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FARNRSYL TRANSFERASE | NHI Bl TORS Background of the

| nventi on Ras is a 21,000 nol ecul ar wei ght protein inportant

in the signal transduction pathway for normal cell 5 growth. The protein

i s produced in t*K82F3%Fsone, rel eased into the cytosol, andPCTUS702651
post-transl ationally nodi fied. The first step in the seri es of post-
transl ational nodifications is the al kylation of Cys[err] wi th farnesyl
pyrophosphate in a reaction catalyzed by 1Q he enzynme farnesyl transferase
(Hancock, JF, et al. Cell 57: 1167 1177 (1989)) Subsequently, the three
C term nal am no aci ds ar eFRRNBES (KANSF INHIDITORS , EMBO J.

8:1093- 1098 (1989)), and the ter' ’. | esterified

(Clark, S, et al., Proc. | - BEABA3- 4647 (1988)).
Sone forns of Ras are F:ﬂssdsr évé?s?%?y“ﬂaﬁcrﬂ - F’&EgﬁtoﬁrE‘?%%‘élm"r%’ﬁues
i medi ately N-ter r:tinnahet slﬁya:[. etrdns(dﬂa&ianEatMaxalfqr Mdrmal cealll . Biol.

6:116-122 (19863) %fﬁlc@ééi‘?ﬁﬁs prbﬂﬁ&@@sfnttf]fe@i b| city of

the CGtermnal re |on of 2 ogg | ocal | ze _at e surface of
the cell menbr ZReeaE8aintathe, EORIL, tﬁnilh%°%’é‘l'tfrmt&ﬁ’é‘a Y

necessary for nor mediftiedti orhd Widstmstep Bl the sdéries ofSgpostee
310: 583- 586 (1984)t)::ﬁgs:r1a8%onal m&h&%‘%]% néoigstﬂé @&ﬁ{ﬁo‘?’bﬁ%r &?Qlﬁm a 25

relatively large nu cancers 1 nc ove cent o colon

cancers, over 30 ﬁéFBeﬁ?rB?SYJur@’T@b@éPEéFg inmRy %ﬁ/%‘?t’%‘ [Fetadyeeds by
pancreatic canrer £heBeszyme farndsyiceraRefenasé (ankiRdk AGF) etO8%)). These

observations suggegh;t Bat u@mwtﬂl@@gw thguﬁym”% my)f i Bagegrdlat ed

si gnal transductlon rrax be useful jn cancer.
terninal amino acids are cleaved (Gutlerrez, L, et al.,

EMBO J. 8:1093-1098 (1989)), and the terminal cCys!®® is
methyl~esterified (Clark, S, et al., Proc. Nat’l Acad.
15 Sci. (USA) 85:4643-4647 (1988)). Some forms of Ras are
also reversibly palmitoylated on cysteine residues
immediately N-terminal to Cys!®® (Buss, JE, et al., Mol.
Cell. Biol. 6:116-122 (1986)). These modifications
increase the hydrophobicity of the C-~terminal region of
20 Pas, vausing it to localize at the surface of the cell
membrane. Localization of Ras to the cell membrane is
necessary for normal function (Willumsen, BM, et al.,
Science 310:583-~586 (1984)).
Oncogenic forms of Ras are observed in a
25 relatively large number of cancers including over 50
percent of colon cancers, over 30 percent of lung
cancers, and over 90 percent of pancreatic cancers (Bos,
JL, Cancer Research 49:4682-4689 (1989)). These
observations suggest that intervention in the function of
30 Ras mediated signal transduction may be useful in the
treatment of cancer.

Previously, it has been shown that the C~terminal
tetrapeptide of Ras has the "CAAX" motif (wherein C is
cysteine, A is an aliphatic amino acid, and X is any

35 amino acid). Tetrapeptides having this structure have



Previously, it has been shown that the Ctermnal tetrapepti de of Ras

has the "CAAX" notif (wherein Cis cysteine, Ais an aliphatic amno
acid, and X is any 35 anmino acid). Tetrapeptides having this structure
have -~ WO 97/ 30053 PCT/ US97/ 02651
-2 - been HARWAMB be inhibitors of farnesyl transferase PCTPRENESE ot
al., Cell 62:81-88 (1990)). Poor potency of these early farnesyl
transferase inhibitors has pronpted the search for new inhibitors with
nore favorable 5 pharnmacoki neti c behavior James, G, et al., Science
260:1937-1942 (1993); Kohl, NE, et al., Proc. Nat'l Acad. Sci. (USA)

91:9141-9145 (19%7enm0 QF J-é!“-allt"r% of faumesydh&manggegasq- 3971

(1995); Nagasu, T(r&iss) .et GANGEell BESELLgd ﬁfadiﬁJ;Q SPbér( p88ancy L&t ner,
EC, et al., J. 10_Biol. em,. 270: 2

802- 26806 ly,
it has been shown"TRET SR &5 nlesy(i gF%ﬂ%?%’Faaé h )h&tp&s i d p’ﬁ?’&?:‘keé d
growt h of Ras- dep‘eheleemarch tﬁmmw Anhibéters evittomoreNgEaverakle, Proc.

o (5 oo AR AR AL bitiat e, 1248 a0 s 1 e
inhibited by farn §§ {% &3&3&*9 %‘%Hgft 's?/‘\itaﬁ'Seg(?lv ‘y'i) '?

non-transformed Scepi (FEA)N A1: Ils9(l$§pp11%¢)ehzdeﬁ91nﬂs. 607, akt, aI:aneEr
Resear ch, 55:53024a30%KeidO%e):396728971 (1995) ; NagasuSURBEY @i .1 @ancer

| nvention Resd e SAYGG 5340 (LOYEY! ' RN I 58 WSS o8 C?”pou.”
10 Biol. Chem. 270:26802~26806 (1995)).

Recently, it has been shown that a farnesyl
transferase inhibitor will block growth of Ras-dependent
tumors in nude mice (Kohl, NE, et al., Proc. Nat’l Acad.
Sci. (USA) 91:9141-9145 (1994)). In addition, it has

15 been shown that over 70 percent of a large sampling of
tumor cell lines are inhibited by farnesyl transferase
inhibitors with selectivity over non-transformed
epithelial cells (Sepp-Lorenzino, I, et al., Cancer
Research, 55:5302-5309 (1995)).

20 ary_of the Invention

'~ In one aspect, the invention features a compound
having the formula (I) or formula (II):

"aﬂ-;ws
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:e/%):f {A :,1} {—&



having the forrmula (I) or formula (I1): [err] WO 97/ 30053
PCT/ US97/ 02651
Rlerr] is H |ower alkyl, cycloalkylthio, or | ower aIkyIthio or,
together with

- , or - C(CH err])2-;
Rlerr] and E%W? ?mﬁgndependently, s H | ower al kyl , ang cyc?oa

of

R4 is H2 or O;

| ower al kyl ,
| ower al kyl,

al kyl ,

substituent is

1,

or 2),

-Cderr]- Rierr]

(Rerr]);

-C(O) -
al kyl ;-
| ower al kyl,
al kyl ,
aryl oxy,

(Rlerr]), or

het er ocycl yl ;

or

25 substituted

10

15

20

30

35

cycl oal kenyl , cycloalkenyl | owe
heterocyclyﬁ?réqn. het erocycl yl | ower al kyl, wherein the

- 3 - wher ei n:

Rlerr] is H or substituted or unsubstitute
| ower al kenyl, | ower alkynyb _cycloal kyl, 10 cycl oal kyl

ower alkyl, -O-Rerr], -S(O[err]Rerr] (where mis
N(R err] k (55 et )aowdd GURYAR eyeloatRyt£Hd eror Joeer ] ;

sikflonts WSOl Aty (S oo Berr )

NHCHR[ @f¢¥0d~érr| Rl err], or substi tuted or unsubsti tut ed | ower
cycl oal kyl, cycl oahkM! of orge rarid Ry, , ingeponddetlyt, is H,cuewerl kenyl

aryl I I 20 heterocyclyl or heterocyclyl |ower
wherein th%lﬁyf sdbstyéioggkyl

aryl | ower Bhkbiﬁz-‘-?’i(ﬂ-err])(R[err]) , -COOH, -CON(R[err])

tuen | ower al kyl, | ower al koxy,

hal 0, oORg Rﬁsamﬂ cB{ @dﬂstltﬁgaahef uhSiEstitited Lower

cycloalkyl lower alkyl, cycloalkenyl cycloalkenyl lower
alkyl, aryl, aryl lower alkyl, heterocyclyl, or
heterocyclyl lower alkyl, wherein the substituent is
lower alkyl, -O0-R;q, —-S(O0)yR;o (Wwhere m is 0, 1, or 2), -
N(R;o) (Ryy), =N-C(0)-Ryo, -NH-(80;)=Rygi ~COy~R;q, =C(0)-
N(Rjq) (Ry;), Or —(50,5)-N(Ryg) (Ry;) i

each of Rg and Ry, independently, is H, -C(0)-
NHCHR,;,CO,R,,, or substituted or unsubstituted lower
alkyl, cycloalkyi, cycloalkyl lower alkyl, cycloalkenyl,
cycloalkenyl lower alkyl, aryl, aryl lower alkyl,
heterocyclyl, or heterocyclyl lower alkyl, wherein the
substituent is OH, lower alkyl, lower alkoxy, aryloxy,
aryl lower alkoxy, =-N(R,q) (Ry;), —COOH, -CON(Ryq) (Ry3), OF
halo, or Ry and R,;, together, form aryl or heterocyclyl;

each of Rg and Ry, independently, is H, or
substituted or unsubstituted lower alkyl, cycloalkyl,
cycloalkyl lower alkyl, cycloalkenyl, cycloalkenyl lower
alkyl, aryl, aryl lower alkyl, heterocyclyl, or
heterocyclyl lower alkyl, wherein the substituent is OH,
lower alkyl, lower alkoxy, -N(R,;5) (R;;), COOH, -C(O)N-
(R10) (Ry;), or halo, or Rz and Ry, together, form aryl or
heterocyclyl;

each of R,;, and R;;, independently, is H, lower
alkyl, aryl, aryl lower alkyl, cycloalkyl, cycloalkyl
lower alkyl, heterocyclyl, or heterocyclyl lower alkyl;

Ry, is NRy, S, or O;

ach

al kyl, aryl, aryl | ower

01
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cycl oaf kyl |ower alkyl, cycloal kenyl, cycl oal kenyl | ower al kyl, aryl,

aryl lower alkyl, heterocyclyl, or het erocyclyl |ower al kyl, wherein

the substituent is OH, | ower al kyl, | ower al koxy, -N(Rerr]), COCH,
-C(ON 30 (R[er‘L err]) or halo, or Rerr] and R err], together, form

aryl or het & each of Rp[err] and R[er FT’US97’°2551

I ndependently, is H, Iomer al kyl, aryl, aryl lower alkyl, cycloal kyl,

cycl oal kyl | ower al kyl, heterocyclyl, or heterocyclyl | ower al kyl ; 35
Rlerr] is Nerr], S, or G WO 97/ 30083~

PCT/ US97/ 02651 -4 - [
substituted or unsubstit fiedifoHREsERRed °rmﬂg'r"3f’ﬁt?‘ﬁ‘ét§$b]sqwetru&]§%isl >
| ower al kyl, -OR whekeinStis:[subjtdtaent is loMerealkyd s-GR;pl, ~8(0P)R;@r
-N(R{err]) (R[e”] )che?*@@n m is 0, 1, R4 2y sol Of ¢k A’ﬁrRégB kyinqor 5 a

phar maceutical |y accepta al reof npl es of the
present invention includ lﬂhg R ??fi fhgikyl; or

7- (2- am no- | - ox®- 8- phavmprewyigaldyh wogeptaphengalt thereof.

5,6,7,8-tetrahydro- i”ida@QmEéﬂgh B8y rﬁﬁérﬁ%éé@ﬂﬁ“ﬂﬁ@in%honlanlude the
7-(2-am no-| - oxo- % &3 ropyl)-8-butyl -2-(4-

f 1 uor ophenyl)-5, 67 oFd ?ahydro i mi dazo- (1, 2a] - pyr azi ne ( Conpound 2);
7- (2- ami no- | - oxo- 3-t hi o- pr-d@yapifoblitgxo-Bthio~propyl)~8-butyl-2-phenyl-

met hoxy- phenyl ) -5 52 57788L€é£19£ﬁ5FHxQ5J 1@1@@&8—& i— 23} -p%i%ﬁﬁeaz('daﬁprGnggy nd

3); 7-(2-am nQ@- 1-o0x0-3-th YX g
met hoxy- phenyl 325, 6, 7, 8- /&t (PaRIIPE Fn? %&PQZﬂr°p p8r RYFRE- 3 dfmound
4); _ 7- CZHQNDPbeanXfﬁéBJﬂw&&tptvpyY¢r8*imdqaz¢bK&LZa}-pyr321ne

{Compound 2} ;
7~(2~amino-1-oxo-3~thio-propyl)-8-butyl-2«(2-
methoxy-phenyl)-5,6,7,8~tetrahydro-imidazo~{1,2a}-
15 pyrazine (Compound 3);
7-(2~amino~l-oxo-3-thio-propyl)-8-butyl-2~(3-
methoxy-phenyl)-5,6,7,8~tetrahydro-imidazo-(1,2a]~-
pyrazine (Compound 4);
7~ {2-amino~l1~oxo~3~-thio~propyl)~-8-butyl-2~(4~
20 wmethaxy-phenyl)-5,6,7,8~-tetrahydro-imidazo-{1,2a]-
pyrazine (Compound 5);
7-(2~-amino—-l1-oxo~3-thio~propyl)~8-~(2-hydroxy-
ethyl)-2-phenyl-5,6,7,8-tetrahydro~-imidazo~-{1,2a}~
pyrazine (Compound 6);
25 7-(2=-amino-3~thio-propyl)~8-butyl-3-phenyl-
5,6,7,8—tetrahydro-imidazo¥[1,2a]~pyrazine (Compound 7);
‘2~ (1-(N-(2-amino-l1-oxo-3~thiopropyl)-N-methyl) -
amino~pentyl)~ 5-phenyl-imidazole (Compound 8);
2-(((2~-amino-1-oxo-3-mercapto-propyl)-amino) -
30 methyl)~-5~phenyl-thiazole-4-~carbonyl-methionine (Compound
8);
7~ (2-amino-l-oxo~3-thio=-propyl)-2-(2~
methoxyphenyl)-8~(2-methylpropyl)-5,6,7,8~tetrahydro-
imidazo{1,2a)jpyrazine (Compound 11);



20 J[err] -[err]) 5,6, 7, 8-tetrahydro-imdazo- (1, 2a] - pyrazi ne (Conpound

5); 7- (2-am no- 1- oxo- 3-t hi o- propyl ) - 8- (2- hydr oxy-
et hyl)-2-phenyl -5, 6, 7, 8-tetrahydro-i m dazo- (1, 2a] - pyrazi ne (Conpound
6); 26 - (2-anj.no- 3-t hi o-propyl ) -8-butyl -3-phenyl - !
5,6,7,8-tet rahy&%ﬁ%azo- (1, 2a] -pyrazine (Conpound 7); PCTIUS9TI02651
2-(1-(N-(2-am no- 1 -oxo- 3- thiopropyl)-N—nethyI)- am no- pentyl) -
S5-phenyl -i m dazol e (Conpound 8);
2- (((2-am no-1I-oxo-3-nmercapt o- propyl) - anlno)
;ret gyl) 5- plhenyl g hlt ﬁzol CE ‘tzf—aﬁbﬂ&d sziy-mmaepesiaﬂpumutyl%(z-

am no- | - oxo- i 0-
met hoxyphenyl ) - 8- ¢ ﬂ’émg?'b\% ﬁ') '%'é'?egr?g‘?ﬁ%ﬂlodazo-[l 2a)-pyrazine
inidazo[l,2a]pyrathapQﬁmmﬁEUnd 11); WD 97/ 30053
PtCE/ US9E/ 02|6;31 6 7 81t tv- ﬁ-aﬁlﬁa-ﬁmmﬁ}@m §rbby92;psqm9r-&r-ixtzt-yl 2- (2-
et hoxypheny etra al - pyr az -
7- (2-am no- 1- of% BydR %XEH%R%%%‘EBGEBf rgiLf§§§4%§){m fdako-(1, g?n£§raz1ne
hydr oxyphenyl ) - 5, §¢@ngeund rldlyxr o-i m dazo- (1, 2a] - pyrazi ne ( Conpound
14); 2- (1- (N- @2y3mRO é—éﬁ!héLiJHﬁ@QEQQﬁhbpﬁb fWﬁJmethyl)-

?n}goaﬁfﬂgyh gxg23%%%2gégghii%g3%%%§E%%6xyphgg?iqllmféaz e (Compound 15);
net hyl propyl ) - 2- ( 1- napht h¥t )2-S3mginp -3~ oxo~3 bl i egweiol Jmsdd20( 1, 2a] pyr azi ne
(Conmpound 17) ;10 meth lpro %I)(—%—a(m—'ihapﬁtﬁ%ﬁ?)l”st@"ﬂm-opw) 8-(1-
nmet hyl propyl ) - 2- (
tetrahydroinidazo%f 8 Rgrig}ne (Compounad 17) ;
(2-am1no-1-oxo-3-thlopropyl)-8 (1-
methylpropyl) -2-(2-methoxyphenyl)-5,6,7,8~
tetrahydroimidazo(1,2a)pyrazine (Compound 18} ;

15 S~(dimethylethyl)-s’~[2-amino-3-oxo~-3 (8-butyl-2~
(2~methoxyphenyl;}~5,6,7,8~ _
tetrahydroimidazo[l,2a)pyrazin-7~yl)propyljdisulfide
(Compound 21);

7~ (2=anino-1-oxo-3-thiopropyl) ~8-butyl~2-(2~

20 wethylphenyl)-5,6,7,8~tetrahydroimidazo({1,2a}pyrazine
(Compound 22);

7-(2~amino~l-oxo-3-thiopropyl)-8-~(1,1-
dimethylethyl)-2~(2-methoxyphenyl)-5,6,7,8-
tetrahydroimidazo(1l,2a]pyrazine (Compound 24);

25 7~(2~-amino-l1-oxo~3~-thiopropyl)-8~(1-
methylpropyl)-2-(2~(phenylmethoxy)phenyl}~5,6,7,8~
tetrahydroimidazo[l,2a] pyrazine (Compound 25);

7= (2-amino-1-oxo-3-thiopropyl) -8~
(cyclohexylmethyl)-2-(2-methoxyphenyl)~-5,6,7,8~
30 tetrahydroimidazo[l,2a] pyrazine (Compound 26);
7-(2~amino-1~-oxo-3~thiopropyl)-2-(2-
methoxyphenyl)-8-(1l-methylethyl)-5,6,7,8-
tetrahydroimidazo({1,2a]]lpyrazine (Compound 27);



15 ) S-(di net hyl ethyl)-s'-(2-am no- 3-o0xo0- 3(8-butyl -
(2- met hoxyphenyl ;)-5,6, 7, 8-

tetrahydroi m dazo[ |, 2a] pyrazi n-7-yl) propyl)disul fide (Conpound 21);
7- (2- ami no- 1- 0xQ-3-t hi opropyl )-8-butyl-2-(2- :20 nethyl phenyl)-5 ,86,7,
8-t et rahydr oi mi X9 81300%a] pyr azi ne (Conpound 22); PCT/US97/02651

7-(2-am no- 1- oxo- 3-t hi opropyl )-8-(1, 1-

di met hyl et hyl) - 2- (2- met hoxyphenyl ) -5, 6, 7, 8-

t et r ahydr oi ni dazo[ 1, 2a] pyr a2| ne (Compound 24§:~

7(2amnolox03th|opr - - R o e

nmet hyl propyl ) - 2- ( 2- épheny t oxy% cx E$Q§°P§?pyl) 8-butyl~2(2

t et rahydr oi m daz o Uh%r@ﬁ%: —~tetrahydro{1,2a]pyrazine
7-(2-am no- 1- oxo- ’p’eéﬂpaﬁr@pyl)); 8-

byr azi e { Conpound 26y - o (2mbRRERYpy Dy -fe- e kP RPREL P LA £ B 52
net hoxyphenyl ) 58- ¥?tﬁﬂ§MﬁEQ§FHJKFhSaB°# @pn-4—yl)carbony1}-
BT LS 0265 D T o s 2.0 D5 OBV L L Bl v
hydroxy-6-nethoxthenyI) -(g 7‘@ te?raﬁgd%3?§&§éf%§h§g?n§¥L&°-gﬂ§§9éh 29);
2- (2- met hoxyphenyf3=ms Qﬁﬁ??ﬁ?Vé?UEyF)7E§qut§§hY
tetrahydro-7- ((tFuﬁ&a&zdty1zﬁ]pykaaiheny¢ampoundlmzqqzo[l 2a]pyra2|ne I
(Commoun SR .o o, 7, G PRI GES el ALl gl oge & bty 2
32); 10 ﬁ{@%%&@@xé‘ge*ﬁ?’bﬁw tlyP-aipxrazme
(Compound 34);
7-(2~amino—-1~oxo-3-thiopropyl)-3~bromo-8-butyl-2-
phenyl-5,6,7,8~tetrahydro-imidazo[1,2a]pyrazine (Compound
15 36); _
7-(2-amino-i-oxo-3~thiopropyl) -2~cyclohexyl-8-
{cyclohexylmethyl)-5,6,7,8~tetrahydro~
imidazo(1,2a)pyrazine (Compound 37);
7-(2-amino~1-oxo-3-thiopropyl)~8~hexyl-2~(2-
20 =methoxypbenyl)-5,6,7,8~tetrahydro-imidazo{l,2alpyrazine .
{Compound 42); |
7-{2-amino-1-oxo~3-thiopropyl)-8-
(cyclohexylethyl)-2~(2~-methoxyphenyl)-5,6,7,8~
tetrahydroimidazo{l,2a] pyrazine (Compound 44);
25 7-(2~amino~1-oxo-~3-thiopropyl) ~8-(cyclohexyl) -2~
(2-methoxyphenyl)-5,6,7,8~tetrahydroimidazo{1,2a]
pyrazine {Compound 46);
7-(2-amino-1-oxo-3~thiopropyl)-8~-(2~(4~
methoxycyclohexyl)~methyl)-2~{2-methoxyphenyl}-5,6,7,8~
30 tetrahydroimidazo{l,2a] pyrazine (Compound 47);
7-(2~amino~l1-oxo-3~thiopropyl)-8-
(cyclohexylmethyl) -2-phenyl)-5,6,7,8~
tetrahydroimidazo{l,2a] pyrazine (Compound 49);



di phenyl -5, 6, 7, 8-t etrahydroi m dazo-[ (1, 2apyr azi ne (Conpound 34);
7-(2-am no- | -oxo- 3-t hi opropyl) - 3-brono- 8- butyl - 2-
phenyl -5, 6, 7, 8-tetrahydro-i m dazo[ 1, 2a] pyrazi ne (Conpound 15 36);

7- (2-am no- | - oxQg 3+t hi.opr opyl ) - 2- cycl ohexyl - 8-
(cyclohexylnethﬁ??gggégg,8-tetrahydro- inidazo(1,2a~pyraziﬁgn?ﬁgwggﬂnd
37); 7-(2-am no- 1- oxo- 3-t hi opropyl ) - 8- hexyl -2-(2- 20

)[err])-5,6,7,8-tetrahydro-inidazo[1,2a]pyLa;iQe (Conpound 42);
7- (2-am no- 1| -oxo-3-thiopropyl) - 8-

(cycl ohexyl et hyl) - 2- ( 2- mBf haX Rl GRYLh L 52053 /e fiopropy§sahydr oi m dazo{ 1, 2a]
pyrazi ne (Conpound

44); 25
7-(2-anino-1-oxo-ﬂgY?%¥Xﬁ¥ﬁiﬂ§F3§3@Eﬁﬁﬁaﬁﬂﬁgnﬁgg?henyl)’5'6'7'8'
(2- met hoxyphenyl ) tétfahyd=diatidazpdaokal dpyoddiia] (Compoppdasiihe ( Conpound
46) ; 7-(2-am —;rzﬂ&ﬁiﬁatbl—eﬂ.sw{é-—%él%n@&ymethyl)-z- (2-
nmet hoxycycl ohex I&-neth |.) - 2-.(2-_met hoxyphen - ,%hZ,S- 30 .
tetrahydroinidé%o gh Y&Qrﬁe6¢8bﬁﬁgﬁﬁfghé6¥°‘ idazo{l,2a}pyrazin-7-
7-(2-am no- | -oxo-81}hi opropyl ) - 8- (cycl ohexyl met hyl ) - 2- phenyl ) -5, 6, 7, 8-

t et rahydr oi m dazo. TET IR 1Y QyBeh #0Ne (c 1 52 97/ 30053
A e D R e et é (compouna 52y}

7- (2- ani no- 1- oxo- 3- t hi oprGhARRENPz-o*0-3~thiopropyl) -8~ (4-
met hoxycycl ohexyl peBh¢Rycmtlinhexyienpeyhpl 62~ (Z-m@sthoxyphenyl) -5,6,7, 8~
tetrahydr0|n1QQ;oégrféydﬁB@ﬁiad%%[ﬁ@?ﬂ?0§9ga%%9é &?is isomer) (Compound

[ S-[ 2- am no- 3- 0x0- 3- cycl ohexyl net hyl
nethoxyphenyl)-5,%?»58-tetrahydro-inidazo[l,Za]pyrazin-?-
7-(2-amino-1-oxo-3~thiopropyl)-2-(2-

methoxyphenyl)~8~(4~piperidinylmethyl)-5,6,7,8-
terahydroimidazo[1l,2a) pyrazine (Compound 54);

15 7-(2-amino~l-oxo-3-thiopropyl)-2-(2-
methoxyphenyl)-8~(2-piperidinylmethyl)-5,6,7,8~
terahydreoimidazo[l,2a] pyrazine (Compound 55);

7=~(2~-amino-1~oxo-3-thiopropyl)-2~(2~
methoxyphenyl) ~8-(3~-piperidinylmethyl)~5,6,7,8-

20 terahydroimidazo(l,2a] pyrazine (Compound 56);

7-(2~amino~1-oxo-3-thiopropyl)~-8-
(cyeclohexylmethyl)-2-(1-naphthyl)-5,6,7,8~
tetrahydroimidazo[1l,2a] pyrazine (Compound 57);

[S~[2-amino-3-ox0-3~(8-cyclchexylmethyl)~2~ (2~

25 methoxyphenyl)~5,6,7,8-tetrahydro~imidazo(1,2a]pyrazin~7-

yYl)~propyl}~S’—ethyl]disulfide (Compound 58) ;
7-(2-amino~l-~oxo-3-thiopropyl)-2-(2~

methoxyphenyl) -8~ (2-methylthio)~ethyl-~5,6,7,8-

tetrahydroimidazo[l,2a] pyrazine (Compound 59);

30 7-(2-amino-1-oxo-3-thiopropyl) -8~ (3~
indolinylmethyl) -2~ (2-methoxyphenyl)-8~5,6,7,8-
tetrahydroimidazo(li,2a] pyrazine (Compound 60); and

7-(2-amino~li-~-oxo-3~thiopropyl)-8-(1-
methylimidazol-3~-yl) methyl-2-(2-methoxyphenyl)-8-

35 5,6,7,8-tetrahydroimidazo {1,2a] pyrazine (Compound 61).




yl)- - propyl]-S -cyclohexyl]disulfide (Conpound 52);

7-(2-am no- 1- oxo- 3-t hi opropyl ) - 8- (4- nmet hoxycycl ohexyl)

met hyl - 2- ( 2- met hoxyphenyl )-5, 6, 7, 8- 10 terahydroi m dazo[ 1, 2a] pyrazine (cis
i somer) (Conpound 53); 7- (2-am no- 1- oxo- 3-t hi opropyl) - 2- ( 2-
net hoxypheny! ) ¥ ¥43%er i di nyl net hyl ) -5, 6, 7, 8- t er ahydr oi RCEAI81/4265%]
pyrazi ne (Conpound 54); 15 7-(2-am no- | -oxo-3-thiopropyl)-2-(2-

met hoxyphenyl ) - 8- (2- pi peri di nyl net hyl)-5,6, 7, 8- t er ahydr oi m dazo[ 1, 2a]
pyrazi ne (Conpound 55); 7- ( 2- affi Ao~ - oxo- 3-t hi opropyl ) - 2- ( 2-

met hoxyphenyl ) - 8- ( 3- pi pgi di nyl et h - 7. 8-,20 terahvdroj xi dazol 1, 2a]
pyrazi ne (Conpound 56);63 (?Y§&5%9x¥$£fg?§%}ﬁ%-ﬁgg%%§§@?ﬁ388¥gby )?%-
(cycl ohexyl net hysyo-stiiazaigisingi4-carbony8) -5, 6, 1T ahydr oi ni dazo[ 1, 2a]
pyraz!”e_(Cbnpouﬂﬁkﬁﬁﬂ'droimidazo[l,Za]F razine (Compounds 62); and
[ S-[2-am no- 3- oxo- 3- (&- gy c).ohexyl met h { 21-?(2- 2 1 Y m e d 2
nmet hoxyphenyl )-5, 6, 7, 8-t'et n Sz%f 122 ?ﬁﬁ%%ﬁ 4 yl)-propyl]-S
- et hyl ] di sul f idden¢hammhany3gd)-8- (2-phenoxyethy D) +fidrd-8-oxo- 3- t hi opr opyl)
-2-(2-" et hoxyahetdr S =¥y bhbgta gty (Gonbotrid 63) .
tetrahydroi m dazo [1, th]rrbp rq_i'lgne gCon'gou&g 59§V; Q feat
7-(2- ani no- 1- oxo- 3- t hi o 5}'-\0) T gspect, ‘the invention features a
i ndol i nyl met hyl ) d Ru¢2igrardmpepyide made- 6£5560 75,.®?nti0ﬁ1et°|raﬁ§ﬂf_etqhdazo[l , 2]
pYIﬁZ:Ue_gCDnrogagT d?é”fﬁono%frs)tﬁs aeﬁgrfﬁﬁdmkﬂixgﬁobg'hh'0pr0py|)'8'(1'
met hyl i m dazol - 3- ne - 2-(2- met hox en - 8-
56, Bt et iy AP SR LAY ST PREPHES (S SHRFo0f, The monomexg
97/ 30053 are linked to each other to formp(ie gimegogia a

disulfide bond. More specifically, R, in the first

monomer and R, in the second monomer, in combination,
form a disulfide bond.

