WO 02/ 42258 PCT/ US99/ 15380 Prep ration of [4 - (4a, 7a, 10aJ3) 1

- 4- Am no- oct ahydr o- 5- Oxo- 7H=Pyri o [2, 1 -hl [I , 3l Thiaze pi n -7- bo yl
-i ¢ AcigyoMpszyd Esi r and Salt,-, Thereof Via Novel i uPCTAUS®/15380
Background of the Invention 10 Robl in U S. Patent 5,508,272 disclose
compounds of the formula /X (CH2) nl N(CH) m -N--)r A HO COORS
wherein A can be 0 Il R2-S- (CH2) ZZ \ C 15 12 R1 X can be S, Y can be
CH2, m can bexene , B ({4 y Haal _

conpounds i s-14

mer capt o- | - oxo- 3- ph-*‘ pr apyll Fai-g : ] &t de
b][1, 3]t@§azep|ne 7- carboxyllc aC|d mhlch is currently 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 02/42258 PCT/US99/15380 S HH2ZN C lo

COOCH3 can be prepared by coupl.ing (St-Z-anino-G,G-dj-

10 Robl in U.S. Patent 5,508,272 disclose compounds
of the formula

(CHQ

CEh)m

COOR3

wherein A can be

Ry;—S—(CHyp) ¢

’ R/f\ '

X can be S, Y can be CH, m can be one, and n can be two

as posgsessing neutral endopeptidase and angiotensin
converting enzyme inhibition activity. Among these

20  compounds is [4S-[40(R*),7a,10aP]] -octahydro-4-[(2-
mercapto-1-oxo-3-phenylpropyl)amino] -5-oxo-7H-pyrido[2,1-
b] [1,3]1thiazepine-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



met hoxyhexanoi ¢ acid, nethyl ester with the N-protected amno acid 5 P2
(CH2) 2 Y P1-N CH COOH wherein P1 is an amno protecting group and P2 is
a sulfuw@oosrsting group to give the dipeptide of the POTHEI%SIH P2 Hi
OCH3) 2 (TCH2)2 (CH2)3 Pi NCH-I1 -NCH COOCH3 O H Rernpval of the P2
protecting group, followed by acid caé all)fzed cyclization, and renoval of
the Pl protecting 15 group gives =
[ 4S- (4a, 7a, 10a(3)] - oct ahydro-4-a
pyrido[ 2, 1-b][1, 3]thiazepi ne-7-c@rboxylic|acid, thyl ester. Robl
di scl oses that P1 is an am no prao{ecting yjygroup _such as benzyl oxycarbonyl,
t.-but oxycarbonyl, or a 20 grou ichAfo r wwth the NNatomforns a
protecting group such as pht HNmM ummar@ O The Invention 25 This
invention is directed to an inproved chem calCO0&mt hesis of [4S-(4a, 7(X,
10a(3)] - 4- am no- oct ahydr o- 5- oxo- i ) ,
7H pyri do[ 2, $2B] P, BFERPESEDPHe CPURALBEX E) ¢ 2a8Mdnomer RyFi-2 WD 02/ 42258
PCT/ US99/ 15388t hestBexancwel head, Sakthyllheseel andhnevel ndpsukbideqg
i nternedi ates_useful ,i.n this synthesis. According to the process of this
i nvention N 2PrBPe8fdl- L- honocysteine disulfide of the fornula 5 (1)

5

o

(CHz) 2

P;—N— CH—COOH
wherein Pj is an amino protecting group and Py is a
sulfur protecting group to give the dipeptide of the

formula
10

I

(CHz) 2 (CHz) 3
Y Y
Py —N—CH— C=N—Ci—CO0CH;
O H

Removal of the P2 protecting group, followed by acid

catalyzed cyclization, and removal of the P; protecting
15 group gives [4S-(4a,7a,10aP)]-octahydro-4-amino-5-oxo-7H-

pyrido([2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl

ester.

Robl discloses that P7 is an amino protecting

group such as benzyloxycarbonyl, L-butoxycarbonyl, or a
20 group which together with the N-atom forms a protecting

group such as phthalimido.

Summary Of The Tnvention

25 This invention is directed to an improved chemical
synthesis of [4S-(40a,70,10afB)]-4-amino-octahydro-5-oxo-

7TH-pyrido[2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl
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NHPL NHPL O=i -.C CH2- CH2-S-S- CH2- CH2- " i =0 OHHHO™or an
activated formof such N protected-L-honocysteine is reacted with

(S) - 2- amiw0543581i net hoxyhexanoi ¢ acid, nethyl ester to BCVESS3N sul fi de
intermediate of the 10 forrmula (11) NHP1 NH Pl

0=CCCH2 CH2 SS-CH2 CHR CC0 | HHHItim/( COOCH3 H3COOCI NH H
CH2 CHZ2 21 i Hdte®CHg WRTN G H31€8QthekHdfl add noudl laisa@H3 dehe disul fide
i nt er medi ate.o& forgl Il is trile ]ﬁzﬁreact gl tQ cleave the sul fur-sulfur
bond and t he'™F&&HF 'ﬁ%eﬁoﬁgﬁé?’l' Scyei-2EF 0 give the N- protected
lactam of the fornuhackiingStH tNe onksilels@: OEOEH3 s Z2GwvRermdval Nof the Pl

FQ%T ?Zgl ;?Zgﬁ’gg(p?)g#%saﬁnﬁﬁ%“gg Itrg' KT ide GF SR, SRR Uses) 15380

7H pyrid 1IB][ 1, 3]t hi azepi ne- 7 carboxylic acid, methyl ester. This
| act am can be converted to F®¥dait such as a hydr ohal |1@II& Balt.
O0=C—C—CHy—CHy—S—S—CH,~—CH;— C'_ =0
| _E A |
OHE u OH

or an activated form of such N-protected-L-homocysteine

is reacted with (8)-2-amino-6,6-dimethoxyhexanoic acid,

methyl ester to give the disulfide intermediate of the
10  formula

(I1I)

NH-Pq NH- P,
o=c—c~CH2—CH2—s——S—CHz——CHz———Ei—c_—_o
H H
HY,, ﬁj/coocH3 H,CO0C C»NH

CH, CHz
Hz(f OCH S
3
N HyCO. _CH,
HC
OCI—I3
OCH;

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
(I1II)

0
P

=2

Pl_NH
0 COOCH;

20
Removal of the P1 protecting group gives the

desired lactam [4S- (4a,7a,10af)]-4-aminooctahydro-5-oxo-



According to another feature of this invention, if 5 the N protected
disulfide of formula I and (S)-2-am no- 6, 6-di net hoxyhexanoi ¢ aci d, nethyl
ester arevoezn¢xs’l in an ethyl acetate solution, the ethyPCHUS2%I5880s0l uti on
of (S)-2-am no-6, 6-di met hoxyhexanoic acid is first treated to renove

et hyl ene glycol fromthe reaction solvent. 10 This results in fewer

i npurities downgitiedd [\M)e_nbtl e, 3rmm1qmrepﬁ1ecwclda1%xtyq1bh@1clla1<;t FB0fy1
formula I11. U|tab|T f or gown ethlertlze ye fro the
reaction sol V&hf*are g‘(}l M c‘faélc § COPNEY T G’e% ""351 °s& t and
cal ci um chl ohydEOﬁiaﬁydleatse.ltJ.S Detai |l ed Description O The | nvent| on

4S- (4a, 7 10a(3
E)yri ((10?2 (Xb] [ 1a\§3]% c;é??%‘:l% 0 toa grt%erscl g)égiga ,e rcr)éftﬁ' e (}nve tloélrﬁd Salts

t her eof , dar th@uNaPnyDt@CﬁW@r dﬁ&Mlééd%IOtf forevdef I @m@l USefal- azd nery

' ggf;gg:’ g—t 26' B - tiliﬁlelﬁ:zl’lg%?'[}%tﬂa@lo%xlgmac{l@s n{e4:"1"1y(lR*e)st,er7%arel%(a@te]d in

3- pheny! pr op#h) &gﬁ'}“ﬁ( d] Bsebeder BONALIeE) 2 the B I3 RORtaESpiSr ELCR B8xy | i ¢

acid of the f(gyral-amdnd-d, )6—31hﬂet|l‘ﬂox€]h|§xah181'c*|d'c-1@- I‘ﬂsOf@@@'d tHeaHe@ O as
descri _bed bthobIe in U Pat ent 2 53&2;% % 4 WD 02/ %2258 PCT/ US99/ 15380

Accor di ng t 0 Ph&ePPySe SSHEF R sq]1 SPentitSR th?orﬁ?af R SO VESE et ed to

i nt roduck0 t hEhpsotrestilitg dmofleweR] iopulxdtth e tdloogmtxe@nwmm tededi sul fi de
of formula I, Brabened 2 Upf 8¢ g 9LQHRS, IJIC!Aldqdl fiyor oacetyl

Suitable agents for removing ethylene glycol from the
reaction solvent are poly(acrylic acid co-acrylamide),
potassium salt and calcium chloride dihydrate.

15

{1ed T s F The T 5

[48- (4a, 70,10aP) ] -4-Aminococtahydro-5-oxo-7H-
pyrido[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*),70,10aP]]-octahydro-4-[(2-mercapto-1-oxo-
3-phenylpropyl) amino] -5-oxo-7H-pyrido[2,1-
b] [1,3]thiazepine-7-carboxylic acid of the formula

25 (VI)
S

2

HS—

COCH

11lV'e!
o=(\

H— c—1|\1
H, H

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



5 which can be obtained by treating L-honocystine with ethyl
trifluoroacetate, phenyl net hoxycarbonyl which can be obtained by treating
L- honocysvO nz42268 h benzyl chlorof ormate, and fornyl whi chCTERIYIS3®Dt ai ned
by treating L-honocystine with formc acid and acetic 10 anhydride. O her
N-protecting groups such as phthalimdo, t-butoxycarbonyl, etc., can be

enpl oyed accordi ngateoratAgdgowehk bm@wasbnotfhehaét mvéh'tﬁbﬂomacetyl I's
t he nost pre erred Eéggrotectin ote .di sul fide of

s o g groug t d c g_ﬁe o
formula | is PH‘8ﬁY t &8 WCEEH (3§) -G8 § A Pﬁ8 e EH0PEOR® d,
met hyl est er PLoogi betbhaigireogensdgivinegr rbei disudf 1dﬁopr€ru [FermplaThi.s

reaction is peckaried PE b&%t@@%&%@céroﬁ sa19%&9&%”Qr&%QQ%QBa%HEQlaS
di cycl ohexyl carbodiimd 20 1-eth év di et élanlnoprop yh)
r

car bodi i M dewhipbngenr b&z@ibtla-llede itg(eaitﬁc@ghgul- gnacyshésshoaichm

hexaf | uor ophe&ag}@t eri@fiueableryhdi, %@l@ﬁ%ﬁetm ca&%ﬁwe%geﬂp LizRg
reagent is djcyc| ohexyl car bodi i m.de. - \Whe g uoroacetyl

1- hydr oxybenP§t PPE26REd Byo5rsasfamabt 90@%&/8%&%%5& Retgy L
di cycl ohexyl eanbediforndee, bhdt Iferhdypr aheehedad Bl bbdamédf Bmula | is

reacted wth_(S)-amn 6- di met.hox anai c .aci d,, .net hyl ster W t hout a
coupling rea&%ﬁ%?lpﬁe% ?ﬁ@oggﬁ %ﬁgﬁ ESFWﬁFaaC%dMEP FE?

PCT/ US991015380hy(ictide . NHOEheNHNPpro®ec€1n@-@H@uﬁHZsScﬁ-QHZCHZ ; 1 =0 HOH
OH H2N / gEE§§§iH%ggqcﬁu%utg§ygar£ohyl, etc., can be employed

according to methods well known in the art.
Trifluoroacetyl is the most preferred P1 protecting
group.

15 The N-protected disulfide of formula I is then
reacted with (8)-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-1l-yloxytris (dimethylamino)phosphonium
hexafluorophosphate, or carbonyldiimidazole. The
preferred coupling reagent is dicyclohexylcarbodiimide.
When P37 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



/ICH2 UH2 H2Ci CH2 H20\ /-OCH3 H3CO/CH2 |IHH O00H3 OCH3 can be
formed. Treatnent of this salt wth a coupling reagent then gives the

di sul fi devonr/ex2aedi ate of formula 5 I1. The salt of fornBCHUBI%ISB® St or age
stable meaning that it can be maintained for a period of at |east about

30 days under conditions of |ow tenperature and the absence of noisture
prior to conygrsjon to the disulfide 10 internediate of formula Il. This
affords added flexibility iNHseheduling production ryps_gnd enabl es

di fferent stages of the reaction to be carried out at =different

manuf acturing facilitieFCAEeTw T ¢ELySTHe (Hprétiect ??@ul fide of 15
formula | can be convertdd t® an activated formprior go lthe reaction with
(S)-2-anino-6,6-dinethoﬁyheﬂanoic acid, nmethyl ester.HS@?ﬁ activated forns
include the acid chlou%gtj ﬁ@é@g anhydri des, sym@icri cglnm@nhydri des,
activated ester, etc. fhe activated form of® the O protected
disulfide is enployed, a c leing reagent is no |ongey “"needed. The

sel ection of the activatediform depends upon the N-pr ﬁecting group of the
disulfide of forrmula |. ¥#Bn the protecting group is tR#fluroacetyl,

sui tabl e activated forfa i ncl ude the acid chloride, mhicTHZS is preferred,
and an activated ester. N%en the protecting group is

phenyl met hoxycar bonyl ,H actiocii,ed ester is thH3GGL%EBF@2activated form

-6 WD 02/ 42258 PCT/ US99/ 1 0O Robl in US. Patent 5, , 272 discl oses a
met hod for preparing (S)-j-anino-6,6-dinethoxyhexanoic lacid, nmethyl ester.
G her net hods for prepariﬁﬁﬂbhis starting OCHj,

can be formed. Treatment of this salt with a coupling
reagent then gives the disulfide intermediate of formula
5 iT.
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 disulfide of
15 formula I can be converted to an activated form prior to
the reaction with (8)-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 trifluroacetyl,
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-



material are disclosed in a copending application of the 5 assignee of
this application. According to this copending application, the dioxol ane
pent anoi ov@eor/¢e268 the formula (VII) F-1 0 (CH2) 3 1 H2RET/OBPY/I38XON 10 can
be reacted with thionyl chloride in nethanol or with chlorotrinethylsilane
and dinethyl sulfite in nmethanol to give (S)-2-am no-6, 6-di met hoxyhexanoi c

acid, methyl esterRrobY) 12- ATisNOoPELendi BELhexghexanekl caeisda MRty 15
ester and th% N—Brotected 3i ul.fide or forgyla or .an activat.ed form
thereof are F84cPEGPPHEF ﬁgéﬁréﬂgﬁpién@f IBEEFOFABAF ARG P et ate. | f

t he reacti onmeshpér eeterd Otheirhylethoetsatfer pheparimgorddrs tshamtriig ze t he
presence of Le i ri-ties, :th i of. .- am.:no-

di et hoxyhexg%g%%:ié%i %?ene@g%ﬁltoes%? erltnlgl th(:% h%ﬁjdgggt.gp g&l)lg%rﬂl;&gla?j efg tt%1 % renove
et hyl ene Yl yeskipnes offe thdgc tived Losdlivent picordiadr égcttihs® with t he

N-protected dipehbiidg a@bifieamilaa,!l + RIS LKA NARS tholo ithias: iRuUIJFos e

i ncl ude pol ggcryllc acid co-acrylamde), potassiumsalt and 25 cal ci um
chloride dih% Paf@X™ére is an advantage in the process wherein (S)-

2- am no- 6, 6- dvoey hoxyhexanoi ¢ acid, nethyl ester is reacted with the acid
chloride activated formof the disulfi f formula | in a biphasic

sol vent system 30 Under these process|congitions, there is no need to
first renove ethylene glycol to mningze dgownstreaminpurities. Suitable
bi phasi ¢ sol vent systens conprise as theyorganic phase a m xture of ethyl
and n-butyl acetate and as the -7

(CHp) 3 0
H, N CH— COOH

10 can be reacted with thionyl chloride in methanol or with
chlorotrimethylsilane and dimethyl sulfite in methanol to
give (8)-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 (8)-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 gystems comprise as the organic

