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Deprotection and Recrystallization Processes Background O The Invention 5
Mer capt oal kanoyl am no | actans have been di scl osed as possessi ng usef ul

car di ovascul arg)sﬁ?é(l) erties as a result of their activity as dual sgql ot ensin

converting ¥ Shibitors and neutral netall oendopept i dasBCPHATHASEEr s.
The | actam can be a

a g , ic as
taught by Karanewsky et al. ! 57, 39/, Karanewsky in U.S.
Pat ent 5, 504,080, Robl in U S. Patent 5,508, 272 Robl in U S Patent
5,525,723, Robl in U S. Patent Eacké2odd, oRoMhe i Thudr®iogat ent 5, 587, 375,

Robl et al. in U S . Serial No. 443,278 filed May 17, 1995 15 and EP
744,319, Ryono et al. in U S. Patent 5,635,504 and Karanewsky et al. in
U.S. Patent §5, 650, 408. Méﬂtmﬁ:daeﬂ«ammamxﬂMMmeAé b@etNdisclosed as

acyl mer capt o2l kol g AGl IRANaRNA S LIS AN 10 JackanLester Loblowedeby

deprotection b | um roxXi
aqueous al coholthﬂllt @tmwmybfa@r dnaioanmmwrx mmemtmm P—nzmaeous aC| d

to give the de ﬂt%fﬂﬂz‘@%@h‘é%‘%%h%@&li@&i&dﬂéﬂt&%&bs mﬁ%ﬁﬁ&i‘sq The

| nvention 25 Th| S tnvention 1s directed to an_ifpfovenent I n
deprot ecti on prEresastancan @ecén%PFY%%l%cﬁ‘-}ﬁﬁchﬂlR&nﬁyl ﬁﬁﬁﬁ@ | act am

acid or estier ofridfRlic as taught by Karanewsky et al. in U.S. Patent
5,552,397, Karanewsky in U.S. Patent 5,504,080, Robl in
U.S. Patent 5,508,272, Robl in U.S. Patent 5,525,723, Robl
in U.S. Patent 5,362,727, Robl in U.S. Patent 5,587,375,
Robl et al. in U.S. Serial No. 443,278 filed May 17, 1995
15 and EP 744,319, Ryono et al. in U.S. Patent 5,635,504 and
Karanewsky et al. in U.S. Patent 5,650,408.

These references disclose coupling an
acylmercaptoalkanoic acid sidechain to the amino lactam
ester followed by deprotection by treatment with sodium

20 hydroxide or lithium hydroxide in agqueous alcohol or
tetrahydrofuran followed by treatment with aqueous acid to
give the desired 'mercaptoalkanoylamino lactam products.

S T ntion

This invention is directed to an improvement in the
deprotection processes used to convert an
acylmercaptoalkanoylamino lactam acid or ester of the
formula

30
(II)
0 ' o)
] x|l
Ry— C—S—(CHy) p— ?H— c—X;
Ry

to the mercaptoalkanoylamino lactam acid or ester of the
35 formula



formula 30 (I1) to the mercaptoal kanoyl am no | actarn acid or ester of the

35 formula -1- and an inprovenent in the deprotection process used to 5
convert t@g gg {13%[ oal kanoyl am no | actam ester of fornul a pctosighasds
mer capt oal 2 d§ no lactamacid of formula |I. These deprotection

reactions are perfornmed under basic conditions. The nmercapto group in the

| actam acid or ester of formula | under such conditions is susceptible to
10 the for(®tion of disulfides of the fornula (II1l1) 15 Such disulfides are
t hensel ves an unwanted inpurity in the phar@aceutically active
nercaptoalkanoylan1no Iactan1aC|d oducfs ga &grnula . Also, the

di sul fides of formula Il caf® coﬁ e to CRT frer Xundesi r abl e si de- products.
In 20 particular, when R is other thanRhydrogen the disulfide of formula
1l can convert to the mercaptoal kanoyl Iactanlof ‘forrmula 1 having the
undesi red candaant jmatrovdeeroptirc abley daprotectiom@raaesshusedr tapt oal kanoy!

S'deChaQ¥ convert the mercaptoalkanoylamino lactam ester of formula T
to the mercaptoalkanoylamino lactam acid of formula I.
These deprotection reactions are performed under
basic conditions. The mercapto group in the lactam acid or
ester of formula I under such conditions is susceptible to
10 the formation of disulfides of the formula

(I11)

0]
—P:—-CH——(CHZ),,—S
R,

15
Such disulfides are themselves an unwanted impurity in the
pharmaceutically active mercaptoalkanoylamino lactam acid
‘products of formula I. Also, the disulfides of formula III
can convert to other undesirable side-products. In

20 particular, when R, is other than hydrogen, the disulfide
of formula III can convert to the mercaptoalkanoyl lactam
of formula I having the undesired chirality at the
optically active carbon in the mercaptoalkanoyl gsidechain.

Similarly, the formation of the disulfide impurity

25 of formula III can occur during recrystallization of the
mercaptoalkanoylamino lactam product of formula I.

The improvements of this invention reside in
including within the above deprotection and
recrystallization processes an agent that minimizes the

30 amount of the disulfides of formula III and, in turn,
minimizes the formation of the undesired epimer of the
phérmaceutically active compound of formula I.
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Simlarly, the formation of the disulfide inpurity 25 of formula Il can
occur during recrystallization of the mercaptoal kanoyl am no | actam product
of formula |I. The inprovenents of this invention reside in including within
t he above dwpromecisi on and recrystallization processes an agROT/USYSR5443

m nimzes the 30 anount of the disulfides of fornula Ill and, in turn,

m ni mizes the for mtﬁr@ze%ehhsgaﬂéssssfdtﬁﬁ Birgsd *a%eoliﬁr ﬁ@seabtsﬁg' y

active conpound of formula I, Preferred agents for t purpose are
blsnercaptanésaye%élPsa§eﬁBGﬁ69n@gﬁﬁ%ﬁt%P%huﬁFeﬁ?ﬂﬁﬁb&ﬂﬁﬁné@ and phosphites,

zinc nmetal pewdephited,sedhomnBydl osehdét £.arfd sodium hydrosbBeEatbed
Description O The I nvention The am no | actam aci ds and esters Xl shown

above i nclude: -3-
Detai Descripti The Inventi

The amino lactam acids and esters X3 shown above

include:
10 (IV)
R4 Rg
Rg
(CH, g 0
Ry I
© _N—C—(CHp)y—C —ORy;
I " RlO 11
H 0
(V)
Rg
| Rs
S
/ Rg
(CHZ) r 0
Ry i
— \ Sm—
IiT ﬁ: /C — (CHz)p C—OR;y2 '
15 H 0 Ruo Raz
(V1)
Rg
/S (o)
(CHz) ¢ Ry "
C/N -—/-C— (CHy) 5~ C— OR12
I Ryjp Rux
H .

20



or branched chain alkyl of 1 to 6 carbons, 10 -(CH2) maryl,

-(CH2) msubstituted aryl, or -(CH2) mheteroaryl. mis zero or an integer
from1l to 6. i ro or one. R4 and R5 are independently s m
hydr ogen, 15wglgkl3§/fl,%§substi tuted al kyl, al kenyl, -(CH2)mcycl %ﬁﬁ{?ﬁ%&w

-(CH2) maryl, ¢ 2) m substituted aryl, or -(CH2) mheteroaryl, or one of R4
and RS is hyd|‘og and the other is-hwdroxy, or R4 and R5 taken toget hﬁ,_\; o
with the carbon to which they are Ata#adNed conpl ete "a sat urated 20
cycloal kyl ring of 3 torg carpans, ‘*" and R5 taken together with the
carbon to which they are Ef" ched Cpp¥ete a ket oOsubstituent. R6, R8 and
Rl o are i ndependently sleh%t d from hydrogen, al klyl, substituted al kyl,

al kenyl, 25 -(CH2) m_cycl—| I,C/- CI:IZ&&.a..rmhz)b-_( 6ﬁizsubs't| tuted aryl,
H il Rii
) Rio
5 (VIII)
RG\ /Y‘1 o
C
R \ I
-N N —C — (CH;)p—C — OR:
, o AN (CHz)p 12 '
H il Ry
Rio 1
¢)
(IX)
Rg
Ry ﬁ
| N ———C—(CH;);,—C —0OR.
—x o = N 2/ 12 ’
| I Rip Rn
10 H 0
(X)
Y3
(CH,) v \
(CHz)w
N
-N C/
I ’
H I COOR; 2
0
15



-(CH2) m heteroaryl. [err] are independently sel ected from hydrogen,
al kyl, substituted al kyl, al kenyl, -(CH2)mcycloal kyl, -(CH2)maryl,
-(CH2) m subsituted aryl, 30 or -(CH2)mheteroaryl or R6 and R7 taken
t oget her wiwh obf3s14¢ar bon to which they are attached conpl et ePETASA443d
cycloalkyl ring of 3 to 7 carbons, or [err] taken -8- together with the
carbon to whighythey are attached conplete a saturated cycloal kyl ring of 3
to 7 carbons. b is zero or one. d o or one. 5 gis an
integer, froml1l to 4. r is one or integer froml to 3. v is one
or two. wis one or two. Zis O & two hfdrogéns. 15 RL7 is
hydr ogen, al kyl, substituted al ky (d’;g{)rw] the dashed line ----

represents an optional doubl e bodd betrviee wo carbons. represents an
aromati ¢ heteroatom —Iil “ .
H O COOR12
5 {XII)
: Z
;‘T" (CH,)
N
- ﬁ/ ,
1
00!
5 COOR;;
(XIII)
Z
_R
;\I/ 17 ﬁ
_N—C —(CH,)g—C—0ORy2
| l Rig ~ Ru
10 H 0
(X1V)
N 0]
/ |
-N N—C— (CH)5— €~ OR12
AN '
R 11
o 10
15
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25 containing ring selected from Y7 is -S or -NH Y8 is -S-, -0- or
-NH 5 R18 and R19 are independently sel ected fron1hydrogen

al kyl, -( , or [err] together with the carbon and nj ons
to mhlch fﬁ%%ngégﬁgttached conplete a five or six nenbered r|ng &%ﬁg@b
hydr ogen or QﬂVFCId protectlng group such as 10 nethyl, ethyl, propyl,
phenyl or benzy The term"al kyl" refers to straight or branched'radicals
of 1 to 7 carbons, preferably 1 to 4 carbons. The term "substituted al kyl"
refers to such stralght or branched al dicals of 1 to 7 carbons
wherein one, 15 two or three hy ave n repl aced by a hydroxy,

am no, cyano, Cl, Br, F, trifluo oneth |, -N al kyl of 1 to 4 carbons),
-N(al kyl of 1 to 4 carbons)2, alAaQxy oN t Kﬁbaabons, alkylthio of 1 to 4-
carbons, or carboxy. The prefeNred JsubstNtuted alkyll" is of 1 to 4

carbons with one 20 hydrogen réplac d by oxy, amno, Cl, or Br. The
term"al kenyl" refers to straight ol branc 12hain radicals of 3 to 7
carbon atons having one or two doubl e bonds. Preferred "al kenyl" groups are
strai ght ghain radicals of 3 to 5 carbons having one doubl e bond.

(XVI)
10 (XVIT)
B
N,
—N Y (CHz)y

;

H COOR;2
(XVIII)
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25 The term "cycloal kyl" refers to saturated rings of 3 to 7
carbons with cycl opropyl, cyclobutyl, cyclopentyl, and cycl ohexyl being
preferred. The term"aryl" refers to phenyl, 1-naphthyl and 2-naphthyl wth
phenyl bei ngygpdeedsesss ed. 30 The term "substituted arpdtuseshesss to
phenyl , 1-naphthyl and 2-naphthyl having a substituent selected from al kyl
of 1 to 4 carbons, alkoxy of 1 to 4 carbons, alkylthio of 1 to 4 carbons,
Cl, Br, F, hydroxy, -10 - trifluoronmethyl, amno, -NH(alkyl of 1 to 4
carbons), or O%¥i kyl of 1 to 4 carbons)2, di and tri-substituted phenyl,

1- napht hyl, or 2-naphthyl wherein said substituents are selected from

nmet hyl , nmethoxy, d., Br, nethylthj hydr oxy or am no. The term
"heteroaryl'|l refers to unsatur gs of 5 or 6 atons containing one or
two O and S atons and/or one to ato provi ded that the total nunber’
of hetero atons in the ring is s. The heteroaryl ring is 10
attached by way of an avail ablg” carpon 0 ;ﬁﬂrrdgqa atom Preferred
het er oaryl groups include 2-, B-, 4R rkﬂyl, 4-imdazolyl, 4-thiazolyl,
2- and 3-thienyl and 2- and 3-Huryl. The term heteroaryl also includes

bi cyclic gings

(XX)
_N i
—N \/CC— C—ORj12 ,
| R
H 0 10 Riy
10
(XXT)
:Rn
(CHZ) a N- ng
/
N I
—N /C\—C“"‘ ORjy2 ,
| 0 R R
(XXTIT)
S
N, /
—N Y (CHz) v + and
| 0
H COOR13



wherein the five or six nenbered ring containing O, S and N 15 atons as
defi ned above is fused to a benzene or pyridyl ring. Preferred bicyclic
rings are 2- ndolyl and 4- and 5-quinolinyl. The acyl
Iactanlestergéggﬂgb Pmula’ 11 are prepared by coupling the acyﬁﬁéﬁ%gb%a
contai ning 20 sidechain of the fornula (XXIV) [err] The above reaction can
be performed in an organic solvent such as nethylene chloride and in the
presence of a{X®EmI)ng reagent such as 30

1- et hyl - 3- ( 3-di met hyl am nopr opyl ) car bodi i m de, di cycl ohexyl carbodii m de,
benzotriazol - 1-yl oxytri s- (d|nethylan1no)phosphonlun1hexaf|uorophosphate
or carbonyl diim dazole. Alternativel B[ capt o carboxylic acid of
formula XXI'V can be converted to a P vated form such as an
acid chloride, mxed anhydride, s 3 I de, activated ester,
etc., prior to coupling. The start{ng material)S of fornulas XXV and XXV
and 5 the resulting acylnercaptg ' Igitgtamesters of

] 0
H COOR1;

In the above formulas, the various symbols have the
definitions listed below.

R and R2 are independently selected from straight
or branched chain alkyl of 1 to 6 carbons, -

10 -(CH2)m-aryl, -{CH2)m-substituted aryl or
- {CH2)m-heteroaryl.

m is zero or an integer from 1 to 6.

n is zero or one.

R4 and Rg are indepéndently selected from hydrogen,

15 alkyl, substituted alkyl, alkenyl, -(CH2)m-cycloalkyl,
~-(CH2)m~aryl, -(CH2)m~substituted aryl, or
-(CHz)mrheteroarYI, or one of R4 and Rs is hydrogen and the
other is hydroxy, or R4 and Rs taken together with the
carbon to which they are attached complete a saturated

20 cycloalkyl ring of 3 to 7 carbons, or R4 and Rs taken
together with the carbon to which they are attached
complete a keto substituent.

Re, Rg and R3}(p are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,

25 - (CH2)m-cycloalkyl, -(CH)m-aryl, -(CH2)m-substituted aryl,
or -~ (CH2)m-hetercaryl.

R7, R9 and R11 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
~{CH2)pm-cycloalkyl, -(CH2)p-aryl, -(CH2)m-subsituted aryl,

30 or -(CH2)m-heteroaryl or Rg and R7 taken together with the

carbon to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons, or Rg and Rg taken

-8-



formula Il are described in the prior art. For exanple, the above conpounds
wherein Xl is as defined in formulas IV to XIV are described by Karanewsky
et al. in US. Patent 5,552,397 whose disclosure is hereby incorporated by

10 refer eng,g) o/3514s above conmpounds wherein Xl is as definedpicrnsos/paahzan XV
are descri be %y Robl in U S. Patent 5,508,272 whose disclosure is hereby

i ncor por at ed f . e r.ei I s defined in
formul a XVi g’r e&%seg Sﬁ%& §§%K§?§%éﬁsﬁ§mﬁwgtﬂ%t%ﬁ? aéltglgge 80 whose 15
di scl osure i soRPlEPe iencetpspieddcyglealleybicing ofhé &i9oVecaskpBinds
wherein Xi is as defd nad ddvd @rmgha XVI | are described by Robl in U S.
Pat ent 5,525, 723 whose, di scl osure i s hereby incorporated by reference. The
above conpounds vvher‘iilr? XEL% s OB&Fined in formula XVI11 are described by
20 Robl 5n U S. Pategnis am3ahteyérwiesn di 86l 4sure is hereby incorporated
by reference. The ahove conpounds wherein X1 is as defined in forrmula XX
and XX are descri bec}:b)y‘3 ROBT 9 "U°s. Pat ent 5,587,375 whose disclosure is
her eby i ncor por at ed thyis efrerdategerTifrombdvbtocdnpounds wherein XI 25 is as
defined in fornula ls ar rihed by Ryono et al. in U S. Patent
5, 635, 504 whose di sc o%s%rcg“??iﬁgr@tiy i ncorporated by reference. The above
conpounds wherein XIWixs £& A @-in fornula XXI| are described by
KaranewsRQ et al. imw.iSs zent H08502408-wWoHg k3 €] sed-osuse-,i s-Cilz-eBy 30
i ncor por at ed tgference. The above conmpounds wherein X1 is. as defined
in formula X419 1" 4% descri bed by Robl et al.

Y2 is -CH2- -S-, or -O- .

Y3 is -CH2-, -(CH2)2, -{(CH2)3-, -O- or -CH2-0O-.
Z is O or two hydrogens.

15 R17 is hydrogen, alkyl, substituted alkyl, alkenyl,
- (CH2 ) m-¢cycloalkyl, - (CH2)m-aryl, -(CH2)m-substituted aryl,
or - (CH2)m—heteroaryl.

Ys is -CH3-, -S-, or -O- provided that Y5 is -S- or
-0- only when 4 is one.
20 Y is -S- or -O-.
the dashed line ---~ represents an optional double
bond between the two carbons.

/Cb\
represents an aromatic heterocatom

25 containing ring selected from

v N 7 Ny,

— Vop——



in EP 743,319 and in U. S. Serial No. 443,278 filed May 17, 1995 whose

di scl osure is hereby incorporated by reference. The deprotection processes
of this i ng&pgdg 4 nclude 35 conversion of the acyl mercapt qgtkgsyRiskasi no

| act am aci d or es er of formula Il to the mercaptoal kanoyl am no | actam of
formula | The inprovenent in this W in -12 - including in
the basic hydrolysis reaction { functional group
R2-C(O) - an agent that mnim Ze : d disulfides of formula
[1l and, in turn, mnimzes - desired epinmer of the 5

pharmaceutically active co (ﬁ Lhe
acyl ner capt oal kanoyl am no | & of for h II I\s_a /carboxylic acid, i.e.
R12 in the definition of Xl/i Qrnula Il is hy , then the acyl

protecting group R2-C(O- is renpved in a single step to give the 10
pharmaceutically active lactamof fornmula I. This depr-otection process

I nvol ves treating gﬂp gac%anFEaL xylic acid of formula Il with an al kal
nmetal or al kaline ear ta roxi de or carbonate or with an amne in a
sui tabl e sol vent cdfr&dﬂlsnl‘ﬁg'a’guf??c'r% anount 15 of an agent that '

M ni mzeg the amoumgofankhe;di aéf igspaiadngulsalbbteaSprémbl € agents for
this purpos%1':égég%, alkyl, -(CH2)m-aryl, or Rig and R19 together with
the carbon and nitrogen atoms to which they are attached
complete a five or six membered ring.