15 Examples of dimers of the invention include:

big~1,1’~[{2-amino-3-(8-butyl-2~(2-nethoxyphenyl) -
5,6,7,8~tetrahydro-imidazo(1,2a}piperazine-7-yl) -3~
oxo]propyl disulfide (Compound 10);

bis-1,1’~({2~-amino-3~ (2~ {2-methoxyphenyl)-8~(2~

‘20 methylpropyl}=-5,6,7,8~-tetrahydro-imidazo{i,2a}piperazine~
7-yl)~-3-oxolpropyl disulfide (Compound 12);

bis-1,1’~{2~(1~(N-(2-amino-1i-oxo-3~-thiopropyl) ~N-
methylamino)-pentyl]~5~(2-methoxyphenyl) imidazole]
disulfide (Compound 16);

25 bis~-1,1’-7~(2-amino-1-oxo~-3-thiopropyl -(2-(1-
naphthyl)~8~(2-methylpropyl)-5,6,7,8-
tetrahydroimidazo(1,2a}pyrazin~7-yl) disulfide (Compound
19).

big~1,1’~[7-(2=amino~l1-oxo-3-thiopropyl)-2-

30 (methoxyphenyl)~8-(l-methylpropyl)-5,6,7,8~

tetrahydroimidazo(1,2a]pyrazine] disulfide (Compound 20};

bis~1,1’=({7-(2~amino~1-oxo-3~-thiopropyl)-8-butyl-
2-(2-methylphenyl)=-5,6,7,8~tetrahydroimidazo{1,2a]
pyrazine,.disulfide (Compound 23).



8- (cyel ohexyl net hyl ) - 2- ( 2- et hoxyphenyl ) - 7- ( 2-

oxo-t hi azol i di n-4-carbonyl)-5,6,7, 8- t et rahydr oi m dazo[ 1, 2a] pyr azi ne
(Conpounds 62); and 7-(2-am no-|-oxo-3-thiopropyl)-2-(2- 5
met hoxyphenyl ) »phenoxyet hyl) -5, 6,7, 8-

tetrahydroi m daﬁ‘f’l@%?pyrazi ne (Conpound 63). In gcrltu 9710265‘
aspect, the invention features a di meri c conpound nmade of two |dent|cal
or different conpounds (nonomners) as descglbed above, or a 10
pharmaceutically acceptable salt thereof. Thé nononers are linked to

each other to formthe d|ggg.ﬂnra_§7_(zdhﬁyﬁ$¢f&bﬁxuyithlugggp§p?cgit@alIy,

the f t t
Conbination,  {BrtRepRaED g anpeerk ey N SEHRCTT s of the

i nventi on i ncl udetetrahydroimidazo{l1,2a]]pyrazine] disulfide (Compound
bis-1,1"-[2-am noagy ( 8- butyI 2- (2 met hoxyphenyl ) -

ool g Im R Tt e o 1 e e #é@ﬁ%&ﬁ}sﬁg%&é”z”z'.de
20 met hyl popyl ) - 5@&@@1@@%y’@r‘dzrnﬁﬂh§mﬁ%]ﬁl'pﬁerﬁail, e-

Elg|i ? 0?8]F{OFKt?gtanqéfékhﬁﬂga Q?ﬁ? }Bfrazine] disulfide (Compound 30);
net hyl am no) - pentyl ] -5- ( 2 Hhéxggﬁeﬁvgﬁ?n?%géxﬁQﬁYl'z'&VgﬁPP?ﬁngCbnpound
16); 25 b$ 56 17 18 =thixahydiroo inidaseSt T Rajmu@mAin~F2yl) »3~oxo-
Letranydt of m duorLBh] pytedrotds 7“‘%“‘9."‘53? i

bis-1, { -[7- (2-am no- 1- gi%%%s%lﬁ -éFo ; 'ér°dgM%J%uty1'2'phenyl-

(et hoxyphenyl ) - 85(irhE§+84¥nﬂhxﬂFP?5m6da28€1 2a}-myranio-gr il aoPdo-
2a] pyr azi nej dISUbEbﬂﬁli&igﬁliﬂaé Q@bm;ound 35); bis-1, 1" -[7-

gz(gnhg?h;|Bﬁgn§|)tglgp;quiétﬂaﬁﬁgr n?ﬂé&%qﬁfﬁiﬂ‘ ~thigorapy hb18 hEH¥7 de
(Conpound 23) .15 2, 3-diphenyl-5,6,7,8~
tetrahydroimidazo({l,2alpyrazinejdisulfide (Compound 38);
bis~1,1"=-{7-(2-amino~-1-oxo-3~-thiopropyl)-~-8~(1-
methylpropyl)~2-(2~(phenylmethoxy)phenyl)~5,6,7,8-
tetrahydroimidazo(1l,2a] pyrazine]disulfide (Compound 39);

20 bis-1,1/~[2~-amino~-3~(2-cyclohexyl-8-
(cyclochexylmethyl)-5,6,7,8-tetrahydro~
imidazo{1,2a]lpyrazin-7-yl)-3-oxo-propyljdisulfide
{Compound 40);

bis-1,1’~{7~(2-amino-1-oxo-3-thiopropyl) -8~

25 {cyclohexylmethyl)-2-{2~-methoxyphenyl)-~5,6,7,8~
tetrahydroimidazo[1l,2a)pyrazine}l disulfide (Compound 41);

bis~1,1/-[{7-(2-amino~1~oxo~3-thiopropyl)-8-hexyl-~
2—-(2-methoxyphenyl)-5,6,7,8~tetrahydro-
imidazo(1,2a)}pyrazine] disulfide (Compound 43);

30 bis~1,1’~{7-(2-amino-1~oxo-3~thiopropyl)-8-
(cyclohexylethyl) -2~ (2-methoxyphenyl)-5,6,7,8~
tetrahydroimidazofi,2a] pyrazine] disulfide (Compound
45) ;

bis-1,1'=[7-(2~amino~1-oxo~-3-thiopropyl) -8~
35 (cyclohexyl)-2-(2-methoxyphenyl)-5,6,7,8~ '
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- 9 - bis-1,1 - (7-(2-am no-1-o0xo-3-thiopropyl)-2-(2-

met hoxyphenyl ) - 8- (1-net hyl ethyl)-5, 6, 7, 8-

tetrablydroiiida 9]7 ] pyrazi ne] disulfide (Conmpound 28). _5
bis-1,1'-[7-(2-amNo-1-oxo-3-thiopropyl)-8-(1, 1- PCT/0S97002651
di nmet hyI et hyl) - 2- (2- net hoxyphenyl ) -5, 6, 7, 8-

t et rahydr0| m dazo[ 1, 2a] pyrazi ne] disul fi de £Corrpound 30);

bis-1,1"-2-am no-3-(8-butyl -2-cycl ohexyl -

5678tetrahydr rAZd N 340 g fide
(Compound 33); t%ér%@@ggkid%%ﬂ/ ﬁz]l y?a&%}x?:g] bzrig?r%- CB‘%J (}?’cl - enyI
5,6,7, 8- tetrahydr4(§3|'nFH§zo(1 2a] - pyrazin-7-yl)-3-o0xo- propyl]d| sul fide
(Corrpound 35); bib+s;1/4(74 (k{a&mﬁhmeoieexetﬂldsﬂs&dpynpsal-)(zgfbut yl -

15 2, 3-di ph | - | £,
o5 b il A T
met hyl propyl ) - 2- WPBN@H?F%@%B‘R%&%%YFa?ﬂBe? gisulfiqe i dazo
1 2a] pyrazine] dissyl;f i de (Conpound 39); : 20 b- 11

-[ 2-am no- 3- (2-cycl ohe rrad L e ydro-
|m dazo 1, 2a] pyrazin-7- y?ig f?o:;'(o 3 &y(fi di sﬁ?f?g HX&OE@ rglr?’c} ?0 9
bis-1, 1'- [7-(2PhePR¥YEL thﬂﬁqhﬁ&;ﬁﬂl)ﬁ hydrosinidazo(l, alpyramn-7~
(cycl ohexyl nmet hylyl)23¢Bxoptapyy phdigd)£ided (Cofipound 64) .

t et rahydr oi ni gazo[ 1, 23] p*ﬁgzggﬁ&cﬁﬂg }‘d) g&exg}eeﬂa&,gég 'are listed in

bis-1,1"-[7-(2-am no-1-o0xo0- 3-thi opropy

(2- met hoxypheny! Eaklg ¥ Betevr ahydro- i m dazo[ 1, 2a] pyr azi ne] disul fide
(Conpound 43); 30 bi s-1 -[ 7- (2- am no- 1- oxo- 3-t hi opropyl ) - 8-
(cycl ohexyl et hyl ) - 2- ( 2- net hoxyphenyl )-5,6,7, 8- t et rahydroi m dazo[ 1, 2a]
pyrazine] disulfide (Conpound 45) ;

bis-1,1"-[7-(2-am no-1-o0xo-3-thiopropyl)-8- 35
(cycl ohexyl) - 2- (2- net hoxyphenyl)-5, 6, 7, 8-
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- 10 - t et rahydroi m dazo[ |, 2a] pyrazine ] disulfide (Conpound 48) ;
and bis-1,1"-(7-(2-am no-1-oxo-3-thi opropyl)-8-(2-(4-

met hoxycycl ohexyl) - yl)-2-(2-nmet hoxyphenyl)-5,6,7,8- 5

t et r ahydr oi ni da§’8f’|”?§’ pyrazine] disul fidd!(€onpound  50); TCrueoH026s
bis-1, 1,-2-am no-3-(2-(2-nmethoxyphnenyl)-8-8ce :

phenoxyet hyl ) -5, 6, 7, 8-t etrahydro-i m dazo[ 1, 2a] pyr azi n-7-

yl ) -3-oxopropyl]-disulfide (Conpound 64). 1Q,,’ The structures of
t hese conpounds are listed in Tabl e | el ow. WO 97/ 30053
- 11 - PCT/ US97/ 0265 TABLE |
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conmpounds of the present invention may- have asynmetric centers and occur
as racenates, ' m xtures, and as individual diastereoners, with
al | Wb 973803 PCT/US97/02651

~- 24 -

The compounds of the present invention may have
asymmetric centers and occur as racemates, racemic
nixtures, and as individual diastereomers, with all
possible isomers, including optical isomers, being

5 included in the present invention. For simplicity, where
no specific configuration is depicted in the structural
formulae, it is understood that all enantiometric forms
and mixtures thereof are represented.

As used herein, "lower alkyl" is intended to

- 10 include both branched and straight-chain saturated
aliphatic hydrocarbon groups having 1-6 carbon atoms.
Examples of lower alkyl groups include methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, isobutyl, sec-butyl,
and the like. "Lower alkenyl" groups include those

15 groups having 2~6 carbon atoms and having one or several
double bonds. Examples of alkenyl groups include vinyl,
allyl, isopropenyl, butenyl, pentenyl, hexenyl, 1~
propenyl, 2-butenyl, 2-methyl-2-butenyl, isoprenyl, and
the like. “Alkynyl groups" include those groups having

20 2-6 carbon atoms and having one or several triple bonds.
Examples of alkynyl groups include ethynyl, propynyl, 1~
butynyl, 2-butynyl, 3-butynyl, s-butynyl, and the like.
All alkyl, alkenyl, and alkynyl groups are noncyclic.

As used herein, "cycloalkyl" is intended to

25 include non-aromatic cyclic hydrocarbon groups having 3-
10 carbon atoms. Examples of cycloalkyl groups include
cyélopropyl, cyclobutyl, cyclopentyl, cyclobenzyl, and
the like. “Cycloalkenyl" is intended to include non-
aromatic hydrocarbon cyclic groups having 3-10 carbon

30 atoms and having one or several double bonds. Examples
of cycloalkenyl groups include cyclopropenyl,
cyclobutenyl, cyclopentenyl, and cyclohexyl, and the
like.

As used herein, "aryl" is intended to include any

35 stable monocyclic, bicyclic, or tricyclic carbon ring(s)



possi bl e isoners, including optical isonmers, being 5 included in the

present invention. For sinplicity, where no specific configuration is
depicted in the structural formulae, it is understood that all
enanti-onmetric f and m xtures thereof are represented. As
. A : P $97/02651
used herein, "l S&M‘/;enfr‘mg?sgyl " is intended to 10 include both brancﬁre an 65
straight-chain saturated al i phati c hydrocarbon groups having 1-6 carbon
at ons. Exanpl es of |ower al kyl groups include nethyl, ethyl, propyl ,

i sopropyl, butyl, t-butyl, isobutyl, sec-b'u_t%ﬁ = and the Iike. "Lower
one of several . SHOUBIES Lo RREBSER, A8 8301t ke AR BLAS PREFEAE nyl
al lyl, isopropenyfinpuizratongtdst.cnxanpdrengt anyl grqwpspdnghude- but enyl ,
Chose 5t oups. havi BachReD MBASAC antnkalehy ks Bl Y Ceovaral  tiipl e
bonds. O~ Bxanp| ebesr Ry RARAERERY 1S PR e Benehiirery, AYR he' 16,
butynyl, 2-butyhyl, 3-butThe/tern hetengrycint, ta® Usead herein) | represents
eyel ool Kyl s A T L o it ooos b
g(r:gﬁpgahazi ng 3- mem&?)r%%rwc&ti&m?% 3¢ ?egf'g% &Fé‘%ﬂeﬁyl‘“é%ﬁ gci ncl ude
cycl opropyl, cyclbeteydcyadis apae yhicbyisobtbhey satmtrated: he | i ke.
"Cycl oal kenyl " i syjhgieneckd 0 drddktdenNebnsist &I Bldrbdiy dLesar RO £k i C
groups having 3-10 carbopn 30 %torrsa%nd havin one_ or veral doubl e bonds.
Exanpl es ofl%yﬁ?%g‘f‘ke'ﬂ%r SIREFEARFUEE %‘3‘&?‘%&%% € 9rouBy .| obut enyl ,
cycl opent enyl , andomgistinx\df Nan@.t hod S,| ax@ including any bicyedik herein,
"aryl” is intendegrb@pi {i¢withicramhydorstabl 8bsPeoteirda Hateyeby€1iOr
tricyclic carbon Hﬂé‘é S:ls fused toV\Q Za/n%ggg?’ring. The heterocyclic ring
PCT/ US97/ 02651

may be attached at any hetercatom or carbon atom which

15 results in the creation of a stable structure. Examples
of such heterocyclic elements include, but are not
limited to, azepinyl, benzimidazolyl, benzisoxazolyl,
benzofurazanyl, benzopyranyl, benzothiopyranyl,
benzofuryl, benzothiazolyl, benzothienyl, benzoxazolyl,

20 chromamyl, tinnolinyl, dihydrobenzofuryl,
dihydrobenzothienyl, dihydrobenzothiopyranyl,
dihydrobenzothio-pyranyl sulfone, furyl, imidazolidinyl,
imidazolinyl, imidazolyl, indolinyl, indolyl,
isochromanyl, isoindolinyl, isoquinclinyl,

25 isothiazolidinyl, isothiazolyl, isothiazolidinyl,
morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl,
piperidyl, piperazinyl, pyridyl, pyridyl N-oxide,
guinoxalinyl, tetrahydrofuryl, tetrahydroisoquinolinyl,

30 tetrahydro-quinolinyl, thiamorpholinyl, thiamorpholinyl
sulfoxide, thiazolyl, thiazolinyl, thienofuryl,
thienothienyl, thienyl, and the like.

The term halo is meant to include fluoro, chloro,
bromo, and iodo.



- 25 - of up to 7 nmenbers in each ring, wherein at |east one ring is
aromati c. Exanples of aryl groups include phenyl , naphthyl, anthracenyl,
bi phenyl , t et rahydr onapht hyl , i ndanyl, phenanthrenyl, and the Iike 5
The tern1hetero as used herein, represents a stable 5-

7- menber ed nnno@%@ﬁ%@m% stable 8- to 11- menber ed blcycllcpﬁwn§?@ﬂ?b
11-15 nenbered tricyclic heterocyclic ring which is either saturated or
unsaturated, and which consists of carbon atons and from 10 one to four

het er oat ons sel ected fromthe group consi%@iﬂg of N, 0, and S, and

i ncl udi ng any bicyclic @%o in which any of the above-defined
het er ocyclic rings is F b é“&éﬁ}@}ﬁtaﬁi nyS MeRNY i Agcjugectheng
may be attached atreaiyefietleemixtaimgrouparecy. at bawvehi£lkyl, hetekrbeytbef he
creation of a sta st Ex S r I epgnt s

I ncl ude, but are Q}?l E#&u&ﬁ?]’ WZ FH?FEiBeﬁ‘g@rﬁ}F ﬁq‘%y% %°SL 8¢
benzi soxazol yl, thBeR26itRAASHRALE p)‘Faﬁy# haltw Ahi dWP&'n?Iller
benzof uryl, benioehcaxolyThetnuhsﬁﬂtuam;lmabeheoaazadbéd t¥) any atom in
chromanyl , ci nnol i Qﬁgﬁﬁguryl dihydrobenzothienyl
d|hydrobenzoth|op§¥gnyﬁéﬁyggf) obenzothlo p ranyl sul fone, furyI

i m dazol i di nyl, |mdazoI|n'y"Pe CARRBRS) |of FﬁYPntiﬂEo$§¢ be

i sochr omanyl , isopﬂdoideqlxnlthznﬁdrﬁ bﬁybhaiﬁacemmiu&mmyIdﬁd&phable

i sot hi azolyl, isoLh €§0|'§Eéaﬂt§?le TRHREOLHOYL e,?&hEQﬁf erldh%?ﬁted to,

oxadi azol yl, 2- oxoaze I n perazi ny

2-oxopyrrol i di ¥yl acid ?ﬂ%kﬁ%?ﬂﬂsaﬁﬁspéfaipﬁyganh@r??ﬁﬁs ﬁﬂﬂh &% N-oxi de,
qgui noxal i nyl , tethgﬂydchmmw3de,tsﬂﬂﬁahpdrphesguatmﬂ|dﬁgno§yhate,

tetrahydro-quinol | h %gg f I de,
t hi azolyl, thi azoﬁ)a | enogt}ﬂy n'lﬂrat[ahfagﬁ I en %uﬁ esﬁu}l gnd t he
i ke. e ?E‘meemeg SSRAEAES | FRFERRES | @IS ingkper gitrate,

brono, and iodo. lactate, methanesulfonate, p-toluenesulfonate, pamoate,
15 salicylate, oxalate, and stearate. Also within the scope
of the present invention, where applicable, are salts
formed from bases such as sodium or potassium hydroxide.
For further examples of pharmaceutically acceptable salts
see, "Pharmaceutical Salts,” J. Pharm. Sci. 66:1 (1977).

20 In another aspect, the invention features a
method of inhibiting farnesyl transferase in a patient,
e.g., a mammal such as a human, by administering to a
patient a therapeutically effective amount of a compound
of formula (I} or formula (II). In particular, the

25 present invention also covers a method of treating
restenosis or tissue proliferative diseases (i.e., tumor):
in a patient by administering to a patient a
therapeutically effective amount of a compound or its
salt. Examples of tissue proliferative disease include

30 both those associated with benign (e.g., non-malignant)
cell proliferation such as fibrosis, benign prostatic
hyperplasia, atherosclerosis, and restenosis, and those
associated with malignant cell proliferation, such as
cancer (e.g., tumors expressing farnesyl transferase).
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- 26 - The term "substituted" is neant to include the

recited chem cal group (e.g., lower alkyl, heterocycle, aryl,

cycl eal kyl, et tltuted W th onetofour of t he reci

substltuents (e%"%;gﬁ%ﬁ OH, lower alkyl, 5 etc.). The subs?le?fgg%m%y be
attached to any atom i n t he chem cal group. The
conpounds of this invention can be provided in the form of
pharmaceutical Iy acceptable salts. Accepgdabte salts include, but are not

limted to, 10 acid addition salts of inorganic acids such as
hydrochl ori de, sdapPdespREsprartablp fHeRgafEe Preaghs gnlam.dPangrgas,
nitrate or orgam;ﬁ»o&&ui& Smﬁhgasovarﬁm,t apademheatendfhmwpaieﬁtabtrate,

succi nate, ci tratg gﬁn a p %ﬁﬁ at e,
panoate, 15 sali c ategs ?éel'olt@ﬁ ear’agla L‘%ré e3l Jf%e efr%%ope of
the present i nver$t5 §ﬁ°2V\Mé985hbpl icable, are salts formed from bases
such as sodi unsor pot assaUgheyspentittally efgectbivéhafowargd &s&h ound

pharmaceutical ly oafcq_'glgga%geﬁ@i(%g an tsaﬁ?h ﬁg@ggégg‘ﬁﬁfnveé} J. Pharm

Sci. 66:1 (1977) aspec 10N Teatures a
met hod of i nhi bi taxg iy ﬁé??Fa’W%mfﬁ -eEf-asé‘aﬁﬁle&lBEt fapponate o lactogegnatal

such as a human, aby;h@e@han_spealmﬁcmﬁch the! therapehtis u@ﬂ| b}in

ef fective anount a_c @é!]__ﬁ I 3 H

particul ar, the Zt%frmr esgl%g?!gg?en%mg SO covér i:h&%é%#%g reat %ﬁ’d
restenosi s or 1P s@ms -pr @l PPéP—at?@’élQﬁ-sé@?ééﬂFv er ligwdsd) for in a patient
by adm 3' stering atcau&mh.—aembna(elz .g I hesrapaw,i (iﬁtiravftfzéﬁly vedamount of ? .
conpound or its anpl e 0 r ve .di;sease .i n¢l ude
30 both those asgga%%tdtgamalgg B%r'\ s?tué) uttan%%‘dglﬁ L{) g MJ)eCt 12' ?‘ng of
proliferation sudireasomperpsgi s, le%rﬂ’gﬂ:pf’-‘@@ﬂ&?v cor Cm&ﬁol% e coated

at her oscl erosi s, vk aesuBBeahSe AAPhEIWTE protecting the composition
15 from the gastric acid or intestinal enzymes in the
subject’s stomach for a period of time sufficient to
allow the composition to pass undigested into the
subject’s small intestine.
The dose of a compound of the present invention
20 for treating the above-mentioned diseases or disorders
varies depending upon the manner of administration, the
age and the bhody weight of the subject, and the condition
of the subject to be treated, and ultimately will be
decided by the attending physician or veterinarian. Such
25 an amount of the compound as determined by the attending
physician or veterinarian is referred to herein as a
"therapeutically effective amount."
Also contemplated within the scope of the
invention is a method of preparing the compound of
30 formula (I) or formula (II) and the novel chemical
intermediates used in these syntheses as described
herein.
Other features and advantages of the present
invention will be apparent from the detailed description
35 of the invention and from the clainms.



assocrated with malignant cell proliferation, such as cancer (e.g.,
tunors expressing farnesyl transferase). WO 97/ 30053

PCT/ US97/ 02651 - 27 - Exanpl es of
treatable tunors are breast, colon, pancreas, prostate, lung, ovarian,
epi der mal , andW&HEMPoi eti c cancers (Sepp-Lorenzino, I, 8Hpm”m@§hcer
Resear ch 55:5302 (1995)). b5 A therapeutically effective anpunt
of a conpound of this invention and a pharmaceutically acceptable
carrier substance (e.g., nagnesium carborat28, - act ose, or a phospholi pid
wi th which the therapeutic conpound can forma mcelle) together forma

therapeutic conposition 10 (e. Bescription ofsithe: Inventioe or |iquid) for

adm ni stration (e g., omal li% beliéde@nendt Yone sﬁiua&adsﬁnahéyar@rcan,
subcut aneousl y) .t subkgpt in_hee The %I|| tabl et,

or capsul e can b%ase B %le?ﬁrﬁpg’ﬂ%%tl%ﬁfcee"ndab’g:g'ﬁgggft P PERTITHY t he
conposi tion 15 finantiong ot iks fellest ¢rhanht.i nTheefigyhowing sprcific

subj ect’ s stomacdmHcinRertel atd €6 hé Formdtirhidd @il mheely ﬁii@#\tﬁ&&ve,

conposition to oF: tQ.t estine.

The dose of a cot ‘%Jhgg&gﬁgkggl?gsgﬁtQﬁ%dﬁ% 0°§0?H§ éﬁ T °33¢ﬁeln
above- nentlonediﬁﬂééﬁgégm@FSGPKGFders varles dependi ng upon the manner
of administration, the uynlage asfikée® mmeghhmf teBAnE&Y] agig and the

condi tion of 1 C b n Iy will_ be
deci ded by the a??’éet‘}‘}%r? %ptrt\:f%ig%l §?\£°c5)re€%/%fénr ?‘r?g'ﬁ 5&’ §ucﬁ DAY ffunt of
t he conpound 18s mmﬁm@@dwsmedabrmﬁ ordinary skill in the art
to which this invention belongs. Also, all publications,
patent applications, patents, and other references

mentioned herein are incorporated by reference.

Synthesis
15 ' The following is a description of the synthesis

of compounds 1 to 31. Other compounds of the invention
can be prepared in an analogous manner by a person of
ordinary skill in the art. As used herein, the term Cbz
means carbobenzyloxy; DMF means dimethylformamidé; EtOAc

20 means ethyl acetate, NH,OAc means ammonium acetate; LAH
means lithium aluminum hydride; THF means
tetrahydrofuran; BOC means t-Butoxycarbonyl; Trt means
trityl; Tfa means trifluorocacetic acid; Et,0 means ethyl
ether; NMR means nuclear magnetic resonance; mass spec.

25 means mass spectroscopy; DMSO-dé means methyl sulfoxide;

. DCC means dicyclohexyl carbodiimide; NMM means 4-methyl

morpholine; iPr,;S8iK means triisopropylsilane, HPLC means
high performance liguid chromatography; DIC means
diisopropylcarbodiimide; MeOH means methanol; KOtBu means

30 potassium tert-—butoxide; HOSU means N-hydroxysuccinimide;
and iBuOCOCl means isobutyl chloroformate.

Example 1: 7-(2-amino-l-oxo-3-thio-propyl)-8-butyl-2-
phenyl-5,6,7,8-tetrahydro~inidazo-{1,2a]-
pyrazine (Compound 1)



physician or veterinarian is referred to herein as a "therapeutically
effective anount."” Al so contenplated within the scope of the
invention is a nethod of preparing the conpound of 30 formula (1) or
formila (11) andwbbescesvel chem cal internedi ates used in tHEiﬁ§

synt heses as descri bed her ei n. O her features an gwpﬁﬂes
of the present i.nvention will be apparent fromthe detail ed description
35 of the invention and fromthe clains. WD 97/ 30053
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Description of the Inve ;"h% L | i te one kill.ed in
the art can, based OEBF guggsérvas i 3%2?%8 %§¥§?%% —
invention to its fOrreRe %i?bﬁp°w?hgeiﬁVfomnng specific 5 enbodlnents are
to be construed as nerely illustrative, and not limtative of the

remai nder of the disclosure in any way what soever. Unl ess
defined otherwi se, all technical and scientific terns used herein have
t he sane neaning as 10 commonly understood by one of ordinary skill in the
art to which this invention belongs. Al so, all publications, pat ent
appl i cati ons..patents. and other references neolioned. berein are

i ncor por at eg ference Synt hesi s 15 The following is a
description o e synt hesi s of conpounds 1 to 31. O her conpounds of
the invention cap be prepared in an anal ogous manner by a person of
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ordinary skill in the art. As used herein, the term Chz means
t ar bobenzyl oxy; DMF neans di net hyl formam de; Et OAc 20 neans et hyl acetate,
NH[ err] OAc neans anmmoni um acet ate; LAH means |ithium al um num hydri de;

THF means t rq)?%g{ofuran; BOC neans t - But oxycarbonyl; Trt
trityl; Tfa rreglhsg ritluoroacetic acid; Et[err] O means et hyl Pﬁ@ﬁ'@%‘,ﬂ NVR

means nucl ear magnetic resonance; mass spec. 25 nmeans nass spectroscopy;
DMSO-d[ err] neans net hyl sul f oxi de; DCC_neans di cycl ohexyl carbodiim de;
NWM neans 4- et hyl nor phol i ne; i Pr3Si A f€afis triisopropylsilane, HPLC

means hi gh perfornance_|{gu,d JalVA -ﬁga : -
diisopropylcarbodiin?%e;ﬁé&%%ﬁg Z%%%k%%%ﬁ§z§¥£%%§%E ng%§8n8&tassium
tert-but oxi de; HOSU neans N-"hydroxysuccini m de; and i BuOCOO neans
i sobutyl chl or of or mrat@bz~ (L) Noxpueiha (10.0 g, 37.7 mmole) and Cs,C05

7-(2-am no-| - ox -tN1.0- RLOBY L) - 2 5 2onriet : . .
phenyl -5, 6, 7, 8- '(t)(et'rlghydr 2r8|§1 _a%g??tlj‘?%%ﬁ -?comblnEd n 1'1/Dm£)'ynr2a?zi(r'{
(Conpound 1) 5 ®ml), and @ipegpixbureg was swirled until a homogeneous

PCT/ US97/ 02651 mixture was obtained. Solver®$ were removed Qupaiskd.l was
synt hesi zed acc%@ %s&auﬁyaﬁge&igsolved ﬁxcrﬁﬁ%e (%Oaﬁlfbogmi l:gﬂeow

solvents were removed in vacuo again to remove any
residual H,O0. The residue was dissolved in DMF (50 ml),

10 and 2-bromoacetophenone (7.5 g, 37.7 mmole) in DMF (25
ml) was added to the solution. The solution was stirred
for 15 min. at room temperature and then concentrated in
vacuo. The resulting keto-ester was dissolved in EtOAc
(75 ml), CsBr was filtered off, and the solution was

15 concentrated in vacuo. NH ,OAc (50.0 g, 0.65 mole) and
xylenes (150 ml) were added to the solution, and the
solution was heated at reflux for 1.5 hr. The solution
was then cooled, and the solventsz were removed in vacuo.
The residue was dissolved in EtOAc (75 ml) and washed two

20 times with saturated NaHCO; solution (50 ml). The EtOAc
layer was then dried over Mgsoé, filtered, and hexanes
were added to turbidity. The resulting crystalline
product was filtered off, and the product was dried to
yield 10.04 g (73%) of product. m.r.= 136~138C, Mass

25 spec. (MH'364.3). NMR (300MHz, CD,CO,D) 7.7 (3H, m), 7.4
(3H, m), 7.3 (5H, m), 5.1 (3H, m), 2.1 (2H, m (cobscured
by solvent)), 1.4 {(4H, M), 0.9 (3H, t).

b. Ethyl, 2«{1-(8)~-
{ ( (Phenylmethoxy)carbonyl)amino) ~ pentyl)]-
30 4-phenyl-i-imidazoleacetate

Ethyl bromoacetate (2.64 ml, 24 mmole), K,CO4
(1.93 g, 14.0 mmole), and intermediate la (4.36 g,
12.0 mmole) were mixed in DMF (25 ml), and the mixture
was heated at 60°C for 4 hr. The mixture was then
35 concentrated in vacuoc and the residue was dissolved in