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

-7



WO 02/ 42258 PCT/ US99/ 15380 aqueous phase water and a buffering agent such
as a mxture of potassium carbonate and potassi um bi carbonate. The
N- prot ectve@ozlaxes fi de internediate of formula |1 is thenP€P&ES%I$3800 cl eave
the disulfide bond and the 5 resulting nononmer is then cyclized to give
the N protected lactamof fornmula Il1l. Methods for cleaving the disulfide
bond i ncl udeaggastisnghblae wat%&na@uabebQEfeEthuagehh wubh asbbsnercaptan
a phosphlne reduci ng hos ite redu agent, , gc net a
ponder |10 SUTHEFE BE BT EEpLaTs CPREPHaSS: RBCePUE SERRUFoPHRE PORSTEOHR | H
- CH2- SH 2 k wher ei nTkei 8- @motebegdrdﬁsuﬂfidbo1AtamdedaaheXBflﬁormula
|ndependentl dr.og I 5

benzened%ne %agé%ﬁ 3@%@? %%t%ﬁg |thg%g £u§§18% Pﬁérggétggﬁ'plc
aC|d d|§bdlnﬁﬁ§ét@n9am@n@mﬁénés &lben, CaplyzadthpoglVErQherﬁbly, t he

bi smer capt anpkéte&@é@t edciRnl B geenenee 19k .a h@%ﬁoagcl%oés cﬁgg 4y
nmet hoxi de or 8-di azahi cycl o[ 5..4. 0] undec- 7- ene. Preferre I Sfrer capt ans

are d|th|othFB?téFSHﬁéldﬁlPﬁP@eﬂ?FHPﬁFOFeaSGFPQbF@epH8§§ﬁWﬁélﬁ§Gu€ﬁng
agent s |nclﬁd@mhnabmuymlpho&pmlgmerbap@@hylapba&@Phaae a@auchhgphenyl
phosphi ne SU|tagIe ph ph%%% regﬁfln%pa ent i ncl ude tr|e h% hosphlte
The preferreddFd geﬁtp P25 61 & h&9&P5ul Prd& BEnEeicet PP

phosphi nK) Tﬁeltebmbtbngm&mnapaanss1hbéndsuhbesbedftuhanfammdlacatalyzed
cyclization reaction preferably by treating wth a strong acid such as

trifluoroacetic acid, chlorosulfonic agid, p-toluenesulfonic acid, 30
met hanesul fonic acid, trifluoromakban QG —ag d, trlnethyIS|IyI
trifluronethanesul fonate, trinethylsily|l |nethanesul fonate or a
commercial ly avail able polystyrene sul ate polyner type ion exchange

resin such as Anberl¥§tl50 Thi s cyclization reaction can_be perforned
wherein is an integer from 1 to 4 and each X, is

independently selected from hydrogen and hydroxy as well

15 as 1,2-benzenedimethanethiol, 1,3-butanedithiol meso-
o,0'-dimercaptoadipic acid, disodium salt, and durene-
a(l), 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
dithiocerythritol. 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 trifluorocacetic 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
Amberlystl15®. This cyclization reaction can be performed

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



35 in a non-protic solvent such as nethylene chloride, which -8 WO

02/ 42258 PCT/ US99/ 15380 is preferred, or chloroformor a protic sol vent
such as weth#asd to give the N-protected | actam of for muP@r/UE99/15380e
N-protected lactamof forrmula Il is then treated to renove the Pl
protecting group and give [4S-
(43,7(X,108(£%]pﬂeﬁ€kﬂ@@9t@BYGth5OQ6@m7bEerbQ@Echsolvent such as

b][ 1, 3]thi ' 7-carb : P1
111 uor oacetFRRPE: REnE Pt Roenlt hEBEGRLEd: BORER P AGEAARG oo be
enpl oyed. Wen Pl Thepﬁepybnethedy&acbamybftfeamuéatImﬂthslﬁhen

lodotrlnethy£§égaea Qb Rahbadi ¥me0BC ?&eeecemﬁghggbageandcgavee[@@ployed
When P1 is fornyl or t.-butoxycarbony treat nén rong acid such

as hydrodh|oKﬂ@ aeuaOa@éﬁ -Be 2BipregEahyiKre-Paekam/H-pyrido (2, 1-

[4S-(4a, 7a, 1Q§;§)bjﬂh§§hg Q%Ea7hﬁgkﬁb§yllé acid, methyl ester. For
0X0- 7TH pyri do Lne ester is

then reacted® PﬁtheWhgk ?ﬁe p5?&5ﬁ%§ﬁ8§FegygegﬁgﬁgmgpttW&¥%ornula (rv) o
(S 11 RGPGtSSSnu@HCGIGHnaHH21@ pethebowhernei beRémpd oyethyl Woenpanyl

%{&IQQCEEEIEOHDOH R%e%%ox@%%n%onyl(V}ea%ment"@Z%h ' T ONR6- G S G

10  iodotrimethylsilane or palladium on carbon and hydrogen
can be employed. When P3 is formyl or t-butoxycarbonyl
treatment with a strong acid such as hydrochloric acid
can be employed.

The lactam [4S- (4a,7a,10aP)]-4-aminoocta-hydro-5-

15 oxo-7H-pyrido[2,1-b] [1,3]thiazepine-7-carboxylic acid,
methyl ester is then reacted with the
acylmercaptoalkanoyl sidechain of the formula
(IV)

ﬁ <s>ﬁ

Rg——C—S—CH—C—OH

Hy

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

formula
(V)

l COOCH;



-9 WD 02/ 42258 PCT/US99/ 15380 This coupling reaction can be perforned in
an organic solvent such as nethylene chloride and in the presence of a
coupl i ngweaye1ss such as 1-ethyl -3-(3-di net hyl - anm nopr oppCY/UasIIBs6E80i m de,
di cycl ohexyl carbodiim de, 5

benzotri azol - 1-yl oxytri s- (di met hyl am no) phosphoni um hexaf| uor ophosphat e,

zf[bonYLdiiFTH@%?ﬁ@upQﬁné-r@é@ﬂdﬁﬁEEaapb@nb§r§©%ﬁ$d9iﬁ:b%]$&§ﬁﬂﬁgde-

ernatl ve ac nmerca al Kanol acl, (6] or.mu can e
onverred { oS ahvERE: BHtbaer R Y AR, RARE RengrenaR hhe) §rEasnge, of

chl oride, m aedoaphydy deagsypinmetichcak anbytlyilde - (3adimeathed-ester, etc.
Pref erably, I : tQ. I . r.ghal i de salt
before thy SOERPBEEBYL)SarERRITHLAE 1818y R lchehyeadBoii IHRES ' P re
hydr ochl ot | deesaptrigfiodh lir-ylprataired dimpshys amisod phospdeniand t he

hydr oi odi de. nIhersabl-cpaBsPRatRl eRaednRY sk edlhng 18, Sekubion of the |actam
with the correspondln% acid. The acyl %rou Q- is_renoved and the

.oup R6-C( ]
methyl  est ePTGPBRFPRESPIARErt 81t CHELAS BERYLrddEei d Alternakd vely
conpound of thendbglMetreagicvalkbaodeshred bifn@orpoduaty efanf @enul a VI. For
exanpl e, when R6 ig gp%hyl tregtnent ﬁdth nethan%Iic SO Lun1h§q%ﬁxide
fol | oned by SGBESHSCHCY 2Fi ¢S5 VRECHesPrBIPFIRAl t0r SRR 16E FOFRURE Wi .
[4S- [4alq R*yn, adad t0AE3lide,- Gikaldydnbydxrifde( 2 syemeaptical- adhydride,
0X0-3-ph6py|g&99¥5%%@ & é§ipé9b?H'@¥EEg9B%1 , _the lactam is .
b] [ 1, 3]t hiazepi ne-7-carboxyli c aci d poSsesses "angiotensin "converting

enzyne and negrvarteddspept s@dse suahi Bt or Rydaetipntilde. sPhits bedmpeutdicas

well as its eeagmﬁgutrie%ltlibn.acgﬁart%ll@ $utShane gesehul o Anknedld Ny
cardi ovascul ar 30 di seases ,such %s h%ggrten5|on and cangestive heart
5

failure as nbf& R¥PFOGNSoTpgeefpls 1 1sTRreteggpfoutdScan be
adm ni st ¥ edhiy6rabremidll, aandoshes hgiras odide .at Theo®adkowanObe Ny to about
100 ng per kgrgéaQ%QYby treating a solution of the lactam with the
cérresponding acid.
The acyl group Rg-C(0) - 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-[40a (R*),7a,10af] ] -Octahydro-4-[ (2-mercapto-1-
25 oxo-3-phenylpropyl)amino] -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
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wei ght per day, preferably fromabout 0.5 ng to about 25 35 ng per kg of
body wei ght per day. The conpound is preferably adm nistered orally but
par ent er aVOpw¥26% and topical routes can al so be enpl oyeBCT/UR®/3380l y dose
can -10 WD 02/42258 PCT/ US99/ 15380 be adm ni stered singly or can be
divided into two to four doses adm nistered throughout the day. The

fol | owi ng eXb&pba&llhﬁ_%tleHedStsli@@il‘ye o2f chfie bel BICAAN intbl tWO @Y 45258

PCT/ US99/ 15380 Exa 1. 145- 4a 7 0 ) .1 -4-Am noo by
r o- 5- 0X0- 7H—§ PES g%f?lsfeEF hr?fgﬁﬁ a%&ﬁ Y- 7-r r oxyl i ¢ acid,

met hyl - ester. orThe lipdilostingr edempieS HreNilBGstHANiQ@eCOBCHRea) N- (Tri

fl uoroacety%%y-h ] cystei ne, (7 -> 1) - di sul f i de 100 F3 OO Y
HHNS5 HH o) 8 3 A solution of potassium nethoxide in nethanol (32
wt% 68.8 kg) and a nethanol rinse (42 kg) were added to 15 solid

L- honocystine (40 kg). During the addition, the

-11 -



tenperature was nmaintained at 20 5C, and a water white solution was
produced. Ethyl trifluoroacetate (43.8 kg) was added to this solution and
the reactwom/4raperature rose to 35 - 40C, the reacti on PCRUSI%LSIRS
treated with 20 6 w % 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, IBdgg1es0di umchloride, 15 kg
concentrated hyd h ) J epar at ed and t he upper
rich organic 25-pi as’ Hed e, 9 RMIALGQ

| ayers were searatbddiiarm wih et a e A

filtered and azeotroped at constant,_yol u 110 1) until the moisture

| evel of the fresh distillate sho = 400 kg additional ethyl
acetate -312 WD 02/ 42258 PCT/ US99/ 15380 required). A portion (6 kg) of this
rich ethyl acetate was added to warm (65¢-H70C), stirring heptanes and the
resultant slurry was vigorously stirr = inutes. The bal ance of the
rich ethyl acetate solution (149 kg) was added [over 3.5 hours. After one
hour at 65 - 70C, the crystal slurry was cnQl edto 150 - 25C over 1.5
hours. After 16 hours at 15 - %Qg% ystals were isolated and
washed (192 kg heptanes, 12 kg efhyf at e) centrifuge filter. Tray
drying at 40C 10 under reduced pressure é?fordggﬁg% 3 kg of title product
as a white powder; mp. 123 5C. Anal. calc’ d for 012H14F6N20682 C, 31.31;
H 3.07; N, 6 09; S : ,92; N, 5,98; S
14.28: F, 24986, id, methyl
ester OCH3 OCH3 éhJﬂLLﬁlde

10

A golution of potagsium 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 the fresh distillate
showed KF = 0.5 (400 kg additional ethyl acetate

-12 -



H2N COOCH3 20 Under nitrogen, chlorotrinethylsilane (28.0 g) was added to
a slurry of (S)-a-am no-1, 3-di oxol ane-2- pentanoic acid (20.9 g) and

di met hyl vwabf/#x268 (12.0 g) in nethanol (240 m) to affordPa@r/egesveous
solution. 25 Follow ng the observation of an exothermto 29C, the solution
was heated to 40-45C, stirred at that tenperature for 8 hours and at about

22C for up teeddirbayrs. al popeaeassesHREE @ﬁatM§bSr§BﬁW@Gh hakckhgteeaction

was conpl ete_(abo 3, MA conversion tQ product) and 0 resul.ti

sol ution maswégo?géea togwggm. %6% %ﬁ BitiFEF%ﬁlngh eQﬁBE?@nFnSHtg% t he
m xture was adpudtedtt elutty’wbe 1igdrbusikesshiowedatfeiuBoaddnuies.of 320
(or 4.45 h@ t I t i d ) 3

0] 42288 POITORSH7 18956 Bﬁa?%%a%gkﬁeggﬁgi gcgg%g%ugglﬁﬁq?ﬁg %3% 8%t -5 to
0C. Analysi wasf agfedppueics - §|bpuy8( HAmway Pnei batedathat® the70°C

neutralizati gReVesy geamlgqarrgh@agoh&emngEotmg opLogdyel: oLy hyswas
exchanged with ethyl acetate first concentrating the thin slurry under

vacuum at | e8SU¥fan §5€?t663@9uﬁﬁ @51 dre fo?ﬁoﬁedtb? Vhé t8dgrveSALlst et hyl
%(C::et atle untlwletBE:LéeflfthéH ahdnetbasd (w89 kgnnbp]ganas nfadggdelayly%n pr OCEES
anal ysi s e an_ 1 _AP). U etion_of the solvent ange, the
bat ch vqurreg § ES?aSPuétS%anggﬂgﬁ gg%eﬁi wi tRYeERYEEc g%gnd t he
resultlnU)sIundyrwasdﬁcbdepedssﬁmbyeﬁioyﬂed aei.d kg—oﬁctytaﬂlgebdp@tassium
salt (3.0 to % ~wer de h iltrate. The
m xture was a%t%r?ééeg nggg %5 nlﬁéggé gnd gn??ergaagcgtﬁg%ally, 15 the
pol y (acryl|€1a€iéFéHZQé§9Fanlde) potassiumsalt treatnent can be
repeated on the filtrage Bfi;the guantify soboet Byl eneogl.ygol 2gxegeds 0. 15

equi val ents, _as judged by
Fo 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 (8)-oa-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 -



I n-process CGC analysis. Follow ng in-process HPLC anal ysis, 17.4 g of the
title product was obtained as an 20 ethyl acetate solution in 80.8 Mot

yield. Cw@p2/&258 m hoxy-N- [N- ( ri fl uroa _ yl) -L- PCT/US99/15380
honocystei nyl | -L-norl euci _ne, nethyl ester, (1-> 1) d!_,quTf . 250
COOCH3 F3cocHY,,, ~~.. N HH3C H3COOCCH3 OCH3 1 HN F3COCHN O

COOCH3 To ama¢hbylinaagt ahe semperamnuet (H) tRAecatrbhgebof- -514oW0°02/ 42]‘258
PCT/ US99/ 15380Q_. di_ et hgxyhexanai.c aci net hy. r.(17.4 8.0

ol Ut on, 3. Ba1ybus: 87 EAR BEBeReTo pzay, 1 (S oy dends SRt dehe
(1-+l 1) - di suhtideal18a6dpn wpdr ooyipdeze-. t MhazebdvedL7 of, the wiwdtowmat er)
and anhydrou |,u 1 d i-t.h lering. The slurry
was cool ed ?%a?gytghggéﬁﬁﬁgﬁﬁgﬁc?%ﬁg&%ﬁ@g?bgﬁgfﬁ?ﬁeh?ﬁglg%@ was added to
the mxtute FANBABLESELNGNLHS CHAN sduEENeRferAVESHUB REULSSEE t8EIY i ng

under a nitrggeg tatgvspher &olufePreaaswedPle anal \eiss tsbeved thak it he 10
reacti on was congkete. Iﬁegkglck di cyl cQhexylurea and sodi.um sul fate
h

slurry was fPRrFEEREG HRE dFEYEVGHeSyl BFERREL- ¥aRe SRES 1 REShES wi th
et hyl acet at gudged by in-process GC analysis (less than 1 AP). Upon

completion of the solvent exchange, the batch volume was

10 adjusted to about 400 ml with ethyl acetate and the
resulting slurry was filtered. Poly(acrylic acid co-
acrylamide) ,potassium salt (3.0 to 3.2 g) and water (30 -
32 ml) were added to the filtrate. The mixture was
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.

