 . . :

PCTI US{ 11126792 O~O Conpound (790) was converted to conpound (794J) LonIIovx,i ng
essenti al Ly %ﬁssﬁgsama procedure as described in PREPARATI VE-EXAMAE.H5, Step
A M5 M+l 5789 A 795 A 10 Al dehyde (789) from Preparative Exanple
65, Step A (150 ng, 0.34 rrrml) was dissolved in THE (6 nL). To this

sol ution was added MeMgBr (0.3 niL, 3. oM Fth Et 20) dropw se. After stirring
at roomtenperature for 4 hrs, the reaction mxture was quenched wh sat.
NH4ACl sol ution and extracted vvlth et hyl acO%;‘ate The organic | ay Was

washed with brine, dried and concentratged to’ give a yel |l ow solid ng) .
The 15 crude product was then di ssolN in CH2CI 2 (5 nl). spl ution
was added Des 2 Peri odi nane (2 and a drop of water/ r 1 hr, -
aqueous Na2 y (4 nm, 10% was gdemed. The m tirred for
10 m n. and extpractet th CH2A 2. Theg O3 _yer Myt h

NaHCC3, dried 8nd |foncentrated. ,The cyude 3 was ed_usi ng prep

TLC plates (5% nethanol in CH2C 2) to y
(795) as a yellow solid (70 nmg). 0O EXAMPLE 48
661

e net h)H ketene product

[]

R =BOC R=8B0OC
(796) (+ enantiomer, A} (797} (+ enantiomer, A)
5 (798) (- enantiomer, B) (799} (- enantiomer, B)
R=H R=H

(800) (+ enantiomer, A) . (801) (+ enantiomer, A)
0 (802) (- enantiomer, B)  (803) (- enantiomer, B)
Compound 861 was reacted in eésentially the same manner as in Preparative
Example 23 and then Example 91 to obtain the N-BOC derivatives (796), (797), (798),
and {799). Compounds (796), (797), (798), and (799) were then further reacted
15 separately in essentially the same manner as in PREPARATIVE EXAMPLE 19, Step
D to obtain the enantiomers (800}, (801) (+ enantiomers, isomer A) and (802), (803) (-
enantiomers, isomer B). The C5 and C-6 vinyl bromide intermediates were separated
by silica gel chromatography using hexane:ethyl acetate (80:20) as described in
PREPARATIVE EXAMPLE 23, Step B.

20
EXAMPLE 490-491

PREPARATION OF COMPOUNDS (804) AND (805)




Step A. Conpound (795) WO 02/18365 328 Step B Conmpound (795.1) Dcl 795 N 2
5 F E D 2005 PCTTUS01/26792 O-!~-'-0 "6 1 795.1 5 To a sol ution :qftqa 304

i m dazol ew@ hgnasd prepared from 5-iodo-1 N-nethyl im dazok,@T,q(S@ ﬂ-,glp 3

mmol

of THF) was added a Cl CH2CH2Cl

see preparative exanple 64 step B using Cl CH2CH2C) as so
(6 nmL) solution of nmethyl ketone (795) (272

ng, 0.6 mmol).

residue mantiens ael Led et

vent i nstead

The nmixture was heated t3°%60 C for 1.5 hours. After cooling
to room tenperature
reaction. Theelrf@ %?Hj'gﬂn eu(éﬁ

CH2Cl12) to give the product
di ast er eand ratmresieateroowhenmeraﬂu@ oaeﬁn[ght Whp @rudel pecximt wmpurif'(e(d]ﬁﬂa;ﬂymo
M—Iz) 8. 47
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15
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3H)

ted NHAC
eRdouanar (SR

C Conpoun

E 1@@%92@2

bedow

b ieg s e LS iRhrte The

ét‘é'@ﬂvlm ﬂ%‘bé’n/éé p&'bnje@rlf% M%%hé‘te

rown solid

o Sii zge% H{'@@r%lve t}nﬂ @y@g%@w’&og@é@y ?Ifsgj?lq_a gﬁchcgug@ (%Pg%tpgrapﬁnyes 1

to éﬁoﬁjlt?fé f()ﬁ@wr?’lg) né:gogﬁwdsqh the t

24 (m 2H), 2.02-2.00 (m 2H),

(795.2) H.C. OHN \\,N

Example #

Enantiomer

Comp #

Phys. Data.

480

R
NG,
- ‘m’l‘o

+-

(804)

Mp = 160-165°C

(o] 2 = +84° (0.84
mg/ 1 mL MeOH})
MH+ = 546

491

O

(805)

Mp = 158-163°C

[o] p2° = -91.6° (0.84
mg/ 1 mL MeOH)
MH+ = 546

PREPARATIVE EXAMPLE 67

COMPOUND (807)

HN_ 7~ \ Cl
=N
C

(564)

Clw { Cl
=N
O

(807)

15.4 g (115 mmole) of CuCl,; and 17 mL (144 mmol} of t-buty! nitrite was added
to 400 mib. of dry CH3CN. The reaction mixiture was cooled to 0° C and 25 g of ketone

(564) was added. The reaction was warmed to room temperature and stirred for iwo

days. The mixture was concentrated under vacuum. Then 1N HCI was added to the

residue until the pH was neutral, then NH,OH was added until the pH was basic. After

extraction with ethyl acetate, the organic layer was dried over MgSO4 and

concentrated under vacuum to give compound (807). Alternatively, the correspanding



795.1 795.2 2 5 FEB 20F5 WD 02/ 18368 329 PCT/ Us01/26792 Compound (795.1) can
be converted to acetate conpound (795.2) by reacting it with Z5éguiital ent
of acetlc“qglhygy3bge and 2 equivalents of pyridine. Stop D ﬁ;glmguﬂgﬂgy% 3)
N3 N 13 C4---ONH3C\/ : S1 ~N~N--" \N 0~"O-~ 795.

795.3 5 Conpound (795.2) can be converted to conpound (795 3) by reactlng |t

with 1.5 equivalents of NaN3, 15-crown% and a cat al yti c anmount of
Pd( dba) 2/ h t I 795. 3 b t h t [
(795. 1) aiceRoRanabh seRBersRrsietr oo abiipme i ékeaien f5h Miokdt Ltk iy, €
Conpoundgi{@xdmpoui@@bA:) 1 "-\\~ N O
5 StepB COMPOUNDS (808) — (815}
Nf( =N
g )
Ch/ CI Cl—/ cCl
Y Y (h\ o e
=N i =N H +
C) Y
w )
: R
(807) R =BOC R=B0OC

10

15

20

25

(808) (enantiomer 1)
(810) {(enantiomer 2)

R=H
(812) (enantiomer 1)
(814) (enantiomer 2)

(809) (enantiomer 1)
(811} (enantiomer 2)

R=H
(813) (enantiomer 1)
(815) (enantiomer 2)

Compound (807) from step B above was reacted in essentially the same

manner as in Preparative Example 23, and then Example 91 to obtain the N-BOC
derivatives (808), (809), (810) and (811). These were then reacted separately in
essentially the same manner as in Preparative Example 19, Step D to obtain the

enantiomers (812) and (814), as well as enantiomers (813) and (815). The C5 and C-

6 vinyl bromide intermediates were separated by silica gel chromatography using

hexane:ethyl acetate as described in Preparative Example 23, Step B.

EXAMPLE 493

PREPARATION OF COMPOUNDS (816) AND (817)




0-~-O~" 795.3 795.4 Conpound (795.4) can be prepared by reacting (795.3)
wi th P(CH3)4H20. PREPARATI VE EXAMPLE 66 15 Conpounds (796) - (803) WO 021 !
8368 330 661 R 5 10 PCT/ USOL/ 26792 R R=BOCR = BOC (796) (+ enantt dneiilh

A) (797) (+yahdtsh@mer, A) (798) (- enantionmer, B)(799)(- engptiof®lreB)
R=HR=H (800) (+ enantioner, A)(801)(+ enantioner, A (802) (- enantioner,

B) (803) (- enantiomer, B) Conpound 661 was, reacted in essentially the sane
manner as in Preparative Exanple 23 and>1 hen Exanple 91 to obtain the N-BOC
derivatives (796), (797),, (798), and (799). Conpounds (796), (797), (798),
and (799) were then fq\rllfﬁer reacted 15 separatelly in essentially the sane
manner as in PREPARATI\@ ;
(800), (801) (+ enantio

XAMPLE 19, Step Dieiobtain the enantioners
rs,)-isoner A) and (8Q2N—(803) ( enantioners,

isoner B). The C5 angyC 8 mcge intermedi apesswere separated by
silica gel chromatography us {ane: et hyCl-ageta 300! as described in
PREPARATI VE EXAMPLE 23, ‘Stép B
N H
S
y CJ
R h
R

The appropriate enantiomer (812) (enantiomer 1) or (814) (enantiomer 2) from
Preparative Example 67, Step B above, was taken up in CH.Cly, treated with 4-
5 cyanophenyl isocyanate and slirred at room temperature over night. The crude
product was purified directly by silica gel preparative thin layer chromatography or

silica gel column chromatography to afford the following compounds in the table

below:
10
Starting | R Enantiomer | Comp # Phys. Data.
Cmp. # |
(812) N\CL + 816 Mp = 175 - 181°C h
Q/Lo . [o] 0® = +94.2° (1 mg/
1 mL MeOH)
(814) NCO\ - (817) Mp = 182 - 186°C
ﬁj\) [o] o= =-120.3° (1 mg/
1 mL MeQOH)

EXAMPLE 494
PREPARATION OF COMPOUNDS (818) AND (819)




EXAMPLE 490-491 PREPARATI ON OF COVPOUNDS (804) AND (805) OCH3 N N or R OCH3
R WD 02/18368 331 7 5 i E.B ?1i US PCTI[TS01126792 The appropri at g 5(+) 100
enant i omekyd §9%s.0r (-) enantioner (802) from Preparative p@fﬁﬂéﬂi/%@? above
was taken up 1n CH2Cl 2 treated with the correspondi ng i socyanate and

stirred at roomtenperature over night. The crude product was purified
directly by silica gel preparative thin3 ayer chromatography or silica gel
colum chromat ography 5 to afford the foll ow ng conpounds |hp the table

bel ow. Exanpl e #REnanti omer Co s. Data. 490NO+( 804)%,4: 160-165C H a} D
5 +84(0.84 nmg/ 1 nmL MeOH) M+ =546 491NO _(805) Mp = 158- O H(cx] 025 =
-91.6 (0.84 ng/ 1 nL MeOH)

Cl CN\ cl N cl
() ()

The appropriate enantiomer (813) (enantiomer 1) or (815) (enantiomer 2) from

Preparative Example 67, Step B above, was taken up in CHxCly, treated with 4-
5 cyanophenyl isocyanate and stirred at room temperature over night. The crude
product was purified directly by silica gel preparative thin layer chromatography or

silica gef column chromatography to afford the following compounds in the table

below:
10
Starting | R Enantiomer | Cmp # Phys. Data.
Cmp # V :
(813) ”\Q + (818) Mp =176-181°C
Q’Lo [o] p*° = +46.3° (0.79
mg/ 1 mL MeOH)
MH+ = 584
(815) NCO\ - (819) Mp=174-180°C
g/Lo [0] p?° = -43.3° (0.94
mg/ 1 mL MeOH)
MH+ = 584

PREPARATIVE EXAMPLE 68
COMPOUNDS (820) — (827)
15




M H+ = 546 10 PREPARATI VE EXAMPLE 67 Step A COVPOUND (807 15 (564) C C
(807) C15.4 g (115 mmle) of CuCl2 and 17 nL (144 mmol) of t-but, fll;[!lte
was addedwggﬂfggﬁ,ﬁoo mL of dry CH3CN. The reaction m Xturepppgisé },‘ﬁj 0C
and 25 g of ketone (564) was added. The reaction was warned to room
tenperature and stirred for two days. The m xture was concentrated under
vacuum Then 1 N HCl was added to the P®sidue until the pH was neutral,
then NHAOH was added until the pH was basic. After extraction with ethyl
acetate, the organic |ayer was drie ver MgSO4 and 25 concentratjed under
vacuumto give conpound (807). AlN=e{natively, the corresponding 18368
332 25[ Ei D2111 PCT/I | SO 1 /26792 lal | of 564 can be reacted as b@}@

fol |l oned by OXI ¥e on with M02 in CH2 gi ve conmpound (807). 5 Step B
COVPOUNDS -8 5—~Cl Cl -d Cl ci ol
N
: » :
g »
R
(807} R =BOC : R =BOC
(820) (enantiomer 1) (821) (enantiomer 1)
(822) (enantiomer 2) (823) (enantiomer 2)
5
R=H R=H
(824) (enantiomer 1) (825) (enantiomer 1)
(826) (enantiomer 2) {827) (enantiomer 2)
10 Compound (807) from Preparative Example 67, Step A above was reacted in

essentially the same manner as in Preparative Example 23, and then Example 91,
substituting 2-ethylimidazole for 2-methylimidazole, to abtain the N-BOC derivatives
(820}, (821), (822) and (823). These were then reacted seperately in essentially the
same manner as in Preparative Example 19, Step D to obtain the enantiomers (824)

15 and (826), as well as enantiomers (825) and (827). The C5 and C-6 vinyl bromide
intermediates were separated by silica gel chromatography using hexane:ethyl
acetate as described in Preparative Example 23, Step B.

20
EXAMPLE 495
PREPARATION OF COMPOUNDS (828) AND (829)




N R (807) 10 R=BOC i R R=BOC (808) (enantioner 1) (809) (enantioner 1)
(810) (enantioner 2) (811) (enantionmer 2) R = H R=H (812) (enantijomgri A}
(813) (enantdpi@Es 1) (814) (enantionmer 2) (815) (enanti onprdjsedseonmpound
(807) fromstep B above was reacted in essentially the sanme manner as in
Preparative Exanple 23, and then Exanpl 691 to obtain the NNBOC derivatives
(808), (809), (810) and (811). These we ¥ then reacted separately in
essentially the same nanne S in Preparative Exanple 19, Step D to obtain
the 20 enantioners (812% nd (814), as well enantioners (813) and (815).
The C5 and G 6 vinyl e- i nt er nedi at es e-separated by silica gel
chromat ogr aphy usi ng he acetate as i

le 23, St : O 5-\PREPARAT ON-CF DEUNDS, (, 816) AND (817)
anpl e op % %?RA&} Dé( ) (817)

V\D 02/ 18368 PCT/ US{ 11

SEEN G

The appropriate enantiomer (824) (enantiomer 1) or (826) (enantiomer 2) from
5 Preparative Example 68 above, was taken up in CH.Cl,, treated with 4-cyanopheny!
isocyanate and stirred at room temperature over night. The crude product was
purified directly by silica gel preparative thin layer chromatography or silica gel column

chromatography to afford the following compounds in the tabie below:

10
Starting | R Enantiomer { Comp # Phys. Data.
Cmp # '
(824) NK©\ + (828) Mp = 176 - 182°C
ﬁ/LO [o] p*° = +84.5° (1.3
mg/ 1 mL MeOH)
MH-+ = 598

(826) ND - (829) Mp =175-182°C

ﬁ/Lo [o] p?° = -88.8° (1.14
mg/ 1 mL MeOH)
MH+ =598

EXAMPLE 496
PREPARATION OF COMPQUNDS {830) AND (831)

15



C Cl1 Cl1 or The appropriate enantionmer (812) (enantiomer 1) or (814)
(enantiomer 2) from Preparative Exanple 67, Step B above, was takeh Lub in
CH2Cl 2, tregheskdth 4 5 cyanophenyl isocyanate and stirregdclyshOam
tenperature over night. The crude product was purified directly by silica
gel preparative thin |ayer chromatography or silica gel colum

chromat ography to afford the foll ow ng c’7rrpounds in the table below 10
Starting REnantlorrerCorrp #Phys. ta. Crp. # a Mp=175-181C (812)~+816 25 (1
nmg/ _ +94.2 [a] DH 1 nL MeOH) N I\/pN: 182 - 186C (8 4) (817)25 [ (XI

4 OO cl / CO ci
$

N

R

J'J—Z

The appropriate enantiomer (825) (enantiomer 1) or (827) (enantiomer 2) from
Preparative Example 68 above, was taken up in CH,Cl,, treated with 4-cyanophenyi
5 isocyanate and stirred at room temperature over night. The crude product was
purified directly by silica gel preparative thin layer chromatography or silica gel column

chromatography to afford the following compounds in the {able below:

Stariing | R Enantiomer | Comp # Phys. Data.
Cmp #

(825) “°\©\ + (830) Mp = 170 - 174°C

ﬁ/LO [0] p®° = +39.1° (0.81
mg/ 1 mL MeOH)
MH+ = 598

(827) Nﬁ - (831) Mp = 170 - 175°C
H/J\o_ [o] o™ = -36.4° (0.96

mg/ 1 mL. MeOH})
MH+ = 598

10

PREPARATIVE EXAMPLE 69
COMPOUNDS (832) — (835)
15




N' =-120.3 ol ng/ fl ( H1 nmL MeOH) EXAMPLE 494 PREPARATI ON OF COVPOUNDS
(818) AND (819) 2 WD 02/18368 PCT11JS01126792 334 CI C C d or RiThelF
appropri aiwey engntd oner (813) (enantionmer 1) or (815) (enantpcga®ini Zges rom
Preparative Exanple 67, Step B above, was taken up in CH2Cl 2, treated with 4
5 cyanophenyl isocyanate and stirred at - om tenperature over night. The
crude product was purified directly by $P 1 i ca gel preparative thin |ayer
chromat ography or silica gel colum chromat og’razphy to afford the foll ow ng

conmpounds in the table below 10 Starting Rlilnf tionmer Cp #Phys. Data. Cnp#

M = 176 - 181 C LN
Br~ Cl
Br— { Cl - ‘O
N

N
1
R

R=B0OC
(832) (enantiomer, A)
(833) (enantiomer, B)

5
R=H
(834} (enantiomer, A)
(835) (enantiomer, B)
10 3-Bromo-8-chloroazaketone (U.S. Patent 5,977,128, Preparative Example 11,

Step A, (1999)) was reacted in essentially the same manner as in Preparative
Example 23, and then Example 91, substituting 2-ethylimidazole for 2-
methylimidazole, to obtain the N-BOC derivatives (£32) and (833). These were then
reacted separately in essentially the same manner as in Preparative Example 19,

15 Step D to obtain the enantiomers (834) and (835).

EXAMPLE 497
PREPARATION OF COMPOUNDS (836) AND (837}

20



(813)(818) 25 [a) Qw 0= +46.3 (0.79 ng/ 1 nL MeOH) M H+ = 584 Mp = 174 -
180C (815)(819)25 = 43.3 o[a] (0.94 ng/ 1 nL MeOH) M H+ = 584 PREPARAT|VE
EXAMVPLE 68.. NDS (820) - (827) 15 WO 02/ 18368 25 EB2. [J D Tan(omn, =
PCTI usmlg‘&‘?gg\@% c d Ccl R pcTnfsoze92

339

Nﬁ< N=
N

N
Br oo cl Br— CO Ct
=N TH or N JH
(]
. ,\5
R R

The appropriate enantiomer (834) (enantiomer 1) or (835) (enantiomer 2) from

Preparative Example 69 above, was taken up in CH,Cl,, treated with 4-cyanophenyl

5 isocyanate and stirred at room temperature over night. The crude product was

purified directly by silica gel preparative thin layer chromatography or silica gel column

chromatography to afford the foliowing compounds in the table betow:

Starting | R Enantiomer | Comp # Phys. Data.
Cmp #

MH+ = 643

(834) N°\©\ /L A (836) Mp =172 -179°C {d) |
‘ N o}
H

MH+ = 643

(835) NK@\ L B (837) Mp=171.9 ~178.3°C
N (9
H

10

PREPARATIVE EXAMPLE 70
COMPOUNDS (838} — (841)




(807) 5 R=BOC (820) (enantioner 1) (822) (enantioner 2) R=H (824)
(enantionmer 1) (826) (enantionmer 2) R=BOC (821) (enantionmer 1) 76823):u"
(enanti ongy (825) (enantioner 1) (827) (enantionerpqd)
Conpoundnﬁggé%lfggnlPreparative Exanpl e 67, Step A above még%wggg?igzin
essentially the sane manner as in Preparative Exanple 23, and then Exanple
91, substituting 2-ethylimndazole for 2¥fethylimn dazole, to obtain the
N-BOC derivatives (820), (821), (822) and (823), These were then reacted
seperately in essentially the sanme nmanner as in\Preparative Exanple 19,
Step Dto obtain the enantionmers (824) 15 and (826), as well as enantioners
(825) and (827). The C5 and C-6 vinyl broni deN-nternmedi ates were separ at ed
by silica gel chronatogrgg | g 3

Preparative Exanple 23,

R=H
(840)
(841)

10 Compound 661 was reacted in essentially the same manner as in Preparative
Example 23, and then Example 91, substituting 2-isopropylimidazole for 2-
methylimidazole, to obtain the N-BOC derivatives (838) and (839). These were then
reacted separately in essentially the same manner as in Preparative Example 19,
Step D to obtain the enantiomers (840) and (841).