Ri2 is hydrogen or an acid protecting group such as

10 methyl, ethyl, propyl, phenyl or benzyl. |

The term "alkyl" refers to straight or branched
radicals of 1 to 7 carbons, preferably 1 to 4 carbons.

The term "substituted alkyl” refers to such straight
or branched chain radicals of 1 to 7 carbons wherein one,

15 two or three hydrogens have been replaced by a hydroxy,
amino, cyano, Cl, Br, F, trifluoromethyl, -NH(alkyl of 1 to
4 carbons), -N(alkyl of 1 to 4 carbons)2, alkoxy of 1 to 4
carbons, alkylthio of 1 to 4 carbons, or carboxy. The
preferred "substituted alkyl” is of 1 to 4 carbons with one

20 Thydrogen replaced by hydroxy, amino, Cl, or Br.

The term "alkenyl" refers to straight or branched
chain radicals of 3 to 7 carbon atoms having one or two
double bonds. Preferred "alkenyl" groups are straight
chain radicals of 3 to 5 carbons having one double bond.

25 The term "cycloalkyl" refers to saturated rings of 3
to 7 carbons with cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl being preferred.

The term "aryl" refers to phenyl, l-naphthyl and
2-naphthyl with phenyl being preferred.

30 The term "substituted aryl" refers to phenyl,
1-naphthyl and 2-naphthyl having a substituent selected
from alkyl of 1 to 4 carbons, alkoxy of 1 to 4 carbons,
alkylthio of 1 to 4 carbons, Cl, Br, F, hydroxy,

-10-



bi snercaptans as wel|l as phosphi ne and phosphite reduci ng agents, zinc

metal powder, and sodi um hydrosulfite. Such agents can be present in an
anount fromabout 1 nole to 20 about 20 nole percent, preferably from about
5 ol e percRifgofzgig@bout 10 nole percent in the reaction m xt pegushyneds
deprotection reaction can be perforrred at a tenperature of from about -20 C

to about 450¢, :.E hbg ?“ & ﬁgn,-ﬁ}??& e 5 imcg%ogw)l c aci d
ctQct ©

aqueous aci d Syc i ¢ acl panoi.c .aci
phosphori ¢ acNg lﬂ’i ?Bb?}?%&plqlataéldo&r’t'ﬁé‘%ﬁ%rtﬁt&@éut ically

active |act apﬁeagflf ofl tHhghthy BUi 6 A} tnadi@h)1 MBidteidndadld @it 1earhksmet al

hydr oxi des and ca gonat s_for this deprotection process 30 i.ncl,ude sodi um
hydr oxi de, pBf&sSP ﬁFE? r BxPRSret Y hi IR HRRINox e, B¥odFEHYAthdRat e,
pot assi unb cahlydnake, oﬁnémintbhl um car bonate. Am nes usef ul in this

deprotection FoCesgyi.n ,, CH2) m:

hygroxyal Ikyl aﬁi nes largl n al E%Pé%gggaﬂ l_#]'c}kéﬁ arz'%ao é‘gl%g c?e%%g&ngﬁoyé

Met hyl ami ne, Sebhybaataes bentgyiningeonant dwraidland Fe atomspaebdoredne

Sui tabl e SO' g:%mf%uEOE LB 1mﬁs 6\9’{&&&'1%{5@8%5:%& Cg&ﬂ%e'?ato*faﬂ%er%q“eous.
ano r

net hanol , ueous et etra of ur an, aqueous
atoms in the ring is or less. The heteroaryl ring is

10 attached by way of an available carbon or nitrogen atom.

Preferred hetercaryl groups include 2-, 3-, or 4-pyridyl,
4-imidazolyl, 4-thiazolyl, 2- and 3-thienyl and 2- and
3-furyl. The term heteroaryl also includes bicyclic rings
wherein the five or six membered ring containing O, S and N
15 atoms as defined above is fused to a benzene or pyridyl
ring. Preferred bicyclic rings are 2- and 3-indolyl and 4-
and 5-quinolinyl. '
The acylmercaptoamino lactam esters of formula II
are prepared by coupling the acylmercapto containing
20 sidechain of the formula

(XXTIV)
o
I N
Ry— C——S=——(CHy ) y——CH~— C—OH
Ry
with the amino lactam ester
{XXV)
25 H-X1

The above reaction can be performed in an organic

solvent such as methylene chloride and in the presence of a
coupling reagent such as

30 1l-ethyl-3-(3- dlmethylamlnopropyl)carbodllmlde,
dicyclohexylcarbodiimide, benzotriazol-l-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate, or
carbonyldiimidazole. Alternatively, the acylmercapto
carboxylic acid of formula XXIV can be converted to an

-11-



t et rahydrof uran, isopropanol, aqueous isopropanol, acetonitrile, aqueous
acetonitrile and water. Wen the acyl nercapt oal kanoyl am no | act am of

formula 5 I,/ rboxylic acid ester, i.e. RL2 in the defigpiti X
by Sads 8 iz els

in formul a isTan acid protecting group such as nethyl, et propyr,
phenyl or benzyl,. th he acyb‘p rotectin roup, R2-C( O -_and the

car boxylic acﬁ%l’pyratﬁegtéoﬁ& FH& géaﬂnbﬁc?*‘g 19p a Mgl @ndwelrige.in two
10 steps to givendthegatlaemhyentteal hyticata® ésedmmetic.f,0pRilor ko I N the

single step %ﬂﬁ‘? i on process, the |actam carboxylic acid ester of
fornmula Il is treated under aqueous conditions with an alkali netal or
al kal i ne earth net alThg dteutdagomaterbahat ef i fommelas N sold/ env Bnd

containing a tﬁiéfﬂé‘é\ﬁrttir@@%%m caﬁtéﬂfﬂén&'ﬂm@dﬂl@&%ﬁ te*l:‘%&gggg of the

disulfides of_formula Il1I. Suitable agents for this pur%ose I nc
bi smer capt ansE & | T &56n gesRrabednin pHes PRI daduci AeTage@™®Lezi nc
met al powder ,thendisodi worppdndsutvhetein Mg hi sigentde fimed d npresttlaisn 7gn 20

amount from gbo mol ercen 0 gbout 2Q nol e percgent referably from
about 5 nol ea%oe%le‘%tarteo%fggﬁt’gfé %%I gaf)@?% it rlé‘ayt'%n Patehtre. This
depr ot ect i on ¥.6664,i397 cdnosiecdpsclosurd as ketrenperstorperafted y about - 20

to about 185 Geffeildrted .Ng m@mb;sbboepxgﬁéﬁnw%éﬁlﬂ %123 Aeididdrgd W th an
aqueous acid such as HO, acetic acid, propanoic acid, sulfuric acid,

phosphori ¢ adidfmwh dakre desgribedrbyi Rokbhtin dlusS + Ratendr Fab86t 272l | y

active | act alghose disclosure is hereby incorporated by reference. The
above compounds wherein X is as defined in formula XVI are
described by Karanewsky in U.S. Patent 5,504,080 whose

15 disclosure is hereby incorporated by reference. The above

compounds wherein X3 is as defined in formula XVII are
described by Robl in U.S. Patent 5,525,723 whose disclosure
is hereby incorporated by reference. The above compounds
wherein Xj is as defined in formula XVIII are described by

20 Robl in U.S. Patent 5,362,727 whose disclosure is hereby
incorporated by reference. The above compounds wherein X3
is as defined in formula XIX and XX are described by Robl
in U.S. Patent 5,587,375 whose disclosure is hereby
incorporated by reference. The above compounds wherein X7

25 is as defined in formula XXI are described by Ryono et al.
in U.S. Patent 5,635,504 whose disclosure is hereby
incorporated by reference. The above compounds wherein Xj
is as defined in formula XXII are described by Karanewsky
et al. in U.S. Patent 5,650,408 whose disclosure is hereby

30 incorporated by reference. The above compounds wherein Xj
is as defined in formula XXIII are described by Robl et al.
in EP 743,319 and in U.S. Serial No. 443,278 filed May 17,
1995 whose disclosure is hereby incorporated by reference.

The deprotection processes of this invention include

35 conversion of the acyimercaptoalkanoylamino lactam acid or
ester of formula II to the mercaptoalkanoylamino lactam of
formula I The improvement in this process resides in

-12-



of formula |I. Suitable alkali nmetal and alkaline earth nmetal 30 hydroxi des
and carbonates for this one step deprotection process are as defined above.
Suitable solvents for this one step deprotection process include met hanol ,
ethanol , isepoepasias, acetonitrile, and tetrahydrofuran. Thi pcrARSsLeNEs i S

performed under aqueous conditions nmeaning that 35 water is present in the

sol vent and/ (irnct]md:h@ rengeet basIaehyapépy@g qeéacfttl%% R LPRESISES LBl thi s
I nvention also the.process_in whic

acyl mer capt Oaaﬁg o%)‘]’%ﬁiilr?&al aSraHPeBt é:r(odf‘ F‘Br ﬁﬁ?&tl Fh"F‘§ ponimizes thet he
mer capt oal karaul}dtam roef It'aret d@isedfédesfof of suneld IhITlfﬂla&dQF 96egsrhNvol ves
renoval of t tr.eating t.he

acyl mer capt oa Iiailnoyﬁ ani no lagﬁa@ﬁgn e f %r%ﬁezﬁl PPIEEh °&nthtkal i et al |
or al kal i Re ﬁ?aemﬁﬁl*tdﬂadémaccarfbommmd wiff ifoammudai e in a suitable
sol vent contai ni ng awﬁé{fﬁﬂa %%&1ﬁQEHQ%F?£ ﬂI&h%gCEEB!”EZ%%Fﬁgia

t of th I formil.a n, mnimze
?glr)lrjrgt i gn of iﬂlsur?decl J‘re’:’ pEnBFi8t e tFHle2 &Hhr%é@tf%‘&FP-ﬁ’naEfl %2
conpound of fiaf nﬂd:&mila 3 h@bh9di16§éﬁ 5 14n WdHe RYIPBIBLEBE HECgroup
bi smer capt ang A% -l 135 RRGYRA' 1§ 2Nd: RPRS RIS fegugLngndoent s, zine

nmet al

C')

10 pharmaceutically active lactam of formula I. This
deprotection process involves treating the lactam
carboxylic acid of formula ITI with an alkali metal or
alkaline earth metal hydroxide or carbonate or with an
amine in a suitable solvent containing a sufficient amount

15 of an agent that minimizes the amount of the disulfides of
formula III. Suitable agents for this purpose include
bismercaptans as well as phosphine and phosphite reducing
agents, zinc metal powder, and sodium hydrosulfite. Such
agents can be present in an amount from about 1 mole to

20 about 20 mole percent, preferably from about 5 mole percent
to about 10 mole percent in the reaction mixture. This
deprotection reaction can be performed at a temperature of
from about -20°C to about 45°C. Following completion, the
reaction is acidified with an aqueous acid such as HC1

25 acetic acid, propanoic acid, sulfuric acid, phosphoric
acid, or oxalic acid to precipitate out the
pharmaceutically active lactam of formula I.

Suitable alkali metal and alkaline earth metal
hydroxides and carbonates for this'deprotection process

30 include sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium carbonate, potassium carbonate, and
lithium carbonate. BAmines useful in this deprotection
process include HpN-alkyl, HoN-(CH2)m-aryl, and
hydroxyalkylamines wherein alkyl, afyl, and m are as

35 defined above. Methylamine, ethylamine, benzylamine, and
ethanolamine are preferred. Suitable solvents for this

deprotection process include methanol, agqueous methanol,

-13-



powder, and sodi um hydrosulfite Such agents can be present in an anount
fromabout 1 nole percent to about 20 15 nole percent, preferably from
about 5 nol gy@oésAR: to about 10 nole percent in the reacti opciFushasddqs VWIEN
an alkali netal or alkaline earth net aI hydr oxi de or carbonate I's enployed,

the reaction for d nder_, nons e conditions. When an anine is
enpl oyed, theét??aag.g o % etng8} gﬁ%@gﬁm AFEMSons.  Thi s
deprot ection ﬁ%téltﬁhxﬂ?@f@m f msmatoaanalt eagesalsirisopfrdpam@labout -20[er] C
to about 45 Gcd&Ud Wy c%e%hgogca{zgﬁlégffél%l &%ci: idified with an

aqueous acid such as HC, acetic aci 1;zanmc acl sul furic acid,
phosphoric acid, or wl@?@%{éﬂ@rtcépﬁpéé prevlaming kawram of formula

mer capt oaﬁkanb'glliasﬁam:aﬂm)@rmesaeidoéstermBeJ Rﬁuiﬂrﬁhﬂhé fakelfah%;ms_%ﬁl ?nd

al kal i ne eart{e d_car ates_and am nes for is firs

deprot ection stgglare}%s é |§§d§§b8§eagg% éﬁ%ﬁ% %81’-}%1936‘10 nefude

met hanol , et heeityl amlydpamlopyacepﬁénjflléﬁ beaite/ 1, etﬂh@ﬂ;ytilh@f aa?ﬁ The

i mproved depr. - [ t de e process
&&édﬁhﬂokanoyl ?% ? and Vi éé&‘i?o%*ﬁ‘ld ’A% Cs ac

i n which the nercaptoa act am ester
converted to E#mt%famma:anybacremeve@rnam aalrigalao)slt@m pe Lactwm of

forml a honheseigs Regilvé icndyeeAsBeudba 1 WAIYd TUUES ECRBYALI ST the
carboxylic - I In the single step deprotectlon process, the lactam
carboxylic acid ester of formula II is treated under
aqueous conditions with an alkali metal or alkaline earth
metal hydroxide or carbonate in a suitable solvent
15 containing a sufficient amount of an agent that minimizes
the amount of the disulfides of formula III. Suitable
agents for this purpose include bismercaptans as well as
phosphine and phosphite reducing agents, zinc metal powder,
and sodium hydrosulfite. Such agents can be present in an
20 amount from about 1 mole percent to about 20 mole percent,
preferably from about 5 mole percent to about 10 mole
percent in the reaction mixture. This deprotection
reaction can be performed at a temperature of from about
~20° to about 45°C. Following completion, the reaction is
25 acidified with an équeous acid such as HCl, acetic acigd,
propanoic acid, sulfuric acid, phosphoric acid, or oxalic
acid to precipitate out the pharmaceutically active lactam
of formula I.
Suitable alkali metal and alkaline earth metal
30 hydroxides and carbonates for this one step deprotection
process are as defined above. Suitable solvents for this
one step deprotection process include methanol, ethanol,
isopropanol, acetonitrile, and tetrahydrofuran. This
reaction is performed under aqueous conditions meaning that:
35 water is present in the solvent and/or in the reagents.
The improved deprotection processes of this
invention also include the process in which the

-14 -



acid protecting group by treating the lactamester of fornmula | with an

al kali nmetal or alkaline earth netal hydroxide or carbonate under aqueous
conditions in a suitable solvent containing a sufficient anount of an agent
5 that m niwdassisbe anount of the disulfide of formula Il ,PCTAVSY826448 Ur N,
mnimzes the formati on of the undesired epiner of the pharmaceutically

gpt i ve cowpww:@érélaysmalachanoy%amiaw Qa@ﬁﬁﬂt ﬁsf.@f 6%@9&&{{]&9&@: 3C| ugelo

i smer capt ans_as as [phosphi ne an osphite reduci ng agents, an

zi nc net al p%%‘é?&e%u%% %bee esrccﬁﬁji:oﬁg‘%?“&’g?ﬁuﬁ? f‘—’f‘b 1 ofol e percent
to about 20 HereulmrZentThiw eimrcedsy invoivabonemdvab|ef pite erlylt grabput 10
ol e per centrjrc {dip- rwo&féaurﬂgtﬂﬁé-acwhére%ﬁeaﬁ@éﬂamarﬁn%eﬁfa%%d, at a

tenperature of from about -20'C to abolt 450C. Follow'™ng 15 conpletion,
the reac®i orestencefli foranld (H anitdhgeecadkadidnetreh s 8B linecerethci d,

propanoi ¢ achpirsed il b AHEbnRORNGih 881 Snid KA iGaGHL0
precipitate o thngharnaceutlcall .active lactamof fornmula |. Suitable

al kal i net al SANEERF KPRFTRIG 1B AEAICAENENFRPURT R ath RIsihsates for
t hi s depr ot esinimi séepeles eamsurttefoMeatheaaval £ Saé4 abf ef @it aakyde

o o N0 MR P GRSt OBk L Suslish S sl e 1

10 the pharmaceutically active compound of formula I.
Suitable agents for this purpose include bismercaptans as
well as phosphine and phosphite reducing agents, zinc metal
powder, and sodium hydrosulfite. Such agents can be
present in an amount from about 1 mole percent to about 20

15 mole percent, preferably from about 5 mole percent to about
10 mole percent in the reaction mixture. When an alkali
metal or alkaline earth metal hydroxide or carbonate is
employed, the reaction is performed under non-agueous
conditions. When an amine is employed, the reaction is

20 performed under agqueous conditions. This deprotection
reaction is performed at a temperature of from about -20°C
to about 45°C. Following completion, the reaction is
acidified with an aqueous acid éuch as HCl, acetic acid,
propanoic acid, sulfuric acid, phosphoric acid, or oxalic

25 acid to precipitate out the mercaptoalkanoylamino lactam
ester of formula I.

Suitable alkali metal and alkaline earth metal
hydroxides and carbonates and amines for this first
deprotection step are as defined above. Suitable solvents

30 include methanol, ethanol, isopropanol, acetonitrile, and
tetrahydrofuran.