25
COOCH,;

0
F3COCHN, i
H
H,C

f H3CO
S OCH3

OCHj

F3COCHN

o)
COOCH;

To an ethyl acetate solution of (S)-2-amino-6,6-
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(2 x 10 mM). The conbined filtrates were washed with 10% sodi um

bi carbonate solution (50 mM) and saturated brine 15 solution (50 m). The
rich ethywoavenat e | ayer was concentrated under vacuum kREPURLY/t5BRY
tenperature in the range of 35 - 40Cto a volunme of 130 mM and a water
content of less than 0.1 ww % Tit-butyl nmethyl ether (120 m) was added

to the 20 régheehbylyhasehatie selid,i Ql@ b@ee&eaqht I4ng; hazy gselrution was
pol i sh flltereg The e UIpﬁEQt S s hﬁl acetate/fit-butyl
met hyl et her P2%*7 P dhd R §r&5 Oﬁg tﬁb rich filtrate.

Cycl ohexane b@@@cysﬁewag,addedltb dheuébidel©h9a59hnbhgdroﬁﬁbeezperature
and seed cry re a h su re, t for at

| east 30 nlnﬁ%gé§8w% QO @d Ft?gﬁgl hgg%%%e %§Q@§O %JS% ghed over
at | east 5353Hﬂﬁatés(1fﬁé yﬁaﬁr@dﬁﬁﬁ &gtbaﬁédrﬁ@mgat ﬂ@@sﬁlam@Y'h@mw and

the product webieakeowas washed winkh d@c%cio%@x?ﬁ%laﬁ}@%aﬂ'ﬁ{ﬂd%rt1@“@5' met hy|
et her/ethyl acetate solutlon (75 m) he wet-cake was .dried undér vacuum

at about 30¥2foagPrge 3¢ &hg HFXFPFpeiBrQHGCPO§§18nWHﬁ9é9h€rystaII|ne
solid, mp. é&k%btheti2C. IARt(dels) ,1'10312&30(168)5,1:13%?19( WhdeZ945 nifkrogd®30 (W)

1743 35 1707 . 1659 1438 3 1211 ,
1188 (s), (S)?:Em?ﬁ?h%?& 1d§’7p(r\€ﬁ) ess %%&6( %i?/a&éffﬁ (ﬁg%;}"ﬁégg}’fgé%@e CH NI\/(R:S)
300 Miz: 1cDCtaacsibn3wasl comprhet2H) | Tihe5thl@kOd@nylcéh)ExylureaG?iFd (TH) 2H) ,
2.7 - 2.9 4 ,
4,9 (m 1H§ %Oaﬂm %‘ﬁfﬁ)%e @g!)lgrf X’%S(% glékrfé %IeRtth?S NHz ; CDClgl 6
20.49, 5 31. Qecysloh@xyjzlrfﬁ weg 819k6521a§8wa§21€a18w15@ s6hydo agetatsn 74,

104.0, 115. 532(5&) 1015@)97 e c%%l%%da@dl%}até% we@b %%he(iﬂf%’lt?la’lowa‘]:g)
1 -4-Am noo é@ g- -0x0 7H pyri tazen
i

ne- 7- car boxyFPEt lcfékﬁﬁﬁﬁfls@%F@F°“h¢§Po@HPO?Pées?Guéaﬁdekﬁéé%éd f1ask

equi ppedlim t boaungeehanisoaml) . The rich ethyl acetate layer was
concentrated under vacuum keeping the temperature in the
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 slurry 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, m.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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stirrer, thernocouple, nitrogen inlet and a ref |lux condenser, the product
frompart (c) (41.75 g), nmethylene 15 chloride (375 m) and water (2.7 nl)
wer e addedo ozmate8 nitrogen, tributyl phosphine (13.24 m PCWaS9%dased to t he
reaction flask with thorough agitation at 18 - 26C. The reaction m xture
was stirred at 18 - 26C until the reaction was conplete (1 to 4 hours) as

j udged by i n'I2ONMR OCEGG Mﬂiﬁ:@meiy3651 Bethanesytf onkg , aci.8 (6280n(n,was

added to the rcaptan ol ut,i on h | h ed at ref
lux with tho?gﬁghas |rr?né #5? §ﬁ$o % ghou agﬁ n%ﬁ; Seﬁwq ngg ature for
12 to 16 houBs8uirisi BH)t hé .BSadtiron1Was eoﬁplemelﬁ$ j adgedmby 1Hh pf7oGess
HPLC 25 anal gl s1pyhengolvent gof 1khe reacihen WisXime %ﬁﬁj exs Wi th
met hanol |st| FatFOn and the resultlng nethaW%% o) gion 2%9&@9

[ 4S- (4a, #h 194¢ 3%} - 8ér dRydP8-31ox83.89, 52.28, 52.48, 52.56, 52.63,
4-[(trifluorgacekyl yam 0ol 11k BYr i(d9[ 2145 Bl[ ¥ $]tﬁ%@zgelaﬁd71e§raexyllc
acid, nethyl ester was 30 treated W th buffereg (pH 5) 1M pot assi um
carbonate sol ution (208 nt) nalntalnlng the pH in the range of 10.4 to

10. 8 at 40 td)4SC &ftot-0 45C until the

the reaction 35 m x '
concent rHt ed HCl (Sv*s N Svtirenhl6C] was renoved in vacuo
at less than 37C until the volune 16 WO 02/42258 PCT/ US99/ 15380 of the
quenched deprotection reaction m xture was 300 nl. Methylene chloride was
added to the aqueou¥©sadl dti nngaiiedt hdapk sRuinBepi phski @ mEghanacads

adj usted to Qt6rter0. Qhe@mobeep@edlhue@ogénceﬂqe@taﬁaea Hek1G£ m). The

phases 5 were s arated and t uct rich equs Iayer was shed with

addi ti onal Pﬂggﬁﬁgrcthﬁ @50586 yomTRart cgﬂE néd - Hétﬁyheﬁét@wﬁﬁpﬁde

extract slsver ehbackdeagBed mii)t hnd%whHE:rsdbut7i et ) ( G8rel pdded .t hendeweous

extract was nitrogen, tributyl phosphine (13.24 ml) was added to the

reaction flask with thorough agitation at 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 [4S-(4a,70,10aP)]-~octahydro-5-oxo-
4-[(trifluorocacetyl)amino] -7H-pyrido[2,1-
bl [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 mixture was adjusted to 5.8 to 6.5 by the addition of

concentrated HC1L (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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conbined with the product rich aqueous |ayer. Methylene 10 chloride (80 m)
was added to the product-rich aqueous |ayer and the pH of the biphasic

m xture we@ozdieested to 9.0 by the addition of | ON sodi urChyaywISBRIE
solution (19 n) and then to pH 10.4 by the addition of IN sodi um

hydr oxi de solution (3 nml). The phases were separated and 15 the aqueous

| ayer was exbfaghedquehbhegt Axpeseceblioni d8act2ox B9xBlike %ag Bb@duﬁl rich

met hyl ene ch] orj de | aye re conbi and. met hanol (15
Chi ot ot 1 ot HSFBYTSHE SBTer Al SEeHgr bRt ah8 PABERPS SRaStAaded ) ol y
(15 m nut es)the pheoimethyl bapheblor mdetidesebst adjustetihect bt be toowpeund at

340, 37C andyt bee hst uag P88 méih&%ﬁﬁrggég' RELY37ak 22 i yAs.gy dent.

Addi ti onal aceta 0 co
crystal | iZzatveke Faparasabt png p @dpgpdngrryCMagqU@@@Bedaw@rlwaSO 25C, the

slurry was syhisned {2Enahaieasbng? ae%g}%heaeﬁlb%d@r Q@'ecmwas gl ected
on a filter. Th wet - cake_was washed ¥6 acetate x 50 m) and
)

the product Ga% HF?édeﬁH¥Fe9§cﬁhﬁPFi§9 ﬁﬁFEPC W&Fe4§€0 fUPS@Sdhours to
afford 25.2 gieh 8&thelpeeduetioas (goWhall) eanar ysktabhiuaeuROWEEkachk Ras239C

d KB 437 2950 1987 1757 1737
gsﬁcogggge?é?omgﬁﬁﬁd( 91153‘ ﬁ%g%f§7§159§%EEﬁgfs(%%§%tlzogeEﬁghef§66(mo
1004 (w)lGandcBBaridp. BH—NWR v380alier CDIODE ProdSEL-ricE0agueode), 2.0 -
25 5 1
5. 65 Eg} 1F31a9$§ %%Rt£§%pﬁH?§ b frbpadifs §Q§E§g%5wg§oggéﬂg§8 %Hélag7

52.38, 52.669- 92b85th§9a§§1t19m10§4laﬁdS@¢2ua8hydx¢xméﬁogpAzzsgn (19

PCT/ US99/ 15380) Examphen?t6. pﬁ @b”@tngihg‘?hwitﬁ%thﬁgle%oF?Lg% —
ester 1S U |

-L- honocyted, n o]
product of E&Xﬁﬁ?%léécfo&HE18P563pgggareHhe phases 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 slurry 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,0D: 6 1.55 - 1.80 (m, 3H), 2.0 - 2.5
(m, 5H), 3.0 (dd, 1H), 3.3 (m, 1H), 3.75 (s,3H), 5.15 (m,

35 1H) and 5.65 (m, 1H). *C-NMR: 75 MHz; CD,0D: & 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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according to the follow ng procedure. a) (S -2-Am no-6, 6-di met hoxyh. x not.
acid, nethyl ester 10 Under nitrogen, chlorotrinethyl silane (532 g) was
added towOetuesy of (S)-a-am no-1, 3-di oxol ane-2- pent anoPCT/@89%156B80 Q)
and dinethyl sulfite (228 g) in nethanol (4560 ml) to afford a honpbgeneous
solution. 15 Followi ng the observation of an exothermto 29C, the solution
was heated to 42C, stirred at that tQﬁQﬁﬂﬂLﬂJ@ for 8 hours and at about
22C for 16 ho ed that a 93 Nb ie d of
product was O O
53.4 g of title produu‘ Aol o ! iang and the
apparent pH of the m xture was adjusted fron1 0 38 to about 8.32 by the
slom/careful addi tion of 320 nethanolic potassi um net hoxi de solution (2 X
100 m ). 3 The pH of ThrePHPRUGEe OfaExpiPLker (8dj WeEed lEe Prep3vigd 25 the
careful addi hkeBrafinBotasshdmrert Besnde ot cful-e .Mai nt ai ni ng the
tenperature bel ow 5C. In process 1H N anal ysis of the product slurry
indicated that the neutralization was conplete. The solvent of the product

slurry was ex¢hangedsw-Rh et Rlex3 1) r&va vacuum
distillation ess than 30C, con entrated to 400 ni volune diluted with
fit-butyl ne ether (800 m), cooled to OC, agitated for 30 m nutes,

and fillkred. The filtrate was treated with cal ciumchloride dihydrate

(135 g in 9 porti On%ﬁlagal nli tBoRL0ce ‘?Logrgltg-iﬁx%)ﬁﬁlﬁSS'lﬂgh aled ot Bt gyl ene

gl ycol was absar |un1c rate he resual'ting
slurry was - pgd 9\% (o] @Zfégrﬁ(Z'TP@Sd@'/ 18380\ 1091t Sred ¥ 1okt a filtrate

cont ai ni ng 48eAt@nefict adia (BBOdYSt ank) BrltBy1nih®itel -2 ¢)i An Methyl

ester_,._ 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 yia 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 -



5 15-(R*,R*)]-4,4- hiOisr .-r( ifl uroa(-..tyl)- a.m no] no (2*1-)
NHCOCF3 NHCOCF3 O O S-S OH OH 0 H2N, COOCH3 H3COOC NH2 OCH3 H3C OCH3
OCH3 N Wontdusdacetyl)-L-honocysteine, 10 (1->1")di sul f PABUEBBLSZ80g) was
di ssolved in ethyl acetate (200 m) and the resulting solution was added
to a tert- butyl nethyl ether/ethyl acetate solution of (S)-2-am no-

6, 6- di met hoxy¥ihexarad ¢caeifdordeiahylilestee cabeutinddgr’49,.7 §78¢ witak

sol ution) over éo m nutes. The resulting 15 m xture was stirred for one
hour and t hePpP8#GEr slurry was filtered. The wet-cake was washed with
tert-butyl nethyl et her/et hyl acetate (2:1, 250 nml) and dried under

vacuum at 30% to af o -d 98 ..01.9.0f t_' e product . .mp, 129.1 - 129.7C 20
IR (KBr), % € ) B N 6 (S), 027(s), 1648 (s),
1551 (ﬁ) 1444 (MD .'g@* Tl 3 g-o.,| OP1LBA 2L gr8@rcesnd 1057 (w) .
Anal . Cal' d . for g3 4014 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. -19 WO
02/ 42258 PCT/US99/15380 C) 6,. 6- im. hoxy-N (N ( ri fl uroa . yl) -L
homocy tom nyl 1 -L-norl . HGQOGYs et hyl 5 The prm@;ﬂrom part (b) (95

g), ethyl acetate o o

S—3S
OH

HzN COOCH;

NH
., H4COOC 2
OCH,
OCHj

OCH4
N- (Triflurocacetyl) -L-homocysteine,

10 (1->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-hexanoic acid, methyl ester (about 49.7 g,
1787 ml of solution) over 10 minutes. The resulting

15 mixture 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 (br, 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,HF/\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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(750 M) and water (13.5 m) were charged to a 3 1 round bottoned flask
equi pped with an overhead stirrer, nitrogen inlet, thernocouple, and a

t enper at weo02/¢xnt rol | er. Hydroxybenzotri azol e hydrate (1.BCTHUSI%BaEwLM 10
sulfate (34.5 g) and water (3.5 m) were added to the reaction mxture.
The resulting solution was cooled to - 6C and dlcyclohexylcarbodllnlde
(49.1 g) wascadded ¢t il s Y 1he gehon m xture was
agitated at -2 to 2C unti the e ctio mas ud conpl ete by 15

i n-process HPLC ana X » T rry was filtered and
t he wet-cake was rirsedmpi(lb>af'hgli suddétiate (2 x 50 m ). The conbi ned
filtrates (925 mM) were washed with saturated sodi um bi carbonate sol ution
(125 mM) and saturated brine solution (125 n1). The 20 resulting ethyl

acet ate sdl ution of TheeptpgletcérpBunartwdb) cdAbert ractliyloagatstke. The oi

was di ssol veq7kp m@bhﬁhdaeeee&e 0209 mh). weeeceﬂeeabedtboaaa 9 l-ouand this
oi |l was agal dlssolve%ﬁﬁg ethyl acetate ﬁ%ﬁé ert- butyl nethyl ether

(300 m) wasPaigerednd F8§&PPF§QW2§hSBPuPV8 g F6FERYFi | tered and
the filter- cakemgen wagked \mlhblirmbcﬂbu@llhyl andebatemperbthukyl nmethyl ether

2 25 m d t.al added to th
Conbi ned 111 FPALESTaeE 1 nEY e RrEPE R = 8 Pl o s e %280 m HEAGE™ To
the resul@i nguilfirhe3d34l.6r gy, apyicahexarid .61800 weyewaddadded oher 75
mnutes. Al E8ecl@oROHSAleS! | hNge sl ALULLY Lt R, 'wla\%ercgglehhrtQUQh

paper and the wet-cake was washe a solution acetate/t
r.-butyl netﬁyF BPRefLeYElohexyAearppdiipide7 g 48y 1. gThyaﬁeedéa@et9194 g)

was dried undae 28a¢&6ubuMmaki206 .andnhaf frepdedoh’ méx@uek Weeteiatbked

product; mp. 1 -1 . -2Q.WD 02/ 42258 PCT/ US99/.15380 | 3290
(s), 3080 (wpf 2%4%0(%§E E@§%l(%$e f?&6§18§)waf7éﬁd€ CPHBdSLS) P¥1546 (s),
1445 (w) 15 1368 -pwbcess 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
0il 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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1196 (s), 1126 (m shoul der), 1073 (w), and 1051 M Anal. Calc' d. for
C30H48F6N4OL2S2 @ 5 C, 43.16; H, 5.80; F, 13.65; N, 6.71; S, 7.68. Found:
C, 43.27,wWol2/8236; F, 13.79; N, 6.62; S, 7.78. Exam 10 [BGF/U&1S38( X,

| GaD)) 1 -COctahyrdro-5-o0x0-4 1 1 (phenyl nmethoxy) r onyl 1 am n_ol -7H pyri
o- r2,1 - bl [1, 3 thiazepin -7- ear oxylic acid, nethyl ester ||l N
(g}))-CHZ-ocm %@mc;ﬂséga (E)'légaﬁ Now) [ Flgz?henmm,.zzlghaxxm%t_tgmél 'o T
-hono .yam; -21.)-disu e - N - -