15

EXAMPLE 498
PREPARATION OF COMPOUNDS (842) AND (843)

20



PCT/USO1 /26792 CI 336 CI ClI CI or R The appropriate enantioner (824ﬁ;¢ﬂ‘mp
(enantionmer 1) or (826) (enantioner 2) from 5 Preparative Exanple 68 'above,
was taken g hiksch2Cl 2, treated with 4-cyanophenyl isocyanghq;@nd,stirred
at roomtenperature over night. The crude product was purified directly by
silica gel preparative thin | ayer chromatography or silica gel colum
chromat ography to afford the follow ng ééhpounds in the table below 10
Starting REnanti omer Conp #Phys. Data. Cmp # = 176 - 182C (824) N+(828) 25

[OC] DN O= +84.5 (1.3 nyg/ ? m. MeOH) MH+ = 598 Mp = 175 - 182C

(826) " - (829)
N

R\/N

40

=N NH or
®
R

The appropriate enantiomer (840) (enantiomer 1) or (841) (enantiomer 2) from
Preparative Example 70 above, was taken up in CH.Cl,, treated with 4-cyanophenyl
5 isocyanate and stirred at room temperature over night. The crude product was
purified directly by silica gel preparative thin layer chromatography or silica gel column
chromatography to afford the following compounds in the table below:

Starting | R Enantiomer | Comp # Phys. Data.
Cmp #

(840) ”‘k@\ L A (842) Mp = 168 - 170°C (d)

[o] 0*° = +64.1° (0.66
mg/ 1 mL MeOH)

(841) ”CO ,L B (843) Mp = 166 — 171°C
N o]
H

[o] p°° = -80.9° (0.85
mg/ 1 mL MeOH)

10

PREPARATIVE EXAMPLE 71
COMPOUNDS (844) — (847)




25 (1.14 No= -88.8 [a] D ng/ 1 mL MeOH) M+ = 598 EXAMPLE 496 1)

PREPARATI ON OF COVPOUNDS (830) AND- (83 15 WD 02/ 18368 PCT/ USOL/ 267 gi-_g; 3R N2
R Cl The appropriate enantionmer (825) (enantioner 1) or (827) (enanhti Omer ‘2)
from PrepdPdRil%€s Exanpl e 68 above, was taken up in CH2Cl 2,PAT/EMEBi t h

4- cyanophenyl 5 isocyanate and stirred at roomtenperature over night. The
crude product was purified directly by sjshica gel preparative thin |ayer
chromat ography or silica gel colum chromatography to afford the foll ow ng
conmpounds in the table below Starting REnantioneyConp #Phys. Data. Cnp # M
= 170 - 174C (825)"C+(830)11 25 N

NP
HsCO~ 7 ) cl
=N HyCO—” OO
Q =N

¢

R =BOC
(844)
5 (845)

R=H
(846) (enantiomer A)
(847) (enantiomer B)
10
3-Methoxy-8-chloroazaketone (U.S. patent 5,977,128 (1999), Example 2, step
D) was reacted in the same manner as in Preparative Example 23, and Example 91to .
obtain the N-BOC detivatives (844) and (845). These compoounds were then reacted
seperately in essentially the same manner as in Preparative Example 19, Step D to
15  obtain the enantiomers (846) (A) and (847) (B).

EXAMPLE 499
PREPARATION OF COMPOUNDS (848) AND (849)

20




a 0= +39.1 (0.81 ng/ 1 mL MeOH) M+ = 598 N Mp = 170 - 175C (827)" L- (831) 25
0=-36.4 HO0.96 [a] O mgll mL MeOH) M+ = 598 10 PREPARATI VE EXANPLE 69

COVPOUNDS (835) 15 337 C G or V\D 02/ 18368 k 2. =
PCT/ LJ 301)’%%%@% BCT/US01/26792

343

The appropriate enantiomer (848) (enantiomer A) or (847) (enantiomer B) from
Preparative Example 71 above, was taken up in CH,Cl,, treated with 4-cyanophenyl
isocyanate and stirred at room temperature over night. The crude product was

5 purified directly by silica gel preparative thin layer chromatography or silica get column

chromatography to afford the following compounds in the table below:

Starting | R Enantiomer | Comp # Phys. Data. ]
Cmp #
(846) ”‘3@\ A (848) Mp = 174.2 - 189.3°C
rp:*/l\o (d)
MH-+ = 580
(847) N@ B (849) Mp = 174.4 - 189.8°C
E/LO
MH+ = 580
10
EXAMPLE 500
PREPARATION OF COMPOUND (850)
795.1 850
i5

Compound (850} can be prepared by following essentiaily the same procedure
as described in Example 482.



Cl RR =B0OC (832) (enantioner, A) (833) (enantioner, B) 5 R = H (834)
(enantiomer, A) (835) (enantioner, B) 10 3-Brono-8-chl oroazaket ong ({U.sS: i
Patent 5, Q74 g Preparative Exanple 11, Step A (1999)) din
essentially t%iégams manner as in Preparative Exanple 23, anﬁ SrOEE% anpl e
91, substituting 2-ethylimdazole for 2- nethylimdazole, to obtain the

N- BOC derivatives (F32) and (833). Thesé‘were then reacted separately in
essentially the same manner as in Preparative Exanple 19, 15 Step D to
obtain the enantionmers (834) and (835). EXAMPLE 497 PREPARATI ON OF COVPOUNDS
(836) AND (837) 20 WO 02/18368 339 EhafipEBof 2 J # L. PCTIUSO 1/ 267912 O

PREPARATION OF COMPOUND (851)

OH
{ ‘O Cl
)
oél\o\é

X = OH, NHq

240 851
5
Starting with compound (240) from Preparative Example 23, Step H, compound-
(851) can be prepared following essentially the same procedure as described in
Preparative Example 65, Steps A and B.
EXAMPLE 502
10 PREPARATION OF COMPQUND (852)
\N&N

OH
HaC

\;; Ci ‘O Cl
) () conm
o)\o\é O//I\O\é

240 852
Starting with compound (240) from Preparative Example 23, Step H, compound

(852) can be prepared following essentially the same procedures as described in
Preparative Example 65, Step A and Example 489, Steps A-E.

15



The appropriate enantionmer (834) (enantioner 1) or (835) (enantioner 2) from
Preparative Exanpl e 69 above, was taken up in CH2Cl 2, treated with
4-cyanophenyl 5 isocyanate and stirred at room tenperature over nicght. iThe
crude progushymass purified directly by silica gel preparat pye,futgm/fm&aayer
chromat ography or silica gel colum chromatography to afford the foll ow ng
conpounds in the table below Starting R%antiomerCorrp #Phys. Data. Cmp #
(834)A(836)Mp = 172 - 179C d1 HM H+ = 6 (835)NC ~~ B(837)M = 171.9

-178.3C v N-a H M H+ = 643 10 P T-ME MR 0, COVPOUNDS (838) (841)
L WD 0211.8368 PCT/ US01/ 26792 = (839) 5 R=H
Siep A. Preparation of Compounds {853) and (854)
Br Br Br Br
m NBS \ —_— \Nf "
N N O 0O
O

853 854

The starting tricyclic keto compound (disclosed in US Pat. No. 5,151,423) (56.5

g; 270 mmoil) was combined with NBS { 105 g; 590 mmotl) and benzoyl peroxide ( 0.92
g) in CCly. The reaction was heated at 80 °C for 5 hr. The mixture was cooled and
the resulting precipitate was filtered and treated with DBU ( 25.59 ml) in THF (300mL).

10 The resuliing solution was stirred at room temperature for 24 hrs, then evaporated,
followed by extraction with CH,Cl, ~H.0O . The organic layer was dried over MgSQy,
filtered and evaporated to dryness to give a mixture of two compounds which were
separated on a flash silica gel column eluting with Hexane-50% EtOAc to give the title
compound (853) &y (CDCls ) 8.8 (dd, 1H), 8.45 (dd, 1H), 7.99 {m, 1H), 7.92 (s, 1H),

15 7.59-7.64 (m, 3H), 7.23 (dd, 1H) and {854) &4 (CDCl3 ) 8.19 (dd, 1H}, 7.99 (dd, tH),
7.82 (dd, 1H), 7.25 —-7.65(m, 4H), 7.22 (s, 1H)

Step B Preparation of Compound (855}
H3;CO.C
-~ CO, MeOH = é
5 *0H
N
O
20 853 855

Compound (853) (25 g), triphenyl phosphine (13.75 g), and palladium chloride
(1.5 g) were combine in MeOH (30 ml) and toluene (200 ml) . To the mixture was
added DBU (18 ml) and the mixture was sealed in a parr bomb. The mixture was

25  stirred and subjected to 100 psi of CO at 80 °C for 5 hr. The reaction was diluted with



(840) (841) 10 Conpound 661 was reacted in essentially the sane manner as
in Preparative Exanple 23, and then Exanple 91, substituting 75 FES Gl

2-i sopropwibhhdazel e for 2- nethylimdazole, to obtain the N-BXy8g%hvatives
(838) and (839). These were then reacted separately in essentially the sane
manner as in Preparative Exanple 19, St eg to obtain the enantioners (840)

and (841). 15 EXAMPLE 498 PREPARATI ON oF QJNDS (842) AND (843) 20 WO

T Ll U R e A o

was t akerpurmédrbﬂrml 8hroweﬁ@%@@m¥émmg wxﬁ@ﬁgmgtyi 0°/o5E!C§N@Y@Q%Qhé'ﬁﬂeSt irred

at room tenperature over he criude product was purified directly by

si |l i ca getorppewsd 6355)e &HCB)OI@i/BrS e, okt BaiCafalaly 161), 8i2 (scHy&.04 Gy i),
chromat o af Iovvi ng conpounds in the table bel ow

Start i nggﬁgﬁay@’%z #BB«%G}%RﬁyéH ‘Data. Cmp # (840)"CA(842)Mp = 168 - 170C (d)
[a] D25 = +64.1 (0.66 ng/ 1 mL MeOH) (841)~ N oB(843)Mp = 166 -- 171 C

Step C Preparation of Compound (856)

10 Reacting compound (854) in essentially the same manner as described in Step
B above, gave the title compound (856) . 8§y (CDCl; ) 8.85 (dd, 1H), 7.85-8.0 (m 2H),
7.8 (s, 1H), 7.25—7.31 (m, 4H)

Stép D Preparation of Compound (857)
15
HsCO.C, H;CO,C,
e O
N : N
O O
855 357

Compound (855) (19.5 g, 73.5 m mol) was dissolved in CHxCl; ( 100 mL) and
cooled to 0 °C . Tetrabutyl ammonium nitrate (31.36 g, 103 n mol) and trifluoro acetic
anhydride ( 18.52 g, 88 m mol) were added and the mixture stirred at room

20 temperature for 5 hrs. The reaction mixture was concentrated to dryness, followed by
extraction with CH,Cl, -NaHCO3 . The combine organic layer was dried over MgSO4
and concentrated to dryness and the residue was chromatographed on silica gel
using CH,Cl; —EtOAc (25%) to give the titte compound (857) {(12.4 g), &x (CDCl3 ) 9.45
(dd, 1H), 9.05 (dd, 1H), 8.28 (s 1H), 8.0 (dd, 1H), 7.65 (m, 3H), 3.98 (s, 3H).

25
Step E Preparation of Compound (858)




H[a] p25 = -80.9 (0.85 ng/ 1 nL MeOH) 10 PREPARATI VE EXAMPLE 71 ., COVMPOUNDS
(844) - (847) WD 02/18368 PCT/ USQOL/ 26792 342 H3COCI H R 5 R-BOC’ ’( 844)--
(845) C Rafh2(s346) (enantioner A) (847) (enantioner B) 1PCT/U501/26792

3- Met hoxy- 8- chi or oazaketone (U.S. patent 5,977,128 (1999), Exanple 2, step
D) was reacted in the same manner as in Preparatlve Exampl e 23, and Exanpl e
91 to obtain the N-BOC derivatives (844? and (845). These conpoounds were
then reacted seperately in essentially the same manner as in Preparative
Exanple 19, Step Dto 15 obtain the enantionmers (846) (A and (847) (B).

EXAMPLE 499 CO,CH, CO,CHgq
= OsN._ =
z
N N
O O
856 858

Reacting compound (856) in essentially the same manner as described in Step
5 D above, gave the title compound (858) . MII' =311

Step F Preparation of Compound (859)
H4CO,C H3COLC.
O,N \ HoN -~
G
O : O
857 859

10
Compound {857) (6 g, ) was balloon hydrogenated in MeOH (100 mL; over
Raney-Ni (4.2 g) at room temperature overnight. The catalyst was filtered off and the

filtrate was evaporated to dryness to give the title compound (859) (4.66 g) MH" =281

i5 Step G . Preparation of Compound (860)

CO,CH3 CO,CH,
O,N \ H,N \
» S5 .
o) o)
858 860

Reacting compound (858) in essentially the same manner as described in Step

20 F above, gave the title compound (860) MH" = 281.

Step H Preparation of Compound {(861)




PREPARATI ON OF COVPOUNDS (848) AND (849) 20 R R WO 02/18368 343 PCTI USO1..
/26792 The appropriate enantioner (846) (enantiomer A) or (847) (enantlon*er
B) from Rygpaigdive Exanple 71 above, was taken up in CH2GZyyégipgdeed Wi th
4- cyanophenyi isocyanate and stirred at roomtenperature over night. The
crude product was 5 purified directly by silica gel preparative thin |ayer
chromat ography or silica gel colum chr Stat ography to afford the foll ow ng
conmpounds in the table eé(%W Starting RErl antlolggégogp #Phys. Data. Cnp#
(846) NC A(848)Mp = 174. 39 BC id N( ) M+ 47)N ! B(849) M =
174.4 -189.8C N o M ;.58

859 861
To a suspension of compound (859) (2.1 g) in 48% HBr, was added sodium
nitrite (1.55 g} followed by bromine (2.11 mL) at 0 °C. The mixture was stirred at room
temperature overnight. Concentrated NH,OH was then added dropwise until basic pH
5 (to litmus paper). The reaction was extracted with CH,Cl> washed with brine, dried

over MgSQ; filtered and the solvent evaporated to give the title compound (861) {(1.75

g) MH" = 345.
Step . Preparation of Compound (862)
10
CO,CH4 CO,CHs
HoN._ =~ é Br \
.
O O
860 862
Reacting compound (861} in essentially the same manner as described in Step -
H above, gave the title compound (862) MH' = 345.
15 |
Step J Preparation of Compound (863)
H3C0C H3CO.C
== Br ==z
D - LD
N N
O OH
861 863
20 To a stirred solution of compound (861) (1.6 g, 4.64 mmole) in MeOH (30 mL)

under nitrogen at 0 °C.was added NaBH,; ( 0.3 g, 7.9 mmole). The resulting solution

was stirred at room temperature for 24 hrs, then evaporated, followed by extraction



EXAMPLE 500 PREPARATI ON OF COVPOUND (850) cl CN 15 795.1 850 Conmpound (850)
can be prepared by follow ng essentially the sane procedure as df§ Fhbed in
Exanpl e 48g0 @Bnaki%~; WO 02/18368 PCT/ USOL/ 26792 344 240 ﬁﬁ/@ﬂl/:%ﬁv 5710
EXAMPLE 501 PREPARATI ON OF COVPOUND (851) "'NON C 851 Starting wt
conpound (240) from Preparative Exanple 23, Step H, conpound (851) can be
prepared following essentially the sane 3focedure as described in

P ti l e 65, St A and B. EXAVPLE 502_ PREPARATI OF COVPOUND
( ggg? r <_31_ :\\p\dllﬁp E?E&E E-IQO. The 6 gsamc Feli?/er was d%d over I\%gSOﬁElered and evaporaled 1o

dryness to give the title compound (863) (1.58 g) MH" = 347 .

Step K Preparation of Compound (864)
5
CO,CHa CO,CHs
Bre. = Br \
S — s D
N N
O OH
862 864
Reacting compound (862) in essentially the same manner as described in Step-
J above, gave the title compound (864). MH" = 347
10
Siep L Preparation of Compound (865)
H,CO,C
HSCOZC Br \ "‘---.
=) A A
N
L0 —— !
OH ()
h
Boc
863
865
15 Compound 863 (1 57 g,) was stirred in thionyl chloride { 10 mL) at room

temperature for 4 hrs then evaporated to dryness. The resulting crude oil as faken up
in acetonitrile { 50 mL} and refluxed with N-Boc-piparazine (1.41 g) and triethyl amine
( 3.91¢g) overnight. The mixture was evaporated to dryness , followed by extraction
with CH.Cl. -NaHCOs. The organic layer was dried over MgSO, filtered and

20  evaporated to dryness to give a brown gum which was purified by column
chromatography on silica gel, eluting with Hexane —20% EtOAc to give the title
compound (865) (0.69g); . MH" = 515.

Step M Preparation of Compound (866)




X HCNN 0-0,~0-0-6 G C X =04, NH2 240 852 Starting with corrpound
(240) from Preparatlve Exanpl e 23, Step H, conpound (852) can be prepared
foI | owi ng e8%emMssal |y the sane procedures as described in Rrgpanative
Exampl e 65, Step A and Exanple 489, Steps A-E. 15 WD 02/ 18368 345

PREPARATI VE EXAMPLE 72  Step A. Preparatjon of Conpounds (853) and (854) 853
5 PCTI EJS01125792 854 The starting tri cy3éP| c keto conmpound (disclosed in US
Pat, No. 5,151,423) (56.5 g; 270 mvl) was conbined with NBS ( 105 g; 590
mmol ) and benzoyl peroxide (0.92 g) in CCl4. The reaction was heated at 80
Cfor 5 hr. The m xture was cooled and the resulting pr@og@Hgte was
filtered and treated with DBU ( 25.59 ml) in THE (300rA e resulting

solution was stirred at room t@@?gH%ture for i eéyapor at ed,
foll owed by extraction Wlt Cl2 -H20 . The organi g~ ayer_/was dried over
MSO4, filtered arfl~eyap : .dL)Ln.e.ss_I,oglveblmxture of two
conpounds which were 3 e a flash silica gel Nﬁum eluting with
Hexane-50% Et OAc to gi ve i title [

OH

Boc
864
866

Reacting compound (864) in essentially the same manner as described in Step
L above, gave the title compound (866) MH" = 515.

5
Step N Preparation of Compound (867)
HaCO,C HOOC,
30 L0
\ \ O \ N7
“ O
L N
| !
Boc Boc
865 867
10 Compound (865) ( 0.65 g, 1.26 mmole) was refluxed with LiOH (0.45 g, , 18.79
mmole) in MeOH (15 mL) and water (1mL) for 2 hrs. 10% aq. Citric acid was added
until pH = 3.5, followed by extraction with CH»Cl> —brine . The organic layer was dried
over MgSQ, filtered and evaporated to dryness to give a white solid (867) (0.60 g) )
MH" =501
15

Step O Preparation of Compound (868)




conpound (853) SH (CDCI3 ) 8.8 (dd, 1 H, 8.45 (dd, 1 H), 7.99 (m 1 H),
7.92 (s, 1 H, 15 7.59-7.64 (m 3H), 7.23 (dd, 1 H) and (854) 8H { &bck 3).
8.19 (dd, wlodgsds 99 (dd, 1 H), 7.82 (dd, | H, 7.25 -7, 65%4@}5'4@(7927 22 (s,
1 H Step B Preparation of Conpound (855) CO, MeOH 20 0 85 (3 55 Conpound
(853) (25 g), triphenyl phosphine (13.75 g), and palladiumchloride (1.5 @)
were conbine in MeOH (30 nl) and tol uené51(200 m) . To the m xture was
added DBU (18 nl) and the m xture was sealed in a parr bonb. The m xture was
25 stirred and subjected to 108Q@SiHof CO at 80 C for 5 peOOMe reaction was
OLl/ 26792 346 Et OAc armd\washed with water.
The organic | ayer was © |e @o fllter% ed by fl ash
chromat ography el uting W 3G~ 10% Et OAC t 0 \ ; |l e conpound
(855).SH(CDCI3)88(dH) 840—(dd—>=1 H), 1 H, 804 (dd, 1
H, 7.59-7.64 (m 4H), f (j 3H). 5 Step C PreparEl jn of Conpound (856)

CO MeOH O 854 0 856

I I
Boc Boc

866 868

Reacting compound (866) in essentially the same manner as described in Step

N above, gave the title compound (868). MH" = 501

5
Step P Preparation of Compound (869)
Br
B ~ 1
\ , L,

) (]

N I\
éoc Boc
867 869

Compound (867) ( 0.60 g, 1.21 mmole) was stirred with carbonyl dimidazole ( 0.59 g,
10 3.63 mmole) in THF (15 mL) at at 40 °C overnight. The reaction mixture was cooled
in an ice-bath then added NaBH, ( 0.28 g, 7.31 mmole} and stirred at room
temperature overnight. The mixture was evaporated to dryness, foliowed by extraction
with CHoCl, —water. The organic layer was dried over MgSO; filtered and evaporated
to give a brown gum which was purified by column chromatography on silica gel,
15 eluting with Hexane —50% EtOAc to give the title compound {869)(0.493g) MH" = 487.