The improved deprotection processes of this
invention also include the process in which the
mercaptoalkanoylamino lactam ester of formula I is

35 converted to the pharmaceutically active
mercaptoalkanoylamino lactam of formula I wherein R}, is

hydrogen. This process involves removal of the carboxylic

-15-



process of this invention, the nercaptoal kanoyl am no | actam 25 product of
formula | is added to a suitable solvent containing a sufficient anmpount of

an agent thagyolbRédszes the amount of the disulfides of formgbgykbdneagnd 10
turn, mnimzes the formation of the undesired epiner of the

har maceut i ¢ Suli .t Ie 30, agents for this
Bur pose :Jnlzl %éy%a@n%ef/%%&?gw%p fbVI QQQHL%‘O% lllenelaan(?nbﬁ’(? f’ reduci ng
agents, zinc ﬁ%ﬂa‘lﬂﬁo}é\d@fth@mjaé@@lgnmﬁyﬂlmlalk@l@mm@emsa&an be
present. at frRpaaéRde Joma@wa%@mnaerabea@o@so a&iaﬁﬁ%%e% aPreferably

fromabout 5 nole aﬁfrce t to about ;10 nol e percent In

recrystal | i zaPFbheRt K tIfE/entrRontadping ny %‘I‘{ﬁ%‘iﬂ% @HI?]“@& @é 8B ageRfes in

t enper at urfe athaormpidmizss Al lapwolinkt 6F ethe dadtﬂs/ d]lieiraesbhﬂf F@&MIEOIII, .
additional -16-. . anges ..n_t.enperatuge _and/ or o effect t
recrystalli za%ll%nn.'nF rrgxéwlémzt tg uF PR rbedrg:é: S 4ngeSiFSHh about
25[err]Cto thpimefqu( tlmr@laamalceutchcdllsgodlm\té]e:cm@qm offh&ogmuli&i on i s

Egrerge]; :’:1![ Ejrereedand desi redé]gé%o LtI:CSt Iflotsrf g%??e@f%%%rfr‘l% | vg'lléhe%%gka?ur ry is

treated to rarSewehd 3H RinsRbine pagdsphasphites ngﬂqqi@gamentém ahda basic
mat eri al FIChzagc afeeakgddwdet.al sechabfahtHecfPMd present at from

about 1 mole percent to about 20 mole percent, preferably
from about 5 mole percent to about 10 mole percent in the
reaction mixture. This deprotection is performed at a
temperature of from about -20°C to about 45°C. Following

15 completion, the reaction is ac¢idified with an aqueous acid
such as HCl, acetic acid, propanoic acid, sulfuric acid,
phosphoric acid, or oxalic acid to precipitate out the
pharmaceutically active lactam of formula I.

Suitable alkali metal and alkaline earth metal

20 hydroxides and carbonates for this deprotection step are as
defined above. Suitable solvents include water, methanol,
ethanol, isopropanol, acetonitrile and tetrahydrofuran.

In the improved recrystallization and reprocessing

process of this invention, the mercaptoalkanoylamino lactam

25 product of formula I is added to a suitable solvent
containing a sufficient amount of an agent that minimizes
the amount of the disulfides of formula IIT, and in turn,
minimizes the formation of the undesired epimer of the
pharmaceutically active compound of formula I. Suitable

30 agents for this purpose include bismercaptans as well as
phosphine and phosphite reducing agents, zinc metal powder,
and sodium hydrosulfite. Such agents can be present at
from about 1 mole percent to about 20 mole percent,
preferably from about 5 mole percent to about 10 mole

35 percent in the recrystallization mixture. The resulting
slurry is subjected to changes in temperature and/or pH,
optionally filtered, and then subjected to additional

-16-



nmet al hydroxi de or carbonate, afterward the pHis |lowered 10 to at |east
bel ow about 8 and preferably bel ow about 6.0 and the product is
precipitated out by the addition of an acid such as HCl, acetic acid,
propanoi c awa@l99/3sa45 uri ¢ aci d, phosphoric acid, or oxalic aciecTSs2paa3duct
Is filtered off, washed with water and tert-butyl methyl 15 ether, and
dried in vacmmfgesram eteﬁ@lewlemusgf andybe pscws&ﬁféd:@rﬁ&ﬂegn process include
nmet hanol , anol apd._m xtur er eo. e bi snmer capt ans

enpl oyed |n t bs(#\?é' Q&T"@Ctl AT 26*24R4= &1?3? FI5Y 3PPt e are
conpounds V\/mazth finom I@qmﬁa%ﬁ@etoftheerelfmmdmpdamm‘énﬂca didsolvd cleave

such disul fidgg tg&jl(ggn th@ §5§QE§°£| 0. 1o t %“?0 eapt ans. ar those

of the fopmul g (XXVI) wh : an I nteger nd® each i's
i ndependent | Fiddiradasd a‘rreoﬁpﬁ}efiogenahﬁuthy@mxyere@emmr@,s and des:.red |
1, 2- benzenedigmidimitetihy Qio,lllec%eBUt aﬁﬁééiﬂa@ivmﬂgo 188 "d1ur Al "B Gapd pi c

aci d, disodiuymsalt durepe-[err dit h| oI Preferre

bi smer capt angz 16‘19[ lﬁ%(?t FSBVLaﬁH é?f‘ﬁ?o%??‘l‘ﬁr%t@f the i addi eighabhm ne
reduci ng ageMasiionalatdarilali bucyl aphasphikel andetal pbwrwikapiwmg&h

Sui tabl e phO%P*Hatl fha%g:ogcl not%ﬁgta%blﬁng ggea I etaflé &E]OS&PIlS lowered

preferred reagen use
10 to at least below about 8 and preferably below about 6.0

and the product is precipitated out by the addition of an

acid such as HC1l, acetic acid, propanoic acid, sulfuric

acid, phosphoric acid, or oxalic acid, the product is

filtered off, washed with water and tert-butyl methyl '
15 ether, and dried in vacuo. ,

Suitable solvents for the reéecrystallization process
include methanol, ethanol, isopropanol and mixtures
thereof.

The bismercaptans employed in the above deprotection

20 and recrystallization procedure are compounds which in the
presence of the disulfide of formula III will cleave such
disulfides by forming a stable ring. Suitable
bismercaptans are those of the formula
(XXVTI)

HS— CHy— (£H) — CH, —SH

X2
25 k

wherein k is an integer from 1 to 4 and each X3 is
independently .selected from hydrogen and hydroxy as well as
1,2-benzenedimethanethiol, 1,3-butanedithiol meso-o, 0 -
dimercaptoadipic acid, disodium salt, and durene-o.(1),

30 oa(2)-dithiol. Preferred bismercaptans are dithiothreitol
and dithioerythritol. Suitable phosphine reducing agents
include tributyl phosphine and triphenyl phosphine.
Suitable phosphite reducing agents include triethyl
phosphite. The preferred reagent for use in the
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deprotection and recrystallization reactions of this invention is
dithiothreitol. By mnimzing the anount of the disulfides of fornula II

in the reacti I xture according to the 5 inproved deprotq&&i

recrystall ﬁ&é@%ﬂf%r ocesses of this invention, the by-product S/ﬂgs;lvsft%ﬁ%s
disulfide of ;formula I11 are also munimzed. Such by-pro S include, when
RLT's of her APRAPTRARATLAES FECTIFE APt AR kLR | ERASF TR e B f or mil & |

havi ng t he uimlesttissh cis rdltitipthiretiheloptically 10 active carbon in the

sidechain. In the f L ' | Siad st in the

acyl mer capt oal kano% ﬂ\%ﬁﬂac%@g%@%ﬁ’gréﬁ rl?/%tfﬁrr%ﬁarhﬁ%jqfs of formula
|V or fornul foxela IEL gy SheRreastionzpixturel Fecqzding Al thehen X1 is of
fornul a IV, fimbhSoved Ri& @i dniMand eeklyaE£1 PLA{EIbIprdealieaers b is

MO AR G RN D L7 TN
o e e e ot Mo, e 0
o 8, Yot SRR AR et RPLELELBb RS AR ISR
asterick (*)fornmébanllkeving Itheanshdexlived chirality at the optically

10 active carbon in the sidechain.

In the preferred embodiments of this invention, X3
in the acylmercaptoalkanoylamino lactam acid or ester of
formula II is of formula IV or formula XV, n is zero, Rj is
benzyl, and R2 is methyl. When Xj is of formula IV, q is

16 preferably two, R4, R5, R10, and R1l are preferably
hydrogen, b is preferably zero, R12 is preferably hydrogen
or ethyl, and Rg and R7 are preferably independently
selected from hydrogen and alkyl of 1 to 4 carbons,
especially where Rg and R7 are both methyl. When X3 is of

20 formula XV, v is preferably two, d is preferably one, Y5 is
preferably -CH2-, Yg is preferably -S-, and Ri2 is
‘preferably hydrogen or methyl.

The asterick (*) in formulas I, II and XXIV
represent an asymmetric carbon in the acylmercaptoalkanoyl

25 and mercaptoalkanoyl sidechain. 1In the preferred
compounds, this asymmetric center has the absolute
configuration S. As shown in formula IV to XXXIII other
asymmetric centers are present in the various amino lactam
rings.

30 The pharmaceutically active producés of formula I
wherein R12 is hydrogen are useful cardiovascular agents
particularly useful in the treatment of hypertension and
congestive heart failure. The pharmaceutically active
products can be formulated in amounts effective for

35 treating hypertension or congestive heart failure as
described by Karanewsky et al. in U.S. Patent 5,552,397,
Karanewsky in U.S. Patents 5,504,080 and 5,650,408, Robl in
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represent an asymmetric carbon in the acyl nercaptoal kanoyl 25 and

mer capt oal kanoyl sidechain. In the preferred conpounds, this asymetric
center has the absolute configuration S. As shown in formula IV to XXX ||
ot her asymmpjig esssggnt ers are present in the various am no | aRCHUSIN26443. 30
The pharnmaceutically active products of fornmula I wherein R12 is hydrogen

ﬁre utsef ul C@f@ om%@alctgr 5aseat, §7@?rs,im,a;rd%x tssﬁbul, 378 tAha slcsazmv, of
ypert ensi on ongestiye r aj |.ur rmaceu citjve
products can HRP qf é gn&%nté#igéiﬁnégi?%fng3§$'t#é§%i%ﬁg'éﬁ
hypert ensi on 73 ,8Q19g estd, vaybnar etfall vire s .d@atenbeld, b35Ka0dnewsky et al .
in US Patent 5,55 9 j . Rat 504 nd

5, 650, 408, Robl in _zrf%_751015%@?18‘3%{%?#1&%’%%,%%%tt%,ag%gr%?g?%@%? 375 and
5,362, 7279 Roiventions. Serial No. 443,278 filed May 17, 1995 and EP

743,319 and, Ryono et al. in U S. Patent 5,635,504. The foll ow ng exanpl es
are illustrative of the 5 -invention.-

-19-



Example 1 [4s- [4[err] (R*) .7. 10a[err]ll-COctahvdro-4-[ (2-nercapto-1-
oxo- 3-t henyl nroovl) am nol -5-oxo-7H pyrido [2. 1-bl 5 [
31t hi azeni oxvlic acid [err]

(acetylth|o$ﬁqz%§%4§ phenyl propyl ] ami no] - 5- oxo- 7H pyrido  PCT/US98/26443
2,1-b] (1, 3]thi azepi ne-7-carboxylic ac|d thyl 10 ester (5.0 g, 10.76
nnDIe) [ prepared as described in any b¥éggiﬁﬁies 3(c), 11(i), 22(b), 23(i),
or 24 of U. S. Patent 5,508,272] was di ssol ved in nethanol (45 m) in a 250

m flask equi pped pddtyaan i Qb n E ah 1 Al e por obe and
argon inlet. To the Solu | On was | eTt (dd Trg, 0.538
nmol e). The sol ut P& B 1 1 g ot hen kept

under arggn. The sol ution ” CtQﬁIan@ t R 061 glr ;pfctgg In the addition
funnel, i N sodi um hydroxi de solution mmol €) was sparged with

argon for 30 mnutes. The 20 sparged sodlun1hydrOX|de sol uti on was added
to the reaction fI ask483v[e¢a(Z(?)m’lwtmﬁso—bbaahyaﬁmm pr2al tenperature did

then the | ce BRTPAHIAIIENT J-RNPBVLPREPY DLt Do REFECD room -
t enper at ure queridmi Hodu]. [125}t]i|1azepzhné+‘0ncaxﬁ®:§nizrd etidt, megmylenperature
(o0 a0 B 0 D e ot lhiod A LR B s B O
reaction flasﬂ’(xalmﬂeesr éa&g)hoﬁlv(as) 22(b), 23(1), or 24 of U.S. Patent
5,508,272] was dissolved in methanol (45 ml) in a 250 ml
flask equipped with an addition funnel, internal
temperature probe and argon inlet. To the solution was
15 added DL-dithiothreitol (83 mg, 0.538 mmole). The solution
was sparged with argon for 15 minutes and then kept under
argon. The solution was cooled to 0°C in an ice bath. In
the addition funnei, 1IN sodium hydroxide solution (65 ml,
64.57 mmole) was sparged with argon for 30 minutes. The
20 sparged sodium hydroxide solution was added to the reaction
flask over 20 minutes so that the internal temperature did
not exceed 5°C. The reaction was allowed to stir at 0°C
for 30 minutes, and then the ice bath was removed to allow
the reaction to warm to room temperature over one hour.

25 The reaction was stirred at room temperature for an
additional two hours at which point TLC confirmed that the
reaction was complete. A pH probe and a reflux condenser
were attached to the reaction flask. The reaction was
acidified with previously argon-sparged 3N HCl solution to

30 a pH between 8 and 9. The mixture was warmed to 40°C
(internal temperature probe) and further acidified with
vigorous stirring to pH 2. The resulting slurry was stirred
at 40°C for 30 minutes and then allowed to cool to room
-temperature for one hour. The product was collected by

35 filtration and washed with distilled water (80 ml volumes)
until the wash-water tested negative for chloride with
silver nitrate solution. The product was washed with

-20-



acidified with previously argon-sparged 3N HC1 solution to 30 a pH between
8 and 9. The m xture was warned to 40[err]C (internal tenperature probe)
and further acidified with vigorous stirring to pH 2. The resulting slurry
was stirredvwooB& for 30 mnutes and then allowed to cool ®PCTUSISIRE443
tenperature for one hour. The product was collected by 35 filtration and

washed wi ]E h (Hcﬁ:.itl:lcgﬁ]y\laiaﬁfh ex( fie ad 2soinmneaﬂdtmtir4dﬁm W@i‘hB‘OahQﬁuté§tedh 4
negative for th silv ni trat r t washe
weh Lo O R HRie? el warbed WA ER) E-ER0L R Io R BER 8 1 Bl oo The
product was weidhexhdvhidxaneyuyx ot myb , eathdJ(iZed(, mldwmmdduhdganhlgn x 10
m), air-dri s aghu fg_lgd title
pr oduct (94%9‘53;/%|'e"ﬁg§j di;éalgﬁad*%%te@érg'gstxa?P ﬁ& o %%g §§ggd9
(deconp.)5; [3] & ¥higp oustaliing ﬁ@@hﬂf@rﬁar@@l@)‘ lc(dﬁpompm 63
(silica gel Rpmcet+68 a1 dicethyll, dtmeshy] formateldeled liy..ct:NRIfl gho 88d ceric

sul phat e/ anmo m nol yhdat An al r 55. 25;

H 5.98; N, 6{‘5,:;;1 31% 229’%: Ccac?s%??ghyﬁi ée%a?'! 'N"léu'?&lzsd % 9.

Exanpl e 2 15 1ight and [&ri&%ﬂb&twmyﬂim&oiyﬁ&Mr cant o-| - oxo- 3-
Anal. calc'd for C19H24N204S2°+1.1 H20:

10 C, 55.25; H, 5.98; N, 6.78; S, 15.52
Found: C, 55.10; H, 5.87; N, 6.74; S, 15.33.

Ezgmgle 2

15 —(R*,R*) ]~ -6-[ (2-mercapto-1-oxo-3=

[S-(R*,Rf)]—Hexahydro—G-[[2-(acety1thio)-1-

20 oxo-3-phenylpropyllamino]-2,2-dimethyl-7-oxo-1H-azepine-1-
acetic acid, ethyl ester (2.0g, 4.46 mmole) [prepared as
described in Example 66 (g) of U.S. Patent 5,552,397] was
dissolved in methanol (9 ml) in a 100-ml flask equipped
with an addition funnel, internal temperature probe and

25 argon inlet. To the solution was added DL-dithiothreitol

(34 mg, 0.22 mmole). The solution was sparged with argon
for 15 minutes and then kept under argon. The resulting
solution was cooled to 0°C in an ice-bath. In the addition
funnel, 1IN sodium hydroxide (26.8 ml, 26.8 mmole) was

30 sparged with argon for 30 minutes. The sparged sodium
hydroxide solution was added to the reaction flask over 30
minutes so that the internal temperature did not exceed
5°C. The reaction was allowed to stir at 0°C for 30
minutes and then the ice-bath was removed to allow the

35 reaction to warm to room temperature over one hour. The
reaction was stirred at room temperature for an additional
1.5 hours at which time TLC showed that the reaction was
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phenvl xr obvl ) am nol - 2. 2-di met hyl - 7- oxo- | H-azepi ne-|1 -acetic acid
[ S-(R*, R*)] - Hexahydro-6- (2-(acetylthio)-1- 20

0x0- 3- phenyy, k4 am no] - 2, 2-di met hyl - 7- oxo- | H azepi ne- | - p@ﬁ\tjg o d,
et hyl ester (?29%% 4.46 mml e) (prepared as described in Exanp eﬁ66 (g) of

U.S. Patent cingiedlO7L s fissgl Vel ddtmensl ohg Phlciiod adart 11 ask

equi pped wt ditio I nterna erature pro e an argon
inlet. To tﬁlan%memqmm\/a@Saaae@lae@Mlmtbmeeﬂlpéslrsspmec@) 3® Hadbl e). The

sol ution wassRAAEGMNG N ar 9@9 s&&q 4 GRrandadbe@nakgnindinder argon.
The resulting solution wa dto Cin an jce-bath. In the

addi ti on fufteft urﬁ\l‘@édl%ﬁ?% g??cﬁe "(%“ésm ThE. le%)“’%§@ spar ged
w th argén fRirteraniidaEiedheosprryed 'H@wa@uhtdﬁgxsﬂ@rﬁplwag on was added

ot | oxceed SUGETed % Sheh SnTREatite M 15le hofel M BRE bR B TS L G
and t hen t hecoldedimidch bmaiﬁ@mhe@tm@lwmet&musﬁ diéatilbedtwatear mto room
e HETL 0, i ERELAP A HeBdlop R e alure [0
conpl ete. A PHRBDBE WRSeasedehédRt o %H@Q&qtoﬂaﬁl adx-dried for 30
10 minutes, washed with t-butyl methyl ether
(2 x 4 ml) and hexane (2 x 4 ml), air-dried, and dried
under a high vacuum to give 1.5 g of title product as a
white crystalline solid (89% yield),
m.p. 176° - 177°; ([alp = -18.1° (¢ = 1.0, chloroform).
15 TLC:Rf = 0.51 (silica gel, 2% acetic acid/ethyl acette;
visualized by UV light and ceric sulphate/ammonium
molybdate) .
Anal. calc'd for Cq19H2gN204S « 2.6 HR0:
c, 60.30; H, 6.92; N, 7.40; S, 8.47.
20 Found: ¢, 60.02; H, 6.8%; N, 7.34; S, 8.60.