SCHENE 1 [err] WD 97/ 30053
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2-[1-(S)-(((Phenyl net hoxy) car bonyl ) am no) -

pent yl ] - 4- phenylJ 4 ol e Cbz-(L)-Norl eucine (10.0
ﬁ$*%%aﬁf ékﬁﬁghlmﬁl

mol e) and CS[ er err] (6.14 g, 18.9 nmole) were conbined 1 n
|:1/DMF-Herr]O (75 5 m), and the m xture was swirled until a honbgeneous
m xture was obtained. Solvents were renoved in vacuo. The resi due was

di ssolved in DVF (50 m), and the sol vént’d Were renoved in vacuo again

to renove any esj du H,err] The, resi d .3s9k 1n DVF (50
m), 10 and 2-bro-‘rt~?b‘§t"et‘?5’héﬂ[}§ne %955‘5}“'3?’7".“7%%%%)5 =8 W( th 2 m) was
added to the sol usatratede NoHCO, | oplukienst(i25r md) anfop satygatediNaCdom
tenperature and tHeTutGRRCRE alfd i The soMMli®on Wae thewl 811gd keker ester was

di ssolved in Et (25 CsBr s fil sol ution was
15 concentrat ed%%?ddu }lﬁﬁ%%?f]%%.s(?)‘é%&g%gg%%lg %‘?\%‘; 11 ﬁFé%és
(150 M) were &ddehe inesidueswpgt Furthemnpunidfied by filpsh GReonakaarhphy
reflux for 1.5 hrep Hig it ¢elOfisingV@6: 2016N eaned: Ee0flct §€ £90!amint . wer e

Loo 20 i meswi n R PRSI R ERpErpT I anbiDet e Sdeduanglia 497000
was then dried overcudyd vigilf: anpeail ridie vasesrystadlézeddens 3.09 g
turbidity. The repstgy et @rvauetli N@.xr. = 85-87°C, mass spec. 450.2
10 (MH+), 472.2 (MNa+). NMR (300MHz, CD3CO,D) 7.7 (2H, 4d),
7.5 (1H, s), 7.2~7.45 (8H, m), 5.25 (2H, dd), 5.1 (2H,
ad), 5.1 (1H, m), 2.15 (2H, m), 1.4 (7H, m), 0.9 (3H, t).

c. (S)-8-Butyl-6-oxo-2-phenyl-5,6,7,8~tetrahydro~
imidazo~[1,2a)}~pyrazine

15 Intermediate 1c (2.8%9 g, 6.44 mmole) was dissolved
in 50 ml acetic acid containing 290 mg of 10% Pd on
carbon. The mixture was hydrogenated for 8 hrs at room
temperature. The catalyst was removed by filtration
through oelite. Lactamization was accomplished by

20 heating at 70°C for 3 hrs. The product was concentrated
under reduced pressure, and the residue was distributed
between EtOAc and a saturated NaHCO, solution. The EtOAc
layer was dried over MgSo, and filtered. The product was
crystallized from EtOAc/hexanes to yield 1.37 g (79%) of

25 product. m.r.=208-211C, mass spec. 270.2 (MH+), 292.2
(MNa+). NMR (300MHz, CD;CO,D) 7.75 (2H, d), 7.5 (1H, s),
7.3-7.45 (3H, m), 5.25 (1H, m), 4.95 (2H, s), 2.1 (2H, m
(obscured by solvent peak)), 1.4 (4H, m), 0.9 (3H, t).

d. (S)—8-Butyl—?-phenyl—5,6,7,8—tetrahydro-imidazo—
30 [1,2a}-pyrazine
A solution of intermediate 1lc (1.25 g, 4.65 mmole)
in 20 ml THF was added dropwise to a stirred solution of
iM LAH in THF (16 ml). The mixture was heated to reflux
for 1 hr. and then stirred at room temperature overnight.



product was filtered off, and the product was dried to yield 10.04 ¢
(7399 of product. mr.= 136-138C, Mass 25 spec. (MHerr]364.3).- NWVR

(300MHz, CD3COerr]D) 7.7 (3H m, 7.4 (3H, m, 7.3 (5H m, 5.1 (3H,
m, 2.1 (2H, m (gb red by solvent)), 1.4 (44 M, 0.9 (3H_t).

b. Ethyl, 2-[1- 9113003 (((Phenyl met hoxy) car bonyl ) am HSY!J;”’“"“
pentyl]- 30 4- phenyl -1 -i m dazol eacet ate Et hyl
bronpacetate (2.64 m, 24 muole), Klerr]CJerr] (1.93 g, 14.0 nmol e)
and internediate la (4.36 g, 12.0 mmole)B32nere nmixed in DVF (25 m),

the m xture
concentrated i n VEedhigrirten @ase $hafeTuerchd Ky e siow additiamp @f7/a30053

PCT/ US97/ 02651

sol uti on was was

and a saturated

MyS04, filtered, BhtEenRd SAlids

was heated at 60[err]C for 4 hr. The m xture was then 35

and

mixture of 3 g celite and 2 ml -of3h saturatiiQied,50 m). The

%&H&.botﬂi’xeamiﬁg?% ?ﬁ#cﬂatl%@[ﬁ? h fplutioq (25 m)

sol utl on e solution was fhen dried ov

further purified byoXd.asvlslentsnvegeapyoved amdsr redugetl psesefd), 2thd
hexanes: Et OAc as @ﬁ‘eeﬂ-é?ﬂiue “aspgt‘giﬂg‘?%i%’% I&%E%Bﬁ%:%%}?d and

concentrated in
(57% of product.sikiga gelgsisingepEhyl aertatgracetdsy 2 10 (Ms+), 472.2
NVR (30084 : g die): watéx (6D :5Y:16:30/ = @hHelaant /. 2rne 45 (8H,

00 (ot 1), rosiet EpticlSinele shifendused 1B b1 hy el

(M\at) .
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vacuo to yield an ol was Crysta .- as 3.09

as washed with 25 m
of saturated NaHCO,;, dried over MgSO,, filtered, and
concentrated in vacuo. The product was dried on a vacuum
pump to yield 190 mg (16%) of product. Mass spec. 256.2

up in ethyl acetate.” The solution

. (MH+), 278.2 (MNa+).

e. 7-{2-(((1,i-dimethylethoxy)carbonyl)amino)~-1~
oxo~3~((triphenylmethyl)thio)propyl}~8~Butyl~2-
phenyl-5,6,7,8-tetrahydro-imidazo-[1,2a}~-
pyrazine

Dicyclohexylcarbodiinide (155 mg, 0.75 mmole) and
Boc-Cys {Trt)-OH (Advanced Chemtech) were dissolved in 8
ml of THF and stirred for 5 min. The resulting
dicyclohexylurea was filtered off, and the filtrate was
added to intermediate 1d. The resulting mixture was
stirred at room temperature for 6 hrs, concentrated to a
gum, and purified by flash chromatography on silica gel
using 7:3/hexanes:EtOAc as an eluant. Product fractions
were combined and concentrated to a glass yiélding 500 mg
(95%) of product. Mass spec. 701.5 (MH+), 723.5 (MNa+).
NMR (300MHZ, CD5;CO,D), 7.7 (2H, d), 7.5 {1H, s), 7.2-7.45
(18H, m), 6.05 (1H, d), 4.6 (1H, t) 4.2 (2H, t}, 3.95
(1, t), 3.8 (1H, m), 2.6 (2H, m), 2.0 (2H,m (obscured by
solvent)), 1.4 (9H, s), 1.2-1.4 (4H, m), 0.9 (3H, t)

f. 7-{2-amino~l-oxo-3-thio-propyl)-8-butyl-2-~
phenyl~5,6,7,8~tetrahydro-imidazo-[1,2a}-
pyrazine (Compound 1)

er

wepe, exteanird threp bdgesswith 22 Hue was

g



I m dazo-[1, 2a] - pyrazine 15 Internediate Ic (2.89 g, 6.44 mol e) was
di ssol ved in 50 mM acetic acid containing 290 ng of 10% Pd on car bon.
The m xture was hydrogenated for 8 hrs at room tenperature. The catal yst

was renoved by fj @M’s n through oslite. Lactam zation was ﬁgﬁggm | shed
by 20 heating atw%’?err?c for 3 hrs. The product was concentrate )ﬁin‘ggr

reduced pressure, and the residue was distributed bet ween Et OAc and a
saturated NaHCO err] sol ution. The Et QAc Iayer was dried over MyS(err]
and filtered. The product was crystalli zea from Et OAc/ hexanes to vyi eI d

1. 37 79% of 25 08-.2
(I\/Na+)g ( NI\//?? ?300M4gr0%§%iﬁﬁdl?%5§ 2#’95 "i%ﬂ“%? aagwg@%,,iggg) (3H,
M, 5.25 (1H, n), witds10opl eF Reaqef(?# fa'PP&Bé’ ur(éarh'i/iﬁs)o-lﬂzeﬁﬁ -Beak)),
1.4 (4H, m, 0.9 (BM:0t.2:0.5) under mlitrogen for 15 min. The solvents

S) - 8- But yl - 2- phe t
El) 2a] - py¥a2| ng Q}Qre rﬁmzxéa ﬁ{]él onpé(fhééq S&% thg (Eha5resz.dzfe gas
mol e) i n 205nitakem NRsiBdABdmYrEgPiiand wWashed: FWPeﬁlw l]ﬂtlt"-'(% 25fml 1M
LAH in THF (16 m )st,olherHexadqiicovds)diant edst pukttlied by Fererkephaged then

IitCIT/r [Egi‘gzggim tem%%t %‘Eoﬁé(%&i-%ﬁy to prov:.d\éoggyg?’?gél?_hoef n(1x3< Ol éxd V\é's

t hen quenched by tafe asMiitgddyerbilbsed powdemit yMasst speg: c¥F9 +le @H4)2 i

of a saturatd Klerr]CJerr] solution. The m xture was stirred for 1 hr.
and rrltered Squlgpiaehe exLiac %J-W-%%-bnﬁ 19 Pogp1 Yl el PG - 4~
Sol vents were R@nmoVe andéer re Ws€ ¢ ,3N8~tetrahydro-imidazo—

[1 2a]-pyraz1ne (COmpound 2)

Compound 2 was prepared by in a manner analogous to

Example 1 except that 2-bromo-~4’ -fluoro-acetophenone was
used in place of 2-bromoacetophenone in step a. Mass

15 spec. 377.2 MH+. NMR (300MHz, CD;CO,D), (approximately 2
to 1 mixture of conformers observed) 7.8-8.0 (2H, m),
7.6-7.8 (1H, s), 7.1~7.3 (12H, m), 5.8-6.3(1H, m), 3.5~
5.3(5H, t), 3.0~-3.4 (2H, m), 2.1-2.6 (2H, m), 1.3-1.7
(4B, m}, D-5~1.0 (3H, m).

20 Example 3: 7~(2=-amino-l-oxo-3-thio-propyl)-8-butyl-2-(2-
- methoxy-phenyl)-5,6,7,8-tetrahydro-imidazo-
[1,2a)-pyrazine (Compound 3)
Compound 3 was prepared in a manner analogous to
Example 1 except that 2-bromo-2' -methoxy-acetophenone was
25 used in place of 2-bromoacetophenone in step a. Mass
spec. 389.3 MH+. NMR (300MHz, DMSO-dé), B.2-8.8 (3H, s),
7.7-8.0 {(2H, m), 7.2-7.4 (1H, m), 6.8-7.2(2H, m), 5.4~-5.8
(1H,t), 4.5-4.8 (1H, t), 3.7-4.5 (4H, m), 3.9(3H, s),
2.7-3.1 (24, m), 1.8-2.1 {(2H, m) 1.3-1.6 (4H, m), 0.8-1.0
30 (3H, t).

Example 4: 7-(2~amino-1i-oxo-3-thio-propyl)-8-butyl-2-(3-
methoxy-phenyl)~5,6,7,8~tetrahydro~imidazo-
{(1,2a]-pyrazine {(Compound 4)



the residue was purified by flash chromatography on silica gel using

ethyl acetate:acetic aci d: pyridi ne: wat er/ 900: 54: 16: 30 as an el uant. The

product fractions were concentrated to oil and then taken 10 up in ethyl

acet at.e. The sol‘gbi %ug?s washed with 25 m of saturated NaHCO3, dried

over MySO4, filt &Pl ""Zhd concentrated in vacuo. The productPGHES9ERI6sY

on a vacuum punp to yield 190 ng (16% of product. Mass spec. 256.2

(MH), 278.2 (MNa+). 15 e.

7-12-((((1, 1- di met hyl et hoxy) car bonyl ) ami noJ- 34 ~

0x0- 3- ((tri phenyl met hyl ' pyJ.L- 8 3 2r

phenyl -5,6, 7, 8-t et rahyd%%omgoyf%, gg?géyéd Zm a manneﬁ'yraggﬂ.ﬁgous to

Di cycl ohexyl car bodixampde L1SXceBt thats nhropozdd-pethpeytyegtoniencne was

(T ﬁdvancefl Chent ecfi:_)séaelriﬁ ﬂls&lselufeobJ;ﬁrof%;oacembgaEnEhE 2R 0sSdp ][a_r.led Madis 5 mn.
e resulting c X a - the filtrate was

added to internedgggé'lg?sT%eﬁég§uﬁ@?ﬁé%§g<Lﬂes&%g aEFSt fred at room

tenperat ure for 56 (APProxdRAEALY ot ctP t MXRrguRf afalfprmers absarviddish

ghrgmat O?r ap?y on gsiz-gca gskﬁbs)psim-ds?.:o?»/(hax?a?s:Etélév:.@s A, QA)!J,al%tds- 500
roduct fractions e neg ncentrated fo,a glass . yielding

ny (95% of prgdgcﬁhmgg's%ég%%l(]gﬂ(m)?'%ngé th\m‘%' 3y‘7MGR5
(300MHz, CD err] CA[4&t,r by, 378 7(3RH, s)b) 2. 75 -0 1KR2Hs) M) 7. R.&~205 IBH,18H, n),

6.05 (1H, d), 4.631(%H1.%6) (482 wPH 0i9~1.d PBu, ¢fIH t), 3.8 (1H m, 2.6
(2H, m, 2.0 (2H m (obscured by solvent)), 1.4 (9H, s), 1.2-1.4 (4H m,

0.9 (3H, t) - 1(‘; s7- ( 2-2{;1; no- 1- g.xo- S-Qth; propyl) - 8-butyl - 2-
henyl -5, 6, 7, 81PetixampdeoSt ni fafd-aninord-oxgs3~thio~propyk)af-rutytorpdand
E) y metho#?-phen 1)-5,6,7,8-tetrahydro-im1dagg—

{1,2a])-pyrazine (Compound 5)

Compound 5 was prepared in a manner analogous to

Example 1 except that 2-bromo-4’' -methoxy~acetophenone was.

15 used in place of 2-bromoacetophenone in step a. Mass
spec. 389.2 MH+. NMR (300MHz, DMSO-d6), ),
{approximately 6 to 1 mixture of conformers observed)
g8§.2~-8.8 (3H, s), 7.7~8.0 (1H, s), 7.5-7.8 (2H, d), 6.9-
7.2 (24, d), 5.4-~5.8 (1H, t), 4.5-4.8 (1H, t), 3.7-4.5

20 [4H, m), 3.8 (3H, &), 2.7-3.2 (2H, m}), 1.8-2.1 (2H, m)
1.2-1.6 (4H, m), 0.8-1.0 (3H, t)..

Example 6: 7-(2~amino~l-oxo~3~-thio-propyl)-8~(2-hydroxy-
ethyl)-2-phenyl-5,6,7,8~tetrahydro~-inidazo-
[1,2a}-pyrazine (Compound 6)

25 Ccmpopnd 6 was prepared in a manner analogous to

Example 1 except that 2-bromo-4’ -methoxy-acetophenone in

place of 2-bromoacetophenone in step a. Mass spec. 347.1

MH+.

Example 7: 7-(2-amino-3-~thio~propyl)-8-butyl-3-phenyl-
30 5,6,7,8~tetrahydro-imidazo~{1,2aj-pyrazine
(Compound 7)

Compound 7 was synthesized according to synthetic
Scheme 2 as set forth below:



WO 97/ 30053 PCT/ US97/ 02651

- 33 - Internediate le (322 ny, 0.46 nmmole) was stirred wth
10 mM of Reagent B (Tfa:phenol: (iPr[err]SiH):H0/8.8: 0.5:0.2:0.5) under
nitrogen for 15ygefsgedre sol vents were removed under reduced nr @#&

and the residue was 5 taken up in 25 m H20 and washed two tlnes W I25
m Et[err] O The aqueous |ayer was purified by reverse phase col um
chromat ography to provide 9 ng (5% of coqpqﬂpd 1 as a white lyophilized
powder. Mass spec: 359.1 (MH). Exanpl’e

7-(2-am no-| - oxo-3-thio-propyl)-8-butyl -2-(4- 10

fl uorophenyl)-5,6, 7, 8-tetrahydro-i m dazo- [ 1, 2a] - pyr azi ne
(Conpound 2) Conmpound 2 was prepared by in a manner anal ogous to
Exanpl'e 1 except that 2-brono-4'-fluoro-acetophenone was used in place
of 2-bronopacetophenone in step a. Mass 15 spec. 377.2 M#. NWVR (300MHz,
Cerr]CJerr]D, (approxinately 2 to 1 mxture of confornmers observed)

7.8-8.0 (2H, m,
5.3(5H, t), 3.0-

5.8-6.3(1H 3. 5-
, 2. . (4H, m [errl-lli
(3H, m . 20 é&%ﬁ%’ﬂ@-s 7-(2-am no- 1- gxo- 3- t hi o- propy! ) - 8t but yl - 2- ( 2-
nmet hoxy- phenyl )-5, 6, 7, 8- tetrahydro-inidagq [ a) - py¥razi ne
( Conpound 3) Conmpound 3 was prepdredfin a nmanner ang ogdus to
Exanpl e 1 except that 2-by - 2" - met hoxy- tophenone was 2 in place
of 2-br onpacet opBeeNHE T Stepa—Mass O spic. 38T T VR I( 300MHz,

DVBO d6), 8.2-8.8 (3H, s), 778 7.2-7. 4 gollge™Mr 68K 7. 2( 2H,
N, 5.4-5.8 (1Ht), 4548(1H 3745(4H m, 3.9(3H, s),
2.7-3.1 (2H m, 1.8-2.1 (2H m 1.6 (4H ), -1.0 30 (3H t)
Ch Chz- ’N
“onmnememsl)s Z'N ——-—* CbZ‘N e
NH K/N /
Te . 74 Te




Exanpl e 4: 7-(2-am no-1-o0xo0-3-thio-propyl)-8-butyl-2-(3-

nmet hoxy- phenyl ) -5, 6,7, 8-tetrahydro-i m dazo- (1, 2a] - pyr azi ne
( Conpound 4) WO 97/ 30053

PCT/ US97/ 02651 3005 - 34 - Conpound 4
was prepared in %97rranr'?er anal ogous to Exanpl e 1 except thal”c"'"’%m’z“51

2- brono- 3' - met hoxy- acet ophenone was used in place of 2-bronpacetophenone
in step a. Mass spec 389.3 MH. NWR (309 z, DMSO-d6), ), 5

(approxi mately 4 m xture of conformers~8bserved) 8.2-8.7 (3H, s),

to
7.7-8.0 (1H, s), 7.2- 7 5 - = /. g
4.5-4.8 ng, tg, 3.7-4. B %H)EE&(EB énl I-Qié's ﬁuéé)l& gi?ﬂ%ﬂ]l% 2.1
(2H, m 1.2-1.6 (4H, , 0.8 h 10 Exanpl e 5:

7- (2- am no- 1- oxo- 3- thlmawmmz):@milms Z:r@ﬁared as described by A.P.

met hoxy- phenyl ) - Jofpbd bR éh¥dri€uéi‘i dassﬁl. omm. 20(16) : 2589=25Hg PYr azine

(Conmpound 5) mlté epare I N a manner _anal ogous to
Exanpl e 1 except $4%8)2-b BHDNQCH‘&ET y{3c8P Phetionf® MHOLIES  yeBRYL 2l ace
of 2-br om)acet oplmrumohedansatp 5. Massl, 31S52ECmmsde) 2 ahdt KjR (809My,

gvgoé a8). ( 3H, o, (gpg.isoﬁnls&eg weﬁeteoﬂbi;aea @gﬂ&ﬁﬁ@%%ﬁ@@ﬁ@&@é@m
5.4-5.8 (1H t), ¥ £oF élﬁ hF) Solnents WeresFenayed sundexraguced 7.3, 2
(2H, m, 1.8-2.1prédssure, and. £hd.fedilite Mas @h8nldDstBibutdd between
10 Et,0 and H,0. The ether layer was dried over Mgso, and
filtered, and the solvents were removed under reduced
pressure to yield 7.48 g (79%) of an oil. Mass spec.
303.0 MH+, NMR (CDClj), 4.9-5.1 (1H, S br), 4.1~4.4 (2H,
M), 3.0-3.6 (2H, M), 2.5-3.0 (2H, M), 1.9-2.2 (1H, S br),
i5 1.3-1.8 (2H, M), 1.5 (9H€, s), 1.2-1.5 (7H, M), 0.8-1.0
(3H t).

b. Ethyl, 2-(N-{2-(((1,1-dimethylethoxy~)carbonyl-)
amino~)ethyl-}) }~N-{ (phenylmethoxy) carbonyl-
Jamino- hexanoate
‘20 Intermediate 7a (7.40 g, 24.5 mmole) was dissolved
in 40 ml THF, and 10 ml H,0 was then added. The mixture
was cooled to 5°C, and Cbz-Cl was added in four portions
to the mixture. The pH of the mixture was maintained
between 8-9 by addition of 2.5N NaOH. When the reaction
25 was completed, the solvents were removed under wvacuun,
and the residue was taken up in EtOAc and washed with 5%
citric acid solution. The solvents were removed under
reduced pressure. The residue was dissolved in hexanes,
filtered to remove a crystalline impurity, and dried to
30 yield 7.34g (69%) of an oil. Mass spec. 337.2 (M~Boc)H+,
459.3 M Na+. NMR (CDCl,), 7.2~7.6 (SH, M), S5.1~5.4 (3H,
M), 3.9-4.4 (3H, M), 3.5-3.8 (1H, M), 3.1-3.5 (3H, M),
1.6~2.2 (2H, M), 1.4-1.5 (9H, S), 1.1-1.5 (7H, M), 0.8~
1.0 (3H t).



Exanpl-e 6: 7-(2-am no-1-o0xo0- 3-thi o-propyl)-B-(2-hydroxy-

et hyl ) -2-phenyl -5, 6, 7, 8-tetrahydro-i m dazo- [ 1, 2a] - pyr azi ne
(Conpound 6) 25 Conmpound 6 was prepared in a nanner anal ogous to
Exanple 1 excepiyd Hihess- Pr ono- 4' - net hoxy- acet ophenone in pl

2- br onpacet ophetr‘lvodne msgstep a. Mass spec. 347.1 VHH. Exagﬁpg?;émffm
7-(2-am no- 3-thi o-propyl)-8-butyl - 3-phenyl - 30
5,6,7,8-tetrahydro-imdazo-[ 1, 2a] - pyrazi ne_ 7 - ( Conpound 7)
Compound 7 was synt hesi zed according to synthetic Scheme 2 as set forth
bel ow. WO 97/ 30053 -putyl~2-oxo-4~-( (phenylmethoxy)-carbonyl) -

PCT/ US97/ 02651 ) , ¥ ({pheny ) - 35 of )

SCHENE2 [err] piperazine

Intermediate 7b (7.10 g, 16.3 mmole) was dissolved
in 25 ml of 9:1/Tfa:H,0 and stirred for 15 min. under
5 nitrogen. Solvents were removed under reduced pressure,
and the residue was taken up in EtOAc. The solution was
~washed with a saturated NaHCO,; solution, dried over MgSQ,,
filtered, and solvents were removed under reduced
pressure. 10 ml acetic acid and 10ml pyridine was added
10 . to the residue, and it was refluxed for 1 hour under
nitrogen. Solvents were removed under reduced pressure,
and the residue was dissolved in EtOAc and washed two
times with 5% citric acid. The solution was dried over
MgSO,, filtered, and solvents were removed under reduced
15 pressure. The product was crystallized from a solution
of EtOAc/hexanes to yield 2.40g9 (51%) of a white powder.
m.r. = 107-108°C. Mass spec. 291.2 MH+, 313.2 M Na+. NMR
(cbely), 7.3-7.5 (5H, S), 7.0-7.2 (iH, § br), 5.1-5.3
(2H, Q), 4.5-4.8 (1H, § br), 4.1-4.4 (1H, S br), 3.4~3.6
20 (3H, T), 3.3~3.4 (2H, D), 1.7-2.1 (2H, M), 1.2-1.5 (4H,
M), 0.8-1.0 (3H S br).

d. 3TButle4—((phenylmethoxy)—carbonyl)-z-thio~
piperazine
Intermediate 7c¢c (2.85 g, 9.83 mmole) and Lawsson’s
25 reagent (2.02 g, 5.00 mmole) were dissolved in 20 ml THF
and heated at reflux under nitrogen for 1.5 hours. The
solution was cooled, and solvents were removed under
reduced pressure. The residue was dissolved in 50 ml
Et,0 and washed three times with 25 ml of 1IN NaOH. The
30 solution was dried over MgSO,, filtered, and solvents
were removed under reduced pressure. The residue was
purified by flash chromatography on silica gel using
65:35/hexanes:EtOAc as an eluant. The product fractions
wera concentrated to yield 2.19 g (73%) of an oil which
35 crystallized. m.r. = 94-96°C. Mass spec. 307.2 MH+,



WD 97/ 30053 PCT/ US97/ 02651
- 36 - a. Et hyl, 2-((2-(((1, 1-di nmet hyl et hoxy-) car bonyl -)
am no-) et hyl -) am no- hexanoat e Boc-NHCH err] CH err] NH[ err] was

prepared as des Krapcho and C. S. Kuell, Syn.
20( 16) : 2559- 2562‘;’53?’%1‘?8%0 "Boc-NHCH err]CH err]NH err] (5. 00 1’?"’3‘27%51

nmol e), ethyl 2- brom)hexanoate (5.71 M, 31.25 nmmol e), and
Klerr]CJerr] (4.31 g, 31.25 mmole) were conbined in 75mM DMF and
stirred at 40[err]C for 1.5 hr. SolventsS w8r & renoved under reduced

pressure, and the [ Sld S rni byt ed b t d
H err] 0 The et her 3 gyerﬁe\;vaggdrﬁﬁg %‘?i gdg 8 Wf?fl%’e’r (%g
sol vents were rent¥dd éndch-feltBedl), "p-r‘-b‘s“s'@r eflﬁo Weld. 17‘3485 g(3(H7-9%):of an
oi l. I\/ass spec. 3.3263.@ Wak, NVR £COA[ermE), sAbPy5. 1.1dd o S, 4. 1-4. 4

2H, , 3. 0 3..6 0 , - 1H, S br), 15
P51 e (2H %’('?gﬁ Véﬁ‘ %55, 56 ﬁMM‘,ako.%s-g‘f.?o( (3H 8

b. Ethyl, 2- (N-(2 (((1 1d|nethylethoxy)carbonyl ) am no-)
ethyl-) ]-N- [ §phenyl rgs hQX-B)JQ:Q!U.bQHyhenyl-7-((phenylmla%f'fb é@m&ﬂaﬂ)e 20

InTternsediate 7a (7.40 9, 5 ﬂ‘g@ d - F, and
10 M Herr]0 was then added% ?Iﬁe LE%ur ﬁ‘;iga\éd%o 2?‘8 g?%arﬁr@ and
Cbz-Cd was added in four porti m xt ure. The pH of the m xture

was mai nt ai ned bet %F"?dg';?t&dafit |(6n°6f9'2 5\ 4 NH‘GJPE)VWéﬁ theselyed i bn -
25 was conpl et ed, 1Whals@H¥ent Sodemethamo\V@d 18nwd;, SHcaunmole) ard tadded

resi due was taken athi b%lﬁkéﬁca@nﬂodﬁsé%éi‘akﬁr@%for g1 hi&dsSs acifial%ln\l. i on.
The sol vents were renoved under reduced pressure. e resi
di ssol ved in hé?aﬁ@§e removed under reduced pressure. The residue was

dissolved in 10 ml THF, and 4-methylmorpholine (771 ul,
7.0 mmole) and 2-aminocacetophenone hydrochloride (686 ng,
4.00 mmole) were added to the solution. The solution was
stirred overnight at room temperature and then refluxed

15 for 2 hours. 15 ml acetic acid was added, and 15 ml
solvent was distilled off. The solution was then
refluxed for 1 hour and concentrated under vacuum. The
residue was purified by flash chromatography on silica
gel using 70:30/hexanes:EtOAc as an eluant. The product

20 fractions were concentrated to yield 0.97g (71%) of an
oil. Mass spec. 390.3 MH+, 412.2 M Na+. NMR (CD3CO,D),
(approximately 1:1 mixture of conformers} 7.2-7.6 (1l1H,
M), 5.6-5.8 (1H, M), 5.0-5.4 (2H, M), 4.4~4.8 (1H, M),
4.1-4.4 (1H, M), 3.5-4.1 (1H, M), 3.3-3.6 (1H, S br),

25 1.8-2.2 (obscured by solvent) (2H, M), 1.7-2.0 (2H, M),
1.1-1.6 (4H, S br), 0.7-0.9 (3H S hr).

£. 8-butyl-3-phenyl-5,6,7,8~tetrahydro-imidazo~
{1,2a]-pyrazine

Intermediate 7e (1.08 g, 2.78 mmole) was dissolved

30 in 4 ml of TRF. 10 ml of 4N HCl was added, and the
mixture was heated at reflux under nitrogen for 4 hours.
Solvents were removed under reduced pressure to yield a



filtered to renove a crystalline inpurity, and dried to 30 yield 7.34g

(69% of an oil. Mass spec. 337.2 (M Boc) H+, 459. 3 M Na+ NMR
(CDCl[err]) 7.2-7.6 (5H M, 5.1-5.4 (3H, M, 3.9-4.4 (3H M, 3.5-3.8
(1H, M, 3.1-3. 1.6-2.2 (2H, M, 1.4-1.5 (9H, 9), (7H,
M, 0. " ﬁ?%ﬁ“ﬁ“ WO 97/ 30053 PChkioztss
PCT/US97/02651 - 37 - C.

