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WO 02/ 42258 PCT/ JS99/ 15380 Preparation of 14S- (40a. 7(X 10a(i) 1
-4- Am no -octahydro-S-Oxo- 7H Pyrirhof2,1-hl 11, 3l Thiaz.ri -7- rboxyli -
Acid, Met and Salts Thereof Via Nov _1 D sulfi kground of
t he Invenwl&ng‘%s’{% in US. Patent 5,508,272 disclose ?g/rlr%g%n g of the -
formula /X (CH2)n I YANN (CH) mY - HO COCRS wherein A can be 0 11
R2-S- (CH2 )C 15 ?12 R X can be S, Y can be CH2, mcan be one, and n can

be two as POPIERaL-0H; BEUSE A4 480§ vrovdsd "'*u-‘-! ey OH-IO Slting
enzyne i nhi b|t|o activity. Anmong t.ese 20 conpounds_1 S m R¥) , 7a,
|0a(3] ] -oct dhily _.= Ao 1 & ® Nlazepline- /-LaXNoX A Q Metn

mer capt o- | - 0xo- 3- phey il Fan G 1 10 wll-Fide
b] [ 1, 3] t hi azepi ne-7-car boxyl i c aci d Whl ch i s current I y under goi ng cli ni cal
eval uation. This conpound is reported in the literature as BM5 186, 716 and
as 25 ommpatrilat. Robl discloses that the am no | actam portion of BMS
186,716, i.e. the internediate -1- WD 02142258 PCT/1JS99/ 15380 S H cN

H2N O COOCH3 Bacl  of the T Ei
10 Robl in U.S. Patent 5,508,272 disclose compounds
of the formula
(CHQ
(CH;)
)
H COOR3

wherein A can be

R;—S—(CH;) ¢ l/(‘\ C—— ,

15 12

X can be S8, Y can be CHz, m can be one, and n can be two
as possessing neutral endopeptidase and angiotensin
converting enzyme inhibition activity. Among these

20 compounds is [4S-[4a(R*),7a,10aP]] -octahydro-4-[(2-
mercapto-1-oxo-3-phenylpropyl)amino] ~5-oxo-7H-pyrido[2,1-
b) [1,3]thiazepine-7-carboxylic acid which is currently
undergoing clinical evaluation. This compound is
reported in the literature as BMS 186,716 and as

25 omapatrilat.

Robl discloses that the amino lactam portion of

BMS 186,716, i.e. the intermediate
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can be prepared by co
met hyl "ester with the
wher ei N PlyigSasks@nm n
group to give the dip
H2) 3 Pi NCH-C i

foll owed by acid cat

P1 is an am no protec
t - but oxycar bonyl , or

protecting group such
invention is directed
10a(3) ] -4- a@a%pbgc%
1-b][1, 3]thiazepl ne-

ester as wel | "EEhoxyh
this synt hesi ssmifocer
pr ot ect ed- k- honocyste

wherein

sulfur p

formula
10

Removal

upling (S)-2-am no-6, 6-di - nmet hoxyhexanoi c acid,
N-protected amno acid 5 P2 (CH2)2 Pl N CH 0O00H
o0 protecting group and P2 is a sulfuafudbRiseti ng
eptide of the fornmula 10 H OCH3) 2 P2 (CH2) 2
-CH COCCH3 11 O H Renoval of the P2 protecting group,
alyzed cycliz =) enoval of the P1 protecting
a, 7a, 10a( 3)] /oct ahy i no- 5- oxo- 7H pyri doJ 2,
- car boxyl i c {aci d, ster. Robl discloses that
ting group xycar bonyl ,
a 20 grou r wwth the NNatomforns a
as pht h&g OéEHThe | nvention 25 This
to an inproved ohenical ~ §ynthesis of [4S- (4a, 7(X,

‘%%%?f@d SDI%Q’&??S&’ Byr(éﬁg%'za-mzm\ﬁo‘gof/ 43358 PCT/ US99/ 15380
§x?ﬂ%&?xﬁc%ﬂwdmﬁ5bgi %?%ﬁﬂfW%ﬁ? thet ¥rpeefetted useful in

dang to the process of this invention N
ine disulfide of the formula 5 (I)

=

(CHy) 2

P;—N— CH— COOH
P71 is an amino protecting group and P3 is a

rotecting group to give the dipeptide of the

_p HE—OCH;) 5
2

(gHZ) 2 (CH5) 5
Pl—N—CH_‘I?—II\T—CH— COOCH;
O H

of the P2 protecting group, followed by acid

catalyzed cyclization, and removal of the P7 protecting

15 group gives [4S-(4a,7a,10aﬁ)]-Qctahydro—4—amino-S-oxo—7H—

pyridol[2,

ester.

1-b] [1,3]thiazepine-7-carboxylic acid, methyl

Robl discloses that P; is an amino protecting

group Ssu
20 group wh

group su

ch as benzyloxycarbonyl, L-butoxycarbonyl, or a
ich together with the N-atom forms a protecting
ch as phthalimido.

Summary Qf The Invention

25 This invention is directed to an improved chemical

synthegi

s of [45-(4a,70,10afB)]-4-amino-octahydro-5-oxo-

7H-pyrido[2,1-bl [1,3]thiazepine-7-carboxylic acid, methyl

-2



NH-P1 LTH -p1 O0=1i -C CH CH SS- CH2- CHZ- Ci =0 OHHHOHoOr an
activated formof such N protected-L-honocysteine is reacted with ~

(S) - 2- am ngpRe/fned met hoxyhexanoic acid, nethyl ester tq,cqh}ggg,{slggﬁ; di sul fi de
intermediate of the 10 forrmula (I1) - Pl NH P1 0=C C CH2-CH :
S-S-CH2-CH2- GO HHI1 COOCH3 H3000C ¢ C CH2 Cv2 H2 H2 i I OCH3 H3CO,

CH2 HZGLL-H WerofiOB deliHE s'Eﬁ%sdi:ﬁé'fééﬂeaﬂd"h%Rr@dii%@lﬂ dormula Il is
then 15 reacted to (&lreave sul fur bond and the resulting nononer

i s then cycli 288°FBeGHYEs Hbs F8t é%f%os}f’%&eﬁﬁwsof the fornula (111) SN
Pi NH O COOCH3 20 Rerowadimg tohé&hPl ppocgsctafnghdsodupvenivies ke desired

| actam [ 4S- ( 4%&%«:@9&(@1}6&&%@&99@&M@Iﬂ'&' Q0 the3foYmul0 02/ 42258
PCT/ US99/ 15380/

NH-P, NH-P,

O0=C—C— CHy—CHy—S—S—CHy— CH;—C—C=0
N i |
OHH H OH
or an activated form of such N-protected-L-homocysteine
is reacted with (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester to give the disulfide intermediate of the
10 formula |

(I1)
i]H—Pl NH-P;
0==C-C~—CHy,—CH,—S—S—CH,— CH,— E‘ C=0
E |
m Yy, % COOCH; HLCOOC- ﬁNH
CH C
e 2 2
H2(|2 H\ 1
OCH
H ~ 3
2N oh HCO, O
OCH; 1
OCHj;

The disulfide intermediate of formula II is then
15 reacted to cleave the sulfur-sulfur bond and the
resulting monomer is then cyclized to give the N-
protected lactam of the formula
(I1I)

0]
] a+]

Z

1—NH
0 COOCH;

20
Removal of the P3 protecting group gives the

desired lactam [4S-(4a,70,10af)) -4-aminooctahydro-5-oxo-



7H pyri do[ 2,1-b][1, 3]thiazepine-7-carboxylic acid, nmethyl ester. This

| actam can be converted to a salt such as a hydrohalide salt. According to
anot her fe this invention, if 5 the N protectedpgigtiofiids of
formul a | gll:’(l) Z?Q%Z-am no- 6, 6-di met hoxyhexanoi ¢ aci d, rre Iwe"ster are
reacted in an ethyl acetate solution, the ethyl acetate sol ution of

- () 2-am no-6.-f; G BLI%Y heRRpp: £ %a%? InbListatisind gl eRpVR, £t hyl ene

glycol fromthe n so S resu ewer urities
downst r eam whegFhete ﬁ'é‘ﬁ&rré?c‘:émcw ibfe goryerhed| e tafddit ﬁBF 72311,

Sui t abl e agent]@ycilwhalam@vlgagtet hyl ene glycol fromthe reaction solvent are
poly(acrylic acid co cr deld I I I | oy ¢ de

di hydrate. 15 Detail eg: scg]r:’ ?I anc?‘fe%s% %{{Ih?é éf Q{}ﬁscfin%}igwﬂ it

[ 4S- (4a, 7a,5104(13) -PER%HRFESEL ﬁh%%%uhe @?of?ﬂmula i'and (s)-2-amino-
pyrido[ 2, 1- b] [4, @]dﬂ&teﬁtlﬁpdyh@xinﬁﬂdﬁtﬁbﬁ}d i Ge@biyd, eﬁeéhyalreZ&eested and salts

thereof, parti cuI I h t ?ﬁ:ft f
internmediate i t%el—l%ir %ﬁ%%g%?oﬁgigtfe Cﬁ—g’s- Q%%gg)ac eu%%lti?)]l 8t
- oct ahydr o- 4- [sXigTﬁgqggppoﬁrdém%thoxyhexan01c acid is flrst rea

3- phenyl pr opyI acamama]velsemwlzfﬂepgly@hni Zrbrbkhé, 83t e pialeentcar boxyl iC
acid of th \Y/B Gk e LG 0 Oas
descri bed @y R %ﬁé; %311 gﬁ‘i;ler 5"[('\34"&1'%lgs %14 moégoez/ 4225‘?[51;l I%C!']E"/(JSQQI 15380
According to t‘h‘én%*eé‘céﬁ yrlifpd Fovei ileFtEmhBfoEYEti e T reacted to

i ntroduce the paDtasid ngge@teufor Pletsviigt kchiylengedbycplviftgmt hhedi sul fi de
of formula I.

reaction solvent are polyl(acrylic acid co-acrylamide),
potassium salt and calcium chloride dihydrate.

15

Detailed T i pti f The I £

[4S- (40, 7a,10af) ] -4-Aminococtahydro-5-oxo-7H-
pyxrido[2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl
20 ester and salts thereof, particularly a hydrohalide salt
thereof, are useful as an intermediate in the preparation
of [4S-[4a(R*),7a,10aB]]-octahydro-4-[(2-mercapto-l-oxo-
3-phenylpropyl) amino] -5-oxo-7H-pyrido(2,1-
bl [1,3]thiazepine-7-carboxylic acid of the formula

25 (VI)
S.

g

HS—-QH—-C—-II\I
H, H

COCH

I

N

as described by Robl in U.S. Patent 5,508,272,



Preferred Pl protecting groups include trifluoroacetyl 5 which can be
obt ai ned by treating L-honocystine with ethyl trifluoroacetate, - '
phenyl met Regysapkonyl which can be obtained by treatingchrReRSHStI ne Wi t h
benzyl chloroformate, and fornyl which can be obtai ned by treating
L- honocystine with form c acid and acetic 10 anhydride. O her N-protecting

groups such as pht hna«ldcmd%g Eobt'ﬁé)%féii Nyl tRLE - ankt ik gl oyed
according to et hods, wel I Trlél uoroacetyl is the nost

preferred Pl ce’é’?til 58 Ct‘i‘g tl%e”}\tFrﬁ’rdblF@cF B RF™ARIGIAS 8FOrRBr nul a |
i s then reacgédoﬂ\n}?q’ﬂ( S Zpaﬁpﬁogﬁv-"sﬂ%htﬁ@t HoryhEidmatc faemgla et hyl ester
to give the dbsefdirel imt @rrnsedbaiﬁgoérodpy Trkaubé. tx'ri‘ﬁlsldx%a%t?m i's

f d rese i ng reagent such a
G yel ohexy | CAPET 151 g o58a1Red b fRbIRE0 L hoortiameopyE
car bodi i m de, etlb}éhz‘@tlrﬁlamoapeyamytphag(mnhyyambm)yﬁhmphbhncum
hexaf | uor Ophoﬁ@h&’@hlr@d @:@'r Repyl ghd r@.-dﬁﬁ'fycgstzmg wﬂ]:?fk%rn gq coupl i ng

reagent is dicycl ohexyl carbodi.i is trifl uoro cety,

1- hydr oxybenz%%(i ]é%tgcf%“ﬁ%f fgdpgl%lfwla\é‘f%c@nﬁ%y@ﬂ BRtGigSH _

di cycl ohexyl chremiingrilddiomory st e Neigriotiesé d dcscﬂllafndiac&ftli:or nula | is
reacted wig h 4Sy@rdo:- 6 08ndi-nRt &9@& Eoéﬁédsu&?”})" ester w thout a

-5 WD 02/ 42258
pCT! 1899/ 159807} 11 th?p%ukm% t%?rtxlc Eg“s'za@a@esemiom | =0 Ho
H1 CH H2MN, ¢CQII§}¥B'H@Cﬂﬁthﬁ@ﬁﬂwelliﬁnbwn/CHZtEb\ékﬂHZ i 1H2
Trifluoroacetyl is the most preferred P protecting
group. '

15 The N-protected disulfide of formula I is then
reacted with (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester to give the disulfide intermediate of
formula II. This reaction is performed in the presence
of a coupling reagent such as dicyclohexylcarbodiimide,

20 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide,
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate, or carbonyldiimidazole. The
preferred coupling reagent is dicyclohexylcarbodiimide.
When P3 is trifluorocacetyl, 1l-hydroxybenzotriazole is

25 preferably employed along with dicyclohexylcarbodiimide.

If the N-protected disulfide of formula I is
reacted with (S)-amino-6,6-dimethoxyhexanoic acid, methyl
ester without a coupling reagent, then the salt of the
formula




H2Q\ /OCH3 H3CO- /,-;H2 CH HC OCH3 OCH3 can be formed. Treatnent of this
salt+ with a coupling reagent then gives the disul fide internediate of
formula 5Sylgadfdg salt of formula Ila is storage stabl epiipaddofghs, t hat it
can be mmintained for a period of at |east about 30 days under conditions
of low tenperature and the absence of noisture prior to conversion to the
disulfide 10 imtgrnediate of forrmula Il. This affords added flexibility
in scheduling production runginaed enables different qges of the reaction
to be carried out at differdnt nmanufacturin facrlrt;e Al ternatively,
the N-protected disulfi@eSor ST5CHoT vl aST Caivthe Ehnv Oto an acti vat ed
formprior to the reactian & th (S)-2-ani no-6, 6- dlne hexanoi ¢ aci d,
nmet hyl ester. Such activa edHf orms i ncl ude the acid Ehl i de, m xed
anhydri des, synnetrical}%ﬁhy odeg, activatedngsta, g, Wien the
activated formof the N otected disulfide is eﬁbﬁ@yed a coupling
reagent is no |onger needed. The selection of the ac{ivated form depends
upon the N-protecting grou Ipf the disulfide of formalha |I. Wen the
protecting group is triﬁi oacetyl sui tabl e actrvatedthorns i ncl ude the
acid chloride, which 25’ ijs preferred and an activated d¢ster. Wen the
protecting group is pheny met hgxycar bonyl , an aq;bbatedCHgfter is the
suitable activated form HV@)02742258 PCT/LJSQ 91 obl in U S

Pat ent 5,508, 272 disclosesla met hod for preparing \

(S)-2-am no- 6, 6- dinethoxyh@?ﬁmoic acid, nethyl ester.0@her nethods for

preparing this _startin t re di.scl ose opend; n plication
of the 5 assi gne% O]f-O?'F]lI ga ef‘ eﬁa(:ta lngnnggiéor dgaitp wq.tgmhg. céu Qz_r(.é)
appl i cation, tﬂﬁ?ﬂ&ﬁ@xéh&ﬁegt%#ﬂeﬁhﬁ<§1§eﬂ§1@e intermediate of Formuls

5 1II.

The salt of formula IIa is storage stable meaning
that it can be maintained for a period of at least about
30 days under conditions of low temperature and the
absence of moisture prior to conversion to the disulfide
10 intermediate of formula II. This affords added
flexibility in scheduling production runs and enables
different stages of the reaction to be carried out at
" different manufacturing facilities.
Alternatively, the N-protected digulfide of
15 formula I can be converted to an activated form prior to
the reaction with (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester. Such activated forms include the acid
chloride, mixed anhydrides, symmetrical anhydrides,
activated ester, etc. When the activated form of the N-
20 protected disulfide is employed, a coupling reagent is no
longer needed. The selection of the activated form
depends upon the N-protecting group of the disulfide of
formula I. When the protecting group is triflurocacetyl,
suitable activated forms include the acid chloride, which
25 is preferred, and an activated ester. When the
protecting group is phenylmethoxycarbonyl, an activated
ester is the suitable activated form.

-6-



the formula (VII) n O (I1H2)3 H2N - CH COOH 10 can be reacted w th thionyl
chloride in nethanol or with chlorotrinethylsilane and dinethyl sulfite inh
met hanol to ogkMs (S) - 2- ami no- 6, 6- di met hoxyhexanoi ¢ aci ¢orfRbdnskse €St er.
(S)-2-Am no- 6, 6-di net hoxyhexanoi ¢ acid, nethyl 15 ester and the
N-protected disulfide or formula | or an activated formthereof are

reacted in an Organlﬁoﬁph\fﬁfﬁi s. Baelsr 3@'%8”2*9‘2" M!Lséﬁ?@éé’éea rrlefthbﬁe reaction
is perforned in eth an?% @é t hen, |n der to £n%n| m ze the presence of
I

downst r eam i npAFi P “Gr PBARGTO (%) Jéf}‘?itﬁ8x3 IO HT r?é’t%xyhexanm c
aci d, methyl wethyliestahyl Chkbetratmethsds tffwapeephoingnioves ettaritemg gl ycol

fromthe reachhegnz&pla/@tdﬂal%eaolﬁe@cecsﬁ&d%gh #pflé\s@{&ﬂ; et egledi sul fi de
of formul acl ents s% q%l 157 % rgurpose ‘al? y(acrylic acid
co- acryl amsdejis Bt a&sTUNT A tapg FE2BIA citfiTe Eﬁllf}?lﬁ‘é Hdrate. There is
an advant age pnpeh@lmomgqmepm nti$) dicdmineopenawd hetawid/ leéx anoi ¢

acid, nethyl gggefoh?mlg eacted with the acid chloride activated formof the
di sul fi de of fo&gy in a biphasic solvent system 30 Under these process
is no

condi ti ons, t K need to first ve ethylene glycol to mnimze
downstream inpurities. Suitable bi phaIsi cisol vent systens conprise as the
organic phase a mxture of ethyl and n-blityl acetate and as the -7 WD
02/ 42258 PCT/ 1JS99/ 15380 aqueous phas ter and a buffering agent such as
a mxture of potassium carbonate and p¢tassi um bi carbonate. The

N-protected disulfide internmediate of f la 11 is then reacted to cl eave

the disulfide bond and the 23
H, N CH— COOH

10 can be reacted with thionyl chloride in methanol or with
chlorotrimethylsilane and dimethyl sulfite in methanol to
give (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl
ester.

(S) -2-Amino-6, 6-dimethoxyhexanoic acid, methyl

15 ester and the N-protected disulfide or formula I or an
activated form thereof are reacted in an organic solvent,
preferably n-butyl acetate. If the reaction is performed
in ethyl acetate, then, in order to minimize the presence
of downstream impurities, the solution of (S)-amino-6,6-

20 dimethoxyhexanoic acid, methyl ester in ethyl acetate is
treated to remove ethylene glycol from the reaction
solvent prior to reaction with the N-protected disulfide
of formula I. Agents suitable for this purpose include
poly(acrylic acid co-acrylamide), potassium salt and

25 calcium chloride dihydrate.

There is an advantage in the process wherein (S)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester is
reacted with the acid chloride activated form of the
disulfide of formula I in a biphasic solvent system.