. Example 3
45-[4o (R*) , 70, 10a -Octahyvdro-4-[ (2~
mercapto-1-oxo-3-phenylpro amino] ~5-oxo-
25 7H-pyrido(2,1-b 3lthiazepine-7-carboxylic acid, methyl
ester

[4S-[40(R*),70,,10aB} ] -Octahydro-4~[[2-
(acetylthio)-1-oxo~3-phenylpropyl]amino] -5-oxo-7H-

30 pyrido[2,1-b){1,3)thiazepine-7-carboxylic acid, methyl
ester (700 g, 1.51 moles) was dissolved in methanol (7.7 1)
in a 10 1 flask equipped with an internal temperature probe
and argon inlet. To the solution was added
D,L-dithiothreitol {24.6 g, 0.16 moles). The solution was

35 thoroughly purged with argon for 30 minutes. The solution
was cooled to -15°C and finely ground potassium carbonate
(311.6 g, 2.25 moles) was added with agitation. After
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The reaction was acidified with previously sparged 3N HO to a pH of 6.
few seed crytals were added and the m xture was stirred for S m nutes.

m Xt ure was

then 5 further acidified to pH 2. The resulting slurry was

stirred at WoM3sHaperature for one hour. The product was coPCE3ISa24H3
filtration and washed with distilled water until the wash-water tested

negative for

0 ol P o i D e Bt

and hexane (

compbetien wi the |neschiiarr dne sthutiong. mEherpaddwss was

vacuum gi ve

A
The

)

1.5

g of title pragueemeded nifileraion | | Abesdhilgeracsdke vpa) waghpd with -
1770; [[err]h& RandB. 4de m)l. O,y RureldfTEGeREi TtPabd (8§l ica gel,

2% aceti ¢ acj d/ et hyl _acette: Vi i by UV Light '
Sul phat e/ AP bR kol Toddtial MniRs Earestersrd] bpr pROEngs 46, 1, 185Ky,
7.440éL 48,( R§) AZon@éntiavead HO GBON1)Hwhhicil hal béeldpuBgel. GithExagphe 3
r4s-14a . Q. r v -4-F(2- .
mer capt o- | - O&I%SS%‘%ﬁéﬁv%# o%%%%‘ ﬁa{#tééé%gl Zghe desired product

7H pvri dof 2. ¢xpstallizedi imeediately @risotplel cesuilgingesugbension Vasr] [ 4S-

(acetyl thio)
10

15

20

25

30

abyi0XPed- RPN LYY IRl ed- OX@éHvater (3.5 1) was
added and the suspension was agitated at 0°C for one hour.
The crystals were collected by filtration. The product was
washed with 1.8 1 of methanol/water (2:1) at 0°C followed
by 1 1 of cold water and finally washed twice with 1 1
portions of methyl-tert-butyl ether and dried to give 594 ¢
(93.5%) of title compound as a solid.

Example 4
4S-(4(R*) ,70.10a - ahydro-4-[ (2-

JH-pyrido[2,1-b1[1,31thiazepine-7-carboxylic acid, methvl

estexr

A slurry of [4S-[40(R*),7a,10aB]l]l-4-
aminooctahydro-5-oxo-7H-pyrido[2,1-b]l [1,3]thiaze~
pine-7-carboxylic acid, methyl ester, hydroiodide (150 g,
0.388 mol) and 0- (acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (181.2 g, 0.447 mol) in methylene
chloride (525 ml) was cooled to about -20°C and treated
with a slurry of N-ethyl-N’-dimethylaminopropylcarbodiimide
(100.5 g, 0.524 mol) in methylene chloride (500 ml) while
maintaining the pot temperature at less than -5°C.
Additional methylene chloride (175 ml) was used to complete
the transfer of the carbodiimide. The reaction was stirred
at -5° to -12°C until complete as determined by HPLC (about
18 hours). The cold reaction was filtered into dilute
phosphoric acid (450 ml, 1:3 v/v of 85% phosphoric acid to
water) and the filter cake was washed with methylene

-93.
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30 pyrido[2,1-b)fl, 3)thiazepi ne-7-carboxylic acid, nethyl ester (700 g,
1.51 noles) was dissolved in nmethanol (7.7 1) in a 10 1 flask equipped with
an internal te erature probe and argon inlet. To the solution was added
D, L- d|th|otﬁygn? 124.6 g, 0.16 noles). The solution was 35 FCHOISSHEMHY

purged with argon for %0 m n gi The sol ution was_coqal,ed to -15' C and
finely groun® }’gﬁt XarfB8nRte- (3Hhe Phpses of fhecdilgatedwedewi t h
agi tation. Afdegyarated andcoephgli ﬁér'o-fbﬁtk}ﬂ reaﬂﬁn QI:LOOIOOm&D awhsngdaegeri al

was det ect ed | t her L. HPLC) h nawe S rem)ved by
filtration. 1'%% l'ﬁmlel togrga%’lai%eiwxgrwas'ﬁh% §o ﬁ haﬁol Fﬂ% wg
t enper at ure ofaauwm fid o Pos waduse dzépabcmt o0 whi,| enidt tMSSﬂ-nanyfwased to

another 18 1 fipadredonasl i edy Heacs 200 Walsidd agtggggug pagged with

argon was added rapidly gl tation esire crystallized
i medi atel y MX%@%I@ #g53uBbbmand nthi Liddivadec Wag didutefoyith
m nutes. lce avmilaﬁd&ﬁné)thm&éetaﬂd@fl adtthdrh e 750S pansi orneasrgghiat ed at

washed vi th BHESE g et MIEReRs Puts PHHerRomis Pt TAYOLRE o Tor d
wat er and fi mnaty ;oﬁ/vﬁ%a@m\sphemcthcidltq»matms, akuesiisy sotddnt- but yl et her
and drieqot 0 i M8 A% Y3% w/v, 450 ml), and 5% aqueous sodium chloride
(450 ml). The organic solution was filtered to remove any
insoluble material and treated with D,L-dithiothreitol
(6g). Degassed methanol (2000 ml) was added and the
solvents were distilled at about 20 mm of mercury until the
15 pot volume was about 2200 ml. The solution of [4S-
f40.(R*), 7ct, 10aB] ) ~octahydro-4-~[ {2- (acetylthio) -1-oxo~3-
phenylpropyl]amino] -5-oxo-7H-pyrido[2,1~b] [1,3]thiazepine-
7-carboxylic acid, methyl ester was cooled to 0° to 5° and
treated with 40% aqueous methylamine (150 ml) while
20 maintaining the pot temperature at less than 5°C. The
reaction was stirred for about 30 minutes and the pH was
adjusted to 7.5 - 8.3 using concentrateéi HC1l (155 ml)
containing D,L-dithiothreitol (2% w/v). The resulting
slurry was stirred for 30 minutes at 5°C, the pH was
25 readjusted to 7.5 - 8.3, if necessary, and the product was
filtered and washed with cold, degassed 3:1 methanol/water
(3 x 300 ml). Drying in vacuo afforded 134.1 g of the
title product.
The above procedure was also carried out with the
30 following modifications. A sodium bicarbonate wash was
utilized before the treatment with D,L-dithiothreitol,
acetonitrile was employed in piace of methanol after the
treatment with D,L-dithiothreitol, and the pH was adjusted
employing D,L-dithiothreitol in acetic acid rather than
35 concentrated HCl.
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15 (93.5% of title conpound as a solid. Exanple 4 [err]
mer capt o- | - oxo- 3- Dhenyl nroDyl ) am nol -5-o0xo- 20 7H pyridof2,1-b
rl. 31t hi azepi ne-7-carboxvlic acid, nethyl ester A slurry of [err]
am nooct ahy W@9%83544>- 7H- pyri do[ 2. 1-b) [ 1, 3]t hi aze- 25 pi ne- 7- PETHESLGR6443
acid, methyl ester, hydroiodide (150 g, 0.388 nol) and a-
gg@:&@@l am ne salt (181 2 g, 0.447
. ol

(acetylthlo)benzenepropan0|c aC|d di
nol) in methylene c ; ) A
with a slurry of
0.524 nol) i n=Hethy e H C 2 =t ' £FH
tenperature at |ess than -50C Addltlon akige thylene chlorlde (175 n1) was
used to cgnplete the transfer of the carbodiimde. The reaction was stirred .
at -5 to ~120C until conplete as detern1ned by HPLC (about 35 18 hours).

The col d rea®ion : iagmiioaxo-3ei d (450 M, 1:3 v/v
of "85% phosphoric ag : ith

met hyl ene - 23- [e were

xr

10 A solution of (8)-6-aminohexahydro-2,2-
dimethyl-7-oxo-1H-azepine-l-acetic acid,1,1-
dimethylethyl ester (0.781 g, 2.8 mmole) in methylene
chloride (11 ml) was cooled in an ice-bath and powdered
_(S)-2—(acetylthio)benzenepropanoic acid (0.641, 2.86 mmole)
15 was added. A clear solution was obtained in a minute.
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(0.642 g, 3.351 mole) was added and the mixture was stirred
for 2.5 hours. The solvent was evaporated and the residue
was taken up in ethyl acetate (25 ml) and 1IN HC1l (15 ml).
20 The aqueous layer was separated and extracted with ethyl
acetate (25 ml). The combined organic extracts were washed
successively with 1N HC1l (2 x 15 ml), brine, saturated
aqueous sodium bicarbonate (2 x 10 ml) and brine (10 ml).
The solution was dried over sodium sulfate and evaporated
25 to give 1.32 g (93% vield) of title product as a white
foam. [0]p = -48.9° (c = 1, ethyl acetate).
Anal. calc’'d for C25H3gN205S+0.4H20:
c, 62.06; H, 7.67; N, 5.79, S, 6.63
Found: C, 62.28; H, 7.63; N, 5.75, S, 6.44.

30
b) [S-(R* R*)]1-6-[[2-(Acetvlthio)~1-ox0o~
3-phenvlpro: inolhexahvdro-2, 2~
dimethyl-7-oxo-1H-azepine-l-gcetic acid
35 Trifluoroacetic acid (9.0 ml, 126 mmole) was added

to a solution of the product from part (a) (3.75 g, 7.88
mmole) in methylene chloride (30 ml). After 5 hours,
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separated and nethyl tert-butyl ether (1000 m ) was added to the organic
| ayer. The solvents were renpved under vacuumto a pot volune of about 900

m, and the_ slurry was 5 filtered. The filter cake was wash hyI

tert- butylwgtgﬂ/éis%éB x 55 m) and the filtrate was dil uted ﬁ?%%%&g?u onal
met hyl tert-butyl, ether (750 m ). The_organi phase shed th dilute
phosphori c a@’r?ﬁ?%(??ﬁl“&‘i:&wﬁ”&a&? ég%pﬁos%?]o}l@“%f'c? é%% imqueous
sodi um 10 blmltértesc( Wb Wwas ddded o ehd Eé(aaqimummdrejmmhlmd dex (450

m ). The organigc | on S \ I d
treated w tﬁalb 1€ dq? |%’t hrél @td ("?Eﬁgcﬁg’é{é@% &r%% F{%%%ﬂ?%saadggd
and t he soI vedﬁmstmd ecaliZd Middr atONabgd@umohyrﬁr@mdm cU¥he Ukavears mMerEs5 pot

vol une o
[err]-oct ahydro 421[2% aF%acet #Lﬂc E‘I‘.a9Er[6§s washed with a solution
phenyl propy| e RRASEIRESL B} P 19%] PRI VBB n25 M SR | ¢

ﬁglt ﬂ lmet hyla gtiwalh@sln%rggdcz ® wath abdcknesdedd melh. 40ﬁl’qéiq&&§ﬁéi€sl )
yl am ne ile t t
50C. The T ecierebadisaRied ag Fomesisdengochinbles B b piifas ad) ust cd
Eg()/? vv/5 ) BTﬁcmthedoumnIcat]ed(dﬁ@lw(e‘rESdm’IL)adconeal smdiguﬁ)stﬁﬂame)tamdei t ol
oW Vv g r r err]C, the
bt s 20 [ cSapRSFRbbds Sl ioe ekl ALB1 v T e B Rt s
filter e_d andchaehride w ¢ Hukb|and d@;ﬁ'@@@d (341 Mt NaH orAdRE e 19wl WSgE 1 ) .
Drying in vaggoraif9r e 150t i fit®ds t N@he resulting mass of crystals

were stirred overnight, filtered, washed with methylene

chloride/heptane (1:9), and heptane, and dried under vacuum
15 to give 3.08 (93% yield) of title product as colorless
crystals; m.p. 160 - 161°C; |
{olp = - 46.6° (c = 0.7, chloroform).
Anal. calc’'d for C21H28N205S+0.023H20:
C, 59.47; H, 6.67; N, 6.59; s, 7.54
20 . Pound C, 59.29; H, 6.61; N, 6.55; S, 7.56.

c) [S- (R*,R*) 1 -Hexahydro-6-{ (2-mexcapto-1-
oxo-3-phenvipropvl}aminol-2,2~-dimethyl-7-
oxo-1H-azepine-l-acetic acid

25
In a 100 ml flask equipped with an addition funnel,

internal temperature probe, and argon inlet, the title
product from part (b) ( 2.0 g, 4.76 mmole) and
D,L-dithiothreitol (0.037 g, 0.24 mmole) were stirred in

30 methanol (6.4 ml). The suspension was sparged with argon
for 10 minutes, cooled to 1°C, and then kept under argon.
In the addition funnel, 1N sodium hydroxide (19 ml, 19
mmole) was sparged with argon for 15 minutes. The sparged
sodium hydroxide solution was added to the reaction flask

35 over 20 minutes so that the internal temperature did not
exceed 5°C. The reaction was stirred at 1°C for 30
minutes, and then the ice bath was removed to allow the
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title product. The above procedure was also carried out with the 30
foll ow ng nodifications. A sodium bicarbonate wash was utilized before the
treatment with D, L-dithiothreitol, acetonitrile was enployed in place of
met hanol af W@ 9¥BH4reatment with D, L-dithiothreitol, and t h@CprISegiz6443

adj usted enploying D, L-dithiothreitol in acetic acid rather than 35
concent r at ed B48ction to waEmahkpl rosm| semperatie ovidexdhhdug- 6-A[pK 2

- mer cant o- 1- ; ey e ul)

-2.2-di met hyfig-&%})o%x#d% l—I—I&gzeD #ec Ic-a{aﬂc%%??%r acid & tt)ached fo t]f'e ﬁ%%c\:/tl"lo?%l oyl
am no 1 hexalf/@sk-2 Theyireechirnrvagecidifiedoith pravéonglucsparged

i et et e pr o et sl S st
i et azepine-|-acetic a - dine ethyl ester g,
2.8 m%l e)z’ i n SRR aé‘né"e&‘?ﬁé' ArHES(B5° 5 S IS§&d1 Ar¥mtps- ght Hhand

powdered (S) @s(za:ca&i yridduckbeerenagdeparemd @ thiktubélwasd. Borehere) 15

was added. ’%&!cﬁq.’"ie%) Wtihoﬁm‘“ﬁél%?iéﬂ ngtglﬂ'ﬂr?g r{jon'ﬂarl-lez. The resulting
slurry was stirred at 40°C for 30 minutes and then allowed
to cool to room temperature over 1 hour.

10 The product was collected by filtration and washed with
distilled water (about 30 ml) until the wash-water tested
negative for chloride with silver nitrate solution. The
product was air dried for 30 minutes, washed with
tert-butyl methyl ether (2 x 4 ml) and hexane (2 x 4 ml),

15 air-dried, and dried under high vacuum overnight to give
1.67 (93%) of title product as a white so0lid having the
same analytical values as in Example 2.

Exanmple 6
20 4S-T40.(R*) . 70, 10aB1] -Octahvdro-4-[ (2-merca
1-oxo-3-phen opvl)amino] ~5~oxo~7H- ido[2.1-b

{(1.31thiazepine-7-carboxvlic acid

D,L-Dithiothreitol (10.4 g) was dissolved in

25 methanol (3250 ml) and purged with inert gas to remove
oxygen. The solution was cooled to 0 - 5°C and the methyl
ester product from Example 4 (296 g) was added. While
stirring, 3N sodium hydroxide (1400 ml) was added at a rate
so that the temperature was maintained at 0 -~ 5°C. After

30 stirring for an additional 30 minutes, the reaction was
warmed to room temperature. When the reaction was
complete, the pH was adjusted to 1.6 - 2.0 by the addition
of 3N HC1l (1500 ml) resulting in crystailization of the
product. During addition of the HCl the temperature rose

35 to 30 - 35°C. Water (2800 ml) was then added, the slurry
was cooled to room temperature over about one hour, and
stirred for an additional hour. The product was filtered
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1- (3- Di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl oride (0.642 g, 3.351
nol e) was added and the m xture was stirred for 2.5 hours. The sol vent was
evapor at ed %ggw t he residue was taken up in ethyl acetate (25 m) and iN HC1
(15 m). 20 3’3§Haeous | ayer was separated and extracted wiP)

acetate (25 onbi.ned .org racts wer e washed successi veI y
with i N HO (?)“;( “1%%‘3# ﬁ?t%a?grﬁtg P e SR SohrtntomeihnbRERey 2 x
10 m) and br(mec(ﬂmx) mhl). . Tl‘mlesgslroﬁuon was theéredirded teogivea 3wk fate and
evapor at ed 25 g YL d t r.od as a_white foam
[[err]D = _48°h '? %’9"‘?‘%5 h%%é%%t ?l-’ %\ gr atﬂaﬁﬁ ga Ogng??] 8T, *82.06; H,
7.67; N, 5793X@PE6BFound C, 62.28; H 7.63; N, 5.75, S, 6.44. 30 b)
[S—(R* R<pLl-6-[ [2-(Acetvlthio)-1-oxo- 3- phenvloroovlIan1no|hexahvdro 2, 2-

di met hyl - 7- oxo- 1H azeoi ne-1 -acetic acid 35 ° Trifluoroacetic acid
(9.0 m, 126n mmle) was added to a s@-’%‘%@%%—%f the product from part (a)
(3.75 g 7. 88 Mol ej4$nl 4op (BRI Aee IdBA1 i-0ct B0dind A e capitour -25-

di basi ¢ sodi um ph(is_%%t_ —iéﬁeﬁ::ﬂgzgﬁtﬂmﬁ) dgggoiyge&:ﬁd! 0{2.1-b]

3lthiazepine-7-carboxvli cid

10
All operations were performed under an argon
atmosphere and all transfers were performed using cannulas
to minimize exposure of the substrate and product to
atomospheric oxygen.
15 Degassed 1N hydroxide (376 g, dissolved oxygen level

is less than or equal to 5%) was added to a 1 liter four
necked flask equipped with a mechanical stirrer, pH
electrode, thermocouple, and argon inlet, containing the
methyl ester product from Example 4 (50g) and D,L-

20 dithiothritol (1.8g). The reaction solution was stirred at
20° £ 10°C until hydrolysis was judged complete (HPLC
assay, hydrolysis was complete about one hour after the
addition of the sodium hydroxide was completed). The
product solution was polish filtered to remove any

25 particles, and the hydrolysis vessel and polish filter were
washed with water (50 g). The filtrates were combined in a
1 liter four necked flask equipped with a mechanical
stirrer, pH electrode, thermocouple and argon inlet. With
vigorous agitation, the title compound was crystallized at

.30 20° % 10°C by the addition of degassed 1N acetic acid (401
g, dissolved oxygen level is less than or equal to 5%) to a
final pH of 5.5 * 0.5. The crystal slurry was agitated at
20 % 10°C for at least one hour, collected on a filter
(inert atmosphere was no longer employed), and the wet-cake

35 was washed with water (3 x 100 g). The wet-cake was dried

in vacuo to afford 45.1 g of title product as a white
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water (50 m) was added to the reaction mxture chilled in an ice bath. The
pH of the m xture dropped to 1.4 and was adjusted to 2.9 with i ON sodi um
hydr oxi de. The | ayers were 5 separated and the organic |ayer was washed

wi th a sol wome/36f45di basi ¢ sodi um phosphate (0.5 g) in wat er PCRAISH$/3644F t er
adjusting its pHto 2.9 wth concentrated HCO . The | ayers were backwashed
wi th nethyl esgysthdlife Héwddy  hahfihd GHE ReheOBANVEibaYealueEcadr igd over
sodiun1su|fa%§ anﬂ 1% evaporated. The residue was dissolved in methylene
chloride (6 eptane (24 m) was added slowy with stirring over 20
m nutes. The resulting nmass of crystals were stirred overnight, filtered,
washed with nethyl ene chl ori de/ hepta -1 ., and heptane, and dried under

AP

vacuum 15 to give 3.08 (93%yi el d) i € product as colorless crystals;
mp. 1602 161[err]C [err]DéCﬂm‘{—Eﬁ%%miis—‘chl oroform. Anal.
bg 64f 2AHrdrs ; K

calc'd for [err] C , : 2 C, 59.29;
H 6.61; N, 6.55;.S_ 7.56. Hexahvdr o- 6-1.. (2~ mer cant o- 1-
0x0- 3- ohenvl or ovvt—atiror=2" 1 == +¢-acid 25

In a 100 m flask equi pped 3dnal tenperature

probe, and argon inlet, the |tleproduct fropart ( “ ( 2.0 g, 4.76
nmol e) and

10 All operations were performed under an argon
atmosphere and all transfers were performed using cannulas
to minimize exposure of the product to atmospheric oxygen.