3- But yl - 2- oxo- 4- (( phenyl met hoxy) - car bonyl)_ 3g -Piperazine

Internediate 7b (7.10 g, 16.3 mvle) was dissol ved in 25 m of

9:1/ Tfa:Herr] O gadiat pro@bct ohikh Rias. wasHed withiétiogerandSdriedt sover e

renoved under re ed pr resi due was taken up in EtQAc.
The sol ution vvasqli% mﬁéhglgg# eac'se?{g(&r gd Nchq err] sol utlon dried over

MmgSq err], filtered, and sol vents vvere rerrove under red ce

pressure. 10 m acetlcgac?dbé'ﬁ ke 1?9“-31]7 5| due
and it was refluxed for 1 ﬁBbP°' g% g%ggiA

under reduced pressure, /§ e Tekl SS h c and
washed two times with ggo CI%I‘I c acid. The sol utlon was dried over

MySO err], filtered, BRFSISUEREL-RRr €2 r S P A BMOLEduRBWRNSE G essUr €.
The product was chggtathp zeds fadixsdaved dni o0 nl of THIAcC/Owxgsas kg, Yiel d

0
i a3 2 B s codhd <5 e OREPE M ition e
5.1-5.3  (2f0 @plowed. 2085'(3 £9, 15, ming. 4and §he &G was filtergddo (14,
T), 3.3-3 4 (2H, ofF. 1'J.‘Be2filtﬂite Mas added. Bo(dHsolutidn 4 8-1.0 (3H S
br). d.intdridlybed 14 PRATY WEEL BOXY hn6 26 POLNA e {(¥58 u1, 4.80
mmole) in 20 ml of THF. The solution was stirred for two
hours at room temperature, and solvents were removed
15 under reduced pressure. The resulting product was
purified by silica gel chromatography using
70:30/hexanes:EtOAc as an eluant. The product fractions
were combined and concentrated to a foam, which was dried
to yield 1.47 g {B7.5%) of product. Mass spec. 701.4
.20 .M+, MMR (CD5CO0,D), 7.1~7.7 (21H, M), 6.0-6.2 (1H, M),
6.,5-6.7 {[YH, T), 3.4-4.4 (4H, M), 2.4-2.8 (2H, M), 1.8~
2.4 (2H, M) (partially obscured by solvent signal), 1.4
(9H, S), 1.1-1.4 (4H, M), 0.7~1.0 (3H, M)).

h. 7-butyl-6-~(2-((dimethylethoxy)~carbonyl-)amino-
25 3-(triphenylmethyl-thioc)propyl~-)-3-phenyl-
4,5,6,7-tetrahydro~imidazo~[1,2alpiperazine

Intermediate 7g (350 mg, 0.50 mmole) was dissolved
in THf (3 ml) and 1M BH4/THf (7 ml, 7.0 mmole) was added.
The reaction was heated at refiux for 2 hr under N,. The

30 solution was cooled to room temperature, and the excess
reagent was destroyed by careful addition of a solution
of MeOH (8 ml) and acetic acid (2 ml). The crude product
was



pi per &zi ne Internediate 7c¢c (2.85 g, 9.83 mmol e) and Lawsson's 25
reagent (2.02 g, 5.00 mmole) were dissolved in 20 mM THF and heated at
refl ux under nitrogen for 1.5 hours. The sol uti on was cool ed, and

sol verits were r% %g,g der reduced pressure. The residue was dissol ved
in 50 m Et[e }S d washed three tinmes with 25 m of 1IN NFGHWUSIHR6SO

solution was dried over MgSO err], filtered, and solvents were renoved
under reduced pressure. The residue was purified by flash chronat ography
on silica gel using 65: 35/ hexanes: Et OAc —a$P%an el uant. The pr oduct

fractions were concentr ie 39 _of. an [ 35
crystallized. m rSonee @%f rP]‘gm\é g‘éc%%epé%s%@fé f\?ﬂ+red S50 %
97/ 30053 3: 1/acet1c acid:H,) for 1 hr. Ps:pgspv#mgvﬁng solvents

- r$8 7 o5 22(93a Nirdfsk Mu@:@@c%f:%éi&e, Berfe &eB il wak, pirdtied K (I-Elll?lghT)
2.2:2.4 (2H S br)® m”f‘“?"‘?%’“??%ﬁ R M‘hci 92"3’1 “§(1Pz?’11 SEBR§/ éﬁ‘”‘i" 8% (3H S
br). 5 S5e.elwnriRyt yIThe- predptt 7£X4qtians werieorphbinedonyl ) -

5,6, 7, 8-tetrahydr qdiieiAzatlel, 2ahaPif#€4 & 100 mg (zsbsljlterﬂﬁdléé'ﬁ sd (1.07
g, 3. 5 mol e) was di ssolved in 10 mM THF. | odonet hane (2.18 , 35.0

mmol e) was added and; st ro - hi | vent s
10 were renoved under reducge a?ntino Q”L&ggpf%%ﬁ%\o%tﬁ} E&EEQEigd in 10
m THF, and 4-net hyl nor phol r_qﬁn § d

2- am noacet ophenone hydrochl oride (68

10 Intermediate 7h (100 mg, 0.146 mmole) was treated
under nitrogen with a mixture of Tfa:H20:iPr;5iK/93:5:2
(10 m1l) for 15 min. Solvents were removed under reduced
pressure, and the resulting solids were triturated eight
times with 4 ml of H,0 and then filtered off. The

15 filtrate was purified by prep HPLC to yield 45 mg (74%)
of lyophilized compound 7 which appeared as a 1:1 mixture
of isomers on analytical HPLC. Mass spec. 345.2 MH+; NMP
(CD;CO,D), 7.4-7.7 (6H, M), 6.0-6.4 (1H, M), 3.8-5.3 (SH,
M), 3.0-3.4 (2H, M), 2.0~-2.4 (2H, M), 1.2-1.7 (4H, M),

20 0.9-1.0 (3H, M). '

Example 8: 2-(1-~(N-{(2-amino-li-oxo-3-thiopropyl)-N-
methyl)~ amino~pentyl)- 5-phenyl-imidazole
(Compound 8)
Compound 8 was synthesized according to Scheme 3 as

25 set forth below:



4.00 mol e) were added to the solution. The solution was stirred
overnight at roomtenperature and then refluxed 15 for 2 hours. 15 n

acetic acid was added, and 15 m solvent was distilled off. The sol ution
was t hen ref lLux r 1 hour and concentrated under vacuum
Xi si due was puriﬁqgﬂ”{ﬂ% fl ash chromat ography on silica gel S#&g”"”“‘

7D:. 30/ hexanes: Et OAc as an eluant. The product 20 fractions were
concentrated to yield 0.97g (71% of an . gil- Mass spec. 390.3 M+, 412.2
M Na+. NVR (CD[err]CJerr]D), (approximately 1:1 m xture of conforners)
7.2-7.6 (11H, M, 5.6-5.8 (1H, M, 5.0-5.4 (2H M, 4.4-4.8 (1H M,
4.1-4.4 (1H, H), 3.9-4.1 (1H M, 3.3-3.6 (1H, S br), 25 1.8-2.2 (obscured
by solvent) (2H, MumlefomeeOmfod F e e T A Wi e ) N R v Py g v pen e e R aaad
br). f. schestsY! - 3- phenyl -5, 6, 7, 8-t et rahydr o-i m dazo-
[ 1, 2a] - pyr azi ne I nternediaje 7e (1.08 g, 2.78 mol e) was
dissolved 30 in 4 m*® of THF. 10 mfof 4N HO was added, and t
was heated at reflux under nitrogeg for 4 hours. Sol vent s re renoved
under reduced pressure to yiel " WO 97/ 30053 H

)

: L
PCT/ US97/ 02651 N -39 ¢ i dapro
whi ch was washed V\Jthm\gnd g{)‘o@mo o Mass "Shec. ;9&-@
g. 8-butyl-7-(2-((1, I>N#'net hyl €t hoXy-) car bonyl - H N

m xt ure

) am no-1-o0x0-3-(tri phenyl methyl -tk o)-propyl)-3- 5 ta
phenyl -5, 6, 7, 8-tetrahydro-i m dazo-[ 1, 2a] - " pyrazine
X
Boc-NH. N
TT- <
[}
1 i
HN N
§ )

[ 1]

a. 5-(1-(Methylamino)-pentyl)-2-~-phenyl-imidazole

Intermediate 1a {(1.50 g, 4.10 mmole) and LAH (50% in
oil; Alfa Products, Danvers, MA) (1.25 g, 16.4 mmole)
5 were combined in toluene (10 ml) and THF (5 ml) under
nitrogen, and the mixture was heated to 55°C for 4 hrs.
The mixture was poured into EtOAc (100 ml), and moist
celite was added to the mixture. Solids were filtered
off, and the filtrate was dried over Na,S0, and
© 10 concentrated. The crude product was used without further
purification.



Boc—-Cys(Trt)-OH (2.32 g, 5.00 mml e; Advanced Chent ech) was di ssol ved
in 20 M of THF. DCC (515 ng, 2.50 mol e) was added to this solution.
The solution was 10 allowed to stand for 15 min., and the DCC was filtered

off‘ThefiIt added to a solution of i nt er medi at
2.4 mmol e) an leSS ul, 4.80 mmole) in 20 m of THMP%F%@%%&mn

was stirred for two hours at room tenperature, and sol vents were
renoved 15 under reduced pressure The re§alr|ng product mas purified
by silica gel chro ogrsa_p < nes: S r 12 el uant.
The product fractr €§ ﬁp 1g/m ch
was dried to yleld yééﬁ S.l &ﬁ 20

VHH, Nl\/R(CD[err]CCIerr]D) 717 ?‘ , 6.5-6.7

M, .
(LH T)d g 4- 4| 4 (4|'B0MCyQ(M-&l( ZH sl\/y, . Bmmole)Z azhd Zi:d,c Vs48paL} bal( IB%
obscure 0 al),
M). 73 %eﬁ 8 bl%? =ES( Séﬁ;‘dneég'lﬁ Ic%ﬁ%?( ;LS 4"b)onyxT )ar%\"?fg5 %g

3 (triphenyl met®w hawrs) BFOﬁ?Pm)tS’”W@ﬁH:e' rlernediate 8a (1.00 g,
4,5,6, 7- tetrahydrpmme;zeaislaaaia@lmesmmed at room teﬁpéf@&uﬁi &ofg (350

g, 1050 mmol e), 405!’ SSNRE were! Fdrds dF) aBRTaI VBRI £0 Aol (7 M

7.0 nmol e) was a feact 1on was heat e under
N2. The 30 sol‘ti’t‘?}br?ﬂm&%zeooﬂé%i SR YEGR Wagpersked vighEatwatedess
reagent was 1@estamomd (Byxcsvehy] anitliddtvuratbdanaciu{ion 50 nof, Me@da(8 n)

d t d Th O 7/30053
SET/3ES7}82223 éé;'HQQSO4,effié£¥%dzr%%Hpkoncen¥@%EP§. The residue w

purified by flash chromatography on silica gel (120 g)

using first CH,Cl,, and then 1% MeOH/CH,Cl, as eluants.

Product fractions were combined and concentrated to yield
15 1.36 g (46%) of product.

c. 2~{1i-(N-{2-aminc~l-oxo~3-thiopropyl)-N-methyl)-
amino-pentyl)~5-phenyl-imidazole (Compound 8)
Intermediate 8b was dissolved in 10 ml of Reagent R
under nitrogen, and the solution was stirred for 0.5
20 hours. Soclids were filtered off, and solvents were
removed under a stream of nitrogen. The residue was
triturated with ethyl ether and purified by reverse phase
HPLC to yield compound 8 as a white solid after
lyophilization (74.1mg, 49%). Mass spec: 347.2 MH+.

25 Example 9: 2-(({(2~amino-l-oxo-3-mercapto-propyl)-amino)-
methyl) ~5-phenyl-thiazole-4~carbonyl-
methionine (Compound 9)



concentrated under reduced pressure and redissolved in 3:1/acetic
acid:Herr]) for 1 hr. After renoving sol vents under reduced pressure,
the residue was purified by flash chromat ography on silica gel using 1%
HOAC/'ETOAC as wo4gyss- The product fractions were conbined

concentrated, and dried to 100 ng (29%. M+ 687.5. ’ PC'I;A_szmzssl
7-(2-am no- 3-t hi o- propyl) - 8-butyl - 3- phenyl - 5,
6, 7, 8-tetrahydro-i m dazo-[ 1, 2a - pyrazi ne ' (Conpound 7) 10

Internediate 7h (100 ng, 0.146 nmle) ad* reat ed under nitrogen with a

m xture of Tfa:H20: | |Pr3Si H 93:5: 2 10. . I nt re
renoved under reducéﬁmpw"g%eggs‘%rse,s%&egﬁ%%eégﬁg?%%g%&q %lh\f\\é/g‘reeit rg?turat ed
ei ght ti messe¥ tfeethibeddw20 and then filtered off. The 15 filtrate was
purified by prep HPLC to yield 45 ng (74% of |yophilized conpound 7

whi ch appeared as a 1:1 mxture f isomers.on.analytical HPILC  MAss
spec. 345.2 N, NVP Zfﬁerr]CQerr]D), 7.4-7.7 (6H M, 6.0-6.4 (1H,

M, 3.8 -SCHENSEI4 [err], 3.0-3.4 (2H M, 2.0-2.4.(2H M, 1.2-1.7 (4H,

M, 20 0.9-1.0 (3H M. Exanpl e 8:
2-(1-(N-(2-ampo-1-oxo-3-thiopropyl)-N o met hyl ) -

am no- pentyl ,‘g phenyl @ m dazol e (GOnpound 8)

Conpound 8 wds_dynt hgsi g&d gccording tg Schene amp25 set lawtlh bgl ow
WO 97130053 z o’ HCI-HWCTNPISO ™Y 02651
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- 41 -- SCHEME 3 [err] a.
5-(1- ( Met hyl am no) - pentyl ) - 2- phenyl -i m dazol e

WO 97/30053 PCT/US97/02651
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a. Methyl, 2-amino-3-oxo-3-phenylpropionate

Schiff base (10.0 g, 39.5 mmole) was prepared as
described in (O0’Donnel, et al., J. Org. Chem. 47:2663
(1982). Schiff base was dissolved in THF {( 60 ml) and
added dropwise to a stirred mixture of XKOtBu (4.43g, 39.5
mmole) in THF (30 ml) which was cooled to -70°C under
nitrogen. The solution was stirred for 10 min. at -70°C,
and the anion was transferred to a stirred solution of
benzoyl chloride (4.59 ml, 39.5 mmole) in THF (50 ml)
which had also been ccoled to -70°C under nitrogen. The
solution was stirred for 45 min. at -70°C and then
quenched by the addition of 4N HCl (30 ml). THF was
removed under reduced pressure, and the aqueous layer was
wvashed twice with 50 ml of ethyl ether. The solution was
concentrated to a solid, and the product was dissolved in
MeOH (30 ml), and the KCl was filtered. The prcduct'was
crystallized by the addition of ether to the point of
turbidity. The product was filtered off and dried to
vield 2.89 y [32%) of product. Mass spec. 194.1 (MH+)

b. Methyl, 2-~{(((1,1-dimethylethoxy-)carbonyl-
Yglycyl) ~amino-3-oxc~-3-phenylpropionate

Boc~Gly-OH (3.15 ¢, 18.0 mmole) and NMM (1.98 ml,
18.0 mmole) were combined in THF (50 ml) and the solution
was cooled to -20°C. iBuCOCl (2.34 ml, 18.0 mmole) was
added to the solution, and the mixture was. stirred for S
min. at -20°C. Intermediate %a (4.13 g, 18.0 mmole) and
NMM (1.98 ml, 18.0 mmole) was added to the solution which
was stirred vigorously while returning to room
temperature. The solution was concentrated under reduced
pressure, and the residue was dissolved in EtOAc (50 ml)
and washed once with H,0, once with 5% citric acid
solution, and once with saturated NaCl solution. The
solution was dried over MgsSO,, filtered, and concentrated
under reduced pressure. Further purification was



Internediate la (1.50 g, 4.10 mvl e) and LAH (50% i n oil; Alfa Products,
Danvers, MA) (1.25 g, 16.4 nmmole) 5 were conbined in toluene (10 m) and
THF (5 m) under nitrogen, and the m xture was heated to 55[err]C for 4
hrs. The m I poured into EtOAc (100 ml), and noi st ' was
added to the m)%ﬁf’émsm ids were filtered of f, and the flplctTp;S?J{a'bzt\Xg’s
dried over Na2S( err] and 10 concentrated. The crude product was used

wi t hout further purification. WO 97/ 30053

PCT/ US97/ 02651 L VI b.

5-((N-(2-(((1,1-di gg, Sodl %}ﬁfn%ﬁ?yl})_f% Hyéﬁgomﬁsography on silica gel using

am no) - 1- oxo-3-(tri propy
net hyl - ani no) - pent ¥#3£ OAR G&zﬁ?ee vant. Progyctofrpetisnrvere g g,
8.2 mml e) and DI Ccosxﬁélﬂwe.d andb cébntentphedd vies ¢ icdnbiznedgi (sSPCGL (50 )

and stirred for d%%’ é}ouriagts ggg@tgw%%ge I ntermediate 8a (1.00 g,

4.1 mmol e) was ad stirred roomterrperature for 1 hour. Solids
were filtered off and dlll!iléi% 100 Thes Iutlon was
washed with satutated 16° NI o) ggf*; %%% i Yl‘)to m),
dried over Na2So4, filt et PeRy 9’12?5 d'ﬁé‘r ¥yla
purified by flash chronglegfaoiya: ﬁ;l |3cq_og I glgg) fhol

CH2C 2, and then 1% MeOH/ ng er qcfi%‘ Fgai %% 7 r%) ulﬁ(:td}?'ag’%tglé%ﬁss
were conbi ned and TSR r08yPe & A 586R- oFpr oBbictlouis,

c. 2-(1-(N-(2-anm Mo} were -cdnbinedr cnpyTl)lFl\K-mmiyl )and heated to reflux for
am no-pentyl) -3 plegiile ] Miazahgs( GRPROEbWA under a sthBLRTSRdi ate 8D

was di ssolved in 11(1)1troé)efn,Rea% t&:e residue was purified by flash

chromatography on silica gel using 1:1/hexanes:EtOAc as

an eluant. Product fractions were combined and

concentrated under reduced pressure to yield 2.21 g (72%)
15 of product. Mass spec. 349.0 MH+, 371.2 MNa+.

d. 2-(((1,1-dimethy1ethoxy—)carbonyl—)-amino)—
methyl~5-phenyl-thiazole~4-carbonyl-methionine
methyl ester

Intermediate 9c was dissolved in methanol (5 ml),

20 and an agueous solution of NaOH (344 mg, 8.61 mmole) in
minimum of H,0 was added to the solution. The solution
was stirred at 40°C for 1 hour, and the solvents were
removed under reduced pressure. The residue was
distributed between EtOAc (20 ml) and 5% citric acid (20

25 ml). The EtOAc layer was dried over MgsoO,, filtered, and
concentrated under reduced pressure. The residue was
dissolved in THF (10 ml), and HOSu (330 mg, 2.87 mmole),
HCl-Met~-OMe (573 myg, 2.87 mmole), NMM (316 mg, 2.87
mmole) and DCC (5921 mg, 2.87 mmole)} were added to the

30 solution. The mixture was stirred at room temperature
overnight, filtered, and concentrated under reduced
pressure. The residue was taken up in EtOAc (25 ml), and
.washed once in 5% citric acid solution and twice in a
saturated NaHCO, solution. The solution was dried over



under nitrogen, and the solution was stirred for 0.5 20 hours_ Solids were

filtered off, and solvents were renoved under a stream of nitrogen. The
resi due was triturated with ethyl ether and purified by reverse phase
HPLC to yiel ¢, nd 8 as a white solid after |y0phI|I2atIO g 1ny,
49% . Mass spec. 347.2 MH+. 25 Exanple 9 PCT/US97/02651

2- (((2-am no- 1- oxo- 3- mer capt o- propyl ) - am no) - nmet hyl)
- 5- phenyl -t hi azol e- 4- car bonyl - . met hi oni ne ( Conpound 9)

WD 97/ 30053 -~ 46 BCT/ US97/ 02651

- 43 - Cbnpound 9 was synt hesi zed according to Schene 4 as set

forth bel ow MEdgVEfdltered, and conddntAatedOtider reduced pressure
PCT/ US97/ 02651 to yield 590 mg (43%) of product. Mass spec. 502.2 MNa+,
480.4 MH+

e. 2~({(2-(((1, 1-d1methylethoxy)-carbonyl)-amlno)—
5 1-oxo—3~(trlphenylmethyl-thlo)~propyl)-amlno)—
methyl)~5-phenyl~thiazole~4-carbonyl-methionine
methyl ester
Intermediate 94 (590 mg, 1.23 mmole) was treated
with Reagent B (10 ml) for 15 min at room temperature
10 under nitrogen. Solvents were removed under reduced
pressure. The residue was triturated twice with 25 ml
Et,0 and decanted. The residue was then dissolved in THF
(10 ml) and added to the mixed anhydride generated from
Boc—-Cys(Trt)-OH (570 mg, 1.23 mmole), NMM (135 ul. 1.23
15 mmole) and iBuOCOCl (160 ul, 1.23 mmole) at ~20°C under
nitrogen over 5 min. NMM (135 ul, 1.23 mmole) was added
to the mixture which was then allow:X <. warm to room
temperature. Solvents were removed under reduced
pressure. The residue was taken up in EtOAc (25 ml) and
20 washed with 25 ml of H,0 and 25 ml of 5% citric acid
solution. The solution was dried over Mgso, and
concentrated to yield 1.01g (100%) of a white foém.

£f. 2-(((2-amino~l-oxo-3~mercapto~propyl)-amino)-
methyl)-5~-phenyl-thiazole-4~-carbonyl-methionine
25 (Compound 9)

Intermediate %e (250 mg, 0.30 mmole) was dissolved
in MeOH (2 ml). NaOH (40 nmg), dissolved in a minimum of
H,0, was added to the solution. The solution was stirred
overnight at room temperature. Solvents were removed

30 under reduced pressure and the residue was dissolved in
reagent B (10 ml). The solution was stirred for 15 min.
at room temperature under nitrogen and then concentrated
under reduced pressure. The residue was purified by
reverse phase HPLC. Product fractions were combined and



- 44 - a. Methyl, 2-am no- 3-oxo-3-phenyl propi onate
Schiff base (10.0 g, 39.5 mmol e) was prepared as described in
(O Donnel, et al., J. Og. Chem 47:2663 5 (1982). Schiff base was

di ssotved i n THRyH ofShed ) and added dropwi se to a stirred d;%
KO Bu (4. 43g, 39.% mmole) in THF (30 mM) which was cool ed trpo - f"éﬁ’]c

under nitrogen. The solution was stirred for 10 min. at -70[err]C,
and the anion was transferred to a stirred sol ytion of 10 benzoyl chloride
(4.59 M, 39.5 mvle) in THF (50 M) whi ch’'had al so been cooled to

-70[ err] C under nitlpg‘g{g. t4 I 4 . ' t
-70[err] C and then 1 qulei-r?cé%eé:obyite%g ?iﬂtrjk? i ono'if))f ﬂfﬁlﬁﬁ%gé\e@g ﬂ% %I—T&liv%s

renoved under reductfifesdass SRRE #AR ¥dteous | ayer was 15 washed twice
with 50 M of ethyl ether. The solution was concentrated to a solid,

and the product wasggi l i Rig- L a3l fH )2 (R0 - was
filtered. The prodﬁu’gét s\&%d %éﬁgzl,' ;%é&ﬁﬁefgd%&ggﬂyﬁ get her to the
poi nt of turli dity. The prddidazops, 2a]pyraed neH-e~ghjl-8FoRel] hixropyl0
yield 2.) g (32% of product. Hisslfpde. (SupaundViio) b. Methyl,
2-(((1, 1-di met hyl et hoxy-) car bony] - . )

) gl ycyl ) - ami no- 3- oxo- 3- pRERSFRREMA A% (300 mg, 0.4B5mmqds). Mas dissodveds o
mrol e) and NWM (1. 9fn methanoll 8 aidnHpd ef0 s el Jc walsi addedn TAFsqhftidn) ofnd

the solution 25 ed ,0 - 20herk ] { BUGPH , . gn‘%g was
added to the sol u??%%‘,fﬂggndﬁtoﬁemﬁlgxtbt]?% 1\%5951)5“ rreea-'@‘%gr iS% miﬁi‘% a <f'e)d,

-20[ err] C. | nterkfecrnd ¢ty wixtpregwasgshirmed orad hoursywFhe  sBlygntsig. o
ol e) was added t owéhe z%nldﬁddonnu/ebCheduclzedméﬁéurreedam&gﬁheuﬁéyidﬁ& lveas
ELUTTT 10,00, S0 RIRRIEILS, pllina8! 110 109 CORBILLRLEG Y enen
and washed once wi tHit§BRtveshd® FTPACSIS cplljand iaghed wikh 83 He2%2@d once
with saturated NaC ssphtidron(1oTha). Thelotgamic\dnydri edsodeiedtSidierr],
filtered, and concept ey Sde13etla?  ad @ URANREGREH" €0 S1Y1dl. purification
The glass was treated with 93:5:2/Tfa:H,0:iPr;SiH
for 15 minutes under N,. The solvents were removed under
reduced pressure, and the residue was purified by RP HPLC
and lyophilized. Yield = 48 mg (25%). Mas spec. 775.4
20° MR+, 388.5 M?H** | NMR (DMSO-d¢), (approx. 5:1 mixture of
conformers) 8.5-9.0 (3H,S}, 8.0-8._2 (1H,4), 7.5-7.7
(1H,8), 7.1-7.3 (1H,t), 7.0~7.1 (1H,d), 6.9~7.1 (1H, t),
5.2-5.6 (1H,t), 4.8-5.0 (1H,t), 3.6-4.7 (1H,M), 3.8-4.0
(3H,S), 3.2-3.5 (2H,M), 1.8-2.2 (2H,M), 1.2-1.7 (4H, M),
25 0.8-1.0 (3H, t).




WO 97/30053 PCT/ US97/ 02651

- 45 - acconpl i shed by flash chronmat ography on silica gel using

1: 1/ hexanes: Et OAc as an eluant. Product fractions were conbi ned and
concentrated t i . 289 (52% of product. Mass spec. 373.2 Mla+
c. Methyl, 2-(%%?%@?%& hyl et hoxy- ) car bonyl - ) - PCTUS97/02651
am no) - net hyl - 5- phenyl -t hi azol e- 4- car boxyl at e I nternedi ate 9b
(3.10 g, 8.86 nmpole) and Lawesson's reagent (3.6 g, 8.9 nmole; Aldrich
Chem Co., St. Louis, MO) were conbined +mglHF (30 mM) and heated to
reflux for 10 1 hour. Solvents were renoved under a stream of ni t rogen,

and the residue waBxampld ikt by (2axaimino-ghovonad obhkipipropyl3-Ri-¢2—-gel usi ng
1: 1/ hexanes: Et OAc as an el u@sthopypheny 1] réc (2 iethdnropyddrhiel . 2ndt

concentrated under reduced pr es"set;?réhﬁ’erﬁréﬁ“ad%%[’g@aﬂwr%l&fe prempegna
Mass spec. 349.0 M+, 371.2 N d.

2-(((1, 1-di met h>§ et hoxyb})&_ﬁ&Qﬂgyii)iﬁﬁéﬁ%‘ued in a manner an%]ﬁﬁouessitgr

met hyl - 5- phenyl -t hi azol e car bonyl - et ni pe e
7ntermedi ate 9c WaBXMMRYY| Y &KX tEORaRcTeRSINg Was RSef 1RnPARGR S Chz-

solution of NaOH ( ggy-Ngrldudihenim efepna andithenBacoigridupr whe® sbeawsttied to
the solution. The gathld aft s o2Bkey! hikedr8' 1 ANEl Ide Y chelioyscand the
sol vents were renoved under reduce pressure. e resi aue S

di stributed bet wecAYE¥eIRNIBIPH 1IN FKEP5G, ci ¥A$T SR (2F-25MHt) . MMRe(390AC
| ayer was dri edooverz MpsMEeid,)), sf.iel-8ese(3Hamn) , 8.as@cent(iH] ed) prmies~g.exluced

Srgisﬂrﬁi e)The resi gy V@S, o fASOlNRd ), THR(AG N, apd HOBY, (3P4,
’ T), 5.9-6.1 (1H, d), 4.7-4.8 (14, S), 4.5-4.7 (1H, 4),
4.3-4.4 (1H, 4), 4.1-4.3 (1H, t), 3.9-4.0 (3H, S), 3.8~
4.0 (1H, T), 3.3-3.5 (iH, t), 2.8~3.1 (2H, M), 1.9-2.2
15 (2H, M), 1.7-1.8 (1H, M), 1.0-1.2 (3H, t), 0.8-1.0 (3H,
t).

Example 12: bis-~1,1’~[2-amino-3-(2-(2-methoxyphenyl)-g8~
(2-methylpropyl)-5,6,7,8~tetrahydro- :
-imidazo([1l,2a) piperazine~7-yl)-3-oxolpropyl
.20 disulfide (Compound 12)
Compound 12 was prepared in a manner analogous to
Example 10 except intermediate 1lle was used in place of
intermediate 3e. Mass. spec 388.5 M2H++, 775.4 MH+. NMR
(300 MHz, DMSO-d;) 8.7-9.2 (3H, S), 8.1-8.2 (1H, 4), 7.9~
25 B.1 (1H, S), 7.3-7.5 (1H, t), 7.1-7.3 (1H, 4), 7.0-7.2
(1H, t), 5.9-6.1 (1H, 4), 4.8-5.0 (1H,S), 4.5-4.7 (1H,
d), 4.3-4.5 (14, 4), 4.1-4.4 (1H, t), 3.8-4.1 (1H,M),
3.8-4.0 (3H, S), 3.2-3.5 (2H, M), 1.8~-2,2 (2H, M), 1.7~
1.9 (1H, M), 1.0-1.2 (3H, 4), 0.8-1.0 (3H, d).



HC =Met - Ove (573 ng, 2.87 mmole), NW (316 ng, 2.87 mol e) and DCC (591
ng, 2.87 nmole) were added to the 30 solution. The m xture was stirred at

roomtenperature overnight, filtered, and concentrated under reduced
pressure. Thel was taken up in EtQAc (25 ml), and E‘fj’ age in
5%citric amavso utron and twice in a sat ur at ed NaHCCIer??f tron.
The solution was dried over WO 97/ 300053

PCT/ US97/ 02651 - 46 - MySg err],
filtered, and concentrated under reduced pregsHre to yi eI d 590 nmg (43%
of product Massr#__;pecn 5232) 2 %\/Naér 4ggn9§cﬁM;+thgcpr 1) 8 butyl-2-(2
2-(((2-(((1,1-di Fr=empiet ky)‘c TR = opyl)=8=butyl= -

| - oxo-3-(triphenyl nethyl -thio Z 2", qof+7.8- tegrahydrozmldazo

met hyl ) - 5- phenyl -t hi azol e 4- c5F AN | BYRRF S (fempound 13) . ey hyl ester

I di 9d (590 gy dg B (10 m
ntermedi ate ( eratur ,ﬁg‘%aq:)e%s krg@tg Mllge;a et ( )

for 15 mn at roomte under |tro o vents ‘were renoved

under reduced 5 dﬁFé?%U‘F@ iR o6 i ARt R F-Ur%?%‘élt’c% &f Rergnesing
Et[err] O and decawured34Toenl s34l nizd ef) hoasdadded véropwiskHover (80 nl) and

dded to th d ,
1.23 mmle), mmgfggax st Fode @é‘ﬁ%%f“%md ThEC Ry R s MdeyagRalD.
at -20[err] C und&or 2 RPRFS A Fihousdite SHW(?LESr‘Eﬂ’m tme\?rI%FBFé) was
added - to the ravve&-nlighmhlxrsdmitdtemfaul NWHERr (25 vml nviazs added

tenperature. 38l b1 " £nd SFRY &bdId8ng’ RiYEGe was heated at reflux
for a hour. The mixture was concentrated to H,0, made
basic by careful addition of solid NaHCO;, and extracted
with EtOAc {2 x 25 ml). The EtOAc layers were dried over
Na,s0,, filtered, and concentrated to an oil. A solution

15 of 5% HCl (25 ml) was added, and the mixture was

concentrated to a solid. The scolid was recrystallized
from methanol and ethyl ether to yield 2.72 g (89.5%) of
the dihydrochloride salt. Mass spec. 286.2. M.R. = 242~
247°C.

