2 0 FEB 1998;DUAL ACTION INHIBITOR This invention is directed to n
conpounds possessi ng both angi otensin converting e%%c)%g I nhi bi (?e’TY"':ﬁtlﬁ@\/ﬁ
and neutral endopeptidase i nhi-bitory activity and 85 of preparlng suc
conpounds. This invention 5 is al, phatng 3
conposi tions containing such dual. inhibiting copﬁgng§E9r pﬁ@ﬁ@pceugepally
acceptabl e salts thereof and the nethod of §sing such conp03|t|ons
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activities but having a different ring systgm é,gm{(g]e cgggg,gu_ngg td Baged .~
of the invention, nanmely a pyrido-, pyrollo 6 F or,

oxazi no- benzazepl ne ring system WO A-93/234 513 '@B {s sﬂ@f aftér°lpﬁ%edf| T1ng

date of the present application c.f. EPC Ar{ibaqs83gt af pegedi.soude paged .......
conpounds with the sane activities where, M :

conpounds of the inventio o) ] _J L orrrula [err], nis zero,
[err] is hydrogen or [err] Tic Mﬁlﬁ ﬁgugen and [err] is hydrogen,

alkyl, [errr] or substituted aryl- [err] (disregarding stereospecifity).
These conpounds aﬁﬁu&%%EM%Sﬂlkﬁogbpaféégéé&”ko novel compounds
possessing both angiotensin converting enzyme
5 inhibitory activity and neutral endopeptidase
inhibitory activity and methods of preparing such
compounds. This invention is also directed to
pharmaceutical compositions containing such dual
inhibiting compounds or pharmaceutically acceptable
10 salts thereof and the method of using such
compositions. The dual inhibitory compounds of this
invention are those of the formula '
(1)
o

i
Ry ==§ == (CHp) y==C === C —X,

\
15 : Rl Ry

and pharmaceutically acceptable salts thereof

wherein:
0

R; -is hydrogen, R3 ""(!! = , or Rig-S- ;
20 R2 and R19 are independently selected from
hydrogen, alkyl, cycloalkyl-(CH2)m-., substituted
alkyl, aryl-(CHz)pm-, substituted _
aryl- (CH2)pm~-, and heteroaryl-(CHz)m-
n is zero or one provided that n must be zero
25 when R2 and R19 are both other than hydrogen:

m is zero or an integer from 1 to 6;

Rz is alkyl, substituted alkyl, ThlS Sheet Has Been Re|placed ;
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in this application: The dual inhibitory conpounds of this invention are |

t hose of“the fornula 20 (1) O [err] 25 HAS599aand

phar maceutical ly acceptable salts ther&of, wherein: [err] - la- [err]
and [err] are independently sel ected from hydrogen, alkyl, cycI oal kyl -
[err] substituted alkyl, aryl- [err] substituted [err] 5 and

[err]; nis zero or one provided that n nust be zero when [err] and [err]
are both ot her t han hydrogen; _

aryl-(CH2)pm-, or heteroaryl- (CH2)p- :
Ri1g is alkyl, substituted alkyl,
cycloalkyl- (CH2)m-,aryl-( CH2) i~
substitut_:ed aryl- (CH2)m-, heterocaryl-(CH2)m-
5 or -S-Rig completes a symmetrical disulfide
wherein Rig is of the formula

(II)
0
i
(CHy) == C v C ==X
\
10 :
X3 is of the formula
(III)
R4 Rg
Rg
(CHz)q ' 0
Ry i
) " Rip Ru
H
15
(IV)
(?l. Rs
g Rg
_ / Rg
(CH2)1- R o
N N — (I! OR
i - C CH —_— 12 '
N ST |
H .0 g, Ru
20
\\\
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mis zero or an integer froml to 6; 10 R3 is aIkyI
substituted alkyl, [err] substituted 3 3 [err] (V) HAS92a [err]

(V)
(o),

A "

N 7c— (CH;)y~C—ORy12

Ry Ru1

o=

5 (V)

(VII)

. O
R7/ ! "
Iil C/N —/'C<— (CHz)bfc - OR12

H § Rrfy Ru '
10 °
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-4- [err] (M11) = -5 - [err] [err] [err] aryl [err] substituted aryl
[err], or heteroaryl [err]; [err] is hydrogen al kyl aA9983tituted al kyl ,
al kenyl, [err] substituted [err] hydroxy, or R4 and [err] taken together
with the carbon to which they are attached conplete a saturated cycl oal kyl
ring of 3 to 7 carbons or R4 and [err] together with the .carbon to o

(VIII)
Rg
R7 ii
N —¢ =—(CH;) ,==C =—OR;;
~ 2)b 12
-N c \ '
| fl Rjg Rn .
H
5 (IX) -
Yo
(CHy) \
)\ - (CHy)
N
N
H | COOR; >
o
(X)
10
(XI)
A
IN" (CHz)+
N
- c”
1] '
H o COOR; 2
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whi ch they are attached conplete a keto substituent, ggé -6- [err] and
[err] dre independently sel ected frogrhydrogen alk Jbstituted al kyl,

al kenyl , substituted al kenyl, cycloalkyl [err], [err] substituted
'aryI-(CH2)nr, and [err]; [err] and [err] are independently selected from
hydr ogen, al kyl, substituted al kyl, al kenyl, substituted al kenyl,

cycloal kyl [err], [err] and substituted aryl [err] or [err] and [err] taken
together with the carbon to which they are attached conplete a saturated
cycloal kyl ring of 3 to '

(XII)
Z
;1/317 (I_.I,
N=—=C ——(CH;)p—C—0ORy1;
~
-N e/ \ , or
| " Rio Rua
H o)
5
(XIII)
NE o]
/ . ! —OR;
- N—C—(CHy)p— 12
4’ 2)p
A N
0
10 ‘R4 is hydrogen, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, hydroxy, cycloalkyl
-(CH2)m-, aryl -(CH2)m-. substituted aryl -(CH2)m-,
or heteroaryl -(CH2)m-:
Rg is hydrogen, alkyl, substituted alkyl,
15 alkenyl, cycloalkyl-(CH2)m-, aryl-(CH2)m-.

' substituted aryl-(CH2)m-, hydroxy, or R4 and R5 taken
together with the carbon to which they are attached
complete a saturated cycloalkyl ring of 3 to 7
carbons or R4 and R5 together with the carbon to

20 which EE?Y are attached complete a keto substituent,

c==0

i.e., / H
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7 carbons or [err] and [err] taken together with the carbon to which they

ar'e att'ached conpl ete a saturated cycl oal kyl
zero or one;

10

15

20

25

ring offA398@ 7 carbons; b is

qis aninteger from1"td 4; r is one or two; s is zero, one
or two; t is one, two, or three; v is one or two; wis one or two; [err]

-8- halo, trifluoronethyl, cyano, -NH (lower alkyl), [err], |ower alkoxy,
| oner al kylthio or '

Rg., Rg and R10 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl -(CH2)m-,
aryl-(CH2)m~, substituted aryl-(CH2)m-, and
heterocaryl- (CH2)m~:

R7, R9 and R11 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl -(CH2)m-,

aryl-(CH2)m, and substituted aryl -(CH2)m-, 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 R9 taken together with the carbon
to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons;

b is zero or one;
is an integer from 1 to 4;
is one or two;
is zero, one or two;
is one, two, or three;
is one or two;
is one or two;

£ < @K Q

Y1_is -CH2-, -(CH2)2-, -(CH2)3-, -O-, —S -~ ,
(O)g

-CH2-0-, or ~CH=S — ;

(0),
Y2 is -CH3-, — 5™ , or o0 ;
(0)s
Y3 is -CH2- or — o — ;
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P
carboxy. The term "substituted lower alkyl" refers to 5 such straight or
branched chain radicals of 1 to 4 carbons wherein one h§aBR¥Een has been
repl aced by a hydroxy, amino, halo, triffueromethyl, cyano, [err] | ower
al kyl thi o, or carboxy. 10 The term "al kenyl " refers to straight or
branched chain radicals of 3 to.-7 carbon atons having one or two double
bonds. Preferred "al kenyl" groups are straight. chain radicals of 3 to 5
car bons havi ng one doubl e bond. 15 . The term "substituted al kenyl"
refers to such straight or branched radicals of 3 to 7 carbons having one

or two doubl e bonds mﬁéﬁa% ac%dro_g&?gg%s beeBFys%aced g_y a,pydroxy,

am no, halo, trifluoro aho 'al k
-CH2-0- ;
Z is O or two hydrogens:;
R12 is hydrogen, alkyl, substituted alkyl,
5 aryl—(CHz)m-, substituted aryl-(CH2)m-,
heteroaryl- (CH2) ;-

: PN

- clzn-o-c-nls /

Ry  or —CH Ris
10
R13 is hydrogen, lower alkyl, br substituted
lower alkyl;
R14 is hydrogen, lower alkyl, cycloalkyl or
phenyl;
15 R15 is hydrogen, lower alkyl, lower alkoxy or
phenyl;

R16 is lower alkyl or aryl-(CH2)m-:; and-

R17 is hydrogen, alkyl, substituted alkyl.
alkenyl, substituted alkenyl, cycloalkyl-(CH2)m-.

20 aryl-(CH2)m-, substituted aryl-(CH2)m-., oOr
heterocaryl- (CH2)m-.

The term "alkyl® refers to straight or
branched chain radicals having up to seven carbon
atoms. The term "lower alkyl®" refers to straight or

25 branched radicals having up to four carbon atoms and
is a preferred subgrouping for the term alkyl.

The term °*substituted alkyl® refers to such
straight or branched chain radicals of 1 to 7 carbons
wherein one or more, preferably one, two, or three,

30 hydrogens have been replaced by a hydroxy, amino,

ThlS Sheet Has Been Replac
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20 J[err], lower al koxy, |ower alkylthio,” or carboxy. The terns "I ower
al’koxy"™ and "lower alkylthio" refer to such |ower &fA8A9 agroups as defined
above attached to an oxygen or sul fuf.-25 The term "cycl oal kyl "
refers to saturated rings of 3 to 7 carbon-atons. The term "hal 0" refers to
chl oro, brono, fluoro, and iodo. The tern1"aryr" refers to phenyl
1-naphthyl, 30 and 2-naphthyl. The term "substituted aryl"” refers to
phenyl , 1-naphthyl, and 2- naphthyl havi ng a substituent s$elected from | ower
al kyl, | ower alkoxy, | ower al kylthio, halo, hydroxy, trifluoronethyl,

am no, - NH(L € Al ihlor AR S " Ey2RS, dinm Blver alkyl),
-N(lower alkyl)z, lower alkoxy, lower alkylthio or
carboxy. '
The term *substituted lower alkyl* refers to

5 such straight or branched chain radicals of 1 to 4
carbons wherein one hydrogen has been replaced by a
hydroxy, amino, halo, trifluoromethyl, cyano,
-NH(lower alkyl), -N(lower alkyl)2, lower alkoxy,
lower alkylthio, or carboxy.

10 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 chaln radicals of 3 to 5 carbons havzng
one double bond.

15 The term "substituted alkenyl®* refers to such
straight or branched radicals of 3 ‘to 7 carbons
-having one or two double bonds wherein a hydrogen has
been replaced by a hydroxy, amino, halo, |
trifluoromethyl, cyano,'-NH(lower alkyl),

20 -N(lower alkyl)2, lower alkoxy, lower alkylthio, or
carboxy. :

The terms "lower alkoxy" and *lower alkylthio*
refer to such lower alkyl groups as defined above
attached to an oxygen or sulfur.

25 The term “cycloalkyl" refers to saturated
rings of 3 to 7 carbon atoms.

The term *halo® refers to chloro, bromo,
fluoro, and iodo. |
The term 'aryl' refers to phenyl, l-naphthyl,

30 and'z-naphthyl. The term *"substituted aryl" refers
to phenyl, l-naphthyl. and 2-naphthyl having a
substituent selected from lower alkyl, lower alkoxy,
"lower alkylthio, halo, hydroxy, trifluoromethyl,
amino, -NH(lower alkyl), or -N{(lower alkyl)z, di- and

\
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-9- tri-substituted phenyl, 1-naphthyl, and 2-naphthyl wherein said
substituents are sel ected fron1nethy| nmet hoxy, net hyl HaBB8%ahal o, hydr oxy,
and am no. The term "heteroaryl ref ers- t -unsat urat ed 5 rings of 5 or 6
atons containing one or two O and S atons and/or one to four N atons
provi ded that the total nunber of hetero atons in the ring is 4 or |ess.
The heteroaryl ring is attached by_may of an avail abl e carbon or nitrogen
atom Preferred 10 heteroaryl groups include 2-, 3-, or 4-pyridyl, 4-

i m dazolyl, 4-thiazolyl, 2- and 3-thienyl, and 2- and 3-furyl. The term

heteroaryl 2l og. gl udese Rkl chidort PO MDBELY L0 D NeRLalx, METDSred
or pyridyl ringherPinfsaiddsubstituents are selected from methyl,
' methoxy, methylthio, halo, hydroxy, and amino.
' The term “heterocaryl*" refers to unsaturated
5 rings of 5 or 6 atoms containing one or two O and S
atoms and/or one to four N atoms provided that the
total number of hetero atoms in the ring is 4 or
less The heteroaryl ring is attached by way of an
avallable carbon or nitrogen atom. Preferred
10 heterocaryl 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 atoms as defined above is
15 fused to a benzene or pyridyl ring. Preferred
bicyclic rings are 2~ and 3-indolyl and 4- and 5-
quinolinyl. The mono or bicyclic hetercaryl ring can
also be additionally substituted at an available
carbon atom by a lower alkyl, halo, hydroxy, benzyl,
20 or cyclohexylmethyl. Also, if the mono or bicyclic
ring has an available N-atom such N atom can also be
substituted by an N-protecting group such as

—Cﬂz_ -—Q —CH2 _@ 4 _ —502 _©_CH3 '

2,4-dinitrophenyl, lower alkyl, benzyl or
benzhydryl. _
The compounds of this 1nvent10n wherein R] is

i

25

hydrogen or and R19 is hydrogen can be
30 prepared by coupling the acylmercapto containihg
sidechain of :he formula
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bicyclic rings are 2- and 3-indolyl and 4- and 5- quinolinyl. The nono or
bi‘cycli‘c heteroaryl ring can also be additionally. subsHAE8P8d at an

avail abl e carbon atomby a | ower al kyl-, 18alo, hydroxy, benzyl, 20 or

cycl ohexyl nethyl. Also, if the nmono or bicyclic ring has an available
N-atom such N atom can al so be substituted by an N-protecting group such as
[err] 25 2,4-dinitrophenyl, |ower alkyl, benzyl, or benzhydryl. The
conpounds of this invention wherein [err] is 0 hydrogen or [err] and [err]

i s hydrogen can be 30 prepared by coupllng t he acyl nercapt o contai ni ng

si dechai n of tr¥§fbgrnula
o o)
i i

Ry——C =8 —— (CH,) , —~ CH —C —OH
I

Ry

with_the intermediates of the formula
5 (XV) ' |

H.‘Xl

to give the product'of the formula
10 (XvI) _
0O .
] ﬁ
R3===C ===§ === (CH3) , ==CH =~ C =—X;
: |

Ry

whereln R12 in the definition of X is preferably an

15 ea31ly removable ester protecting group such as
methyl, ethyl, or benzyl. The above reaction can be
‘performed in an organic solvent such as dimethyl-
formamide and in the presence of a coupling reagent
such as benzotriazol-l-yloxytris(dimethylamino)-

20 phosphonium hexafluorophosphate, 1-ethy1-3-(3-
dimethylaminopropyl)cafbodiimide, dicyclohexyl-
carbodiimide, or carbonyldiimidazole. Alternatively,
the acylmercapto carboxylic acid of formula XIV can
be converted to an activated form prior to coupling

25 such as an acid chloride, mixed anhydride,
symmetrical anhydride, activated ester, etc.

The product of formula XVI can be converted to
the mercaptan product of formula I wherein R; is
hydrogen and Ri2 is hydrogen by methods known in the

¥ This Sheet Has'Been Re laced
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al o, hydroxy,

HA599a -9- tri-substituted phenyl, 1-naphthyl, or 2-na§1ﬁ ¥ wherein said
substittents are selected from nethyl, qﬁthoxy, met hyl 8%ap
and am no. The term "heteroaryl" refers-to-unsaturated rings of 5 or 6

atons containing one or two O and S atons and/or one to four
provi ded that the total
The heteroaryl

i m dazol yl ,

4-thiazolyl, 2- and 3-thienyl, and 2- and 3-furyl.

N at ons
nunber of hetero atons in the ring is 4 or |ess:
ring is attached by way of an avail able carbon or nitrogen
atom Preferred heteroaryl groups include 2-, 3-, or 4-pyridyl,

4-
The term

heteroaryl al sggencl %esemﬂéwnéﬁrwﬁ M%(e%hglt BRATRYS P& méenyEmbered

ring

or ethyl treatment with methanolic sodium hydroxide

yields the product wherein R; and R12 are hydrogen
and when R3 is methyl and R12 is t-butyl treatment

5 with trifluoroacetic acid followed by ammonia yields

the product wherein R; and R12 are hydrogen.

The compounds of this invention wherein both
R2 and R1g9 are other than hydrogen and n is zero can

be prepared by coupllng the substituted mercapto
10 containing sidechain of the formula

H3C0H2C-S-C —C-—OH
/7 \

Ris. Rz

(XVII)

15 with the intermediate of formula XV as described
above to give the compound of the formula

(XVIII)

o}
]
H3CO- H,C-8-C —C —X;
-/ \ .

20 ' Ris Rz )

Treatment of the compound of formula XVIII with

strong acid such as trifluoromethanesulfonic acid

removes the methoxybenzyl protecting grouﬁ and gives
25 the correspbnding product of formula I wherein Rj is

hydrogen.
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containing 0, S. and N atonms as defined above is fused to a benzene or
pyridyl  ring. Preferred bicyclic rings are 2- and 3-i nd@®5PPaand 4- and 5-
qui nol i nyl . The mono or bicyclic heterod®yl- ring can al so be additionally
substituted at an avail abl e carbon atom by a | ower al kyl, hal o, hydroxy,
benzyl, or cycl ohexylnmethyl. Also, if the nono or bicyclic ring has an
avai l abl e N-atom such N atom can al so be substituted by an N-protecting
group such as [err] 2.4-dinitrophenyl, |ower -alkyl, benzyl, or benzhydryl.
The conpounds of this invention wherein [err] is [err]

The substituted mercapto containing compounds
of formula XVII can be prepared by reacting the
disubstituted carboxylic acid of the formula

5  (XIX)

o -
i
HC—C —OH

7 \
Ris R;

with bis[[ (4-methoxy)phenyl]methyl]ldisulfide in the
presence of lithium dllsopropylamlde. _

10 The products of formula I wherein X1 contalns
a sulfoxide or sulfone can be prepared by employing
the intermediate of XV as the mercaptan, i.e., s is
zero, during the coupling reaction. The resulting
product of formulas XVI or XVIII is then oxidized

15 with a known oxidizing reagent such as meta chloro
perbenzoic acid, peracetic acid, or monoperoxy-
phthalic acid, magnesium salt hexahydrate, etc. By
cohtrolling the amount of oxidizing reagent and the
time of the reaction, the products are obtained

20 wherein s is one or two.

' The products of formula I wherein R; is
hydrogen can be acylated with an acyl halide or
anhydride of the formula '

(XX) |

25

Ry—C—halo

wherein halo is Cl or Br to give other products'of
formula I wherein R; is

This Sheet Has Been RT
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-10- [err] (XIV) with the internmediates of the formula (XV) [err] to give
tHe préduct of the formula (XVI) [err] wherein R12 in #HA898a&finition of
[err] is preferably an easily renpvabl-eldster protectlng group such as
nmet hyl , ethyl, or benzyl. The above reaction can be perfornmed in an organic
sol vent such as dinethyl- formam de and in the presence of a coupling ‘
reagent .such as benzotriazol -1-yl oxytris(di met hyl am no)- phosphoni um
hexaf | uor ophosphat e, 1-ethyl-3-(3- dinethyl am nopropyl ) carbodii m de,
- di cycl ohexyl -

ﬁ

R3—C —

The products of formula I wherein R} is -S-Rig
5 and R18 is alkyl, substituted alkyl, substituted
‘cycloalkyl- (CH2)m-, aryl-(CH2)m-, substituted aryl-
(CH2)m- or héteroaryl-(CHz)m-'can be prepared by
reacting the products of formula I wherein Rl is
hydrogen with a sulfonyl compound of the formula
10 (XXI) R

H3C =803 =S =—Ri3.

. in an agueous alcohol solvent to yield the desired
15 products. The compounds of formula XXI are known in
the literature or can be prepared by known methods,
see for example, Smith et al., Biochemistry, l4. p.
766 - 771 (1975).
The symmetrical disulfide products of formula
20 I can be prepared by direct oxidation of the product
of formula I wherein R] is hydrogen with iodine as
note, for example, Ondetti et al. U.S. Patent
4,105,776.
The ester products of formula I wherein R12 is

25 _ |
' 0
] o o
- ?H'O-C-Rls or \ /
Ry . -—CH; Rie
his Sheet Has Been Replaced
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carbodii m de, or carbonyldiimdazole. Aternatively, the acyl nmercapto
cdrboxylic acid of formula XIV can be converted to anE&&9%aated form pri or
to coupling such as an acid chloride,~ fi4%ed anhydride, symretrica
‘anhydride, activated ester, etc. The product of fornula XVl can be
converted to the nercaptan product of formula | wherein [err] is hydrogen
and R12 is hydrogen by nethods known in the art. For exanple when - R3 is
met hyl and R12 is nethyl or ethyl treatnment with nethanolic sodium

" hydroxi de yields the product wherein [err] and R12 are hydrogen and when R3

by armoni a 1 <15 4 PePAge, MhErERRled (e il S1CHplgn T O

wherein R12 is hydrogen w1th compound of th

formula
(XXIT1)
s
o *
L—CH-0-C-R;5 Or \
Riqg . L——CH; Rig

wherein L is a leaving group such as chloro, bromo,
or tolylsulfonyloxy. '

10 The acylmercaptoalkanoic acids of formula XIV

' - are described in the literature. See, for example,
Ondetti et al. U.S. Patents 4,105,776 and 4,339,600,
Haslanger et al. U.S. Patent 4,801,609, etc.

The intermediates of formula XV are also

15 described in the literature or are obtained by
modifications of known procedures. For example, the
intermediates of formula XV wherein Xj is as defined
in formula III are disclosed by Thorsett et al., J.
Med. Chem., 29, p. 251 - 260 (1988), Harris et al. in

20 U.s. pPatents 4,587,050, 4,587,238, 4,629,787 and

' Yanagisawa et al. in U.S. Patent 4,734,410. The
intermediates of formula XV wherein X1 is as defined
in formula IV are disclosed by Yanagisawa et al., J.,
Med. Chem., 3Q, p. 1984 - 1991 (1987) and 31, p.

25 422 - 428 (1988), Karanewsky in U.S. Patent
4,460,579, Cheung et al. in U.S. Patent 4,594,341,
and Yanagisawa et al. in U.S. Patent 4,699,905. The
intermediates of formula XV wherein X1 is as defiped
in formula V are disclosed by Karanewsky in U.S.

30 Ppatents 4,460,579 and 4,711,884. The intermediates
of formula XV wherein Xj is as defined in formula VI

This Sheet Fas Been RTlaced -
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The conpounds of this invention wherein both R2 and [err] are other than
hydrogeh and n is zero can be prepared by coupling the Ba45%%at uted nercapto
contai ning sidechain of the fornula (XVILy ferr] with the internediate of
formula XV as descri bed above to give the conmpound of the forrmula (XVII1I)
[err] Treatnent of the conmpound of forrmula XVIIlI with strong acid such as
trifluoronmethanesul fonic acid renpbves the nethoxybenzyl protecting group
and gives the corresponding product of formula | wherein [err] is hydrogen.

and Y1 is -CH2-, -(CH2)2- of -(CH2)3- are disclosed
by Watthey et al., J. Med. Chem., 28, p. 1511 - 1516
(1985) and Watthey in U.S. Patents 4,410,520,
4,470,988, 4,473,575, 4,537,885 and 4,575,503 and

S5 also by Parsons et al., Biochemical & Biophysical
Research Comm., 117, p. 108 - 113 (1983) and in U.S.
Patent 4,873,235. The intermediates of formula XV
wherein X1 is as deflned in formula VI and Y] is S or
O are disclosed by Slade et al., J. Med. Chem., 28,

10 p. 1517 - 1521 (1985) and in U.S. Patent 4,477,464
and Itoh et al., Chem. Pharm. Bull., 34, p. 1128 -
1147 (1986) and 34, p. 2078 - 2089 (1986) as well as
Sugihara et al. in U.S. Patent 4,548,932 (Y is 0) and
Katakami et al. in U.S. Patent 4,539,150 (Y is S).

15 The intermediates of formula XV wherein X is as
defined in formula VII can be prepared by reduction
of the corresponding intermediates wherein X1 is as
defined in formula VI. The intermediates of formula
XV wherein X3 is as defined in formula VIII are

20 disclosed by Flynn et al. in U.S. Patent 4,973,585.
The intermediates of formula XV wherein X is as
‘defined in formula IX and Y2 is S, -SO, or -SO2 are
disclosed by Harris et al. and Patchett et al. in

'~ U.S. Patents 4,415,496 and 4,617,301, The

25 intermediates for formula XV wherein X3 is as defined
in formula IX and Y2 is CH2 is disclosed by Thorsett,
Actual. Chim. Ther., 13, p. 257 - 268 (1986). The
intermediates of formula XV wherein X1 is as defined
in formula XI are disclosed by Attwood et al.,

‘30 Federation of Eurdpean Biochemical Studies, 165, p.
201 - 206 (1984) and in U.S. Patent 4,512,994 and
Natoff et al., Drugs Of The Future, 12, p. 475 - 483
(1987). The intermediates of formula XV wherein X1
is as defined in formula XII are disclosed by Huang
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- 12 - The substituted nercapto containing conpounds of forrmula XVII can be
prepar éd by reacting the disubstituted carboxylic aci dH¥%Re fornmula (X X
[err] with bis [[(4-nethoxy)phenyl]nethy§ disulfide in the presence of
l'ithium diisopropyl am de. The products of formula | wherein X1 contains a
sul foxi de or sul fone can be prepared by enploying the internediate of XV as
the mercaptan, i.e., s is zero, during the coupling reaction. The resulting
product of formulas XVI or XVIIlI is then oxidized with a known oxidi zi ng
reagent such as neta chloro perbenzoic acid, peracetic acid, or nonoperoxy-

pht hal ijc aci d. e%gagf.s JAToRd, " PREEAEYE! 865, 67 O TRle GRi¥eiBleblsgelne amou
of formula XV wherein X1 is as defined in formula

XIII are disclosed by Bolos et al. in Tetrahedron,

48, p. 9567 - 9576 (1992). '
5 The intermediates of formula XV wherein X3 is

as defined in formula IIT and q is one or two and R7

| is hydrogen can be prepared according to the

following process which is also part of this

invention.
10 _Thé N-phthalimido a-amino acid of the formula

(XXTIII)
Rs

R f"‘CHﬂﬁi

o (CHz) q

N —CH—COOH
0.

and the amino acid ester of the formula
15 '
(XXIV)

: HoN —-/c;—(cnz ) g—COOR;2

Rio Rii

wherein R12 is an easily removable ester protecting

20 group such as methyl, ethyl, or benzyl are coupled to
give the peptidyl compound of the formula
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time of the reaction, the products are obtained wherein s is one or two.
The products of fornmula | wherein [err] is hydrogen caBAb®9acyl ated with an
acyl halide or anhydride of the fornuralferr] wherein halo is [err] or Br

to give other products of formula I wherein [err] is - 13 - [err] The
products of forrmula | wherein [err] is [err] and R18 is al kyl, substituted
al kyl, substituted [err] substituted aryl- [err] or heteroaryl-(CH2)m can

be prepared by

(XXV)

Rg
I

Ry f - CH,0H

0 (CHz)q

|

i e

o Rio Rn o

0

S This coupling reaction is preferably carried out in
the presence of a coupling reagent such as
benzotriazol-l-yloxytris(dimethylaminp)phosphonium
hexafluorophosphate or ethY1-3—(3-dimethyl-
amino) propyl carbodiimide.

10 The compound of formula XXV is oxidized such
as by treatment with oxalyl chloride and dimethyl-
"sulfoxide or tetra-n-propyl ammonium perruthenate and
N-methylmorpholine N-oxide to give the compound of
the formula ‘

15
(XXVI)
Rg
N
0 (CHz) q
N =—=—CH ==C ~—NH 7c—(cnz)b—C00R12
Rio Ry

o .

20 The compound of formula XXVI is cyclized by

treatment with a non-aqueous acid such as
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reacting the products of formula | wherein [err] is hydrogen with a .
sul fonyl conpound of the formula (XXI) gerr] In an aq 9al cohol sol vent
to yield the desired products. The conpd®nds of formula XXI are known in
the literature or can be prepared by known met hods, see for exanple, Snith
et al., Biochem stry, p. 766 - 771 (1975). The synhetrical di sul fide
products of formula | can be prepared by direct oxidation of the product of
formula | wherein [err] is hydrogen with iodine as note, for exanple,
Ondetti et al. U S Patent 4,105,776. The ester products of formula I

wherein R12 istL?EiLoroacetlc acid, trifluoromethanesulfonic,
hydrochloric acid, etc., to give the compound of the
formula
(XXVII)

The intermediate of formula XV wherein Xj is
as defined in formula III and q is one or two and Rg

10 and R7 are both hydrogen can be prepared by treating

' the compound of formula XXVI w1th a silyl hydride
such as triethylsilane, diphenylmethylsilane,
phenylmethylsilane, etc., and a Lewis acid catalyst
such as stannic chloride, titanium tetrachloride,

15 stannic bromide, boron trifluoride etherate, etc.,
followed by esterification of the carboxyl group and
subsequent treatment with hydrazine hydrate to remove
the N-phthaloyl protecting group.

The intermediate of formula XV whereln X1 is

20 as defined in formmula IIT and g is one or two, R7 is
hydrogen, and Rg is other than hydrogen can be
prepared from the compound of formula XXIV. For
example, when Rg is alkenyl or substltuted alkenyl of
3 to 7 carbons, treatment of compound XXIV with an

25 alkenyl or substituted alkeﬁyl-silane in the presence
of a Lewis acid catalyst as exemplified above
followed by esterification of the carboxyl group and
subsequent removal of the N-phthaloyl.protecting
group as described above gives the desired .
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can be prepared by treating the product of fornula I wherein R12 is
hydriogen 'wi th a conpound of the fornula [err] wherein L iHAS89%eavi ng group
such as chloro, brono, or tolylsulfonyl ox}® Fhe acyl nercapt oal kanoi ¢ aci ds
of formula XIV are described in the literature. See, for exanple, Ondetti
et al. US. Patents 4,105,776 and 4, 339, 600, Haslanger et al. U S. Patent
4,801, 609, etc. The |nterned|ates of formula XV are al so described in the
literature or are obtained by nodifications of known procedures. For
exanpl e, the internediates of forrmula XV wherein [err] is as defined in

formula I'll are cgégééﬁzéiggé.Thgﬁset enyf‘mdlety may be hydrogenated

to give the desired intermediate wherein Rg is alkyl
or substituted alkyl of 3 to 7 carbons. When Rg is
other than alkenyl or substituted alkenyl, treatment
S of compound XXVII with the corresponding R¢
containing aluminum or titanium compound in the
presence of a Lewis acid catalyst followed by
esterification of the carboxyl group and subsequent
removal of the N-phthaloyl protecting group gives the
10 desired intermediate.
The intermediates of formula XV wherein X is
" as defined in formula IX or X, Y2 is -CH2- and v is
two can be prepared according to the following
process which is also part of this invention.

15 - The N-phthalimido a-amino acid of the formula
(XXVIII)
CH==CH;
/
Q CH,

N = CH-— COOH
©
20 is coupled with the a-amino acid.ester:of the fo;mula
(XXIX)
CH,y-OH
(CHz)w

HoN = (O} e COO_Rn
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29, p. 251 - 260 (1988), Harris et al. in U S. Patents

Med. Chem,

4,587,050, 4,587,238, 4,629,787 and Yanagi sawa et al. | HAB9Sa Pat ent
4,734,410. The |nterned|ates of fornula 20 wherein [err] i's as defined in
formula IV are disclosed by Yanagi sawa et al., J., Med. Chem, 30, p. 1984

- 1991 (1987) and 31, p. 422 - 428 (1988), Karanewsky in U.S. Patent

4, 460, 579,

Cheung et al. in U S. Patent 4,594,341, and Yanagi sawa et

U S. Patent 4,699,905. The internediates of forrmula XV wherein [err]
defined in fornula. V are di scl osed by Karanewsky in U S. Patents 4,460,579

and 4,711,884. The internediates of formula XV wherein [err]

~in formula Vi 15

in the presence of a coupling catalyst as described
above to give the alcohol of the formula

5 (XXX)

CH,-OH
CH=CH;

CHg ‘CHz ) w

!

N —CH—C —lf — CH—CO0R12

H ' .

The alcohol of formula XXX is oxidized such as
10 by treatment with oxalyl chloride to give the
corresponding aldehyde which is then treated with an
" acid ‘such as trifluoroacetic acid or hydrochloric
acid to give the carboxylic acid ester of the formula
(XXXI)
15

Cyclization of the compound of formula XXXI
with a strong acid such as trifluoromethanesulfonic

20 acid followed by reesterification by conventional

means and treatment with sodium iodide gives ? b
mixture of the compounds of the formulas R )
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and [err] is [err] are disclosed by Watthey et al., J. Med. Chem, 28, p.
1511 - 1516 (1985) and Watthey in U S. Patents 4, 410,52@A5m&a70,988,
4,473,575, 4,537,885 and 4,575,503 and-atko-by Parsons et al., Biochen cal
& Bi ophysi cal Research Comm, 117, p. 108 - 113 (1983) and in U S. Patent
4,873,235. The internediates of formula XV wherein X1 is as defined in '

formula VI and [err] is S or Oare disclosed by Slade et al., J. Med.
Chem, 28, p. 1517 - 1521 (1985) and in U S. Patent 4,477,464 and |toh et
~al., Chem Pharm Bull., 34, p. 1128 - 1147 (1986) and 34, p. 2078 - 2089

(1986) as wel | ?s Ség'hara et al. in US. Patent 4,548,932 (Y is 0).and
Kat akam et al. Patent 4,539,150 (Y is S). The internedi ates of
formula XV wherein X is as defined in fornula VII can be prepared by
reduction of the corresponding internedgates wherein [err] is as

ﬁb‘ MCHz dw-

C‘*c/ .

COORn
and
5 | _
(XXXIII)
(@:(( Y
] : .
5 o) COOR; 2
10 Removal of the N-phthaloyl protecting group
from the intermediate of formula XXXIII as descrlbed
above gives the desired compound of formula XV
wherein X1 is as defined in formula X and Y2 is
15 Treatment of the intermediate of formula XXXII

with tris(trimethylsilyl) silane or tri-n-butyltin
hydfide in the presence of a catalytic amount of
azobisisobutyronitrile removes the iodo group. The
- N-phthaloyl group is subsequently removed as

20 described above to give the desired compound of -
formula XV wherein X1 is as defined in formula IX, v
is two, and Y2 is -CH2-. Similar procedure can be
employed to give the cofresponding compound of
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defined in fornula VI. The internediates of fornula XV wherein [err] is-as
defined in fornula VI11 are disclosed by Flynn et al. inHAS%9a Pat ent
4,973,585. The internediates of formula-X2wherein X is as defined in
formula IXand Y2 is S, -SO, or [err] are disclosed by Harris et al. and
Patchett et al. in U S. Patents 4,415,496 and 4,617,301, The internedi ates
for formula XV wherein [err] is as defined in fornmula I X and [err] is [err]
is disclosed by Thorsett, Actual. Chim Ther., 13, p. 257 - 268 (1986).

The internmedi ates of formula XV wherein [err] is as defined in fornula X

Stdies, tee. p EopERRE witpead B W8 a8E 08 PE R ARTY | o1
et al., Drugs O iFhen€utamd Y2 2is p:CHRF5 - 483 (1987). The internedi ates of
formul a XV wherein [errbtﬁéraﬁréﬁgddFELif&ff%&%BEQiKQ'tﬁée di scl osed by

.Huang intermediates of formula XV appear in the examples.

5 . The compounds of formula I contain one or more

| asymmetric centers. Thus, these compounds can exist

in diastereoisomeric forms or in mixtures thereof and
all of such forms are within the scope of this
inﬁention. The above described prbcesses-can utilize

10 racemates, enantiomers, or diastereomers as starting
materials. When diastereomeric compounds are
prepared, they can be separated by conventional
chromatographic or fractional crystallization
methods. | o

15 The compounds of formula I wherein R12 is
hydrogen can be isolated in the ‘form of a
pharmaceutically acceptable salt. Suitable salts for
this purpose are alkali metal salts such as sodium
and potassium, alkaline earth metal salts such as

20 calcium and magnesium, and salts derived from amino

' acids such as arginine, lysine, etc. These salts are
obtained by reacting the acid form of the compound
with an equivalent of base supplying the desired ion
in a medium in which the salt precipitates or in

25 agueous medium and then lyophilizing.

. The compounds of formula I are dual inhibitors
possessing the ability to inhibit both the
angiotensin converting enzyme and neutral endo-
peptidase. Thus, the compounds of formula I

30 including their pharmaceutically acceptable salts are
useful in the treatment of physiological conditions
in which either angiotensin converting enzyme .
inhibitors or neutral endopeptidase inhibitors have
been shown to be useful. Such conditions include
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et al. in US. Patent 4,465,6679. The internedi ates of fornula XV wherein

[err] is’as defined in formula XlII1 are di scl osed by BoHaS%@a al. in
Tetrahedron, [err] p. 9567 - 9576 (1992) 23The internedi ates of formla XV
wherein [err] is as defined in formula Il and g is one or two and R7 is

hydrogen can be prepared according to the follow ng process which is also
part of this invention. The N-phthalinmido [err] acid of the fornula (XXI11)
[err] and the am no aC|d ester of the formula [err]

cardiovascular diseases, particularly, hypertension,
congestive heart failure, remnal failure, and hepatic
cirrhosis, as well as analgesic activity. Diuresis,
natriuresis, and blood pressure reduction are

S produced in a mammalian host such as man by the

' administration of from about 1 mg. to about 100 mg.
prer kg. of body weight per day, preferably from about
1 mg. to about 50 mg. per kg. of body weight'per day,
of one or more of the dual inhibitors of formula I or

10 a pharmaceutically acceptable salt thereof. The dual
inhibitors of formula I are preferbly administered
orally, but parenteral routes such as subcutaneous,
intramuscular, and intravenous can also be employed.
The daily dose can be administered singly or can be

15 divided into two to four doses administered '
throughout the day. _

The dual inhibitors of formula I can be
administered in combination with human ANF 99 - 126.
Such combination would contain the inhibitor of

20 formula I at from about 1 to about 100 mg. per kg. of
body weight and the human ANF 99 - 126 at from about
0.001 to about 0.1 mg. per kg. of body weight.

The dual inhibitors of formula I can be

administered in combination with other classes of
25 pharmaceutically active compounds. For example, a

calcium channel blocker, a potassium channel

activator, a cholesterol reducing agent, etc.

The dual inhibitors of formula I or a
pharmaceutically acceptable salt thereof and other

30 pharmaceutically acceptable ingredients can be
formulated for the above described pharmacetical
uses. Suitable compositions for oral administration
include tablets, capsules, and elixirs, and suitable
compositions for parenteral administration include
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wherein R12 is an easily'reanabIe ester protecting grou such as net hyl,
ethyl, or benzyl are coupled to give the _peptidyl conpo 28R t he fornula
-17- [err] benzotri azol - 1- onxytrls(dlne?ﬁyran1no)phosphon|um

hexaf | uor ophosphat e or et hyl-3-(3-dinethyl - am no)propyl carbodiim de.
conmpound of formula XXV is oxidized such as by treatnent with oxalyl

The

chloride and di net hyl - sul foxide or tetra-n-propyl anmmoni um perruthenate
and N-met hyl nor pholine N-oxide to give the conmpound of the formula [err]

10

15

20

25

sterile solutions and suspensions. About 10 to 500
mg. of active ingredient is compounded with
physiologically acceptable vehicle, carrier,
excipient, binder, preservative, stabilizer,
flavoring, etc., in a unit dose form as called for by
accepted pharmaceutical practice. ' '

Preferred compounds of this invention with
respect to the mercapto contalnzng sidechain portion
of formula I, i.e.

0
_ ]
7 \
Ris R,

include those wherein:

o]
i
R1 is hydrogen, R3™C— , or R18-S-,
R3 is lower alkyl of 1 to 4 carbons or phenyl,
R18 is lower alkyl of 1 to 4 carbons,
n is zero or one, |
R2 is aryl-CH2-, substituted aryl-CH2-,
heteroaryl-CH2-, or straight or branched chain alkyl
of 1 to 7 carbons, and '
R19 is hydrogen.
Most preferred are the above mercapto
containing sidechains wherein:

]

R1 is hydrogen or HC—=C— ' especially

hydrogen;
' n is zero; and
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20 The conpound of fornula XXVI is cyclized by tr%%tnent with a
non- agueous acid such as - 18 - trifltg oacetic acidHA
trifluoronethanesul fonic, hydrochlorica&“,~ etc., to give the conpound of
the formula (XXVII) [err] The internediate of formula XV wherein [err] is
as defined in formula Il and q is one or two and R6 and- R7 are both
hydrogen can be prepared by treating the conpound of fornmula XXVI with a
silyl hydride such as triethylsilane, diphenylnethylsilane,
phenyl net hyl silane, etc., and a Lewis acid catal yst

R2 is benzyl, (2-thienyl)methyl, or straight
or branched chain alkyl of 1 to 5 carbons, especially
benzyl. | |

Preferred compounds of this invention with

5 respect to X1 include those of formula III whereln.
q is one or two;
- R4 is hydrogen, methyl, or phenyl:
Rs5-is hydrogen:;
Rg and R7 are both hydrogen or are both
10 methyl, or Rg is lower alkyl'of 1 to 4 carbons, mono
substituted lower alkyl of 1 to 4 carbons, or alkenyl
of 3 to 5 carbons having one double bond and R7 is
hydrogen or Rg and R7 taken together with the carbon
_ to which they are attached complete a cycloalkyl of 3
15 to 5 carbons; ‘
_ R10 and R11 are both hydrogen or one is
hydrogen and the'other is lower alkyl of 1 to 4

carbons;
b is zero or one; and
20 R12 is hydrogen or lower alkyl of 1 to 4
carbons.

Most preferred are the above'compounds of
formula IIT wherein:
q is two;
25 R4 and Rs are both hydrogen,
Rg and R7 are both methyl or Rg is propyl,
allyl, or 2-hydroxyethyl and R7 is hydrogen;
b is zero:;
R10 and R11 are both hydrogeh'or one is
30 hydrogen and the other is methyl; and
R12 is hydrogen.
Preferred compounds of this invention with
respect to Xj include those of formula IV wherein:
r is one;
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such as stannic chloride, titaniumtetrachl oride, stan $%£n1de, bor on
trifluoride etherate, etc., followed by terification© car boxyl
group arnd subsequent treatnment with hydrazi ne hydrate to renove the
N-pht hal oyl protecting group. The internediate of formula XV wherein [err]
is as defined.in formmula IlIl and q is one or two, R7 is hydrogen, and R6

i s other than hydrogen can be prepared fromthe conpound of formula XXl V.
For exanple, when R6 is al kenyl or substituted al kenyl of 3 to 7 carbons,
treatment of conpound XXIV with an al kenyl or substituted al kenyl silane in
the presence of a Lews ixizerestal yst as exenplified above foll owed by

esterification of the ,@@rg)wd g&scrgggé@gbsggugg&efe Cpg 1

N- pht hal oyl protecting group-as above grves t desire
REPLACEMENT SHegTcarbons:

R9 is hydrogen;
5 R6.and R7 are both hydrogen or are both methyl
or R¢ is lower alkyl of 1 to 4 carbons or phenyl and
R7 is hydrogen; '
R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
10 carbons;
b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons. '
Most preferred are the above compounds of
15 formula IV wherein: '
| Rg is hydrogen or phenyl;
Rg and R7 are both hydrogen or Rg is phenyl
and R7 is hydrogen:;
R10. R11 and R12 are all hydrogen.
20 Preferred compouhds of this invention with
respect to X1 include those of formula V wherein:
s is zero:
t is one or two;
R¢ and R7 are both hydrogen or are both methyl
25 or Rg is lower alkyl of 1 to 4 carbons or phenyl and
R7 is hydrogen: o |
R10 and R1] are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4

carbons; _
30 b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons.

Most preferred are the above compounds of
formula V wherein:
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- 19 - internediate. The al kenyl noiety may be hydrogenatgg to give the
desired ‘i nternedi ate wherein [err] is al Eglll_or subst i t uf® %?kyl of 3 to7
carbons. Wen [err] is other than al kenyf®or substituted al kenyl, treatnent
of conpound XXVII with the corresponding R6 containing alum numor titanium
conpound in the presence of a Lewis acid catal yst foll owed by
esterification of the carboxyl group and subsequent renoval of the
N- pht hal oyl protecting group gives the desired internedi ate. The
i nternmedi ates of fornmula XV wherein [err] is as defined in formula | X or
[err] and v is two cantbgspgwdpared according to the follow ng process which

I's also part of this iﬂgeféiﬁﬁbnyl'and R7 is hydrogen; and
' R10, R1il. and R12 are all hydrogen.
Preferred compounds of this invention with
5 respect to X1 include those of formula VI wherein:
Y1 is 0, S, or CH2; | |
Rg and R7 are both hydrogen or Rg is lower
alkyl of 1 to 4 carbons and R7 is hydrogen;
' R10 and R11 are both hydrogen or one is hydro-
10 gen and the other is lower alkyl of 1 to 4 carbons:
b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons. | | _
Most preferred are those above compounds of
15 formula VI wherein:' ' |
- Y1 is CH3; ]
Rg and R7 are both hydrogen; and
R10., R11, and R12 are all hydrogen.
Preferred compounds of this invention with
20 respect to X1 includes those of formula VII wherein:
Y4 is -CH2-;
Rg and R7 are both hydrogen;
R10 and R1]1 are bgth hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
25 carbons, especially where both are hydrogen;
b is zero; and
R12 is hyd:ogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
Preferred compounds of this invention with
30 respect to X1 include those of formula VIII wherein:
Reg and R7 are both hydrogen or one is hydrogen
and the other is lower alkyl of 1 to 4 carbons;
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The N—phthaI|n1do a-amino acid of the formula (XXVI11)

[err] ~* -20- in the presence of a coupling catalyst asH¥®ibed above to
give the alcohol of the fornmula [err] Th#8atcohol of fornula XXX is
oxi di zed such as by treatnent with oxalyl chloride to give the
correspondi ng al dehyde which is then treated with an acid such as

trifluoroacetic acid or

hydrochl oric acid to give the carboxylic acid ester .

of the formula (XXXI) CH=CH2 [err]

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons, especially where both are hydrogen;

b is zero, and

5 R12 is hydrogen or lower alkyl of 1 to 4
carbons, especzally hydrogen.

Preferred éompounds of this invention with
respect to X) include those of formula IX wherein:

v is one or two, especially two;

10 w is one or two;

Y2 is S or CH2; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons, espec;ally hydrogen.

_ Preferred compounds of this iqvéntion with
15 respect to X1 include those of formula X wherein:
Y2 is CH2; |

w is one or two, espeéially two; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
20 Preferred compounds of this invention with
respect to X1 include those of formula XI wherein:
v is one or two, especially two;
Z is O or two hydrogens, especially two
hydrogens: and
25 R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
Preferred compounds of this invention with
respect to X1 include those of formula XII wherein:
Z is O or two hydrogens, especially O;
30 R17 is lower alkyl of 1 to 4 carbons,
especially methyl;
R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons, especially where both are hydrogen;;
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‘Cyclization of the conmpound of formula XXXI with a strong acid such as
trifluoromethanesul fonic acid foll owed by reesterifica@®¥®y conventioha
means and treatnment with sodiun1iodidé:§¥VEs a m xture of the conpounds of
t he fornmul as REPLACEVMENT SHEET -21- (XXXI'1) I O [err] Renoval of the

N- pht hal oyl protecting group fromthe intermediate of formula XXXI11 as
descri bed above gives the desired conpound of formula XV

b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen. :
Preferred compounds of this invention with
S _respect to X1 include those of formula XIII wherein:
¥3 is CH2 or S, especially CH2;
R13 is hydrogen; ,
R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
10 carbons, especially where both are hydrogen:;
' b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
The following examples are 1llustrat1ve of the
15 invention. Temperatures are given in degrees
centigrade. '

20 . 4 _ _ . . _

A solution of (1R,2S8)~{(-)-ephedrine (17.3 g.,
25 105 mmol.) in diethyl ether (175 ml.) was added in
one portion to a solution of 2-[(acetylthio)-
methyl]lbenzenepropanoic acid (50.0 g., 210 mmol.) in
diethyl ether (175 ml.). After standing at room
temperature for 16 hours, the crystallized ephedrine
30 salt was collected by filtration (19.7 g.); m.p. 114
- 125°; [alp = -40.6° (c = 1, methanol). An

additional amount of solid [8.9 g., m.p. 121 - 126°;
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wherein [err] is as defined in fornmnula X and Y2 is [err]. Treatnment of the
intermedi ate of formula XXXI'I with tris(trimethylsilyl)iAS9%ne or
tri-n-butyltin hydride in the presence & catal ytic amount of _

azobi si sobutyronitrile renoves the iodo group. The N phthal oyl group is
subsequent|ly rempved as described above to give the desired conpound of
formula XV wherein [err] is.as defined in fornula I X, vis tw, and Y2 is
-CH2-. Simlar procedure can be enployed to give the correspondi ng conpound
of - 22 - forrmula XV wherein [err] is as defined in formula I'X, v is

one,.and Y2 s ﬁé?#LS -47.2°, (c = 1, methanol)] separated from the

filtrate after remaining at room temperature for 20
hours. The solids were combined and recrystallized
from acetonitrile (1500 ml.). After 16 hours at room
5 temperature, 20.8 g. of solid was collected; m.p. 125

-130°C; [@)lp = -47.5° (¢ = 1, methanol). This
material was recrystallized in the same manner from
acetonitrile (300 ml.) to give 18.74 g.,'m.p.
128 - 130°; I[elp = -48.9° (c = 1, methanol). A

10 third recrystallization from acetonitrile (225 ml.)
afforded 17.4 g. of solid (S)-2-[(acetylthio)methyl]-
benzenepropionic acid, ephedrine salt; m.p. 128 -
129°; [alp = 150.1° (¢ = 1, methanol).
Anal. calc'd. for C32H1403S ' C10H15NO;

15 C,65.48; H,7.24; N,3.47; S,7.95
Found: 'C,65.46; H,7.34; N,3.21; S,8.00.

20 ) (S)-Z-[(Acetylthio)methyl]benzenepropanoic acid,
ephedrine salt (3.34 mmoles, 1.01 eq.) was suspendéd in
ethyl acetate (65 ml.), washed with dilute HCl (65 ml.
water + 4.7 ml. 1.0 N hydrochloric acid then 31 ml. water
+1.6 ml. 1.0 N hydrochloric acid), brine (10 ml.), dried

25 (anhydrous magnesium sulfate), filtered and evaporated to
dryness. The colorless syrup was dried in wvacuo for 1.0
hour to afford a quantitative amount of the free acid
(836 mg.).

The free acid was dissolved in dry dimethylformamide

30 (19 ml.), cooled down to 0° (ice-salt bath), treated with
1-hydroxybenztriazole hydrate (470 mg., 3.48 mmoles) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (690 mg.,
3.60 mmoles) and stirred at 0° under argon for 1.0 hour.

The clear solution was treated with (R)-3,4-dihydro-3-
-

L



Ot her procedures for preparing the internmediates of fornmula XV appear in
t he exanpl es. The conpounds of forrmula | contain one oﬂﬂﬁﬁ%aasynnetrlq
centers. Thus, these conpounds can exist3}n diastereoisonmeric forns or in
m xtures thereof and all of such forms are within the scope of this

I nvention. The above described processes can utilize racenmates,
enantioners, or diastereoners as starting materials. \Wen di astereoneric
conmpounds are prepared, they can be separated by conventi onal

chromat ographic or fractional crystallization nmethods. The conpounds of

phar maceut | cal F*;‘“aﬁﬁ l%‘f“"é%‘f*?*%%?&?%ﬁ%%@%a% ol Tagelid I st
al kal i net al saF?%eﬁu radiiagforfdngotasthenpro¢edure o fe fliaderetal salts
such as al., J. Med. Chem. 28, p 1517 - 1521 (1985)]

(1.2 g., 3.32 mmoles) and 4-methylmorpholine (0.37 ml.,

5 3.32 mmoles) and stirring was continued at 0° for 1.0 hour
and at room temperature for 1.0 hour. The reaction mixture
was diluted with ethyl acetate (80 ml.), washed
successively with water (12 ml. ). 5% potassium blsulfate
(12 ml.), water (12 ml.), saturated sodium

10 Dbicarbonate (12 ml.) and brine (12 ml.), dried
- (anhydrous magnesium sulfate), filtered, evaporated
to dryness and dried jin wvacug The crude product was
chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexanes (1:4)
15 to give 1.5 g. of the product as a syfup: Re = 0.68
(ethyl acetate:hexanes, 1:1).

c) [3R(S*)1-3,4-Dihvdro-3-[12- (mercaptomethyl)-1-

20 A solution of ;he ethyl ester product from part (a)
(1.5 g., 2.996 mmoles) in dry methanol (15 ml.) was purged
with argbn for 15 minutes, cooled down to 0° (ice-salt
bath) then treated dropwise with a previously purged
(argon, 30 minutes) solution of 1.0 N sodium hydroxide

25 (12 ml., 4 eq.) maintaining the bubbling of argon
throughout the addition and the length of the reaction.
The reaction mixture was stirred at 0° for 1.0 hour,
acidified at 0° with 5% potassium bisulfate (50 ml.) to pH
1.0 then extracted with ethyl acetate (2 x 100 ml.). The

30 organic extract was washéd with brine (25 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in yacuog. The crude product was
dissolved in a mixture of methylene chloride (10 ml.) and
ethyl ether (5.0 ml.) then treated portionwise with hexane
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cal.cium_and magnesium and salts derived from am no acids such as arginine,
lysine, etc. These salts are obtained by reacting the. &#3®%orm of the :
compound with an equival ent of base suppid/img the desired ion in a medi um
in which the salt precipitates or in aqueous nedium and then |yophilizing.
The conpounds of formula |I are dual inhibitors possessing the ability to

i nhibit both the angiotensin converting enzynme and neutral endo- peptidase.
Thus, the conpounds of formula I including their pharmaceutically _
acceptabl e salts are useful in the treatnment of physiological conditions in

. : : . ¥ coo B  al
endopept | dase | oy B ars FERERhRRE AT ek BT E R aTER ons
i ncl ude. precipitates were filtered off, washed with hexane
(50 ml.) and evaporated from pentane (4 x 50 ml.).
The solid was then stirred with pentane (50 ml.) for
5 48 hours at room temperature under argdn, filtered '
and dried in wvacuo for 6 hours to give 1.01 g. of the
product as an amorphous solid; Rf = 0.62 (methylene
chloride:methanol:acetic acid, 20:1:1); [alp =
-171.4° (c = 0.74, methanol). |
10 1H NMR (CDCl3): 2.47-2.90 (m, 6H), 3.84 (dd, 1H),
4.13 (4, 1H, J = 17 Hz), 4.71 (m, 1H), 4.85 (4, 1H,
J = 17 Hz), 6.88 - 7.67 (m, 9H).
Anal. calc'd. for C21H22N204S3:
C,58.59; H,5.15; N,6.51; S,14.89; SH,7.68
15 Found: C,58.55; H,5.35; N,6.20; S,14.56; SH,7.54.
[R-(R*.S*)1-3.4-Dihvdro-3- (2-mercapto-1-0x0-3-
. id :
20 a) (s)-2-(Acetvlithio)benzenepropanoic acid.
3 1ol lami 11 :

Sodium nitrite (10.3 g., 280 mmol.) was added
to a solution of D-phenylalanine (30.0 g., 181 mmol.)
and potassium bromide (73.5 g.) in sulfuric acid

25 (2.5 N, 365 ml.) over a period of one hour while
maintaining the temperature of the reaction mixture
at 0°C. The mixture was stirred for an additional
hour at 0°C and then for one hour at room

_ temperature. The reaction solution was extracted

30 with ether, the ether was back extracted with water,
and the ether layer was dried over sodium sulfate.
Ether was removed in vacug, and distillation of the
oily residue afforded 25.7 g. of (R)-2-bromo-3-
benzenepropanoic acid; b.p. 141° (0.55 mm of Hg.):;

—_———

———
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- 23 - cardiovascul ar di seases, particularly, hypertension, congestive
heart failure, renal failure, and hepatic cirrhosis, a3 as anal gesic
activity. Diuresis, natriuresis, and bl%%d‘pressure reducti on are produced
ina manmal i an host such as man by the admnistration of fromabout 1 ny.
to about 100 ng. per kg. of body wei ght per day, preferably from about .1
ng. to about 50 ny. per kg. of body wei ght per day, of one or nore of the
dual inhibitors of formula I or a pharnaceutically acceptable salt thereof.
The dual inhibitors of formula | are preferbly adm ni stered orally, but

parenteral routes such as bcut neous anuscul ar, and intravenous can
al so be enploytﬂ?D %é;q EOSe3 gn S@lﬁﬁﬂ£ﬂ¥@}ered S|ngly or can be

divided into two to fﬂUﬁxﬁEﬁﬁ@ ofliEHicERte¢ acid (7 ml., 97.9
mmol.) and potassium hydroxide (5.48 g., 97.9 mmol. )
in acetonitrile (180.5 ml.) was stirred under argon

5 at room temperature for 1 3/4 hours. The mixture was
cooled in an ice-bath, and a solution of (R) -2-bromo-
3-benzenepropanoic acid (20.4 g., 89 mmol.) in
acetonitrile (20 ml.) was added over a ten minute
peridd. The reac;ion was stirred under argon at room

10 temperature for 5 hours, filtered, and the
acetonitrile was removed in vacuo. The oily residue
was redissolved in ethyl acetate and washed with 10%
. potassium bisulfate and water. Removal of the ethyl
acetate in vacuo afforded 19.6 g. of crude product.
15 The crude product was purified via its dicyclo-
hexylamine salt using isopropyl'éther as solvent for
crystallization. An analytical sample of (S)-2-
(acetylthio)benzenepropanoic acid, dicyclohexylamine
_ salt was prepared by recrystallization from ethyl
20 acetate; m.p. 146-147°; [alp = -39.6° (c = 1.39,
chloroform) . '
Anal. calc'd. for C11H1203S e Cj12H23N: .
- C,68.11; H,8.70; N,3.45; S,7.91

Found: C,67.93; H,8.71; N,3.37; S,7.94.
25 i i

A suspension of (S)-2-(acetylthio)benzene-
propanoic acid, dicyclohexylémine salt (1,76 g.,
30 4.34 mmoles, 1.0l eq.) was suspended in ethyl acetate
(123 ml.), washed with 5% potassium bisulfate
(5 x 19 ml.) and brine (25 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryness
and dried in wvacuo. h '

" This Sheet Has Been R,

umm M mn I Iill



~
t hroughout the day. The dual inhibitors of formula | can be admnistered in
conmbi nation with human ANF 99 - 126. Such conbi nation ¥W29% contain the
inhibitor of formula | at from about 1 36 about 100 ny. per kg.  of body
wei ght and the human ANF 99 - 126 at from about 0.001 to about 0.1 ng. per
kg. of body weight. The dual inhibitors of fornula | can be adm nistered in
conmbi nation wth other classes of pharnmaceuti-cally active conpounds. For
exanpl e, a cal cium channel bl ocker, a potassium channel activator, a
chol esterol reducing agént, etc. The dual inhibitors of formula | or a

D ot Lo oo ShECEES b id el ol cand aion, Bbgdacyidanl |
phar macet i cal gBderidmi {2HI®l conprenlad fownoitooPdl (bemisakt atdn
treated with l-hydroxybenztriazole hydrate (611 mg. ,
4.52 mmoles) and l-ethyl-3-(3-(dimethylaminopropyl) -
5 carbodiimide (897 mg., 4.68 mmoles) and stirred at 0°
- for 1.0 hour. The solution was treated with (R)-3,4-
dihydro-3-amino-4-oxo-1,5-benzothiazepine-5 (2H) -
acetic acid, ethyl ester [prepared according to the
procedure of Slade et al., J. Med. Chem., Vol. 28,

10 p 1517 - 1521(1985)] (1.55 g., 4.292 mmoles) and 4-
methylmorpholine (0.48 ml., 4.37 mmoles) and stirring
was continued at 0° for 1.0 hour and at room
temperature for 1.0 hour. The reaction mixture was
diluted with ethyl acetate (104 ml.) , washed

.15 successively with water.(ls'ml.), 5% potassium
bisulfate (2 x 16 ml.), saturated sodium bicarbonate
(16 ml.) and brine (16 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryness
and dried in xagng, The crude product was

20 chromatographed on a éilica gel column (Merck),
eluting the column with ethyl acetate:hexane (1:4) to
give 1.347 g. of product as a syrup; Re¢ = 0.80 (ethyl
acetate:hexane, 1:1).

- ({R* Q%) 1 - - - - -] - - -
25 . Aol B . o _
acetic acid
A solution of the ethyl ester product of part
(b) (1.347 g., 2.768 mmoles) in methanol (14 ml.) was
purged with argon for 30 minutes, cooled down to 0°
30 (ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (11 ml., 4 eq.) maintaining
the bubbling of argon throughout the addition and the
length of the reaction. The reaction mixture was

iT[iiTed
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include tablets,
parentera
suspensi ons.

capsules, and elixirs,
adm ni stration include
About 10 to 500 ng.

physi ol ogi cal | y acceptabl e vehicle, carr
preservative, stabilizer, flavoring, etc.,
for by accepted pharnaceutical practi ce.

i nvention with respect to the nmercapto c
formula I, i.e. [err] include those wher

stirred at 0° for 1.0 hour,
potassium bisulfate (46 ml.

with ethyl acetate (2 x 100 ml.).
extracts were washed with brine (25 ml.),

(anhydrous sodium sulfate),
dryness and drled in vacuo.

and suitable conpositions for

24 - sterile scaf%ns and
of att3$e-|ngred|ent I s conmpounded with
i er, excipient, binder,
inaunit dose formas called
Preferred conpounds of this

ontai ni ng sidechain portlon of
ei n:

acidified at 0° with 5%

) to pH 2.0 then extracted
The organic

dried
filtered. evaporated to
The crude product was

dissolved in methylene chlorlde (10 ml.) and treated
portionwise with hexane (50 ml.), scratching the

mixture to form a solid.
10

The supernatant was
decanted and the solids triturated with additional

hexane (50 ml.) and pentane (2 x 100 ml.), stirring
with the first 100 ml. of pentane for 4 hours and the

next 100 ml. overnight under argon. _
obtained was then dried in wvacuo for 12 hours to give
1.048 g. of product as an amorphous solid; Rg

15

The prqduct

= 0.57

(methylene chloride:methanol: acetic acid, 20:1:1);

[alp -169.9° (c
1H NMR (CDCl3): 1.99(d,1H)
3.10 (m, 2H), 3.54 (m, 1H),
1H, J = 17 Hz) 4.65 (m, 1H)
7.12 - 7.68 (m, 9H).

20

0.61, methanol).

2.76 (t, 1H, J = 11Hz),
3.76 (m, 1H), 4.10 (d,
3 4-86 (d, 1Hl J = 17 HZ),

Anal. calc‘'d for C20H22N204S « 0.17 CsH12 -

0‘

- C,57.15;
C,57.15;

H,5.30;

25 Found: H,4.99;

30

Hydroxybenztriazole

52 H20:
N,6.40; S,14.64;
N,6.14; S,14.72;

SH,7.55
SH,8.02.

hydrate (1.42 g., 10.5

mmol.) and l-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide hydrochloride_(z.lo g., 11.0 mmol) were added
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[err] Rl is hydrogen, [err] , or [err], R3is lower alkyl of 1 to 4
carbons or phenyl, R18 is |lower alkyl of 1 to 4 car bon#A58%as zero or one,

R2 is [err]

substituted [err], [err],'b@ssrra|ght or branched chain al kyl

of 1 to 7 carbons, -and R19 is hydrogen. Mst preferred are the above
mer capt o contai ning sidechains wherein: [err] RL is hydrogen or
, especially hydrogen; n is zero; and REPLACEMENT SHEET

10

15

20

25

30

to a solution of N-phthaloyl-L-phenylalaninamide
(2.95 g., 10.0 mmol.) in dry methylene chloride (30
ml.) at 0° under argon. After stirring at 0°C for 30

‘minutes, the resulting mixture was treated with

glycine, ethyl ester, hydrochloride (1.675 g., 12.0
mmol.) and N-methylmorpholine (1.32 ml., 12.0 mmol).
After stirring at 0°C for 1 hour and at room
Eemperature for 3 hours, the mixture was partitioned

between ethyl acetate-5% potassium bisulfate. The

organic phase was washed successively with 5%
potassium bisulfate, saturated sodium bicarbonate and
saturated sodium chloride solutions; dried (sodium
sulfate) and evaporated to dryness. Trituration of
the crude product with ethyl ether gave 3.542 g. of
product as a white, crystalline solld m.p 158-159°C;
= 0.33 (acetone:hexane, 2:3); [alp = -99.7° (c =

0.61. chloroform).

A mixture of phosphorus pentoxide (9;6 g, 68
mmol) and 85% phosphoric acid (6.0 ml) was heated

_with stirring until all of the phosphorus pentoxide

had dissolved. The resulting viscous liquid was
taken up in glacial acetic acid (36 ml), treated
successively with N-(N-phthaloyl-L-phenyl-
alanyl)glycine, ethyl ester (2.241 g., 5.90 mmol.)
and trioxane (0.75 g., 8.3 mmol.), and heated at 80°C
(bath temperature) under an argon atmosphere. After
stirring at 80°C for 6.5 hours the mixture was
treated with an additional portion of trioxane

(0.75 g, 8.3 mmol). After stirring at 80°C for an
additional 16 hours, the reaction was quenched with
an ice-water mixture and extracted with ethyl
acetate. The ethyl acetate extract was washed with
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- 25 - R2is benzyl, (2-thienyl)nethyl, or straight or branched chai n al kyl
of 1 to 5 carbons, especially benzyl. Preferred conpound@ﬁﬁﬁathrs I nvention
with respect to [err] include those of T a 111 wherein: g i's one or
two; R4 is hydrogen, nethyl, or phenyl; R5 is hydrogen; R6 and R7 are both.
hydrogen or are both nmethyl, or R6 is lower alkyl of 1 to 4 carbons, nono
substituted |l ower alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons
havi ng one doubl e bond and R7 is hydrogen or R6 and R7 taken together with
the carbon to which they are-attached conplete a cycloal kyl of 3

water (3X), saturated sodium bicarbonate (until
washes were basic) and saturated sodium chloride
solutions, dried (sodium sulfate) and evaporated to
dryness. The crude product was purified by flash

5 chromatography on silica gel (Whatmann LPS-1) eluting
with ethyl acetate-hexane (35:65) to give 1.718 g. of
product as a colorless foam; Rf = 0.38 (ethyl
acetate:toluene, 3:7). -

10 inol-3-oxo-2H-2- ine-2-

ethyl ester
A solution of (S)-1,3,4;5-tetrahydro-4-

phthalimido—3-oxo-2H-2-benzazepine-z-acetic acid,
ethyl ester (1.67 g., 4.26 mmol.) in 1.0 M hydrazine

15 hydrate in ethanol (9.0 ml., 9.0 mmoi.) was stirred
at room temperature under argon-for 36 hours. The
mixture was diluted with an equal volume of ethyl'
acetate, filtered and filtrate evaporated to dryness.
The residue was taken up in toluene and again

20 ev;porated to dryness. The colorless, semi-solid
residue (1.81 g.) was taken up in dry methylene
chloride (20 ml.), placed in an ice bath and treated
successively with triethylamine (0.80 mli., 5.8 mmol.)
and benzylchloroformate (0.77 ml., 5.4 mmol.). After

25 stirring at 0°C for 2 hours, the mixture was
partitioned between ethyl acetate-5% potassium
bisulfate. The organic phase was washed successively
with 5% potassium bisulfate, saturated sodium
bicarbonate and saturated sodium chloride solutions,

30 dried (sodium sulfate), and evaporated to dryness.
Purification of the crude product by flash
chromatography on silica gel (Whatmann LPS-1) eluting
with ethyl acetate:hexane (1:2) gave 1.0747 g. of
product as a colorless foam; Rg = 0.52 (ethyl
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to 5 carbons; [err] and [err] are both hydrogen or one | hydrogen and the
other is Iomer al kyl of 1 to 4 carbons, _b is zero or %and R12 is
hydrogen or |lower alkyl of 1 to-4 carbdfs™ Most preferred are the above
conpounds of formula Il wherein: g is two; R4 and [err] are both hydrogen;

[err] and R7-are both nmethyl or R6 is propyl, allyl, or 2-hydroxyethyl and
R7 is hydrogen; b is zero; [err] and [err] -are both hydrogen or one is
hydrogen and the other is methyl; and R12 is hydrogen.

acetate:toluene, 3:7). A sample crystallized from
hexane had m.p. 80 -82°C; [alp = +87.2° (c = 0.53,

chlorofbrm).

_ 20% Palladium hydroxide/carbon catalyst was
added to a solution of'(S)-l 3,4, 5-tetrahydro¥4-
[ [ {(phenylmethoxy) carbonyllamino] -3 -oxo-2H-2-
benzazeplne -2-acetic acid, ethyl ester (1.037 g..
10 2.62 mmole) in absolute ethanol (20 ml.) and the
resulting suspension was stirred under a hydrogen
atmosphere (balloon) for 2 hours. The mixture'was
 filtered through Celite and filtrate was evaporated
‘to dryness. The semi-solid residue was triturated
15 with hexane to give 0.63 g. of product as a white,
crystalline solid; m.p. 71-73° C; Re. = 0.38
(methanol :methylene chloride, 1:9); [alp = 77.5°
(c = 0.59, chloroform). '

20 -1-0%0-3- inol-3-oxo-2H-2-

(s)-2-[ (Acetylthio)methyl]benzenepropanoic acid
(obtained from the ephedrine salt as described |
previously) was reacted with the product from part
25" (b) according to the procedure of Example 1 part (b),
affording the title product as a colorless foam;
= 0.30 (ethyl acetate:hexane; 1:1).

30 acetic acid
"A solution of the product from part (e) in
methanol was treated with 1N sodium hydroxide
according to the procedure of Example 1 part (c) to
give the title product as a white solid; m. p. 149 -
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Preferred conpounds of this invention with respect to [err] include those
of formila IV wherein: r is one; - 26 - s is zero; R&ASSIahydrogen,
phenyl, or lower alkyl of 1 to 4 carbons® RO is hydrogen; R6 and R7 are

- both hydrogen or are both nmethyl or R6 is |ower alkyl of 1 to 4 carbons or .
phenyl and R7 is hydrogen; [err] and [err] are both hydrogen or one is
hydrogen and the other is [ower alkyl of 1 to.4 carbons;

151°C (decomp). Re¢ = 0.47 (methylene chloride:acetic
acid:methanol, 20:1:1); ([alp = +112.2° (¢ = 0.58,

methanol) _
Anal. calc’'d for C22H24N204S:
5 c,64.06; H,5.86; N,6.79; §,7.77; SH,8.02
Found: C,64.20; H,6.09; N,6.43; S,7.68; SH,8.33.
' EXAMPLE 4
10 acid
. g hyl

(S) -2- (Acetylthio)benzenepropanoic acid
15 (obtained from the dicyclohexylamine salt as
described previously) was reacted with the product
from Example 3 part (d) according to the procedure of
Example 2 part (b) affording the title product as a
colorless foam; Reg = 0.35 (ethyl acetate:hexane,.
20 1:1).

acid _ .
A solution of the prdduct from part (a) in
25 methanol was treated with 1IN sodium'hydroxide
according to the procedure of Example 2 part (c),
affording the title product as a white solid; m.p.
181 - 183° (decomposition); Rf = 0.49 (methylene
chloride:acetic acid:methanol, 20:1:1); ([&lp =
30 +103.4° (c = 0.57, methanol).
Anal. calc'd for C21H22N204S:
c,63.30; H,5.56; N,7.03; S,8.05; SH,8.30;
Found C,63.35; H,5.65; N,6.87; S,8.07; SH,9.40.
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b i.s zero; and R12 is hydrogen or [ower alkyl of 1 to 4 carbons. Mst
preferred are the above conpounds of fornula IV whergngggherr] is hydrogen .
or phenyl; R6 and R7 are both hydrogedOor R6 is phenyl and R7 is hydrogen;
[err] and R12 are all hydrogen. Preferred conpounds of this invention with
respect to [err] include those of fornula V wherein: s is zero; t is one or
two; R6 and R7-are both hydrogen or are both nmethyl or R6 is |ower alkyl of
1 to 4 carbons or phenyl and R7 is hydrogen; [err] and [err] are both -
hydrogen or one is -

. EXBMPLE 5
[S-(R* R*)1-2,3.4,5-Tetrahvdro-3-1[2- (mercapto-"
methvl) -1-oxo-3-phenvipropvllaminol-2-oxo-1H-
5 al [S-(R*R*)1-2,3.4,5-Tetrahvdro-3-[2-

(S)-2-[ (Acetylthio)methyl]benzenepropanoic acid,

ephedrine salt (1.547 g., 3.83 mmoles, 1.01 eqg.) was

10 suspended in ethyl acetate (72 ml.), washed with
dilute hydrochloric acid (72 ml. water + 5.4 ml.
1.0 N hydrochloric acid then 36 ml. water + 1.8 ml.
1.0 N hydrochloric acid), brine (12 ml.), dried
(anhydrous magnesium sulfate), filtgreq and

15 evaporated to dryness. The colorless syrup was dried
in vacuo for 1.0 hour to give 1.062 g.of (S)-2-
[(acetylthio)methyl]bénzeneproﬁanoic acid.

The free acid was dissolved in dry dimethyl-

formamide (21.8 ml.), cooled down to 0° (ice-salt

20 - bath), treated with l-hydroxybengtriaque hydrate
(540 mg., 3.99 mmoles) and l-ethyl-3-(3-
dimethylaminopropylcarbodiimide (792 mg., 4.13
mmoles) and stirred at 0° under argon for 1.0 hour.
The clear solution was treated with (S)-2,3,4,5-

25 tetrahydro-3-amino-2-oxo-l1H-benzazepine-l-acetic
acid, ethyl ester [prepared as described by watthey
et al., J. Med. _Chem.. 28, p. 1511 - 1516 (1985)]
(1.0 g., 3.81 mmoles) and stirring was continued at
0° for 1.0 hour and at room temperature for 1.0 hour.

30 The reaction mixture was diluted with ethyl acetate
(100 ml.), washed successively with water (15 ml.),
5% potassium bisulfate (2 x 15 ml.), saturated sodium
bicarbonate (15 ml.) and brine (15 ml.), dried
(anhydrous magnesium sulfate), filtered, evaporated
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hydrogen and the other is lower alkyl of 1 to 4 carbons; b is zero;
i s" hydrogen or lower alkyl of 1 to 4 carbons. Mst. pER6®9aed are the above
conpounds of formula V wherein: - 2T -t is two; R6 is phenyl
hydrogen; and [err] and [err] are all hydrogen. Preferred conpounds of this

I nvention with respect to [err] 'include those of formula VI wherein

is 0, S, or

10

15

20

25

30

CH2:

to dryness and dried in wvacuo. The crude product was
chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexane
nixtures (1l:4; 1:2) to give 1.725 g.of product as a
syrup; Rf = 0.42 (ethyl acetate:hexane, 1l:1). |

- * * - - -3 - -

A solution of the ethyl ester product from part
(a) (1.725 g., 3.574 mmoles) in methanol (18.0 ml.)
was purged with argon for 30 minutes, cooled down to
0° (ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (14.3 ml., 4 eq.) maintaining
the bubbling of argon throughout the addition and the
length of the reaction. The reaction mixture was
stirred at 0° for 1.0 hour, acidified at 0° with 5%
potassium bisulfate (60 ml.) to pH 1.0 then extracted
with ethyl acetate (2 x 120 ml.). The organic
extracts were washed with brine (30 ml.), dried
(anhydrous sodium sulfate), filtered, and evaporated
to dryness. The crude product was dissolved in
methylene chloride (10 ml.) and treated portionwise
with hexane (50 ml.), scratching the mixture to form
a'solid. The supernatant was decanted and the solids
triturated with additional hexane (2 x 50 ml.) and
pentane (2 x 100 ml.), stirring with the first 100
ml. of pentane for 4.0 hours and the next 100 ml.
overnight under argon. The product cbtained was then
dried in vacuo for 12 hours to give 1.438 g. of
product as an amorphous solid Rf = 0.53 (methylene

chloride:methanol:acetic acid, 20:1:1);
falp = —140 4° (c = 0.76, methanol)

and R12

and R7 is

[err]
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[err] and R7 are both hydrogen or [err] is |lower alkyl of 1 to 4 carbons
and R7 is hydrogen; [err] and [err] are both hydrogemas89ane is hydro- gen
and the other is lower alkyl of 1 te 42carbons; b is zero; and R12 is
hydrogen or lower alkyl of 1 to 4 carbons. Mdst preferred are those above
conpounds of formula VI wherein: Yl is CH2; [err] and [err] are both
hydrogen; and [err] and R12 are all hydrogen. Preferred conpounds of this

i nvention with respect to [err] includes those of fornmula VII wherein: Y4
is -CH2-;, [err] and R7 are both hydrogen; [err] and [err] are both hydrogen

or one.Is Anal. calc*d for C22H24N204S +.0.11 CsHi2:
Cc,64.42; H,6.07; N,6.66; S,7.63; SH,7.87
.~ Found:  C,64.07; H,6.13; N,6.34; §,7.25; SH,7.14.
INMR (CDC13) 1.42 (t, 1H), 1.95 (m, 1H), 2.44 - 2.90
5 (m, 7H), 3.27 (m, 1H), 4.37 (d, 1H, J = 17 Hz), 4.52
(m, 1H), 4.67 (4, 1H, J = 17 Hz), 6.86 - 8.00
(m, 9H).