Degassed alcohol solution (302 g of absolute ethanol
and 87 g of methanol, containing less than or equal to 5%

15 oxy;gen) was added to a 1 liter flask equipped with a
mechanical stirrer, reflux condenser, thermocouple, and an
argon inlet, containing [4S-[40(R*),70c,10aB]]-octahydro-
4-[ (2-mercapto-1-oxo-3-phenylpropyl)amino] -5-oxo-7H-
pyrido(2,1-b} {1,3)thiazepine-7-carboxylic acid (11 g) and

20 D,L-dithiothreitol (1.1 g). The resulting slurry was
heated at reflux (about 75°C) for about 2 hours to dissolve
the solids. After cooling the solution to about 60°C, it
was polish filtered into a 1 liter four neck flask equipped
with a mechanical stirrer, reflux condenser, thermocouple,

25 and argon inlet. The dissolution vessel and polish filter
were washed with methanol (5g). With stirring, the
combined filtrates were cooléd to 20° * 10°C, and held at
that temperature for at least one hour. The product was
collected on a filter (inert atmosphere no longer regquired)

30 and the wet-cake was washed with methanol (3 x 15 g). The
wet-cake was dried in vacuo to afford 8.74 g of title
product as a white cryst:all:x.ne powder.
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D, L-dithiothreitol (0.037 g, 0.24 mmole) were stirred in 30 nethanol (6.4
m). The suspension was sparged with argon for 10 m nutes, cooled to 10C,
and t hen ke& &gg argon. In the addition funnel, i N sodlun1hydrOX|de (19

, 19 mmol %’9 4§parged with argon for 15 m nutes. The spap(é AVRELIET AT
hydrOX|de solution was added to the gggﬁéééggflask 35 over 20 mnutes so
that the internal tenperature did no 50C. The reaction was stirred
at 10C for 30 m nut Repregdssima ¢ : pHexehydved At | ow t he -26-
reaction to warmto r Jgﬁg_eir_%%rg gﬁgé::%%g&%%?&i%;p_@?_ and a refl ux
condenser were attacheq SK. acrt o] s acidified
with previously spargedimhdsIcexer : I Rl 1o A
400C 5 (ighternal tenperature probe) A few seed crystals of the desired
product were added, and the mxture was further acidified with 3N HJ wth
stirring to pH 2. The- ISR Yilngexabviyonks [ {4 TReEcRRAC 0Bt Crhanyio
m ngt es and p ” }aHr@de-]Equzc@akqethynognbk@ﬂng:ﬁeﬂmﬂerachﬂwraciao( ghe
product was ec i1t 1.0 washed wi t st wat er (about
30 M) unti 1 ¢ mgSF\kﬁ?ér rt %@i&dgﬂegaﬁ% R or Fﬁ’éi\}é si | ver
nitrate sol udlbhloﬂ]imeemaidudﬁowag,aﬂ.r. 6@rmmedl ¥ orer3d) ghiangesd tonas ltdatewi t h

10 necked flask. The flask was flushed with nitrogen and
immersed in an ice bath. Cold (2°C) deoxgenated sodium
hydroxide solution (1.22 N, 40 ml) were added slowly while

maintaining the reaction temperature below 10°C. After

complete addition, cooling was removed and the resulting

15 solution was allowed to warm to room temperature. The
solution was heated to about 45°C and deoxygenated acetic
acid solution (1.06N, 50 ml) was added while maintaining
the temperature of the mixture at about 45°C. The crystal
slurry was stirred at about 45°C for 30 minutes and then

20 allowed to cool to room temperature. After stirring at
room temperature for 30 minutes, the product was filtered,
washed with water (50 ml) and dried in a vacuum oven at
51°C/4.1 inch Hg to afford 4.65 g of title compound having
a laboratory HPLC of 99.9 area percent.

25
Example 10
—{R* ,R¥*) | -Hexahydro-6-[ {2-mercapto-1l-oxo-3-
30

A three necked flask was charged with [S-(R*,R*)]-
6-[{2- (acetylthio) -1-oxo0-3 -phenylpropyl]amino} hexahydro-

2,2-dimethyl-7-oxo-1H-~azepine-l-acetic acid (10 g, 23.78
mmoles) and D,L-dithiothreitol (390 mg, 2.5 mmoles). The
35 flask was flushed with nitrogen. Deoxygenated water (20
ml) was added to the flask and the mixture was cooled to
1°C. Cold (1°C) deoxygenated sodium hydroxide solution
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tert-butyl nmethyl ether (2 x 4 m) and hexane (2 x 4 m), 15 air-dried,
and dried under high vacuum overnight to give 1.67 (93% of title product
as a white solid having the sanme anal ytical values as in Exanple 2.

Exanppl e 6 NP99735145  [orr] - Oct ahvdr o- 4- [ ( 2- mer capt o- PCT/US98/26443

1- oxo- 3- Dhenyl propvl ) am nol - 5- oxo- 7H nvri dof 2. 1- b1l FlI

31t hi azepi ne{#-23r NoxtPralatf dnb, (8Himmalasir sasordded. 2lgylywawhiiesol ved in
25 net hanol ma32%QiAlhgatHe PHEGESratdre i theddeab®ibANRY Rt Q¥¥0BB8twdER

sol uti on was _,gQol e 0 - H0C and..the methy|l ester.product fromExanple 4
(296 g) was & eﬁ?gv&%'e ﬁﬁiﬁﬁ %"ﬁ?ﬁ°§o_8&'u¥#‘ﬁyﬁ?b§?‘gi f€4'66"{‘d ‘r?}v\}é]é‘eadded
at a rate sosbdiumt hgdtrerpde asoletims, Miientr@madadetr O0f- th8CsoMitton30
stirring gor i1l opak 1k put eqct.] r tQ roqgm
erper at il o “eAcr g Rt aY' E5e O AR LRl BetYeRR 22
2.0 by the ad@ 8°6n oRfBarHerixnbng e reachidmdgntitune sttal43°24&0i 6fCof t he

product. Duri dint hapesf t -+390C.
Wat er (2800 rﬁ&)g %shﬁiﬁegegddegg %c%%,ﬁﬁgﬁﬁﬁegg?g@éo%&%inggrg‘?ure

ed, t : €
over about OFEHoGETPERBLYEEr r eTR® oFeAGF LA MIPSNEE Wasr PoFhehpfdlberedas
filtered -274nto a crystallization flask and heated to 45°C.

10 Deoxygenated acetic acid solution (1.06 N, 90 ml, 95
mmoles) was added while maintaining the reaction
temperature between 41° and 46°C. The crystal slurry was
stirred at 41° to 46°C for 20 minutes and then allowed to
cool to room temperature. After stirring at room

15 temperature for 30 minutes, the product was filtered and
washed with water (100 ml) and dried in a vacuum oven at
51°C/4.1 inch Hg to afford 8.45 g of title product having
laboratory HPLC of 99.75 area percent.

20 E le
-{R*,R*)]-He o-6~-[ {2-mercapto-1-oxo-3-
he (o) ‘amino] - ~dimethvl-7-oxo-~1H-

azepine-l-acetic acid

25 a) S-(R*,R*) }1-Hexahvdro-6—-[ (2-mercapto-1-oxo-3—
phenvipropyl)aminol -2, 2-dimethyl-7-oxo-1H-azepine-
l-acetic acid, ethvyl ester

Under an inert atmosphere, a methylene chloride

30 solution (25 ml) of (S)-2- (acetylthio)benzenepropanoic acid
(4.8 g) was cooled to -11°C and (chloromethylene)dimethyl-
ammonium chloride (3.9 g) was added. The reaction mixture
was stirred between -14 and -5°C for 2 hours. To a
separate reaction vessel, the camphorsulfonic acid salt of

35 (8)-6~aminohexahydro-2,2-dimethyl-7-oxo-1H-azepinine-1-
acetic acid, ethyl ester (10 g), potassium bicarbonate (12
g}, methylene chloride (25 ml), and water (50 ml) were
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and washed with water (4 x 500 m) and t-butyl nethyl ether (4 x 500 m).
The product was then dried to give 272.4 g of title product having the sane
anal ytical values as in Exanple 1. 5 Exanple 7 [4S [4a (R*). T7a.
10ao[err]1 MOaHRIro-4- r (2-nercanto- |- oxo- 3- Dhenyl pr oyvl BCTHAU§HE443
-5-o0xo-7Hovrido f2 2 1-bl rl 131thiazerine-7-carboxylic acid 10 All

oper ati ons WSH@rges-or ALgeEn 48 MaRUERoRE a3 HEping & hasic sgdutdes were
performed Usiwag GBHAIMRE BAdTcRedeteXpasur erithh WMigords! stlierangd, product

to at onospheric oxygen. 15 . ssed ydr oxi de (376 g, dissolved
oxygen | evel A€ F@é{:g’y[iﬁﬁlﬁ shigride FBD'E%%O%%% :H%}e' Toalliter four
necked fl ask (espegydedhiv)benaenephapanall sthloxide pltaelekiadde, the

t her rocoupl e ;. « r inlket, L.nj r d rom
Exanpl o 4( S@f*%ﬁé%?%@%%f“?%?%?ﬁ St Be 13t Xn RHCREHGH T,
was stirred @&t %08 1@ @ .@nerd fk)er seppRsaiuse | begeeer ot et FC(.HPOBCas say,
hydrolysi s wagh< @aletienkadt jaageodbmaites theaq ek @fPﬂCh%.sgg.?l,) um

hydr oxi de was _conpl eted). The product sol ution was polish filtere
renove any 250§ HNESGSc¥ergn§ePAE2RGHr 8P stRe RIRBICH FF FoIGtgRAL t er were
washed wi th wilisde W3 @oncenkeatelit tot 88 9£I¢ weide diriderd reduced

10 pressure. The oily residue was dissolved in isopropanol
(50 ml), concentrated to a residue again and the resulting
residue was dissolved in isopropanol (40 ml). The
resulting solution was cooled to 0°C and deoxygenated by
sparging with nitrogen for at least 15 minutes. D,L-

15 Dithiothreitol (220 mg) and ethanolamine (4 ml) were
charged and the reaction mixture was stirred at 0°C until
it was judged complete by HPLC analysis. The pH of the
reaction mixture (at 10°C) was adjusted to 8.56 using a
deoxygenated 1 N acetic acid solution (40 ml) to afford a

20 crystal slurry. The pH of the crystal slurry was further
adjusted to 7.36 using glacial acetic acid (6 drops).

After cooling further, the crystal slurry was stirred at
0°C for 30 minutes, filtered, and the wet cake was washed
with cold (3°C) acueous isopropanol (1:1, 44 ml).

25 1Initially, the product was suction dried for 1.5 hour under
a nitrogen atmosphere and finally dried in a vacuum oven at
41°C to afford 7.51 g (87.6 M%) of the title compound.

b - (R*,R*)} ] -Hexahvdro-6-{ (2-mercapto-1-oxp-3-
30 phenvlproovl)aminol-2,2-dimethvl~7-oxo-1H-azepine-

l-acetic acid

The product from part (a) {(5g), D,L-dithiothreitol
(130 mg) and deoxygenated water (18 ml) were charged to a
35 reaction vessel. Under an inert atmosphere, the mixture
was stirred at ambient temperature and a solution of sodium
hydroxide (17.5 ml, approximately 2.2 N) was charged while
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1 liter four necked flask equi pped with a nechanical stirrer, pH el ectrode,
t hernocoupl e and argon inlet. Wth vigorous agitation, the title conpound
was crystallized at .30 200 10'C by the addition of degassed I N acetic
acid (401 g,WO9%@MSed oxygen level is |ess than or equal to PSRUSIS2E43 i nal
pH of 5.5 0.5. The crystal slurry was agitated at 20 10[err]C for at

| east one houraintrinine hs temperesurei hetween vk pinst 25f6s nd tdeger

enpl oyed), ar@om@wﬁtwﬁ@sﬁv\é@%&@%%ﬂué& "ﬁtt%rr (ti&ex L8 - The
wet - cake was drc#ed j%%:jacr to afford 45, of title 5uct as a white

- 28- crystBYqret Fﬁea’%%n'él"%\r%qaﬁql@é’i W@ ¥3Si n Exanpl e
1. Exanple 8 étlrred until the reacEesﬁYﬁiQJjudgﬁd(Uhdaidbésby[ﬁbﬂtr](FF)

). 7al Cafi I I r ner cant X0- 37 envI nro
ani nol - 5- 8xo- %%@ cfph Jfl%%ﬂlo%wﬁlg?ﬁésgeﬁ? e F‘P’geﬁéf:adlo
Al |l operati onecekie aekd oi4letlundpprarinagely d rﬁ)sptwr edded &bl aBjaasfers
wer e perfor megh 4ISh 0o £ 3! e ur
at nospheri c oxy%?rﬂ gassegg%d]hggng#%u%c??;%?%?h@ gfg%@b %?'g&e hanol
and 87 g of ﬁaﬁ%}rr%rﬂtau% RgLeEs30 tmmns o oAl t@/@nblent
temperature, filtered and washed with water (50 ml). The
10 wet cake was dried in a vacuum oven at 61°C to afford 4.2 g

(90.3 M%) of the title compound.

Example 12
15 ecrystallization Of [4S-[4d(R*),70,10aB1]-Octahvdro-
4-[ (2-mercapto-1-oxo-3-phenvlpro inol -5-oxo-
TH-pvrido[2, 1- 1,3lthiazepine-7-carboxvlic acid

A flask containing [4S-[4(R*),70,10af]]-octahydro-

20 4—[(2—mercapto—1—oxo—3-phenylpropyl)amino]-5—oxo-
7H-pyrido[2,1-b][1;3]thiazepine-?—carboxylic acid (50.42
g, 123.42 mmol) and D,L-dithiothreitol (1.915 g, 12.41
mmole) was deoxygenated and treated with a deoxygenated
solution of sodium hydroxide (0.5 N, 1.3 equiv.). The

25 product dissolves in 3 to 5 minutes to give a solution with
pH 8-8.5. The resulting colorless to pale pink solution
was filtered under nitrogen into a crystallizer, and the
dissolution flask and filter were rinsed with deoxygenated
water. The product was crystallized by the addition of

30 deoxygenated aqueous acetic acid (1.5 equivalents) which
was prepared by dissolving glacial acetic acid (11.11 g,
10.59 ml, 186.8 mmol) in deionized water (175.7 ml) and was
then deoxygenated by being bubbled with nitrogen. The
acetic acid solution was added over 10 - 15 minutes and the

35 pH fell from 8.1 to 7.2. After initial crystallization,
additional deoxygenated 1N acetic acid was added over 10 to
15 minutes to complete the crystallization. The final pH
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15 oxygen) was added to a 1 liter flask equi pped with a nechanical stirrer,
refl ux condenser, thernocouple, and an argon inlet, containing

E4S-[4a(R*), 7a, 10a[ err]]] - oct ahydr o-

4-[ ( 2- mer cap¥@99394%%- 3- phenyl propyl ) ami no] - 5- oxo- 7H PCT/US98/26443
pyrido[ 2, 1-b]f1, 3)thiazepi ne-7-carboxylic acid (11 g) and 20,

D, L- di t hi ot hrafi ttdie (slurry) washé -Bes uT%? RF QUG ;?1&/521! heas e rrece ok
(a|bOU_t 7500Q) 3{3 Q{mﬁggiﬁ 1% howsscy Oxl‘._ﬂiﬁéﬁh _?/,eahlaedwaehédsWilﬁli_tﬁta?dﬂmg tEe
solution to about "Gt S IS I ltered into Iter.f.o nec
flask equi ppe"cFW'tkf’r‘té’cinm CEE?‘?FT r r%k?‘? SFITFE 853%3?\%6’@,5 FeScoupl e,
25 and ar gon tirdeat .vakhamdiags dl5ut-i 4dh°0 eSselltabdupsl tehgive t4%. 3k afashed

wi t h " net hanol __ (5 j IsrEiNQ. @;@! bels S to 20
10[err] C, ganopé%ﬁlactawgtd%at%}etlg#pe ;’,{FE?g or ag?%dgglg%kgﬁgfh%ur .%’ﬁg&%%gduct
was collected®¥. a filter (inert atnosphere no longer required) 30 and the
wet - cake was washed with nethanol (3 x 15 g). The wet-cake was dried in
vacuo to afford 8.74 g of title product as a white crystalline powder. -29-
Exam e 9 Reprocessing O FS- (R* .R*) | -Hexahvdro-6- [ (2-

mer cant o- | - oxo- 3- Dhenyl Dronyl ) am nol -2.2-

di net hyl - 7- oxo- | H azeoi ne-1| -acetic acid



5[S (R,R) )

HPLC 99. 6 area Bercent),
charged to aVPH#

d¥450 necked fl ask.

- Hexahydr o- 6- C (2- ner capt o- 1- oxo- 3- phenyl -
propyl)am no] - 2, 2-di net hyl - 7- oxo- | H-azepi ne-| -acetic acid (5 g,
and D, L- dithiothreitol

13. 2 mol e,
(180 ngy, 1.67 nmmol) were
The flask was flushed wi tPCTHP$BE6#2 and

imrersed in an ice, bath., Col d (20C) deoxgenated sodi um hydroxi de sol ution

(1.22 N, 40

tenperature below 10[err]C. After conplete addition,
and the resulting 15 solution was all owed toéxvv?rm to roomtenperature.