20 b. Intermediate 13a (850 mg, 2.37 mMole) was
distributed between CH,Cl, and saturated NaHCO; solution,
the CH,Cl, layer was dried over Na,S0O,, and filtered. A
1M solution of BBrj in CH,Cl, was added and the resulting
mixture was heated at reflux for 1 hour. The reaction

25 was cooled and poured onto saturated NaHCO; solution (25
ml). The CH,Cl, layer was dried over Na,SO, and filtered.
Di-(tert) -butyldicarbonate (523 mg, 2.40 mMole) was
added and the mixture was stirred at room temperature
over the weekend. Solvents were evaporated, and the

30 resulting oil was purified by column chromatography on
silica gel using 70 : 30 / hexanes : Ethyl acetate as
eluant. Yield = 700 mg (80%) of a clear oil. Mass spec.
372.2 (MH+). NMR



pressure. The residue was taken up in EtOAc (25 m) and 20 washed with 25

m of Herr]Oand 25 ml of 5%citric acid solution. The solution was
dried over MgS™ and concentrated to yield 1.01g (100% of a white foam
f. 2-(C((2-am nogly -3- Mer capt o- propyl ) - am no) -

net hyl ) - 5- phenyl -t hi azol e- 4- car bonyl - net hi oni ne 25 (RESHYRHRESY)

I nternmedi ate 9e (250 ny, 0.30 nmol e) was di ssol ved in MeCH (2 m). NaOH
(40 ng), dissolved in a mninum of H20, was added to the solution. The
solution was stirred overni ght at room t-e®®erat ure. Sol vents were

renmoved 30 under reduced pressure and the residue was di ssolved in
reagent B (10 m). The %ol Frodecked internediate (330 (600 ny, rbfR
t enper at ure under mMdlejgeasaddsisodmedoin eTHE ai®dml) ahdeaddedudeshbwiss Hy €.

The residue was pugidd ; er gy P 1HPLG, dyc o) e
combi ned and V%g;gl? 3(‘):’(.1)35?’5@é (85% st ! 120 %9 3% I;ﬁéfé} 1R
PCT/ US97/ 02651 (10 ml) at room temperature under,¥,. Them,wﬁj;qué@st o

yield 32 ng (20% sfimsspasncifutesaandidthyl iodide (Weesuipes.dd TMdie)
Exanpl e 10: bis-1_ 1 - i N33 (85 | =2: (2 .

et hoxyphenyl ) - 5. 6w£f54 ee{ﬁ[f‘ahg‘gr%o?&xg&é( vefs (Eirred overnight at room

i mi dazo[ 1, 2a] pyr aZteReFaRuresthen) spapeRtrated under reducedpxgsgsune.

( Conpound 10) Saturate® MaHedi asc1BeidBQAonml)Owdd saMEE) MRS tHessol ved

product was extracted with ethyl ether (2 x 20 ml). The:

10 ether was evaporated, and the residue was purified by
column chromatography on silica gel using 3:1 / hexanes :
ethyl acetate as eluant. Yield = 410mg {64%) of the
ether. Mass spec. 400.3 (MH+). M.R. = 103-109°C.

d. Intermediate (13c) was treated with 90%

15 TFA/Ho0 (2 ml) for 0.5 hours and concentrated to remove
the BOC group. Coupling with'Boc—(L)-Cys(Trt)~0H and
deprotection were accomplished in a manner analogous to
example le and 1f, respectively, to yield compound 13.
Mass spec. 403.2 (MH+). NMR (300MHz, DMSO-A46) 8.4-~8.7

20 (3H, broad s), 7.9-8.0 (1H, s}, 7.75-7.9 (1H, 4), 7.15~-
7.3 (1H, t), 7.0~7.1 (1H, d), 6.85-7.0 (1H, t), 5.7-5.85
(1H, m}), 4.65-4.8 (1H, broad s), 4.45-4.6 (1H, d), 4.3-
4.4 (1H, 4,d), 4.1~-4.25 (1H, m), 3.75-3.95 (1H, m), 3.1~
3.3 (14, m), 2.8-3.1 (2H, m), 1.9-2.15 (2H, m), 1.2-1.5

25 (4H, m), 0..8—1.0 {3, t).

Example 1i4: 7-(2-amino-l1-oxo-3-thiopropyl)-8-butyl-2-(2~
hydroxyphenyl)-5,6,7, 8~tetrahydroimidazo
{1,2a)pyrazine (Compound 14).

a. Intermediate 13a (179 mg, 0.50 mMole) was
30 distributed between CH,Cl, and saturated NalCO; solution,

the CH,Cl, layer was dried over Na,SO,, and filtered. A

1M solution of BBr; in CH,Cl, was added, and the resulting

mixture was heated at reflux for 1 hour. The reaction



in methanol, and Herr]O (0.3 m) was added. A solution of I odi ne (104
ng, 0.41 nmmol) in nethanol (3 nm) was added, 10 and the m xture was stirred

for 2 hours. The solvents wer e renoved under reduced pressure, and the
resi due was ed with hexanes (2 x 5 nl). The residuey
di ssolved in ET 07@E ) and washed with 5%)Na[err]S[err]CIerri gﬁB§Q1

solution (10 m ). The organic |layer was dried over 15 NaJerr]SOerr],
filtered, and concentrated to a gl ass. 51 _The gl ass was treated with
93:5: 2/ Tfa:Herr]OiPr[err] SiH for 15 mi ndtes under N2. The sol vents

wer e renoved under, r d fi ed
HPLC  and | yophi 3% eRALE AnR" Bégi-'é& offll dditatsudianyey fuiidiond (by RP

388. 5 I\/[err] . NVRY)DVEBREs FH26 1 ptase é‘af F?Fﬂlggr%v Na2s€6nf5?'£'é?§3d'
8.5-9.0 (3H S), 8.4h®.str{ipded) to7y5eld 7crudg [de~Blethylatadprddget) as7a0- 7. 1

IH d), 6.9-7.1 t) 1 6-4.7 (1H,
g' g 4? 0 (3HS)( %e?lﬁl(v}ﬂ)usé& %u%hgu@. Hui"):h?ﬁH M. (25 M,
0.8-1.0 (3H, t)5 P“rlflcaé;¥@7/30053

PCT/ US97/ 02651 - 48 - Exanmpl e 11:

7- (2- ami no- 1- oxo- 3- t hi g5 PlcRvhk g i 63 . (142) with Boc-(L)-Cys(Trt)-OH and
s

nmet hoxyphenyl ) - 8- ( 2- net hyl pr op
t et rahydro-i m daz A§PESEGE PR ¥ERE ??SﬂTR&ﬁﬁPed in a manner analogous &0

Conpound 11 was preyenpde ile andaffigr respéarioeslyt,o to yErAdptempound ast.
Boc-L-Leuci ne was ﬁéﬁgjédécp|ﬂﬁg inﬁﬁly Nﬁﬂ) N@hh%UCbQQOL@BFtéﬂésisa%d the

Boc group was cl eaved xture I nst ead of by catalytlc
hydr ogenat i on 9 sg%ﬁr(P °ﬁ€s§)Sp§c1’§8§ ﬁ; )'NNR8536095 (1H, sy, 7.
7.45 (1H, t), 7.15-7.25 (iH, 4), 7.0-7.15 (1iH, t), 5.85~-

6.0 (1H, d,d), 4.65-4.8 (1H, broad s), 4.55-4.7 (1H,

d,d), 4.15-4.3 (2H, q), 4.1-4.2 (1H, m), 3.8-3.95 (1H,

m), 3.3-3.5 (1H, t), 2.15-2.3 (1H, m), 1.95-2.15 (1H, m),
15 1.4-1.5 (3H, t), 1.2~1.S (4H, m), 0.8-1.0 (3H, t).

Example 15: 2~ (1-(N—(2-amlno-l-oxo—s-thlopropyl)-N—
Methyl) ~amino-pentyl-5-(2-methoxyphenyl) ~
imidazole (Compound 15)
Tompound 15 was prepared in a manner analogous to
20 example 8 except 2-Bromo-2’/-methoxyacetophenone was used
in place of 2-Bromoacetophenone in step la. Mass Spec.
377.1 MH+. NMR (300MHz, CD3CO2D) 7.8-7.9 (1H, s), 7.65-
7.75 (1H, 4,d4), 7.4-7.55 (1H, m), 7.14-7.2 (1H, 4), 7.05-
7.124 (1H, t), 5.6~5.8 (1H, t), 4.8-4.9 (1H, t), 3.9~4.0
25 (3H, s), 3.25-3.35 (3H, s), 3.05-3.25 (2H, m), 2.2-2.4
(2H, m), 1.2-1.6 (4H, m), 0.8-1.0 (3H, t).



10 MHz, DMBO-d6) 8.6-8.8 (3H, s), 8.1-8.2 (1H, d), 7.9-8.1 (IH, 9,
7.3-7.5 (IH t), 7.12-7.3 (IH, d), 7.0-7.1 (1H, T), 5.9-6.1 (I H d),
4.7-4.8 (1H, S), 4.5-4.7 (IH d), 4.3-4.4 (1H, d), 4.1-4.3 (I H, t),
3.9-4.0 (3H, - 4.0 (IH T), 3.3-3.5 (1H, t), 2.8- 2H
1.9-2.2 15 (3@,’7?53‘35?1. 7-1.8 (1H, 1), 1.0-1.2 (3H, t), O.8- 1‘6“(’5*1(14‘ st |
Exanple 12: bis-1, |'-[2-am no-3-(2- (2-net hoxyph’enyl) 8-

(2-net hyl propyl )-5, 6, 7, 8-t etrahydro- i m dazo[ |, 2a]

pi perazi ne-7-yl)-3-oxo] propyl .20 - 52 - disulfide (Conmpound 12)
Compound 12 was prepared I n a manner anal ogous to Exanpl e 10 except

i nternedi ate || BX3M s%§F|r1[H§§ﬁé éf [2- (1h(¥ﬁfﬁﬂﬂ¥i ~Jeoxoniss. s ec
388.5 MRH++, 775.4 . NWVR Ehig )7 Ps

. 1-8.2 (1H, d), 7.9- 25 B. 1 E?é; §ﬁph?“ 1b¢§§R%%R§%3 djisyp %;ié e(1H, d),

L 0-7.2 (1H t), 5.9-6.1 (¢ Y50 (1H S), 4.5-4.7 (1iH, d),
.3-4.5 (1H, #l), 4. ledm dxﬂd"lﬁt }das3p§eﬂaf¢e¢§ 1:1111& mannerS a®aofohidto S)
523 i 5 3 ¢ fo (& e@% g@a&ggund 15 1n ;gllade '\ébf’ lntermegléte

CT/ uso7/ 02651 3e. Mass spec. 751.5 MH+. NMR (300MHp cnacozmawpm- 13:
7-(2-am no- 1- ox9; Qsthmpr@p,ylv) -ubsgl (2 Za,d), 7.35-7.5 (u{

(etog(r)réggggnilgg 5 (ﬁ!te& ah7yq,roll T??ﬁo t), 5.5-5.6 (1H, t . Qail Eyra2| ne

lo (1H’ t), 3.9-4.1 (33, s)’ 3.3-305 (ZH’ m), 3.2—'3-3 (1H'
s), 2.2-2.4 (2H, m), 2.0-2.2 (acetate signal), 1.2~1.6
(4H, m), 0.8~1.0 (3H, t).

Example 17: 7—-(2-amino~-1~-oxo~3~thiopropyl)-8~{2-
methylpropyl)-2-(i1-naphthyl)~-5,6,7,8~
15 ::?rahydroimidazo [1,2a}pyrazine (Compound
a. 1l’-Acetonaphthone (10.2 g, 60.0 mMole) and 0.1
nl of concentrated HCl were dissolved in acetic acid (100
ml)} and bromine (9.6 g, 60.0 mMole) were added dAropwise
20 with stirring over a three hour period. The reaction was
concentrated under reduced pressure and dried to constant
weight. The product was used without further
purification.

b. Compound 17 was prepared in a manner analogous

25 to example 1 except Cbz-(L)-Leucine was used in place of
Cbz-(L)~Norleucine, intermediate 17a was used in place of
2-Bromoacetophenone in step la, and 1M BH,/THF was used
for reduction of lactam intermediate in step 4. Mass
spec. 409.2 MH+. NMR (300MHz, DMSO-d6) 8.5-8.9 (3H, s),

30 8.1-8.25 (1H, &), 7.9-8.15 (3H, m), 7.7-7.8 (1H, 4), 7.5~
7.7 (3H, m), 5.8-6.1 (1H, d), 4.7-4.85 (1H, s), 4.55-4.75
(14, d), 4.2-4.45 (2H, m), 3.85-4.05 (1H, m), 3.0~3.4
(108, H20), 2.9-3.1 (2H, q), 1.9-2.2 (1H, t), 1.7-1.9
(2H, m), 1.0-1.2 (3H, 4), 0.8-1.0 (3H, d).



a. Internediate 3c (2.54 g, 8.50 mwble) was 5 dissolved in THF (15 m ) and
a 1M solution of borane in THF (34.0 m, 34.0 mvbl e) was added dropw se
over 10 m nutes at roomtenperature. The m xture was refl uxed for 2
hours and al | o%,t,;gmégand at room tenperature over ni ght. ﬁg

4 NHA (25 m) was added .10 dropwi se and the resulting mxture was heat ed
at reflux for a hour. The m xture was concentrated to H20, nade

basic by careful addition of solid NaHCO err and extracted with Et OAc
(2 x 25 m). The EtQAc | ayers were drled ove Na2SJ err], filtered, and

concentrated to a Qlutiogn 2% 140,62 )a,déje and t he
m xture was nEﬁg(-fl‘lﬁ’f-“‘reat:"gd 10 fe 7 %‘%)g&-%?ﬁﬁ%%iﬁﬁ ‘J zed
from met hanol and et hyl ether tosy é apb (1 zé ¥rrazine

di hydr-ochl oride salt. Mass spec. (28@&111&\/11!%) 242- 20 b.
I nternediate 13a (850 ngy, 2.37 nible) was di stri but ed between

CH2Cl [err] and $at ur at awmane@elgovammepared fifie ACPRUNEE r3Nalqgruls \hids
dried over Na2SQ G&ia]mpl@d EkbbﬁtedbzA(L) ~1sblleuelinki was Ohsdbr th igladd2 Gh2

was added and the esu heat t ho
The reaction 25 wa ggg%ﬁuﬁeure on%%ssaturgg g ig-éi)[err] %‘utlﬁgﬁ
(25 m). The amm,apysomg) a8+ TB v el3MaEdnr BSOPeBr3 GME fd)l.t &r-8¢.
Di-(tert) -butyldigaydonates)23. 1751-725491@\/@)@) 7Vas-7. zsadﬂe,d @nd #.lee

vavoraeas sngol o S GRETRVCTRCRBIAIES i B v 5o uErE chin, B, o

on silica gel 4sehIH) 4,90,/ 4hexbntSs (LHgt Wﬂ)acéta‘t’é @s(3H, s9l.uanB-
Yield = 700 ng (8090 of1r8 @hgan.oik,7 Vems, 3920, 2.8-378. e M), NdR2.4
WO 97/:30053 (18, m), 1.4-1.6 (1H, m), 1.15~1. BQCIQESQ7{O%PQ&J.1S

(34, d), 0.8~0.95 (3H, t).

15 Example 19: bis~1,1/-7-(2-amino-1-oxo-3~-thiopropyl -
(2~ (1-naphthyl) -8~ (2-methylpropyl) -
5,6,7,8~tetrahydroimidazo (1,2a}pyrazin-7-
yl) disulfide (Compound 19).

Compound 19 was prepared in a manner analogous to

20 example 10 except compound 17 was used in place of

intermediate 3e. Mass spec. 815.5 MH+. NMR (300MHZz,
DMSO-d6) 8.7-9.2 (3H, é), 8.15-8.3 (1H, s),'8.0—8.1 (2H,
m), 7.85-8.0 (1K, s), 7.7-7.8 (1H, 4), 7.5-7.7 (3H, m),
5.8~6.0 (1H, s), 4.8-5.0 (1H, s), 4.5-4.54 (1H, d), 4.4~

25 4.5 (1H, d), 4.2-4.4 (1H, t), 3.9-4.1 (1H, t), 3.0-3.9

(12H, m H20 obscures signal), 2.0-2.2 (1H, t), 1.7-2.0
(2, m), 1.0-1.2 (3H€, 4), 0.85-1.0 (3H, d).

Example 20: bis-1,1/-{7~(2-amino~1-oxo-3~thiopropyl)~
2-(methoxy~-phenyl)-~8-(1l-rnethylpropyl) -
30 5,6,7,8-tetrahydroimidazo [1,2a] pyrazine}
disulfide (Compound 20).

Compound 20 was prepared in a manner analogous to
example 10 except compound 18 was used in place of
intermediate 3e. Mass spec. 775.5 MH+. NMR (300MHZz,

35 DMSO-dé6) 8.7~9.0 (3H, s), 8.05~8.15 (1H, d), 7.9-8.1 (1H,
s), 7.35~7.5 (1H, t), 7.15-7.25 (1H, d), 7.0~7.15 (1H,



- 50 - c. Protected internmediate (13b) (600 ng, 1.62 mvbl e) was
dissolved in THF (10 m) and added dropw se to a solution of NaH (60% i n
oil, 120 ng, 3.0 mwble) in THF (10 mM) at roomtenperature under Nerr].
The reactlonwepgg stirred 15 mnutes and ethyl iodide (40

m\vbl e) 5003 The m xture was stirred overni ght at Sﬁ#’s””%"‘%?
tenperature then concentrated under reduced pressure. Saturat ed

NaHCJ err] solution (10 nl) was added, and the product was extracted
with ethyl ether (2 x 20 m). The 10 et her54wa's evaporated, and the residue
was purified by colunn chr ra on s l.ica _gel using 3;1 / hexanes
; et hyl acetBte 285Pudnt ( ‘?re&g PZl ) Sy na5-4-6¢ (. Nuss
spec. 400.3 (Mar)35-M.B (2HI08) 109[2¢4 ] 55 (1H, m), 3.8-4.1d{1Hntmy redligat e

(13c) was treatgd, \get@ %9% 554I§Aé HgQOﬁZ Efﬁc)) ,f q,; 2Q354h?_§ﬁ ‘g}d fgpczerlt rated

to renove t he wih B

deprot ecti on vvepé{'aé‘t)cnﬁ #sl’re&s ﬁl‘é' nBhnek- Ja?na?i (9?5’015 Ht'om)' 221 | e and
1f, respecti Bel §3H,t @)y, @.8-0capoYsH, 18) . Mass spec. 403.2 (MH). NWR
(300MHZ, DMVBO-d6) 8.4-8.7 20 (3H broad s), 7.9-8.0 (1H, s), 7.75-7.9 (1H,

d), 7.15- 7.3 (1H, t), 7.0-7. rglgh 6.85-7.0 t), 5.7-5.85
(1H, n), 4.65- &% foad fdh q %‘3 {2 g?“"” 2080738~ d, d)
4.1-4.25 (1H, ), 3.75-3.95 ( . ygfmg?_‘; .1 (2H m,

1.9-2.15 (2H, n), 1.2-1.5 25 ':y @ﬁ’gﬁ Y o Exanpl e 14:
7-(2-am no- 1- oxo- 3-t hi opropyl J - .y}- 2-(2-

hydr oxyphenyb) - 5, 6, ?:c&\ptoﬁkﬁahydwasnpﬂmed m a manner andlogddPWaazi ne
(Conpound 14) t d (%9( - ;@/QI s 30
di stributed bet‘\e/\’/{eaer?l(ﬁ—iﬁer f!jc&#feﬁx?g t‘@é r at lﬁaﬁg ggrz SO sﬁ%dl \(l)y%,
the CH2O [err] $%8Rre 3ad gerrokestiyn was agseuplished oy A 1M
sol ution of BBrigrddtmdrteriktl ketis] anbnoettitel) aring t(heshespét imeble) in

CH,Cl, (10 ml per mmole) for 0.5 hour at room temperature.

15 The product was purified by preparative reverse phase
column chromatography to provide pure compound 21. Mass
spec. 477.3 MH+. NMR (300MHz, DMSO-d6, 90°C) 8.0-8.1 (1H,
d), 7.4~7.5 (1H, s), 7.1-7.3 (1H, t), 7.0-7.1 (1H, d),
6.9~7.0 (1H, t), 5.4-5.55 (1H, s), 4.3-4.7 (1H, m), 4.1-

20 2.3 (1¥, 4), 3.8-4.1 (7H, m), 3.0-3.2 (2H, m + H20), 2.8~
2.9 (14, d,d), 2.1-2.3 (2H, m), 1.7-2.1 (2H, m), 1.2-1.7
(134, m), 0.8~1.0 (3H, t).

Example 22: 7-(2-amino~1-oxo-3-thiopropyl) ~-8~butyl-2-
(2-methylphenyl)-5,6,7,8-tetrahydroimidazo
25 {1,2a)pyrazine (Compound 22)

a. 2/-Methylacetophencne (25.0g, 186 mMole) was
dissolved in glacial acetic acid (250 ml) and
concentrated HCl (250 ul) was added followed by a
dropwise addition of bromine (9.6 ml, 186 mMole) over 15

30 minutes. The mixture was stirred 3 hours and then
concentrated under reduced pressure. The residue was
taken up in ethyl ether and washed with saturated NaHCO,
solution. The ether layer was dried over Na,S0,,
filtered, and concentrated to yield 38.0g, (96%) of crude



m xtyre was heated at reflux for 1 hour. The reaction WO 97/ 0053
PCT/ US9/ 02651 - b1 - was cool ed and
poured onto saturated NaHCO[ err] solution (25 m). The CHerr]d[err]

| ayer- was dri edwg\b?mg@[ err]Serr], filtered, and stri ppedpdQusbh/aieds
ated-

crude de- net hyl product as a gum This material was used w thout
further 5 purification. b. Coupling of (14a) with

Boc- (L) -Cys(Trt)-OH and deprotection were_acconplished in a manner
anal ogous to exanple |l e and 1f, respectivggy, to yield compound 14.

A . 403.2 (MgHom i58- ds),
8.1.8.2 (1H d). g.s5-7.°§éﬁ§§2§§f§’7‘??5’- idi@f"%%é(ﬁl ﬁ?gt%,ge‘%%%?g@z% (iL

d), 7.0-7.15 (1H, f9rthergeu AH, d,d), 4.65-4.8 (1H broad s),
4.55-4.7 (IH, d,d), 4.15-4.3 (2H, q), 4.1-4.2 (1H n), 3.8-3.95 (1H,

m, 3.3-3.5 (1H t), 2315- Z2oRpbdhl 2 'was $2epated( 1H aMhander ladktbgaus3H
t), 1.2-1.5 (4H m 0 8-1.0 (3H, t%. Example 15 o

2- (1- (N- ( 2- ani no- | =88 Rlg; JpPEE§PY - Arbromo=-27~methylacetophenone was

Met hyl ) - ami no- pentysed-ip2 platckoay phzriyrgmo~-2 / ~-methoxyacetophenomnel aavstep
(Conpound 15) a. MaSYTRRERI 153 V@Sl ePdasd (3BoRRIRNBRS0 SR W YLs 150 20

exanpl e 8 except 2-Bromp-2' -nethoxyacet ophenone was ,used I n_pl ace of
2- Br onnacet ophenon€&Hn Qe -Pa8 - ONALE: S‘f)’e'c.7'6'737§. £ 1) NAVR 1B 0N -
CD3C2D) 7.8-7.9 (mH, S)B8-6L/06%1H, d/dy5 {.*t4.8, dLH,75%,74555¢4H (OH, 4),
7.14-7.2 (1H, d), 4.9 44 (1w, 4,d), 4.1-4.3 (1H, m), 3.8-4.0 (1H, m),

10 3.4-3.55 (1H, t), 2.85-3.1 (2H, m), 2.4-2.5 (3H, s), 2.0-

2.3 (2H, m), 1.2-1.6 (4H, m), 0.8~1.0 (3H, t).

Example 23: bis-1,1’~{7-(2-amino-1-oxo-3~-thiopropyl) -
g-putyl-2-~(2-methylphenyl)-5,6,7,8~
tetrahydroimidazo[1l,2a] pyrazine]

15 _ disulfide (Compound 23)

Compound 23 was prepared in a manner analogous to
example 10 except compound 23 was used in place of
_intermediate:Be. Mass spec. 743.4 MH+. NMR (300MHzZ,
DMSMS. 90°C) 7.6-718 (1H, d)' 7.2—703 (1H’ S), 7.0-702 :

20 (3H, m), 5.3-5.6 (1H, broad s), 4.3-4.8 (1H, broad s},

3.5-4.2 (4H, m), 3.0-3.3 (2H, broad s), 2.8-3.0 (1H, m),

2.4~2.5 (3H, s), 2.1-2.4 (2H, broad s), 1.7-2.1 (2H, m),

1.2~1.7 (4H, m), 0.8-1.0 (3H, t).



7.14 ("lH, t), 5.6-5.8 (1H, t), 4.8-4.9 (1H t), 3.9-4.0 25 (3H s),
3.25-3.35 (3H, s), 3.05-3.25 (2H, n), 2.2-2.4 (2H, m), 1.2-1.6 (4H m,

0810(3H t). WD 97/ 30053

PCT/ US97/ 02651 - 52 - Exanpl e 16:
bis-1, I - 2- (1- (NOPZ*%f¥ no- 1- oxo- 3- FCTOss 03651

t hi opropyl ) - N- et hyl am no) - pentyl ] - 5- (2- ] nmet hoxyphenyl )
i m dazol e] disulfide ( Conpound 16) 5 Compound 16
was prepared in a manner anal ogous to exarﬁﬂ e 10 except corrpound 15 in

| f t di at 75]. 60724D)

o S e s, ﬁﬁ it

(1H, d), 7.0-7.1 (1H t), 555§ &p%t%é‘;
0

(3H, s), 3.3-3.5 (2H, m, 3.2-3
0 (3H t). Exarrple 17:

(acetate signal), 1.2-1.6 (4H,
Zre'g ﬁy?r;r ggyll) 0)2(%& Lglph %‘“310"3@'23’ §4( g}gs gepared in a manne{:'e??%.m,%?nﬁ MYazo
[ 1, 2a] pyr azi ne (ComfaRmie 3 except Boc«(L)-t-ggqclne was used in place of
1 -Acgtonr'ilotllfa golnﬁ ch(izé; (%)%N&Qe@d%' &h aﬂsb(h ihnrdog@ﬁgeizeéﬁﬂERrﬂ'é@t ed H|CIe)
ﬁ: ahgzg dr opwi IF %%ﬁ%ﬁléﬁ f"rj'nr ?ﬁ Pove apﬁ%a%eeenﬁo['f?‘% %gﬁlm’%msén
reacti on was c aciehtfan &j%msr-edﬁe%%l spesss 388 . InMHds i MR o T0M¥BizaNnt
10 DMSO-dé) 8.5-8.8 (3H, broad s), 7.95-8.1 (1H, d), 7.9~8.0
(1H, s), 7.3-7.5 (1H, t), 7.1-7.25 (1H, d), 7.0-7.15 (1H,
t), 5.55~5.7 (1H, s), 4.65-4.8 (1H, broad s), 4.5-4.6
(1H, m), 4.35-4.5 (1H, m), 4.1~4.3 (1H, m), 3.9-4.1 (1H,
m), 3.85-3.95 (3K, s), 3.3-3.4 (1H, t), 2.7-34.1 (2H, m),
15 1.0-1.2 (9H, s).

Example 25: 7~ (2-amino~1-oxo-3~thiopropyl)~-8-~(1-
methyl-propyl)-2-(2-
(phenylmethoxy)phenyl)-5,6,7,8~-
tetrahydroimidazo (1,2a] pyrazine

20 {Compound 25}

a. Intermediate 18d (3.36 g, 11.8 mMole) was
dissolved in 10ml CH,Cl, and a 1M solution of BBr; in
CH,Cl, (47 mlj was added dropwise. The mixture was heated
at reflux for 2 hours, cooled and poured into saturated

25 NaHCO; solution (25 ml). The aqueous layer was extracted

3 times with CH,Cl, (60 ml), dried over Na,S0,, filtered,

and concentrated to 30 ml. Di~(tert) butyldicarbonate

(2.57 g, 11.8 mMole) was added, and the reaction stirred

at room temperature overnight. rhe crude product was

30 purified by column chromatography on silica gel using 1:1
/ ethyl acetate:hexanes as eluant. The yield was 3.31g
{75%) of white solid product.

b. Intermediate 25a (850 mg, 2.29 mMole) was
dissolved in THF (20 ml) that contained sodium hydride



wei ght. The product was used w thout further purification. b.
Conmpound 17 was prepared i n a manner anal ogous 25 to exanple 1 except

Cbz- (L) -Leuci ne was used in place of Cbz- (L) - Nor | euci ne, internediate
17a was used irhgb,;}% of 2- Brompacet ophenone in step la, ang., 102651
BH err]/ THF was uS for reduction of lactaminternediate in step 35
Mass spec. 409.2 MH+. NWR (300vHz, DWVSO-d6) 8.5-8.9 (3H, s), 30
8.1-8.25 (1H, d), 7.9-8.15 (3H m, 7.7-7.8 (LH, d), 7.5- 7.7 (3H, m,
5.8-6.1 (1H, d), 4. 7 4 85 (1H s), 4.55-4.7%7 = (1H, d), 4.2-4.45 (2H, n),

3.85-4.05 (1H, M, H20),, . 2.9-3.1 (2H_ q
1.7-1.9  (2H n{”ild“‘?_u 2 ("3&?”%})’-) .“é-’i&% ”t’?ﬁ“‘&). as )Creatgdvbgﬁ‘gi/ 30053
PCT/ US97/ 02651 benzyl bromide (292 uL, 2.4 mMolel3 under Npxahpreonms:
7 gﬁ'am NO- 1- 0X0- BahhdSPE Y. ) Thel keaction was stirred overnight at room
me
6

yl - propyl) -2-( 2- et hox
5,6,7, 8-tet rahydrg?’ﬂ??f’é%o %’éi aﬂ‘%ﬁ{ﬂ"&?f‘ﬁ’éated’ The residue “2®onpound 18).
5 Conpounds 1ganiit jrresh tetvieena CHaGher (3dnaldgand HsP (1%mmlipl e The
except Cbz- (L)-'Seh%@' & g&swﬁéeériﬂdpé@é}.eﬂ}so C@zx&éaed\lora!xﬁum ne in
step a. Mass specs

3H,
8.05-8.2 (IH, d), °?n§e"tra‘%el\‘4;+ (CfMSté 1§7ag;5m=, & “fﬁ% e’fgfi% 5 (13)
d), 7.0- 10 7.15 hékhnes yiek®d 887 mgH(83)7EY. mmeep(maucs) 4.5- 4. 65
(1H, d,d), 4.3-4.45 (1H dd) 3.9-4.0 (3H s), 3.8- 4.0 (1H, ™,

3.2-3.7 (8H H20), 2.8 3. O (2 dBiats 958 (887 mg, 1.92 mMole) was

10 treated with 90% Tfa/H,0 (50 ml) for 15 minutes at room
temperature under N,. Solvents were removed under ‘
reduced pressure and the residue was distributed between
CH,Cl, and saturated NaHCO; solution. The CH,Cl, layer -
was dried over Na,80, solution, filtered and concentrated.