10 _ inol-2-oxo-1H-be s

15 A suspension of (S)-Z-(acetylthio)
benzenepropanoic acid, dicyclohexylamine salt (1.70
g., 4.19 mmoles) was suspended in ethyl acetate (120
ml.), washed with 5% potassium bisulfate (5 x 20 ml.)
and brine (25 ml.), dried (anhydrous magnesium

20 sulfate, filtered, evaporated to dryneSs and dried in
yacuo to give 954 mg. of the free acid as a syrup.

This free acid was dissolved in dry methylene

chloride (25 ml.) and cooled down to 0° (ice-salt
bath) treated with l-hydroxybenztriazole hydrate

‘25 (594 mg., 4.40 mmoles) and l-ethyl-3-(3-dimethyl-
aminopropyl)carbodidimide (870 mg., 4.54 mmoles) and
stirred at 0° for 1.0 hour. The solution was treated
with a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-
oxo-1lH-benzazepine-l-acetic acid, ethyl ester

30 [prepared as described by Watthey et al., J. Med.
Chem., 28, p 1511 - 1516 (1985)] (1.0 g., 3.81
mmoles) in dry methylene chloride (10 ml.) and
stirring was continued at 0° for 1.0 hour and at room
temperature for 1.5 hours. The reaction mixture was
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hydrogen and the other is lower alkyl of 1 to 4 carbons, especially where
both are hydrogen; b is zero; and R12 is hydrogen or ﬁb&%?aalkyl-of l1to 4
" carbons, especially hydrogen. PreferFeﬂ3cbnpounds of this invention with

respect to [err] include those of formula VIII wherein: [err] and [err] are
both hydrogen or one is hydrogen and the other is |lower alkyl of 1 to 4
car bons; - 28 - [err] and [err] are both hydrogen or one is hydrogen and

the other is lower alkyl of 1 to 4 carbons, especially where both are-
hydrogen; b is zero, and '

diluted with ethyl acetate (100 ml.), washed
successively with water (15 ml.), 5% potassium
bisulfate (2 x 15 ml.), saturated sodium bisulfate
(15 ml.) and brine (15 ml.), dried (anhydrous sodium
5 sulfate), filtered, evaporated to dryness'and_dried
in vacuo. The crude product was chromatographed on a
silica gel column (Merck), eluting the column with
ethyl acetate:hexane mixtures (1:4; 1:2) to give
1.632 g. of product as a syrup. An additional
10 127 mg. of the isomer mixture (1:1 ratio) was also
obtained from the column; Rf = 0.50 (ethyl
' acetate:hexane, 1:1).

- * * - - -l -

15 acetic acid
A solution of the ethyl ester product from part
(a) (1.57 g., 3.35 mmoles) in methanol (17.0 ml.) was
purged with argon for 30 minutes, cooled down to 0°
(ice-salt bath) then treated dropwise with a
20 previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (13.4 ml., 4.0 eq.)
maintaining the bubbling of argon throughout the
addition and length of the reaction. The reaction
mixture was stirred at 0° for 1.0 hour, acidified at.
25 0° with 5% potassium bisulfate (60 ml.) to pH 1.0
then extracted with ethyl acetate (2 x 110 ml.).' The
organic extracts were washed with brine (30 ml.),
dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried-in_xagug. The crude
30 product was dissolved in'methylene.chloride (10 ml.)
and treated portionwise with hexane (50 ml.),
scratching the mixture to form a solid. The
supernatant was decanted and the solids triturated
* with additional hexane (2 x 50 ml.) and pentane (2 x
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R12, is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen.
Preferred conpounds of this invention with respect toHaS99a include those
of formula I X wherein: v is one or two,44specially two; wis one or two; Y2
is S or CH2; and R12 is hydrogen or |ower alkyl of 1 to 4 carbons,
especi al Iy hydrogen. Preferred conpounds of this invention with respect to
[err] include those of formula X wherein: [err]; wis one or two,
especially two; and RL2 is hydrogen or |ower alkyl of 1 to 4 carbons,

especi ally hydrogen. Preferred compounds of this invention with respect to

Lerr] include {dpsd .97 REMMEAG i ¥HCNEL "irst 100 ml. of pentane
for 4 hours and the next 100 ml. overnight under
argon. The product obtained was then dried in wvacuo
for 12 hours to give 1.237 g. of product; Rf = 0.58

] (methylene chloride:methanol:acetic acid, 20 1:1);
[alp = -155.5° (¢ = 0.73, methanol).

Anal.calc'd.for C21H22 N204S « 0.1 C5H12 « 0.18 H20:
C,63.14; H,5.81; N,6.85; S,7.84; SH,8.09
Found: c,63.14; H,5.85; N,6.58; S,7.50; SH,7.05.
10 1H-NMR-(CDCl3): 1.88.(m, 1H), 1.97 (d,1H), 2.62
(m,2H), 3.07 (m, 2H), 3.25 (m, 1H), 3.51 (m, 1H),
4.39 (4, 1H, J = 17 Hz), 4.45 (m, 1H), 4.64
{m, 1H, J = 17 Hz), 7.07 - 7.41 (m, 9H).

15 - * -5. 6-Di ~5- - . ~1- -3

20 Following the procedure of U.S. Patent
4,460,579 Example 1l(a) through 1(c), 15.6 g., of the
diastereomeric product mixture was obtained. The
mixture was refluxed in ether (500 ml.) for 4 hours,
_ cooled in an ice-bath, and filtered to yield 5.9 g.
.25 of (2R-trans)-5,6-dihydro-5-phthalimido-4-oxo-2-
phenyl-2H-1,3-thiazine-3 (4H) -acetic acid, ethyl
ester; m.p. 166 - 168°C; R¢ = 0.40 (hexanes:ethyl
acetate, 1:1); [alp = -72.9° (¢ = 1, chloroform).
Anal. calc'd. for C22H30N20sS: |
30 C,62.25; H,4.75; N,6.60; S,7.77
Found: C,62.21; H,4.82; N,6.63; S,7.52.
Trituration of the remainder of the product mixture
with refluxing ether (125 ml.) afforded a second batch of
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v is one or two, especially two; Zis [err] or two hydrogens, especially
two hydrogens; and [err] is hydrogen or |ower alkyl &R5890 4 carbons,
especi al |y hydrogen. Preferred compoud®s-of this invention with respect to
[err] include those of fornmula XII wherein: Zis [err] or two hydrogens,
especially 0; R17 is lower alkyl of 1 to 4 carbons, especially methyl;
[err] and [err] are both hydrogen or one is hydrogen and the other is |ower °
~alkyl of 1 to 4 carbons, especially where both are hydrogen;; - - 29 -

0.9 g. of the (2R-trans) isomer product. The residue was
triturated again with refluxiﬁg ether to give 0.75 g. of
insoluble substance [largely (2R-trans) isomer] and 7.1 g.
of material enriched in (2S-cis) isomer. 6.0 g. of the

5 enriched (2S-cis) isomer material was chromatographed on
two connected Waters Prep L C columns and eluted with
hexanes:ethyl acetate (3:1). Pooling of the product
containing fractions yielded 4.8 g. of (28-cis)-5,6-

. dihydro-5-phthalimido- 4-oxo-2-pheny1 -2H-1,3-thiazine-

10 3(4H)-acetic acid, ethyl ester, m. p. 66 - 68°C;
[@lp = -101.2°. TLC same as isomer A.

Anal. calc'd. for Ca2H20N205S « 0.2 H0:
C.61.83: H'4.79; N16.55; Sl7050
Found: c,61.83; H,5.07; N,6.25; S,7.42.

15

A solution of the (2S-cis) isomer product from part
(a) (approximately 85% diastereomerically pure, 3.03 g.;
= 7.1 mmol.) in chloroform (15 ml.) was treated with methyl
20 hydrazine (850 pl., 736 mg., 16.0 mmol.). After stirring
at room temperature for 24 hours, the mixture was diluted
with ethyl acetate and ethyl ether and filtered. The
filtrate was extracted twice with 0.5 N hydrochloric acid
-and the pooled aqueous extracts were made basic with 1 N
25 sodium hydroxide. The agqueocus mixture was extracted three
times with methylene chloride and the pooled methylene
chloride extracts were dried (sodium sulfate), filtered,
and stripped to give 1.648 g., of product as a pale vellow
oil; Rg = 0.43 ( methylene chloride:acetic acid:methanol,
30 8:1:1). NMR analysis showed the product was obtained in
approximately 84% diastereomeric purity.
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b is zero; and R12 is hydrogen or |lower alkyl of 1 to 4 carbons, especially
hydrogen Preferred conpounds of this invention with HsS$®xt to [err]

i ncl ude those of forrmula X1l wherein:4&3-is [err] or [err] especi al |y CHZ;
[err] is hydrogen; [err] and [err] are both hydrogen or one is hydrogen and -
the other is lower alkyl of 1 to 4 carbons, especially where both are
hydrogen; b is zero; and Rl2 is hydrogen or |ower alkyl of 1 to 4 carbons,-
especially hydrogen. The followi ng exanples are illustrative of the

i nvention. Tenperatures are given in degrees centigrade. [err]

- * - - -5 -

(S)-2-(Acetylthio)benzenepropanoic acid,

5 dicyclohexylamine salt (1.318 g., 3.25 mmol.) was
partitioned between ethyl acetate and 5% potassium
bisulfate. The ethyl acetate layer was washed with water
and brine, then dried (sodium sulfate), filtered and
stripped to give the free acid as a colorless oil. A

10 mixture of acid this free acid and the (2S-cis) product
from part (b) (84% diastereomeric purity, 960 mg., 3.26
mmol.) was dissolved in methylene chloride (25 ml.) and
treated with l—hydroxybenztriaiole hydrate (622 mg., 4.6
mmol.) then cooled to -10°C. The mixture was subsequently

15 treated with l-ethyl-3-(3-dimethyl-aminopropyl)-
carbodiimide (687 mg., 3.58 mmol.). After slowly warmlng
to 0°C over a one hour period, the mixture was
subsequently warmed to room temperature. After 4 hours,
the solution was diluted with ethyl acetate and washed

20 successively with water, 5% potassium bisulfate, water,
saturated sodium bicarbonate, and brine, then dried
(sodium sulfate), filtered, and stripped. The residue was
flash chromatographed (Merck silica gel, 1:1-ethyl
acetate:hexane) to give 804 mg. of product as a colorless

25 foam; = 0.33 (50% ethyl acetate in hexanes). NMR
analy515 indicated the material was 91% dlastereomerlcally
pure with respect to acetylthio center.

- * - - -l - -] - -

30 acetic acid
A solution of the ethyl ester product from part (c)
(500 mg., 1.0 mmol.) in methanol (5 ml., deoxygenated via
argon bubbling) at 0°C was treated with ice cold 1 N
sodium hydroxide (5 ml., deoxygenated via argon bubbling)

Tl




A solution of (1R 2S)-(-)-ephedrine (17.3 g., 105 mml.) in diethyl ether
(175 m.) was added in one portion to a solution of 2HAS88etylthi0)-
met hyl ] benzenepr opanoi ¢ acid (50.0 g.-, 4716 mmol .) in diethyl ether (175
m.). After standing at roomtenperature for 16 hours, the crystallized
ephedrine salt was collected by filtration (19.7 g.); mp. 114 [err] (c =
1, nethanol). An additional anmount of solid (8.9 g., mp. 121 - [err]; -
30 - [err] filtrate after remaining at roomtenperature for 20 hours. The
solids were conbined and recrystallized fromacetonitrile (1500 m.). After
16 hours at rQQE the resulting mixture was stirred at 0°C under argon
for 30 minutes. The solution was acidified with 10%
potassium bisulfate (15 ml.), diluted with water and
extracted with éthyl acetate. The ethyl acetate extract
5 was washed with water and brine, then dried (sodium
sulfate), filtered and stripped to afford an oil/foam.
This material was flash chromatographed (Merck silica gel,
20:1:1-methylene chloride:methanol:acetic acid). The .
fractions containing the product were pooled and stripped,
10 and the residue was taken up in ethyl acetate and washed
successively with water, 0.5 N hydrochloric acid, and
brine, then dried (sodium sulfate), filtered and stripped
again. The resulting oil was dissolved in a small amount
_ of ethyl acetate and ethyl ether and triturated with
15 hexane. The mixture was stripped to diyness, slurried in
hexane, stripped to dryness again, and dried in wvacuo to
give 392 mg., of product as a white foam; Rg = 0.24 |
(methylene chloride:methanol:acetic acid, 20:1:1); [alp =
-13.2° (c = 0.5, chloroform).
20 HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with
44% A: 90% water- 10% methanol-0.2% phosphoric acid and
56% B: 10% water-90% methanol-0.2% phosphoric acid; flow
rate 1.5 ml/min detecting at 220 nm; tr = 26.22 min. and
= 24.64 min (9.3% 5a(S*) isomer).
25 Anal. calc'd.for C21H22N204S2 ¢ 0.17H20:
C,58.18; H,5.19; N,6.46; S,14.79; SH,7.63
Found:  C,58.20; H,5.51; N,6.44; S,14.46; SH,6.60.
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tenperature, 20.8 g. of solid was collected; mnp. 12§A£err]. This materi al
was recrystallized in the sane manner from acetonitr 29800 nl.) to give
18.74 g., mp. [err] third recrystarl #8ation fromacetonitrile (225 ni.)
afforded 17.4 g. of solid (S)-2-[(acetylthio)nmethyl]- benzenepropionic
~acid, ephedrine salt; mp. 128 - (S)-2-[(Acetylthio)nethyl]benzenepropanoic
acid, ephedrine salt (3.34 nmoles, 1.01 eq.) was suspended in ethyl acetate
(65 m.), washed with dilute HO (65 m. water + 4.7 m. 1.0 N hydrochloric
acid then 31 ml. water +1.6 m. 1.0 N hydrochloric acid), brine (10 m.),,
dried (anhydrous magnesi um sul fate), gkl eg and evaporated to dryness.
The col orl ess _syru was _dried_ in vacuo .0 hour to afford a

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid
(obtained from the ephedrine salt as described previously)
10 was reacted with the product from Example 7 part (b)
according to the proéedure of Example 1 part (b).
affording the title product as a white _
foam; Re = 0.29 (50% ethyl acetate in hexanes).
NMR analysis indicated that the product was
15 diastereomerically pure.

_A'solution of the product frém part (a) in methanol
20 was treated with 1N sodium hydroxide according to the
procedure of Example 1 part (c), affording the title
product as a relatively hard white foam;
Rf = 0.29 (methylene chloride:methanol:acetic acid,
20:1:1); ([alp = +42.9° (c = 1.0, chloroform).
25 HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with

44% A: 90% water-10% methanol-0.2% phosphoric acic and 56%
B: 10% watér-90% methanol-0.2% phosphoric acid; flow rate
1.5 ml/min detecting at 220 nm; tr = 33.45 min (99.1%).
Anal. calc'd. for C22H24N204S2:

30 C,59.44; H,5.44; N,6.30; S,14.42; SH,7.44
Found: C,59.63; H,5.84; N,5.99; S,14.54; SH,6.83.
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The free acid was dissolved in dry dinmethylformam de (19 m.), cooled down
to [err] (ice-salt bath), treated with 1- hydroxybemﬂﬁﬁi&?@le hydrate (470
ng., 3.48 mmoles) and 1-ethyl - 3-(3-di & hyl ani nopr opyl ) car bodi i ni de (690
ng., 3.60 mvoles) and stirred at [err] under argon for 1.0 hour. The clear
solution was treated with (R)-3, 4-di hydro- 3- - 32- , :

am no- 4- oxo- 1, 5- benzot hi azepi ne-5(2H) -acetic acid, ethyl ester [prepared
according to the procedure of Slade et al., J. Med. Chem [err], p 1517 -
1521 (1985)] (1.2 g., 3.32 mmol es) and 4-net hyl norpholine (0.37 m ., 3.32

~ mol es) and stirring was continued agnhﬁgﬁkLﬁpr 1.0 hour and at room
tenperature for 1.0 hour. The reacti xture was diluted with ethyl
acetate (80 rSaSlsHexadydro-3-12-(mercaptomethyl)-1-oxo-3-

Cesium carbonate (4.28 g., 13.1 mmoles) was
added to a mixture of N2—[(1.l-dimethylethoxyfcarbonyl]-
N6-[ (phenylmethoxy)carbonyl] -L-lysine (10 g., ' '
26.3 mmoles) and 20 % water-methanol (60 ml.). The

10 solution became homogeneous within 5 minutes so the
solvent was stripped and the residual water removed
azeotropically with acetonitrile (3x). The resulting oil
was dried in vacuo , dissolved in dry dimethyiFformamide
and treated with methyl iodide (3.2 ml., 2.0 eq.). The

15 reaction mixture wés stirred at room témperature for 1.5
hours under argon, diluted with ethyl acetate (200 ml.)
and washed successively with water (2 x 25 ml.), saturated
sodium bicarbonate (25 ml.) and brine (25 ml.). The
organic phase was dried (anhydrous magnesium sulfate),

20 filtered, evaporated to dryness and dried ip vacuo to give
10.11 g., of product as a light yellow syrup; Rf = 0.30
(ethyl acetate:hexanes, 1:2).

25 A solution of the methyl ester product from part
(a) (8 532 g., 21.63 mmoles) in dry methanol (100
ml.) was treated with 10% palladium on carbon
catalyst (2.13 g.) and hydrogenated at 50 psi for 2
hours. The mixture was diluted with methanol (100

30 ml.) and filtered through a celite pad in a millipore
unit, waShing the pad well with methanol (3 x 100
ml.). The clear filtrate was evaporated to dryness,
dried in vacuo and the resulting oil was dissolved
in dry xylene (70 ml.). The solution was refluxed
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successively with water (12 m.), 5% potassi um bisulfate §12 m.), water
(12 mM.), saturated sodi um bi carbonate 812 m.) and bHRAR €12 m.), dried
(anhydr ous nmagnesi um sul fate), fllterea 8vaporated to dryness and dried
[err] The crude product was chromat ographed on a silica gel columm (Merck),
eluting the colum with ethyl acetate: hexanes (1:4) to give 1.5 g. of the
product as a syrup; Rf = 0.68 (ethyl acetate:hexanes, 1:1). [err] A
solution of the ethyl ester product frompart (a) (1.5 g., 2.996 mmples) in
dry nmethanol (15 m.) was purged with argon for 15 m nutes, cooled down to

[err] (ice- SahhdbatHigbheﬂofrE?HﬁﬂgQ&OwddiédwhbgnatBr?&&§35L¥ purged
i e ning  NEMBREBERRS: oL Lo Phith S SERESERA CFOMhrkS  he | ength of
t he reaction. and washed successively with 5% potass1um bisulfate
(85 ml.), saturated sedium bicarbonate (85 ml.) and
5 Dbrine (85 ml.). The organic phase was dried
(magnesium sulfate), filtered, evaporated to dryness
and dried in vacug. The crude product was
chromatographed on a silica gel column (Merck) ,
eluting the column with ethyl acetate:hexane (1:1) to
10 give 2.76 g. of product as a white solid; m. p.
146-147°; Rf = 0.58 (ethyl acetate); [alp = +4.5°
(¢ = 1.0, methanol).
Anal. calc'd. for C11H20N203:
_ C,57.87; H,8.83; N,12.27
15 PFound: c,58.12; H,8,63; N,12,26.

A suspension of the 2H-azepine-2-one product
from part (b) (2.966 g., 12.99 mmoles) in dry

20 tetrahydrofuran (21.0 ml.) was treated with 1.0 M
potassium t-butoxide/tetrahydrofuran (16.9 ml., 1.3
eq.) and stirred under argon at room temperature for
S-minutes. The clear light brown solution was
treated dropwise with ethyl bromoacetate (2.34 ml.,

25 1.7 eq.) , stirred at room temperature for 1.0 hour
then diluted with ethyl acetate (100 ml.). The
mixture was washed with saturated sodium bicarbonate
(20 ml.), 5 % potassium bisulfate (15 ml.) and brine
(15 ml.), dried (anhydrous magnesium sulfate),

30 filtered, evaporated to_dryness and dried in wvacuo.
The crude product was chromatographed on a silica gel
column (Merck), eluting the column with hexane and
ethyl acetate:hexane mixtures (1:6; 1:3) to give

}hsB&meimxd
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The, reaction mxture was stirred at [err] for 1.0 hour, acidified at [err]
w th 5% potassium bisul fate (50 ni.) tqﬁEH 1.0 then ex#AZ¥%ad Wi th ethyl
acetate (2 x 100 m.). The organic extraet~was washed with brine (25 m.),
dri ed (anhydrous sodiumsulfate), filtered, evaporated to dryness and dried
in [err]. The crude product was dissolved in a mxture of methylene _
chloride (10 m.) and ethyl ether (5.0 m.) then treated portionwi se with
hexane . - 32 - (30 mM.), scratching the mxture to forma solid. The
precipitates were filtered off, masged with hexane (50 m .) an? eva?ggaafd)
from pent ane m .9 . ol en,stir ent ane :
for 42 hour s ga?'jr(so?so?ﬁ't eorr%grrga&rcz éﬁdg\rﬂ@g?%%hfk? i td<’a$§dwlet‘:?‘yIi

acetate: hexane, 1:1)

5 A solution of the ethyl ester product from
part (c) (3,278 g., 10.13 mmoles) in dry dioxane (80
ml.) was treated with 4.0 M hydrochloric acid/dioxane
(31 ml., 0.124 mole, 12 eq.) and stirred at room
temperature under argon for 20 hours. The reaction

10 mixture was stripped to dryness, evaporating the
product several times from ether, then dried in vacuo
to give 2.541 g. of product as a white crystalline
hygroscopic solid; Re¢ = 0.32 (methylene

: ' chloride:methanol:acetic acid, 8:1:1).

15 e) (s.5)-3-[[2-T(Acetylthiolmethyll-1-oxp-3-

ethyl ester
(S)-2-[ (Acetylthio)methyl]benzenepropanoic
acid, ephedrine salt (1.625 g., 4.028 mmoles,

20 1.0l1 eq.) was suspended in ethyl acetate (75 ml.),
washed with dilute hydrochloric acid (75 ml. water +
5.7 ml. 1.0 N hydrochloric acid then 40 ml. water +
1.9 ml. 1.0 N hydrochloric acid), brine (15 ml.),
dried (anhydrous sodium sulfate), filtered and

25 evaporated to dryness. The colorless syrup was dried
in vacuo for 1.0 hour to afford 1.05 g.of the free
acid.

This free acid was dissolved in dry
dimethylformamide (25 ml.), cooled down to 0° (ice-
30 salt bath), treated with 1-hydroxybenztriazole
hydrate (567 mg.,4.20 mmoles) and l-ethyl-3-(3-
dimethylaminopropylcarbodiimide (832 mg.,4.34 mmoles)
and stirred at 0° under argon for 1.0 hour. The
clear solution was treated with a solution of the
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and. dried in vacuo for 6 hours to give 1.01 g. of the ro%uct as an

anor phous solid; [err] 0.62 (nethyle chl ori de: met Bjcetic acid,
20:1:1); [err] [err (c 0.74, nmethanol™). 1H NWR [err]: 2.47-2.90 (m 6H)
3.84 (dd, 1H), 4.13 (d, 1H, J = 17 Hz), 4.71 (m 1H), 4.85 (d, 1H, J = 17.
Hz), 6.88 - 7.67 (m 9H). Anal. calc'd. for [err]: C 58.59; H 5.15; N, 6.51;
S, 14.89; SH, 7.68 Found: C,58.55; H,5.35; N, 6.20; S, 14.56; SH,7.54. [err]
Sodiumnitrite (10.3 g., 280 nmol.) was added to a solution of _
D-phenyl al anine (30.0 g., 181 mmol.) and potassiumbronmde (73.5 g.) in
sul furic acidgthyd Mstesshydrpchieride psaltoprafdunte ofoparehi(@e nai nt ai ni ng

t he terrpg(rjat ur@.@f g.hesreaet nMB18%5 Kt {48 edﬂ; éi%(édhyl&?m%&gr §3VgS stirred
for an a 't'oﬁ9) and 4-methylmorpholine (0.45 ml., 1.0 eq.) and
stirring was continued at 0° for 1.0 hour and at room

5 temperature for 2.0 hours. The reaction mixture was
diluted with ethyl acetate (100 ml.), washed
successively with water (15 ml.), 5 % potassium
bisulfate (2 x 15 ml.), saturated sodium bicarbonate
(15 ml.) and brine (15 ml.), dried (anhydrous sodium

10 sulfate), filtered, evaporated'to dryness and dried
in vacuo. The crude product was chromatographed on a
silica gel column (Merck), eluting the column with |
ethyl acetate:hexane mixtures (1:4; 1:2) to give
1.618 g., of product as a syrup; R¢ = 0.030 (ethyl

15 acetate:hexane, 1:1). ’

A solution of the ethyl ester product from
part (e) (1.537, 3.53 mmoles) in methanol (18 ml.)

- 20 was purged with argon for .30 minutes, cooled down to
0° (ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of 1.0
N sodium hydroxide (14.2 ml., 4 eq.) maintaining the
bubbling of argon throughout the addition and the

25 length of the reaction. .The reaction mixture was
stirred at 0° for 1.0 hour, acidified at 0° with 5%
potassium bisulfate (60 ml.) to pH 2.0 then extracted
with éthyl acetate ( 2 x 100 ml.). The organic
extracts were washed with brine (25 ml.), dried

30 (anhydrous sodium sulfate), filtered. evaporated to
dryness and dried in,xagng. The crude produét was
dissolved in methylene chloride (5 ml.) and treated
portionwise with hexane (50 ml.), scratching the
mixture to form a solid. The supernatant was
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hour at [err] and then for one hour roomtenperature. The reaction
~solution was extracted with ether, the t her was backH%§?$%cted w th water,
and the ether |ayer was dried over sodpgn1sulfate Et her was renoved [err]
and distillation of the oily residue afforded 25.7 g. of (R)-2-brono- 3-
benzenepropanoic acid; b.p. [err] (0.55 mmof Hg.); -33- [err] A mi xtur e
of- thioacetic acid (7 m., 97.9 mmol.) and potassi um hydroxi de (5.48 g.
97.9 mol .) in acetonitrile (180.5 m.) was stirred under argon at r oom
temperature for 1 3/4 hours. The m xture was cooled in an ice-bath, and a

sol ution of (BecdnBe@M@nd the solids were triturated with more
hexane (3 x 50 ml.) and the SOlldS were evaporated
from pentane (4 x 40 ml.). The resultlng product
was dried in vacuo 12 hours to give 1.261 g., of
5 product as an amorphoﬁs solid; Rf = 0.43 (methylene.
chloride:methanol:acetic acid, 20:1:1):
[@lp = +20.2° (c = 0.61, methanol).
1H-NMR (400 MHz, CDCl3): 1.46 (t,3H), 1.81, (m,6H),
2.60(m,2H), 2.87 (m,3H), 3,21 (m,1H), 3.71 (m,1lH),
10 4.17(s,2H), 4.68 (m,1H), 7.13 - 7.27 (m, 5H).
Anal. calc'd. for CigHz4N204S o 0.2CsH32 * 0,45 H20:
~ ¢,58.96; H,7.11; N,7.24; S,8.28; SH,8.54;
Found: C,58.96; H,6.86; N,7.07; S,8.31; SH,8.43.

15 - -3-[(2- -1-0x0-3= -

20 A suspension of (S)-2-(acetylthio)-
benzenepropanoic acid, -dicyclohexylamine salt
(2.81 g., 6.93 mmoles or 1.01 eqg.) was suspended in
ethyl acetate (200 ml.), washed with 5% potassium
bisulfate (5 x 30 ml) and brine (40 ml.), dried

25 {anhydrous magnesium sulfate), filtered, evaporated
to dryness and dried in vacuo to give 1.737 g. of the
free acid as a clear syrup. _

This free acid was dissolved in dry methylene

chloride (30 ml.) and cooled down to 0° (ice-salt

30 Dbath) treated with l-hydroxybenztriazole hydrate
(978 mg., 7.23 mmoles) and l-ethyl-3~(3-dimethyl-
aminopropyl) carbodiimide (1.435 mg., 7.49 mmoles) and
stirred at 0° for 1.0 hour. The solution was treated
with a solution of (S)-3-amino-hexahydro-2-oxo-1H-
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3-benzenepropanoic acid (20.4 g., 89 mmol.) in acetonitrile (20 m.) was
- added over a ten minute period. The reaction was sti Ha&®%nder argon at .
roomtenperature for 5 hours, filterecd4 and the acetonitrile was removed in
vacuo . The oily residue was redissolved in ethyl acetate and washed with
10% pot assi um bi sul fate and water. Renobval of the ethyl acetate in vacuo
afforded 19.6 g. of crude product. The crude product was purified via its
di cycl o- hexyl ami ne salt using isopropyl ether as solvent for
crystallization. An analytical sanple of (S)-2-'

(acetyl thi o) WW1%%% aeid, Qtﬁ%' iﬁ Was prepar ed by

recrystallization from ethyl acetate; err c = 1..39,
chl orof orny . S . Z]czﬁacgd o0 mpples) 6-'8’1 eng, gl er$e7_91
(10 ml) and 4-methylmorpholine (0.77 ml., 7.01

mmoles) and stirring was continued at 0° for 1.0 hour

5 and at room temperature for 1.5 hours. The reaction
mixture was diluted with ethyl acetate (170 ml.) ,
washed successively with water (25 ml.), 5% potassium
bisulfate (2 x 25ml.), saturated sodium bicarbonate
(25 ml.) and brine (25 ml.), dried (anhydrous

10 magnesium sulfate), filtered, evaporated to dryness
-and dried in yacuo. The crude product was
chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexanes (3:7)
to give 2.045 g. of product as a syrup. An

15 additional 261 mg. of the isomer mixture (1:1 ratio)
was obtained from the column; Rf.= 0.45 (ethyl
acetate:hexane, 1:1). |

20 A solution of the ethyl ester product from part
(a) (2.044 g., 4.86 mmoles) in methanol (25 ml.) was
purged with argon for 30 minutes, cooled down to 0°
(ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of 1.0

25 N sodium hydroxide (19.55 ml., 4 eqg.) maintaining the
bubbling of argon throughout the addition and the
'length of the reaction. The reaction mixture was
stirred at 0° for 1.0 hour, acidified at 0° with 5%
potassium bisulfate (85 ml.) to pH 2.0 then extracted

30 with ethyl acetate (2 x 140 ml.). The organic
extracts were washed with brine (35 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in wvacuo The crude product was
dissolved in methylene chloride (10 ml.) and treated
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Found: C 67.93; H8.71; N 3.37; S,7.94. b) err

3- nhenylnroryllan1no| 4- ox0-1. 5- benzothlazenlne- 5(2HR32% i c acid. ethyl
ester A suspension of (S)-2-(acety|thi%?bénzene- pr opanoi ¢ aci d,

di cycl ohexyl am ne salt (1,76 g., 4.34 mmoles, 1.01 eq.) was suspended in
ethyl ‘acetate (123 m.), washed with 5% potassium bisulfate (5 x 19 m.)
and brine (25 m.), dried (anhydrous magnesium sul-fate), filtered,
evaporated to dryness and dried in vacuo. -34- The free acid was

di ssolved in dry nethylene chloride (25 m.), cooled dowmn to [err] "

.(ice-salt batgprtionwise with hexane (50 ml.), scratching the
mixture to form a solid. The supernatant was
decanted and the solids triturated with more hexane
(2 x 50 ml.) and pentane (2 xllbo ml.), stirring with

5 the first 100 ml. of pentane for 4 hours and the next
100 ml. overnight under argon; The product obtained
was then dried in vacuo for 12 hours to give 1.618
g.of product as an amorphous solid; Rf = 0.53
(methylene chloride:methanol:acetic acid, 10:1:1);

10 [alp = +8.04° (c = 0.56, methanol).

1HNMR (400 MHz, CDCl3): 1.71 (m,6H), 2.02 (4,1H),
3.16 (m,BH).‘3.61 (m, 1H), 3.70 (m,1H), 4.17 (s,2H),
4,65 (m,1H), 7.18 - 7.72 (m,5H). '
Anal. calc'd. for C17H22N204S:

15 c,58.27; H,6.33; N,7.99; S,9.15; SH,9.44
'Found: C,58.43; H,6.56; N,7.85; S,8.96; SH,10.27.

20 carboxylic acid

a) N2-phthalovl-L-lvsine
A mixture of N6-[(1,1-dimethylethoxy)carbonyl]-L-

lysine (10.827 g., 43.9 mmol.) and sodium carbonate (4.665
g., 44.0 mmol.) was stirred in 170 ml of ethanol:water

25 (1:3) for 2.5 hours. The ethanol was removed by rotary
evaporation and the aqueous solution was treated with N-
carbethoxy phthalimide (9.66 g, 44.0 mmol). After
stirring at room temperature for 1.5 hours, the solution
was filtered, treated with methylene chloride (200 ml),

30 and the aqueous layer was acidified with 6 N hydrochloric
acid (to pH 2.8). The layers were shaken and separated.
‘The aqueous layer was extracted again with ethyl acetate
and the pooled organic layers were dried (magnesium

- ———

eet Has Been Replaced

HII\I\\ EL



treated with 1-hydroxybenztriazole hydrate (611 ng. 4.52 mmol es) and

1- et hyl - 3- (3- (di net hyl am nopropyl )- carbodii m de (897Ha&%29a 4. 68 mmol es) and
~stirred at [err] for 1.0 hour. The sol®§ion was treated with (R)-3,4-

di hydr o- 3- am no- 4- oxo- 1, 5- benzot hi azepi ne-5(2H) - acetic acid, ethyl ester

[ prepared according to the procedure of Slade et al., J. Med. Chem, Vol.
28, p 1517 - 1521(1985)1 (1.55 g., 4.29 mmol es) and 4 nmet hyl nor phol i ne
(0.48 m ., 4.37 mmol es) and stirring was continued at [err] for 1.0 hour
and at roomtenperature for 1.0 hour. The reaction mixture was diluted with

[0)
ot 2551 um bi STPFEREC] » S neEd) HEEERR bR o olvd ™t Hegh bl ) and
brine (16 ni. 9lldgl@ﬂs(éhﬁ¢ﬁwbu§-nagne5|un1su|fate), filtered, evaporated
. to dryness and dri@ﬂeifeé@&ﬁ'@-wg@ec&dllé@dy@dué? ¥P8ated with

trifluoroacetic acid (150 ml.), and the mixture was let
5 stir at room temperature for 3 hours. The trifluoroacetic
acid was removed by rotary evaporation and thg residue was
azeotroped twice with toluene. 'The crude product was
taken up in water and run on a Dowex AG 50-X2 (100-200
mesh, 300 ml, acidic form) column eluting in succession
10 with 1:1 methanol:water (600 ml.), water (500 ml.), and
finally 5:95 pyridine:water (1000 ml.). The desired
fractions were pooled, stripped, taken up in water and
lyophilized to give 7.850 g. of product as a white solid;
kf = 0.57 (n-butanol:water;acetic acid{ethyl acetate,
15 1:1:1:1) '
A slurry of N2-phthaloyl-L-lysine (7.710 g.,
27.9 mmol.) in dry dimethylformamide (135 ml.) was
20 treated with 4-formyl-1-methylpyridinium bénzenesulfonate
(7.320 g, 26.2 mmol). The resulting dark mixture
gradually became homogeneous. Afte; stirring at room
temperature for 1 hour, the mixture was treated with 1,8-
diazobicyclo[5.4.0Jundec-7-ene (8.15 ml, 8.30 g, 54.5
25 mmol.) followed 5 minutes later with L-cysteine, methyl
ester, hydrochloride (4.53 g, 26.3 mmol). The dark
solution was stirred for 2.5 hours, then diluted with
aqueous hydrochloric acid (pH 1.7, 300 ml.) and chloroform
(150 ml.). The aqueous layer was adjusted to pH 4.3-4.4
30 . with 0.5 N hydrochloric acid and subsequently extracted
five times with chloroform. The pooled chloroform
extracts were washed with water (50 ml.), dried (sodium
sulfate), filtered and stripped. The residue was taken up
in ethyl acetate, filtered through Celite, and concentated
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chromat ographed on a silica gel colum (Merck), eluting the colum wth
ethyl acetate: hexane (1:4) to give 1.347 g. of produdA®faa syrup; [err] =
'0.80 (ethyl acetate:hexane, 1:1). A3sdtution of the ethyl ester product of
part (b) (1.347 g., 2.768 mvles) in nethanol (14 nl.) Wwas purged with
argon for 30 mnutes, cooled down to [err] (ice-salt bath) then treated
dropwi se with a previously purged (argon, 30 -m nutes) solution of 1.0 N
sodi um hydroxide (11 m ., 4 eq.) maintaining the bubbling of argon

t hroughout the addition and the I ength of the reaction. The reaction

mxture vas eo éﬁreslt g o ¥ behbb bPoaded {WW aAH Yrahgld-gbal 5111 With
0 = 0.58 major spot (acetic acid:ethyl acetate, 15:85).
NMR shows a 2:1 ratio of isomers.

5 i 2- ine-3-¢
A solution of the product from part (b)
(1.84 g., 4.7 mmol) in tetrahydrofuran (70 ml1.) was
treated with 2-ethoxy-l-ethoxycafbonyl-1,2- :

10 dihydroquinoline (1.400 g., 5.67 mmol.) and the mixture
was stirred at room temperature for 3 days. The
tetrahydrofuran was removed by rotary evaporation and the
residue was taken up in ethyl acetate and washed in
succession with 0.5 N hydrochloric acid (2X), 50%

15 saturated sodium bicarbonate, water,_aﬁd brine, then dried
(sodium sulfate), flitered, and stripped. The resulting
orange oil was flash chromatographed (Merck silica gel,
40-50% ethyl acetate in hexanes) to give 1.126 g. of
product as a 1:1'mixture of diastereomers; Rg = 0.22 and

20 0.20 (40% ethyl acetate in hexane).

ester _
A mixture of the methyl ester product from part
25 (c) (1.110 g.) and p-toluenesulfonic acid hydrate (2.33 qg)
in benzene (20 ml.) was refluxed with removal of water
(Dean-Stark trap) for 2.5 hours. The cooled mixture was
diluted with ethyl acetate and washed with 50% saturated
sodium bisulfate, water, and brine, then dried (sodium
30 sulfate), filtered, and stripped. The residue was flash
chromatographed (Merck silica gel, 10-20% ethyl acetate in
methylene chloride) to give nearly pure product as an off-
white foam. The foam was dissolved in hot ethyl
acetate/hexanes, cooled and seeded to give fine white
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pot assi um bisulfate (46 m.) to pH 2.0 then extracted with ethyl acetate (2
x 100 ni.). The organic extracts were washed with briBa59%% ni.), dried
(anhydrous sodiumsulfate), filteredr éeaporated to dryness and dried in
vacuo. The crude product was .di ssolved in nethylene chloride (10 m.) and
treated portionwi se with hexane (50 m.), scratching the mxture to forma
solid. The supernatant was decanted and the solids triturated with
addi ti onal hexane (50 m.) and pentane (2 x 100 m.), stirring with the
first 100 m. of pentane for 4 hours and the next 100 nl. overni ght under

ar gon. The pr b mas Is n o.fo 0 give
1.048 g. of pgggaiegagéggqﬂﬁn hougﬂg Elggaﬁf55a@859£ £°ﬂﬁdgﬁﬂ%ﬁl ene
chlorlde met h¥As| obsatned %Kﬂﬁithﬁ)mPtﬁﬁr RAEINOY hﬁanglng the total

1- et hyl - 3- ( 3- dinoehbybsnpuoermxydycardw-895 mg; m.p. 154-155 °C; ([alp =

-31.8% (c = 0.52, chloroform); Reg = 0.22 (40% ethyl
5 acetate in hexane).

A slurry of the methyl ester product from part

10 (d) (875 mg., 2.34 mmol.) in absolute ethanol (50
ml.) was treated with hydrazine hydrate (115 uil,

118 mg., 2.37 mmol) and the solution was periodically

warmed for the first two hours to effect

splubilization. After stirring at foo@ temperature
15 for 3 days, addition;l hydrazine hydrate (80 ul.,

' 82.6 mg., 1.65 mmol) was added and the mixture was
stirred for one more day. The reaction was stripped
to dryness and the white residual solid was stirred
in cold (0°C) 0.5 N hydrochloric acid (60 ml.) for

20° 3.5 hours. The solid was removed by filtration and

' the filtrate was made basic with 1 N sodium hydroxide

to pH 11-12 and extracted with methylene chloride
(3X) and ethyl acetate. The pooled organic extracts
were dried (sodium sulfate), filtered and stripped to

25 vyield a near colorless oil (approx. 600 mg). The oil
was treated with water (10 mli.) and 1.0 N
hydrochloric acid (3.0 ml.), swirled until no more
oil was present and the mixture was lyophilized to
give 674 mg. of product as a light yellow solid;

30 Re = 0.64 major spot (n-butanol: water: acetic

' acid:ethyl acetate, 1:1:1:1).
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diim de, hydrochloride (2.10 g., 11.0 mml) were added - 36 - to a

sol ution of N- pht hal oyl - L- phenyl al ani nam de (2.95 g. HAE®9@ mmol .) in dry
met hyl ene chloride (30 m.) at [err]- &®%der argon. After stirring at [err]
for 30 minutes, the resulting mxture was treated with glycine, ethyl-
ester, hydrochloride (1.675 g., 12.0 mmol.) and N-nethyl norpholine (1.32
-m-., 12.0 mol). After stirring at [err] for 1 hour and at room
tenperature for 3 hours, the m xture was partitioned between ethyl
acet at e- 5% pot assi um bi sul fate. The organi ¢ phase was washed successively
with 596pota55|un1b|sulfate saturated sodlun1b|carbonate and saturat ed

The methyl ester, hydrochloride salt product

5 from part (e) (374 mg., 1.33 mmol.) was partitioned

between saturated sodium bicarbonate and methylene

chloride. The methylene chloride extract was dried

(sodium sulfate), filtered and stripped to give the free

amine as a pale yellow 0il (302 mg., 1.16 mmol.).

10 Additionally., (S)—2;(acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (648 mg., 1.60 mmol) was
partitioned between ethyl acetate and 5% potassium
bisulfate. The ethyl acetate layer was washed with water .
and brine, then dried (sodium sulfate), filtered and

15 stripped to give the free acid as a colorless oil. A
mixture of the free amine and the free acid in methylene
chloride (9 ml.) was treated with hydroxybenztriazole
hydrate (550 mg., 4.07 mmol.), cooled to 0°C, and
subsequently treated with l-ethyl-3-(3-dimethyl-

20 aminopropyl)carbodiimide (313 mg, 1.63 mmol.). The
mixture was stirred at 0°C for 1 hour, then at room
temperature for 3 hours. Additional l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (100 mg) was added and
stirring continued overnight. The solution was diluted

25 with ethyl acetate and washed successively with water, 5%
potassium bisulfate, water, 50% saturated sodium
bicarbonate, énd'brine, then dried (sodium sulfate),
filtered and stripped. The resulting vellow 0il was
flashed chromatographed (Merck silica gel, 30% acetone in

30 hexane) to give 396 mg, .of product as a 87:13 mixture of
side chain diastereomers. This mixture was again flash
chromatographed (Merck silica gel, 35-40% ethyl acetate in
hexane) to afford 318 mg., of product as a white'foam (94-
95% diastereomerically pure); Rf = 0.29 major and 0.26
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sul fate) and evaporated to dryness. Trituration of the crude product wth
ethyl ether gave 3.542 g. of product as a white, cry#h&PBane solid; mp
[err]; Rf = 0.33 (acetone:hexane, 2:89;- [err] = [err] (c = 0.61,
chloroform. A mxture of phosphorus pentoxide (9.6 g, 68 mmol) and 85%
phosphoric acid (6.0 m) was heated wth stirring until all of the _
phosphor us- pent oxi de had di ssolved. The resulting viscous |iquid was taken
up in glacial acetic acid (36 m), treated successively with

N- ( N- pht hal oyl - L- phenyl - aIanyI)egC|ne ethyl ester (2.241 g., 5.90 mmol .)
and trioxane (0.75 nmol and_ heat ed at, [err] (bath t enper at ur ey
under an arg@ﬁnafwngﬁﬁé ) %ﬁ?@?rLthQImmfen 4.4’y [(c1 5r 0636: hours the

mxture was Lheak8downih an additional portion of trioxane (0.75 g, 8.3

mmol). - At el Stihg 090 kol §V | of) Mhranvaro-6- [ (2-nercapto-1-

A solution of the ethyl ester product from
part (f) (308 mg., 0.68 mmol.) in methanol (4 ml.,
deoxygenated via argon bubbling) was treated with 1 N
sodium hydroxide (3.5 ml., dedxygenated via argon
10 bubbling) and the homogeneous mixture was stirred under
' argon for 2 hours. The mixture was acidified with 10%
potassium bisulfate (15 ml.), diluted with water, and
~extracted with ethyl acetate. The ethyl acetate extract
was washed with brine, dried (sodium sulfate), filtered, .
15 and stripped to give a solid. The solid was dissolved in
dimethylformamide (1 ml.), diluted with ethyl acetate, and
flash chromatographed (Merck silica gel, 5% acetic acid in
ethyl acetate) to give'the desired product as a white
solid which was triturated with ethyl acetate/ethyl ether,
20  collected by fitration, and dried to give 144 mg., of
product; m.p. 217 - 220°C; Rf = 0.52 (5% acetic acid in
ethyl acetate); (@lp = -64.3° (c = 0.36, |
dimethylformamide). NMR analysis indicated the product
. was 93% diasteromerically pure with 7% of the
25 corresponding 6(R*) isomer.
HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with'
44% A: 90% water-10% methanol-0.2% phosporic acid and 56%
B: 10% water-90% methanol-0.2% phosporic acid; flow rate
1.5 ml/min dectecting at 220 nm; tgr = 12.27 min indicates
30 a purity of >95% (no separation of 60(S*) and 6 (R*)
isomers dectected by HPLC) '
Anal. calc'd. C13H22N204S2 ¢ 0 « 4 H0: _
Cc,53.82; H,5.72; N,6.97; S,15.96; SH,8.21
Found: Cc,53.88; H,5.67; N,6.78; S,15.37; SH,4.91.

-
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addi tional 16 hours, the reaction was quenched with an ice-water mxture
and extracted with ethyl acetate. The ethyl acetate a®S9%& was washed with
-37 - water (3X), saturated sodi um bt c&k bonate (until washes were basic)
and saturated sodiumchloride solutions, dried (sodiumsulfate) and
evaporated to dryness. The crude product was purified by flash

chromat ography on silica gel (Whatmann LPS-1) eluting with ethyl
acet at e- hexane (35:65) to give 1.718 g. of product as a colorless foam. Rf
= 0.38 (ethyl acetate:toluene, 3:7). [err] A solution of
(S)-1,3,4,5-tetrahydro-4-

- *y - -

5 . Following the procedure of Example 11 but
employing (S)-Z-[(acetylthic)methyl]benzeneprobanoic
acid in part (f), the title product was obtained as a
white solid; m.p. 212 - 213° C;
Rf = 0.55 (5% acetic acid in ethyl acetate); -
10 [alp = -36.5° (c = 0.36, dimethylformamide).
HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A:
90% water-10% methanol-0.2% phosphoric acid and 56% B: 10%
water-90% methanolfo.Z%_phosphoric acid flow rate at 1.5
ml./min detecting at 220 nm; tR = 15.96 indicates a purity
15 of 99.2%. '
Anal. calc'd. for C19H24N204S2 .
c,55.86; H,5.92; N,6.86; S,15.70; SH,8.09
Found: c,55.99; H,6.01; N,6.75; 'S,15.70; SH,7.81.

20

25 A solution of N-[(1,1- dlmethylethoxy)carbonyl]-
L-serine (24.3 g., 0.118 mole) in dry dimethyl-
formamide (25 ml.) was added dropwise over a period

~of 1.0 hour to a cooled (0°, ice-salt bath)
suspension of 60% sodium hydride (10.1 g., 0.25 mole)

30 in dry dimethylformamide (200 ml.) and stirring was
continued at 0° until the frothing subsided (about
2.0 hours). The reaction mixture was treated
dropwise with 1-fluoro-2-nitrobenzene (14.3 ml., 0.13
mole) over a period of 20 minutes, stirred at 0°
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pht hal i m do- 3- oxo-2H 2- benzazepi ne-2-acetic acid, ethyl ester (1.67 g.,

4.26 mol .) in 1.0 M hydrazine hydrate in ethanol .(9.BA%99a 9.0 nmmol .) was

stirred at room tenperature under argof2for 36 hours. The m xture was
diluted with an equal volune of ethyl acetate, filtered and filtrate
evaporated to dryness. The residue was taken up in toluene and again
evaporated to dryness. The colorless, sem-solid residue (1.81 g.) was
taken up in dry nmethylene chloride (20 mi.), placed in an ice bath and
treated successively with triethylamne (0.80 m., 5.8 mol.) and

hour 3. the. m SPASE ardor 2 140 HodER ke BoRFRactRfS I Tt ol i 2
bi sul fate. Thd78Pg@hit W@WMMhsecbrisaoetth {2 %%0Dot assi um
bi sul fate, sapurft edrredigiedis YAFAWAsABIoaght! 84 ok SPD UM ahl@r i de
sol uti ons, N hydrochloric acid (70 ml.), extracted with ethyl
5 acetate (3 x 500 ml.) and the combined organic
extracts were washed with brine (100 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
drYness and dried in vacuo. The crude product
mixture was chromatographed on a silica gel column
10 (Merck), eluting the column with methylene
chloride:methanol:acetic acid (100:5:0.2) to give
27.22 g. of product as a thick yellow syrup:
Rf = 0.27 (methylene chloride:methanol:acetic acid,
100:5:0.5).
15 - -Dimé -0-(2-
aminophenvl) -L-serine
A solution of the product from patt (a) (27.1
g., 83 mmoles) in dry methanol (500 ml.) was treated
with 10% palladium on carbon catalyst (900 mg.) and
20 hydrogenated at 40 psi for 2.0 hours. The reaction
mixture was filtered through a celite pad in a
millipore unit, washing the pad well with methanol
(5 x 100 ml.). The dark filtrate was evaporated to
dryness and dried in vacuo to give a dark solid.
25 The crude product was triturated with methylene
chloride:hexane (1:4) to give 17.69 g. of product as
a light tan solid; Rf = 0.15 (methylene chloride:
methanol:acetic acid, 20:1:1).
30 . 1 e N _
A solution of the product from part (b)
(16.69 g., 56.3 mmoles) in dry dimethyformamide
(121 ml.) was treated with l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide (10.64 g., 55.5 mmoles) and

This Sheet Has Been Reﬂ

AN




dried (sodiumsulfate), and evaporated to dryness. Purification of the
crude product by flash chronatography on silica gel (\#z59%ann LPS-1)
eluting with ethyl acetate: hexane (1:2)63ave 1.0747 g. of product as a
colorless foam Rf = 0.52 (ethyl . - 38 - acetate:toluene, 3:7). A sanple
crystallized fromhexane had mp. [err] = [err] (c = 0.53, chloroforn. d)
(S -1.3.4.5-Tetrahydr o- 4- am no- 3- oxo- 2FL2 benzazepi ne-2-acetic acid, ethyl
ester 20% Pal | adi um hydr oxi de/ carbon catal yst was added to a sol ution of
(S)-1,3,4,5-tetrahydro-4- [[(phenyl met hoxy) carbonyl ] am nol - 3- oxo- 2H- 2-

stirred at room temperature for 3.0 hours. The
reaction mixture was partitioned between ethyl
acetate (2 x 492 ml.) and 1.0 N sodium bicarbonate
(492 ml.), and the combined organic extracts were

5 washed with water (3 x 492 ml.), brine (492 ml.),
dried (anhydrous magnesium sulfate), filtered;
evaporated to dryness and dried in vacuo. The crude
product was chromatographed on a silica gel column
(Merck), eluting the column with ethyl acetate:hexane

10 mixtures (1:4; 1:2; 1:1) to give 10.5 g. of product
as off-white crystals; Rf = 0.40 (ethyl acetate:
hexane, 1:4). |

15 ethvl ester
A solution of the product from part (c)
(1.0 g., 3.59 mmoles) in dry tetrahydrofuran
(10 ml.) was cooled down to 0° (ice-salt bath) under
' argon, treated with powdered potassium hydroxide

20 (259 mg., 4.6 mmoles) and tetrabutylammonium bromide
(172 mg., 0.53 mmole), stirred for 5 minutes then
treated with ethyl 2-bromoacetate (0.50 ml., 1.2
eq.). The reaction mixture was stirred at room
temperature under argon for 19.0 hours, partitioned

25 betweeen methylene chloride (2 x 25 ml.) and water -
(13 ml.) and the combined orgahic extracts were
washed with water (2 x 13 ml.), brine (10 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in vacuo. The crude product"

30 mixture was chromatographed on a silica gel (Merck),
eluting the column with ethyl acetate:hexane mixtures
(1:9; 1:4) to give 860 mg. as a syrup; Rf = 0.67
(ethyl acetate:hexanes, 1l:1).
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benzazepi ne-2-acetic acid, ethyl ester (1.037 g., 2.62 mole) in absolute
et hanol™ (20 ml.) and the resultlng suspensi on was st ifiAS®%%aunder a hydrogen
at nosphere (balioon) for 2 hours. The Xture was filtered through Celite
and filtrate was evaporated to dryness. The semi -solid residue was’
triturated with hexane to give 0.63 g. of product as a white, crystalline
solid; mp. [err] C Rf = 0.38 (nethanol:nethylene chloride, 1:9); [err] =
[err] (c = 0.59, chloroform. e)

(S, 9-1,3,4,5- Tetrahydro 4- rr2 r(acetylthlo)

met hyl ] - 1- oxos¢ N3P A 0= &
et hyl ester (
t he ephedri ne

from part (b) accoxdlmdadm%ﬂom@eg%aueé Eﬁ@:ﬁ%@rtl ﬂﬁrtm(la)
g., 11 mmoles) in dry dioxane (85 ml.) was treated
5 with 4.0 M hydrochloric acid/dioxane (33.6 ml., 0.134
mole or 12.2 eq.) and stirred at room temperature for
20 hours. The reaction mixture was evaporated to
dryness, evaporating the resulting syrup from toluene
(2x) and ethanol (1x) then dried in vacuo to give
10 3.466 g. of product as a light gold-colored syrup:;
Rf = 0.48 (methylene chloride:methanol, 9:1)

£) IS, (R*.R*)1-3-1(2~T (Acetvithioimethvll-1-ox0-3-

.acetic acid,
ai ned from
he product

15 (S)-2 [(Acetylthzo)methyl]benzenepropan01c ac1d
(obtained from the ephedrine salt- as described
previously) was reacted with the product from part
(e) according to the procedure of Example 1 part (b),
affording the title product as a white syrupy

20 foam; Rf = 0.62 (ethyl acetate:hexanes, 1:1).

- * * - - - - - -] -
S(2H)-acetic acid
A solution of the product from part (f) in
25 methanol was treated with 1.0 N sodium hydroxide
accqrding to the procedure of Example 1 part (c),
affording the title product as an amorphous solid;
Rf = 0.62 (methylene chloride:methanol:acetic acid,
20:1:1:1); [alp = -140.2° (c = 0.61, methanol). |
30 1H NMR (400 MHz, CDCl3): 1.43 (t,1H), 2.51 - 2,90 (m,
SH), 4.17, (t,1H, J = 10 Hz), 4.29 (d,1H, J = 17 Hz),
4.69 (t, 1H, J = 7 Hz), 4.71 (4, 1H, J = 17 Hz), 6.76.
(d,1H), 7.05 - 7.26 (m,9H).
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affording the title product as a colorless foam [err Q.30 (ethyl

acet ate: hexane; 1:1). f) (S,9-1,3,4, % Tet r ahydr o- 4- %P§ ﬁercantonethyl)
1- oxo- 3- phenyl propyl ] am no] - 3- oxo- 2H2- genzazepine-Z acetic acid A

- solution of the product frompart (e) in methanol was treated with 1IN

- sodi um hydr oxi de according to the procedure of Exanple 1 part (c) to give
the title product as a white solid; m p. 149 - -39- [err] nethanol)
Anal . calc'd for C22H24N204S: C,64.06; H 5.86; N,6.79; S,7.77; SH, 8.02

Anal. calc'd.’for C21H22N205S::
c,60.86; H,5.35; N,6.76; S,7.74; SH,7.98

Found: Cc,60.85; H,5.54; N,6.74; S,7.66; SH,6.29.
- EXAMPLE 14
5 * R} - - - -] - -3
ti id
' *R*) - - - - -3-

10 benzoxazepine-5(2H)-acetic acid., ethvl ester
(s)-2-(acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (1.35 g., 3.81 mmoles) was
suspended in ethyl acetate (120 ml.), washed with 5%
potassium bisulfate (5 x 20 ml.) and brine (25 ml.),
15 dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in wvacuo to give the
free acid.
This free acid_was dissolved in dry methylene
chloride (25 ml.), cooled down to 0° (ice-salt bath),
20 treated with l-hydroxybenztriazole hydrate (541 mg.,
4.0 mmoles) and l-ethyl-3-(3-dimethylamino- '
propyl)carbodiimide (792 mg., 4.13 mmoles) and
stirred at 0° for 1.0 hour under argon. The solution
. was treated with (S)-3-amino-3,4-dihydro-4-oxo-1,5-
25 Dbenzoxazepine-5(2H)-acetic acid, ethyl ester
(1.147 g., 3.81 mmoles) and 4-methylmorpholine
(0.47 ml., 4.2 mmoles) and stirring was continued at
0° for 1.0 hour and at room temperature for 1.0 hour.
The reaction mixture was diluted with ethyl acetate
30 (100 ml.), washed successively with water (15 ml.),
5% potassium bisulfate (2 x 15 ml.), water (15 ml.),
saturated sodium bicarbonate (15 ml.) and brine
(15 ml.), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacuo. The crude
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Found: - C,64.20; H 6.09; N 6.43; S,7.68; SH 8.33. EXAMPLE 4

(S'9)- 1,3, 4, 5- Tetrahydro-4-r (2-nercango-1-oxo- 3- HAS95a

phenyl propy! ) am no] - 3- oxo- 2H 2- benzaze% ne- 2-aceti c a)_
(S,S-1,3,4,5-Tetrahydro-4-rr2-(acetylthio)-1-

0x0- 3- phenyl propyl ] am no] - 3- oxo- 2H 2- benzazepi ne-2- acetic acid, ethyl
-ester (S)-2-(Acetylthio)benzenepropanoic acid (obtained fromthe

di cycl ohexyl am ne salt as described previously) was reacted with the
product from Exanple 3 part (d) according to the procedure of Exanple 2-

part (b) affopdbagct Read 'dﬂx%nﬁt%'iﬁbh@& 8ncal o1l £68 JoPMBothfai | = 0. 35

(ethyl acetate: hexane,

(S, S)-1,3,4,5¢ ’f%’c'?‘éhyd‘rld"a&{% f@?epe&mne yithoetbyl acetate:hexane
phenyl propyl ) bt 4p] £83-gisee 2H22- kenodz ehenpradacetas @aykup. An

additional 409.6 mg. of product (isomer mixture 1:1
5 ratio) was also obtalned. Rf = 0.67 (ethyl
acetate:hexanes, 1:4 then 1:1).

* * - - - - -] - -
. id
10 A solution of the ethyl ester product from part
(a) (1.81 g., 2.51 mmoles) in methanol (13 ml.) was
purged with argon for 30 minutes, cooled down to 0°
(iqe-salt bath) then treated dropwise with a
- previously purged'(argon, 30.hinutes) solution of 1.0
15 N sodium hydroxide (10 ml., 4.0 eq.) maintaining the
bubbling of argon throughout the addition and length
of the reaction. The reaction mixture was stirred at
0° for 1.0 hour, acidified at 0° wi;h_S% potassium
bisulfate (45 ml.) to pH 1.0 and extracted with ethyl
20 acetate (2 x 80 ml.). The combined organic extracts
were washed with brine (20 ml.), dried (anhydrous
sodium sulfate), filtered, evaporated to dryness and
dried ip vacuo. The crude product was dissolved in
methylene chloride (10 ml.) and treated portionwise
25 with hexane (100 ml.), scratching the mixture to form
~ a solid. The supernatant was decanted and the solids
triturated with hexane (50 ml.) and pentane (2 x
100 ml.), stirring with the first 100 ml. of pentane
for 4.0 hours and the next 100 ml. overnight under
30 argon. The product was then dried in vacuo for 6.0
hours to give 969.7 mg. as an amormphous solid;
Rf = 0.47 {(methylene chloride:methanol:acetic acid,
20:1:1); [a)lp = -143.3° (c = 0.54, methanol).
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A.solutjon of the product frompart (a) in nethanol was_treated with 1IN
sodi um hydr oxi de according to the procggure of Exaan§A§ %%rt (c),
affording the title product as a whife®Solid; mp. 181 - [err]
(deconposition); Rf = 0.49 (nmethylene chloride:acetic acid: nmethanol,

20:1:1); [err] =TJerr] (c = 0.57, nethanol). Anal. calc'd for [err]:
C, 63.30; H 5.56; N 7.03; S, 8.05; SH, 8.30; Found. . C,63.35; H,5.65;
N, 6.87;, S,8.07; SH, 9. 40. =40 - [S (R . RY) 1-2,3,4,5-Tetrahydro- 3-

‘r2-(mercapto- nethyl)-1-oxo-3-phenyl propyl]am no] - 2- oxo- 1H
benzazepi ne- 118CRIMRC (260 MHz, CDCl3): - 2.02 (d,1H), 3.07 (m,2H),
- 3.59 (m,1H), 4.09 (t, 1H, J = 10 Hz), 4.24 (d, 1H, J
= 17 Hz), 4,63 (t, 1H, J = 8 Hz), 4.73 (4, 1H, J = 17
Hz), 4.93 (m, 1H,) 7.04 - 7.26 (m, 9H), 7.42 (d, 1H).
5 Anal.calc'd. for C¢H20N20sS « 0.147 CsHiz » 0.43 H20:
' C,59.46; H,5.44; N,6.69; S,7.65; SH,7.89

Found: c,59.46; H,5.25; N,6.65; S,7.88; SH,7.84
EXAMPLE 15
- * *Y 12— - -l - - -
10 inol-o- -2- ' -1H-
ine-1- . g

15 A cold (0°) solution of [S-(R*,R*)]-3-
aminohexahydro-a-methyl-2-oxo-1H-azepine-l-acetic
acid, methyl ester (374 mg., 1.75 mmol) [prepared as
described by Thorsett et al., 'Peptides:Structure and

 Function*, Proceeding 8th American Peptide Symposium,

20 p 555 (1983)] and (S)-2-{acetylthio)benzenepropanoic

- acid (393 mg., 1.75 mmol) in methylene chloride (10
ml.) was treated with triethylamine (245 ul, 178 mg.,
1.76 mmol) followed by benzotriazol-1l-yloxy-
tris (dimethylamino)phosphonium hexafluoro-phosphate

25 (775 mg, 1.75 mmol). The clear, nearly colorless
solution was stirred at 0°C for one hour and then at
room temperature for 3 hours. The mixture was
partitioned between ethyl acetate and 0.5 N
hydrochloric-acid and the ethyl acetate extract was

30 washed successively with water, half saturated sodium
bicarbonate and brine. The solution was dried
(sodium sulfate), filtered and stripped. The residue
was flash chromatographed (Merck silica gel, 70:30
ethyl acetate:hexanes) to give 590 mg. of pure
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ox0- 1H benzazepi ne- 1-acetic acid, ethyl
(S)-2-[(A@etylthio)nethyl]benzenepropan0|c aci d,

R*.R*)]-2.3.4.5-Tetrahydro-3-[[ 2-
[ (acetyl t hi o) met hyl ] -1- oxo- 3- phenylprogyl]an1no] HAS599%a

3. 83 mmol es,

col orl ess syr

[ (acetyl

t hi 0)

dry di et hyl -
treated with

1- et hyl

- 3-(3-

5

10

15

20

25

30

ster

ephedrine salt (1.547 g.,

1.01 eqg.) was suspended in ethyl acetate (72 m.), washed with
dilute hydrochloric acid (72 m. water + 5.4-m. 1.0 N hydrochloric acid

then 36 mM. water + 1.8 m. 1.0 N hydrochloric acid), brine (12 m
(anhydrous nmagnesi umsulfate), filtered and evaporated to dryness.

).

The

dried

#gﬁ&ﬁ:‘b”aise% B1429U8s 501/ Eodh )0 10 olad® (LeflfE 0 OF (9)-2-

enzenepropan0|c acl ee acid was

bV dir3saeirRMr, 3

An ice cold solution of the product from part
(a) (570 mg., 1.36 mmol) in methanol (7 ml.,
‘deoxygenated via argon bubbling) was treated with 1 N
sodium hydroxide (5.5 ml., deoxygenated via argon
bubbling). After stirring at 0°C for 1.25 hours, the
solution was acidified with 1 N hydrochloric acid (9
ml) and extracted with ethyl acetate. The ethyl
acetate extract was washed with water and brine, then
dried (sodium sulfate), filtered andlstripped to
afford an oil. The material was flash _
chromatographed (Merck silica gel, 2% acetic acid in
ethyl acetate). The product containing fractions
were pooled and stripped, and the residue was taken
up in ethyl acetate and washed successively with
water and brine, then dried (sodium sulfate),
filtered and stripped again. The resulting oil/foam
was triturated first with ethyl ether and then with
hexane to produce a white oil/foam. The mixture was
stripped to dryness, slurried in hexane, stripped to
dryness again, and dried in_xacng to give 470 mg. of
product as a white foam; (>98% diastereomeric purity
as determined by NMR analysis); Rf = 0.49 (5% acetic
acid in ethyl acetate); ([@lp = -37.1° (c = 0.6,
chloroform). HPLC: YMC S3 ODS column (6.0 x 150
mm) ; eluted with 44% A: 90% water - 10% methanol-0.2%
phosphoric acid and 56% B: 10% water-90% methanol-
0.2% phosphoric acid; flow rate 1.5 ml/min detecting
at 220 nm; tR = 11.02 min (98.0%).
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di-nret hy| am nopr opyl car bodi i m de (792 ng., 4.13 nnnles%éand stirred at [err]
under- argon for
t et r ahydr o- 3- am no- 2- oxo- IH—benzazeplné 1Zacetic acid, ethyl ester

1.0 hour. The clear solution was trea

Wth (S)-2,3,4,5-

[ prepared as described by Watthey. at al., J. Med. Chen1. 28, p. 1511 - 1516
(1985)] (1.0 g., 3.81 mmmol es) and stirring was continued at [err] for 1.0
hour and at roomtenperature for 1.0 hour. The reaction m xture was dil uted
with ethyl acetate (100 m.), washed successively with water (15 m.), 5%
pot assi um bisulfate (2 x 15 m.), saturated sodi um bi'carbonate (15 m .) and

41 -

C,59.32; H,6.64; N,7.69; S,8.80; SH,9.07

Found c,59.27; H,6.92; N,7.37; s,8.36; SH,8.75.
_ EXAMPLE 16 '
5 *) - ' —f - - -1~
acetic acid
limethvlethvl - |
10 Di-tert -butyldicarbonate (21.8 g., 100 mmol)

was added in portions to a stirred solution of
ethanolamine (6.1 g., 100 mmol) in dichloromethane
(100 ml.) at 0-5° C. After addition was complete,-
the cooling bath was removed and the solution was

15 Stirred at room temperature for five hours. The
solvent was removed in vacuo and -the resulting
material was dissolved in dichloromethane (100 ml.)
and triethylamine (21 ml., 150 mmol), cooled to -10°C
and treated dropwise, over a period of 10 minutes,

20 with methanesulfonyl chloride (9.25 g., 150 mmol).
The mixture was diluted with ethyl acetate (200 ml.)
and washed with 1N hydrochloric acid and water. The
ethyl acetate layer was dried (magnesium sulfate},
filtered, and freed of solvent ip vacuo to give the

25 product as a viscous 0il which was used without
purification. '

methyl estexr

30

A solution of N-{(phenylmethoxy)carbonyl]-L-

cysteine, diphenylmethyl ester (12.7 g., 30.1 mmol.)
and the product from part (a) (7.20 g., 30.1 mmol) in
dimethylformamide (190 ml.) was treated with spray
dried potassium fluoride (25 g., 430 mmol) and
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to dryness and dried in vacuo. The crude product was chrgnatographed on a
silica gel columm (Merck), eluting th% colum with e PY8cet at e: hexane

m xtures (1:4; 1:2) to give 1.725 g.7of pFoduct as a syrup; [err] = 0.42
(ethyl acetate:hexane, 1:1). [err] A solution of the ethyl ester product

frompart (a) (1.725 g., 3.574 nmmoles) in nethanol (18.0 m.) was purged.
with argon for 30 mnutes, cooled down to [err] (ice-salt bath) then
treated dropwise with a preV|oust purged (argon, 30 m nutes) solution of
1.0 N sodi um hydroxide (14.3 m ., 4 eq.) naintaining the bubbling of argon

throughout t h& ;34dd ia@n 7gnd tec | aRdy Qln tdtadsphaieoBs Ibgongact i on

m xt ure was red. at-[err] for hour, acidified at [err] with 5% '
pot assi um bi s{ﬂ %eoe %‘f{:ﬁrp?f"ilﬁlq'hetr’f‘eeﬁwgdwﬁst h ethyl acetate (2
X 120 m.). Tgertvitganed between ethyl acetate (800 ml.) and water

(400 ml.). The organic layer was washed with brine
5 (300 ml.), dried (magnesium sulfate), filtered, and
freed of solvent in vacuo leaving an oil. This was
chromatographed on silica gel (Merck, ~1000 ml.),
eluting with mixtures of ethyl acetate and hexane
(1:4, 1:3 and 1:2), to give 9.13 g. of product;
10 Rf = 0.35, (ethyl acetate:hexanes, 1:2).

A solution of the product from part (b) (6.13
g., 10. 86 mmol) in anisole (30 ml.) and
15 trifluoroacetic acid (45 ml.) was stirred at room
temperature for two_hours and then concentrated ;n'
vacuo. The residual oil was diluted with_isopropyl
ether (40 ml.), stirred, and the isopropyl ether
layer was decanted. This process was repeated once
20 more and the residue was dried in vacua. A mixture
this material and diphenylphosphoryl azide (4.4 g.,
16 mmol) in dry dimethylformamide (75 ml.) under an
argon atmosphere was cooled in an ice bath and, |
while stirring, 4-methylmorpholine (4.45, 44 mmol)
25 was added dropwise. After addition was complete, the
mixture was allowed to warm to room temperature and
left stirring for 20 hours. The mixture was
partitioned between ethyl acetate (150 ml. and water
(100 ml.). The layers were separated and the aqueous
30 layer was reextracted with ethyl acetate (50 ml.).
The combined'organic layers were washed with
saturated potassium bisulfate solution (30 ml.),
saturated sodium bicarbonate solution (50 ml.), and
brine (50 ml.), dried (magnesium sulfate), and freed
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extracts were washed with brine (30 ml.), dried (anhydrous sodium sul fate),
filtered, and evaporated to dryness. The crude producHA®48adi ssol ved in
nethylene chloride (10 m.) and treatedlportionwi se with hexane (50 ni.),
scratching the mxture to forma solid. The supernatant was decanted and
the solids triturated with additional hexane (2 x 50 ml.) and pentane (2 x°
100 m.), stirring with the first 100 nl. of pentane for 4.0 hours and the
next 100 m . overni ght under argon. The product obtained was then dried in
vacuo for 12 hours to give 1.438 g. of product as an anorphous solid [err]

2053 (et hyl.gne g 95 GRHRANC 46 S sty wdekiddi kT 1] = [erT] (C

= 0.76, met harft
trlturated with 1sopropyl ether to give 2.45 g. of

white solid product._ Rf = 0.27, (ethyl acetate:
hexanes, 1l:1). '

5 - -5~ -6- -

ethyl ester
A solution of the product from part (c) (3.55
g., 12.68 mmol) in distilled tetrahydrofuran (40
10 ml.), undef an atmosphere of argon, was cooled to 0°C
~and treated with powdered potassium hydroxide (2.16
g.. 40 mmol) and tetrabutylammonium bromide (420 mg.,
1.3 mmol). Ethyl bromoacetate (2.58 g., 15.43 mmol)
was added dropwise. The mixture was stirred cold for
15 two hours and then diluted with ethyl acetate (50
ml.), and anhydrous magnesiﬁm sulfate was added. The
reaction mixture was filtered through a magnesium
sulfate pad and thé pad was washed several times with
ethyl acetate. The filtrate was treated with 1N
20 hyd;ochloric acid solution (50 ml.) and the layers
were separated. The organic layer was dried
(magnesium sulfate), filtered and freed of solvent in
vacuo leaving an oil which was purified by
chromatography on silica gel, eluting with 10-30%
25 ethyl acetate in hexane to give 3.22 g. of product as
a viscous 0il; Rf = 0.60 (ethyl acetate:hexanes,
1:1).

30 The product from part (d) (3.17 g., 8.65 mmol)
was treated with 30% hydrogen bromide in acetic '
acid (14 ml.). The mixture was stirred at room
témperature for one hour and then diethyl ether (200
ml.) was added. After stirring at room temperature
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-.42 -. Anal. calc'd for [err] C 64.42; H 6.07; N, 6.66; S 7.63;, SH 7.87
Found: ~ C,64.07; H 6.13; N 6.34; S, 7.25; SH, 7.14. EAGRRIZLDCL3) 1.42 (t,
1H), 1.95 (m 1H), 2.44 - 2.90 (m 7H) 723727 (m 1H), 4.37 (d, 1H, J = 17
Hz), 4.52 (m 1H), 4.67 (d, 1H, J = 17 Hz), 6.86 - 8.00 (m 9H). EXAWMPLE 6
[S-(R*,R*)]-2, 3, 4,5-Tetrahydro-3-[ (2-nercant o- 1- oxo-

3- phenyl propyl ) am no] - 2- oxo- 1H benzazeni ne- 1-acetic acid [err] A suspension
of (S)-2-(acetylthio) penzenepropanoic acid, dicyclohexylamne salt (1.70
g., 4.19 mmol es) was suspended in ethyl acetate (120 nl.), washed with 5%

pOtaSSIun]b'S%%La%%e(goérgotﬂl'Brecipitated salt was harvested by

filtration and washed several times with ether. The
slightly gummy material was dissolved in hot ethanol
and the solvent was removed in vacuo. This process

5 was repéated once. .Diethyl ether was added to the
remaining material and the hydrobromide salt product
.(2.52 g.) was harvested by filtration as a yellow
solid.

10 =1-0x0-3- ' inol-5-oxo-1,4-

{S)-2-[ (Acetylthio)methyl]benzenepropanoic acid
(obtained from the ephredine salt as described
. previously) was reacted with the prodqpﬁ from part
15 (e) according to the procedure of Example 1 part (b),
affording the title product; Rf = 0.40 (ethyl
acetate:hexanes, 1:1). '

* - - - - -

20 thiazepine-4 (SH)-acetic acid
A solution of the product from part (f) in
methanol was. treated with 1IN sodium hydroxide
according to the procedure of Example 1 part (c),
affording the title product as a white solid foam;
25 m.p. 85 - 101° C.; | _
Re¢ = 0.35 (8% methanol in dichloromethane plus 2
drops acetic acid/5 ml.); [a]lp = -9.5° (C = 0.6,
methanol). HPLC:Rp = 13.2 min., 50 % aqueous
methanol containing 0.2% phosphoric acid,'l.s mi./
30 min., detected at 220 mm, YMC S-3 (ODS), 6.0 x 150 °
| mm., 3 micron spherical end capped column. H.I. =
>95%. " '
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and brine (25 nl.), dried (anhydrous magnesiumsulfate, filtered,
~evaporated to dryness and dried in vacuo to give 954 Hgs9aa t he free acid -
as a syrup. This free acid was dissoFvéd n dry nethylene :hloride (25 ni.)
and cooled down to 00 (ice-salt path) treated with 1- hydroxybenztrlazole
hydrate (594 ng., 4.40 mmol es) and 1-ethyl-3-(3-di nethyl -
anrnopropyl)carbodrdrnrde (870 ng., 4.54 mmol.-es) and stirred at [err] for
1.0 hour. The solution was treated with a sol ution of
(S)-2, 3, 4,5-tetrahydro-3-am no-2- 0x0- 1H—benzazep|ne 1 acetic acid, ethyl

0516 (16se)] (pay gHTRsh, 8t SYibNAEL Basi BaR enP ot b m ) and
stirring was continued & 6PeRA} Hob. lli)mkﬁulkmus.aﬁ B@onrtenperature for
1.5 hours. Thequgacti oncTigst Bi¢ ¥25.77; N,5.94; S,13.64.

10 acetic acid., ethvl estexr
(8) -2~ (Acetylthio)benzenepropanoic acid
(obtained from the dicyclohexylamine salt as
described previously) was reacted with the product
from Example 16 part (e) according to the procedure
15 of Example 2 part (b), affording the title product;
Rf = 0.29 (ethyl acetate: hexane. -1:1).