TR IEPEE

sol uti on was heated to @Dd4EP

¢y while maintaining the reaction

cool ing was renoved
1 The
GEnSPRYSHERRY ctBRi d sol uti on

(1.06N, 50 macyhsercHistbalidroyipning Naegaimhaci&nperastse of dhwe m xture
at about %SO%Oﬁ%rystal slurry was stirred at about 45[err]C for 30
m nut es and then al | oned to cool to roomtenperature. After—stirring at =

room t enper at (¥B) for 30 ni nutes,
water (50 m) and dried in- a vac

4.65 g of title conpound havgn_q_

anm no 1-2.

the product was filtered,
m oven at 51[§-r9r]
| apor ry HPLC «
Exanple 10 [s- (R*, R*) 1-Hexahyd o_gg_rq%‘%?%/%

2-di net hyl - 7- oxo- 1H azeDi ne-| - aceti cRiaci d 30

 vashed wi th
o o IR e
rcpyt oI -0xo- 3- phenvl'prdovk) »

to the mercaptoalkanoylamino lactam acid or ester of the

formula
10 (1)

*

0]
il

HS— (CH2 ) n-_ CH— C_Xl

Ry

or for converting the mercaptoalkanoylamino lactam ester of

formula I to the corresponding lactam acid of formula I

15 wherein:

X1 is a lactam selected from

(IV)
R4 Rs
Rg
(CHy)q 0
Ry I
N-—C —(CH,)g—C —ORy;
- AN
N C R P
I " RlD 11
H 0 -
20
(V)
Rg
R
S
/ Rg
(CHz)r o
Ry I
— N —— '
Y e e
H 0 Rio Riq
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A three necked flask was charged with (S (R, R*)1- 6- [2- (acetylthio)
-1-oxo- 3 -phenyl propyl ] am no] hexahydro-

2, 2-di met hyl - 7- oxo- | H azepi ne-1-acetic acid (10 g, 23.78 mol es) and

D, L-di t hi ot W@P3§14§390 ngy, 2.5 mvles). The 35 flask was fPEEME N

ni trogen. Deoxygenated water (20 ml) was added to the flask and the m xture
was cool ed tofVEG. Cold (1[err]C) deox l:}égenat ed sodi um hydr oxi de sol ution

- 30- (.22 N, total 70 m, s) was added slowly while maintaining
the tenperature of the react' m e between C and 4VC. After addition
of the initial 10 v/v% of tH %’o'diu hﬁ]roxi de solution, the remai nder of

the solution 5 was added, nt ai nN tﬁ? ff+OR-ORfpper at ure bet ween -2
to 3*C. After stirring the j mtoge af -20 to 6[err]C for 30
mnutes, the reaction mxtufe wag aI | Ried Ri@ warm to roomtenperature. The

reaction mxture was polistrfiltered into a crystallization flask and
heated to 45[err]C. 10 Deoxygenated acetic acid soly umm mﬂ“]mumw
95 nmol es) was added whil e naintaining the reaction t'

41[err] and 46fEEX]C. The crystal slurry was stirred-at 41°td 48[ efr]C for

20 m nutes and then allowed to cog O\roomtenperature. After stirring at
room 15 tenperature f% 30 My e product was filtered and

S\C/ o
R~
-N N —C —(CH,)—C —OR
I C/ / ~ 2/b 12 ,
H il Ryi
5 o R
(VIII)
Y
RS\C/ 4
Rv/ “
-N N— —(CHy),—C — OR:
‘J\ o J (CHz)p 12 '
H I Ry Ri1
10
(IX)
Rg
Ry ﬁ
N —¢—(CH,) ;—C —ORq;
| I Ry Ru
H 0]
15
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washed with water (100 ml) and dried in a vacuumoven at 51[err]C/ 4.1 inch
Hg to afford 8.45 g of title product having | aboratory HPLC of 99.75 area

percent. 20 Exanple 11 rs- (R*.R*) 1l- Hexahvdr o- 6-
(2- mer cacW&9936145- 3- Dhenvl proprvl ) ami nol - 2, 2- di net hYl - 7- oRET{US8/26443

azepine-1-acetic acid 25 a) Ts- _

(R*, R*) I .- HeXx®hvdro-6-[ (2- nercast o-| - oxo- 3-

ohenvl Dr opvl ) am nol - 2. 2- di met hvl -#0X H i ne- 1l-acetic acid. ethyl

ester Under an inert atnosphere(Cr)get hyf ene chloride 30 solution (25 m)
of (S)-2-(acetylthio)benzenepropgnoic acjd (4({€Hg), was cooled to -11[err]C

and (chl oronet hyl ene) di net hyl - ni umwhl orpde (3.9 g) was added. The
reaction mxture was stirred-g§ AT4 antf-5C for 2 hours. To a separate.
reacti on vessel, the carrphorsul fon| acid s f 35 ¢

- (S) - 6- ami nohexahydr o- 2, 2- di nehyl - <%)xo | H az ’rﬁ ne-1- acetic acid, ethyl
ester (10 g), potassium bicarbonate (12 g), rret hyl ene chl oride (25 n1) and

water (50 m) were charged. After 10 m nutes of stm

sol uti on was obtained and cooled to OC. Wth vigorous tr
met hyl ene_chl or| de solution of (S)-2- (acetylthio) benzgmmwﬁmﬂ”"ﬁmﬁ)rl de
was addedPt o (A * g o AR

(XII)
4
;“—(CHz)v
N
"N C/ ’
ol CGooms,
10
(XITIT)
2
N/Rl7 ﬁ
[
N—C (CHz ) b—c _ORIZ
~
] ” Rio Ri1
H 0
15
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5 bi phasic reaction mxture maintaining the pHin the range of 6.8 to 8.5
and the tenperature between 0 to 50C. Once the reaction was judged conplete
by in-process HPLC assay, the phases were separated and the product rich
organi ¢ pha¥¥0 #¥¥1¢dncentrated to an oily residue under redud&d/US3826443
pressure. The oily residue was dissolved in isopropanol (50 m),
concentrated (¥ residue again and the resulting residue was dissolved in
i sopropanol (40 m). The resulting i on was cooled to 00C and
deoxygenat ed by spargi ng mﬁtk1r¥3 r at least 15 mnutes. D, L- 15
Dithiothreitol (220 ng) and ephanol (4 M) were charged and the
reaction mxture was stirredgat O[erNT until it s judged conpl ete by
HPLC anal ysis. The pH of the Yteactioh nmixture (atlhh10[err]C) was adjusted to
8.56 using a deoxygenated~ et L aeCe-0itg 08 (291l ) to afford a 20
crystal slurry. The pH of e crystal slkmry was further adjusted to 7.36
using glacial acetic acid %g drops). #hperrRgooling further, the crystal
slurry was stirred at 00C for 30%m nutes, filtered, and_the wet cake was
washed with cold (3[err]C) aqueous isopropanol (1:1, 44 m). 25 Initiall

y
t he product suction dried for 1.5 hour under a ni trcimmmmﬂnmﬁslmnd
finally dried a vacuum oven at 410Cto afford 7.51 g 1 AIN/Ae

title comfound. b [s- (R*, R*)1- Hexahvdro- 6-f ( 2- mer cdpt 6- 1*oxb-3- 30
ohenvl or oovl ) am nol - 2, 2- di net hvl - 7- - | eDi ne- 1l-acetic acid
(CHy) « Ys
N (CHp) g ,
H o) COOR; 2
(XVI)

10
(XVITI)
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The product frompart (a) (5g9), D L-dithiothreitol (130 ng) and
deoxygenated water (18 m) were charged to a 35 reaction vessel. Under an

i nert atnosphere, the m xture was stirred at ambi ent tenperature and

sol ution of‘KQGWﬂﬁﬂﬁydrOX|de (17.5 m, approximately 2.2 N) §a¥Y gﬁ
while -32 - mai nt ai ni ng the tenperature bet ween 21 and 250C. A clear

sol ution was O88&Red for 5 mnutes after the sodi um hydroxi de.had been
added and the reaction m xture was stirred until the reaction was judged
conpl ete by HPLC 5 assay. The solution ated to 45[err] C and
deoxygenated acetic acid (43 m, app i was added to adjust the

pH of the product slurry to 5.9. Tp y was stirred at 450C f
efed and with water .

30 mnutes, cooled to anbient teme
m oven at 2
A
rrercapto | - ox0- enve nroopyl )

(50 mM). The 10 wet cake was dri e}

g (90.3 M9 of the title conpoung ;

[[4S-[4d(R*). 7a. I0a3II-Octahvdr§ 4-% C (4

am nol -5-oxo- 7HDyrido [2. 1-Db 931 t loprepi ne- 7-carboxvlic acid A
flask containing [4S-[4cx(R*), 7ci, 10ap3] -oct ahydro- 20

4-[ (2- mer capt o0- 1- oxo- 3- phenyl pr opyI ) am no) - 5- oxo-

5 (XIX)
N
__$ R/Ci;C_-ORn ,
1
H 0] 0] 11
(XX)
10
N
Sy
—N /C\ C— ORj2
| 0 Rio Rnpy
{XXI)
:R19
(CH2)a N=Rgg
i 0
NG
—N /Q:—C——ORH ,
| 0 Rio Rpy
15 H
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7H-pyrido[ 2, 1-bl[1, 3]thiazepine-7-carboxylic acid (50.42 g, 123.42 mmol)

and D, L-dithiothreitol (1.915 g, 12.41 mmle) was deoxygenated and treated
wi th a deoxygenated sol ution of sodium hydrOX| de (0.5 N, 1.3 equiv.). The
25 product WO ¥&Sli4%es in 3 to 5 minutes to give a solutian V\N'HUWS"Q 5.

The resulting colorless to pale pink solution was filtered under nitrogen
into a crystd®@¥TZr, and the dissolution flask and filter were rinsed with
deoxygenat ed water. The product rystallized by the addition of 30—

deoxygenat ed aqueous acetic aci q equi val ents) whi cﬂ"m
g, 10.59 m, 186 ' Nj F/zed
[

di ssolving glacial acetic acid ({1t
water (175.7 ml) and was then degXygsnated by bei ng bubbl ed wtt hsn
The acetic acid solution was adfled ovee 10 - 15 minutes and the 35 pH feII.

from8.1to 7.2. After initial 2 & i on, additional” deoxygenated i N
acetic acid was added over 10 t2 N .nut ei t§ corrpl ete the

crystallization. The final pHN 33- grr Murry el 5. 3. The product
slurry was stirred for 1 hour lat 16 - 0C, filtered, and washed with

water-and tert-butyl nmethyl efher. The ©@&eed product was dried under
vacuum at 35 - 45[err]C for 16 hours to give 49.39 g of 5 product (98%
wei ght vyi el d)(}g?IVIi{])g a purity of greater than

5

R1 and Rg are independently selected from straight
or branched chain alkyl of 1 to 6 carbons,
10 -(CH2)m-aryl, -(CH2)m-substituted aryl, or
- (CH2)p-heteroaryl;
m is zero or an integer from 1 to 6;

n is zero or one;
R4 and R5 are independently selected from hydrogen,

15 alkyl, substituted alkyl, alkenyl, -(CH2)m-cycloalkyl,
- (CHz2)m-aryl, -(CH2)m-substituted aryl, or
- (CH2) p-heterxocaryl, or one of R4 and R5 is hydrogen and the
other is hydroxy, or Ra and R5 taken together with the
carbon to which they are attached complete a saturated

20 cycloalkyl ring of 3 to 7 carbons, or R4 and Rs taken
together with the carbon to which they are attached
complete a keto substituent;

Rg, Rg and R1Q are independently selected from

hydrogen, alkyl, substituted alkyl, alkenyl,

25 -~ (CH2)m-cycloalkyl, -(CH2)m-aryl, -(CH2)m-substituted aryl,
or - (CH2)m-heterocaryl;
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99% - 34- What is clainmed is: 1. A deprotection process for converting
t he acyl ner capt oal kanoyl am no | actam acid or ester of the 5 fornmula- O

0 to the mercaptoal kanoyl am no | actam acid or ester of the formula 10 (1)
or for convé‘f??ﬂ{f‘ﬁe mer capt oal kanoyl ani no | actam ester of F&IHA$24443 o

the corresponding lactam acid, of fornul,a | 15 wherein:_ XL is a | actam
sel ected from R7, R9 and Rj] are independent Yy selected from

hydrogen, alkyl, substituted alkyl, alkenyl,
- (CH2)m-cycloalkyl, -(CH2)m-aryl, -(CH2)m-subsituted aryl,
or - (CH2)m-heterocaryl or Rg and R7 taken together with the

5 carbon to which they are attached complete a saturated _.__
cycloalkyl ring of 3 to 7 carbons, or Rg and Rg taken

together with the carbon to which they are attached

complete a saturated cycloalkyl ring of 3 to 7 carbons;
is zero or one;

is zero or one; “‘*‘-~\‘_§\\N\\“‘

v | 7T I

is an integer from 1 to 3;

10

is one or two;

g 4 ¢ Q U0

15 is one or two;
Y1 is -CH3-, -(CH2)2-, -(CH2)3-, -O-, -S-, -CH2-O-,
or -CH2-~S-;
Y2 is -CH2- -S-, or -O-;
Y3 is -CH2-, -(CH2)2, -(CH2)3-, -0O- or -CH2-0O-;
20 Z is O oxr two hydrogens;
R17 is hydrogen, alkyl, substituted alkyl, alkenyl,
- (CH2)m-cycloalkyl, -(CH2)m-aryl, -(CHp)m-substituted aryl,
or -{(CH2)m-heteroaryl;
Y¥s is -CH3-, —S—,-or -0- provided that ¥5 is -S- or
25 -0- only when d is one;
Yg is -S- or -0O-;

the dashed line ---- represents an optional double
bond between the two carbons;

)
30 represents an aromatic heteroatom
containing ring selected from

Y7 \ / Y'?
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or branched chain alkyl of 1to 6 carbons, 10 -(CH2)maryl,
-(CH2) m substituted aryl, or -(CH2)mheteroaryl; mis zero or an integer
fromlto 6; nis zero or one; R4 and R5 are independently selected from
hydrogen, Moosdsys , substituted al kyl, al kenyl, -(CH2)m cyRETGESIBSR6443-
(CH2)maryl, - (CH2) msubstituted aryl, or -(CH2) mheteroaryl, or one of R4
and-R%qéyiamuim&uijL_the other is hydroxy, or R4 and R5 taken together
with the carbon to which they ¢ attached cowpl ete a saturated 20

m s mﬂlmuuto 7 cafbprs,yor R4 3 @2 taken together with the
carb HHIE are att gl conpl ete tlo substituent; [err] are
|ndependentﬁy "sefected from? I tuted al kyl, al kenyl,
[err] -40 - ¥g ¥g

4

Y7 is -8- or -NH-;

5 Yg is -S-, -0- or -NH-;

R1g and R19 are independently selected from
hydrogen, alkyl, -(CH2)m-aryl, or R1g and Rj9 together with
the carbon and nitrogen atoms to which they are attached
complete a five or six membered ring; and

10 R12 is hydrogen or an acid protecting group selected
from methyl, ethyl, propyl, phenyl or benzyl; which
comprises;

a) when R, in the definition of X, in formula II is
hydrogen, treating the acylmercaptoalkanoylamino lactam

15 acid of formula II with an alkali metal or alkaline e;rth
metal hydroxide or carbonate or with an amine in a suitable
solvent containing a sufficient amount of an agent that
minimizes the amount of the disulfides of the formula

(IIT)
O

Xq— %— %H-—?(CHZ),,—S
20 Ra 2
| followed by treatment with an aqueous acid to precipitate
the desired lactam acid of formula I; or
b) when R, in the defintion of X, in formula II is
an acid protecting Qroup, treating the
25 acylmercaptoalkanoylamino lactam ester of formula II under
aqueous conditions with an alkali metal or alkaline earth
metal hydroxide or carbonate in a suitable solvent
containing a sufficient amount of an agent that minimizes
the amount of the disulfides of formula III followed by
30 treatment with an aqueous acid to precipitate the desired
lactam acid of formula I; or
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[err] are independently selected from hydrogen, alkyl, substituted al kyl,
al kenyl, -(CH2) mcycl oal kyl, -(CH2)maryl, -(CH2) msubsituted aryl, or
-(CH2) mheteroaryl or R6 and R7 taken together with the 5 carbon to which
they are  at WRMHI4¥onpl ete a saturated cycl oal kyl ring of 3 tRET/USERBHAS,
or R8 and RO taken together with the carbon to which they are attached
conpl ete a saturatedlcyoheanl Ry] in m@eoﬂefinmtionaoﬁd&§imbfb&nmﬂaolarisne;

10 Grl 3RS Bk eBitnglghsudll LALE0Ry (BN deihekicdpdgt One or Lvo:

t is an integer fr IS one or t wo;
[err] 20 alkan°lea§‘19°O|1aFﬁBmh?§F%§e‘h§ feamia Hy amsiagh nosi-agueous
substituted adﬁﬂltmhlsewlth aﬁ%ik&ﬁ%ﬁ%@&ik& alﬁﬁila')séfteg_%d_h nleé:_al o
{2 b s e o) QST 08 i Cheaits %1%
dashed line suffxcapm&sambsnanoﬁpanoagéntkmﬁﬁﬁemlnlmlzes the amount of
the disulfides of formula III or treating the
acylmercaptoalkanoylamino lactam ester of formula II under
aqueous conditions with an amine in a suitable solvent
10 containing a sufficient amount of an agent that minimizes
the amount of the disulfides of formula III to remove the
acyl protecting group R,-C(0)- and give the
mercaptoalkanoylamino lactam ester of formula I; or
4d) treating the mercaptoalkanoylamino lactam ester
15 of formula I under aqueous conditions with an alkali metal
or alkaline earth metal hydroxide or carbonate in a
suitable solvent containing a sufficient amount of an agent
that minimizes the amount of the disulfides of formula III
followed by treatment with an agueous acid to precipitate
20 the desired mercaptoalkanoylamino lactam acid of formula I.