30 Under these process conditions, there is no need to first
remove ethylene glycol to minimize downstream impurities.
Suitable biphasic solvent systems comprise as the organic

phase a mixture of ethyl and n-butyl acetate and as the

-7-



5 resulting nononer is then cyclized to give the N protected |actam of
formula 11l1. Methods for cleaving the disulfide bond include reacting the
i nter medi afy @fspsformula 1l with a bisnercaptan, a phospm.gﬁggﬁggﬁl ng
agent, a phosphite reducing agent, or zinc netal powder. 1 ui _
bi snercaptans include those of the fornula HS-CH2 i H -CH2-SH 2 k wherein

k is an int eg%qalfeEDggl ﬂah&ge%ﬁé%%@fxg E&ﬂ,&d%&c‘ghghl gglected from

hydr ogen and hydroxy as wel enze ane |oI

1, 3- but anedi t Mt UKEs BT aPGE 2/ 1t &;'ﬁﬂoe&aFﬁu@%&%a%@@dba%wnateand

dur ene- a(1l), a(2)-dirhéi wiprdyrefrerdaldiynl £hee hirtreameditas bs féeactLd in the
presence of aiiasg sHe féaé%%ﬁlﬁg JrLbaxige &g Hflde bond and the

1, 8-di azabi_cy clohg 4.0]undec-7-ene. 20 Preferre I smercaptans are

di t hi ot hr ePt ol S&EHACLRFt APBIPSE hiS tihen SuFt gt theipk seer¥duci ng agent s
include tri bumotphoephlmetam réfHciopmuphosphi neMet&mﬁls Ebrpbesydignosphi ne.
Sui tabl e phoSpid! & LRTHERD oG0P Mt dalCLULE 14d dlllY n@Q%BHJbaE s Jfe

preferred reagent for 25 cleaving t di su phosphi ne.
The resul ting SPEAYher IF sWite? Rismeccanten: o P&%ﬂsd’ iggt 5P9E%H1chl i zation
reaction pref egzbky byphosphityg rafiucing syemng acizdnsuebtas powddrior oacetic
acid, chljgr ositapie ﬁ?éﬁer@aﬁ@id@ﬁ%%%&@”&lﬁ ﬁaeC!q% 3 EBLRgnesul fonic

acid, trifluoronethanesul fonic acid trinet

trifluronethanesul fonate, trimethylsil met hanesul fonate or a
commercially avail abl e pol ystyr e@@_Cﬁ 1gf_;:)ghyrner type ion exchange
resin such as Anberlystl5(r). This cycl Iz ti reaction can be perforned
35 in a non-protic solvent such as met h{kepe chI oride, which -8 WO

02/42258 PCT/ U399/ 15380, is preferred, or_chloroformor a protic solvent
such as met hARSESLE §i v8 ThetNeS5Hedt gEP@dllﬁ%t‘*arﬁnéf RSPt A5 11. The
_N- protected | acld&nfﬁofieﬂblmﬁ@lqwed gromehydrogen and hydroxy as well

15 as 1,2-benzenedimethanethiol, 1,3-butanedithiol meso-
o,a'-dimercaptoadipic acid, disodium salt, and durene-

o (1), o(2)-dithiol. Preferably, the bismercaptan is
reacted in ﬁhe presence of a base such as sodium
methoxide or 1,8-diazabicyclo[5.4.0]undec-7-ene.

20 Preferred bismercaptans are dithiothreitol and
dithioerythritol. Suitable phosphine reducing agents
include tributyl phosphine, trioctyl phosphine, and
triphenyl phosphine. Suitable phosphite reducing agents
include triethyl phosphite. The preferred reagent for

25 cleaving the disulfide bond is tributyl phosphine.

The resulting monomer is then subjected to an acid
catalyzed cyclization reaction preferably by treating
with a strong acid such as trifluoroacetic acid,
chlorosulfonic acid, p-toluenesulfonic acid,

30 methanesulfonic acid, trifluoromethanesulfonic acid,
trimethylsilyl trifluromethanesulfonate, trimethylsilyl
methanesulfonate or a commercially available polystyrene
sulfonate polymer type ion exchange resin such as
Amberlyst15®. This cyclization reaction can be performed

35 in a non-protic solvent such as methylene chloride, which



treated to renove the Pl protecting group and give [4S 5

(4a, 7a,10a(3)] - 4- am nooct ahydr o- 5- oxo- 7H-pyrido[ 2, 1

b][1, 3]thi s 7-carboxylic acid, methyl ester. For P‘i“i‘ﬁ( gowhen Pl is
trifluor oa@éﬁglﬁﬁ eatment with potassium carbonate in net anoF can be ’
enpl oyed. When P1 is phenyl net hoxycar bonyl treat ment with 10

| odotri met hy! skl aperor-ag |adicnTope 24 RYdr 99fRenC A e 2gNP! oyed.
When Pl is forr’rz but oxycar bony trea ment wth a strongL aC|d such
as hydrochl or '€ é%?‘a ‘i:%lrglti@ é?g*ﬁl HyBHOteFH?q JCCEAT] 95- FomuAg

10a( 3) ] - 4- am nooct a-Tyelrno-grotkoted lactam of formula III is then

0Xo0- 7H-pyrldOE%e&t@&[éo3JédBv%Z%an§1 FAH RN %réﬁbdand V@yl4gster i's
t hen react d vvlth t he @Cﬁ? rcaptoal%ano sidechain of 1he formJIa (rv) |1

(s) 11 Re-¢ S{4f ol '@"‘ZG‘ORHE?EY‘?FQ?E? OFOTEHRPYTHEC hdriyl  gi ving t he
conpound of tbe[lfmﬂhliaze(pﬁ)ne87 —bhrBodyl REGi8, - GhthEl Nedte® . COBGKE H2 O - 9
WO 02/ 42258 P@Iéiaﬂ:ﬁnglﬁé’&cb 'E@ $re oL NGJt8AC ket faie beidper formed in an

organi c solven such a ene chloride and.in th e

Coupli ng T eagBRERSHEHN dee e 15, PRLEHGL A BRnPHBETORYT ) CHFBOBRi m de,
dlCyCIOhexylCasbpﬂenylmhthdkycarbonyl treatment w1th

benzot ri azgl - éai% £YhEd g { SR ¥ aBL 1) AP RRCRRYBon NEXE yeigahosphat e,

carbonyl di i'm e employed When Pj7 is formyl or t-butoxycarbonyl
treatment with a strong acid such as hydrochloric acid
can be employed.
The lactam [4S-(4a,7a,10aPp)] -4-aminoocta-hydro-5-
15 oxo-7H-pyridol2,1-b] [1,3)thiazepine-7-carboxylic acid,
methyl ester is then reacted with the
acylmercaptoalkanoyl sidechain of the formula
(IV)

lé (S)
—_—S-—‘fH—CF-OH

Hp

20 wherein Rg is methyl or phenyl giving the compound of the

formula
(V)

0 0
1} Il
Rg—C—S— CH—C—N

= COOCH,
H, H 0



pr opanephosphoni ¢ acid, cyclic anhydride. Alternatively, the

acyl srer capt oal kanoi ¢ aC|d of fornmula IV can be converted to an activated
forntprlorr&g)ﬁgﬁpllng such as 10 an acid chloride, m xeg.

symetrica hydri de activated ester, etc. Preferably, t he Iactantls
converted to a salt such as a hydrohallde salt before the coupling

reaction. Sui tmqlseceﬁgwﬁel FEE St %ahnﬁeuﬂgrféﬂ?eéh gt%hbg&aﬁp salt, which

is preferred, t obronlqaz %$r0|o i salt can be
prepared by t F@AVERG 3 | % i Wi ens Ct%era vttt ih&hecBresRpehicithg aci d.
The acyl group R6uElOhg rsagemvvedhand fLhethel+BA (3-edmethgloup i s converted

toth b I th
ngI rg dcglr gglxxétdlﬁgg%gytse&ﬁmma%e @899901?{:2119{# eégmtgegl tvﬁw e

treatnent °wi FﬁnﬁﬁFﬁéﬁBPFc s¥&ﬁ¥ﬁﬁqtid#8iW8Eh W%ﬁﬁ@&mﬁﬁpéaﬁeﬁ%s acid gives
t he desired fihexlafpuodophogphdicy MdaabWhylfdfmidaol(eR* br, 1¢a, 10a(i] ]

- Gct ahydr o- 4- p&o$%ng§58§§59nic égid, cyféo anhydrlde Alternatively,

—
I—L

oxo- 3- phenyl propyl ) am noJ -5
b] [ 1, 3]th|azeﬁﬁﬁea?yea?5 i???%?@ﬁHQ}°p6§§@s%€sf%ﬁﬁﬁ%ﬁ«gﬁéFﬁn B®nverting
enzynme and newonyergedopepan dageiviatkeidbfbonypriot itd topupIhng sweipoaund as

vel | as ity phar pegauthealide, %%et ahheasahd s Anfndisaidh LAndd é’,{‘g

cardi ovascul ar 30 dIS ases such Eyperten3|on and congestive hear
failure as nofPETRYBES %StﬁﬁtéﬁF’ a8terablynithe dgwhafndscan be
adm ni stered M@naewuﬂﬂatoan $epistt sumhhaasa hpdratiafirdemsaoube fode nthd 0 about

100 ng per kg fuphedy raeeemnpersﬂ%blgrﬁa}efaba:yﬁer e%%goyﬁcﬂuéem to
about 25 35 ng¥§$ 5% L % 5? da% Is preferably
admi ni st er ed #y af bﬁ?e T &F 'rH a.cPr?é%ﬁ ﬁtes can al so be
enpl oyed. 1¥he hysliroprdusdecamnd -the WpAgRidaés. PCI'IHel'EﬁQQI t6880= be

adni ni stered w&elaseeer byaaré)@tﬂtgnade@lbetenta@ {1 QU amdR$es @l ni stered
t hr oughout the da%Sponglngllowéng exanples are illustrative of the

The acyl group Rg-C(O)- is removed and the methyl

ester group is converted to the carboxylic acid from the
20  compound of formula V to give the desired final product
of formula VI. For example, when Rg is methyl treatment
with methanolic sodium hydroxide followed by aqueous acid
gives the desired final product of formula VI.
[4S-[4a (R*), 7a,10aB] ] -Octahydro-4- [ (2-mercapto-1-
25 oxo-3-phenylpropyl)aminol -5-oxo-7H-pyrido[2, 1-
b] [1,3]thiazepine-7-carboxylic acid possesses angiotensin
converting enzyme and neutral endopeptidase inhibitory
activity. This compound as well as its pharmaceutically
acceptable salts are useful in treating cardiovascular
30 diseases such as hypertension and congestive heart
failure as note Robl U.S. Patent 5,508,272. This
compound can be administered to a mammalian host such as
man at from about 0.1 mg to about 100 mg per kg of body
weight per day, preferably from about 0.5 mg to about 25
35 wg per kg of body weight per day. The compound is
preferably administered orally but parenteral routes and

topical routes can also be employed. The daily dose can

-10 -



invention. -11 WD 02/42258 PCT/ US99/ 15380 Exanple W5 (4g_7a 1 Ca~) 1

-4- Am noocl ahydro-13 -oxo 7H pyri do- f2. 1 -hl I'l 31 1-hi

azepi ne- 7-£ar b ic acid, net yl Gr hydrochloride c H2N O

COOCH3 a) ‘ﬁé ?%lyﬂlf 1 uoroa .etyl) -L-honocyftei nc-~ {?TMS”N'S?# di sul fide

100 F3 OOH HHS SNA-" HO O O CF3 A sol ution of pOtaSSI um net hoxi de in

met hanol (32 hanel,d i 24 re_a to 15

solid L- hormcyévi f(%m %%ég%d %%% ﬁ-ﬁng} he addi tdiqg%déféhe er%%%r gtourggﬁgvas

mai nt ai ned at 4288 5% TRk éPrV\Wl?@lt &deuBRBn was produced. Ethyl

trifluoroacetate (43r}8e kihl 1 owaagaedetbXeds taties 130hst +oNi AN £t Ber eact i on

terrperature LASEnL P32 - 40C, the reaction mixture was treated with 20 6
wt % hydrochloric acid (432 kg) and ethyl acetate (270 kg). The layers were

separated and the organi c phase was washed with aqueous acidic brine (168

kg water, 18 kg sodiumchloride, 15 kg concentrated hydrochloric acid).

The | ayers were separated and the upper rich organic 25 phase was washed

with 20 wto aqueous brine (183 kg). The layers were separated and the rich

ethyl acetate extract was polish filtered and azeotroped at constant

vol unme

-11-



(120 1) until the noisture level of the fresh distillate showed KF = 0.5
(400 kg additional ethyl acetate -12 WD 02/42258 PCT/ US99/ 15380 required).
A portion (& ds@is@f this rich ethyl acetate was added tfm"}ﬁ% hife - 700,
stirring heptanes and the resultant slurry was vigorously stirred for 30
m nutes. The balance of the rich ethyl acetate solution (149 kg) 5 was
added over 3.5 hours. After one hour&’?%a.m?:if%lmc the crystal slurry was
cooled to 15 - 25C : e hours at 15 - 25C,_ the white
crystals were is0Ol tan X Mg RE TR

on a centrifugeldd ' = At - oM k@1 116 ded HE-BE

af forded 62. 3 kg of t|tIe product Wovﬂer; mp 123 5C. Anal.
calc'd for . Cl12H14F6N206S2: C, 31. N, 6.09; S, 13.93; F, 24.76
Found: C, 31.28; H, 2.92; N, 5,98 S 14.28 F, 24.86. 15 bh)

(2)-2-Am no-6, 6-dim hoxyhexan0| c acid fez OCH3 OCH3 H2N COOCH3
20 Under nitrogen, chlorotrinethylsil was added to a slurry of
(S)-a-am no-1, 3-di oxol ane-2- pentanoi'\c acid (20 O g) and dinmethyl sulfite
(12.0.9) in nethanol (240 nl) to aff eneous solution. 25

Fol | owm ng the observation of anfgelBtthermfto 24C, the solution was heated
to 40-45C, stirred at that tenperature r 8ChAoCHs and at about 22C for up
to 72 hours. In-process HPLC anal ysis showed that the reaction was

conpl ete (about) 93 M»p Eglvfery on to roduct) and the 30 resulti ng sol ution
was cool ed to?)5 t o 368 uoroacetv ) -I-homocysteine, (1->7") -

disnlf.:.de.

10

g3
w
e
Q
niey ©
Q
I
m,,”
Q
> % @]
m

CF;

A solution of potassium methoxide in methanol (32

wt%, 68.8 kg) and a methanol rinse (42 kg) were added to

15 solid L-homocystine (40 kg). During the addition, the
temperature was maintained at 20 * 5°C, and a water white
solution was produced. Ethyl trifluorocacetate (43.8 kg)
was added to this solution and the reaction temperature
rose to 35° - 40°C, the reaction mixture was treated with

20 6 wt% hydrochloric acid (432 kg) and ethyl acetate (270
kg). The layers were separated and the organic phase was
washed with aqueous acidic brine (168 kg water, 18 kg
sodium chloride, 15 kg concentrated hydrochloric acid).
The layers were separated and the upper rich organic

25 phase was washed with 20 wt% aqueous brine (183 kg). The
layers were separated and the rich ethyl acetate extract
was polish filtered and azeotroped at constant volume
(110 1) until the moisture level of ﬁhe fresh distillate
showed KF = 0.5 (400 kg additional ethyl acetate

-12-




stirring, the apparent pH of the m xture was adjusted to 11.7 to 11.9 by
the slow careful addition of 320 (or 4.45 M nmethanolic potassium -

met hoxi de I (70 m) -13 WO 02/42258 PCT/ US99/ 153 &gl ni ng t he
t enper atur‘28loylyt2ﬁfg range of -5 to OC. Analysis of the 3&0 ng%/ s'ﬁurry (1H
NMR) indicated that the neutralization was conplete. The sol vent of the

product sl ur&xqa@@fe&wh%%qt%ﬁh@tql c?ic%thﬁtser9¥%fé$ﬂk§}l S Leaegntrating

the thin slurry under_vacuum at | ess vol une f | | owed by
the addition ¥RSerByPd LR &t (GRTirT ?(Plec)r'er%\}&irlﬁﬁ DR TERRA ARGs tBSnpl et e
as judged by reBubtasessldzyamaky st gofdeslsy tdtdrrédARP)r iponinutespl etion of

the sol vent e%ﬁgaﬂgﬁmw%éﬂ%@r&g UZEy, )}y@sac&a@gl USige oo &b@uaﬁ 400 m- with

et hyl acet at e and Itin urr I'tere (acrylic acid co-
acryl ani def, p¥easaddnd savar (3350 8rs: 2 Aftem@nRaberr (39 6 0) Cwer e added
to the filtratge dhgstaXtdligryawasstosled doornsabeubsds cmasmtjess and

[1 tered OtigRally. adeed NG BElYs(2EIYAd C 380, ghécméén&%)staagt assium

salt treatment can be r@feate t he quantit
ethyl ene gl yc¥rrexéeetRteol Bckyarhateht 22 ]%Iﬁe&&@%sbylzl]?ﬂ F?rté’é’éss aC
anal ysi s. Fol hewtage) NnoproerasriPuge anil st s, Tray4dgyig tdte 4o°d e product

vas_obtai Bgd 35.ap fégug%@p%re%%%&gt gff@i‘&%&% o008 Moyl dhibanCh 6

6- Di met hoxy- cys ny -L-norl in _,
met hyl ester, as(&- ‘tht?oﬁ’@tﬁqffdé‘ p5 BOXIB ééﬁ:l—ﬂ:?W, 1 CNr$, H H3C S
H3CO OCH3 OCI€132H14F6N20652

c, 31.31; H. 3.07; N, 6.09; 8, 13.93; F, 24.76
Found: C, 31.28; H, 2.92; N, 5,98; S, 14.28; F, 24.86.

15
b) -2-Amino-=6.6-
ester
OCH;,
OCH;
H,N
COOCH;
20

Under nitrogen, chlorotrimethylsilane (28.0 g) was
added to a slurry of (S)-o-amino-1,3-dioxolane-2-
pentanoic acid (20.9 g) and dimethyl sulfite (12.0 g) in
methanol (240 ml) to afford a homogeneous solution.