* - .
. i
20 A solution of the product from part (a) in
methanol was treated with 1.0 N sodium hydroxide
according to the procedure of Example 2 part (c),
affording the title product as a solid foam;
m.p. 69-76°C. Rg = 0.29, (8% methanol in
25 dichloromethane plus 2 drops acetic acid/5 ml.).
- Anal. calc‘'d. for C22H24N204S2 . 0.1 C4HgO2:
c,52.21; H,5.56; N,7.43; S,17.00
Found: C,52.27; H,5.54; N,7.35; S,16.98.
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-43- diluted with ethyl acetate (100 m.), washed successively with water
(15 m.), 5%potassiumbisulfate (2 x 15 nl.), sat ur afR¥P ¥ di um bi sul fate
(15 mM.) and brine (15 m.), dried (an%§drous sodiumsul fate), filtered,
evaporated to dryness and dried in vacuo. The crude product was

chromat ographed on a silica gel colum (Merck), eluting the columm mnth
et hyl acetate: hexane mixtures (1:4; 1:2) to give 1.632 g. of product as a
syrup. An additional 127 ny. of the isomer mxture (1:1 ratio) was al so
obtained fromthe colum; Rf = 0.50 (ethyl acet ate: hexane, 1:1). b) [S (R*.
R*)1-2.3.4,5- Tetrahydro 3- r(2 mer ' _
0XO0- 3- phenyl) )

A solution of (3R-cis)-tetrahydro-3-phenyl-6-
[ [ (phenylmethoxy) carbonyl]lamino]-1,4-thiazepin-5 (4H) -
10 one (1.16 g., 3.25 mmol) [prepared as described by
h Yanagisawa et al., J. Med. Chem., Vol. 30, p. 1984 -~
1991 (1987)] in distilled tetrahydrofuran (30 ml.),
under an atmosphere of argon, was cooled to 0°C and
treated with powdered potassium hydroxide (540 mg.,
15 10 mmol) and tetrabutylammonium bromide (97 mg, 0.3
mmol) . Ethyl bromoacetate (501 mg., 3 mmol) was
added dropwise with stirring. The mixture was
stirred cold for two hours and then additional ethyl
bromoacetate (501 mg., 3 mmol) was added. The
20 mixture was stirred cold for an additional two hours
and then diluted with ethyl acetate (50 ml) and
anhydrous magnesium sulfate was added. The reaction
" mixture was filtered through a magnesium sulfate pad
and the pad was washed several times with ethyl
25 acetate. The filtrate was poured into cold 1IN
hydrochloric acid solution (40 ml) and the layers
- were separated. The organic layer was dried
(magnesium sulfate), filtered and freed of solvent in
¥acuo leaving an oil which was purified by
30 chromatography on silica gel, eluting with 10-30%
ethyl acetate in hexane to give 730 mg. of product;
Rf = 0.32 (ethyl acetate:hexanes, 1:2).

—
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acetic acid A solution-of the ethyl ester product frompart (a) (1.57 g.,
3.35 mmol es) in nethanol (17.0 m.) maséﬁurged with arBdP%r 30 ninutes,
cooled down to [err] (ice-salt bath) Theh Treated dropwise with a
previously purged (argon, 30 minutes) solution of 1.0 N sodi um hydroxide
(13.4 m ., 4.0 eq.) nmaintaining the bubbling of argon throughout the

addi tion and | ength of the reaction. The reaction mxture was stirred at _
[err] for 1.0 hour, acidified at [err] wth 5% potassium bisulfate (60 m .)

to pH 1.0 then extracted with ethyl acetate (2 x 110 m.). The organic -

extracts were E@gﬂgﬂgﬁﬁi%}iﬂ;ﬂﬁ;ﬂﬁ%.tggh; rgEﬁfﬁ%ﬁfﬂ!ﬁﬁ#ﬁgﬁ;ﬁ%%? um sul fate),’
filtered, evapp atedlx)wiéﬁﬁigcggqquLgcnln Vacuo. € product was
di ssol ved in nﬁgﬁQ?Eut e oIS CRCEd o n8LRY L RS LI AVIASION Sse Wit h
hexane (50 m .promide salt : '
. The product from part (a) (1.43 g., 3.23 mmol)
5 was treated with 30% hydrogen bromide in acetic
acid (5.5 ml.). The mixture was stirred at room
temperature for two hours and then diethyl ether (100
ml.) was added. After stirring at room temperature
for one hour, the precipitated salt was harvested by
10 filtration and washed several times with ether to
give 1.08 g. of the hydrobromide salt product as a
beige solid.
c) [3R-[3c, 6a(S*)11-6-[[2-(Acetylithio)-1-ox0-3-
15 thiazepine-4(SH)-acetic acid. ethvl ester
A suspension of the dicyclohexylamine salt of
(S)-2- (acetylthio)benzenepropanoic acid (736 mg.,
1.81 mmol) in ethyl acetate (30 ml.) was washed twice
with 0.1N hydrochloric acid (40 ml., 20 ml.) and once
20 with brine (20 ml.), dried (magnesium sulfate), |
~ filtered, and freed of solvent in vacug leaving the
free acid as an oil.
The hydrobromide salt product from part (b) (640
mg., 1.65 mmol) was dissolved in dichloromethane (30
25 ml.), washed with sodium bicarbonate solution (2 x 20
ml.), then brine (20 ml.), dried (magnesium sulfate),
filtered, and freed of solvent in vacuo leaving the

free amine as a viscous o0il (495 mg.). This and the
free acid above were dissolved in dichloromethane (20
30 ml.) under an atmosphere of argon and cooled to 0°C.
1-Hydroxybenzotriazole hydrate (256 mg., 1.90 mmol)
and'1-ethy1-3-(3-dimethylaminopropyl)carbodiimide
(362.5 mg., 1.90 mmol) were added. The mixture was
stirred cold for three hours and then diluted with
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soratchjng the mixture to forma solid. The supernat antgyegggdecant ed and
the solids triturated with additional hexgne (2 x 50 m.) and pentane (2 X
-44- 100 m.), stirring with the first 100 m. of pentane for 4 hours and
the next 100 m . overnight under argon. The product obtained was then
dried in vacuo for 12 hours to give 1.237 g. of product; Rf ‘= 0.58

(et hyl ene chl oride: met hanol : acetic acid, 20:1:1); [err] = [err] (c :-0.73,
met hanol ). Anal .cal cd. for C21H22 N204S * 0.1 [err] * 0.18 H20: C, 63.14;
H 5.81; N 6.85; S, 7.84; SH, 8.09 Found: C 63.14; H 5.85; N 6.58; S, 7.50;

SH, 7.05. [err] digslquamethane] (39 d. 1K) , Theggolution was washed

with water (15 ml.), 5% potassium bisulfate solution
(15 ml.), sodium bicarbonate solution (15 ml.), and
water (15 ml.). The dichloromethane solution was

5 dried (magnesium sulfate), filtered and freed of
solvent in vacug. The remaining material was
chromatographed on silica gel (Merck, approximately
150 ml.), . eluting with 25% ethyl acetate in hexane to
give 610 mg. of product; Rf = 0.53 (ethyl

10 ' acetate:hexanes, 1:1) |

15 A solution of the product from part (c) (610
mg., 1.185 mmol) in methanol (12 ml.) was purged
with argon for 15 minutes, cooled in an ice-salt bath
and, while stirrihg and continuing the argon purge,
treated dropwise  with 1N sodium hydroxide solution

20 (4.75 ml.) which had been purged with argon for 30
minutes just before use. The mixture was stirred
cold for 75 minutes and then acidified to pH 1 with

5% potassium bisulfate solution. The product was
extracted into ethyl acetate (2 x 40 ml.). The

25 combined organic ektracts were washed with brine,

. dried (magnesium sulfate), filtered and freed of
solvent in vacug leaving 533 mg. of product that
slowly crystallized. The NMR and mass spectra of
this material indicated it was a mixture of methyl

30 and ethyl esters. Rf = 0.76 (5% methanol in
methylene chloride plus 2 drops acetic acid/5 ml.)
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(Mm2H ;. 3.07 (m 2H), 3.25 (m 1H), 3.51 (m 1H), 4.39}%ng J = 17 H),

445 (m 1H), 4.64 (m 1H J = 17 Hz), 7,07 - 7.41 (m 9aExarrpIe 7 a)
(2S-ci s)-5, 6-D hydro-5-pht hal i m do- 4- oxo-2- phenyl -

1. 3-thi azi ne-3(4H)-acetic acid. ethyl ester Follow ng the procedure of U S.
Pat ent 4, 460,579 Exanple 1(a) through 1(c), 15.6 g., of the diastereoneric
product m xture was obtained. The mxture was refluxed in ether (500 m.)
for 4 hours, cooled in an ice-bath, and filtered to yield 5.9 g. f =
(2R-trans) -5, 6-di hydr o- 5- pht hal i m do- 4- oxo- 2-

phenyl 2H 1, 3- th|a2|nergg odyaglfgogpbgrteqayl(¢§@Qﬁ mp. 166 - [err]; Kf
0 40 (Mexanes SV SCSLALS: b by hik b o fechatol T 1™

ml. ) The material crystallized out. Distilled

tetrahydrofuran (5 ml.) was added and the mixture

5 became a clear solution which was purged with argon

for 15 minutes, cooled in an ice-salt bath and, while

stirring and continuing the argon purge, treated

dropwise with 1N sodium hydroxide solution (4 ml.)

which had been purged with argon for 30 minutes just

10 before use. The mixture was kept cold and under

' argon for 27 hours. At this time TLC indicated that
the hydrolysis of the ester was cbmplete. The
mixture was acidified to pH 1 with 5% potassium
bisulfate solution. The product was extracted into

15 dichloromethane {2 x 30 ml.). The cémbined organic
extracts were washed with brine, dried (magnesium
sulfate), filtered and freed of solveht in vacuo
leaving a white solid foam. This was dissolved in
dichloromethane and hexane was added to turbidity.

20 The mixture was freed of solvent in vacuo leaving a
solid. This was triturated with 20% hexane in ether.
White solid was harvested by filtration, washed with
cold 50% hexane in ether to give 350 mg. of product:;
m.p.175 - 182°C; Rf = 0.42 (5% methanol in methylene

25 chloride plus 2 drops acetic acid/5 ml.); I[alp =
+26.7° (c = 0.8, methanol). HPLC: Rr = 8.0 min.,
66.8% aqueous methanol containing 0.2% phosphoric
acid, 1.5 ml./min., detected at 220 mm, YMC S-3
(ODS), 6.0 x 150 mm, 3 micron spherical end capped

30 column. H.I. = >95%.

Anal. calc*'d. for C22H24N204S2:
_ C,59.44; H,5.44, N,6.30; S,14.42
Found: C,59.52; H,5.54; N,6.08; sS,14.14.
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sound:- C 62.21; H 4.82; N 6.63;, S, 7. 52 Trituration of thS remai nder of the
product nlxture W th refIUX|ng et her gg m.) af f or def*32928cond batch of
-45- 0.9 g. of the (2R-trans) isoner prdduct. The residue was triturated
again with refluxing ether to give 0.75 g. of insoluble substance [largely -
(2R-trans) isonmer] and 7.1 g. of material enriched in (2S-cis) .isonmer. 6.0
g. of the enriched (2S-cis) isonmer material was chronatographed on two

~ connected Waters Prep L C colums and eluted with hexanes:ethyl acetate
©(3:1). Pooling of the product containing fractions yielded 4.8 g. of

- (2S-cis)-5,6- dihydro-5- phthaI|n1do A 210henyl - 2H 1, 3 -t hi-azi ne-
3(4H)-acetic acj.d :

A suspension of the ephredrine salt of (S)-2-
10 [(acetylthio)methyllbenzenepropanoic acid (853 mg.,
2.11 mmol.) in ethyl acetate (40 ml.) was washed
twice with 0.1 N hydrochloric acid (40 ml., 20 ml.),
once with brine (20 ml.), dried (magnesium sulfate),
filtered, and freed of solvent in xagnh_leaving the
15 . free acid as an oil. 5
(3R-cis) -6~-Aminotetrahydro-5-oxo-3-phenyl-1, 4-
thiazepine-4 (5H) -acetic acid, mixture of methyl and
ethyl esters, hydrobromide salt (320 mg. of ethyl
ester, 0.82 mmol. and 410 mg. of methyl ester, 1.09
20 mmol) [prepared as described in Example 18(b)] were
dissolved in dichloromethane (30 ml.), washed with
‘sodium bicarbonate solution (2 x 20 ml.), brine (20
ml.), dried (magnesium sulfate), filtered and freed
of solvent in vacug leaving the free amine as a
25 viscous oil (495 mg., 98%). This and the free acid
described above were dissolved in dichloromethane (20
ml.) under an atmosphere of argon and cooled to (°C.
1-Hydroxybenzotriazole hydrate (285 mg., 2.11 mmol)
and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
30 (403 mg., 2.11 mmol)'were added. The mixture was
- stirred cold 3.5 hours and then diluted with |
dichloromethane (30 ml.). The solution was washed
with water (15 ml.), 5% potassium bisulfate solution
(15 ml.), sodium bicarbonate solution (15 ml.), and

—_— e
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[err] = [err]. TLC sane as isoner A -Anal. calc'd. for rr 0.2 H20:

C 61.83; H 4.79; N 6.55; S, 7.50 Found: C, 61. 83; H ,6.25; S,7.42.
b) (2S-cis)-5.6-Di hydro-5-am no-4- oxo-—ég-p'henyl OH 1. 3- E

t hi azi ne-3(4H)-acetic acid, ethyl. ester A solution of the (2S-cis) isoner
pr oduct frompart (a) (apprOX|nater 85% di astereonerically pure, 3.03 g.,
7.1 mmol.) in chloroform (15 m.) was treated with nethyt hydrazi ne (850
[err], 736 ng., 16.0 nmol.). After stirring at roomtenperature for 24
hours, the m xture was diluted with ethyl acetate and ethyl ether and

fil tered The {htbfates Wes, eXt rmd gq_ch%ggm%ﬁgng SoutwsH qedd oric acid and
aducods mxt o GrYEE AT (HHESTE) no L LI FREAeE| BFREL IRy | o and ¢ ho.
pool ed net hyl eseleahorimevalg.act Theeremdindng(satexiakwdsate), filtered,
chromatographed on silica gel (Merck, 170 ml.),
5 eluting with 25% ethyl acetate in hexane to give 535
mg. of product; Rf = 0.68 and 0.63, (ethyl acetate:
hexanes, 1:1).

- 10 ~thi ine- =
The product from part (a) (493 mg.,

approximately 0.98 mmol) was dissolved in
methanol (12 ml.) and purged with argon for-15
minutes, cooled in an ice-salt bath and, while

15 stirring and continuing the argon purge, treated
dropwise with 1N sodium hydroxide solution (4 ml.)
which had been purged with argon for 30 minutes just.
before use. The mixture was kept cold and under
argon for 48 hours. At this time TLC indicated that

20 the hydrolysis of the ester was complete. The
mixture was acidified to pH 1 with 5% potassium
bisulfate solution. The product was extracted into
dichloromethane (2 x 30 ml.). The combined orgahic

_ extracts were washed with brine (20 ml.), dried

25 (mégnesium sulfate), filtered and freed of solvent in
¥acuo leaving a white glassy foam. 25% Hexane in
ether (20 ml.) was added and, on stirring, a white
solid formed. This was harvested by filtration and
washed with.SO% hexane in ether to give 342 mg., of

30 product; m.p. 170-174°C, Rf = 0.43, (5% methanol in
methylene chloride plus 2 drops acetic acid/5 ml.);
[alp = +#32.8° (¢ = 0.9, methanol). HPLC: Rp = 8.6
min., 66.8% aqueous methanol containing 0.2%
phosphoric acid, 1.5 ml./min.. detected at 220 min.
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and stripped to give 1.648 g., of product as a pale yellowoil; Rf = 0.43 (
met hyl ene chl ori de: acetic acid: methanol, 8:1:1). NVR aHab9%as showed t he
product was -obtained in approxi matel y-88% di ast ereonmeric purity. - 46 -
c) [2s-[[err](R")11-5,6-D hydro-5-rr2-(acetylthio)-1-o0xo-

3- phenyl propyl ] am no] - 4- oxo- 2- phenyl - 2H- 1. 3-t hi azi ne- 3(4FDacet|c aci d,
ethyl ester (S) -2- (Acetylthio)benzenepropanoic acid, dlcyclohexylan1ne-
salt (1.318 g., 3.25 mmol.) was partitioned between ethyl acetate and 5%
pot assi um bi sul fate. The ethyl acetate |ayer was washed wi th water and

brine, then dried Esqdiygusuldaq) 1 dg e 99,3000R! LhRBEECAP Ghye the free

acid as a colo
' capped column H.I. = >95%.

Anal. calg d. for C23H26N204S2:
c,60.24; H,5.71, N,6.11; S,13,98
5 Found: - C,60.25; H,5.77; N,6.06; S,13.85.

10 - - -2- -6- -

'A suspension of (2R-trans)-6-aminotetrahydro-
1,4-thiazepin-5(4H)-one (5.82 g.) [prepared as
described by Yanagisawa et al., J. Med Chen., Vol.

15 30, p. 1984 - 1991 (1987)] in a mixture of
dichloromethane (125 ml.) and triethylamine (11 ml.)
was treated with di-tert- butyl dicarbonate (6 g.)
and stirred at room temperature four hours. The
mixture was diluted with dichloromethane (100 ml.)

20 and washed with water. The dichloromethane solution
was dried (magnesium sulfate), filtered and freed of
solvent in vacug leaving a pale yellow solid. This
was chromatographed on silica gel, eluting the
product with ethyl acetate:hexane (1:1) followed by

25 ethyl acetate to give 2.01 g. of product as a white

solid.

30 A solution of the product from part'(a) (1.95
g., 6.05 mmol) in distilled tetrahydrofuran, under an
atmosphere of argon, was cooled to 0°C and treated
with powdered potassium hydroxide (1.10 g., 18.15
mmol, 3 eq.) and tetrabutylammonium bromide (195
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mx%ture, of acid this free acid and the (2S-cis) produ on1part (b) (84%
di astereoneric purity, 960 ng., 3.26 | .) was dissol Pn net hyl ene
chloride (25 m.) and treated with 1- E?ﬁ?oxybenztriazole hydrate (622 ny.,
4.6 mol .) then cooled to [err]. The m xture was subsequently treated with
1- et hyl - 3- (3-di net hyl - am nopropyl )- carbodiimde (687 ng., 3.58 mmol.)..
After slowy warning to [err] over a one hour period, the mxture was
subsequently warmed to roomtenperature. After 4 hours, the solution was
diluted with ethyl acetate and washed successively with water, 5% potassi um

bisul fate, watgr, satgtr@tleql,rg th&QéQafé’é’O{'ﬂiﬂ, a;n%sbqnh‘gg ghgn dried

(sodium sul fate flltered stri pped e residue was flash
chr omat ogr aphe%m( m&:l&dﬁeld darogunseloze:emmem &tfe 3Pepinureseo gi ve 804

ng. of productpRs n?nEtQir‘H WR3S sk9abkal 851d forf b HRALHRM cAegtate in
hexanes). VR a0 0ed Sedel di2hiSrbneciane ($bo W ) and wates’ (8g°"' cally
5 ml.). Dilute hydrochloric acid solution (75 ml.) was
then added and the layers were separated. The
~aqueous layer was reéxtracted with dichloromethane
(100 ml.). The combined organic layers were dried
(magnesium sulfate), filtered and freed of solvent jin
10 yacuo leaving a white foam. The foam was dissolved
in a mixture of ethyl acetate and dichloromethane and
treated with an excess of a solution of diazomethane
in ether. The resulting methyl ester was purified by
chromatography on silica gel, eluting with ethyl
15 acetate:hexane (1:1) to give 2.193 g. of product;
Rf = 0.49 (ethyl acetate:hexanes, 1:1).

20 . The product from part (b) (2.19 g., 5.56 mmol)
was cooled in an ice bath and treated with a 4N
solution of hydrochloric acid in dioxane (15 ml.);
The mixture was stirred cold for one hour, during
this period a gel formed. The cooling bath was

25 removed and the mixture was stirred at room
temperature for one hour:. The solvent was removed
in vacuo and toluene was added once and removed in
xagng leaving 1.84 g. of product as a solid.

30 . e e . e a_
S)-2-[ (Acetylthio)methyl]benzenepropanoic acid
(obtained from the ephredine salt as described
previously) was reacted with the product from part
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pure wfh respect to acetylthio center. (2s- [err]) (ﬁ§ écapto-l-oxo-S-
_phenyl pronyl | am nol -4-0xo-2-pheny|;2§-1; 3-thi azi ne: g? ?D - acetic acid
A solution of the ethyl ester product ?on1part (¢) 500 ng., 1.0 mol .)) in
met hanol (5 m ., deoxygenated via rgon bubbling) at [err] was -treated with
ice cold 1 N sodium hydroxide (5 m ., deoxygenated via argon bubbling)

" -47- and the resulting mxture was stirred at [err] under argon for 30

m nutes. The solution was acidified with 10% pot assium bisulfate (15 m.),
diluted with water and extracted with ethyl acetate. The ethyl acetate

extract was wa@)e@acdoriingt e6 thd prodeiurd @ Gxaaglestdpast (b)),
affording the title product; Rf = 0.51 (ethyl

acetate: hexanes, 1:1).

A solution of the product from part (d) in
methanol was treated with 1N sodium hydroxide
according to the procedure of Example 1 part (c),

10 affdrding the title product; m.p. 197 - 199° C.;
Rf = 0.41 (5% methanol in dichloromethane plus 2
drops acetic acid/5 ml.); [alp = +27.1° (¢ = 0.5,
‘methanol) . _

" Anal. calc'd. for C23H25N20482:

15 ' c,60.24;7 H,5.71; N,6.11; S,13.98

Found: c,60.01; H,5.77; N,5.94; S,13.64.

20 4(5H)-acetic acid

A suspension of the dicyclohexylémine salt of

25 (8)-2-{acetylthio)benzenepropanoic acid (1.13 g., 2.8
mmol) in ethyl acetate (50 ml.)was washed twice with
0.1N hydrochloric acid (50 ml., 25 ml.), once with
brine (25 ml.), dried (magnesium sulfate), filtered
and freed of solvent in vacuoc leaving the free acid

30 as an oil. This was dissolved in dichloromethane (15
ml.) under an atmosphere of argon and cooled to 0°C.
1-Hydroxybenzotriazole hydrate (405 mg., 3.0 mmol)
‘and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(592 mg, 3.1 mmol) were added. The mixture was

i
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sulfate), filtered and strlpped to afford an oil/foam |s mat eri al was

" flash chromat ographed (Merck silica gel,, 20: 1: 1- net hyl

chl ori de: net hanol : acetic acid). The Trdctions containing the product were
pool ed and stripped, and the residue was taken up in ethyl acetate and
washed successively with water, 0.5 N hydrochloric acid, and brine, then
dried (sodiumsulfate), flltered and stripped again.. The resulting oil was
di ssolved in a small anobunt of ethyl acetate and ethyl ether and triturated
~wi th hexane. The m xture was stripped to dryness, slurried in hexane,

stripped to drypgSSeddaild d%@ﬂh@hkeﬁefaréaﬁwé 4eird dﬁﬁéﬂnarad@f pr oduct
as a white foa

20:1:1); [err]n;lfeﬁ¥?é#ﬁf E‘%ﬁ?@?o?é?ﬁ*dﬁﬁgf%%ﬁqob tmI“o‘%lgl%lsdcolunn
(6.0 x 150 nmmwag|added vﬁqltiowd)hy domethy bnorglund ine K308 #3..2% phosphori c
acid and 56% By J9%eier - 9% FRLRaRe! wls 22k ARASPNUIS A Gnel | OW
5 hour and one hour at room temperature, then diluted
with dichloromethane (70 ml.). The solution was
washed with water (15 ml.), 5% potassium bisulfate
solution (15 ml.), sodium bicarbonate solution (15
ml.), and water (15 ml.). The dichloromethane
10 solution was dried (magnesium sulfate), filtered and
freed of solvent in vacuo. The remaining material
was chromatographed on silica gel (Merck, 160 ml.),
eluting with mixtures of ethyl acetate and hexane
(1:3 followed by 1:2) to give 880 mg. of product;
15 Rg = 0.57 (ethyl acetate:hexanes 1:1).

A solution of the product from part (a) (880

20 mg., 1.75 mmol) in methanol (12 ml.) was purged with
argon for 15 minutes, coocled in an ice-salt bath and,
while stirring and continuing the argon purge,
treated dropwise with 1N sodium hydroxide'solution
(7.0 ml.) which had been purged with argon for 30

25 minutes just before use. The mixture was stirred
cold for 70 minutes and then acidified to pH 1 with
5% potassium bisulfate solution. The product was
extracted into ethyl acetate (2 x 40 ml.). The
combined organic extracts were washed with brine,

30 dried (magnesium sulfate), filtered and freed of
solvent-in yvacuo leaving a white partially solid
material. Ether was added and a white solid was
harvested by filtration and washed with additional
ether to give 494 mg. of product: m.p.181-183°C,
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rate 1+5 m/mn detecting at 220 nm tR = 26.22 nmin. and tR = 24.64 min

(9. 3@65a(8*) i sonmer). Anal. [err] C,58.18; H 5.19; N, diaf@9as 14.79; SH, 7.63-
Found: C 58.20: H,5.51: N, 6.44; S 18%46 "SH, 6. 60. - 48 - [err]
met hvl | - 1- oxo- 3- phenyl propyl' ] am no] - 4- oxo- 2- phenyl - 2H 1, 3- : '

t hi azi ne-3(4H)-acetic acid. ethyl ester

(S)-2-[ (Acetyl t hio)nethyl]benzenepropanoic acid (obtalned fromthe
ephedrine salt as described previously) was reacted with the product from
Exanpl e 7 part (b) according to the procedure of Exanple 1 part (b),

affording the gitleypfPdud Rtndndl {8 dichloromethane + 2 drops
acetic acid/S5 ml.); [alp = + 6.7° (¢ = 0.7,
methanol). HPLC: Ry = 9.6 min., 66.8% agueous
methanol 6ontaining 0.2% phosphoric acid, 1.5
5 ml./min., detected at 220 mm, YMC S-3 (ODS), 6.0 x
' 150 mm, 3 micron spherical end capped column. H.I.
= 98%. The NMR indicates approximately 0.1 M of
trapped ethyl acetate.
_ Anal.calc'd.. for C22H24N204S2 « 0.1 C4HgO3:
10 Cc,59.34; H,5.51; N,6.18; S,14.14

Found: C,59.22; H,5.41; N,6.12; S,13.72.
EXAMPLE 22
- * * - - L - - - -] - -
15 acid

2,3,4,5-Tetrahydro-3-amino-2-oxo-1H-benzazepine-

l-acetic acid, ethyl ester [prepared as described by

20 Watthey et al., J. Med Chem., 28, p 1511-1516 (1985)]
(14.8 g., 56.4 mmoles) was resolved via its L-
tartaric acid salt by the method described in the
aforementioned reference to give the S-amine (3.927
g., m.p. 105-107°; [alp = -277° (c = 0.99, ethanol).

25 The residue from the combined mother liquors (21.5
g., 52.1 mmoles) was suspended in ethyl acetate (340
ml.), washed twice with 10 % NH40H (41 ml. then 30
ml.) and brine (25 ml.), dried (anhydrous sodium
sulfate), filtered, evaporated to dryness, and'the

30 resulting product dried in wvacugo to give the amine
mixture (7.01 g.) enriched with the R isomer. A
solution of the isomer mixture (2.285 g., 8.71
mmoles) in absolute ethanol (18 ml.) was treated with
D-tartaric acid (1.31 g., 8.73 mmoles) and heated on
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foam Rf = 0.29 (50% ethyl acetate in hexanes). NWR anal ysis indicated that
t he product was di astereonerically pure. b) [err] HAS599%a

oxo- 3- phenyl propyl ] am nol - 4- oxo- 2- phengb- 2H 1, 3-t hi azi ne- 3(4H) - acetlc acid
A solution of the product frompart (a) in nethanol was treated with 1N
sodi um hydr oxi de according to the procedure of Exanple 1 part (c),

affording the title product as a relatively hard white foam [err] = 0.29
(nmet hyl ene chl ori de: net hanol : acetic acid, 20:1:1); [err] =T[err] (c =
1.0, chloroform. HPLC YMC S3 ODS colum (6.0 x 150 mm; eluted with

0 o 0 - [0) O [0) [0) - 0
L S oL BRLIneli O 2RISR Sdare And ARRe F1og0" vt o - 00
= 33.45 nmn (@@ln%ionAwaB.coaleddﬂoﬁntheauqm temperature, allowed :

to stand for two days then cooled down to 0° (ice-
salt bath) and scratched until crystals formed. The
5 crude salt (2.585 g.) was recrystallized once from
absolute ethanol (14 ml.) to give the desired salt
[2.158 g., [@lp = +154.1° (c = 0.6, methanol)]. The
salt was then suspended in ethyl acetate (35 ml.),
washed with 10% NH40H (2 x 4 ml.) and brine (6 ml.),
10 dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacuo to give
- 1.31 g. of product; Re¢ = 0.60 (methylene
chloride:methanol, 9:1); (alp = + 273.1°%,
(c = 0.677, methanol).

15 -(R*.S*)1- - ro-3-112-

(S)-2-(Acetylthio)benzenepropanoic acid
(obtained from the dicyclohexylamine salt as
20 described previously) was reacted with the product
from part (a) according to the pfocedure of Example 2
part (b), affording the title product as a syrup:;
Rf = 0.57 (ethyl acetate:hexanes, 1:1).
c) [R-(R*.S*)1-2.3.4,5-Tetrahvdro-3-[(2-mexcapto-1-
25 =3- inol-2-oxo-1H-] ine-1-
_ . id
A 'solution of the product from part (b) in
methanol was treated with 1N sodium hydrioxide
according to the procedure of Example 2 part (c)
30 affording the title product as an amorphous solid;
Rf = 0.67 (methylene chloride:methanol:acetic acid,
20:1:1); {alp = +230.9° (¢ = 0.57, methanol).
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C.59.44; H5.44; N 6.30; S,14.42; SH, 7.44 Found: C 59.63; H, 5. 84,
N,5.99; S,14.54; SH,6.83.  -49- EXAWPLE 9 (S, S)- Hexaimsbay 3- r

r 2- (mer capt onet hyl ) - 1- oxo- 3- phenyl propgd ]-am no] - 2- oxo- 1H azepi ne- 1- aceti c
acid a) [err] [(phenyl nethoxy)carbonyl]-L-l1ysine, nethyl ester Cesium
carbonate (4.28 g., 13.1 nmmol es) was added to a m xture of

[err]-[(1, 1-di net hyl et hoxy) car bonyl ] -

[err]-[(phenyl met hoxy) carbonyl]-L-lysine (10 g., 26.3 mmoles) and 20 %
wat er - met hanol (60 nml.). The sol uti on -becane honbgeneous wi thin 5 minutes

so the sol vent mas strlgyed and the residual water renpved
l.calc for C21H22N204S:

C,63.30; H,5.56; N,7.03; S,8.05; SH,8.30
Found: C,63.23; H,5.80; N,6.76; S,7.99; SH,7.67.
1-NMR (400 MHz, CDCl3) : & 1.65 (m, 1 H), 2.06

5 (4, 1 H, 2.51 (m, 2 H), 2.94 (44, 1 H, J= 7, 13 Hz),

' 3.17 (m, 2 H), 3.40 (m, 1 H), 4.39 (d, 1 H, J= 17
Hz), 4.45 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.05-
7.31 (m, 9 H).

10 -(R*.S*%) ]~ - -3-[[2- -

Following the procedure of Example 22 but
employing (S)-2-[ (acetylthio)methyl]benzenepropanoic
15 acid in part (b), the title product is obtained as an
amorphous solid; Rf = 0.53 (methylene
chloride:methancl:acetic acid, 20:1:1);
[@lp = + 253.9° (c = 0.38, methanol).
~ Anal. calc‘'d. for C22H24N204S :
20 _ C,64.06; H,5.86; N,6.79; S,7.77
Found: C,63.83; H,6.08; N,6.40; Ss,7.75.
l1p-NMR (400 MHz, CDCl3): &8 1.51 (m, 2 H), 2.32-2.52
(m, 4 H), 2.77 (m, 3 H), 3.17 (m, 1 H), 4.36 (d, 1 H,
: J= 17 Hz), 4.48 (m, 1 H), 4.70 (d, 1 H, J= 17 Hz),
25 6.53 (d, 1 H), 7.11-7.30 (m, 9 H).

30 a) (sS)-g-Bromobenzenepropanoic acid
A solution of L-phenylalanine (30.0 g., 0.175
mole) and potassium bromide (73.5 g., 0.618 mole) in
2.5 N sulfuric acid (365 ml.) was cooled down to 0°
(ice-salt bath) and treated portionwise with sodium
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azeotropically with acetonitrile (3x). The resulting oil was dried in
vacuo di ssolved in dry dinethyl-formam de and treat edHA&i%S= net hyl i odide
(3.2 ., 2.0 eq.). The reaction m xtur8 was stirred at roomtenperature
for 1. 5 hours under argon, diluted with ethyl acetate (200 m.) and washed
successively with water (2 x 25 nl.), saturated sodi um bi carbonate (25 m.)
and brine (25 m.). The organic phase was dried (anhydrous magnesi um
sulfate), filtered, evaporated to dryness and dried in vacuo to give 10.11
g., of product as a Ilght yel | ow syrup; 0 30 (ethyl acetate: hexanes,
204 Azepl n- 2 orBA R AT s -t eBﬁéyﬁeieE d 5 GO FBminlrt (=) (8. 532
g., 21.63 nmmolesyrin stirmschare cobtlnnkd) fmslt@damad ati t0f 86% pal | adi um
on carbon catabyStod dehgbratdzd 244" 096MRLEH Lt wiiicH ¥he?
reaction mixture was extracted with ether (3 x 250
5 ml.). The cgmbined organic extracts were washed with
water (100 ml.) and brine (50 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryness
and dried ip vacuo to give 34.46 g., of product;
Rf = 0.45 (toluene:acetic acid, 95:5). '
10 b) (R)-g-(acetylthio)benzenepropanoic acid.
QLMW i .
A suspension of potassium thicacetate (19.25
g., 0.168 mole) in dry acetonitrile (300 ml.) was -
cooled down to 0° (ice-salt bath) and treated
15 dropwise with a solution of the product from part (a)
(34.462 g., 0.15 mole) in dry acetonitrile (35 ml.)
over a period of 15 minutes. The reaction mixture
was warmed up to room temperature, stirred for 5.0
hours under argon then filtered, washing the solids
20 thoroughly with acetonitrile (125 ml.). The clear
filtrate was evaporated to dryness and dried in
.¥acug. The free acid (39.717 g., orange syrup) was
dissolved in ether (400 ml.), treated with
dicyclohexylamine (30.2 ml.,1.0 eq.) and stirred for
25 30 minutes at room temperature under argon. The
white precipitates were filtered off, washed
thoroughly with ethyl ether (2 x 100 ml.) and dried
in vacug overnight at room temperature to give 41.0
g.of product; [alp = +31.8° (c = 1.4, methanol).

30 ~-(R¥*, Q%) ]~ - -3-[[2- -

A suspension of the dicyclohexylamine salt of
{R) ~0~(acetylthio)benzenepropanoic acid (850 mg., 2.1
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hours., The m xture was diluted with nmethanol (100 m .) and filtered through
a celite pad in a nmillipore unit, washing the pad melﬁmﬁﬁﬂarnﬂhanol (3 x
100 m.)., The clear filtrate was evapor8ed to dryness, dried in vacuo and
the resulting oil was dissolved in -dry xylene (70 nl.). The sol ution was B
refl uxed -50- under argon for 20 hours, cooled down to roomtenperature,
diluted with ethyl acetate (425 m.), and washed successively with 5%

pot assi um bisul fate (85 m.), saturated sodi um bicarbonate (85 m.) and
brine (85 m.). The organi c phase was dried (magnesium sulfate), filtered,

evaporated to deyfess AN dy1eddetataC8o. de) Wl SN UictP s
potassium bisulfate (5 x 10 ml.) and brine (10 ml.),
dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in vacuo to give the

5 free acid as a clear syrup (497 mg.) in quantitative
vield.
The free acid was dissolved in dry methylene
chloride (12 ml.), cooled down to 0° (ice~salt bath)
. and treated with l-hydroxybenzotriazole hydrate (297

10 mg., 2.20 mmoles) and 1-ethy1-3-(3-dimethyl-
aminopropyl)carbodiimide (435 mg., 2.27 mmoles). The
reaction mixture was stirred at 0° under argon for
1.0 hour, treated with (8)-2,3,4,5-tetrahydro-3~
amino—z-oxo-1H—benzazepine-1-acetic acid, ethyl ester

15 [prepared as described by Watthey et al., J. Med.:
Chem., 28, p 1511 - 1516 (1985)} (500 mg.,

1.91 mmoles) and stirring was continued at 0° for 1.0
hour and at room temperature for 1.0 hour. The
solution was diluted with ethyl acetate (50 ml.) ,

20 washed successively with water (8.0 ml.), 5%
potassium bisulfate (2 x 8 ml.), water (8.0 ml.),
saturated sodium bicarbonate (8.0 ml.) and brine (8.0
ml.), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in wvacug. The crude

25 product was chromatographed on a silica gel column
(Merck), eluting the column with ethYl acetate:
hexanes (1:4) to give 714 mg. of product as a clear
syrup: Rf = 0.62 (ethyl 6cetate:hexanes, 1:1).

- * * -’} - - -d - - -l -

30 =3- " i ~2-0x0-1H-1~ ipe-1-
M. i .

A solution of the product from part (c¢) (714
mg., 1.52 mmoles) in methanol (9.0 ml.) was purged
with argon for 30 mintues, cooled down to 0° (ice-

Ill
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chronat ographed on a silica gel colum (Merck), eluting the colum wth
et hyl acetate: hexane (1:1) to give 2.76 g. of productiags9a white solid; m
" p. [err]; R =0.58 (ethyl acetate)- Borr] = [err] (c = 1.0, nmethanol).
Anal . calc'd. for [err]: C,57.87; H, 8.83; N, 12.27 Found: C, 58.12;
H, 8,63; N,12,26. c) (S)-3-[[(1.1-D met hyl et hoxy) car bonyl.] am no] -
hexahvdr o- 2- oxo- 1H azepi ne-1-actic acid. ethyl ester A suspension of the
- '2H azepi ne-2-one product frompart (b) (2.966 g., 12.99 mmoles) in dry
tetrahydrofuran (21.0 ml.) was treated with 1.0 M potassi um

F oom { eper aHHE HACRS AL ETeate Araife T o Revops Qﬁe&air??Qaﬁéd
dropw se V\ntrptmgeﬁ solatdiencofit . A Bodidun hydroxide (6.0 ml., 4
* eq.), maintaining the bubbling of argon throughout
the addition and length of the reaction. The
5 reaction mixture was stirred at 0° for 1.0 hour,

acidified to pH 2.0 with 5% potassium bisulfate (26

ml.) and then extracted with ethyl acetate (2 x 50

ml.). The combined organic extracts were washed with

brine (14 ml.), dried {(anhydrous sodium sulfate),

10 filtered, evaporated to dryness and dried in vacuo.
The crude prodﬁct was dissolved in methylene chloride
(5.0 ml.) and treated protionwise with hexane (50
ml.), scratching to form a solid. The supernatant =
was decanted and the solids trifurated with

15 additional hexane (50 ml.) and pentane (2 x 100 ml.),
stirring with the first 100 ml. of pentane for 4.0
hours and the next 100 ml. overnight under argon.

The prbduct obtained was then dried in vacuo to give
the product as an amorphous solid; Rf = 0.47

20 (methylene chloride: methanol:acetic acid, 20:1:1);
(alp = -228° (c = 0.51, methanol).

Anal.calc'd. for C21H22N204So0.26-C5H12-0.176 CH2C12.:
C,62.46; H,5.94; N,6.48; s,7.42
Found: Cc,62.81; H,5.87; N,6.53; S,7.29.

25 lpE-NMR (400 MHz, CDC13): & 1.65 (m, 1 H), 2.06 (4, 1
H), 2.51 (m, 2 H), 2.95 (dd, 1 H, J= 7, 14 Hz), 3.17
(m, 2 H), 4.39 (4, 1 H, J= 17 Hz), 4.46 (m, 1 H),
4.67 (4, 1 B, J= 17 Hz), 7.02-7.31 (m, 9 H).
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1.7 eq.) , stirred at roomtenperature for 1.0 hour :hen diluted wth ethyl
acetaté (100 m.). The m xture was washed w th saiaggmised sodi um bi car bonat e
(20 mM.), 5 % potassium bisulfate ggl5 mM.) and brine (15 m.), dried
(anhydrous nmagnesium sul fate), Eiltered, evaporated to dryness and dried in
vacuo. The crude product was chromatographed on a silica gel columm
‘(Merck), eluting the colum w th hexane and et hyl acetate: hexane m xtures
(1:6; 1:3) to give -51- 3.387 g. of product as a syrup; Rf = 0.55 (ethyl
acetate: hexane, 1:1) d) (S)-3-Am no-hexahydro-2-oxo0-1H azepi ne-1-acetic
acid, ethyl ester. hydrochloride salt

A suspension of the dicyclohexylamine salt of
(S) -2~ (acetylthio)benzenepropanoic acid (2.63 g, 6.6
mmol) in ethyl acetate (50 ml.) was washed twice with
10 0.1N hydrochloric acid (50 ml., 25 ml.) and once with -
brine (25 ml.), dried (magnesium sulfate), filtered
and freed of solvent in vacuo leaving the free acid
as an oil. This free acid and (S)-3-aminohexahydro-
* 2-oxo-1(2H) ~azocineacetic acid, 1,1-dimethylethyl
15 ester [prepared according to the procedure of
Thorsett et al., J. Med. Chem.,29, 251-60 (1986)]
(1.66 g, 6.5 mmol) were dissolved in dichloromethane
(30 ml.) under an atmosphére of argon aﬂd cooled to
0°c. 1l-Hydroxybenzotriazole hydrate (891 mg, 6.6
20 mmol) and 1l-ethyl-3-(3-dimethylamino-propyl)-
carbodiimide (1.26 g., 6.6 mmol) were added. The
mixture was stirred cold for four hours. The mixture
was diluted with dichloromethane (100 ml.). The
solution was washed with water (50 ml.), 5% potassium
25 ©bisulfate solution (50 ml.), sodium bicarbonate
solution (50 ml.), and brine (50 ml.). The
dichloromethane solution was dried (magnesium
sulfate), filtered and freed of solvent in vacuo.
The remaining foam was chromatographed on silica gel
30 (Merck, 500 ml.), eluting with 25-50% ethyl acetate
' " in hexane to give 2.252 g. of product; Rf = 0.35,
(ethyl acetate:hexane, 1:1). '

-{R* R*}] - -3 - - -] - -l -
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A.solution of the ethyl ester product frompart (c) (3HR9®9gy., 10.13
mml es) in dry dioxane (80 m.) was tre®ted with 4.0 M hydrochloric
aci d’dioxane (31 m., 0.124 nole, 12 eq.) and stirred at roomtenperature
~under argon for 20 hours. The reaction mxture was stripped to dryness,
.evaporating the product several tines fromether, then dried in vacuo to
give 2.541 g. of product as a white crystalline hygroscopic solid;, Rf =
- 0.32 (nmethylene chloride: nethanol : acetic acid. 8:1:1). e) '
(S, S)-3-rr2-[ (Acetylthio)nethyl]-1-o0xo-3- : . .
phenyl pronpy] ami.noj ?5‘?0‘}%‘5@%%/ Mh@TL, (&) WagcAdssetked iRt er :
(S) - 2-[ (Acet yl thip)wmtded dthien zevidpr(@Pamdi.c aadi dtiepaddat moaml t (1. 625 g.,
4. 028 nmol es, WaE, .S Us BN N e (75 m.), washed
with dilute hy-é?'gé%’fe%?%% amr?ili('% %S.qr\%ét gbﬁék éf‘i L%Sn | |

_ atmosphere. The trifluoroacetic acid was removed in

5 wacuo and toluene was added twice and removed in

vacuo to leave the acid product as a white foam.

- (R* R*}] - -3 - - - - =

A solution of the product from part (b)

10 (5.45 mmol) in methanol (30 ml.) was purged with
argon for 15 minutes, cooled in an ice-salt bath and,
while stirring and concinuing'the.argon purge,
treated dropwise with concentrated ammonium hydroxide
solution (2.0 ml.). After stirring cold for 6.5

15 hours, additional ammonium hydroxide 'solution (1.0
ml.) was added and the mixture WaS'capped and left in
the refrigerator for 18 hours. The mixture was
acidified to pH 2 with 5% potassium bisulfate
solution. The product was extracted into

20 dichloromethane (3 x S0 ml.). The combined organic
extracts were dried (magnesium sulfate), filtered and
freed of solvent in vacuc leaving a white foam.

Ether and hexane were added and the suspension was
stirred under an argon atmosphere for 1 hour. A

25 white solid was harvested by filtration, washed with
more ether and hexane, and dried in wvacuo to give
1.531 g. of product as a white foam; m.p. 71-90°C;

Re = 0.41 (10 % methanol in methylene chloride + 2
drops acetic acid/5 ml.); [@lp = +3.5° (c = 0.75,
30 methanol).
Anal. calc*'d. for C18H24N204S:
C,59.32; H,6.64; N,7.69; S,8.80
Found: C,59.02; H,6.77; N,7.67; S8.70.
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57 mM. 1.0 N hydrochloric acid then 40 M. water + 1.9 m. 1.0 N

hydrochf oric acid), brine (15 m.), dried (anhydrous scemhisggasul fate),
filtered and evaporated to dryness. The 92ol-or|l ess syrup was dried in vacuo
for 1.0 hour to afford 1.05 g.of the free acid. This free acid was

di ssolved in dry dinethylformam de (25 m.), cooled down to [err] (ice-
salt bath), treated with 1-hydroxybenztriazole hydrate (567 ny., 4.20

mol es) and 1-ethyl -3-(3- di nethyl am nopropyl carbodiim de (832 ng , 4. 34
mmol es) and stirred at [err] under argon for '1.0 hour. The clear solution

was treated with a solutio f the 52
_ HPLC: Ry = %.8 m&n., 62% aqueous methanol containing

0.2% phosphoric acid, 1.5 ml. min., detected at 220
mm, YMC S-3 (ODsS), 6.0 x 150 mm, 3 micron spherical
end capped column. H.I. >95%.

10 diethvl] ester
To a solution of sodium ethoxide (21% in
ethanol, 4.613 gm, 67.8 mmol) in ethanol (100 ml) was
added diethyl acetamidomalonate (14.74 gm, 67.8
mmol), then 1-(bromomethyl)napthalene. (10.0 gm, 45.2
15 mmol). The solution was stirred at room temperature
for one hour. The reaction mixture was then .
concentrated to an orange oil. The oil was dissolved
in ethyl acetate and washed with 50% saturated -
ammonium chloride water and brine, then dried over
20 sodium sulfate, filtered and concentrated to afford
an orange solid. The solid was recrystallized from
. ethyl acetate and hexane to afford beige crystals
contaminated with malonate. The solid was dissolved
in 50% ethyl acetate in hexane and purified by flash
25 chromatography on Merck silica gel in 50% ethyl
acetate in hexane. Those fractions containing pure
prodﬁct were combined and concentrated to afford
10.225 g. of-prodﬁct as a white solid; m.p.
105-108°C; Rf = 0.57 (50% ethyl acetate in hexane).
30 b) __a-Amino-1-paphthalenepropanoic acid
A solution of the product from part (a) (16.182
. gm., 47.5 mmol) was suspended in 48% hydrogen bromide
(100 ml) and refluxed under argon for 14 hours. The
hydrogen bromide salt of the product was filtered out
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ethyl ester hydrochloride salt product of part é%% (1.0 g., 3.988 mmol es)
indry dinethyl formanide (3.0 m.) and 4-nethyl P®l i ne (0 45 m., 1.0
eq.) and stirring was conti nued Terr] for 1.0 hour and at room
tenperature for 2.0 hours. The reaction mxture was diluted with ethyl"
acetate (100 m.), washed successively with water (15 m.), 5 % potassium -
bisulfate (2 x.15 m .), saturated sodi um bi carbonate (15 m.) and brine (15
m.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and
dried in vacuo. The crude product was chronatographed on a silica gel

col umm 5%&8%%%%@ %o, "thlin ot bithn A5t Fdiexane m xtures (1:4;

1:2) to give produ as a 030 (et hyl
acet at el @xéﬁé“ﬁﬁ%ﬁ (QQQrNP)Aa§§IGPPOﬁOth%%% reysraldaed product from

with concentrated ammonium hydroxide. The product
precipitated out of solution as a fine white solid.
5 Upon filtration and drying under high vacuum '
- overnight (18 hours), 8.335 g. of product was
obtained as a fluffy white solid; m.p. 264 °C.
To a solution of the product from part (b)

10 (4.000 g., 18.6 mmol) and potassium bromide (7.63 g..,
63.2 mmol) in 2.5 N sulfuric acid (35 ml) kept at 0
°c was added sodium nitrite (1.92 g., 27.8 mmol)
over one hour. The mixture was stirred for an
additional hour at 0° C, then was warmed to room

15 temperature and stirred for 2.5 hours. The reaction
mixture was then extracted with ether (3x). The
ether layers were combined and washed with water and
brine, then dried over sodium sulfate, filtered and
concentrated to give an orange oil. The o0il was

20 purified by flash chromatography on Merck silica gel
in 70% ethyl acetate in hexane with 1% acetic acid
_added'to reduce tailing. Those fractions containing
the bromide were combined and concentrated to afford
slightly contaminated product as an orange oil which

25 solidified upon sitting overnight. Rf = 0.40 (40%
ethyl acetate in hexane with 1% acetic acid).

To a slurry of potassium thioacetate (0.912 g.,
.8.00 mmol) in acetonitrile (300 ml) at 0°C was added

30 the product from part (c) (2.030 g., 7.27 mmol) as a
solution in acetonitrile (3 ml). The solution was
stirred for one hour at 0°C, then was warmed to room
temperature and stirred for 15 hours. Potassium
bromide was then filtered out of the reaction mixture
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part (e). (1.537, 3.53 mmoles) in nethanol (18 m.) was puspyh Wi th argon
for 30 nminutes, cooled down to O (i ce-salgq bath) then treated dropwi se with
a previously purged (argon, 30 mnutes) solution of 1.0 N sodi um hydroxi de
(14.2 m., 4 eq.) maintaining the bubbling of '‘argon throughout the addition
and the length of the reaction. The reaction m xture was stirred at [err]
for 1.0 hour, acidified at [err] with 5% potassiumbisulfate (60 mM.) to pH
2.0 then extracted with ethyI acetate ( 2 x 100 mM.). The organic extracts
were washed with brine (25 nl. dried (anhydrous sodlun1sulfate)

- filtered. evaporandedh® fdfl)Fﬁé§§ 59&‘:6@1:%@1‘3?% Yacktordhan QRANGS oduct was

di ssol ved ‘i n netdyl enq‘}@ldml das( diBkolveadinreetiell awatdwevdrige W t h hexane
(50 m.), scratchl R d U R o4 Bot2sb2hi 81 S91ESke THifa BIRRIL A Y, VoS
| dried over sodium sulfate, filtered and concentrated

5 to afford an orange oil. The oil was purified by
flash chromatography on Merck silica gel in 50% ethyl
acetate in hexane with 1% acetic acid added to reduce
tailing. Those fractions containing product were all
contaminated with a compound with an Rf = 0.43. _

10 Those fractions were pooled and concentrated to give
an orange oil. The crude product was purified via the
dicyclohexylamine salt by dissolving the orange oil
in ether and adding an'equivalent of
dicyclohexylamine (18.13 g., 100 mmol) to the

15 solution. The.dicyclohexylémine salt was obtained in
2'crops of brown crystals (1.450 gm) still slightly
contaminated with impurity. The crystals were

' suspended in ethyl acetate and shaken with 10%

potassium bisulfate (3x). The organic layer was then

20 washed with water and brine, then dried over sodium
-sulfate filtered and concentrated to afford 875 mg.
of product as a yellow oil; Rf = 0.40 (40% ethyl
acetate in hexane with 1% acetic acid).

25 =1- inol-2-oxo-1H-1-

The racemic acid product from part (d) (338 mg.,
1.23 mmol) and (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-
1H-l-benzazepine-l-acetic acid, ethyl ester [prepared
30 as described by Watthey et al., J. Med. Chem., 28, p
1511 - 1516 (1985)] (321 mg., 1.23 mmol) were
- dissolved in methylene chloride (11 ml) at room '
temperature under argon. The mixture was cooled to
0°C and treated with hydroxybenzotriazole hydrate
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© -53- decanted and the solids were triturated with nmore hexane (3 x 50 m.)
and the solids were evaporated from pentane (4 x .40 nm HAS9%¥Re resulting
product was dried in vacuo 12 hours to §Se 1.261 g., of product as an

anor phous solid; Rf = 0.43 (nethyl ene. chloride: net hanol : acetic acid,
20:1:1); [err] A suspension of (S)-2-(acety|thio) benzenepr opanoi ¢ aci d,
~di cycl ohexylanmine salt (2.81 g.; 6.93 mmples or  1.01 eq.) was suspended ‘i n
et hyl acetate (200 m.), washed wi th 5% pot assi.um bisulfate (5 x 30 nl) and
brine (40 m.), dried (anhydrous magnesi umsulfate), filtered, evaporated

- to dryness and grded Jn,vaque Loy 9iNg 1-ddf 930G WiGethy1-

' aminopropyl)carbodiimide (259 mg, 1.35 mmol). After
stirring for 1 hour, the mixture was warmed to room
temperature and stirred an additional 4 hours. The

5 volatiles were evaporated and the residue was
dissolved in ethyl acetate and washed successively
with 1 N hydrochloric acid, water, saturated sodium
bicarbonate, and brine. The organic layer was dried
(sodium sulfate), filtered, and concentrated and the

10 residue was flash chromatographed (Merck silica gel)
eluting with 50% ethyl acetate in hexanes to give
510 mg. of product as an oil (1l:1 mixture of
diastereomers). Rg = 0.40 (5% acetic acid in ethyl
acetate).

A solution of the product form part (e) (508

mg., 0.98 mmol) in methanol (6 ml.,'deoxygenated via

20 argon bubbling) was cooled to 0° C and treated with 1
N sodium hydroxide (6 ml., deoxygenated via argon
bubbling). The resulting mixture was stirred under
argon for 1 hour. The solution was acidified with
10% potassium bisulfate and extracted with ethyl

25 acetate. The organic layer was washed with brine,
dried (sodium sulfate), filtered and concentrated to
give a clear oil. This residue was flash
chromatographed (Merck silica gel) eluting with 1%
acetic acid in 1:1 hexanes/ethyl acetate. The

30 fractions containing pure product were combined,
concentrated, azeotroped with ethyl acetate, and
washed with water to remove the acetic acid. The
organic layer was dried (sodium sulfate), filtered
and concentrated. The residue was taken up in ethyl

T“f‘?li’iiﬁ‘fi’ii:ﬁﬂi i fin



free acid as a clear syrup. This free acid was dissolved in dry nethyl ene
chioride (30 nl.) and cool ed down to [err] (ice-salt pHAﬁ?Qareated wth

1- hydr oxybenztri azol e hydrate (978 ng-,9€.23 nmol es) and

1- et hyl - 3- (3-di net hyl - ami nopropyl ) carbodiinmde (1.435 ng., 7.49 ol es)
and stirred at [err] for 1.0 hour. The solution was treated wi th a sol ution
of (' S)-3-an no- hexahydro-2-oxo- 1H - 54 - azeplne 1l-acetic acid, ethyl
ester, hydrochloride salt (1.58 g., 6.30 nmoles) in dry nethyl ene chlori de
(10 M) and 4-nethyl norpholine (0.77 mi., 7.01 mmol es) and stirring was

?Ce)gf:![ Ingﬁd at [errl:aftgrandotpfg\{ra e %:titrho mh inggﬁg}:uggdfr?erx&n 5. hours. ,The
The solvent was removed and the residue was slurried
in hexane, stripped, and dried in,yagug to give 327
mg of product as a white powdery foam; Rf = 0.64
5 (5% acetic acid in ethyl acetate); [alp = -187.3°
"~ (c = 0.43, chloroform).
Anal. calc'd for C25H23N204S « 0.42 H20:
- C,65.98; H,5.28; N,6.16; S,7.05
. Found: C,66.29; H,5.29; N,5.85; S,6.65.

10 HPLC: tr = 12.3 min (48.1%) and 14.4 min (51.8 %) (A=
220 nm), YMC S-3 ODS (C-18) 6.0 x 150 mm; 68% (10%
water-90% methanol-0.2 % phosphoric acid)/32% (90%
water-10% methanol.2% phosphoric acid), flow rate =
1.5 ml/min, isocratic. '

15 . Example 27 |
IS-(R*,R*)1-3-1[2- (Acetv]lthio)-1-oxo-3-phenvl-

} ine-1-aceti i |
The product from Example 6 (799 mg., 2.0

20 mmol.) was added to a de-oxygenated (argon bubbling)'
solution of potassium bicarbonate (378 mg., 3.8
mmol.) in water (25 ml.). Upon dissolution of the
starting maﬁerial, acetic anhydride (1.5 ml., 1.62

. g., 15.9 mmol.) was added. A milky white solution
25 was obtained which eventually produced a gum. After
stirring at room temperature for minutes, the mixture
was acidified with 10% hydrochloric acid and
extracted with ethyl acetate. The ethyl acetate
extract was washed with water (3 times) and brine,

30 then dried (sodium sulfate), filtered, and stripped.
The residue was flash chromatographed (Merck silica
gel, 1% acetic acid in ethyl acetate) and the desired
fractions were stripped, azeotrophed with ethyl
acetate (3 times), taken up in a small volume of

—_—
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m.xture was diluted with ethy

water (25 m.),
bi carbonate (25 ni.
~sulfate), filtered,

product was chromat ogr aphed on

5% pot assi um bi sul fate (2 x 25m .),
) and brine (25 m =) 37dri ed (anhydrous nagnesi um
evaporated to dryness and dried in vacuo.

acetate (170 m.

a silica gel colum (Merck),

) washed successively with
sa#db8Pad sodi um

The crude
el uting the

colum wth ethyl

acet ate: hexanes (3:7) to.give 2.045 g.

of product as a

syrup. An additional

261 ny.

of the isomer

. fromthe col um;

[err] 0.45 (ethyl

m xture (1 1 ratio) was obtalned
acet at e: hexane 1:1). b) : _

S, S) - Hexahyd
bropyl ) am nol - Fe0Y3: pReNEEE EhY dr (Rfrat Ry Tk
product fronlp@wﬂvﬁaﬁ wasoanrgpped.iﬂﬂrﬁhﬁexgsuduenuanaﬁéurtzednanq was
purged W th ar geRibped3witBUELSm Eéﬁﬁﬁgjﬂgnﬂiv%PthﬁrEhtle compound

as a'hafd white foam.
0.41;

5 acetate) Rf =
chloroform) .

falp =

s SRS A o? ?he-ethyl ester

TLC (1% acetic acid in ethyl
-190.8° (C =

0.68,

Anal.calc‘'d. for C23H24N205S « 0.13 C4Hg02 « 0.5 H20:

C.
Found: cC.

10

15

171°C; [alp =

0.31.

61.28; H,
61.18; H,

-244° (c =
(hexane:ethyl acetate:acetic acid, 40:60:1)

5.69; N,
5.64; N,

6.08;
5.90;

S, 6.96
S, 6.70..

Examples 28 - 30

Following the procedure of Example 27 but
enploying benzoyl chloride as the acylating.agent,
[S-(R*,R*)]-[3~[[2-(benzoylthio)-1-0x0-3-
phenylpropyl]amino]-2.3.4.S-tetréhyd:o—z-oxo-lﬂ-

0.30,

benzazepine-l-acetic acid was obtained; m.p. 170 -
chloroform) .

TLC
Rf =

Anal. calc'd. for C2gH2gN205S « 0.1 C4HgO2z « 0.2H20:

20 c,

Found: C,

66.24; H,
66 28' H,

5.32;
5.23;

N,
N,

5.44; s,
5.40;

6.23

s, 6.18.

Following the procedure of Example 27 but
employing propionic anhydride as the aqylatlng agent,
[s-(R*,R*)]-2,3,4,5-tetrahydro-3-{[1-oxo-2-[(1-

25

oxpropyl)thio] -3-phenylpropyllamine] -2-oxo-1H-

benzazepine-l-acetic acid was obtained; m.p. 156 -

157°c; [alp =

-210° (c =

0.31,

chloroform).

TLC

(hexane:ethyl acetate:acetic acid, 40 60:1)

Rf 0.34.
30
c,

. Found: C,

5.81; N,

6.08;

Anal. calc'd. for C24H26N205S « 0.07 C4Hsoz.
63.30; H,
63.32; H, 5.77; N, 5.90; S,

9.96
6.96.

S,

Following the procedure of Example 27 but
employing trimethylacetic anhydride as the acylating

—
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(ice-salt bath) then treated dropwi se with a previously purged (argon, 30
mi nutes) solution of 1.0 | sodium hydroxi de (19.55 ni. HA%988.) nui
t he bubbling of argon throughout the add@8 i-on and the .ength of th
The reaction mxture was stirred at [err] for 1.0 hour,

at [err] with 5% potassiumbisulfate (85 m.) to pH 2.0 then extracted with .
ethyl acetate (2 x 140 m.). The organic extracts were washed with
dri ed anhydrous sodiumsulfate), filtered, evaporated to
and dried in vacuo The crude product was dissolved in nethylene chloride

(10 ) and rgahgd (s (5855m) POSLE PRV BF, MddndiigAng (50 ), s

reacti on.

(35 m.),

1t he

10

15

20

25

30

oxopropyl)thio] -1-oxo-3-phenylpropyl]lamino}-2,3,4,5-
tetrahydro-2-oxo-1H-benzazepine-l-acetic acid was
obtained; m.p. 86 - 90°C; [alp = -190° (c = 3.06,
chloroform). TLC (hexane:ethyl acetate:acetic acid,
30:70:1) Rf = 0.42. |

Anal. calc'd. for Cz5H3oN2058 e 0.2 CgH14 » 0.25 H20:

C, 64.78; H, 6.65; N, 5.50; S, 6.36
Found: C, 64.79; H, 6.56; N, 5.53; S, 6.30.

A solution of (S)-3-[[(dimethylethoxy) -
carbonyl]amino] -2, 3~-dihydro-1, 5-benzoxazepin-4 (5H) -
one [prepared as described in Example 13(c), 1.49 g.,
5.35 mmol.) in tetrahydrofuran:t-butanol (2:1, 21
ml.) was cooled to 0° C. and treated with ethyl
acrylate (0.81 ml. 7.50 mmol., 1.4 eq.) and then 1.0
N t-butanol, potassium salt (535 pl., 0.1 eq.). The
reaction mixture was stirred at 0° C for 15 minutes
then at room temperature for 2.5 hours under argon.
An additional amount of 1.0 N t-butanol, potassium
salt/tetrahydrofuran (270 pul., 0.05 eq.) was added to
the reaction. The reaction was stirred at room
temperature for 45 minutes and then heated to 60° C
for 2 hours. The reaction was quenched with 25%
ammonium chloride (50 ml.) and extracted with ethyl
acetate (2 x 100 ml.). The combined organics were
washed with 25% ammonium chloride (50 ml.), water (50
ml.), and brine (50 ml.), dried over magnesium

n lill
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mxture to forma solid. The supernatant was decanted and the solids

triturated wit
stirring with
over ni ght unde
hours to give
(met hyl ene chl
met hanol ). [er
3.61 (m 1H),
Anal . cal c'd.
.C,58.43; H 6.5
N6-[ (1, 1-di net

10

15

20

25

30

h nore hexane (2 x 50 m.) and pentane (H#AR9%80 ni.),

the first 100 m . of pent&ﬁe’for 4 hours and the next 100 ni-
r argon. The product obtained was then dried in vacuo for 12

1. 618 g.of product as an anorphous solid; [err] = 0.53
ori de: net hanol : acetic acid, 10:1:1); [err] = [err] (c

= 0.56,

r] (400 MHz, [err]): 1.71 (m6H), 2.02 (d,lFD, 3.16 (m 3H),
3.70 (m1H), 4.17 (s,2H), 4.65 (m1H), 7.18 - 7.72 (m5H).

1 gatel, ] 21 gepPed Tandt Sihntbab et ve® x‘ge%uresagay Found:

mwn@phoxyhgarggn9u§ ghowed two spots by TLC.
‘The reaction was restarted by treating a

solution of the mixture (1.42 g., 5.10 mmol.) in

tetrahydrofuran:t-butanol (2:1, 15 ml.) cooled to 0°

C., with ethyl acrylate (0.77 ml., 7.14 mmol., 1.4
eq.) and then 1.0 N t-butanol, potassium
salt/tetrahydrofuran (510 pl., 0.1 eq.). The
reaction mixture was stirred at 0° ¢. for 15 minutes
then at room temperature for 3 hours. The reaction
was quenched with 25% ammonium chloride (50 ml.) and
extracted with ethyl acetate (2 x 100 ml.). The
combined organics was washed with 25% ammonium
chloride (50 ml.), water (50 ml.), and brine (50
ml.), dried over'hagnesium sulfate, filtered and
concentrated to yield a yellow syrup. The residue
was purified by chromatography on a 5§ x 15 cm. silica
gel column eluting with 30% ethyl acetate/hexane
mixture (2 1.). The desired fractions were combined
and concentrated to afford 1.40 g. of the title
compound as a clear syrup. TLC (5% methanol/
chloroform) Rf = 0.63. '

The product from part (a) (1.4 g., 3.7 mmol.)
was treated with 4.0 M hydrochloric acid/dioxane (20
ml., 80 mmol.) and cooled to 0° C. The resultant
solution was stirred at 0° C. for 30 minutes, then at
room temperature for 2 hours. The reaction mixture
was concentrated, stripped with ethyl ether (twice),
azeotroped with toluene (three times) and dried in
vacuo for 4 hours affording 1.05 g. of title
compound.
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lysi ne ¢10.827 g., 43.9 nmol.) and sodi um carbonate (4. 66559., 44.0 mol .)
was ‘stirred in 170 m of ethanol :water (1:3) for 2.5 hoﬁ#iﬁ @he et hanol was
renoved by rotary eyaporatLon.anﬂ*the'aéggous solution was treated with N
car bet hoxy phthalinde (9.66 g, 44.0 mmol ). After stirring at room
tenperature for 1.5 hours, the solution was filtered, treated with

net hyl ene chloride (200 nl), and the aqueous |layer was acidified with 6 N
“hydrochloric acid (to pH 2.8). The |ayers were shaken and separated. The
aqueous | ayer was extracted again with ethyl acetate and the pool ed. organic

| ayers. were drieg (ggﬁpﬁii £yl and stripped to
gi ve a near col -

_ (S)-2-(Acetylthio)benzenepropanoic acid,
5 dicyclohexylamine salt (1.8 g., 4.40 mmol.) was
suspended in ethyl acetate (100 ml.) and washed with
5% potassium bisulfate (5 x 25 ml.) and brine (30
ml.), dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in wvacuo to give the
10 free acid.

This free acid was dissolved in dry methylene
chloride (10 ml.), ‘cooled to 0° C. (ice - salt bath)
and treated with a solutlon of the product from part
(b) (1.05 g., 3.33 mmol.) in dry methylene chloride

15 (25 ml.), followed by triethylamine (0.62 ml., 4.44
mmol., 1.3 eq.) and benzotriazol-l-yloxytris-
(dimethylamino) phosphonium hexafluorophosphate (1.96
g., 4.44 mmol., 1.3 eq.). The reaction mixture was

- stirred at 0° C for 1 hour then at room'temperature

20 overnight. The reaction mixture was concentrated to
dryness, diluted with eth?l acetate (150 ml.) and '
washed with 5% potassiﬁm bisulfate (2 x 50 ml.),
water (2 x 50 ml.), and brine (50 ml.), dried
(anhydrous magnesium sulfate), filtered, and

25 evaporated to dryness. The crude product was
chromatographed on a silica gel column (5 x 15 cm),
eluting with 30% ethyl acetate/hexane. The desired
fractions were combined and concentrated, affording
740 mg. pure product. TLC (10% methanol in

30 chloroformm) Rf = 0.74.
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The residue was cooled to O [err], treated with trifluoroacetic acid (150
m.), and the mixture was let stir "at roomtenperatur &A5808a3 hours. The
trifluoroacetic acid was renoved by rot@ky-evaporation and the residue was
azeotroped twice with toluene. The crude product was taken up in water and
run on a Dowex AG 50-X2 (100-200 nesh, 300 m, acidic form colum eluting
“in succession with 1:1 nmethanol :water (600 . ) water (500 m.), and
finally 5:95 pyridine:water (1000 nl.). The desired fractions were pool ed,
stripped, taken up in mater and Lyophlllzed to g1ve 7. 850 g. of product as
a white solid;; = %0 ‘ yk_acetate,
1:1:1:1) A sl i
di et hyl f or marReRVIDIODE

benzenesulfonqﬁgngﬁugggﬁgnd26 2 nnnl) The resultlng dark m xture
: A solution of the product from part (c) (740 |
5 mg., 1.53 mmol.) in methanol (15 ml.) was cooled to
0° ¢ (ice-salt bath), purged with argon for 30
minutes and then treated dropwise with a previously
purged (argon, 30 minutes) solution of 1.0 N sodium
hydroxide (6.1 ml., 4 eqg.) maintaining the bubbling
10 of argon throughou; the addition and length of the
. reaction. The reaction mixture was stirred at 0° C
for 1 hour, acidified at 09 C with 5% potassium
bisulfate (150 ml.) to pH 1.5 and then extracted with
ethyl acetate (3 x 100 ml.). The combined organic
15 extracts were washed with brine (100 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in vacuo to a white foam (612 mg.).
The residue was purified by column chromatography on
a5 X 15 cm. silica gel column eluting with 0.5%
20 acetic acid in ethyl acetate. The residue was
' dissolved in methylene chloride (5 ml.) and stripped
with hexane (5 times) on the rotovap, scratching the
mixture to form a white foam/solid. The solid was
dried in vacuo overnight to give 590 mg. of product.
25 TLC (1% acetic acid in ethyl acetate) Rf 0.42.
[elp = -127.6° (¢ = 1.12, methanol).
\Anal. calc'd. for C21H22N205S « 0.03 H20:
' Cc, 60.86; H, 5.36; N, 6.75; s, 7.73
Found: C, 61.08; H, 5.68; N, 6.45; S, 7.51.
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gradual-ly becane honbgeneous. After stirring at roon1tengerature for 1

hour, the mixture was treated with 1, 8- diazobi cycl o[ 5HA:

'(8.15 m, 8.
met hyl ster,
stirred for

8fandec- 7- ene

30 g, 54.5 mml .) followed ¥Yitnutes | ater Wi th L-cysteine,
hydrochl oride (4.53 g, 26.3 Mol ). The dark ol ution was

2.5 hours,

then diluted with aqueous hydrochloric acid (pH 1.7,

300 mM.) and chloroforn1150 m .). The aqueous | ayer was adjusted to-pH
4.3-4.4 with 0.5 N hydrochloric acid and subsequently extracted ive tines
with chloroform The pool ed chl oroform xtracts were washed with water (50

m.), dried (sodiumulfate),
filter

up i n ethyl

10

15

20

25

30

acet at

hours).

filter

i pped. The residue was taken
nd concen[ated -57-

_ A solution of N-[(l.l-dimethyléthoxy)-
carbonyl]-L-threonine (5.02 g., 22.9 mmol.) in dry
dimethylformamide (10 ml.) was added dropwise over a
period of 30 minutes to a cooled (0° C) suspension of
60% sodium hydride (1.93 g., 48.25 mmol., 2.1l eq.)
in dry dimethylformamide (40 ml.). The reaction was
stirred at 0° C until the frothing subsided (about 3.5

The reaction mlxture was treated dropwise

with 1-fluoro-2-nitrobenzene (2.67 ml., 25.2 mmol.,
1.1 eq.) over a period of 20 minutes and stirred at
0° ¢ under argon for 2 hours. The reaction mixture
was then placed in the cold room (5° C) and stirred
overnight. The reaction mixture was poured into ice-
water (500 ml.) and extracted with ethyl ether (2 x

200 ml.).

The aqueous phase was brought to pH 1.0

with 6 N hydrochloric acid (200 ml.) and extracted
with ethyl acetate (3 x 300 ml.). The combined ethyl
acetate extracts were washed with water (2 x 300
ml.), and brine (300 ml.), dried (anhydrous sodium
sulfate), filtered, evaporated to dryness and dried

in vacuo.

The crude residue was loaded onto celite

and purified by chromatography on a 10 X 20 cm.
silica gel column. Elution with methylene chloride
(31.), 99:1 methylene chloride:methanol (21.), 95:5
methylene chloride:methanol, and 100:5:0.5 methylene
" chloride:methanol:acetic acid (5 1.) gave 6.07 g. of
title compound. TLC (methylene _
chloride:methanol:acetic acid, 100:5;0.5) R = 0.16.
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to'give.1l.84 g. of crude product as a dark orange-red oil. [err] = 0.58
mej or spot (acetic acid:ethyl acetate, 15:85). NWR shoHBSQBéll.ratlo of

i soners. c) [3R ([err])] -octahvdrOfﬁl@ﬁthallnldo 5-

~ oxot hi azol 0['3, 2-a] azepi ne- 3-carboxylic acid. nethyl A solution of the .
~product frompart (b) (1.84 g., 4.7 nmol) in tetrahydrofuran (70 nl.) was
treated with 2-ethoxy-1-ethoxycarbonyl -1, 2- di hydroquinoline (1.400 g.,
'5.67 mmol .) and the mixture was stirred at roomtenperature for. 3 days. The
tetrahydrofuran was renoved by rotary evaporatlon and the residue was taken
up in ethyl acglatg_s Yo . » N hydrochloric acid

(2X), 50% sat ur3 Al © : e, then dried
(sodlun1suIfatéN%nﬂnhﬁnﬁlithﬁhrsﬁnmnﬁped The resultlng orange oil was

flash chromat ographedA(g/gmgl&aIdf:acwlpmﬁgéo(ﬁghhﬁgrgc%ptpl|dw hexanes)
to give 1 126 8 f .94 mmole) in dry methanol (20 ml.) was treated
5 with 10% palladium on carbon catalyst (35 mg.) and
hydrogenated at 40 psi for 5.5 hours. The reaction
was not complete so an additional 50 mg. of 10%
palladium on carbon catalyst was added and the
reaction mixture was hydrogenated for an additional
10 1.5 hours. The reaction mixture was filtered through
a celite pad in a millipore unit, washing the pad
with methanol. The dark filtrate was evaporated to
dryness and dried ip vacuo to give.0.856 g. of title
- product as a dark solid. TLC (methylene chloride:
15 methanol:acetic acid, 20:1:1) Rf = 0.16.

, A solution of the product from part (b) (0.8
g., 2.58 mmol.) in dry dimethylformamide (6 ml.)

20 was treated with l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide (495 mg., 2.58 mmol.) and stirred
at room temperature for 3 hours. The reaction
mixture was partitioned between ethyl acetate (50
ml.) and 50% sodium bicarbonate solution (50 ml.).

25 The agqueous layer was separated and extracted with
ethyl acetate (2 x 50 ml.). The combined organic
extracts were washed with water (3 x 50 ml.) and
brine (S0 ml.), dried (anhydrous magnesium sulfate),
filtered, evaporated and dried in wacug to yleld a

30 crude yellow solid. The crude product was
chromatographed on a silica gel column(5 x 15 cm.),
eluting with 25% ethyl acetate/hexane to give 568 mg.
of title compound as an off white solid. TLC (ethyl
acetate:hexane, 1:1) Rf = 0.47.
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product-as a 1:1 mxture of diastereonmers; [err] = 0.22 and 0.20 (40% et hyl
acetate in hexane). [err] A mxture of the methyl esteHApBBduct from part
(c) (1.110 g.) and p-tol uenesul fonic ack®® hydrate (2.33 g) in benzene (20
'm.) was refluxed with renoval of water (Dean-Stark trap) for 2.5 hours::

The cooled m xture was diluted with ethyl acetate and washed with 50%
saturated sodium bisulfate, water, and brine, then dried (sodiumsulfate),
filtered, and stripped. The resi due was flash chromat ogr aphed (Merck silica
gel, 10-20% et hyl acetate i-n. nethylene chloride) to give nearly pure

product as an =id]hn h&é]ﬁhil

acet at e/ hexane )

. A solution of the product from part (c) (319
5 mg., 1.09 mmol.) and ethyl bromoacetate (151.3 pl.
1.36 mmol., 1.25 eq.) in dry tetrahydrofuran (3 ml.)
was added to a cooled 0° C suspension of 60% sodium
hydride (53 mg., 1.32 mmol., 1.21 eq., washed with
hexane, 3 times) in dry tetrahydrofuran (2 ml.) over
10 a period of 5 minutes. The reaction mixture was
stirred at 0° C for 1 hour and then at room
temperature for 30 minutes. The reaction mixture was
_ quenched with 25% ammonium chloride solution (5 ml.)
and extracted with methylene chloride (2 x 20 ml.).
15 The combined orgaﬁics were washed with 25% ammonium
chloride solution (10 ml.) and brine (10 ml.), dried
(anhydrous magnesium sulfate), filtered. concentrated
and dried in vacuo to yield 400 mg. of title product.
TLC (ethyl acetate:hexane, 1:1) Rg = 0.55.
20 -3-Amnino- ~di 2= =4- = =

4.0 M Hydrochloric acid in dioxane (5.5 ml.,

22 mmole, 20.8 eq.) was added to the product from

25 part (d) (400 mg., 1.06 mmol.) cooled to 0° C.. The
resultant solution was stirred at 0° C. for thirty
minutes, then at room temperature for 3 hours. The
reaction mixture was removed by rotovap, concentrated
with ethyl ether ( 3 k 10 ml.) and dried in vacuo

30 over sodium hydroxide pellets overnight to yield 350
mg. of title product. TLC (methylene
chloride:methanol, 9:1) Rf = 0.49.
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- 58 - needles (845 ng). An additional 50 ng of solid product was obtained
fromthe nother liquor bringing the total anount of pul&5%Faduct to 895 ny;
mp. 154-155 [err]; [err] = [err] (c=108552, chloroform; Rf = 0.22 (40%
ethyl acetate in hexane). A slurry of the nethyl ester product from part
(d) (875 ng., 2.34 mol.) in absolute ethanol (50 m.) was treated with
hydr azi ne hydrate (115 [err], 118 ng., 2.37 mmol) and the sol ution was
~periodically warmed for .the first two hours to effect solubilization. After
stirring at roomtenperature for 3 days, additional hydrazine hydrate (80
[err];, 82.6 re_mas stirred for one
nore day. The ' e reS|duaI SO|Id
was stirred i ngE

A suspension of (S)-2-(acetyl-
S thio)benzenepropanoic acid, dicyclohexylamine salt
(495 mg., 1.22 mmol., 1.1 eq.) in ethyl acetate (30
ml.) was washed with 5% potassium bisulfate (5 x 5
ml.) and brine (10 ml.), dried (anhydrous magnesium
sulfate), filtered, evaporated to dryness and dried
10 in vacuo to give the free acid as a clear syrup (278
| mg.) in quantitative yield. .