OH 20 L-Hormg%ti%za’flé.s 'g§L6§gs () csap48a (Eh - wdldD (o %P%bﬁwt)he

addi tion of LMN9sodebum hydeoxmdessoulitieoh, (1873 rtiv) ,anddt hestedul)t.i ng pH
13.3 solutio S ed t C Y hloroformate (21 m) was slowy
added (over }%3%@ meﬁg%:eg)' \?\/ﬁ?l g%@‘%ﬁﬁglﬁﬁﬁg the pH of the reaction mxture
25 at about 13 by tfe 4ddiéioH:of -BRisBdi tfm AYdr Bxi Be7lsoBut 7eR8(192 ).
Once the reapbipa:wes hudaed o0 Beygconpl esesby KPLE. gpal ¥si g, 7gt was
extracted with nethyl isobutyl ketone (300 m and 400 m ). The enul sion
which formed during the second extraction was broken by the -21 WO

02/ 42258 PCT/ US99/ 15380 addition of saturated brine solution (60 m) and
the phases were separated. Methanol gg@ m) Jas added to the rich aqueous
solution and the pH was adjusted to y the addition of

concent rEt ed hydrochl ori = S 4=

bl [1,3]thiazepine-7-carboxylic acid, methyl ester

g

I
@—CHZ——O— C—N
I 0 Coocm

15
a) = -L-
- Ty —
i -
NH—|C~O—CH2_@ NH-C-0O-Ch
~ 0
S——

Ol 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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5 solution (24 m). The resulting product slurry was filtered, washed with
water (100 m) and 1:5 nethanol/water (vol/vol), and was dried in vacuo
for 18 oaoez41268 af ford 28.6 g of title product as a crysParuRyls3sol i d;
mp. 110 - 115C. 10 |R (KBr), 3544 (w, shoul der), 3329 (n), 3032 (w), 2955
(W), 1690 (s), 1534 (s), 1439 (m), 1414 (w), 1347 (w), 1250 (s), 1055 (m
anﬁ 912 E) W) adH)Ltlﬁon %Dsmmmxl ¥d\NbrliNe [srclﬂlﬁhlﬁiﬂ))ﬂl e ot h%xy)fndathgl ]pogyll -
L-honmo .bra ej_n -L-norl ..U i t ter, -> -di sul fi de
(c)-CH2- O LI—PhﬁI—Sé?Ol”&ﬁE- 8°PATaESds H&{Fgﬁa@é&o@%k@%@g’ﬁﬁ %)éﬁg‘ EocthecHs
OCH3 The protdcth foomopar solak il Gng) theas piidded bdjast2d@ tet ndoypdr @f ur an
(45 m) sol uti,0 f s 22 anenQy it I i.d, methyl ester
(2.4 g) cool Ieog Ftl)lg 151%1@“:& (I:1 c%:fo%éﬁ%ﬂeglgrr%&l I %&?)eﬁ%%&%%ll%) %V%I/ég added to the
resul ti ng® soP@ErEAORN (aﬁenﬁér-ti Ghrea i@ SRS IngaPricdhictnistiarey Was stirred
_rreghagl ;:al Lyfameéﬁcleat,nw&rsqa@gfwa%haltﬂm%&hq%ﬁof q1r1>1_%nla?11:=%duné il '|t was |
judged to be nal.ysi s. e precipitate i CYyC exyl urea
was renoved BﬁgggﬁPﬁégﬁgﬁrgﬁggg gt&éf-ag gaﬁagr @héﬂlﬁf¥ﬁm%§% ahydr of ur an
(15 nl). ThehoR2sWOc02/£42258 2BCH USe¥ 1538@ prodiictedsf il drgtseslname
di luted mﬁthSSEF&L ﬁpgta 30(%5q15%‘ , washed with pH 3.4 phosphate buffer
(40 M) and “safurated sodi um bicarbonate solution (2 x 60 m). The
organi ¢ 1&yefRwd&Beoncditidatied tshoaddeir)) ,i B332&c o) ,53108@i ss0l,vedSisn et hyl
acetate (45 mi,) angdo@i |(ehed 14hh (Ul Hlaglsenty)nexang tg)cryskal lize the
product. After
1250 (=), 1055 (m) and 912 (w).

b) -Dj -

15 bonyl] -L-homocysteinyl] -Ii-norleucine, methyl

~s1 1) =

o O
||
C

(O—cmo-boys ay-C-0-c—(0)

HN, _ COOCH, H,C00 NH

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

20 tetrahydrofuran (45 ml) solution of (S)-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 the slurry at anbient tenperature for one hour the product

wet - cake was col lected on a filter and was washed with (1:2.5) ethyl
The 10 wet-cake was dried in vacROTAU8Y%BRr d 4. 22
g of the title product as white crystals; mp. 109 - 110C. IR (KBr),

acet at e/ ve@Oz#25§ 80 ).

3309

(s), 3063 (w), 3032 (w), 2955 (m), 1742 (s) 1696 (s), 1655 (s), 1537 (s),

1439 (w),

1439 cn%3ﬁ8mbmh§d ¥26@ rbfes &é&% a&%u@aa %056 éFryllac%kaﬁ§S(1@©c,
ar a (0] rN O-
2o 1 S R SRR b el B B aR e B e AT {T R

D, L-D th|oeryahuraubd(@oﬂﬁugokmasxﬁddedeteoautmohrdgeu spamjed nEthkyl

7a, 1
12,1

acetate 30|UbkganQE t BG el QEUConbeamBREY EQ%aQOOEQSJQ)vgggbed to -7C

Sodi um net hoxi

solution (25% i n met hanol

) was added to the 25
react i on Iri xtefésandved was eshvdr egetatealdht m30 andutédutedt Witht was

j udged conpl gi,esby i BRECharahksi-s. CIQ%ta@@ﬂ%@eEh§0g¥bHQ@t“asA§Eb&red at -7C

for another 60, m nutes and chl orosul fonic acid

nm) was added.

Stirring wasSEoREIRGedhs: S- ?érﬁbﬁt4aW@&@§taﬁﬁmPﬁ€ﬁtFH§ 30Ty OBt POHTM xt ur e

was stored |ahéhprbaaetemetebak@ e eollEhecteant ko iNketruaadwasswashed
wi th 3% hydrochl o

bi car bonat e

concentr

(94. 2 m@@

si ze,

solutlon
mcroliter i ngectbor (ol umesel Uked atay. Qoyl,/ Aung Diyysohved %398 ng in 50

m

15

20

25

30

35

edW?B ﬁakésWBﬁedéﬂﬁérdﬂn@a@u91

S83ran 5121120k e 8F§§ﬁ.t8/?“3a§%n§2t U had - andne”
8 éﬁfpﬁﬁlé 2@ Er@éu§b8a§1§ﬁQmI

LCaulk 3g6wA2 tl R L2310 YMG basi mcron particle
< BEGInSE 35 AT gﬂ%“f%ota

5|un1d|h phosphat e
CTﬁ@§§9/w338@032 ay 6@9gﬁv

pHIRzéKRB)@2ﬁ§@25SS
1260 (m), 1132 (m) and 1056 (m).

c) - - -5-0x0-4-

methyl ester

D,L-Dithiocerythritol (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
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

reaction mixture was stored in the freezer for 16 hours.

The reaction mixture was washed with 3% hydrochloric acid

golution (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

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

-23 -
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of nobile phase. 5 Exanr |e 4 14S- (4a, 7a, 10a(3) 1 - -AmM noo

hydr o- 5- oxo- 7Hpyri o- r2, "I - bl 11 , 3l thi azep i ne-7-carboxyl i

acid, metw@gb2/exser, hydrochloride 10 a) N Fornyl -L- onoP@BURIYIES380

(1.->J3 ')-disulfide 00 H ~HNHHN HOOH S-S0 0 L-Honocystine (5.37
g) was dissolved in formc acid (23 m) to afford a viscous sol ution which
was ﬁS coo: ed.bng@oi o/an heetbﬁﬁhrlAéetbo anbydlider(1hjdchtipn was a]gdeﬂ
to this solution dro S e 4_m nutes etemmra re.of the
reaction nixyaggm?oggm%Sgaﬁg E 8 g/m%ﬂe rQéEFPéxeﬂliﬁ PeHad™ s% rFéd for 6
hours until| oEtmekslpugbedeto be conplete by HPLC anal ysis. The 20 reaction
m xture was quenched by the addition of ice water (10 m) and was then

concentrated to a white residue on a rotary evaporator. The white residue
was further dried under vacuun1at aﬁ%ﬁ@ﬁ%uiéhperature The resulting dry

white powder (£39(@), was184R L Ho@bt £ 8§48 » A ] and
denat ur ed et hanaql . . m as allomed to
cool to about 2¢ ; : T “Tteftedant ' 55+ washed

with cold chloroforn1 After drylnghgmnﬁmhumﬁﬂma t|tIe product was i sol at ed
as a white crystalline powder 30 (5.85 g, 90 MO.). 1HNWVR 300 Miz;
D6DVMSO 8 1.8 - 2.0 (m 2H), 20- 2,2 (m 2H) , 28(brs,4HL 44(brs,
2H), 8.11(Qs,alH), 8NA angdcyete i ligH figde WO 02/ 42258
PCT/ US99/ 15380

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: 6 1.8 - 2.0 (m, 2H), 2.0 - 2,2
(m, 2H), 2.8 (br s, 4H), 4.4 (br s, 2H), 8.1 (g, 2H), 8.4
(d, 2H) and 12.6 - 13.0 (br s, 2H).
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b) N (N-Fornmy - L-hono .ystei nyl) 6 , 6-dinmethoxy- -norl i n .,, nmethyl
ester (1-, . 21" )-1i sulf 5000CH OHCHU,,,, N H H3C S H3CO S
OCH3 OCMB30 02258 OHCHN 0 COOCH3  ('S) - 2- Ami no- 6, 6- di net hoxpéiexassisasoaci d,
met hyl ester (2.05 g) was added to a tetrahydrofuran (45 m) slurry of
the product frompart (a) (1.62 g) at 22C. 10 The resulting thick, sticky
slurry was agitated for about 10 m nutes, and dicycl ohexyl carbodii m de

(2.29 9) was, addedH ﬁi & abgg&_%S ninu}es oé:agitation the sticky slurry
was repl aced %nth a VI as the reaction
progressed. The reaé imeshoyivt3 1cif s t was judged
conplete by TLC anahx !§ E—EHEMREﬁﬁip'tated dlcyclohexylurea was renoved by
filtration and the wet-cake was washed with tetrahydrofuran (10 m). The
conbined ¥iltrates were concentrated on a rotar evapor at or and the

l(/) oY

resi due was 20 dissolved in nethylene chborid m ). The resulting
sol ution was washed with water %citlic acid (50 m) and 5%
sodi um bi carbonat e sol ution (50 n1§ Yanic | ayer was dried over

magnesi um sul fate and concentrated to dryriéss dn a rotary evapor at or

af f ordi ng H,C
S H,CJ
OCH;
OCH,4
OHCHN
COOCH;

(8) -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°cC.

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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25 the product (3.82 g) as a sticky foam The foamwas purified by radial
chromat ography using a solvent gradient of 5 volune o nethanol in ethyl
acet at e W0 09422801 unme % net hanol in ethyl acetate to afforPdI/BS8B15§80( 81 - 25
WO 02/ 42258 PCT/ US99/ 15380 M4 of the product as a yellow glass. The
resulting yellow glass was dissolved in refluxing ethyl acetate, and

hexane (30 nmvk)was adtedegricdiudte a6 @ue}engzt gﬂi@% r ggiel tx*e@ﬁlmm re was
stirred at an%;@nt t(selnperatureaﬁfor 6, hour hﬁﬁp%ﬁu iltered and
the wet - cakeYfasC"WdsiEs With HeeeHys @tce\}\'vz%edrl ed in
vacuo to af fend beZage( IB.02 i) wafs taldeleﬂr dmbud:theas:lamd dmghousheol | d m p.

1747 (2). 1638 Loy iR CHEe a0 reiaas %fﬁ;bsl@%%z%%“%ﬂrﬁra%%ﬁ’f% hnd

1060 (w).d c) 18480urga, the Prodact) vps Gitdlepedr 608k ¢he set-cake was

(N-formzl)- Wblshyeﬁl tdfch hexarfel, (3l thikamepi.neThk5 Eo«aalrdtows eradeiad,igret Qé' 4

ester S H 11 H ((%(I}:EB hi Qe thrlt 0 24 was adde

to a 20 nltrogen s%éjr gajeftfo hyl gceégté @t)utof%o 05t B trﬁ)%%:r o&ﬁc from part

(b) (1.05 g) asoebpduiso sclldG; Sagi.umsmet boxicde sol ution (25%in nethanol,

0.07 m) vas d C tur |t tlrre faor about 16

hours. Foll ovm ﬂ%%ﬁﬁLC%rﬁgl y 6} tzg%’&t hnagl)sreggtsl on i %ﬁ&% %&1]‘@ onal

D, L-dit th)erymhr,l LG4 7( 003 91)64@nd890d|115m7 net) hoXi4de® slal)ut |1c3r83( 250%,i n

met hanol , O. %1@1)111‘6"“ 9 jagded,) al ?1 bR q@gtion mxture was stirred for one
t

hour . FoI | owm ng HPL analysis o he reaction m xture,

c) - - -5-0x0-4-
(N-formyl) ~7H-pyrido[2,1-b] [1,3]thiazepine-
15 Z-carboxylic acid, methyl ester
S =
0 N
|
HC—N
l o 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-dithicerythritol (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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additional D, L-dithioerythritol (0.06 g) and sodi um 30 net hoxi de sol ution
(25% in nethanol, 0.01 mM) were added and the reaction m xture was stirred
until it waszpueyed conplete by HPLC anal ysis. The nononRPE€T/ASINMSBEIN was
washed with 0.01 Msulfuric acid (10 m) and saturated -26 WO 02/ 42258

PCT/ US99/ 15380 sodi um bi carbonate solution (10 m ). The organic |ayer was

fpncegtzgt ggs@aiggwti@%ﬁ@wa@r @b@.ﬁltti@natj(flm ehllt)he ;Iﬁteue?;@?aa@mayte& a Ej hitﬁk
I qul . , . nmonomner S | SSOIl ve In ne C ate an e
ool i Ne o RPN R e BB SR At FOGRR R EOARBEPFISEnes0 (2 0)
was added. Theudeaobinomenm xisuke thdskstligudd d0.8A0g,t 80MEC .untrhk t he
reaction was t 16, I a I P | ysi s Lesi n was
filtered-of f mgﬁgpl%%agﬁ(esd %vlvigt%#ﬁn’)& ?{“P ]é“ég‘g?lg’geg%f?ak% N L Fferggﬁetén\%er e 10
washed wilh saturipadvesdispargiedambshand tyoben defoZzex Ambperdyptand® he

aqueous wash (wag)baglk exgeact ednd LR PRLBY nidtehal fak? ok i3rlk) atTH® o
conbi ned organi ¢ | ayers were concentrated in vacuo to afford 0.6 g (87 M4

of the titl&%pr8dictingdlathesigaetirs wASNIRIPIGGMES Eoers) BS1.7 - 2.2
(m 6H), 2.3juddel ©y HP2M) andl¥sis3. TheMrekih wds3 fil3efe@orEHund3. 8 (s,

3H), 5.15 ( , . 5.25 H, 5.35 ( 1H),, 7 (b, H and 8.2 (s,
1H). 13C NW%?%%?t%DE%%YJIIG.agQ% X, 7‘?,5 @13, T;%? %&,ﬁﬁ”@%ﬁ, we3E 51. 09,
52.31, 58 05wasbedo&ith7 baZluiranedl 22d50m HREGrbbnate &od2thon. (PWk21@ nn:
YMC basic 5 pher p i ¢l L.ze 10 2 9 1 assi um
di hydr ogen g%gs% gtghéb% F%k% Eﬁéf:ﬁ?ﬁ %%Cg?%éiggéﬁééi&gFgeyggggh
mcroliter iAcespten (Rokuremdlut edhgt combimetrorgapd cdllaysss walre 7a,
10a(3) 1 -4- Ashceaeehalyl rioer veroaxo+oHafflorddo .[c2g X 87bMzfhl of3thkhi

azel pine-7_ carboxyl i c¢c acid, nethyl ester, hydrochloride

title product as a residue.