25 Following the observation of an exotherm to 29°C, the
solution was heated to 40-45°C, stirred at that
temperature for 8 hours and at about 22°C for up to 72
hours. In-process HPLC analysis showed that the reaction
was complete (about 93 M% conversion to product) and the

30 resulting solution was cooled to -5 to -10°C. With
stirring, the apparent pH of the mixture was adjusted to
11.7 to 11.9 by the slow careful addition of 32% (or 4.45

M) methanolic potassium methoxide solution (70 ml)

-13-



HN F3COC 0 COOCH3 To an ethyl acetate solution of (S)-2-amno-6,6- -14
WD 02/ 42258 PCT/ LTS99/ 15380 di net hoxyhexanoi ¢ acid, nethyl ester (17.4 g,

328 g of 3.5 w%water), N (trifluoroacetyl)- ei ne,
(1->1")-di gﬁq##dz%(lg 5g), hydroxybenzo- triazole (0.7 i,C'Qgg;%%%/owat er)

and anhydrous sodium5 sulfate (159) were added with Stl rring. The slurry

was cool ed t(?nal%tragnz agged&f&%ﬁéx%}l%ﬁl 'ﬁrﬁggg'f%ﬂgcge o(flgsg):o yes, added to

the m xture |n one ortron exot hours of stlrrlng

under a nitrod@RlYStFoSh hE]P% P’T"?fhﬁ?toééégxﬂPl(_é %I)y%}'@l%%‘b?ﬁedﬂ’(%tthﬁhe 10
reacti on was crmmlraﬂdzzaiﬂhent\has: keatipdyiceohexhe us@bveand ofs atieuprsdhdat e

slurry was fi lél%.rr%g' @BQ n%{i@hazﬂé&a/%rﬁ)rﬁe)égh?ieécg‘@été: f4ggwashed with

et hyl acetate ne | trates re washed with 10%
sodi um bi ¢ rbcﬁ?&’tcc?n§6F‘Ef~P8ntl(“50”H’) SANGT¥ At BPRY SR BIUThet13e88| Heddn (50
m ). The rich sdtyktoaseband alale ias loeedchiit tied eidinden wacethiykeepi ng

the tenperatur h an and a wat er
cont ent of Iesagceltgtta gjjiﬁwlgvﬁ%qer@g;l -%g(:{n&?ngmyﬁy etc%tnpig%o was
added to the 20td9eenb¥t hjrraeeesf é?c‘s@FlatlwﬁhSaﬁJeP%é:ha@sal £Phg h‘éﬁ?ﬂ

sol ution was pampdetficht ef edhe Térelveonti prehtng@s wies et chwvbhude Iwas hy|

acet at e/ t ejt - yyylscamt byl asé@@rm@nﬁ mthngihﬁﬁdaé&%t\@a%dw@ cormbi ned wi th
the rich filtrate.. ,Cyclohexane (185 m) was_added to the sQ utlon at

anbi ent 25 t erfRSTAEERE ShHTEB RS rfyiditaredner ROBHRGEY Hfe 2FéduFPT ng sl urry
was agitated farrydamidastp@Oassinut emland3t beno adzig)i emal wayerol®xane (555

m) was added 0vef)alek8aglided5divhy 831cThEe S| UFY WBS2Qi hated for at

| east one
stirred for about 35 minutes and filtered. Optionally,

15 the poly (acrylic acid co-acrylamide), potassium salt
treatment can be repeated on the filtrate if the quantity
of ethylene glycol exceeds 0.15 equivalents, as judged by
in-process GC analysis. Following in-process HPLC
analysis, 17.4 g of the title product was obtained as an

20 ethyl acetate solution in 80.8 M% yield.

c) =Di -N- [N- i =L-

O

H,CO
OCH,

OCH,
F;COC

COOCH;

25
OCH,

To an ethyl acetate solution of (8)-2-amino-6,6-

-14 -



hour and the product wet-cake was washed with 6:1:1 30
cycl ohexane/tit-butyl nethyl ether/ethyl acetate solution (75 m). The,

wet - cake V@éo%zz d under vacuum at about 30C to give Z%Fg’lg?fg{:‘j’g"itle

product as crystalline solid, mp. 111 - 112C. 3283 (s),"
3087 (w), 2945 (n) 2830 (w), 1743 35 (s), 1707 (s), 1659 (s), 1546 (m,

1438 (w), 136 8 1134 (m, and 1057 ( -15 WO
02/ 42258 PCT/ é,gé%%?@%&ar&mﬁgo(ﬁ%l ey g 31285\% S 2H), 1.5 -
2.0 (m 4H),sglytionp, B (nw AHpatery, -NQ(tgl(f&;uozpslcetay@ s, 6H), 3.8
(S 3H), 4.35 homocydeirde 6 (1M1’ ﬂ#@xsu&f&dénKlﬂiﬁg)'7H@dﬁb&ybéh&ogn398.éz(gé
. 13C-N 32.1 ,
52 48, 52. 52;&%%%&@ %‘gD%B f§4 8“’ 11”?5*593“1’ 2‘?’& i‘%'éyg"%o ]afé’é‘ 29 and
172.48. oy 188lfzwe (¥4q), wergagyded. ‘ﬂanStﬁéé‘éﬂahdeléﬁ §Jo;mymapyr|do f 2,
1-bl f 1, 3dobhédazeni2 no 2¢¢ aﬁﬁfl@i@}clohex@@bﬁrbo&ﬂlrﬁ@ié"ﬂ'l%‘@‘)er

hydrochl ori de Tg 2add4 S e q}l&e %kglsr qwrpeo 1on chanl cal stirrer,
t her nocoupl e, nitrogen inle gnserSthe product from part

(c) (41.75 g)exaekenimene Pj{ﬁé'reéhﬁohpﬂés (@W@tmrylaﬁdumléra (Rtrogen wer e

added. Under aﬂméélﬂg@fbh tfﬂ—@ibﬁbsﬁh@mldiﬁl@b@széhcﬂd@l%%ta@@%d to the
reaction f)as h_t horou tatiQn e ,reactign mxture
was sti rrfé(t)j a? %‘E °H6C uncgm\ qghe re@'(l: ?tt(%lnlc%aglggfc? ?%Y]("ﬁretao Zi‘ghours) as
judged by in 20dpwecuskiaiE clanayysas. fll\?éieﬁaﬁ‘e%ﬁf‘@mc acid (6.8 nl) was
added to the #ecgapbidkEinedd watrasskd head aagheanwitXtenies1 weetheat ed at ref

lux with thor?EQQ T '$ f'“Jfﬂérc9m£9néé é&%{ %t gdwgéeQN éh w1%gp gture for
bhie U

12 to 16 hours untl ction was di dcess
HPLC 25 anal y§P§lu“Fh1é1%4ﬂhFé‘ﬁ‘tteo?°@Wélqr9a@tq @H)W?R@uﬁi%t%e fehagged with
net hanol by dsslutiddi (B0 aild .t heheesidH idthylnmatbamed Bobdit war of

[‘71&(43 (X, 'Q?@%At?&é@é‘%ﬁ%x vQ%Qim Yedpitly” thEURLASEIN. 2T bRl
Py range of 35 - 40°C to a volume of 130 ml and a water

content of less than 0.1 w/w %.
Tert-butyl methyl ether (120 ml) was added to the
20 rich ethyl acetate solution and the resulting hazy
solution was polish filtered. The equipment was washed
with 1:1 ethyl acetate/tert-butyl methyl ether (2 x 10
ml) and the wash was combined with the rich filtrate.
Cyclohexane (185 ml) was added to the solution at ambient
25 temperature and seed crystals were added. The resulting
slurry was agitated for at least 30 minutes and then
additional cyclohexane (555 ml) was added over at least
35 minutes. The slﬁrry was agitated for at least one
hour and the product wet-cake was washed with 6:1:1
30 cyclohexane/tert-butyl methyl ether/ethyl acetate
solution (75 ml). The wet-cake was dried under vacuum at
about 30°C to give 29.8 g of title product as a white
crystalline solid, wm.p. 111 - 112°C.
IR (KBr), 3283 (s), 3087 (w), 2945 (m), 2830 (w), 1743
35 (s), 1707 (s), 1659 (s), 1546 {(m), 1438 (w), 1361 (w),
1211 (s), 1188 (s), 1134 (m) and 1057 (w).
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. b][1,3]thiazepi ne-7-carboxylic acid, nethyl ester was 30 treated with
buffered (pH 10.5) 1M potassi um carbonate solution (208 m) naintaining
the pH in {henkdgge of 10.4 to 10.8 at 40 to 45C. The rpagitffsdgh Xt ure was
stirred at 40 to 45C until the deprotection was judged conplete by

i n-process HPLC anal ysis. The pH of the reaction 35 m xture was adjusted to
5.8 to 6.5 by lyhgmaddgm Qg Hf cmpcemtlr gt ed1 HCL(h 33h 1) sat pess(hhan 36C.
Met hanol no i nvac | ess than 37¢ untjl the vol ung, - 16 WO
02/ 42288 PCT/ U880/ %5%8 of kl‘ﬂea%ﬂfen@hgd d%p? f‘%«:t%lﬁn PedctFon® xt ure was
300 m. Methyd-éndscBHOni de3hastnaddéd ,t 6 .6hémagliEoust Sol(at,i oK) and-5t he pH

of the biphasig, mmt)u%gdw@sladausﬁgd t @ QAnORE 076, Puz bx;ﬁd”le agldig ig@n of
concentr at )e;d HC1 wer e separat ed and the groduct rich

7
aqueous | ayer %ar?% V\ég'hgd \A??h”a'dcﬁet|83naI52n%§hy7?en4e8'chr’I2 rede>t 69 ni ). The
conbi ned net hyd2ed,chlodgr.0delaXtFacted .wabH€ - Backahwasted 29wiand 392 - 41 . :
solution (60 m) and the aqueous extract was conbined with the product

ri ch aqueous | ayer. ‘ as added to the
product-ri-ch agueous ar ] ' T X ure was adj ust ed
to 9.0 by the addit iZ8aryiidQhR sodil tihba b elel el 11dag ' :

to pH 10. 4oy the adﬁib%ugﬁﬂwm_Qél de soI utlon (3 n1) The
phases were separated an 15 the aqueous | ayer was extracted with

met hyl ene chloride (2 x 80 ml). The product rich nmethylene chloride |ayers
were conbi ned, and m3chanal §iseeked ddaskchtroipired neitty lbsmkahaniwal added.
Et hyl acet at e d&5Qray), t\r@&mae é' ltyogda thDélE &a?r)d taortemuﬁet hyl ene
chloride 20 sol utd on of P‘ ound (3)4 Ef}cﬁ nd tg 1m xture
was stirred untiteER s al |28f °g\,?8£ t ¢ A |or$ I Bt §¥ et ate
(175 m) wis atiderics danpl ate altlfileﬂad:ra}‘st(al 7inht i ware RddedesuVrdeny product
slurry was CQQJ.@.dagtte 151{1511259 phdiprSher ((Y3vas 1) e dageqatol emst 25 one

hour and the pgég% ion a%%l gh éLoroungggggatloﬁlat 18 - 26°C. The
reaction mixture was stirred at 18 - 26°C until the

reaction was complete (1 to 4 hours) as judged by in-

20 process HPLC analysis. Methanesulfonic acid (6.8 ml) was
added to the mercaptan solution and the reaction mixture
was heated at reflux with thorough stirring for 6 to 7
hours and at ambient temperature for 12 to 16 hours until
the reaction was complete as judged by in-process HPLC

-25 analysis. The solvent of the reaction mixture was
exchanged with methanol by distillation and the resulting
methanol solution of [48-(4a,7a,10afB)]-octahydro-5-oxo-
4- [(trifluorocacetyl)amino] -7H-pyrido[2,1-
b}l [1,3] thiazepine-7-carboxylic acid, methyl ester was

30 treated with buffered (pH 10.5) 1M potassium carbonate
solution (208 ml) maintaining the pH in the range of 10.4
to 10.8 at 40 to 45°C. The reaction mixture was stirred
at 40 to 45°C until the deprotection was judged complete
by in-process HPLC analysis. The pH of the reaction

35 wmixture was adjusted to 5.8 to 6.5 by the addition of

concentrated HCl1 (33.5 ml) at less than 36°C. Methanol
was removed in vacuo at less than 37°C until the volume
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wet - cake was washed with ethyl acetate (2 x 50 m) and the product was
dried under vacuum (150 mm of Hg) at 45C for 16 hours to afford 25.2 g, of"

titl whi t crystalline powder, mp. 239C es). 30 IR
(IKBr)e, péi%‘?ﬁ?e’v,“?%o'(i), 1982 (W, 1757 (m), 1737 (S)Mﬁgggﬂ?@) 1496 -

(m), 1445 (m), 1373 (m), 1281 (w), 1209 (m), 1066(w), 1004 (w) and 983

(wW. 'HNWR 300 rudrd3 ép} éc"%qs a(:@i él_% gupe-vgazséo(% SH, 3.0
dd. 1H), 3.3 Mlﬁ?ﬁ‘ T8 (SPRRYSCY AL RS s %5 0m 1) |
330- NNE? 75 Wz&&%‘mcfé%?ggswgg@%d ;&i ghe 39@?(198 Folbrionrazd, 52. 66,
52.35, 59.82, thd 7dH 84f arttk bI1ph68ic -iAMRDWa4228uHId | dSW/61%380 . sExanpl e

2 6, 6-D mhg,y= st £l | ) k- stel, n 1 -r - nor .i
_, nmethyl stgj{,t’%%l %Aﬁléf)gndfkssgﬁ?l Ewgﬁg E?o u%:/t g#heE%%’r?ﬁleg 1(c) was
al so prepat edVeE CHRATAF 4% 2PHeL PRI PERAYTT PrisBeddrecoush)1®r WASANi no- 6,
6-di m. _hn2twhskedhoiith acdiddtion®l hydthydehet cRlofidd dwled1)ni t wagen,

chl orotri net hgém%iﬁéd]%ét%%_eg% YRS Atlded ggggglv%é ébna(c)gkd.was

(S)-a-am no-1, 3-di oxol ane yent anol ¢ aci [ rrethﬁﬁll sulfite
(228 g) in nEtHANDT 560 oR0 (89 fiold 28dh5hE gRARRIS sBitaricsnwags

Fol | owi ng t hecotisitedtwioh aheapredottherian aqd@6ust heyersol wteitwm%éf heat1 gd
to 42C, sjqrr : e u (o] | at or

hour s. InioprogfglsihéH%i%&aﬁg}?yg% ésﬁ%?/\c_/{eg{ot %51![3 g{:é%%%ce}fi%%%%oérgoduct was
obt ai ned. A pbRY§ort tthee PFeshl ErtiPidiasticoRi¥bhtai YashGHostsdatyg of title
product was c®ob doy ttthe RdddtidACof 10N sidiumi hgdandi ddhesamppacant1pH of the

mxture vwas ag Psiefl HdPWo Bud38o 1o RPWe Budse DYy tdie Gapef ul addition
met e %{1} x 1 QS\rl('?id)

of 32% net hanol i ¢ potassi um oX|i sol ut1on The pH of
the m xture WAXSTRHIdR oREAERel (L1, fiepphases were separated and

15 the aqueous layer was extracted with methylene chloride
(2 x 80 ml). The product rich methylene chloride layers
were combined, and methanol (15 ml) and
chlorotrimethylsilane were added. Ethyl acetate (50 ml)
was added slowly (15 minutes) to the methylene chloride

20 solution of the title compound at 34 to 37°C and the
mixture was stirred until crystallization was evident.
Additional ethyl acetate (175 ml) was added to complete
the crystallization. The resulting product élurry was
cooled to 15 to 25°C, the slurry was stirred for at least

25 one hour and the product was collected on a filter. The
wet-cake was washed with ethyl acetate (2 x 50 ml) and
the product was dried under vacuum (150 mm of Hg) at 45°C
for 16 hours to afford 25.2 g of title product as a white
crystalline powder, m.p. 239°C (decomposes).

30 IR (KBr), 3437 (w), 2950 (s), 1982 (w), 1757 {(m), 1737
(s), 1665 (s), 1496 (m), 1445 (m), 1373 (m), 1281 (w),
1209 (m), 1066(w), 1004 (w) and 983 (w).

'H-NMR: 300 MHz; CD,0OD: & 1.55 ~ 1.80 (m, 3H), 2.0 - 2.5
(m, 5H), 3.0 (ad, 1H), 3.3 (m, 1H), 3.75 {(s,3H), 5.15 (m,

35 1H) and 5.65 (m, 1H). ¥?C-NMR: 75 MHz; CD,OD: 8 17.93,
25.75, 30.83, 30.91, 31.97, 52.38, 52.66, 52.35, 59.82,
171.84 and 172.68.
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25 the careful addition of potassium nethoxide (16 ml) maintaining the
tenperature below 5C. In process 1H NWVR anial ysi s ﬁf thfa pr oduct }spl urryd t
i ndi cat ed {Rph neutralization was conplete. The so e produc
slurry was excﬁaair}ged with ethyl acetate (total 3160 m) ggpls}lsgl;}svacuum
distillation at | ess than 30C, concentrated to 400 mni vgl ]tcme, 38| luted with
tert-butyl methyl ether 800 m), C%E@JIEEZOC agitate or m nut es,
and fiI%/ered. yh ( ) wth c IC|umchIor|de di hydrate
(135 g in 9 por € Jaav et hyl ene
gl ycol was absorbed bydieucs. ] = el ; esulting
slurry was -18 WD 02/ 42258 PCT/U899/15380 filtered Lo af[ord i’i filtrate
cont ai ni ng 49.7 of title _product -Di et hoxy- L- nor u.in
e, nethyl ° .er, g §5’ S(R¥O d‘f}?"ﬁ ﬁfcfxaif&’&e 1I‘1F) o"3e &1se preppredi| Tiroa .
_tyl) - am nolatnncemﬂnarget@Zt@ FHOCEERONHEOEE3urd. O S-S OH OH  H2N, COOCH3
H3COOC NH2 OCH3 H3C OCH3 OCH3 N-(Trifluroacetyl)-L-honocysteine, 10

(1- >1)d|sulf|cge(55 g), was dlssolve' (00 m) and the
resul ting sol @i on w et EtiYero8 acetate
sol ution of ($skExXam no- 6, 6-di rret hoxy- hexan0| c aci d met hyI ester (about
49.7 g, 17087 m of solution) over 10 m nutes. The resultl ng 15 m xture was

stirred for one hourUaggrtgft éé@&?l i£%2t¥imethyl silane (532 g) was

added to a slurry of (S)-a-amino-1,3-dioxolane-2-

pentanoic acid (380 g) and dimethyl sulfite (228 g) in
methanol (4560 ml) to afford a homogeneous solution.

15 Following the observation of an exotherm to 29°C, the
solution was heated to 42°C, stirred at that temperature
for 8 hours and at about 22°C for 16 hours. In process
HPLC analysis showed that a 93 M% yield of product was
obtained. A portion of the resulting solution containing

20 53.4 g of title product was cooled to -5 to -10°C with
stirring and the apparent pH of the mixture was adjusted
from -0.38 to about 8.32 by the slow careful addition of
32% methanolic potassium methoxide solution (2 x 100 ml).
The pH of the mixture was further adjusted to 11.45 by

25 the careful addition of potassium methoxide (16 ml)
maintaining the temperature below 5°C. In process ‘H NMR
analysis of the product slurry indicated that the
neutralization was complete. The solvent of the product
slurry was exchanged with ethyl acetate (total 3160 ml)

30 wia a vacuum distillation at less than 30°C, concentrated
to 400 ml volume, diluted with tert-butyl methyl ether
(800 ml), cooled to 0°C, agitated for 30 minutes, and
filtered. The filtrate was treated with calcium chloride
dihydrate (135 g in 9 portions) until in-process GC assay

35 indicated that ethylene glycol was absorbed by the
calcium chloride dihydrate. The resulting slurry was

-18 -



was filtered. The wet-cake was washed tert-butyl nethyl ether/ethyl

acetate (2:1, 250 m) and dried under vacuumat 30C to afford 98.0 g of
title pro ; . 129.1 - 129.7C. 20 IR (KBr), 3317 Q?% 1sdo7r3dse( DT, :
2143 (w),q%&%{d?i%o, 1702 (3), 1648 (), 1551 (), 1444 w1380 (m) " 358
(m, 1170 (s) 1078(w), and 1057 (w). Anal- Cal ' . for C30H52F, N4Qi 4s2

C 41.38, H, fQ%teEed%ﬂa%fdild Q- é%lté.)te? Mradni Uguw 7 o"flt?L%aeH S.99;

F, 13.36; N, 6.34; S, 7.39. -19 WO 42258 PCT/ US99/ 15350 6, 6-Dim
hoxcrr-N- | N-PFORRCE} roa yl) -1, honoc)4s

honDc!)4ste|nyII- ,-no-rlF-iic-,ine, nethyl est er, (1 ->1') di snl fide 5

The product fE?”‘paFéA%9%u&§5m%&:B9ﬁ&%ﬁﬂ%ﬁ%%ﬂlﬁetﬁifgmﬁgﬁ;?nd water (13.5
m) were cgarged toa L roun ottone ask equipped with_an over head
stirrer, nitrogen |HietRiBidlrdetupte roller.

FWdroxybenzotrlazoIamhuﬂﬂamﬁabbaﬁegL;;Sleun110 sulfate (34.5 g) and water

(3.5 mM) were added to the reaction mxture. The resulting solution was
cooled to - 6C and dicycl ohexycemibodiim de (49.1 g) was added to the
reaction mixture. The reacti m xture was agitatedHC&CEFs2 to 2C until the

reacti on was judged conplgte 15 n-process _HPLCzangbysis (5.6 hours).
The reaction slurry was shes - cake rinsed with ethyl
acetate (2 x 50 m). The donbined filtrates (925 nm) | were washed with

sat ur at ed sodlunlblcarbon%ﬁe solution (125 m) and §&turated bri ne
solution (125 nl). The 2(Q esgb@¢mg ethyl acetate solygtion of the title
conpound was concentratetd46 an ol | . The of3°QR¥%s digssél ved in et hyl
acetate (900 m ), concentratled to an oil, and thisY oil was again dissol ved
in ethyl acetate (300 m). Aert- butyl nmethyl etheg (300 m) was added and
the resulting 25 solutionjwas polish filtered and t filter-cake was

OCH,

H5C

OCH,

OCH4
N- (Trifluroacetyl) -L-homocysteine,

10 {L->1')disulfide (55.8 g) was dissolved in ethyl acetate
(200 ml) and the resulting solution was added to a tert-
butyl methyl ether/ethyl acetate solution of (S)-2-amino-
6,6-dimethoxy-hexanocic acid, methyl ester (about 49.7 g,
1787 ml of solution) over 10 wminutes. The resulting

15 wmixture was stirred for one hour and the product slurry
was filtered. The wet-cake was washed with tert-butyl
methyl ether/ethyl acetate (2:1, 250 ml) and dried under
vacuum at 30°C to afford 98.0 g of title product; m.p.
129.1 - 129.7°C.