This free acid was dissolved in dry methylene
chloride (10 ml.), cooled to 0° C. (ice-salt bath)
and treated with a solution of the product from part

15 (e) (350 mg., 1.11 mmol.) in dry methylene chloride
(2 ml.), followed by triethylamine (163 pl., 1.17
mmol., 1.05 eqg.) and benzotriazol-i-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (515.5
mg., 1.17 mmol., 1.05 eqg.). The reaction mixture was

20 stirred at 0° ¢ for 1 hour then at room temperature
for 3.5 hours. The reaction was not complete by TLC
so0 an additional amount of triethylamine (54 ul.,
0.389 mmol.) and benzotriazol-l-yloxytris(dimethyl-
amino)phosphonium hexafiuorophosphate (172 mg., 0.389

25 mmol.) was added and the reaction was stirred for 1
hour. The reaction mixture was concentrated to
dryness, washed with 0.5 N hydrochloric acid (2 x 10
ml.), water (10 ml.), and brine (10 ml.), dried
(anhydrous magnesium sulfate), filtered, and

30 evaporated to dryness. The crude product was
chromatographed on a silica gel column (3 x 16 cm.),
eluting with 20% ethyl acetate/hexane. The desired
fractioné were combined and concentrated, affording
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3.5, hours. The solid was renoved by filtration and the filtrate was nmade
basic with 1 N sodi um hydroxide to pH 11-12 and extrac#Had9at h net hyl ene
~chloride (3X) and ethyl acetate. The pob?®d organic extracts were dried
(sodiumsulfate), filtered and stripped to yield a near colorless oi
(approx. 600 ng). The oil was treated wwth water (10 m.) and 1.0 N
hydrochloric acid (3.0 mM.), swirled until no nofe oil was present and the
nixture was |yophilized to give 674 ng: of product as a |ight yel | ow solid;
Rf = 0.64 major spot (n-butanol: water: acetic acid:ethyl acetate,

111 1). -3%8 hiy.' bf pure title product. TLC (ethyl
acetate:hexane, 1:1) Rf = 0.48.

A solution of the product from part (f) (297
mg., 0.61 mmol.) in methanol (4 ml.) was purged with |
argon for 30 minutes, cooled to 0° C (ice-salt bath)
then treated dropwise with a previously purged

10 (argon, 30 minutes) solution of 1.0 N sodium _
hydroxide (2.45 ml., 4 eq.) maintaining the bubbling
of argon throughout the addition and length of the
reaction. The reaction mlxture was stirred at 0° C
for 1 hour. acidified at 0° C with 5% potass1um

15 bisulfate (20 ml.) to pPH 1.5 and then extracted with
ethyl acetate (2 x 50 ml.). The combined organic
extracts were washed with brine (25 ml.), dried
(énhydrous sodium sulfate), filtered, evaporated to
dryness and dried jin vacuo to yield a glassy oil (351

20 mg.). The crude residue was dissolved in methylene
chloride (5 ml.) and treated portionwise with hexane
(50 ml.), scratching the mixture to form a solid.
The supernatant was decanted and the solids
triturated with more hexane (50 ml.) and pentane (2 x

25 100 ml.), stirring with the first 100 ml. of pentane
for 4 hours and the next 100 ml. overnight under
argon. The pentane was decanted and the white
amorphous solid was dried in vacuo overnight to give
240 mg., of title product. TLC (2% acetic acid in

30 ethyl acetate) Re = 0.48; [a]lp = -101.1 (¢ = 1,
methanol).

Anal.calc'd.for C21H22N205S « 0.40 C4HgO2 - 0.08-H20:

. C, 60.36; H, 5.65; N, 6.23; s, 7.13
Found: C, 60.17; H, 5.57; N, 6.16; S, 7.45.
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The et hyl ester, hydrochloride salt product frompart (e) (374 nmg., 1.33
mmol.) was partitioned between saturated sodi um bi car bd®@@aand net hyl ene
chloride. The nethyl ene chloride extraclOWas dried (sodium sulfate),
filtered and stripped to give the free amne as a pale yellow oil (302 ny.,
1.16 nmmol .). Additionally, (S)-2-(acetylthio)benzenepropanoic acid,

di cycl ohexyl am ne salt (648 ng., 1.60 mml) was partitioned between: et hyl
acetate and 5% potassi um bi sul fate. The ethyl acetate |ayer was washed with
wat er and brine, then dried (sodiumsulfate), filtered and stripped to give

the free acid as a colorless oil. Awggﬁﬁgégggé the free am ne and the free
acid in nethylene chloride (9 m.) w t h hydroxybenztri azol e

hydrate (550 ng., 4.07okizwing ¢chel paocedfizerdf BxaimphensS@qlmtt |y treat ed
\ght h 1-ethyl - 3-4art iR} Rlch AT10CR-eRYEdABREPI] 294 i (3PUR*)T,] -3.,@3 moI . ) .
o :
' dihydro-3-[ (2-mercapto-1-oxo-3-phenylpropyl)amino]-2-
5 methyl-4-oxo-1,5-benzoxazepine-5(2H)-acetic acid was
obtained; [a)lp = -174.3° (c = 0.89, methanol) TLC (1%

acetic acid in ethyl acetate) Rf = 0.43.

10 . 6- -2-0xo-1- ine- =

a) _l-Benzosuberone. oxime
A solution of hydroxylamine hydrochloride
(2.39 g.} 34.33 mmole, 1.1 eq.) in water (16 ml.) was

15 added to a solution of l-benzosuberone (4.67 ml.,
31.21 mmole) in pyridine (9.0 ml.) and ethanol (16
ml.). The reaction mixture was refluxed (bath
temperature 105° C) for 35 minutes. The reaction

_ mixture was cooled, diluted with ethyl acetate (100

20 ml.) and water (40 ml.) and the layers were '
separated. The aqueous layer was extracted with
ethyl acetate (2 x 50 ml.). The combined organic
extracts were washed with 1N hydrochloric acid (3 x
100 ml.), dried (anhydrous magnesium sulfate),

25 filtered, and concentrated to obtain a crude off-
white solid (5.60 g.). The residue was purified by
chromatography on 10 x 20 cm. silica gel column.
Elution with hexane (21), followed by 10% ethyl
acetate/hexane (5 1.) afforded 4.40 g. of title

30 compound as an off-white solid. TLC (10% ethyl
acetate/hexane) Rf = 0.35.

Concentrated sulphuric acid (8.8 ml.) was
added in one portion to a suspension of the product
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m xture.was stirred at [err] for 1 hour, then at roomtenperature for 3
hours. Additional 1-ethyl-3-(3- |inmethylam nopropyl)caasd®a m de (100 ng)
was added and stirring continued overnt@®t- The solution was diluted with
et hyl acetate and washed successively with water, 5% potassium bisulfate,.
“water, 50% saturated sodi um bi carbonate, and brlne, then dried (sodium
sulfate), filtered and stripped. The resulting yellow oil was fl ashed

chr omat ogr aphed (Merck silica gel, 30% acetone in hexane) to give 396

ng, . of product as a 87:13 mixture of side chain diastereoners. This mxture

0
Lexangy to ariram sape, o Bleds (4L b Sl ity wlgiagiag oyl acerate i
diastereonerio%@&%nqnﬁaﬁﬁ (Af. 4=md. 29 nBhertemperatage rose to
| 83° C. and the reaction mixture was heated to 160° C.
(oil bath) for 10 minutes. The reaction mixture was
S allowed to cool to room temperature and was then
poured into ice-water (100 ml.). The reaction
mixture was adjusted to pH 11 with 10 N sodium
hydroxide solution. The mixture was diluted with
ethyl acetate (250 ml.) and water (100 ml.) and the
10 layers were separated. The aqueous layer was '
extracted with ethyl acetate (3 x 100 ml.). The
combined ethyl acetate extracts were washed with
water (150 ml.) and brine (150 ml.), dried (anhydrous
sodium sulfate), filtered and concent;ated to yield
15 2.8 g. of title product. TLC (ethyl acetate) Rf =
0.33. :
A solution of the product from part'(b) (8.31
g., 47.42 mmole) in chloroform (115 ml.) was cooled
20 to 09 C, treated with phosphorus pentachloride (11.36
g., 54.53 mmole, 1.15 eq.) and iodine (114 mg.) and
stirred for 30 minutes at 0° C. under argon. The |
yellow reaction mixture was treated with bromine
(2.92 ml., 56.90 mmole, 1.2 eq.), warmed to room
25 temperature and refluxed under argon for 3.5 hours.
The reaction mixture was allowed to cool to room
temperature and added to ice-water (100 ml.). The
layers were separated and the chloroform layer was
washed with water (100 ml.), dried over magnesium
30 sulfate, filtered and concentrated. The crude
residue was recrystallized from hot ethyl acetate-
affording 8.69 g. of title product. TLC (ethyl
acetate:hexane, 1:1) Rf = 0.36.

—_—
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-60- mnor, [6a(R*) isoner]; [err] =[err] (C = 0.36, chloroform. a)
[err] oxo-3-phenyl propyl )am no] - 5- oxot hi azol o[ 3, 2- al - Hag@pane- 3- car boxyl i c
acid A solution of the ethyl ester pfadft-frompart (f) (308 ng., 0.68
mml .) in nmethanol (4 nm ., deoxygenated via argon buhbling) was treated
with 1 N sodium hydroxide (3.5 ml ., deoxygenated via argon bubbling) and

t he honpbgeneous m xture was stirred under argon for .2 hours. The m xture
was acidified with 10% potassi um bisulfate (15 m.), diluted with water,

and extracted mnth ethyl acetate. The ethyl acetate extract was washed mnth

fi

brine, dried ) . Jiye a solid. The
solid was dis$ ' ' Ve LS 3 e L« 2F hy|

acetate, and A solution of the product from part (c) (6.87
g., 27.03 mmole) and sodium azide (2.28 g., 35.14
mmole, 1.3 eq.) in dimethylsulfoxide (130 ml.) was

5 stirred at 60° C (oil bath) under argon for 5 hours.
The reaction mixture was cooled to room temperature
and poured into cold water (400 ml.) and stirred for.
15 minutes. The precipitate was filtered, washing
the solids with water (1l1.) and dried overnight in

10 vacuo over drierite to give the title product. TLC
(ethyl acetate:hexane, 1:1) Rf = 0.63.

12H) -acetic acid, ethvl] ester
A solution pf the product from part (d) (5.454

15 g., 25.22 mmole) and ethyl bromoacetate (3.5 ml.,
31.53 mmole, 1.25 eq.) in dry tetrahydrofuran (50
ml.) was added to a cooled {0° C.) suspension of 60%
sodium hydride [1.23 g., 30.77 mmole, 1.22 eq.;

. washed with hexane (3 x 10 ml.)] in dry tetra-

20  hydrofuran (15 ml.) over a period of 15 minutes. The
mixture was stirred at 0° C. for 1 hour and then at
room temperature for 30 minutes. The reaction
mixture was quenched with 25% ammonium chloride
solution (100 ml.) and extracted with ethyl acetate

25 (2 x 250 ml.). The combined ethyl acetate extracts
were washed with 25% ammonium chloride solution (100
ml.) and brine (100 ml.), dried (anhydrous magnesium
sulfate), filtered, and concentrated to yield the
title compound as a yellow oil. TLC (35% ethyl

. 30 acetate/hexane) Rf = 0.35. : '
1(2H) - . id hyl
A solution of the product from part (e) (9.0 g.,
29.83 mmole) in absolute ethanol (50 ml.) was
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flash chromat ographed (Merck silica gel, 5% acetic acid in ethyl acetate)
to give the desired product as a white SO|Id whi ch wadA5998ur at ed wit h

et hyl acetate/ethyl ether, collected” b% |Trat|on and dried to give 144
mg., of product; mp. 217 - [err]; [err] = 0.52 (5@6acetic acid in ethyl

acetate); [err] =TJerr] (c = 0.36, dinethylfornanide). NMVR anal ysi s

i ndi cated the product was 93% di asteronerically pure with 7% of the '
corresponding [err] (R*) 'isomer.: [ PLC YNC S3 ODS colum (6.0 x 150 nm;
eluted with 4% A: 90% wat er - 10% met hanol - 0. 2% phosporic acid and 56% : 10%
wat er - 90% net hegRo ctecting at
220 nm tR = 12.2 e%ﬁ:i‘}:ﬁ ?cg ghﬁ%‘ri%&“ é)% r?gige ar atlgﬁ of [err] and

[err] soners d@%teé%@HhHQrHPEE?tﬁ Iatc QF QQQ ] hours, venting
the Parr bottle twice in the first 1.5 hours. The

mixture was filtered through a mllllpore unit,

5 washing thoroughly with ethanol. The clear filtrate
was evaporated to dryness and dried in vacuo to _
afford 7.59 g. of the title product as a thick yellow
syrup. TLC (10% methanol/methyiene chloride) Rf =
0.29. | | - |

10 g -3- = io) -1~ =3= -

A suspension of (S)-2-(acetylthio)benzene-

propanoic acid dicyclohexylamine salt (2.1 g., 5.18

- 15 mmole. 1.1 eqg..) in ethyl acetate (100 ml.) was
washed with 5% potass;um bisulfate (5 x 25 ml.) and
brine (30 ml.), dried (anhydrous magnesium sulfate),
filtered, evaporated to dryness and dried in vacuo to
give the free acid as a clear syrup (1.24 g.) in

20 quantitative yield.

' This free acid was dissolved in dry methylene
chloride (45 ml.), cooled to 0° C. (ice-salt bath)
and treated with a solution of the product from part
(£) (1.3 g., 4.71 mmole) in dry methylene chloride

25 (10 ml.), followed by triethylamine (723 pl., 5.18
mmol., 1.1 eq.) and benzotriazol-l-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (2.29
g.., 5.18 mmol., 1.1 eq.). The reaction mixture was
stirred at 0° C. for 1 hour then at room temperature

30 overnight. The reaction mixture was concentrated to
dryness, diluted with ethyl acetate. (125 ml.), washed
with 0.5 N hydrochloric acid (2. x 25 ml.), water (25
ml.), and brine (25 ml.), dried (anhydrous magnesium
sulfate), filtered, and evaporated to dryness. The
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- 61 - [err] Follow ng the procedure of Exanple 11 but enploying (S)-2-
(acetyl t hi o) met hyl | benzenepropanoic acid in part (f), HAR9%E t|e product was
. obtained as a white solid; mp. 212 - Lér¥ C Rf = 0.55 (5% acetic acid in
ethyl acetate); [err] [err] (c = 0.36, dinethylformam de). HPLC. YMC S3

- ODS colum (6.0 x 150 nn); eluted wi.th 44% A1 90% wat er - 10% net hanol - 0. 2%
phosphoric acid and 56% B: 10% wat er - 90% net hanol - 0. 2% phosphoric acid flow
"rate at- 1.5 [err] detecting at 220 nm tR = 15.96 indicates a purity- of
99.2% Anal. calc'd. for [err] C, 55.86; H5.92; 'N 6.86; S, 15.70; SH, 8.09

crude product was chromatographed_on a silica gel
column (3 x 16 cm.), eluting with 30 % ethyl
acetate/hexane. The desired fractions were combined
and concentrated, affording 1.77 g. of pure title

5 compound. (1:1 mixture of diastereoisomers). TLC
(ethyl écetate:héxane, 1:1) Rf = 0.39.

10 A solution of the product from part (g) (1.75
g., 3.62 mmole) in methanol (25 ml.) was purged with
argon for 30 minutes, cooled to 0° C (ice-salt bath)
then treated dropwise with a previously purged
(argon, 30 minutes) solution of 1.0 N sodium

15 hydroxide (14.5 ml., 4 eq.) maintaining the bubbling
of argon throughout the addition -and 1éngth of the
reaction. The reaction mixture was stirred at 0° C.
for 1 hour, acidified at 09 C with 5% potassium
bisulfate (200 ml.) to pH 1.5 and then extracted with

20 ethyl acetate (2 x 200 ml.). The combined organic
extracts were washed with brine (200 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in vacuo to yield a white foam
(1.67 g.). The crude residue was dissolved in

25 methylene chloride (10 ml.) and treated portionwise

| with hexane (50 ml.), scratching the mixture to form
a solid. The supernatant was decanted and the solids
triturated with more hexane (50 ml.) and pentane (2 x
100 ml.), stirring with the first 100 ml. of pentane

30 for 4 hours and the next 100 ml. overnight under
argon. The pentane was decanted and the white
amorphous solid was dried in vacuo overnight to give

1.388 g. of title product (1l:1 mixture of
diastereoisomers); m. p. 107 - 111° C.; [a]p = +28.3°
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Found: -. C,55.99; H 6.01; N, 6.75; S,15.70; SH,7.81. [err] A solution of

N-[ (1, 1-di et hyl et hoxy) carbonyl]- -serine (24.3 g., OHARB®%mwle) in dry
di methyl - ormamide (25 m.) was added dtdpwi se over a period f 1.0 hour to
a cooled ([err], ice-salt bath) uspension of 60% sodi um hydride (10.1 g.,.

0.25 nole) n dry dinethylformam de (200 m .) and stirring was continued at
[err] until the frothing subsided (about .0 hours). The reaction m xture
was treated ropwi se with 1-fluoro-2-nitrobenzene (14.3 m ., 0.13 nole) over
a period of 20 mnutes, stirred at [err] - 62 - under argon for 4.0

hours then poufed iNtP | GReWANBE). TLC (methylene
chloride:methanol:acetic acid, 20:1:1) Rf = 0.44.

Example 35
1S~ 7 * - -7 - - -1- -
5 - -y - - Py, .
] 1 g
i... ]l ] . ]!

A homogeneous solution of (S)-2-amino-4-

10 penténoic_acid (2.988 g., 25.9 mmol) and sodium
carbonate (2.600 g., 24.5 mmol.) in water (55 ml.)
was treated with solid N-(carbethoxy)phthalamide
(5.677 g., 25.9 mmol.). After stirring at room
temperature for 2.5 hours, the mixture was acidified

15 with 10% hydrochloric acid and extracted with ethyl
acetate. The ethyl acetate extfact was washed with
brine, dried (sodium sulfate), filtered, and
stripped. The residue was flash chromatographed
twice (2% acetic acid in ethyl acetate) and the

20 desired product fractions were combined, stripped,
and azeotroped with toluene. The residue was
dissolved in ethyl ether, treated with 5.3 ml. of
dicyclohexylamine and seeded. The resulting white
precipitate was collected by fitration, washed with

25 ethyl ether, and dried ip wvacuo to give 7.620 g. of
pure title product; m.p. 196 - 197° C.; [alp = -13.9°
(c = 0.8, methanol). TLC (5% acetic acid in ethyl
acetate) Rf = 0.57.

-={R* R*})]1 == - -y - -l -
30 1) aminol=-6-hvd 1 . id hyl
A slurry of (S)-2-amino-6-hydroxyhexanoic acid
(2.42 g., 16.4 mmole) in dry methanol (60 ml.) was
treated with gaseous hydrogen chloride until the
mixture began to reflux. The homogeneous solution

. e -
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(790 nt,) and extracted with ethyl acetate (2 x 100 ml.). The aqueous phase
was brought to pH 1.0 with 6 N hydrochloric acid (70 MASP9aext racted with
ethyl acetate (3 x 500 m.) and the cokd? ned organic extracts were washed
with brine (100 m.), dried (anhydrous sodiumsul fate), filtered,

evaporated to dryness and dried in vacuo. The crude product m xture was
chromat ographed on a silica gel colum (Merck), eluting.the colum wth
_nmet hyl ene chl ori de: net hanol : acetlc aC|d (100:5:0.2) to give- 27 22 g. of
product as a thick yellow syrup; = 0.27 (nethyl ene

frompart (o) 17 et st43%eq, F&°€°§m % psiitiite, Rox2gh's, BByeh, e, oroduct
with 10% pal | d%nmrﬁqirve@&rm ssripped IwD(chmy residhre azeotroped
' ' three times with toluene to give crude (S)-2-amino-6-
hydroxyhexanoic acid, methyl ester, hydrochloride
5 salt as an o0il. This o0il was dissolved in
dimethylformamide (20 ml.) and methylene chloride (50
ml.) and treated with 4-methyl morpholine (3.20 ml.,
2.94 g.,. 29.1 mmole). This mixture was cooled to
0° C. and treated with (S)-2-phthalimido-4-pentenoic
10 acid [obtained from 7.0 g., 16.4 mmole of the salt
product from part (a) by partitioning between 10%
potassium bisulfate and ethyl acetate] in methylene
chloride (10 ml.), followed by solid hydroxybenzo-
triazole (2.22 g., 16.4 mmole) and ethyl-3-(3-
15 dimethylamino)propyl carbodiimide, hydrochloride salt
(3.458 g., 18.0 mmole). After stirring at 0° C. for
0.5 hour and at room temperature for 2 hours, the
reaction was partitioned between ethyl acetate and
0.5 N hydrochloric acid. The ethyl acetate extract
20 was washed successively with water, 50% saturated
sodium bicarbonate, and brine, then dried (sodium
sulfate), filtered and stripped. The residue was
flash chromatographed (Merck silica gel, ethyl
acetate) to give pure title compound as an oil which
25 solidified upon sténding. The solid was triturated
with ethyl ether and hexane and collected by
filtration to give 5.149 g. of analytically pure
title product; m.p. 90 - 92° C.; [a@lp = +25.6 (c =
1.1, chloroform). TLC (ethyl acetate) Rf = 0.36.
30 - * * - - - i mi -] - -d] -
1) aminol=6-gxal . ig hvl
A -78 °C solution of oxalyl chloride (1.38
ml., 0.95 g., 7.5 mmol.) in methylene chloride (70
ml.) was treated dropwise with a solution of dry
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hydrogenated at 40 psi for 2.0 hours. The reaction mxture was filtered
through a celite pad in a mllipore unit mashing the JFERb9&d | with

met hanol (5 x 100 m .). The dark filtratédnas evaporated to dryness and
dried in vacuo to give a dark solid. rhe crude product was triturated with
nmet hyl ene chlorlde hexane (1:4) to give 17.69 g. of product as a light tan
solid; [err] 0.15 (nethyl ene chloride: nethanol-:acetic acid, 20:1: 1)
[err] A solutlon of the product frompart (b) (16.69 g., 56.3 muoles)

dry dimethyformam de (121 nml.) was treated with 1-ethyl-3-(3-dinethyl -

an1n0propyl)cara&mheﬁprkaﬁfaauﬁé Q2. 255m§.p“?|@§)g '"&s 6 mmol.) in
methylene chloride (2 ml.). After 10 minutes, the
mixture was treated with a solution of the product
from part (b) (5.04 g., 13.0 mmol.) in methylene
5 chloride (15 ml.). After an additional 10 minutes,
triethylamine (9.0 ml.) was added and the mixture was
stirred at -78° C. for 5 minutes, then allowéd to
warm gradually to 0° C. The mixture was partitioned
between ethyl acetate/ethyl ether and 0.5 N
10 hydrochloric acid. The organic extract was washed
with 50% saturated sodium bicarbonate and brine, then
dried (sodium sulfate), filtered and stripped. The
residue was crystallized from ethyl acetate/ethyl
" ether to afford compound 4.567 g. of title product as
15 a white solid. The mother liquor was flash '
chromatographed (Merck silica gel, 6/4-ethyl
acetate/hexanes) and crystallized to give an
additional 184 mg. of product for a total of 4.751
g.; m.p. 74 - 76° C.; [@lp = +25.2° (¢ = 1.3,
20 chloroform). TLC (ethyl acetate:hexanes, 6:4)
Rf = 0.22.
d) [S-(R* R*)-1.,2,3.4-Tetrahvdro-(l-oxo-2-
methyl ester
25 A solution of the product from bart (c) (3.657
g., 9.46 mmole) and trifluoroacetic acid (190 pl.) in
methylene chloride (70 ml.) was refluxed under argon
for 1.5 hours. The cooled mixture was washed with
dilute aqueous sodium blcarbonate. dried (sodium
30 sulfate), filtered and stripped. The residue was
flash chromatographed (Merck silica gel), 1:1 ethyl
acetate:hexanes) to afford 3.417 g. of the title
product as an oil/foam. TLC (ethyl acetate:hexanes)
Rf = 0.50.
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-63- stirred at roomtenperature for 3.0 hours. The reaction m xture was

partitioned between ethyl acetate (2 x 492 m .) and 1HB3R®30di um

bi carbonate (492 m.), and the cowbﬂmﬁﬂiwganlc extracts were washed wth

water (3 x 492 m.), brine (492 m.), dried (anhydrous magnesi um sul fate),

filtered, evaporated to dryness and dried in vacuo. The crude product was

. chromat ographed on a silica gel colum (N@rck) eluting the colum with-

"~ ethyl acetate: hexane nixtures (1:4; 1:2; 1:1) to give 10.5 g. of product as
off-white crystals; Rf = 0.40 (ethyl acet at e: hexane, 1:4). d) : '

(S)-3-[[ (D methyl b 3 .
di hydr o- 4- oxo-"%= rasiumglc et e prpt—ést er A sol ution
of the productphthahipddboeidoll. 2-alazepine, 4-carboxvlic acid,

methvl ester

A solution of the product from part (d) (1.427
5 g., 3.87 mmole) in methylene chloride (8.8 ml.) was
added dropwise to a mixture of trifluoromethane-
sulfonic acid (2.2 ml.) and trifluoromethanesulfonic
anhydride (210 pl.) at room temperature. The bright
yellow solution was stirred for 5.5 hours, then

10 poured into ice water and extracted with ethyl
acetate. The ethyl acetate extract was washed with
brine, dried (sodium sulfate), filtered and stripped.
The crude residue (predominantly a mixture of
carboxylic acids) was dissolved in methanol (3 ml.)

15 and methylene chloride (20 ml.) and treated with

' excess ethereal diazomethane for 25 minutes. The
excess diazomethane was removed via argon bubbling
and the solvent was stripped. The residue was
dissolved in methyl ethyl ketone (40 ml.) and treated

20 with sodium iodide (2.48 g.). After stirring at room

- temperature for 1 hour, the mixture was partitioned
between ethyl acetate and water which contained a
small amount of sodium bisulfite. The organic layer
was washed with brine, dried (sodium sulfate),

25 filtered and stripped. The residue was flash
chromatographed (Merck silica gel, 1:1 ethyl
acetate:hexanes followed by 6:4 ethyl acetate:
hexanes) to give 1.125 g. of title product as a white
foam; [alp = -17.1° (¢ = 0.7, chloroform). TLC

30 (ethyl acetate:hexanes, 6:4) Rf = 0.43.

'In addition 206 mg. of [4S-(4a,7c,10af)]-
1,2.3.4,6,7,8,10a-octahydro-6-oxo-7-phthalimido-
'pyrido[l,z-a]azépine; 4-carboxylic acid, methyl ester
was obtained and was triturated with ethyl ether to a
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(2.0 g, 3.59 mmoles) in dry tetrahydrofuran (10 m.) was cool ed down to
[err] (ice-salt bath) under argon, treated w th powderf 38t assi um
hydroxi de (259 nmg., 4.6 mmoles) and rett8butyl ammoni um bronide (172 ng.,
0.53 Mol e), stirred for 5 mnutes then treated with ethyl 2-bronpacetate
(0.50 M., 1.2 aqg.). The reaction mxture was stirred at room Tenperature
‘under argon for 19.0 hours, partitioned betweeen nethylene chloride (2 x 25
m.) and water (13 nl.) and the conbi ned organi c extracts were washed with
water (2 x 13 m.), brine (10 m.), dried (anhydrous sodium sulfate),

filtered, evaparated to. dryness d dried Ln vacuo. Th ryde product

m xture was ch‘%bﬁ?cﬁﬁ ed® 3t 5 é‘é%ge4:‘(l\/z?gﬂ)? éf%g'i#g-(tché col umm
with ethyl acepa$ge:derardimyt.ur esc( lefhyl: ddet £ SinekaHaly, MG 43S a syrup;
Rf = 0.67 et hyﬁf acel aje: hexanes, 1:1).

5 . _ . _
A solution of the title product from part (e)
(1.068 g., 2.15 mmole) and tris(trimethylsilyl)-
silane (1.0 ml., 806 mg., 3.2 mmol.) in dry benzene
. (10 ml.) was heated to 50° C. and treated every 30
10 minutes with a catalytic amount (2-3 mg) of 2,2'-
azobisisobutyronitrile. After 3.5 hours, additional
silane (400 pL) was added and the reaction was
continued. After 5 hours, the slightly cloudy
_ solution was cooled to room temperature and _
15 concentrated. The residue was triturated with ethyl
ether and the resulting solid was collected by
filtration and washed thoroughly with ethyl ether
affording 522 mg. of essentially pure title product.
The mother liquor was flash chromatographéd (Merck "
20 silica gel, ethyl acetate:hexanes, 1:1) to give an
- additional 261 mg. of pure product for a total of 783
mg.; m. p. 179 - 181° C.; [alp = -10.6° (c = 0.9,
chloroform). TLC (ethyl acetate:hexanes, 1:1) Rf =

0.25.
25 - * - ' =7 -

The product from part (f) (786 mg., 2.12
mmole) in methanol (10 ml.) and methylene chloride (2
30 ml.) was treated'wiEh hydrazine monohydrate (135 ul,
2.8 mmol.) and the solution was stirred at room
temperature for 66 hours. The mixture was filtered
and the solid was washed with methanol. The filtrate
was stripped, triturated with methylene chloride, and
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- 64 -'e) (S)-3-Am no-3.4-di hydro-4-o0xo0-1.5-benzoxazepi ne- 5(2H) -acetic
acid. ethyl ester, hydrochloride salt A solution of tHAS88aduct from part
(d) (4.0 g., 11 nmoles) in dry dioxanel¥B5 nl.) was treated with 4.0 M

"~ hydrochloric acid/dioxane (33.6 m., 0.134 nole or 12.2 eq.) and stirred at
-room tenperature for 20 hours. The reaction mxture was evaporated to
~dryness, evaporating the resulting syrup fromtoluene (2x) and ethanol (IXx)
then dried in vacuo to give 3.466 g. of product as .a |light gold-colored.
“syrup; Rf = 0.48 (nmethylene chioride:nethanol, 9:1) f) [S.

L3 Lkt e UL 58 vas vashed wich vacer
. and the aqueous layer was back-extracted with
methylene chloride. The pooled methylene chloride
extracts were dried (sodium sulfate), filtered and
5 stripped to afford 479 mg. of crude [4S-

(4, 7, 10aP) 1 -decahydro-7-amino-6-oxopyrido(1,2-a]-
azapine-4-carboxylic acid, methyl ester as a
colorless o0il. TLC (10% methanol in methylene
chloride) Rf = 0.18.

10 A cold (0° C.) solution of (S)-2-
(acetylthio)benzenepropanoic acid [obtained from the
dicyclohexylamine salt as described previously, 524
mg., 2.33 mmol.), triethylamine (295 pl., 214 mg.,
2.11 mmol.) and the above crude amine,in methylene

15 chloride (15 ml.) was treated with benzotriazol-1l-
vloxytris(dimethylamino)phosphonium hexa-~
fluorophosphate (940 mg., 2.12 mmol.). The solution
was stirred at 0° C. for 1 hour and then at room
temperature for 2 hours. The solvent was stripped

20 and the residue was partitioned between ethyl acetate
and 1 N hydrochloric acid. The organic layer was

 washed successively with water, 50% saturated sodium
bicarbonate and brine, then dried (sodium sulfate),
filtered and stripped. The residue was flash

25 chromatographed (Merck silica gel, ethyl

~ acetate:hexanes, 1:1) to give 770 mg. of pure title
compound as a white foam. TLC (ethyl
acetate:hexanes) Rf = 0.27.
- * . - -] - - -l -

30 - ¥ o - . - .. -

A room temperature solution of the product
from part (g) (755 mg., 1.70 mmol.) in methanol (8
ml., deoxygenated via argon bubbling) was treated

—_—
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bernzoxazepi ne-5(2H) -acetic acid, ethyl ester (S) -2-
[(Acetylthlo)nethyl]benzenepropan0|c aci d (obtained ferBQQae ephedrlne sal t
as described previously) was reacted-willB the product frompart (e) -
according to the procedure of Exanple 1 part (b), affording the title
product as a white syrupy foam [err] 0.62 (ethyl acetate: hexanes, 1:1).
A solution of the product from part (f) i n methanol was treated mnth 1.0 N
sodi um hydr oxi de according to the procedure. of Exanple 1 part (c),
~affording the title product as -an annrphous solid; [err] 0. 62 (nethylene

chl o | et hegekn S5t | At Aok Rehip AE' ! Lo feriaf%ovea, a7,
(t,1H, J = 10 ap Onébtmb YichalH,. Aftet?sm#nngﬁﬁm( t3 hodrs] €he Hz), 4. 71 (d,
1H, J = 17 Ft)mlﬁhd¥E(¢$§“§b1d1f9§d witBB16#" Rlrochloric acid,
diluted with water and extracted with ethyl acetate.
5 The ethyl acetate extract was washed with'brine. then
dried (sodium sulfate), filtered and stripped. The
residue was. flash chromatographed (Merck silica gel,
1% acetic acid in ethyl acetate). The desired
product fractions were stripped, azeotroped three
10 times with ethyl acetate, taken up in a small amount
of ethyl acetate and triturated with hexanes. The
solvents were removed by rotary evaporation and the
residue was again triturated with hexanes, stripped
and dried in vacuo to afford 654 mg. of title product
15 as a white amorphous powder; ([a]lp = -31.0° (c = 0.8,
chloroform). TLC (2% acetic acid in ethyl acetate)
Rf = 0.51.
Anal. calc'd.for C20H25N204s « 0.16 C4HgO2 +« 0.3 H20:
' '60.46; H, 6.85; N, 6.83; s, 7.82
20 Found: C, 60.57; H, 7.07; N, 6.57; S, 7.63.

25 =N-(2- imido-1-

A slurry of glycine, ethyl ester, hydfochloride salt
(2.718 g, 19.5 mmol.) in dimethylformamide (36 ml.) was
treated with 4-methyl morpholine (2.60 ml., 2.39 g., 23.6
30 mmol.) and stirred at room temperature for 5 minutes. The
mixture was then treated with (S)-2-phthalimido-6-
hydroxyhexanoic acid (4.50 g., 16.2 mmol.) and
hydroxybenzotriazole (2.225 g., 16.5 mmol.), cooled to
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- %5 - Anal. calc'd. for C21H22N205S: C, 60.86; H,5.35; N,6.76; S, 7.74;
SH, 7. 98 Found: C,60.85; H 5.54; N,6.74; S, 7.66; SHAS9%8. [err]
(S)-2-(Acetylthio)benzenepropanoi ¢ aci 819 dt cycl ohexyl anine salt (1.35 g.

- 3.81 mmol es) was suspended in ethyl acetate (120 ml.), washed with 5%

- potassium bisulfate (5 x 20 m.) and brine (25 m.), dried (anhydrous
magnesi um sul fate), filtered, evaporated to dryness and dried in vacuo to
give the free acid. This free acid was dissolved in dry nethylene chloride
(25 m.), cooled down to [err] (ice-salt bath),

0° C., and then treated with ethyl-3-(3-dimethylamino)-
'propyl carbodiimide, hydrochloride salt (3.438 g., 17.9
mmol.). After stirring at 0° C. for 1 hour and at room
temperature for 2 hours, the mixture was pértitioned

5 between ethyl acetate and 0.5 N hydrochloric acid and
subsequently extracted three times with ethyl acetate.
The pooled ethyl acetate extracts were washed in _
succession with water, saturated sodium bicarbonate, and
brine, then dried (sodium sulfate), filtered and stripped

10 to give 5.77 g. of title product as a colorless oil. TLC
(ethyl acetate) Rf = 0.34.
- ester
A -78° C. solution of oxalyl chloride (1.67
15 ml., 2.43 g., 19.1 mmol.) in methylene chloride (50
ml.) was treated dropwise with a solution of dry -
dimethylsulfoxide (2.70 ml., 2.97 g., 38.0 mmol.) in
methylene chloride (2 ml.). After 15 minutes, a
solution of the product from part (a) (5.770 g., 15.9
20 mmol.) in methylene chloride (25 ml.) was added.
‘After an additional 15 minﬁtes. the mixture was
treated with triethylamine (10.0 ml.), stirred at
-78° ¢ for 5 minutes, then let warm to 0° C. The
resulting mixture was washed with 1 N hydrochloric
25 acid and brine, then dried (sodium sulfate), filtered
and stripped. The residue was flash chromatographed
(Merck silica gel, ethyl acetate:hexanes, 80:20) to
"give 5.170 g. of title compound as a colorless oil.

30 Dblazepine-2.5(3H,6H)-dione :
A solution of the product from part (b) (5.16
g., 14.3 mmol.) in trifluoroacetic acid (40 ml.) and
chloroform (160 ml.) was refluxed under argon for 42
hours. The mixture was cooled to room temperature
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treated with

1- hydroxybenztri azol e hydrate (541 ng., 4.0 mol es)

and

1- et hyl - 3- (3-di met hyl ami no- propyl)carbodiinide (792 #35994. 13 nmol es) and
stirred at [err] for 1.0 hour under ard@h.- The sol ution was treated wth
(S)-3-am no- 3, 4-di hydr o- 4- oxo-1, 5- benzoxazepi ne-5(2H)-acetic acid, ethyl

ester (1.147

g., 3.81 mvol es) and 4-net hyl norpholine (0.47 m .,

4.2 mol es) .

and stirring was continued at 00 for 1.0 hour-and at room tenperature for
1.0 hour. The reaction mxture was diluted with ethyl acetate (1
washed successively with water (15 nml.), 5% potassium bi sulfate

m.), water (
m.), dried (

] e, PR U T AR shastih LT

.dried in vacudicarbonatge The layers were separated and the

10

aqueous layer was extracted with methylene.chloride.
The pooled organic layers were washed with brine,

00 m.),

(2 x 15
brine (15
dryness and

dried (sodium sulfate), and filtered through a short

plug of silica gel, washing with 1l:1-ethyl
acetate:methylene chloride. The filtrate was
stripped to give a solid residue. The residue was
slurried in methylene chloride and triturated with
ethyl ether to give 3.437 g. of title product as a
white solid. m.p. 234-240° C. TLC (acetone:hexane,

- 1:1) Rf = 0.51.

15

20

25

30

. A solution of the product from part (c) (2.6
g., 8.27 mmol.) and allyltrimethylsilane (10.0 ml.,
7.19 g., 62.9 mmol.) in'methylene chloride (75 ml.)
at room temperature was treated with stannic bromide
(1.0 M in methylene chloride, 16.5 ml., 16.5 mmol.).
After étirring at room temperature for 9 hours and
then at -20° C. for 14 hours, the mixture was
quenched with water and extracted with ethyl
acetate/ethyl ether. The extract was washed with
brine, dried (sodium sulfate), filtered and stripped

. to give a cloudy white oil. The oil was flash

chromatographed (Merck silica gel, 2% acetic acid
in ethyl'acetate) to give 2.810 g. of the
diastereomerically pure title compound as a white
foam. TLC (5% acetic acid in ethyl acetate) Rf =
0.55. '

A cold (0° C.) solution of the product from
part (d) (2.50 g., 7.0 mmol.) in methanol (20 ml.)

(K

il
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-66- product was chromatographed on a silica gel colum (Merck), eluting
the columm with ethyl acetate: hexane (1:4) to give 1. BA58%aof the product
as a syrup. An additional 409. 6 ng. ©ofl2dr oduct (isomer mixture 1:1 ratio)
was al so obtained; Rf = 0.67 (ethyl acetate: hexanes, 1:4 then 1:1). A
solution of the ethyl ester product from part (a) (1 81 g., 2.51 mmoles) in
et hanol (13 nm.) -was purged with argon for 30 nmnutes, cooled dow to
[err] (ice-salt bath) then treated dropwise with a preV|oust pur ged
(argon, 30 mnutes) solution of 1.0 N sodiun1hydroxide (10 mM., 4.0 eq.)"

LB 9, e UOR 3 Bl %190t 1Y S 908 PEEL R0 enath of the
at [err] witheshependsdiarnomethane for 10 mlnutes. The excess :
diazomethane was destroyed by the addition of acetic
acid and the solvent was removed on the rotary
S5 evaporator to give a yvellow oil. The o0il was flash'_
chromatographed (Merck silica gel, l:l-ethyl
acetate:hexanes) to obtain the product as a foam.
The foam was dissolved in hot ethyl ether containing
a little methylene chloride, cooled, and seeded to
10 give 2.072 g. of crystalline title product. The
mother liquor yielded an additional 262 mg. of
product for a total of 2.334 g.; m. p. 107-109° C.
TLC (ethyl acetate:hexane, 1l:1) Rf = 0.29

15 -3- inol-2-0x0-7-(2-p -1H-

A slurry of the crystalline product from part
(e) (492 mg., 1.33 mmol.) in methanol (10 ml.) was
treated with hydrazine monohydrate (142 ul{ 147 nmg.,
20 2.93 mmol.) and the solution was briefly'warmed to
effect solubilization of the starting material.
After stirring at room temperature for 18 hours, the
. mixture was diluted with methylene chloride and
filtered. The filtrate was stripped, slurried in
25 methylene chloride; filtered and stripped again to '
give the crude amine (270 mg..) as a colorless oil.
A cold (0° Cc.) solution of the amine and (S)-2-
(acetylthio)benzenepropanoic acid (obtained from the
dicyclohexylamine salt as described previously, 287
30 mg., 1.28 mmol.) in methylene chloride (12 ml.) was
treated with triethylamine (172 pl., 125 mg., 1.23
mmol.) followed by benzotriazol-l-yloxy-
tris(dimethylamino)phosphonium hexafluorophdsphate
(S47 mg., 1.24 mmol.). The clear, nearly colorless
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bisulfate (45 mM.) to pH 1.0 and extracted with ethyl acetate (2 x 80 m..).
The conbi ned organic extracts were washed with brine #26898k.), dried
(anhydrous sodiumsul fate), filtered; H2aporated to dryness and dried in
vacuo. The crude product was dissolved in nethylene chloride (10 m.) and
treated portionwi se with hexane (100 m.), scratching the mxture to forma
solid. The supernatant was decanted and the solids triturated wth hexane
(50 mM.) and pentane (2 x 100 m.), stirring with the first 100 m . of"
pentane for 4.0 hours and the next 100 m . overni ght under argon. The
product was thegu% led in vacug

“anmor nphous solS%HY RPR-WES41 7 LhEE y?%ﬁ% Eﬂfiﬁfdégﬁgbﬁﬁﬁg?ngcﬁﬁg% :iig?-
20:1:1); [err]at=rioenr fefmperatubtd, fomrthdrmirs. The mixture was
stripped, then partitioned between ethyl acetate and
- 1 N hydrochloric acid._ The ethyl acetate extract
5 was washed successively with water, 50% saturated
sodium bicarbonate and brine. The solution was dried
(sodium sulfate), filtered and stripped. The residue
was flash chromatographed (Merck silica gel,
hexanes:acetone:ethyl ester, 6:3:1) to give 352 mg.
10 of title product as an 84:16 mixture of
" diastereomers. This material was pooled with a
similarly impure batch of product and the combined
material was purified by preparative reverse-phase
high performance liquid chromatography (YMC SH-365-10
-15 S-10 120A opS, 30 x 400 mm column, isocratic 66%
methanol/34% water, 50 ml/min, detecting at 220 nm,
title product tr = 22.6 min., impurity tr = 28.7
min.). The title product was obtained as a colorless
0il in 98.2% purity. TLC(acetone:hexanes, 4:6)
20 Rf = 0.38.

A room temperature solution of the product

25 from part (f) (720 mg., 1.61 mmol.) in methanol (12
ml., deoxygenated via argon bubbling) was treated
with 1 N sodium hydroxide (10 ml., deoxygenated via
argon bubbling). After stirring for 20 minutes, the
solution was acidified with 10% hydrochloric acid (5

30 ml.) and extracted with ethyl acetate. The ethyl
acetate extract was washed with water and brine, then
dried (sodium sulfate), filtered and stripped to
afford an oil. The material was flash
chromatographed (Merck silica gel, 2-5% acetic acid
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- 67 - *1H NWVR (400 MHz, [err]): 2.02 (d,1H), 3.07 (m2H), 3.59 (m1H), 4.09
(t, 1H J 10 Hz), 4.24 (d, 1H, J = 17 Hz), 4,63 (t, HAE99a= 8 Hz), 4.73
(d, 1H, J 17 Hz), 4.93 (m 1H,) 7. 04 123726 (m 9H), 7.42 (d, 1H).

Anal .calc'd. for [err] * 0.147 [err] * 0.43 H20: C, 59.46; H 5.44; N, 6.69;

S, 7.65; SH,7.89 Found: C 59.46; H 5.25; N 6.65; S,7.88;, SH, 7.84
EXAMPLE 15 [err] A cold [err] solution of [err]

am nohexahydr o-[ err] - net hyl - 2- oxo- 1H azepi ne- 1-acetic aC|d nethyl ester
(374 ng., 1.75 nmmol) [prepared as descri bed by Thorsett et "al.

pept | deo: SUr UGRULERgIt, EMIBIA 0N i S5BL00 Sh0 MEL caty Rek e
were pooled and stripped, and the residue was
azeotroped three times with ethyl acetate. The
resulting oil/foam was dissolved in a small amount of

5 ethyl acetate and then triturated with hexane to
produce a white oil/foam. The mixture was stripped
to dryness, slurried in hexane, stripped to dryness
again, and dried in xagﬁg to give 616 mg. of title
product as a hard white foam; [a]lp = -48.5° (c =

10 0.63, chloroform). TLC (5% acetic acid in ethyl
acetate) Rf = 0.56. ,
Anal.cal'd. for C20H26N204S + 0. 2 H20:
Cc, 60.95; H, 6.75; N, 7.11; s, 8.14
Found: C, 60.98; H, 6.93; N, 6.93; s, 7.94
15 Example 37

20 -1H- ine-1-
A solution of the product from Example 36 (e)

(767 mg., 2.07 mmol.) in methanol (10 ml.) and ethyl
acetate (10 ml.) was hydrogenated (balloon) over
palladium (10% on carbon, 62 mg.) at room temperature

25 for one hour. The mixture was filtered through
Celite, stripped, redissolved in ethyl acetate,
filtered through a plug of silica gel and stripped
again to afford 780 mg. of title product as a

colorless oil. TLC (ethyl acetate:hexanes, 1:1)
30 Rf = 0.29.

i



acid (393 ng., 1.75 mol) in nmethylene chloride (10 mM.) was treated with
trlethylanlne (245 [err], 178 ng., 1.76 mmol) foIIomede§99a

benzotri azol - 1-yl oxy- trls(dlnethylan1ﬁ@ﬂphosphonlun1hexaf|uoro phosphat e
(775 mg, 1.75 mmol). The clear, nearly colorless solution was. stirred at
[err] for one hour and then at roon1tenperature_for 3 hours. The m xture
was partitioned between ethyl acetate and 0.5 N hydrochloric acid and the
ethyl acetate extract was washed successively with water, half saturated
sodi um bi carbonate and brine. The solution was dried (sodlun1sulfate)
filtered and strip , At Ogr ap ed (Merck silica
gel, 70:30 ethy

The product_from part (a) (774 mg., 2.07
5 mmol.) in methanol (8 ml.) was treated with hydrazine
monohydrate (222 pl., 229 mg., 4.58 mmol.) and the
solution was stirred at room temperature for 23
hours. The mixture was diluted with 0.5 N
hydrochloric acid (20 ml.)and stirred at 0° C. for 2
10 hours. The solution was filtered and the filtrate
was washed with ethyl acetate. The ethyl acetate
extract was back-extracted once with water and the
pooled aqueous layers were made basic with 1 N sodium
hydroxide. Extraction with methylene .chloride (three
15 times) followed by drying (sodium sulfate) and |
evaporation of the solvent afforded the crude amine
(354 mg.,) as a colorless oil.
~ A cold (0° C.) solution of this crude amine
and (S)-(acetylthio)benzenepropanoic acid [obtained
20 from the dicyclohéxylamine salt as described
previously, 344 mg., 1.53 mmol.) in methylene
chloride (12 ml.) was treated with triethylamine (214
pl., 154 mg., 1.53 mmol.) followed by benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluoro-
25 phosphate (679 mg., 1.54 mmol.). The clear, nearly
" colorless solution was stirred at 0° C. for one hour
and then at room temperature for one hour. The
mixture was stripped, then partitioned between ethyl
acetate and 0.5 N hydrochloric acid. The ethyl
30 acetate extract was washed successively with water,
50% saturated'sodium bicarbonate and brine. The
solution was dried (sodium sulfate), filtered and
stripped. The residue was flash chromatographed
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- 68 - 'product as a colorless oil/foam Rf = 0.43 (ethyl acetate: hexanes,
75:25). An ice cold solution of the product from partHA8998570 ng., 1.36
mrol ) in methanol (7 m., deoxygenat®ed3d a argon bubbling) was treated with
1 N sodium hydroxide (5.5 nml ., deoxygenated via argon bubbling). After -
stirring at [err] for 1.25 hours, the solution was acidified with 1 N

" ~hydrochloric acid (9 m) and extracted with ethyl acetate. The ethyl
acetate extract was washed with water and brine, then dried (sodium
sulfate), filtered and stripped to afford an oil. The material was flash

Chro”atOgraphﬁﬂeEQQrgg%?Eéi§319€%:43ﬁ7 ¥ Gc@tbile ”58t§%%et ate). The

product containing fr ronS_were pooled an strlp%e ) e residue was
taken up in efMdy| ofcpuneetihte & @ec és soteryeqpt ail.
TLC (acetone:hexanes, 4:6) Rf = 0.31.

- * - -3 -

5 - -2- -7~ -1H~ -1~
acetic acid _

- A room temperature solution of the product
from part (b) (502 mg, 1.12 mmol) in methanol (8 ml.,
deoxygenated via argon bubbling) was treated with 1 N

10 NaOH (6 mL, deoxygenated via argon bubbling). After
stirring for 25 minutes, the solution was acidified
with 10% hydrochloric acid and extracted with ethyl
_acetate. The ethyl acetate extract ﬁas washed with
water and brine, then dried (sodiuum sulfate),

15 filtered and striﬁped to afford an oil. The material
was flash chromatographed (Merck-silica gel, 2%
acetic acid in ethyl acetate). The product
containing fractions were pooled and stripped, and
the residue was azeotroped two times with ethyl

20 acetate. The resulting oil/foam was dissolved in a
small amount of methylene chloride and then
triturated with hexane to produce a white o0il/foam.
The mixture was stripped to dryness, slurried in
hexane, stripped to dryness again, and dried jin wacuo

25 'to give 394 mg. of title product as a hard white
foam; [ax]lp = - 51.2° (¢ = 0.65, chloroform). TLC (2%
acedic acid in ethyl acetate) Rf = 0.47.

Anal. calc'd. for C2QH28N204S ¢ 0.2 H20:
C, 60.95; H, 6.75; N, 7.11; S, 8.14

30 Found: C, 60.98; H, 6.93; N, 6.93; S, 7.94.
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water and brine, then dried (sodiumsulfate), filtered and stripped again
The resulting oil/foamwas triturated first with ethylHas®9®ar and then with
hexane to produce a white oil/foam Fh&26ixture was stripped to dryness,
slurried in hexane, stripped to dryness again, and dried in vacuo to .give
470 ng. of product as a white foanl (>98% di astereoneric purity as

determ ned by NMR anal ysis); Kf 0.49 (5% acetic acid in ethyl acetate);
[err] = [err] (c = 0.6, chloroforn) . HPLC. YMC S3 ODS colum [err] mm;

eluted with 44% A: 90@6mater - 0@6nethano| 0. 2% phosphoric acid and 56% B

10% wat er - 90% met hanol - 0. 2% phosp
detecting at 220 nm R = 11.02 i

- flowrate 1.5 mM/mn

To a solution of the product from Example
36(e) (700 mg. 1.89 mmol.) in 5 ml. of methylene
10 chloride, cooled to 0° ¢, was added a 75 ml. portion
of diazomethane/ethyl ether solution (prepared
according to the procedure of Fieser & Fieser, Vol.
I, p. 192), followed by 7 mg. (0.03 mmol.) of

palladium(II) acetate. The reaction mixture bubbled
15 violently and turned clear. After stirring for 10
minutes an additional 25 ml. of diazomethane/ethyl
ether solution was added to the reaction. The
reaction was stirred at 0° C for 50 minutes, then
filtered through celite and concentrated in vacuo to
20 give a crude oil. The crude oil was flash
chromatographed (Merck silica, 50 x 150 mm, 1:2' ethyl
acetate/hexane) to give 717 mg. of title product as a
white foam. |

25 3-I[2-(ac i9)-1-gxQ-3- inol-2-oxo-

To a solution of the product from part (a)
(697 mg., 1.81 mmol.) in 8 ml. of methanol, stirred
at room temperature, was_added dropwise 92 pL (1.90
30 mmol.) of hydrazine monohydrate. The reaction was
stirred at room temperature for 48 hours, then
filtered to remove the solid byproducts. The
filtrate was concentrated in-xagug; dissolved in
methylene chloride, refiltered and reconcentrated to

r________,.___—
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- 69 - ‘Anal. calc'd. for [err]: C 59.32; H 6.64; N 7.69; S, 8.80; SH,9.07
Found C 59.27; H 6.92; N 7.37; S,8.36; SH, 8. 75, [éﬂﬁ9ﬂa-tert

- but yl di carbonate (21.8 g., 100 nnDIT wd¢ added in portions to a stirred
solution of ethanolam ne (6.1 g., 100 nmol) in dichloronmethane (100 ml.) at
[err]. After addition was conplete, the coqling bath was-renoved and the

. solution was stirred at roon1tenperature for five hours. The solvent was

. renmoved in vacuo and the resulting material was dissolved in

.di chl oronet hane (100 m.) and triethylamne (21 m., 150 mmol), cooled to

ngagnggglggﬁs%faﬁlo?ﬂﬁgﬁ%gl verTﬁepgghag ?% %gﬁetﬁﬁ%gﬁpgm%gg diluted with

“ethyl acetate Y2€RMR{tg give 441 mg. of crude amine as a white
foam. This crude foam was used in the next reaction

" without further purification.'
5 g To a cold (0° C) solution of 420 mg. (1.64
mmol.) of this crude amine and 384 mg. (1.81 mmol. of
(8) -2-(acetylthio)benzenepropanoic acid (obtained
from the dicyclohexylamine salt as described
previously) in 10 ml. of chloroform was added 280 pul.

10 (1.97 mmol.) of triethylamine. The reaction mixture
was stirred 30 minutes, then 799 mg. (1.81 mmol.) of
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate was added. The reaction was
stirred at 0° C for 48 hours, then an additional 399

15 mg. (0.904 mmol.) of benzotriazol-l-yloxytris-
(dimethylamino)phoisphonium hexafluorophosphate and 4
drops of triethylamine were added. The reaction was
stirred at 0° C. for an additional 24 hours, then
partitioned between 50 ml. ethyl acetate/50 ml. 5%

20 potassium bisulfate solution. The water layer was
separated and extracted with 2-25 ml. portlons of
ethyl acetate. the combined ethyl acetate layers
were washed with 25 ml. of 5% potassium bisulfate
solution, 40 ml. saturated sodium bicarbonate, 40 ml.

25 brine, dried (magnesium sulfate) and concentrated in
vacuo to give a crude oil. The oil was flash
chromatographed (Merck silica gel, 50 x 200 mm, 1:3
ethyl acetate/hexane, then 1:2 ethyl acetate/hexane)
to give 678 mg. of title product as a white foam.

A solution of 658 mg. (1.43 mmol.) of the
product from part (b) in 10 ml. of methanol was
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and. washed wth 1N hydrochloric acid and water. The ethyl acetate Iayér was
dried (magnesiumsulfate), filtered, and freed of sol v8Ab9Pa vacuo to give
t he product as a viscous oil which was 2Rfed wi t hout purificati on.

s-[2-[err]

b)

N[ (phenyl met hoxy) car bonyl ] - L- cyst ei ne, di phenyl - net hyl

sol ution of N-[(phenyl net hoxy)carbonylT :=L- cysteine, diphenylnethyl

(12.7 g.,

ester A
.ester

30.1 mmol.) and the product frompart (a) (7.20 g., 30.1 muol) in

di met hyl formam de (190 ml.) was treated with spray dried potassiumfluoride
430 mmol ) and - 70 -

(25 g.,

10

15

20

25

30

purged with argdn'for 30 minutes and cooled to 0° C.
To this solution was added dropwise 6 ml. of 1M
sodium hydroxide,. also purged with argon for 30
minutes and cooled to 0° C. The reaction was stirred
at 0° C. for 1 hour with continuous argon purging,
then acidified to pH 1 with 5% potassium bisulfate

solution. The mixture was extracted with 3-80 ml.
. portions of ethyl acetate; the combined ethyl

acetate layers were dried (magnesium sulfate) and
concentrated in vaguo to give a crude oil. The oil
was flash chromatographed (Merck silica gel, 50 x 150
mm., 0.2% acetic acid/ethyl acetate) to give a white
foam. The foam was triturated from methylene _
chloride/hexane to give 490 mg. of title product és a
white hard solid; [alp = -78.9° (c = 1.0, CDCl3).
TLC (5% methanol in methylene chloride plus 3 drops
acetic acid) Rf = 0.41.
Anal.calc'd. for Cz1H2gN2S04 « 0.50 H20:

C, 61.00; H, 7.07; N, 6.77; S, 7.93
Found: C, 61.40; H, 6.75; N, 6.37; s, 7.75.

Tin tetrachloride (5.1 mi., 5.1 mmol., 1 M
methylene chloride) was added dropwise to a solution
of the product from Example 36 (e) (800 mg.. 2.55
mmol.) and (2-cyclopentenyl)trimethylsilane (2.85 g.,
20.4 mmole) in methylene chloride (60 ml.). The
mixture was stirred at room temperature for 18 hours,
then qﬁenéhed by the addition of 100 ml. of water.
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sti.rred, at 70 - [err], under an atnosphere of argon, for 20 hours. After
cooling, the m xture was partitioned between ethyl aceas90a(800 nml.) and
water (400 m.). The organic |ayer wasl#shed with brine (300 m.), dried
(magnesium sul fate), filtered, and freed of solvent in vacuo | eaving an
-oil. This was chromatographed on silica gel (Merck, -1000 m.), eluting -
W th m xtures of ethyl acetate and hexane (1:4, 1:3 and 1:2), to give 9. 13
g. of product; Rf 0.35, (ethyl acetate; hexanes, 1:2)..c) '
(R) - Tetrahydro- 6- [[(phenylnethoxy)carbonyll- am nol - 1. 4-t hi azeni n-5(4H) - one

Pagoh Ut o0 Of i RUNE LLOTLRRLL. (D (6 12 g goanpa%n?eeﬁggfziﬁre
for two hours ethyl leeretadec endr 2+ 200 i ml v aport icke afeeittydl ethernas dil ut ed
with isopropylene combined organic layers were washed with 100 ml.
of brine, dried (sodium sulfate) and concentrated in
5 - vacuo to give a crude oil. The oil was flash
chromatographed (Merck silica gel, 50 x 100 mm, 1:1
ethyl acetate/hexane then 2% acetic acid/ethyl
acetate). to give 788 mg. of (3S-trans)-7-(2-
cyclopentenyl)hexahydro-3-phthalimido-2-oxo-1H-
10 azepine-l-acetic acid as a white foam.

A solution of this acid (768 mg., 2.01 mmol.) in
methanol (7 ml.)/ethyl ether (10 ml.) stirred at room
temperature, was treated dropwise with a solution of
diazomethane/ethyl ether (prepared acqpfding to the

15 procedure of Fieser & Fieser, Vol. I, p. 192). The

- diazomethane/ethyl ether solution was added until the

reaction mixture remained yeliow and the bubbling
ceased. The mixture was stirred 10 minutes, then the
excess diazomethane was quenched by the dropwisé

20 addition of 0.3 ml. of acetic acid. The colorless
solution was concentrated in vacuo to give a crude
0il. The oil was flash chromatographed (Merck silica
gel, 50 x 100 mm, 1:2 ethyl acetate/hexane) to give

640 mg. of title product as a white foam.
25 = =7- ' 7dro-3-

egter

A solution of the product from part (a) (700
mg., 1.89 mmol.) in 5 ml. of methanol was purged with

30 argon for 15 minutes, then 150 mg. (25% by weight) of
10% palladium on carbon was added. The reaction
vessel was evacuated and filled with hydrogen three
times and stirred under hydrogen (1 atm, balloon) for
5 hours. The reaction mixture was filtered through
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ether (40 m.), stirred, and the isopropyl ether |ayer was decanted. This
process was repeated once nore and the residue was driHx9%9% vacuo. A m xture
this material and di phenyl phosphoryl -at3@e-(4.4 g., 16 mml) in dry

di met hyl formami de (75 nl.) under an argon at nosphere was cooled in an ice
bath and, while stirring, 4-nmethylnorpholine (4.45, 44 mmol) was added

- dropwi se. After addition was conplete, the mxture was allowed to warmto
roomtenperature and Left stirring for 20 hours. The m xture was
partitioned between ethyl acetate (150 m. and water (100 m.). The | ayers
wer e separated aq s._layer was_reextrac ed mnth e hyI acetate (50
m.). The corbt %Q% S‘é’rﬂ Jﬁ%’ﬁ‘k? WBP cCOREH g%g pot assi um

bi sul fat e sol ugiwm ﬂﬂmmd )of $at&eapeddsod|asnd)|wtarﬁmrﬁdam.sol ution (50
m.), and bri 5 . R ca

A solution of the prodﬁct from part (b) in
methanol was treated with hydrazine monohydrate
according to the'procedure described in Example 38
part (b) affording crude (3S-trans)-7-

10 (cyclopentyl)hexahydro-3-amino-2-oxo-1H-azepine-1-
acetic acid, methyl ester as a white foam.

This white foam was treated with (S)-

_ (acetylthio)benzenepropanoic acid according to the
~ procedure described in Example 38 part (b) affording
15 the title product as a_clear oil.

A solution of the product from part (c¢) in

20 methanol was treated with 1M sodium hydroxide
according to the procedure of Example 38 part (c)
affording the title product as a white hard solid;
(elp = -78.1° (¢ = 1, CDC13). TLC (5% methanol in
methylene chloride plus 3 drops acetic acid)

25 Rf = 0.39. |
Anal. Calc'd. for C22H3(QN2SO4 + 0.03 H20:

C, 63.06; H, 7.23; N, 6.69; S, 7.65

Found: C, 63.25; H, 7.25; N, 6.50; s, 7.55.
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- 71 - of solvent in vacuo. The remaining material was triturated with

i sopropyl ether to give 2.45 g. of white solid producthA®9& 0.27, (ethyl
acetate: hexanes, 1:1). d) (R -Tetrahyddo-~5-oxo- 6- [[phenhenvlnethox))

car bonyl I.am nol - 1. 4-t hi azeni ne-4(5H) -acetic acid. ethyl eater A solution
of the product frompart (c) (3.55 g., 12.68 mol) in distilled
tetrahydrofuran (40 nl.), under an atnosphere.of argon, was cooled to [err]
and treated with powdered potassi um hydroxide (2.16 g., 40 nmol) and

t et rabut yl ammoni um brom de (420 ng., 1.3 mmol). Ethyl bronpacetate (2.58
g., 15.43 mol) :

A solution of the product from Example 9 (b)

(1.75 g., 7.67 mmol.) in tetrahydrofuran:t-butanol
(2:1, 30 ml.) was cooled to 0° C. and treated with"

10 ethyl acrylate (1.16 ml., 10.74 mmol., 1.4 eqg.) and
then 1.0 N t-butanol, potassium salt (767 ul., 0.1
eg.). The reaction mixture was stirred at 09 C. for
15 minutes then at room temperature for 1 hour. The
reaction was quenched with 25% ammonium chloride (50

15 ml.) and extracted with ethyl acetate (2 x 125 ml.).
The combined organics was washed with 25% ammonium
chloride (50 ml.), water (100 ml.), and brine (100
ml.), dried over magnesium suifate, filtered and
concentrated to yield a clear syrup. The residue was

20 purified by chromatography on a 5 x 15 cm silica gel
column eluting with 30% ethyl acetate/hexane mixkture.
The desired fractions were combined and concentrated
to afford 2.18 g. title product as a clear syrup. TLC
{ethyl acetate:hexane, 1:1) Rf = 0.38.

25 - {R* ,R*} ]~ -3-[[2~ i0) -1- -3~

ethvl ester
' The product from part (a) (2.15 g., 6.55

mmole) was treated with 4 N hydrochloric acid/dioxane
30 (30 ml., 120 mmole) at 0° C. for 30 minutes, then at

room temperature for 2 hours. The reaction mixture

was concentrated, stripped with ethyl ether (twice),

azeotroped with toluene (3 times) and dried in wvacuo

for 5 hours affording (S)-3-amino-hexahydro-2-oxo-1H-
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was, added dropw se. The m xture was stirred cold for two hours and then
diluted with ethyl acetate (50 m.), and anhydrous magid&®%9am sul fate was
added. The reaction nmixture was filterdd2through a nagnesiun1su|fate pad
and the pad was washed several tinmes with ethyl acetate. The filtrate was-
treated with 1IN hydrochloric acid solution (50 nl.) and the layers were
separ at ed. ‘The organic layer was dried (magnesi um sul fate), -filtered and
freed of solvent in yacuo |eaving an oil which was purified by

chromat ography on silica gel, eluting with 10-30% et hyl - acetate in hexane

to give 3.22 g%zgéu% t'gcrtop%%o%cv'aégayseghyl e@te}, %rg%htf.xlrlde

acet at e: hexane
- 6- Aii not et r ahgak®- 5- oxo- 1. 4-t hi azepi ne-4(5H)- acetic acid, ethyl ester,

hydr obrom de salt Theppi®dgind Wae RRkh égﬁpié’*d ith ,(ﬁ._GS nmol )

(acetylthio)benzenepropanoic acid in the presence of

5 triethylamine and benzotriazol- 1-yloxytr1s-
(dlmethylamlno)phosphonlum hexafluorophosphate as
described in Example 31 part (c) affording the title
product. TLC (ethyl acetate:hexane, 1:1) Rf = 0.19.

- * *) - - . - -] - -l

10 ' i -2-0xo~-1H- ine-1-

The product from part (b) in methenol was
treated with 1N sodium hydroxide as described in
Example 31 part (d) affording the title product as- a
white foam; [alp = +4.44° (c = 1.24, methanol). TLC

15 (1% acetic acid in ethyl acetate) Rf = 0.27.
Anal. calc'd. for C18H24N204S « 0.17 H20:

C, 58.83; H, 6.67; N, 7.62; S, 8.72

Found: C, 58.83; H, 6.87; N, 7.33; S, 8.49.

Example 41
20 -(R*.R*} ]~ ~3 - - -1~ -3-
ine-1- £ iq
XY N = (D =~ imido=-§6~ -l - -Ty—-
phennvlalanine, ethyl estexr
25 To a solution of L-phenylalanine, ethyl ester,

hydrochloride salt (998 mg., 4.3 mmol.) in
dimethylformamide (10 ml.) was added 4-
methylmorpholine (575 pl., 529 mg, 5.2 mmol.). After
stirring at room temperature for 5 minutes, the

30 solution was cooled to 0° C and treated successively
with (S)-2-phthalamido-6-hydroxyhexanoic acid (1.002
g., 3.6 mmol.), hydroxybenzotriazole (582 mg., 4.3
mmol.), and ethyl-3-(3-dimethylamino)propyl
carbodiimide, hydrochloride salt (770 mg., 4.0
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was.tredated with 30% hydrogen bromde in acetic acid (14 m.). The m xture
was stirred at roomtenperature for one hour and then diasglml et her (200.
m.) was added. After stirring at room L83perature - 72 - for one hour,
the precipitated salt was harvested by filtration and washed several tines
with ether. The slightly gummy material was dissolved in hot ethanol and

t he sol vent was renoved in vacuo. This process was repeated once. Diethyl
et her was added to the remaining material and the hydrobrom de salt product
(2.52 g.) was harvested by filtration as a yellow solid. f)

[6F«S$)1'2’3’6’Jﬁgf}f?h%ﬂﬁgigéhh%ik&aﬁ§§¥£}£”é&é stirred at 0° C.
for 0.5 hour and at room temperature for 1.5 hours.
The solution was partitioned between ethyl acetate
and water and the organic extract was washed
5 successively with 0.5 N hydrochloric acid, water; 50%
 saturated sodium bicarbonate, and brine, then dried
(sodium sulfate), filtered and stripped to give 1.63
g. of essentially pure title product as an oil/foam.
TLC (acetone:hexanes, 1:1) Rf = 0.30.
10 *) N (e ‘ ss . o o o
phenvlalanine. ethvl ester
A -78 °C. solution of oxalyl chloride (370
pl., 538 mg., 4.2 mmol.) in methylene chloride (10
ml.) was treated dropwise with a solution of dry
15 dimethylsulfoxide (610 pl., 672 mg., 8.6 mmol.) in
methylene chloride (1.5 ml.). After 10 minutes, a
solution of the product from part (a) (1.616 g., 3.6
mmol.) in methylene chloride (10 ml.) was added.
After an additional 15 minutes, the mixture was
20 treated with triethylamine (4.0 ml.), stirred at
-78° €. for 5 minutes, then let warm to 0° C. The |
resulting white slurry was partitioned between 0.5 N
hydrochloric acid and ethyl acetate. The organic
extract was washed with brine, then dried (sodium
.25 sulfate), filtered and stripped. The residue was
flash chromatographed (Merck silica gel, 40:60-
acetone:hexanes) to afford 1.474 g.of title product
as an oil/foam. TLC (acetone:hexanes, 1:1)
Rf = 0.45. ' _
30 - (3a — dro-3- =6-
A mixture of the product from part (b) (6.11
g., 13.6 mmol.) and trifluoroacetic acid (34 ml.) in
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met hyl ]-1 - oxo- 3- phenyl propyl ] am nol - 5- oxo- 1. 4- thi azepi ne-4(5H)-acetic
acid. ethyl ester (S)-2-[(Acetylthio)nethyl]benzenepr3@&9¥8ac aci d (obtai ned
fromthe ephredine salt as described-pt34iously) was reacted with the
product from part (e) according to the procedure of Exanple 1 part (b),

affording the title product; Rf = 0.40 (ethyl .acetate: hexanes, 1:1). g) [-==% "

6R ( S* )=-2,3,6.7-Tetrahydro-6- r r2-(mnercapto-
met'hyl ) - 1- oxo- 3phenyl propyl ] am no] - 5- oxo- 1, 4- thia-4(5H)-acetic acid A
solution of the product frompart (f) in nmethanol was treated with 1IN

S Tording t he CHESHR, 12050m135 REECFELNBR £ot d%y* Eher) c .
[err] = 0.35 (SvYumpidmwss iceodedhtor beem Heerpenatare and
neutralized with saturated sodium bicarbonate. The
layers were separated and the aqueous layer was
5 extracted with methylene chloride. The pobled
organic layers were washed with water, dried (sodium
sulfate), filtered and stripped to give a dark
yellow-orange o0il. The residue was flash
chromatographed (Merck silica gel, 40 to 60% ethyl
10 acetate in hexanes) to afford 3.075 g. of title
product as a white foam.

- (R* R*)] - - - - - P

A solution of the product from part (c) (1.40
15 g., 3.46 mmol.) and triethylsilane (4.4 ml., 3.20 g..
27.5 mmol.) in methylene chloride (42 ml.) at room
temperature was treated dropwise with titanium |
~ tetrachloride (1.0 M in methylene chloride, 7.0 ml.,
7.0 mmol.). The clear colorless solution became
20 'bright vellow upon the addition of titanium
tetrachloride; no precipitate resulted. 'After
stirring for 66 hours, the mixture was quenched w1th
water and extracted with ethyl acetate. The ethyl
acetate extract was washed with water and brine,
25 dried (sodium sulfate), filtered and stripped to give
' an oil. Flash chromatography (Merck silica gel,
ethyl acetate followed by 2% acetic acid in ethyl
acetate) provided 870 mg. of [S-(R*,R*)]-hexahydro-2-
oxo-3-phthalimido-¢- (phenylmethyl)-1H-azepine-1-
30 acetic acid as a white foam.
A cold (0 °C) solution of this acid (898 mg.,
2.21 mmol.) in methanol (8 ml.) and methylene
chloride (12 ml.) was treated with excess ethereal
diazomethane for 5 minutes. The excess diazomethane
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drops acetic acid/5 m.); [err] =[err] (C= 0.6, nethanol). [err] = 13.2
mn., 50 % aqueous nethanol containing 0.2% phosphoricHag®® 1.5 m./ mn.,
detected at 220 nm YMC S-3 (ODS), 6.9 3385150 nm, 3 micron spherical end
capped colum. H . =>95% - 73 - [err] EXANPLE 17 [6R (S*)

1-2, 3,6, 7- Tet rahydr 05'6-3F" (2 mer capt o- 1- oxo- 3-

phenvlpropyl)an1no| 5- oxo 1. 4-thi azepi ne-4(5H)-acetic a) [ 6R (S*)]-2.3 .
6.7 -Tetrahydro-6- rr -(acetylthio)-1-

oxg- 3- phenylpropyl]anlno] 5-0x0-1, 4-t hi azepi ne- 4(5FD acetic acid. ethyl
ester

was destroyed by the addition of acetic acid and the
solvent was removed on the rotary évaporator to give
a yellow oil. The residue was flash chromatographed
(Merck silica gel, 50 to 60% ethyl acetate in

5 hexanes) affording 858 mg. of title product as a
white foam. TLC (ethyl acetate:hexanes, 1:1)
Rf = 0.30.

10

A solution of the product from part (d) in
methanol was treated with hydrazine monohydrate
accordihg to the procedure of Example 36 part (f)
affording [s-(R*,R*)]-hexahydro-3-amino42-oxofa-

15 (phenylmethyl)-1H-azepine-l-acetic acid, methyl ester
as a pale yellow oil. TLC (methylene chlorlde acetic
acid:methanol, 8:1:1) Rf = 0.60.

A cold (0° C.) solution of this amine was
reacted with (S)-2-(acetylthio)benzenepropanoic acid

20 in the presence of triethylamine and benzotriazol-1-
vloxytris (dimethylamino)phosphonium hexafluoro-
phosphate according to the procedure of Example 36
(f) affording the title product as a colorless
oil/foam. TLC (acetone:hexanes, 1l:1) Rf = 0.54.