2. The process of Claim 1 wherein the agent that
minimizes the amount of the disulfide of formula III is a
bismercaptan of the formula

B (XXVI) ~‘§‘~h\‘ﬁ\\\“\\“\§
SESRANI. T

wherein k is an integer from 1 to 4 and each X, is

independently selected from hydrogen and hydroxy, or the
30 bismercaptan is 1,2-benzenedimethanethiol, 1,3~

butanedithiol meso-0,¢’-dimercaptoadipic acid, disodium

salt, or durene-t(l),0(2)-dithiol, or the agent is a

phosphine or phosphite reducing agent, or the agent is zinc

‘metal powder, or the agent is sodium hydrosulfite.
35
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bond between the two carbons; 30 represents an aromatic
het eroatom containing ring selected from-41- Y7 is -S or -NH; 5

Y8 is -S, -0- or -NH; [err]are independently selected from hydrogen,

al kyl, -(CHXYO98B5M5 or [err] together with the carbon and niRCTYIE 264485
to which they are attached conplete a five or six nenbered ring; and 10
R12 is hydrogen or ad.acThepoteeds af glaim 2eivberedintrom met hyl, ethyl,

propyl, phenyl or bepiyis ¥ &FHRBY tIRS foRmuthen R12 in the definition of

X1l in fornula 1 is hydrogen, treating the acyl nercaptoal kanoyl am no | actam
15 acid of f&F%ula Il with an alkali_ netal or alkaline earth netal
hydr oxi de or carbonate or with Ba\api®ie in a suitable sol vent containing a
suff*EréﬁT“aﬁﬁUhr*Uf-aﬁ-a ent th |hifM6zes the anount of the disulfides
of thf*“ ; e ol l owed b nt with ancpqueous acid to
pre0|g": H " d lactamfcid off Rerrmul a |; qr b) when [err] in the
defint ronc n fornul I /SN‘;C(‘(Cﬁz)b"C—ORlz
N ﬁ Rio Rpy
H 0]
5
R4 and R5 are both hydrogen;
Rg and R7 are both methyl;
R10 an R1] are both hydrogen;
b is zero;
10 g is two;
R,, in the acylmercaptoalkandylamino lactam of
formula II is hydrogen, methyl, ethyl, propyl, phenyl or
benzyl and R, in the mercaptoalkanoylamino lactam of
formula I is hydrogen;
15 n is zero;

R, is benzyl; and
the agent that minimizes the amount of the disulfide
of formula III and, in turn, minimizes the formation of the
undesired epimer of the pharmaceutically active compound of
20 formula I is the bismercaptan dithiothreitol or
dithioerythritol.

4. The process of Claim 3 wherein:
a) the acylmercaptoalkanoylamino lactam acid of
25 formula II is [S-(R*,R*)]-hexahydro-6-[[2-(acetylthio)-
l1-oxo-3-phenylpropyl]amino] -2, 2-dimethyl-7-oxo-1H-azepine-
l-acetic acid which is dissolved in methanol and treated
with D,L-dithiothreitol and sodium hydroxide; and
b) following completion, the above reaction mixture
30 is treated with aqueous hydrochloric¢ acid to precipitate
[S- (R*,R*)]-hexahydro-6-[ (2-mexrcapto-1-oxo-3-



an acid protecting group, treati nmer capt oal kanoyl am no | act am
ester of formula Il under aqueo %ﬁﬂu im’ Evﬂ h an al kali netal or
al kal i ne earth netal hydrOX|de sui t abl e sol vent

cont ai ni ng WaWIs5H4§ ent armount of an agent that m ni mi zes t hBCHYSWASIEX t he
disulfides of formula Il followed by 30 treatnment with an aqueous acid to
preci pi t at e Therydanopyll) andam a2i 2-Gimdthyhr/aoko-dH-azepine-tracehbn R12
in the definigddil @ X, in fornula Il is an acid protecting group, treating
t he acyl nercapt o- al kanoyl am no | actam ester of formula Il under

non- aqueous conditions with an alkali netal or alkaline earth netal 5

hydr oxi de or carbonaile iproxessd b&bteabf! ¥ afHerani:ai ni ng a sufficient amount
of an agegt that mniym zes th anoun% 1 t he dISU|f of fgrnul 11 or
treating Phe acyl mar%)apé’éaalaﬁ YABGF SAPHo stk r%aé%ltné’r fri-5%1 PXunder
aqueous condifidromsl avIth isn [8mi(RE, Rh) h—lmx&taﬁdx@éel[\féﬁt(ad:étymnhéoh+:hg a

sufficient a t :i; 1 thg&lzgﬁqinm r@ zzﬁ?nett% 1anRg§é(gx 5988.%3““ | des

of forrmula II prote ing qr, Ive the
mer capt oal kar?é-‘ﬁfeilrﬁ rﬁ?ﬂ%cﬁéhﬂés?é‘iebfwbxﬁhﬂﬂs& dlSSQﬂ-Véyl %ﬁeﬂ?—t‘—h@nﬁ' eand

mer capt oal kanayd A il HAM-83t B othreitol and sodium hydroxide under
10 agqueous conditions; and

b) following completion, the above reaction is
treated with aqueous hydrochloric acid to precipitate [S-
(R*,R*) ] -hexahydro-6-[2- (mercapto-l-oxo-3-
phenylpropyl)amino] -2, 2-dimethyl-7~oxo-1H-azepine-l-acetic
15 acid; or h

the process of Claim 3 wherein:
a) the acylmercaptoalkanoylamino lactam acid of
formula II is [S~(R*,R*)]-hexahydro-6-{[2-(acetylthio)-1-
20 oxo-3-phenylpropyllamino]-2,2-dimethyl-7-oxo-1H-azepine-1-
acetic acid which is slurried in water and treated with
D,L-dithiothreitol and sodium hydroxide; and
b) following completion, the above reaction mixture
is treated with aqueous acetic acid to precipitate (S- .
25 (R*,R*)]-hexahydro-6-{(2-mercapto-l-oxo-3-phenyl-
propyl)amino] -2, 2-dimethyl-7-oxo-1H-azepine-l-acetic acid;
or

the process of Claim 3 wherein:

30 a) the acylmercaptoalkanoyl lactam ester of formula
IT is [S—(R*,R*)]-hexadydro-G-[[2-(acetylthio)-l-oxo-3-
phenylpropyl]amino] -2, 2-dimethyl-7-oxo-1H-azepine-l-acetic
acid, ethyl ester which is dissolved in isopropanol and
treated with D,L-dithiothreitol and ethanolamine under

35 aqueous conditions to give [S-(R*,R*}]-hexahyro-6-[(2-
mercapto-1l-oxo-3-phenylpropyl)amino}-2,2-dimethyl-7-oxo-1H-
azepine-l-acetic acid, ethyl ester; and
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15 of fornula | under aqueous conditions with an alkali nmetal or alkaline
earth nmetal hydroxide or carbonate in a suitable solvent containing a
sufficient anount of an agent that mnimzes the amount of the disulfides
of fornul a Iwbebmitkowed by treatnent with an aqueous aci d t o porasogRdsas e 20

t he desired nercaptoal kanoyl am no | actamacid of fornula |I. 2. The process ~
of Claim1 wherein the agent that mnimzes the anount of the disulfide of
formula 111 isabl ta formJIa wherein k |s an integer
from1l to 4 and each 2&‘% T Pack éﬁ?eﬂsf?ﬁ‘?ﬁ’ﬁ‘ﬁ#r dde R

hydr oxy, or t@mdBﬂrdmtseﬂnmatm ann—ﬁ:.th?.ebeazeubdémwminanmiksydxo&iae and
but anedi t hi ol £ f(%}’f% Cgél{\] e%aipotn?a%h@' gb regé:ﬁoc% %Q)CZC re 6ﬁ0§6ﬁFF8d

durene-a(l),[err ‘he osphln
reduci ng en‘t’ltbraqlh%o%@ﬂeﬁls: Aaid (¢9t erepbnd'e&te ofS+ (Rer é&jéﬂt— is sodi um

Fg(rj;]osgélf i’iﬁ]g 5{5 are 0of E}é@?ﬁ%ﬁiﬁ?ﬁ?jﬁﬁgrgmoth Tﬁoq "2.2-
5. The process of Claim 2 wherein:
10 X1 is a lactam of the formila
(XV) _
(e Ys AR A
. (CH2)d
I|-I COORlz
Ys is S;
15 Y5 is CH2;
~ d is one;

v is two; and
R12 in the acylmercaptoalkanoylamino lactam of
formula II is hydrogen or methyl and :
20 R12 in the mercaptoalkanoylamino lactam of formula I
is hydrogen.

6. The process of Claim 5 wherein:
a) the acylmercaptoalkanoylamino lactam ester of
25 formula II is [4S-[40(R*),7c,10afl]-
octahydro-4-[{2- (acetylthio)-1l-oxo-3~-phenyl-
propyl]amino]-5—oxo-7H-pyrido[2,l—b][1,3]thiazepine~7-.
carboxylic acid, methyl ester which is dissolved in
methanol and treated under agueous conditions with
30 D,L-dithiothreitol and sodium hydroxide; and
b) following completion, the above reaction is
treated with agqueous hydrochloric acid to precipitate
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Rlo an R11 are both hydrogen; b is zero; 10 gis tw; Rl2 in the
acylnercaptoalkanoylan1no | actam of forrmula Il is hydrogen, nethyl, ethyl,
propyl , phen or benzyl and R12 in the nmer capt oal kanoyl ami no | act am of
formul a | AYYFPVdEn; nis zero; P. is benzyl; af¢T{Ufesa¢fdht
t hat n1n|n1zef th anDunt of t disulfide of formula Il and, in turn,
mini m zes thel$%7 K%n)o?at%%aéhﬁRQQQQdeﬂQ‘#ed(Bf t he pharnmaceutically

active corrpo%&-@g @@-i%%”ﬁﬂhérﬁrl%%g?l§§mgé‘?t§”o:% t'ﬂ—i ot hre| tol or

dithioerythritol, he process of er el

acyl mer capt 0¥+ [ ant bt lFhisepise-75carbennl e IafCJ@

[S-(R*, R*)] - hexahydro 6- ([2 (acetylthlo)

1- oxo- 3- pkenyl propyl 2-di met -7- oxo H—azeplne- 1l-acetic acid
whioh Lar e erolven”t A Rdrsidasns Bt Bril%hthu othteitol and

sodi um hydr oxi de; an&lb}sf%llﬁﬁﬁaﬂ;Qﬁo#pheipcmulahe above reaction mxture
30 is treatedprfh aqueous hydrochloric acid to precipitate

| S-(R*, R*)] - hexa ydro-6-[(2-nercapto;;npxo-3- -44-

ST

N (CH2) g
—N
Ili o] COOR;;
10 Ye is S;
Y5 is CH3;
d is one;

v is two;
R12 in the lactam esters of formula I and II is the
15 same and is methyl, ethyl, propyl, phenyl or benzyl;
n is zero;
R, is benzyl; and
the agent that minimizes the amount of the disulfide
of formula III and, in turn, minimizes the formation of the
20 undesired epimer of the pharmaceutically active compound of
formula I is the bismercaptan dithiothreitol or
dithioerythritol.

8. The process of Claim 7 wherein:

25 the acylmercaptoalkanoylamino lactam ester of
formula IT is (4S-[40a(R*),7a,10aB]]-octahydro-4-[[2-
{acetylthio) -1-oxo-3-phenylpropyl]amino]} -5-oxo-7H-
pyrido(2,1-b][1,3]thiazepine-7-carboxylic acid, methyl
ester which is dissolved in methanol and treated under non-

30 agueous conditions with D,L-dithiothreitol and potassium
carbonate to give the mercaptoalkanoylamino lactam ester of
formula I [4S-[40(R*),7a,10aPBl]-octahydro-4-1(2-

mercapto-l-oxo-3-phenylpropyl)amino] -5-oxo-7H~
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phenyl propyl ) am no] -2, 2-di nethyl-7-oxo-|H azepine-|-acetic acid; or the
process of Caim3 wherein: 5 a) the acyl nercapt oal kanoyl am no

| actam ester of formula Il is (S-(R*, R*)]-hexahydro-6-[[2-(acetylthio)-1-
0x0- 3- phenyW8@§145 ami no] -2, 2-di methyl -7-oxo-|H azepi ne- [PCTAEIR2@4uci d,
ethyl ester which is dissolved in nethanol and treated with

D, L-di t hi ot hpmrit@bI&nﬂ-bbﬂ&ﬂ&ty@mde—mﬁderbdﬂlmmm oeadili ons; and
b) follow ngegeapletion, the above reaction is treated with aqueous
hydrochloric acid to precipitate [S (R*, R)

- hexahydr o- 6-[ 2- ( mer capt o- 1- oxo- 3-

phenyl propyl ) am no] tBe2pdbt@idyds Ciiar hHypgegine- | -acetic 15 acid; or the
process CIaimS erein; a) the_acyl nercapt oal kanoyl am no | act am aci d

of fornul Ill R+ SR¥ e "e@&ffﬂ?&%@y’@y?‘? ActRSEIhisPteE o5
0X0- 3- phenyl §p§py palitnd}- M43 bﬂmﬁinWl@nBJﬂfmat@wdm-M—fa[@e{ ic acid

hych oxi de; aidcBL F BBl R0 RGBSR T e o

treated withpagideds., okl [k Idihiazeppneci prarbexylsc 28id, methyl
(R, R)]- hexégfgiowﬁlcﬁz WIQreh' QROnIe REESY | 6r aceto na.trlle and

pr opyl )afa nolz -di et hyl - 7- oxo- | H azepi ne-1-aceti c aci
reated under agqueous condltlons w:Lth D,L-dithiothreitol

and methylamine to give the mercaptoalkanoylamino lactam
ester of formula I {4S-[40.(R*),70c, 10aB))-octahydro-4-[(2-
mercapto-1l-oxo-3-phenylpropyl)amino}-5-oxo-7H-
pyrido[2,1-b] [1,3]thiazepine—7—<_:arboxylic acid, methyl

15 ester.
9. The process of Claim 2 wherein:
X1 is a lactam of the formula
- WO O R
DN I
(Cﬁz)d
l
20 H COOR]_Z
Yg is S;
Y5 is CH2;
d is one;
25 v is two;

R12 in the mercaptoalkanoylamino lactam ester of
formula I is methyl, ethyl, propyl, phenyl or benzyl and R,
in the mercaptoalkanoylamino lactam acid of formula I is
hydrogen;

30 n is zero;

R, is benzyl; and

the agent that minimizes the amount of the disulfide
of formula III and, in turn, minimizes the formation of the
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t he process of Claim3 wherei t he acyl ner capt oal kanoyl

a
l[gCE g*m eR*S§ ;ar hg;ag%m g I[|[2I ?ac ﬂ’m "I" m h)lm phenyl propyl] am no]

- 2, 2- di met hWMQPEEXS- | H- azepi ne- I-acetlc aci d, &thyl ester whiRET/GS98/26443

di ssol ved in isopropanol and treated with D, L-dithiothreitol and
et hanol anm neundgsired enimevuef ctim%llphmsacmmgiaaél.ly active compound of

- 6
S (R, )1 BXAIXROTOLE  Ene 1 bk dube £ ALY . 21 ol

-2, 2-di met hyl QXO0- azepi ne-1-ac and b) the
pr oduct fron@ﬁ&?‘ﬂ°€5¥|—$’§1§9£rrl ed in water and treated with

D, L-dithiotreitol and sodi um hydroxi de and foll ow ng conpl etion, the above
reaction g xture is.trea wi th aguepus etic acid to preC|p|tate

[S- (R, R ]- hexahy&trc’ errBFSEiﬁ?% ‘19 §ga§“§cm SMRATT byl ) ami no] - _
di net hyl - 7- oxo- | H aaéplthe- inercaptoabkanoy Famiie ];chmssesm‘erﬂoﬁ f‘ﬁo%nidl_arel n:
10 X3 8 246304aNRe] 1801088 NMLacEN S 0.5 YSis

CH2; dis one; v is two; and 27in e acyl mercapto‘% kanoyl am no | act am of
mercapto -1~ oxo—3—phenylpropyl)amlno} -5-0oxo-7H-

pyridoi2,1-b] (1, 3]thiazepine-7-carboxylic acid, methyl

10 ester which is dissolved in methanol and treated under
aqueous conditions with D,L-dithiothreitol and sodium
hydroxide followed by aqueous acetic acid or hydrochloric
acid to precipitate [4S-[40{(R*),7q,10aB]]-octahydro-4-[(2-
mercapto-1l-oxo-3-phenylpropyl)amino] -5-oxo~7H-

15 pyrido{2,1-b][1,31thiazepine-7-carboxylic acid; or

b). the mercaptoalkanoylamino lactam ester of
formula I is [4S-[40(R*),70a,10aB]]-octahydro-4-[(2-
mercapto-l-oxo-3-phenylpropyl)amino]-5-oxo-7H-pyrido[2, 1-

20 b][1,3]thiazepine-7-carboxylic acid, methyl ester which is
slurried in water and treated with D,L-dithiotreitol and
sodium hydroxide followed by agueous acetic acid or
hydrochloric acid to precipitate [4S-[40(R*),7c,10aBl]-
octahydro-4- [(2-mercapto -1l-oxo-3-phenylpropyl)amino]-5-oxo-

25 7H-pyridol2, 1-b][1 3]thiazepine-7-carboxylic acid.

11. A recrystallization and reprocessing process
for the mercaptoalkanoylaminc lactam acid of the formula

30 (1)

* 0

HS— (CHp)n— CH—C—X;

Ri
wherein
X1 is a lactam selected from
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formula Il is hydrogen or nethyl and 20 R12 in the

mer capt oal kanoyl am no | actam of fornula | is hydrogen. 6. The process of
Claim5 wherein: a) the acyl mercaptoal kanoyl am no | actam ester of 25
formula Il W?’f@é‘- alerr] (R, 7] err] 1Ca[err]]1- PCT/US98/26443

oct ahydro-4-[ (2-(acetyl thio)-I-oxo-3-phenyl -

propyl | am no{X¥} oxo- 7H pyri do[ 2, 1- b] [ 1, 3] t hi azepi ne- 7- " car boxyl i ¢ aci d,
nmet hyl ester which is dissolv i pReet hanol and treated under aqueous
conditions w th— 30D, L-dithiot \! oLRand sodi um hydroxi de; and b)

fol I Dy t he abol@Hy)eay{ion is treaged w th aqueous
gnmmemplt te -46-R; [4S- [4Eerr](R*) ,7[err], 10 [err]

y r capt o- LXoxo- SNthQ-)LI(QﬁQQ)LL aAbRo] - 5- oxo- 7H pyrido( 2, .
1-b] (1, 3] th| azepi ne- 7- Garpfoxy t‘ ) 7. The process of
Claim2 wherein: X1 is a |actam Bf the for”rrula (Xv) 10 ° Y6 is S, Y5
is CH2; d is one; H o
5 (V)
Rg
Ro
s
/ Re
(CHZ)I
Ry Il
N
- ¢ Ne—(cit)—C—OH
] /
H 0 Rio Ry
(V1)
S Rs
(CHz) ¢ R, "
N —,C—(CHz)p —C—0H
| I Rio Ru
H 0
10
(VII)
Rs\ /Y:'L
C
Rv/J\
-N N —C —(CH3)p,—C —OH
i C / 27> ’
H ] Rz
o} Rio
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vistw; R2inthe lactamesters of fornula | and Il is the 15 sanme and
is methyl, ethyl, propyl, phenyl or benzyl; nis zero; Rl is benzyl; and

the agent that nininmzes the amount of the disulfide of formula Il and, in
turn, mni nWEYW3ESKS formation of the 20 undesired epi mer of PERUS98/26443
pharmaceutically active conmpound of fornula | is the bismercaptan

dithi ot hreit dVIZZ)dithi oerythritol. 8. The process of Claim7 wherein: 25

t he acyl ner capt oal kanoyl am no | actgmester of formula Il is (4S-[4a(R*)
, 7at, 10[err] 3-octahydro-4-[{2- @

(acet yl t hi 0) - - oxo- 3- phBay probyl 'y - 5- oxo- 7TH

pyrido[2,1-b][1, 3]thiazepi 7-car bgxytic acid, hyl ester which is

di ssol ved in nethanol aBR# tr¥ated der non- 30 gueous conditions with

D, L-dithiothreitol and pO‘tl‘!i's!v\ul NYM_ 8 g Sate- (CB, i veC +hOH

mer capt oal kanoyl am no Iac&an1es| r ob’fG%gH%a I ’

[4S-[4a(R*), 7[err],10[err],]-oc h§%90-4-t 2-

mer capt o- | - oxo- 3- phenyl propyl ) am nol - 5- oxo- 7TH -47- pyrido 12,1-b] [1, 3]
t hi azepi ne- 7-carboxylic acid, nethyl ester; or

s e

R
Ry ﬁ
N—¢C—(CH;)p,—C—OH
x o /C\( 2)p '
1 " Rio Rny _
H 0
(X)
Y2
(CH2)V \
/k (CHz) y
N
| ’
B I COOH
10 o)
(X1)

15
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the process of Claim?7 wherein: 5 t he acyl ner capt oal kanoyl am no
| actam ester of formula Il is [4S-[4c(xR*) ,7a,10ap]]-octahydro-4-112-
(acetylthio)-I|-oxo-3-phenyl propyl]am nol - 5- oxo- 7H
pyri do[ 2, 1-WP*P38Y46hi azepi ne- 7-carboxyl i ¢ acid, nethyl esterPGHY§26443
di ssolved in nethanol or acetonitrile and 10 treated under aqueous
condi ti ons W{ERID L-dithiothreitol and methyl amine to give the
ner capt oal kanoyl ani no | actam ester of fopfila |
[4S-[4[err](R*), 7[err],l Ca[err] ]- ro-4-[(2-
mer capt o- | - oxo- 3- phenyl propyl ) am i&é)oyri do[ 2, 1- b]

1 ster. 9. The process of

[1, 3]t hi azepi ne-7-car boxylic acid,g§nethyl / .