Step Q Preparation of Compound {(870)




10 Reacting conmpound (854) in essentially the same manner as described in
Step B above, gave the title conpound (856). SH (CDC13 ) 8.85 (dd, 1 H),
7.85-8.0 (m 2H), 7.8 (s, 1 H, 7.25 - 7.31 (m 4H) Step D Preparation of
Conpound (W&7)/1d%Hs0 855 0 857 Conpound (855) (19.5 g, 73.Famsmly7eas
dissolved in CH2C12 ( 100 m-) and cooled to O C. Tetrabutyl ammoni um
nitrate (31.36 g, 103 n nol) and tl’if|u0{-? acetic anhydride ( 18.52 g, 88 m
nol) were added and the mi xture stirred room 20 tenperature for 5 hrs.
The reaction m xture was conceq%cg@gfd to dryness, followe extraction
wth CH2CI 2 - NaHCO3 . gani c | ayer was dr| od MpSO4  and
concentrated to dryngss_ a8 : on silica gel
usi ng CH2Cl 2 - Et OAc (25% the title conpo nd 124g) 8H
(CDC13) 9.45 (dd, 1 H), ] dd, 1 H), 7.65
(m 3H), 3.98 (s, 3H. 25 Step E Preparatlon of Corrpou d (858) WO 02/18368
PCT/ USOL/ 26792 347 0 856 OENE 858 Reacting conpoun (§£6) in essentially
the sane manner as described id Step 5 D above, gav title conpound
(858) . MH#+ = 311 | |

Boc Boc

868 870

Reacting compound (868) in essentially the same manner as described in Step
P above, gave the title compound (870). MH" = 487

5
Step R Preparation of Compound (871)
HOHQC MSOHQC
Br \ Br \
LA A A
N N
® (]
N
Boc Boc
869 871
10

Compound (869) ( 0.0.38 g, 0.78 mmole) was stirred with methanesulfonyl-
chioride { 0.33 g, 1.296 mmole) and triethylamine (0.68 g, 6.72 mmole) in THF (10
mL) at room temperature overnight. The mixiure was evaporated to dryness, followed
by extraction with CHxCl, —water. The organic layer was dried over MgSQ,_filiered
15 and evaporated to dryness to give the titie compound (871)(0.369g) . MH" = 565

Step S Preparation of Compound (872}




Step F Preparation of Conpound (859) 0 857 10 0 859 Conpound (857) (6 g, )
was bal | oon hydrogenated in MeOH (100 nL) over Raney-N (4.2 g) Zdt! rodhm

t enper at uken EMRGEW ght . The catal yst was filtered of f and tpernkbi/ichat e was
evaporated to dryness to give the title conmpound (859) (4.66 g) Mn =281 15
Step G. Preparation of Conmpound (860) Q2N O 858 H2ZN O 860 Reacting
conpound (858) in essentially the sane Aehner as described in Step 20 F
above, gave the title conpound M+ = 281. Step régar ation of
Conpound (861) WD 62/ 18368 P /26792 348 H3CR 3 C H2N O 859 Br
0 861 Br Br

N
[N
N
Boc Boc

870 872

Reacting compound (870) in essentially the same manher as described in Step

R above, gave the title compound (872). MH' = 565

5
Step T Preparation of Compounds (873) and (874)
H;C H,C
—N =N
N N
MSOHQC \2 \/
Br ---.. Br --.._ Br '---..
Lo/ ——-—>— L O + " D
N N N
4 ) )
N .
Boc Boc Boc
871 873 874
10 Compound (871) (0.0.369 g, 0.653 mmole) was stirred with 2-methylimidazole

(0.188 g, 2.28 mmole} in DMF (5 mL) at room temperature overnight. The mixture
was evaporated to dryness, followed by extraction with CH;Cl. —water. The organic
layer was dried over MgSQ, filtered, evaporated to dryness and then purified on silica-
gel prep-plate chromatography, eluting with CH2Clz- 5% (MeOH-10% NH;0H) to give

15 the product as a mixture of isomers (1.126 g) MH" =551. Separation of the product
mixture by HPLC using a prep AD column, eluting with 20 % IPA/80%hexane/
0.2%DEA (isocratic 60mi/min.) afforded pure isomer 1 (873) (0.06 g, MH'= 551 and
isomer 2 (874) (0.0061 g) MH' =551,



To a suspension of conpound (859) (2.1 g) in 48% HBr, was added sodi um
nitrite (1.55 g) followed by bromne (2.11 nL) at 0 C. The ni xturé Wwag: 7"
stirred awo oomiedt enper ature overni ght. Concentrated NHAOHpgastohesroadded
dropwi se until basic pH5 (to litnmus paper). The reaction was extracted with
CH2Cl 2, washed with brine, dried over %g? , filtered and the sol vent
evaporated to give the title conpound ( ) (.75 g) MH} = 345. Step | .

Pr epar at i@ Co ﬁ % 2%@ &T] (%5362 Reacti ng conpound (861)
in essent‘l—%‘g‘y ”TF%! dredBA% Cdinbuil B p H above, gave the title
conpound (862) MT 345. 15 Step J Preparation of Conpound (863) 0 861 OH
863 20 To a stirred solution of conpound (861) (1.6 g, 4.64 mmle) in MeOH
(30 nmL) wunder nitrogen at 0 C was added (0.3 g, 7.9 . The
resulting solution was stirred at room¥Fenperature for 24 r:éﬂ t hen

! 8368 ~ir', PCT/ us@%)%?gz
Br_~ Br
() () ()
OC

Boc L|3> éoc
872 875 876
5 Reacting compound (872) in essentially the same manner as described in Step

T above, gave the title compounds (875), MH* =551, and (876) MIH" = 551.

EXAMPLE 503
10 Compound (877)

éo o \"‘,
) »
ve—{ N

15 Compound (873) (0.043g, 0.078 mmole) was stirred with TFA (5 mL) in CH.Cl;
(5 mL) for 4 hrs. at room temperature. The mixture was then evaporated to dryness.



349 with CH2CQ 2 --H20. The organic layer was dried over MySO4, filtered and
evaporated to dryness to give the title conmpound (863) (1.58 g) MIAG =i 347

Step K Rrepafsalsd on of Conpound (864) 5 0 862 B OH 864 Repgtiingeonpound
(862) in essentially the sane manner as described in Step J above, gave the

title conpound (864). MH = 347 10 Step_L Preparation of Conpound (865) OH
863 15 Conpound 863 (1.57 g,) was stirréd in thi onyl chloride (10 m-) at

e TR s DS G RIRie I USSR B o
N- Boc- pi pftiRdlhffind éo.éJmLQ))inéil‘HgGllG_ (S amh@%m&e%meooaﬁrag%gzmpaﬁm@ xture

was evaporated to dryness , fol lowed by extraction wth 4 -NaHCGB. The
or gani ¢ fayghrandbednixédeovas evarsmaied id dryness, folibweed by apdraatied vl @rybless to

R e e
gﬂ;0= CE;:3_|15giv§t§Br%fb@ﬁ%ﬂ%%@buﬁ@éﬂ)%%ﬁ%@% A {otBASSy BRBildaddd1 26792
eluting with CH.Clz- 5% (MeOH-10% NH,OH) to give the title compound (877)
(0.0394¢) . MH* =595, 8 (CDCl3 ) 8.6 ( 1H); 8.05 ( 1H); 7.22-7.5 ( 8H); 6.99 ( 1H);
6.95 ( 1H); 6.93 ( 1H); 4.99 —5.25 ( 2H); 4.6 (1H); 3.1 — 3.25 (4H); 2.25 ( 3H), 1.8 -
2.05 ( 4H). "
10
EXAMPLE 504
Compound (878)

H,C
—N =N

N Yy N S
Br \;\} . > \;}
N N
O -
e oL N
87

8

HyC

874
15 Reacting compound (874) in essentially the same manner as described in
Example 503 above, gave the title compound. (878) MH" = 595, & (CDCl3 ) 8.6 { 1H);
8.05 ( 1H); 7.22-7.5 ( 8H); 6.99 ( 1H); 6.95 ( 1H); 6.93 ( 1H); 4.99 -5.25 ( 2H); 4.6
(1H); 3.1 — 3.25 ( 4H); 2.25 ( 3H), 1.8 — 2.05 ( 4H).

20 EXAMPLE 505
Compound (879)




864 866 Reacting conmpound (864) in essentially the sarre manner a;sa descri bed
in Step L above, gave the title conmpound (866) MH} = 515. 5 Step

Pr epar at i o @156y pound (867) B 1 Boc 865 867 10 Conpoundp(jﬁi@@uﬁm@g 65 g,
1.26 mmole) was refluxed with LiOHd (0.45 g, , 18.79 nmmole) in MeOH (15 nl)
and water (1 nL) for 2 hrs. 10%aqg. Ctr g acid was added wuntil pH = 3.5,
foll owed by extraction with CH2CI 2 -bri r%’é The organic | ayer was dried over
MySO4, filtered and evaporated to dryness to give a whi solid (867) (0.60
g) ) 1141' =501 15 Stag O Ewgparation of Conpound 868 02/ 18368

PCT/ CTSOL/ 26792 351 N~ N | Boc Boc 866 868 React | onpound (866) in
essentially the same madher S described in Step N abo &, gave the title
conmpound (868). M+ = 50L._5

\;, .
) (

Boc

875 879

Reacting compound (875) in essentially the same manner as described in
5 Example 503 above, gave the title compound (879). MH' = 595, 8y (CDCl3 ) 8.55 ( 1H); -
7.78 ( 1H); 7.65 ( 1H);7.4 — 7.51 ( 6H); 6.98 ( 1H); 6.9 ( 1H); 6.85 (1H); 5.05 - 5.3 (
2H); 4.6 (1H); 3.1 — 3.25 { 4H); 2.5 ( 3H), 1.8 — 2.00 ( 4H).

ASSAYS

10 FPT activity was determined by measuring the transfer of [°H] farnesyl from [°H]
farnesyl pyrophosphate to a biotinylated peptide derived from the C-terminus of H-ras
(biotin-CVLS). The reaction mixture contains: 50 mM Tris pH7.7, 5 mM MgCl;, 5 uM
Zn**, 5 mM DTT, 0.1% Triton-X, 0.05 uM peptide, 0.03 nM purified human farnesyl
protein transferase, 0.180 M [°H] farnesyl pyrophosphate, plus the indicated

15  concentration of tricyclic compound or vehicle contro! in a total volume of 100 pl. The
reaction was incubated in a Vortemp shaking incubator at 37°C, 45 RPM for 60
minutes and stopped with 150 1l of 0.25 M EDTA containing 0.5% BSA and 1.3 mg/m!
Streptavidin SPA beads. Radioactivity was measured in a Wallach 1450 Microbeta
liquid scintillation counter. Percent inhibition was calculated relative to the vebhicle

20  control.

COS Cell IC5p (Cell-Based Assay) were determined following the assay

procedures described in WO 95/10516, published April 20, 1995. GGPT ICsq

(inhibition of geranylgeranyl protein transferase, in vitro enzyme assay), Cell Mat



Step P Preparation of Conpound (869) | Boc 867 | Boc 869 Conpound (867) (
0.60 g, 1.21 nmmle) was stirred with carbonyl diimdazole ( 0.59 g{< 10 3.63
mrol e) i nwidlk/(shes L) at at 40 C overnight. The reaction mpgirurse:/was2 cool ed
in an ice-bath then added NaBH4 ( 0.28 g, 7.31 mmole) and stirred at room
tenperature overni ght. The m xture was ;ﬁlporat ed to dryness, followed by
extraction with CH2CI2 -water. The org c layer was dried over MgSO4,

filtered i : . |, C ifi col um
Chr ot og SERTHERPRAand BnfifiGof RO N TR Mt OIS osBeR) Bl 57 e e
title corgmeiminé8s)t0e 493y prodeturdSdesSimnl Q \REpa/@51en Te Geopeuroi 870)
WO 02/ 18368 352 PCT/ 11S01/ 26792 COOH | CH2OH N' N Boc Boc 868 870 Reacting

conpound V8585/10R18 4 bwerraraipd hrreiuby refaramse theref@scribed in Step P above,
gave the {1 15 sormoii (310)s (5 658709 32RO BLERAY ShbAaRlo RS

(871) HOH2C,
5 the flank of 5-6 week old athymic nu/nu female mice. Three tumor cell models were

used:; mouse fibroblasts fransformed with H-Ras; HTB-177 human non small cell lung
cancer cells or LOX human melanoma cefls. Animals were treated with beta
cyclodextran vehicle only or compounds in vehicle twice a day (BID) or once a day
(QD) for 7 days per week for 1 (x1), 2 (x2) or 3 (x3) weeks. The percent inhibition of
10 tumor growth relative to vehicle controls were determined by tumor measurements.

The resulis are reported in the table below:

Compound No. { Tumor Dose Route and Average
(MPK) Schedule ?ﬁh-!:_l;li?oorf

(372) H-Ras fibroblasts | 40 po, BID, x2 92

“ H-Ras fibroblasts | 10 po, BID, x2 70

. H-Ras fibroblasts | 80 po, QD, x2 91

“ H-Ras fibroblasts | 20 po, QD, x2 55

“ H-Ras fibroblasts | 60 po, BID, x2 98

“ H-Ras fibroblasts | 20 po, BID, x2 59

“ ' H-Ras fibroblasts | 6.6 po, BID, x2 19

" | HTB177 160 po, BID, x3 87

: HTB-177 20 po, BID, x3 43

“ HTB-177 120 po, QD, x3 54

« HTB-177 40 po, QD, x3 11

“ HTB-177 80 po, BID, x3 96

“ HTB-177 40 po, BID, x3 79

« HTB-177 20 po, BID, x3 47

« LOX 15 po, BID, x1 20.9

“ LOX 30 po, BID, x1 54.8

« LOX 60 po, BiD, x1 90.3

(The schedule “po, BID, x3”, for example, means orally, twice a day for 7 days (14

times per week) for 3 weeks).



BBN -N | | Boc Boc 869 10 871 Conpound (869) ( 0.0.38 g, 0.78

stirred with nmethanesul fony- chloride ( 033 g, 1.296 nmol e) and

nﬂnl

triethyi awme2/(£3668 g, 6.72 mmole) in THE (10 nlL) at room trempenateme
overnight. The m xture was evaporated to dryness, followed by extraction
with CH2Cl2 -water. The organic |ayer dried over MgSHA4, filtered 15 and

evaporated to dryness to give the title c%rrpound (871) (0. 3699)

MH4

e) was

23
"‘9; 32-‘:‘

= 565

Step S Prepar Mound (872) WD 02/18368 2 5 kL (il" PCT/ USO
1/ 26792 353 , T Boo 870 I Boc 872 Reacting corrpound (870) in

essentially t h@\d‘@ﬁ@gmwerﬁﬁ;ndgmmb@@ drargtiedstiiRodhaveriggsvectiligesi tle

conpound

10

15

20

25

30

|3872 M+ = 565 5

uman tumor cells can be suspended in growth medium containing 0.3% agarose and

an indicated concentration of a farnesyl transferase inhibitor. The solution can be
overlayed onto growth medium solidified with 0.6% agarose containing the same
concentration of farnesyl transferase inhibitor as the top layer. After the top layer is
solidified, plates can be incubated for 10-16 days at 37°C under 5% CO2 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-y1]-2,5-diphenyltetrazolium bromide,
Thiazolyl blue) (1 mg/mbL in PBS). Colonies can be counted and the IC50's can be

determined.

Compounds of this invention have an FPT 1Cs in the range of
0.001 nM 1o 100 nM and a Soft Agar ICsg in the range of 0.01 nM to 50 nM.

The preferred compounds of the invention have an FPT ICs range of between
<0.06 nM — 0.44 nM and a Soit agar ICsp range of between <0.05 nM — 25 nM.

The most preferred compounds have an FPT 1Cs, range of between <0.05 nM
- 3.0 nM and Soft agar {Cs range of between 0.5 nM — 5 nM.

For preparing pharmaceutical compositions from the compounds described by
this invention, inert, pharmaceuticaily acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets and suppositoties. The powders and tablets may be comprised of from about
5 to about 95 percent active ingredient. Suitable solid carriers are known in the art,
e.g. magnesium carbonate, magnesium stearate, talc, sugar or lactose. Tablets,
powders, cachets and capsules can be used as solid dosage forms suitable for oral
administration. Examples of pharmaceutically acceptable carriers and methods of
manufacture for various compositions may be found in A. Gennaro (ed.), Remington's
Pharmaceutical Sciences, 18th Edition, (1990), Mack Publishing Co., Easton,
Pennsylvania.

Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene giycot solutions for parenteral

injection or addition of sweeteners and opacifiers for oral solutions, suspensions and



Step T Preparation of Conpounds (873) and (874) H3C H3C ~N ~=N N X_ | N~ Boc
871 B B 2 U Boc 873 874 10 Conpound (871) (0.0.369 g, 0.653 nmol e) wad F# /i

stirred wiwh o3ngrihyl i m dazole (0.188 g, 2.28 mmol e) in DMrBsgilag7e9at room
tenperature overnight. The m xture was evaporated to dryness, followed by

extraction with CH2Cl2 -water. The organig |ayer was dried over MySO4,
filtered, evaporated to dryness and then purified on silica- gel prep-plate

chr omat 0ggaRRYone! uaumo%tﬁ}egﬁ%b%s 9 glx%%lag@mms fof lrﬂl‘a\‘i%s%ﬁ t he

product as a m xture of isone 126 9) M TE =551. Separation o
product administeailon. HPLC usi ng a prep AD colum, eluting with 20 %

T e R e L S K S A N
Step U Prepaiétfoph, MhidPreutdin(&minaitn WAt pRERnALAWIBAG acceptabie carrier,
5 such as an inert compressed gas, e.g. nitrogen.

Also included are solid form preparations which are intended to be converted,
shortly before use, to liquid form preparations for either oral or parenteral
administration. Such liquid forms include solutions, suspensions and emulsions.

The compounds of the invention may also be deliverable transdermally. The

10 transdermal compositions can take the form of creams, lotions, aercsols and/or
emuisions and can be included in a transdermal patch of the matrix or reservoir type
as are conventional in the art for this purpose.

Preferably, the pharmaceuticéi preparation is in a unit dosage form. in such
form, the preparation is subdivided into suitably sized unit doses containing

15  appropriate quantities of the active component, e.g., an effective amount to achieve
the desired purpose.

The quantity of the compounds of the present invention 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

20 to about 500mg, and most preferably from about 0.01 mg to about 250myg, according
to the particular application.

The amount and frequency of administration of the compounds of the present
invention and/or the pharmaceutically acceptable salts thereof will be regulated
according to the judgment of the attending clinician considering such factors as age,

25 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 single or divided doses, preferably, in two
to four divided doses.

The chemotherapeutic agent and/or radiation therapy can be administered in

30 association with the compounds of the present invention according to the dosage and
administration schedule listed in the product information sheet of the approved agents,
in the Physicians Desk Reference (PDR) as well as therapeutic protocols well known

in the art. Table 1.0 below gives ranges of dosage and dosage regimens of some



872 Boc 875 CH3 BOC 876 5 Reacting conpound (872) in essentially thersane
manner as described in Step T above, gave the title conpounds (875). M+ =
551, and @7 dykdr = 551. 10 Boc 873 EXAMPLE 503 Conpound p8A%h1NGeb L;

,, L 5 PCT/U501 /26792 877 15 Conpound (873) (0.043g, 0.078 nmol e) was
stirred with TFA (5 nL) in CH2Cl2 (5 m-) for 4 hrs. at roomtenperature.
The m xture was then evaporated to dryne3 . 2 WD 02/18368 PCT/US01126792

ol o5 ahen TSR RANBHIEN € AP AL BRI S BBy e
at room fgivperaiparent tbahose Bkifled Thehaaint theithvagirmivapeniahed the dryness,

foll owed by extraction with CH2Cl 2 - brine. The organic | ayer was dried over .
MySO4, f chegrdiderapautc agephardlof rdinlier ferapy can be varied depending on the )

disease being treated and the known effects of the chemotherapeutic agent and/or

r—y

5 radiation therapy on that disease. Also, in accordance with the knowledge of the
skilled clinician, the therapeutic protocols (e.g., dosage amounts and times of
administration) can be varied in view of the observed effects of the administered
chemotherapeutic agents (i.e., antineoplastic agent or radiation) on the patient, and in
view of the observed responses of the disease 1o the administered therapeutic agents.