25 —(R*.R*)] - -3 - - -1- =3

_ {ne-1- €] id
A solution of the product from part (e) in
methanol was treated with 1N sodium hydroxide
30 according to the procedure of Example 36 part (g)
affording the title product as a relatively hard
white foam; [alp = -64.2° (¢ = 0.54, chloroform).
TLC (5% acetic acid in ethyl acetate) Rf = 0.60.

i
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(S)y-2-(Acetyl thio)benzenepropanoic acid (obtained fromthe

di cycl ohexyl ami ne salt as described previously) was rd&#&99a with the
product from Exanple 16 part (e) accor&ﬁﬁg to the procedure of Exanple 2
part (b), affording the title product; Rf 0.29 (ethyl acetate: hexane,
1:1). b) [6R(S*)1-2,3,6,7-Tetrahydro-6-r(2-nercapto-l-oxo-

3-phenyl propyl yam no] - 5- oxo-1, 4-t hi azepi ne-4 5H)- acetic acid A solution of
the product frompart (a) in nmethanol was treated with 1.0 N sodi um

hydr oxi de according to the procedure of Exanple 2 part (c), affording the

title product 29, (896nethano| in
di chl or onet han@p usﬁzé'gjrops agg]éﬁgskgéﬁ%S r§%ﬂ 00 calc'd. for [err] *
0.1 [err]: C52.21;, HG&. 33t.6%;7H436.$717N006.28; S, 7 19

Found: C, 64.61; H, 6.78; N, 5.89; S, 7.46

_ A solution of 2,2-dimethylcyclohexanone (8.960
10 g., 65 mmol.), pyridine (12.0 ml., 12.27 g., 155
mmol.), and hydroxylamine hydrochloride (10.30 g.,
148 mmol.) in absolute ethanol (50 ml.) was heated at
' 85° C. for 2 hours. The cooled mixture was
partitioned between ethyl ether and water and the
15 ethereal layer was washed successively with 1 N
hydrochloric acid and brine, then dried (sodium
sulfate), filtered and stripped. The so0lid residue
was dissolved in a small amount of hot hexane and

- cooled to 0° C. to afford 6.801 g. of title product
20 as white flakes; m. p. 91-93°C. TLC (ethyl
acetate:hexane, 4:6) Rf = 0.60.

azepine
A cold (0-10° C.) slurry of phosphorus

25 pentachloride (32.50 g., 156.1 mmol.) in methylene
chloride (250 ml.) was treated with a solution of the
product from part (a) (7.353 g., 52.1 mmol.) in
methylene chloride (50 ml.) over a 10 minute period.
The mixture was warmed to room temperature and

30 chlorine gas was bubbled through the solution at 0.5
and 1.5 hours after addition of the oxime. After a
total of 3 hours, the mixture was quenched with
crushed ice (70 ml.) followed by saturated sodium
bicarbonate (150 ml.). Periodic cooling was

————
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Found: - C 52,27; H 5.54; N, 7.35; S 16.98. -74- [err] A solution of

(3R-ci s)-tetrahydro- 3-phenyl - 6- HAS599%a
[ [ (phenyl et hoxy) car bonyl ] am no] - 1, 4- thildZepi n-5(4H)- one (1.16 g., 3.25
mrol ) [prepared as described by Yanagi sawa et al., J. Med. Chem, Vol. 30,

p. 1984 - 1991 (1987)] in distilled tetrahydrofuran (30 m.), under an

at nosphere of argon. was cooled to [err] and treated with powdered

pot assi um hydroxi de (540 ng., 10 mmmol) and tetrabutyl anmoni um broni de (97
ng, 0.3 mmol ). Ethyl bronpacetate (501 ng., 3 nmol) was added dropwi se with

SUrring. The mMaLLre, RS Shid BiBngshd Akl JIRks3da! hen 200 tiona

vigorously at room temperature for 18 hours, then the
layers were separated and the methylene chloride
extract was washed with saturated sodium
5 bicarbonate/brine. The organic iayer was dried
(sodium sulfate), filtered, stripped, and fiash
chromatographed (Merck silica gel, 2/8-ethyl
acetate/methylene chloride). Fractions containing
the desired product were stripped and the residue was
10 dissolved in hot methylené chloride/ethyl acetate and
cooled to afford 5.152 ¢g. of pure title product. The
mother liquor was re-chromatographed (Merck silica
gel, 1/9-ethyl acetate/methylene chloride) to give an
additional 2.054 g. of pure product for a total yield
15 of 7.206 g.; m. p. 148-155° C. (broad). TLC (ethyl
'acetate:methylene chloride, 1:9)'Rf.= 0.36.
A solution of the product from part (b) (7.180
g., 34.2 mmol.) in glacial acetic acid (150 ml.) was
20 hydrogenated (balloon) over 10% palladium on carbon
catalyst (2.5 g.) for 1.75 hours. The mixture was
filtered through Celite and the solvent was removed
by rotary evaporation. The residue was flash
chromatographed (Merck silica gel, 3/7-ethyl
25 acetate/methylene chloride) to afford impure desired
product as an oily solid. The residue was treated
with ethyl ether and triturated with hexane to afford
~ 2.845 g. of pure title product as a white solid. The
mother liquor was re-chromatographed (Merck silica
30 gel, 3/7-ethyl acetate/methylene chloride) to give
1.93 g. of additional pure solid product. The solids
were pooled to give 4.775 g.of pure title product;
m. p. 115 - 117° ¢. TLC (ethyl acetate:methylene
chloride, 3:7) Rf = 0.41.
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bronpacetate (501 ng., 3 nmol) was added. The m xture was stirred cold for
an additional two hours and then diluted with ethyl acBA%®%a (50 nl) and
anhydr ous magnesi um sul fate was added- IB8e -reaction m xture was filtered

t hrough a nmagnesi um sul fate pad and the pad was washed several tines with
~ethyl acetate.. The filtrate was poured into cold 1N hydrochloric acid
sol-.ution (40 m) and the layers were separated. The organic |ayer was drled
(magnesium sul fate), filtered and freed of solvent in vacuo | eaving an oi
which was purified by chronatography on silica gel elutlng with 10-30%
ethyl acetate iy h 730 . Qf Rf 0. 32 (ethyl
-acet at e: hexane

o A slurry of the product from part (c) (4.670
g., 26.6 mmol.) and sodium azide (4.360 g., 67.0
mmol.) in dry dimethylsulfoxide (100 ml.) was heated
5 at 80° C. for 6 hours. The solution was cooled to
0° ¢ and treated'with 175 ml. of ice cold water. The
resulting snow white precipitate was collected by
filtration, washed with water and dried to give
2.37 g. of pure title product. The filtrate was
10 extracted with ethyl acetate and the organic extract
was washed twice with water and once with brine, then
dried (sodium sulfate), filtered and stripped.
Trituration of the residue with ethyl ether and
hexane afforded 1.637 g. of additional product. The
15 isolated solids were pooled to give 4.007 g. of pure
‘title product; m. p. 98 - 100° C. TLC (ethyl
acetate:hexane, 75:25) Rf = 0.51.

20 A solution of the product from part (d)
(3.469 g., 19.0 mmol.) in methanol (80 ml.) was
hydrogenated (balloon) over 10% palladium on carbon
catalyst (850 mg.) for 1.5 hours. The mixture was
filtered through Celite and the solvent was removed

25 by rotary evaporation. The residue was evaporated
once from methylene chloride to afford the crude
amine as a white solid. The solid was redissolved in
chloroform and treated successively with '
triethylamine (2.65 ml., 1.92 g., 19.0 mmol.) and di-

30 tert-butyl-dicarbonate (5.000 g., 22.9 mmol.). After
stirring at room temperature for 1 hour, the solution
was stripped and the residue was triturated with
ethyl acetate/ethyl ether to afford 2.668 g. of title
product as a white solid. The filtrate was flash
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-75- b)'.(3R-cis)-6-Am not etrahydro-5-oxo0- 3-phenyl -1, 4-
t hi azepi ne-4(5H)-acetic acid, ethyl ester. hydro- broma®®9salt The product
frompart (a) (1.43 g., 3.23 mmol) waslBfeated with 30% hydrogen bromide in
acetic acid (5.5 mM.). The mxture was stirred at roomtenperature for two
“hours and then diethyl .ether (100 m.) was added. After stirring at room
tenperature for one hour, the precipitated salt was harvested by filtration
and washed several tines with ether to give 1.08 g. of the hydrobrom de
salt product as a beige solid. c) [3R [err] (s*)1]-6- '
[[2- (Acetyl thig)l-oxo-3-_ phenylbropy m nol -1 ety ghydr 0-5- oxo- 3- phenyl -1, 4-
t hi azepi ne-4(5 TR ?%raé%e? (g@ﬁﬂ% %%?t?aﬁé% spie(jgieg:ﬁ'y&f' t he '
di cycl ohexyl anagetatefmetfhylene chloride) to give additional pure

product which was pooled with the above solid to give

a total of 4.082 g. of pure title product; m. p. 156

5 - 158.5° C. TLC (ethyl acetate:methylene chloride,

2:8) Rf = 0.26.

10 A room temperature solution of the product
from part (e) (3.512 g., 13.7 mmol.) in dry
tetrahydrofuran (110 ml.) was treated with lithium
hexamethyldisilazane (1.0 M in tetrahydrofuran, 21

_ ml., 21 mmol.) followed by ethyl bromoacetate (3.0

15 ml., 4.52 g., 27.0 mmol.). After 20 minutes,
additional lithium hexamethyldisilazane (21 ml.) was
added followed by an additional-1.5 ml. of ethyl
bromoacetate. The dark orange solution was stirred

- at room temperature for an additional 30 minutes,

20 _'then quenched by the addition of saturated ammonium
chloride and water. The mixture was extracted with
ethyl acetate and tlie organic extract was washed with
brine, dried (sodium sulfate), filtered, and stripped
to give a dark oil. The residue was flash

25 chromatographed (Merck silica gel, 35 to 50% ethyl
acetate in hexane) to give 1.363 g. of pure title
product as a pale yellow oil. TLC (ethyl
acetate:hexane, 1:1) Rf = 0.48.

30 . - —As i, I __'.__

. id nvi | _
A solution of the produCt from part (f) (1.349
g., 3.94 mmol.) in p-dioxane (3 ml.) was treated with
hydrochloric acid (4.0 M in p-dioxane, 12 ml.). The
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(S).- 2- (racet yl t hi 0) benzenepr opanoi ¢ acid (736 ng., 1.81 mol) in ethyl
acetate (30 m.) was washed twice with 0.1N hydrochl orE&S%& d (40 ml ., 20
m.) and once with brine (20 m.), driédo(nagne5|un1su|fate) filtered, and
freed of solvent in vacuo leaving the free acid as an oil. The hydrobrom de
salt product frompart (b) (640 ng., 1.65 mmol) was dissolved in '

di chl oronet hane (30 m.), washed wi th sodi um bi carbonate solution (2 x 20
m.), then brine (20 m.), dried (magnesiumsulfate), filtered, and freed
of solvent in vacuo | eaving the free amne as a viscous oil (495 ny.). This

_Z??mtsgﬁe: (raegf ag‘lr% 8‘98 coof %ﬁ) V%qfhnfg{‘—lé r%é@%%n@rl azgl (T hg/dlrjg'?gr o
(256 ng 1. 9ohm5) amelsuve}nt ya@ss@rmpﬁwemmmﬁ wesi i i de
(362.5 ny., 1. 2ArfiBhed GéEwadil brhi1end $ht6Lid@Sand 0.2 N sodium

hydroxide (26 ml.)." The layers were separated and

5 the aqueous layer was extracted with ethyl

ether/ethyl acetate. The pooled organic extracts

were dried (sodium sulfate), filtered and stripped to

give 982 mg; of the crude free amine as a yellow oil.

TLC (methanol:methylene chloride, 1:9) Rf = 0.16.

10 ' A solution of (S)-2-(acetylthio) benzene-
propanoic acid [obtained from the dicyclohexylamine
salt as previously described (973 mg., 4.3 mmol.)]
and the above crude amine in methylene chloride (30
ml.) was treated with triethylamine (1.15 ml., 835

15 mg., 8.2 mmol.) and the mixture was cooled to 0° C.
Benzotriazol—l#yloxy-tris(dimethylaminb)phosphonium
hexafluorophosphate (1.915 g., 4.3 mmol.) was then
added as a solid. The solution was stirred at 0° C.
for 1 hour and then at room temperature for 1.5

20 hours. The solvent was stripped and the residue was
partitioned between ethyl acetate and 0.5 N
hydrochloric acid. The organic layer was washed
successively with water, 50% saturated sodium
bicarbonate and brine, then dried (sodium sulfate),

25 filtered and stripped. The residue was flash
chromatographed (Merck silica gel, 3:7
acetone:hexanes) to givé 1.564 g. of title product as
an oil. (1:1 mixture of diastereomers). TLC
(acetone:hexanes, 3:7 ) Rf = 0.30.
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stirrred.cold for three hours and then diluted with REPLACEVMENT SHEET 05 SEP

1996 - 76 - dichloronethane (30 nl.). The sol ution ExB99%ashed wi th water
(15 m.), 5@6pota55|un1b|sulfate sol ut 1A €15 m .), sodium bi carbonate
solution (15 m.), and water (15 m.). The dichl oromet hane sol uti on was

dried (magnesiumsulfate), filtered and freed of solvent .in vacuo. The
remai ning material was chromat ographed on silica gel (Merck, approximtely
150 m.), eluting with 25% ethyl acetate in hexane to give 610 ng. of
product; Rf = 0.53 (ethyl acetate:hexanes, 1:1).

A room temperature solution of the product
5 from'part (g) (1.548 g., 3.45 mmol.) in methanol (20
'ml., deoxygenated via argon bubbling) was treated
with 1 N sodium hydroxide (15 ml., deoxygenated via
argon bubbling). After stirring for 30 minutes,
additional 1 N sodium hydroxide (15 ml.) was added
10 and stirring under argon continued. After a total of
3 hours, the solution was acidified with 6 N
hydrochloric acid and extracted with ethyl acetate.
~The ethyl acetate extract was washed with water and
brine, then dried (sodium sulfate), filﬁered and
15 stripped to afford an oil. The material was flash
chromatographed (Mexrck silica gel, ethyl acetate
followed by 1.5% acetic acid in-ethyl acetate). The
fractions containing essentially pure titie product
. were pooled, stripped, and azeotroped twice with
20 ethyl acetate. The mixture was dissolved in a small
amount of ethyl acetate and triturated with hexane to
give a foam. The volatiles were stripped, the
residue was slurried in hexane, stripped to dryness
again, and dried in vacuo to give 863 mg. of title
25 product as a relatively hard white foam as a 45:55
mixture of diastereomers. TLC (2% acetic acid in
ethyl acetate) Rf = 0.40.
Anal. calc'd. for C19H2gN204S » 0.2 H20:
c, 59.73; H, 6.96; N, 7.33; S, 8.39
30 Found: C, 59.79; H, 7.13; N, 7.13; s, 7.99.
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d) . [3R—[[[err] [err](s*)]]-Tetrahydro-6-[(2-nmercanto-1-
0XO0- phenylpropyl)an1no] 5- ox0- 3- phenyl - 1. 4- thi azeHAR%(5H) - aceti ¢
-acid, mxture of methyl and ethyl ester42A-sol uti on of the product from
part (c) (610 ng., 1.185 mml) in nethanol (12 m.) was purged with argon
~for 15 m nutes, cooled in an ice-salt bath and, while stirring and
continuing the argon purge, treated dropwi se w th 1N -sodi um hydroxi de
solution (4.75 m.) which had been purged with argon for 30 m nutes just
. before use. The m xture was stirred cold for 75 mnutes and then acidified

to pH 1 wth 5%potassiumbisulfateégﬁhﬁﬁ%_%gsd The product was extracted

I nto et hyl acetate (2 Xx 40 m ) Th organlc extracts were washed

with brine, 2oL R Ta 331y g =g -of sol vent in,

2,3-Dihydro-3-[ [ (phenylmethoxy)carbonyl] -
amino]-1,5-benzothiazepine-4 (5H) -one [prepared
according to the procedure of Slade et al., J. Med.
10 Chem., 28, p 1517 - 1521 (1985)] (2.04 g., 6.21

mmol.) was azeotroped with a mixture of methylene

chloride/toluene (3x) and dried in vacuo for one
~hour. A suspension of this compound in

tetrahydrofuran:tert-butanol (2:1, 21 ml.), cooled to

15 0°C., was treated with ethyl acrylate (1.08 ml., 9.94
mmol., 1.6 eqg.) and then 1.0 N t-butanol, potassiun
salt/tetrahydrofuran (621 pl., 0.1 eq.). The
reaction mixture was stirred at 0° C. for 15 minutes

. then at room temperature for 20 hours under argon.

20 The reaction was quenched with 50% ammonium chloride
(50 ml.) and extracted with ethyl acetate (2 x 150
ml.). The combined organics were washed with
saturated ammonium chloride (75 ml.), water (75 ml.),
and brine (100 ml.), dried over magnesium sulfate,

25 filtered and concentrated to yield a clear yellow
syrup. The residue was purified by chromatography
on a5 x 20 cm silica gel column eluting with 20%
ethyl acetate/ hexane mixtufe (2 1.)., The desired
fractions were combined and concentrated to afford

30 2.33 g of a mixture of 2,3-dihydro-3-[(3-ethoxy-3-
oxopropyl) - [ (phenylmethoxy) carbonyl]amino] -4-oxo-1,5-
benzothiazepine-5 (4H) -propanoic acid, ethyl ester
(25%) and 2,3-dihydro-3-[[ (phenylmethoxy)carbonyl]-
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slowy ¢rystallized. The NVR and mass spectra of this material indicated it
was a mxture of nmethyl and ethyl esters. Rf = 0.76 (5#aggpaanol in

nmet hyl ene chl oride plus 2 drops acetic b&ﬁdf5 m.) e) [err] _ _

3- phenyl propyl ) anm no) - 5- oxo- 3- phenyl - 1. 4-thi azepi ne- 4(5H)-acetic acid
-77- The product frompart-(d) (480 ng., approximately 1.03 nmol) was added
to nmethanol (12 m.). The material crystallized out. Distilled
tetrahydrofuran (5 nl.) was added and the mi xture became a clear solution
whi ch was purged with argon for 15 minutes, cooled in an ice-salt bath and,

whil e amino]-4-oxo-1;5-benzothiazep1ne—5(4H)-propan01c
' acid, ethyl ester (75%) as a clear syrup.
The above mixture (698 mg., 1.32 mmol. of the
first named compound and 1.698 g., 3.96 mmol. of the
5 second named compound) and 30% hydrogen

bromide/acetic acid solution (8.71 ml., 41.98 mmol.)
was stirred under érgon at room temperature for 1.5
hours. The reaction mixture was diluted with ethyl
ether (200 ml.), stirred until off-white precipitates

10 formed and filtered, washing the orange solids with
ethyl ether (4 x 50 ml.). The crude residue was then
dissolved in 1IN hydrochloric acid (100 ml.) and
extracted with ethyl acetate (2 x 100 ml.). The
aqueous phase was then brought to pH 9 with 1N

15 sodium hydroxide and extracted with ethyl acetate
(3 x 100 m1l.). The combined organics were washed
with brine (75 ml.), dried over magnesium'sulfate,
filtered and concentrated to yield 1.50 g. crude
yellow oil. The residue was purified by

20 chromatography on a 5 x 20 cm silica gel column
eluting with 1% (2 1.), 2% (1 1.), and finally 5%
(1 1.) of methénol in methylene chloride. The
desired fractions were concentrated and dried jin
vacuo to yield 1.163 g. of title product.

25 TLC (methylene chloride: methanol, 9:1) Rf = 0.40.

b) [S-(R* S*)]1-3, 4 -Dihvdro- 3 [[2- {agg:xl;h;g! ~1-ox0~

(8) -2-(Acetylthio)benzenepropanoic acid
30 . (obtained from the dicyclohexylamine salt as
previously described) was dissolved in dry methylene
chloride, cooled to 0° C., and treated with a
solution of the product from part (a) in dry
methylene chloride followed by triethylamine and

—_—
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stirring and continuing the argon purge, treated dropwi se with 1N sodi um
hydr oxi de solution (4 m. ) which had been purged withaas$®a for 30 m nutes
just before use. The mi xture was kept @4#d-and under argon for 27 hours. At
this time TLC i ndicated that the hydrolysis of the ester was conplete. The
mxture was acidified to pH 1 with 5% potassi um bisul fate solution. The
product was extracted into dichloromethane (2 x 30 nl.). The conbi ned
organi c extracts were washed with brine) dried (nmagnesi um sul fate),
filtered and freed of solvent in vacyo |eaving a white solid foam This was
di ssol ved in dichl et e xan s added to turhidity. The m xture
was freed of g§?9%§§£3??4¥33333$§¥3?ﬁ@eghiﬁﬁwiﬂ° %§Qé§?nﬁpwturated w th 20%
hexane i n et hehexa¥lueroplidsphate har desceibéd in |Examplen36éwpabied with col d
50% hexane in eEfesefdrdiing ehe0 ti¥1e0brB&QEUCt iTLe (ethyl

acetate:hexane, 1:1) Rf = 0.39.

5 ¢) [S-(R*.R*}1-3.4-Dihvdro-3-[(2-mercapto-1-oxo-3-

. id
_ A solution of the product from part (b) in

methanol was treated with 1N sodium hydroxide

10 according to the procedure of Example 36 part (g)
affording the title product as a white foam;
[@lp = -161.6° (c = 1.16, methanol). TLC (1% acetic
acid in ethyl acetate) Rf = 0.45.
Anal. calc'd. for C21H22N204S2 « 0.4 H20:

15 C, 57.63; H, 5.25; N, 6.40; s, 14.65
Found: C, 57.65; H, 5.04; N, 6.38; S, 14.44.

20 propanoic acid

A solution of 3-azido-1,3,4,5-tetrahydro-2H-1-
- benzazepin-2-one [prepared as described by Watthey et
25 al., J. Med. Chem., 28, p. 1511 - 15156 (1985)] in
tetrahydrofuran/tert-butanol was cooled to 0° C. and
treated with ethyl acrylate and 1IN tert-butanol,
potassium salt/tetrahydrofuran according to the
procedure of Example 40 part (a) affording 3-azido-
30 2,3,4,5-tetrahydro-2-oxo-1H-1l-benzazepine-l-propanoic
acid, ethyl ester as a syrup. TLC (ethyl ether:
hexane, 1:1) Rf = 0.45. _
_ A solution of this compound (2.258 g., 6.94
mmol.) in absolute ethanol was treated with 10%
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mp.175.- [err];[err] = 0.42 (5% nethanol in nethylene chloride plus 2
drops acetic acid/5 m.); [err] [err] (c = 0.8, nmethaa®99a HPLC. RT = 8.0
mn., 66.8% aqueous nethanol contai ni-n$48. 2% phosphoric acid, 1.5 m ./ mn.,
detected at 220 mMm YMC S-3 (ODS), 6.0 x 150 nm 3 micron spherical end

- capped colum:. H. 1. = >95% Anal. calc'd. for [err]: C, 59.44; H 5. 44,
N, 6.30; S, 14. 42 Found: C,59.52; H 5.54; N 6.08; S, 14.14. - 78 -
EXAMPLE 19 [err] thio)nethyl]-I-oxo-3-phenyl pronyl]am no]-5-oxo- 3-

palladium on carbon catalyst and hydrogenated at 40
psi for 4 hours, venting the Parr bottle after the
first hour. The mixture was diluted with ethanol (50
ml.) and filtered through a Celite pad, washing the

5 pad thoroughly with ethanol (2 x 50 ml.). The clear
filtrate was evaporated to dryness and dried jin yagu§
to give 2.098 g. of the title product as a clear
light yellow syrup. TLC (methylene chloride:
methanol, 9:1) Rf = 0.32.

10 = - =3-1[2~ io) -1~

propanoic acid
(S)-2- (Acetylthio)benzenepropanoic acid
{obtained from the dicyclohexylamine salt as
15 previously described] was dissolved in methylene
chloride, cooled down to 0° C., and treated
sequentially with a solution of the product from part
(a) in dry methylene chloride, triethylamine, and
benzotriazol-l-yloxytris (dimethylamino)phosphonium
20 hexafluorophosphate according to the procedure of
Example 36 part (f) affording the title product as a
syrup. TLC (ethyl acetate:hexane, 1l:1) Rf = 0.56 and
0.52.

25 inol-2-oxo-1H-1- ine-1-

propanoic acid
A solution of the product from part (b) in

methanol was cooled down to 0° C. and treated with 1N
sodium hydroxide according to the procedure of

30 Example 36 part (g) affording the title product as a
solid foam; [&]lp = +41.8° (c = 0.608, methanol). TLC
(methylene chloride:methanol:acetic acid, 20:1:1)
Rf = 0.47.
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phenyl --1, 4-t hi azeni ne-4(5H) -acetic acid, mxture of nmethyl and ethyl esters
A suspension of the ephredrine salt of éS) 2- HAS599%a

[ (acetyl t hi o) net hyl ] benzenepr opanoi c=ad#68 853 ng., 2.11 mmol.) in ethyl
acetate (40 m.) was washed twice with 0.1 N hydrochloric acid (40 m., 20
m.), once with brine (20 m.), dried (magnesiumsulfate), filtered, and

- freed of solvent in vacuo leaving the free acid as an oil.

(3R-ci s) - 6- Am not et r ahydr o- 5- oxo- 3- phenyl - 1, 4- thi azepi ne-4(5H)-acetic
acid, m xture of nethyl and ethyl esters, hydrobrom de salt (320 ng. of

et hyl ester, repar ed
-as éescrl bed Aé%n}}%lc %% 8&%5%418 %g%(egias %}%ﬁzchl 8r§ﬁ€nﬁ%ﬁ)”.e[ F30pn1 ),
washed with sodlun1b[dar66naﬁe Hol 6t2Dbn N2 &. 40 8,. V.3Brine (20 m .), dried
(magnesi um sulggifd. id, 63.94;280 61860 N, 6.38; s, 7.45.

(S)-2-[ (Acetylthio)methyl]benzenepropanoic
acid[obtained from the ephedrine salt as described
previously] was dissolved in dry methylene chloride,
cooled down to 0° C., and treated with 1-

15 hydroxybenzotriazole hydrate and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide‘and a solution of
the product from Example 44(a) in dry methylene
chloride according to the procedure of Example 8 part
(a) to afford the title product as a syrup. TLC

20 (ethyl acetate:hexane, 1:1) Rf = 0.58.

A solution of the prdduct from part (a) in
25 methanol was cooled down to 0° C. and treated with 1N
sodium hydroxide according to the procedure of

Example 8 part (b) to afford the title product as an
amorphous solid; [alp = +46.9° (c = 0.608, methanol).
TLC (chloroform:methanol:acetic acid, 20:1:1) |
30 Rf = 0.42.
Anal.calc'd.for C23H2¢N204S « 0.233 CsH12 « 0.61 H20:
C, 63.89; H, 6.65; N, 6.17; s, 7.06
Found: C, 63.89; H, 6.40; N, 6.18; s, 6.82,
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of "sol vent in vacuo |eaving the free amne as a viscous oil (495 ng., 98%.
Thiis and the free acid descri bed above were dissol ved HAS%9ahl or onet hane
(20 m.) under an atnosphere of argomr aff cooled to [err].

1- Hydr oxybenzotri azol e hydrate (285 ng., 2.11 mol) and

1- et hyl - 3- ( 3-di met hyl am nopr opyl ) carbodii m de (403 ng., 2.11 nmol) were
added. The m xture was stirred cold 3.5 hours and then diluted with

di chl oronet hane (30 m.). The solution was washed with water (15 m.), 5%
pot assi um bi sul fate solution (15 m.), sodi um bi carbonate solution (15
m.), and -79- water (15 m.). T §ghg$L££onethane solution was dried
(magnesi um sul f ate), fiIteLed and fFee

5, 6-Dihydro-1,3 (2H, 4H) -pyridazinedicarboxylic
acid, 3;(1,1-dimethylethy1)-1-(phenylmethyl)ester
10 [prepared as described by Adams et al., Synthetic
Communications, 18(18), 2225 - 2231 (1988)] was
reacted with (S)-2-phthalimidopentanedioic acid, 5-
- (phenylmethyl) ester according to the procedure
described by Attwood et al.(J. Chem. SOé. Perkins
15 Trans I, 1986, p. 1011 - 1019) affording (S)-2-[2-
phthalimido-l.s-dioxo-s-(phenylmethoxy)pentyl]-5,6-'
dihydro-1,3(2H,4H)-pyridazinedicarboxylic acid, 3-
(1;1-dimethylethy1)-1-(phenylme;hyl) ester.
A solution of this material (12.11g., 18.5
20 mmol.) in dry dimethylformamide (190 ml.) was treated
with 10% palladium on carbon catalyst (372 mg.) and
hydrogenated at room temperature for 24 hours. The
mixture was filtered through a Celite pad, the clear
dark filtrate obtained was evaporated to dryness and
25 the syrup was obtained redissolved in methanol (200
ml.). The solution was filtered through another
" Celite pad to remove remaining traces of the
catalyst, and the clear filtrate was evaporated to
dryness and dried in vacug. The prodﬁct obtained was
30 dissolved in dry methylene chloride (185 ml.), cooled
down to 0° C. (ice-salt bath) and treated with
thionyl chloride (1.56 ml., 21.36 mmoles, 1.15 eq.).
. The feaction mixture was stirred at room temperature
for 5.0 hours under argon, treated with a solution of

| THIS SHEET HAS BEEN
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solvent~in vacuo. The remaining material was chromat ographed on silica gel
(Merck, 170 m.), eluting wth 25% et hyl acetate in heraB29ao0 gi ve 535 ny.
of product; Rf = 0.68 and 0.63, (ethyt Hft-ate: hexanes, 1:1). [err] The
product frompart (a) (493 ng., approximately 0.98 nmmol) was di ssolved in
met hanol (12 m.) and purged with argon for 15 m nutes, cooled in an

i ce-salt bath and, while stirring and continui-ng the argon purge, treated
dropwi se with 1N sodi um hydroxi de solution (4 nl.) which had been purged
wi th argon .for 30 m nutes just before use. The m xture was kept cold and

R e e MR R N A R b
_ stirred for 10 minutes. The phases were separated,
re-extracting the aqueous phase with more methylene
chloride (270 ml.) and the combined organic extracts
5 were dried (anhydrous sodium sulfate), filtered,
' evaporated to dryneés and dried in wvacuo.
_ The crude product mixture was chromatographed
on a silica gel column (Merck), eluting the column
_ with ethyl acetate:hexane mixtures (1:3; 1l:1) to give
10 3.053 g. of the title compound as a solid. TLC
(ethyl acetate:hexane, 1:1) Rf = 0.40.

15 A suspension of the product from part (a) (1.0
g., 2.41 mmol.) in absolute ethanol was treated with
hydrazine hydrate (0.26 ml., 2.2 eq.) and stirred at
room temperature for one hour under argon. The
mixture was stripped to dryness, evaporated once from

20 toluene (25 ml.) and the residue obtained was stirred
with 2.0 M acetic acid (10 ml.) for 24 hours under
argon. The solids were filtered off, washed with 2.0
M acetic acid (5.0 ml.) and water (2 x 2.0 ml.), and
the clear filtrate was adjusted to pH 10.0 with solid

25 sodium bicarbonate (1.8 g.). The mixture was
extracted with methylene chloride (2 x 25 ml) and the
combined organic extracts were washed with brine (6.0
ml.), dried (anhydrous sodium sulfate) and filtered.
The clear soluton was evaporated to dryness and dried

30 in vacug to give 755 mg. of title product as a
syrup. TLC (methylene chloride:methanol, 9:1) Rf =
0.20.
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bi sul fate solution. The product was extracted into dichloronethane (2 x 30
m .). The conbi ned organi c extracts were washed vmtt1tﬁA5%9a(20 m.), dried
(magnesium sul fate), filtered and freed48f-solvent in vacuo leaving a white
gl assy foam 25% Hexane in ether (20 m.) was added and, on stirring, a
white solid formed. This was harvested by filtration and mashed wi th 50%
hexane in ether to give 342 ng., of product; mp. [err],. = 0.43, (5%

met hanol in nethyl ene chloride plus 2 drops acetic aci d/ 5 n1 ) [err] =
[err] (c = 0.9, nethanol). HPLC: RT = 8.6 min., 66.8% aqueous methanol
contalnlng 0. 2% ph ' . . tected at ,220_m n. - 80

5 (s)-2-(acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (1.07 g., 2.64 mmol.) was
suspended in ethyl acetate (80 ml.), washed with 5%
potassium bisulfate (5 x 12 ml.) and brine (14 ml.),
dried (anhydrous magnesium sulfate), filtered,

10 evaporated to dryness and dried in wvacuo.

The free acid was dissolved in dry methylene
chloride (20 ml.), cooled down to 0° C. (ice-salt
bath), treated sequentially with a solution of the’
product from part (b) (755 mg., 2.41 mmol.) in dry

15 methylene chloride (5.0 ml.), triethylamine (0.33
ml., 2.37 mmol.) and benzotriazoi—1-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (1.08 -
g., 2.44 mmol.). The reaction mixture was stirred at
0°C. for 1.0 hour and at room temperature for 2.0

20 hours under argon. The reaction mixturé was stripped
to dryness and the syrup obtained was redissolved in
ethyl acetate (80 ml.), washed with 0.5 N
hydrochloric acid (2 x 14 ml.), water (14 ml.) and
brine (14 ml.), dried (anhydrous magnesium sulfate),

25 filtered and evaporated to dryness. The crude
product was chromatographed on a silica gel column
(Merck), eluting the column with ethyl acetate:hexane
mixtures (1:3; 1:1), to give 747 mg. of title product
as a clear syrup. TLC (ethyl acetate:hexane, 1:1)

30 Rf = 0.23. '
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YMC S-3.(0DS), 6.0 x 150 nm 3 mcron spherical end capped colum. HI. =
>95% Anal. calc'd. for [err]: C,60.24; H5.71, N, 6.11HAS998, 98 Found:
C,60.25; H 5.77; N,6.06; S, 13.85. [erT]13 suspension of

(2R-trans)-6-amn notetrahydro- 1, 4-thiazepin-5(4H) -one (5.82 g.) (prepared
as described by Yanagi sawa et al., J. Med Chem, Vol. 30, p. 1984 - 1991
(1987)] 'in a mxture of dichloronethane (125 nl.) and triethylam ne (11
m.) was treated with di-tert- butyl dicarbonate (6 g.) and stirred at room
tenperature four hours. The m xture was diluted with dichloronethane (100

m.) and masheg Wit h ma}er The gichloronethane sol ution_was dried
(magnesi um sul IgﬁﬁiiéﬁFiﬁﬁﬂﬂﬁiﬁblﬁkak¢ng a pal e
yel l ow solid. wnmmllammm;gxg_jn_
id [1.2-a101.21di -1-cazl 1i id
A solution of the product from part (c) (747
5 mg., 1.48 mmol.) in dry methylene chloride (10 ml.)
was treated with anisole (0.69 ml., 6.35 mmol.)
followed by trifluorocacetic acid (1.04 ml., 13.5
mmol.) and the reaction mixture was stirred at room
temperature under argon for 5.5 days. The clear
10 solution was stripped to dryness, evaporated from
ethyl acetate (2 x 100 ml.) and the crude product
was chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexane (4:1)
followed by ethyl acetate:hexane:acetic acid
15 (85:10:5). The desired fractions were combined,
' stripped to dryness and evaporated from toluene (2 x
100 ml.). The syrup obtained was redissolved in
ethyl acetate (59 ml.), washed with water (3 x 10
ml.) and brine (5.0 ml.), dried (anhydrous sodium
20 sulfate), filtered, evaporated to dryness and dried
in vacuo to give 556 mg. of title product as a syrup.
TLC (ethyl acetate:acetic acid, 95:5) Rf = 0.30.

- * - Q- - -] - -

25 1[1.21di ine-1-car} 14 g
A solution of the product from part (d) (556

mg., 1.24 mmol.) in methanol (7.0 ml.) was cooled
down to 0° C. (ice-salt bath), purged with argon for
30 minutes then treated with a previously purged

30 (argon, 30 minutes) solution of 1.0 N sodium
hydroxide (2.5 ml., 2.5 mmol.) maintaining the
bubbling of argon throughout the addition and length
of the reaction. The reaction mixture was stirred at
0° ¢. for 30 minutes, brought to pH 2.0 with 5%
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was chromat ographed on silica gel, eluting the product with ethyl
acet at e: hexane (1:1) followed by ethyl acetate to gi veiA598a g. of product
as a white solid. b) (2R-trans)-Tetrah§llre-5-oxo-2-phenyl -

[ [ (phenyl net hoxy) carbonyl]am no]-1, 4-thi azapi ne- 4(5H) -acetic acid,

met hyl ester A solution of the product frompart (a) (1.95 g., 6.05 mmol)
in distilled tetrahydrofuran, under an atnosphere of argon, was cooled to
[err] and treated with powdered potassi um hydroxide (1.10 g., 18.15 nmmol, 3
eq.) and tetrabutyl ammoni um brom de (195 - 81 - ng.). Ethyl bronoacetate

(800 ferr], 7, 26tasszdm:51sulfate (11.0 ml) at 0° C., warmed up to
room temperature and extracted with ethyl acetate
(2 x 40 ml.). The combined organic extracts were
washed with brine (11.0 ml.), dried (anhydrous sodium

5 sulfate), filtered, evaporated to dryness and dried
in vacuo. The crude product was dissolved in '
methyiene chloride (5.0 ml.) and treated portionwise
with hexane (50 ml.) while scratching until solids
were obtained. The solids were triturated with more

10 hexane (50 ml.) and pentane (2 x 50 ml.), stirring
the solids with the first 50 ml. for 2.0 hours and
with the next 50 ml. overnight at room temperature
under argon. The product was dried in vacuo to give
468.5 mg. of title product as a solid foam;

15 [a]lp = -83.5° (c = 0.492, methanol). TLC (ethyl
acetate:acetic acid. 95:5) Rf = 0.33,
2Znal. calc'd. for C19H23N305S  0.34 H20:

C, 55.45; H, 5.80; N, 10.21; s, 7.79

Found: C, 55.45; H, 5.95; N, '9.84; s, 7.49.

20 _ Example 47

25 3 ; - : . P

A solution of the product from Example 46(a)
(1.0 g., 2.35 mmole) in dry tetrahydrofuran (8.0 ml.)
was cooled down to about 5° C. (ice-water bath),

30 treated with 1.0 M diborane/tetrahydrofuran (2.88
ml., 2.88 mmol.) over a period of 30 minutes, warmed
up to room temperature and stirred overnight under
argon. The reaction mixture was diluted with
methylene chloride (14.0 ml.), treated with 2.0 N
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eq):.was +wadded dropw se over a period of 30 mnutes. The m xture was stirred
cold for two hours and then diluted with dichloronet haa59%90 nl.) and
water (50 ml.). Dilute hydrochloric aci¥b&olution (75 ml.) was then added
and the | ayers were separated. The aqueous | ayer was reextracted with

di chl oronet hane (100 m .). The conbi ned organic |ayers were dried
(magnesium sul fate), filtered and freed of solvent in vacuo |l eaving a white
foam The foam was dissolved in a mxture of ethyl acetate and '

di chl oronet hane and treated with an excess of a solution of diazonethane in

Gel - el ut 1 ng. wilWHEBRRIPraberete . et ane By Tbred BORET 7P LY 01 Qe
Rf = 0.49 (et hylinntesat eThexmixtyrd wds tdlen brought to pH 10.0
(2R-trans) - 6- Agingl ehhgRyeh8- Sadfund TGP Honatd™ (109328N) NendH(afd - acetic
acid. nethyl ester.
phases separated, re-extracting the aqueous phase
S with more methylene chloride (30 ml.). The combined
organic extracts were washed with brine (5.0 ml.).
dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in vacuo. The crude
product was chromatographed on a silica gel column
10 (Merck), eluting the column with ethyl acetate:hexane
mixtures (1:3; 1l:1) to give 877 mg. of title product
as a syrup. TLC (ethyl acetate:hexane, 1:1)
“Rf = 0.63.

A solution of the product from part (a)
(1.257 g., 3.0 mmol.) in absolute ethanol (13.0 ml.)
was treated with hydrazine hydrate (0.33 ml., 2.2
20 eqg.) according to the procedure of Example 46 part
(b) affording 704 mg. of title product as a syrup.
TLC (methylene chloride:methanol, 9:1) Rf = 0.35.

- * - -0 - - - -

ester

(S)-2-(Acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (1.10 g., 2.71 mmol.) was
suspended in ethyl acetate (85 ml.), washed with 5%

30 potassium bisulfate (5 x 12.4 ml.) and brine (14.4

ml.), dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in vacuo.

The free acid was dissolved in dry methylene
chloride (21 ml.). cooled down to 0° C. (ice-salt

AR
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hydrochl ori de salt The product frompart (b) (2.19 g., 5.56 mmol) was
cooled in an ice bath and treated with a 4N sol uti on dAS88& ochloric acid
in dioxane (15 m.). The mixture was stS3red cold for one hour, during this
period a gel forned. The cooling bath was renoved and the m xture was
stirred at roomtenperature for one hour. The solvent was renoved in vacuo
and t ol uene was added once and renoved in vacuo |leaving 1.84 g. of product
as a solid. [err] S)-2-[(Acetylthio)methyllbenzenepropanoic acid (obtained
fromthe ephredine salt as described previously) was reacted with the

product fron1pgg£h)’ treated sequentially with a solution of the
product from part (b) (704 mg., 2.48 mmol.) in dry
methylene chloride (5.0 ml.), triethylamine (0.34
ml., 2.44 mmol.) and benzotriazol-l-yloxytris-
5 (dimethylamino)phosphonium hexafluorophosphate (1.113
' g.., 2.55 mmol.). The reaction mixturé_was stirred at
0° Cc. for 1.0 hour and at room temperature for 2.5
"hours under argon. The reaction mixture was stripped
to dryness and the syrup obtained was re-dissolved in
10 ethyl acetate (80 ml.), washed with 0.5 N
hydrochloric acid (2 x 14.0 ml.), water (14.0 ml.)
and brine (14.0 ml.), dried (anhydrous magnesium
sulfate), filtered, evaporated to dryness and dried
in vacuo. The crude product was chromaﬁographed on a
15 silica gel column (Merck), eluting the column with
ethyl acetate:hexane (1:3) to give 1.085 g. of title
product as a syrup. TLC (eth91 acetate:hexane, 1:1)
Rf = 0.53.

20 - (] ._ - - - * '. -

A solution of the product from part (c) (1.085
g., 2.216 mmol.) in dry methylene chloride (15 ml.)
was treated with anisole (1.03 ml., 9.5 mmol.)

25 followed by trifluorocacetic acid (1.56 ml., 20.2
mmol.) and the reaction mixture was stirred at room
temperature under argon for 4.0 days. The clear
solution was stripped to dryness, evaporated frdm
ethyl acetate (2 x 150 ml) and the crude product

30 suspended in a mixture of ethyl acetate (10 ml.) and
hexane (50 ml.). The solids were filtered off,
washed well with hexane (50 ml.) then evaporated
from toluene (2 x 100 ml) and dried jin yacuo to give
865 mg. of [1S-([1la,90(R*)]]-octahydro-9-[([2-
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-'82 - (c) according to the procedure of Exanple 1 part (b), affording. the
title product; Rf = 0.51 (ethyl acetate: hexanes, 1:1)HAB8Ba] A solution of
the product frompart (d) in nmethanol -wb®4tteated with 1IN sodi um hydroxi de

according to the procedure of Exanple 1 part (c), affording the title:
product; mp. 197 - [err] C.; R = 0.41 (596nethano| i n di chl or omet hane

plus 2 drops acetic acid/5 m.); [err] =[err] (c = 0.5, nmethanol). Anal.
-calc'd. for C23H26N204S2: C, 60.24; H,5.71; N, 6.11; S, 13.98 Found:
- C,60.01; H5.77, N, 5.94; S, 13.64. EXAVPLE 21 [err]

(acetylthio) -1-oxo-3-phenylpropyl]amino]-10-oxo-6H-
pyridazino[l,2-a][1,2]diazepine-l-carboxylic acid as
a solid. '
The above material was suspended in methanol
5 (15 ml.), cooled down to 0° C. (ice-salt bath),
purged with argon for 30 minutes then treated -
dropwise with a previously purged solution of 1.0 N
sodium hydroxide (6.03 ml., 3 eqg.), maintaining the
bubbling of argon throughout the addition and length

10 of the reaction. The reaction mixture was stirred at
0° ¢. for 30 minutes (the solids went into solution
within the first 5 minutes) brought to pH 2.0 with 5%
potassium bisulfate (26.6 ml.), warmed up to room -
temperature and extracted with ethyl acetate (2 x 65

15 ml.). The combined organic extracts were washed with
brine (18 ml.), dried (anhydrous sodium sulfate),
filtered, evaporatéd to dryness and dried in vacuo.
The product was dissolved in methylene chloride (7.0

. ml.) and treated portionwise with hexane (70 ml.)

20 while scratching until a solid was obtained. The
solids were triturated with more hexane (100 ml.) and
pentane (2 x 100 ml.), stirring the solids with the
first 100 ml. for 2.0 hours and the next 100 ml.

overnight at room temperature under argon. The
25 product was dried in vacuo to give 790.6 mg. of title
product as a solid foam; [alp = -44.4° (c = 0.63,

methanol). TLC (ethyl acetate:acetic acid, 95:5)

Rf = 0.67.
Anal.calc'd. for C19H25N304S + 0.20 CsH12e¢ 0.80 H20:
30 'c, 57.11; H, 6.95; N, 9.99; S, 7.62

Found: C, 57.11; H, 6.72; N, 9.83; s, 7.44.
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A suspension of the dicycl ohexylam ne salt of

(S)-2-(acetylthio)benzenepropanoic acid (1.13 g.,
acetate (50 m.)was washed tw ce with @sBN-hydrochloric acid (50 m

2.8 awd9ai n et hyl

25

m.), once with brine (25 m.), dried (magnesiumsulfate), filtered and

freed of solvent in vacuo |eaving the free acid as an oil. This was
di ssol ved in dichloronethane (15 m .) under an atnosphere of argon and

cooled to [err]. 1-Hydroxybenzotriazole hydrate (405 ng., 3.0 mmol) and

1- et hyl - 3- (3-di net hyl am nopr opyl ) car bodi i m de (592 ny,

3.1 mol) were

added. The m xture was - 83 - stirred_cold one hour before the ani ne

hydrochl ori de salt product from Exa

10

15

20

25

30

(920 ng., 2.79 mmwl,

- * * - -y - -

Triethylamine (13.94 ml., 0.1 mol.) was added
to a solution of hydrazine carboxylic acid, 1,1-
dimethylethyl ester (13.216 g., 0.1 mole) in benzene
(100 ml.), followed by the addition of ethyl
bromoacetate (11.09 ml., 0.1 mol.). The reaction
mixture was refluxed (oil bath, 95 - 100° C.) for 14

hours, after which triethylamine (1.4 ml., 0.01 mol.)

was added followed by ethyl bromoacetate (1.1 ml.,
0.01 mole). After refluxing for an additional 8
hours, triethylamine (2 ml., 0.015 mol.) and ethyl
bromoacetate (1.4 ml., 0.013 mole) were added. The
mixture was allowed to reflux for another 14 hours
(total 36 hours). After cooling to room temperature,
the reaction mixture was filtered and the solid
triethylamine, hydrochloride salt was washed with
ethyl acetate/hexane (1:1). The combined filtrate
was diluted with ethyl acetate, washed with saturated
sodium bicarbonate, water, brine, dried (sodium
sulfate) and filtered. The filtrate was concentrated
in vacuo to afford 19.38 g. of crude product as a
yellow syrup which was used for the next reaction
without purification.
L(phenvimethoxv)carbonvlihvdrazinol acetic acid.
ethvl estex

Triethylamine (12.4 ml., 89 mmol.) was added
to a solution of the crude product from part (a)
(19.38 g.) in benzene (120 ml.) followed by the
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was. added fol |l owed by 4-nethyl norpholine (306 [err]., 2.79 nmol ). The

m xture was stirred cold for one hour and one hour at HARfifla enperature,
then diluted with di chl oromet hane (70 #56) - The sol uti on was washed with
water (15 m.), 5% potassium bisulfate solution (15 m.), sodium

bi carbonate solution (15 m.), and water (15 m'.). The dichl oronet hane
solution was dried (magnesiumsulfate), filtered and freed of solvent in
vacuo. The remai ning material was chromatographed on silica gel (Merck,
160 m.), eluting with m xtures of ethyl acetate and hexane (1:3 foll owed

by 1:2) to giVgrgg@igﬁé?&ﬁ%ﬁﬁﬁ§#§%é§‘ pgﬁyg?g€h§§%£a%ﬁggaﬁ?ate:hexanes 1:1).

[err] A solution 2 75 mmol) in
met hanol (12 nFhjordepltyet W1 8% g8aLlt dr incoenzenes(3¢ddi-dd in an
ice-salt bath a%ér 30 minutes. The resulting suspension was

stirred at room temperature under argon for 20 hours,

5 then partitioned between ethyl acetate (500 ml.) and
1M potassium bisulfate solution. The organic phase
was separated, washed with saturated sodium
bicarbonate, water, brine, dried (sodium sulfate) and
filtered. The filtrate was concentrated in vacuo and

10 the residue was crystallized from ethyl
acetate/hexane to afford, after drving in vacuo over
phosphorus pentoxide, 15.736 g. of the title product
as a white crystalline compound, m. p. 117-119° C.

15Unhemclmgthgmmarbmu;2:methzumdmimlage.tig

Potassium carbonate (powdered and dried, 11.8
g., 85.15 mmol.) was added to a solution of the
‘product from part (b) (6.0 g., 17.03 mmol.) in
20 anhydrous dimethylformamide (30 ml.) followed by the
addition of methyl iodide (5.3 ml, 85.15 mmol.):
After stirring at 40° C. for 17 hours, additional
methyl iodide (64 mmol.) was added and the reaction
mixture stirred at 40° C. for an additional 28 hours.
25 The suspension was filtered and to the filtrate was
added 6.0 g. of fresh potassium carbonate (powdered
and dried), followed by 5.0 ml. of methyl iodide. The
suspension was stirred at 40° C. for 21 hours, then
1.2 ml. of methyl iodide was added and the reaction
- 30 mixture stirred for additional 17 hours until
starting material disappeared on TL.C. The reaction
mixture was filtered and the collected solid was
washed with ethyl acetate. The filtrate was
concentrated in vacuo to remove most of
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whi.le stirring and continuing the argon purge, treated dropwi se with 1IN
sodi'um hydroxi de solution (7.0 m.) which had been purBfRP96 th argon for 30
m nutes just before use. The n1xture1M%§ stirred cold for 70 m nutes and
then acidified to pH 1 with 5% potassi um bi sul fate sol ution. The product
was extracted into ethyl acetate (2 x 40 m.). The conbined organic
extracts were washed with brine, dried (magnesiumsulfate), filtered and
freed of solvent in vacuo leaving a white partially solid material. Ether
was added and a white solid was harvested by filtration and washed with

addi tional et hgynbend) ¥ordafid® tHenPB29UEba LEER 1500 mI. &% ethyl
' acetate, washed with water, 1M potasium bisulfate,
water, brine and dried (magnesium sulfate). The
filtrate was concentrated and the residue dried in
5 yvacuo to glve 6.285 g. of crude product as a
colorless 0il.

A suspehsion of the product from part (c)

10 (6.285 g., 17.03 mmol.) and palladium hydroxide (800
mg.) in ethanol (75 ml.) was vigorously stirred under
hydrogen (balloon) for 4 hours. The suspension was
filtered using a Millipore filter unit. The filtrate
was concentrated and the residue dried in vacuo to

15 afford 4.3 g. of title product as a light yellow oil.

{phenvimethvl)ester
N- (Carbethoxy)phthalimide (9.7 g., 44.24
mmol., 1.05 eqg.) was added to a suspension of L-

20 glutamic acid, 5-{phenylmethyl)ester (10.0 g., 42.14
mmol.) and sodium bicarbonate (4.47 g., 42.14 mmole)
in water (80 ml.) and dioxane (40 ml.). After
stirring two hours, additional N-(carbethoxy)-
phthalimide (4.4 g., 0.1 eq.) was added. The mixture

25 was stirred for additional 2 hours. The reaction
mixture was adjusted to pH 1-2 with solid potassium
bisulfate, and extracted with ethyl acetate (3 X 150
ml.). The combined ethyl acetate extracts were washed
with 1M potassium bisulfate, brine, dried (sodium

30 sulfate) and filtered. The filtrate was concentrated
in vacuo. The oily residue was taken into ethyl
acetate and treated with dicyclohexylamine (8.40 ml.,

- 42.14 mmol.). Crystallization of the crude salt from
ethyl acetate/hexane gave, after drying in wvacuo., 13
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Rf *= 0.43 (5% net hanol in dichloronmethane + 2 drops acetic acid/5 ni

[err] = + [err] (c = 0.7, nethanol). HPLC. RT = 9.6 mHEA39%6. 8% aqueo
met hanol cont ai ni ng 0. 2% phosphoric acild8 .5 m./nmin., detected at 2

YMC S-3 (ODS),

6.0 x 150 mm 3 micron spherical. end capped col um.

98% The NMR indicates approximately 0.1 M of trapped ethyl acetate.
2,3,4, 5-Tetrahydro-3 -am no-2 -oxo-1H benzazepine- 1l-acetic acid, et
ester (prepared as described by Watthey et al., J. Med Chem, 28, p
1511- 1516 (1985)] (14.8 g., 56.4 nmmol es) was resolved via its L- tart
acid salt by the t o] ference to
the S-am ne (3 92515 Qﬁgrﬁc'j’gtsf‘{ é’?‘qﬂ%"‘[‘% %]Ig tﬁfe&?&%éﬁ%%‘ & hanol)
resi due fron1tBelbonﬁhaemomhﬂﬂuilduquUBs washed with 1 M potassium

10

15

20

25

30

bisulfate (2 x), water, brine, and dried (sodium
sulfate). The filtrate was concentrated in vacuo. The
oily residue was chromatographed using 0.5% acetic
acid in heptane/ethyl acetate (3:7) as a mobile
phase. The desired fractions were collected and
concentrated. The oily residue was dried in yacuo to
give 9.644 g. of the title product.

hylhvd inol . id, ol ] hyl

Phosphorus pentachloride (5.10 g., 24.5 mmol.)
was added to a cold (0° C.) solution of the product
from part (e) (about 17.10 mmol.) in ether (80 ml.).
After stirring at 0° C. for 30 minutes and at room
temperature for 30 minutes, the reaction mixture was
concentrated in wvacuq. The residue was stripped with
toluene (3x) and dried in wvacuo for 2 hours to give
an oily compound'that was used immediately in the
following reaction.

Sodium bicarbonate solution (4 g. in 46 ml. of
water) was added to a cold (0° C.) solution of the
product from part (d) in toluene (40 ml.). With
thorough stirring, the compound prepared above in
toluene (30 ml.) was added dropwise via cannula.
After addition, the reaction mixture was stirred at
room temperature under argon for 19 hours. The '
reaction mixture was diluted with ethyl acetate (300
ml.). washed with water, 5% potassium bisulfate,
water, brine and dried (sodium sulfate). The
filtrate was concentrated and the residue dried in
vacuo to give the title compound as an oil.

This Sheet Has Been Replaced

T i

)

us
20 nn]
Hil. =

[err]
hyl

aric
gi ve
The



g.,. 52.:1 mmol es) was suspended in ethyl acetate (340 m.), washed tw ce
with 10 %[err] (41 m. then 30 m.) and brine (25 nl .BA59®a ed (anhydrous
sodiumsulfate), filtered, evaporated 89dryness, and the resulting product
dried in vacuo to give the amne mxture (7.01 g.) enriched with the R
isomer. A solution of the isonmer mxture (2.285 g., 8.71 mmoles) in
absolute ethanol (18 m.) was treated with D-tartaric acid (1.31 g., 8.73
nmol es) and heat ed on - 85 - a steambath until solution was effected.
The clear solution was cool ed down to roomtenperature, allowed to stand
for two days then and scratched unti
‘crystals for

Anisole (7.4 ml.) followed by trifluoroacetic
5 acid (13.10 ml., 170 mmol.) were édded'dropwise to a
cooled (-10° C.) solution of the crude product from
part (f) in methylene chloride (55 ml.). After the
addition was completed, the reaction mixture was
stirred at -10° C. for one hour. The reaction
10 mixture was then allowed to warm to room temperature
and stirring continued for 14 hours. After removal
of the volatiles in vacuo, the residue was taken into
200 ml. of ethyl acetate, washed with saturated
swmmMmmmaeﬁmcmﬁm,mmﬂ&a.mM&
15 and dried (sodium sulfate). The filtrate was
concentrated in vacuo and the residue chromatographed
using 20-40% ethyl acetate/hexane as a mobile phase.
The desired fractions were collected and concentrated
and the residue dried in wvacuo to yield 7.254 g. of
20 title product as a pale yellow oil.

Palladium hydroxide (1.0 g.) was added to a
solution of the product from part (g) (6.436 g.,

25 13.38 mmol.) in warm ethanol (100 ml.). The
suspension was vigorously stirred under hydrogen
(balloon) for 4 hours. The suspension was filtered
and the catalyst washéd with ethanol. The combined
filtrate was concentrated. The residue was stripped

30 with toluene (2 x) and dried in wacuo overnight to
yield 5.86 g. of product as a colorless oil which was
used for the next reaction without purification.

“ﬁﬁ‘iiﬂ‘li‘i‘ilﬂiﬂ“ i




crude salt (2.585 g.) was recrystallized once from absol ute ethanol (14
m.) to give the desired salt [2.158 g., [err] = [err] Ka5994. 6,
met hanol )]. The salt was then suspended6éPn-ethyl acetate (35 m.), washed
with 10%([err] (2 x4 m.) and brine (6 m.), dried (anhydrous sodi um
sulfate), filtered, evaporated to dryness and dried in vacuo to give 1.31
g. of product; [err] = 0.60 (nethylene chIoride:nethanoI,\Q:l); [err] =+
[err], (c = 0.677, methanol). [err] (S)-2-(Acetylthio)benzenepropanoic acid
(obtained fromthe dicyclohexylam ne salt as described previously) was
reacted with the,proeoduct D18, Rabl (2}, acg0 g.n;’jglj.; Rhgseaqur e of
Exanple 2 part {D)J; arfOrarng te Lol e pr ottt as—e syt ].57 (ethyl
acet at e: hexanes4iilig-dlazepine-1-ace acid, cll eSLE
Thionyl chloride (1.1 ml.) was added dropwise
to a cooled (0° C.) solution of the product from part
5 (h) (5.86 g., 13.38 mmol.) in methylene chloride (120
ml.). The reaction mixture was stirred at 0° C. for
15 minutes- and then at room temperature for 3 hours.
Additional thionyl chloride (0.3 ml., for a total of
1.4 ml.) was added and the reaction mixture was
10 stirred for_another 3 hours, then quenched with
- potassium bicarbonate solution (2.7 g. of potassium
‘bicarbonate in 27 ml. of water). The separated
. organic phase was washed with saturated sodium
bicarbonate. The aqueous phase was extracted with
15 methylene chloride (2x). The combined methylene
chloride phase was washed with water, brine and dried
(magnesium sulfate). The filtrate was concentrated
- and the residue dried in vacuo to give 4.70 g. of
_ desired product.
20 3

3 ine-1-aceti id thyl I | |
Hydrazine monohydrate (255 pl., 5.25 mmol.)

was added to a suspension of the product from part
(i) (1.867 g., 5.0 mmol.) in ethanol (30 ml.) and

25 methylene chloride (10 ml.). After stirring for
2 hours, the volatiles were removed in vacuo and the
residue stripped with toluene (2x), then dried in
yacuo. The residue was taken into 2 M adueous acetic
acid (20 ml.) and the resulting solution was stirred

30 at room temperature for 14 hours. The suspension was
filtered. The collected filtrate was basified with
solid sodium bicarbonate to pH 10 and extracted with
methylene chloride (3x). The combined methylene
‘chloride phase was washed with 50% brine, brine,
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A solution of the product frompart (b) in nethanol was treated with 1N
sodi um hydri oxi de according to the procedure of ExaanHA99$art (c)
affording the title product as an anotgfdus solid; Rf 0.67 (nmethyl ene-
chl ori de: met hanol : acetic acid. 20:1:1); [err] - 86 - Anal.calc'd. for
[err]: C 63.30; H 5.56; N,7.03; S,8.05; SH, 8.30 Found: . C. 63. 23; H, 5. 80;
N,6.76; S,7.99; SH 7.67. [err] Follow ng the procedure of Exanple 22 but
enploying (S) -2-[(acetylthio)nethyl]benzenepropanoic acid in part (b), the
title product is obtained as an

dried (sodium sulfate), filtered and evaporated. The

residue was chromatographed using 2.5%

- methanol/methylene chloride as a mobile phase to

afford 568 mg. of title product as a pale vellow oil.

5 -(R* R*Y) - -—f- - io0)-1- . P

Triethylamine (302 pl, 2.171 mmol.) was added
to a cooled (0° C.) solution of (S)-2-

10 {acetylthio)benzenepropanoic acid (obtained from the
dicyclohexylamine salt as described previously, 486
mng., 2.17 mmol) followed by the product from part (j)
(480 mg., 1.973 mmol.) in methylene chloride (3 ml.),
and benzotriazol-1l-yloxytris(dimethylamino)-

15 phosphonium hexafluorophosphate (960 mg., 2.171
mmol.) The mixture was stirred at 0° C. for 1 hour,
then at room temperature for 2 hours. The volatiles
were removed in vacuo. The residue was taken into
ethyl acetate (100 ml.), washed with 5% potassium

20 Dbisulfate, 50% saturated sodium bicarbonate, brine,
dried (magnesium sulfate), filtered and evaporated to
dryness. The crude product was flash chromatographed
using 50-70% ethyl acetate/hexane as a mobile phase
to give 824 mg. of title product as a white foaming

25 compound.

_ A solution of the product from part (k) (800
30 mg.,1.78 mmol) in methanol (9 ml.) cooled at 0° C.
was purged with argon for 30 minutes, then treated
dropwise with a previously purged 1 M sodium
hydroxide solution (7.12 m., 4.0 equiv.). The
~ reaction was stirred at 0° C., while maintaining the
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anor phous solid; [err] (nethylene chloride: nethanol:acetic acid, 20:1:1);
REPLACEMENT SHEET [err] = [err] (c = 0.38, nethanol). #xgf89a calc'd. for
[err] : C,64.06; H 5.86; N, 6.79; S, 7.-716Bound: C 63.83; H 6.08; N, 6.40;
S,7.75. [err] A solution of L-phenylalanine (30.0 g., 0.175 nole). and
potassium bromde (73.5 g., 0.618 nole) in 2.5 N sulfurlc acid (365 m.)
was cool ed down to [err] (ice-salt bath) and treated portionwi se wth

sodi um - 87 - nitrite (19.3 g., 0.28 nole) over a period of 1.0 hour
Stirring was continued for 1.0 hour at [err] and

bubbling of argon, for 1.5 hour, then acidified with
-1M potassium bisulfate to pH 1-2 and extracted with
ethyliacetate (3x). The combined ethyl acetate
extract was washed with brine (2x), dried (magnesium
S sulfate), filtered and evaporated to dryness. The
residue was flash chromatographed using 2% acetic
acid/ethyl acetate as a mobile phése to give 668 nmg.
of desired product as a white foaming compound.
Chloroform was used in the pooling of product-

10 containing column fractions. [alp = -54.8° (¢ = 0.8,
methanol). TLC (3% acetic acid/ethyl acetate)
Rf = 0.12. -

Anal. calc*'d. for C17H21N3053'- 0.57 CHC13:
| C, 47.16; H, 4.86; N, 9.39; S, 7.16
15 PFound: C, 47.48; H, 4.56; N, 9.01; s, 7.17.

20 - -2-methvl-7-ox0-6- imido-1H-

A solution of the product from Example 48 (i)'

(375 mg., 1.0 mmole) in dry tetrahydrofuran (2.4 ml.)
was cooled to 0° C. and treated dropwise with a 1M

25 solution of diborane in tetrahydrofuran. After the
addition was completed, the reaction solution was
stirred at 0° C. for 30 minutes (at that time it
became a gel). The cooling bath was removed, and the
semi-solid mixture was stirred at room temperature -

30 for an additional one hour before it was diluted with
2 ml. of methylene chloride and 2 ml. of 2M aqueous
hydrochloric acid. After stirring for 15 minutes,
the mixture was diluted with 20 ml. of methylene
chloride, and washed with saturated sodium
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at ‘room tenperature for 1.0 hour after which the reaction m xture was
extracted with ether (3 x 250 m.). The conbi ned organHa58%&aracts were
washed with water (100 ml.) and brine- (58 nm.), dried (anhydrous magnesi um
sulfate), filtered, evaporated to dryness and dried in vaccuo to give 34. 46
g., of product; [err] = 0.45 (toluene:acetic acid, 95:5). b)

(R -[err]-(Acetylthio)benzeneproanoic acid. 05

di cycl ohexyl am ne salt A suspension of pota55|un1th|oacetate (19.2 g.,
0.168 nmole) in dry acetonitrile (300 ni-.) was cool ed down to [err]
(ice-salt bath) e o] t roduct from
part (a) (34. 4&1%(1‘6051%%% Q;?ﬁ g‘w‘é%ﬁy algre on ? PQQ??éqﬁ Qover a period
of . 15 m nutes. mﬂ,seré@@t i Gﬁtﬁﬁﬂtﬁﬂéﬂ«ﬁs n@pchéora;éen {3®ber at ur e,

stirred for 5. GrHwWonbiRdar mataplesdcthIdd i Gktraeehivag Fhensd! i ds

with 50% brine, brine, and dried (sodium sulfate).
5 The filtrate was evaporated in vacuo to dryness to

afford 344 mg. of crude product as an oil, which was
used for the next reaction without purification.

10 A solution of the product from part (a) (344
" mg., 0.958 mmol.) in ethanol (3 ml.) was treated with
hydrazine monohydrate (54.8 pl., 1.13 mmol.)
according to the procedure of Example 48 part (j)
affording 169 mg. of title product és_a pale yellow
15 oil.

A cold (O° C.) solution of (S)-2-

20 (acetylthio)benzenepropanoic acid (obtained from the
dicyclohexylamine salt as previously described, 198
mg., 0.885 mmol.) in methylene chloride (1 ml.) was
treated with triethylamine (123 pl., 0.88 mmol.), the

. product from part (b) (169 mg., 0.738 mmol.) in

25 methylene chloride (2 ml.) and benzotriazol-l-
vloxytris(dimethylamino)phosphonium hexafluorophos-
phate (392 mg., 0.885 mmol.) The mixture was stirred
at 0° C. for 1 hour, then at room temperature for 2
hours. The volatiles were removed in vacug. The

30 residue was taken into ethyl acetate (50 ml.), washed
with 5% potassium bisulfate, saturated sodium
bicarbonate, 50% brine, brine, and dried (magnesium
sulfate). The filtrate waé evaporated to dryness and
the residue flash chromatographed using 40 - 50%
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t horoughly with acetonitrile (125 m.). The clear filtrate was evaporated
to dryness and dried in vacuo. The free acid (39.717 gHA599ange Syrup) was
di ssolved in ether (400 m.), treated-wiéd €icycl ohexylamne (30.2 m.,1.0
eq.) and stirred for 30 mnutes at roomtenperature under argon. The white
precipitates were filtered off, washed thoroughly wth ethyl ether (2 x 100
m.) and dried in vacuo overni ght at roomtenperature to give 41.0 g. of
product; [err] [err] ¢ = 1.4, nethanol). c¢) [S—

-R¥.S*)]-2,3,4,5- Tetrahydro 3-[[2-(acetyl -

thi o) -1 - oxo- 3- ph pr 2- 0X0 zenine-1:aceiic acid,
et hyl) ester A sT ﬁcc#yateﬁa}glﬁé‘ Fc?%l?)l‘f@%ﬂjjaemqq}?s?altp gt Fe?8§ %m d (850
ng., 2.1 mg. of title product as a colorless oil.

- {R* R*}] =~ -fy- - -] - 3=

A solution of the product from part (c) (235
mg., 0.54 mmol.) in methanol (3 ml.) cooled at 0° C.
was purged with argon for 30 minutes, then treated
dropwise with a previously purged 1 M sodium
10 hydroxide solution (2.20 ml., 4.0 equiv.). The
reaction was stirred at 0° C., while maintaining the
bubbling of argon fdr 2 hours, then acidified with 1M
potassium bisulfate to pH 1-2 and extracted with
ethyl acetate (3x). The combined ethyl acetate
15 extracts were washed with brine (2x), dried (sodium
~sulfate), filtered and evaporated to dryness. The
residue was flash chromatographed using 2% acetic
acid/ethyl acetate as a mobile phase to give 182.2
mg. of desired product as a white foaming compound;
20 [alp = -9.6° (c = 0.3, methanol). TLC (3% acetic’
acid in ethyl acetate) Rf = 0.26.
Anal. calc'd. for C17H23N304S « 0.2 H20:
c, 55.32; H, 6.39; N, 11.39; S, 8.69
Found: C, 55.73; H, 6.44; N, 10.98; S, 8.56.

25 Example S50
- * * - - - - - -] -
]- !. .i.
30 Potassium bromide (15.9 g., 133 mmol.) was

added to a stirred solution of D-norleucine (5.0 g.,
38 mmol.) in 2.5 N sulfuric acid (77 ml.) at room
temperature. The reaction mixture was cooled to
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HA599a < 88 - mmles) in ethyl acetate (60 m.) was washed with 5%

pot assium bisulfate (5 x 10 n.) and brine (10 m.), dHAB89&anhydrous
magnesi um sul fate), filtered, evaporatetbd o dryness and dried in vacuo to
give the free acid as a clear syrup (497 ng.) in quantitative yield. The
free acid was dissolved in dry nethylene chloride (12 m.), cooled down to
[err] (ice-salt bath) and treated wth 1-hydroxybenzotri azol e hydrate (297
ng., 2.20 mmol es) and 1-ethyl -3-(3-di nethyl - am nopropyl ) carbodiimde (435
ng., 2.27 nnnles). The reaction m xture mas stirred at [err] under argon

;%r ng g g)c:grlHEr ZeSPﬁh ‘&ﬂo\ e??%fué'g t %%yyl%gggeg” 57 mmol.)
was added portionwise, malntalnlng the temperature
between -10° and -5° C. After addition was complete,
the foamy reaction was stirred for 1 hour and then

5 warmed to room temperature and stirred for another
hour. The reaction mixture was then extracted twice
with ether, the ether extracts were washed once with
water, dried (magnesium sulfate), filtered and
evaporated to give 3.3 g. of crude title product.

10 o 1thi . . . _
amine salt
To a stirred slurry of potassium thioacetate
(2.11 g., 18.5 mmol.) in 50 ml. of_dry acetonitrile
_ at room temperature under argon was addéd a solution
15 of the product from part (a) (3.27 g., 16.8 mmol.) in
26 ml. of acetonitrile. The reaction was stirred 5
hours. The resulting slurry was filtered and
'evaporated. The residue was redissolved in ethyl
ether, washed once with 5% potassium nydrogen sulfate
20 solution and once with brine, dried (magnesium
sulfate) and evaporated. The residue was dissolved '
in ether (64 ml.) and treated with dicyclohexylamine
(3.4 ml., 16.8 mmol.). The ethereal solution was
concentrated in yvacuo, and triturated from hexanes to
25 give a white solid which was recrystallized from
ethyl ether/hexanes to give the title product. The
mother liquor was concentrated and recrystallized
twice to provide a total yield of 2.2 g. of title
product; m.p. 145 - 147° C.; [elp = -33.8° (¢ = 1.08,
30 chloroform).
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[ prepared as described by Watthey et al., J. Med. Chem, 28, p 1511 - 1516
(1985)] (500 nmy., 1.91 mmoles) and stirring was contirHxsp9 [err] for 1.0
hour and at roomtenperature for 1.0-haé6. -The solution was diluted with
et hyl acetate (50 m.) washed successively with water (8.0 m.), 5%
~potassiumbisulfate (2 x 8 n.), water (8.0 m.), saturated sodi um

bi carbonate (8.0 m.) and brine (8.0 m.), dried (anhydrous sodi um
sulfate), filtered, evaporated to dryness and dried in vacuo. The crude
product was chronatographed on a S|I|ca gel colum (Nbrck) eluting the
colum with ethyl : ) 7 .roduct as a
clear syrup;|[e et
product . from pas

x N %0e? Hrbahma o ek et
purged with arggﬂ!igéség:ninfues, cooled domn to [err] (|ce-
A stirred suspensibn_of the product from part
5 (b) (295 mg., 0.795 mmol.) in 5 ml. of ethyl acetate
was washed twice with 5 ml. portions of 5% potassium
hydrogen sulfate solution. The organic extract was
dried (sodium sulfate), filtered, concentrated and
dried in yagug_fof 20 minutes. The resulting oil was
10 dissolved in 3 ml. of methylene chloride and stirred
under argon at 0° C. To this solution was added a
solution of (S)-2.3;4.5-tetrahydro-3?amino—z-oxo-1H-
benzazepine-l-acetic acid, ethyl ester [prepared as
described by Watthey et al., J. Med. Chem., 28, p.
15 1511 - 1516 (1985)] (149 mg., 0.57 mmol.) in
'~ methylene chloride (3 ml.) then triethylamine
(83 pl., 0.60 mmol.) and finally benzotriazol-1-
yloxytris (dimethylamino)phosphonium hexafluoro-
phosphate (264 mg., 0.60 mmol.). After 1 hour, the
20 reaction was warmed to room temperature and stirred
90 minutes. The resulting solution was evaporated at
less than 30° C. and the residue redissolved in ethyl
acetate. The solution was washed once with 1 M

hydrochloric acid, once with water, once with a

25 saturated solution of sodium bicarbonate and once
with brine. The organic layer was dried (magnesium
sulfate), filtered and evaporated. Purification by
flash chromatography (eluting with 1:3 ethyl
acetate/hexanes) provided 193 mg. of the title

30 product; [alp = -284.3° (c = 0.21, chloroform).

- {R* R*)] - - - - - -] =

' A solution of the product from part (c)

. ey
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- 89 - salt bath) then treated dropwi se with a previously purged sol ution
m hydroxide (6.0 m., 4 eq.), naintaini @AaI98Aa bubbl i ng of

ut the addition and | engfll670f the reaction. The reaction
irred at [err] for 1.0 hour, acidified to pH 2.0 with 5%
Ifate (26 m.) and then extract ed with ethyl acetate (2 x 50

of 1.0 N sodiu

argon t hrougho
" mxture was st
pot assi um bi su

m.). The conbined organic extracts were washed with brine (14 nl.),
iumsul fate), filtered, evaporated to dryness and dried in
vacuo. The crude product was dissolved in nethylene chloride (5.0 m.) and

Q$%§emgqfhoh£fane1§§0 3)8 mgratf éELéA%f(M’WIa solid. The

(anhydrous sod

treated protio
super nat ant

10

15

20

25

30

purged with nitrogen for 5 minutes and cooled to

0° C. To this solution was added dropwise 3.8 ml. of
nitrogen-purged 1M sodium hydroxide. Nitrogen was
slowly bubbled through the solution during the
reaction. After one hour, the reaction’was warmed to
room temperature and stirred one hour. The reaction
was acidified with a 5% potassium bisulfate solution
and extracted with ethyl acetate, the extracts were
washed with water and a saturated solution of sodium
chloride, dried (mégnesium sulfate) and evaporated.
Reevaporation from hexanes yielded a white solid.

The solid was gently heated in ethyl ether and
crystallized with hexanes to give 117 mg. of title
product as a white solid; m. p. 151-153° C.;

[alp = -214.1° (c = 0.46, chloroform).

TLC (ethyl acetate/hexane/acetic acid, 4:4:0. 1)

Rf =0.23.

Anal. calc'd.for C13H24N204s:

_ C, 59.32; H, 6.64; N, 7.69; s, 8.80

Found: C, 59.10; H, 6.62; N, 7.72; S, 8.63.

Hydrazine monohydrate (133 pl., 2.70 mmol.)
was added dropwise to a solution of (3S-trans)-
hexahydro-3-phthalimido-2-oxo0-7-(2-propenyl)-1H-
acetic acid, methyl ester [prepared as set forth in
Example 36 part (e), 609 mg., 2.45 mmol.]. The
reaction was stirred at room temperature for 64

dri ed
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was decanted and the solids triturated wth additional hexane (50 m.) and
pentane (2 x 100 m.), stirring with the first 100 m .HA899zent ane for 4.0
hours and the next 100 m. overni ght -uié®& -argon. The product obtai ned was
then dried in vacuo to give :he product as an anorphous solid; Rf = 0.47

(met hyl ene chl ori de: nethanol:acetic acid, 20:1:1); [err] = [err] (c =
0.51, nethanol). mal.calc'd. for [err] C 62.46; H 5.94; N, 6.48; S, 7.42
[err] - 90 - [err] A suspension of the dicycl ohexyl am ne salt of

10

.15

20

25

30

hours, then filtered to remove the solid byproducts.
The filtrate was concentrated jin yﬁgug, dissolved in
methylene chloride, refiltered and reconcentrated to
give a crude oil. The crude oil was dried under
vacuum to give 656 mg. of crude (3S-trans)-hexahydro-
3-amino-2—oxo-7?(2-propenyl)-1H-azepine-1-acetic
acid, methyl ester as a yellow oil.

| To a solution of this crude amine (589 mg.,
2.45 mmol.) in methylene chloride (10 ml.), purged
with argon, was added 510 pl. (3.68 mmol.) of
triethylamine. The reaction mixture was Stirred 10
minutes, then 642 mg. (2.94 mmol.) of di-t-butyl
dicarbonate was added. The reaction was stirred at
room temperature for 16 hours, followed by the
addition of a second portion of 170 ul (1.23 mmol.)
of triethylamine and 160 mg. (0.74 mmol.) of di-t-
butyl dicarbonate. The reaction was sitrred an '
additional 16 hours at room temperature, then diluted
with 20 ml. of methylene chloride. The organic layer
was washed with 2-10 ml. portions of water, dried
(magnesium sulfate) and concentrated in vacuo to give
a crude oil. The o0il was flash chromatographed
(Merck silica, 25 x 120 mm., 1:6 ethyl
acetate/hexane, then 1:4 ethyl acetate/hexane) to
give 651 mg. of title product as a clear oil.