15 'H-NMR: 300 MHz; cbCl,: &6 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).

Y*C-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
size, 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 - A =

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

35 HPLC analysis. The methanol was removed in vacuo 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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30 Concentrated hydrochloric acid (0.4 m) was added to a nethanol
solution (8 m) of the product frompart (c) (0.6 g) and the solution was
diluted woh2yeser (0.4 nl). The reaction m xture was stPeCT®M%S3%NDI ent
tenperature until it was judged conplete (72 hours) by 35 HPLC anal ysi s.
The net hanol was renoved in vacuo and the residue was dissolved in iN
hydrochl ori clagkd w46 bhlidndd was;hegowatsalni&lt bul-dbeaehl eoi gg (2.5 6 m).

Th -2 58 PCT/ US99/ 1538 b flLed t h
pot a‘;‘?."ﬁ‘r’n"iaﬁﬁénv% Feﬁg 39 KoL R FAELED) U L RALY ARt P Sg e (6
net hyl ene chkoBi@é)(6 T e8oﬁgﬁnl¢héxéﬁgéﬁ$cwé%?r&@P§GW§rét§dné@nWEéﬂéd in

vacuo to glgg gégg g %49 N%% Ofye g %Eethggu%%oag 2 ggs g¥ 3155 H NVR: 300

MHz; CDC13: 3 75 (s,
3H), 4.1 YddHNYR: 5308 Iﬁ% : &nd-5. 4 Pml imy 6H) 3C2N ?55

CDC13; 16.96pu25. 94053Qm612H§0 g375355193H)51419 @a 1§H)5259§5 %, 71
171.79 and 177.12. 'HPLC. 'Tr 10 3.86 min. (U 2 *"YMC basic 5 mcron
particle si z&H Iy gn 556 ﬁﬁn ?g)v/vo (0.01 M pota55|un1d|hydrogen

phosphat e sot*at-ipm,: (79 4H);: CZE1yt v¥6aset opbt 0k] 30261, rrBoreirsl,tss iLpj,ection

vol ume el ut eglaﬁol 92”11/ ma, 13 Eﬁ@mllg?aﬁg%l%%% 175, E?() éIPL_ A afhéy r%i .

-0x0-4 [ (t i toro yIY m™~nél ~- 7H
-7- r oMyl & 3.86i tinnet(Byl 286t am) :SYNE DaNicFSCnEchion?@amt@cC8OCH3 The

product fro Exanmp 1(c 2 g «digsghVv I
chl ori de/ net anor %28 " bsg i, hgmgzync(ﬁe?glﬁdghgag%?g% ?ﬁﬁydrog added.
To thi s suspehSFpRags ﬁ@tlﬁaﬁéw Ponitc Odci @5( 2’/3€gacf(§0@qt)fl\3ﬁs d8ded and

t he microliter injection volume eluted at 1.0 ml/min.

15 Example 5
[48- (4, 700,10aB) ] -Octahydro-5-oxo-4-

HED

[l
FyC— 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 metai powder (0.45 g) was added. To this suspension

25 methanesulfonic acid (2.3 g, 10 eq.) was added and the
mixture was stirred at room temperature until it was
judged complete by HPLC assay. Typically, the reaction
takeg 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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m xture was stirred at roomtenperature until it was judged conplete by
HPLC assay. Typically, the reaction takes about one to two hours to go to
conpl et i o0 0Xk258 pr oduct stream was washed with water (10rai/useiddgohe 30
met hyl ene chl ori de solution was concentrated to dryness to afford the
desired product as an oil (1.1667 g, 68.7Ma). -28 WD 02/42258

PCT/ US99/ 15380 Thi Thaisl odanche denventvedtid [(4S-[44danlFo 11.@%1([53)] Ja-4

t ahyd i_do[ 2, 1,.3]t b d,
oty eat or SHDAPEAPYAES Sy P S on Sreh Handl R ARBIA g i ¢h
pot assi um 5 carborgfle csalctit, o mefrdiyllowedt ey, ¢gmhfmmiuunmdehyﬁWOchlor|c aci d
as describedy l.e.1( I 0 ri fl uoroa

&ngi@qu 1% %%tfgéﬂﬂpa%d?r%aa%%gg dﬂt%.?%é&ééﬂﬂm

yl) -T -hono .

(1->1')-d sur:ﬁﬂ-’bemﬁﬁe epé@@epnoffwdeﬁn(@pwrzm haidsechgicapar ed as
follows. 15 éth‘a%TﬁbsEkl%%GQ1bL@kaﬁ51é“yW@ ysteine, (1->11)-disulfide
The product of Exanple 1(a) was al so prepared as follows. 20 Under
nitrogen, L-honocystine (13.34 g) and 320i5 potassi um nethoxide in

nmet hanol (22.97 g) were charged to amﬁggini_ghree neck round bottom flask
equi pped with 3 nt, and
an addition fu
g) and the rinse wdsiz i G ‘ ‘
t horoughly stirred mnth rapld agltatlon at roon1tenperature for 30 to 40
mnutes to obtain a clear solution. Ethyl trifluroacetate (15.2 g) was
added to the resul t Th§ ®8duicsnoat Examgleswhilen 209mai wes ot he reaction

tenperature ptedSrtd 48CfolNews.

15 a) - i L~ ine,

The product of Example 1(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

300 maintained the reaction temperature at 35 to 40°C. The
additional funnel wag 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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addi tional funnel was rinsed with nethanol (2.7 g) and the rinse was added
to the reaction mxture. The reaction mxture was heated at 38 to 40C
until cov@bz#2651 as judged by in-process HPLC. Met hanol PRT/PSBZISE80 was
charged to the reaction mxture and it was cooled to roomtenperature
(about 25C). Acidified agqueous brine [143.4 g, prepared by dissolving
concent r at edhyaaowwz/l@z&mdPG’E/zU§99/ah513&&dllmmdbmbtrealec @cid 32 ig) and

vere added t Bacehe et d. =i Soiatdd qerE il aterand e %d%ﬁi‘%@
phase was maShedmcanyeeutlﬂ@byphashslwea&ds%@arbtedeaﬁdSGM@tpmgan@ﬁo g

each). The vBaled QLIAN-GHRRASB MRSl it D anoR! Yy sagetgte (60 M)

to a total une o then concentrat until the
wat er comt enfosBtiRaSdi(§0; I geEhlas [Thes welsied0 OFganAft @ha@@oma@g to about

25C, hept aneg;i(8@enl Ml%%dnsmyllgc%%%@ecr BGthlmi (%@5 BOkovene vedded tx the
product sol ut onal hept anes e added to the

n.
crystalllzatﬁéﬁ W#x CORRWEPIGFELE 16 o ﬁﬁtéé t?hé°°Fé§HFﬂ|n§h§lurry was
stirred at abattr2tGntentl ofo the kidwts lametet h»espae@ucthms ocekl.ected on a

filter. The ak ed with nes/n but
acetate (50 %?fe g %gwameﬁ1%% aﬁgg%?S%eganﬁgf @ %%% 8ﬁ%n1dr|ed
(25 torr1045€redverwtgﬂﬁ (36 m918weh@UB§ﬂeﬁot@ft@ede@dﬁc@faalmtacmroduct

'g‘ngl 3(/;; CZ:_{) dﬁgaltlH'nMYRhe%@%nMélz %Dl}@()) w%r% éd(i@d t%otﬁé') (2U€f/ (21m0 ﬁ:;)')

E. Merck Li cﬁra’%a% lﬂﬁiil%@lﬁé@rmns@wﬁa")/cp@ﬁr 29 mén@t@@s MIKAOAC, pH =
4.5 75 vo @é@h@l&hh@l ls@urdd Wa@ Qtiikeed RiteloaR velume sl yted 425 at 1.0

m /mn. b) (géurs an Ot?le prog%choﬁ%%h%éiqgk%egpgg a”%59¥2r The
15 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: 6 2.1 (m,
20 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
25 at 1.0 ml/min. '

b) -2-Amino- =
ester
The product of Example 1(b) was also prepared as
30 follows.

Under nitrogen, (8)-a-amino-1,3-dioxolane-2-
pentanoic 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,

35 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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r The product of Exanple 1(b) was al so prepared as 30 follows. Under
nitrogen, (S)-a-am no-1, 3-di oxol ane-2- pentanoic acid (25.0 g), nethanol
(300 M) veodei2aet hyl sulfite (12.32 ml) were added to aPEDOSYN158%0r ee- neck
round bottom fl ask equi pped with a nmechanical stirrer, 35 thernocouple,
heater, nitrogen inlet and bubbler. Chlorotrinethylsilane (41.95 m) was

added to thegiv@suky -ngaglitory thQﬁeW@&xbﬁékaﬂodb é@@dTOheﬁhbqurs to -30

WO 02/ 42258 PCT/USQ i.ve 2- met hox n acid,
nmet hyl estef® tﬁ§dr§€#F %&8 &gftg iFterg%BSFlﬁﬁo 6ngb58t % %Fh
hydrochlor|déhsahydsobhﬂbaddwasaﬂeuBbahtzed g s aédttadnzbd byslurry of

potassi um bi gaxboRALE L5 19,045 o pBeLRalh (100, Bbhe3L 355358 i ch

mai nt ai ned t above rontine
acetate (ioolﬁiWeﬁé§n§@déé0§nﬁﬂthétsEuﬁﬁyemﬁﬁlcbom@éﬁtﬁam@d @h@ePHVacuum

(110 to 30 tabb»ekeenm&gauhaddh%&%%r%&wéea%%h@quQEm&Q reﬁpéﬁtgﬁthanol The
10 neutralized slurr di met hoxyhexanoi ¢ aci d, met hyl

ester was heP§eLete (2§@ %@Hlﬁ@stﬁgdﬁﬁ PO h§SsEePrha(s WgEr f ormed. c) N

(Tri fl uoroaoncyhxrateﬂommdeyswabu@m (150(to>3o)tb$¢bfkeepdhglt@hloride
F3 Od HS.SA. T Under_nitro en étrl uoroacetyl)-L 20
JEchegp

honncystelneteFEegfgyﬁls eﬁp e %ZE 3% gFodeh 50 ml) and
n-butyl Htetaecstaldimeyd wdrneryvhafgd$)t-@-amino-6,6-

dimethoxyhexanoic acid, methyl ester was held at 0 - 5°C

while the following step was performed.

c) = j =L-
15 (1->1')disulfide, diacid chloride
F:G0
H —
NI/\/ g NH
o CF3

Under nitrogen, N-(trifluoroacetyl)-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) -Di -N- [N- (tr] T
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500 m three-neck round bottom fl ask equi pped with a nechanical agitator,
t hernocoupl e, heater, nitrogen inlet and bubbler. The resulting solution
was cool adovw422390C. 25 (Chl or onet hyl ene) di net hyl anmoni unPCHUS?Y/ 15880
(Vilsneier Reagent, 16.9 g) was charged to the resulting solution and it
was stirred at -5 to -11C until the reaction was conplete as judged by

'E DLOCGSS HPLC anahY&b&le@Os@lu@a@nD OUB°Clh@fyPNtabH1uﬁikhﬁbrﬁﬁﬂﬁﬂﬁﬁty|)
- onocyst

>1' ul f'de -31
VO 02/ 42258 E@ybégg} 1%§8HaEeEoé|2é§ ody uf”iaén egcfo 1%6 ?i’]té(
bi car bonat e a¢22a@a gl urmrywatfer( S()zaGanﬂlhowas 6adde1étﬂnmdyﬂnemﬂbﬁmylaciahet ate
slurry of (S 6+ I<C i I I part
(b) and th(e ?“ﬁgh?T %g’tx%r #Sﬁl‘gw%yn%% gdt?}ﬁgx?’ﬁr S%E‘Béaﬁf?&ro Slg)ﬂs 5 by
t he addi td onagﬁtazedmmect@ﬁfea@@@oaéjp@ttaﬁsﬂ:@rrﬁcér bonatbe §@ild;tt|1@:m othe

di acid chlor Qdewyebuwoaqué%msp%@ta(s%)luwa%a%%ﬁa%teowuta%ed q@ver 1 to 2
hours) to the vigaqrously stirre hasi ¢ m xture of

(S) - 2- ani no- @1écaﬁnﬁpllr€%9ﬁ€x§ﬁ&”€lw &€P8. PREENYVE) e ¥P8r then sloylyc

mai nt ai ni ng khgefH (ake® @ to 8 houhkoughothet mg@msqyc@tqwz@@ addi tion
usi ng 200 ag gas\h ot assium ¢ rb(%ga% The cid chlo addi tion
C

funnel was r A& E S 6 aRePAls " 2{ eﬁﬂa)nod'r‘f'd t he
ri nse watl addedds omehhyrlea!sttle@“nal:S - X:buﬁéc iﬁlalmﬂ:ytlmumgt eheafciieatt 8e 0

addition of th [ ri t ar at ed
and the or ganlgcgp?\:g%gu@gl?h\%ag %d‘éi%%tc‘%‘&mkﬁb??ge g?’gg'rﬁ%% U}1,%'@’11% ?‘?)gh
organi ¢ phas@dwasusoresarrated casdenatgcuuiheo ddbedd ch8@uidevol une at 60

to 70C foll oaealéxohh%u%@ut WeR 9findQapearut ek él—)ﬂrt% Blok)ard phapt anes
(550 mM). The cr | lizatiogn m xture was stirre to 70C for, at

| east 30 ni ngf&s2 8 &2nict gdodREr YECalr ifsemieFoRdorrk t Ocr@@t ALY was
subj ect etb t omartakker nabiitgy 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 alternating
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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cool i ng/ heati ng/ cooling protocol and after cooling to 20 25 to 25C the
product was collected on a filter. The resulting wet-cake was washed with
1: 4 n-butwo 02/4268 at e/ hept anes (2 x 130 m ) and heptanes (RGDUR$Y1538Dhe
product wet-cake was dried under vacuum at |less than 45C to afford 41 g of
the desired product as a white 30 solid having an HPLC area percent of 91
- 94. Anal ytheal igatcdaimdd\Ng: 360 MHz; CDC13 S 1 4 (m 4H), 1.6 (m 4H),
1.8 (m 2H), 1 9 ( , m, 2 2.8 (m 4H), 3.3 (s,
12H), 3.8 (s, n}sH)A(EO%HdOE)%e a9(m 2H), 7.4 (d, 2H) and
7.7 35 (d, Zﬁﬁ) 132 WD 02/ 42258 PCT/U899/15380 What is clainmed is: 1. A
conmpound of the formula (II¥E*¥P1 NH-P1 O=C!-CH2- @pS -S- CH2-
CH2-C-C=0 H H ( HUCOOCH3 Hi:CDC CNH CH2 CHZH &G 2 HC-~-CCH3 I H 2
iHH3 CON HC / CH2 OGH%=C—€E}REQSF®m§+erﬁsFﬂﬂhs—@HakfcegB&cprotect|ng
group. 2. A conpound of aign 1 wherein P1 is selectedh flromthe group
consisting of trifluoroacégtyt, 10 phenyl net hoxycar bonyE, If ornyl,

pht hal i m do, and .t.-buHﬁéégﬁﬂﬁ9ﬂ¥|. 3. The coqgggg@\pf‘ﬂﬂain1l wherein P1
IS H C

CH, cH
HgC/ \ZCHZ
l _/OCH;
HaC H3CO. _CH,
H HC
OCH, |
OCH,4

wherein P71 is a nitrogen protecting group.