10 In a preferred example of combination therapy in the treatment of pancreatic
cancer, the compound of Formula (I} is administered orally in a range of from 50 to
400 mg/day, in two divided doses, in association with the antineoplastic agent,
gemcitabine, which is administered at a dosage of from 750 to 1350 mg/m* weekly for
three out of four weeks during the course of treatment.

15 In a preferred example of combination therapy in the treatment of lung cancer,
the compound of Formula (1) is administered orally in a range of from 50 to 400
mg/day, in two divided doses, in association with the antineoplastic agent , paclitaxel,
which is administered at a dosage of from 65 to 175 mg/m® once every three weeks.

In a preferred example of combination therapy in the treatment of gliomas, the

20 compound of Formula () is administered orally in.a range of from 50 to 400 mg/day, in
two divided doses; in association with the antineoplastic agent , temozolomide, which
is administered at a dosage of from 100 to 250 mg/m?~.

In another example of combination therapy, the compound of Formula (1} is
administered orally in a range of from 50 to 400 mg/day, in two divided doses, in

25  association with the antineoplastic agent, cisplatin, which is administered
intravenously in a range of from 50 to 100 mg/m2 once every four weeks.

In another example of combination therapy, the compound of Formula (1) is
administered orally in a range of from 50 to 400 mg/day, in two divided doses, in
association with the antineoplastic agent, carboplatin, which is administered

30 intravenously in a range of from 300 - 360 mg/m2 once every four weeks

In another example of combination therapy, the compound of Formula (1) is
administered orally in a range of from 50 1o 400 mg/day, in two divided doses, in

association with the chemotherapeutic agent, carboplatin, which is administered



5 give a brown gum which was purified by prep-plate chromatography .an silj.ca
gel , eI uting with CI—|2CI2 5% (MeOH 1 0%NH4C]—|) to give the title éorrpc)und

(877? 5 96’9??%’?;33168 A21= = 595, SH (CDCI3) 8.6 (1 H); 8.05 (P%JJ_%S‘() /%‘ﬂ%—g

(8H); 6.95(1 H; 6.93 (1 H); 4.99 -5.25 (2H)

-- 3.25 (4H); 2.25 ( 3H), 1.8 - 2.05 (4|—%. 10 EXAMPLE 504 Conpound (878) i
Boo 874 NC 15Reacting conpound (874) in ¥ssentially the same nmanner as
described in Exanpl e 503 above %ve the title conpound. (878) MHO = 595 SH
(CDCI 3) &NiEA\ENqysly i ¥naeyf from 0P 19389 mg/mgange: %"%(fqlﬂ)we%%'@q

Sotsoun, RO ey Aot Rkt Lesae i abolape 4B 19y,

N ~ 175 mg/m® once every three weeks.
In yet another example of combination therapy, the compound of Formula {1} is
5 administered orally in a range of from 50 {0 400 mg/day, in two divided doses, in
association with the chemotherapeutic agent, Cisplatin, which is administered
intravenously in a range of from 50 10100 mg/m2 once every four weeks and the
chemotherapeutic agent, Gemcitabine, which is administered at a dosage of from 65
to 175 mg/m® once every three weeks. '

10 The signal transduction inhibition therapy can be administered according to the
dosage and administration schedule listed in the product information sheet of the
approved agents, in the Physicians Desk Reference (PDR) as well as therapeutic
protocols well known in the art. Table (2.0) below gives ranges of dosage and dosage
regimens of some exemplary signal transduction inhibitors. [t will be apparent to

15 those skilled in the art that the administration of the signal tranduction inhibitor can be
varied depending on the disease being treated and the known effects of the signal
transduction inhibitor therapy on that disease. Also, in accordance with the -
knowledge of the skilled clinician, the therapeutic protocols (e.g., dosage amounts and
times of administration) can be varied in view of the observed effects of the -

- 20 administered signal transduction inhibitors on the patient, and in view of the observed
responses of the disease to the administered therapeutic agents.
In another example of combination therapy, the compound of Formula (J) is
administered orally in a range of from 50 to 400 mg/day, in two divided doses in
association with the signal tranduction inhibitor, EGF receptor kinase inhibitor, lressa

25 (ZD1839), which is administered orally in the range of 150 — 700 mg/day.



NC CH3 875 879 Reacting conpound (875) in essentially the same mannef-.as;.
described in 5 Exanpl e 503 above, gave the title conpound (879). NH = 595,
SH (CDC13)w8.095s4d H); 7.78 (1 H); 7.65 (1 H;7.4 -- 7.51 f@irse18688 (1 H);
6.9 (1 H; 6.85 (1 H; 505-532H; 46 (1 H; 3.1 - 3.25 (4H); 2.5 (3H),
1.8 - 2.00 (4H). ASSAYS 10 FPT activity_was determ ned by measuring the
transfer of [3H farnesyl from[3H far né@yl pyrophosphate to a biotinylated
pepti de derived fromthe C-term nus O_#HL@EQ (biotin-CVLS). The reaction

m xture contains: 50 nMTris pH7.7, 5 2, 5[M Zn++, 5 nM DTT, 0.1%
Triton-X, 0.05 MagpladehédmOdrdpauid AbssisTbRd ahdE%hge H&ifidhs
transferase, 0.I80 M[3H Tarnesyl pyrophosphate, plus the Tndlcated 15
concentration of tricyclic conpound or vehicle control in a total volune of
100 |. Th@ispiatiction was i ncubated in a Vort &0p ttakighy® enenbataekat(I\BFC, 45
RPM fer 60 mnutes and stopped with 150 ci of 0.25 M EDTA containing 0.5%

BSA and lcgrogpiatin: Streptavidin SPA beads. Radpaasdd wghy® eesn/Basleq v a
Wal | ach 1450 M crobeta liquid scintillation counter. “Percent inhibition was

cal cul at [ .ve to the vehicle 20 control 2 - ed
Assay) weef%xﬁé%r m ned follow ng the assay Spdﬁu@é%dégé& %g%‘l%kﬁ%%

95/ 10%16,* bl 'é[shed ril 20, 1995. GGPT 1C50 (inhibition of geranyl geranyl
prot d0n t KRHNEA¥RROUSY, vitro enzynme assay), Cell Mat CH3 WD 02/ 18368

PCT/ US01126792 357 Bi ochemi cal assay and anti-tunor activity (in vivo

anti-tunor studies) could be determ ned by the assay procedures described
I n WO 95/10516. The di scl osure of

TABLE 2.0
Examplary Signal Transdugction [nhibitors Dosage and Dosage Regimens

' Iressa (ZD1839) - EGF receptor kinase inhibitor: 150 - 700 mg/day (oral)

OSI-774 - EGF receptor kinase inhibitor: 100 - 1000 mg/day (oral)
20 Hérceptin - her-2/neu antibody: 100 - 250 mg/m/week (IV)*

C225 - EGF receptor antibody: 200 - 500 mg/m?/week (1V)
ABX-EGF - EGF receptor antibody: 0.2 - 2 mg/kg every 2 weeks (IV)

= Gleevec (STI-571) - ber/abl kinase inhibitor: 300 - 1000 mg / day (oral)
*(1V)-intravenously

30 fn the methods of the present invention, an FPT inhibitor compound of formula

(1) is administered concurrently or sequentially with another therapeutic agent (i.e. a

chemotherapeutic agent, a signal transduction inhibitor and/or radiation). Thus, it is

not necessary that, for example, the therapeutic agent and the FPT inhibitor

compound of formula (I) be administered simultaneously, just prior to or after one
35 another.

Also, in general, the FPT inhibitor compound of formula (1}, the
chemotherapeutic agent, signal transduction inhibitor and/or radiation, do not have to
be administered in the same pharmaceutical composition, and may, because of
different physical and chemical characteristics, have to be administered by different

40  routes. For example, the FPT inhibitor compound of formula (f) may be administered
orally to generate and maintain good blood levels thereof, while the chemotherapeutic



WO 95/10516 is incorporated herein by reference thereto. Various tunor cells
(5 x 10'5 to 8 x 10) were innocul ated subcutaneously into 5 the f[ank-iofi
5-6 week al@doatsngsn c nu/nu femal e mce. Three tunor cell npdahisonese: used:
nmouse fibroblasts transfornmed with H Ras; HIB-177 human non small cell 1ung
cancer cells or LOX human nel anoma cells, Animals were treated with beta
cycl odextran vehicle only or conpounds i#@vehi cle twice a day (BID) or once

per cent  BTERCRE BEMBRIarRET p BinaheEi T TG oot BmIREEL ver e
det er m neghrmnidtimdih dRPHr RIBEHISHity of Reintigisthiion akBer ditsid, imtheheiniabl e
bel ow. Dose Route and Average Conpound No. Tunor ( MPK) Schedul e% Tunor

I'nhi bi t i dNqBEEeHticRCaNRRHRHmdS sedpwithistim knogedgerp{dhe iskilies distoiampbhe Bl D,

{1 br obi ach UbgHP R B RGr288 perhad e alic OB ARSI Beye iyl e e
fi brobl asqsbitepo baBbPupyh 18: dbBe e tosiRts BhBdo%38é, fbBed of 2@penisBation %343
HTB- 177120po, QD, x354 HTB-1 7740po, OD, x311 HIB-17780po, BID, x396

HTB- 17740pbes Bf Bdmimggatigrecary beopedifisf by the#killed clinician .

The particular choice of the FPT inhibitor compound of formula (1), the
chemotherapeutic agent, signal transduction inhibitor and/or radiation will depend
upon the diagnosis of the attending physicians and their judgement of the condition of

10 the patient and the appropriate treatment protocol.

The FPT inhibitor compound of formula (1), chemotherapeutic agent, signal
transduction inhibitor and/or radiation may be administered concurrently (e.g.,
simultaneously, just prior to or after, or within the same treatment protocol) or.
sequentially, depending upon the nature of the proliferative disease, the condition of

15 the patient, and the actual choice of chemaotherapeutic agent, signal transduction
inhibitor and/or radiation to be administered in conjunction {i.e., within a single
treatment protocol) with the FPT inhibitor compound of formula (1).

If the FPT inhibitor compound of formula (1), chemotherapeutic agent, signal

transduction inhibitor and/or radiation are not administered simultaneously, then the

20 initial order of administration of the FPT inhibitor compound of formula (i),
chemotherapeutic agent, signal transduction inhibitor and/or radiation, may not be
important. Thus, the FPT inhibitor compound of formula (1) may be administered first
followed by the administration of the chemotherapeutic agent, signal transduction
inhibitor and/or radiation; or the chemotherapeutic agent, signal transduction inhibitor

25  and/or radiation may be administered first followed by the administration of the FPT
inhibitor compound of formula (1). This aliernate administration may be repeated
during a single treatment protocol. The determination of the order of administration,
and the number of repititions of administration of each therapeutic agent during a
treatment protocol, is well within the knowledge of the skilled physician after

30 evaluation of the disease being treated and the condition of the patient. For example,
the chemotherapeutic agent, signal transduction inhibitor and/or radiation may be
administered first, especially if it is a cytotoxic agent, and then the treatment continued
with the administration of the FPT inhibitor compound of formula (1), followed by,



LOX15po, BID, x120.9 LOX30po, BID, x1543 LOX60po, BID, x190.3 (The schedul e
"po, BID, x3", for exanple, neans orally, twice a day for 7 days (FI4/'tfjrmes
per week) Woohzdvweeks). ?5f: WO 02/18368 PCTI1JSO /26792 3§/ SwliibeAgar
Assay: Anchorage-i ndependent growth is a characteristic of tunorigenic cell
lines. Human tunor cells can be suspendaeéfd‘ in grow h nmedi um contai ning 0.3%
a farnesyl transferase inhibitor.

agarose and an indicated concentration ©
The sol ut ] C . V. n . i ol di.fi i 0, 6%
agar ose c\gﬁ i @‘%}ﬁgﬁ'ﬂgg%@%@@o r'f%é&rl?er g@&%&(’i&%#ﬂ%&%ﬁﬂﬁgﬁy %[}fgé@% El‘%?ll{bi tor
as the tofighayeinsddbtliei inHisitdramd/ey exdiaifon, 3@kl bm edliil pleaiesnemm phgtocol is
i ncubated for 10-16 days at 37C under 5% C02 to allow col ony outgrow h.

After inceMBPEEh, the col onies can be stained by overlaying .the agar with

a solution of (. 3-14, 5-di . -1 hi | - - -di fetrazoljum
e om de. 10 s, 7 b FaRbI TN N B A kdhbishiod e DERYShG AR
the | 650" sarcandiig cadlbesiscoridy 1160 apaunidiaidn bhhToniat ¢hahaysutRaddnil--1 C5q
in the range_of 0.001 nMto 100 nM and a Soft Agar 1055 in the range of

0. 01 nM tfee.50PANDhipBOreRMpREnd Of Ermidabouehinetefareutinenntosignave an FPT

| G50 ran . <0 - 44 . r of,
betveen G RRbN g o RMor of i AN et ¥ e Ml ReRYs
range of heddwces @ 1l@atrmdht prode8dsM and Sof t agar |1C50 range of between 0.5
nM - 5 nM For_pr eEarl ng pharmaceutical conpositions fromthe conpounds

described by Boe aRerdingdRiciash, iniveaing whedherdeaatmendis ?ffﬁ‘é’é‘@p@taiggéj%égﬁi ers
ca 2B, BASISTL AL o4 e GOAG AL LI Rl BRI AR 2SI BT =
definite signs such as relief of disease-related symptoms, inhibition of tumor growth,
actual shrinkage of the tumor, or inhibition of metastasis. Size of the tumor can be
measured by standard methods such as radio-logical studies, e.g., CAT or MRl scan,
and successive measure-ments can be used to judge whether or not growth of the
15  tumor has been retarded or even reversed. Relief of disease-related symptoms such
as pain, and improvement in overall condition can aiso be used to help judge

elfectiveness of treatment.

While the present invention has been described in conjunction with the specific
20  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.



cachets and suppositories. The powders and tablets nmay be conprised of from
about 5 to about 95 percent active ingredient. Suitable solid carriers are
known in the art, e.g. nagnesium carbonate, nagnesium stearate,?take]sugar
or |actose. Tablets, 25 powders, cachets and capsul es can be used as solid
dosage forns suitable for oral admnistration. Exanples of pharmaceutically
acceptabl e carriers and nethods of neggd acture for various conpositions may
be found in Avh&Esridimedgd: ), Remi ngton's Pharnaceutical Sciences, 18th
Edition, (1990), Mack Publishing Co., Easton, Pennsylvania. 30 Liquid form
preparations include solutions, suspensions and enul sions. As an exanple
may be nentioned water or water-propylene glycol solutions for parenteral

i njection or ,addi t,i é engrs and opacifiers for oral solutions,
suspensi ons glhd V\%%ﬁ %%%%g@ﬁ @5@6‘ 26792 359 enulsions. Liquid form
preparations may al so include solutions for intranasal adm nistration.

Aer osol preparations suitable for inhalation may include sol utions and
solids in powder form which may be in conbination with a pharmaceutically
acceptable carrier, 5 such as an inerﬁ_conp‘essed gas, e.g. nitrogen. Al so
i ncluded are solid form preparati ons whir re intended to be converted,
shortly before use, to |iquid Ragm greg j oLR&ither oral or

parenteral admnistration. Such IXqui “Tnekude sol utions, suspensions
and enul sions. The conpounds aof2_the in ﬁﬁy/au?p be deliverable
transdermally. The 10 transder malp=80rpPOoS¥ >an take the form of creans,
| oti ons, aerosols and/or enulsions &d cgn be included in a transdernal

patch of the matrix or reservoir typgs_a X&(.e cgnventional in the all for
eﬁ

this purpose. Preferably, the pharnac ical>preparation is in a unit dosage
form In such form the preparati ogf-—s—sibevRded into suitably sized unit
doses containing 15 appropriate quantit?eﬁ f the active conponent, e.g., an
effective anount to achieve |
RS
5 (1.0)
or a pharmaceutically acceptable salt or solvate thereof, wherein:
one of a, b, ¢ and d represents N or N, and the remaining a, b, ¢, and d
groups represent carbon, wherein each carbon has an R* or R? group bound to said
carbon, or
10 each of a, b, ¢, and d is carbon, wherein each carbon has an R or R? group
bound to said carbon;
the dotted lines (---) represent optional bonds;
X represents N or CH when the optional bond is absent, and represents C
when the optional bond is present;
15 when the optional bond is present between carbon atom 5 and carbon atom 6
then there is only one A substituent bound to carbon atom 5 and there is only one B
substituent bound to carbon atom 6 and A or B is other than H;

when the optional bond is not present between carbon atom 5 and carbon

atom 6, then there are two A substituents bound to carbon atom 5 and two B



the desired purpose. The quantity of the conpounds of the present invention
in aunit dose of preparation nmay be varied or adjusted from abf)ulg--gg).?@@ ny
to about 1000 ng, preferably fromabout 0.01 ng to about 750 ng; “nbre
preferably fromabout 0.01 ng 20 to about 500ngy, and nost preferably from
about 0.01 ng to about 250ng, according to the particular application. The
amount and frequency of adm nistrationagg-the conpounds of the present

i nvention and/or the pharmaceutically acceptable salts thereof will be

r egul at eg,p i bBENg o LM SBIFA! afl whibfeiR'dh Rl Bfedr Rkt consi dering
such factors as age, condition ahd siz€e 0 he patient as well as
severity_qf .the.s to bei n reated. /A typical reco nded dali dosage
regi men ?@St'gqed]tsﬁgﬁpﬁ@ttp%wgﬁt%%tﬂ lﬁerfﬁﬁaf(? %‘n@"%ﬁlﬁ"e .r%je /%Ogt%eabout
4000 ng/ da in single or diyjded doses, preferably, in tw to four divided
doses. Tﬂ@y%ﬁé'gﬁ?tl‘%@ Esp‘éru@'ﬂ%Og@@nttwoaﬁépgﬁt'tﬁﬁmsdﬁi%'hg"ttﬁ‘@ﬂa{ﬂ)y can be

adm ni stered in 30 association with the conpounds of the present invention
accordi ng to whereibsage Axaril Baukistituant i indapeadently selecteddtornn t he product

i nformati on sheet of the approved agents, in the Physicians Desk Reference
(PDRp as wel I(1as tirkrapeutic protocols well known in the art. Table 1.0
bel ow gi ves ranges of dosage and dosage regi nens of sonme WO 42/ 1836

PCT/ US0112679@2) 36MR%xenpl ary chenot herapeutic agents useful in the methods
of the present invention. It wll be apparent to those skilled in the art
that the adm ')str_eﬁﬁ)i_@g)ph&t he chenot herapeuti c agent and/or radiation

t herapy can be’vari ed dependi ng on the disease being treated and the known
effects of tha)che_nﬁb_mﬁ?u_ti c agent and/or 5 radiation therapy on that

di sease. Also,’in accor e wth the know edge of the skilled clinician,

t he therapeut) przbgéol s(€. 9., dosage anmounts and tinmes of

adm ni stratio@j cal JRParied in view of the observed effects of the

admi ni stered chenotherapeutic agents (ige., antineoplastic agent or
radil@ti on) on(®he -&(Q)EI,HE,)Z arvhergin each R” is the same or different;

(7)  -C(O)NHR?;
(8)  -C(O)NH-CH,-C(O)-NHj;
(9) -C(ONHRZ;
(10) -(CH2)pC(R%)-0-R%;
15 (11) -(CHg)p(Rg)z, wherein each R is the same or different;
(12) -(CH2)pC(O)R?;
(13)  -(CHz)pC(OR™™;
(14) —(CHz)pC(O)N(Rg)z, wherein each R is the same or different;
(15)  -(CH2)pC(O)NH(R®);
20 (16) -(CH2)pC(OIN(R?®),, wherein each R* is the same or different;
(17)  -(CH2)pN(R®)-R*;
(18) -(CHz)pN(R26)2 , wherein R® is the same or different;
(19) ~(CH2)pNHC(O)R™;
(20) -(CH2)pNHC(O)R*;

25 (21)  -(CH2)pN(C(O)R*’?), wherein each R*"® is the same or different;



view of the observed responses of the disease to the adm nistered

t herapeutic agents. 10 In a preferred exanple of conbination therapysinist he
treatment of pancreatic cancer, the conpound of Fornula (1) is adm nistered
orally in a range of from50 to 400 ng/day, in two divided doses, in
association wth the antineoplastic agent, gentitabine, which is

adm ni stered at a dosage of from 750 1357.350 ng/ nz weekly for three out of
four weeks during the course of treatnent. 15 In a preferred exanpl e of

conbi nati on iy apecr@m?ﬂhé%(rcm@w_t@fanb%@ 1EREF igeth& MRtk MBS £

Formula (1) is ‘admnistered orally in a range of from50 to 400 ng/day, in
two divi | iAat ] I ta IFYm clitaxel,
which is a mf#r%??grﬂed(gjngﬁagﬁd%é%%go%@(%l%ﬁgg%tbhg§ggb%’/%rgnce et\)/ée??y t hree,
weeks. |ln a ferred exa 20f _combi nat,iion therapy in the treatnent of
gli orras,pr(m%&g g’@?&ﬂ% naan% ﬁFO{errﬂ'\ %”Pgihi s'sé‘(?rirﬂﬂ stered orally in z range
of from50 tog 400 /daé Sizélﬁ t wo,di viged doses: in association wth the
ant i neopl ast {€3)agelt2)p RoZeiOMNRIe, OnRT cnd Rs takiem teatbeewiththe aliesée of
from 100 to 250 ng/ n2. in another exanple of conbination therapy, the
conmPounavhigh theyrare dounyd fosm aabieteroaycnadiey! anglaopsisting or Snefeb ghembens,50 t o 400
ng/ day, in two divided doses, in 25 association with the antineoplastic
agent, eprojded that witdrcR®i snchBA1 furst &riad, RAtisax¢husly in a range of from 50
to 100 ng/ n2 once every four weeks. In another exanple of conbination
therapy, the@zpmpowl)eNRFET RE2),, vherdiflBath 1€ gdhesalme/of differdrnge of
from50 to 46%@rrgl day,)gi n t\/\(gmc}iﬁvi d)ézd doses, in association with the
ant i neopl ast is520€eiiH.\SRHAIPINRS hoh bscBA RitRL &L Pgifat&@venously in
(ZoP9ETHERE ngZI'\gg D WBlh acPRM afife 8 :

a range of f nce every tour weeks |In another exanple of
conmbi nati on I apyruyt nd of Fornmula (1) is admnistered orally in
a range of f:(%@] 50@’#@@5%% in tw divided doses, in association with
t he chenot her apeut j t Bopl atin, which is adninistered WO 02/ 18368
PC'ﬁIO[ 1sOo! / 92-@@8%&%@@%9 y in a range of from 300 to 360 ng/ nR
once every four weeks and the

(28) -(CHz)pCOR™;

(29) -NHR®.