To a solution of the product from part (a)
(554 mg., 1.63 mmol.) in 3 ml. water/3 ml. dioxane
was added 731 mg. (3.42 mmol.) of sodium periodate,
followed after 10 minutes by the dropwise addition of
400 pl. (0.98 mmol.) of osmium tetroxide. The
reaétion was stirred at room temperature for 16
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2- (acet yl t hi 0) benzenepropanoic acid (2.63 g, 6.6 in ethyl acetate (50 ni.)
was washed twice with 10 hydrochl oric acid (50 nmHAa598a nl.) and once
with a (25 m.), dried (nagnesium sul +faléy,-filtered Ereed of solvent in
vacuo | eaving the free acid a oil. This.free acid and (S)-3-am nohexahydro-
-1(2H) - azoci neacetic acid, 1,1-dinmethylethyl 15 - - [ prepared accordi ng
to the procedure of sett et al., J. Med. Chem, 29, 251-60 (1986)] 5 g, 6.5
mol ) were dissolved in dichloromethane m.) under an at nosphere of argon
and cool ed to 1-Hydroxybenzotriazol e hydrate (891 ng, 6.6 20 and

P B AR s 0k by
di chl or onet hanereswkr-ing filtrrse vasweeneenrtrated tn wacue vithowt), 5%
pot assi-um heat and flash chromatographed (Merck silica, 25 x
' . 120 mm., 1:4 ethyl acetate/hexane-no pressure) to
5 give 309 mg. of (3S-trans)-hexahydro-3-[[(1,1-
dimethylethoxy)carbonyl]amino]-2-oxo-7—aceta1dehyde--
1H-azepine-l-acetic acid, methyl ester as a clear
oil. ' .
To a solution of this aldehyde (309 mg., 0.90
10 mmol.) in methanol (5 ml.), cooled to 0° C., was
added portionwise 68 mg. (1.80 mmol.) of sodium
borohydride. The reaction was stirred at 0° C. for
1.5 hours, then quenched by the dropwise addition of
0.5 ml. water and warmed to room temperature. The
15 mixture was partitioned between 25 ml. ethyl
acetate/25 ml. 1M hydrochloric acid; the aqueous
layer was extracted with 2-20 ml. portions of ethyl
acetate. The combined ethyl acetate layers were
washed with 10 ml. of saturated sodium bicarbonate
20 and 10 ml. brine, dried (magnesium sulfate) and
concentrated-in{yagng to give a crude oil. The o0il
was flash chromatographed (Merck silica, 25 x 90 mm.,
2:1 ethyl acetate/hexane, then ethyl acetate) to give

292 mg. of title product as a clear oil.
25 = * = -3-1[2- i0)-1-

To a solution of the product from part (b)
(292 mg., 0.85 mmol.) in dioxane (1 ml.), cooled to

30 0° c., was added portionwise 2.5 ml. (9.34 mmol.,

' 4 M) of hydrochloric acid/dioxane. The reaction was
warmed to room temperature and stirred for 16 hours,
then concentrated in vacuo and azeotroped with
toluene to give 248 mg. of (3S-trans)-hexahydro-3-
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25- - fate solution (50 m.), sodium bicarbonate ion (50 m.), and brine
(50 mM.). The : HEET pr onet hane HAH9%a& on was dri ed
(magnesium :e), filtered and freed of 4@Pvent in vacuo. maining f.oam was
chromat ogr aphed on silica ge 30 , 500 m.), eluting with 25-50% et hyl
acetate | cane to give 2.252 g. of product; [err] = 0.35,
acet ate: hexane, 1:1). [err] - 91 - The product frompart (a) was
dissolved in trifluoroacetic acid (20 m. and stirred at roomtenperature
for 1.75 hours, under an argon atnosphere. The trifluoroacetic acid was
removed in amino-2-oxo-7- (2-hydroxyethyl) ~-1H~azepine-l-acetic
acid, methyl ester, hydrochloride sélt as a crude
oil. _ '
To a solution of this amine, hydrochloride
5 salt (189 mg., 0.67 mmol.) and (S)-2-(acetylthio)-
benzenepropanoic acid (prepared from the dicyclo-
'hexylamine salt as described previously, 157 mg.,
(0.74 mmol.) in methylene chloride (10 ml.), cooled
to 0° C., was added triethylamine (230 pl., 1.68
10 mmol.). The mixture was stirred for 20 minutes, then
benzotriazol-l-yloxytris (dimethylamino)phosphonium
hexafluorophosphate (327 mg., 0.74 mmol.) was added.
~ The reaction was stirred at 0° C. for one hour, then
at room temperature for 3 hours. The reaction
15 mixture was partiéioned between 20 ml. ethyl
acetate/20 ml. 5% potassium bisulfate solution. The
water layer was separated and extracted with 2-20 ml.
portions of ethyl acetate; the combined ethyl acetate
layers were washed with 20 ml. of 5% potassium
20 Dbisulfate solution, 20 ml. of saturated sodium
bicarbonate, 2-20 ml. portions of brine, dried
(magnesium sulfate) and concentrated in vacuo to give
a crude oil. The o0il was flash chromatographed
(Merck silica, 25 x 80 mm., 1:4 ethyl acetate/hexane)
25 to give 84 mg. of title product as a white foam.

- * - -l (D= ) -7 -

A solution of the product from part (c) (84
30 mg., 0.19 mmol.) in methanol (2 ml.) was purged with
argon for:30 minutes and cooled to 0° C. To this
solution was added dropwise 2 ml. of 1M sodium
hydroxide, also purged with argon for 30 minutes and
cooled to 0° C. The reaction was stirred at 0° C.
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vaecuo and tol uene was added twi ce and renoved in vacuo to |eave the acid
product as a white foam A solution of the product frdtAS9®a (b) (5.45
mol ) in methanol (30 m.) was purged W/lh-argon for 15 minutes, cooled in
an ice-salt bath and, while stirring and continuing the argon purge,
treated dropwi se with concentrated anmoni um hydroxide solution (2.0 m .).
After stirring cold for 6.5 hours, additional -anmoni um hydr oxi de sol ution
(1.0 M.) was added and the mixture was capped and left in the refrigerator
for 18 hours. The mixture was acidified to pH 2 with 5% potassi um bi sul fate

combi ned” or gantet chiPA s "hrh SEPECRUPHE FEET H TR Ot [ ored ahd
freed of sol veacidihfied o piadi with GMi petassium hiswlfate hexane were added
and the suspengbPRc¥&5S. The mixture was extracted with 3-20 ml. '
' portions of ethyl acetate; the combined ethyl
5 acetate layers were dried (magnesium sulfate) and
concentrated in vacuo to give a crude foam. The foam
was_flash'chromatographed {(Merck silica, 15 x 60 mm.,
0.5:5:95 acetic acid/methanol/methylene chloride) to
give a white foam, which was azeotroped with toluene
10 and dried in vacuo to give 48 mg. of title product as
a white foam; [a]lp = -42.9° (¢ = 1.0, CDCl3).
TLC (acetic acid:methanol:methylehe chloride,
1:10:90) Rf = 0.25, -
Anal. Calc'd. for Ci9H2¢N2SOs . 0.5 H20:
15 ~ C, 56.55; H, 6.75; N, 6.94; s, 7.94
Found: C, 56.55; H, 6.64; N, 6.77; S, 7.51.

20 [J 2]}. . -]_ ] . ']. -i

Potaséium_chloride (3.0 g., 40.1 mmol.) was
added to a solution of B-(2-thienyl)-D-alanine (1.37
g., 8.03 mmol.) in 2.5 N hydrochloric acid (25 ml.)
25 at room temperature under argon. After stirring for
10 minutes, the resulting mixture was cooled to 0°
C.and treated with sodium nitrite (720 mg., 10.44
mmol.). After 2.5 hours, the reation mixture was
warmed to room temperature and was stirred 1 hour.
30 The mixture was partitioned between water and ethyl
acetate and the 6rganic layer was dried (sodium
sulfate), filtered, and concentrated. The residue
was flash chromatographed (Merck silica gel) eluting
 with 1% acetic acid in 3:1 hexane/ethyl acetate to

QT
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stirred -.under an argon atnosphere for 1 hour. A white solid was harvested
by filtration, washed with nore ether and hexane, and dAS8®a n vacuo to
give 1.531 g. of product as a white feadf2m-p. [err]; [err] = 0.41 (10 %
met hanol in methylene chloride + 2 drops acetic acid/5 m.); [err] = [err]
(c = 0.75. nmethanol). HA599a HPLC: RT = 6.1 min., 62% aqueous nethano
contai ning 0.2% phosphoric acid, 1.5 m. mn., detected at- 220 mm YMC S-3
(ODS), 6.0 x 150 mm 3 m cron spherical end capped colum. H . >95% [err]
To a solution of sodium ethoxide (21%in
give 760 mg. of (R)-a-chloro-z-thiophenecarboxylic
acid as a yellow oil.
Cesium thiocacetate (2.95 g., 14.19 mmol ) was
added to a solution containing the above chloride
5 (750 mg., 4.73 mmol.) in dimethylformamide (15 ml.)
at room temperature under argon. After stirring for
2 hours, the reaction mixture was partitioned between
10% potassium bisulfate and ethyl acetate. The
organic layer was washed with brine, dried (sodium
10 sulfate), filtered, and concentrated and the residue
was flash chromatographed (Merck silica gel) eluting
with 1% acetic acid in 4:1 hexane/ethyl acetate to
give 500 mg. of the title product as an oil. )
TLC (2% acetic acid in 3:1 ethyl acetate/hexane)
15 REf 0.73. |

The product from part (a) (246 mg., 1.07

20 mmol.) and (1S-cis)-octahydro-9-amino-10-oxo-6H-
pyridazino[1,2-a] [1,2]diazepine-1-carboxylic acid,
1,1-dimethyethyl ester from Example 47(b) (370 mg.,
1.17 mmol.) were dissolved in methylene chloride (10
ml.) at room temperature under argon. The resulting

25 mixture was cooled to 0° C. and triethylamine (0.15
ml., 1.07 mmol.) was added. The resulting mixture
was stirred for 5 minutes then benzotriazol-1-
yloxytris{dimethylamino)phosphonium hexafluoro-
phosphate (517 mg., 1.17 mmol. was added. After

30 Dbeing stirred at 0° C. for 1 hour, the reaction
mixture was warmed to room temperature and was
stirred for 16 hours. The volatiles were evaporated
and the residue was dissolved in ethyl acetate and
washed successively with 1 N hydrochloric acid,
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et hanol,, 4.613 gm 67.8 muvl) in ethanol (100 m) was added di et hyl

acet am donal onate (14.74 gm 67.8 mmol ), then HAS599a

1- (bronmonet hyl ) napt hal ene. (10.0 gm 45.273mvol ). The solution was stirred at
roomtenperature for one hour. The reaction m xture was then concentrated
to an orange oil. The oil was dissolved in ethyl acetate and washed w th
50% sat urat ed ammoni um chl ori de water and brine, then dried over sodium

sul fate, filtered and concentrated to afford an orange solid. The solid was -
recrystallized fromethyl acetate and hexane to afford beige crystals

contam nated with nal te. The sglid was .dissolved in_5 eth I acetate in
hexane and puriwqﬁﬁf'b%%%lé§ﬁuEﬁFﬁ ?ﬂﬁ%ﬂﬂRfQﬁfgﬁBP R PP c *in 50%
ethyl acetate iThd\owyanicTlayerfwastdoiesd coaridinm sglﬁate)product wer e

fnogb' ned and conCRUIRY,ednk0 cBhEGRCrd0ed Znd 1t ARLeEUE was Aadite solid;
. chromatographed (Merck silica gel ) eluting with 3:2

5 hexane/ethyl acetate. The product was resubjected to
flash chromatography eluting with 3:1 hexane/ethyl '
acetate to give 395 mg. of [1s-[la,9a(R*)]]-
octahydro-9-[[2- (acetylthio) -1-oxo0-3-(2-
thienyl)propyllamino}-10-oxo-6H-pyridazinol[1l,2-

10 alll,2)}diazepine-l-carboxylic acid, 1,l1-dimethylethyl
ester as a white foam. TLC (ethyl acetate:hexane,'
1:1) Rf = 0.43.

Anisole (0.38 ml., 3.52 mmol.) was added to a
solution of the above product (390 mg., 0.82 mmole) in

15 methylene chloride (6 ml.) at room temperature under
argon. The resulting mixture was treated with
trifluoroacetic acid (0.58 ml., 7.5 mmol.) and was
stirred for 36 hours. The volatiles were removed and
the residue was chased with toluene and evacuated to

20 give 380 mg. of a yellow oil. The oil was purified
by column chromatography (Merck silica gel) eluting
with 1% acetic acid in 1:1 ethyl acetate/hexane
followed by 1% acetic acid in 2:1 ethyl acetate
/hexane to give 360 mg. of the title product.

25 TLC (1% acetic acid in 1l:1 ethyl acetate/hexane)

REf = 0.28.

30 A solution of the product from part (b) (328
mg., 0.75 mmol.) in methanol (5 ml., deoxygenated via
argon bubbling) was cooled to 0° C. and treated with
1 N sodium hydroxide (4 ml;, deoxygenated via argon
bubbling). The resulting mixture was stirred under
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[err]; Rf = 0.57 (50% ethyl acetate in hexane). b)

a- Am no- 1- napht hal enenpropanoi ¢ acid A solution of theHd588act from part
(a) (16.182 gm, 47.5 mmol) was suspenddd4in 48% hydrogen brom de (100 ml)
~and refluxed under argon for 14 hours. The hydrogen brom de salt of the

product was filtered out - -93- of solution as a white solid, then taken
up in hot (50 [err]) water (500 m) and the solution neutralized w

oncentrated amoni um hydroxi de. The product p itated out of solution
as.a fine white solid. 5 iltration and drying under high vacuum ght

(18 nours). 8 3326k £ ¥ W "ReHiffufe Ml eaMliRaoRhER 16 P- 264
potassium bisulfate and extracted with ethyl acetate.
The organic layer was washed successively with water
and brine, dried (sodium sulfate), filtered and
5 concentrated to give a clear oil. This residue was
flash chromatographed (Merck silica gel) eluting with
1% acetic acid in 1:2 hexane/ethyl acetate. The
fractions containing clean desired product were
combined, stripped, azeotroped with ethyl acetate,

10 and washed with-water to remove any acetic acid. The
organic layer was dried (sodium sulfate), filtered
‘and concentrated. The residue was taken up in ethyl
acetate and triturated with hexane. The solvent was
removed and the residue was slurried in hexane,

15 stripped, and dried in vacuo to give 165 mg. of title
product as a white powdery foam.- [alp = 131.6°
(c = 0.43, methylene chloride)

TLC (1% acetic acid in 2:1 ethyl acetate/hexane)
Re = 0.36.
20 Anal. calc'd for C17H23N304S2 0.21 H20 « 0.09 CgH14
| «0.13 C4HgO2:
_ C, 51.58; H, 6.17; N, 9.99; s, 15.25
Found: C, 51.24; H, 6.08; N, 9.69; s, 15.22.

25 110G 80 (R*) 11- =8-1(2- -1-0x0-3-

30 A solﬁtion of 3-pyrazolidinecarboxylic acid,
1,1-dimethylethyl ester (10.935 g., 63.5 mmol.) in
dry acetonitrile (90 ml.) was cooled to 0° C. (ice-
salt bath) and treated with dry pyridine (11.0 ml.)
followed by a solution of benzylchloroformate (12.54
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Br onmo- 1--napht hal enepronanoic acid o a solution of the product frompart (b)
18.6 mml ) and potassium brom de (7. 63 HAS994. nol) in
2.5 Nsulfuric acid (35 m) kept at O-ati@®d-sodiumnitrite (1.92 g., 27.8

10 ( g.,

mol ) the hour.

The m xture was stirred for an onal hour at [err],

was warmed to room 15 ature and stirred for 2.5 hours. The r
was then extracted with ether (3x). The layers were conbi ned and washed

with water and
an orange oil.

Those fracti onsScom%ithiMyg ro

then dried over sodiumsulfate, filtered and trated

t hen
eacti on

to give

"The oil was 20. d by flash chronmat ography on Merck
silica gel ethyl acetate.in xane Wth 1% acetic aci,d to reduce tailing.
438 b Jer §2

- Lot ageyondkrd 2d to

cont am nat ed prmluct arherreactign wak sbirhed at 0° €. for 3 hours,

evaporated to dryness and the syrup obtained was re-
dissolved in ethyl acetate (250 ml.). The solution
was washed with 5% sodium bicarbonate (2 x 25 ml.)
and brine (25 ml.), dried (anhydrous sodium sulfate),
filtered, evaporated to dryness and dried in vacuo.

‘The crude product mixture was chromatographed on a

10

15

20

25

30

silica gel column (Merck), eluting the column with
ethyl acetate:hexane mixtures (1:4; 1:2) to give
11.144 g. of title product as a syrup.

TLC (ethyl acetate:hexane, 1:1) Rf = 0.25.

The dicylcohexylamine salt of (S)-2-
phthalimidopéntanedioic acid,'5-(phenylmethy1)ester
(11.548 g.., 21 mmol.) was suspended in ethyl acetate
(700 ml.), washed with 5% potassium bisulfate (5 x
100 ml.) and brine (100 ml.), dried (anhydrous sodium
sulfate), filtered,'evaporated to dryness and dried
in vacuo. ' .

The free acid obtained was dissolved in dry
ether (100 ml.), cooled to 0° C. (ice-salt bath),
treated with phosphorous pentachloride (4.45 g., 21
mmol.) and stirred at 0° C. for 30 minutes then at
room temperature for 15 minutes. The reaction
mixture was evaporated to dryness, evaporated from
toluene (2 x 230 ml.) and dried in vacuo. The crude
acid chloride was dissolved in toluene (46 ml.),
added to a cooled solution (10° C., ice-water bath)

- of the product from part (a) (5.52 g., 18 mmol.) in

toluene (35 ml.)-sodium bicarbonate (4.77 g. in 46
ml. water), warmed up to room temperature and stirred

afford
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25 . . fied upon sitting overnight. Rf = 0.40 (40% acetate in hexane
Wi th 1% acetic acid). Acetylthioo)-1-naphthal enepronpart#a59%kcid a slurry of

pot assiumthi coacetate (0.912 g., 8. - 11J6) -in acetonitrile (300 m) at
[err] was added 30 th duct frompart (c) (2.030 g., 7.27 mml) as a
SO nin acetonitrile (3 m). The soluti®n-was"St"" " for one hour at
[err], then was warnmed to roomte ture and. stirred for 15 hours.
Pot assi um bronm de was then filtered out of the reaction mxture . -94 -
and the filtrate concentrated to afford an orange oil. The oil was
di ssolved in et%xh acetate Pn hed mntg 096 ota55|un1b|sulfate and

er argon ror hoturs" ‘ Pne Zedot for 'miRture wa

bri ne, then
diluted with ethyl acetate (650 ml.), washed with 5%

potassium bisulfate (2 x 140 ml.) and brine (140
ml.), dried (anhydrous sodium sulfate), filtered,

5 evaporated to dryness and dried in vacuo to give
11.587 g. of title product. '

dimethvlethyl ester
10 A solution of the product from part (b)
(12.653 g., 18 mmol.) in dry dimethylformamide (196
ml.) was treated with 10% palladium on carbon
catalyst (2.19 g.) and hydrogenated'(balloon) at room
temperature for 24 hours. The reaction mixture was
15 diluted with methanol (200 ml.) and filtered through
a Celite pad, washing the pad well with methanol (2 x
200 ml.). The clear filtrate was evaporated to
dryness and dried in vacuo to give a light gold-
colored syrup. The crude product was dissolved in
20 dry methylene chloride (185 ml.), cooled to 0° C.
(ice-salt bath), treated with thionyl chloride ‘(1.62
‘ml., 22.2 mmol.), stirred at 0° C. for 15 minutes
then at room temperature for 6.0 hours. The reaction
mixture was quenched with a solution of potassium
25 Dbicarbonate (3.93 g.) in water (34 ml.), stirred for
10-15 minutes then extracted with methylene chloride.
(2 x 290 ml.). The combined organic extracts'were
dried (anhydrous sodium sulfate), filtered,
. evaporated to dryness and dried jin vacuo The crude
30 product mixture was chromatographed on a silica gel
column (Merck), eluting the column with ethyl
acetate:hexane mixtures (1:3; 1:2) to give 2.427 g.
of title TLC(ethyl acetate:hexane, 1:1) Rf = 0.37.

i
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dried over sodiumsulfate, filtered and concentrated to afford an orange
oil. The oil was purified by flash chromatography on Myasesailica gel in
50% et hyl acetate in hexane with 1% aceti7g aci d added to reduce tailing.
Those fractions containing product were all contam nated with a conpound
with an Rf ='0.43. Those fractions were pool ed and concentrated to give an
orange oil. The crude product was purified via the dicycl ohexylam ne salt
by di ssolving the orange oil in ether and addi ng an equival ent of

- di cycl ohexyl ami ne (18.13 g., 100 nmol) to the solution. The
di cycl ohexyl am ne salt Was obtalned |n 2 cro-s of bromn cr
still slightly € AL ARG . i
et hyl acetate &

| ayer was then &gshgd ﬂ t]ﬁ]wat Er and br| ne t hen dr| ed over sodi um
| A solution of the product from part (c) (607
5 mg., 1.43 mmol.) in dry tetrahydrofuran (12 ml.) was
cooled to 0° C. (ice-salt bath) and treated with 1.0
M diborane/tetrahydrofuran according to the procedure
' of Example 47 part (a) to give 538 .g. of title
product as a syrup. TLC (ethyl acetate:hexane, 1:1)
10 Rf = 0.38.

stal s (1.450 gn)

dimethvlethv] ester
A solution of the product from part (d) (505
15 mg., 1.25 mmol.) in absolute ethanol (5.5 ml.) was
treated with hydrazine hydrate (0.14 ml., 2.2 eq.)
according to the procedure of Example 46 part (b)
affording 312 mg. of title compound as a syrup. TLC
(methylene chloride:methanol, 9:1) Rf = 0.63.
20 - %* - - - 3 [

(S) -2-(Acetylthio)benzenepropanoic acid
(obtained from 554 mg. of the dicyclohexylamine salt
25 as previously described) was dissolved in methylene
chloride (11 ml.), cooled to 0° C.. (ice-salt bath),
and treated sequentially with a solution of the
product from part (e) (350 mg., 1.25 mmol.) in dry
methylene chloride (2.5 ml.), triethylamine (0.17
30 ml., 1.22 mmol.), and benzotriazol—l-ylbxytris
(dimethylamino)phosphonium hexafluorophosphate
(561 mg., 1.29 mmol.) according to the procedure of

Example 47 part (c) to give 400 mg. of [1sS-
[1a,8a(R*)]])-hexahydro-8-[[2-(acetylthio)-1-ox0o-3-
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sulfate .filtered and concentrated to afford 875 ng. of product as a yell ow
oil; Rf = 0.40 (40% ethyl acetate in hexane with 1% ac#rb8%9acid). [err] The
racem c acid product frompart (d) (338M.5 1.23 mol) and
(S)-2,3,4,5-tetrahydro- 3-am no-2-oxo- 1H 1-benzazepi ne-1-acetic acid, ethyl
ester (prepared as described by Watthey et al., J. Med. Chem, 28, p 1511 -
1516 (1985)] (321 ng., 1.23 mmol) were dissolved in nethylene chloride (11
m) at roomtenperature under argon. The m xture was cooled to [err] and
treated with hydroxybenzotriazol e hydrate HA599a - 95-

phenylpropyl]lamino] -9-oxo-1H, SH-pyrazolo[1, 2-
al[1,2]diazepine-1l-carboxylic acid, 1,l1-dimethylethyl
. ester as a syrup. TLC (ethyl acetate:hexane, 1l:1)

Rf = 0.28. _ |

5 - A solution of this material in dry methylene
chloride was treated with anisole and trifluoroacetic
acid according to the procedufe of Example 47 part
(d) affording the title product as a solid; [alp =
-111.5° (c = 0.48, methanol). TLC (ethyl acetate:

10 acetic acid, 95:5) Rf = 0.38. |

- * - -8 - -] - -

A solution of the product from part (f) in dry
15 methanol was treated with 1.0 N sodium hydroxide
according to the procedure of Example 47 part (d) to
give the title product as a white solid amorphous
foam; [alp = -71° (c = 0. 50, methanol). TLC (ethyl
acetate:acetic acid, 95:5) Rf 0.25.
20 Anal calc'd. for c13Hz3N304s e 0.13 CsH12 » 0.20 H20:
C, 57.36; H, 6.44; N, 10.76; s, 8.21
Found: C, 57.36; H, 6.50; N, 10.47; s, 8.10.

Example 54
- * - - - - -] = -
25 ' | i - - '. - - : -
[1.21d; ine-1-carboxvli id
30 A solution of the product from Example 53 part

(c) (700 mg., 1.67 mmol.) in absolute ethanol (7.4
ml.) was treated with hydrazine hydrate (0.19 ml.,
2.2 eq.) according to the procedure of Example 53

e
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(166 ng,» 1.23 mmol) and 1-ethyl-3-(3-dinmethyl- am nopropyl)carbodiimde
(259 ng, 1.35 mmol). After stirring for 1 hour, the m Hagg@awas warned to
roomtenperature and stirred an additroh@® 4 hours. The volatiles were
evaporated and the residue was dissolved in ethyl acetate and washed
successively with 1 N hydrochloric acid, water, saturated sodi um
bi carbonate, and brine. The organic | ayer was dried (sodiumsulfate),
filtered, and concentrated and the residue was flash chromat ographed (Merck
silica gel) eluting with 50% et hyl acetate in hexanes to give 510 ng. of

roduct as an oil_ (1 ] Xt ur di ast e eosers). = 0.40 (5% acetic acid
Pn ethyl acet at%ﬁ?t“([{ﬁ]’r ]'PoAgg,g u??gnm%f ? et{)at?dl)?&'tog“SFnPﬁa?t‘g’e%Se(SOS ng. ,
0.98 mml) in nEedmnolTL(S (mMethydeneygkbaride amethanol, 9:1)

Rf = 0.30. " :

- * - B - -] - -

The product from part (a) was reacted with
(8) -2- (acetythio) benzenepropanoic acid in the
presence of triethylamine and benzotriazol-1-

10 yloxytris(dimethylamino)phosphonium hexafluoro-
phosphate according to the procedure of Example 53
part (f) affording [1S-[1la,8x(R*)]]-hexahydro-8-[[2-

) (acetylthio)-1-oxo-3-pheny1propy1]amino]-5,9-dioxo-
1H,5H-pyrazolo[1.2-a][1;2]diazepine-lfcarboxylic

15 acid, 1,1-dimethylethyl ester as a syrup. TLC (ethyl
acetate:hexane, 1:1) Rf = 0.22.-

This material was treated with anisole
followed by trifluoroacetic acid according to the
procedure of Example 53 part (f). The resulting acid

20 product was dissolved in methanol and treated with
1.0 N sodium hydroxide according to the procedure of
Example 53 part (g) affording the title product_as a
white solid amorphous foam; [a]lp = -95.8° (c = 0.72,

- methanol). TLC (methylene chloride:methanol:acetic

25 acid, 20:1:1) Rf = 0.13. -

Anal. calc'd for C18H21N305S « 0.07 CgHi14  1.14 H20:
C, 52.89; H, 5.83; N, 10.06; S, 7.67
Found: C, 52.89; H, 5.80; N, 9.18; s, 7.01.
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argon bubbling) was cooled to [err] and treated with 1 N sodi um hydroxi de
(6 M., deoxygenated via argon bubbling). The resulti ngiaB3%aure was stirred
under argon for 1 hour. The sol ution wad88citdified with 10% pot assi um

bi sul fate and extractéed with ethyl acetate. The organic |ayer was washed
with brine, dried (sodiumsulfate), filtered and concentrated to give a
clear oil. This residue was flash chromat ographed (Merck silica gel)
eluting with 1% acetic acid in 1:1 hexanes/ethyl acetate. The fractions
cont ai ni ng pure product were conbi ned, concentrated, azeotroped w th ethyl
acetate, and washed with water to rﬁﬁﬁﬁﬁiﬁgﬁ§€C6tic acid. The organic |ayer
was dried (sodiumsulfate), filtere ntrated. The residue was
taken up in et = ol od

Allyltrimethylsilane (1.53 ml., 9.6 mmol.) was
added to a solution of [S-(R*,R*)]-hexahydro-o-

10 methyl-3—phtha1imido—2-oxo-lH-azepine-l-acetic acid,
methyl ester (485 mg., 1.48 mmol.) in methylene
chloride (20 ml.) at room temperature under argon. _
Following the addition of of stannic bromide (1.0 M
in methylene chloride, 2.52 ml., 2.52 mmol.), the

15 resulting mixture was stirred for 4 hours. Another
portion of stannic bromide (1.48'ml.) was added and

- stirring was continued for 48 hours. The reaction

' mixture was quenched with aqueous ammonium chloride
and extracted with ethyl acetate. The organic layer

20 was washed with brine, dried (sodium sulfate),

filtered, and concentrated to give 1.2 g. of a yellow
residue. The crude acid was dissolved in methanol,
cooled to 0° C., and treated with diazomethane to
generate the methyl ester. The volatiles were

25 removed and the residue was flash chromatographed
(Merck silica gel) eluting with 1:3 ethyl
acetate/hexane followed by 1l:1 ethyl acetate/hexane
to give 283 mg. of title product as a white foam;
[@lp = -13.7° (c = 0.54, methylene chloride)).

30 TLC(ethyl acetate:hexane, 1l:1) Rf = 0.50.
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-96- acetate and triturated with ethyl ether and hexane. The sol vent was
renoved and the residue was slurried in hexane, strippegsgogad dried in
vacuo to give 327 ng of product as a-wig1 e powdery foam Rf = 0.64 (5%
acetic acid in ethyl acetate); [err] =]err] (c = 0.43, chloroform. Anal.
calc'd for [err] 0.42 H20: C 65.98;, H 5.28; N 6.16; S,7.05 Found:
1 C,66.29; H5.29; N5.85 S,6.65. HPLC. tR = 12.3 nmin (48.1% and 14.4 nin
(51.8 %9 [err] 220 nm, YMC S-3 ODS (C-18) 6.0 x 150 nmm 68% (10% wat er - 90%
met hanol - 0. 2 % phosphoric acid)/32% (90% wat er - 10% net hanol . 2% phosphori c
acid), flowrate = 1.5 m/mn, isocratic. Exanple 27

*

A solution of the product from part (a) (463
5 mg., 1.24 mmol.) in 1:1 methanol/ethyl acetate (14
ml.) was hydrogenated over 10% palladium on carbon
catalyst (41 mg.) for 3 hours. The mixture was

filtered through Celite and the volatiles were
removed to give 483 mg. of title product as a yellow
10 oil.

The product from part (b) (483 'mg.) was

15 suspended in methanol (7 ml.) at room temperature
under argon. The mixture was-treated with hydrazine
monohydrate (0.07 ml., 1.45 mmol.), became |
homogeneous, and was stirred for 18 hours. The

. mixture was filtered to remove the white precipitate

20 and the filtrate was stripped, treated with methylene
chloride, filtered and stripped again to give 282 mg.
of [3S-[1(R*),3a,7B]]-hexahydro-a-methyl-3-amino-2-
oxo-7-propyl-lH-azepine-1-acetic acid, methyl ester
as a yellow oil. :

25 (S) -2- (Acetylthio)benzenepropanoic acid
(obtained from 491 mg. of the dicyclohexylamine salt
as described previously) was dissolved in methylene
chloride (15 ml.) at room temperature under argon.
Following the addition of the above amine _

30 (282 mg., 1.10 mmol.), the mixture was cooled to 0 °C
and treated with triethylamine (0.17 ml., 1.21 mmol.)
and benzotriazol-l-yloxytris (dimethylamino)- '
phosphonium hexafluorophosphate (511 mg., 1.16 mmol.)
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[err] The product from Exanple 6 (799 ng., 2.0 mml.) was added to a

de- oxygenat ed (argon bubbling) solution of potassium bi cixds®zate (378 ny.
3.8 nmmol.) in water (25 m.). Upon di ssoll8Ri en of the starting nmaterial,
~acetic anhydride (1.5 m., 1.62 g., 15.9 mmol.) was added. A mlky white
sol ution was obtained which eventually produced a gum After stirring at
roomtenperature for mnutes, the mxture was acidified with 10%.
hydrochl oric acid and extracted with ethyl acetate. The ethyl acetate
extract was washed with water (3 tinmes) and brine, then dried (sodium

sulfate), filtered, ang stripped. The residye was flash chro ogr aphed
(Merck silica gePCCRBFIRIIEQ tﬁﬁ PrOcearRe| °gc%’f%ﬂ‘%se %W& gg;l E@d
fractions were sgivppsss myeadf aiecdivlehpeodyct caetatwhite tfoams), taken up
in asmall volungr@(ethyl acetate:hexane, 1:1) Rf = 0.43.

- * * - - - -3 -

A solution of the product from part (c) (385
mg., 0.83 mmol.) in methanol (10 ml.) was treated
with 1N sodium hydroxide (8 ml.) according to the

10 procedure of Example 36 part (g) to give 142 mg. of
title product as a white powdery foam; ([a]lp = -51.6°
(c = 0.48, methylene chloride) TLC (1% acetic acid
in 2:1 ethyl acetate/hexane) Rf = 0.60.
Anal. calc'd. for C21H3oN204S +» 0.14 H20:

15 C, 61.67; HI 7.46; N, 6-85; S; 7.84
Found: C, 61.97; H, 7.50; N, 6.55; §, 7.62.
Example 56
—{R*.R*)1]- - -3-[ (2~ -1-0XO0-

20 4i ine-1-aceti id

25 (S)-3-Amino-z-oxo—lH-pyrrolo[1,2-
bl {1,2}diazepine-l-acetic acid, ethyl ester [prepared
as described by Bolos et al., J. Org. Chem., 51,'p
3535 - 33539 (1992)] was reacted with (S)-2-
(acetylthio)benzenepropanoic acid in the presence of

30 triethylamine and benzotriazol-l-yloxytris-
(dimethlamino)phosphonium hexaflubrophosphate
according to the procedure described above, as note
Example 36 part (f), affording the title product as a
colorless oil. '

e e
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-97.- ethyl

and the residue was slurried and stripped twi ce from hexxgs94 o gi ve t he

titIe compou
Rf = 0.41; |
Exanples 28
benzoyl chlo
(S- (R, R)]-

phenyl pr opyl
was obt ai ned;

acetate and triturated with hexane. The sol vent was stri pped

nd as a hard white foam H.A8B31% acetic acid in ethyl acetate)

err] =[err] (c = 0.68, chloroform. [err]
- 30 Follomnng t he procedure of Exanple 27 but enploylng
ride as the acyl ati ng agent,

[ 3-[[ 2- (benzoyl t hi 0) - 1- oxo0- 3-

]an1no] 2,3,4,5- tetrahydro 2- oxo- 1H benzazeplne l-acetic acid
0

roform.

A solution of the product from part (a) (135

5 mg., 0.30 mmol.) in methanol (2 ml.), tetrahydrofuran

(1 ml.), and water (1 ml.) was spa:ged with argon for
30 minutes. Lithium hydroxide monohydride (50 mg.,
1.2 mmol.) was added to the solution at room
temperature. The reaction mixture was stirred for 2

10 hours with continuous argon sparge, then acidified by

the addition of 1M aqueous hydrochloric acid solution
(1.4 ml.), then added to water (20 ml.) and then
extracted with ethyl acetate (2 x 15 ml.). The
organic extracts were combined, dried (sodium

15 sulfate), and concentrated in wvacuo to give an oil.

The crude material was purified by flash
chromatography (Merck silica, 12 x 1.5 cm., 1:99

acetic acid/ethyl acetate) to afford 115 mg. of title
product as a white solid foam; [a]p = -67°

20 (c = 0.26, methanol). TLC (acetic acid:methanol:

methylene chloride, 1:10:90) Rg = 0.43.
Anal. calc'd. for C19H2]1N304S:

C, 58.90; H, 5.46; N, 10.85; S, 8.27
Found: C, 58.55; H, 5.50; N, 10.74; S, 8.17.

A solution of the product of Example 47 (100

- 30 mg., 0.247 mmol.) dissolved in ethanol (1.5 ml.) and

water (0.15 ml.) was cooled to 0° C. and treated with
methyl methanethiosulfonate (30.5 pl., 37.4 mg.,
0.296 mmol.). After 2 hours at 0° C. and 6 hours

-

ot Has Been Replaced

Ny

TLC



(hexane: ethyl acetate:acetic acid, 40:60:1) Rf = 0.31. Anal. calc'd. for
[err] C, 66.24; H 5.32; N2 5.44; S, 6.23 Found: C, 66. 88598k 5.23; N,
5.40; S, 6.18. Followi ng the procedure-di8&xanpl e 27 but enpl oyi ng

propi oni ¢ anhydri de as the acylating agent, -

(S-(R*,R*)]-2,3,4,5-tetrahydro-3-[[| -oxo0-2-[(1-
oxpropyl)thlo] 3- phenylpropyl]an1no] 2 oxo- 1H benzazeplne I-acetlc acid
was obtained; mp. 156 - [err]; [err] =Jerr] (c = 0 31, chloroform. TLC

~ (hexane: ethyl acetate:acetic acid, 40 60 1) [err] = 0.34. Anal. calc'd. for

* : : )
Lt T Ge Pl abeiahie e Bhashieh RER s BBk
- with water and extracted with a mixture of ethyl
acetate and ethyl ether. The organic extract was
rinsed with water and brine, dried (magnesium
5 sulfate), and concentrated in yacuo to 157 mg. of
crude product. Flash chromatography on 12 g. of
Merck silica gel eluted with hexanes, then
1:1,hexanes:ethyl acetate, and finally 4:4:0.05
followed by 4:4:0.1, hexanes:ethyl acetate:acetic
10 acid yielded purified product. Trituration with
ethyl acetate-hexanes afforded 85.4 mg. of title
product as a white solid foam; [alp = - 104.2°
(¢ = 0.18, chloroform). TLC(hexanes:ethyl acetate:
acetic acid. 4:4:0:1) Rg = 0.16. '
15 Anal.calc'd.for C20H27N304S » 0.05 C4H302 e 0.01
CeH14:
C, 54.95; H, 6.27; N, 9.49; S, 14.48
Found: C, 55.03; H, 6.22; N, 9.49; s, 14.40.

20 —((R*.R*)]- - -3-[[2- ithig) -

A solution of the product of Example 6 (100
. mg., 0.235 mmol.) dissolved in ethanol (1.2 ml.) and
25 water (0.112 ml.) was cooled to 0° C. and treated
with methyl methanesulfonate (29 pl., 35.6 mg., 0.282
mmol.). After one hour at 0° C., the reaction was
kept at room temperature for 8 hours, theh
refrigerated overnight. The reaction mixture was
30 diluted with water and extracted with a mixture of
ethyl acetate and ethyl ether. The organic extract
was rinsed with water and brine, dried (magnesium
sulfate), and concentrated in vacuo to 123 mg. of
crude product. Flash chromatography on 9 g. of Merck

ﬁ
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enploying ‘trinmethylacetic anhydride as the -acyl ati ng REPLACEVMENT SHEET
-98- agent, [S- (R R) 1-3-[[2-1(2, 2-di nethyl -1 - HA59%a
oxopropyl ) thi o] - 1- oxo- 3- phenyl propyl ] aml8®] -2, 3, 4, 5-

t et rahydr o- 2- oxo 1H—benzazep|ne 1-acetic acid was obtained; mp. 86 -
[err]; [err] [err] .(c = 3.06, chloroform. TLC (hexane: ethyl
acetate:acetic acid, 30:70:1) Rf = 0.42. Anal. .calcd. for [err] C, 64.78;
H 6.65 N 5.50; S, 6.36 Fqund: C, 64.79; H, 6.56; N, 5.53; S, 6. 30.

[ S-(R*. R*) 1- 3. 4- Di hydr o- 3- [ (2 nercapto 1- oxo- 3-

phenyl propyl)am r:}.?.LCg 8é elute Ot)&aiegca%%s§(€£2n_1:1, hexanes:
ethyl acetate, and finally 4:4:0.1,hexanes:ethyl
acetate:acetic acid yielded 108 mg. of product.
Trituration with ethyl acetate-hexanes gave 97 mg. of
5 title product as a white solid; m.p. 83-95° C.;
[@]lp = -185.17° (c = 0.3, chloroform).
TLC (hexanes:ethyl acetate:acetic acid, 4:4:0.1)
= 0.16.
Anal.calc'd. for Ca2H24N204S2 » 0.84 H20 « 0.07 C4Hg802
10 e« 0.07 CgH14: :
C, 57.78; H, 5.81; N, 5.94; s, 13.59
Found: C, 57.70; H, 6.13; N, 6.27; S, 13.20.

1 3 : o ...-—

Potassium bromide (9.5 g., 80 mmol.) was added
to a stirred solution of D-leucine (3.0 g., 23 mmol.)
20 in 2.5 N sulfuric acid (47 ml.) at rdom temperature.
The reaction mixture was cooled to ~10° C. and solid
sodium nitrite (2.4 g., 34 mmol.) was added
portionwise, maintaining the temperature between -10°
and -5° C. After addition was complete, the reaction
25 was stirred for 1 hour and then warmed to room
temperature and stirred for another hour. The
reaction mixture was then extracted twice with ether,
the ether extracts were washed once with water, dried
(magnesium sulfate), filtered and evaporated to give
30 2.7 g. of crude title product.

To a stirred slurry of potassium thiocacetate
(1.7 g., 15.0 mmol.) in 50 ml. of dry acetonitrile at

!
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propanoic, acid a) (S)-3-[[ (D nethyl et hoxy) carbonyl ] am no] - 3. 4-

~di hvdr o- 4- oxo- 1. 5- benzoxazepi ne-5(2H) - propanoi ¢ aci d. etua89%ster A
solution of (S)-3- [(dinethylethoxy)- - 186 -

car bonyl ] am no] - 2, 3-di hydro-1, 5- benzoxazepi n-4(5H) - one (prepared as
described in Exanple 13(c), 1.49 g., 5.35 mol.) in
tetrahydrofuran:t-butanol (2:1, 21 m.) was cooled to [err]- and treated
with ethyl acrylate (0.81 nm. 7.50 nmol., 1.4 eq.) and then 1.0 N

" t-butanol, potassiumsalt (535 [err]., 0.1 eq.). The reactlon nlxture was
stirred at [err] for 15 m nutes then at roon1teng§éa ure for @ours
under argon. An XQ9Mt FEMRETARIMt T 3FIR™: RSt a7%e

sal t/tetrahydr of gthenptaddQet efrdm ,pdrtDNa09q.(R . 6ag. adﬁ@dmﬂml.t)he.rr ddction. The
{gﬁ‘f}"g‘ was stiphed,gt JLoPOh I &FPRL At e (RacERoA! XL SSe ALd Nen heated to

hours. The resulting slurry was filtered and

5 evaporated. The residue was redissolved in ethyl

ether, washed once with 5% potassium hydrogen sulfate

solution and once with brine, dried (magnesium

sulfate) and evaporated. The residue was dissolved

in ether (64 ml.) and treated with dicyclohexylamine

10 (2.7 ml., 14 mmol.). A white solid immediately began

precipitating from the solution. The solution was

filtered and the white solid collected to give 2.0 g.

of title product; m.p. 153 - 158° C; [alp = -54.5° C.

{(c = 0.61, chloroform).

15 - (R*.R*}1- - —3-[[2-

A stirred suspension of the product from part

(b) (312 mg., 0.840 mmol.) in 5 ml. of ethyl acetate

20 was washed twice with 5 ml. portions of 5% potassium
hydrogen sulfate solution. The organic extract was
dried (sodium sulfate), filtered, concentrated and
dried in vacuo for 20 minutes. The resulting oil was
dissolved in 2.5 ml. of methylene chloride and

25 stirred under argon at 0° C. To this solution was
added a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-
oxo-1lH-benzazepine-l-acetic acid, ethyl ester
[prepared as described by Watthey et al., J. Med.
Chem., 28, p. 1511 - 1516 (1985)] (142 mg., 0.54

30 mmol.) in methylene chloride (3 ml.), then
triethylamine (80 pl., 0.57 mmol.) and finally
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (251 mg., 0.57 mmol.). After 1°
hour, the reaction was warmed to room temperature and
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for 2 hours. The reaction was quenched with 25% amoni um chl oride (50 m .)
and extracted with ethyl acetate (2 x 100 m.). The comas®@aor gani cs were
washed wi th 25% anmoni um chl oride (50 & 1p7 water (50 m.), and brine (50
m.), dried over magnesi um -99- sulfate, filtered and concentrated to
yield a clear syrup. The residue showed two spots by TLC. The reaction was
restarted by treating a solution of the mxture (1.42 g., 5.10 mmol.) in
tetrahydrofuran:t-butanol (2:1, 15 m.) cooled to [err] C., with ethyl
acrylate (0.77 m., 7.24 nmmol., 1.4 eq.) and then 1.0 N t-butanol,

potaSS|un1sa|t/tetrahydrofuran (510 [err]. 1l eq.). The
stirred 90 minutes. he resultlng colorless solution

was evaporated at less than 30° C. and the oily
residue redissolved in ethyl acetate. The solution
was washed once with 1 M hydrochloric acid, once with
5 water, once with a saturated solution of sodium
bicarbonate and once with brine. The organic layer
was dried (magnesium sulfate), filtered and
evaporated. Purification by flash chromatography
(eluting with 2:5 ethyl acetate/hexanes) provided 223
10 mg. of the title product; [alp = -243.9° (c = 0.62,

chloroform) .

-{R* R*) 1]~ - -3 - -] -

acetic acid

15 A solution of the product from part (c)
(190 mg., 0.44 mmol.) in 4 ml. of methanol was purged
with nitrogen for 5 minutes and cooled to

- 0° C. To this solution was added dropwise 4 ml. of

nitrogen-purged 1M sodium hydroxide. Nitrogen was

20 slowly bubbled through the solution during the
reaction. After one hour, the reaction was warmed to
room temperature and stirred one hour. The reaction
was acidified with a 5% potassium bisulfate solution
and extracted with ethyl acetate, the extracts were

25 washed with water and a saturated solution of sodium
chloride, dried (sodium sulfate) and evaporated.
Reevaporation from hexanes yielded a white solid.
The solid was gently heated in ethyl ether, filtered
to remove an insoluble oil, and crystallized with

30 hexanes to give 117 mg. of title product as a white
solid; m. p. 143-144° C.; [oalp = -224.3° (c = 0.46,
chloroform). TLC (ethyl acetate/hexane/acetic acid,
4:4:0.1) Rf =0.19.

———————
e
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reaction m xture was stlrred at [err] C. for 15 mnutes then at room
tenperature for 3 hours. The reaction was quenched w th RES9SMONI UM
chloride (50 m.) and extracted with et-hy88ecetate (2 x 100 m.). The

conbi ned organics was washed with 25% ammoni um chloride (50 m.), water (50
m.), and brine (50 m.), dried over magnesium sulfate, filtered and
concentrated to yield a yell ow syrup. The residue was purified by

chromat ography on a 5 x 15'cm silica gel colum eluting with 30% et hyl

acet ate/ hexane m xture (2 1.). The desired fractions were conbi ned and

concentrated to aff of the title co ound as a clear syrup. TLC
(5% net hanol / chﬁGPgFOFﬁ}CQF —£or (18HpaN204S -"8202 “c4H1 00+

(S)-3- Anmi no- 3, 4-di hydr o- 4; 089: 3451nemzqwazap|me565(§rbapn@pan0|c aci d,
ethyl ester. hydegghlori g 534y Te R 9BIck:, GOBP! {3y (14 9., 3.7

mol . )

A solution of 4-methoxy-o-toluenethiol (25 g.,
10 0.16 mol.) in benzene (200 ml) was added to a
solution of potassium carbonate (44.8 g., 0.32 mol.)
in water (200 ml.) and the resulting mixture was
treated portionwise, with rapid stirring, with
iodine (23.6 g.) until the color of iodine persisted.
15 The reaction mixture was stirred for 15 minutes after
which the excess iodine was destioyed by the addition
of solid sodium sulfite (10 g.). The reaction
mixture was diluted with benzene (200 ml.) and
partitioned, reextracting the aqueous phase with more
20 benzene (100 ml.). The combined organic extracts
were washed with water (100 ml.), 5% sodium sulfite
(100 ml.) and brine (50 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryness
and dried in vacuo. The crude product was
25 reérystallized from ethyl acetate (200 ml;) and
filtered, washing the cream colored precipitates with
ethyl acetate (25 ml.), to give 16.596 g. of title
product; m. p. 99-100° C. TLC(methylene chloride:
methanol, 9:1) Re = 0.57.
30 b) a-Methvl-hvdrocinnamic acid
A solution of a-methyl cinnamic acid (10.0 g.,
- 61.7 mmol.) in dry methanol (250 ml.) was treated
‘'with 10% palladium on carbon and hydrogenated
{(balloon used) at room temperature for 16 hours. The
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was treated with 4.0 M hydrochloric acid/dioxane (20 m., 80 nmol.) and
cooled to [err] C. The resultant solution was stirred atBEfs99g C. for 30
m nutes, then at roomtenperature for 2 A@9rs. The reaction m xture was

concentrated, stripped with ethyl ether (twice), azeotroped with tol uene

(three tines) and dried in vacuo for 4 hours affording 1.05 g. of title
conpound. - - 100 - Jerr] (S) 2- (Acet yl t hi 0) benzenepr opanoi ¢ aci d,

di cycl ohexyl amine salt (1.8 g., 4.40 mmol.) was suspended in ethyl acetate
(100 m.) and washed wi th 5% potassium bisulfate (5 x 25 m.) and brine (30

reaction mixture was diluted with methanol (250 ml.),
filtered through a Celite pad in a millipore unit,
washing the pad well with methanol (2 x 100 ml.).
The clear filtrate was evaporated to dryness to give
5 10.225 g. of title product as a thick syrup..
hva . . id
A solution of diisopropylamine (1.69 ml., 12.2
mmol.) in dry tetrahydrofuran (9.0 ml.) was cooled to
10 -30° C. (acetonitrile-dry ice bath), treated with 2.5
M butyllithium (4.84 ml., 12.1 mmol.) and stirred at
-30° ¢. for 20 minutes. The resulting lithium
diisopropylamide solution was then treated with a
solution of a-methyl—hydrocinnamic.acid (1.0 g., 6.1
15 mmol ) 1n dry tetrahydrofuran (1.0 ml.), warmed up to
room temperature and stirred under argon for 1.5
hours. The reaction mixture was cooled to 0° C.
(ice-salt bath), treated with a solution of S,s'-
bis (4-methoxy-a-toluenethiol) (1.869 g., 6.1 mmol.)
20 in dry tetrahydrofuran (6.0'm1) and stirred for 45
minutes at 0° C. under argon. The mixture was then
added slowly to 1.0 N hydrochloric acid (19.0 ml.)
and the agueous mixture was extracted with ethyl
acetate (2 x 50 ml). The combined organic extracts
25 were washed with water (15 ml.) and brine (15 ml.),
dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried jg vacuo. The crude
product mixture was chromatographed on a silica gel
column (Merck), eluting the column with ethyl
30 acetate:hexane mixtures (1:4; 1:2) followed by ethyl
acetate:acetic acid (100:2) to give 1.45 g. of title

———
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m.), dried (anhydrous nagnesium sulfate), filtered, evaporated to dryness
and dried in vacuo to give the free acid. This free aci dHmB®9ali ssol ved in
dry nmethylene chloride (10 m.), cooled-ti®Jerr] C. (ice - salt bath) and
treated with a solution of the product frompart (b) (1.05 g., 3.33 mol.)
in dry nethylene chloride (25 m.), followed by triethylamne (0.62 m .,
4.44 mmol ., 1.3 eq.) and benzotriazol - 1-yl oxytri s-

(di nmet hyl am no) phosphoni um hexaf | uor ophosphate (1.96 g., 4.44 mol ., 1.3
eq.). The reaction mxture was stirred at [err] Cfor 1 hour then at room
tenperature overn'ghtu ed to dryness,
diluted with ethy 'S|umb|sulfate
(2 x 50 m.), t2f (anhydrous

magnesi um sul fat%en&lb&ﬁbﬁihﬁﬂﬂm_zma_mnmmmm

A solution of the product from part (c) (497
10 mg., 1.57 mmol., 1.09 eq.) was cooled to 0° C. (ice-
salt bath), treated with a solution of (S)-2,3,4,5-
tetrahydro- 3-am1no~2—oxo-lH-benzazeplne -1l-acetic
acid, 1,1- dlmethylethyl ester [prepared accord1ng to
the procedure of Watthey et -al., J. Med. Chem. 28, p.
15 1511 - 1516 (1985)] (417 mg., 1.44 mmol.) in dry
methylene chloride (2.9 ml.) followed by
‘triethylamine (0.2 ml., 1.45 mmol.) and benzotriazol-
1-yloxytris (dimethylamino)phosphonium hexafluoro-
phosphate (642 mg., 1.45 mmol.). The reaction
20 mixture was stirred at 0° C. for 1.0 hour then at
room temﬁerature for 2.5 hours after which it was
evaporated to dryness. The syrup obtained was
redissolved in ethyl acetate (50 ml.) and the
resulting solution washed with 0.5 N hydrochloric
25 acid (2 x 8.3 ml.), water (8.3 ml.) and brine (8.3
ml.), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacug. The crude
product was chromatographed on a silica gel column
(Merck), eluting the column with ethyl acetate:hexane
30 (1:4) to give 709 mg. of a mixture of isomeric
products.
Rechromatography of the isomer mixture on a
silica gel column and elution with ethyl acetate:
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evaporated to dryness. The crude product was chromatographed on a silica
gel colum (5 x 15 cm, eluting with 30% et hyl acet at e/ Bia688a. The desired
fracti ons were conbi ned and concentrat edl9&ffordi ng 740 ng. pure product.
TLC (10% net hanol in chloroform) Rf 0. 74. - 101 - [err] A solution of
the product frompart (c) (740 ng., 1.53 nmmol.) in nethanol (15 m.) was
cooled to 00 C (ice-salt bath), purged with argon for 30 m nutes and then
treated dropwise with a previously purged (argon, 30 m nutes) solution of
1.0 N sodium hydroxide (6.1 m., 4 eq.) maintaining the bubbling

methylene chlorlde (1:99, 2:98) gave 340 mg. of the
[R-(R*,8*)] title product; [&]lp = -72°
{c = 0.66, methanol); TLC(ethyl acetate:hexane, 1l:1)
= 0.70 and 316 mg. of the [S-(R*,R*)title
5 product; [olp = -142° (¢ = 0.5, methanol);
TLC (ethyl acetate:hexane, 1:1) Rf = 0.87.

-(R* Q%) - - -3 - - [

10 A solution of the [R-(R*,S*)] product from
part (d) (300 mg., 0.51 mmol.) in trifluorocacetic
acid (2.5 ml.) was cooled to 0° C. (ice¥sa1t_bath),

. treated with anisole (0.25 ml., 2.3 mmol.) and
trifluoromethanesulfonic acid (0.13 ml., 1.47 mmol.)

15 and stirred at 0° C. for 2.5 hours under'argon. The
reaction mixture was stripped to dryness, evaporating
the residual syrup from ethyl acetate (2 x 15 ml.)
then dried in vacuo. The crude product mixture was

. chromatographed on a silica gel column (Merck),

20 eluting the column with ethyl acetate and ethyl
acetate:acetic acid (100:2). The first set of
desired fractions were combined and partitioned
between ethyl acetate and 1.0 N hydrochloric acid to
give 91.0 mg. of crude product. This was combined

25 with a second set of fractions which were also
rechromatographed separately on another silica gel
column to give a total amount of 301 mg. which still
had impurities. Rechromatography on a third silica
gel column was done, eluting the column with

30 toluene:acetic acid (6:1) to give 156 mg. of pure
title product as a solid foam; [alp = -248.3°
(c = 0.73, methanol). TLC(toluene:acetic acid, 5:1)
Rf = 0.28. '
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of argon throughout the addition and |l ength of the reaction. The reaction
m xture Wwas stirred at [err] for 1 hour, acidified at [efasboa th 5%

pot assium bisulfate (150 m.) to pH 1.5 g@gg then extracted with ethyl -
acetate (3 x 100 nl.). The conbi ned organic extracts were washed with brine
(100 ni.), dried (anhydrous sodiumsulfate), filtered, evaporated to
-dryness and dried in vacuo to a white foam (612.ng.). The resi due was
purified by colum chromatography on a 5 X 15 cm silica gel colum el uting
with 0.5%acetic acid in ethyl acetate. The resi due was di ssolved in

met hyl ene chloride (5 m_.) and strip %:d wi th hexane (5 trnes on the
rotovap, scratchiaglt 2k Hd-ufer S2282aN2045Nt t @- 3% 8 P d0-54 MO:s0] i d was
dried in vacuo overnrght d,0 63.62;580 gggspfnrngxugu S TbC3Q1@6acet|c acid in

et hyl acetate) ung 42(:[e6r3r]82 herr]lac =1 ]221 rret ha%l)
- Examnl.e.j.l

A solution of the [S-{(R*,R*)]lproduct from
Example 60 part (d) (316 mg., 0.54 mmol.) in
10 trifluorocacetic acid (2.63 ml.) was cooled to 0° C.
and treated with anisole (0.26 ml., 2.30 mmol.) and
trifluoromethanesulfonic acid (0.14 ml., 1.58 mmol.)
according to the procedure of Example 60 part (e) to
give 209.8 mg. of title product; [alp = -123°
15 (c = 0.48, methanol). TLC (toluene:acetic acid, 5:1)
Rf = 0.35. : |
Anal. calc'd. for c22H24n204s ¢ 0.4 CgH14:
C, 64.22; H, 5.95; N, 6.73; S, 7.70
Found: C, 64.38; H, 6.19; N, 6.27; s, 7.05.
20 Example 62

25 PN T - s _'.-- s -

A solution of the product from Example'li part

(£) (301 mg., 0.67 mmol.) in chloroform (9.5 ml.) was
cooled to 0 - 5° C. To this solution was added a

30 solution of meta-chloroperoxybenzoic acid (137 ng..,
0.79 mmol.) in chloroform (7 ml.). The reaction R
mixture was stirred at 0° C. under nitrogen. After 1
hour, TLC showed the absénée of starting material.
The reaction mixture was diluted with chloroform
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Anal, calc'd.- for [err] 0.03 H0: C. 60.86; H 5.36; N, 6.75; S, 7.73
Found: C, 61.08; H 5.68; N, 6.45; S, 7.51. - 102 - BasOphe 32 [err] A
solution of N[(1, 1-dinethyl ethoxy)- carb®hy+]-L-threonine (5.02 g., 22.9
mol .) in dry dinethylformam de (10 m .) was added dropw se over a period
of 30 mnutes to a cooled ([err] C) suspension of 60% sodi um hydride (1.93
g., 48.25 mmol., 2.11 eq.) in dry dinmethylformanide (40 m.). The reaction
was stirred at [err] until the frothing subsided (about 3.5 hours). The
reaction m xture was treated dropw se

(66 ml.), washed with dilute sodium bicarbonate
(2 x 13 ml.) (pH = 10), water (27 ml.) and dried over
sodium sulfate. It was filtered and concentrated in
wvacuo to a foamy solid. The foamy solid was flash
S chromatographed over Merck silica gel (30 ml.) with
ethyl acetate:acetonitrile (95:5) (400 ml.) to give
263 mg. of title product as a 55:45 mixture of
diastereomers (R,S mixture of sulfoxide).
. TLC(ethyl acetate:acetonitrile, 95:5) Rf = 0.23.
10 ~ * = -6-1(2- =1-.

A solution of the product from part (a) (263
mg., 0.56 mmol.) in methanol (3.4 ml., deoxygenated
15 via argon bubbling) was treated with 1N sodium
hydroxide (2.8 ml., 2.8 mmol., deoxygenated via argon
"_bubbling) and the clear solution was stirred under
argon at room temperature. After 2 hours, TLC showed
the absence of starting material. The solution'was
20 acidified with 10% potassium bisulfate (12.5 ml.),
diluted with water (17 ml.), and extracted with ethyl
acetate (3 x 60 ml.). The ethyl acetate extract was
washed with water (25 ml.), brine (50 ml.) and dried
over sodium sulfate. It was filtered and concentrated
25 to an oily residue. Treatment of this residue with
hexane and ethyl ether gave a solid (230 mg.). The
solid was flash chromatographed over Merck silica gel
(50 ml.), using ethyl acetate/acetonitrile/acetic
acid (50:50:6to7) (600 ml.) to give (142 mg.) of
30 solid. The solid (142 mg.) was dissolved in methanol
(2 ml.) and diluted with ethyl acetate (25 ml.). It
was washed with 10% potassium bisulfate (3 ml.) (pH =
2), diluted with water (8 ml.). The organic layer
- was separated. The agqueous layer was extracted with
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Wi th 1-fluoro-2-nitrobenzene (2.67 m., 25.2 mol., 1.1 eq.) over a period
of 20 minutes and stirred at [err] under argon for 2 howas998he reaction

m xture was then placed in the cold roemlpér¢] and stirred overnight. The
reaction mxture was poured into ice- water (500 m.) and extracted with
ethyl ether (2 x 200 ml.). The aqueous phase was brought to pH 1.0 with 6 N
hydrochloric acid (200 m.) and extracted with ethyl acetate (3 x 300 m.).
The conbi ned ethyl acetate extracts were washed with water (2 x 300 m .),
and. brine (300 m.), dried (anhydrous sodiumsulfate), filtered, evaporated

Lo dryness and dLiety! daRe.oToag o) Skl AR R AT o col e and
met hyl ene chlorldeetéM3)exﬁ¥kdh nishwhshed ciith iwketexet(Samdl. ) ( 2brjine95: 5 '
met hyl ene chlori ‘i‘?&ﬂf? h?@ie@%@e}ogbéigm%gffwé E™¥ 1tered and
concentrated to an oily residue. Trituration of this
5 residue with ethyl acetate/ethyl ether gave 102 mg.
of title product as a single isomer; m.p.
129 - 132° c. (foaming); [alp = -89.3° (c = 0.3,
dimethylformamide). TLC(ethyl acetate/
acetonitrile/acetic acid) Rf = 0.26.
10 Anal. calc'd. for C18H22N205S2.+ O. 12 C4H802
'0.56 H20:
C, 51.48; H, 5.62; N,6.49; S,14.87
Found: C, 51.32; H, 5.34; N,6.74; S,14.50.
Example 63
15 - 1000 tablets each contéining the following
ingredients: )

(s-(R*,R*)-2,3,4,5-Tetrtahydro-3-
[ (2-mercapto-1-oxo-3-phenylpropyl) -
amino] ~2-oxo-~ 1H-benzazep1ne-2-acet1c

20 acid _ - 200 mg.
Cornstarch ' | 100 mg.
Gelatin 20 mg.
Avicel (microcrystalline cellulose) 50 mg.
Magnesium stearate 5 mg.

% TS e

are prepared from sufficient bulk quantities by

mixing the product of Example 6 and cornstarch with
30 an aqueous solution of the gelatin. The mixturte is

dried and ground to a fine powder. The Avicel and

then the magnesium stearate are admixed with

granulation. This mixture is then compressed in a

tablet press to form 1000 tablets each containing 200
35 mg. of active ingredient.
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chl ori de: pet hanol : acetic acid (5 1.) gave 6.07 g. of title conpound. TLC
(met hyl ene chl ori de: met hanol : acetic acid, 100:5;0.5) Rf HAB938. -103-
[err] A solution of the product frompartl¥®)-(1.0 g., 2.94 mole) in dry
met hanol (20 m.) was treated with 10% pal | adi um on carbon catal yst (35
ng.) and hydrogenated at 40 psi for 5.5 hours. The reaction was not
conpl ete so an additional 50 ng. of 10% pal |l adi um on carbon catal yst was
added and the reaction m xture was hydrogenated for an additional 1.5
hours. The reaction mxture was filtered through a celite pad in a
mllipore unit, mashlngl;he pl%llar manner, tablets containing 200
mg. of the product of any of Examples 1 to 5 and 7 to
62 can be prepared. |
Similar procedures can be employed to form
5  tablets or capsules containing from 50 mg. to 500 mg.

of active ingredient.

This Sheet Has Been Rer
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with methanol. The—dark—t+tratewas evaporated to dryness and dried in
vacuo to give 0.856 of t|tIT E&ﬁduct as a dark solid. TLGA«wddyl ene

chl oride: nethanol mll "H'lz‘ 1:1) RL 349 16. [err] A solution of the
product from part

in dry dinethylformamde (6 m.)
was treated wth:l-ethyl-3-(3- d| met hyl am no- propyl ) carbodiimde (495 ny.,
2.58 mmol .) and stirred at roomtenperature for 3 hours. The reaction

nmxture was partitioned betGiAMScEOR CONTRACIING (FOTES:, ) AindBES00HAJdi REn DK,
bi carbonate solution (50 m.). The aqueous |ayer was sthab8t &iR,adf, IT,

extracted with ethyl acetate (2 x 50 m.). The conbi nebiloMgantilc, é‘iftr%ﬁctj% E.S
were washed with water (3 x 50 m.) and brine (50 nl.). dried (anhydrous

magnesi um sul fate), filtered, evaporated and dried in vacuo to yield a
1. A compound of the formula

() -

0
I
Ry =S == (CH;) y=C = C =X,

Rif/, ‘\hz

and such a compound in pharmaceutically acceptable salt
} form wherein:

I
R; is hydrogen, Rs—™C ™ , or R1g-s- ;
R2 and R19 are independently selected from
hydrogen, alkyl, cycloalkyl-(CHz)m-, substituted
alkyl, aryl-(CHz)p-, substituted
azyl (CH2)m-., and heteroaryl-(CH2)m~
: n is zero or one provided that n must be zero
when R2 and Rig are both other than hydrogen;
m is zero or an integer from 1 to 6;
Rz is alkyl, substituted alkyl,
cycloalkyl- (CH2)m-. a;‘yl- (CH2)m-, Substituted
aryl-{(CH2)m-, or heterocaryl-(CH2)m~ :
| R18 is alkyl, substituted alkyl,
cycloalkyl- (CH2)m-,aryl-(CH2)m-. ' - -
substituted aryl-(CH2)m-, heteroaryl-{(CH2)pm-
or -S-Ri8 completeé a symmetrical disulfide
wherein R1g is of the formula

(I1)
o]
|
- (CHy)g==C =~ C ~—X;
is Sheet Has Been Re laced R R, :
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crude yell ow solid. The crude product was chromatographed on a silica gel
colum(5 x 15 cm), eluting with 25% et hyl acetate/ hexane to give 568 ng.
of title conmpound as an off white solid. TLC (ethyl acetate: hexane, 1:1)
[err]= 0.47 - 104 - d)

(2R-ci s) - 3- [[(Exnethylethoxy)carbonylIanlno]1§ HAS99a

di hydr o- 2- net hyl - 4- oxo- 1, 5- benzoxazepi ne-5(2H acetic acid. ethyl ester A
solution of the product frompart (c) (319 ng., 1.09 nmol.) and et hyl
bronoacetate (151.3 [err]. 1.36 mmol., 1.25 eq. )'““_HTV‘TEtTahydfofuran (3

m.) was added to a cool ed [err]suspension of e (53 nmg.,
1.32 mol ., 1.21 eq., washed with ﬂ "'m”/

X1 is of the formula

(Irz)

0
~ TN (CH2)5—C ——cp,,

(Iv)

P N

(v)



hexane, 3 tines) in dry tetrahydrofuran (2 m.) over a period of 5 m nutes.
The reaction m xture was stirred at [err] for é hour and t henHA598aom
tenperature for 30 minutes. The reaction mi.xt T % was quenched with 25%
ammoni um chl oride solution (5 m.) and extracted with nmethylene chloride (2

x 20 m.). The conbi ned organics were washed with 25V*amﬂ=ﬁﬁ|—bkm—chl_au\
solution (10 m.) and brine (10 nl.), dried (anhy drouslﬁi’nem um sul f ate)

filtered. concentrated and dried in vacuo to y| el d 400 ”ﬂ,”"'” ,m”"l

product. TLC (ethyl acetate:hexane, 1:1) Rf 0. 55.
(S) - 3- Ani no- 3, 4- di QMF)o- 2- net hyl - 4- oxo- 1. 5- benzoxazenl ne-5 (2H'- alett c

acid, ethyl ester, hydrochloride salt /=8 Hydrochloric acid in di oxane -
(5.5 m., 22 rrm)le 20.8 eq.) vvasYad { he product frompart (d) (400
ng., 1.06 mmol.) cool ed tc?E[*gLr]/ The

R’/_l I
-y AN =€ —(CH)y=~C —0R,,

H i 7 ry .
o] Rip .
(VII)
Ré\ /Y4 .
e I
" R1° R11 '
0
(VIII)

A
o
-t
- Q
o
[+
1



resultant solution was stirred at [err] C for thirty mnutes, then at room
tenperature for 3 hours. The reaction m xture was rﬂmmuwm),mgm
concentrated with ethyl ether ( 3 x 10 m.) and drig sodi um
hydr oxi de pellets overnight to yield 350 ng. of title pcroduct"'. fLC

(met hyl ene chl ori de: methanol, 9:1) Rf _=_0.49. . - 1GBAS99merr] A suspension
of (S)-2-(acetyl- thio) benzenepropaﬁoﬂ-egati d, dicycl ohexylam ne salt (495
ng., 1.22 mol., 1.1 eq.) in ethyl acetate (30 mM.) was washed with 5%

pot assi um bisulfate (5 x 5 m.) and brine (10 m.), dried (anhydrous

magnesi um
(IX)
. ¥,
(CH,) ' \
§ {
d il Coor;;
(X)
Y3
\
-N .
|
B (o] OOR; 3
(XI)
IN- (CHy)
N.
) '
B -] COOR; 2
(XIX)
Y4
N ~R17 g
AN==C ==(CH;)p,™C—O0Ry;
=N ¢/ \ : . or
! " Rio Ry
- 4 0



sulfate), filtered, evaporated to dryness and dried in vacuo to give the
free acid as a clear syrup (278 ng.) in quantltatlveg%éﬁld This free acid

was di ssolved in dry nethyl ene chIQr pﬁ (10 m.) 98 [err] (ice-salt
e

bath) and treated with a sol ution of pr oduct fromp t—te) (ﬁuu -
t

1.11 nmmol .) in dry nethylene chloride (2 m.), follo : rie
(163 [err], 1.17 mmol., 1.05 eq.) and benzotriazol - 1-yl ox;y“mm*l uju'“,lll ,I!L
(d|nethylanlno)phosphonlun1hexafluorophosphate (515.5 ny

eq.). The reaction mxture was stirred at [err] for 1 hour then at room
tenperature for 3.5 hours. The reaction was not conplete by TLC so an

addi tional (x¥agnt of triethylamne (54 [err], 0.389 mmol.) and

benzotriazol - 1-yl oxytri s(di neth am no) phosphoni um hexaf | uor ophosphat e
(172 mg., 0.389 nmol .) wai,ad ap§l the reaction was stirred for 1
3 Ri13
/“ ]
=N (CH;) g=—C —0ORy,

e

! /‘T
O

R4 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, hydroxy. cycloalkyl
-(CH2)m-. aryl -{(CH2)m-, substituted aryl -(CH2)p-,
or heterocaryl -(CH2)m-; :

“-"” Rs is hydrogen, alkyl, substituted alkyl,
alkenyl, cycloalkyl-(CH2)m-, aryl-(CH2)m-,
substituted aryl-(CH2)m-. hydroxy, or R4 and Rs taken
together with the carbon to which they are attached
complete a saturated cycloalkyl ring of 3 to 7
carbons or R4 and Rs together with the carbon to
which they are attached complete a keto substituent:;

Rg. Rg and R1p are independently selected
from hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cyclocalkyl -(CH2)m-,
aryl-(CH2)m~-, substituted aryl-(CH2)pm-, and
heterocaryl- (CH2)m-: |

R7, R9 and R11 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloaikyl -(CH2)np~,
aryl-(CH2)m, and substituted aryl -(CH2)p-, or R¢ 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 complete a saturated
cycloalkyl ring of 3 to 7 carbons;



hour .
hydrochloric acid (2 x 10 m.),
(anhydr ous nmagnesi um sul fate),

crude product was chromat ographed on a
eluting with 20% et hyl acet at e/ hexane.
and concentrated, affording - 106 -

wat er <

The reaction m xture was concentrated to dryness,

filtered,

HASB@d with 0.5 N
Iv=), and brine (10 n.), dried

and evaporated—ffrfﬁjﬁﬁﬁﬁr—q%ﬁr——

silica gel colum
The desired frac l @h ‘!!Ed
378 ng. of pure t

(ethyl acetate:hexane, 1:1) Rf = 0.48. [err] A solution of the product from
part (f) (297 ng., 0.61 mmol.) in nmethanol (4 m.) was purged with
b is zero or one; '

g is an integer from 1 to 4;
r is one or two;
S is zero, one or two;
t is one, two, or three;
v is one or two;
w is one or two;
(?)s
Yl is 'CHZ" ‘(CHZ)Z" "(CH2)3'0 "0": —s - ’
(O)g
~CH2-0~-, or ~CH;=S - ;
(f).
Y2 is -CHp-, S , or O ;
'(r).
Y3 is -CH3- or S5 ™ ;
¥4 is -CH2-, -(CH2)2-, -(CH2)3-, -0-, or

-CH2-0- ;

Z is O or two Hydrogens:
R12 is hydrogen, alkyl, substituted alkyl,

aryl-(CH2)gm~-, substituted aryl-(CH2)m-,
heterocaryl- (CH2)m- .




argon for 30 mnutes, cooled to [err] (icgssalt bath) t hefAPP2at ed dr opw se
with a previously purged (argon, 30 m nut solution of 1.0 N sodium '

hydroxide (2.45 m ., 4 eq.) maintaining the bubbling _of argon throughout

the addition and |length of the reaction. The reaction mxture was stirred
at [err] Cfor 1 hour, acidified at [err] with 5%potmﬁmml|ﬂ““1u|| U(ZO
m.) to pH 1.5 and then extracted with ethyl acetate A -
combi ned organic extracts were washed with brine (25 nf*.) ¢ dfied (anhydrous
sodium sul fate), filt , 38V t e d i LN, vacugQ to
yield a glassy oil (S%ES@J'% ﬁ%ﬁg@%&deﬂogé%um, aé%s%%ﬁl?"ﬁtﬁét hyl ene
chloride (5 mi.)ower allgaled portionwi se with hexane (50 nl.), scratching
the mxture to forma goli gggﬁg ntcﬁ@r"?fiqf'gc he_sol i ds
triturated with nore hegéngs( .%)%%era'na' pent ane ~( iéy@f'ogﬂg'i' or

phenyl;

R1s is hydrogen, lower alkyl, lower alkoxy or

phenyl; _ '
R16 is lower alkyl or aryl-(CH2)m-:; and
R17 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl-(CH2)p-,
aryl-(CH2)m-., substituted aryl-(CH2)m-, or
hetercaryl- (CH2)m~.

2. A compound of Claim 1 wherein:

Q
I

Ry is hydrogen, Ra==C ==, or R1g-S-:

R3 is lower alkyl of 1 to 4 carbons or phenyl;

R18 is lower alkyl of 1 to 4 carbons;

n is zero or one;

R2 is aryl-CH2~, substituted aryl-CH3z-,
hetercaryl-CH2-, or straight or branched chain alkyl
of 1 to 7 carbons; and '

R1g is hydrogen.

3. A compound of Claim 2 wherein:

X1 is of formula III and

q is one or two:

R4 is hydrogen, methyl. or phenyl;

Rs is hydrogen;

Rg and R7 are both hydrogen or are both
methyl, or Rg is lower alkyl of 1 to 4 carbons, mono
substituted lower alkyl of 1 to 4 carbons, or alkenyl
of 3 to 5 carbons having one double bond and R7 is
hydrogen or Rg and R7 taken tdget:her with the carbon
to which they are attached complete a cycloalkyl of 3
to 5 carbors;

This Sheet Has Been Reilaced .

A

THIS SHEET M43 BEEN
REPLACED




100 m.), stirring with the first 100 m . of pentane for 4 hours and the
next 100 m . overni ght under argon. The pentane was dedi®fi%%h and the white

anor phous solid was dried in vacuo oveffB8gMt to give 240 ny., of title

product. TLC (2% acetic acid in ethyl acetate) Rf =_0.48;

[err] =-101.1 (c

= 1, nethanol). [err] - 107 - Exanple 33 Followi ng the procedure of

Exanpl e 32 but starting with allo-L-threonine, [err]ZHIIIHIl"l"l"l”ll,!"l!ll .

di hydr o- 3-[ ( 2- ner capt o- 1- oxo- 3- phenyl pr opyl ) am no] -
met hyl - 4- oxo- 1, 5- benzoxazepi ne-5(2H) -acetic acid was *

c

L

R10 and R11 are both hydrogen or one is
-hydrogen and the other is lower alkyl of 1 to 4

carbons;
b is zero or one; and

R12 is hydrogen or lower alkyl of 1 to 4

carbons; or
X1 is of formula IV and

r is one;
s is zero;

Rg is hydrogen, phenyl, or lower alkyl of 1 to

4 carbons;
Rg . is hydrogen:

Rg and R7 are both hydrogen or are both methyl
or Rg is lower alkyl of 1 to 4 carbons or phenyl and

R7 is hydrogen;

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4

carbons;
b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4

carbons; or
X1 is of formula V and
s is zero;
t is one or two;

Rg and R7 are both hydrogen'or are both methyl
or Rg is lower alkyl of 1 to 4 carbons or phenyl and

R7 is hydrogen;

R10 and Ri1 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4

carbons;
b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4

carbons; or
X1 is of formula VI and



obtained; [err] = [err] (c = 0.89, nethanol.) TLC (1% acd&A%9%xid in et hyl
acetate) [err] = 0.43. [err] A solution28d lydr oxyl am ne hydrochl ori de
(2.39 g., 34.33 nmmle, 1.1 eq.) in water (16 nm.) was added to a sol ution
of 1-benzosuberone (4.67 m ., 31.21 nmmole) in pyridine (9.0 m.) and

ethanol (16 m.). The reaction mxture was refl uxed (Hn
[err]) for 35 mnutes. The reaction nixture was cool e ,nmﬁmﬂ”mnnmt hyl
acetate (100 m.) and water (40 m.) and the layers wefe Separdted. The

aqueous |ayer was extracted with ethyl acetate (2 x 50 m.). The conbi ned
organi c extracts VWH6¥L%$ﬁe@:mﬁthOIhﬁﬁgdrochlor|c acid (3 x 100 m.), dried

IS Sore o g8l S Bt vgadtopancevg, o8 spugheain @ crude
4 carbons and R7 1s hydrogen,

R10 and Ri1 are both hydrogen or one is hydro—
gen and ‘the other is lower alkyl of 1 to 4 carbons;

b is zero; and

R12 is hydrogen or-lower alkyl of 1 to 4
carbons;. or

X1 is of formula VII and -

Y4 is -CH2-;

Rg and R7 are both hydrogen;

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons;

b is zero; and
R12 is hydrogen or lower alkyl of 1 to 4

carbons; or

X1 is of formula VIII and

Rg and R7 are both hydrogen or one is hydrogen
and the other is lower alkyl of 1 to 4 carbons; |

R1p0 and R11 are both hydrogen or one is
hydrogen ard the other is lower alkyl of 1 to 4
carbons; '

b is zero, and _

R12 is hydrogen or lower alkyl of 1 to 4
carbons; or _

X1 is of formula IX and

Vv is one or two;

w is one or two;

Y2 is S or CH2:; and _

R12 is hydrogen or lower alkyl of 1 to 4
carbons;

X1 is of'formula X and

Y2 is CH2;




chromat ography on 10 x 20 cm silica gel colum. El ution w hexane (21),
foll owed by 10% et hyl acet ate/ hexane (5 %gi afforded 4.4 S98R title

conpound as an off-white solid. TLC (10% ?nﬂ acet at e/ hexane) Rf = 0. 35.
[err] Concentrated sul phuric acid (8.8 m.) was added in one portion to a
suspensi on of the product - 108 - frompart (a) (4.33 g., 24.71 mol .)

in glacial acetic acid (4.4 m.). The tenperature rose to [err] and the™;
reaction m xture was heated to [err] (oil bath) for
reaction mxture was allowed to cool to roomtenperatu m,"mﬁmﬂmmemm

w is one of two; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons; or

X1 is of formula XI and

v is one or two;

Z is 0 or two hydrogens; and

R12 is hydrogen or - lower alkyl of 1 to 4
carbons;. or

X1 is of formula XII and

Z is O or two hydrogens;

R17 is lower alkyl of 1 to 4 carbons:;

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons;

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons; or

X1 is of formula XIIT and

Y3 is CH2 or S:;

R13 is hydrogen;

Rip and R1] are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons; :

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons

4. A compound of Claim 3 wherein:

R1 is hydrogen:;

n is zero;

R2 is benzyl, (2-thienyl)methyl, or straight
or branched chain alkyl of 1 to 5 carbons.