2. A compound of Claim 1 wherein P71 is selected

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

3. The compound of Claim 1 wherein P71 is

trifluorocacetyl.
15
4. The compound of Claim 1 wherein P is
phenylmethoxycarbonyl.
5. The compound of Claim 1 wherein P1 ig formyl.
20
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trifluoroacetyl. 15 4. The conmpound of Claim1l1l wherein Pl is
phenyl met hoxycar bonyl. 5. The conpound of daiml1l wherein P1 is fornyl. 20
-33 WO 02¥@a283s9CT/ US99/ 15380 6. A conpound of the for nBCERUSIYEPSONH- P1
NHPL O=i -GCCH2 CH2 S-SSCH CH2 G C=0 HOHHO™. H2N, ~ / COOCH3
H3COOC "ANH2 CHC CH2 CH2 2 CH2 11 H2Q H/OCH3 H3CAI-I /CH2 | HI
O0OH3 OCH3 wherein B. |2 aohpbuagenfpraktegbirmglgroup. 5 7. A conpound of
Claim®6 mherQ'?a?l is selected fromthe group consisting of
trifluoroacetyl,”" phenyl met hgxygarbonyl, fornyl, phthalimdo, and,t-

but oxycar bonyl . 10 8. A conppund: of Caim7 wherein P.NEsP1trifluoroacetyl.

9. A process for prepaphg—t @@Zrm@qqrzldsoismgﬂz_l.@HgmémL@.__bl ) '"HP1L UHP,
I

i

HO n OH
° NH
1-121\]////COOCH3 H3CO0C N2
" i
CH
/CHe N
HZCIZ C|?H2
HC\_-OCH; HyCo_ CH»
CH HC
|
OCHs 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
trifluorocacetyl.

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

(11)
NH-Pq NH-P;
O==C—C— CHy— CHy—8—S—CHy— CHZ—?—C=O
HN,, _ COOCH; H3C00C~_ #MH
CH, CH,
Hzf/ o,
OCH, l
HC, 7 H;CO. _CH,
CEH HC
OCH; |
OCH;
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0=0 -.C - CH2- CH2-S -S-CH2- CH2-C-C=0 H H/ CO00CH3 H3COOO- jNH 1BC CH2
ICH2 2 CH2 1Q /OCH3 HBCON/C I H2 H2 H HC OCH3 ' OCH3 -34 WO 02/ 42258
PCT/ US99MG 88@258herein P1 is a nitrogen protecting groupP@hiUs#w/15889npri ses:
a) reacting L-honocystine to introduce the group Pl on both nitrogens and
give the disulfide internediate 5 of the fornmula (1) NHPL NHPl o=
-,C- CH2- CHh8x8in CHR2-isCeERni€riogenl prOdedtiingHgandp wedeh ng t he
disulfide of formula | with (S)-2- 10 am no- 6, 6-di met hoxyhexanoi ¢ aci d,
net hyl ester SPAPERESS5r esence of a coupling reagent to give the desired
product of formula Bl); @eablingatthogocyviadneysbi dattredurkr atlecgridg gr oup
P1 on both niptr %ae%t@angli%\%ih@e afiss glif\»ed%wemd%m%@ee intR-Akdiled or mul a
(1) NHP, NH-P1 O=1 -.C 2- CH2-S-S - CH2- CH2- Ci = O OHAHHOH
convertiny t k& dbsulforgelint er medi ate of fornul a

(I)

NH-P; H-P;

iz

o= lc——g— CH,— CH,—S—S—CH,— CHz——_c‘:— lc=o

OHI_-i H OH ; and

reacting the disulfide of formula I with (8)-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
(1)

NH-P, NH-P,
O==C—C— CHy— CHy—S—S8—CHy— CHy—C—C=0
IOHE ﬁ !)H )
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-homocystine to introduce the group
P71 on both nitrogens and give the disulfide intermediate
of the formula

(1)

NH-P; NH-P;
O==C—C— CH,— CH,—S—S— CH,— CH,— C—C==0
| = A |

OHH g OH

30
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20 to an activated form and reacting the activated formof the disulfide
of formula | with (S)-2-am no-6, 6-di net hoxyhexanoic acid, nethyl ester to

gi ve thewest#x8 product of forrmula I1; or 25 c¢) reacti nBCLAROMB380sti ne to
i ntroduce the group Pl on both nitrogens and give the disulfide
internmediate of the fornmula (1) ;HPL NHP1 O=1i -.- CH2- CH2-S-S - CH2-

e T o el i vt cerigy o ol e
I SU Ide O Qr mul_a W = am nNo- o, Q-di ne oxynexanol ¢ crda, ne Yy
to give the a@&ﬁﬁéﬁné‘f}fmteﬁ@% PYFORPRO8- O P NEK B ite) 9l Fhes cHl Crp

S-S-CH2 CH2 Compomfid O Hhid Gdrk2Na i / COOCH3 H3COOC NH2 CH "HC | | CH2
CH2 HiCz \CH2 | H2CQ\ H/ OCH3 H3CO--' /CH2 | HI OCH3 OCH3 ~ and
treating the congound of formula Ila with a coupling reagent to give the
desired ptoduéfasdf formula I1. 10
NH-P, NH-P
Y = !
0=C—C—CH,;—CH,—S=—S—CH;—CH,—C—C=0
HO 3 H OH
[ J
H,N, /COOCH3 H5COOC )NHz
CH, CH,
Hzclz/ \CIIHZ
HC( _-OCH; HyCO_ CHa
CIZH HC
OCH
3 OCHj ; and

treating the compound of formula IIa with a

coupling reagent to give the desired product of formula

IT.
10
10. The process of Claim 9(a) wherein:
L-homocystine is reacted with ethyl
trifluoroacetate and the coupling reagent is
dicyclohexylcarbodiimide.
15
11. 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.
25 13. The process of Claim 9(b) wherein:

L-homocystine is reacted with ethyl

trifluoroacetate and the resulting disulfide is treated
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10. The process of Claim9(a) wherein: L-honocystine is reacted wth ethyl

trifluoroacetate and the coupling reagent is dicyclohexylcarbodiimde. 15

11. The pvoomsxs®of C aim 9(a) wherein: L-honocystine i s PERUB®EMESIS0t h

benzyl chloroformate and the coupling reagent is dicycl ohexyl carbodiim de.

20 12. The process of Claim9(a) wherein: L-honocystine is reacted with

formc acid andh deellioromiRitilicte ) thelthe 1GRIHIDNING @AdeAldd $o give

di cycl ohexyl rbodiinidehﬁFS 13tH}?e roc%%§ of Cl aim 9(b) wherein:

L- honocyst i ne s SPEACEEF W &HY1 St F1°For oacet ate and the resulting

disulfide is treated -36 WO 02/42258 PCT/ US99/ 15380 with

(chl oronet hyl ene) di pgt hy j hl qri .t 0 give .caorrespondi ng acid
13 o0 S0 BB ed) iR ot unblR st

chloride. 14. The process of “C _ . -honocystine is
reacted wWth ethyl Lrhiomogyisddeet dise readtele wishpetbylof formula Ila is

N protected 1 L asromont e o e ol e A 0 TR Wher or
protecte actam Jhe formul a 5. P erein
Plis a nitrGﬁ@ﬁtﬁﬁoF@€§iﬁB‘@F&&ﬁhﬁﬁ dFarPedididteses: a) reacting the
product of the formula (I1) NH P1L NH P1 p=C~ CH2- CH2-S -S- CH2-
CH2-CG-C= 0 15. The process of preparing the N-protected

10 lactam of the formula

(III)

n
L

=1

P 1_NH(
0) COOCH;

wherein P71 is a nitrogen protecting group which
15 comprises:
a) reacting the product of the formula
(I1)
NH-P; NH-P;

O==C—C— CHp— CHy—S—8—CHy— CHz-—?—-C=o

H ‘ H
NH
HY,, IcﬁcoocH3 H;CO0CN c‘
CHZ CHZ
Hz?/ \ICH2
OCH;3 '

HC H;CO. _CH,
ICH 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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HCNH H-COOCH3 H3 COOCl CH2 CH ,2 H2 CH2 H2C /OCH3 H3CON /CH2 CH HC
OCH3 OCH3 20 with a reagent that cleaves the disulfide bond; and b)

subj ecti movhie@280noner fromstep (a) to an acid catal yzeBCTYS9Y 153800 on
reaction to give the desired product. -37 WO 02/42258 PCT/ US99/ 15380 16.
The process of Claim15 wherein: the disulfide of formula Il is treated

with a bisnercaptang.a Eh@S@Eb@%sbeéﬂCEmﬁgmgﬁBtrPég@ﬁﬁSpgiti r$ﬂucing
agent, or zinc neta er .to cleave the iLsul fide bond.  17. e process
of Claim 16 wherei n g{ Pdrcd& o F B g&l tSi érﬁﬁgsae&l R tributyl
phosphi ne. 1bl$&erEh@tpmoces@h@bpmuaaamedgcuhg Blgpnat, eat @thosbadtam of t he
formia (111}c8,oPh Nt Q00010 WARLET BoBhelS (8 hbLggen protecting

group which reacting ystine to i ntroduce the group
Pl on both nﬂﬂﬁngéﬁﬁeaﬁ@ ve the |nterned|ate of the

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
(ITI)

Pl——l\TH(
o) COOCH;

15 wherein Pj7 is a nitrogen protecting group which
comprises:

ai) reacting L-homocystine to introduce the group
P71 on both nitrogens and give the intermediate of the

formula
20 (1)
NH-P4 NH-DP;
O=C—C— CHy— CHy—S—S—CHy—CHy—C—C=0
| 2 Al
OHHy g OH

aii) reacting the disulfide of formula I with (S)-
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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formula 20 (1) NHHP1L NHP1L O=1i -.- CH2- CH2-S S - CH2- CH2- Ci = 0O OHH
HOHaii) reacting the disulfide of formula | with (S)-

2- am no- 8y@ozf#2288 hoxyhexanoi ¢ acid, nmethyl ester in the PETI/prEsEssde of a
coupling reagent to give the conmpound of the fornula -38 WD 02/ 42258

PCT/ US99/ 15380 (Il1) NHP1 NHP1 OC~ CH2- CH2-S -S- CH2- CHz-C-C=0O H
H 1ti~,,~H COPEgH3 H3CO00-1 CNH H2 CHz CH2 ~z HC/OCH3~iH z i CH
H3COQ /CH2 HC OCH3 OCH3 ajH-p, reacting the disulfidg;,of formula I'l with
a 5 reagent that cleaves t di sul fide bond; and aiv)="subjecting the
nononer from part (aiidld=¢oc-apupci@casalyzed cy@h%.za@.i_@:: eaction to give
the desired product;or bj) =reacting L- hom)cystzi ne to fntjroduce the group
10 P1 on both nitrogens(ﬁdegi ve the internediate of the| formula (1) NHP1

NH P1L O=1 -.C CH2- /;//S}-I%O-ch;i} CH2-C i :1QI3COOC\ C‘NI-I
]
CH, CH,
Hzf/ . \IcH2
OCH
HyG /0 HaCO\ _CHp
CIJH HC
OCH, |
OCH;

aiii) reacting the disulfide of formula II with a
5 reagent that cleaves the disulfide bond; and
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
10 P37 on both nitrogens and give the intermediate of the
formula
(1)
NH-P, NH-Py
O==C—C— CHy— CHy—S§—8— CH,— CH,— C—C=0
g)H ﬁ ﬁ (IDH

bii) converting the disulfide of formula I to an
15 activated form;
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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OHHHOHDbii) converting the disulfide of formula | to an 15 activated
form biii) reacting the activated disulfide frompart (bii) wth

(S) - 2- aniw954358li net hoxyhexanoi ¢ acid, nethyl ester to BCVES9S3goNpound
of the fornmula -39 WD 02/42258 PCT/US99/15380 (Il1) "HP1L NHP1 0=C --C -
CH2- CH2-S -S- CH2- CH2-C-C= 01 HHHN COOCH3 H3COOC-1 INH '/'GHC H
CCH2 CH2 2 @H2) OCH3 | H2C'' H3CO,, /CH2 HC OCH3 | OCH3 biv) reacting
the disulfide of formula INmweth a reagent that clegygs the disulfide
bond; and 5 bv) subjectingfthe nononmer frompart (big f6 an acid

catal yzed cycli zati op=teracti-ofu}-ocl,wes-the-dasit et —product; or ci)
reacting L-honocystine tlo £ntroduce the group Pl ongboth nitrogens and
give the intermedi ate of] te 10 formula (1) NH-P1 NEPL O --C CH2-

CH2-S-S - CH2- CH2-; i pg,0 th Hcii) re th N@JSUIflde of
formula | with (S)- 15 2‘%§fno %- di met hoxyhe % %@Id met hyl ester to
gi ve L, .
Hy Rem,
| OCH,
H,0 7~ HsCO. _ CH,
H HC
OCH; |
OCH;

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

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

10 formula

(I)
NH- Py NH-P,

O==C—C—CHy— CH,—S—8— CHy— CH;— C—C=0
N A |
OHy g OH

cii) reacting the disulfide of formula I with (8)-
15 2-amino-6,6-dimethoxyhexanoic acid, methyl ester to give
the compound of the formula
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t he conpound of the formula -40 WO 02/42258 PCT/ US99/ 15380 (lla) NH P1
NHPL Oi -CGCH2 CH2 S-SSCH2 CH2 G i =0 HO H, OH H2N, N/ COOCH3
H3000C\ Mpig2/42k8 HC H2 CH2 H2C CH2 H2CQ\ CH / OCH3 H3CO HPCT/AB®/156%0H3 OCH3
ciii) treating the conpound of fornula Ila with a coupling reagent to give
the conpound of the formula 5 (Il) NH P1 NH P1 0=CC CH2- CH2-S
-S-CH2- CH2-@I€ax O | H H H 1Zaeo~ COOCH3 H3COOC 1 INH CH HC CH2 CH2 H2

CH2 Q CH H2 OCH3 H3CO. /@H2p,HC OCH3 | Ci V) %ctlngthe
disulfide of formula Il witl{ a reagent t hat cI eaves the sul fi de bond; and
cv) subjecting the no r‘@v@%m@HiﬁvﬁT@fan—CHp—@a-@%@t al yzed
cyclization reaction to giv& the desired product. 19. ‘ THe process of Claim
18 wher ei n: H 3 H
HzN /COOCH3 H,C00C ,NHZ
i N
CH
2 N
HC( _-OCH, HyCO_ CHe
CH HC
|
OCH; OCH,4

7

ciii) treating the compound of formula IIa with a

coupling reagent to give the compound of the formula

5 (I1I)
NH- Py NH-P;
O=C—C— CHp— CHy—8—S—CHy— CHz—ﬁ—C=o
H H
HN,, COOCH; H3CO0G.__ #NH
il HC
CH, CHp
Hzf/ CH,
OCH; |
HoC, H;CO. - CH,
|CH 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 trifluorocacetate, 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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L- honocystine is treated with ethyl 15 trifluoroacetate, benzyl
chloronormate, or formc acid and acetic anhydride in step (ai), (bi), or
(ci) andwoe24xtssul fide of fornula Il is treated with triPOTARI/BIISphi ne
in step (aiii), (biv) or (civ). -41 WD 02/42258 PCT/US99/ 15380 20. The
process of preparing [4S- (4a, 7(x, 10a(3) ] -4

am nooct ahydr o- 5- oxo- 7H pyri do[ 2, 1-b] [ 1, 3] t hi azepi ne-7- carboxylic acid,

met hyl ester or a salt thereof which conprises: reacting t di sul fide
of the formil & (11 70K+ AReNAFPYCeg e? BPopRsTaE sk 88 e loai I Citto '
H HU, , COOCH3 a3 660CL ahiidrol-6 - o&d2 78Hp yid2 dcH2 , 1HBC\[ 1/, BOEHI aH30DNe-@H2 CH HC
OCH3 | OCH3 i .ea t eay t di sukt.i bond; 10 b)
subj ectin tﬁgkhgﬁg%%% %%g#VpQ%%h &)%Fgégn%%cﬁdsaggtgﬁ?%SE%CV%ﬁF ation
reaction Yo gePwprikesk protected lactamof the fornula (111) S H P1 NHQ N
0 COOCH3 and 15 c) LpeatihpgihBe NPEoLatkede! agt aBOkLaLAW a 111 to
renmove the Pl Erotectlng group and give the desired product which can be

optionally cédhverted to a salt.
NH-P; NH-P;