20 IR (KBr), 3317 (w), 2951 (bxr, w), 2143 (w), 1756 (s},
1702 (s), 1648 (s), 1551 (m), 1444 (w), 1390 (m), 1358
(m), 1170 (s), 1078(w), and 1057 (w).

Anal. Cal'd. for C,.H,,F\N,0,,S,
C,41.38; H, 6.02; F, 13.09; N, 6.43; S, 7.36

25 Found: C, 41.38; H. 5.99; F, 13.36; N, 6.34; S, 7.39.
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washed with 1:1 ethyl acetate/fit-butyl methyl ether (2 x 25 m).

Cycl ohexane (400 m) and seed crystals were added to the conbined
filtrates @otholabsm xture was stirred for about 30 m nup@SysIdAsskHE
resulting thin 30 slurry, cyclohexane (1800 nl) was added over 75 m nutes.
After 16 hours of stirring, the slurry was filtered through paper and the
wet - cake was wpshed i JhglLt-butyl methyl _
et her/ cycl ohexane ( g) was dried under 35
vacuum at 20C and af Foduct; mp. 111 - 112C.
-20 WD 02/ 42258 PCT/ £88 gig L4 203 3290 (s) 3080 (w), 2945 (m,
2832 (w), 1740 (s), 1702 (s) 1659 (s) 1546 (s), 1445 (mo ég?3 (go,f
1196 (s), 1126 (m s uIder a a : C . for
CBOH4§3F%SN4 232(: < BT ré’ma\égfl’r r5‘1)3 g‘%lg& 8“? LAy Found:
C, 43.27; H B5.786; ml?c) éBthEN '@.363; nL) 7eus. chazgedpke 3 10L fe@ind 4oc, 7a,
10af 3|) 1 -Cct élﬁit@b&eé eXQsK- ecfdlfpgm?%oheﬁtmm«)éﬂfe%@ng%hrrler, cid, methyl s
am nol - 7H pyri | ,aze ne-/7-car Ic a

e ¢ ("(“)% egsh ﬂi?\Foj‘E’ﬁﬁ‘ﬂ% g%d %Pﬁfﬁﬁ}é $im ho y

car bonyl | - L- hG1R5&FSLLRH- H}(qrcswlqe-nap,é,nli&z@ﬂae IhdeateNHlCS(yO $$d3u@ CH20 S
OH OH 20 1b- Hen@Eprski N84 (4550 Hd Wwasedi $§o$vfepb iWereab8Bef9%0 tHd by the

addi tion of If%équ gglmyg{uXICHEfﬁg %%Eth£ng solution was cooled to -
6°C and dicyclohexylcarbodiimide (49.1 g) was added to

the reaction mixture. The reaction mixture was agitated
at -2 to 2°C until the reaction was judged complete by

15 in-process HPLC analysis (5.6 hours). The reaction slurry
was filtered and the wet-cake was rinsed with ethyl
acetate (2 x 50 ml). The combined filtrates (925 ml)
were washed with saturated sodium bicarbonate solution
(125 ml) and saturated brine solution (125 ml). The

20 resulting ethyl acetate solution of the title compound
was concentrated to an oil. The oil was dissolved in
ethyl acetate (900 ml), concentrated to an oil, and this
oil was again dissolved in ethyl acetate (300 ml). Tert-
butyl methyl ether (300 ml) was added and the resulting

25 solution was polish filtered and the filter-cake was
washed with 1:1 ethyl acetate/tert-butyl methyl ether (2
x 25 ml). Cyclohexane (400 ml) and seed crystals were
added to the combined filtrates and the mixture was
stirred for about 30 minutes. To the resulting thin

30 slurry, cyclohexane (1800 ml) was added over 75 minutes.
After 16 hours of stirring, the slurry was filtered
through paper and the wet-cake was washed with a solution
of ethyl acetate/tert-butyl methyl ether/cyclohexane
(1:1:6, 175 ml). The wet-cake (194 g) was dried under

35 wvacuum at 20°C and afforded 77.6 g of white title
product; m.p. 111 - 112°C.
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m) and the resulti n'g pH 13.3 solution was cooled to 5C. Benzyl

chl or of ormat e (21 m) was slowy added (over 135 mnutes) while

mai nt ai ni gH of the reaction mxture 25 at about 33 R¥ed{3sse2ddi ti on
of 1N sodlrkgm yo’lrom de solution (192 m). Once the reaction was judged to -
be conplete by HPLC analysis, it was extracted with net hyI i sobut yl

ket one (300 nkrapesA00 3”39)0 (yye Bl Ston Wiy (gh }orﬁ@gzd g+4lge second
extraction vvazéproken b /4'225 ?99/ 1 ddition of

saturated brind sot (14 oe%)( 6665‘19) ‘\é\\ﬁd 1346 | até’ Met hanol
(50 M) was adied (o) tHhe2eériloh aquebdsr)s,oIMUBoﬂwandamdhelqﬂ-l was .adj usted to

about 2 by thg pddiiion offogoacgm'FrI@beg hydrochl oric acid 5 solution (24
The :Tgsultl ng product sl urr¥ |.tered, washed with vvater (100 m)

and 1:5 t hanol / water* {8/ Hol 8%hoF'\Aé§ -Griell i - (hcdd o818 hours to
afford 28.6 gFofindi td,e 49.@ucH.as. a6 cry,stidl.l7oneN, sl é2; sn p..7810 - 115C. 10
IR (KBr), 3544 (w, shoulder), 3329 (n), 3032 (w), 2955 (w), 1690 (s), 1534
(s), 1439 (m, 1414 (w), 1347 (w), 1250 (s), 1055 (m and 912 (w). b) 6,
6- D net hoxy-N- IN- f (nhenylm-nth xxs car 15

bonyl | - L- honocyst ei nyl 1-L-nor | eu0| neExmlgLLl ester, (1 -> ') -di sul fide
0 Il CH2046NH HN- G- O CHZ2gO (4, 74 A_ 18 e OCH3 OCH3 The.
product from part (3. tetrahydr furan (45 nm)
solution of (S)-2 i ' er (2.4 g)

cooled to -4C t he
(©)—ct—oty
| 0 COOCH;
H
15
a) = =L-
- 1) —~
i I
NH—I(I:'—O—CPIz_@ Q'H-C-O-CHZ_©
~ o)
S-—
OH OH
20 L-Homocystine (15.0 g) was dissolved in water (90

ml) by the addition of 1N sodium hydroxide solution (137
ml) and the resulting pH 13.3 solution was cooled to 5°C.
Benzyl chloroformate (21 ml) was slowly added (over 135
minutes) while maintaining the pH of the reaction mixture
25 at about 13 by the addition of 1N sodium hydroxide

solution (192 ml). Once the reaction was judged to be
complete by HPLC analysis, it was extracted with methyl
isobutyl ketone (300 ml and 400 ml). The emulsion which
formed during the second extraction was broken by the
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resulting solution in one portion and the reaction mxture was stirred

mechanical ly under a nitrogen 25 atnosphere for 18 hours until it was
j udged to 02/ | ete by HPLC anal ysis. The preci pi tatelgl(E [ﬁlgpg % hexyl urea
was renoved by filTtration and the wet- cake was washed w WP Pa ydr of ur an

(15 m). The -22 WD 02/42258 PCT/ LJS99/ 15380 conbined filtrates were
diluted with %&ﬂﬂkl@ﬁeBﬁt§a£&£g£edﬂﬁkan@aéggg$fﬁﬁ'RdyHgﬁ) 883ﬂ?@Qate buf f er

(40 m) and turated sodi um bi carbonat e

organi c | ayer SEoNEERt PERTPHSS -an MsFPaRpL v(actq.jd“l)S“ﬁaédPé@%‘liv"éa the et hyl
acetate (45 nirpicandgdebusesolmttivn st theepll wexads ustedr Yot sibdutze t he
product. ATtehy $he! BhBGLiSE of WdibeRtxafbh HadSARALILE for one hour

t he producé wet - cake was co ecte washed with (1:2.5)
ethyl acetdt eSP3pEaRE (86 W) . THe rosReEinaRrfictdslegrynvaacuo to afford
4.22 g of the fiilltleeedpr odsitd¢d asi tihiviae eer Ysoa@lms) agd 1269 - 110C. IR (KBr),

3309 (), 306elWhno3PR2eéM) (vdIaR10M and /s diSdedl 36 vhSho 4614 S). 1537

s), 1439 1388 1260 1132 and 1056 . 15 ¢) f4s- (4a,
ga? 10a0) gy®<§ﬂﬁ§ﬁ ngg§f6§% %p(gﬁg of tit éoproduct as an%rystal ine (

11( phenyl met h@qlﬁdarmopyllafm - Mgls°+ pyrido- L2, -bl , ~1 thi azepi n
-7- _ar bay! e (@ekd, 3§£@Ylweg§ﬂourld%9)D§-3Bt(‘?rl)oer336t3?”(ﬁ9| {8506 g) was

e pro uct from

added to a nitrog p met hyl “acetate sol uti‘on 0

part (b) (0.29%g ?g8§ Zﬁpt 015%(%odﬂﬁﬁ?rré‘?ho>a4dé (@ ut3dh (5% i n

met hanol , 0.022r$10) (whs H@Ped(n)o arige 928 fehction mixture and it was stirred
for about 30 mnutes wuntil it was judged conplete by HPLC anal ysis. The
nonomer solutiqQn was_siirred.at -7C for another 60 ninutes and

chl or osul flgnl ®laci d %O&E%“%tl}%@—éﬁdéﬂgh@&w ~ 3 =

egter, (1->1')-dignifide

. |
@—CHz—O—IJ}-NH ' Hg—lc-ol-CHz—©

HY, _ COOCH; H;c000._ pNH
OCH; HiC
OCH, OCH;

The product from part (a) (3.0 g) was added to a

20 tetrahydrofuran (45 ml) solution of (8)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester (2.4 g) cooled to
-4°C. Dicyclohexylcarbodiimide (2.53 g) was added to the
resulting solution in one portion and the reaction
mixture was stirred mechanically under a nitrogen

25 atmosphere for 18 hours until it was judged to be
complete by HPLC analysis. The precipitated
dicyclohexylurea was removed by filtration and the wet-
cake was washed with tetrahydrofuran (15 ml). The
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Stirring was continued at -7C for 4 hours and then the 30 reaction m xture
was stored in the freezer for 16 hours. The reaction m xture was washed
with 30 hywq,[)q‘g ic acid solution (2 x 10 M) and sat yghtdy, 94 um

bi car bonat &° "&861Ut i on (2 x 8 mM). The organic |ayer was rled an
concentrated to a residue affording 0.31 g of title 35 product as an oil

(94.2 W) lggmb}._ﬁei o ﬂ%ﬁé}o%ﬁhﬁuwd Wi %%ﬁgi §c£@a&{] Naperticle

si ze, 4. Bgot assi um di hy ng£ ate
sol uti on pH mi)>3 Weshed 4pHss BECP- IRDOFRIEEEy Puf fe¥: ‘{H‘)\/a‘1 etonitrile,
20 microliter shRjie8t édNsodialnund calrbbrat @tsdlud i/ enx a)Slﬁ]m vedhtl. 8 ng in

50 m  of mbb'r%aﬁk]ésfayér mo%cénf:ﬂ&ed% afP o1l 086 3Vadus,4- Am nooct ahy
ro-5-oxo-7_-pyri. do-_12, 1 - bl_.11 , 31 _hi . -tai n_7- carboxyl i c aid,

met hyl est &r rﬁgaﬁaolmdow FFhl REpBREGT (49 ﬂﬁdnanylsd%l%ed (Rt
-di sul fide OsQffbicidit Nikddhe to~criex&t yze-tReSpoBuct anmﬁystlne (5. 37

g) was dissol yed. g%n%o&ggc ' o hzgt&m%ng Q& f%%gag.e Lﬁrsﬁ sh%I yt I on which

was 15 cooled to nan i1ce I c an £ was added
to this sol utt8f BFEPWFS e Iveiakepyas 2oHefiicss Onaﬁdf% 'éere-'mﬂer“mre of the
reacti on m xt waehedseitly aba@its) 28Gy1 TheetaahepranexX (80 enMas Fterred for 6

hours untijh ktWeske UHEehtixPe COHRLEE Q&ff‘d@'&%aﬁ@'é‘%@ th@“i‘:l%@er eaction
m xture was quenched by the addition of ice water (10 nl) and was then

concent rat ed PFOYUGHi 28 Whi® FfssAlE/ rBtRr 0y apdt8f6r. The white residue
was IR (KBr), 3309 (s), 3063 (w), 3032 (w), 2955 (m), 1742

(s) 1696 (&), 1655 (s), 1537 (), 1439 (w), 1388 (w),
1260 (m), 1132 (m) and 1056 (m).

15
c) = - -5- -4~

methyl ester
20

D,L-Dithicerythritol (0.06 g) was added to a
nitrogen sparged methyl acetate solution of the product
from part (b) (0.295 g) cooled to -7°C. Sodium methoxide
solution (25% in methanol, 0.02 ml) was added to the

25 reaction mixture and it was stirred for about 30 minutes
until it was judged complete by HPLC analysis. The
monomer solution was stirred at -7°C for another 60
minutes and chlorosulfonic acid (0.018 ml) was added.
Stirring was continued at -7°C for 4 hours and then the

30 reaction mixture was stored in the freezer for 16 hours.
The reaction mixture was washed with 3% hydrochloric acid
solution (2 x 10 ml) and saturated sodium bicarbonate
solution (2 x 8 ml). The organic layer was dried and
concentrated to a residue affording 0.31 g of title

35 product as an oil (94.2 M%). HPLC: Tr = 6.02 min (UV 210
nm) : YMC basic 5 micron particle size, 4.6 x 250 mm, 40
v/v% (0.01 M potassium dihydrogen phosphate solution, pH
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further dried under vacuum at anbient tenperature. The resulting dry white
powder (6.9 g) was suspended in 25 refluxing chloroform (40 m) and

denat ured QigwAYss (SDA 35A, 8 m) was added. The n1xtur§bﬂﬁ§mﬁ§ pwed to
cool to about 20C, the product was filtered and the wet-cake was washed
with cold chloroform After drying in vacuo the title product was i sol ated

as a whi t GOCEMS.Tog|:| 'Bbengw\%eto%ﬁt(r@lg5 80 ©LMDi ek MYR: blsz SEDDNBO
- 2. , 2.0 3 r s,

8.1 (s, 2H), gojom d?%‘if‘—ﬁda#d%l‘f g‘]l/m?é Oz?ﬁsgog %ﬁi%zﬂgvﬁ*o@ 58

PCT/ 1JS99/ 1538¢ mpbile phas®rnyl -L-hono .ys i nyl 6, 6-dim -

hoxy-L-norl (-i] _i nP, nmethyl P, t-er, (1 >1 ') - dlg 11 fid. 5 0 OOCH3
oHCHV/, ., s~~~ N H H3C S H3CO S nggmﬁggxg HN OHC COOCH3

(S)-2-Anm no- 6, 6- dlnethoxyhexan0|c aci I ester (2. 05 g) was added to
a tet rahydr Of uf G- U Dali 47 O 4110, e~ e 14 1) 6 410 b aIDY | g) at

22C. 10 The resul g NGk - eStiine Ky - Sk
m nut es, and dlcyclohexylcarbod||n1d: !
m nutes of agitation the sticky

10 a) . 1 ' Ss1t)-
/IOI\ I
H - Hg/JL\H
HO\“//I\\///\\ ~ OH
S—S/\/\"/
0 0

L-Homocystine (5.37 g) was dissolved in formic

acid (23 ml) to afford a viscous solution which was

15 <cooled to 5°C in an ice bath. Acetic anhydride (11.2 ml)
was added to this solution dropwise over about 4 minutes
and the temperature of the reaction mixture rose to about
10°C. The reaction mixture was stirred for 6 hours until
it was judged to be complete by HPLC analysis. The

20 reaction mixture was quenched by the addition of ice
water (10 ml) and was then concentrated to a white
residue on a rotary evaporator. The white residue was
further dried under vacuum at ambient temperature. The
resulting dry white powder (6.9 g) was suspended in

25 refluxing chloroform (40 ml) and denatured ethanol (SDA
35A, 8 ml) was added. The mixture was allowed to cool to
about 20°C, the product was filtered and the wet-cake was
washed with cold chloroform. After drying in vacuo the
title product was isolated as a white crystalline powder

30 (5.85 g, 90 M%).
1H-NMR: 300 MHz; D,DMSO: 8 1.8 - 2.0 (m, 2H), 2.0 - 2,2
(m, 2H), 2.8 (br s, 4H), 4.4 (br s, 2H), 8.1 (s, 2H), 8.4
(d, 2H) and 12.6 - 13.0 (br s, 2H).
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slurry was replaced with a finely divided white powder as the reaction

progressed. The reaction was agitated for 15 15 hours until it was judged -
conpl ete alysis. The precipitated dicycl ohexyl of enmoved by
filtration anc%(%%ﬂ wet - cake was washed with tetrahydrofﬂtﬁgﬁgﬁg m). The -

conbined filtrates were concentrated on a rotary evaporator and the
resi due was 20 dissolved in nethylene chloride (100 m). The resulting

solution was washed with water (50 m), 5%citric acid (50 ml) and 5%
sodi um bi car b8hat e M%%GWJ% c | ayer vas dried over
magnesi um sul fate ang DGkt Be el foyine 2 h§ tasy, evapor at or
affording 25 the proEH_ct:l .()3_.§_% gk-ag a sti cky f oam The foamwas purified
by radi al chromatography using a solvent gradient of 5 volune o nethanol
in ethyl atetate to 10 volune o methanol in 6‘%%% acetate to afford 2.83 ¢
(81 -25 WD 02/ 42258 PCT/ US99/ 15380 M oof th duct as a yellow gl ass.
xefluxing ethyl acetate, and
hexane (30 nl) was added to the cl oudpoi . The resulti ng m xture was
stirred at anbient tenperature for 5 16 hollr s he product was filtered and
The product was dried in
vacuo to afford 1.3 g (37.2 Mg of tshe pr t as an anorphous solid; mp.
88 - 92C. IR (KBr), 3319 (s) 2940 ( ( shoul der), 2116 10 (m,
1747 (s), 1649 (s), 1547 (m), 1439 ¢m, 138 %3, 1219 (m, 1137 (m and
1060 (w) . C) 14S- (4a, 7a, ] oaD) - Cct ahytn@i,5- 0X0- 4-

(N-formyl)-7H pyridol 2,1-hl 11, 31thia elene- 15 7-carboxylic acid, nethyl
ester 11 N HC-NI1 0 COOCH3 H

OHC

COOCH;
(S) -2-Amino-6, 6-dimethoxyhexanoic acid, methyl
ester (2.05 g) was added to a tetrahydrofuran (45 ml)
slurry of the product from part (a) (1.62 g) at 22°C.