(30}

TBO

{(CHyp-{ == C— R’

R /p wherein R* and R*' are the
15 same or different;
(31)
«(CH,)p- C-R®
(CHyp ? 1

same or different;
20 (32) -alkenyl-CO,R™,
(33) -alkenyl-C(O)R¥;

(34) -alkenyl-CO.R*";



chenot her apeuti c agent, paclitaxel, which is adm nistered at a dosage of
from65 to 175 ng/n2 once every three weeks. In yet another exanple of
conmbi nation therapy, the conpound of Fornula (1) is 5 adm ni stergd ldedllhy
in arange of from50 to 400 ny/day, in two divided doses, in association
wi th the chenot herapeutic agent, G splatin, which is adm nistered
intravenously in a range of from 50 t.gdg®0 ny/ n2 once every four weeks and
the chenot herapeutic agent, Centitabine, which is adm nistered at a dosage
of from65 {95175 RBANIC@)cR>every three weeks. 10 The signal transduction
i nhi bition therapy can be adm nistered according to the dosage and

adm ni strati SC et Lstigdnl mst he product information sheet of the
approved ageﬁ:?ss), ?ﬁﬁﬂ?ealkh@@i Cl 5?-1‘25 Desk Reference (PDR) as well as

t herapeutic ot ocql el | own in the art. Table (2.0) below gives ranges
of dosage an&?f osé@'@‘?égh@?aﬁg sone exenpl ary signal transduction
inhibitors. It wl] be apparent to 15 those skilled in the art that the

admi ni st rat i 6Plof -(GiRi dﬁ%ﬁ’“rﬂﬁdanducti on inhibitor can be varied depending
on the di sease being treated and the known effects of the signal

trafsducti onpiigki Bi 208 or Her apy on that disease. Also, in accordance with the
know edge of the skilled clinician, the therapeutic protocols (e.g., dosage
anounts and ebchEs afd Iaahaiintiepeadémry)sataﬂebéromﬂ—l,edia!bgefv,i-@Hg,pf t he observed
effects of the 20 adm nistered signal transduction inhibitors on the

patient,nand b@)R’W"l’Sfﬁg ggmg?ﬁmrem%@evﬁ%? PINIREO iﬁ@é?e to the

admi ni st éred’ t her apeut | I'n""anot her' exanpl e* of I'fation therapy,

t he conpound of Fornula (1) is admnistered orally in_a range of fromb50 to
400 ny/ d@p(O)Rmv\@QﬁR/FQjeﬂ)@agE@j N 2NRECODR i-SRIOEOI0FIZL t r anduct i on
i nhibitor, EGF receptor kinase inhibitor, Iressa 25 (ZD1 839), which is

pCTLUsO T80 8% S0 Prh sk b BRE T S RN e et thes bR Bastige and
Do Regi
81?396 F{e1 Ii;niannc;sependently selected from H or -C(O)OR15, benzotriazol-1-yloxy, tetrazol-5-

ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl, said alkyl or alkenyl
group optionally being substituted with halogen, -OR10 or -CO2R10;
R3 and R4 are the same or different and each independently represent H, or
any of the substituents of R' and R%;
15 RS, RB, R7 and R7@ each independently represent H, -CF3,
-COR10, alkyl or aryl, said alkyl or aryl optionally being substituted with
—0R10, -8R0, .5(0)R15, -NR10COOR13, -N(R10)2, -NO2, -C(O)R10,

-OCOR10, -0CO2R13, -CO2R10, OPO3R10, or R is combined with RS to represent

=0 or =§;
20 R® is selected from:
J\ R o=é=o J\ R J\,Rm
H, 0”0 g 07N 07 ~C-R*
R'? or F'{zze

(2.0) (3.0) (4.0) (5.0)



5 Gsplatin: 50 - 100 ngln2 every 4 weeks (IV)* Carboplatin: 300 - 360
ng/ n2 every 4 weeks (IV) Taxotere: 60 - 100 ng/nR every 3 weeks ‘lM)ﬂ';fh
*(I'V)-intravenously TABLE 2.0 Exanplary Signal Transduction |nhiHitors® !
Dosage and Dosage Regi nens 15 lressa (ZD1839) - EGF receptor kinase
inhibitor: 150 - 700 ng/day (oral) OSI-774 - EGF receptor kinase inhibitor:
100 - 1000 ng/day (oral) 20 Herceptin 3gder-2/neu anti body: 100 - 250
ng/ m2l week (1V)* C225 - EGF receptor antibody: 200 - 500 ng/ nR2/week (1V)

ABX- EGF - EGRiggeRicfdd ffki: body: 0.2 - 2 ng/ kg every 2 weeks (1V) 25
d eevec (STI-571) - bcr/abl kinase inhibitor: 300 - 1000 ng | day (oral)

*(I'V)-intrav usl the nmet hods of the present invention, an FPT
i nhi bitor comungégﬁg?wwl a (1) is adm nistered concurrently or

sequential ly , , th _apother, t herapeutic agent (i.e. a chenotherapeutic agent,
a si gnal trar(%\fductSPgﬁt‘tPE% 'E)&?B‘?éoré{t:d/ or radiation). Thus, it is not
necessary that, for exanple, the therapeutic agent and the FPT inhi bitor
conpound of & muPH2IkPX¥e adni ni stered si nul taneously, just prior to or
after one 35 another. Also, in general, the FPT inhibitor conpound of
fordula (1), (4he substitotadeamnsdkadyc agent, signal transduction inhibitor
and/or radiation, do not have to be adm nistered in the sane pharnmaceuti cal
conposi tion, (8nd meierobgrealkg, of different physical and chem cal
characteristics, have to be adm nistered by different 40 routes. For

exanpl e, the(@PT knbsthuter hstermeer@AIgd, formula (1) may be adm ni stered
orally to generate and nmai ntain good bl ood | evels thereof, while the
chemot her apeyty ¢ peterocycloalkylalkyl:
(8)  substituted heterocycloalkylalkyl;
10 (9)  heteroarylalkyl;
(10) substituted heteroarylalkyl;
{(11) heteroarylalkenyl;
(12) substituted heteroarylalkenyl;
(13) heteroarylalkynyl;
15 (14) substituted heteroarylalkynyl;
(15) arylalkyl;
(16) substituted arylalkyl;
(17) alkenyl, and
(18) substituted alkenyl;
20 wherein said substituted R® groups are substituted with ocne or more
substituents selected from:
(1) -OH;
(2) -COR™:
(3) -CH,OR",

25 (4)  halogen,



WO 02/ 18368 363 PCT/ LI SO X126792 agent nmay be adm ni stered intravenously.
The determ nation of the node of adm nistration and the advisability of
admi ni stration, where possible, in the sane pharnaceutical conpdsiftilofils is
well within the know edge of the skilled clinician. The initial

adm ni stration can be nmade according to established protocols known in the
art, 5 and then, based upon the observgth effects, the dosage, nodes of

adm nistration and times of admi nistration can be nodified by the skilled
clinician . The pamd.cul ar choice of the FPT inhibitor conpound of formula
(1), the chenotherapeutic agent, signal transduction inhibitor and/or

radi ation w lé degﬁﬂﬁo.upon t he di agnosis of the attendi ng physicians and
their judgenén% of the condition of 10 the patient and the appropriate

t r eat ment prgifcol The FPT inhibitor conpound of forrmula (I),

chenot her apetit’ c ESX t, signal transduction inhibitor and/or radiation may
be adninisteggg ﬁgncurr%ﬂél¥ (e.g., sinultaneously, just prior to or after,
or within th&kandeleeaYGedKYlr ot ocol ) or sequentially, depending upon the
nature of the proliferative disease, the condition of 15 the patient, and

t he Sact ual ck® cecyeloalghot her apeutic agent, signal transduction inhibitor
and/or radiation to be admnistered in conjunction (i.e., within a single
treat ment pr¢t@cokyylakyh the FPT inhibitor conmpound of formula (I). If the
FPT i nhi bitor conmpound of formula (1), chenotherapeutic agent, signal
transducti on({imhi beterbagmd/ or radi ati on are not admi nistered sinultaneously,
then the 20 initial order of adm nistration of the FPT inhibitor conpound
of formula ({§2) chembhgiaRAUL agent, signal transduction inhibitor and/or
radi ation, y ‘not be i'nportant. Thus, the FPT inhibitor compound of
formula (1) may be admsaikstered first followed by the adm nistration of the
chenot her apeutic gepméZZ%gnal transduction inhibitor and/or radiation; or
t he chenot hef{tpeutic a . Signal transduction inhibitor 25 and/or

radi ati on may be administered first followed by the adm nistration of the

FPHO  wherein R™ is independently selected from: H; alkyl; aryl, arylalkyl, heteroaryl and
heteroarylalkyl;

R* is selected from: alky or arylalkyl;
R' is selected from: H; alkyl; aryl or arylalkyl;
R" is selected from:

15 (1)  alky!
(2)  substituted alkyi;
(3) and;
(4)  substituted aryl,
(5}  cycloalkyt;

20 (6)  substituted cycloalkyl;
(7)  heteroaryl;
(8)  substituted heteroaryt,
(9)  heterocycloalkyl; and
(10)  substituted heterocycloalkyl;

25



i nhi bi tor conpound of fornmula (1). This alternate adm nistration may be
repeated during a single treatnent protocol. The determ nation qi-&hﬁ or der
of admi nistration, and the nunber of repititions of adni ni st r atli bt tofl%each
t herapeutic agent during a treatnent protocol, is well within the know edge
of the skilled physician after 30 eval uation of the disease being treated
and the condition of the patient. For-g&xtmple, the chenotherapeutic agent,
signal transduction inhibitor and/or radiation nay be admnistered first,
especi al I'y i fwHdreins saidcatitatianta RIGepdupsenald NP of Beubshfidmd beleeltld Rstad

with the adm nistration of the FPTTinhibitor conpound of formula (1),
followed by, 2 5 I;éP[c~ WO 02/ 18368 PCT/ US01/ 26792 364 where

det ermi ned advant dgeous, t'he adm nistration of the chenotherapeutic agent |,
si gnal transducti?g in@{iitor q?d/or radi ation, and so on until the

treat ment protocol } @‘%ﬁ?&?%. Thus, in accordance with experience and
know edge, the pr?gtising physician 5 can nodify each protocol for the

adm ni stration of )coﬁﬁﬁﬁent (therapeutic agent-- i.e., FPT inhibitor
conpound of faqrnula (1), chenot)erapeutic agent, signal transduction

i nhi%i tor or R adisselesigd flom:he treat nent according to the individual
patient's needs, as the treatnment proceeds. The attending clinician, in
judgi ng whether tr{éptnmdhit is effective at the dosage 10 admi nistered, wll
consider the general well-being of the patient as well as nore definite
signs such as religf ofoli sease-rel ated synptons, inhibition of tunor
grow h, actual shrinkage of the tunor, or inhibition of netastasis. Size of
the tunor can be gpasy by standard net hods such as radio-1ogical

studies, e.g., CAT or 'scan, and successive neasure-neets can be used to
j udge whet her or ar. ) .15 tunor has been retarded or even
reversed. Relief Z? dié@ﬁ%@y%%1é@§h synptons such as pain, and inprovenent
in‘ﬁyerall condit%gn can al so be used to hel p judge

) anyl
(6)  substituted aryl;
(7)  cycloalkyl;
(8)  substituted cycloalkyl;
(9) heteroaryl,
15 (10) substituted heteroaryl;
(11) heterocycloalkyl; and
(12) substituted heterocycloalkyl;

wherein said substituted R'" groups have one or more substituents selected from:

(1) -OH;
20 (2) -CN;
(3) -CFj3
(4)  halogen;
(5) alkyl,

(8)  cycloalkyl,

25 (7)  heterocycloalkyl;



effectiveness of treatnent. Wiile the present invention has been descri bed
in conjunction with the specific 20 enbodinents set forth above, many
alternatives, nodifications and variations thereof will be appa(r)zﬁprfgt: 0.t hose
of ordinary skill in the art. Al such alternatives, nodifications and
variations are intended to fall within the spirit and scope of the present
invention. 25 FE 2005 What is clainmed g8 -1. 365 A conpound of the fornula:
RS XR7 R6IVRfa N'-, R$ 5 (1.0) or a pharnmaceutically acceptable salt
or solvate thereofB) \Ah%rrﬁgm' -one of a, b, ¢ and d represents N or N+O-, and
the remaining a, tg c, a g'groups represent carbon, wherein each carbon
has an R1L or R2 grQup id carbon; or 10 each of a, b, ¢, and d is
carbon, wherein eé@ﬁ Cg\%g%rﬂahgglﬁ h RL or R2 group bound to said carbon; the
dotted lines (---) epr?sen optional bonds; X represents N or CH when the
optional bond is ﬂ)@)enta,k%{w dP@dpresents C when the optional bond is
present; 15 when the optional bond is present between carbon atom5 and
carbon atom 6 théhl) héeteroalkenlyly one A substituent bound to carbon atom 5
and there is 0151Iy one B substituent bound to carbon atom6 and A or Bis

ot hér than HR “is selected from: H, or alkyl;

R" is selected from: alkyl or aryl;

R*', R* and R* are independently selected from:

(1y -H;
(2) alkyl;
10 (3) aryl;

(4)  substituted aryi,
optionally substituted with one or more substituents selected
from: alkyl, halogen, CF3 or OH;
(5)  cycloalkyl;
15 (6)  substituted cycloalkyl;
optionally substituted with one or more substituents selected from:
alkyl, halogen, CFj; or OH;

(7}  heteroaryl of the formula,

20 O-;

(8)  heterocycloalkyl of the formula:



when the optional bond is not present between carbon atom 5 and carbon atom
6, then there are two A substituents bound to carbon atom5 and two B -
substituents bound to carbon atom 6, and wherein at |east one ofztuHéDth@ A
substituents or one of the two B substituents are H, and wherein at |east
one of the two A substituents or one of the two B substituents is other
than H, wherein each A and B substituegt3is independently selected from 5
(1) -H (2) -R9; (3) -RO-C(O-R9; (4) - RO-C®2- R9a; (5) -(CH2)pR26; 10
(6) -C(ONR9)2 , wherein each RO is the sa different; (7) -C(O NHR9;
(8) -C(ONHCH2-C(O-NH2; (9) -C(O) NHR26; ) CH2) pC(R9)-O-R 9a; 15 (11)
-(CH2) p(R9) 2, wherein each R9 is the sane o iffefent; (12) -(CH2)pC(O RO;
(13) -(CH2) pC(O R27a; (14) -(CH2)pC(O N(R9) in each RO is the sane or
different; (15) -(CH2)pC(O NH(R9); 20 (16) pC( O N( R26) 2, wherein each
R26 is the sane or different; (17) (CHZ)pN(Ra?_{ R 9a; (18) -(CH2)pN(R26)2 ,
wherein R26 is the sane or dlfferent (19) -(gH2) pNHC( O R50; (20)

- (CH2) pNHC( O 2R50; 25 (21) (CHZ)pN(C(O)RZ?a)ZR%erel n each R27a is the sane
or different;

wherein R* is selected from:

(1 -H
(2)  alkyl;
5 (3)  alkylcarbonyl,

(4)  alkyloxy carbonyl,
(5)  haloalkyl and
(6) ~C(ONH(R®;

when R?', R¥% or R*® is the heterocycloalkyl of the formula above, Ring V is:

N \Ej N
™~ R ™~ R¥

Tj C(C(O)CH;,
CH,
\O and
N COZC2H5 \C(O)NHZ

10 R*

G{O)CH,

COz-t-BUTYL



25 205 -367- (22) -(CH2)pNR51C(O R27, or R51 and R27 taken together with the
atons to which they are bound forma heterocycl oal kyl ring consisting of, 5
or 6 nenbers, provided that when R51 and R27 forma ring, R51 is ymoteaHiry(23)
- (CH2) pNR51C(O) NR27, or R51 and R27 taken together with the atons to 5 which
they are bound form a heterocycloal kyi ring consisting or 5 or 6 nenbers,
provided that when R51 and R27 forma 4749, RS51 is not H 10 15 (24)

-(CH2) pNR51C( O) N(R27a) 2, wherein each R27a is the sane or different; (25)

- (CH2) pNHSO2N( R51) 2, wherein each R51 is the sane or different; (26)

- (CH2) pNHCO2R5; (27) -(CH2) pNC(O NHR51; (28) -(CH2)pCR2R51; (29) -NHRO ;
(30) R30 1 ~{>&H2)p- .- R31 p sane or different; (31) R30 R32 1

-(CH2) p- ~ C—I% §3%£?@§d§9% or different;

(1 -H;

(2)  alkyl;

5 (3)  alkoxyl;
(4)  -CHCN;
(5) R

(6) -CH2COgH;
(7) -C(O)alkyl and
10 (8) CHzCOgalkyl;

R? is selected from:

(1 A

(2) -OH;

(3) alkyl and
15 (4)  alkoxy;

R?"? is selected from:
(1)  alkylor
(2) alkoxy;

R*through R* is independently selected from:

20 (1) -H;
(2) -OH;
3) =0;
(4)  alkyl
(5) aryland

25 (6)  arylalkyl;



20 (32) (33) (34) -alkenyl-CO2R93; -alkenyl-C(OR9a; -alkenyl-COQ2R51;
wherein R3 and R31 are the , wherein Rao, R31, R32 and R33 are the 25 F. bl 5
368 (35) (36) (37) (38) -alkenyl-C(O-R27a: (CH2)p-al kenyl - cbR{ RE1E:

- (CH2) pC=NOR51and - (CH2)p-Phthalimd; 5 pisO, 1,2,30r4; each R1 and R2 is

i ndependently selected fromH, Hal ogen, -CF3, -OR10, COR10, -SRI10,
-S(OtR15 whereint is 0, 1 or 2, -N(RAIm2, -N02, -0OC(O R10, CO2R10,
-0002R15, -CN, -NRLOCOOR15, -SRI 5C(OORl 5, -SRI 5N(R13)2 provided that R15
in -SRISN( RLF)?id §e|gg§ed-f@—||% and wherein each 10 R13 is independently

selected fromH or -C(O OR15, benzotriazol-1 -yloxy, tetrazol-5- ylthio, or
substituted tet raz a\Y hio, al kynyl, al kenyl or alkyl, said al kyl or
al kenyl  group optl onal Q}lbei ng substituted with hal ogen, -OR10 or -CO2Rl O;

?3 and R4 are theé)arre hoenter%'afrjler ent and each i ndependently represent H, or

(3)  substituted heteroary! and
5 (4)  amino;
wherein said substituents on said substituted R*® groups are independently selected
from: alkyl; halogen; or —-OH,;
R is selected from:
(1)  heteroaryl;
10 (2)  substituted heteroaryl and
(3) amino;
R* is selected from: -H, or alkyl.