15 The crude intermediate was acylated in a manner analogous
to example 1, step 1le, and then deprotected in a manner
analogous to example 1, step £f. Mass spec. 465.3 MH+.
NMR (300MHz, DMSO-d6) 8.3-8.8 (3H, braod s), 8.0-8.1 (1H,
4,8y, 7.8-8.0 (1H, s), 7.45-7.55 (2H, m), 7.3-7.45 (4H,

20 m), 7.15-7.3 (1H, d), 7.0~7.15 (1H, t), 5.6-5.8 (1H, 4),
5.3-5.4 (2H, s), 4.65-4.8 (1H, broad s), 4.45-4.6 (1H,
m), 4.25-4.4 (1H, m), 4.1~4.25 (1H, m), 3.75-3.95 (1H,
m), 3.25-3.4 (1H, t), 2.8-3.0 (2H, m), 2.15-2.4 (1H, m),
1.4-1.6 (1H, m), 1.1-1.35 (1H, m), 0.95-1.1(3H, 4), 0.8~

25 1.0 (3H, t).

Example 26: 7-(2-amino-l-oxo-3-thiopropyl) -8~
(cyclohexyl-methyl)-2~(2-methoxyphenyl}-
5,6,7,8~-tetrahydroimidazo[l,2a) pyrazine
{Compound 26).

30 a. A solution of H-~(L)-Phe~OH (10.0 g, 60.6 mMole)
in acetic acid (60 ml) and 5% aqueous HCl (60 ml) was
hydrogenated over Pt0O, (430 mg) until hydrogen was no
longer consumed. Solvents were removed under reduced

pressure, and the residue was dissolved in methanol (50



(1H, ™, 1.4-1.6 (1H n), 1.15-1.35 (1H, n), 1.0-1.15 (3H, d), 0.8-0.95

(3H, t). 15 Exanple 19: bis-1,1-7-(2-am no-1|-oxo-3-thiopropyl -

(2-(1- napht hyl ) - 8- (2- et hyl propyl ) -

5,6,7,/8-tetrahy L. dazo (1, 2a~pyrazin-7- | ) disulfide
( Compound 19) . WoYBhads Corpound 19 was prepared in a manner a%%%ﬂﬂﬁﬂ@“io
20 exanple 10 except conpound 17 was used in place of I nternmedi ate 3e.
Mass spec. 815.5 MH. NWR (SOONPE, DMSO-d6) 8.7-9.2 (3H, s), 8.15-8.3
(1H, s), 8.0-8.1 (2H, , 7.85- 8 0 (1H -sFS ? 7 7. 8 (1H d) 7.5-7.7
(3H, m, 5860(1H%)48- S) é 4.4- 25 4.5
(IH d). 4.2-4.4 @) 309(390 1”%’114 At)1°*3i‘e°§ 901‘“”( Qwa%n%doﬂé&ar es
signal), 2.0-2. 2 (\ﬂ;hjorto):,s stirfifig to (B = ). 4,1 thelsdleBibn dyas &ddi=R,0
(3H, d). | apdec - 4 37 s HN3G- 1= GX0s | RGP -

2- (met hoxy- phenyl) g?%ﬁﬁ?ﬁgP%Fogif)élggé}éaﬂd%% LndGachéd Hﬁ#ﬁ
5,6,7,8-tetrahydroi m dazo [1, 2a] pyrazine] di sul fide
(C0npound 20) . benmmnﬁEiiﬂtewaedmatpazed (60 .56 mMuler) aaalogous to

Moo spec. 775, B (bRt 10 U89 WEInG RASAIRIAG Kooy (ALSRILT 8026, 1o
(1H, d), 7.9-8.1 (™Mqle), éjﬂd 2 88lytion 19f GbE-Opuif13. 259(1$P Qj)mmileo inis
(1H, WO EH,BH0%350 ml) was added with vigorous stirring for 45
PCT/ US97/ 02651 minutes at room temperature. The CH;CN was distilled off
at reduced pressure and the aqueous layer was washed with
10 ethyl ether. The agueocus layer was acidified with
concentrated HCl to pH = 1 and the product extracted with
ethyl acetate (2 X 50 ml). The ethyl acetate layers were
dried over Na,50,, filtered, and concentrated under
reduced pressure to yield 17.27 g (93%) of Cbz-(L)-
15 cyclohexylalanine (26b).

C. Compound 26 was prepared in a manner analogous
to example 3 except Cbz-(L)~Cyclohexylalanine (26b) was
used in place of Cbz~(L)-Norleucine in step a. Mass
spec. 429.3 (MH+). NMR (300MHz, DMSO-dé) 8.6-8.9 (3H,

20 s), 8.1-8.3 (1iH, 4,d), 7.9-8.1 (1H, s), 7.35-7.5 (1iH, m),
7.15~7.25 (1€, 4), 7.05~7.15 (1H, t), 6.0-6.1 (1H, t),
4.7-4.8 (1H, nm), 4.55-4.7 (1H, m), 4.3-4.45 (1H, m), 4.1~
4.3 (1H, m), 3.9-4.0 (3H, s), 3.8-3.95 (1H, m), 3.35-3.5
(18, t), 2.8-3.1 (2H, m), 2.05-2.2 (1H, d), 1.9-2.1 (2H,

25 t), 0.8-1.7 (10H, m). :



- 54 - t), 5.65-5.85 (1H, d), 4.8-5.0 (1H, s), 4.45-4.6 (1H, d),
43545(1H d, 4.2-4.35 (1H, m, 3.8-4.1 (1H m, 3.8- 3.9 (3H, s9),
3.4-3.8 (10H, H20), 3.2-3.4 (2H, d), 2.2-2.4 (I1H, m, 1.4-1.65 (1H, m,
1515-1. 35 (1Ho 51,33 4.0-1.15 5 (3H, d), 0.8-0.95 (3H, t). rerBRARdse 21:
S- (di met hyI ety o [ 2-am no- 3- oxo- 3( 8-

butyl - 2- (2- et hoxyphenyl ;)-5, 6, 7, 8- t et rahydr oi m dazo

[ 1, 2a] pyr azi n-7- yl ) propyl ] disul fide (Conmpound 21) 10
Compound 21 was prepared in a manner ana‘l §8o0s to exarrpl e 3 except that

Frmoc- (L) - Cys(tBus- d._in fin tectlon was
acconpl i shed bfxamp%lﬁeé\?aﬁerf@ h g_ N 5ro ?}1%1 r ol e)
i n CHerr]d[err] (10 mt rpyq.tazrlg & dure. 15
The product was purified b)g-;grepclratlve reverse phase colum

chromat ography to provi de pure conpound 21. Mass spec. 477.3 MH. NWR
(300MHz, DVS® d6, 90fampdunld 270 wadslpféphred ik, 6a mahnarSapabbgeys €0 1-7. 3
(1H, t), 7 0 7. By 4y 4.7
(IN 1 ] 2%( 2&:? gg excep@ 852 &,) -Jd_a{lfné was u§e§5111((7 lzrhac%) ffﬁ%%)z 2.
2.9 (lH d d) () rNox: ePE#‘ n‘}n i e/ﬂzal (“zﬁ ﬁf’ecl 379- m‘" .
0.8-1.0 (3H t )(300MHz ,FRMEP+E6P28.6~8.8 (3H, broad s), 8.1-8. 3 (1H, d),

7- (2- a, ani no- 13»5&331t [}uﬁp yl-) a?sb;utsy %@ 7.15-7.25 (1H, 4),
¢

Efﬁ}mﬁ?ﬁﬁﬁ' @éni?o&ﬁd‘é‘é) ra ygrmgnaa ale% rhijt §eet dhnton¥*P28. 0g, 186

mvbl e) was &)ssdl.sed . Wn(gﬂacm)al fcet4 .aSadind, (80 #1)-4umd (1K,ca)gentrat ed
HO (250 W) was aadded (hal| gyedsby- o5 diopw)seaagslilencal, komang-(9. 6
m, 186 mvbl e) over he m xt'uré’'was_ stirre hour s and t hen
concentrat ed urid&® régucé‘él p?e§s%1'r7e “I‘he“’r’esﬁd&e 1nds (38 (DR -35 4136t hyl

et her and washe@Hay @) .sat urated NaHCO err] solution. The ether |ayer was
dried over Na2SO4, filtered, and concentrated to yield 38.0g, (96% of
crude

8-

15 Exanmple 28: bis-1,1’~(7-(2-amino-l1-oxo-3-thiopropyl)-2-
(2-methoxyphenyl)}-8-(1-methylethyl)}-5,6,7,8~
tetrahydroimidazo [1,2a}]lpyrazine] disulfide
(Compound 28).

Compound 28 was prepared in a manner analogous to
20 .example 10 except compound 27 was used in place of
intermediate 3e. Mass spec. 747.4 MH+. NMR (300MHz,
DMsO-dé) 8.8-9.0 (3H, broad s), 8.05-8.2 (1H, 4), 7.9-8.1
(14, s), 7.35-7.5 (1H, t), 7.15~7.25 (1H, 4), 7.0-7.15
(1H, t), 5.55-5.75 (1H, broad s), 4.8-5.0 (1H, broad s),

25 4.45-4.65 (1H, m), 4.35-4.5 (1H, m), 4.2-4.35 (1H, m),
3.85-3.95 (3H, s), 3.9-4.05 (1H, m), 3.2-3.4 (2H, 4),
2.45-2.65 (1H, m partially obscured by solvent), 1.05-1.2
(3H, &), 0.9-1.05 (3H, 4d).

Example 29: 7-(2—~amino-l-oxo-3-thiocpropyl)-8-butyl-2(2-
30 hydroxy-6-methoxyphenyl)-~5,6,7,8~
tetrahydro{l,2a]pyrazine (Compound 29).
a. Bromine (3.19 ml, 61.9 mMole) was added dropwise
to a mixture of 2/,6’-dimethoxysacetophenone (11.15 g,
61.9 mMole) and concentrated HCl (100 ul) in acetic acid

35 (50 mL) over 20 minutes. The reaction was stirred at
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- 55 - 2- brono-2' - net hyl acet ophenone whi ch was used w t hout further
purification. b. Conpound 22 was prepared in a nmanner anal ogous
to éxanple 3 brono- 2' - met hyl acet ophenone was 5 us of
2-brono-2' - '%%tophenone in step a. Mass spec. 4&$ﬁéﬁﬁa?
(300VHz, DNBCLdG) 8 6-8.8 (3H, s), 7.9-8.0 (1H, s), 7. 6 7.75 (1H, d),
7.3-7.5 (3H, n, 5.8-6.0 (1H, d,d), 4.7-4.8 (1IN, S), 4.55-4.7 (1N, d),
4.3-4.44 (1H, d,d), 4.1-4.3 (1H m, 3.8~460 €1H, n), 10 3 4-3.55 (1H, t),
2.85-3.1 (2H, m, 2.4- 2 5 (3H, s 2. 0- 2.3 (2H, m 1.6 (4H, m,
0.8-1.0 (3H, t)xoom tE%&ﬁﬁpE&Q% or 2 hours, and the soivents were
bis-1,1"-[7-(2- aviaporatedourdélixghamd pressure. The residue was

8-butyl-2-(2-ne 4! 155

tetrahydroi m daiﬂ%fgggF ')‘raz?hrr‘é %?tate (100 ml) am(i:i waﬂefddg npound 23)
Conpound 23 was satayate ﬂﬂgpsnﬁﬂiﬂtlﬁﬁaKéQBbsaPG Withn&%ﬁﬂﬂét Nagdpt
conpound 23 was sﬁeﬂtma piacemm‘ THalethyRdaakeade. 1a9&53mp%1e&43 4 M.

NVR 300MHz, I [ S

7.0- 7(2 20 (3H, °"g\/58a3 4'6q e]"%d E’fﬁd cgﬁé%%q‘("l& t‘S’Z‘ §6isfl\&4 g
3.5-4.2 (4H, m 9)3 0Cyystadiizakinn trem eithxlsaee(:m’- 3nd hexames 2. 5 (3H,
s), 2.1-2.4 (2Hyiknasd4si7 §¢. (36%)l d2H~bapmo-27162-1.7 (4H n), 0.8-1.0
(3H 1). dimethoxyacetophencne {(29a).

10 b. Compound 29 was prepared in a manner analogous
to example 3 except 2-bromo-2’,6'-~dimethoxyacetophenone
(29a) was used in place of 2-bromoacetophencne in step a.
One methyl ether group is cleaved efficiently during BH;
reduction of lactam 2%d. Mass spec. 405.3.

15 Example 30: bis~1,1’-[7~(2~-amino~1-oxo~3-thiopropyl)-8-~
{(1,1-dimethylethyl) -2-{2-methoxyphenyl) -
5,6,7,8~tetrahydroimidazo {1,2a)pyrazine]}
disulfide (Compound 30)

Compound 30 was prepared in a manner analogous to
.20 example 10 except compound 24 was used in place of
intermediate 3e. Mass spec. 775.5 (MH+). NMR (300MHz,
DMSO-d46) 8.7-9.1 (3H, broad s), 8.0-8.1 (1H, 4A), 7.8-8.0
(1H, s), 7.3-7.5 (1H, t), 7.1-7.2 (1H, d), 7.0~7.1 (1H,
t), 5.55-5.65 (iH, s), 4.8~5.0 (1H, s), 4.4~4.6 (2H, m),

25 4.2~-4.4 (18, m), 3.9-4.1 (1H, m), 3.8-4.0 (3H, s), 3.2-
3.4 (2H, 4), 1.0-1.2 (9H, s).
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- 56 - Exanpl e 24: 7-(2-am no-1|-oxo-3-thiopropyl)-8-(1 ,1-

di et hyl et hyl ) - 2-

5,6,*7, 8-tetrah azo- [ 1, 2a) pyr azi ne s 24)
5 Corrpoun%ﬁ was prepared in a manner anal ogous to exarrg%yg}d !

(2- met hoxyphenyl') -

except Boc-(L)-t-Leucine was used in place of Cbz-(L)-Norleucine in step
a and deprotection was acconplished in step c by treatnent with
trifluoroacetic acid for 0.5 hours. Mas$1lspec. 389.3 M—I+ NVR (300M—Iz

10 DVBO d6 858 H, _bro 79581

7.3-7.5 (1?4 t), §IEI ?ﬁ 'y 311:- t% §1’/£(1H Ss)

4.65-4.8 (1H, broad s) 4 7 1% A2$ z):. (éoé%l (1H
{

m, 3.9-4.1 (1H,

m, 15 1.0-1.2 (9H, s) Exarrple 25

7-(2-am no- | - 0%0-
met hyl - propyl) - 2

t et rahydr oi m dazo

a. I nternedi ate

saturated 25 NaH

3-t hi oppynhd -Vt Was prepared in a manner analogous to

){T\pzla 18 exceﬁt Boc- (L)(-pé}ﬁwﬁhgxz%h@é@é éfo}SQ:hL 8-
qcawl(@qaengstfm 8- BRES SRES. 403 3s

extracte

The nixture was sgi)dt .,at15r2 nggﬁfrh%) 'ag’l&re"?ﬁ’C?g ggﬂ gy payred |

times with CH2 r{¥i] & 4(6@ P,

and concentr at ed

15

20

25

30

i e¥ oVerd N4 ér K}f%q’éh]% +314 45 ed,
tzH 3Gyl 4.@s5-@ter (2Hpuh)y) i .®ashondBH, s), 3.8-3.95 (1H,

m), 3.4-3.6 (1H, t), 3.1-3.25 (1H, m), 2.25-2.45 (1H, m),
1.4-1.6 (1H, m), 1.15~1.4 (1H, m), 1.0-1.23 (3H, t), 0.8~
1.0 3H, t).

tiproliferative activit f farne -transferase
inhibitors on human tumoral cells

The assays were performed using either A-427 lung
carcinomas (expressing mutated Ki-ras gene), HT-29 colon
adenocarcinomas (expressing wild type ras gene), Calu-l
lung carcinomas (expressing mutated Ki-ras gene), and
MIA-PaCa pancreatic cancer cells (expressing mutated Ki-
ras gene). These tumoral cells were seeded on 96 well
plates at day 0 and maintained at 372C in 5% CO,
atmosphere. At day 1, cells were treated with increased
concentrations of test compounds ranging from 0 to 100 uM
for 96 hrs. At the end of this period, the
quantification'of cell proliferation was evaluated by the
colorimetric assay based on the cleavage of the
tetrazolium salt WST-1 by mitochondrial dehydrogenases in
viable cells leading to the formazan formation {(Cell
Proliferation Reagent WST-1 Kit, Boehringer Mannhein,
Germany). These experiments, done in octuplicate, were
repeated twice. The results, shown in Table I, depict
the concentration range (uM) of test compound required to

- | YMR i 00MHZG1 2
and a 1M sol uti orpMdo-ty,3 siorc) sChkerz] Qi erd)], (G48548) owarH adshed nraepwsse.

3



(2.57 g, 11.8 nmwle) was added, and the reaction stirred at room
tenperature overnight. The crude product was 30 purified by colum

chromat ography on silica gel using 1:1 | ethyl acetate: hexanes as
eluant. The yield was 3.31g (759 of white solid product. b.
| nt er medi at e XQ7¥9 ng, 2.29 mwble) was di ssol ved i n THPQIAFIHP2ESL hat
cont ai ned sodi um hydri de WO 97/ 30053

PCT/ US97/ 02651 - 57 - (96.1 ng, 2.4

mvbl e) and the m'xture was treated with 62 benzyl bronide (292 uL, 2.4

mvbl e) under e ropm t enper at ur e, Stl rred
overni ght at FB‘B Pﬁ%b‘?%ﬁacﬁjé’rhﬁcf (96’ﬂ‘5’§ﬁ9;a?8d°°#‘@0£ 5
partitioned behieknn&Hiest |@ipourid @& riddednd H err] 0 (15 m). The
CH err]Cllerr] layer was dried over Nofgend SO err], filtered, and

concentr at ed. rerystartTzatTomfTomer Tyt etrier fexanes yireroed—887T
(83.7% of tm,ggudl c. | ntefﬁh‘d%ﬁ% 25b (887 ny, 1.92
mvbl e) was 10{treated wifih 9Q%g7 a/ HIer ] grlag0 M) f OgatkasM NUL Egratbadadom
tenperature u ,
and the ressdie was di styri @i2sed 12eswgen 12CH2CL2| andlsatio at §d BRRHCS 25 1]
sol ution. ThefTRZT Z™1 ayler | m§§0r| ed SVerg 28L iJ sgg ut rjon, 1rriere
and concentr aped 5 Thel crifdd T Afor dudi it o as—a o R aa-TeTar=Ts
anal ogous o exanple |1, &28p-126. 3dnd heniPepr at euéd 2% a manner
anal ogous to fEXanpre I, Btep 1. NASS [Sp Ty ° M NVR ({300VFZ,
DVBO- d6) 8. 3-,3._3..(_2&;_&@_5.)_.3_@41 Ll -
8 12.5 - 25 25 . S0 25 - 50
10 10 3.12 - 125 25 - 50 3 - 10
11 6.25 - 12.25 50 - 100 30 ~ 100
12 3.12 ~ 6.25 50 10 - 30
13 6.25 - 12.5 25 ~ 50 12.5 - 50
14 3,12 ~ 12.5 S0 - 100 10 - 30
15 15 6.25 - 12.5 25 - 50 12.5 - 25
16 3.12 - 12.5 25 - 50 12.5 - 25
S m 6.25 - 12.5 6 - 12.5 '12.5 - 25
18 6.25 S0 - 100 12.5 - 25
19 0.78 - 1.56 6.25 - 12.5
20 © 20 0.78 50 - 100 6.25 - 12.5 12.5
21 12.5 - 25 25 - S0 25 - 50
22 6.25 - 12.5 12.5 - 25
23 3.12 - 6.25 12.5 - 25 6.25 - 12.5
24 6.25 - 12.5 50 - 100 25 - 50
25 25 0.78 - 1.56 12.5 - 25 12.5 - 25 6.25 - 12.5
26 0.39% - 1.56 12.5 12.5 - 25 6.25 - 12.5
27 6.25 50 - 100 12.5 - 25
28 12.5 - 25 S0 - 100
29 3.12 - 6.25 25 ~ 50 6.25 - 12.5
30 30 3.12 - 6.25 25 - S0 12.5 ~ 28
31 25 - S0




d,d); 7.8-'B.D (1HE, s), 7.45-7.55 (2H, n), 7.3-7,45 (4H, 20 n), 7.15-7.3

(1H, d), 7.0-7.15 (1H, t), 5.6-5.8 (1H, d), 5.3-5.4 (2H, s), 4.65-4.8
(1H5broad s), 44546(1H, m, 4.25-4.4 (1H, m, 4.1-4.25 (1H m,
3.75-3.95 (1H, .25-3.4 (1H, t), 2.8-3.0 (2H, m, 2.154 n,
1.4-1.6 (1H W°T%" ¥ 35 (1H, ™), 0.95-1.1(3H, d), 0.8 25 1’%7?‘?%3‘
Exanpl e 26: 7-(2-am no- 1- oxo- 3-t hi oprop_ylg3 8-

(cycl ohexyl - et hyl ) - 2- (2- met hoxyphenyl ) - _

5,6, 7, 8-tetrahydroi mdazo[ 1, 2a] pyrazine (Conpound 26) .

30 a. A solution of H (L)-Pheofietr]lBnbodimé&gts mivbl e) in acetic
acid (60 nl) and 5% aqugoys £l pd ﬁp,aﬂﬁs%a thall) (h2HE A 4 R BhOhaL! |

(430 ng) until hydrogen was _no er consuned venti were renoved

under reduced B‘P%%s‘%ﬁ%r% tRecPB PBGE’-%S"’CH‘%%’I%/@&"F 182t hanol (50
WO 97/ 30053 description thereof, that the foreg%‘.'ﬁguaﬁgbﬁiﬁﬁion is
- 58 - m ) aanﬂntiﬁdéd Qo( %(imlskraéelgr{aw ﬁ%let oy \A@apaddfdtmu h

vigorous stirring, S on was ol ed, and the product
w1 Tered of f SRS Wiich Rgodetinéd BY e scogh, g2 Fhecroenont 26a
(60.6 mwbl e) was &laimspenddthernasplchs, Hravantagasnt aindi ugdl{ffécai:ﬂ[:m rdrfeerr |
(8.36 g, 60.6 AR &) &g spel ution of Cbz-Gsu (15.1 g, 60.6 mble) in
CH3CN (150 m) was ad%ied W th v?‘gorous stirring for 45 m nutes at room
tenperature. The CH3CN was distilled off

What is claimed is:



at reduced @mﬂ ﬂmMJﬂm aqueous | ayer was washed with 10 ethyl ether.
The aqueou fied with concentrated HO to pH =1 and the
product extfacted w"th® *ethyl acetate (2 X 50 nml). The ethyl acetate

| ayers were dried over Na[err]S(err], filtered, -and concentrated under
reduced presstV@T¥%A eld 17.27 g (93% of Cbz-(L)- 15 cycl olCTHUSATeREshe
(26Db). c. Conpound 26 was prepared in a’‘manner anal ogous to
exanpl e 3 except Cbz-(L)-Cycl ohexyl al ani ne (26b) was used in place of
Cbz-(L)-Norleucine in step a. Mass spec.6429.3 (MH). NWVR (300MHz,
DMBO-d6) 8.6-8.9 (3H, 20 s), 8.1-8.3 (IH d,d), 7.9-8.1 (1H s), 7.35-7.5

(1H, m, 715725(1H d), 705715&3&}1\5) 6.0-6.1 (1H, t),
4.7-4.8 (1H, m, 4.5514 7h(dbkpdlnd ha¥ihg!Snelrbrmila 4dy or hriuit m.
3.9-4.0 (3H, s) (ﬂl) .95 (1H, m, 3.35-3.5 (1H, t), 1 (2H m,
2.05-2.2 (1H, d) '921(2H 25 t), 0.8-1.7 (10H, m. WO
97/ 30053 PCT/ US97/ 02615
- 59 - Exanple ZZ' - (2-am no- 1- oxo- 3- thlopropyl) 2- (2-
met hoxyphenyl ) - t'ﬁy thyl)-5,6, 7, 8- B 1%t r ahydr oi ni dazo
[1, 2a) pyrazine ( Qyﬂd N 27) . 5 “l
prepared in a nmannér_ahal pgaus, exanpl e 3 exce t
used in place of Cbzs’“B’EET- rleucine in step a.
NVR A

5 I IT

wherein:

R; is H, lower alkyl, cycloalkylthio, or lower
alkylthio, or, together with R,, form -CH,-, -CO~, or - .
C(CH3) »—;

10 each of R; and Rj, independently, is H or lower
alkyl;

Ry is H, or O;

Rg; is H, or substituted or unsubstituted lower
alkyl, lower alkenyl, lower alkynyl, cyclocalkyl,

15 cycloalkyl lower alkyl, cycloalkenyl, cycloalkenyl lower
alkyl, aryl, aryl lower alkyl, heterocyclyl, or
heterocyclyl lower alkyl, wherein the substituent is
lower alkyl, -O-R;q, =5(0)gR;q (where m is 0, 1, or 2), -
N(Rjp) (Ry;), =N-C(0)-Ryg, ~NH=(SO,)-Rjp; =CO;-R;p5, —-C(O)-

20 N(Ryo) (Ryy), Or =(SO,}=N(Ryq) (Ryq);

each of R; and R;, independently, is H,

-C(0) NHCHR, 3CO,R,;,, Or substituted or unsubstituted lower
alkyl, cycloalkyl, cyéloalkyl lower alkyl, cyloalkenyl,
cycloalkenyl lower alkyl, aryl, aryl lower alkyl,

25 heterocyclyl, or heterocyclyl lower alkyl, wherein the
substituent is OH, lower alkyl, lower alkoxy, aryloxy,



( 300MHz, MImwﬁ"ﬂ"m{w broad s), 8.1-8.3 (1H, d), 8.0-8.1 (1H,

s), 7.35- 7.25 (1H, d), 10 7.05-7.15 (1H, t), 5.6-5.8 (1H,
d), 4.65-4.8 (1H' bfoall * s), 4.5-4.7 (1H, n), 4.3-4.45 (1H, m), 4.1-4.3

(1H~ m, 3.9- , 3.8-3.95 (1H, m), 3.35-3.5 (1H, t). 2. 8-

3.05 (2H, m, %”?“‘g/‘%(lH m, 1.1-1.2 (3H d), 0.9-1.05 (§¥2i?’“837!°2‘5‘15

Exanpl e 28: bis-1,1-[7-(2-am no-I|-o0xo0-3-thiopropyl)-2-

(2- met hoxyphenyl ) - 8- (1-net hyl et hyl)-5, 6, 7, 8-

t et rahydroi m dazo [1, 2a]] pyrazi ne] di suI fi'd§5 - ( Conpound 28).
Compound 28 was prepaced in rranner o ex t
conpound 27 was 3533 ﬁﬂwﬁf'aﬁgk * at eg:gég I\)gngJ g’ﬁég 0%%4?{))' .
NMR ( 300MHz, PSBREe) 6 RY. acnd( 3!—,1,. bmtah@;,, BmEayl erH, d), 7.9-8.1

(1H, s), 7.35-7. hetiEoc a,h,f 15725(1H d), 7.0-7.15  (1H 1),
5.55-5.75 (1H, broad o d 25 4.45-4,65 (1H,

4.35-4.5 ((1H ,roa g °§'5 %1 ﬁ{"}HRs ingep %2“9% ?%ﬁ' Zkt'3‘!3f(4 05n%1H m,
3.2-3.4 (2H, d; subszmﬁted%r(wuhﬁqi&madl 119webscu;xeh, yclealiyl) ,
1.05-1.2 (3H HriofiRel- 9&:&13"&1}@1 iloa@ééﬂ?ﬁ? dféloalkenyl lower

7- (2- am no- 1- oxo- 1) - 8- hut
(2-am no- 1- oxo HXE ; fy %‘r@lﬁ_u‘,}’ %yl heteracYed¥lar 81, 2a] pyrazi ne

hydr oxy- 6- net hox
(Conpound 29). heterocycbyl Brwen rellky3d., 19hﬁrelﬁltﬁbrﬁnﬂsﬁlhngntaddedﬂ

dropwi se to a)1@webUatxei, 21m€er cam;x*yqxscﬁ@ﬁ% g?necé - 61- 9
mvbl e) and conéeg ate g f et |chaC| over
mnutes. The F ( Stl atgt °© and Rq, togetier, aryl Or

heterocyclyl, and
each of R,;, and R;;, independently, is H, lower
alkyl, aryl, aryl lower alkyl, cycloalkyl, cycloalkyl
lower alkyl, heterocyclyl, or heterocyclyl lower alkyl;
15 Ry, is NRg, S, or 0O;
| R;3 is substituted or unsubstituted lower alkyl
wherein the substituent is lower alkyl, =-OR;g5, =S(0)yRyg
(wherein m is 0, 1, or 2) or =-N(R,;q5) (R;;); and
Ry4 is H or lower alkyl;
20 or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1, wherein said compound is
of the formula:

or a pharmaceutically acceptable salt thereof.



Y\‘06(9)7{ BOOSHHMUHIMIL u”um for 2 hours, and the Egcgﬁﬁzlgé?gl

evaporated under rte ducéd pressure. The resi due was di ssol ved in ethyl
acetate (100 nml) and washed with saturated NaRCO err] solution (100) and
with saturat ed”RE#5E solution (100 m). The ethyl acetate |BGEYS %‘5 ried
over Na[err]SOerr], filtered, and concentrated to angel—{l4.-Q
Crystallization fromethyl acetate and hexanes yi e dHlSdeBEETgHASCBEEN
2-brono-2',6' - di met hoxyacet ophenone (296§.- 10 tREPL'XOEﬂound

was prepared in a manner anal ogous to exanple 3 ex
2-bromo- 2", 6' - di met ho@‘ace’hﬁﬂ‘?&%‘ﬂ@ of LAl Ly IMRIEIN ﬁaﬁFaEQmB‘P““d is
2- br onpacet ophenafe the fbepuda: One nethyl ether group is cleaved
efficiently during BH err] reducti on of |lactam 29d. Mass spec. 405. 3.
15 Exanmple 30: bis-1,1'-[7-(2-am no-1- Fyx % 3-% hi opropyl) 8-

(1, 1-di net hyl et hyl ) - 2- (2- et hoxyphen j)t«
ine

5,6,7,8-tetrahydroi mdazo [1, 2a] pyr di sul fide
(Corrpound 30) conmpound 30 vvais/pr epare in a manner anal ogous to
.20 exanpl e 10 except conpound 24 was slised i n pFace of i ntermedi ate 3e.
I\/ass spec. 775.5 (MH). NWVR (300MHz, DVBO- d6) 8.7-9.1 (3H, broad s),
8.0-8.1 (1H, d), 7.8-8.0 (1H, s), 7.3-7.5 (1H, t), 7.1-7.2 (1H d),
7.0-7.1 (1H, t), 5.55-5.65 (1H, s), 4.8-5.0 (1H, s), 4.4-4.6 (2H m,
25 4.2-4.4 (1H, m, 3.9-4.1 (1H, m, 3.8-4.0 (3H, s), 3.2- 3.4 (2H, d),

1.0-1.2 (9H, s).
or a pharmaceutically acceptable salt thereof.