10 The resulting thick, sticky slurry was agitated for about
10 minutes, and dicyclohexylcarbodiimide (2.29 g) was
added. After about 15 minutes of agitation the sticky
slurry was replaced with a finely divided white powder as
the reaction progressed. The reaction was agitated for

15 15 hours until it was judged complete by TLC analysis.
The precipitated dicyclohexylurea was removed by
filtration and the wet-cake was washed with
tetrahydrofuran (10 ml). The combined filtrates were
concentrated on a rotary evaporator and the residue was

20 dissolved in methylene chloride (100 ml). The resulting
solution was washed with water (50 ml), 5% citric acid
(50 ml) and 5% sodium bicarbonate solution (50 ml). The
organic layer was dried over magnesium sulfate and
concentrated to dryness on a rotary evaporator affording

25 the product (3.82 g) as a sticky foam. The foam was
purified by radial chromatography using a solvent
gradient of 5 volume % methanol in ethyl acetate to 10

volume % methanol in ethyl acetate to afford 2.83 g (81
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D, L-Dithioerythritol (0.24 g) was added to a 20 nitrogen sparged net hyl
acetate solution of the product frompart (b) (1.05 g) cooled to -10C

Sodi um et {eydaAesgsol ution (25%in methanol, 0.07 m) V"aﬁcﬂﬁﬁﬁs;{sf? t he
reaction mxture and it was stirred for about 16 hours. Following HPLC
anal ysis of the reaction m xture, 25 additional D, L-dithioerythritol (0.03
g) and sodi umysetdpoxhde$04HLLE Al (g@)@l'lgwngiﬁégpl ’T}% QLoth) ugre added
and the reaction._m xtyre was stjrred for on our. ol I"ow ng HPLC anal ysi s
of the reacti off it §réss WAl t17Rves, Lrdrehieetsd mEhvdl acetaseg) and

sodi um 30 net kod dexsaleut(BONmI R584s rnddetihanothe Oc dudripoiwer.e @dded and the
reaction m xt [ il s pud : P
el ysi 5. The e, SR T 01 METFALre Sefd (10
m) and safur ated %6 WBE2PEPsH prer £i356re938e ndiveh-Erbar BeRat e

sol ution (10 M3sheph@ighgharens al@ex 4vasd) conteatprdt-tovas doiedyin
evapor at or to waiduer ot AEfoedudes MPNRTER 8%) Aot hikk didiice 68-84 9. 80M).
The nononer was di ssol veg,i n methyl acetate and the resulting 5 solution
was sparged WIRTROFSGERIDET PP Aftfer] y2£C150 (2 g) was added. The

reacti on m xt Uik (k@g)st BELed(st 2AV® (md,13658n(w] dHwuldeadt i ppisvas conpl ete
(16 hours)ioas (d)udaed 7byshPLE analyjsi §54%h es{ fh yvagy)f i | ed-pof f and
washed with me(t )yl acet gtbe-| (%5 m SM Tflig‘l?i frtn?étielga vvere)'l(%%\?vgsﬁrgg'vmth
saturat ed sodi 9bi(8'§r'b8f'13?e o134 30602 ()10 nl) and the aqueous wash was
back extracted with nethyl acetate (2 x 5-m). The conbined organic |ayers
were concentrated i gacy : | AMdo-af  the title product
as a residue. 15 1H : m 6H), 2.3 - 2.6 (m
2H), 2.9 - 3.0 (m 1H 3. o : SHpa=R3U8s (m 1H), 5.25
(m 1H), 9535 (m 1HZ-carbogtytic aclid), mahbyB @stter 1H). 13CG-NVR 75 MHz;
CDC13; 16.99, 24.73, 31.13, 32.60, 49.89,

N
I 0 COOCH;
H

D,L-Dithiocerythritol (0.24 g) was added to a

20 nitrogen sparged methyl acetate solution of the product
from part (b) (1.05 g) cooled to -10°C. Sodium methoxide
solution (25% in methanol, 0.07 ml) was added to the
reaction mixture and it was stirred for about 16 hours.
Following HPLC analysis of the reaction mixture,

25 additional D,L-dithiocerythritol (0.03 g) and sodium
methoxide solution (25% in methanol, 0.01 ml) were added
and the reaction mixture was stirred for one hour.
Following HPLC analysis of the reaction mixture,
additional D,L-dithicerythritol (0.06 g) and sodium

30 methoxide solution (25% in methanol, 0.01 ml) were added
and the reaction mixture was stirred until it was judged
complete by HPLC analysis. The monomer solution was
washed with 0.01 M sulfuric acid (10 ml) and saturated
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20 51.09, 52.31, 59.05, 160.08, 171.21 and 172.59. HPLC. Tr = 8.42 min. (W
210 nm: YMC basic 5 mcron particle size, 4.6 x 250 mm 75 v/va (0.01 M

potassiunkgbﬁ?géggen phosphat e solution, pH 4.0): 25 v@*%@g&g&g&itrile, 20

mcroliter tion volune eluted at 1.0 mM/mn. 25 d) , 7a, ] 0Oa)
1 4-Am noo _ _ahyrdro- 5-oxo-7H-nyrido [2, 1-1bl fl, 31 hi a pine-7 .ar
oxyli c¢ acid, .. e r r; Congentrat ed drochloric
acid (0.4 m)sﬁwgé%dbdle%‘e‘{d&a?éngtgﬁg%?’?s&&thﬁgri (85 ?r%?mtchg%b’?gduct from
part (c) (0.52g) canecrtiatasl @R anTARITY i SV RRSF aRPrhtRed &foqd the nl). The
reaclti on En‘xt ﬁ!’r@dé\/arﬁ%ﬁérhéf% at tﬁ’ilbkelliquicﬁn(m@at gr elsm%)iJ i'I‘heVVaZ j udged
conplete (72 hours 35..HPLC_anal.ysi s.. The t.hang S reno in vacuo
and the resi 81880\5\%5 ‘é?%s%llsvsggvlergl f‘ﬁl rﬁ%/t_-(‘]l%lchco@r%f—"gea%?% %rrﬁs)u\ig‘rllﬂg washed
wi t h net hyf eneodhf ben deag Epargesl yitiThel tiepassuefore \Aonioylyz2585°
PCg/ 1ﬂ899/ I1538@ g) aves m&azmﬂeede&bﬁfhbrlpm&&&iﬁunwgarm Ta@m@;ﬁow-h5
and the sol ution extracted w_th. net ene ori 6 8 . The
organic extra&?sl§€¢eu%%ﬁg§hergFglp%%nJg%ﬁéf’ geéFvégg.%Wnﬁﬁ(fﬁ Mo) of
title product jadgedreyiBRLC aRalpsipR TI3O0ravdn wepCE8iterad-®tf and (m 6H),
EH)Z - 265 (2] wadhkad ﬁi%cn(éﬂhyaH)aceBaE5 (55 mahl)., 4nd fﬂﬂtréldé)SA ,wér%5 gg] 83
, an : . - ; ; ; : : . 83,
35 1o 5100w akethii e Bty MKy %]%ﬁé’%%?ggligﬁﬁ&d& B %1872 3 86
mn. (W 210 A aviiCbesaqiemus wash e thadke extractad gviclpmethl 75 v/ vy
(0.01 M pot assiufngehysiregeml)phospbatansaldd i2Ganpll #afrs WRer¥/ V%
acetonitrile, 20ccHt£40L4 LAI JAHBCELORE HOLUME LUk 8Y @) 1o v/ Min. 15
Examral P S F45-?4a,7 X, 10af) 1- Gct ahydr o- 5-oxo-4- t (tri fl uoroa . - .yl)
am nol -7H pytitde-pyoduct e B res3zduenj 5 e | n --7- arboxyl i acid,
met hyl estl&r *H-NMR: 300 MHz; CDCl,: 8 1.7 - 2.2 (m, 6H), 2.3 - 2.6 (m,
2H), 2.9 - 3.0 (m, 1H), 3.3 - 3.4 (m, 1H), 3.8 (s, 3H),
5.15 (m, 1H), 5.25 (m, 1H), 5.35 (m, 1H), 7.2 (br s, 1H)
and 8.2 (s, 1H).
BC-NMR: 75 MHz; CDCl,; 16.99, 24.73, 31.13, 32.60, 49.89,
20 51.09, 52.31, 59.05, 160.08, 171.21 and 172.59. HPLC: Tr
= 8.42 min. (UV 210 nm): YMC basic 5 micron particle
gize, 4.6 x 250 mm, 75 v/v% (0.01 M potassium dihydrogen
phosphate solution, pH 4.0): 25 v/v% acetonitrile, 20
microliter injection volume eluted at 1.0 ml/min.
25
d) = -4 -Amj =

30 Concentrated hydrochloric acid (0.4 ml) was added
to a methanol solution (8 ml) of the product from part
(¢) (0.6 g) and the solution was diluted with water (0.4
ml). The reaction mixture wag stirred at ambient
temperature until it was judged complete (72 hours) by

35 HPLC analysis. The methanol was removed in vacuc and the
residue was dissolved in 1IN hydrochloric acid (10 ml) and

washed with methylene chloride (2 x 6 ml). The aqueous
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S ONIlI F3CGCN 20 HO COOCH3 The product from Exanple 1(c) (2.0 g) was
di ssol ved in net hyl ene chl ori de/ met hanol (20 M, 8:2) and zinc netal
powder (0. 4R @hi4as added. To this suspension 25 met hanessfi&9)i6s@ci d (2.3
g, 10 eqg.) was added and the mixture was stirred at roomtenperature until
it was judged conplete by HPLC assay. Typically, the reaction takes about
one to two ho‘ira%etrowgg bestpra Q&l't@lnﬁo-'t_ggs:L%OMorﬁttr LM pas yashed with

water (10 m) d e 3 yl ene chl ori esolutl was concentratedto
dryness to afafr&r&thﬁhé’og‘é‘éf‘?%d”iﬁc?dﬁﬁacﬁg afitOF IMQEEYEEE? GRLioBEITMAg . - 28
WO 02/ 42258 P&T/8US39/-1538B8 Orlﬁfﬁfsl%|e|Xtc¥éﬁtBeW%7€mmlto@dlttr@thSm(Tds%tc'uqa
10aP) ] -4 anigipqtahydse- @é@ﬂ’ R kdef 2, ﬁr&idéu %]st 'a' 3eePaRe: /-

carboxyllc ach , th rachlarid |ng i hanol and
reacting vvlth po m# &Hr b ngt e%sg gtl o% f W"o ‘éonc nl%nr3 ed
hydrochl oric 28i.d 3a§5démerzlb)e.d 3 1VSEX@ERpBRE) 1(4)1 @darrlee 6562564 m .
hoxsr-N- IN- rqigyf | qh@r 824- (m, _#4)). -L-hono .ystei nyl 1 - 10 L-nnrl _ i n e,

met hyl ester, 1) - di qul de The r oduct _ of Exarrp es_1(c and 2 was al so
prepared as f(;l‘-}d\‘}\véR 7% E’f R SRS 9661 2 WY 3L-Rdnp3s8 3 @Pr>1")-di s
| fi G F The praddueét (51‘2 Eganp? e92,( &7 w/as alrso7praephrad .ae - fHPL@wsrr 20 Under

ni trogen, 1o- hamecyst kAg. ( 18v 3#h @)nmnd v820ba HOE a5 ShiWPAELRRKLdEe | N NEt hanol

(22.97 g) were Charqeg to250 mm, 75 v/v% (0.01 M potassium dihydrogen

phosphate solution, pH 4.0): 25 v/v% acetonitrile, 20
microliter injection volume eluted at 1.0 ml/min.

15 Example 5
ENE:
o) N.
]
F3C—C—N
20 H o] COOCH;

The product from Example 1(c) (2.0 g) was
dissolved in methylene chloride/methanol (20 ml, 8:2) and
zinc metal powder (0.45 g) was added. To this suspension

25 methanesulfonic acid (2.3 g, 10 eg.) was added and the
mixture was stirred at room temperature until it was
judged complete by HPLC assay. Typically, the reaction
takes about one to two hours to go to completion. The
product stream was washed with water (10 ml) and the

30 metﬁylene chloride solution was concentrated to dryness
to afford the desired product as an oil (1.1667 g,
68.7M%) .
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a 500 mM three-neck round bottom fl ask equi pped with an overhead stirrer,
t her nonet er, nitrogen inlet, vent, and an addition funnel. The addition
funnel wa vvlth 25 nethanol (10.2 g) and the rin ed to the
m xt ure. %*ée resul ting slurry was thoroughly stirred wﬁ)?ﬁﬁgg%ﬁ agitation
at roomtenperature for 30 to 40 mnutes to obtain a clear solution. Ethyl
trifluroacetate (15. dded ulit,kn t t,arate

whi ch 30 mai nt ai ned ‘E’F}%} roel\aygt%lagngtgeﬁ%rg?%t]%rde%%t [%E 94&2%% io%{?)? addi ti onal
funnel was ri ABEBOQFEIRYARATRTONOCZHTPYYiGmIP 1k [Ri Abehirzerdaged -t o t he
reacltl on ni xt heboAPEi ¢ rAA, | &&tﬁyltélé@eﬂ\/a%}}iﬂ&ébﬁdogldé"aﬁo 40C unL il 4
conpl eti on as I t.hano was charged to
the reaction 5gggf\¢1,g% Ip“%t%%?lgi Fﬁécr?a%l}}% tg Susrlg) about 25C).

Aci di fi ed AquEBHRONFE @W@Mfs}lewe%a%dzwea%@ «?nlngd cated -29
WO 02/ 42258 P&ELESRS/ A& bddy dhoskbmpie w@)d (12 g) and sodium chl ori de
(1.44 g) in water (130 g)] and n-butyl acetate (100 nf) were added to the
m xture. The phases were separated and the organic phase was washed
consecutively with 12 and 24% brine @K%P%ml—%ns (60 g each) The washed
organi ¢ phase W& )i helt ek 1FYLoEL s or&idwiial vol unme
of 160 mrl and t hen,cg content of
the disti ?ate was ] ST 5C, hept anes (80
m) and some 10 seed crytals (30 ng) were added to t he product sol ution.
Addi ti onal hept anes T@Qmﬂd);cwebe Blgesh 40 1t (ke agaystwdd izgald on m xture
slowy over 6 1esulting slurry was stirred at about 25C for
1to4 hours a e pro uct was collected on a filter. The 15 product
wet - cake was vvashed W th 9 1 hept anes/n but yl acet ate (50 m) and then

wi th hept ahesaf50 m ‘ , 45C) over ni ght

(16 - 18 hours) to Elfgl'g _%9; a]ﬂigltleproduct |

The product of Example 1l(a) was also prepared as

follows.

20 Under nitrogen, L-homocystine (13.34 g) and 32%
potassium methoxide in methanol (22.97 g) were charged to
a 500 ml three-neck round bottom flask equipped with an
overhead stirrer, thermometer, nitrogen inlet, vent, and
an addition funnel. The addition funnel was rinsed with

25 methanol (10.2 g) and the rinse was added to the mixture.
The resulting slurry was thoroughly stirred with rapid
agitation at room temperature for 30 to 40 minutes to
obtain a clear solution. Ethyl triflurocacetate (15.2 g)
was added to the resulting solution at a rate which

30 maintained the reaction temperature at 35 to 40°C. The
additional funnel was rinsed with methanol (2.7 g) and
the rinse was added to the reaction mixture. The -
reaction mixture was heated at 38 to 40°C until
completion as judged by in-process HPLC. Methanol (2.7

35 g) was charged to the reaction mixture and it was cooled
to room temperature (about 25°C). Acidified aqueous
brine [143.4 g, prepared by dissolving concentrated
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Anal ytic
2.9 (m’
Merck Li

al data: ''H-NVR 360 Miz; D6DMBO 8 2.1 (m 20 2H), 2.4 (m 2H),

4H),

4.5 (m 2H) and 9.9 (s, 2H). HPLC. Tr =5 mn. (W210

nm: E.

ch NH21 250 X 5 nm 5 micron, 25 vo 0.025 pH =
4.5- 75 v% acetor‘??t rile, 20 mcroliter injection volune E(ng%gg at 1.0
b) (P) -2-Am no-6, 6-c3i nethoxyhPxanoi c: acid, rret hyI The

m/mn.

product of EXx
(S)-a-am no-1

sul AT 1338290 ) ang k-

di met hyl

APk -f‘%Zﬁlﬁ A 22 e g S A G R S 00 ana

édatsstatﬂsobl% Htlﬁr @@ra&@de@Md

bottom fl ask edhs paadunit h mhemk&mis:a;ler&t Beperated dndetiBCovPhrRic hggt Sr
nitrogeninlet}%{}g %‘%bhé dq:ucg t;;gtly L) ane o) S added to
the resultl ngp slurry 9 at e 9446%41 83(’1103%3 Eﬁn%,a

02/ 42258 PCT/ t%@@lfti%go 63.%6?(@) 2- gﬁenﬂaéh%do?%%?ﬁéﬁan‘@% aci d,
est er ,dilydedc kliohi debsayl .adkftbee ¢ool mhg o aahi@lﬂb.125&l.uméh'ﬁf

met hyl

hydrochl ori de sg 159k

ls slurry of
pot assi um bi car bonat eg@ EH‘%%%% %e%iﬁgg ?y(ti% %ﬂtﬁg ?%?e whi ch

mai nt ai ned t hé&'3H8* &8

gny ?Fo’f%ﬁ Haritiahet vae Jsﬁﬁﬁut 0hBuR¥: n- Butyl

acetate (200 rAftemascadded todalidie SA59CHyhepsanedn@E@Nmlat addusces vacuum

(110 to 30! Olddedk Bopiage! gﬁo hSTRESRA uaagaew\'\ér?@%foﬁuc%ﬁgxfugféﬁﬂano'

10 neutralized slurry
ester was hel

chl ori de

c

15

20

25

30

35

oxy exanol ¢ acl

ﬁgggfgiﬁgsslurry was stirred at about 25°C for 1 to 4
hours and the product was collected on a filter. The
product wet-cake was washed with 9:1 heptanes/n-butyl
acetate (50 ml) and then with heptanes (50 ml) before it
was vacuum dried (25 torr, 45°C) overnight (16 - 18
hours) to afford 20.7 of title product.

Analytical data: 'H-NMR: 360 MHz; D,DMSO: & 2.1 (m,
2H), 2.4 (m, 2H), 2.9 (m, 4H), 4.5 (m, 2H) and 9.9 (s,
2H) .

HPLC: Tr = 5 min. (UV 210 nm): E. Merck Lichrosorb
NH,, 250 X 5 mm, 5 micron, 25 v% 0.025 M NH,OAc, pH = 4.5:
75 v% acetonitrile, 20 microliter injection volume eluted
at 1.0 ml/min. '

b) (S) -2-Amino-6,6-dimethoxyhexanoic acid, methyl

ester

The product of Example 1(b) was also prepared as
follows.

Under nitrogen, (S)-a-amino-1,3-dioxolane-2-
pentanocic acid (25.0 g), methanol (300 ml) and dimethyl
sulfite (12.32 ml) were added to a 500 ml three-neck
round bottom flask equipped with a mechanical stirrer,
thermocouple, heater, nitrogen inlet and bubbler.
Chlorotrimethylsilane (41.95 ml) was added to the
resulting slurry which was heated at 40°C for 8 hours to
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C OHNHOGCF3 Under nitrogen, N-(trifluoroacetyl)-L 20 honocystei ne,
(1->1")disulfide (25.34 g), ethyl acetate (150 ml) and n-butyl acetate (75
m) were r g oa 500 mM three-neck round bottom fl Lhped with a
mechani calc‘bgﬁ?/?zg?st)r, t her nocoupl e, heater, nitrogen inl gﬁhlg%ﬂ 8tr'J)'be er. The
resulting solution was cooled to -10C. 25 (Chl oronet hyl ene)

di met hyl anmonj chloride (Vi lsnej . was ,charged to the
resul ting sol g?%n(égn%dﬁl(nv\éag’g??&%ﬁ&;&%gpglgl%#%htrﬁ%hﬁlﬁe reaction was
conpl ete as j GAERH. BYYIFRPHOEdss FRLE arfitpyi §oo3bng) te algny @5°Crhoxy- N
IN- ( ri fl .i eneahydroclylgridk sahenmseysii@ wagl ndutdatinped wiici ne, nethyl

es -r (1->1 L)di i - 02[4 8 P (15380 l.ed,sol ution
(0-50) of pot g)siglig#’%lgﬁrab%rjll&\égy %‘523%%5931%9%?51?0?3 Aﬁ[’yq\n"/aé"aololeol to
the n-butyP aeebatBarplr{iPoofml) SRL 23 a¥a o Whichd b higae XdsoPd aci d,

met hyl ester &apowepar{tdiyl addithenptimd ddwmtcvigheeds! y H-mgiiat ed mi xture
was adj usted b ddj_t.i vQ.Qf aqueous potassium

car bonat e sol %??g?léeTKzea&g?lgcg}ggc%P%%daer?és)&\%t iS(%Hr¥¥g°r’r?spart (c) was then

sl oWy addedcpagertyatesd ungdeyr ypcuumt el &/ itgoB8usbyrkthkesrnica Fhghasi c
m'Cxture of (S):eﬁpéﬁilﬂ@r@,&ldimthXybei@ﬁtﬁJﬁCm&@hﬁﬁbg. rm%éwylhl estgr ag d-l to
5C mai nt akRi ng_t . - 8. oughou e diacid chloride addition
usi ng ZOOH&aqg‘Sgggagg%%%ssﬁﬁ%r afgoggigﬁ._af]%'enod%atgi_d chloride addition
funnel was ri A3BECRPYXRNERAPICO apddpCpetdily lestgeeras eh¢id & M ;- &A6 t he
rinse was addedile the faiaWiow $bepi wdsin®ribiimefly m nutes after the
addition of the diacid chloride was conpl eted, the phases were separated
and the organic phase was washed with water (2 x 250 m). The rich
organi ¢ phase®has coeEhtdusgogrgbylidethapocystgbie~ 250 nl vol une at 60
to 70C folifowed by t fs &l iaci i

Under nitrogen, N- (trifluorocacetyl)-L-

20 homocysteine, (1->1')disulfide (25.34 g), ethyl acetate
(150 ml) and n-butyl acetate (75 ml) were charged to a
500 ml three-neck round bottom flask equipped with a
mechanical agitator, thermocouple, heater, nitrogen inlet
and bubbler. The resulting solution was cooled to -10°C.