2. A compound of Claim 1 having the structure:

15

wherein:

X=CHorN;



any of the substituents of R and R2; 15 R5, R6, R7 and R7a each

i ndependently represent H -CF3, -CORLO, alkyl or aryl, said alkyl or aryl
optionally being substituted with -OR10, -SR10, -S(OtR1l5, -NRI 5
-N(R10) 2, -NO02, -C(O R10, -OCOR10, -0002R15, -C02R10, OPO3R10, or R5 is
conbined with R6 to represent =0 or =S; 20 R8 is selected from =0 Rlta R
R11 0=61 21 zz H OO11 ON' OGCRI127¢rt R46 (2.0) (3.0) (4.0) (5.0) 25FE
B2UW01 -369 R9 is selected from (1) heteroaryl; (2) substituted heteroaryl;

(3) ary! ol kowyis 8 ubibh Suiichl Bty bkt q(eg})g:%ﬁwgé S8 lbEhiné 0) |

substituted het erocy oal eroc c Sub

et o 82?&1“@3%@?@”84 Seieendr A ﬁéﬁ%ﬁ%ﬁ@%’r}tef&éfégﬁﬁh o

het er oaryl al ke
y or h%vmg the structure:

5 wherein:
X=CHorN;
A is H when the optional bond is present between C-5 and C-6, and when the
optional bond between C-5 and C-6 is absent then each A is H.
3. The compound of claim 1 wherein:
10 R' to R* are each independently selected from H or hale;
R to R" are H;
a is N and the remaining b, ¢ and d are carbon, ora, b, ¢, and d
are carbon; and
R®is group 2.0, or 4.0.
15 4. The compound of claim 2 having the formula (1.0A) wherein,
a is N and the remaining b, ¢, and d are carbon, and
R'to R* are each independently selected from H, Br or Cl.

5. The compound of claim 1 wherein:



(13) heteroaryl al kynyl; 15 (14) substituted heteroaryl al kynyl; (15)

aryl al kyl; (16) substituted arylal kyl; (17) al kenyl, and (18) supstirfut-ed
al kenyl ; 20 wherein said substituted RO groups are substituted with one or
nore substituents selected from (1) -OH (2) -CO2Rla; (3) -CH20Rla 25

(4) halogen; 2 51-F i AG -370 (5) alkyl; (6) amno; (7) trityl; (8)

het erocycl oal kyl; 5 (9) cycloal kyl; -$20) arylal kyl; (11) heteroaryl; (12)
het eroaryl al kyl and (13) FS 10 wherein R14 is independently selected from

H alkyl; aryl, ar(vq al ey jg B@lfeeféefafrraﬂn ankg c?@[bﬁfk???b’&%éﬂt’uted Bloafkype!l ect ed
from al ky or aryla kyl; Rl i's selected from kyl; aryl or arylal kyl;

RL1 I's sel ectggh §iTtuted groups are substituted with halo, alkyl or amino;
2) R" s selected from: atkyl, aryl, substituted aryl, cycloalkyl or

substituted cycloalky!, said substituted groups are substituted with halo, -CN or

5 CF3;
(3) R R*¥, and R*¥areH; and
4)  R*is selected from: aryl, substituted aryl, heteroaryl of the
formula:
\/ﬁ \/ﬁ
I and k
10 Q/N /N+\O— or

hetercycloalkyl of the formula:

N
’
wherein, said substituted groups are substituted with alkyl, alkylcarbonyl or
15 haloalkyl;
(5) R* is selected from H or —C{O)NH_;
6) R%is selected from:
(a)  group 2.0 wherein R is selected from:

t-butyl or cyclohexyl;

20 (b}  group 3.0 wherein R" is selected from methy! or t-butyl;



15 (1) alkyl; (2) substituted alkyl; (3) aryl; (4) substituted aryl; (5)
cycl oal kyl; 20 (6) substituted cycloal kyl; (7) heteroaryl; (8) S)lefsr_t;‘j fut ed
heteroaryl; (9) heterocycl oal kyl; and (10) substituted heterocyél“oa'“ILkW"; 25
25 FEB M5 10 15 20 25 -371 wherein said substituted R' groups have 1, 2
or 3 substituents selected from (1) -OH (2) halogen and (3) alkyl; R1 1
ais selected from (1) H (2) OH -g3-alkyl; (4) substituted alkyl; (5)
aryl ;

(c)  group 4.0 wherein, R™ is H and R""® is selected from t-butyl,
cyanophenyl, chiocrophenyl, fluorophenyl or cyciohexyl;

(d)  group 5.0 wherein R*" and R* are H and R*® is selected from:

(1)  heteroaryl of the formula:

5
\ N \ N
‘ and ‘
N NN
O- or
(2)  hetercycloalkyl of the formula:
L/Tj
10 R44
and wherein R* is ~C(O)NH..
6. The compound of claim 5 wherein R® is group 4.0.
7. The compound of claim 1 wherein one of A and B is H and
15 the other is R®.
8. The compound of claim 1 wherein R® is selected from:

(1)  heterocycloalkylalkyl of the formula —(CHaz)n-heterocycloalkyl;
{2)  substituted heterocycloalkylalkyl of the formula
—(CH3)n-substituted heterocycloalkyl,

20 (3) heteroarylalkyl of the formula —(CH_)n-heteroaryl, and



(6) substituted aryl; (7) cycloalkyl; (8) substituted cycloal kyl; (9)
heteroaryl; (10) substituted heteroaryl; (11) heterocycl oal kyl ; rL'd{“ﬁ(g)l'J_Z;);
substituted heterocycl oal kyl ; wherein said substituted RL |a groups’ hHave one
or nore substituents selected from (1) -OH, (2) -CN, (3) -CF3; (4)

hal ogen; (5) alkyl; (6) cycloalkyl; (7) heterocycloal kyl; 2 51LL".. -372
(8) arylalkyl; 5 10 15 20 (9) heteroarytal kyl; (10) al kenyl and (11)
het er oal kenyl ; R12 is selected from H, or alkyl; Rl5 is selected from

al kyl or aryl; R4y R2g,paftuftfnétefod JEAREBERR fo¥maf] SRS Inidu®ituted
heteroaryl.
wherein nis 1, 2, or 3 and the substituents for said substituted R® groups are each
independently selected from:
5 (1y -OH;
(2) -CO,R™;

(3) -CH,OR™,

4)  halo,
(5)  alkyl;

10 (6)  amino;
(7)  trityl;

(8)  heterocycloalkyl;
(9)  arylalkyl,
(10) heteroaryl and
15 (11)  heteroarylalkyl.
wherein R™ is independently selected from: H; or alkyl.
9. The compound of claim 8 wherein R%is
(1)  —(CHz)n-imidazolyl;
(2) —(CH2)n-substituted imidazolyl;
20 (3) —(CH2)n-morpholinyl;
(4) —{CH2)n-substituted morpholinyl,
(5) —(CH2)n-piperazinyl, or
(6) —(CH2)n-substituted piperazinyl,

whereinnis 1, 2, or 3.



(1) -H (2) alkyl; (3) aryl; (4) substituted aryl, optionally substituted
with one or nore substituents selected from alkyl, halogen, CF3 or OR (5)
cycloal kyl; (6) substituted cycloal kyl; optionally substituted Wi 6 hEoné: or
nore substituents selected from alkyl, halogen, CF3 or OR (7) heteroaryl
of the fornmula, and (8) heterocycloal kyl of the formula: 25FEu29C, 5 - 373
wherein R44 is selected from 5 10 (8)34®) -H  al kyl; al kyl carbonyl;

al kyl oxy carbonyl; haloal kyl and -C(ONH(R51); when R21, R22 or R46 is the

heterocycl oahyl ghetnbUAB bR Svh&FeltPth dtiondl bond is present between
C-5andC-6and AisHand B is Rg, orAisR%and B is H; or the optional bond
between C-5 and C-6 is absent and each A is H, one B is H and the other B is Rg, or
one A is H, the other A is R® and each B is H; R" to R* are independently H or halo;
5 R°toR™areH;aisNand the remaining b, c, an d substituents are carbon; X is N or
CH and R® is group 2.0 or 4.0.
11.  The compound of claim 10 wherein RYis selected from:
(1)  heteroaryl;
(2)  substituted heteroaryl;
10 (3) arylalkyl;
(4)  substituted arylaikyl;
(5)  arylalkoxy;
(6)  substituted arylatkoxy;
(7)  heterocycloalkyl;
15 (8)  substituted heterocycloalkyl,
(9)  heterocycloalkylatkyl;
(10) substituted heterocycloalkylalkyl;
(11) heteroarylalkyi;
(12) substituted heteroarylalkyl,
20 (13) alkenyl,
(14) substituted alkenyl;
(15) heteroarylalkenyl and
(18) substituted heteroarylalkenyl,
wherein substituents for said substituted R® groups are each independently

25 selected from:



NH R44 N CH3 R44 N C(O)CH3 and N C02C2H5 N C(O)N H2 C02-t-BUTYL 251' EB2 5

-374 R 26 is selected from (1)-H, (2)alkyl; 2- CI §
(6)-CH2C2H; (7)-C(Oal kyl and 10(8) CH2CRal kyl ; 15 20 25 R27 i s ‘delitactiéd

from

10

15

20

25

(9)
(10)

(1)

wherein R is independently selected from: H; or alkyl,

- 381 -
-OH;
-COR™,
-CH,OR™
halo,
alkyl;
amino;
trityl;
heterocycloalkyl;
arylalkyl;
heteroaryl and

heteroarylalkyl,

5(3) al koxyl ;

(4) - CH2- CN,

12.  The compound of claim 11 wherein R® is selected from:

(1)
(2)

heterocycloalkylalkyl of the formula —(CH;)n-heterocycloalkyl;

substituted heterocycloalkylalkyl of the formula

—(CHz)n-substituted heterocycloalkyl;

(3) heteroarylalkyl of the formula —(CH2)n-heteroaryi, and
(4)  substituted heteroarylalkyl of the formula —(CHa)n-substituted
heteroaryl.

wherein substituents for said substituted R® groups are each independently

selected from:

(1)
(2)
(3)
(4)

5) R9;



(1) -H (2) -OH (3) alkyl and (4) alkoxy ; R27a is selected from (11 )
al kyl or (2) alkoxy ; R3 through R33 is independently selected from (1)
-H (2) -0+ (3) =0; (4) alkyl; (5) aryl and (6) arylalkyl; 2 5rfEd«~

2555 - 375 - R50 is selected from (1)alkyl; (2)heteroaryl; (3)substitLted

het eroary! and 5(4)am no; 10 wherein said substituents on said substituted
R50 groups are independently sel ected-382o0m alkyl; halogen; or -OH R50, is
selected from (1) heteroaryl; (2) substituted heteroaryl and (3) ani no;

(5) alkyl;

{(6) amino;

(7)  trityl;

(8) heterocycloalkyl;
5 (9)  arylalkyl;
(10)
(11)

13.  The compound of claim 12 wherein R® is group 4.0 and wherein R™Zis H

heteroary! and

heteroarylalkyl.

and R'"?is selected from:
10 (1)
(2)  aryl,

(3)  substituted aryl;

alkyl,

(4)  cycloalkyl and
(5)  substituted cycloalkyl,

15  wherein said substituents of said substituted groups are selected from:

(1)
(2)
(3)

halo;
-CNor

-CF3.

14.  The compound of claim 12 wherein R” is

20 (1)

25 (6)

—(CH2)n-imidazolyl,
—(CH2)n-substituted imidazolyl;
—(CH2)n-morpholinyl;
~(CH2)n-substituted morpholinyl;
—(CH2)n-piperazinyl, or

—(CH2)n-substituted piperazinyl,



R51 is selected from -H, or alkyl. 2. A compound of Claim1 having the
structure: x R R7 R6~'- R/8 R8 15 (1.0A) wherein X =CHor N, - 376 Bis
H when the optional bond is present between C-5 and C-6, and when thé& i
optional bond between C-5 and C-6 is absent then each Bis H, or having the
structure: X RS "I~-R7 R6_ WI R7a N R8 (1.0B) 5 wherein: X=CHor N Ais
H when the optional bond is present between G5 and C-6, and when the
optional bond between G5 and C-6 is ap8®nt then each Ais H 3. The
conpound of claim1l wherein: 10 Rl to R4 are each independently sel ected
fromH or halghereifnts01R¥ ¢r2 H, a is N and the remaining b, ¢ and d are
carbon, or a, b, ¢, and

15.  The compound of claim 14 wherein the optional bond is present.
16.  The compound of claim 15 wherein R? is 4.0 and wherein R'%is H and
R""?is selected from:
5 (1) alkyl;
(2) aryl
(3)  substituted aryl;
(4)  cycloatkyl, and
(5)  substituted cycloalkyl,
10 wherein said substituents of said substituted groups are selected from:
(1) halo;
(2) cyano, and
(3) CF3.
17.  The compound of claim 16 wherein R® is 4.0, R"*is H and R'*is
15 substituted phenyl and wherein said substituent of said substituted group selected
from:
(1) -CNor

(2) CFa3.
20

18.  The compound of claim 14 wherein the optional bond is absent.

19.  The compound according to claim 1 selected from:

25



are carbon; and R8 is group 2.0, or 4.0. 15 4. The conpound of claim?2
having the formula (1. OA) wherein; a is Nand the remaining b, c, and d are
carbon, and Rl to R4 are each independently selected fromH, Br or[€CBE.IH" 5.
The conpound of claim 1 wherein: L.-384 -377- (1) R' is selected from

al kyl, cycl oal kyl or substituted cycl oal kyl, said substituted groups are
substituted with halo, alkyl or amno; (2) R'ais selected from alkyl,

aryl, substituted aryl, cycloal kyl or substituted cycloal kyl, said
substituted groups are substituted with halo, -CN or CF3; (3) Rl2, R21, and
R22 are H, and (4) R46 is selected from aryl, substituted aryl, heteroaryl
of the fornula: \r--1zz~ and 10 N hetercycl oal kyl of the formula: o- or
X--"~ wherein, said substituted groups are substituted with al kyl,

al kyl car bonyl or 15 hal oal kyl; 20 (5) R44 is selected fromH or -C(O NH2;

0, O
\‘" c ! CO ’

N

i HiCO,$
HsCO,S =

32

D
\:} C‘ \ OO Cl

|
CH3O 2é CHiD25

34



(6) R8 is selected from (a) group 2.0 wherein R'" is selected from t-butyl
or cyclohexyl; (b) group 3.0 wherein Rl11 is selected fromnethyl qr t-butyl;
-378 (c¢) 5 \~~ and 0- or 10 (2) hetercycloal kyl of the formula: N 1!%4:iand
wherein R44 is -C(ONH2. 6. The co d of claim5 wherein R8 is group 4.0.
7. The conpound of claimI| wherein one of Aand Bis Hand 15 the other is
R9. 20 group 4.0 wherein, R12 is Hand R112 is selected fromt-butyl,
cyanophenyl, chiorophenyl, fluorophenyl or cyclohexyl; (d) group 5.0 wherein
R21 and R22 are H and R46 is selected from (1) heteroaryl of the fornula:
8. The conmpound of claim1l wherein RO is s
het er ocycl oal kyl al kyl of entor mul a - (
substituted heterocycl oal kyl al kyl of the
het er ocycl oal kyl ; >rodryl al kyl of t

et erocycl oal kyl ; |(2)
a -(CH2)n-substi'tuted
ormul a - (CH2)n-heteroaryl, and

| CHaOS
CH4025
35 36
HN'/\N N H
H
e L]
s
N
N v
CH3045 CH30,3
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l rw} f F..U5 10 15 20 -379- (4) substituted heteroaryl al kyl of the
formula - (CH2)n-substituted heteroaryl. wherein nis 1, 2, or 3 and the
substituents for said substituted RO groups are each independently selected
from (1) -OH (2) -CO2R14; (3) -048@14, (4) halo, (5) al kyl;ﬂl--i{%i)f
amno; (7) trityl; (8) heterocycloal kyl; (9) arylalkyl; (10) heteroaryl
and - (11) heteroarylal kyl. wherein R14 is independently selected from H, or
al kyl. 9. The conpound of claim8 wherein RO is (1) -(CH2)n-im dazolyl;

(2) -(CH2)n-substitutedg m dazolyl; (3) -(CH%) n- nor phol i nyl ; (4)

Ex =
5
LY
sz
6 AN
Lt
: NH2




(5) -(CH2)n-piperazinyl, or (6) -(CH2)n-substituted piperazinyl, wherein n
is 1, 2, or 3. -380- 10. The conpound of claim1 wherein the optional bond
is present between C-5 and CG6 and Ais Hand Bis R9, or A is R97andiBiis
H, or the optional bond between C-53&fd C-6 is absent and each Ais H one
Bis Hand the other Bis RO, or one Ais H the other Ais R9 and each B
isH RLto R4 are independently Hor halo; 5 R5 to Rfa are H a is N and
the remaining b, ¢, an d substituents are cagbon; X is Nor CHand R8 is
group Zd?* 4. 0. 11. The compound of claim 1 mher F@ is selected from
het

10 15 2 eroaryl; substituted heteroarylg ; substituted
aryl al kyf; arylalkoxy; substituted arylal k ocycloalkyl
substitited heterocycl oal kyl; heterocycl oal yI IkyI substi tut ed

het er ocygl oal kyl al kyl ; heteroarylalkyl; substituted heteroarylalkyl;
al kenyl ;§ substituted al kenyl ;

HaCO»S

43

Cl

)
- X OJ<
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het eroaryl al kenyl and substituted heteroaryl al kenyl, wherein substituents
for said substituted RO groups are each i ndependently 25 selecteq%pr;iwr381
5 10 15 20 25 (1) -OH, (2) -CO2R14; 3) -CH20R14' (4) halo, (%) aftkyl;
(6) amino; (7) trityl; (8) heterocyéB8al kyl; (9) arylalkyl; (10)
heteroaryl and (11) heteroarylal kyl, wherein R14 is independently sel ected
from H, or alkyl. 12. The conpound of claim 11l wherein RO is selected from
(1) heterocycl oal kyl al kyl of the formula -(CH2)n-heterocycl oal kyl; (2)
substi tuted heterocycl oal kyl al kyl of the fornmula -(CH2)n-substituted
het er ocy€l gal kyl ; (3) heteroaryl al kyl of the for a -(CH2)n-heteroaryl, and
(4) substituted heteroaryl al kyl of the formula \(CH2)n-substituted

o NH;
57
56
/N
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N
s cl
\
N
N
|
R
Ex R=
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O N
H |
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heteroaryl. wherein substituents for said substituted RO groups ar-e:each,.

i ndependently selected from (1) -OH (2) -C02R14; (3) -CH20R14 “(4)
hal o, -382 5 (5) alkyl; (6) amno; (7) trityl; (8) heterocycloal kyl; (9)
arylal kyl; (10) heteroaryl and (14338%eteroarylal kyl. 13. The conpound of
claim 12 wherein R8 is group 4.0 and wherein R12 is Hand R1 la is sel ected
from 10 (1) alkyl; (2) aryl; (3) substituted aryl; (4) cycloal kyl and (5)
substituted cycloal kyl, 15 vwrlqerei n said substituents of_said substituted
groups are selected from Z%jf (1) halo; (2) -CN or</J

N

<]




(3) -CF3. 14. The conpound of claim 12 wherein RO is (1)
-(CH2)n-imdazolyl; (2) -(CH2)n-substituted imdazolyl; (3) 76 TR0
-(CH2) n-norpholinyl; (4) -(CH2)n-substituted norpholinyl; (5 =~ 7
-(CH2) n-pi perazinyl, or (6) -(CH2)n-s3%&tituted piperazinyl, -383 wherein n
is 1, 2, or 3. 15. The conpound of claim 14 wherein the optional bond is
present. 16. The conpound of claim 15 wherein R8 is 4.0 and wherein R12 is H
and Rlla is selected from5 (1) alkyl; (2) aryl; (3) substituted aryl;