5 4. A compound of claim 2, wherein each of Ry and
Ry, independently, is H; or a pharmaceutically acceptable
salt thereof.

5. A compound of claim 4, wherein R, is H; or a
pharmaceutically acceptable salt thereof.

10 ~ ®. A& compound of claim 5, wherein Ry is substituted
or unsubstituted aryl or cylcoalkyl, and Rg is
substituted or unsubstituted lower alkyl, cycloalkyl, or
cycloalkyl lower alkyl; or a pharmaceutically acceptable
salt thereof.

15 7. A compound of claim 6, wherein each of Ry, Ry,

and Ry, independently, is H; or a pharmaceutically
acceptable salt thereof.

N



PCT/ US97/ 02651

Y\D627{ BTﬂmMuu"m"H””m (2- met hoxyphenyl) - 8- (| - met hyl propyl) -

5,6,7 ,8*tefrahydto-57- *(t hi azol i di n- 4-

yl )'car bonyl )nga%%%l 2a] pyrazi ne ( Conpound
Conmpound_ 3| red in a manner anal ogous to

Boc-(L)-thiaproline was used for the

401.3 (MH+). NVR (300MHz,
(1H, s), 7.3-7.5 (IH t),
10 (1H, d), 4.75- 5 0

4.15-4.3 (2H, m,
1.0-1.23 (3H,

%ﬁpéufxé f 70154& 7’9 wh%r%:.ﬁ ﬂ65
3.1-3.25 (1H, npapgtgglg a5 Qq§py}ﬁsubst1§u§e 81FH}P£28

S97I§265%

exanpl e exce

ling i 1.
DVBO- d, gofg‘r‘f] os. B-F@?‘(ﬁfgﬁﬁ BEEET: o
7.15-7.25 (1HP 7. 052,15 -5.85

I'H t
Lpves: fl& mr) »

t low@rBalkoxy, Cardt Ry Jis lowér Amikyl oldyadoatlkyd,activity of

farnesyl -t ransf% %i%
assays were per

mut at ed Ki -raB

ian)péx% Qéﬁqﬂ.n Z?%u %Qei' UFPER S@ldtSituted with 1he

car Cl norras)e‘éexpr essi ng

@Eﬁ&a» (‘Fﬁhlz%) Raol &R arY]a)d'erRTcér PRARBAREVEE It BEsi ng wil d type

ras gene), Cal uatbcipthulg saltitmsmeof(.expressing nutated Ki-ras gene), and
M A- PaCa pancreatic cancer cells (expressing nmutated Ki- ras gene).
These tunoral cells were seeded on 96 wel |l pl ates at day O and

mai ntai ned at 37[err]C i B SARROMBAr PE cladmypiRiareiR Reads Hi QA Bs were

treated with in

to 100 [err] M
quantification
assay based on

10

20

25

dedlbicably deatptand eobalesthepapdunds ranging fromO

for 96 hrs. At the end of this period, the
of cell proliferation was_ evaluated by the , «colorinetric
the cl®wade gempeypd of claim 9, wherein R, is

substituted or unsubstituted aryl or cycloalkyl, and Rg
is substituted or unsubstituted lower alkyl, cycloalkyl,
or cycloalkyl lower alkyl; or a pharmaceutically
acceptable salt thereof.

11. A compound of claim 10, wherein each of R,;, R,
and R;, independently, is H; or a pharmaceutically
acceptable salt thereof.

12. A compound of claim 11, wherein R, is phenyl,
i-naphthyl, or phenyl substituted or unsubstituted with
halo, lower alkyl, or lower alkoxy, and Rg is lower
alkyl, cycloalkyl, cycloalkyl lower alkyl; or lower alkyl
substituted with ~0-R;, (where R;j is aryl); or a
pharmaceutically acceptable salt thereof.

13. A compéund of claim 3, wherein Rg is H or
substituted or unsubstituted lower alkyl; or a
pharmaceutically acceptable salt thereof.

14. A compound of claim 13, wherein Ry is H or
~C(O) NHCHR,3CO4R;4; OF a pharmaceutically acceptable salt
thereof. :

ThlS Sheet Has Been Reri
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tetrazol I‘ﬂ“ﬂi"ﬂl‘ﬁﬂﬂ!“‘“‘om t ochondri al dehydrogenases in 30 viable cells

| eadi ng tef sormation (cell Proliferation Reagent WST-1 Kit,
Boehri nger Mannhei m Germany). These experinents, done in octuplicate,
wer e repeated twice. The results, shown in Table I, depict t he
concentration ‘?’33@@0%[ err]M of test conpound required to  FPCTUSITA2651 \\D
97/ 30053 ' PCT/ US97/ 02651
- 62 - inhibit proliferation as conpared to control cells in whi ch
no test conmpound was added. - 68 - TABLE |

15. A compound of claim 14, wherein R, is
substituted or unsubstituted aryl or cyclecalkyl, and Rq
is H or substituted or unsubstituted lower alkyl,
cycloalkyl, or cycloalkyl lower alkyl; or a

5 pharmaceutically acceptable salt thereof.

16. A compound of claim 15, wherein each of R,, R,,
and Ry, independently, is H and R;, is S; or a
pharmaceutically acceptable salt thereof.

17. A compound of claim 16, wherein R, is phenyl or
10 phenyl substituted with halo, lower alkyl, or lower
alkoxy; Rg is H or lower alkyl, Ry is lower alkyl,
cycloalkyl, or cycloalkyl lower alkyl, and Rg is H or
-C(O) NHCH(CH,CH,SCH;) CO3R;,; or a pharmaceutically
acceptable salt thereof.

15 18. A compound of claim 13, wherein R, is H or
' ~C(O) NHCHR, ;CO,R,,; or a pharmaceutically acceptable salt
thereof.

19. A compound of claim 18, wherein Rg is :
substituted or unsubstituted aryl or cycloalkyl, and Rg
20 is H or substituted or unsubstituted lower alkyl,
cycloalkyl, or cycloalkyl lower alkyl; or a
pharmaceutically acceptable salt thereof.

20. A compound of claim 19, wherein each of R;, R,,
and R;, independently, is H, and R;, is S; or a
25 pharmaceutically acceptable salt thereof.
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21. A compound of claim 20, wherein Rg is phenyl or
phenyl substituted or unsubstituted with halo, lower
alkyl, or lower alkoxy, Rg is H or lower alkoxy; Rg is
lower alkyl, cycloalkyl, or cycloalkyl lower alkyl, and
R, is H or -C(O)NHCHR,,CO,R;,; or a pharmaceutically
acceptable salt thereof.

22. A compound of claim 4, wherein Rg is
substituted or unsubstituted lower alkyl,k cycloalkyl, or
cycloalkyl lower alkyl, Ry is halo or substituted or
unsubstituted cycloalkyl or aryl, and R, is halo or
substituted or unsubstituted cycloalkyl or aryl.

23. A compound of claim 22, wherein each of R;, R,,
and Ry, independently, is H; or a pharmaceutically
acceptable salt thereof.

" 24. A compound of claim 23, wherein R; is lower
alkyl, cycloalkyl, or cycloalkyl lower alkyl; Rg is
phenyl, Taphthyl, or phenyl substituted with halo, lowe
alkyl, or lower alkoxy, and R, is halo, phenyl, 1-

naphthyl, or phenyl substituted with hale, lower alkyl,

or lower alkoxy.

25. A compound of claim 1, wherein said compound is
of the formula:

7=-(2~amino~l-~oxo-3~thio-propyl)-8~butyl-2-phenyl-
5,6,7,8-tetrahydro~imidazo~{1,2a)~pyrazine;

7-(2~-amino-1~oxo-3-thio-propyl)-8-~butyl~2- (4~
fluorophenyl)~5,6,7,8~tetrahydro~imidazo-{1,2a}-pyrazine;

7~(2-amino-1-oxo-3-thio-propyl)~8~butyl-2~(2-
methoxy-phenyl)~5,6,7,8~tetrahydro-imidazo~(1,2a]}-
pyrazine;

This Sheet Has Been Re'i
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Lnggr;tjood t'llmnuulullm ulu" ,m/ent Floge[lasEnbogiagﬁnngcri bed i Int ci)?]j Lgc??on
with the detall&d “ d&sctiption thereof, that the foregoing description is

5 intended to illustrate and not limt the scope of the i nvention, which
i s defined by t EPYEBBE of the appended clainms. Other aspect CTUSI02651
advant ages, and nodifications are wthin the clains. \What s
clained is: WD 97/ 30053 THIS SHEET HAS BEEN
PCT/ US97/ 02651 =70 - - 64 - REPLACED

1 1 . L1
daims LA R nB2Y o P B ) e b P (o

methoxy-phenyl)-5,6,7,8-tetrahydro-imidazo-{1,2aj-
pyrazine;
7-(2~-amino-~1~oxo-3-thio~propyl)-8~butyl~2-(4-
5 methoxy-phenyl}~5,6,7,8-tetrahydro~imidazo~{1,2aj-~
pyrazine;
7~ (2-amino-1-oxo-3-thio-propyl)-8-(2-hydroxy-
methyl)-2-phenyl-5,6,7,8-tetrahydro-inidazo-{1,2a]~
pyrazine; '

10 7-(2-amino-3-thio-propyl)-8~butyl-3-phenyl-5,6,7,8~

tetrahydro~imidazo-[1,2a}~pyrazine;
2~(1~(N~(2-amino-l1-oxo~3-thiopropyl) -N-methyl)-
amino~pentyl) - 5-phenyl-~imidazole;
2-{((2—-amino-1-oxo-3-mercapto-propyl)-amino) -

15 methyl)-5-phenyl-thiazole~4-carbonyl-methionine;

' 7-(2~amino-1-oxo-3~thio-propyl)-2- (2-methoxyphenyl) -
8- (2-methylpropyl)~5,6,7,8-tetrahydro~
imidazo(1, 2a]pyrazine,

_ T={(2~ amxno-l-oxo-3-thlo~propyl)—B-butyl-z (2~

20 methemyphenyl)-~5,6,7,8-tetrahydro~-imidazo-~{1,2a]~
pyrazine; '

7-{2-amino-1-oxo-3-thio-propyl)~8-butyl-2- (2~
hydroxyphenyl)-5,6,7,8-tetrahydro-imidazo~-{1,2a]-
pyrazine;

25 2-(1—-(N-(2~amino-1-oxo-3~-thiopropyl)-N-methyl) -
amino-pentyl~-5-(2-methoxyphenyl)-imidazole;

‘ 7-{2-amino~-1-~-oxo-3~thiopropyl)-8~(2-
methylpropyl)~2-(i-naphthyl)-5,6,7,8~
tetrahydroimidazo({1,2alpyrazine;

30 7=(2-amino~l-oxo-3-thiopropyl)-8-(1-
methylpropyl)-2-(2-methoxyphenyl)-5,6,7,8~
tetrahydroimidazo[1,2a)pyrazine;

S~ (dimethylethyl)-~s’=-[2~amino-3~oxo-3 (8-butyl-2-
(2-methoxyphenyl;}-5,6,7,8~ _
35 tetrahydroimidazo{l,2a]lpyrazin-7-yl)propylldisulfide;

- This Sheet Has Been R

LTI




R[ err] | s”"'“lml“"u""l" l"lcycl oaI kyI t hi or I owerI ! al kyr\?ﬁirgi, né)r,

toget her wi*t h¢R2t frr - CH err] - , - C(CH[err])[err] -; 10

each of Rlerr]_an rr], |ndependently, is Hor |ower

Rlerr]is Herr 91/3?&5? Rlerr] is H or substituted or %W%Qﬁsfut ed
| ower al kyl, lower alkenyl, lower alkynyl, cycloal ky

| oner al kyl, cycl oal kenyl, cycl oal kenyl |ower al kyl THlBy$HEHr|;M\S IB&EN ]

al kyl, heterocyclyl, or het erocyclyl | owét al kyl , er ei REPhACED

substituent is | ower I T o—tTor
2), - _ NRerr]) (R[er?]¥¥ iR () Sk A FRL Kb %H ST SRR

-QO[err]-R err], methgiph 29Y11f§£§rﬂosiﬁﬁF§Ph¥?r°éF1d§§K1%xaqIPNFRFGDQP)
(Rerr]); eachyof2 Rup{nd-2kdRBethioptopgppralent /i is H  -C
(0) NHCHR[ err] % glg of substituted or unsubstituted | ower

al kyl, cycl oal kyl%, of ﬁié +)T%mer al kyl, cyl oal kenyl , cycl oal kenyl

| ower al kyl, aEyKZ-aﬁyhokEnb¢n¥ﬂ}qﬂ, .258heterocyclyl or heterocyclyl | ower

alkyl mherern tF%tffh%E?giﬁﬁﬁﬁfgml'Z%Jgﬂrabgﬂep aIkyI | ower al koxy,
aryl oxy, err —t - o -~
PCT/ US97/ 02651 (28R o-1-0x0-3 thiopEePY1) =8-(15 | | ouer al koxy,

-N(R err]) (R er miethylpoopyl) €} -Oj2-NpRenyipptRpyy) phenyl) 5(ﬁ37hako; or R6
and R7, together cdtoahyatyinfdazo[1,2a]) pyrazine;

10 7-(2-amino-1-oxo-3-thiopropyl)-8-
(cyclohexylmethyl) -2~ (2-methoxyphenyl)~5,6,7,8~
tetrahydroimidazo([l,2a]} pyrazine;

7-(2=amino~-1i-oxo-3-thiopropyl)-2-(2-
methoxyphenyl) ~-8-(1-methylethyl)-5,6,7,8~

15 tetrahydroimidazo{l,2a]}])pyrazine;

7-(2~amino-l1-oxo-3-thiopropyl)-B-butyl-2 {2~
hydroxy~6-methoxyphenyl)-5,6,7,8-
tetrahydro{l,2a}pyrazine;

2-{2-methoxyphenyl) -8~ (l-methylpropyl)-5,6,7,8~

20 “tetrahydro-~-7-((thiazolidin-4~yl)carbonyl)-~
imidazo[1,2a}pyrazine;

7-(2-amino-1-oxo-3~thiopropyl)-3~bromo~8-butyl=-2~
(2-methoxyphenyl)-5,6,7,8~-tetrahydro-
imidazo(1,2a)lpyrazine;

25 7=(2~amino-l-oxo-3~-thiopropyl)-8-butyl-2,3-
diphenyl-5,6,7,8-tetrahydroimidazo~{1,2a]pyrazine;

7-(2~-amino-~1-oxo-3-thiopropyl)~3-bromo-8-butyl-2-
phenyl-5,6,7,8~tetrahydro-imidazo(1,2ajpyrazine;
7-(2-amino~-l1-oxo-~3-thiopropyl)-~2-cyclchexyl-8-~

30 (cyclohexylmethyl)=~5,6,7,8-tetrahydro-
imidazo[1l,2a)pyrazine;

7~(2-amino~1-oxo-3-thiopropyl)-8-hexyl-2-(2-
methoxyphenyl)~5,6,7,8-tetrahydro-imidazo[1,2a}pyrazine;

—_—
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heterocycly1'"'“”ﬂﬂﬂ“""ﬁt&'uof Rlerr] and R[err] i ndependently, is H or 5
substituted | oner al kyl, cycl oal kyl, cycl oal kyl | ower

al kyl , cyloalkenyl cycloalkenyl | ower al kyl, aryl, aryl |ower alkyl,
heterocyclyl or het erocycl yl | ower al kyl, wherein the substituent is
OH, | ower WRYTBJHwer al koxy, -N(R[err])(R[err]) - COOH, PCE{USy?7/0265)
N(Rerr])(Rerr],), or halo; or Rerr] and Rerr], together, formaryl qr
het er ocycl yl ; and each of Rerr] and R[err], WWASBEEN H,
| ower aIkyI aryl, aryl lower alkyl, cyd2a kyl, clcloalgep|ac | owgr
al kyl , heterocyclyl or heterocyclyl Iomer al kyl ; 15 8
S, or 0 R13 i s 'sUBsemigosa-srots ?Hﬁﬂﬂqﬂﬁﬁéd'ﬁdmer al kyl

wherein the subst(éynmdhexyﬂemmml)ahkyh~mefiﬁxypﬂeny£$esmBLe;s} (wherein m
is 0, 1, or 2) or e@%iﬂ ihlﬁgkﬁti]ia%aﬁgr ine; R14 is Hor Iomer
S.a,

al kyl ; 20 ur a pharnac accept t 't he
conpound of claim 1, mherel igpo "6nﬁ§8nﬁf?¥9°pr°ﬂyﬂ)Fﬁe(FBFﬁﬁP%¥Y1)°{?Hr]
or a pharmaceuts cel+nettcogpheinyd )8l 6, 7 heresfrahydroinidazo[1, 2a]

pyrazine;

7-(2—-amino~1-oxo-3~thiopropyl)-8~(2-(4~
methoxycyclohexyl)~-methyl) -2~ (2-methoxyphenyl)~5,6,7,8-
tetrahydroimidazo[1,2a) pyrazine;

10 7-(2-amino-1~oxo-3~-thiopropyl) ~§-
(cyclohexylmethyl)-2-phenyl)~5,6,7,8~
tetrahydroimidazo{1l,2a] pyrazine;

7-(2~-amino-l-oxo-3-thiopropyl) -8~ (4-
methoxycyclohexyl)~-2-(2-methoxyphenyl)-5,6,7,8~

15 tetrahydroimidazefl,2a] pyrazine;

(S-[2~amino-3~-ox0~3~-(8~-cyclohexylmethyl)-2~(2~
methoxyphenyl}~5,6,7,8-tetrahydro~-imidazo(1l, 2ajpyrazin-7~
yl)=-
propyl]-S’/-cyclohexyl}disulfide;

20 P {2=amine~1-oxo-3~thiopropyl) ~8-(4-
methoxycyclohexyl) methyl-2-~(2-methoxyphenyl)-5,6,7,8~
terahydroimidazo[1l,2a] pyrazine (cis isomer});

7~ (2-amino-i~oxo-3-thiopropyl)-2-(2-
methoxyphenyl) ~8-(4-piperidinylmethyl)~5,6,7,8-

25 terahydroimidazofl,2a) pyrazine;

7-(2~amino-l-oxo-3-thiopropyl)-2-~(2-

' methoxyphenyl)-8-(2-piperidinylmethyl)-5,6,7,8~
terahydrcocimidazo(l,2a] pyrazine;
7-(2-amino-l-oxo-3-thiopropyl)-2-(2-

30 methoxyphenyl)-8-(3-piperidinylmethyl)-5,6,7,8-
terahydroimidazo[1l,2a]l pyrazine;

7= ({2—-amino-~-l=-oxo-3~thiopropyl)-8-
{cyclohexylmethyl)~2-(1-naphthyl)-5,6,7,8-
teﬁrahydrcimidazo[l,za] pyrazine;
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t her eof . . %A tonpound of claim2, wherein each of Rlerr] and
Rerr], i ndependent l%o’ is H or a pharmaceutically acceptable. sal t
t her eof . WO 705 conpound of claim4, wherein R[err] i (FT’USS?"”éﬁ
phar maceutical ly acceptable salt thereof. 10 6. eornpaunt—otf N1
5, wherein R err] is substituted or unsubstituted ary ITH&S ETMS@?E
and Rlerr] is substituted or unsubstitutedd oher al kyl, cyRERIMNCGEDI | or
cycl oal kyl | ower aIkyI h c | a H&gﬁﬁﬂéﬁ o (e
t her eof . 15 %%ﬂbuﬁ %Png SHL % RGE gpék?e%r 2
Rlerr], and R[em¢$h°*Ynhﬂﬁ¥Hdeﬁbﬁy7 PStPFr%#YQF?ﬁkﬂ%ﬁiﬁSdﬂvéaﬂPyraz1“‘7’
’ yl)-
propyl]~S’/~-ethyl]disulfide;
5 7~{(2~amino~i~-oxo-3-thiopropyl)-2~{2-

methoxyphenyl) -8~ (2-methylthio)-ethyl~5,6,7,8~
tetrahydroimidazo(1,2a] pyrazine;
7-(2-amino-1~-oxo~-3-thiopropyl) -8~ (3~
indolinylmethyl) -2~ (2-methoxyphenyl)-8-~5,6,7,8~
10 tetrahydroimidazofl,2a)} pyrazine; and
7=-(2-anino~l1-oxo-3-thiopropyl)-8-(1-
methylimidazol-3-yl) methyl-2-(2-methoxyphenyl) -8~
5,6,7,8-tetrahydroinidazo [1,2a) pyrazine; or
8- (cyclohexylmethyl) -2-(2-methoxyphenyl) ~-7-(2-
15 oxo-thiazolidin-4-carbenyl)-5,6,7,8~
tetrahydroimidazo(l,2a)pyrazine; and
7~{2=-anino-l-oxo-3-thiopropyl)-2-~(2-
methoxyphenyl} -8-(2~-phenoxyethyl)-~5,6,7,8~
tetrahydroimidazo{l,2a)pyrazine or
20 = pharmacmutically acceptable salt thereof.

26. A compound consisting of a first compound
and a second compound of claim 1, wherein R; in said
first compound and R, in said second compound, in
combination, form a disulfide bond; or a pharmaceutically

25 acceptakle salt therecof.

27. A compound of claim 26, said first and
second compounds are identical; or a pharmaceutically
acceptable salt thereof.

28. A compound of claim 27, wherein said
30 compound is of the formula:

il



rerrt > RN llj I 67 - 3. A conpound of ¢l aim
INS

erein*Rerr phenyl , 1- napht hyl , or phenyl substituted with
hako | ower aIkyI or | ower alkoxy, and Rlerr] is lower alkyl,
cycl oal kyl , woey¥b®al kyl | ower al kyl or |ower alkyl substi mwsswzm - 5

O Rerr] (where Rerr] is aryl); or a pharmaceutitcall sal t
t her eof . 9. A conpound of claim 4, Wh“ﬁﬁﬁﬁf :
pharmaceutical |y acceptable salt thereof. 74 - 0 NDEDpound] of

claim9, wherein R[errL I's 10 substituted or uns
cycloalkyl, and R5 is 15§&b§fTE%W%RPQ?’%JﬂgﬁﬁgFV UfeleT ARy L) -

cycl oal kyl, or 4, 5,GMOLnatkﬁhyhﬁuﬁimidéqd51,am]plphaaannetﬁ+xim43r-acceptable

oxo]lpropyl disulfide; or

bis-1,1’~{2~amino~3~(2-(2-methoxyphenyl)~7-(2-
5 methylpropyl)=-4,5,6,7-tetrahydro-imidazo[1l,2a)piperazine~

6-yl)-3~oxo]lpropyl disulfide;
bis-1,1’-[2=(1-(N~(2-amino-1-oxo-3~thiopropyl)-N-

methylamino) ~pentyl]-5-(2-methoxyphenyl) imidazola]

disulfide;

10 bis-1,1’-7-(2-amino-1l-oxo-3-thiopropyl -(2-(1-
naphthyl) ~8-(2-methylpropyl)-5,6,7,8-
tetrahydroimidazo(1l,2a] pyrazin-7-yl) disulfide;

bis-1,1/-[7-(2-amino~l-oxo-3-thiopropyl) -2~
(methoxyphenyl) -8~ ({1-methylpropyl)-5,6,7,8~
15 tetrahydroimidazo {1,2a]pyrazine] disulfide;
bis-1,1’~{7-(2-amino-1-oxo-3~thiopropyl)-8-butyl-
2~-(2-methylphenyl)~5,6,7,8-tetrahydroimidazo(1,2a]
pyrazine, disulfide;
bis~1,1’~{7-(2-amino~1-oxo-3-thiopropyl)-2-(2-

29 ' methexyphenyl) -8~ (1-methylethyl)-5,6,7,8-

tetrahydroimidazo [1,2a}) pyrazine] disulfide;
bis~1,1’~-{7~(2~amino-1-oxo-3-thiopropyl)-8-(1,1~
dimethylethyl)~2~-(2-methoxyphenyl)-~5,6,7,8~
tetrahydroimidazo(1l, 2a]lpyrazine] disulfide;

25 bis-1,1’~-[2-amino-3-(8-butyl-2~cyclohexyl-
5,6,7,8~tetrahydro-imidazo~-[1, 2a]pyra21n-7-yl)~3—oxo—
propylldisulfide;

bis-1,1’~-[2-amino~3-(3~-bromo-8-butyl-2-phenyl~-
5,6,7,8-tetrahydro-imidazo{1,2a]-pyrazin-7-yl)-3-oxo-
30 propyl)disulfide;
bis~-1,1’~-([7-(2-amino-1-oxo-3-thiopropyl)-8~butyl-
2,3~-diphenyl-5,6,7,8-
tetrahydroimidazo[l,Za}pyrazine]disulfide;

This Sheet Has Been Rerlac
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rere). r O EHIABEAAE: 7 7 Gopencen: iy™ 15 H or & phar maceuti cal

acceptabl e gal £ thereofs. *

Rl err]” is phenyl,

with hal o,

| oV}

12. A compound of claim 11, wherein
1- napht hyl , or phenyl substituted or unsubstituted

cycl oal kyl, cycl oal kyl |ower al kyl; or |ower alKkyl
-ORerr] (where Rerr]) is aryl); or a phar maceut i JHIS/SHEEEHAS@E&NS
t her eof . 13. A conpound of clai m=3,73uterei n R err |REPLAGEDBr

substituted or

unsubsti tuted | ower

ly

27809591 , or lower al koxy, and R[err] i s Iower"ﬁl”ﬁ%””@@)

al t

25 ph C.
acceptabl e salt thereof. Dis=1 1’_[12&%%\&%%3{1@‘% a'%ﬁrf’ﬁ?éé?ﬂ%%’r@rﬁ

Rlerr] is Hor

accept abl e salt

PCT/ US97/ 02651

10

15

.40

25

30

nSEKY R 234 phe Rl re thoky )@henyphabpaceug+cal | y
tbbeieMroinidazdr8’, bh) pyrazind fildhiriceVVO 97/ 30053

bis-1,1’~-{2-amino-3~(2~cyclohexyl-8~
(cyclohexylmethyl)-5,6,7,8~tetrahydro-
imidazo[1,2alpyrazin-7-yl)~3~oxo-propylldisulfide;

bis~1,1/-[7-(2-amino~1l-oxo-3-thiopropyl)-8-
{cyclohexylmethyl) -2~ (2-methoxyphenyl)-5,6,7, 8-
tetrahydroimidazo([l,2a]pyrazine) disulfide;

bis-1,1’~{7~(2-amino-1-oxo~3-thiopropyl)~8~hexyl~

2-(2-methoxyphenyl)}~5,6,7,8~-tetrahydro~
imidazo[1l,2a}pyrazine} disulfide;
bis-1,1’-{7~(2~amino~-1-oxo—-3~thiopropyl)-8-
{cyclohexylethyl) -2« (2~-methoxyphenyl)~-5,6,7,8-
tetrahydroimidazo[1,2a] pyrazine] disulfide;
bis-1,1’-{7-(2-anino~1-oxo-3-thicpropyl) -8~
(cyclohexyl) -2~ (2-methoxyphenyl)-5,6,7,8~
tetrahydroimidazo {1,2a] pyrazine ] disulfide; or

bis=1,1/~{7-(2-amino-1-oxo-3~-thicpropyl)-8-(2~ (4~

methoxycyclohexyl) -methyl) -2- (2-methoxyphenyl)-5,6,7,8~
tetrahydroimidazo[l,Za} pyrazine] disulfide;
bis~-1,1’~[2-amino-33~(2~(2~-methoxyphenyl) -8~ (2~
phenoxyethyl)-5,6,7,8-tetrahydro-imidazo{1,2alpyrazin-7-
yl)~3-oxopropyl}~-disulfide;
or a pharmaceutically acceptable salt thereof.

22. A method of treating tumor or restenosis in
a subject, which comprises administering to said subject
a therapeutically effective amount of the compound or
salt of claim 1.

30. A method of treating tumor or restenosis in
a subject, which comprises administering to said subject
a therapeutically effective amount of the compound or
salt of claim 26.
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A corrpound of cI ai m 14, rein R7 is

substl ;l Huﬂtmgmtut ed aryl or .cycl oal kyI é J‘@[ r1 / no 6|
substi t“MHm l tuted | ower &l kyl, cyc oal ﬁ%l or cycl%a kyI

| ower al kyl; or a 5 pharmaceutical |y acceptaphg-salt ther eof «-
16. A corrpound of claim15, wherein each of Rer§ji: R.err], ~— % nd R3,
i ndependently, is Hand Rerr] is S; or a- phar maceuti cal | y acceptabl e

-salt thereof. 17. A c_orggou_nd of claim 16, wherein R7 is

vl

phenyl or 10 phenyl substituted with halo, |lower alkyl, or |ower

al koxy; Rlerr]3is kl ebmpeura akk&halﬁw Swhewaindlgatla compounayqlsoal kyl, or
cycl oal kyl_lower alkyl,and R6 is Ho . :

-C(O NHCHFCHP@ he g SCH[err])qurr] Rlerr]; or a pharmaceutically
acceptabl e salt thereof. - B 18. A conpound of claim 13, wherein
Rlerr] is Hor C(O)NHCHIR[er"j err]R[err]; or a pharmaceutically
acceptabl e salt t her eof . .n. N A conpound of clai m 18,
wherein R err] substi tn&t edYor Nins t>i ted aryl or cycloal kyl, and
R err] 20 is H or substituted: orpb(ms bsfitufed | ower alkyl,
cycl oal kyl, or cycl oal kyl | owes”al ky or pharnaceutlcally
accept abl e salt thereof. | _ 20.}' A conpound of claim 19, wherein
each of Rerr],Rerr] anL R err], |n3'épendently, is H and R12 is S;

oy a 25 pharnmaceutical ly accept_abl e salt thereof.

o

or a'phamaceutically' acceptable salt thereof.

5 4. A compound of claim 2, wherein each of Ry and
R,, independently, is H; or a pharmaceutically acceptable.
salt thereof. '

5. A compound of claim 4, wherein R; is H; or a
pharmaceutically acceptable salt thereof.

10 - 6. A compound of claim 5, wherein R, is substituted
or unsubstituted aryl or cycloalkyl, and R; is substituted
or unsubstituted lower alkyl, cycloalkyl, or cycloalkyl
lower alkyl; or a pharmaceutically acceptable salt
thereof.