25 (Chloromethylene) dimethylammonium chloride (Vilsmeier
Reagent, 16.9 g) was charged to the resulting solution
and it was stirred at -5 to -11°C until the reaction was

complete as judged by in-process HPLC analysis.

30 Q) -Dj _N- [N- (tr] Y-
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20 peanut oil (14.5 m) and heptanes (550 ml). The «crystallization m xture
was stirred at 60 to 70C for at least 30 nminutes to pernit good crystal

formation. wwpsskystal slurry was subjected to an alter patibdss
cool i ng/ hegvtl né‘/zcool i ng protocol and after cooling to 20 % fgc t he

product was collected on a filter. The resulting wet-cake was washed W th

1: 4 n-butyl acet at e/pxhggggggssgfue&o]r?qonglc nge Vﬁcﬂéﬂ% g;:igaﬁ%?%g 1

roduct wet-ca dri ed under vacuum at g of
Fhe desired pr c9t3 g4 AnwHRrEer SRS dwﬁﬁv?ﬂ@e%ﬁ—q—lﬁﬂ@ Abutyeér cent of 91

- 94. Anal yt izsaltatat &lutky NVR (QB&WnOGDO&Sdlt&ﬂhcﬁq(héExaﬁH).c icﬁ%(g] (4H)
1.8 2 S

12H) ( m3 8H) s ]m%h(ym e%@az:dgrgm(ﬁgrtz'_l)b) a%gkﬁﬁgzp%l_%f %\I(l%rét%%y 2H)  and
7.7 35 (d, rﬁ)glta§?d\/\516§r1ﬁ92‘5%s F"@D/‘-‘PESQQF?S%B@ b¥\dte iagdditapredtis: 1. A
conpound of t e fwyvituld a@lhédus Rlotals iull caPb€hat £HibIGA of-. S- €HRe- CH2- G- C=0

| H H Hai COOCHS; 3O F1 Al SB_H%__ H O3 CO~7/ CH2
lcH HC OCH3 | Aﬁ ﬁ/hérel?l Jigsgafrrl?lmoﬁghéngc)rzo“{de_%ghneg gro‘ﬁ’p 2. A

conpound of Oaéjrdrﬁdl (\ﬁl’féFeFLntP’lz |lé°‘§”eﬁ)e<§9e8heﬂ’b$ﬁ1fcﬁé9]g’r &3 resfsi sting of
trifluoroacetWiphasic mixture of (S)-2-amino-6,6-dimethoxyhexanoic

10 acid, methyl ester at -1 to 5°C maintaining the pH at 8.0
- 8.5 throﬁghout the diacid chloride addition using 20%
aqueous potassium carbonate. The diacid chloride
addition funnel was rinsed with cold (0 to 5°C) ethyl
acetate (12.5 ml) and the rinse was added to the reaction

15 mixture. Thirty minutes after the addition of the diacid
chloride was completed, the phases were separated and the
organic phase was washed with water (2 x 250 ml). The
rich organic phase was concentrated under vacuum to about
250 ml volume at 60 to 70°C followed by the addition of

20 peanut oil (14.5 ml) and heptanes (550 ml). The
crystallization mixture was stirred at 60 to 70°C for at
least 30 minutes to permit good crystal formation. The
crystal slurry-was'subjected to an altermating
cooling/heating/cooling protocol and after cooling to 20

25 to 25°C the product was collected on a filter. The
resulting wet-cake was washed with 1:4 n-butyl
acetate/heptanes (2 x 130 ml) and heptanes (130 ml). The
product wet-cake was dried under vacuum at less than
45°C to afford 41 g of the desired product as a white

30 solid having an HPLC area percent of 91 - 94.

Analytical data: *H-NMR: 360 MHz; CDCl,: & 1.4 (m,
4H), 1.6 (m, 4H), 1.8 (m, 2H), 1.9 (m, 2H), 2.2 (m, 2H),
2.3 (m, 2H), 2.8 (m, 4H), 3.3 (s, 12H), 3.8 (s, 6H), 4.3
(d, 2H), 4.5 (m, 2H), 4.9 (m, 2H), 7.4 (d, 2H) and 7.7

35 (d, 2H).
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10 phenyl net hoxycarbonyl, fornyl, phthalim do, and t-butoxycarbonyl. 3.
The conmpound of Cdaim1l wherein P1 is trifluoroacetyl. 15 4. The conpound

of C ai m 1, P1 is phenyl net hoxycarbonyl. 5. The of Claim1l
wherein P1 %%ﬁksﬂ .20 -33 WD 02/ 42258 PCT/ 1JS99/ 153539}{%%%30npound of -

the formula (I1a) NH-Pl NHPL O=i -CCH2 CH2 SSS-CH2 CH CG i =O HOHH
OH H2N, , /CCDQHQ,:I-@% iLHC /CH2 G2 H2 CiH2 H2Q /OCH3 H3CO
/CH2 |IHHC OCH3 ereln ‘PL is a nitrogen protecting group. 5 7. A

conpound of Claimé6 %erpe,q?n}pfupgl e8| &% fPT™4Em t he group consi sting of
trifluoroacetykrr) phenyl net hoxycarbonyl, fornyl, phthalimdo, and t-
but oxycarbonyl. 10 8. A co ey of C ai m 7 wherein Rl trifluoroacetyl.

9. A process for preparing the conmpound of the 15 famula (I1)
O=C—g'— CH,—CH;—S—S— CHy— CHZ_(‘:_C=O

H H
HN,, _COOCH; H;COOC~ ANH
lcf C
CH CH?
Hz( CH,
_/OCH;
HaC_ : H;CO(  CHp
?H HC
OCH; |
OCH;

wherein Pj is a nitrogen protecting group.

2. A compound of Claim 1 wherein P1 is selected

from the group consisting of trifluoroacetyl,
10 phenylmethoxycarbonyl, formyl, phthalimido, and
t-butoxycarbonyl.

3. The compound of Claim 1 wherein Pj is

trifluoroacetyl.
15
4. The compound of Claim 1 wherein P; is
phenylmethoxycarbonyl.
5. The compound of Claim 1 wherein P3 is formyl.
20
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NH Pl NHP, OC.CCH2-CHZ S-S-CH2-CH2-CG-C=O0 HH I H1tii~ COOCH3
H3COOCI APH '~ IBC CH2 CH2 H2 H2C OCH3 | C H2C 1 H3CO,HC CH2 (OCH3 OCH3
-34 WO 02/ §22p3,R¢T/ 13599/ 15380 wherein Pl is a nitrogepcpigfsishNg group
whi ch conprises: a) reacting L-honocystine to introduce the group Pl on
both nitrogens and give the disulfide internediate 5 of the formula (1)
-P1 NHPi 0=i -.c-Cg2- eH2ompsuddizsifCHaek rbrmiaOH H H OH and reacting the
di sul fide of fﬁ{ﬁl al with (S-2- 10 am no-6, 6-di met hoxyhexanoi ¢ aci d,

met hyl ester i e presence Qf sa coupling reagent to give the desired
product of formula Il; or b) yeacting L-honocystine tE Tht roduce the group

P. on both nitrogens ang=gj-ve-tue e+
1) -Pl NHPi O=i G CH| R S 6 -
he disul fide internedi ath® ofg fornul a |

(
t

Heide—ait eromgi-gtec=45 of the formula

2 CH2-Ci =0 jOHyj H OH converting
20 to an act |Hva?léd form and

[ ]
H,N, ,COOCH, H3CO0C  pNH,
% /
I N
CH CH,
72 N
H,C CH,
HC\ _-OCH, HyCO-_ CH»
CIIH HC
OCH; OCH,4
wherein P, is a nitrogen protecting group.
5 .

7. A compound of Claim 6 wherein P, is selected
from the group consisting of trifluoroacetyl,
phenylmethoxycarbonyl, formyl, phthalimido, and t-
butoxycarbonyl.

10

8. A compound of Claim 7 wherein P, is
trifluorcacetyl.

9. A process for preparing the compound of the
15 formula

(11)

NH-P, NH-P,
=c—g—CH2—CH2—s—s—CHZ—CH2—§—C=0
H ’ H |
HN,, _COOCH, H,C00C..  ANH
“H c

]
CH, CH,

Ho o New,

| OCH,

HC 7 HyCO\ CH,
?H HC
OCH; I

OCH;
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reacting the activated formof the disulfide of fornula I with _
(S)-2-am no- 6, 6-di net hoxyhexanoi ¢ acid, nethyl ester to give the desired -

product ofwhesgmiésa 11; or 25 c) reacting L-honocysti nepE?/é}SEbtn"s%UCG t he
group P1 on both nltrogens and give the disulfide internediate of the
formula (1) PL NH Pi 0=i --CGCH2-CH2-S-S-CH2-CH2-Ci =O OHHH OH 30

- 35 WO 02/ 4225Be PE 19,S59Y E5380rofemchidtedthagdysuhbiweiaf formula | with
(S)-2 am no- 656 di net hoxyhexan0| c acid, nethyl to give the conmpound of the

formula 5 (11 *NHP O-i -CCH2 CH2 S S-CH2 CH2 G C=O HO H H CH
H2N, , 1 / COOCH3 HSOOGO\ IEaNHAng HL HO WMy St@2 o  HREG-&ehizeOthH2 GroGhl / OCH3
H3CO ~' HC H2p4/ ow(boaﬂmt@e@ananandtgiaa; IIh amgus?@ﬂa?@thr}&e‘%fmeh%ew alla
with a pI| %gent to give the desired product of fornula [1. 10 10.

The pr ocess of’ Yauher ei n:
NH-P, NH-P,
O==C—C— CHy— CHy—S—S—CHy—CHy— —C—C=0
' '
OH H H OH

; and

reacting the disulfide of formula I with (S)-2-
10 amino-6, 6-dimethoxyhexanoic acid, methyl ester in the
presence of a coupling reagent to give the desired

product of formula II; or

b) reacting L-homocystine to introduce the group

P, on both nitrogens and give the disulfide intermediate
15 of the formula

(I)

NH-P, -p,

llllll%

O=C—C—CH;—CHy;—S—S—CH;—CH,—C—(C=0
I A
OHH g OH .
converting the disulfide intermediate of formula I
20 to an activated form; and

reacting the activated form of the disulfide of
formula I with (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester to give the desired product of formula II;
or
25 c) reacting L—homoéystine to introduce the group
P1 on both nitrogens and give the disulfide intermediate
of the formula

(1)
-P;

o= Icl_g'— CH,—CHy,—S—S— CHy— CH,—
OHE

m..omu%
()
|
@}

30
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L- honocystine is
reagent is

wher ei n:
coupl i ng reagent
9(a) wherein:

anhydri de and the coyplj eage
process of C aim9(h) 5&99n§ &

reacted wth ethyl

di cycl ohexyl car bodi i m de.

wherein: L-

trifluoroacetate and the coupling

el phsxy car %g

Ine 1I's reacte

15 11. The process of Caim9(a)

Wowpaystine is reacted with benzyl chlorof or pafec.,q0d,t he
i s dicycl ohexyl carbodiim de.

L- honocystine is reacted with formc acid and acetic

.di.c
it

20 12. The procéss of Claim

!

Lde. 25 13. The
mn?%gé?hyl

trifluoroacet &G ChePEERPIYhRIRdE pRdE, | Retdatted 318 WIR02/ 42258
PCT/ LIS99/ 1538®mpmutid. oEhkbe ofretinyllzene) di met hyl anmoni um chl oride to give

the correspondi ng acid chl ori de.

L- honocyst

i_ne gs
fornmula I

2is

Tideat ed wi
preparing the N-protected
COOCH3 wherein Pl ig
reacting the product of|thg formula

reacted with ethyl

-acAi-E oGP Bl

14. The process of Caim9(c) wherein:

5

trifluoroacetate and the conmpound of

(rn

S-S-CH2- CH2- G- C=0 H H HO GpOCH3 H3C000~

HZN,,’/COOCH3

ﬁqﬁgicyclo-hexylcarbodiinide.
lTactamof the fornmul &H-PRI) N Pi NHS O

£t ﬁmlaﬁ%ﬂgl l\lE H-;:| !
OH

H
L4
NH,
C

H;CO0C

CH,
N
CH,

HyCO~CH

HC
OCH,

15. The process of

15 conprises: a)
0=C~-CH2 CHz

; and

treating the compound of formula IIa with a

coupling reagent to give the desired product of formula

IT.

10

10.

L-homocystine is reacted with ethyl

trifluoroacetate and the coupling reagent is

dicyclohexylcarbodiimide.

15

11.

The process of Claim 9(a) wherein:

The process of Claim 9(a) wherein:

L-homocystine is reacted with benzyl chloroformate

and the coupling reagent is dicyclohexylcarbodiimide.

20

12.

The process of Claim 9(a) wherein:

L-homocystine is reacted with formic acid and

acetic anhydride and the coupling reagent is

dicyclohexylcarbodiimide.

13.

L-homocystine is reacted with ethyl

The process of Claim 9(b) wherein:

trifluoroacetate and the resulting disulfide is treated
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CCH2 CH2 H2~ C OCH3 | H2 H2C~-/ H3CO, CH2 IHHC OCH3 | OCH3 20 wth a
reagent that cleaves the disulfide bond; and b) subjecting the nononer from

step (a) t id catalyzed cyclization reaction to gj esired
oroduct. 9MBIEL) 42058 PCT/ 11599/ 15380 16, The procg’gﬁ%w%?”gi m 15

wherein: the disulfide of formula Il is treated with a bisnercaptan, a

hosphi ne redugi | j i et al wd
Do e oave 1 he sth? B ondtR9RY bl fou kARG ADER or Se HATE B PR
di sul fide of fBenapParesrIndindearéd @rterids i butyl phosphine. 10 18. The

process of preparing the N-protected |actamof the formula (111) S N P1
NH O COOCH3 15 wherejpn Pl.,is LLLO nr.ot hn .which conprises:
ai) reacting L- hom)c%/‘gti rllTel'let gq?rgl%%%dgggc%a;%gn gﬁ%hpgh%ﬁg%ﬁ' both nitrogens and
gi ve the ifAternedi ate-RAnqqyEtingr sl heaperqd with ethyl

trifluoroacetate and the compound of formula IIa is

treated with dicyclo-hexylcarbodiimide.

15. The process of preparing the N-protected

10 lactam of the formula

(ITII)

Pl_NH(

0 COOCH;
wherein P; is a nitrogen protecting grocup which

15 comprises:
a) reacting the product of the formula

(II)
NH-P, NH-P;

/

O==C—C— CHy— CH,~—~S—S—CH— CHz—ZE—-c=o

H _ H
HN,, _ COOCH; HyCo0G~ #NH
Ho ~cH,
| _/OCH; : I
LPEN H3CO( -CH
H HC
OCH; |
OCH;

20 with a reagent that cleaves the disulfide bond; and
b) subjecting the monomer from step {(a) to an acid
catalyzed cyclization reaction to give the desired

product.
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r-PL U+ Pi 0=i -C CH CH2-S-S- CH2- CH2- " i =0 OHg HOH aii)
reacting the disulfide of formula | with (S)- 2-am no-6, 6-di net hoxyhexanoi c

acid, neth in the 25 presence of a coupling re 95%% jve the
conmpound o the ormul a -38 WD 02/ 42258 PCT/ US99/ 15380 3 1 NH Pl
0=--C.CC-12- CHz- S—S—CHZ CH2 CGC=0 | HH Il HN., . COOCHSHSCCDO ANH C

CH2 CH2 H2 ~ CH2 H2¢E gga%]l—%g; ,OCH3 aiii) reacting
the disulfide of for mJI a_ll 5 ?;égl;elr?tht%tat cl eaves t he disulfide
bond; and aiv) subj eERPnGLEwbl i GFeforPBA? pbl t15 &reRFedowitdh aci d

cat al yzed cyclh:mtetraapmﬁctacphctsp}gjn‘ee::tahﬁmudysagaﬁi pao@uegPMtet)l ) reacting

L- honmocysti ne . @B oducs I’k?r PLood) b ns and give the
i nt er nedi ate ofe tuﬁ 5 ? F )1%}505\?1:%'1:'_}%50‘9 “CH2 S-S - CHe-
CH2- ° i =70 BIWELdeHPBR?) converting the dISU|fIde of forrrula | to an
15 activated form b|||) reacting the activated disulfide from part

17. The process of Claim 16 wherein:

the disulfide of formula II is treated with

tributyl phosphine.
10

18. The process of preparing the N-protected
lactam of the formula
(I1I1)

0 COOCH;
15 wherein P; is a nitrogen protecting group which

comprises:

ai) reacting L-homocystine to introduce the group
P13 on both nitrogens and give the intermediate of the

formula
20 (1)
NH-P; NH-P;
o= F_g_ CH,— CHy—S—S—CHy— CH, :? F= 0
OHR H OH

aii) reacting the disulfide of formula I with (8)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester in the

25 presence of a coupling reagent to give the compound of
the formula
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(bii) wth (S)-2-am no-6, 6-di net hoxyhexanoi ¢ aci d, nethyl

t he conpound of the fornmula -39 WD 02/42258 PCT/1J899/1538
NH- Pl %_{ CHZ S-S-CH2-CH2- G- C=0 | HH/&COOCHS
CHZCHZHZ H H2QCH H3CO, C CH2 OCH3 |

di sul fide of fornula Il wwth a reagent that cleaves the d
and 5 bv) subjgf ing the nmononmer frompart (biv) to an ac
cyclization reactlon to giv desired product; @ E
L- honocystine to introduce the group Pl on both nit gg hs
internediate of the 10, Lok -aCH%J-bHEJ—SNHS—%H Oy, —cC
;1 =0 OHHHOHCIii) refdcta ng the disulfide of formul W
2- ami no- 6, 6- di met hoxyhexafoitt acid, nethyl ester to v

ester to give
0 (II) NH Pl

JH HIT
v reactlng t he

|sulf|de bond;

id catal yzed
reacting

and give the
-CH2-S-S-CH2 CH2
with (S)- 15
t he conpound of

the formula -40 WO 02/ 42@5@;@0&3599/ 15380 (|l @) RVHNH- P
G C

CH, CH,
Hzf/ OCH. \FHZ
Ho, /0 HsCO. _-CH,

CH HC

OCHs |

OCH;

aiii) reacting the disulfide of formula

5 reagent that cleaves the disulfide bond; and

ITI with a

aiv) subjecting the monomer from part (aiii) to

an acid catalyzed cyclization reaction to give the

desired product;or

bi) reacting L-homocystine to introduce the group
100 P3 on both nitrogens and give the intermediate of the

formula

(1)

NH-Pl _Pl

IIIII%

O==C—C~—CH,~CH,—S—S— CH,— CH,—C—C=0
| = A
OHy H ©OH

bii) converting the digulfide of formula
15 activated form;

I to an

biii) reacting the activated disulfide from part

(bii) with (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl

ester to give the compound of the formula
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O=i -CCH2 CH2 S S CH2 CHCGC=O HOH 1 OH H2NO,, /COOCH3 H3C000, #NH2 JH

IBC ./CH2 CH2 H2Ci CH2 H2Q /-OCH3 H3COll~, H2 | | CHHC OCH3 OCH3
ciii) ”eaWéﬂBmEﬂ conpound of formula Ila with a coupl pRguiRAsRNt tO give
t'he conpoun f the formula 5 (Il1) -P1 O=C.',-CH2-CH2 S-S-CH2- CH2- C- C=0

H H Hai COOCH3 H3CO0C-1 CINH H2 CH2 CH2 CH ~ 2 T< 1 H2Q H OCH3 H3CO-
[CH2 HC OCH3{qGH3 civ) reacting the disulfide of formula Il with a
reagent that cﬁ eaves the diguléide bond; and cv) su%}fz&;i ng the nononer
frompart (civ) to an 10 aFid catal yzed cyclizatiorgEreaction to give the
desired product. 19. gHhg-process-@f,—@-aign _\M@Fei&u_cg,ohormcysti ne is
treated with ethyl 15 triJfI:‘uoroacetate, benzyl chlorbmprmate, or formc
acid and acetic anhydride ¥n step (ai), (bi), or (cH)land the disulfide

of formula I'l is treatednw theddddhut vl phosp%@go'tg s (aiii), (biv) or
(civ). -41 ot HC
CH CH
Hﬁf/ i GCHZ
H,C OCH; H;CO. _-CH,
TH _ HC
OCHs |
OCHj

biv) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond; and
5 bv) subjecting the monomer from part (biv) to an
acid catalyzed cyclization reaction to give the desired
product;or
ci) reacting L-homocystine to introduce the group
P1 on both nitrogens and give the intermediate of the

10 formula

(1)
-P; NH-P;
0==C—C~—CH,~—CH,;—S—S—CHy——CH,— C—C=0
[ = A |
OHJ H OH

cii) reacting the disulfide of formula I with (S)-
15 2-amino-6,6-dimethoxyhexanoic acid, methyl ester to give
the compound of the formula
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WO 02/ 42258 PCT/1JS99/15380 20. The process of preparing [4S (4a, 7a,

| 0a(3) ] -4 am nooctahydro-5-o0x0-7H pyrido[2,1-b][1,3]thiazepine-7- -
car boxyl i thyl ester or a salt thereof which 5 j ©a)
reacting t 88% suﬁmsl de of the formula (11) NHP1 UH Plp%g}i@dé@%ﬁa CH2
S—S—CH2 CH2- C- C=0 H H | Hlk COOCH3 H3000C- ANH H ~C CH2 CH2 H2.-~ CH2 |
I H2CJ( % /CH2 HHC OCH3 | OCH3 with a reagent that

cl eaves the di'su |de bond NHQpb) subjecting the nmongner frompart (a) to
an acid catalyzed cyclizatifon feaction to give the ¥fwotected Iactam of
the formula (111) S N oRC-Ng-6CEEECH3—s—ae-CHE—eQH t+@at¢ag the N-protected
lactam of formula 111 td ré&move the Pl protecting gfoup and give the
desired product which é¥h h)E optl onal ly converted ta &%alt. 21. The
process of O aim 20 whetdi nic@@yt he disul fi deHoéocfcorn}m{ Il is treated with
dithiothreitol, dithi oer2| fgl torI tributyl pho3phi n\eH zinc nmetal powder

in step (a) to cleave the sul fide bond.