O0=C—C— CHy— CHy—8—S—CH,— CHZ—.C‘-?—C=0

H H
HN,, _COOCH; HyCO0C~.__ 4N
i e
CHa CH,
Hzf/ oCH \|CH2
HC 7~ HyCO. _CH,
<13H HC
OCH; |
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

(ITI)
S =
N
Pl_NH(
0 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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21. The process of Claim20 wherein: 20 the disulfide of fornmula Il is
treated with dithiothreitol, dithioerithritol, tributyl phosphine, or

zinc netaVopo¥atss in step (a) to cleave the disulfide boRATI/USH2IS3HD

02/ 42258 PCT/ US99/ 15380 22. The process of preparing [4S-(4(Xx, 7a,

10a(3)] - 4- am nooct ahydr o- 5- oxo- 7H

pyrido[2,1-b][1, 3]thbazemhaepzo@@@§o&flb@eﬁakdngnethyl ester or a salt

t hereof whic 0 i ses reactin cystine. i ntroduce the
group P1 anb%tggﬁlﬁgbég%gaé ggop ahﬁig%néd X% f the fornmula (1)
"H P1 NH pl p9rido{2C1-6HI1, @HZhSaSeplﬁhz7 CHZboRyiliz @citH Heldh@l 10 aii)
reacting the.disyl fidg %ElEOEﬁ%E%oE R Rb: %lgggno 6, 6- di met hoxyhexanoi c
acid, nmethyl ester iIn e grese ce of a cou g reagent to give the
conpound df  the foﬁﬁﬁl§e§5 ipg) L- hPmONHSthE tO introduce the group

O=C- ~- CH2- CHR4 Sef- BH2hCH2+E£0Ge0s HnH Hlike, t6880CHB eld€dDate bHthe CH2 CH2
H2 CH2 H2C~fé%%ﬁ§aH3CE%, ,,CH2 CH HC OCH3 OCH3

(I)
NH-P; NH-P;
O=C—C— CH,— CH,—S—8— CHy— CHy— C—C=0
| _E A |
OHH 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)
NH-Py NH-P;
o=C—-g-—CH2—CH2—S——S—CH2——CH2—?—C=O
H H
HN, _ COOCH HyCOOC~__ #NH
7 ICﬁ 3 3 ~~ c
CH, CH,
Hzf/ Sow,
OCH; I
HC 7 HﬂO\ /cm
(IZH
OCH; |
OCH,
aiii) 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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aiil) reacting the disulfide of formula Il with a reagent that cleaves the
di sul fide bond; 20 aiv) subjecting the nononmer fromstep (aiii) to an acid
cat al yzeavaywhizzati on reaction to give the N protected | BCT/@RY0IS380he
formula -43 WD 02/ 42258 PCT/US99/15380 (I111) S N P1 NHc 0 COOCH3 ; and
av) treating the N-protected lactamof formula Il to renove the Pl
protecting groiugr)and give the desired 5 product which can be optionally
converted to a salt; or bi) reacting &-Honpcystine to introduce the group
P1 on both nltrogens and give the ifter ate of the fornmula (1) NHP1
NH-P1 O=i -c¢c-CH2-CH2-S-S-CH2-CH2-L i HHOHDbii) converting the
disulfide of formula | to an actiX%ated form Jbiii) reacting the activated
disulfide fromstep (bii) with ( i , 6- di met hoxyhexanoi ¢ aci d,
met hyl 15 ester to give the Rwomdund ééﬁrrula (11) NH-P1 NHP1
Oo=C,,- CH2- CH2-S -S- CH2- CH2-C -C= CO@@M8 H3COOC-1 jNH I BC
CHH2 CH2 H2 CH2 |  av) treating the N-protected lactam of formula III

to remove the P3 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
P31 on both nitrogens and give the intermediate of the

formula
(I)
NH-P; NH-P;
o lc—-g—— CHZ-—-CHZ—s—s—CHz—CHz——EE— Ic=o
10 OHH § OH

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
(II)
NH-P, NH-P;

O=C—C— CH,—CHy—S—S—CHy— CHZ——"C'—C=o

" T
HNy,, - COOCH; HyCO0C__ AN
gﬁ c
o )

CH
HG, H;CO. _CH,
?H ud
OCH; |
OCH,

biv) reacting the disulfide of formula II with a
20 reagent that cleaves the disulfide bond;
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H23-1 /OCH3 H3C0. /CH2 IHHC OCH3 | OCH3 biv) reacting the disulfide of
formula Il with a 20 reagent that cleaves the disulfide bond;, -44 WO

02/ 42258 WVRCW/399/ 15380 bv) subjecting the nonomer from BCBPSEWISs0 t o an
acid catal yzed cyclization reaction to give the N protected | actam of the
formula (I111) SIN P1--NH 5 0 O000H3 ; and bvi) treating the N-protected
| actam of fornula bi) teubgeotenphéhBl mpnotnect fmgmgeaep dbdvyi e the

desired produehiiLEl10aR D, AL LARILY régg\ég%ggog Gide PR y.Or 10 ¢l)

reacting L-honocystine“to in bot h |tNr"ogens and
gi ve the intPrREecaed dactra ofoitdel &ogmplRH P1 NH-P1 0= i --c- CH2-
CH2-S-S - CH3z1gy2- Ci =0 OHHHOH 15 cii) reacting the disulfide of
formula | with (S) - 2-am no-6, 6-di met,haxyhexanoi ¢ acid, nethyl ester to
give the conpound of the fornmula ( NHP1L O=i -CGCH2 CH2
S-S-CH2 CH2 i =0 HOHH OH
N.
Pl—NH(
5 0] COOCH; ; and

bvi) treating the N-protected lactam of formula
III to remove the P 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
(1)
NH-Py ];TH -P;
O==C—C— CH,— CHy—8—S — CHy— CHy—C—C=0
I A |
OHH U OH

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

the compound of the formula

(IIa)
o=c—-——g—cHZ—CHZ—S——s—CHz—CH2—<i-——C=o
HO & H OH
: NH
H5COOC

HoN, ,COOCH; 3 HNE

C|:H lc

CH

CHe 2
HzT THz
B _-ocH; HyCOo CHp

CH HC\
OCH, OCH,4
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H2N, COOCH3 H3COOQ\ ~NH2 CHC | | H2 CH2 H2C~ 'CH2 H2C \CH ~ OCH3 H3CO
H H2 i ~ OCH3 OCH3 -45 WD 02/42258 PCT/US99/15380 ciii) treating the
conmpound vo® of/¢2881l a 1 la with a coupling reagent to gi ve parUSOMS68Nd of
the formula (I1) - Pl NHP, OC-CCH2- CH2-S -S- CH2- CH2-C-C= O H Hb;,
i COOCH3 H3COOC~ 1INH CH IBC CH2 CH2 H2 CH2 H2C~ /OCH3 H3CO7/CH2 FH HC
OCH3 | OCH3 5 civ)cidact cmgathegdichel tbdpoahdf of mibamhllawitth &itheagent

t hat cl eaves lL.sul £ ond; | ' h r.frompart (civ)
to an acid ggpgﬁggédk%bggpga?goﬁ§¥%a§g?o§8&gggpée8FHgﬂ%?%ﬁngggted | act am
of the fornull&I10 (111) SH N P1 NHS 0 COOCH3 ; and cvi) treating the
N-protected | actam of for aP1 NH-P;

O==C—C— CH,— CH;—8—S—CH— CHz——?—C=o

H H
HN,, _COOCH; H,Co0C._ AN
CH, CH\2
Hzf/ CH,
OCH, I
HoO\_ 7 H3CO. _CHp
CH HC
OCH; l
OCH;3
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 (II1)

n
11D

2

p—NH”
O  COOCHs . ang

cvi) treating the N-protected lactam of formula
IIT to remove the Pj protecting group 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

- 46 -



1l to renove the Pl protecting group and give the desired product which
can be optionally converted to a 15 salt. 23. The process of Claim 22

wher ei n: wotigamsgystine is reacted with ethyl trifl uoroaketT/Eas®/15880nzy|
chloroformate, or formc acid 20 and acetic anhydride in step (ai), (bi) or

(ci); the coupling reagent in step (aii) or (ciii) is

di cycl ohexyl car bodi timedeisaid idé6 MMOfo2m42253 IPCH U cEsB380tHht he di sul fi de

of formla 'hlbcﬁlbrcﬁé—fe%@ow g %&p.ﬂﬁ%%%}%h; @'ﬁ?;lu%yl' toprillro(s&:%n)’n .ty

phosphi ne, or zinc

process of pﬁéﬁ&rmﬁﬁaﬁ4sﬂw@$§ iPa Ste@a((@)Lift ﬂ4(blV (civ) .
am nooct ahydr o- 5- oxo- 7H pyri do[ 2, 1- b] [ 1, 3]th|azep|ne 7 car boxylic acid,

nmet hyl esfer, hydrogglort[,g’te whi ch co rises ai) g&tln 8&%5%
a

with eth 10 trifl roa

PECBENY é’ﬁﬁ@?&fl&gne[t‘l

4. The

i ana

aceti ¢ anhydamdecbetghyeridie @&mpown@yaﬁdbhe ﬁemnuha30ﬁhﬂ&idﬁldwﬂ7u P1 0=

i -~-CH2- CH2- g elnPll

ri.flu

phenylnethoxy%ar ﬁ%g%b&fB FEtnyﬂ %ﬁﬁéf gh |Q%§%ﬂﬁ§ fﬂﬂﬁcqj

I with (S)- zompmn@e@ 6- di met hoxyhexanoi ¢ aci d, nethyl ester in

resence of dicyclo ¢ o
b0 (1) - di cyel obeyylearhady H.denie ahune he e laﬁt@l ompagnd

of t

or oacetyl,

e of formJIa
t he

he fornul a

c=0 H

15

20

trifluoroacetate, benzyl chloroformate or formic acid and
acetic anhydride to give the compound of the formula
(1)
NH-P; NH-P,
O=C—C—CHy—CHpy—S—S—CHy— CHz—zc— C=0
bi i ﬁ é)H
wherein Pq is trifluoroacetyl, phenylmethoxycarbonyl or
formyl;
aii) reacting the disulfide of formula I with (S)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester in the
presence of dicyclohexylcarbodiimide to give the compound
of the formula
(I1)
H-Py NH-P;

O=C—C~—CHy~—CHy—S—S—CHy— CHg-—?—C=O

H H
HN,, _COOCH; H,CO0CN MNE
|cﬁ ch
CH, CH,
Hzlc/ o,
OCH
HoC, 2 HiCO.  CH,
Cr‘H HC
OCH; I
OCH;

aiii) reacting the disulfide of formula II with

tributyl phosphine to cleave the disulfide bond;
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HN,, COOCH3 H3COOC~ INH 'C CH2 CH2 H2C 2 H C ZOCH3 ~'H 2 ~H H3 COQ HC
[/ CH2 OCH3 | OCH3 aiii) reacting the disulfide of forrmula Il with
tributyl whozphtsthe to cl eave the disul fide bond; -47 WO ORPCTVRRBBIS380

PCT/ US99/ 15380 aiv) subjecting the nononer fromstep (aiii) to an acid
catal yzed cyclization reaction to give the NN protected | actam of the
formula (111) S N RiviNHc sbbfeCODBH3 theamdnamprt feat sgephdaliifnotect ed
llactam of fo I Is b drochl oric
ot d-when PE S0ET FREETYReED IR A 2R e B e Y M of
formula 111 EFPﬁep§§6tﬂ@ﬁ§ﬁWyp§lW@ﬁefbémué@ed 10 by hydrochlorlc acid when
Pl is phenyl nethoxycarbonyl, or treating the N-protected |actamof fornula
Il with hydrochloric acid when P1 ig fiprnyl; or bi) reacting

L- honocystine with ethyl trifluoregdac gi ve the conpound of the
formula 15 (1) 0 O Il NHCCF3 | G
N.
Pl_NH(
5 o] COOCHs . ang

av) treating the N-protected lactam of formula III
with potassium carbonate followed by hydrochloric acid
when P71 is trifluoroacetyl, or treating the N-protected
lactam of formula III with iodotrimethylsilane followed

10 by hydrochloric acid when P71 is phenylmethoxycarbonyl, or
treating the N-protected lactam of formula III with
hydrochloric acid when Pj is formyl; or

bi) reacting L-homocystine with ethyl

trifluorocacetate to give the compound of the formula

15 (1)
O 0
NH-C-CF3 NH-C-CF;
==C—C— CH,— CH;—S—S—CH;—CH,— —C—C=0
| A |
OH . 7 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 (8)-2-amino-6,6-dimethoxyhexanoic acid, methyl ester
to give the compound of the formula
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3 Ci-~,-CH2-CH2-S-S-CH2-CH2-CG-i =0 OHH H OH bii) converting the
disulfide of formula | to the corresponding acid chloride by treating with
20 (chl orvoorer/gebene) di met hyl anmoni um chl oride; biii) reacPCHgSs3sci d
chloride fromstep (bii) wth (S)-2-am no-6, 6-di net hoxyhexanoi ¢ aci d,

met hyl ester to give the conpound of the fornmula -48 WD 02/ 42258

PCT/ US99/ 1538aI)(1l1) 0 11 0 NHCCF3 11 NHCGCF3 0= C C CH2- CH2-S -S-
CH2- CH2- "-- G0 HHHY,, H3CO00-- INH HC CH2 CH2 H2r 2 H C
~OCH3 iH 2 iH H3CO'" CH2 HC OCH3 biv) reacting thg disulfide of
formula Il with tributyl pf&sphihe to cleave the disylftde bond; 5 bv)
subj ecting the nononer fronfstep (biv) to an acid ca_alyzegécyclization

reaction to give the N—pio en@ggi_bﬁquﬁLq;_&ﬁg_iéﬁgnuﬁa_&;gd) S Il N
A

T

H
HYy,, ~COOCH; H;C00C~ M
il e
CH, CH,
HZT/ \ICH2
OCH
HC H3CO. _ CH,
(H HC
OCH, l
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)

5 2

iID N
F3C—C-NH
e COOCH; . ang
10 bvi) treating the N-protected lactam of formula

IIT with potassium carbonate followed by hydrochloric
acid; or

cl) reacting L-homocystine with ethyi
trifluoroacetate to give the compound of the formula

15 (1)
I
NH-C-CF; NH-C-CFy
0=C—(C— CHy— CHy—S—S— CH,— CHy;—C—C=0
[ = A |
OH H OH

cii) reacting the disulfide of formula I with (S)-
2-amino-6, 6-dimethoxyhexanoic acid, methyl ester to give
the compound of the formula
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F3CG-CGNH 0 COCCHS

and 10 bvi) treating the N-protected |actamof formula

W th potassium carbonate foll owed by hydrochloric acid; or ci)
reacti ng wo bhusmasy/stine with ethyl trifluoroacetate to g|BeTnm%M5awpound of
the formula 15 (I) 0 0 11 NHCCF3 NHCGCF3 1 0=,
--CH2-CH2-S--S-CH2-CH2--CL-i =0 OHHH OHcii) reactlngthe di sul fide of

formula | wi t{AI&5)- 2-am no-6, 6-di net hoxyhexanoi ¢ acid, nethyl ester to
give the conpound of the forﬂ%la -49 WO 02/ 42258 PCT/U§?9/15380 (rra) 1
~l ;HCCF3 NHCCF3 O=CCCH-CH2 S S CH2-CH C i HOHH IOH
H2N, , C 0000H3 H3COOC ANH2 % H2C/ CH2 | | H&@; HB8CO H2  \ CH~ \
~ H OCH3 OCH3 CIII% tred |Q%{the conpound of formBa |la wth
C y—S—S—CH,— CHz—C——(l:—-o
W = .
® L
H,N, _/COOCH, H3cooc\H,NHz
CIZH lC
CH, CH,
Hzclz/ \CIIHZ
HpC _OCH, HyCO_ CH
T "
OCHj,4 OCHy

5

10

ciii) treating the compound of formula IIa with

dicyclohexylcarbodiimide to give the compound of the

formula

(I1)