S. A compound of Claim 4 wherein:

X1 is of formula III and

q is two;

THIS SHEET HAS BEEN
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p————

poured into ice-water (100 ml.). The reaction m xture was adjusted to pH 11
with 10 N sodi um hydroxi de solution. The m xture was dapag9ed W th et hyl

acetate (250 nl.) and water (100 m .9 208 +he | ayer s—were—separatet—The

aqueous | ayer was extracted with ethyl acetate (3 x 100 The conbi ned
ethyl acetate extracts were washed with water. (150 muulﬂﬂﬂilmmﬂﬂltujm
m.), dried (anhydrous sodiumsulfate), filtered and neastidiyi el d
2.8 g. of title product. TLC (ethyl acetate) Rf = 0. 33" c

3.4.5. 6-Tetrahydr o- 3- brono- 1- benzazoci n-2(1H) -one A solution of the
product frompart (b) (8.31 g., 47.42 mmole) in chloroform (115 m.) was

cooled to [err], trR4taddwRshareodadolr dydrogerchl oride (11.36 g., 54.53
mlere’ arlgé&rsl €g. ) angle | Q"R (138 Bhoh Wk dERE Oissgrop{}ﬁ es at [err].

allyl or 2-hydroxyethyl and R7 is hydrogen;
b is zero; N
R10 and R1]1 are both hydrogen or one is

hydrogen and the other is methyl: and
R12 is hydrogen; or
X1 is of formula IV and
r is one;
b is zero;
s is zero;
Rg is nydrogen or phenyl:;

. Rg and R7 are both hydrogen or Rg is phenyl

and R7 is hydrogen; and
R9, R10. R11 and R12 are all hydrogen, or
X1 is of formula V
s is zero;
t is two;
Rg is phenyl and R7 is hydrogen;
b is zero; and
R10. R11 and R12 are all hydrogen; or
X1 is of formula VI
Y1 is CH2:;
b is zero; and
R6é., R7, R10. R11 and Ri2 are all hydrogen; or
X1 is of formula IX and
v is two;
W is one or two:
Y2 is S or CH2; and
R12 is hydrogen; or
X1 is of formula XI and This Sheet Has Been Replaced
TR
Z is two hydrogens; and
R12 is hydrogen.

‘THIS SHEET HAS BEEN
: REPLACED




yell ow reaction m xture was treated with brom ne (2. 92HH5994€6. 90 Mol e

1.2 eq.). warned to room tenperature-apgd7refl| uxed under argon for 3 5

‘hours. The reaction m xture was allowed to cool to roomtenperature and
added to ice-water (100 m.). The | ayers were separat m‘ﬂmﬂ orm
| ayer was washed with water (100 m.), dried over rrag(r%\ﬁmwm I

filtered and concentrated. The crude residue was recrystaldiZed" rém hot.
ethyl acetate affording 8.69 g. of title product. TLC (et hyl

acet at e: hexane, 1:1) Rf = 0. 36. - 109 - d)
3,4,5, 6-TetrahYdr o- & azi Alcohptreny af delaim2{ MHicbnis:A sol uti on of the product

frompart (c) (6.87 tg_(pw,r¥)]-2,3,4,5-tetrahydro-3-[ (2-mercapto-
1l-oxohexyl) amino] -2-oxo-1H-benzazepine-l-acetic acid;

[S-(R*,R*)]-2,3,4,5-tetrahydro-3~{ (2-mercapto-
l-oxo-4-methylpentyl]lamino] -2-oxo-1H-benzazepine-1-
acetic acid; _

{S-(R*,R*)]-2,3,4,5-tetrahydro-3-[ (2-mercapto-
l-oxo-3-phenylpropyl)aminio] -2-oxo-1H-benzazepine-1-
acetic acid;

[1s-[1la,9a(R*)}]]-octahydro-9-[[2-mercapto-1-
oxo-3-(2-thienyl)propyllamino] -10-oxo-6H-
pyridazino([1,2-a] [1,2)diazepine-l1-carboxylic acid:;

{1s-[{1la,9¢(R*)]]-octahydro-9-[ (2-mercapto-1-
oxo-3-phenylpropyl)amino] -10-oxo-6H-pyridazino(1, 2-
a)(1,2)}diazepine~-l-carboxylic acid:

[1s-[1c, 90 (R*)]] -octahydro-9~{ (2-mexrcapto-1-
oxo-3-phenylpropyl)amino] -6, 10-dioxo-6H-
pyridazino[1,2-al[1,2)diazepine-l1-carboxylic acid;

[4S-[4a,7a(R*),10aB]]-decahydro-7-[ (2~
meréapto-l-oxo-3-phenylpropyl)aminol-6-oxopyrido
{1,2-alazepine-4-carboxylic acid;

[3R-[3a, 6&(S*),9aB) ) -octahydro-6-[ (2-mercapto-
1-oxo-3-phenylpropyl)amino] -5-oxothiazolo(3,2-
alazepine-3-carboxylic acid;

[35-{1(R*),3a(R*),7B]]-hexahydro-a-methyl-3-

{ (2-mercapto-1-oxo-3-phenylpropyl) amino] ~2-oxo-7-
propyl-lH-azepine-l-acetic acid;

[6 (S)]-hexahydro-6-[ (2-mercapto-1-oxo-3-
phenylpropyl)amino]-2,2-dimethyl-7-oxo-1H-azepine-1-
acetic acid:; |

[3s-[3a(R*),7B]] -hexahydro-3-[ (2-mercapto-1-
‘oxo-3~-phenylpropyl)amino] -2-oxo-7-propyl-1K-azepine-
l-acetic acid; or :

This Sheet Has Been R ﬂ
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g., 27.03 mol e) and sodium azide (2.28 g., 35.14 rrrmI%A_?% g €q.) in
di met hyl sul foxide (130 m.) was stirr t_[err] (oil Da ? under argon for

5 hours. The reaction m xture was coorzg)oeato roomtenpe%_aﬁt_li[ﬂrld,mmd—‘
into cold water (400 m.) and stirred for 15 m nutes. e precipitate was
filtered, washing the solids with water (11.) and dried ' u““““[ﬁ 0
over drierite to give the title product. TLC (et hyl acetg‘mmuﬁ Rf
'= 0.63. e) 3-Azido-3.4.5.6-tetrahydro-2-oxo- 1- benzazoci ne- 4(2H) -*facétic
acid. ethyl ester A solution of the product frompart (d) (5.454 g., 25.22

mol e) and et hyl bronoacetate (3.5 .., 31.53 nygol 1.2 )_4in dry
" tetrahydrofuran (50[315.‘)[3\%@*3)@&3 k'&‘%&ﬁﬁ%ﬁ?’?ﬁEﬁ@ﬁg%r} of 60%
sodi um hydrt - ; - (DRBH PLh-hgxane (3 x 10
S0l um hydr 8ol -Blefy1ptlpll ) Bl 2 2k - (2opEOgeyLY
azepine-l-acetic acid.
7. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a compound of

the formula

o)
il
R, =5 — (CHy) g=—C = C —X;
\
Ry Ry

or a pharmaceutically acceptable salt thereof wherein
Ri, R2, R19, n, and X] are as defined in any preceding claim.

8. A process for preparing a compound of the
formula

o
i

R; =g = (CH3) y=—=C = C —X;

\
R R,

wherein R1, R2, R19, X1 and n are as defined in any-one
of Claims 1 to 6 which comprises

i
a) when R1 is hydrogen or Ry —C —
and R19 is hydrogen, coupling an

acylmercaptocarboxylic acid of the formula

(XIV)
i i
R3=C =S —(CH2)n —fﬂ —C ——OH

R



hydrofuraﬁn (15 m.) over a period of 15 minutes. The m'xturﬁhg?gasti rred at
[err] for 1 hour and then at room tenperal ygy for 30 mnutes. The reaction

-m xture was quenched with 25% anmoni um chl oride solution (100 m .) and
extracted with ethyl acetate (2 x 250 m.). The conbined ethyl acetate

extracts were washed with 25% amoni um chl ori de sol utio :
brine (100 m.), dried (anhydrous magnesi um sul f ate), fnmmmnulmulmﬂlll ;
concentrated to yield the title conpound as a yellow oil* 9LC (35%°et hyl
acet at e/ hexane) J[err] = 0.35. f) 3-Am no-3.4.5.

6- It et _rahyd][ o{ ﬁ oxeréaﬁtea]g:eawc@ai f(l:&:ﬁ*bg gmt ié‘czj.gi?gf ﬁsz:aaﬂ)zlgsatf% w%clt:
solutiron o e produc rom jpar e . . . Mol e I N apsol ute
ethanol (50 ni.) GR® REPEEBEﬁﬁFeS T-‘?G §°%E“1®96

(Xv)
H-X1

to give .the product of the formula
(XVI)

i i

Ry==C ===§ == (CH;) n = CH —C —X;
1
Ry

wherein R12 in the definition of X1 is an easily

removable ester protecting group followed by removal
0

of the acyl group R3=—C = and the R12 ester

protecting group: _ .
b) when R2 and R19 are both other than

hydrogen and n is zero, coupling the s_t_zbstit:ut_ed'
mercapto sidechain of the formula

{XVII)
H3CO H,C-S-C ~C —OH
/N |

Ris Rz

with the intermediate of formula XV to give the
compound of the formula



- 110 - treated with 10% pal | adi um on carbon catal yst (900 .) and
hydr ogenated at 45 psi for 5 hours, ven% Bg the Parr botHEB998ice in the
first 1.5 hours. The mixture was filt&r @& t Arough a nill.ipore unit, washing

t horoughly with ethanol. The clear filtrate was evapoLaLed_I—e}AwHess«and
dried in vacuo to afford 7.59 g. of the title roduct as a thlckﬁello

syrup. TLC (10% net hanol / met hyl ene chl ori de) Rf = 0. ﬁm“ﬂ“ll “H“m |“l r2-

(Acetyl thio) -1-oxo-3-phenylprpnyl] -
am nol - 3, 4, 5. 6-t et radydr o- 2- oxo- 1- benzazoci ne-1 (2H) - atet'i ¢ "aci d et hyl
ester A suspe%ﬂf (S)-2-(acetylthio)benzene-

'ugco—@— H,C-S-C ==C =X,
7\

Ris R2

~ followed by treatemnt with a strong acid to remove

the methoxybenzyl protecting group:
¢c) when R1 is -S-R18 and R1g is alkyl,

substituted alkyl, cycloalkyl-{(CH2)m~-, aryl-(CH2)m-.
substituted aryl-(CH2)m-, or heteroaryl-(CH2)m-,
reacting the product of formula I wherein Rj is
hydrogen with a sulfonyl compound of the formula
(XXT)

in an aqueous alcohol solvent; and
-d) when Ry is -S-R1g and Ri1g is

0

u .
— (CHy) y==C == C —X,

Rl/ \Rz

oxidizing the product of formula I wherein R is
hyd'_rogen with iodine.
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propanoi ¢ acid di cycl ohexyl am ne salt ( g., 5.18 mmiAS99al eq..) in
ethyl acetate (100 m.) was washed wit /opotaSS|um bi sulfate (5 x 25 n1 )
and brine (30 m.), dried (anhydrous magnesiumsul fate), filtered,
evaporated to dryness and dried in vacuo to give the fr

syrup (1.24 g.) in quantitative yield. This free acid mﬂ[ ﬂHjﬂHﬂLﬂHmry
nmet hyl ene chloride (45 m.), cooled to [err] (ice-salt bat

with a solution of the product frompart () (1 3 9., 471 mole) in dry

met hyl ene chloride (40 nh \e%?_%trle |l am ne (723 [err]., 5.18
mol ., 1.1 eq. nd benzot | azo -1 P |?T§PH no) phosphoni um
hexaf | uor oph e %@r@e 9., 518 mol., 1.1 eq.). The reaction m xture

was stirred at [err] for 1 hour then at room tenperature overnight. The
reacti on m xture was concentl{4at ed to

Rs
(CH) q Re
==C = (CH,) COOR
. / ~ (CHy)p 12
2 Rio Ry
0

wherein q is one or two, R12 is an ea;sily removable
ester protecting group, and R4, Rs,Rg,b, R10 and R11

are as defined in any one of Claims 1 to 6 which comprises
the following steps:

a) coupling a N-phthalimido-@-amino acid of
the formula

(XXIIT)
Rs

R¢— n::—cnzox

'.(cnz)q

and an amino acid ester of the formula.

(XXIV)

/\

Rio Ry

to give a peptidyl compound of the formula

This Sheet Has Been Replaced

THIS SHEET Has BEEN
HEPLACE




dryness, diluted with ethyl acetate (125 m.), washed w HASG9a N _
hydrochloric acid (2 x 25 nl.), water {Zl21<), and brw
(anhydrous magnesium sul fate), filtered, and evaporate 0 dryness

-111 - crude product was chromat ographed on a silica gel \m 5‘3
cm), eluting wwith 30 % ethyl acetate/hexane. The desi re m\

conbi ned and concentrated, affording 1.77 g. of. pure t|tle*c0‘rrpdun

m xture of diastereoisoners). TLC (ethyl acetate:hexane, 1:1) Rf 0. 39 h|
(2S)-3- [(2-Mercanto-1-oxo- 3-phenyl propyl)am no] -

3. 4.5.6-tetrahy8K¥) 2- oxo- 1- benzazoci ne- 1(2H) -acetic A sol ution of the
product frompart (g) (1.75

Rs
i

Rq— i:-—cazox

(cri;)q
N ===CH == —NH—C_(CHﬂb COOR;;
| R .
| o Rio Ry o

b) 'oxidizing the compound of formula XXV to
give an aldehyde of the formula

(XXVI)

Rs
| =
Ry~ C=——CmmQ

o (cgz,q

o Ro Ru
o

¢) cyclizing the aldehyde of formula XXVI by
treatment with a non-agqueous acid to give a
compound of the formula

Sheet Has Been Replaced
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I IA

- : - 213 - :
g., 3.62 mmole) in nethanol (25 m.) was purged with argon for 30 m nutes,

cooled to [err] (ice-salt bath) then treated dropw Se W th a previousty

purged (argon, 30 minutes) solution of 1.0 N sodium
eq.) maintaining the bubbling of argon throughout thqu ‘Jﬁﬁﬂmﬂlwgth
of the reaction. The reaction mxture was stirred at [er c

acidified at [err] Cwth 5% potassiumbisulfate (200 m.) to pH 1.5 and
then extracted w tdxtdn)l acetate (2 x 200 mi.). The conbi ned organic
extracts were washed with brine (200 m.), dried (anhydrous sodi um
sulfate), filtered, evaporated to drynessgnd dgied in vacuo to yield a
white foam (1.67 g.). The crude residue vvas‘di/ssol ved i n nethyl ene chloride
(10 m.) and treated portionwi se with hexa scratching the
mxture to forma solid. The supern§y

jt ant (\@g)de nte Gm:hﬁdﬂe sol i ds
(CHz)b
' , ' / ; and
o

d) a desired product wherein Rg is
hydrogen is obtained by treating the compound of
formula XXVII with a silyl hydride and a Lewis acid
catalyst followed by esterification of the carboxyl
group and subsequent treatment with hydrazine hydrate
to remove the N-phthaloyl protecting group;

a desired praoduct wherein Rg is
alkenyl or substituted alkenyl is obtained by
treating the compound of formula XXVII with an
alkenyl or substituted alkenyl silane in the presence
of a Lewis acid catalyst followed by esterification
of the carboxyl group and subsequent treatment with

~ hydrazine hydrate to remove the N-phthaloyl
protecting group;

a desired product wherein Rg is alkyl
or substituted alkyl is obtained by hydrogenation
of the corresponding intermediate wherein Rg is
alkenyl or substituted alkenyl; or

a desired  product. wherein Rg is other
than hydrogen, alkenyl, or substituted alkenyl is
obtained by treating the compound of formula XXVII
with the corresponding Rg containing aluminum or
titanium compound in the presence of a Lewis acid
catalyst followed by esterification of the carboxyl

. This Sheet Has Been. Reﬁlaced
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triturated with nore hexane (50 nml.) and pentane (2 x l@@g¥gq. Stirring
with the first 100 ml. of pentane for-42héurs and the next 100 mni.
overni ght under argon. The pentane was decanted and

The—wrﬂ—t—e—arrmrphvus*
solid was dried in vacuo overnight to give 1.388 g. '
m xture of diastereoisoners); m p. 107 - [err] C; Ilm Ii!lmﬂ “” 112
- (c = 1.0, nethanol). TLC (nethyl ene chl ori de: nethan

20:1:1) Rf = 0.44. Exanple 35 [4S- rda.7a( [err] r (2- mercapto 1- oxo-

3- phenyl pr opy%}__gm nol - 6 oxopyrido[ 1, 2-a] azepi ne-4- carboxylic acid
d subsequent removal of the N-phthaloyl

* protect:.ng group.

10. A process for preparing a compound
of the formula

N (CHy)
2 ¢
o .

COOR;2

or

("/ Y(Cliz)w

COOR;;

wherein w is one or two and R12 is an easily

removable ester Protecting group which comprises the
following steps:

a) coupling a N-phthalimido G-amino acid of
the formula '

(XXVIII)

N ==CH=-—COOH

o

is Sheet Has Been Re;ilaced
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a) (S)-2-Pnhthalimdo-4-pentenoic acid_ %qulohexylam|u§§§ﬁ%a/\hoaneneous
sol ution of (S)-2-am no-4- pentenoic aC| (2.988 g., 25.9 mmol ) and sodi-um
carbonate (2.600 g., 24.5 mol.) in water (55 m.) was
N—(carbethoxy)phthalanide (5.677 g., 25.9 nmol .). After
tenperature for 2.5 hours, the mxture was acidified Wltm !1 Himmm
acid and extracted with ethyl acetate. The ethyl acetat ed
with brine, dried (sod|un1sulfate) filtered, and stripped. The residue was
flash chronmat d 2% acetic acid et etate) and the

desi red produ%?egrg§%| i $REe s?fl B@d%%gﬁﬁiézeotroped with

t ol uene. -The' resi due was dlssolved I n ethyl ether, treated with 5.3 m. of
dicyclohexylaqkﬁﬁx?nd seeded. The resulting white

CH;-OH

P

HoN e CH — COOR;2

to give =zn alcohol of the fofmula

(o)

CH;-0OH
/c:x-zscn,
o CH, (CH,)

!

L 1]

0O H
0 '

b) oxidizing the alcohol of formula XXX to
the corresponding aldehyde which is then treated with

a non-aqueocus acid to give a compound of the
formula

: “This Sheet Has Been Reﬂ
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precipitate was collected by fitration, washed with ethyl ether, and dried

in vacuo to give 7.620 g. of pure title pr ct; mp. 196 HAB@Pa] C.; [err]
= [err] (c = 0.8, nethanol). TLC (5% aceti cid in ethyl acetate) Rf =
0.57. b) [S (R*.R*)]-2- [(2-Phthalim do-1-o0x0-4- -

pent enyl ) am no] - 6- hydr oxyhexanoi ¢ acid. nethyl ester A s| f

(S)-2-am no-6-hydroxyhexanoic acid (2.42 g., 16.4 mol e) lm‘lﬁuﬂluﬁ“ﬂ@mm
(60 mM.) was treated with gaseous hydrogen chloride untily ' an
to reflux. The honbgeneous sol ution - 113 - was then stirred at room
tenperature for (XXEburs. The solvent was stripped and the residue
azeot r oped

CH=CH
o) —
CH,
o ?
o COOR; ;

€) cyclization of the compound of formula

XXXI by treatment with t‘rifluoromethanesulfonic acid
foll.l.owe_d by reesterification and treatment with
sodium iodide to give a mixture of

- c
the formulas ompounds of

(XXXTT)
I
N=CcB_ C/N\/‘mz Y
il
o COORy;
and
o T

TTHIG SHEET HAS BEEN
" "REPLACED
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threg times with toluene to give crude (S% j4-ani no- 6- hy dHB#$Baxanoi ¢ aci d,
nmet hyl ester, hydrochloride salt as an oi This oil was dissolved in

di met hyl f ormam de (20 m.) and rrethyl ene chl oride (50_ndﬁ_)_and_i_£_eat_ed_w;th
4-met hyl norpholine (3.20 M., 2.94 g., 29.1 mmole). This m xture was

cooled to [err] and treated with (S)- 2phthaI|mdo4p H I’ JI
[obtained from7.0 g., 16.4 nmmole of the salt product ﬁmm MII a“'M I|
partitioning between 10% pot assi um bi sul fate and ethyl acet “at e]
nmet hyl ene chloride (10 m.), followed by solid hydroxybenzo- tri azol e (2.22
g., 16.4 mmol e) and et hyl-3-(3- di nethyl am no) propyl carbodiim de,
hydrochl ori de salt (3 458 greai:&xéhmmﬁ @he Afdmpoutd ré £ nﬁbﬁhui&”] for 0.5
hour and at ro eaction rt|t|oned
bet ween et hyl g‘?e: e an Sgéﬁaﬁéﬁ‘g g’IYGEﬁ:} '{9? acet ate
extract phthaloyl protecting group and give a compound

of the formula

N (CH:);
ﬁ/ Y : and/or
o)

Hp
COOR;2
e) treatment of the compound ~of formula

XXXIT with tris(trimethylsilyl)silane or tri-n-
butyltin hydride in the presence of a catalytic
amount of azobisisobutyronitrile to remove the iodo
group followed by treatment with hydrazine hydrate to
remove the N-phthaloyl group and give

a compound of the formula

11. A compound of any one of Claims 1 to 6 far use
as an ac’qive nharmaceutical substance.

12, Use of a compound of any one of Claims 1 to §
for the preparation of a medicament for inhibiting the
angiotensin converting enzyme and neutral endopeptidase.

This Sheet Has Been RTlace
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was washed successively with water, 50% saturated sodi umn'%lsggrabonate, and
brine, then dried (sodiumsulfate), filtered and stripped. The residue was
fl ash chromat ographed (Merck silica-yét8 ethyl acetate) to give pure title
conpound as an oil which solidified upon standing. The solid was triturated

with ethyl ether and hexane and coll ected by f||trat|o of
analytically pure title product 90 - r1] % 'ﬂlﬁuﬂglﬂh“‘ﬂa l“'
Y ehiorolorm . TLC ( e Pl FiR AUTRAE T NG SEATE 1 )ES

(2-Pht hal i m do- 1- oxo-4- pentenyl)am no] - 6- oxohexanoi c acid. nethyl ester A
-78 [err] solution of oxalyl chloride (1.38 m., 0.95 g., 7.5 nmmol.) in

nmet hyl ene chloride (70 m.) was treated dropwise with a solution of dry
REPLACEMENT SHEET

1. A process for preparing a compound of the

formula
(1) | 0
il
Ry —S§ — (CHy) y—C — C —X%
R \Rz
wherein

R; is hydrogen, Ri—™C~— , or Ri1s-s- :
R2 and R1g are independently selected from
hydrogen, alkyl, cycloalkyl-(CH2)m-, substituted
alkyl » aryl-(CH2)m-, substituted
aryl-(CH2)m-, and heteroaryl-(CH2)m- ;
n is zero or one provided that n must be zero
when R2 and R19 are both other than hydrogen;
m is zero or an integer from 1 to 6:;
R3 is alkyl, substituted alkyl,
cycloalkyl- (CHz)p~, aryl-(CHz)m-. substituted
aryl-(CHz)m=-, or heceroaryl-(CH2)m~- ;
Ri1s8 is alkyl, substituted alkyl,
cycloalkyl- (CH2)m~-,aryl-(CH2)m~-.
substituted aryl-(CH2)m-, heteroaryl-(CH2)m-
or -S-R1g completes a symmetrical disulfide
wherein R18 is of the formula
(II)

— (CHy) = C == C =X,



- 114 - dimethylsul foxide (2.20 m., 2.089g.. 25.6 mol .F*T1°%et hyl ene
chloride (2 m.). After 10 mnutes, the m xture vvas treated with a sol ution
of the product frompart (b) (5.04 g., 13.0 mol.) in net hI orlde
(15 m.). After an additional 10 m nutes, trlethylam ne (

and the m xture was 'stirred at [err] C for 5 m nutes, ﬂ”’

gradually to [err]. The mxture was partitioned betvveen e Q}l@’
ether and 0.5 N hydrochloric acid. The organi c extract was washed Wi
saturated sodi um bi carbonate and brine, then dried (sodiumsulfate),

filtered and-strippe e rystallized from et hyl
acet at e/ et hyl et her '([3!(}' -E’fr%e Sé}%#rp%ﬁ‘ﬁ?%? g. of title product as

R4 Rs’
Rg
(CH,) g . o)
Ry . . I'
N emee(CH, ) =C ==0R
- N / P \ 2’b 12
" Rio Rz ’
H
(IV)
(?). Re
s Ry
/ Re
(cnz ) r ﬁ
N
/
li' \C —-( CH,) b—c =OR;2 ,
-H o Rlo Rll .
(V)

(),

' Re

S | 0
S e

C/N -—c— (CH3)p—C—ORy;

/N :

n R 11
H o 10



a white solid. The nother |iquor was flaga0chronmatogr aph%%fs%%?er ck silica
gel, 6/4-ethyl acetate/hexanes) and crystallized to give an additional 184
ng. of product for a total of 4.751 g.; mp. 74 - [err]; [err] =[err] (c =
1.3, chloroform. TLC (ethyl acetate: hexanes, 6:4) Rf = 0.22. [err] nethyl

ester A solution of the product frompart (c) (3.657 g.,
trifluoroacetic acid (190 [err]) in nethylene chloride (7 ,m“lmm""ﬁr ,II'
refl uxed under argon for 1.5 hours. The cool ed m xture was *wash

di | ute aqueous{’di um bi carbonate, dried (sodiumsulfate), filtered and

stripped. The residue was fl ash ographed (Merck silica gel), 1:1

et hyl acetate: hexanes& to af{{ord g. of the title

S\C/
R;™
:-? /N-—C —(CH;3),—C —OR
i c -H2/ 12
N Ry; '
0] 10
(VII)
Y
R‘s\c/ 4 ' 0
-y N —C — (CH;) ,~C —OR
L 2 t2
g RlO Ri; ’

(VIII)




product as an oil/foam TLC (ethyl acetat&Zhexanes) Rf
[err] A solution of the product frompart (d) (1.427 g.
.) was added dropwi se to a Fi-xt-ur-e—of

nmet hyl ene chloride (8.8

HAS59%a
= 0. 50. - 115 -

3.87 mmol e) in

trifluoronethane- sulfonlc acid (2.2 m.) and tr,fluoronethanesul fonic

anhydride (210 [err]) at room tenperature.
stirred for 5.5 hours,

The bri ght: é/ljll tm I
then poured into ice water and

U,

acetate. The ety acetate extract was washed with brine, dried (sodium
sul fate), flltereJ and stripped. The_crude residue (predomnantly a m xture
of Yo
(CHy) \
' N
-N v Y
. I c”
. H L' COOR; 2

(X)
(XI1)
(XI1)
A
N./R17

/
N—C —(CH,)
~N c” /'\ 2!
| - ,, Rio  Ryy
H o}

0
i

b C ORp




car boxylic acids) was_dissolved in nmethanaol (3 m.) and ne‘%@?%%e chl ori de
(20 nl.) and treated with excess ethereal “@2azonet hane for. 25 minutes. The
excess di azonmet hane was renoved via argon bubbling and the sol vent was
stripped. The residue was dissolved in nethyl ethyl ketone (40 m.) and
treated with sodiumiodide (2.48 g.). After stirring at roomtenperature
for 1 hour, the mxture was partitioned between et hyl r
whi ch contained a small anmount of sodium bisulfite. THyﬂmuﬂmmmamwas
washed with brin Igf ed (sodiumsulfate), filtered;and stripped. sThe
resi due was flash chromat ographed (Meagk silica gel, 1:1 ethyl
‘acet at e: hexanes followed by 6:4 eth tate: hexanes) to give 1.125 g. of
title product as a white foam ¥ Risc = 0.7, chloroform. TLC '
(ethyl acetat e: hexanes, 6:4) o

I

-N N == e==(CH, ) y—C —O0OR
l C/ /\( 3)1, 12 ;
1 ‘I! Rip . Ru

R4 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, hydroxy, cycloalkyl
-(CH2)m~, aryl -(CH2)m-, substituted aryl -(CH2)p-.
or heteroaryl -(CH2)m-;

Rs is hydrogen, alkyl, substituted alkyl,

~ alkenyl, cycloalkyl-(CH2)m-. aryl-(CH2)m~-.
substituted aryl-(CH2)m-. hydroxy. or R4 and Rs taken
together with the carbon to which they are attached
complete a saturated cycloalkyl ring of 3 to 7
carbons or R4 and Rs together with the carbon to
which they are attached complete a keto substituent;

Rg. Rg and R1p are independently selected
from hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl -(CH2)m-.
aryl-(CH2)m~-, substituted aryl-(CH2)m-, and
hetercaryl-(CH2)m~; |

R7, R9 and R11 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,.
substituted alkenyl, cycloalkyl -(CH2)m-,
aryl- (CH2)m., and substituted aryl -(CH2)m-, 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 R9 taken together with the carbon
to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons;



In addition 206 ng. of [err] HAS99a
1,2,3,4,6,7, 8,1 Ga-oct ahydr o- 6- oxo- 7 pht hal i mdeszpysi do[ 1, 2- a] azepi ne,
4-carboxylic acid, nethyl ester was obtained and was triturat ed wi th ethyl

ether to a - 116 - white solid; mp. 162 - [err] C7; [err] =Terr] (c
0.8, chlorofornm. TLC (ethyl acetate: hexanes, 6:4) K
(4a.7a. [err])] -Decahydro-6-o0xo0-7-phthalimdo- pyri do—I[l II Hmil ;Hm“ l

4-carboxylic acid. nethyl ester A solution of the title praduct ®rosm pa
(e) (1.068 g., 2.15 mmole) and tris(trinmethylsilyl)- S|Iane (2.0 m., 806

ng., 3.2 nmmol.) in dry benzebeiglBepb. prvaneicated to [err] and treated
every 30 q is an integer from 1 to 4;

is one or two;

is zero, one or two;

is one, two, or three;

is one or two:

is one or two;

€ 4 n Ny

Yl is -CHZ"J -(CI{Z’Z-I ‘(CH2)3‘._'0-. -s - ’
(O)g

-CH2-0-, or ~CH=S = ,;

(|0).
Y2 is -CHz-, — 5™ , or o0 ;
(f).
Y3 is -CH3-or — 5 — ;
Y4 is -CH2-, -(CH2)2~, -{CH2)3-, -0-, or
-CH2-0- ;

Z is O or two hydrogens:

R12 is hydrogen, alkyl, substituted alkyl,
aryl-(CH2)m-, substituted aryl-(CH2)m-,
heteroaryl- (CH2 )~




mnutes wwth a catal ytic amount (2-3 ng) of - azobi si sobla‘zt“%/?%?\i trile.
After 3.5 hours, additional silane (400 [err%% was added and the reaction
was continued. After 5 hours, the slightly cloudy solutiomwas cooled to
room tenperature and concentrated. The residue was tri ' v
.ether and the resulting solid was collected by filtrat {Imﬂ}@ﬂmgﬂﬁum
thoroughly with ethyl ether affording 522 ng. of essen (] i _
"product. The nother |iquor was flash chronat ographed: (Merck silica gel,

et hyl acetate: hexanes, 1:1) to give an addition uct
for a total of 783 ny. 51310"’19@(8’?8 PRy oW e[raﬂli@l[err]é‘f@yélﬁ‘%gg
chloroform. TLE ﬂ,ewayl aak?tla,te hexanes, 1: 1) Rf .25. [err] The product
frompart (f) (786 ng. is hydrogen, lower alkyl. cycloalkyl, or

phenyl;
Ri5 is hydrogen, lower alkyl, lower alkoxy or

phenyl;

R16 is lower alkyl or aryl-(CH2)m-; and

R17 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl-(CH2)pm-,
aryl-(CH2)m=-, substituted aryl-(CH2)m-. or
heterocaryl- (CH2)m-

‘which comprises

0

a) when Ry is hydrogen or Rs—C —
and Ri9 is hydrogen, coupling an

acylmercaptocarboxylic acid of the formula

(XIV)
0 .
i | i

Ra



mi».-.-;‘“
mml e) in methanol (10 ni.) and nethyl éne%hioride (2.m.) was treated with
hydr azi ne nonohydrate (135 [err], 2.8 mml.) and the solution was stirred

at roomtenperature for 66 hours. The m xture was f| m"ﬁm lid
was washed with nethanol. The filtrate was stri pped, i ’ mnf

met hyl ene chl ori de, and - 117 - filtered again. -The fifl t tat® was swashed
with water and the aqueous | ayer was back extract ed w th net hyl ene
chloride. The p | ed é };I eng %hl or i g Xt racts dr| ed (sodi um

sul fate), £ 1t TR RCE RhE9qIPEm,P of 94?5199 e (XY wigh |

azapi ne- 4- car bosiye i intermedimatieybfegher formala
(xv)
H-X1

t:o. give .the product of the formula
(XVI)

| |

Ry=C —=8§ == (CH;) n —CH —C —X,
|
Ry

wherein R12 in the definition of X1 is an easily
removable ester procecténg group followed by removal

of the acyl group Ra—C — ‘and the R12 ester

protecting group;
b) when R2 and R19 are both other than

hydrogen and n is zero, coupling the substituted
mercapto sidechain of the formula

(XVII)
n;co—-@—n,c §-C =—=C -—on
_ 7\

Ris Rz

with the intermediate of formula XV to give the
compound of the formula



hwod9a
colorless oil. TLC (10% met hanol in nethyt e@@€chloride) Rf = 0.18. A cold
([err] C) solution of (S)-2- (acetylthio)benzenepropanoic acid [obtained
fromthe dicycl ohexylam ne salt as described previously, 524 ny., 2.33
mml . ), triethylamne (295 [err], 214 ng., 2.11 nmol.) and the above crude
amine in nethylene chloride (15 m . ) was treated with benzotriazol -1-
yl oxyt ri s(di et hyl ami no) phosphoni um hexa- fl uorophosphate (940 ng., 2.12

mol .). The sol utlon was stirred at [err] for 1 hour and "ﬂn"ﬂu
temperature for 2(XSLEE) The sol vent was stripped and th "mm,”m
partitioned bet ween et hyl acetate and 1 N hydrochloric aci'd. fThe of gani ¢

| ayér was washed successively with water, 50% saturat«:ﬁ sodi‘um bi car bonat e

and brine, then dried (sodiumsulfatg iltered and ri pped. The residue
was flash HyCO @ H,C-S-C —C —X;
7\

Ri9 R;

followed by treatemnt with a strong acid to remove
the methoxybenzyl protecting group:;

c) when R} is -S-R18 and R18 is alkyl,
substituted alkyl, cycloalkyl-(CH2)m-, aryl-(CH2)m-,
substituted aryl- (CH2)m-, or heterocaryl-(CH2)m-,
reacting the product of formula I wherein Ri1 is
hydrogen with a sulfonyl compound of the formula
(XXT)

in an aqueous alcohol solvent; and
d) when R; is -S-Rig and R1g is

o)

i

\

oxidizing t:he product of formula I wherein R} is
hydrogen with iodine.




chror’ra% ographed (Merck silica gel, ethyl acetate: hexanes, 1:1) to give 770

ng. of pure title conpound as a white foam TLC (ethyl

acet at e: hexanes)[err]= 0.27. A room tenpera e sol uti on of the
romoart (g) (755 . 170 mol,) [ et #RLE (s . ol mﬁ E" |H|||

argon bubbling) was treated - 118 - with 1 N sodi um hy
deoxygenated via-argon bubbling). After stirring for 3 hours the mxture
was acidified with 10%.AydrqQchloric acid, diluted with water and extracted
with ethyl acetate. Thefethyt aPEPERSS eRE Gdaimd Whareing th brine, then

dried (sodiumsulfate), filtered and stripped. The
. _ o

Ri is hydrogen, Ra—g_ , or R1g8-S-;
~ R3 is lower alkyl of 1 to 4 carbons or pPhenyl;

Rig is lower alkyl of 1 to 4 carbons;

n is zero or ocne; -

Rz is aryl-CH2-, substituted aryl-CHz-,
hetercaryl-CH2-, or straight or branched chain alkyl
of 1 to 7 carbons; and

R1e is hydrogen.

3. A process of Claim 2 wherein:

X1 is of formula III and

q is one or two:

R¢ is hydrogen, methyl, or phenyl;

Rg is hydrogen;

Rg and R7 are both hydrogen or are both
methyl, or Rg is lower alkyl of 1 to 4 carbons, mono
substituted lower alkyl of 1 to 4 carbons, or alkenyl
of 3 to § carbons having one double bond and R7 is
hydrogen or R¢ and R7 taken together with the carbon
to which they are attached complete a cycloalkyl of 3
to S carbors;



resi du!,\ was flash chromat ographed (Merck_ s'g%icg gel, 1% acB®3B%id in
ethyl acetate). The desired product fracti were stripped, azeotroped
three tines with ethyl acetate, taken up in a small anmount of ethyl acetate

and triturated with hexanes. The solvents were renoved
evaporation and the residue was again triturated with ﬂmﬂmﬂil“ !}HHIH and
dried in vacuo to afford 654 ng. of title product as a whi te @anor piso
powder ; [err] (c = 0.8, chloroform. TLC (2% acetic acid |n et hyl

acetate) Kf 0.51. [erg] f N ester dr ochl ori de
salt (2.718 g, 19.5 rrrml'srb‘aﬁl'1 Frit% ﬁgmﬁﬁlﬁt{%ﬁof RB? Beated with
4- et hyl norpholhmc(@'acam thé 8fher, i33lowamlalkyhbstirggdgat room

tenperature for d’ﬂges The m xture was then treated with
(S)-2-phthal i m do- 6-

2 is zero or one; and
Ri2 is hydrogen or lower alkyl of 1 to 4
carbons; or

X3 is of formula IV and

r is one;

s is zero;

Rg is hydrogen, phenyl, or lower alkyl of 1 to
4 carbons;

Rg is hydrogen;

R§ and R7 are both hydrogen or are both methyl
or Rg is lower alkyl of 1 to 4 carbons or phenyl and
R7 is hyérogen;

Ri0 and R1] are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons; _

b is zero; and

Ri2 is hydrogen or lower alkyl of 1 to 4
carbons; or _

X1 is of formula V and
s is zero;

t is one or two:
Rg and R7 are both hydrogen or are both methyl

or R¢ is lower alkyl of 1 to 4 carbons or pPhenyl and -
R7 is hydrogen;
| Ri1g and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons; _
b is zero; and

R1Zz is hydrogen or lower alkyl of 1 to 4
carbons; cr

X1 is of formula VI and




hydr oxyhexanoic acid (4.50 g., 16.2 mol. af% hydroxybenzotarz'\lsagzgoﬁe (2.225
and e

g., 16.5 mmvol.), cooled to [err] C, n treated

W th

et hyl - 3- (:3-di et hyl am no) - propyl carbodiimde, hydrochloride salt (3.438
g., 17.9 mmol . ). After stirring at [err] for 1 hour and at room t enperature

for 2 hours, the mxture was partitioned between et hyl
hydrochlorlc acid and subsequently extracted three tines

<R ) P

acetate. The pooled ethyl acetate extracts were washed i n*su€ce$ssi'bn Swi tth
wat er, saturated sodlun1p4c§§b nate, Gds xne then dried (sodi um

sulfate) filtered and strlp e ‘t0 glve 5. . -of title

product as a

colorless oil. TLC (et hy'TEaGEQaBQ) axe QFIBM‘HC’Q?B) Or\R6 is lower
(2-Phthal i m do- 1.AKHIOEMEXYLd 94y EatPor Wfld R7 is hydrogen;

%10 and 311 are both hydrogen or one is hydro-
gen and the other is lower alkyl of 1 to 4 carbons;

E is zero; and

Ri2 is hydrogen or’ lower alkyl of 1 to 4

carbons;. or
X: is of formula VII and
Y4 is -CH2-;
Rs and R7 are both hydrogen:;

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to ¢

carbons;
b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4

carbons; cor
X1 is of formula VIII and

Rg and R7 are both hydrogen or one is hydrogen
and the ctxher is lower alkyl of 1 to 4 carbons;

R:c and R1] are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4

carbons;
b is zero, and

R12 is hydrogen or lower alkyl of 1 to 4

carbons; c=
X1 is of formula IX and
v is one or two;
w is one or two;
¥2 is S or CH2; and

carbons; _
X1 is of formula X and
Y2 is CH2;

Rl1z is hydrogen or lower alkyl of 1 to 4



A [err] C solution of oxalyl chloride (kg6%~ nl., 2.43 gi.l?S:gLB.al mml .) in
nmet hyl ene chloride (50 m.) was treated dropwise with a solution of dry

di met hyl sul foxide (2.70 m ., 2.97 g., 38.0 mml.) in nethylene chloride (2
m.). After 15 minutes, a solution of the product frompart (a) (5.770 g.,

15.9 mmol .) in nethylene chloride (25 m.) was added & nal
15 minutes, the mixture was treated with trlethyl am ne‘z |m“ﬁ1“|ﬂ Imrred
at [err] for 5 minutes, then et warmto [err] C The r*esmIthgHmsxtu

washed with 1 N hydr @cmgr¢ﬁea§fdtﬁ@§i shdne, then dried (sodium sulfat e)

filtered and stripped,. The, r.e due yas flash _chr tq phed (Merck silica
gel, ethyl acetate: hé%eﬁs 3?e'l’ 8"3?19&?‘33 talitrr% onpound as a

col orl ess oi | carbongs S ans) - Tet rahydro 6- pht hal i m do- oxazol o[ 3, 2-
bl azepi ne-2. 5 (3H. §Ii|) i'éjié)f'eformula XI and

v is one or two;

Z is O or two hydrogens; and

Ri2 is hydrogen or lower alkyl of 1 to 4
carbens:. or

X3} is of formula XII and

Z is O or two hydrogens:;

R17 is lower alkyl of 1 to 4 carbons;

R1)5 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons;

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons; cor

X; is of formula XIITI and

Y3 is CH2 or S;

R1: is hydrogen;

Ric and R11 are both hydrogen or one is
hydrogen a=d the other is lower alkyl of 1 to 4
carbons;

b is zero; and .

Ri2 is hydrogen or lower alkyl of 1 to 4
carbons

4. A process of Claim 3 wherein:

R] is hydrogen:; '

n is zero;

R2 is benzyl, (z-thienyl)methyl or straight
or branched chain alkyl of 1 to 5 carbons.

S. A oprocess of Claim ' 4 wherein:

X1 is of formula IIT and

q is two; |



A solution of the product frompart (b) (5.16 g., 14.3 mol.) in
trifluoroacetic acid (40 m.) and chlorgform (160 nl .) ﬁ%ﬁﬂQ&ﬁluxed under

argon for 42 hours. The m xture was Toofed“to roomtenperature HA599a -
120 - and neutralized with saturated aqueous sodi-umbtcarbonrate—The | ayers

wer e separated and the aqueous | ayer was extrac e chloride.
The pool ed organic | ayers were washed with brin ﬂﬂ\m m sul fate),
and filtered through a short plug of silica gel, 1 et hyl
acetate: nethyl ene chloride. The filtrate was strlpped to give a solid

resi due. The residue was
X4 and Rs are both hydrogen;

R5 and R7 are both methyl or Rg¢ is propyl,
allyl, cr 2-hydroxyethyl and R7 is hydrogen;

b is zero;

R10 and R11 are both hydrogen or one is
hydrogen and the other is methyl; and

R12 is hydrogen; or

X: is of formula IV and

r is one;

b is zero;

s is zero;

Rg is hydrogen or phenyl;

Rg and R7 are both hydrogen or Rg is phenyl
and R7 is hydrogen; and

R9, R10, R11 and R12 are all hydrogen: or

X1 is of formula V

s is zero;

t is two;

Rg is phenyl and R7 is hydrogen:

b is zero; and

R10. R11 and R12 are all hydrogen; or

X1 is of formula VI

¥1 is CH2:;

b is zero; and _

Rs, R7, R10, R11 and R12 are all hydrogen; or

X] is of formula IX and

v is two;

W is one or two;

Y2 is S or CH2; and

R1z is hydrogen; or

X1 is of formula XI and

v is two;

Z is two hydrogens; and

R1z is hydrogen.



slurried in nethylene chloride and triturated gith ethyl etheHAS89%i ve
3.437 g. of title product as a white solid.“=m9< ferr] TLC (acetone: hexane,
1:1) Rf = 0.51. d) (3S-trans) -Hexahydro-3-phthalim do-2-0x0-7-(2-
propenyl) -1H azepine-1l-acetic acid A solution of the product from part (c)

ol 3§ n et hyl ene chior (de” (75 nT.) at T oom § emper at ulﬂlllﬂﬂllﬁ’lllﬂﬂﬁljﬂ’llllt "
stannic bromide (1.0 Min nethylene chloride, 16.5 m ., 6.5 nhol").® Af'ter

stirring at roomtenperature for 9 hours and then at [err] for 14 .hours
the mxture was quenched whth AatrEpceswl ofxélaim tduhgrein &heypragoet disg/ et hyl

and siripped 10 g1 ve o ol ortly (Rt RTS8, 8 SRR L Pt 2 nekcaRo™
1-oxohexy )am:.no] -2-oxo-11-1-benzazep1ne-1 acetic acid;

{S-(R*,R*)]-2,3,4,5-tetrahydro-3-[ (2-mercapto-
1-oxo-4-methylpentyl]lamino] - 2-oxo-m-benzazep:|.ne-1-
acetic acid;

[S- (R*,R*)]-2,3,4,5-tetrahydro-3- -[ (2-mercapto-
1-°xo-1-pqeny1propyl) aminio] -2-oxo-1H-benzazepine-1-
acetic acid;

(1Ss-{lc,9x(R*}]]-octahydro-9-[[2-mercapto-1-
oxo-3-(2-thienyl)propyl]amino] -10-oxo-6H-
pyridazino(1l,2-a] [1,2]diazepine-1-carboxylic acid;

(1s-[la,9x(R*)]]-octahydro-9-( (2-mercapto-1-
oxo-3-phenylpropyl)amino] -10-oxo-6H-pyridazino(l, 2~
al][1,2]diazepine-1-carboxylic acid;

' {1S-[1la, 9x(R*)]]-octahydro-9-[ (2-mercapto-1-
oxo-3-phenylpropyl)amino] -6, 10-dioxo-6H~
pyridazino{l,2-a][1l,2]diazepine-1l-carboxylic acid;

[4S-[4a, 7a(R*),10aB] ] -decahydro-7-[ (2~
mercapto-l-oxo-3-phenylpropyl)amino] -6-oxopyrido
(1,2-a]azepine-4-carboxylic acid;

[3R-[3a, 6a(S*),9aB] ] -octahydro-6-{ (2-mercapto-
1-oxo-3-phenylpropyl)amino] -5-oxothiazolo(3, 2~
alazepine-3-carboxylic acid;

{3S-{1(R*),3a(R*), 7] ] -hexahydro-ct-methyl-3-

[ (2-mercapto-1-oxo-3-phenylpropyl) amino] -2 -oxo-7-
propyl-1E-azepine-l-acetic acid;

[6(S) ] -hexahydro-6-{ (2-mercapto-1-oxo-3-
phenylprozyl)amino] -2, 2-dimethyl-7-oxo-1H-azepine-1-
acetic acid;

(3S-[3a(R*), 7811 -hexahydro-3-{ (2-mercapto-1-

oxo-3-pherylpropyl)amino] -2-oxo-7-propyl- II-I-azep:.ne-
l-acet:.c acid; or




chromat ographed (Merck silica gel, 2% aceti23&céd in ethyl acetggtae) to give
2.810 g. of the diastereonerically pure title conpound as a white foam TLC

(5% acetic acid in ethy[3ged3a R* R 78] 0 ~hexahydro~3cé(d-merchpto-1-
solution of the product frompart (d) (2.50_9., 7. | .) in pethanol (20
m.) - 121 aré)f‘%f Wﬂm&ntm%@%i*?r%f‘%@&m trhEreal

di azonet hane forg in £ %@ﬂ.s di azonet hane was destroyed by the
addi ti on of aceti%égci%w%n cteh-Eg'%so vent was renoved on the rotary

evaporator to give a yel 7ow Ri proteesoifor\@rddaiihg a compound

o n R ]

(CH,)q Re
N o= C == (CH, ) o COOR
. —N 2) b 12
2 Rio R
0

wherein g is one or two, R12 is an easily removable
ester protecting group, and R4, RS.Rg,b,R10 and Rij
are as defined in any one of Claims 1 to 6 which comprises
the following steps:

a) coupling a N-phthalimido-@-amino acid of
the formula

(XXIIT)
Rs

R;— f - CH,0H

(CHa) q

N == CH — COOH

and an amino acid ester of the formula

(XXIV)

7\

Ryp M

to give = pépt:idyl compound of the formula




chromat ogr aphed (Merck silica gel, 1:1-etiR34 aeetate:hexanggfgﬁg obtain the
product as a foam The foam was dissolved in hot ethyl ether containing a
little nethylene chloride, cooled, and seeded to give 2.072 g. of
crystalline title product. The nnther | i quor yielded an additional 262 ny.
of product for a total of 2.334 g.; m p. [err] C TLC (ethyl

acet ate: hexane, 1:1) Kf 0.29 A slurry of the crystalline product from

part Ce) (492 ny., 1.33 rrm)l ) in methanol (10 m.) was treated wth

hydr azi ne monohyd#&Ve (142 [err], 147 my., 2.93 mml.) and

briefly warmed to effect sol ublllzatlon of the starting rralmmmmm m’mm
stirring at room-tenperature for 18 hours, the mxture was diluted wt

net hyl ene chloride and filtered. T filtrate was stripped, slurried in

nmet hyl'ene chloride, filtered %‘q_'_st iﬁp&?zoa}gai nto

0 (CHz)q

{

N == CH == '—NH-?C-(CH )p— COOR;;

| o Rio Ry d

_ b) o:tidizing the compound of formula XXV to
give an aldehyde of the formula

(XXVT)

Rs
| =
Rg— cI:-—c =0

Q (csz)q

e NE e G ~—COOR
N—cn—]:l un/c\ {CHy) 12

Ryp Ry

A1)

(o)

€) cyclizing the aldehyde of formula XXVI by
treatment with a non-aqueous acid to give a
compound of the formula




give the crude amne (270 ng..) as a col o%}s £S3 oil. A collc?‘??g?r] C)
solution of the amne and (S)- 2 (acetylt

I'0) benzenepr opanoi ¢ acid

(obtained fromthe dicyclohexylam ne salt as descri bed "previousty:—287—ry-,

1.28 mmmol .

)

(172 [err],
tris(dinmethyl am no) phosphoni um hexaf | uor ophosphate (547

The cl ear,

in nmethylene chloride (12 m.) was treated

et hyl a
125 ng., 1.23 mmol.) followed by benzotri az\c/)\i M Dm,

nearly col orl ess - 122 - solution was stirred at [err]

one hour and theggggryoom tenperature for 2 hours. The m xture was

stripped,
The et hyl

t hen partitioned between et hyl

acetate extract

Rg
R‘\ /
(CHz) C ==0
(CHz)b
/ s and
d) a desired product wherein Rg is

hydrogen is obtained by treating the compound of
formula xxvn with a silyl hydride and a Lewis acid
catalyst followed by esterification of the carboxyl

group and subsequent treatment with hydrazine hydrate

to remove the N-phthaloyl protecting group:

a desired product wherein Rg is
alkenyl or substituted alkenyl is obtained by
treating the compound of formula XXVII with an

alkenyl or substituted alkenyl silane in the presence

of a Lewis acid catalyst followed by esterification
of the carboxyl group and subsequent treatment with
hydrazine hydrate to remove the N-phthaloyl

protecting group:
a3 desired  product wherein Rg is alkyl

or substituted alkyl is obtained by hydrogenation

of the corresponding intermediate wherein Rg is
alkenyl or substituted alkenyl; or

a desired product wherein Rg is other
than hydrogen, alkenyl, or substituted alkenyl is.
obtained by treating the compound of formula XXVII
with the corresponding R containing aluminum or
titanium compound in the presence of a Lewis acid
catalyst followed by esterification of the carboxyl

m ne

L

for

acetate and 1 N hydrochloric acid.



was washed successively with water, 50% saturated sodi umgasggonate and
brine. The solution was dried (sodium sul 236e), filtered and stri pped The
resi due was flash chronmat ographed (Merck silica gel, he

ester, 6:3:1) to give 352 ng. of title product as an 84:1
di astereorrers. This material was pooled with a simlarly |!ﬂm<ﬁ w’ |H”!IJ
product and the conbined material was purified by prepara

hi gh performance |iquid chromat ography (YMC SH 365-10 S-10 120A ODS, 30 x
400 mm col um, %%fp}gqra# Glgg nmet hanol / 34% water, 50 m/mn, detecting at
220nm title pr SUYSKIReRt remevaliof [ 6he] N=pb8halwyl ). The title
product was obtpFotEtting gmh.tgijess oil in 98.2%purity.

TLC(acet one: hexanes, 4: B6) Iﬁ @ room tenperature solution of the
pr oduct process or preparing a compound

of the formula

. N. (an)w
L
_ 0

COOR; 2

or

B, g/NY (CHy), -

COOR; ,

wherein w is one or two and R12 is an easily

removable ester protecting group which comprises the
following steps:

a) coupling a N-phthalimido G-amino acid of
the formula | |

(XXVIII)

CHE==CH
7~ 2
CH;

——

N == CH=-COOH



' _ HA599a _
frompart (f) (720 my., 1.61 mmol.) in mefRanel (12 m ., deoxygenated via

argon bubbling) was treated with 1 N sodi um hydroxi de (10 n1 ., deoxygenated
via argon bubbling). After stirring for 20 m nutes, thesolut+oen—was
acidified with 10% hydrochloric acid (5 n.) and extrac

acetate. The ethyl acetate extract was washed with wate lmm"mﬁ@mm
dried (sodiumsulfate), filtered and stripped to afford

material was flash chromatographed (Merck silica gel, 2-5%acetic acid -
123 - in ethyl WiEhate). cFamimoodcid cester rofghe agbigagaver e pool ed and

stripped, and the residue was azeotroped three tinmes with ethyl acetate.
The

(XXIX)

CH,-OH

P

(CHZ ) w.
~ HN~=———CH-—COOR;;

to give an alcohol of the formula

(XxXx)
CH,;~-OH
/CH=CH:
2 C'Hz (CHz)u

|
H H

o=qn

b) oxidizing the alcohol of formula XXX to
the corresponding aldehyde which is then treated with

4 non-aqueous acid to give a compound of the
formula |




.iesulti ng oil/foam was dissolved in a snmall anount of cht ate and
hen triturated with hexane to produce 3.ghite oil/foa m Xture was
stripped to dryness, slurried in hexane, stripped to dryness again, and

dried in vacuo to give 616 ng. of title product as a hard white foam
[err] =[err] (c = 0.63, chloroform. TLC (5% acetic acid in ethyl acetate)
Rf = 0.56. [err] A solution of the product from Exanpl elrlﬂﬂlﬁmgmﬂ ]
2.07 mmol .) in nethanol (10 nl.) and ethyl acetate (10 mﬁ”m
hydr ogenat ed (bal | oon) over palladium (10% on carbon, 62*nd.) tat"robm*
tenperature f?fﬂd??? hour. The m xture was filtered through Celite,
stripped, redissolved in ethyl acetate, filtered through a plug of silica
gel and stripped again to afford 780 ng. of title product as a

' /CH=CH;

CH,

\ I [\

’ o

|
(o) COORj2

c) cyclization of the compound of formula
' XXXI by treatment with trifluoromethanesulfonic acid
followed by reesterification and treatment with
sodium iodide to give a mixture of compounds of
the formulas

(XXXTIT)

(XXXTII)

' il H and
o) COOR;2



colorless oil. TLC (ethyl acetate: hexanes 1) Rf = 0.29IASS9%a 124 - [err]
\The product frompart (a) (774 ng., 2.07 :ﬁmr in nmethanol (8 m.) was
treated with hydrazi ne nonohydrate (222 [err], 229 r’rg———A——58—m°rD’r——)‘emd“the

sol ution was stirred at roomtenperature for 23 hour s.
diluted with 0.5 N hydrochloric acid (20 ni.)and stirr iu@ammm
hours. The solution was filtered and the filtrate vvas

acetate. The ethyl acetate extract was back-extracted once w th water and

t he pool ed aqueous | ayers were made basic with 1 N sodium

d) treatment of the compound of formula
XXKITT with hydrazine hydrate to remove the N-
Dhthalayl protecting group and give a compound
of the formula

(CH:)..,
E/ Y ; and/or

' | COOR;;

e) treatment of the compounds of formula
XXXIT with tris(trimethylsilyl)silane or tri-n-
butyltin hydride in the presence of a catalytic
amount of azobisisobutyronitrile to remove the iodo
group followed by treatment with hydraz:.ne hydrate to
remove the N-phthaloyl group and give
2 compound = of the formula

N (CH;)
HZN E/ Y w .
o]

COOR; 2



. -
hydroxi de. Extraction with nethylene.chloride (three tines) followed by ™~
dryi ng (sodium sul fate) and evaporation of the solvent &f# Hed the crude
amne (354 ng.,) as a colorless oil. Acold ([err] C) solution of this
crude am ne and (S)-(acetylthio)benzenepropanoic acid [obtained fromthe

di cycl ohexyl am ne salt as described previously, 344 ng., 1.53 mmol.) in

net hyl ene chloride (12 m.) was treated with triethylamne (214 [err], 154
ng., 1.53 nmol.) followed by benzotriazol-I -

yl oxytris(di met hyl am no) phosphoni um hexaf |l uoro- phosphate (679 ng., 1.54

nmml .). The clear, nearly col orl essRBHRAELon was stirred at [err] C. for

one hour and then at roomte atE e qoﬁgur. The m xture was
- stripped, then partitioned beﬁﬁéeﬁ—iﬁﬂi+—d§§%a%e and 0.5 N hydrochloric
aci d. The ethyl acet @ g RxhGRCLEMRRMESRAG18UCCessi vely with water,

o
i

Ry —8 — (CHy}y—C — C —X;4

Rl/ \Rz

are disclosed'as possessing inhibotory activity
against angiotensin converting enzyme (ACE)} and
neutral endopeptidase (NEP}) and thus being useful as
cardiovascular agents. Processes for preparing these
compounds are also disclosed. B



50% sat ur at ed sodi um bi car bonat e and bfine.
sul fate),

125 -

met hanol

(Merck silica gel, 6:4
product as a col orless oi
t enperature sol ution of the product ‘from partf
deoxygenat ed vi a argon bubbl
Af t €

(8.m.;

filtered and stripped. The residue was fl@gygghr oma
4- hexanes: acetone) to give 510 ng.
TLC (acet one: hexa

(6 n_, deoxygenated via argon bubhlji.ng) .

.solution was acidified with 10% hydrochloric
acetate extract was washed

acet ate.

The et hyl

The sol uti on was

Rgrafied "

L

U

of pure tit
0 Lg?g‘gssam E@m "
o e DR . 1 ol
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This invention is directed to novel compounds
possessing both angiotensin converting enzyme o
inhibitory activity and neutral endopeptidase
inhibitory activity and methods of preparing such

compdunds.

This invention is also directed to

pharmaceutical compositions containing such dual
inhibiting compounds or pharmaceutically acceptable
salts thereof and the method of using such

compositions.

(1)

o)
il
Ry =8 == {CH3) y~=C === C ==X,

\
Rl R2

The dual inhibitory compopnds of this
invention are those of the formula

and pharmaceutically acceptable salts thereof

wherein:

0
I

Ry —C —

R; is hydrogen,

. Or Rig-S- ;

R2 and R19 are independently selected from
hydrogen, alkyl, cycloalkyl-(CH2)p-, substituted

alkyl, aryl-(CHz)ym-., substituted

aryl-(CHz)m-, and heteroaryl=-(CHy)m~

n is zero or one pfovided that n must be 2ero
when R2 and R19 are both other than hydrogen:;

m is zero or an integer from 1 to 6;
R3 is alkyl, substituted alkyl.
cycloalkyl- (CH2)m~-, aryl-(CHz)nm-, substituted

—

This Sheet Has Bee,

W Illll! il Illl

REPLACEMENT SHEET

05 SEP 1996

5/ THIS SHEET HAS BEEN
-7 "REPLACED




water  and brine, then dried (sodiuumsulfate), filtered and stripped to
afford an oil. The material was flash chronat ographedaG®ack silica gel, 2%
acetic acid in ethyl acetate). The pTdﬁdbt-containing fracti ons were pool ed
and stripped, and the residue was azeotroped two tinmes with ethyl acetate.
The resulting oil/foamwas dissolved in a small anount of nethylene
chloride and then triturated with hexane to produce a white oil/foam The

m xture was stripped to dryness, slurried in hexane, stripped to dryness
again, and dried in vacuo to give 394 ng. of title product as a hard white
foam [err] #V)err] (c = 0.65, chloroform. TLC (2% acedic acid in ethyl
acetate) Rf = 0.47. [err] (0),

R
S § o
(CHy) ¢ Ry I
N —=C=—(CH;)~C—ORy;
E 0 Rig i -

(VI)

Y
_ Rs\c Va .
- .
Ry .
-N—k N —C ——(CHj,) —"
I!I c/ / ~ 2/b C ~0OR; > ,
il R Ry
o 10
(VII)
b4
Real 7 ¢ o
L u
1!1 e /< CHz)p=—C —OR;2
g Rio Ria ‘
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-126- EXAMPLE 38 {err] To a solution of thé product from Exanple 36(e) (700
myg. 1.89 mml.) in 5 m. of nethylene chloride, cotRBB89%0 [err], was added
a 75 m. portion of diazonethane/etﬁyr'ether sol ution (prepared according
to the procedure of Fieser & Fieser, Vol. I, p. 192), followed by 7 ny.
(0.03 mmol .) of palladiun(ll) acetate. The reaction m xture bubbl ed
violently and turned clear. After stirring for 10 m nutes an additional 25
m . of diazomethane/ethyl ether-solution was added to the reaction. The
reaction was stirred at [err] Cfor 50 mnutes, then filtered through

celite and ag9ncqpis Aled df neAEdakY19i(¥R,f,crude oil. The crude oil was
- flash Rig is alkyl, substituted alkyl,

cycloalkyl- (CH2)m~-,aryl~(CH2)m~-,

substituted aryl-(CH2)m~, heteroaryl-(CH2)m-

or -S-R18 completes a symmetrical disulfide

wherein R18 is of the formula

(II)
(o]
o "
= (CH3) g C = C ==X,
\
X4 is of the formula
{III)
Rq Rg
Rg :
(CHy)q 0
Ry “
N==—=C ~—=(CH, ) 3—C —OR;3
- N c/ / \ 2’b R
I | PR Ru
H
(TV)
(?). Re
. S 'Rg
/ Re
CH
( 2): R o
7 i
AN
—N C =———(CHp)y—C —OR12
| i V4
H Ryp Ra1
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chr omat ogr aphed (Merck silica, 50 x 150 nmm 1:2 et hyl ggetate/hexane) to
give 717 ng. of title product as a wh te foam [errTA% 3 solution of the
product frompart (a) (697 ng., 1.81 mmol.) in 8 m. of nmethanol, stirred
at roomtenperature, was added dropwi se 92 [err] (1.90 mmol.) of hydrazine
nonohydrate. The reaction was stirred at roomtenperature for 48 hours,
then filtered to renove the solid byproducts. The filtrate was concentrated
in vacuo, dissolved in nethylene chloride, refiltered and reconcentrated to
- 127 - givgvfxf{ude oil. The crude oil was dried under

-

Rg
Ry ﬁ
N «—C=—(CH;) p=—C —0OR
-~ C/ ~ A\ 27D 12
b - Rip Ru '
H 0

(IX)
Yo .
(CHy) \
(an)w
N
H | COOR; 2’
(X)
(XI)
z .
IN"' (CH,) .,
-~ = N ; :
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vacuumto give 441 ng. of crude amne as a white fo}a&rgr? Thi s crude foam was
used in the next reaction w thout fugther purificat 9815 3 col d ([err] ©
solution of 420 ny. (1.64 mol.) of This.crude anine and 384 ny. (1.81

mmol . of (S)-2-(acetylthio)benzenepropanoic acid (obtained fromthe

di cycl ohexyl am ne salt as described previously) in 10 m. of chloroform was
added 280 [err]. (1.97 mmol.) of triethylam ne. The reaction m xture was
stirred 30 m nutes, then 799 ng. (1.81 mml.) of ,

benzotri azol - 1-yl oxytri s(di net hyl am no) phosphoni um hexaf | uor ophosphat e was
added. The reaction was stirred at [err] C for 48 hours, then an additional

399 ng. (O. )mml .) of benzotriazol-1-yloxytris-
(di met hyl am™ri6)’phoi sphoni um hexaf | uor ophosphate and 4 drops of
triethylam ne were adde e reaction was stirred at [err] C. for an
additional 24 hou.rs, en N"R” ﬁ :
) N 7c —(CHp)p— C—OR12
-N \ . » QT
| " Ryo .  Ru
H o]
(XIII)
Ya—@-ﬁn
N ﬁ .
-N N —C—(CHj) y—C =—ORy
I!I . c/ / \ 2/b . ;
“ R_lg Rys

o)

R4 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, hydroxy, cycloalkyl
-(CH2)m-, aryl -(CH2)m-, substituted aryl -(CH2)m-.
or heteroaryl -(CH2)m-: '

R5 is hydrogen, alkyl, substituted alkyl,
alkenyl, cycloalkyl-(CH2)m-, aryl-{(CH2)m~., ‘
substituted aryl-(CH2)p-, hydroxy, or R4 and Rs taken
together with the carbon to which they are attached
complete a saturated cycloalkyl ring of 3 to 7
carbons or R4 and R5 together with the carbon to
which Qey are attached complete a keto substituent,

C==0

i.e., / ;

. 05 SEP 1996

REPLACEMENT SHEET |

sy apo—



partitioned between 50 m. ethyl acetate/50 m . 5% potassium bisulfate
solution. The water |ayer was separated and extract hS5#%h 2-25 n .
portions of ethyl acetate; the conbfn®d-ethyl acetate |ayers were washed
with 25 m. of 5% potassium bisulfate solution, 40 m. saturated sodi um

bi carbonate, 40 ml. brine, dried (magnesium sulfate) and concentrated in
vacuo to give a crude oil. The oil was flash -chromatographed (Merck silica.
gel, 50 x 200 nm 1:3 ethyl acetate/ hexane, then 1:2 ethyl acetate/hexane)
to give 678 ng. of title product as a white foam - 128 - purged with

argon for 30 mnut ¢ and aedl Ro! ArkCifdefendéndly Seldcterufs added
dropwise 6 m._of 1 _
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl -{(CH2)m-.
aryl-(CH2)m-, substituted aryl-(CH2)m-, and
heteroaryl- (CH2 )m-:
R7, R9 and R11 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl -(CH2)m-.,
aryl-(CH2)m, and substituted aryl -{CH2)m-, Or Rg and
R7 tdken together with the carbon to which they are
attached complete a saturated cycloalkyl ring of 3 to
7 carbons or Rg and R9 taken together with the carbon
to which they are attached complete a saturated
cycloalkyl ring of 3 to 7 carbons;
b is zero or one;
g is an integer from 1 to 4;
is one or two;
is zero, one or two;
is one, two, or three;
is one or two; .
‘is one or two;

g < 00 n

(O)s
Yl iS "CHZ" "(CHZ)Z-l "(CHZ)B"' -0-: -—s - ’
(O)g

~-CH2-0-, or ~CH=S = ;

(in.

Yz is -CHz-, — > , oro; .'REPLACEMENT SHEET
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sodi um hydroxi de, al so purged with argon for 30 m nutes and cooled to
[err]. The reaction was stirred at [err]. for 1 hour vﬁégbggnninuous ar gon
purging, then acidified to pH 1 with 2%pgotassi um bisultate solution. The
m xture was extracted with 3-80 m . portions of ethyl acetate; the conbined
ethyl acetate |ayers were dried (magnesium sulfate) and concentrated in
vacuo to give a crude oil. The oil was flash chromatographed (Merck silica
gel, 50 x 150 mm, 0.2% acetic acid/ethyl acetate) to give a white foam
The foamwas triturated from nethyl ene chlori de/ hexane to give 490 ng. of
title product as a white hard solid; [err] = [err] (C=1.0, [err]). TLC
(5% et hanol in net hy¥&nks ciRe-.de (GHa3 23, dr ofCH2keti ¢ did)oRf = 0.41.

Anal .calc'd. fofgjessr]; 0.50 H20: C, 61.00; H 7.07; N 6.77; S, 7.93

Z is O or two hydrogens;

R12 is hydrogen, alkyl, substituted alkyl,
aryl-{(CH2)m~. substituted aryl-(CH2)m-.
heteroaryl- (CH2)p-

. 0
o} )\
Il o) [o)
- clza-o-c-nls \ /
Ryg , or = CH; Ris .

R13 is hydrogen, lower alkyl., or substituted
lower alkyl:;

R14 is hydrogen, lower alkyl, cycloalkyl, or
phenyl; '

R1s is hydrogen, lower alkyl, lower alkoxy or
phenyl; -

R16 is lower alkyl or aryl-(CH2)m-; and

R17 is hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, cycloalkyl-(CH2)m~,
aryl-(CH2)m-, substituted aryl-(CH2)m-. OT
hetercaryl- (CH2)m~.

The term *alkyl®" refers to straight or
branched chain radicals having up to seven carbon
atoms. The term "lower alkyl" refers to straight or
branched radicals having up to four carbon atoms and
is a preferred subgrouping for the term alkyl.

The term *substituted alkyl® refers to such
straight or branched chain radicals of 1 to 7 carbons
wherein one or more, preferably one, two, or three,
hydrogens have been replaced by a hydroxy, aming.

'REPLACEMENT SHEET
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Found: C, 61.40; H, 6.75; N, 6.37; S, 7.75. Exanple 39 [err] Tin
tetrachloride (5.1 m., 5.1 mmol., 1 Mnethyl ene chHa5P88) was added
dropwi se to a solution of the product8 from Exanple 36 (e) (800 ny., 2.55
mmol .) and (2-cycl opentenyl)trinmethylsilane (2.85 g., 20.4 nmole) in

met hyl ene chloride (60 m.). The mxture was stirred at roomtenperature
for 18 hours then quenched by the addition of 100 ml. of water. 129 -
The m xture was extracted with 3-100 m. portions of ethyl acetate and
2-100 m . portions of ethyl ether; the conbined organic |ayers were washed

wi th 100 m ‘halo, trifluoromethyl, cyano} -NH(lower alkyl),
-N(lower alkyl)z, lower alkoxy, lower alkylthio or
carboxy.

The term *"substituted lower alkyl" refers to _
such straight or branched chain radicals of 1 to 4
carbons wherein one hydrogen has been replaced by a
hydroxy, amino, halo, trifluoromethyl, cyano,
-NH(lower alkyl), -N{lower alkyl)2., lower alkoxy,
lower alkylthio, or carboxy.

: 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. _

The term *substituted alkenyl® refers to such
straight or branched radicals of 3 ‘to 7 carbons
having one or two double bonds wherein a hydrogen has
been replaced by a hydroxy, amino, halo,
trifluoromethyl, cyano, -NH{lower alkyl),

-N(lower alkyl)2, lower alkoxy, lower alkylthio, or
carboxy.

The terms "lower alkoxy" and "lower alkylthio*
refer to such lower alkyl groups as defined above

attached to an oxygen or sulfur. ' 'REPLACEMENT SHEET
The term “"cycloalkyl®" refers to saturated 1
rings of 3 to 7 carbon atoms. 1 { O5 SEP 996

The term “"halo®" refers to chloro,_bromo.
fluoro, and iodo.

The term "aryl®” refers to phenyl, l-naphthyl,
and 2-naphthyl. The term "substituted aryl*® refers
to phenyl, l-naphthyl, and 2-naphthyl having a
substituent selected from lower alkyl, lower alkoxy,
lower alkylthio, halo, hydroxy, triflucromethyl,
amino, -NH(lower alkyl), or -N(lower alkyl)a, di- and

This Sheet Has Been R
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of brine, dried (sodiumsulfate) and concentrated in vacuo to give a crude
oil. The oil was flash chromatographed (Merck silica gel 0 x 100 mm 1:1
et hyl acet at e/ hexane then 2% acetic aci?lethyl acetateVAs? give 788 ng. of
(3S-trans)-7-(2- cycl opentenyl)hexahydr d- 3- pht hal i ni do- 2- oxo- | H
azepine-|l-acetic acid as a white foam A solution of this acid (768 ng.,
2.01 mmol.) in methanol (7 m.)/ethyl ether (10 m.) stirred at room
tenperature, was treated dropwi se with a solution of diazonethane/ ethyl

et her (prepared according to the procedure of Fieser & Fieser, Vol. |, p.
192) . The di azonmet hane/ ethyl ether solution was added until the reaction

m xture remai negdiyshbowd tuted shdiyab)| Iln@xafahaﬁsw Ehezmémfl@l/vas stirred 10

g} ngt gs '.thgp ;C%{g%ﬁg%?sﬂgl aﬁo Ihan reqlég C ged i(rénk\lemg{ %WI se addition

methoxy, methylthzo. halo, hydroxy, and amino.

The term “hetercaryl* refers to unsaturated
rings of 5 or 6 atoms containing one or two O and S
atoms and/or one to four N atoms provided that the
total number of hetero atoms in the ring is 4 or
less. The heterocaryl ring is attached by way of an
ayailable carbon or nitrogen atom. Preferred
heterocaryl 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 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 mono or bicyclic heteroaryl ring can
also be additionally substituted at an available
carbon atom by a lower alkyl, halo, hydroxy, benzyl,
or cyclohexylmethyl. Also, if the mono or bicyclic
ring has an available N-atom such N atom can also be
substituted by an N-protecting group such as

S R .

2,4-dinitrophenyl, lower alkyl, benzyl, or
benzhydryl. _
The compounds of this invention wherein Ri is

i

hydrogen or and R19 is hydrogen can be
prepared by coupling the acylmercaptc containing

sidechain of the formula
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solution was concentrated in vacuo to give a crude oil. The oil was flash
chromat ographed (Merck silica gel, 50 x 100 nm 1:2 eth%ksggetate/hexane)
to give 640 ng. of title product as a'whh%e_foan1 b) a
(3S-trans)-7-(Cycl opentyl ) hexahydr o- 3-

.pht hal i m do- 2- oxo- 1H- azepi ne- 1-acetic acid. nmethyl A solution of the
product frompart (a) (700 ng., 1.89 mmol.) in 5 m. of methanol was purged
with argon for 15 minutes, then 150 ny. (25% by wei ght) of 10% pal | adi um on
carbon was added. The reaction vessel was evacuated and filled with
hydrogen three tinmes and stirred under .hydrogen (1 atm balloon) for 5
hours. The react{®ov)m xture was filtered through - 130 -

0 o)
I I
Ry3=—C ——S —— (CH3), —~CH —C —OH
|

Ra

with the intermediates of the formula

(xv)
: H-X1 REPLACEMENT SHEET
to give the product of the formula ' _ 05 SEP 1996 |
. (xvI) '

0 I

. . I

Ra

wherein R12 in the definition of X; is preferably an
easily removable ester protecting group such as
methyl, ethyl, or benzyl. The above reaction can be
performed in an organic solvent such as dimethyl-
formamide and in the presence of a coupling reagent
such as benzotriazol-l-yloxytris{(dimethylamino) -
phosphonium hexafluorophosphate, l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide, dicyclohexyl-
carbodiimide, or carbonyldiimidazole. Alternmatively,
the acylmercapto carboxylic acid of formula XIV can
be converted to an acﬁivated form prior to coupling
such as an acid chloride, mixed anhydride,
symmetrical anhydride, activated ester, etc.