(4) cycloal kyl, and (5) substituted cycloal kyl, 10 wherein said substituents
of said BﬁﬁLﬁuted groups are sgff ed from (1) halo,-N2) cyano, and (3)
CF3.'17.§§QN c8ﬁbound of claiml erein RBis 4.0, RIR i§ Hand RL a is 15
substi t ut phenyl and wherein said\substituent of said stituted group
selected frpm (1) -CN or (2) CF3.
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20 18. The compound of claim 14 wherein the optional bond is absent. 19. The
conpound according to claim1l selected from 25 -384 33 31 G C 32 34 |
-385 35 Cf 361 CHBQR$ CKOrs14r f, Ji LIJ 1-", 37 38 -3867 5Fi¢ IEXxR=
5N --\\ N NH2 -391-
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Ccl
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6 NH2 cl 46 CH302S 44 48 -387 50 2 v k L L) . r i:" yCH3 51 52 d 53A sdA C
Cl 538 548 G 4O -388 01 G 57 C -389 75 FEG

-392-




| 61 60C 4 62 dC 70 71 -390 CN 72 75 A 73 1 Ex 26 II'~" N 270l ~-N~D 280~
N 29} a -391 cl N 81 85
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N8286 87 L ..) vi_~ wvu 84 C 88 C -392 90 -393 15 ~At CAl O OR ExR=
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N~NHcl d cl NI-"- NH206 GO O O 215 NNH 208 G O -399 21 6 ¢ 222
225 226 224 O cs EX.R $7 0-~-- N 88w, ~- rv 890O~N 76 Tes
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90 -400 m\ 242 ci 247 248 -401 249-251 Ex. #R= 94\ CH3 C -i N 5CH3 CH3
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CH3 CH3 25 -402 cI| N NN H260b A cl c*N H 260a EX R=, 106L N N w 107, ~~~
N\,NNp 108N 109~ ~ N NON 110N N v
25188 T
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11IN I N N1 -403 276 C- 1S .0 CH 277 EX

o=s=0 CH3 119 CH3 2 5 i (' I - rl5t 404 20. The conpound according to claim
1 which is selected fromthe group co_%%sti ng of: C 5 N\ (139) SRS LU
R
‘-\. Cl \ & O
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N
: ol
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(326) (628) (644) CI N (332) G C N C (362a) (684) (372) N S-11 N. (230)
(683.2) 5 (816) -406 CI 5 (877) (788) ;and CH3 N H3C-~O L0 H3G (790)
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(793) (778) (375.1) (372) -407- 21. The conpound according to claim 1 which
Is selected fromthe group consisting of: 5 (683.2) (816) (778) CI (877)
iIN', CH3 N H3C-0 0. H3 C(790) C 1-1 1-1 H3C3 H3C 0 0 (375.1) C ;and
(793) (372) - 408 22. The conpound agePr ding to claim1 which is? N 1%

— CH,
D A0
M XsoMER N
(J = (J
Boc (386)

EX. # R=

116 N '
Y o
0 |

H
117 d |
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Cl 5 N 23. The conpound according to claim1 which is: 24. The conpound
according to claiml1l which is: CHN 3 H3C~0,,~0 H3C - 409 25. T eg canpaund
according to claim!l which is: d d 26. The conpound according ta& €l nil
which is: 5 27. The conpound according to claim1l which is: -410- 28. The
conpound according to claim1 whichis: HB3C ~-NN,] d 29. A
pharmaceutical conposition conprising gy effective amount of a conpound of
any of clainms 1 to 28 in conbination with a pharmaceutically 5 acceptable
carrier. 30. Use of an effective anbunt of a conpound of any of clains 1 to

28 for 20. The compound according to claim 1 which is selected from the

group consisting of:

N ’\/N
C C

5 N O N O
(139) (628) (699)
N 2
—] - 1

(326) (644) (332)



the preparation of a nedicanment for inhibiting the abnormal growth of cells.
10 31. The use of claim30 wherein the cells inhibited are tunor cells
expressing an activated ras oncogene. 32. The use of claim 31 wherkginithe
tumor cells inhibited are pancreatic tunor cells, lung tunor cells, nyeloid
| eukem a tunor cells, thyroid follicular tunor 15 cells, nyel odysplastic
tunor cells, head and neck tunor cell nmel anoma tunor cells, Dbreast tunor
cells, prostate tunor cells, ovarian tunor cells, bladder tunor cells,
glioma cells or colon tunor cells. -411- 33. The use of ,cl aim 30 wherein the

i nhibition of the abnormal growh of ce curs by Laé i nhibition of ras
farnesyl protein tranS\gF?Sé. 34. The u f claim3 erein the inhibition
is of tunor cells wher the 5 Ras proteiRN is activgggdda~ a result of
oncogeni ¢ nutation in gene 5. Uk

ot her than the/Ras gene.

effective anount of a cggupound of an 1 to 2 epar ati on
of a first nedi cangs ofcian efﬂ Bldnt o e 10
chenot her apeuti c agenﬁ prep {4 second“m¥ : erein
the nedicaments arenuseg onbi nat i oncurrently or segnentially

w th/w thout radiation
claim 35 wherg{n said

or treating prefiferative diseaseg. 3%. The use of
fera¥t ve di séasel is s m 15 | ung

cancer, pancr€aw ser+ colon € r, el oi d | eu} A, anona, thyroid
follicular cancer ad and neck c ,:Ezarian cand bl adger carcinons,
glioma, nyel odys N ndrome, brea¥t &ncer and prostadfe ©ancer. 37.
The use of claim 36 wherein said proliferative disease is selected from 20
| ung cancer, head and jcancer, bl adder cer, breast canceggp)prostate
cancer and nyeloid | eukem’a. 38. The use gf any of clainms 35 to 37 wherein

sai d chenot herapeutic agent is an antineoplastic agent selected from
Uracil nmustard, Chlornethine, Cyclo

¢ x
e .
2855

N
wol () sl ()
N =
A Ao
(378) (690)




25 phospham de, |fosfam de, Mel phal an, Chl oranbucil, Pipobroman, 2VS ~ -412-
Tri et hyl enenel am ne, Tri et hyl enet hi ophosphoram ne, Busul fan, Carnusti ne,
Lonustine, Streptozocin, Dacarbazine, Tenozol om de, Methotrexate; s ¢ s
5-Fl uorouracil, Floxuridine, Cytarabine, 6-Mercaptopurine, 6-Thioguanine,
Fl udar abi ne phosphate, Pentostatine, Gentitabine, Vinblastine, Vincristine,
Vi ndesi ne, Bl eonycin, 5 Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,
| dar ubi ci n, Paclitaxel (Taxol), M the8@Bycin, Deoxycofornycin, Mtonycin-C,
L- Aspar agi nase, Interferons, Etoposide, Teniposide 17a-Ethinylestradiol,

D ethyl stil bestrol, Testosterone, Prednisone, Fluoxynester oneH.c

Dr onpst anol one pr o&i_tonat e, Testol act oneCHykgestrol acet at e, 6am)>ﬂ fen,

Met hyl pr edni sol one; Akt hyl t est ost er ope- Predni sol one, Tri arrJ6|| ol r@ 10

Chl or ot ri ani sen87\Hydr oxypr ogest er ong, Am-pogl ut et hi m de, EstyanmisiN ne,

Medr oxypr ogest etqndacet at e, Leuprol i 2%/ tam de, Torem relin,

Ci splatin, Carboplatip=Hydroxyurea, A RLocars *+-&he,

M t oxant r one, gievaAr=¢ v etbenel™GPT- | razol e; | e,
Capeci t abi ne, 3 b ol oxaf i ne\.anthHexane't hyl meNani:ne. 15 39. The
use of any of clarmg 3% to=37 wherein saNd chenot herapeuti ent is a

m crotubul e affecting mgent sel ected from atacol chici ne, [Halilchondrin B,
col chi ci ne, col chici QE %ri vat i v, dol ast%i ni 10, mayt Nes rhi zoxin,
paclitaxel, Hpaclklaxel { Icine, tri cyst ei ne,

vi nbl astine sul f epot hi | g hi | one,

erivati vess ttioc
 vincristine 20 te, o
di scodernol i de e NS éne, nocodaz ohe~and~MAP4. 40°%4.€he” us€ of any of

claims 35 to 37 wherel n Said chenot herapeui Cc agent ; is selected from
Gencti tabine, Ci splatin, Carboplatin, Taxotere, Paclitaxel, and 25 Paclitaxel
derivatives. - 41883.2) (877) (790)




41. The use of claim 35 wherein the conmpound of claiml is selected from C
5 H3C C 31 H3C 0 OHO H3C ~-- HON N Cl 42. The use of claim 35 wherein the
proliferative disease treated is selected fromlung cancer, pancreatic
cancer, prostate cancer and nyeloid | eukem a; the chenotherapeutic agent is
an antineopl astic agent selected from Uracil nustard, - 414 Chl ornethine,
Cycl o- phospham de, |fosfam de, Melphalgyy _Chloranmbucil, Pipobronan,

Tri et hyl enenel am ne Tri et hyl enet hi ophosphoram' ne, Busul fan, Carnusti ne,

Lonusti ne, ep C|n C Zl hqt

5- Fl uor our acitzt] &O"BR?E@“’a@%J?‘Q@ tﬂe&ﬂ% f/%‘&‘nadb %qybétﬁg Og-"%ﬁ oguani ne, 5
Fl udar abi ne hos hat e, Pentostatine, Centitabine, Vinblastine, Vincristine,
Vi ndesi REU ‘é’b‘ﬁ%}lﬂ% £ Dact i nomycin, Daunorubicin, Doxorubicin, Epirubicin,

| darubi ci n, Paclitaxel (Taxol), Mthranycin, Deoxycoformycin, Mtonycin-C,
L- Aspar agi nase, | nt erfer ons, Etoposide, Teniposide 17u-Et hi fkGestradiol,

Di et hyl sti |l best rgkp sTest ost erone, Predghsone, Fl uoxymest exone N

Dr onost anol one {@\pr opi onat e, Test ol Megest rol acet abes\\Tapoxi f en,
Met hyl predni sol@é Met hyl t est ost Pr edni sol one, | one,

Chl orotri ani sene, 4 xypr ogest er one 1 nogl ut et apusti ne,
Medr oxypr ogest gropes Leypr Ola# de 5 e, goserelin,
Cisplatin, Carbopjat) oxyur ea, 3 Pr oca t ot ane, 15

Mtoxantrone Levars
Capeci t abi ne,




Rel oxafine, Drol oxafine, and Hexamet hyl nel am ne and/or a m crotubule
affecting agent selected from. allocol chicine, Halichondrin B, 7colchi'¢ine,
col chicine derivatives, dolastatin 10, maytansine, rhizoxin, paclitaxel,
paclitaxel derivatives, thiocolchicine, ¢trityl cysteine, vinblastine
sulfate, vincristine sulfate, epothilone A epothilone, 20 discodernolide
estranustine, nocodazol e and MAP4 and 4dwe- conpound of claim1l is selected
from. -415r" 11 N C C and 5 43. The use of claim42 wherein the

m cr ot ubul g ng ec%%f*"?‘?@“ﬂd 50#%%;.@15 ittran%mmﬁm jst axel derivative or

Taxot ere. 16- 4 use o erein the antineopl asti c agent
is selected from Cycl ophospham de, 5-Fluorquracil, Tenpzol on de,
Vincristine, G splatin, Carboplatin and -t abi ne. 5 45. The use of claim

42 wherein the antineoplastic agent is se ted fromGCisplatin, Carboplatin
and Centitabine. 46. The use of claim42 whexein the proliferative disease
treated is selected fromlung cancer, head /and neck cancer, bl adder cancer,
breast cancer, prostate 10 cancer and_yg gukem a; the chenot herapeutic
agent is an antineoplastic agent sekecty 3t s%l atin, Carboplatin and
Cencti t abi ne and/or a microtubul e af f 8t ifMMg~agent sel ected from Taxol and
Taxotere and the conpound of claim1l i seﬁea:-it ed from

. ()

23.  The compound according to claim 1 which is:

CH,

N
N

24.




ci ti -417 /N1-1 and 47. The use of claim42 wherein the proliferative

di sease treated is lung 5 cancer; and the chenot herapeutic agent is sel ected
from Gencitabine, and G splatin. 48. Use of an effective amount of a
conpound of claim1 for the preparation of a first nedi canent 7and.usé of an
effective anmount of at |east one signal transduction inhibitor for the
preparation of a second nedi canent wherein the 10 nedi canents are used in
conbi nation concurrently or sequentialjggfor treating proliferative

di sease. 49. The use of claim48 wherein the proliferative disease treated
is selected om ol on cancer eloid

| eukem a, ne?ghongﬂg%x&@%gﬁ&{ﬁg%gﬁﬁﬁﬁgfﬁ?ﬁﬁpgﬁﬁ%aﬁker head andn%eck cancer,
ovari an cancer, bl adder carcinong, éﬁna nyel odyspl asti ¢ syndrone, br east
cancer and prostate cancer. 50. The u f claim49 wherein the signal
transduction inhibitor is selected NB\froma bcr/abl kinase inhibitor,

epi dermal growm h factor receptor in\LbN qr and her- 2/neu receptor
inhibitor. 51. The use of 49 wherein > transduction inhibitor is
selected from the bcr/abl kinase . nhi t he epidermal growth
factor receptor inhibitors, 10 Irgis; cl one C225 and Abgeni X
ABX- EGF and the her-2/neu receptor i Hef ceptin. 52. The use of 49
wherein the proliferative disease treat'etd ils selected from |ung cancer

head and neck cancer, bl adder cancer, br cancer prostate cancer 15 and
nyel oi d | eukem a; t he signal tr sductlo in |b|tor is selected from

G eevec,

26. The compound according to claim 1 which is:

HO
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9
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5 27.  The compound according to claim 1 which is:




Iressa, OSI-774, Intlone C225, Abgeni x ABX- EGF and Herceptin and the

conpound

of at

of claiml is selected from ci -419 and 53. The use c?f. 2 coppound
of any of clains 1 to 28 for the manufacture of 5 a nedi canent

agent is an 10 anti neopI astic agent selected from Uracil nustard,
Chl or net hi ne, pgycl ‘Ph rﬁ'ddzﬁzcokjlﬁ k&gl Wﬁldﬁhﬁ' an, Chl orambucil,
Pi pobroman, Triet hy ene I am ne, et hy ene I op osphor am ne, Busul fan,

Carmustine, Lonustine, Strept OZOCI n Dacar bagi Cpe Tenozol om de,

Met hot rexate, 5-Fluorouracil, Fl oxuri di ne,

6- Thi oguani ne, Fl udar abi ne phosphate, - 420 Pe tati ne, Gentitabine,

Vinbl astine, Vincristine, Vindesine, Bleonycj

Doxor ubi ci n, Epirubicin, |darubicin, Pacl axel axol), Mthranycin,

Deoxycof ormycin, Mtomycin-C, L- par 39
Teni posi de 17a- Et hi nyl estradi ol , > ¢
Predni sone, 5 Fl uoxynesterone, Dronostapohe

er erons, Etoposide,
ol-, Testosterone,
pEOPI onat e, Testol actone,

Megestrol acetate, Tamoxifen, Methyl predni oI one Met hyl t est ost er one,

Predni sol one, Triantinolone, Chlorotria
Am nogl ut et hi m de, Estranusti ne, N\[\/Edr 0X pro est eroneacet ate, Leuproli de,

Hydr oxypr ogest er one,

Fl utam de, Torem fene, goserelin, atntf, Carbopl atin, Hydroxyurea,
Ansacri ne, Procarbazine, Mtot ane to antrone, Levam sol e, Navel bene,

CPT-1 1, Anastrazole, Letrazole,
Hexanet hyl nel am ne.
is a

agent

10

15

,  Rel oxafine, Drol oxafi ne,

29. A pharmaceutical composition comprising an effective amount of a
compound of any of claims 1 to 28 in combination with a pharmaceutically

acceptable carrier.

30.  Use of an effective amount of a compound of any of cltaims 1 to 28 for

the preparation of a medicament for inhibiting the abnormal growth of cells.

31. The use of claim 30 wherein the cells inhibited are tumor cells

expressing an activated ras oncogene.

32.  The use of claim 31 wherein the tumor cells inhibited are pancreatic
tumor cells, lung tumor cells, myeloid leukemia tumor cells, thyroid follicular tumor
cells, myelodysplastic tumor cells, head and neck tumor cells, melanoma tumor cells,
breast tumor cells, prostate tumor cells, ovarian tumor cells, bladder tumor cells,

glioma cells or colon tumor cells.

-and ‘the use
| east one chenot herapeutic agent for the manufacture of a nedi canent

wherein said nedi canents are used in conbination for
proliferative disease.

the treatnent of a
54. The use of -gqkhgi-m 53 wherein the chenot herapeutic

abi ne, 6- Mer captopuri ne,

TN ctinonycin, Daunorubicin,

55. The use of cI ai m 53 wherein said chenot herapeutic



m crotubul e affecting agent selected fromall ocol chicine, Halichondrin B,

col chicine, 15 colchicine derivatives, dolastatin 10, maytansine, rhi.zoxin,
paclitaxel, paclitaxel derivatives, thiocolchicine, trityl cystéine, "

vi nbl astine sulfate, vincristine sulfate, epothilone A epothilone,

di scoder nol i de estramnusti ne, nocodazole and MAP4. 56. The use of a conpound
of any of clains 1 to 28 for the nanutngqre of 20 a nedi canent and the use
of at |east one signal transduction inhibitor for the manufacture of a

medi cament wheggein i ' - ' ' o]

treat ment of gl“s"proirlﬁ é’%&@%@@@@ﬁ@wgf‘ﬂ‘éﬂ"ﬂgﬁggm%?éb%% E{m‘gﬁﬂ?ﬂ] sai d
signal trapsduction. nhibitor iis 25 selected.fromthe bcr/abl inhibitor

d eevec, c%] O%C;Hrﬂg’yﬁé? "H?’B@!Pﬂ o 133 Eﬁm?@ﬁé’{)‘?t@”‘ UraRserasehi nitors, |ressa,
OSl-774, Inclone C225 and Abgeni x ABX- EGF and the her-2/neu receptor

I nhi bitor Herceptin. 58. The use of clains 53 to 57 wherein the conmpound of
claiml is selected 5 from ci and - 422 59. The use of clains 53 to 58
wher ei n t he pd#liféhatisesidilaignd@ wheeeindbie irhibiien éxottunoroeealiswherebmiber |

head and neck cancer, bl adder cancer, breast cancer, prostate cancer and

nmyel 6i d Rasgkeoiein issadiatedl a9 apesuit obdntdueniomuthtion iRbgends/othBEtHav the Rias
N11-1 R8 (1.0)

gene.

35.  Use of an effective amount of a compound of any of claims 1 to 28 for
the preparation of a first medicament and use of an effective amount of at least one
10  chemotherapeutic agent for the preparation of a second medicament wherein the
medicaments are used in combination concurrently or sequentially with/without

radiation for treating proliferative diseases.

36. The use of claim 35 wherein said proliferative disease is selected from
15 lung cancer, pancreatic cancer, colon cancer, myeloid leukemia, melanoma, thyroid
follicular cancer, head and neck cancer, ovarian cancer, bladder carcinoma, glioma,

myelodysplastic syndrome, breast cancer and prostate cancer.

37.  The use of claim 36 wherein said proliferative disease is selected from
20 lung cancer, head and neck cancer, bladder cancer, breast cancer, prostate cancer

and myeloid leukemia.

38. The use of any of claims 35 to 37 wherein said chemotherapeutic agent
is an antineoplastic agent selected from: Uracil mustard, Chlormethine, Cyclo-

25  phosphamide, Ifosfamide, Melphalan, Chlorambucil, Pipobroman,



or a pharmaceutically acceptable salt or solvate thereof, wherein: 10 one of
a, b, c and d represents N, and the remaining a, b, ¢, and d gr03?§-ggﬁ”[
represent carbon, wherein each carbon has an Rl or R2 group bound to'sai'd
carbon; or the dotted lines (---) represent optional bonds; X represents N
or CH when the optional bond is absent, and represents C 15 when the
optional bond is present; when the optigepal bond is present between carbon
atom5 and carbon atom6 then there is only one A substituent bound to

carbon at@hleABmAA(R, rmewé/ném% ﬁos?ﬁ{ﬂ"éhhﬁé'% Ln@%“g:alrﬁlu%aﬁéon atom 6

and A or B is other than H he optlon 'S not 'present

bet t
bound o %ﬁ?%f“n@ﬁmﬁgf“;ﬁ%@aﬁbgﬂ% B SRRl SR RS0
wh t I t bt t f the t B

onbor 1t UrurdRe, Gcibing ENSRagonidng: o ”%?arﬁ"#e Ud5i3 b BRRSAMB Rt s or
one of the two B substituents is other th wherein each A and B

subst | t uReRtoptatinggsadiabing, \dalplasting \fln@ﬂﬁtme( Yjndesing, Bleomyeing 3)

p%O)RQ 10 (4) -(CH2)pC(O N(R26)2, wherein each R26 is the sane or
dlffére

actinaghycin,dPrypNuRE)n, RexoryBicin, QE@HB)J[@IMHGJ@WD, Padlitaxel (Taxol),
- (CH2) pNHC( O) 2R50; (8) - (CH2) pNRS1C( O R27, or R51 and R27 taken together

wi t h t heMithemsydio, DédxyaofermycireMitsray dﬁmmd_ Asparagineies | meyfelaral, IBtbpddideg
consisting of, 5 or 6 nenbers, prow ded that when R51 and R27 forma ring,

RS1 i's ”Pémbbs@gh T&%ﬁéﬁ%%?lshﬁ%sﬁéﬁT@Q%s@%nbaiﬁ?éhﬁ% her with

t he atons

Fluoxymesterone, Dromostanolone propionate, Testolactone, Megestrolacetate,
Tamoxifen, Methylprednisolone, Methyltestosterone, Prednisolone, Triamcinolone,

10 Chlorotrianisene, Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, goserelin,
Cisplatin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levamisole, Navelbene, CPT-11, Anastrazole, Letrazole, Capecitabine,
Reloxafine, Droloxafine, and Hexamethylmelamine.