Claim2 wherein: X1 is a |actam of }g he fg§nul _dis one;
25 vis tw; RL2 in the_ oalkféyl am no | actam ester of
formula I is nmethyl, ethyl, pr opyl , p:r nyl benzyl and R—tn-the

mer capt oal kanoyl am no | actam acig of rmul #Q0H s hydrogen; 30 nis

zero; Rl is benzyl; and the agent that mnimzes the am)un:”'- ”Mﬂ"lum .

disulfide of fornula Il and, in turn, nininizes the format oM 'L ! ”Hm
s %*

5 (XIII)
Z
N/Rn 0
/ I
N—C —(CHp)p —C—OH
I | ®o Ra ’
H o}
{(XIV)
/ i
N N R (Ctg) 5= C—0H
H.o | '
R
10 0 Rip Ru
(XV)
~Yg
(Cﬁz)v Y'5
N {CH3)a ,
H o COCH
15
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undesi red epinmer of the pharmaceutically active conpound of formula | is

t he bisnmercaptan dithiothreitol or dithioerythritol. 5 10. The
process of Claim9 wherein a) the nercaptoal kanoyl am no | act am ester of
fornmula | | VPAH3FI4H(R*), 7a, 10a[err]]] - oct ahydr o- 4-[ ( 2- PCTAUS98/26443
nmer capt o- 1- oxo- 3- phenyl propyl ) am nol - 5- oxo-7H pyridot[2, 1-b

[ 1, 3]t hiazepi (&VT) carboxylic acid, net hyl 10 ester whi } issolved i n

met hanol and treated under aqueous cgetiNons with D, L-dj reitol
sodi um hydr oxi de fol |l owed by aqueou$ thc acid or hydﬁ#ﬂ"ﬁﬁﬁ"’ﬁfmﬂ ”ﬂ
precipitate [4S-[4a(R*),7[err], 10a[ 4 , -

nmer capt o- 1- oxo- 3- phenyl propyl ) am
pyrido[ 2, 1-b] [ 1, 3] t hi azepi ne- 7- cfr boxyl{ ¢ aci€@2)er b). the
mer capt oal kanoyl am no | act am est} nufa | iST4S-[4a-

(R*), 7a,10a}]] - oct ahydro-4-[ ( 2- ’

mer capt o- 1- 0xo- 3- phenyl propyl ) ami rpe Qoo 7999 i do[ 2, 1- 20

b][ 1, 3]t hiazepi ne-7-carboxylicadfd, mXhyl ester which is slurried in
water and treated with D, L-dithigireitol and sodi um hydroxi de fol |l owed by.
aqueous acetic acid or hydrochloric acid to precipitate

[4S-[4r. (R*), 7cr, 10ap}] -

oct ahydr o- 4- [(zzvngr capt o- 1- oxo- 3- phenyl propyl ) am no] - 5- oxo- 25
7Hpyrido(2, 1-b] [1,3] thiazepine-7,cBRboxylic acid. 11. A
recrystallization and reprocessing

—N (CH;) !
; 0
5 H COOH
{XVIII)
N
— DIJ’ !
o}
H COOH
10
(XIX)

N 0
—N \c\ C—OH
| /. '
H O Rio Riy
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for the nercaptoal kanoyl am no | actam acid of the fornula 30 (1) O wherein

Xl is alactamselected from-49 -
-(CH2) m substituted aryl,

WO 99/35145
(XX)
b (XXI)
(XXII)
10
(XXITI)
15

or branched chain alkyl of 1 to 6 carbons,

o)
N il
_1;] R C—OH
R
H 0 10 Rjj
Rig
(CHz2}a N~—-Ryg
N 0
— \c\ C—OH
I!I O RlO R1y

S

ges:

COCOH

-54-

/
l\\/(C'HZ)V + and
] 0 .

H COOH

-(CH2) m aryl
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f’//.

R

R1 and Rg are independently selected from straight



-(CH2) mheteroatll; mis zero or an integer froml to 6; nis zero or one;
R4 and R5 are independently sel ected from hydrogen, alkyl,
substituted al kyl, al kenyl, -(CH2)M cycloal kyl, -(CH2)maryl,
(CHZ)msubgiqsls‘@té‘tf aryl, or -(CH2)mheteroaryl, or one of RPGHUESIE43
hydrogen and the other is hydroxy, or R4 and R5 taken together with the 10
carbon to whicitHNeyamd art(&ERdn-subBritutadsarvt ated cycl oal kyl ring of 3
to 7 carbons,-~ @mgj%h4ngté%@a§9ﬁen together with the carbon to which they are
attached corrpl ete a keto substituent; [err] are independently selected from
15 hydrogen, al kyl ;B stfhsagaqusd ag R-}lltegélrkéﬁym 1.terfym cycl oal kyl ,
-(CH2) maryl, -(CH2)dnigibsdrid Wrednaryl, or - (CH2) -heteroaryl R? R9 and

eyt T o) M S e Pt L U A
-(CH2) m het e Jém‘—eﬂ?aﬂ-wén abgeniﬂbr M@Hakﬂvecmlcbn&kyh whi ch
they are atta.cm te_qcﬁ%t)MLg{lggtggﬁj: ﬁ}lrl&g of 3 to 7 carbons,

or [err] takentoeher Wit h e carbon to they are attached 25
conpl ete a sat(GHRIa@rR8FGTORNH, PFngRef of Re @@a?*-’mo*% hyfiregenrandtheme; d
IS zero or orkher is hydroxy, or R4 and Rs taken together with the

10 carbon to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons, or Rg and Rg taken
together with the carbon to which they are attached
complete a keto substituent;

Rg, Rg and R1p are i_ndependently selected from

15 hydrogen, alkyl, substituted alkyl, alkenyl,
-{CH2)m-cycloalkyl, -(CH2)m-aryl, - (CH2)m-substituted aryl,
or -(CH2)m-heteroaryl;

R7, R9 and R1] are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,

20 - (CH2)m-cycloalkyl, -(CH2)m-aryl, - (CH2)m—subsituted aryl,
or -(CH2)m-heteroaryl or Rg and R7 taken together with the
carbon to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons, or Rg and Rg taken
together with the carbon to which they are attached

26 complete a saturated cycloalkyl ring of 3 to 7 carbons;

is zero or one;

is zero or one; n) i |
is an integer from 1 to 4; ] I!'l'ljmlﬂlll""""sl " ]!I’

is one or two;
30 is an integer from 1 to 3;

is one or two;

€ 4 R Q AU

is one or two;
Y1 is -CH2-, -{(CH2)2-, -(CH2)3-, -0-, -S-, -CH2-O-,
or -CH2-S-; '
35 Y2 is -CH2- -S-, or -0-;
Y3 is -CHz-, -(CH2)2, -(CH)3-, -O- or -CH-0-;
Z is O or two hydrogens;
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gis an integer from1l to 4; * C L M S*r is one or tw; 30
t is aninteger froml to 3; vis one or two; wis one or two; [err] Zis O

or two hydrogens; -55- R17 is hydrogen, alkyl, substitute
al kenyl , -YVOPBA4Eycl oal kyl , (CHZ) maryl, (CHZ) m subst i t&%ﬁ%#éf“sor

(CHZ)mheteroaryI Y5 s -.. 0 -0- pr.ovided Y5
-0- only when d |spélr'17e15v/6‘yid§°93n'o?'1)90£', g ‘Héé“r'h?g M]?X ]j( esents
an opti onal M)%@Mda&kmen sztmm,boﬂmzm\—substltuted aryl

represents an ar )I C h terog&gm containing ring selected fromf[err]re
i ndependent ISF é‘Hhre Sto20¥ g dr ogen, al kyl, -(CH)maryl, or

[err]together vm t h Yhelardbior .and-ni 0¥ ogen prsiad thiaitc K5t REy-&re©&t t ached

conpl et egd f_lé/_e o%[ly Whel réb(ir egnrl ng; which conpri ses
Y is -S- or -0-;
the dashed line ---- represents an optional double
bond between the two carbons; -

L

represents an aromatic heteroatom
S/ Y

Yg Ys
. > é and é (
15 '

Y7 is -S- or -NH-;
Yg is -S-, -O- or -NH-; and
R1g and R19 are independently selected from
20 hydrogen, alkyl, -{(CH2)m-aryl, or Rig and Ri9 together with

/(D\

containing ring selected from

the carbon and nitrogen atoms to which they are attached
complete a five or six membered ring; which comprises -
adding the mercaptoalkanoylamino lactam acid of formula I
to a solvent containing a sufficient amount of an agent
95 that minimizes the amount of the disulfide of the formula

-56-



addi ng the mercaptoal kanoyl am no | actamacid of formula | to a sol vent
containing a sufficient anount of an agent 25 that m nim zes the anmount of
the disulfide of the fornmula -56- and then subjecting the resulting
slurry to c¥P8¥351¥H 5 tenperature and/or pH optional |y fil tPEA/URIS26M3
then changing the tenperature and/or pHto effect recrystallization. 12.
The process ofIT¥him 11 wherein the agent that 10 mininizes the amount of

the disulfide of formula Ill and, in turn, nmininzes the formationr—of—the
undesi red epi mer of the pharmacegtically active c9nmpound of b bl

bi snercaptan of the formulaf (XXW]) 15 \ wherein klis an int egm"n" rlmuﬂmlzm'
and each X2 is independent|y XetEtt €HTT Py and hydroxy,c O L HE s =

bi smercaptan is 1, 2-benzenedi nethangthiol, 1,3- b £anedi t hi ol nmeso-[err], _
[err] -dinercaptoadipic acid, disodium20 salt, or durere-[err](2)-dithiol,
or the agent &afdatidnsplihiectoing i iekal ELAYy CsD@rAgers ,cldindde iggent s

zi nc net al pogder or. 1he nt i.s sodi,umhbhydrosplfite. 13.. The process of

daim 12 f%er ?ﬁp?ﬁ%éurglan Y PH, ©p 1onaT¥y £5 tering, ‘and éhed)
changing the temperature and/or pH to effect
recrystallization.

12. The process of Claim 11 wherein the agent that
10 minimizes the amount of the disulfide of formula III and,
in turn, minimizes the formation of the undesired epimer of
the pharmaceutically active compound of formula I is a
bismercaptan of the formula
(XXVT)
HS—CHy— (IZH —CH;—SH
X2
15 k
wherein k is an integer from 1 to 4 and each X, is
independently selected from hydrogen and hydroxy, or

the bismercaptan is 1, 2-benzenedimethanethiol, 1,3~
butanedithiol meso-¢,0'-dimercaptoadipic acid, disodium

20 salt, or durene-o(l),0(2)-dithiol, or the agent is a
phosphine or phosphite reducing agent, or the agent is zinc
metal powder, or the agent is sodium hydrosulfite.

13. The process of Claim 12 wherein the

25 mercaptoalkanoylamino lactam acid of formula I is
[4S-[40(R*),7a,10af] ] ~octahydro-4-{ (2~
mercapto-1-o0oxo-3-phenylpropyl)amino] -5-oxo-7H-
pyrido[2,1-b][1,3]thiazepine-7-carboxylic acid, and the
agent that minimizes the amount of the disulfide of formula

30 IIT and, in turn, minimizes the formation of the undesired
epimer of the pharmaceutically active compound of formula I
is the bismercaptan dithiothreitol or dithioerythritol.
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25 nercapt oal kanoyl am no |l actamacid of formula | is [err]-octahydro-4-[(2-
mer capt o- 1- oxo- 3- phenyl propyl ) am no] - 5- oxo-7H pyrido [2,1-b] (1,31

t hi azepi ne- 7-carboxylic acid, and the agent that mnimzes the anpunt of
the disul fiW@9PS¥8rnula 30 111 and, in turn, mninizes thePFHUAMASHI of

t he undesired epi ner of the pharnaceutically active conmpound of formula I
i's the bismercaptanldi.t hirbehpeotess ovf ditahinoerdy wiveredn. [487- 14. The
process of Crapm¥3I7ehanadnila aﬁﬂ&g& J /(G -meh3@le o 1-Q&baRydr o- 4- - |
(2-nmercapto { ogg g ug ean] St an1ﬁ§¥ %@%;% Hp rldo[2 1 b][1, 3] -

t hi azepi ne- 7P@apyéﬁyppyléeman©§ 5TQ%R1iﬁ1nMﬂidﬁd@eéué]iédﬂhn15 hydr oxi de and

D, L- dlthOthrth&heanBLVec&rﬁbkﬁﬁfﬁﬂéﬁlé'YE’ﬂ%@%ﬁ%d8w1ﬁﬁea§QEHﬁéOgoafum

filtered, sire roduct. is crystallized by a Nng aqueous acetic
acid to éajug?dFﬁ§ §ﬁ Fnggthﬂ%EERHh¥?1§9%jtPhglﬁPoGuEﬁ QEE?EEH Ehan er ed,

the process aboGtaBm tReWseletiod 4% fi@ddred, and the desired product
-oct ahydro-4-[(2-nmerc

phenylpropylf cﬁgftgig%ﬁg%ﬁﬁ%y?&%ﬁﬂ%L%ﬁHﬁﬂQF,?F?tfﬁi3?éﬁiﬁ8-?§33?50§??ic
acid is disspHvéd belaw abooho8, 1&nd ddlautpromductntiai theg Piltdiréedj ot hreitol

t he resultln%aghg@rgnasdgggéedogt reflux to dissolve the solids, followed

’ O A

the process of Claim 13 wherein [4S-

[40.(R*) 7a, 10aB] ] —oc¢tahydro-4-[ (2-mercapto-1-oxo-3-
phenylpropyl)amino]-5-oxo-7H-pyrido[2,1-b] [1,3]-
thiazepine-7-carboxylic acid is, dissolved in an alcohol

15 solution containing D,L—dithiotﬁreitol, the resulting
slurry is heated at reflux to dissolve the solids, followed
by filtering, cooling the combined filtrates, and
collecting the desired product.

20 15. The process of Claim 12 wherein the
mercaptoalkanoylamino lactam acid of formula I is
[S-(R*,R*) ]-hexahydro-6-{ (2-mercapto-1l-oxo-3-phenylpropyl) -
amino] -2, 2-dimethyl-7-oxo-1H-azepine-l-acetic acid, and the
agent that minimizes the amount of the disulfide of formula

25 III and, in turn, minimizes the formation of the undesired
epimer of the pharmaceutically active compound of formula T
is the bismercaptan dithiothreitol or dithioerythritol.

16. The process of Claim 15 wherein [S-(R*,R¥*)]-

30 hexahydro-6-[(2-mercapto-1-oxo-3-phenylpropyl)-amino]-2,2-
dimethyl-7-oxo-1H-azepine-l-acetic acid is treated with
aqueous sodium hydroxide and D,L-dithiotreitol at a
temperature below about 10°C, the reaction mixture is
allowed to warm to room temperature, filtered, heated,

35 treated with acetic acid solution cooled to room
temperature éausing the desired product to crystalize, the
product is filtered, washed and dried.
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: : - : : «3»6""”"3»’
by filtering, cooling the conbined filtrates, and coIIectlng the desired

product. 20 | 15. The process of Caim12 wherein the g
mer capt oal kangyl am

no lactamacid of formula | is
[S (R, R)I- Tydro 6- ( (R PeE B s R R THERATNopy | ) -

am 0] WuafAtp AR 55 bAPER i FShlr BOSPREnaRE R

mn m>mmﬁhawmmmmﬁooﬁ.t he undesi 1| ¢nl) BRI Ohblitaliéh NEAEAC Ut WOI99Y35145
act| ve cooonatpd. ofspgdgor mul a | i s theabijsnmercaptan dithiothreitol or
dithioerythritol. 16. The process pf (K4) kntenstionyi Rublitation Btef R« = R*Ip fuly 199 (15.07.99)

hexpRydr 0-6- [ (Z- NEr capt o- I- 0X0- 3- phenyT pr opyl) -am noj] -2, 2-

di rre@hy#tﬁrixtmbAﬂphha&tz@pmher 1- acREIUS98R64431 | (3B WM@BF‘W Mh &'é A'é‘.@dl BBngg gl::

hydf 1% t hi ei tol Tpera
reag @%S 1&1 '?aure [ {eal I 3&/{35“? lgﬁrlrhﬁ%'%s? oom mgfmem 'gL@ I LC:
35 [treated with acetic acid sol ution cﬁol edmomommnamrabwmsaaﬂskng.,ﬂ
t he| @ FripdyiPPr:0duct to crystalize, the produd@M TR TH, Y4 AGeHZ, Vo YHSEW, IREPO patent
drikd. - 6%070573 6 January 1998 (06.01.98) Us (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
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(54) Title: DEPROTECTION AND RECRYSTALLIZATION PROCESSES
(57) Abstract

Acylmercaptoalkanoylamino lactam esters or acids are converted to the corresponding mercaptoatkanoylamino lactam ester or acid
wnder basic conditions by including an agent which minimizes the amount of disulfides. Suitable agents are bismercaptans, phosphine
or phosphite reducing agents, zinc metal powder, and sodium hydrosulfite. Such agents are also employed in the recrystallization and
reprocessing of the mercaptoalkanoylamino lactam acids.