The product of formula XVI can be converted to
the mercaptan product of formula I wherein R; is
hydrogen and R12 is hydrogen by methods known in the




Celite; the filtrate was concentrated in vacuo to give 594 ng. of title
product as a white foam c¢) [err]

(acetylthio)-l-oxo-S-nhenyIpropyl]aninq&rZ oxo- 1H azgﬁPﬁg 1l-acetic acid,
nmet hyl ester A solution of the product ompart (b) in nmethanol was
treated with hydrazi ne nonohydrate according to the procedure descrlbed in
Exanpl e 38 part (b) affording crude (3S-trans)-7-

(cycl opent yl ) hexahydr o- 3- am no- 2- oxo- 1H azepine-1- acetic acid, nethyl
ester as a white foam This white foamwas treated with (S)-

(acetyl t hi o) benzenepropanoi ¢ aci d according to the procedure described in
Exanpl e 38 parart(.b) Fakf exdinpiet WhehiRi cgpmutigtl andaRg¢hess methyl) [err]

mer cant o- 1- °X°:3eE%§Hyk9 E%LAQHLQQL_%EéﬁgﬁéfiC sodium hydroxide
yields the product wherein R; and R12 are hydrogen
and when R3 is methyl and Ri12 is t-butyl treatment
with trifluorocacetic acid followed by ammonia yields
the product wherein Ri1 and R12 are hydrogen.
The compounds of this invention wherein both
R2 and Ri9 are other than hydrogen and n is zero can

be:prepared by coupling the substituted mercapto
containing sidechain of the formula

cho—@—xzc-s-c o .= OH
-\,

Rig Rz

(XVII)

with the intermediate of formula XV as described
above to give the compound of the formula

(XVIII)

PEPLACEMENT SHEET. -
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Ris R2

Treatment of the compound of formula XVIII with
strong acid such as trifluoromethanesulfonic acid
removes the methoxybenzyl protecting group and gives
the corresponding product of formula I wherein Ry is
hydrogen.



azepi ne-1-acetic acid A solution of the product frompart (c) in ethanol
was treated with 1M sodi um hydroxi de according to the ggggfdure of Exanpl e
38 part (c) affording.the title product 25 a white har #d; [err] =
[err] (¢ =1, [err]). TLC (5% net hanol t fret hyl ene chloride plus 3 drops
acetic acid) Rf = 0.39. Anal. Calc'd for [err] * 0.03 H20: C, 63.06; H,
7.23; N, 6.69; S, 7.65 Found: C, 63.25; H 7.25; N, 6.50; S, 7.55. -131-
Exanpl e 40 [err]

The substituted mercapto containing compounds
of formula XVII can be prepared by reacting the -
disubstituted carboxylic acid of the formula

(XIX)
0
-
HC—C ——OH
7 \
. Ri9 Ra
with bis([(4-methoxy)phenyllmethyl}disulfide in the
presence of lithium diisopropylamide. _
The products of formula I wherein X1 contains
a sulfoxide or sulfone can be prepared by employing
the intermediate of XV as the mercaptan, i.e., s is
zero, during the coupling reaction. The resulting
product of formulas XVI or XVIII is then oxidized
with a known oxidizing reagent such as meta chloro
perbenzoic acid, peracetic acid, or monoperoxy-
phthalic acid, magnesium salt hexahydrate, etc. By
controlling the amount of oxidizing reagent and the
time of the reaction, the products are cbtained
wherein s is one or two. ,
The products of formula I wherein R; is
hydrogen can be acylated with an acyl halide or
anhydride of the formula

(XX) o REPLACEMENT SHEET
' A 95 SEP 196
9 or —| o
[ Ra—C 73
R3"‘C—halO

wherein halo is Cl or Br to give other products of
formula I wherein R; is



A solution of the product from Exanple 9(b) (1.75 g., 7.67 nmmol.) in
tetrahydrofuran:t-butanol (2:1, 30 m.) was cooled to hgggh C. and treated
with ethyl acrylate (1.16 m ., 10.74 nngg 1.4 eq.) a 8h 1.0 N
t-butanol, potassiumsalt (767 [err]. 1 eq.). The reaction mxture was
stirred at [err] C. for 15 mnutes then at roomtenperature for 1 hour. The
reacti on was quenched with 25% amoni um chl oride (50 m.) and extracted
with ethyl acetate (2 x 125 nl.). The conbi ned organics was washed with 25%
ammoni um chl oride (50 m.), water (100 . m.), and brine (100 m.), dried
over magnesium sulfate, filtered and concentrated to yield a clear syrup.
The residue was purified by chromatography on a 5 x 15 cmsilica gel colum
eluting with 30% et hyl acetate/ hexane nhyxture. The desired fractions were
conbi ned and concentrated to afford 2.18 g. title product as a clear syrup.
TLC

R3™C —

The products of formula I wherein Ri is -S-Ri1g
and R18 is alkyl, substituted alkyl, substituted
cycloalkyl-(CE2)m~, aryl-(CH2)m-, substituted aryl-
(CH2)m- or heterocaryl-(CH2)m- can be prepared by
reacting the products of formula I wherein Rj is
hydrogen with a sulfonyl compound of the formula
{(XXI)

H3C——850; =S = Rus.

in an aqueous alcchol solvent to yield the desired
products. The compounds of formula XXI are known in
the literature or can be prepared by known methods,
see for example, Smith et al., Biochemistry, 14, p.
766 - 771 (1975). ' -

The symmetrical disulfide products of formula
I can be prepared by direct oxidation of ‘the product
of formula I wherein Rl is hydrogen with iodine as
note, for example, Ondetti et -al. U.S. Patent
4,105,776.

The ester products of formula I wherein Ri32 is

S )k REPLACEMENT SHEET |
- CH-0O-C-R;5 oOr ' ' -
: o | 05 SEP 199
l "'CHz—'\_-—-LR' . .




(ethyl acetate:hexane, 1:1) Rf = 0.38. ethyl ester The product from part
(a) (2.15 g., 6.55 nmole) was treated with 4 N hydroch%ggé& aci d/ di oxane
(30 M., 120 nmole) at.[err] C for 30 yynutes, then at Toom tenperature
for 2 hours. The reaction m xture was concentrated, stripped with ethyl
ether (twi ce), azeotroped with toluene (3 tines) and dried in vacuo for 5
hours affordi ng (S)-3-am no-hexahydro-2-o0xo-1H - 132 -

azepi ne- 1-propanoi ¢ acid, ethyl ester, hydrochloride salt. This am ne was
.them coupled with (S)- (acetylthio)benzenepropanoic acid in the presence of

can be prepared by treating the product of formula I
wherein R12 is hydrogen with a compound of the

formula
(XXII) _
o REPLACEMENT SHEET }
0 )k 05 SEP 1996
. (] o o
L-—-('ZH-O-C-Rls or \
J Rig L—-CH; Ris

-—

wherein L is a leaving group such as chloro, bromo,
or tolylsulfonyloxy.

The acylmercaptoalkanocic acids of formula XIV
are described in the literature. See, for example,
Ondetti et al. U.S. Patents 4,105,776 and 4,339,600,
Haslanger et al. U.S. Patent 4,801,609, etc.

The intermediates of formula XV are also
described in the literature or are obtained by
modifications of known procedures. For example, the
intermediates of ﬁofmula XV wherein X1 is as defined
in formula III are disclosed by Thorsett et al., J.
Med. Chem., 29, p. 251 - 260 (1988), Harris et al. in
U.S. patents 4,587,050, 4,587,238, 4,629,787 and
Yanagisawa et al. in U.S. Patent 4,734,410. The
intermediates of formula XV wherein Xj is as defined
in formula IV are disclosed by Yanagisawa et al., J.,
Med. Chem., 30, p. 1984 - 1991 (1987) and 31, p.

422 - 428 (1988), Karanewsky in U.S. Patent

4,460,579, Cheung et al. in U.S. Patent 4,594,341,
and Yanagisawa et al. in U.S. Patent 4,699,905. The '
intermediates of formula XV wherein Xj is as defined
in formula V are disclosed by Karanewsky in U.S.
Patents 4,460,579 and 4,711,884. The intermediates
of formula XV wherein X3 is as defined in formula VI




triethylam ne and benzoiri azol - 1-yl oxytris- (dinethylam no)phosphonium
hexaf | uor ophgepta =X el | N Exanple 31 part (c %ording the title
product.  TL( ' 5 wh§xahe, 1: % _Rf0.109. %%54 2 The product
frompart (b) 1§ 4reated wwth 1IN sodi um hydroxi de as descri bed
I n Exanmple 3 g the title product as a white foam [err]
= [err] (c =1{L.4, nmethanol).l {TLC (1% acetic acid in ethyl acetate) Rf =
0.27. Anal. | e—ct—fOT [err] * 0.17 H20: C, 58.83; H 6.67; N, 7.62; S
8.72 Found: 4 58.83; H_ 6,872 IN 7.33; S, 8.49. Exanple 41 To a solution
of L-phenyl al ahine, ethyl ester, hydrochloride salt (998 ng., 4.3 mmol.) in

di met hyl f or manané@ ¥{0isr-QHaMS -a@R] 24- of - (CH2)3-~ are disclosed
by Watthey et al., J. Med. Chem., 28, p. 1511 - 1516
(1985) and Watthey in U.S. Patents 4,410,520,
4,470,988, 4,473,575, 4,537,885 and 4,575,503 and
alsoc by Parsons et al., Biochemical & Biophysical
Research Comm., 117, p. 108 - 113 (1983) and in U.S.
Patent 4,873,235. The intermediates of formula XV
wherein X] is as defined in formula VI and Y1 is S or
o:are disclosed by Slade et al., J. Med. Chem., 28,
p. 1517 - 1521 (1985) and in U.S. Patent 4,477,464
and Itoh et al., Chem. Pharm. Bull., 34, p. 1128 -
1147 (1986) and 34, p. 2078 - 2089 (1986) as well as
Sugihara et al. in U.S. Patent 4,548,932 (Y is O) and
Katakami et al. in U.S. Patent 4,539,150 (Y is S).
The intermediates of formula XV wherein X is as
defined in formula VII can be prepared by reduction
of the corresponding intermediates wherein X1 is as
defined in formula VI. The intermediates of formula
XV wherein Xj is as defined in formula VIII are -
disclosed by Flynn et al. in U.S. Patent 4,973,585.
The intermediates of formula XV wherein X is as
defined in formula IX and Y2 is S8, -S0, or -SO2 are
disclosed by Harris et al. and Patchett et al. in
U.S. Patents 4,415,496 and 4,617,301, The
intermediates for formuia XV wherein X1 is as defined
in formula IX and Y2 is CH2 is disclosed by Thorsett,
Actual. Chim. Ther., 13, p. 257 - 268 (1986). The
intermediates of formula XV wherein X1 is as defined
in formula XI are disclosed by Attwood et al.,
Federation of European Biochemical Studies, 185, p.
201 - 206 (1984) and in U.S. Patent 4,512,994 and
Natoff et al., Drugs Of The Future, 12, p. 475 - 483
(1987). The intermediates of formula XV wherein Xi
is as defined in formula XII are disclosed by Huang




met hyl nor pholine (575 [err]., 529 ng, 5.2 mol.). After stirring at room
tenperature for 5 mnutes, the solution was cooled to gggé;?and treated

successively with (S)-2- phthalanldo 6-h
mmol . ), hydroxybenzotriazole (582 nyg.

Y8

roxyhexan0|c
3"mol .), and

1.002 g., 3.6

et hyl - 3- (3- di net hyl am no) pr opyl carbod||n1de hydrochloride salt (770 ng.,
4.0 - 133 - mmol .). The resulting m xture was stirred at [err] C for
0.5 hour and at roomtenperature for 1.5 hours. The sol ution was
partitioned between ethyl acetate and water and the organic extract was
washed successively with 0.5 N hydrochloric acid, water, 50% saturated

sodi um bi carbopat a1.anfl BrsDepatédd 4/d65l679. The intermediates
of formula XV wherein X1 is as defined in formula

XIII are disclosed by Bolos et al. in Tetrahedron,
48, p. 9567 - 9576 (1992).
The intermediates of formula XV wherein X3 is
as defined in formula III and q is one or two and R7
is hydrogen can be prepared according to the
following process which is also part of this

invention.

The N-phthalimido «-amino acid of the formula

(XXIII)

Rg

Ry— f“*ﬂhoﬁ

0

(CHz)q

N == CH -— COOH

and the amino acid ester of the formula

(XXIV)

H2N—7c ——(cnz) o COOR;,

Rio Ry

wherein R12 is an easily removable ester protecting
group such as methyl, ethyl, or benzyl are coupled to
give the peptidyl compound of the formula
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(sodiumsulfate), filtered and stripped to give 1.63 g. of essentially pure
title product as an oil/foam TLC (acetone: hexanes, 1:%% Rf = 0.30. b)

(R*) -N (2-Phthalinido-1.6-dioxohexyl)-t- phenyl al ani 59%§hyl ester A
[err] solution of oxalyl chloride (370 f rr]., 538 ng., 4.2 mmol.) in

nmet hyl ene chloride (10 m.) was treated dropwise with a solution of dry

di met hyl sul foxi de (610 [err]., 672 ng., 8.6 mol.) in nethylene chloride
(1.5 mM.). After 10 mnutes, a solution of the product frompart (a) (1l.616
g., 3.6 mol.) in nethylene chloride (10 m.) was added. After an
additional 15 mnutes, the mxture was treated with triethylamne (4.0
m.), stirred agxyerr] for 5 mnutes, then let warmto [err]. The resulting
white slurry was partitioned between 0.5 N hydrochloric acid and et hyl

acetate. The organic R
5
I

Ry (I'.' - CH,0H

9 (CHy)q
N ===CH ==C = NH = C=— (CH,)p ~ COOR12
I 2\
e 0 Rio Ru .

o)

This coupling reaction is preferably carried out in
the presence of a coupling reagent such as
benzotriazol-l-yloxytris(dimetlylamino)phosphonium
hexafluorophosphate or ethyl-3-(3-dimethyl-
amino) propyl carbodiimide.

The compound of formula XXV is oxidized such
as by treatment with oxalyl chloride and dimethyl-
'sulfoxide or tetra-n-propyl ammonium perruthenate and
N-methylmorpholine N-oxide to give the compound of
the formula

(XXVT) REPLACEMENT SHEET
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" =
Ry~ <l:—c =0

o (CHy) o

N —==CH -——C —NH 7c—(CH2)h—COOR12
Rio Rn
o}

20 The compound of formula XXVI is cyclized by
treatment with a non-aqueous acid such as



extract was washed wth brine, then dried (sodiumsulfate), filtered and
stripped. The residue was flash chronmatographed (Merckaghbica gel, 40:60-
acetone: hexanes) to afford 1.474 g.of tigtle product as an 3i | /foam TLC
(acetone: hexanes, 1:1) Rf = 0. 45. [err? - 134 - chloroform (205 m.) was
refluxed for 6 days. The solution was cooled to roomtenperature and
neutralized with saturated sodi um bi carbonate. The | ayers were separated
and the aqueous | ayer was extracted with nethyl ene chloride. The pool ed
organic |l ayers were washed with water, dried (sodium

trifluoroacetic acid, trifluoromethanesulfonic,

hydrochloric acid, etc., to give the compound of the
formula

(XXVII)

Ry, Rs
\/

(CHz)
/Hr (CHz)b
/
O Ryo

The intermediate of formula XV wherein Xj is
as defined in formula III and q is one or two and Rg
and R7 are both hydrogen can be prepared by treating
the compound of formula XXVI wiéh a silyl hydride
'such as triethylsilane, diphenylmethylsilane,
phenylmethylsilane, etc., and a Lewis acid catalyst
such as stannic chloride, titanium tetrachloride,
stannic bromide, boron trifluoride etherate, etc.,
followed by esterification of the carboxyl group and
subsequent treatment with hydrazine hydrate to remove
the N-phthaloyl protecting group. '

The intermediate of formula XV wherein X1 is
as defined in formmula III and g is one or two, R7 is
hydrogen, and Rg is other than hydrogen can be
prepared from the compound of formula XXIV. For
example, when Rg is alkenyl or substituted alkenyl of
3 to 7 carbons, treatment of compoﬁnd XXIV with an
alkenyl or substituted alkenyl silane in the presence
of a Lewis acid catalyst as exemplified above
followed by esterification of the carboxyl group and
subsequent removal of the N-phthaloyl protécting :
group as described above gives the desired | REPLACEMENT SHEET
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sulfate), filtered and stripped to give a dark yell oworange oil. The

resi due was flash chromat ographed (Merck silica gel, 9A 20@6ethyl
acetate in hexanes) to afford 3.075 g._ title produc as“a white foam
[err] A solution of the product from par (c) (1.40 g., 3.46 mol.) and
triethylsilane (4.4 m., 3.20 g., 27.5 mmol.) in nethylene chloride (42
m.) at roomtenperature was treated dropwi se with titaniumtetrachl oride
(1.0 Min nmethylene chloride, 7.0 M., 7.0 mmol.). The clear colorless

sol ution becane bright yellow upon the addition of titaniumtetrachl oride;
no precipitate resulted. After stirring for 66 hours, the m xture was
guenched with m@mermgddaegtratheda&kéﬂylﬂdqﬂetacaﬂgtbe Higdrogepatedet at e

extract was waghegive! Bhuahesirsd Dhidfnediate wherein Rg is alkyl
or substituted alkyl of 3 to 7 carbons. When Rg is
other than alkenyl or substituted alkenyl, treatment
of compound XXVII with the corresponding Rg
containing aluminum or titanium compound in the
presence of a Lewis acid catalyst followed by
esterification of the carboxyl group and subsequent
rgmoval of the N-phthaloyl protecting group gives the
desired intermediate.

The intermediates of formula XV wherein X1 is
as defined in formula IX or X, Y2 is ~-CH2- and v is
two can be prepared according to the following
process which is also part of this invention.

The N-phthalimido a@-amino acid of the formula
(XXVIII)

CH==CH;3
/
o CH,

N - CH-— COCH
0

is coupled with the a-amino acid ester of the formula

(XXIX)

CH,-OH

REPLACEMENT SHEET
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dried (sodiumsulfate), filtered and stripped to give an oil. Flash
chromat ography (Merck silica gel, ethyl acetate followﬁgéylngacetic aci d
in ethyl acetate) provided 870 ng. of_[gr] [err] acet Ad as a white
foam A cold (O [err]) solution of thisTacid (898 ng., 2.21 mmmol.) in

met hanol (8 ml.) and nethylene chloride (12 m.) was treated with excess

et hereal diazonethane for 5 mnutes. The excess di azonet hane - 135 -
was destroyed by the addition of acetic acid and the solvent was renoved on
the rotary evaporator to give a yellow oil. The residue was fl ash

chr omat ogr aphed

in the presence of a coupling catalyst as described
above to give the alcohol of the formula

(XXX)

CH,~OH
CH=CH;

O

CHa (CHa)

!

N —CH —-ﬁ: —li! ~— CH === COOR;2

o H :
o)

The alcohol of formula XXX is oxidized such as
by treatment with oxalyl chloride to give the
corresponding aldehyde which is then treated with an
acid such as trifluoroacetic acid or hydrochloric
acid to give the carboxylic acid ester of the formula
(XXXT)

CH=CH;

‘ CH, =N

N — CH— ﬁ— N (CH) W -

l (o) .
0 - COOR}2

Cyclization of the compound of formula XXXI
with a strong acid such as trifluoromethanesulfonic
acid followed by reesterification by conwentionalh
means and treatment with sodium iodide gives a
mixture of the compounds of the formulas

REPLACEMENT SHEET
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(Merck silica gel, 50 to 60% ethyl acetate in hexanes) affording 858 ng. of
title product as a white foam TLC (ethyl acetate: hexanes, 1:1) [rtt] =
0.30. A solution of the product frompart (d) in met hEASP93as treated with
hydr azi ne nonohydrate according to tﬁezﬁracedure of Exanple 36 part (f)
affording [ S-(R*, R*)] - hexahydr o- 3- am no- 2- oxo-[err] -

(phenyl nmet hyl ) -1 H azepi ne-1-acetic acid, nethyl ester as a pale yellow oil.
TLC (met hyl ene chl oride: acetic acid: methanol, 8:1:1) Rf = 0.60. A cold
([err] C) solution of this am ne was reacted with

(S)-2-(acetyl thio)benzenepropanoic acid in the presence of triethylam ne
and benzotri azghxttyyl oxytri s(di net hyl am no) phosphoni um hexaf | uor o-
phosphate according to the procedure of Exanple 36 (f) affording the title
product as a col orl ess

— CH
@:K(N CH‘c/ i
COORn

and

@N s c/ R
coonn )

Removal of the N-phthaloyl protecting group
from the intermediate of formula XXXIII as described
above gives the desired compound of formula XV
wherein X1 is as defined in formula X and Y2 is
-CH2~-.

(XXXIIT)

Treatment of the intermediate of formula XXXII
with tris(trimethylsilyl) silane or tri-n-butyltin
hydride in the presence of a catalytic amount of’
azobisisobutyronitrile removes the iodo group. The
N-phthaloyl group is subsequently removed as
described above to give the desired compound of
formula XV wherein Xj is as defined in formula IX, v
is two, and ¥2 is -CH2-. Similar procedure can be
employed to give the corresponding compound of
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oil/foam TLC (acetone: hexanes, 1:1) Rf = 0.54. f) [S (R.R*

)] - Hexahvdro-3- r (2-nercanto-1-o0xo- 3- HAS99
pheny!propyl)aninoI-2-oxo-[err]-(phenylgfthyl)-1FF azeplne-ﬁ:acetic acid A
sol ution of the product frompart (e) i met hanol was treated with 1N

sodi um hydroxi de according to the procedure of Exanple 36 part (Q)
affording the title product as a relatively hard white foam [err] = [err]
(c = 0.54, chloroform. TLC (5% acetic acid in ethyl acetate) Rf = 0.60.
- 136 - Anal.calc'd. for C24H28N204S * 0.31 H20: C, 64.61; H, 6.47; N,
6.28; S, 7.19 Found: C, 64.61; H 6.78; N, 5.89; S, 7.46

formula XV wherein X1 is as defined in formula IX, v
is one, and Y2 is -CH2-. |

Other procedures for preparing the
intermediates of formula XV appear in the examples.

The compounds of formula I contain one or more
asymmetric centers. Thus, these compounds can exist
in diastereoisomeric forms or in mixtures thereof and
all of such forms are within the scope of this

invention. The above described processes can utilize
racemates, enantiomers, or diastereomers as startihg'
materials. When diastereomeric compounds are
prepared, they can be separated by conventional
chromatographic or fractional crystallization

" methods. _'

The compounds of formula I wherein R12 is
hydrogen can be isolated in the ‘form of a
pharmaceutically acceptable salt. Suitable salts for
this purpose are alkali metal salts such as sodium
and potassium, alkaline earth metal salts such as
calcium and magnesium, and salts derived from amino
acids such as arginine, lysine, etc. These salts are
obtained by reacting the acid form of the compound
with an equivalent of base supplying the desired ion
in a medium in which the salt precipitates or in
aqueous medium and then lyophilizing.

The compounds of formula I are dual inhibitors
possessing the ability to inhibit both the
angiotensin converting enzyme and neutral endo-
peptidase. Thus, the compounds of formula I
including their pharmaceutically acceptable salts are
useful in the treatment of physiological conditions
in which either angiotensin converting enzyme
inhibitors or neutral endopeptidase inhibitors have
been showﬁ to be useful. Such conditions includg -
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Exanple 42 [err] a) 2.2-D nmethyl cycl ohexanone oxine A solution of

2, 2-di net hyl cycl ohexanone (8.960 g., 65 mmol.), pyridiggdgg. 0 m., 12.27
g., 155 mmol.), and hydroxyl am ne hydroghloride (10.30 g., 148 mmol.) in
absol ute ethanol (50 m.) was heated at [err] for 2 hours. The cool ed

m xture was partitioned between ethyl ether and water and the ethereal

| ayer was washed successively with 1 N hydrochloric acid and brine, then
dried (sodiumsulfate), filtered and stripped. The solid residue was

di ssolved in a small anmount of hot hexane and cooled to [err] C. to afford
6.801 g. of title product as white flakes; m p. [err] TLC (ethyl

acet at e; hexaneSardivasqullar- di sg@gse§) particularly, hypertension,

Hexahydr o- 3. 3- gbdd & e/ haaditT&alluré, O¥endit failure, and hepatic
cirrhosis, as well as analgesic activity. Diuresis,
natriuresis, and blood pressure reduction are
produced in a mammalian host such as man by the
administration of from about 1 mg. to about 100 mg.
per kg. of body weight per day, preferably from about
1 mg. to about 50 mg. per kg. of body weight per day,
of one or more of the dual inhibitors of formula I or
a pharmaceutically acceptable salt thereof. The dual
inhibitors of formula I are preferbly administered
orally, but parenteral routes such as subcutaneous,
intramuscular, and intravenous can also be employed.
The daily dose can be édministered singly or can be
divided into two to four doses administered
throughout the day.

| The dual inhibitors of formula I can be
administered in combination with human ANF 99 - 126.
Such combination would contain the inhibitor of
formula I at from about 1 to about 100 mg. per kg. of
body weight and the human ANF 99 - 126 at from about
0.001 to about 0.1 mg. per kg. of body weight.

The dual inhibitors of formula I can be
administered in combination with other classes of
pharmaceutically active compounds. For example, a
calcium channel blocker, a potassium channel
activator, a cholesterol reducing agent, etc.

The dual inhibitors of formula I or a
pharmaceutically acceptable salt thereof and other
pharmaceutically acceptable ingredients can be
formulated for the above described pharmacetical
uses. Suitable compositions for oral administration
‘include tablets, capsules, and elixirs, and suitable
compositions for parenteral administration include
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azepine A cold ([err] C) slurry of phosphorus pentachloride (32.50 g.,
156.1 mml .) in nethylene chloride (250 m.) was treatggkedd h a sol ution of
the product frompart (a) (7.353 g., 524 4mol.) in nethylene chloride (50
m.) over a 10 mnute period. The m xture was warnmed to roomtenperature
and chl orine gas was bubbled through the solution at 0.5 and 1.5 hours
after addition of the oxine. After a total of 3 hours, the m xture was
guenched with crushed ice (70 m.) followed by saturated sodi um bi carbonat e

(150 m .). Periodic cooling was - 137 - necessary. The biphasic m xture
was stirred . . i
sterile solutions and suspensions. About 10 to 500

mg. of active ingredient is compounded with
physiologically acceptable vehicle, carrier,
excipient, binder, preservative, stabilizer,
flavoring, etc., in a unit dose form as called for by
accepted pharmaceutical practice. '

Preferred compounds of this invention with
respect to the mercapto containing sidechain portion
of formula I, i.e.

$

0O
i
7 \
Ris Ry
include those wherein:
0
f

R1 is hydrogen, R3™C— , or Rig-s-,

R3 is lower alkyl of 1 to 4 carbons or phenyl,

R18 is lower alkyl of 1 to 4 carbons,

n is zero or one,

R2 is aryl-CH2-, substituted aryl-CH2-,
hetercaryl-CH3-, or straight or branched chain alkyl
cf 1 to 7 carboné. and '

R19 is hydrogen.

Most preferred are the above mercapto
containing sidechains wherein:

(o)

R1 is hydrogen or ¢ ST,  especially

hydrogen:;
n is zero; and
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vigorously at roomtenperature for 18 hours, then the |ayers were separated
and the nethylene chloride extract was washed with satyisalgd sodi um

bi carbonat e/ brine. The organic |ayer wag dried (sodiumsulfate), filtered,
stripped, and flash chromatographed (Merck silica gel, 2/8-ethyl

acet ate/ net hyl ene chloride). Fractions containing the desired product were
stripped and the residue was dissolved in hot nethylene chloride/ethyl
acetate and cooled to afford 5.152 g. of pure title product. The not her

| i quor was re-chromatographed (Merck silica gel, 1/9-ethyl

acet at e/ met hyl ene chl ori de to ive_an_ additional 2.054 %@'Qf pure pr oduct
for a total yield of R2 d@6 . $2-FBienyd mehlg)or Ht

acet at e: met hy|d’:n%r“a.|i'1|cﬁ"eﬁd%ha§:n9¥l 1708 136150@ carbons, espec1all
Hexahydr o- 3-chl oro-.7. 7- di net hyl - 2H azepi ne A sol ution of the product from

part (b) (7.1&®0ZYl. |
Preferred compounds of this invention with
respect to X1 include those of formula III wherein:
q is one or two;
R4 is hydrogen, methyl, or phenyl;
R5 -is hydrogen;

. Re¢ and R7 are both hydrogen or are both
méthyl, or Rg is lower alkyl of 1 to 4 carbons, mono
substituted lower alkyl of 1 to 4 carbons, or alkenyl
of 3 to 5 carbons having one double bond and R7 is
hydrogen or R¢ and R7 taken together with the carbon
to which they are attached complete a cycloalkyl of 3
to 5 carbons:;

- R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons;

b is zero or one; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons.

Most preferred are the above compounds of
formula III wherein:

q is two:

R4 and Rs are both hydrogen;

Rg and R7 are both methyl or Rg is propyl,
allyl, or 2-hydroxyethyl and R7 is hydrogen;

b is zero:

R10 and R11 are both hydrogen or one is
hydrogen and the other is methyl; and

R12 is hydrogen.

Preferred compounds of this invention with
respect to X1 include those of formula IV wherein:

r is one;
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g., 34.2 mol.) in glacial acetic acid (150 m.) was hydrogenated (ball oon)
over 10% pal | adi um on carbon catalyst (2.5 g.) for 1. 7adeegs. The mixture
was filtered through Celite and the solyg&nt was renoved by rotary

on. The residue was flash chromatographed (Merck silica gel,
acetate/ nethylene chloride) to afford i npure desired product as
an oily solid. The residue was treated with ethyl ether and triturated with
hexane to afford 2.845 g. of pure title product as a white solid. The
not her |iquor was re-chromat ographed (Merck silica gel, 3/7-ethyl
acetate/ nethyl ene chlorjde) to give 1.93 g. of additional pure solid
The solids wer¥s ¥d to give 4.775 g.of pure title product; m

evapor at i
3/ 7- et hyl

pr oduct .
p. 115 -

[err]

C. TLK3 (&3 iwdromgemt ehenyily| epelower alkyl of 1 to
4 carbons;

R9 is hydrogen;

Rg and R7 are both hydrogen or are both methyl
or Rg is lower alkyl of 1 to 4 carbons or phenyl and
R7 is hydrogen;:

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
cﬁrbons: '

b is zero:; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons. . ’

Most preferred are the above compounds of
formula IV wherein: '

Rg is hydrogen or phenyl;

Rg§ and R7 are both hydrogen or Rg is phenyl
and R7 is hydrogen;

R10, R11 and R12 are all hydrogen.

Preferred compounds of this invention with
respect to X1 include those of formula V wherein:

s is zero;

t is one or two;

Rg and R7 are both hydrogen or are both methyl
or Rg is lower alkyl of 1 to 4 carbons or phenyl and
R7 is hydrogen; -

R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons;

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons.

Most preferred are the above»compoundé.of
formula V wherein: ’
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- 138 - d) Hexahvdro-3-azido-7.7-dinethyl-2-oxo-2H azepine A slurry of the .,
product frompart (c) (4.670 g., 26.6 mml.) and sodi 82ade (4.360 g.

67.0 mml .) in dry dlnethylsquOX|de (3090~ .) was heated at [err] C. for 6
hours. The solution was cooled to [err] and treated with 175 m. of ice '
cold water. The resulting snow white precipitate was col |l ected by
filtration, washed with water and dried to give 2.37 g. of pure title
product. The filtrate was extracted with ethyl acetate and the organic
extract was washed twice with water and once with brine, then dried (sodium
sulfate), filtered agd Sted Qged Trituration of the residue with ethyl

et her and hexane affor % . of additional product. The isol ated
sol i ds were pool ed t%ﬁg%§épae@@# de(ﬁ7[i§wpydrogen. and

R10. R11, and R12 are all hydrogen. _

Preferred compounds of this invention with
respect to X1 include those of formula VI wherein:

Y1 is O, 8, or CH3:; _

Rg and R7 are both hydrogen or Rg is lower
alkyl of 1 to 4 carbons and R7 is hydrogen;

R10 and R11 are both hydrogen or one is hydro-
géﬁ and the other is lower alkyl of 1 to 4 carbons;

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4
carbons. |

Most preferred are those above compounds of
formula VI wherein: ' '

Y1 is CH3;

Rg and R7 are both hydrogen, and |

R10, R11, and R12 are all hydrogen.

Preferred compounds of this invention with
respect to X1 includes those of formula VII wherein:

Y4 is -CH2-;

Rg and R7 are both hydrogen:

R10 and R1]1 are bgth hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons, especially where both are hydrogen;

b is zero; and

R12 is hydrogen or lower alkyl of 1 to 4

- carbons, especially hydrogen.

Preferred ‘compounds of this invention with
respect to X1 include those of formula VIII wherein:

Rg and R7 are both hydrogen or one is hydrogen
and the other is lower alkyl of 1 to 4 carbons;
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title product; m p. 98 - [err] C TLC (ethyl acetate: hexane, 75:25) Rf =
0.51. e) Hexahvdro-3-[[(1.1-dinethylethoxy)carbonyl] gas99a

am nol - 7. 7- di et hyl - 2- oxo- 2H azepi ne -A2gol-uti on of the product from part
(d) (3.469 g., 19.0 muol.) in nethanol (80 m.) was hydrogenated (balloon)
over 10% pal | adi um on carbon catal yst (850 ng.) for 1.5 hours. The m xture
was filtered through Celite and the solvent was renoved by rotary
evaporation. The residue was evaporated once from nethylene chloride to
afford the crude amine as a white solid. The solid was redissolved in

chl orof orm and treated successively with triethylamne (2.65 m., 1.92 g.,
19.0 mol .) and di- ®a0 886 RL1JAEEr Bekat ydmpasi oF v i Ml . ). After

stirring at rogéroy@Rchallutfel 8EhdrNOsr 1owdte B! ig¥n 1w atripped and the
residue was tgéﬁﬂ%%%?deggggially-where both are hydrogen;
b is zero, and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
Preferred compounds of this invention with
respect to X3 include those of formula IX wherein:
v is one or two, especially two;
w is one or two;
Y2 is S§ or CH2; and
R12 is hydrogen or lower alkyl of 1 to 4 .
carbonsg, especially hydrogen. :
Preferred compounds of this iqvén:ion with
respect to X1 include those of formula X wherein:
Y2 is CH2;

w is one or two, espeéially two; and
- R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
Preferred compounds of this invention with
respect to Xi include those of formula XI wherein:
v is one or two, especially two:
Z is O or two hydrogens, especially two
hydrogens; and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
| Preferred compounds of this invention with
respect to X1 include those of formula XII wherein:
Z is O or two hydrogens, especially O;
R17 is lower alkyl of 1 to 4 carbons,
especially methyl; _
Ri10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
carbons, especially where both are hydrogen;;
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ethyl acetate/ethyl ether to afford 2.668 g. of title product as a white
solid. The filtrate was fl ash - 139 - chromat ograptabq9érck silica gel
2/ 8-ethyl acetate/nethyl ene chloride)-1t29 @i ve additional pure product which
was pooled with the above solid to give a total of 4.082 g. of pure title

product; m p. 156 - [err] C. TLC (ethyl acetate:nethylene chloride, 2:8)
Rf = 0.26. A roomtenperature solution of the product frompart (e) (3.512
g., 13.7 mmol.) in dry tetrahydrofuran (110 m.) was treated with lithium
hexamet hyl di si |l azane (1.0 Min tetrahydrofuran, 21 m., 21 nmol.) followed
by -et hyl bronpacet ateb(iSS. Ozero: and
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
Preferred compounds of this invention with
respect to X3 include those of formula XIII wherein:
Y3 is CH2 or S, especially CH32;
Ri3 is hydrogen:
R10 and R11 are both hydrogen or one is
hydrogen and the other is lower alkyl of 1 to 4
cafbons, especially where both are hydrogen:;
b is zero; and ,
R12 is hydrogen or lower alkyl of 1 to 4
carbons, especially hydrogen.
The following examples are illgstrative of the
invention. Temperatures are given in degrees
centigrade.

A solution of (1R,2S8)-(-)-ephedrine (17.3 g.,
105 mmol.) in diethyl ether (175 ml.) was added in
one portion to a solution of 2-[(acetylthio)-
methyl]lbenzenepropanoic acid (50.0 g., 210 mmol.) in
diethyl ether (175 ml.). After standing at room
temperature for 16 hours, the crystallized ephedrine
salt was collected by filtration (19.7 g.); m.p. 114
- 125°%; [a]lp = -40.6° {(c = 1, methanol). An
additional amount of solid (8.9 g.., m.p. 121 - 126°;
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m., 4.52 g., 27.0 nmol .). After 20 m nutes, additional |ithium
hexanet hyl di sil azane (21 m.) was added fol |l owed by aruagffidional 1.5 ni.
of ethyl bronoacetate. The dark orange 3plwution was stirred at room
tenperature for an additional 30 m nutes, then quenched by the addition of
sat urated anmmoni um chl oride and water. The m xture was extracted w th-ethyl
acetate and the organic extract was washed with brine, dried (sodium
sulfate), filtered, and stripped to give a dark oil. The residue was flash
chromat ogr aphed (Merck silica gel, 35 to 50%ethyl acetate in hexane) to
give 1. 363 g. of pure t|tIe product as a pale yellow oil. TLC (ethyl

acet at e: hexanel®ln B 47.2%. 48. =aAlsonetharecbr] tsrpaxas@ Eromoshgart (f)

(1.349 9. 3. fiT¥Mled defte @e%)aasng?vae* rdotASedd &Gk dy Bydrochloric
acid (4.0 Min p-di oxane,
hours. The SQllds were combined and recrystallized

from acetonitrile (1500 ml.). After 16 hours at room
temperature, 20.8 g. of solid was collected; m.p. 125
-130°C; (alp = -47.5° (¢ = 1, methanol). This
material was recrystallized in the same manner from
acetonitrile (300 ml.) to give 18.74 g., m.p.
1%@ - 130°C; [alp = -48.9° (c = 1, methanol). A
third recrystallization from acetonitrile (225 ml.)
afforded 17.4 g. of solid (S)-2-[(acetylthio)methyl]-
benzenepropionic acid, ephedrine salt; m.p. 128 -
129°; [alp = 150.1° (¢ = 1, methanol).
Anal. calc'd. for C12H1403S ' C10H15NO;

C.65.48; H,7.24; N,3.47; §,7.95
Found: C.65.46; H,7.34; 'N,3.21; s,8.00.

(8)-2-[ (Acetylthio)methyl]benzenepropanoic acid,
ephedrine salt (3.34 mmoles, 1.01 eg.) was suspended in
ethyl acetate (65 ml.), washed with dilute HCl (65 ml.
water + 4.7 ml. 1.0 N hydrochloric acid then 31 ml. water
+1.6 ml. 1.0 N hydrochloric acid), brine (10 ml.), dried
(anhydrous magnesium sulfate), filtered and evaporated to
dryness. The colorless syrup was dried in wvacug for 1.0
hour to afford a quantitative amount of the free acid
(836 mg.).

The free acid was dissolved in dry d1methylformam1de
(19 ml.), cooled down to 0° (ice-salt bath), treated with
1-hydroxybenztriazole hydrate (470 mg., 3.48 mmoles) and
1—ethy1-3-(3-dimethylaminoprdpyl)carbodiimide (690 mg.,
3.60 mmoles) and stirred at 0° under argon for 1.0 hour.
The clear solution was treated with (R)-~3,4-dihydro-3-
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-140- m xture was stirred at roomtenperature for 1.5 hours. The sol vent
was stripped and the residue was partioned between net ggsgeg chl ori de and
0.2 N sodium hydroxide (26 m.). The laggers were separated and the aqueous
| ayer was extracted with ethyl ether/ethyl acetate. The pool ed organic
extracts were dried (sodiumsulfate), filtered and stripped to give 982 ny.
of the crude free amne as a yellow oil. TLC (nethanol : met hyl ene chl ori de,
1:9) Rf = 0.16. A solution of (S)-2-(acetylthio) benzene- propanoic acid

[ obtai ned fromthe dicycl ohexyl amne salt as previously described (973 ng., .

. . h ' ' t hyl hl ori de 0
4.3 mmol.)] angmgng—gggxg-ffgggégggtEiéééﬁyge- (SH?-gcetgé acég. ethyl

ester [prepared according to the procedure of Slade et
al., J. Med. Chem. 28, p 1517 - 1521 (1985)]

(1.2 g., 3.32 mmoles) and 4-methylmorpholine (0.37 ml.,
3.32 mmoles) and stirring was continued at 0° for 1.0 hour
and at room temperature for 1.0 hour. The reaction mixture
was diluted with ethyl acetate (80 ml.), washed
successively with water (12 ml.), 5% potassium bisulfate
(12 ml.), water (12 ml.), saturated sodium

bicarbonate (12 ml.) and brine (12 ml.), dried

(anhydrous magnesium sulfate), filtered, evaporated

to dryness and dried in wvacuo The crude product was
chromatographed on a silica gel column (Merck),

eluting the column with ethyl acetate:hexanes (1:4)

to give 1.5 g. of the product as a syrup; Re = 0.68
(ethyl écetate:hexanes. 1:1).

*)1-3 4~ - - .
S (2H) = C id

A solution of the ethyl ester product from part (a)
(1.5 g., 2.996 mmoles) in dry methanol (15 ml.) was purged
with argon for 15 minutes, cooled down to 0° (ice-salt
bath) then treated dropwise with a previously purged
(argon, 30 minutes) solution of 1.0 N sodium hydroxide
(12 ml., 4 eqg.) maintaining the bubbling of argon
throughout the addition and the length of the reaction.
The reaction mixture was stirred at 0° for 1.0 hour,
acidified at 0° with 5% potassium bisulfate (50 ml.) to pH
1.0 then extracted with ethyl acetate (2 x 100 ml.). The
organic extract was washed with brine (25 ml.), dried
(anhydrous sodium sulfate), filtered, evaporated to
dryness and dried in wvacuo. The crude product was
dissolved in a mixture of methylene chloride (10 ml.) and
ethyl ether (5.0 ml.) then treated portionwiseé with hexane
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m.) was treated with triethylamne (1.15 m., 835 ng., 8.2 mmol.) and the
m xture was cooled to [err] C HAS99%a -
Benzotri azol - 1-yl oxy-tri s(di net hyl am+@phosphoni um hexaf | uor ophosphat e
(1.915 g., 4.3-mol.) was then added as a solid. The solution was stirred
at- [err] C. for 1 hour and then at roomtenperature for 1.5 hours. The

sol vent was stripped and the residue was partitioned between ethyl acetate
and 0.5 N hydrochloric acid. The organic | ayer was washed successively
with water, 50% saturated sodi um bi carbonate and brine, then dried (sodium

urate) 1LV RL ] SeLpnedag ie SoLdue, vas fhaeh et oggashed
as an oil. (1l:precipivares wiiresifdlceredsyff Jiwagloakiwich hexanes, 3:7 ) Rf
0. 30. (50 ml.) and evaporated from pentane (4 x SO ml.).
' The solid was then stirred with pentane (50 ml.) for
48 hours at room temperature under argon, filtered
and dried in wvacuo for 6 hours to give 1.01 g. of the
product as an amorphous solid; Rf = 0.62 (methylene
chloride:methanol:acetic acid, 20:1:1); [alp =
-171.4° (c = 0.74, wmethanol). -
1E MMR (CDCl3): 2.47-2.90 (m, 6H), 3.84 (ad, 1H),
4.13 (4, 1H, J = 17 Hz), 4.71 (m, 1H), 4.85 (d, 1H,
J = 17 Hz), 6.88 - 7.67 (m, 9H).
Anal. calc'd. for Cz1H2N204S3:
c,58.59; H,5.15; N,6.51; S,14.89; SH,7.68
Found: C,58.55; H,5.35; N,6.20; S,14.56; SH,7.54.

Sodium nitrite (10.3 g., 280 mmol.) was added
to a solution of D-phenylalanine (30.0 g., 181 mmol.)
and potassium bromide (73.5 g.) in sulfuric acid
(2.5 N, 365 ml.) over a period of one hour while
maintaining the temperature of the reaction mixture
at 0°C. The mixture was stirred for an additional
hour at 0°C and then for one hour at room
temperature. The reaction solution was extracted
with ether, the ether was back extracted with water,
and the ether layer was dried over sodium sulfate.
Ether was removed in wvacug, and distillation of the
oily residue afforded 25.7 g. of (R)-2-bromo-3-
benzenepropanoic acid; b.p. 141° (0.55 mm of Hg.):;
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- 141 - [err] A roomtenperature solution of the product frompart (g)
(1.548 g., 3.45 mmol .) in nmethanol (20 m ., deoxygenajyggogaa argon
bubbling) was treated with 1 N sodi um Bgdroxide (15 m ., deoxygenated via
argon bubbling). After stirring for 30 m nutes, additional 1 N sodium
hydroxide (15 ml.) was added and stirring under argon continued. After a
total of 3 hours, the solution was acidified with 6 N hydrochloric acid and
extracted with ethyl acetate. The ethyl acetate extract was washed wth

wat er and brine, then dried (sodiumsulfate), filtered and stripped to
afford an oil. The material was flash chromatographed (Merck silica gel,
ethyl acetatelalp = +14.5° (¢ = 2.4, chloroform).

A mixture of thiocacetic acid (7 ml., 97.9
mmol.) and potassium hydroxide (5.48 g., 97.9 mmol.)
in acetonitrile (180.5 ml.) was stirred under argon
at room temperature for 1 3/4 hours. The mixture was
cooled in an ice-bath, and a solution of (R)-2-bromo-
3-benzenepropanoic acid (20.4 g.., 89 mmol.) in
acetonitrile (20 ml.) was added over a ten minute
period. The reaction was stirred under argon at room
temperature for 5 hours, filtered, and the '
acetonitrile was removed in vacuo. The oily residue
was redissolved in ethyl acetate and washed with 10%
potassium bisulfate and water. Removal of the ethyl
acetate in vacuo afforded 19.6 g. of crude product.
The crude product was purified via its dicyclo-
hexylamine salt using isopropyl ether as solvent for
crystallization. An analytical sample of (S)-2-
(acetylthio)benzenepropanoic acid, dicyclochexylamine
salt was prepared by recrystallization from ethyl
acetate; m.p. 146-147°; [alp = -39.6° (c = 1.39,
chloroform). . '
2Anal. calc'd. for C31H1203S e« C12H23N:

C,68.11; H,8.70; N,3.45; s.7.91
Found: Cc,67.93; H,8.71; N,3.37; S,7.94.

A suspension of (S)-2-(acetylthio)benzene-
propanoic acid, dicyclohexylamine salt (1,76 g..
4.34 mmoles, 1.01 eqg.) was suspended in ethyl acetat§
(123 ml.), washed with 5% potassium bisulfate
(5 x 19 ml.) and brine (25 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryheés'
and dried in vacuo.
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followed by 1.5% acetic acid in ethyl acetate). The fractions contai ning
essentially pure title product were pool ed, stripped, mashggeotroped tw ce
with ethyl acetate. The mi xture was disgplved in a small anmount of et hyl
acetate and triturated with hexane to give a foam The volatiles were
stripped, the residue was slurried in hexane, stripped to dryness again,
and dried in vacuo to give 863 ng. of title product as a relatively hard
white foamas a 45:55 m xture of diastereoners. TLC (2% acetic acid in
ethyl acetate) Rf = 0.40. Anal. calc'd for [err] * 0.2 H20: C, 59.73; H,
6.96; N, 7.33; S, 8.39 Found: C 59.79; H 7.13; N, 7.13;, S, 7.99.

The free acid was dissolved in dry methylene
chloride (25 ml.), cooled down to 0° (ice-salt bath),
treated with l-hydroxybenztriazole hydrate (611 mg. ,
4.52 mmoles) and l-ethyl-3-(3-(dimethylaminopropyl) -
carbodiimide (897 mg., 4.68 mmoles) and stirred at 0°
for 1.0 hour. The solution was treated with (R)-3,4-
dihydro-3-amino-4-oxo-1l,5-benzothiazepine-5(2H) ~
acetic acid, ethyl ester ([prepared according to the
procedure of Slade et al., J. Med. Chem., Vol. 28,

p 1517 - 1521(1985)] (1.55 g., 4.29 mmoles) and 4-
methylmorpholine (0.48 ml., 4.37 mmoles) and stirring
was continued at 0° for 1.0 hour and at room
temperature for 1.0 hour. The reaction mixture was
diluted with ethyl acetate (104 ml.) , washed
successively with water (16 ml.), 5% potassium
bisulfate (2 x 16 ml.), saturated sodium bicarbonate
(16 ml.) and brine (16 ml.), dried (anhydrous
magnesium sulfate), filtered, evaporated to dryness
and dried ipn wvacuo. The crude product was
chromatographed on a silica gel column (Merxrck),
eluting the column with ethyl acetate:hexane (1:4) to
give 1.347 g. of product as a syrup; Re = 0.80 (ethyl
acetate:hexane, 1l:1).

- (R¥* Q*%)] = - - - - -] - [ P

acetic acid

A solution of the ethyl ester product of part
(b) (1.347 g., 2.768 mmoles) in methanol (14 ml.) was
purged with argon for 30 minutes, cooled down to 0°
(ice-salt bath) then treated dropwise with a
previously purged {(argon, 30 minutes) solution of
1.0 N sodium hydroxide (11 ml., 4 eq.) maintaining
the bubbling of argon throughout the addition and the
length of the reaction. The reaction mixture was '
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- 142 - Exanple 43 [err] 2,3-D hydro-3-[[(phenyl net hoxy) car bonyl ] -

am no] - 1, 5- benzot hi azepi ne- 4(5H) - one [ prepared accordi ndgA%Pa he procedure
of Slade et al., J. Med. Chem, 28, p 453% = 1521 (1985)] (2.04 g., 6.21
mol .) was azeotroped with a m xture of nethylene chloride/toluene (3x) and
dried in vacuo for one hour. A suspension of this conmpeound in
tetrahydrofuran:tert-butanol (2:1, 21 nm.), cooled to [err]., was treated
with ethyl acrylate (1.08 m.; 9.94 mvol., 1.6 eq.) and then 1.0 N
t-butanol, potassiumsalt/tetrahydrofuran (621 [err], 0.1 eq.). The

reaction mi xt “r&éﬁeétéé r&d gt [1er0 hOI[‘%é %gég}gfégs g hgs ﬂ'#% th 50%

tenperature for ours- under argo Was quenc
ammm um chl or i petassium bisulfate (46 ml.) to pH 2.0 then extracted

with ethyl acetate (2 x 100 ml.). The organic
extracts were washed with brine (25 ml.), dried
(anhydrous sodium sulfate), filtered. evaporated to
dryness and dried in vacuo. The crude product was
dissolved in methylene chloride (10 ml.) and treated
portionwise with hexane (50 ml.), scratching the
mixture to form a solid. The supernatant was
decanted and the solids triturated with additional
hexane (50 ml.) and pentane (2 x 100 ml.), stirring
with the first 100 ml. of pentane for 4 hours and the
next 100 ml. overnight under argon. The product
obtained was then dried in vacuo for 12 hours to give
1.048 g. of product as an amorphous solid; R¢g = 0.57
(methylene chloride:methanol: acetic acid, 20:1:1);
{alp = -169.9° {c = 0.61, methanol).
1H NMR (CDCl3): 1.99(d,1H), 2.76 (t, 1H, J = 1l1lHz),
3.10 (m, 2H), 3.54 (m, 1H), 3.76 (m, 1H), 4.10 (4,
1H, J = 17 Hz) 4.65 (m, 1H), 4.86 (d, 1H, J = 17 Hz),
7.12 - 7.68 {m, 9H).
Anal. calc'd for C20H22N204S ¢ 0.17 CsH12 -
0.52 H20:

c,57.15; H,5.30; N,6.40; S,14.64; SH,7.55

Found: Cc,57.15; H,4.99; N,6.14; S,14.72; SH,8.02.

Hydroxybenztriazole hydrate (1.42 g., 10.5
mmol.) and l-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide hydrochloride (2.10 g., 11.0 mmol) were added

[ REPLACEMENT SHEET

05 SEP 996




(50 m.) and extracted with ethyl acetate (2 x 150 nl.). The conbi ned
organi cs were washed with saturated ammonium chl ori de (ﬂBSBPa), wat er (75
m.), and brine (100 m.), dried over ﬁaéﬁesiun1sulfate, filtered and
concentrated to yield a clear yellow syrup. The residue was purified by
chromat ography on a 5 x 20 cmsilica gel colum eluting with 20% et hyl
acetate/ hexane mxture (2 1.). The desired fractions were conbi ned and
concentrated to afford 2.33 g of a mi xture of 2, 3-di hydro-3-[(3-ethoxy-3-
oxopropyl) - [ (phenyl met hoxy) car bonyl ] am no] - 4- oxo- 1, 5- _
benzot hi azepi ne-2( éH)gomﬁFmaﬁ%ﬁ ﬁﬁalé!hhﬂdw-ﬁﬁh%yﬁﬁ%iﬁ&ﬂiae 3-di hydro-3-
[[(phenyl methoxyLegkbomVllg o mmol™’ in dry methylene chloride (30

ml.) at 0° under argon. After stirring at 0°C for 30

minutes, the resulting mixture was treated with

glycine, ethyl ester, hydrochloride (1.675 g., 12.0

mmol.) and N-methylmorpholine (1.32'ml., 12.0 mmol).

After stirring at 0°C for 1 hour and at room

temperature for 3 hours, the mixture was partitioned

between ethyl acetate-5% potassium bisulfate. The

ofganic phase was washed successively with 5%

potassium bisulfate, saturated sodium bicarbonate and

saturated sodium chloride solutions; dried (sodium

sulfate) and evaporated to dryness. Trituration of

the crude product with ethyl ether gave 3.542 g. of

product as a white, crystalline solid; m.p 158-159°C;

Re¢ = 0.33 (acetone:hexane, 2:3); [alp = -99.7° (¢ =

0.61, chloroform).

A mixture of phosphorus pentoxide (9.6 g, 68
mmoi) and 85% phosphoric acid (6.0 ml) was heated
with stirring until all of the phosphorus pentoxide
had dissolved. The resulting viscous liquid was
taken up in glacial acetic acid (36 ml), treated
successively with N-(N-phthaloyl-L-phenyl-
alanyl)glycine, ethyl ester (2.241 g., 5.90 mmol.)
and trioxane (0.75 g., 8.3 mmol.), and heated at 80°C
(bath temperature) under an argon atmosphere. After
stirring at 80°C for 6.5 hours the mixture was
treated with an additional portion of trioxane
(0.75 g, 8.3 mmol). After stirring at 80°C for an
additional 16 hours, the reaction was quenched with
an ice-water mixture and extracted with ethyl
acetate. The ethyl acetate extract was washed with
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am no] - 4- oxo- 1, 5- benzot hi azepi ne- 5(4H) - pr opanoi ¢ aci d, ethﬁl ester (75% as
a clear syrup. The above m xture (698 - 1.32 mol . 8 first naned
conpound and 1.698 g., 3.96 mvl. of fh 7second naned conmpound) and 30%
hydr ogen brom de/acetic acid solution (8. 71 m., 41.98 mmol.) was stirred
under argon at roomtenperature for 1.5 hours. The reaction m xture was
diluted with ethyl ether (200 m.), stirred until off-white precipitates
formed and filtered, washing the orange solids with ethyl ether (4 x 50
m-.). The crude residue was then dissolved in 1N hydrochloric acid (100

.m.) and extra%%rwu@met Q&ﬁu?&@é&tébdﬁxni( pi¥rPonhte Iftenggreous phase was
then brought to 9 mntﬁ I um hydr oxi de agﬁ extégcte with ethyl
acetate (3 x 1@@5 S) We¥Re E%ﬁ%*rﬁﬂﬁ(ﬁ%%ﬂ? O%+E® brine (75
m.), dried oveolutdoasiudriedf is@dium sulfate) and evaporated to

dryness. The crude product was purified by flash

chromatography on silica gel (Whatmann LPS-1) eluting

with ethyl acetate-hexane (35:65) to give 1.718 g. of

product as a colorless foam; Rf = 0.38 (ethyl

acetate:toluene, 3:7). -

%

ethyl ester
A solution of (Ss)-1,3,4,5-tetrahydro-4-
phthalimido-3-oxo-2H-2-benzazepine-2-acetic acid,
éthyl ester (1.67 g., 4.26 mmol.) in 1.0 M hydrazine
hydrate in ethanol (9.0 ml., 9.0 mmol.) was stirred
at room temperature under argon-for 36 hours. The
mixture was diluted with an equal volume of ethyl
acetate, filtered and filtrate evaporated to dryness.
The residue was taken up in toluene and again
evaporated to dryness. The colorless, semi-solid
residue (1.81 g.) was taken up in dry methylene
chloride (20 ml.), placed in an ice bath and treated
successively with triethylamine (0.80 ml., 5.8 mmol.)
and benzylchloroformate (0.77 ml., 5.4 mmol.). After
stirring at 0°C for 2 hours, the mixture was
partitioned between ethyl acetate-5% potassium
bisulfate. The organic phase was washed successively
" with 5% potassium bisulfate, saturated sodium
bicarbonate and saturated sodium chloride solutions,
dried (sodium sulfate), and evaporated to dryness.
Purification of the crude product by flash
chromatography on silica gel (Whatmann LPS-1) eluting
with ethyl acetate:hexane (1:2) gave 1.0747 g. of
product as a colorless foam; Rfe = 0.52 (ethyl
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filtered and concentrated to yield 1.50 g. crude yell L. The residue
§é5083

was purified by chromatography on a S X 20 cmsilica
wWith 1% (2 1.), 2% (1 1.), and final [y>8

0 l utm el uting
% (1 1.) of nethanol in nethyl ene

chloride. The desired fractions were concentrated and dried in vacuo to
yield 1.163 g. of title product. TLC (nethylene chloride: methanol, 9:1) Rf

= 0. 40.

(S)-2-(Acetylthio)benzenepropanoic acid (obtained fromthe

di cycl ohexyl am ne salt as previously described) was dissolved in dry
met hyl ene chloride, cooled to [err] C., and treated with a solution of the
product from paetate)tobudng, nkihyl erre sanpie deysehlaveddbfromi et hyl am ne

and

hexane had m.p. 80 -82°C; [a)lp = +87.2° (¢ = 0.53,
chloroform).

20% Palladium hydroxide/carbon catalyst was
added to a solution of (S)-1,3,4,5-tetrahydro-4-
[[(phenylmethoxy)carbony}]amino]-3-oxo—2H-2-
benzazepine-2-acetic acid, ethyl ester (1.037 g.,
2.62 mmole) in absolute ethanol (20 ml.) and the
resulting suspension was stirred under a hydrogen
atmosphere (balloon) for 2 hours. The mixture was
filtered through Celite and filtrate was evaporated
to dryness. The semi-solid residue was triturated
with hexane to give 0.63 g. of product as a white,
crystalline solid; m.p. 71-73° C; Reg = 0.38
(methanol:methylene chloride, 1:9); [alp = 77.5°
(c = 0.59, chloroform).

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid
(obtained from the ephedrine salt as described
previously) was reacted with the product from part
(b) according to the procedure of Example 1 part (b),
affording the title product as a colorless foam;

Reg = 0.30 (ethyl acetate:hexane; 1l:1).

. id
A solution of the product from part (e) in
methanol was treated with 1N sodium hydroxide
according to the procedure of Example 1 part {c) to
give the title product as a white solid; m. p. 149 -
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- 144 - benzotriazol - 1-yl oxy(di met hyl am no) phosophoni um hexaf | uor ophosphat e
as described in Exanple 36 part (f) affording the titl eHd¥%uct. TLC (et hyl
acet at e: hexane, 1:1) Rf = 0.39. [err] A 3D Ution of the product from part
(b) in nethanol was treated with 1N sodi um hydroxi de according to the
procedure of Exanple 36 part (g) affording the title product as a white
foam [err] [err] (c = 1.16, nmethanol). TLC (1% acetic acid in ethyl
acetate) Kf 0.45. Anal. [err] C, 57.63; H, 5.25; N, 6.40; S, 14.65 Found:
C, 57.65; H 5.04; N, 6.38; S, 14.44. Exanple 44 [err]

151°C (decomp). Re¢ = 0.47 (methylene chloride:acetic
acid:methanol, 20:1:1); [alp = +112.2° (c = 0.58,
methanol)

Anal. calc'd for C22H24N204S:

Cc,64.06; H,5.86; N,6.79; S§,7.77; SH,8.02

Found: C,64.20; H,6.09; N,6.43; S,7.68; SH,8.33.
EXAMPLE 4
acid
\ g hyl

(S) -2- (Acetylthio)benzenepropanoic acid
(obtained from the dicyclohexylamine éalt as
described previously) was reacted with the product
from Example 3 part (d) according to the procedure of
Example 2 part (b) affording the title product as a
colorless foam; Reg = 0.35 (ethyl acetate:hexane,
1:1).

acid _

A solution of the product from part (a) in
methanol was treated with 1N sodium hydroxide
according to the procedure of Example 2 part (c),
affording the title product as a white solid; m.p.

181 - 183° (decomposition); Re = 0.49 (methylene
chloride:acetic acid:methanol, 20:1:1); [alp =
+103.4° (c = 0.57, methanol).
Anal. calc'd for C21H22N204S:

C,63.30; H,5.56; N,7.03; S,8.05; SH,8.30; .
Found c,63.35; H,5.65; N,6.87; S,8.07; SH,9.40.

.\-\. -
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A solution of 3-azido-1, 3,4,5-tetrahydro-2H 1- benzazepi n-2-one [prepared
as described by Watthey et al., J. Med. Chem, 28, puad®dd - 15156 (1985)]

in tetrahydrofuran/tert-butanol was-cgoled to [err] C. and treated with
pot assi um sal t/tetrahydrof uran

et hyl

acrylate and 1N tert-butanol,

according to the procedure of Exanple 40 part (a) affording 3-azido-
2,3,4,5-tetrahydro- 2- oxo- 1H 1- benzazepi ne- 1- propanoi ¢ aci d, ethyl
a syrup. TLC (ethyl ether: hexane, 1:1) Rf = 0.45. A solution of this
conmpound (2.258 g., 6.94 nmmol.) in absolute ethanol was treated with 10%
- 145 - pal |l adi um on carbon catalyﬁt and hydrogenated at 40

[S-(R*,R*)1-2,3,4,5-Tetrahvdro-3-[[2- (mercapto-
methvl) -1-oxo-3-phenvipropvllaminol-2-oxo-1H-
! {ne-1- : i

a) _[S-(R*.R*)1-2.3,4,5-Tetrahvdro-3-{2~

(S)-2~[ (Acetylthio)methyl]lbenzenepropanoic acid,
ephgdrine salt (1.547 g., 3.83 mmoles, 1.01 eq.) was
suspended in ethyl acetate (72 ml.), washed with
dilute hydrochloric acid (72 ml. water + 5.4 ml.

1.0 N hydrochloric acid then 36 ml. water + 1.8 ml.
1.0 N hydrochloric acid), brine (12 ml.), dried
(anhydrous magnesium sulfate), filtered and
evaporated to dryness. The colorless syrup was dried
in vacuyo for 1.0 hour to give 1.062 g.of (S)-2-
[(acetylthio)methyl]benzeneproﬁanoic acid.

The free acid was dissolved in dry dimethyl-
formamide (21.8 ml.), cooled down to 0° (ice-salt
dath), treated with l-hydroxybenztriazole hydrate
(540 mg., 3.99 mmoles) and l-ethyl-3-(3-
iimethylaminopropylcarbodiimide (792 mg., 4.13
moles) and stirred at 0° under argon for 1.0 hour.
The clear solution was treated with (S)-2,3,4,5-
setrahydro-3-amino-2-oxo~1H-benzazepine-l-acetic
acid, ethyl ester [prepared as described by Watthey
st al., J. Med. Chem., 28, p. 1511 - 1516 (1985)]
(1.0 g., 3.81 mmoles) and stirring was continued at
) for 1.0 hour and at room temperature for 1.0 hour.
fhe reaction mixture was diluted with ethyl acetate
(100 m1l.), washed successively with water (15 ml.),
3% potassium bisulfate (2 x 15 ml.), saturated sodium
>icarbonate (15 ml.) and brine (15 ml.), dried
(anhydrous magnesium sulfate), filtered, evaporated

ester

as
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psi for 4 hours, venting the Parr bottle after the first hour. The m xture
was diluted with ethanol (50 m.) and filtered throudAS®Selite pad,
washi ng the pad thoroughly with ethand1 (2 x 50 m.). The clear filtrate
was evaporated to dryness and dried in vacuo to give 2.098 g. of the title
product as a clear light yellow syrup. TLC (nethyl ene chloride: nethanol,
9:1) Rf = 0.32. (S)-2-(Acetylthio)benzenepropanoic acid [obtained fromthe
di cycl ohexyl ami ne salt as previously described] was dissolved in nethyl ene
chloride, cooled down to [err] C., and treated sequentially with a solution
of the produci,f t :n qdt thyl e i d |_et am ne, and
benzotri azol - 9y§%§%s d?ﬁé@ﬁy#‘énﬁbﬁ%hog&%%ﬁﬁ%gfgﬁh&gr g’é%osphat e
accordi ng to ¢heoprtraraphedonrasplécdcgphreolynn afMexakilng the title
product as a eluting the column with ethyl acetate:hexane

-mixtures (1:4; 1:2) to give 1.725 g.of product as a
syrup; Rf = 0.42 (ethyl acetate:hexane, 1:1).
bl _[S-(R* R*)1-2.3.4.5-Tetrahvdro-3-[[2- (mercapto-

. A solution of the ethyl ester product from part
(a) (1.725 g., 3.574 mmoles) in methanol (18.0 ml.)
was purged with argon for 30 minutes, cooled down to
0° (ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (14.3 ml., 4 eq.) maintaining
the bubbling of argon throughout the addition and the
length of the reaction. The reaction mixture was
stirred at 0° for 1.0 hour, acidified at 0° with 5%
potassium bisulfate (60 ml.) to pH 1.0 then extracted
with ethyl acetate (2 x 120 ml.). The organic
extracts were washed with brine (30 ml.), dried
(anhydrous sodium sulfate), filtered, and evaporated
to dryness. The crude product was dissolved in
mnethylene chloride (10 ml.) and treated portionwise
with hexane (50 ml.), scratching the mixture to form
a solid. The supernatant was decanted and the solids
triturated with additional hexane (2 x 50 ml.) and
sentane (2 x 100 ml.), stirring with the first 100
nl. of pentane for 4.0 hours and the next 100 ml.
>vernight under argon. The product obtained was then
iried in vacuoc for 12 hours to give 1.438 g. of
>roduct as an amorphous solid Rf = 0.53 (methylene
shloride:methanol:acetic acid, 20:1:1);

(¢lp = -140.4° (¢ = 0.76, methanol)
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syrup. TLC (ethyl acetate:hexane, 1:1) Rf = 0.56 and_0O gg. A sol ution of
the product frompart (b) in nethanol S cooled domﬂA§ ferr] and treated
wi th 1N sodi um hydroxi de accordi ng folthe procedure of Exanple 36 part (g)
affording the title product as a solid foam [err] = [err] (c = 0.608,

met hanol ). TLC (nethyl ene chl ori de: nethanol : acetic acid, 20:1:1) Rf = 0.47.
- 147 - Exanple 46 (Conmpound not clainmed) [err] 5, 6-Dihydro- 1 3 (2H 4H)
- pyridazi nedi carboxylic acid, 3-(1,1-dinmethylethyl)-1-(phenyl methyl)ester

anal. calc'd for C22H24N204S + 0.11 CsHi2:

c,64.42; H,6.07; N,6.66; S,7.63; SH,7.87
Found:  C,64.07; H,6.13; N,6.34; S,7.25; SH,7.14.
INMR (CDCl3) 1.42 (t, 1H), 1.95 (m, 1H), 2.44 - 2.90
(m, 7H), 3.27 (m, 1H), 4.37 (4, 1H, J = 17 Hz), 4.52
(m, 1H), 4.67 (4, 1H, J = 17 Hz), 6.86 - 8.00
(m, 9H).

A suspension of (S)-Z-(acetylthio)
Jenzenepropancic acid, dicyclohexylamine salt (1.70
3., 4.19 mmoles) was suspended in ethyl acetate (120
nl.), washed with 5% potassium bisulfate (5 x 20 ml.)
and brine (25 ml.), dried (anhydrous magnesium
sulfate, filtered, evaporated to dryness and dried in
Zacuo to give 954 mg. of the free acid as a syrup.

This free acid was dissolved in dry methylene
chloride (25 ml.) and cocoled down to 0° (ice-salt
’>ath) treated with l-hydroxybenztriazole hydrate
(594 mg., 4.40 mmoles) and l-ethyl-3~(3-dimethyl-
sminopropyl) carbodidimide (870 mg., 4.54 mmoles) and
stirred at 0° for 1.0 hour. The solution was treated
vith a solution of (S8)-2,3,4,5-tetrahydro-3-amino-2-
»xo-1H-benzazepine-l-acetic acid, ethyl ester
(prepared as described by Watthey et al., J. Med.
hem., 28, p 1511 - 1516 (1985)] (1.0 g., 3.81
mmoles) in dry methylene chloride (10 ml.) and
stirring was continued at 0° for 1.0 hour and at room
temperature for 1.5 hours. The reaction mixture was
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10 [ prepared as described by Adans et al., Synthetic Cbnnunlcatlons
18(18), 2225 - 2231 (1988)] was reacted with (S)-2- Fﬁﬁﬁﬁﬂﬁanldopentaned|0|c
acid, 5- (phenylnethyl) ester accord1ﬁ& tto the procedure described by
Attwood et al.(J. Chem Soc. Perkins 15 Trans |, 1986, p. 1011 - 1019)
affording (S)-2-[2- phthalim do-1, 5-di oxo-5-(phenyl met hoxy) pentyl]-5, 6-

di hydro-1, 3(2H, 4H) - pyri dazi nedi car boxylic acid, 3-

(1, 1-di net hyl et hyl ) - 1- (phenyl net hyl ) ester. A solution of this materi al
(12.11g., 18.5 20 mmol.) in dry dinmethylformam de (190 m .) was treated

Wi th 10% pal | ytecpiies Qﬁﬁyﬁahééﬂﬁée(?ﬂ?{% i) ARbdhud ogenat ed at room

tenperature for 24 hours ture, was tered t hrqugh a Celite pad.

the clear cku%PqQQ§§¥¥ﬁ§YbHF&gnEBtﬁﬁs(%@ tf RPtRSFN®s and 25 the
syrup was obtliswfatedi(sa 16dmiLN) cres&amhte(&%dﬁiun) biBud fatleuti on was

filtered throygd @t Y3 brine (15 ml.), dried (anhydrous sodium
sulfate), filtered, evaporated to dryness and dried
in vacuo. The crude product was chromatographed on a
silica gel column (Merck), eluting the column with
ethyl acetate:hexane mixtures (1l:4; 1:2) to give
1.632 g. of product as a syrup. An additional
127 mg. of the isomer mixture (1:1 ratio) was also
obtained from the column; Rg¢ = 0.50 (ethyl

acetate:hexane, 1:1).
- * -*» - -

acetic acid

A solution of the ethyl ester product from part
(a) (1.57 g., 3.35 mmoles) in methanol (17.0 ml.) was
purged with argon for 30 minutes, cooled down to 0°
(ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (13.4 ml., 4.0 eq.)
maintaining the bubbling of argon throughout the
addition and length of the reaction. The reaction
mixture was stirred at 0° for 1.0 hour, acidified at
0° with 5% potassium bisulfate (60 ml.) to pH 1.0
then extracted with ethyl acetate (2 x 110 ml.). The
organic extracts were washed with brine (30 ml.),
dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in wacug. The crude
product was dissolved in methylene chloride (10 ml.)
and treated portionwise with hexane (50 ml.),
scratching the mixture to form a solid. The
supernatant was decanted and the solids triturated
with additional hexane (2 x S0 ml.) and pentane (2 x
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Celite pad to renove remaining traces of the catalyst, and the clear
filtrate was evaporated to dryness and dried in vacudA39PRe product
obtai ned was 30 dissolved in dry nétﬂ%léne chloride (185 m.), cooled down
to [err]. (ice-salt bath) and treated with thionyl chloride (1.56 m .,
21.36 moles, 1.15 eq.). The reaction m xture was stirred at room
tenperature for 5.0 hours under argon, treated with a sol ution of - 147
- Exanpl e 46 5, 6-Di hydro-1, 3(2H, 4H) - pyri dazi nedi car boxyl i c acid,
3-(1, 1-di methyl et hyl) - 1- (phenyl met hyl ) ester [prepared as described by Adans
et al., Synthejo @1C9NMeRie2ihgNeitd &) firt2300 213106188 AnYRAS

for 4 hours and the next 100 ml. overnight under

argon. The product cobtained was then dried in wvacuo

for 12 hours to give 1.237 g. of product; Rf = 0.58

(methylene chloride:methanol:acetic acid, 20:1:1);

(alp =Uf155.5° (¢ = 0.73, methanol).

Anal.calc‘d.for C21H22 N204S « 0.1 Cs5Hi2 + 0.18 H20:

C,63.14; H,5.81; N,6.85; S,7.84; SH,8.09

Found: C,63.14; H,5.85; N,6.58; S,7.50; SH,7.0S.

1H-NMR- (CDC13): 1.88 .(m, 1H), 1.97 (d,1H), 2.62

(m,2H), 3.07 (m, 2H), 3.25 (m, 1H), 3.51 (m, 1H),

4.39 (d, 1H, J = 17 Hz), 4.45 (m, 1H), 4.64

(m' 1H' J = 17 HZ)' 7'07 - 7.41 (m' 9H)o

Followind the procedure of U.S. Patent ,
1,460,579 Example 1(a) through 1(c), 15.6 g., of the
jiastereomeric product mixture was obtained. The
aixture was refluxed in ether (500 ml.) for 4 hours,
tooled in an ice-bath, and filtered to yield 5.9 g.

»£ (2R-trans) -5, 6-dihydro-5-phthalimido-4-oxo-2-
henyl-2H-1,3-thiazine-3 (4H) -acetic acid, ethyl
ister; m.p. 166 - 168°C; Re = 0.40 (hexanes:ethyl
icetate, 1:1); [alp = -72.9° (¢ = 1, chloroform).
wnal. calc*d. for Ca2H20N20s5S:

C,62.25; H,4.75; N,6.60; S,7.77
‘ound: C,62.21; H,4.82; N,6.63; S,7.52.

Trituration of the remainder of the product mixture
rith refluxing ether (125 ml.) afforded a second batch of
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reacted with (S)-2-phthalimdopentanedioic acid, 5- (phenylnethyl) ester
according to the procedure descri bed QX Attwood et alHX3¥9aChem Soc.
Perkins Trans |, 1986, p. 1011 - 1019)4%ffording (S)-2-[2-

pht hal i m do- 1, 5- di oxo- 5- (phenyl net hoxy) pentyl]-5, 6-

di hydro-1, 3(2H, 4H) - pyri dazi nedi car boxylic acid, 3-

(1, 1-di nethyl ethyl)-1-(phenyl nethyl) ester. A solution of this materi al
(12.11g., 18.5 mol.) in dry dinethylformam de (190 m.) was treated with
10% pal | adi um on carbon catalyst (372 ng.) and hydrogenated at room

tenperature fgr r Tdyg, I hes [ t hr, Cel pad,
t he cl ear darg'???i %e&&tf?nggé\%gs) é’égég%a%{é‘g&?%'dry?%%égge%ﬁggﬁehgggyr up
was obt ai ned FEHFERfe:RIAinisRnseflusing efhero Ve b Sngs PEl t er ed

t hrough anot hensébible fasktaRides UL geeYRI(PRAGrindr SsdiferN@n@aly gt and
the clear f"éfaﬁ§i¥¥§5fﬂgﬁ¥¥éﬁé i%p(zs-cis) isomer. 6.0 g. of the
enriched (2s-cis) isomer material was chromatographed on
two connected Waters Prep L C columns and eluted with
hexanes:ethyl acetate (3:1). Pooling of the product -
containing fractions yielded 4.8 g. of (2S-cis)-5,6-
dihydro-5-phthalimido-~4-oxo-2-phenyl-2H-1,3-thiazine-
3 (4H) -acetic acid, ethyl ester, m. p. 66 - 68°C;
[alp = -101.2°. TLC same as isomer A.
Anal. calc'd. for Cz2H20N205S » 0.2 H20:
C,61.83; H,4.79; N,6.55; S§,7.50
Found: C,61.83; H,5.07; N,6.25; S,7.42.

A solution of the (2S-cis) isomer product from part
(a) (approximately 85% diastereomerically pure, 3.03 g.,
7.1 mmol.) in chloroform (15 ml.) was treated with methyl
hydrazine (850 pul., 736 mg., 16.0 mmol.). After stirring
at room temperature for 24 hours, the mixture was diluted
with ethyl acetate and ethyl ether and filtered. The
filtrate was extracted twice with 0.5 N hydrochloric acid
and the pooled agqueocus extracts were made basic with 1 N
sodium hydroxide. The agqueous mixture was extracted three
times with methylene chloride and the pooled methylene
chloride extracts were dried (sodium sulfate), filtered,
and stripped to give 1.648 g., of product as a pale yellow
oil; Rg = 0.43 ( methylene chloride:acetic acid:methanol,
8:1:1). NMR analysis showed the product was obtained in
approximately 84% diastereomeric purity.
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dryness and dried in vacuo. The product obtained was dissolved in dry

net hyl ene chloride (185 ni.), cooled down to [err] CHAPPR@-salt bath) and
treated with thionyl chloride (1.56° 5,‘21.36 mol es, 1.15 eq.). The
reaction mxture was stirred at roomtenperature for 5.0 hours under argon,
treated with a solution of - 148 - potassium bi carbonate (3.95 g.) in
water (34 m.) and stirred for 10 m nutes. The phases were separated,
re-extracting the agqueous phase with nore nethylene chloride (270 m.) and
t he conbi ned organic extracts were dried (anhydrous sodium sul fate),

filtered, evapor d g5y and. dried. in vacyo. Th de, product
m xture was

(S)-2-(Acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (1.318 g., 3.25 mmol.) was
partitioned between ethyl acetate and 5% potassium
bisulfate. The ethyl acetate layer was washed with water
and brine, then dried (sodium sulfate), filtered and
stripped to give the free acid as a colorless oil. A
nixture of acid this free acid and the (2S-cis) product
Erom part (b) (84% diastereomeric purity, 960 mg., 3.26
mol.) was dissolved in methylene chloride (25 ml.) and
:reated with l-hydroxybenztriazole hydrate (622 mg., 4.6
mol.) then cooled to -10°C. The mixture was subsequently
:reated with l-ethyl-3-(3-dimethyl-aminopropyl)-
carbodiimide (687 mg., 3.58 mmol.). After slowly warming
0 0°C over a one hour period, the mixture was
subsequently warmed to room temperature. After 4 hours,
:he solution was diluted with ethyl acetate and washed
successively with water, 5% potassium bisulfate, water,
jaturated sodium bicarbonate, and brine, then dried
'sodium sulfate), filtered, and stripped. The residue was
lash chromatographed (Merck silica gel, l:l-ethyl
icetate:hexane) to give 804 mg. of product as a colorless

: ‘oam; Rfe = 0.33 (50% ethyl acetate in hexanes). NMR
nalysis indicated the material was 91% diastereomerically

ure with respect to acetylthio center.
H - * - :

A solution of the ethyl ester product from part (c)
500 mg., 1.0 mmol.) in methanol (5 ml., deoxygenated via
rgon bubbling) at 0°C was treated with ice c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>