0
0
NH-C-CFy I
NH-C-CF;
0==C—C~—CH,— CHy—S—8—CH,— CH,— ? C=0
H H
HNy,, - COOCH;, H3C00C.__ #NH
H HIC
CH, CH,
H2f/ o CH2
CH
HC., HiCO( _CHp
FH HC
OCH, I
OCH;

civ) reacting the disulfide of formula II with

tributyl phosphine to cleave 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
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di cycl ohexyl carbodiim de to give the conpound of the 5 formula (I1) O I

0 NHCGCFR3 Il NHCGCFR3 O=CC CH2- CH2-S -S- CH2- CH2-- CGCO HH

H ,V, 00003 0828%0C~ INH HIC CH2 CH2 H2 CH2 H2C / OCH3 PRUONIY 1B H HC
OCH3 | OCH3 civ) reacting the disulfide of formula Il with tributyl
phosphi ne to cl eave the disulfide bond; 10 cv) subjecting the nononmer from
part (civ) tdiam) acid catal yzed cyclization reaction to give the N
protected |actamof the fornula -50 WO 92542258 PCT/US99/15380 (I11) S -~o

N F3CGCl -NH 0 COOCH3 ; and cvi) trgating N- protected | actam of
formula 111 with potassium carbonafe folfowed by hydrochloric 5 acid. 25.
A process for preparing [4S [ATF{( ) , 7 104(3] ] _octahydro-4- [

(2- mer capt o-

F3C—C—NH
O  COOCHs . gpg

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

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

O==C—(C— CHy~CHy—8 —S8—CH,— CHz——?—C=o

H H
HI,, _COOCH; HyCO0C~ AN
g:ﬁ ch
CH, CH,
Hoo New,
| OCH;
HaC, HyCO. . CHy
CH 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
(II1)

08}
R3]

=

Pl_NH
20 O  COOCH;
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1- oxo- 3- phenyl propyl ) am no] - 5- oxo- 7H pyrido-[ 2,1 10

b][ 1, 3]t hiazepi ne-7-carboxylic acid which conprises: a) reacting the

di sul fidevob24nzes formula (I11) "H Pz NHP, 0=CC CH2- BERUSY1S3EH2-
CH2-CG-C= 01 HHHN,,,'"W COOCH3 H3COOC-1 ' IC CH2 CH2 2 H2C~ /OCH3 H3CON
/ 1 CH2 HHC OCH3 | OCH3 wherein P. is protecting group with a reagent

t hat cleaves 15 the)di suebitdaghahe; Nbpreubpeetli ngcthe sEn@gaemulleomIst ep
(a) to an agjd y Cly i i,on Is tthe_N- protected

| aktam of thet Brmcrs @gﬁ% PASPECRRR 27 8RR 850 BB 6h o 02/ 42258
PCT/ US99/ 153862, @¥. o&dt il ng -erd nNogtehydired S-agpafiof fornula |11 to renove

the Pl proteglingogo0dRANd 81 ¥eik4epine-7-carboxyli id, methyl

(4(x, 7a, 10af %—4-321nooc?gﬁydgo-é-oxg}?ﬁ- carpoxylic acid, methy

pyri do[ 2,7L- bFPES3Jt hi azepi ne- 7- carboxylic acid, methyl 5 ester; d)

coupling the | actanipr edugll ihgorhst eacten producsakiohhetesf (w)t byt Be

acylnercaptO%Q&%ngh%r%%%dwglhtQ%e acylmercaptoalkanoic acid of the
formula

(IV)

O O
I S
Rg—C—=8~—CH—~—C—OH

CH,

10
wherein Rg is methyl or phenyl to give the compound of
the formula
(V)
s _E
0O N
I |
Rg—C—S—CH—C—N A o
éHz H 0 3 ; and
15
e) 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 26. A process for preparing [4S-

[40 (R*) , 700, 10aP] ] -octahydro-4- [ (2-mercapto-
l-oxo-3-phenylpropyl)amino] -5-oxo-7H-pyrido-[2,1-

bl [1,3]1thiazepine-7-carboxylic acid which comprises:
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formula (1V) Il 12 11 R6- GS- cH G OH CH2 10 O wherein R6 is nethyl or
phenyl to give the conmpound of the formula (V) S1. 1l ON R6-- C
S--CH CWOb/@00CH3 CH2 H; and O 15 e) treating the BPOTUSWIS3Rf
formula Vto renove the R6-C(O- group and convert the nethyl ester group
to the carboxylic acid and yield the desired product. 20 26. A process for
preparing [4S- [4a &R)) rea?singOafBpmpeyettiahytpoidtrpd(i2enmeheaptroup

1- oxo- 3- phenyl peaPYbranhiekogedX0aAlt BYedehb2dlsulfide of the

b] [ 1, 3]t hiazepi ne-7-carboxylic acid ich conprises: -52 WO 02/42258

PCT/ US99/ 15380rm#ily reacting L- honobcystine to introduce the group Pl on
both nitrogeng)and give the disulfide of the formula (1) NHP1 NH-P1 0=C
-.G_-- CH2- CH2-S-S - CH2yuCER- "-- ! =0 5 OHHH _Paii) reacting the
disulfide of formula | witf (S)- 2-am no-6, 6-di net hogyhéxanoi ¢ acid, nethyl

ester in the presengpe Qi @MPLiC@g_rsea.genngg_o_@ﬁz\Lezctb@___d(i)sul fide of
=
5 ‘ OHy % !)H

7

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 disulfide of
the formula

10 (11)
NH-P4 NH-P;
0==C—C~— CH,— CHy—S—S— CHy— CHZ—--(E—C= 0
H B
HN,, _COOCH; H3COOC »NH
lcﬁ C
CH, CH,
Hzf/ ~ |CH2
OCH
HO 7 H;CO\ -CH,
Cr‘H HC
OCH, |
OCH;

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

n
HiD

2

P 1—NH(
0 COOCH;

av) treating the N-protected lactam of formula
20 III to remove the P71 protecting group and give [4S-

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

-53-



the formula 10 (Il) NH P1 LTH P1 0=CC CH2-- CH2-S --S CH2- CH2-CG-C= 0
i H H Hsi

. CH2

and give [4S-

COOCH3 H3COOC~ A *KH C CH2 CH2 H2 " CH2 1-123-' /OCH3 H3CO.

| HWHT02/@268 | OCH3 aiii) reacting the disulfide of PEDURMW/®380 with a
reagent that cleaves the disulfide bond; aiv) subjecting the nononer from
step (aiii) to an 15 acid catalyzed cyclization reaction to give the N
prot ect ed | apyandof] 2t hebf dundl] ahfibkkpiSeH 7Pt aMboXyill cO 26QACHReah)y 1t r eat i ng
t he N—protecgggikactan1of formula 20 Il to renove the P1 protecting group

a,’7(x,10a(3)]-4-am nooct ahydro-5-oxo0-7H - 53 WD 02/ 42258

PCT/ US99/ 15380 pyr bdié) 2coubdfing3rhki daepieme prodachotybme sepd,(avet oy

ester;
with th

C S

10

15

20

avi) goyphingnkhe Jragham !Eh%d'é%?lfm'é@@a?t%%lﬁ{%‘ﬁbi%r acd St dfaer eof
gﬁ?cy%nercaptoalkan0|c acid of the 5 (1rv)

ormul a Ol (511 0 Re6-

ormula

(IV)

O 0]
I ()]
Rg—C—S8—CH—C—OH

Ho

wherein Rg is methyl or phenyl to give the compound of

the formula

(V)

COOCH.
EHZ H O 3 ; and

avii) treating the compound of formula V to remove

the Rg-C(0) - group and convert the methyl ester group to

the carboxylic acid and yield the desired product; or

bi) reacting L-homocystine to introduce the group

P71 on both nitrogens and give the disulfide of the

formula

(1)
NH-Py NH-P;

O==C—(— CHy— CH,—S—S—CH,— CH,—C—C=0
| = A |
OHE H OH
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HH2 O wherein R6 is nmethyl or phenyl to give the conmpound of the fornula
10 (V) SU 11 0N R6- CS-,CHCNI COOCH3 CH2 HO ; and O avii)

treati ngwoezenspound of formula V to renove the R6-C(O PCHUSMNS3sN
convert the nethyl ester group to 15 the carboxylic acid and yield the
desired product; or bi) reacting L-honocystine to introduce the group Pl
on both nitrogens abdigi veonviee tdingulthiedeiefulifiele fodr fobaulll) I- Rb MiH P1

0=i C,C CH2- g@gva o s CH2- " -i =0 20 OH H H OH -54 WD 02/ 42258

PCT/ US99/ 15380~ BF i conver’tl ng the disulfide of fornmula | to an activated
form biii) reacti nglﬂﬁé acePgiioy dhsupritdyatedmidseg fidsi ifyrom tyep

(S) - 2-am no- GE1i0i MREROXNE)EXARGIGA, %,-drx%{efmcaxy%e%h%ﬁa %cﬂ'dve rﬁeﬁ:@qyl

di sul fide.of the formula ( H P ITH-P1 Oo=CC - CH2-S -S- CH?-
CH2-C-C= d  BSHeEUEP, 9 em%@geeé A§16|—I°fH(§heC|fl?r@H’}a
(I1)
NH-Pq EH"Pl

O==C—C——CH,— CHp—S—8—CH,— CHz—?—C=o

H H
HN,, _ COOCH; H,Co0C.  NH
5 i
CH, CH,
HZ{ \FHZ
ocH
HyC, 2 HiCO\ _ CH,
cH ud
OCH; |
OCH,3

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

(I11)
s &
N
Pl_"NH(
o} COOCH;
15 bvi) treating the N-protected lactam of formula

ITI to remove the P31 protecting group and give [4S-
(400, 700, 10aP) 1 -4-aminooctahydro-5-oxo-T7H-
pyrido[2,1-b] [1,3]thiazepine-7-carboxylic acid, methyl
ester;

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

the formula
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CH2 H2r 1 HC- /OCH3 H3CON /CH2 ~H HC OCH3 OCH3 biv) reacting the
disulfide of formula Il with a reagent that cleaves the disulfide bond; 10
bv) subj a0 bnge2she nononer fromstep (biv) to an acid caP@lryaed 5380
cyclization reaction to give the N protected |lactamof the formula (I11) S
H P1-NHQ N O COOCH3 15 bvi) treating the N-protected | actam of fornula
1l to renovéIvhe Pl protecting group and give [4S- (4a, 7a, 1l0af) ]

- 4- am nooct ahydr o- 5- oxo- 7H pyri do[ 1-b][1(§j®hiazepine-7-carboxy|ic aci d,
methyl ester; 20 bvii) coupling thdllactam rlgy%g fromstep (bvi) or a
salt thereof with the acylnercag%oaﬁkaﬁiTT%g% off the formula -55 WO

02/ 42258 PCT/ US99/ 15380 (I1V) 0 (S) O R6- S H+COH CH2 O wherein R6
is nethyl or phenyl to give the conpound of[ the formula 5 (V) S hT

wherein Rg is methyl or phenyl to give the compound of

the formula
5 (v)

= | COOQCH:
L, 5§ O 5 ; and

bviii) treating the compound of formula V to
remove the Rg-C(0O) - 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
P31 on both nitrogens and give the disulfide of the
formula
5 (1)
H-Py NH-P;
O==C—C— CHy— CHy—8——8~—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 disulfide of the formula
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""~r I ON---yj R6-CSCHCNHOOCOCH3 H2; and O bviii) treating
the conmpound of fornmula Vto renpbve the R6-C(O - group and convert the
met hyl edv@p2/428 group to the carboxylic acid and yiel d t ReT/#8%/ 15880
product; or ci) reacting L-honocystine to introduce the group Pl on both
nitrogens and give the disulfide of the fornmula 15 (I) H- P1 NH- P1 0=
C.- CH2- CH2i%ap - CH2- CH2-CG i =0 OHHHOHCii) reacting the
disulfide of formula I w thNHSP, 2-am no-6, 6-di net hoxyeyanoi c aci d, nethyl
ester to give the disulfi d¥ of the formula -56 WD 02E42258 PCT/ US99/ 15380
(11a) NHPL NHP O 0= T €SB T SCACEeFHA0CTHGF0, OH H2N, , ~

/ COOCH3 H3COOC #NH2 CHH €H2 H2Cz CH2 CH2 | | HZC\‘, CH OCH3 H3CO / CH2
| H OCH3 OCH3 H H OH

) [ g
HoN,, _/COOCHs H3COOC,  pNH,
i .
L R
H2CI3 <|3H2
H,C OCH H,CO CH,
\CH/ 3 TN
l HC

OCH; OCH,4

’

ciii) treating the compound of formula IIa with a

coupling reagent to give the disulfide of the formula
5 (I1)
NH-P; NH-P;

O==C—C— CH,— CHy—8—S—CHy— CHz—i—c=o

H H
HN, _COOCH; H,c000 ANV
o g
CH, CH,
HzIC/ o,
OCH;
H.C 7~ H3CO. _CHp
(H HC
OCHs |
OCHj;

civ) reacting the disulfide of formula II with a
reagent that cleaveg 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)
s H

N

P l"—NH
COOCH;

-57-



ciii) treating the conpound of fornula Ila with a coupling reagent to give
the disulfide of the formula 5 (Il) NH Pl NH P1 0=C~- CH2- CH2-S -S
CH2- CH2™® @254 H HY COOCH3 H3CO00-1 4,NH | C H2C CHPCHRSOHZ380 H2C
/OCH3 H3CO. ,CH2 HHC OCH3 | OCH3 civ) reacting the disulfide of formula
Il wwth a reagent that cleaves the disulfide bond; cv) subjecting the
monorer from step (ewl) tareatint thel d-pabaleyzed Queldazaidfofareadtd on to
give the N t egt ofp.t I ) COOCH3 -57
WO 02/ 42258 I%%% %%9%%%%@@%@&51 ?ﬁ:gfgzéid%hghgﬂﬁh)& (%tnelactggﬁe{\lgﬂgtsgm of formula
111 to renpve4ehd Rl daftledi-amy nposts haed ogisve 4 JH-

(4a, 7(x, 10a( =483 Reeat|h iR @A e - : ;

pyrido[2,1-b %}gf?%}giggi%é¥g;gg%%oxyF%?vagﬁibﬂﬁﬁﬁ%ﬁ a%%%ﬁﬁ%ﬁghx%ﬂi)

coupl i ng T he®P&&Eam product fromstep (cvi) or a salt thereof with the

acyl mer capt oal kanoi evagi)d Rfupltihg oMbz tbhVpr@dRk Erom step (cvi)
or a salt thereof with the acylmercaptoalkanoic acid of
the formula
(IV)

O O
I (S

Rg— C——S— CH—C—OH
CH,

o wherein Rg is methyl or phenyl to give the compound of
the formula
(V)
i 7
Rg—C—8—CH—C—N
EHg II-I N COOCH; . and
15
cviii) 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

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
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R6--fC-S-CHICOH CH2 10 O wherein R6 is nmethyl or phenyl to give the
conpound of the formula (V) SH 11 0N R6- G S ,rH CNCOOCHHO s ;
and H2 &oMs4xs8ii) treating the conpound of fornula V t BCTAUSINES0t he
R6-C(O) - group and convert the nethyl ester group to the carboxylic acid
and yield the desired product. 20 27. The process of C(laim9 wherein: the
di sul fi de of aFgtalca andowhere igc tihgaeédyilo ametat et Isolditdomf iofe (& ~Ror nul a |
and (S)-2- ankpane-&-, cdigigi il AGIA.a, TRihry188kRk AN Faacked in
et hyl -58 WD 02/42258 PCT/ US99/ 15380 acetate and wherein the ethyl acetate
sol ution of EZFa2EdLiiihd 676 AgeRet o FRERYFoict hadiede FEVRP -ester is first
treated with an agent to renove ethylene glycol. 5 28. The process of Claim
27 whereipn: the age us to_remove et hyl ene. gl ycol i.s poly(acrylic acid
co-acryldﬁide), potggsiuﬁgga FOSFSchﬁc?ﬁﬁﬁ@thr% S*qiflydrate. 10 -59

the agent used to remove ethylene glycol is

poly(acrylic acid co-acrylamide), potassium salt or
calcium chloride dihydrate.

10
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