I
CH, CH,

P H
Hz(ll \CHZ
H,C
2¥\_OCHj H3CO_ CH
CH HC
OCH3 OCHj,

’

ciii) treating the compound of formula IIa with a
coupling reagent to give the compound of the formula
5 (II)
NH-Py NH-P;

0==C—C— CH,—CH,;—S——S—CH,— CH2—CA?—C=0

H H
HN,, __COOCH; H3;COO0C~ ANH
Icﬁ C
CH, CH,
HZT/ \ICHz
OCH
Ho 2 HyCO. _-CH,
H HC
OCH; |
OCH;

civ) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond; and
cv) subjecting the monomer from part (civ) to an
10 acid catalyzed cyclization reaction to give the desired
product.

19. The process of Claim 18 wherein:
L-homocystine is treated with ethyl
15 trifluoroacetate, benzyl chloromormate, or formic acid
and acetic anhydride in step (ai), (bi), or (ci) and the
disulfide of formula II is treated with tributyl

phosphine in step (aiii), (biv) or (civ).
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-42 WD 02/ 42258 PCT/1JS99/ 15380 22. The process of preparing

[ 4S- (4a, 7(x, 10an) ] - 4- am nooct ahydr o- 5- oxo- 7H pyri do[ 2,

1-b][1,3]tH i<he-7-carboxylic acid, nethyl ester or r eof

whi ch conpﬂogég?is ai) reacting L-honocystine to introdug%ﬁﬁ%“g?@up P1 on
both nitrogens and give the internmediate of the formula (1) r -P1 UHPi
0=~ -e-CH2-CH2 S-S-CHz-CHz-i i =0 OHg HOH 10 aii) reacting the disulfide
of formula | with (Sé- 2- am no- 6, 6- di net hoxyhexanoi ¢ acid, net h)él ester in
the presence of a célpli hge rRERF&TS C6 GroRAY IR cfpddre 78+ 102Bk! 41 mul a 15
(11)- Pl LTH - RimirdeCt&hGiiPe - THiZeS S pGH2do G2t B1Ga03 1k hilablepihet L COOCH3

H3COOC~ |1 BC . H2 gx;l—ljé’, [_H3 W ACH2 ~H HC O CH3 |
OCH3 aiii) r%ﬁgr%lﬁﬁeaéfshl ?%‘ﬁofeg%(%\rrnﬁ a | a%vﬁthegeorfeg%le%?

that . cl eaves tIRERFiSESFi de bond; 20 aiv) subjecting the nononer from step
(aiii) to an acid capakypaetimydie @icanfi@aCsE thd Fogmueat he N-

(11)
NH-Py NH-P,
o=C—§—CHZ—CHZ—S——S—CHz—CHZ——(E—C=o
H H
HN, . COOCH; H3COOC~ »NH
H ﬁc
CH, CH,
H, ~CH,
OCH; I
HC HsCO. _-CH,
H HC
OCH; I
OCH,
with a reagent that cleaves the disulfide bond;
10 b) subjecting the monomer from part (a) to an acid

catalyzed cyclization reaction to give the N-protected
lactam of the formula

(I11)
5G
N
PI_NH .
o) COOCH; . ang
15 c) treating the N-protected lactam of formula III

to remove the P31 protecting group and give the desired

product which can be optionally converted to a salt.

21. The process of Claim 20 wherein:
20 the disulfide of formula II is treated with
dithiothreitol, dithioerithritol, tributyl phosphine, or

zinc metal powder in step (a) to cleave the disulfide
bond.
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protected | actamof the fornmula -43 WO 02142258 PCT/ JS99/15380 (lI1) Si
N P1 NHS O COOCH3 and av) treating the N-protected |actamof fornula |11
to renove ‘wg Pl Ot ecting group and give the desired PR g&sovvhi ch can
be optionall'y converted to a salt; or bi) reacting L-honmocystine to :
i ntroduce the group P1 on both ni trogens and give the internediate of the
formula (1) / 1 -P1 Pip CHer 2-CH2 Cc ==0 10 OH g H OH
bii) converti Eg the suI (}5 g:g:g?orrmlg_ll% % § n actl vated form biii)
reacting the agtr v%ﬂ‘e%?‘ CPI% i 6ea‘i“?%‘h?%ttaé)§dr€5?| xR {5

(S) - 2- am no- 6pGrildat: howihaxahehtaz@sink - Tekkpbxylbc esd 1, wetgiyre the

cron gug?omc H Pgtéﬁrwc‘%{%ﬁ) H?%g%ﬁy%hﬁﬁ 635‘8&86 g FﬁHZEéE- gthze H H3
co / CH2 SF HC C[}ﬁ?q qg@ﬂglng -homocystine to introduce the group
P1 on both nitrogens and give the intermediate of the

formula
(1)
NH-P; NH- Py
O=C—C— CHy— CHy—S—S —CH,;— CH,;— —C—C=0
| A |
OHJ H OH .
10
aii) reacting the disulfide of formula I with (8)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester in the
presence of a coupling reagent to give the compound of
the formula
15 (11)
-P gH -P,
0=C—C~— CHpy—CH;—S—S— CH2—CH2—§—C=0
R b
B, COOCH; H3COOCN CLNH
I
CH, CH,
Hzf/ \CHz
OCH,
H,O_ 7~ H3CO\ _-CH,
?H HC
OCHs |
OCH,
aiil) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond;
20 aiv) subjecting the monomer from step (aiii) to

an acid catalyzed cyclization reaction to give the N-
protected lactam of the formula
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biv) reacting the disulfide of formula Il with a 20 reagent that cleaves
the disul fide bond; -44 WO 02/42258 PCT/1JS99/ 15380 bv) subjecting the
monomer froo®@iess (biv) to an acid catalyzed cyclizati opefpashiag to glve
the N protected lactamof the formula (I1l) SH T N P1 NHS 5 0 COOCH3
and bvi) treating the N-protected |actamof fornmula 111 to renove the P1
protecting groyprand give the desired product which can be optionally
converted to a salt; or 10 ci) reactigggl- honocystine to introduce the
group P1 on both nltrogens and gi v€ thesrhternedi ate of the forrmula (I)
PLNH-Pi O=1i -.- CH2- CH2-S S - i1ih =0 OHHHOH 15 cii)
reacting the disulfide of fornula I 2- am no- 6, 6- di net hoxyhexanoi c
acid, nmethyl ester to give tge the formula (lI1a) NHP1 NH P1
O=i -CGCH2 CH2 S-S-CH2 CH2 i "= dcbfd}iglcaol%}B H3CO00" .A NH2 C

HCH2 H2 C/ CH2 ,
av) treating the N-protected lactam of formula III
to remove the Pj protecting group and give the desired

5 product which can be optionally converted to a salt; or

bi) reacting L-homocystine to introduce the group
P1 on both nitrogens and give the intermediate of the

formula
(I)
NH-Py NH-P,
o=|<:—g—-CH2—CH2—s—s—CH2—CH2 —i F=

bii) converting the disulfide of formula I to an
activated form;
biii) reacting the activated disulfide from step
{bii) with (S) -2-amino-6,6-dimethoxyhexanoic acid, methyl
15 ester to give the compound of the formula

(11)
NH-P,

/

O=C—C~—CH;—CH,—S—S—CH,—CH;—
H

o1 el
_n?
9
.
O

HY,, c/ COOCH; H3CO0C~

c
CHZ Pﬁ:

2%
o (¥
OCH;3

H,C 7~
2 \FH H3CO\HC/CH2

OCH, |

biv) reacting the disulfide of formula II with a
20 reagent that cleaves the disulfide bond;
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CH2 H2Q\ /OCH3 H3CO- /CH2 CH HC OCH3 OCH3 -45 WD 02/ 42258
PCT/1JS99/ 15380 <ciii) treating the conmpound of fornmula Ila with a cdupling

reagent t i e conmpound of the formula (I1) - Jis
I GBSO LT LN Mosoa LecoooL PR o g

H2 2 CH r 1 HC,, /OCH3 H3CO ,CH2 IHHC OCH3 | OCH3 5 civ) reacting

the disulfide of f or %) asldbjwcftmn tm@aﬂﬂmmetrh@&oﬁlgwsmm diosuhf i de
bond; cv) sub .Ci.V acid catal yzed

in
cyclization r 8%t?gyzgefq€ecytnﬁézﬁ£l%? o’fe'eacc[t A 8t %H%ftl?eh Fornula 10
(1r1)y N P1 NHrOtmﬁr@aCt@me@vt)letf@mulr?g the N-protected | actam of
formula 111 t@ezgenove the P1 protecting group and give the desired
product which can be optionally conveétgd to a 15 salt. 23. The process of
Cl aim 22 wherein:

Py NH(

5 O  COOCH; ; ang

bvi) treating the N-protected lactam of formula
III to remove the P1 protecting group and give the
desired product which can be optionally converted to a
salt; or
10 ci) reacting L-homocystine to introduce the group
P71 on both nitrogens and give the intermediate of the

formula
(I)
-Py NH-Py
O==(C—(— CHp,— CH,—S—S8— CH,— CH,— C—C=0
I Al
OHnu H OH
15 cii) reacting the disulfide of formula I with (S)-

2-amino-6, 6-dimethoxyhexanoic acid, methyl ester to give
the compound of the formula

(ITa)

%]H—Pl NH-P,
0==C—C~—CH;—CH,—S—S§-—CH,;—CH,—C—C=0
HO { W OH

* L ]
H,N, ,COOCH; H3C00C, o NH;
5 /
[ N
CH
LR 2
HZT CH,
HC( _-0CH, H3CO CHo
CH HC
OCH, OCH,

r
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L- honocystine is reacted with ethyl trifluoroacetate, benzyl

chloroformate, or formc acid 20 and acetic anhydride in step (ai), (bi) or
(ci); the i reagent in step (aii) or (ciii) is

di cycl ohexi‘fbﬁg’# A i Mide: and .46 VD 0242258 PCT/ 1)S00/ SEYBY AL
disulfide of formula Il is treated with dithiothreitol, dithioerithritol,
tributyl phosphine, efiififkedld] tRWESHpoEh® P Fodtliiih, TR ¥ewra (Civ). 5
24. The process _of .g‘reggri ng [4S- .(‘,4(><E 7%, l%g%olﬁ -4-

am nooct ahydr GBPIFEI7EERITT U V6] FRe3FeTRAh O the E9FBOXY 1 i ¢ aci d,

met hyl ester, (f®fdrochl oride which conprises ai) reacting L-honocystine
with ethyl 10 trifluoroacetf#&:r benzyl chl orof or mat guop, formc acid and
acetic anhydride to give t conpound of the formul& (1) P1 NH- P1 0=
-c- CHZ CH2- S- S- CH2- CHR=TGi~ &0 CHORIFHR S RMEFeiMCRL ¢S ¢+d | uor oacet yl ,
phenyl nmet hoxycar bonyl orJ1 ¥ fornyl; aii) reacting el disulfide of fornula
Il wwth (S)- 2-am no-6, 6-di net hoxyhexanoi c acid, nethyl._ester in the
presence of dicycl ohexyW@Wﬁi de to give m@w&%u d of the formula
20 (11) PL NP1 - - 0=C¥& CH2-CH2-S-S- CH2 CH2-C

HHI Ha/~~-
/ COOCH3 H3COOC- NH H%?Z/@‘*Z CH2 CH\zC
Hp
OCH |
HpC, /2 HsCO\ _CH,
(H HC
OCH; |
OCHj;
5 civ) reacting the disulfide of formula II with a

reagent that cleaves the disulfide bond;

cv) subjecting the monomer from part (civ) to an
acid catalyzed cyclization reaction to give the N-
protected lactam of the formula

10 (IT1)
H

Pl'—NH
O  COOCH; . ang

cvi) treating the N-protected lactam of formula
IIT to remove the Pj protecting grcocup and give the
desired product which can be optionally converted to a
15 salt.

23. The process of Claim 22 wherein:
L-homocystine is reacted with ethyl
trifluoroacetate, benzyl chloroformate, or formic acid
20 and acetic anhydride in step (ai), (bi) or (ci);
the coupling reagent in step (aii) or (ciii) is
dicyclohexylcarbodiimide; and
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OCH3 | H2C-,~H H3CO~- /CH2 HC OCH3 I OCH3 aiii) reacting the disulfide of
formula Il with tributyl phosphine to cleave the disulfide bond;, -47 WO

02/ 42258 R%’/&gﬁﬁ@/ 15380 aiv) subjecting the nononer frrgqh%%9g§3+‘ai ii) to
an acid catalyzed cyclization reaction to give the N- protecte act am of

the formula (111) SIN P1 NHS 5 O COOCH3 ; and av) treating the
N-protected | actam ofnd JiBH1F ikl o WebhmPIR! agsiidmecanbeaaka ol | oned by

hydrochl oric acid. en, Pl is,.trifluoroacetyl, a reatj ng .the N protected
| actam of for ﬁd?gl?’\f'ﬁr%‘i# d g&%ﬁlr"f’ﬁﬁ”ﬁ?’f’s‘ﬁ n&rﬁ%’PFSM‘i%’W%y& ochloric
aci d when Pl rénpheetdhemaowsercdanbsheb, (a¥iit,r ditiivhgorhécipr ot ect ed | act am
of formula Il with hydrochloric acid when P1 is fornyl; or bi) reacting

L- honocystine with e% yl triflugroacetate taq qi t_@%&c npo%rbg of the
formila 15 (1) Il i rNHT&eCE§°%§E&-?§§re(?§~HP | d5- G BRI O <o
OHH H OH bi i ) azeneertabydnths -dixoulVHipgr tdo frimbll 1), 31 bhidgepiger-7espondi ng
aci d chloridechynbieatd no-1 ! fﬂle;%ﬂyicgét@élorrq{tywo%ﬂ%gaa@?Wié}mmm um
chl ori de; bi ||é reacting the acid chloride fromstep (bii) wth
. comprilis . .
(S)-2-am no- 6, eh ms?’ﬁoxyhexanm c acid, nethyl ester
al) reacting L-homocystine with ethyl
10 trifluorocacetate, benzyl chloroformate or formic acid and
acetic anhydride to give the compound of the formula
(1)
—Pl EH-P]_
O==C—C— CHy— CHy—§—8 —CHy—CH;—C—C=0
L 'y
H g OH .
wherein P3 is trifluoroacetyl, phenylmethoxycarbonyl or
15 formyl;
aii) reacting the disulfide of formula I with (8)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester in the
presence of dicyclohexylcarbodiimide to give the compound

of the formula

20 (11)
-Py NH-P,;
0==C—C— CH,—CH;—S—S—CH,— CHz—ﬁ—C =0
H H
HY,, _COOCH; H;COOC~ ANH
o o
CH, CH,
Hzf/ CH,
OCH,4 |
HZC\ yd H,y Cou 7 CH;
FH HC
OCH, I
OCH,

aiii) reacting the disulfide of formula II with
tributyl phosphine to cleave the disulfide bond;
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to give the compound of the fornmula -48 WO 02/42258 PCT/ US99/ 15380
Il 11 NHCCF3 NHGCF3 0=C G CH2- CH2-S -S CH2- CH2-; C O IHH

HUi COOCH3 WaGBASERC CH2 CH2 H2 CH2 H2Q\ / OCH3 H3CO.

bi v)

(1) 0

Crer/isolrsssH3 OCH3

reacting the disulfide of fornmula Il with tributyl phosphine to

cl eave the disulfide bond; 5 bv) subjecting the nononer fromstep (biv) to

an

the forrmula (I - 2 ggcx{‘gg nd. 10 .bvi ), treating the
N- pr ot ect ed Ié#t )aar%§gf Eft%%llnﬁ?%é: ﬁ}%ﬁvli\na?ﬁ po as%‘f’lu%l g:aor Fonat 2éh‘?olﬁT owed by
hydrochl ori c PFAtGctEr dpgtamLfithe EomBHbRyStine with et hyl

trifluoroacetatl@mo give the conpound of the formula 15 (1) 0 0 11 1.1

C CF3 N14- G CF3 s H

N.
5 P’ O  COOCHs; . ang

av) treating the N-protected lactam of formula III
with potassium carbonate followed by hydrochloric acid

when P3 is trifluoroacetyl, or treating the N-protected
lactam of formula III with iodotrimethylsilane followed
10 by hydrochloric acid when Pj is phenylmethoxycarbonyl, or
treating the N-protected lactam of formula III with
hydrochloric acid when P; is formyl; or
bi) reacting L-homocystine with ethyl
trifluoroacetate to give the compound of the formula
15 (1)
% 0
[ I
NH-C-CF3 -C-CFy

H] ll%

O=C—C— CH,—CH,—S—S— CH,— CH,—C—C=0
[ A
OHH H OH

bii) converting the disulfide of formula I to the
corresponding acid chloride by treating with
20  (chloromethylene)dimethylammonium chloride;
biii) reacting the acid chloride from step (bii)
"with (S) -2-amino-6, 6-dimethoxyhexanoic acid, methyl ester
to give the compound of the formula

-48 -
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r- =i -CGCH2-CH2 S-S-CH2 CH2-CG-C =0 OHH HOH cii) reacting the disulfide
of formula | with (S)- 2-am no-6, 6-di net hoxyhexanoi ¢ acid, nethyl ester to’
give the d of the fornula -49 WD 02/ 42258 PCT/ U (rra)

; H C CF3 N&ﬁ@%ﬁ% O=C C CH2CH2S- S- CH2CHzCG-j=O HO H H 8%%&%3%8%0—43 H3000C
HNH2 CH C | I /CH2 U k2 H2C CH2 H210\ /-OCH3 H3CAOI-1 /CH2 1 | CHHC

OCH3 OCH3 ciigpyytreating the conmpound of formula Ila with
di cycl ohexyl carbodiim de to give the conpound of the 5 forrmula (I1) 0 11

NHCGCF3 Il IIH CGCF3 v=%C|CH2 CH2 S-S-CH2-CH2 1-Cﬁ0 | HH HN COOCH3
H3CO00- A C CH2 CH2 H2 2 NECH3CFs H NH-C-CF
gL 3
o=C—-g—CH2~—CH2—S—-S—CH2——CH2—(=‘Z'—C=0
H H
HNr/,,, COOCH; H3CO0C. WNH
i1 c
CH, CH
HZT/ \2CH2
OCH, |
HC HyCO\ CHp
?H HC
OCH, I
OCH;

biv) reacting the disulfide of formula II with
tributyl phosphine to cleave the disulfide bond;
5 bv) subjecting the monomer from step (biv) to an
acid catalyzed cyclization reaction to give the N-

protected lactam of the formula

(I11)
s B
l(l) N
F3C—C—-NH
0 COOCHs . ang
10 bvi) treating the N-protected lactam of formula

III with potassium carbonate followed by hydrochloric
acid; or

ci) reacting L-homocystine with ethyi
trifluorcacetate to give the compound of the formula

15 (1)
O 0
I I
-C-CF3 ~-C-CF;

llll%

O—C—C—CH,— CH,—S—S—CH,— CHZ—-CAJ-—(|3=0

OH » u OH ;

cii) reacting the disulfide of formula I with (8)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester to give

the cowmpound of the formula
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H2C H H3CO. ,CH2 HC OCH3 | OCH3 civ) reacting the disulfide of fornula
[T with tri butyl phosphine to cleave the disulfide bond; 10 cv) subjecting

t he nononey, ﬂrzﬂgggpart (civ) to an acid catalyzed cycli zgé,@g%&[ﬁ'}?‘gtl on to

give the N- protécted |lactamof the fornmula -50 WD 02/ 42 S99/ 15380
(111)y 8 11 N F3CGCGNH 0 COOCH3 ; and cvi) treating the N-protected |actam
of fornula |Ili;p4hth potassium carbonate followed by hydrochloric 5 acid.