15

39. The use of any of claims 35 to 37 wherein said chemotherapeutic agent

is a microtubule affecting agent selected from allocolchicine, Halichondrin B,
colchicine, colchicine derivatives, dolastatin 10, maytansine, rhizoxin, paclitaxel,
paclitaxel derivatives, thiocolchicine, trityl cysteine, vinblastine sulfate, vincristine

20  sulfate, epothilone A, epothilone, discodermolide estramustine, nocodazole and

MAP4.

40. The use of any of claims 35 to 37 wherein said chemotherapeutic agent
is selected from Gemcitabine, Cisplatin, Carboplatin, Taxotere, Paclitaxel, and

25 Paclitaxel derivatives.



whi ch they are bound form a heterocycl oal kyl ring consisting or 5 or 6
menbers, provided that when R51 and R27 forma ring, R51 is not H ,20.(10)

- (CH2) pCO2R51; (11) -NHR9; (12) R30 1 -(CH2)p- - C- R4 R31 p whérein R3
and R31 are the sanme or different; -424 (13) R3O0 R32 11 -(CH)P- CG RO 31
33 30 31 32 33 RR, werein R R Rand R are the sane or different; pis
0, 1, 2, 3 or 4, 5 each Rl and R2 is i.pdgpendently selected fromH, Hal ogen,
-OR10, COR10; R3 and R4 are the sane or different and each independently
represent H, or any of the substituents of RL and R2; R5, R6, R7 and R7a

each independently represent HH R8 is selected from 10 H O0t0"R11 O 51 21
110 , OIN Rlilg,QJl ﬂ?RZZ . . ,
3. e use of claim 35 wherein the compound of claim 1 is selected from:

42. The use of claim 35 wherein the proliferative disease treated is selected
from lung cancer, pancreatic cancer, prostate cancer and myeloid leukemia; the

chemotherapeutic agent is an antineoplastic agent selected from: Uracil mustard,



R 12 ar R46 (2.0) (3.0) (4.0) (5.0) R9 is selected from (1) (C2 to

Cl4) heteroaryl; (2) substituted (C2 to Cl4)heteroaryl; (3) (C tpyrig o
Cl15) het erocycl oal kyl ; 15 (4) substituted (C3 to Cl15)heterocycloal kyl; (5)
(C3 to Ci5)heterocycloal kyl (CL to C6)al kyl; (6) substituted (C3 to

C15) heterocycl oal kyl (C1 to C6)alkyl; (7) (C2 to Cl4)heteroaryl (Cl to

C6) al kyl ; (8) substituted (C2 to Cl4) hgygroaryl (ClL to C6)al kyl; 20 (9) (C2
to Cl4) heteroaryl (C2 to C6)al kenyl; (10) (C2 to Cl4)heteroaryl (C2 to

08) al ky nighiorBehind 28y did-bhokFRafi OHRIARY MR ShICRRISmBUER! | t ut ed RO

groups are substituted with one or nore substituents selected from (1)

(3 o AR M EPbr R e She BNt ORI 0 )
e e Rt briar Lot ha Steafzoeht Daca/bish . "redfozdiSmids TRERLHab:,
5-Fluorouracil, Floxuridine, Cytarabine, 6-Mercaptopurine, 6-Thioguanine,

5  Fludarabine phosphate, Pentostatine, Gemcitabine, Vinblastine, Vincristine,
Vindesine, Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,
Idarubicin, Paclitaxel (Taxol), Mithramycin, Deoxycoformycin, Mitomycin-C,
L-Asparaginase, Interferons, Etoposide, Teniposide 17a-Ethinylestradiol,
Diethylstilbestrol, Testosterone, Prednisone, Fluoxymesterone, Dromostanolone

10  propionate, Testolactone, Megestrolacetate, Tamoxifen, Methylprednisolone,
Methyltestosterone, Prednisolone, Triamcinolone, Chlorotrianisene,
Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, | euprolide, Flutamide, Toremifene, goserelin,
Cisplatin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,

15  Mitoxantrone, Levamisole, Navelbene, CPT-11, Anastrazole, Letrazole, Capecitabine,
Reloxafine, Droloxafine, and Hexamethylmelamine and/or a microtubule affecting
agent selected from:. allocolchicine, Halichondrin B, colchicine, colchicine derivatives,
dolastatin 10, maytansine, rhizoxin, paclitaxel, paclitaxel derivatives, thiocolchicine,
trityl cysteine, vinblastine sulfate, vincristine sulfate, epothilone A, epothilone,

20  discodermolide estramustine, nocodazole and MAP4 and the compound of claim 1 is

selected from:.



R9a is selected from alky or (Cr, to Cl5)aryl(Cl to C6)al kyl; 15 R10 is
selected from Hor Cl to G alkyl; Rllis selected from (1) Cl.,to C6
al kyl; (2) substituted Cl1 to C6 al kyl; (3) phenyl; 20 (4) subst i gutled
phenyl; (5) C3 to C7 cycloal kyl; wherein said substituted RL1 groups have
1, 2 or 3 substituents selected from (1) halogen and (2) Cl1 to C6 al kyl;
25 Rlla is selected from - 426 5 mhquga H Cl to C6 alkyl; substituted
Cl to C6 alkyl; phenyl; substituted phenyl; C3 to C7 cycloalkyl; C2to
Cl4 heteroaryl; substituted C2 to Cl4 P eroaryl; said substituted Rl la
groups have one or nore substituents se %ﬁted from 10 (1) -OH (2) -CN
(3) -CF3; (4) hal ogén: HO, ~H,

and

N
N
N\\\©\[ j
N
N’l\\o
3] 43.  The use of claim 42 wherein the microtubule affecting agent is

Paclitaxel, a paclitaxel derivative or Taxotere.



(5 C1to Cr, alkyl; 15 (6) phenyl (Cl1 to C6)alkyl; 20 (7) (C2 to

Cld4) heteroaryl (ClL to C6)al kyl; Rl12 is selected from H, or (O to C6)alkyl;
R21, R22 and R46 are independently selected from (1) -H (2) CG.t6:E6:

al kyl; (3) substituted (C6 to G 5)aryl, optionally substituted with one or
nore substituents selected from (Cl to C6)al kyl, halogen; (4) Cl1L to C7
cycl oal kyl; 25 -427 (5) heteroaryl of.ghg-fornmula, and 0- 5 (6)

het er ocycl oal kyl of the formula: V N 144 wherein R44 is selected from

(1) -H (2) -440 Nrk&Rpde of EhimhenwRédein ﬁ?e’—aﬁ‘trnéﬁﬁaét& adenthetaeeychaal kyl of
the fornula above, Ring Vis: N-R44 R44

Cyclophosphamide, 5-Fluorouracil, Temozolomide, Vincristine, Cisplatin, Carboplatin

and Gemcitabine.

5 45. The use of claim 42 wherein the antineoplastic agent is selected from

Cisplatin, Carboplatin and Gemcitabine.

46. The use of claim 42 wherein the proliferative disease treated is selected
from lung cancer, head and neck cancer, bladder cancer, breast cancer, prostate
10  cancer and myeloid leukemia; the chemotherapeutic agent is an antineoplastic agent
selected from Cisplatin, Carboplatin and Gemcitabine and/or a microtubule affecting
agent selected from Taxol and Taxotere and the compound of claim 1 is selected

from:




20 R26 is selected from (1) -H (2) Cl1 to C6 alkyl; (3) C1 to Cr,

al koxyl; (4) -CH2-CN, (5) R9; (6) -CH2CO2H, or Th ~~NIl C(ONH2 7 55:10:>
-428- (7) -C(O(C1 to Co)alkyl and (8) CH2C2(Cl1 to Co)alkyl; R27 is
selected from (1) -H (2) -OH, (3) Cl to C6 alkyl and (4) Cl to C6 al koxy
; R3 through R33 is independently selected from (1) -H, (2) -OH (3) =0;
(4) Cl to C6 alkyl; (5) (C6 to Cl5)arylyqand (6) (C6 to Cl5)aryl (Cl to

Co)al kyl; 15 R5 is selected from

; ; and

47.  The use of claim 42 wherein the proliferative disease treated is lung

5  cancer; and the chemotherapeutic agent is selected from Gemcitabine, and Cisplatin.

48. Use of an effective amount of a compound of claim 1 for the preparation
of a first medicament and use of an effective amount of at least one signal
transduction inhibitor for the preparation of a second medicament wherein the

10 medicaments are used in combination concurrently or sequentially for treating

proliferative disease.

49.  The use of claim 48 wherein the proliferative disease treated is selected

from lung cancer, pancreatic cancer, colon cancer, myeloid leukemia, melanoma,



(1) C1 to C6 alkyl; (2) (C2 to Cl4)heteroaryl; (3) substituted (C2 to
Cl4) heteroaryl and (4) am no; 20 wherein said substituents on saijd, | =

substituted R50 groups are independently selected from (O to C6)alkyl;

hal ogen; or --OH 25 R50a is selected from (1) (O to C6)heteroaryl; (2)

substituted (C2 to Cl4)heteroaryl and (3) amno; '-FCC 82JU5 -429 R 51 is
selected from -Hor C, to C6 alkyl. -418-

thyroid follicular cancer, head and neck cancer, ovarian cancer, bladder carcinoma,

glioma, myelodysplastic syndrome, breast cancer and prostate cancer.

50.  The use of claim 49 wherein the signal transduction inhibitor is selected
5  from a ber/abl kinase inhibitor, epidermal growth factor receptor inhibitor and her-

2/neu receptor inhibitor.

51.  The use of 49 wherein the signal transduction inhibitor is selected from
the ber/abl kinase inhibitor Gleevec, the epidermal growth factor receptor inhibitors,
10 Iressa, OSI-774, Imclone C225 and Abgenix ABX-EGF and the her-2/neu receptor

inhibitor Herceptin.

52.  The use of 49 wherein the proliferative disease treated is selected from
lung cancer, head and neck cancer, bladder cancer, breast cancer, prostate cancer
15  and myeloid leukemia; the signal transduction inhibitor is selected from Gleevec,
Iressa, OS1-774, Imclone C225, Abgenix ABX-EGF and Herceptin and the compound

of claim 1 is selected from:




LA

pigs

-419 -

; ; and

53. The use of a compound of any of claims 1 to 28 for the manufacture of
5 amedicament and the use of at least one chemotherapeutic agent for the
manufacture of a medicament wherein said medicaments are used in combination for

the treatment of a proliferative disease.

54. The use of claim 53 wherein the chemotherapeutic agent is an
10  antineoplastic agent selected from Uracil mustard, Chlormethine, Cyclo-
phosphamide, Ifosfamide, Melphalan, Chlorambucil, Pipobroman,
Triethylenemelamine, Triethylenethiophosphoramine, Busulfan, Carmustine,
Lomustine, Streptozocin, Dacarbazine, Temozolomide, Methotrexate, 5-Fluorouracil,

Floxuridine, Cytarabine, 6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate,



10

15

20

25

-420 -
Pentostatine, Gemcitabine, Vinblastine, Vincristine, Vindesine, Bleomycin,
Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, Paclitaxel (Taxol),
Mithramycin, Deoxycoformycin, Mitomycin-C, L-Asparaginase, Interferons, Etoposide,
Teniposide 17a-Ethinylestradiol, Diethylstilbestrol, Testosterone, Prednisone,
Fiuoxymesterone, Dromostanolone propionate, Testolactone, Megestrolacetate,
Tamoxifen, Methylprednisolone, Methyltestosterone, Prednisolone, Triamcinolone,
Chlorotrianisene, Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, goserelin,
Cisplatin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levamisole, Navelbene, CPT-11, Anastrazole, Letrazole, Capecitabine,

Reloxafine, Droloxafine, and Hexamethylmelamine.

55.  The use of claim 53 wherein said chemotherapeutic agent is a
microtubule affecting agent selected from allocolchicine, Halichondrin B, colchicine,
colchicine derivatives, dolastatin 10, maytansine, rhizoxin, paclitaxel, paclitaxel
derivatives, thiocolchicine, trityl cysteine, vinblastine sulfate, vincristine sulfate,

epothilone A, epothilone, discodermolide estramustine, nocodazole and MAPA4.

56. The use of a compound of any of claims 1 to 28 for the manufacture of
a medicament and the use of at least one signa! transduction inhibitor for the
manufacture of a medicament wherein said medicaments are used in combination for

the treatment of a proliferative disease.

57.  The use of claim 56 wherein said signal transduction inhibitor is

selected from the bcr/abl inhibitor Gleevec, the epidermal growth factor receptor



-421 -
inhibitors, Iressa, OSI-774, Imclone C225 and Abgenix ABX-EGF and the her-2/neu

receptor inhibitor Herceptin.

58.  The use of claims 53 to 57 wherein the compound of claim 1 is selected

and



- 422 -

59. The use of claims 53 to 58 wherein the proliferative disease treated is
selected from lung cancer, head and neck cancer, bladder cancer, breast cancer,

prostate cancer and myeloid leukemia.

5
60. A compound of the formula:
or a pharmaceutically acceptable salt or solvate thereof, wherein:
10 one of a, b, ¢ and d represents N, and the remaining a, b, ¢, and d groups

represent carbon, wherein each carbon has an R' or R? group bound to said carbon;
or
the dotted lines (—-) represent optional bonds;
X represents N or CH when the optional bond is absent, and represents C
15  when the optional bond is present;
when the optional bond is present between carbon atom 5 and carbon atom 6
then there is only one A substituent bound to carbon atom 5 and there is only one B

substituent bound to carbon atom 6 and A or B is other than H;
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when the optional bond is not present between carbon atom 5 and carbon
atom 6, then there are two A substituents bound to carbon atom 5 and two B
substituents bound to carbon atom 6, and wherein at least one of the two A
substituents or one of the two B substituents are H, and wherein at least one of the
two A substituents or one of the two B substituents is other than H,

wherein each A and B substituent is independently selected from:

(n -H

2) -R%

(3)  ~(CH2PC(O)R?;

4) -(CHz)pC(O)N(st)z, wherein each R? is the same or different;

()  -(CHapN(R®)-R*;

(6)  ~(CH2)pNHC(O)R™;

(7)  -(CH2)pNHC(O)R™;

(8)  ~(CH.)pNR'C(O)RZ, or R* and R taken together with the atoms to
which they are bound form a heterocycloalky! ring consisting of, 5 or 6 members,
provided that when R* and R¥ form a ring, R*' is not H;

(9)  -(CH2)pNR*'C(O)NR?, or R*" and R? taken together with the atoms to
which they are bound form a heterocycloalkyl ring consisting or 5 or 6 members,
provided that when R® and R* form a ring, R* is not H;

(10) -(CHz)pCOR";

(11) -NHR®.

(12)

R30
|
(CHyp-{—C— R’
R /p wherein R® and R*' are the

same or different;
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(13)

| |
—(CHz)p-(f C-R®

R R¥  wherein R*, R¥', R® and R* are the

same or different;

pis0, 1,2, 3or4;

each R' and R? is independently selected from H, Halogen, -OR10, COR10;

R3 and R4 are the same or different and each independently represent H, or
any of the substituents of R’ and R,

RS, R6, R7 and R72 each independently represent H;

R? is selected from:

11 == 11a
H, 0 o’R ) 0=9=0 o) N'R
]
R12

! » _pl2
R or © imR
(2.0) (3.0} (4.0) (5.0)

RYis selected from:

(1)  (Czto Cys)heteroaryl;

(2)  substituted (C, to Cqs)heteroaryl;

(3)  (Csto Cis)heterocycloalkyl;

{4) substituted (C; to Cys)heterocycloalkyl;

(5)  (Csto Cys)heterocycloalkyl(C1 to Cglalkyl;

(6)  substituted (C; to Cys)heterocycloalkyl(C4 to Ce)alkyl;
(7)  (Czto Cis)heteroaryl{C, to Celalkyl;

(8)  substituted (C, to Cq4)heteroaryl(C, to Cg)alkyl;

(9)  (Czto Cys)heteroaryl(C, to Cglalkenyl;

(10) (Cyto Cs)heteroaryl(C, to Ce)alkynyl; and



- 425 -
(11) (Cz to Celalkeny!,
wherein said substituted R® groups are substituted with one or more

substituents selected from:

(1) -OH;
(2) -CO:R™;
(3) halogen;

(4)  (Cyto Cglalkyl;

(6) amino;

(6) (Ceto Cys)aryl(Cq to Cglalkyl,
(7)  (C,to Cys)heteroaryl;

(8) (Czto Cys)heteroaryl(C4 to Cg)alkyl and

o 54,

wherein R™ is independently selected from: H and (C4 to Cg)alkyl;

R* is selected from: alky or (Cs to Cis)aryl(Cq to Ce)alkyl;

R' is selected from: H or C4 to Cg alkyl;

R" is selected from:

(1)  Cito Cgalkyl;

(2)  substituted Cq to Cs alkyl;

(3)  phenyl;

(4)  substituted phenyl;

(5) C; to Cy cycloalkyl;

wherein said substituted R'! groups have 1, 2 or 3 substituents selected from:
(1) halogen and
(2) CqtoCgalkyl;

R is selected from:
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(1)
(2)
(3)
(4)
()
(6)
(7)
(8)

-426 -
H;
C4 to Cg alkyl;
substituted Cq to Cg alkyl;
phenyi;
substituted phenyl,
Ca to Cy cycloalkyl;
C» to Cy4 heteroaryl;

substituted C, to Cy4 heteroaryl;

wherein said substituted R'* groups have one or more substituents selected from:

(1)
(2)
3)
(4)
%)
(6)
(7)

-OH;

-CN;

-CF3;

halogen;

C1 to Cs alkyl,
phenyl(C+ to Cg)alkyi;

(Cz to C14)heteroaryI(C1 to Cs)alkyl;

R" is selected from: H, or (C; to Cg)alkyl;

R?', R? and R* are independently selected from:

(1)
(2)
(3)

(4)

-H:
C4 to Cs alkyl,

substituted (Cg to Cys)aryl,

optionally substituted with one or more substituents selected
from: (C4 to Cg)alkyl, halogen;

C1 to Gy cycloalkyt,
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(5) heteroaryl of the formula,

5 (6) heterocycloalkyl of the formula:

>

R4
wherein R* is selected from:

(1) -H;

(2)  -C(ONHR™);

10 when R?', R® or R*® is the heterocycloalky! of the formula above, Ring V is:
.0 O -0
N _
N\R44 N N\RM C(OINH; ;
B VPR

R%*is selected from:
15 (1) -H;
(2) Cqto Csalkyl;
(3) C4to Cs alkoxyl;
(4)  -CH»-CN:
5) R

20 (6) -CH,CO2H;
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(7)

(8)

-428 -
-C(O)(C, to Cg)alkyl and
CH2002(C1 to Cs)alkyl;

R% is selected from:

(1)
(2)
(3)
(4)

-OH;
Cito Cs alkyl and

C1 to Cs alkoxy ;

R¥ through R* is independently selected from:

(1)
(2)
(3)
(4)
(5)
(6)

C4 to C; alkyl;
(Ces to Cys)aryl and

(Ce to Cys)aryl(Cy to Celalkyl;

R* is selected from:

(1
(2)
3)
(4)

wherein said substituents on said substituted R® groups are independently selected

C, to Cs alkyl;
(C2 to Cqs)heteroaryl;
substituted (C, to Cy4)heteroaryl and

amino;

from: (C4 to Cg)alkyl; halogen; or —OH;

R>% is selected from:

(1)
(2)
(3)

(C4 to Cg)heteroaryl;
substituted (C; to Cq4)heteroaryl and

amino;
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R*" is selected from: -H or C1 to Cs alkyl.