15 7. A compound of claim 6, wherein each of R;, R;,

and R;, independently, is H; or a pharmaceutically
acceptable salt thereof. '

AMENDED SHEET



[err] - 69 - co nd .of ,
'clal m I s phenyl or phenyl sut@b u&® 7) ZCJ
. unsubs ﬂ!u | ower al kyl, or | ower alkoxy, R[err] is Ho

| ower | ower al kyl, cycloalky cl | ower

al kyl, and R— 5 i s H or -C(O NHCHRl[err] cqerr] R[ @ ?anXR 1ang
pharnaceuticajly accept abl e salt thereof. 22. A conpound of
‘claim4, wherein Rerr] is substdi t&t ed or unsubstituted | ower alkyl,
cycl oal kyl, or cycl oal kyl | ower al k Rlerr] is halo or substltuted or
10 unsubsti t ut&d c%cF@@PQ?FdonaF}leaﬁd RP@FSFQ RshdFoPBenyl, sybstit ut ed

or unsubghiphi¢hgd ,c éﬁ&l‘EﬁBﬁﬁ&tuted with haﬂ@ 16W§9W¥9Hﬁﬂ_@f clai m
22, wherein each "of err g&ﬁr |ndﬁﬁgq ently, is H or a
phar macehPWeZ By °“thé¥¥iéﬁléss%PVth€} cygdoa 24. A conpound of
cIain123cyuheéﬂkylﬂlowdrIaiﬁymmﬂr 1oﬂ§ﬁqdlkymméubékjtutéd wirh oal kyl | ower

al kyl ; e en hen ubstituted t al o,
Fover 3 "SR (here Bigrta abEN: i aoboB Aot Byl SE R D) o
phenyl ssbiti theeeofi.t h hal o, Iomer al kyl, 20 or |ower al koxy.

25. -A conpound of claim1, wherein said conpound S of the fornula:
7-(2-am no- 1-oxo-3-thio-propyl)-8-butyl-2-phenyl -

5,6, 7, 8-tetratfdr AieemReend 100aF1aiMmati nwheysin R is H; or a

75 (2-am ﬁa%mﬁé@u@ibﬁﬂ& %@ﬁ%ﬁkﬁ&ﬂﬁ“@hrﬁ}dﬁbreof
fluorophgnyl) , 7, 8- tg?rahy ro-imdazo-[1, 2a] - pyrazi ne;

)

10. A compound of claim 9, wherein R, is
10 substituted or unsubstituted'aryl or cycloalkyl, and R; is
substituted or unsubstituted lower alkyl, cycloalkyl, or
cycloalkyl lower alkyl; or a pharmaceutically acceptable
salt thereof.

11. A compound of claim 10, wherein each of R., R;,
15 and R,, independently, is H; or a pharmaceutically
acceptable salt thereof.

12. A compound of claim 11, wherein R- is phenyl,'.
1-naphthyl, or phenyl substituted or unsubstituted with
halo, lower alkyl, or lower alkoxy, and Rs is lower alkyl,

20 cycloalkyl, cycloalkyl lower alkyl; or lower alkyl
'~ substituted with -0-R;; (where R;;, is aryl); or a
pharmaceutically acceptable sait thereof.

13. A compound of claim 3, wherein R; is Hlor
substituted or unsubstituted lower alkyl; or a
25 pharmaceutically acceptable salt thereof.

14. A compound of claim 13, wherein R; is H or

-C(O)NHCHRUCOJQ4. or a pharmaceutically acceptable salt
thereof.

AMEHDED SHEE



"7-(2- aino-1- 0x0-3- t hi o= propyl ) - 8- but yI - 2- ( 2- r o |
‘met hoxy- phenyl ) -5, 6,7, 8-tetrahydro-i m dazo-[1, 2a] - - ‘pM‘he‘? 7 / 02 65 1

L) s AN R LR, o1 - 6. b1 75 o IPER/US 11 mar 1998

net hoxy- pherfyl }'-5"6, 7, 8%t et r ahydr o-i m dazo-[ 1, 2a] - pyr azi ne;
7-(2-am no- 1- oxo- 3-t hi o- propyl ) - 8-butyl -2-(4-
met hoxy- phenyl ) -5, 6,7, 8-tetrahydro-imggzo-[1,2a]- 5 pyrazine;
7- (2- am no- 1- oxo- 3- t hi o- propyl ) - 8- (2- hydr oxy- _
net hyl ) - 2- phenylx5, 6 a7 i Y6k idimlar®,; [Whek@din R, RY pHeRPL or
7-(2-am no-3-th o-proggl%-S-butyl-3-ghenxl-5,6,7 8- 19
t et r ahydr PRERBAZSUPSC SEHLBE, 9F7 HRsubstituted with halo, lower
2-( ﬁ ( Nl- ( &Hgynp-drox@wérthlnokym(/lzza -1 rmtchyll)oweSr SIRaoy PRyt tls) | ) )
5- phenyl -im o] £ i - -am nos 1- s 3: nercapt p-pro - am no) -
met iyl )+ 5 TR 12 PRy, echoalikbry PR kPRI GAPREL 1 ReER1RYE: OBk 7
7- (2- anbnoig -Bxar 3-¢ (0 NECBRYCP,.RH ( 20neé hphgphacgufically '
8-(2-meth , &5 7+ Bf dr o- i mdazo (1, 2a razine;

(2- am ne-SGRENIT D EhErLEEY ozl

7-(2-am no- hi-o- pr opy butyl - 2- ( 2-
. met hoxyphenyl ) -5, 6,7, 8-tetrahydro-im dazo-[1, 2a] - 20 pyrazi ne;

ot oxyphonyl Y228 LB CoRipeind) oF Mt & Wmerein R fs o
2-( 1- (N (FURATH-UEeS B uns ShpTed hovegisobet . cYASLTL, or
am no) - perdpddaXi@y el dveay pdERY1) R igdazdlce,or substituted or

7f(2‘afb“%ﬁ%dé@%&éﬁéé&‘%%éi%&ik§ﬁ(§§ aryl, and R- is halo or
substituted or unsubstituted cycloalkyl or aryl.

23. A compound of claim 22, wherein each of R-, R,
and R:, independently, is H; or a pharmaceutically
acceptable salt thereof.

15 24. A compound of claim 23, wherein R: is lower
alkyl, cycloalkyl, or cycloalkyl lower alkyl; R; is
phenyl, naphthyl, or phenyl substituted with halo, lower
alkyl; or lower alkoxy, and R; is halo, phenyl, 1-
naphthyl, or phenyl substituted with halo, lower alkyl,

20 or lower alkoxy. '

25. A compound of claim 1, wherein said compound is
of the formula: '
7-(2-amino-1-oxo-3-thio-propyl) -8-butyl-2-phenyl-
5.6,7,8-tetrahydro-imidazo- [1,2a] -pyrazine; _
25 7- (2-amino-1-oxo-3-thio-propyl) -8-butyl-2-(4-
| fluorophenyl) -5, 6,7, 8-tetrahydro-imidazo- [1,2a] -pyrazine;
7- (2-amino-1-oxo-3-thio-propyl) -8-butyl-2-(2- .
methoxy-phenyl)-5,6,7;8-tetrahydfo-imidazo-[1,2a]-
‘pyrazine; ‘



. o ND AR
met hyl propyt)y—2-"(I-naphthyl) -5,6,7, 8- t et rahmim%ago?’[/l,“zﬁ‘] 601

B 2% 2 i o

S (di nethyl ethyl)-s' -[2-am no- 3- oxo- 3(8- butyl - 2-

(2 nethoxyphenyl ) -5,6,7, 8- t et rahydr oi m dazo[ 1, 2a]pyra2|n 7-yl) propyl
di sul fide; [err] [err] 71

7- (2-am no- 1- oxo- 3-t hi opropyl ) - 8- but yl 98- { 2- :

met hyl phenyl ) -5, 6, 7, 8-t et rahydr oi mi dazo[ 1, 2a] pyr azi ne; 7-

(2- ami no- 1- oxo- 3t (2 -amitwy1)--o3ed-B -thio- phropmtlHestbud yL 2 - (H-
(2 et hoxyplaul) - Sndendy 8- ¢, 5 b1 EOVALALALE24A1 22281 Y| 38} "Biyrazine;
met hyl propyl ) - 27(-2(2(-|@n@np| ﬂ@m@) gidioHprapyd, ) 7 88-butyl-2- (4-

tetrahydr gidg [ 1PV -yle )
7- (2- ani no- 1 OX O 3&“%'71]’ p)?oépy 8 \:.LQtrahydro imidazo- [1,2a]

(cycl oh%xﬁmm? 2- (2- et hoxyphenyl) 5,6,7, 8- t et rahydr oi m dazo[ 1, 2a] |
pyr azi ne; 7- (2-émiAoafdl- 6&::130>e¢n3:- oRy-) (22 Hy&roxy -

{rgt Pg%g?g}%}@%{(i ;g%rﬁgllr & h% 8 tétrahy o-imidazo- [1,2a] -

7- (2- am n@yraxinme; t hi opropyl ) - 8- but yl - 2( 2- _

22 2- mot howyphor P BHLR0R3C K S pEOPYIa 8 Puyizg pHetyA®s’%, 7,5-

- tet r ahl@r ¢etxahydzgdniglagor &la%@}mwmglne, i m dazo[ 1, 2a] pyr azi ne;

2-(1- (N- (2-amino-1-oxo-3-thiopropyl) -N-methyl) -
amino-pentyl) - 5-phenyl-imidazole;

~ 2-(((2-amino-1-ox0-3-mercapto-propyl) -amino) -
methyl) -5-phenyl - thiazole-4- carbonyl-methionine;

15 7-(2-amino-1-o0x0-3-thio-propyl) -2- (2-methoxyphenyl) -
8- ( 2- methylpropyl) -5,6,7,8- tetrahydro-
imidazo(1,2alpyrazine;

: 7-(2-amino-1-oxo-3-thio-propyl)-8-butyl-2-(2-
. methoxyphenyl) -5 ,6,7,8-tetrahydro-imidazo- (1,2a]-

20 pyrazine;

7- (2-amino-1-oxo-3-thio-propyl)-8-butyl-2-(2-
hydroxyphenyl)-5,6,7,8- tetrahydro imidazo- [1, 2a] -
pyraz:.ne,

-(1- (N-(2-amino-1-oxo-3-thiopropyl) -N-methyl) -

25 amino) -pentyl-5- (2-methoxyphenyl) -imidazole;

| 7-(2-amino- 1-—oxo¥3-thiopropyl) -8-(2-
methylpropyl)-2- (1-naphthyl)-5,6,7,8-
tetrahydroimidazo[1,2alpyrazine;
7-(2-amino-1-oxo-3-thiopropyl)-8- (1-

30 methylpropyl)-2- (2-methoxyphenyl)-5,6,7,8-
tetrahydroimidazo(1,2a)]pyrazine;

S- (dimethylethyl) -s'- [2-amino-3-0x0-3 (8-butyl-2-
(2-methoxyphenyl;)-5,6,7,8- ' |
tetrahydroimidazo[1,2alpyrazin- 7 -yl)propylldisulfide;



(2-am opyl ) -8-butyl -2, 3-

(72(ﬁe?hmﬁﬁﬂijﬁ’ﬁilﬁﬁii"i’ﬁif%l3;ﬁ§3$85m'8'?‘#éééﬁi1,2 pyra.?J 202651

di phenyl -%, 6, 78-tet # altydr oi m dazo-[ 1, 2a]pyra2|ne
7- (2-'am no- 1- oxo- 3- t hi opr opyl ) - 3- br onp- 8- but yI - gg)E‘iVS 1 1MAR 1998
phenyl -5, 6, 7, 8-t etrahydro-i m dazo-[ 1, 2a] pyr azi ne;
7-(2-am no- 1- oxo- 3-t hi opropyl ) - 2- cycl apgxyl - 8- 30 '
(cycl ohexyl met hyl)-5, 6,7, 8-tetrahydro- i m dazo[ 1, 2a]pyra2|ne

I- (2 am no- 1-oxo- 3 1 gy ZﬂJRyJJ) @x&‘%)’éh?oﬁ?opyli@Iﬁﬁ‘t‘.‘yi’hﬁwb) 5,6,7,

8-tetrahydro-imdazo a razi err

D7 0 met Ylphenwl()z%] o8- B%r%hl’#‘ab‘;‘b% 91%.2a] pyracinbf’ "]

(cycl ohexyl et hyl ) -2- (2-aieiirwxypdvesy3 ) eiépropyl) - 8- () 1ahydr oi m dazo[ 1, 2a]
pyrazi ne; an no- 1- oxo- 3- t hi opropyl ) - 8- (cycl ohexyl)-2- 5

(2- et hoxﬂfﬂberﬁmﬁl%rglﬁ(é t et rahydr oi m dazo[ 1, 2a] pyrazi ne;

S 7-(2-am% ndmmuhcﬁeﬁphalmldpsﬂ,)ésl g§2-(4-

et hoxycygl %# @ﬂib rg?%ggﬁagﬁnyl) 5,6,7, 8-

tetrahydr0|n1 aZzo pyra

7- ((2- am no- I-oxo?%ﬁﬂm&ﬂiﬂﬂnﬂjoﬁp - thigprepidi $ethyl ) - 2- phenyl ) -5, 6, 7, 8-

methylpropyl) -2- (2- (phenylmethoxy)phenyl) -5,6,7, 8-

™ tetrahydroimidazo([1,2al pyrazine;

10 ' 7-(2-amino-1-oxo-3-thiopropyl) -8-
(cyclohexylmethyl) -2- (2-methoxyphenyl) -5,6,7, 8-
tetrahydroimidazo(1,2a] pyrazine; '

7-{2-amino-1-oxo-3-thiopropyl)}-2-(2-
methoxyphenyl) -8- (1-methylethyl)-5,6,7,8-

15 tetrahydroimidazo[l,2alpyrazine;

7-(2-amino-i-oxo-3-thiopropy1)-8-butyl-2(2-
hydroxy - 6 -methoxyphenyl) -5,6,7,8-
tetrahydro(l,2al pyrazine;
' 2-(2-methoxyphenyl) -8- (1-methylpropyl)-5,6,7,8-

20 tetrahydro-7-((thiazolidin-4- yl)carbonyl)-
imidazo[1,2a]pyrazine;

7- (2-amino-1-oxo-3-thiopropyl) - 3 bromo-8-butyl-2-
(2- methoxyphenyl) -5,6,7,8-tetrahydro-

- imidazo[1,2alpyrazine;

25 - 7- (2-amino-1-oxo-3-thiopropyl)-8-butyl-2,3-
diphenyl-5,6,7,8-tetrahydroimidazo- [1,2a] pyrazine;

7-(Z-amino-leoxo—3-thiopropyl)-33bromo-8-butyl-2-
phenyl-5,6,7,8-tetrahydro-imidazo{1,2a)}pyrazine;
7- (2-amino-1-oxo-3-thiopropyl) -2-cyclohexyl-8-

30 (cyclohexylmethyl)-5,6,7,8-tetrahydro-
imidazo[1l,2alpyrazine;

' 7-(2-amino-1-o0oxo-3-thiopropyl) -8-hexyl-2- (2-
methoxyphenyl) -5, 6,7, 8-tetrahydro-imidazo[1,2a]lpyrazine;
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tetrahydr0|n1da I pyrazi ne , _ 1:
7-(2- agﬂ“ﬂluwduéﬂgm ropyl ) - 8- (4- PO Q7!0265

et hox ; " net hoxyphenyl ) -5, 6,7,8- 15 tetrahydr0|n1dazo[1 2a]
pyr azi ne; [ S- E( 2- am no- 3- oxo0- 3- ( 8- cyc”yg&?nhnethywm$€]
nethoxyphenyl) 5,6, 7, 8-tetrahydro-inm dazo[ 1, 2a] phr

propyl]- -cyclohexyl]dlsulflde 20

7- (2-am no- 1- oxo- 3-t hi opropyl ) - 8- (4-- 72rnﬁhoxycyc|ohexy|)

met hyl - 2- (2- met hoxyphenyl ) -5, 6, 7, 8- t erahydr oi m dazo( 1, 2a] pyrazine (ci-s
i soner) ; 7-7¢4 mnm-bmm&mmpmmxase (2-

T et hoxyphe(@&lo%é:éyl%n?? dwydﬁ%ﬂ%&%ﬁﬁ %%t.ﬁ{ghydrm m dazo[ 1, 2a]

pyrazi ne;

met hoxy ph&sprphydroigigazailhdaletpyryz 5e; 7, 8- terahydr0|n1dazo[1 2al

pyrazi ne; 7- (&- @&’n@mmok@@léﬁ&%pgsgnwé beycro
met hoxy henyl) (3 plperldlnylnnth I%; terah dr0|n1dazo[1 2a]
pyr azi r£ hoxyphenyld S & T.Bc kS ranvirmidaze (1,

(cyclohexp&m@dﬁﬂ@ 2-(1-naphthyl)-5,6,7, 8- tetrahydr0|n1dazo[1,2a]
pyrazi ne; ers]

L ol o no- 3 oxd- T BMARS-dr@A AT gREERYD) -8- (2- (8.7
nethoxyphmeyhpﬁ?d&dld&euqﬂnaMﬁﬁhymNﬁZkﬁKﬂﬂ@ﬁhﬂﬂﬁghanyiIFS 6, %9~
propyl) - S¢ %%h? %) 2 anm no- 1- oxo- 3- t hi opropyl ) - 2- (2-
met hoxyphenyP{Jg 2 e %t[ﬁ"l Oa_]emr]‘aqsl ‘7, 8- t et rahydroi m dazo[ 1, 2a]
pyr azilife —((2 amlno 1-oxo- thlopropyl) -8-

{cyclohexylmethyl) -2-phenyl)-5,6,7,8-

tetrahydroimidazo[l,2a]l pyrazine;

7-(2-amino-1-oxo-3-thiopropyl) -8- (4-

methoxycyclohexyl) -2- (2 -methoxyphenyl)}-5,6,7,8-

15 tetrahydroimidazol(l,2a] pyrazine;

[S-[(2-amino-3-0x0-3- (8-cyclohexylmethyl) -2- (2-
methoxyphenyl) -5,6, 7, 8-tetrahydro-imidazo[1,2a]pyrazin-7-
vl) -
propyl]-S'-cyclohexyl]disulfide;

20 + 7-(2-amino-1-oxo-3-thiopropyl)-8- (4-
methoxycyclohexyl) methyl-2- (2-methoxyphenyl)-5,6,7,8-
terahydroimidazo(1,2a] pyrazine (cis isomer) ;

7-(2-amino-1-oxo0-3-thiopropyl)-2-(2-
methokyphenyl)-8—(4-piperidinylmethyl)—5,6,7,8-

25 terahydroimidazo[l,Za] pyrazine;

7-(2~amino-1-oxo-3-thiopropyl)-2-(2-
methoxyphenyl) -8- (2-piperidinylmethyl)-5,6,7,8-
terahydroimidazo[1l,2al pyrazine;

7-(2-amino-1-oxo-3-thiopropyl)-2-(2-

30 methoxyphenyl) -8- (3-piperidinylmethyl)-5,6,7,8-
terahydr01m1dazo[1 2a) pyrazine;

7- (2-amino-1-o0xo0-3- thlopropyl) -8~
(cyclohexylmethyl) -2- (1-naphthyl)-5,6,7,8-
tetrahydroimidazo[l,Za] pyrazine;

. AMENDED SHEET



7(2 am no- | - oxo- 3-t hi opropyl ) - 8- ( 3- mm¢97/02651
T2 55 o AR 4 i

net hyl i mi dazoi - 3-y) wsetayl - 2- (2- met hoxyphenyl ) -

5,6,7,8-tetrahydroi mdazo [1, 2a] pyrazine;
8-(cyc|ohexy|nethyl)-2-(2-nethoxypheny|) 7-(2- 15

oxo-t hi azol i di n-4-carbonyl)-5,6, 7, 8 - 73e{rahydr0|n1dazo[1 2a] pyr azi ne; or
7- (2-am no- 1- oxo- 3-t hi opropyl ) - 2- (2-

met hoxyphenyl ) - 8- ( 2tphetramimyt3 -&%G; ¥; 88 -cyclohexylmethyl) -2- (2-

tetrah dro if 1§ I | @ salt
ydr: %&ﬁ}l@y 974 N It S0rdn %%é&ﬁ 2a éfr? ¥- and

t her eof . A conpound con iTs npound

a second cU%ﬁGund of claim1l, wherein Rerr] in said first conpound and
- Rerr] in paopyagead Qorpoudibul fideo;Tbi nat i on, forma disulfide bond;

or a pharnaceutlcally acceptable 25 salt thereof 27. A

compound® of cl ai m 26, (ARG 10K P - ChARIRRY Worfbolfids are i dentical ; or

a phar _rracemteltmi:dyphenydqoeaatmma@khmreaﬁhyl 5,6,7,8- 28. A corrpound.
of cl ai m 27, Wher el S8k A0 YT YA 51 £, the Formil'a:
g 7-(2-amino-1-oxo-3-thiopropyl) -8-(3-
/Q} indolinylmethyl) -2- (2-methoxyphenyl)-8-5,6,7,8-
o 10 tetrahydroimidazo(1l,2a] pyrazine;
7-(2-amino-1-oxo-3-thiopropyl)-8- (1-
methylimidazol-3-yl) methyl-2- (2-methoxyphenyl)-8-
5,6,7,8-tetrahydroimidazo [1,2a)] pyrazine;
8- (cyclohexylmethyl) -2- (2-methoxyphenyl) - 7- (2-
15 oxo-thiazolidin-4-carbonyl)-5,6,7,8-
tetrahydroimidazo[1,2a)l pyrazine; or
7- (2-amino-1-oxo-3-thiopropyl)-2-(2-
methoxyphenyl) - 8- (2-phenoxyethyl) -5,6, 7, 8-
tetrahydr01midazo[1 2a)pyrazine or
20 a pharmaceutically acceptable salt thereof.

w

26. A compound consisting of a first compound
and a second compound of claim 1, wherein R, in said first
compound and R, in said second compound, in combination,
form a disulfide bond; or a pharmaceutically acceptable

25 salt thereof. '

27. A compound of claim 26, said first and
second compounds are identical; or a pharmaceutically

acceptable salt thereof.

28. A compound of claim 27 wherein sald
30 compound is of the formula:

AMENDED SHEET



- 74 - /02651'
bIS 1 1 |Iﬂltm‘llmuﬁlmu tyl-2-(2- et hoxyphenyl)-me- 97 :
4,5,6,7- o[ 1, 2a] pi perazi ne-6-yl) -3- oxo] pr opy!
di sul fi de* of bis-1,1"-[2-am no-3-(2-(2- nethgxypheTxﬁ*§ﬁ§gz- 5
met hyl propyl ) -4, 5, 6, 7- t et rahydr o-i mi dazo [1, 2a] plﬁpﬁﬁi 2
- 3- oxo] propyl dISU|fIde
bis-1,1"-[2-(1-(N-(2-am no-1-oxo-3-thiggraopyl)-N _
met hyl am no) - pentyl ) - 5- (2- met hoxyphenyl )i m dazol e] di sul fide; 10

bis-1,1"-7-(2- a”1n81£ P53 32hapRhenry!-) (- Buch1 - 2- (Qa&@kmbh&pﬁ%n 1)-
(2- nethylpro yl) tetrahydr0|n1dazo[ .2a] pyra2|n yI)

di sul fide;4,5,6, 7- tetrgbgdgoll mi daze’[1ni2ad PLPSFSZinenSoyidpy-) - 2-

(nethoxyphgﬁyj r& 91 aebaytmaapyb}—S 6, 7,8- 15 tetrahydroi m dazo
1, 2a razi ne
LIS 1]py [%I(Z anlﬁési 0~ 327 AMERPs By 1 (P-4 2p My hoxyPhenyds - T (@) phenyl )

-5,6,7, 581m£¢hyhpﬂopymidazaL$ Zaketrahyﬂankdmidazoﬂﬁhdeipiperazine-
bis-1,1 a 2-(2- 20
nethoxyphenjf?s 51890 RQ§§¥§ ??5@&&99& tetrahydr0|n1dazo El 2a]

pyrazi ne] di su|f|db:l.s 1, 1'- [2 (1- (N- (2-amino-1-oxo0-3-thiopropyl) -N-

bis-1,1 2o} BEAEF1) D50REORKEhoRybhehyl) indugRbligh et hyl) - 2-
(2- nethoxxﬁ%éaylgh ot B t§ ) et?a ydroP%?gagof )5§ pyra2|ge] dISU|fIde
25" 1@e, 2 an1no 3- (8- butyl - 2- cycl ohexyl -

5,6, 7, 8ot et r ahydr opbi gt §azo-f1(2aknynazirokoyB) tRiopeopyl) prapyh} di sul fide;
gl,g, %is t%ﬁg}r‘\%%)? égz‘BFFhléébgtéY%é Ehgnyr?'3 oxo- 30 propyl] disulfide;
bis-1, 1' - [Cet{Rahydnoikidano Bl Rabppypakind7byly| disulgidedi phenyl -5, 6, 7, 8-
tetrahydroimdazo fjg 28]+ DY4agh0ghi oS4l bkdes - thiopropyl) -2-
(methoxyphenyl)-a-(1-methylpropyl)-5,6,7,é~
15 tetrahydroimidézo [1,2a]lpyrazine] disulfide;
| bis-1,1'-[7-(2-amino-1-oxo0-3-thiopropyl) -8-butyl-
2- (2-methylphenyl) -5,6,7, 8-tetrahydroimidazo[1,2a] '
pyrazine disulfide; :
bis-1,1'-[7-(2-amino-1-oxo0-3-thiopropyl)-2-(2-
_;%;.3_-20 methoxyphenyl) -8- (1-methylethyl)-5,6,7,8-
tetrahydroimidazo [1,2a) pyrazine] disulfide;
| bis-1,1'-[7-(2-amino-1-oxo-3-thiopropyl)-8-(1,1-
dimethylethyl) -2- (2-methoxyphenyl) -5,6,7, 8-
tetrahydroimidazo(1,2a]lpyrazine] disulfide;

25 'bis-l,l{-[2-amiho—3-(8-butyl-2-cyclohexyl-
5,6,7,8-tetrahydro-imidazo- (1,2alpyrazin-7-yl) -3-oxo-
propylldisulfide; :

bis-1,1'-{2-amino-3- (3-bromo-8-butyl-2-phenyl-
5,6,7,8-tetrahydro-imidazo[l,2a) -pyrazin-7-yl) -3-oxo-
30 propylldisulfide;
bis-1,1'-[7- (2-amino-1-oxo-3-thiopropyl) -8-butyl-
2,3-diphenyl-5,6,7,8-
tetrahydroimidazo[1,2a]pyrazine]disﬁlfide;
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bi s- 1 3-t hi opropyl ) - 8- (1- }'U'T/Ue /G2651
et hpréJﬂmngmgﬁuEJ,ﬁmmt hoxy%ghenlylc)dS 6,7, 8- v 9 7 2199\85

t et rahydr ol m*dazo] M1, 2a]* pyr azi ne] di sul fi de ; v

bis-1,1"-[2-am no- 3-(2-cycl ohexyl - 8- 5 \PE&/K‘S 1 1MAR

(cycl ohexyl net hyl ) -5, 6, 7, 8-tetrahydro-

i m dazo[ 1, 2a] pyr azi n-7- yI) 3- 0Xo- propylkdi_sul fi de;

bis-1,1"-[7-(2-am no-1- oxo- 3- thlopropyl) 8-

(cycl ohexyl net hyl) p25( 2, Fethexyphamink-3. -&xb G- t:h:.opropyl) -8- (1-
t et rahydr oi m dazo[ 1, ZaB ¥ azine] disulfide; 10
0X0

bis-1, 1" - [PetBYhR¥RBYL (3-({pnepydpRthanshanyl) -5,6,7,8-
3 (2I ]preéI hoxa@b@nya):oimﬁdazaﬂetzaa rQ21ne]dlsmed.@é0[1 2a] pyr azi nej
I SU I ae,

(Z-am ng- 1- 0xQq- 3- t hi opr opyl ) - 8-
(cycl ohexyl et hyl ) - Ellen%tﬁi§y§Wé %;5ﬁaé%§§exya-%5
tetrahy6ro(qydhqh§2y2mktpyla25n6}7d83&bhnanydro~ bis-1,1

[7-(2-am 3 |
-(cyclohex:P€ éa%g?%ég§P§39§g§¥|¥ glé 9 QXD proPyl]dﬁPa y&r0|n1dazo [1, 2a]
pyrazine | disul fibés-1,1"-[7- (2 ~amino-1-oxo-3-thiopropyl) -8-

bi Shéxlc Cf7c)f] X@l’ﬂ@aﬁ?lﬂ\eeﬁ 1= ﬁhkgp{h%ggb E@.& 4-5,6,308-
Febr ahyar oAl ang}gﬁg?ib Al uréaﬁﬁreﬁe%léﬁflde'

gl s-1, 1g (2-am no-Bis(P; {2- et Ionxamigﬁayh}o&o(-z tglopropyem?]&ygéb’cyllg- d5 6,7,
tetrahy zin oXopr opy i sul fide; -
25 (H ?égh%%gwéé%ﬁﬁiggT?ybachpFSBthég%P t her eof .

29. A net higuidsze [ka2ahgyrazbnebrdiguléadeis in a subject, which
conpri ses adn1n|stg{éng io fgl 25£@£ﬁ811 Fxo 3athggbggﬁyibcglly effective

anount of the conpound o
(cyclohexylethyl) -2-(2- methoxyphenyl) -5,6,7,8-

15 tetrahydroimidazo[1l,2a] pyrazine] disulfide;
bis-1,1'-{7-(2-amino-1-oxo-3-thiopropyl) -8-
. (cyclohexyl) -2- (2-methoxyphenyl) -5,6,7,8-
‘tetrahydroimidazo [1,2a)] pyrazine ] disulfide;
bis-1,1'-{7-(2-amino-1-o0oxo-3-thiopropyl) -8- (2-(4-
20 n@thoxycyclohexyl)-methyl)-24(2¥methoxypheny1)-5,6,7,8-
tetrahydroimidazo([l,2a)] pyrazine] disulfide; or
' bis-1,1'-[2-amino-33- (2- (2-methoxyphenyl) -8- (2-
phenoxyethyl) -5,6,7,8-tetrahydro-imidazo[1,2a)lpyrazin-7-
yl) -3-oxopropyl] -disulfide;
25 or a pharmaceutically acceptable salt thereof.

./

29. A method of treating tumor or restenosis in
a subject, which compriées administering to said subject
a therapeutically effective amount of the compound or
salt of claim 1.

30 '30. A method of treating tumor or restenosis in
a subject, which comprises administering to said subject
a therapeutically effective amount of the compound or
salt of claim 26.

ey oy
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oM 3~6
30 ¢ 30. A method of treating tunor or restenosis in agg IP}\ 3
subj ect, which conprises adnministering to said subject a TPl
ther@peut ically effective anpbunt of the conpound or salt of clai rﬁ’ﬂ%‘/
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