25. A process for preparing [4&

[4a(R*), 7a, 10a( 3] | =oct ahydr o- 4{|[ ( 2- mer capt o-

1- oxo- 3- phenyl propyl ) am no] NB— 6xGFyH- pyrido-[2,1 10 yu-

b][ 1, 3]t hi azepi ne-7-car bax Mi ¢ _aci d_which co rlses = reacting the
di sul fi de of theform.ﬂ)a%_yh Be— ﬁiFFS—'I f’-'l?g"@ﬂ S-S CH2- - CH2
CGCOIl HHI ~COOCH3 H3@00&, Ce HCHZCHZZ H2 /CH2 I H
HC OCH3 | OCH3 H

®
H,N, ,COOCH; H,CO0C )NH2
’(I:H \llac
_CH, CHy
H,C
2 \CH/OCH3 HyCOn_ CH
"
OCH,4 oCH,

ciii) treating the compound of formula IIa with
dicyclohexylcarbodiimide to give the compound of the
5 formula
(11)

I
NH-C-CF, I
NH-C-CF,

O==C—C—CHy—CH,;—S—S—CH;— CHz—E—C=o

H H
Hy, Fﬁ COOCH; H3COOC. CANH
CH, CHp
CH,
f/ _/OCH; [
Hzc\ HBCO\ Ve CH2
H HC
OCH; |
OCHj3

civ) reacting the disulfide of formula II with
tributyl phosphine to cleave the disulfide bond;
10 cv) subjecting the monomer from part (civ) to an
acid catalyzed cyclization reaction to give the N-
protected lactam of the formula
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wherein P. is protecting group with a reagent that cleaves 15 the

di sul fide bond; b) subjecting the nononer fromstep (a) to an acid )
catal yzed i ion reaction to give the NN protected t he

for mul a (|‘ﬁ‘)ﬁi’!§§%‘tzo PL NHON 0 COOCH3 -51 CVO 02/ 42258 5@%%9‘%15380 c) -
treating the N-protected |actamof fornmula Il to renove the Pl protecting
group. and giverf4H- (4a, 7(x, 10ap)] - 4- am nooct ahydr o- 5- oxo- 7H
pyrido[2,1-b][1, 3] thiazepi ne-7-carboxyl. gy acid, nethyl 5 ester; d)
coupling the |actam product from st E = salt thereof with the

acyl mer capt oal kanoic acid of the f (I oI (s)0 R6--ICGS- H-~a-OH
CH2 10 O wherein R6 is nmethyl @r phenyl x0 give the conpound of the
formula (V) 11 O N RG C S—-CHH- H2 HO ; and 0 15 e)
treating the conpound of fdrRUIT™ to ienovBoodie R6-G(O) - group and

convert the nethyl ester group to the carboxylic ‘ad™f and yield the
desired product. cvi) treating the N-protected lactam of formula

ITTI with potassium carbonate followed by hydrochloric
5 acid.

25. A procese for preparing [4S-
[4a (R*) , 700,10aPB] ] ~octahydro-4-[(2-mercapto-
1-oxo-3-phenylpropyl)aminol] -5-oxo-7H-pyrido- [2,1-
10 bl1,3lthiazepine-7-carboxylic acid which comprises:
a) reacting the disulfide of the formula
(1I1)
NH-P; NH-P,

O==C—C— CH,— CH;—S—S—CH;— CH;~—C—C=0

H H
HY, . COOCH; H3CO0C~ »NH
o c
CH, CH,

H SoH,

| _OCH;

H2 C\ H3 CO\ s CHz
?H - HC
OCH; |

OCH;

wherein P, is protecting group with a reagent that cleaves
15 the disulfide bond;
b) subjecting the monomer from step (a) to an
acid catalyzed cyclization reaction to give the N-
protected lactam of the formula
(I11)

P1—NH
20 e} COOCH;
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20 26. A process for preparing [4S [4a (R*) , 7a, 10ap] ] -octahydro-4- |
(2- mercapt o- 1-oxo- 3-phenyl propyl ) am no] - 5- oxo- 7H pyri do-[ 2, 1-

b] [ 1, 3] t hi svae@iass7- car boxylic acid which conprises: -52p 69438458

PCT/ LJS99/ 15380 ai) reacting L-honocystine to introduce the group P1 on
both nitrogens and give the disulfide of the formula (I) -P1 U4HP1 O= i

C_C CH2 CH2 S-S - cPH2tEEZtihg ithe H-protebt sl Ahdidn Jredshntidat Per

di sul fide of fosmérvle Whbhp{ ShrodsATHI0L80p diBthey hganoi ¢ acid, methyl
i éagent to gi've the disulfide of the

ester in the resenceﬁﬁg a coupling r
formula 10 (I |§)4°N|3r°bf° br‘l'%‘&@‘zﬁzcgf@hzdr@é:@cQSZHmz- CH2-C-C=0O HH I
HUB' COOCH3 H3if@AGo[2h1-b] €1, S22 giR26~72cafbbx)1 iR Geid03nEBPr, « CH2
F-1 HC OCH{3 %r,aiii) reacting the disulfide of formula Il wth a
reagent that cleavés the disulfide bond; aiv) subjecting the nononer from
step (aiii) to an 19) aEPHPLhRGKheedacyami paeduwrt ricant isbrpt 6cljive & he N
protected | actsabofchiereofowiith athe acylmercaptoalkanoic acid of the

formula

(IV)

o (s) @
Re— g T‘H—-l(l.‘—OH
CH,

10
wherein Rg is methyl or phenyl to give the compound of
the formula '
(V)
O
I [
Rg—C—8—CH—C—N
= CcO
-H2 H O OCH, ; and
15
e) treating the compound of formula V to remove
the Rg-C(O)- group and convert the methyl ester group to
the carboxylic acid and yield the desired product.
20 26. A process for preparing [4S-

[4a (R*) , 7a,10aB]] -octahydro-4- [ (2-mercapto-
1-oxo-3-phenylpropyl) amino] -5-oxo-7H-pyrido- [2,1-
b} [1,3]thiazepine-7-carboxylic acid which comprises:

-52.



(111) CS N P1-NH S 0 COOCH3 av) treating the N-protected |actam of fornula

20 Il to renove the Pl protecting group and give [4S-

(4a, 7a, 10q&§% m nooct ahydr o- 5- oxo-7H -53 WD 02/4225&C$ﬁg&#g§ﬁ9/15380

pyrido[2,1 %i %fthlazeplne 7-carboxylic acid, nethyl ester; avi)

coupling the |lactam product fromstep (av) or a salt thereof with the

acyl mer capt oal kanoi caBcirkaf ihber- ﬁorﬁd&yaﬂlale( kY) ihtrddjcd lthB6greus- f H- - C- OH

6 H2 O whereip Rﬁnlﬁomtrt%m%nehsﬂa iR gﬂh\éedtlté31§9§@%@q:1@f the formula

10(V) S OON RE-GS-TH-GN R HO ; OO avii) treating

t he conpound éprmbiﬁula Vto reane the R6- CXC» group and convert the

nmet hyl ester group to 15 the carboxylic acid and yield the desired product;

or bi) reacting L- honocysﬁﬁn@lto i ntroduce the groy@_p P1 on both nitrogens
he

and give the disulfide of formul a
o= F"‘ C— CH,—™CH;—S—S—CHy— CHz— E“—‘ F— 0
5 . OHy H OH

aii) reacting the disulfide of formula I with (S)-
2-amino-6, 6 -dimethoxyhexanoic acid, methyl ester in the
presence of a coupling reagent to give the disulfide of

the formula

10 (1I)
NH-P; NH-P;
0==C—C~— CH;—CH,—8—S8—CH,— CH,— ? —C=0
5 L
HN,, _COOCH H;co00.  MH
/d/' 3 3 .\ﬁ
&, CH,
o i
HpCn c H/ 3 H3co\HC _-CH,
OCH; l
_ OCH;

aiii) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond;
aiv) subjecting the monomer f£rom step (aiii) to an
15 acid catalyzed cyclization reaction to give the N-
protected lactam of the formula
(I11)

n
e

2

P 1—N'H(
o} COOCH;

av) treating the N-protected lactam of formula
20 III to remove the P7 protecting group and give [4S-

(4a, 700, 10aP) ] -4 -aminooctahydro-5-oxo-7H-

-53-



(I)y pi - PI _NHO=CG-CGCH2 CH2 S-S CH2 CH2-Ci =0 20 OH HH OH -54 WO
02142258 PCT/ LJS99/ 15380 bii) converting the disulfide of formula | to an

activated (‘Q)r‘m“g%i i) reacting the activated disulfide fé‘?@%%ﬁ%@?(bi i)

with (S)-2-amno-b, 6-di met hoxyhexanoic acid, nethyl 5 e ve the
disulfide of the formula (Il) PL HPi OCCCH2-CHz S-S-CHZ CH2-CGC=O HH

i oo Ocra PN Paact] R The AR T ad oF TR e T PREBL T cagent

that cleaves t%%€fiisul fide bond; 10 bv) subjecting the nmonomer from step
(biv) to an acid cataliyzeduplirlg zalel aactaachradudto ffowe stbp bavpredt ect ed

| act am of the I . | g%é@% @ LQvi.) reat] t he
N protected | a%%%%o?h%%%%%lgi% I‘{ﬂet gléygﬁlove e &1& ISS??n%Pgtr%%p and
gi ve [4S- 5 formula

(IV)
0 (S),‘l3
Rg—C——S&— fH" C—CH

Hp

wherein Rg is methyl or phenyl to give the compound of

the formula
10 (V)

O o
Ii O
Rg—C—g— CH—C—N

COOCH;
H, H 0

; and

avii) treating the compound of formula V to remove
the Rg-C(0O) - group and convert the methyl ester group to
15 the carboxylic acid and yield the desired product; or
bi) reacting L-homocystine to introduce the group
P3; on both nitrogens and give the disulfide of the
formula
(1)

-P; _p,

IIlI%

o= lc—__c:—— CH,— CH,—S—S—CH,— CHZ—_(E—- F=o
20 OH R H OH
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(4a, 7(x, 10a(3)] - 4- am nooct ahydr o- 5- oxo- 7H

pyrido[2,1-b][1, 3]thiazepine-7-carboxylic acid, nmethyl ester; 20 bvii)
coupling t m product fromstep (bvi) or a salt r i th the
acyl mer cappgg%/%éél%i c acid of the formula -55 WD 02/ 422 15%%{/}5 99/ 15380
(1V) 0 (s) 0 R6-1CS-H 1-OH 6 H2 Owherein R6 is nethyl or phenyl to

gi ve the conmpound ofpjinedifdPtliagdeh¥) aSsuldide NeRPafmera GHiG NCOOC O H3
Hand HH2 O vut% '\t/%eat.l ng the conpound of formula V to renove the

R6- C(0)- gr oup aAd2EoAvE?t ™ he methyl ester 10 group to the carboxylic
acid and yield the desiiked rguctdogt theract jvatedc diagl £ideoneyststep t 0

i ntroduce the @groypyi &l pg) BothhinlE0geasn N Pesahbec disid f 'n%%h&fl the
formul a 155(I) lgl NL—I—Pl, 0=~ -c-.CH CH2-CH2.Ci =0 OHHH ™
ester to give the

e disu fldg-of the Formula

(11)
-P; NH-P,

O==C—C~— CHp—CHp—S—S—CH,— CHZ—-F‘:—c=o

H H
HN,, _COOCH; H,C000. 4N
gﬁ C
CHZ CH2
Hzf/ = CH,
_/OCH; . |
HaCL HiCO . CH,
H HC
OCH; |
OCH;

biv) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond;
10 bv) subjecting the monomer from step (biv) to an
acid catalyzed cyclization reaction to give the N-
protected lactam of the formula

(IIT)
s B
N
P 1—NH
0] COOCH;
15 bvi) treating the N-protected lactam of formula

III to remove the P71 protecting group and give [4S-
(4o, 70,10aPf) ] -4 -aminococtahydro-5-oxo-7H-
pyrido[2,1-b]l [1,3]thiazepine-7-carboxylic acid, methyl
ester;

20 bvii) coupling the lactam product from step (bvi)
or a salt thereof with the acylmercaptoalkanoic acid of
the formula
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cii)

C C=0

HH1<:00(:H3H30000~ cH%
Ile CH2 F H HC OCH3 | aC|n

with a reagent that cleaves the di sul fide k
fromstep (civ) to an
N protected |lactamof the fornmula

reacting the disulfide of formula | with (S)-
2- ani no- 6, 6- di met hoxyhexanoi ¢ acid, methyl ester to give the disulfide of
the formul §gn2@24P 02/ 42258 PCT/ LJS99/ 15380 (I'Ta) NH PlLoNAR 1m0 |
CH2 S-S-CH2-CH2 ;- i =0 HO H H OH H2N1"/ /COOCH3 H3000QA ANH2 THIC /-CH2 C
12 H2C CH2 H2Q /OCH3 H3CO~ /I H2 d-! HHCIlI I OCH3 OCH3 ciii)
treating the cawound of fornmula Ha with a coupling reagent to give the

disulfide of the formula 5 (I11) r -1 JH |_‘P‘%OO C~-CH2 CHZ S-S-CH2 CHz

wherein Rg is methyl or phenyl to give the compound of

the formula

5 (W

o] .0
Il i
RG—C—S_QH—C—II\T

= COOCH;
Ho H %

; and

bviii) treating the compound of formula V to
remove the Rg-C(0) -~ group and convert the methyl ester

10 group to the carboxylic acid and yield the desired
product; or
ci) reacting L-homocystine to introduce the group
P1 on both nitrogens and give the disulfide of the
formula
15 (1)

-P; -P;

Illllg

O0=C—C—CHy—CH;—S—S—CH;—CH,—C—(C=0
I = A |
OHy H OH ;

cii) reacting the disulfide of formula I with (8)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester to give

the disu}fide of the formula

-56-

-G CH2

‘rlé CH2 H2C~ / OCH3 H3CO ,
@isul fide of formula |
@d; cv) subjecting the nononer
10 acid catal yzed cyclization reaction to give the



(111) SN P, NHS O COOCH3 -57 WD 02/ 42258 PCT/ LJS99/ 15380 cvi) treating

the N-protected lactamof fornmula Ill to renove the Pl protecting group and
give [4S 10an)] - 4- am nooct ahydr o- 5- oxo- 7H

rido[ 2, 1&?0 /izg t hi azepi ne-7-carboxylic acid, nethyl pgT[eUsS 9e"rs;"mcvi i)
Py

coupling the |lactam product fromstep (cvi) or a salt thereof with the
acyl mer capt oal(sagpi c acid of the formula (IV) Il (S) R6-CS -~-CH 2 O
10 wherein R6 is nethyl or phewyl to give the conpoul@ﬁl_ f the formula (V)
S 11 101 R6-C-S-,rHHCN HYO COOCH3 Hz and O 15 cvEii)ttreating the
conpound of fornula V 0FCTEMEETHE,RETFOCH, grép—a@nmdCeonvert the net hyl
ester group to the car%ylgc acid and yield the de iroétl product. 20

H
[ ] [ ]
H,N, /COOCH3 H;COO0C ’NHZ
7 H lC
CH CH,
']
H,C
2 \CH/OCH3 H3CO\ /CHZ
HC
OCHj OCH,4

ciii) treating the compound of formula IIa with a
coupling reagent to give the disulfide of the formula
5 (1)
H-Py NH-P,

O==C—C— CH;—CH,—S—S—CHy— CHZ-—EE—c=o

H H
HN,, _COOCH; H,C000.  AMH
Ff (o]
: CH, CH
Hzf/ \2CH2
OCH.
o, 7~ H,C CH,
e
H HC
OCH |
OCH;

civ) reacting the disulfide of formula II with a
reagent that cleaves the disulfide bond;
cv) subjecting the monomer from step (civ) to an
10 acid catalyzed cyclization reaction to give the N-
protected lactam of the formula
(I11)

n
] e}

=2

P l—NH
o) COOCH;
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27. The process of Caim9 wherein: the disulfide of fornula | or the
activated form of the disulfide of formula |I and (S)-2-am no-6, 6-

di met hoxyh L G.acid, nethyl ester are reacted in ethyl .- 2/ 42258
PCT/ 13S99/ %%@852%%& ate and wherein the ethyl acetate s%?ﬂﬁ?g(%}r{l\gg (S)-2-

am no- 6, 6- di net hoxyhexanoi ¢ acid, nethyl ester is first treated with an

agent o rerove ethylgng ghgolng %28y TO8LDLOCESE Alarl Begfuyher ein: the
agent used to f]g‘_:rq__\{)e eet k{l%l egﬁ col 1S .Bo é acrylic acid [28- acryl am de),
pot assi um sal t c AT ERF ot t dEdisdrdt 8504 2y give [45-
(4,700, 10aP) ] -4-aminococtahydro-5-oxo-7H-
pyrido[2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl
Y
5 ester;
cvii) coupling the lactam product from step (cvi)
or a salt thereof with the acylmercaptoalkanoic acid of
the formula

(IV)
0

Rg“'é-—-s——ﬁgili—-OH
2

10
wherein Rg is methyl or phenyl to give the compound of
the formula
(V)
s_H
(0] N
I I
Re—Cms—gH— T COOCH
=H2 H 0 3 ; and
15
cviii) treating the compound of formula V to
remove the Rg-C(0O) - group and convert the methyl ester
group to the carboxylic acid and yield the desired
product.
20

27. The process of Claim 9 wherein:
the disulfide of formula I or the activated form
of the disulfide of formula I and (S)-2-amino-6,6-

dimethoxyhexanoic acid, methyl ester are reacted in ethyl

-58-
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10

acetate and wherein the ethyl acetate solution of (8)-2-
amino-6, 6-dimethoxyhexanoic acid, methyl ester is first

treated with an agent to remove ethylene glycol.

28. The process of Claim 27 wherein:
the agent used to remove ethylene glycol is
poly(acrylic acid co-acrylamide), potassium salt or

calcium chloride dihydrate.
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