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1. A compound of structural formula:

(D

wherein M is:

(1) trifiuoromethyl;

(2y chloro or fluoro;

(3) ~COeH;

(4) =CHO; or

(5) -CHZA wherein A represents
(a) hydrogen;
(by  hale;

— N e

5‘«%2%:’* ol @ -

.

A

-, ¥
DS

Ly



Damiess o

(11) AU-B-80624/87 2-

(10) 611104

(c)

(d)

()

(gr

ZR5 where Z is oxygen or sulfur, R5 is an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N-dialkylcarbamoyl, thiocarbamoyl, or N-aikyl or
N,N-dialkylthiocarbamoyl; or R5 is a straight or

branched chain Cw—csalkyl, C2 Csalkeny] or

C2 C6a1kyny1 group, hydrogen, an aryl group, an

aralkyl group, a mono, di, poly or fused heteroaryl
containing 1 to 4 of any one or meore of the heteroatoms N,
S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring or heterocycloalkenyl
containing 1 to 3 of any one or more of the heteroatoms,
N, S or 0, having 5 to 7 atoms and one double bond in the
ring with the provis¢ that when Z is sulphur, RS is not

a group which is connected to Z by a sulphur group;

—SJS—OR‘or —S-E-OR wherein
S 0

R represents C]_saTkyl, Cé_lpary1 or CHZCOOH;

a substituted or unsubstitute amino or amido group
selected from the group consisting of amino, -CONH2
N-alkylamino, N,N-dialkyl amino, N-alkylamido and
N,N-dialkylamino; or

a nitrogen containing heterocycle selected from mono, di,
poly or fused heteroaryl containing 1 to 4 of any one or
more of the heterocatoms N, S or 8, heterocycloalkyl
containing 1 to 3 of any one or more of the heteroatoms N,
S or O, having 3 to 6 carbon atoms and no double bonds in
the ring or heterocycloalkenyl containing 1 to 3 of any
one or more of the heteroatoms N, S or O having 5 to 7
atoms and one double kond in the ring;

a quaternary ammonium group selected from %% ,—NHE
or - E3 where E represents Toweralkyl, afyl or aralkyl;
or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium, ggé

3

st oo

2

R
s 2

3-chloropyridinium, 3-bromopyridinium, 3-iedopyridinium,
4-carbamoylpyridinium, N
4-(N-hydroxymethyl-carbamoyl)pyridinium,
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4-(N-~carbomethoxycarbamoyl)pyridinium, 4-(N-cyano-

carbamoyl)pyridinium,

4-carboxymethylpyridinium, 4~hydroxymethylpyridinium,
4-trifluoromethyl-pyridinium, quinolinium, picolinium and

lutidinium;

thy  R-50°- wherein R is C, calkyl or Cg-C,saryl; or

(1) R-SO- wherein R is Cl_salkyl or Ls—Cloaryl;
the above groups (a) to (i) can be unsubstituted or substituted with one or
more radicals selected from the group consisting of alkyl, alkoxy, halo,
cyano, carboxy, carbamoyl, azido, sulfo, amino, N-alkylamino,
N,N-dialkylamino, haloalkyl, carboxyalkyl, carbamoylalkyl,
N-alkylcarbamoylalkyl, N,N-dialkylcarbamoylalkyl, guanidino,
N-alkylguanidino, N,N-dialkylguanidino, dquanidoalkyl, sulfamyl,

N-alkylsulfamy! and N,N-dialkylsulfamyl;

(3> or A is selected from the group consisting of

__o_ch2§C00t-8u,
!
0 CH

3
CHa
~0-E-0-3
4’
Q
~0C-NHCH,COOCH,, and -O—%-NH?H—COOH;
0 CH,~CeHg

or A is zRg:mhare:i:is:ﬁ:aad=£§:¢s selected from the

group consisting of

)

et % : T A .
%@@z‘a@m‘; BN A

%ﬁ“

E

4k




(11) AU-B-80624/87 ~4"
(10) 611104
R
S h R
< sS~¢ ¥ S
/ N
-t ! NN \ ’
R

S {7/?\ —_ S—”/N \N and /S 7‘1
N'_ﬁ{ i N\ﬂ/lkoa HOOC 4

where R represents C]_salkyl, CG_]Oary] or CHZCOOH;

(6) =CH=CHR wherein R is C]_Galkyl or CG—CIOaryl;

or M is selected from the group consisting of (1-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyl~carbamoyl)oxy-
methyl, p-carboxymethyliphenyl-carbamoyloxymethyl, methoxycarbonyloxy-
methyl, cyclobutyl-carbonyloxymethyi, (cyclopentanoxythiocarbonyl)thio-
methyl, N-methylpiperazinium-l-thiocarbonylthiomethyl,
N,N-dimethylpiperazinyl-l~thiocarbonylithiomethyl, 2-furoylthiomethyl,
isothiouroniummethyl, l-methyl-1,2,3,4-tetrazolyi-5-thiomethyl,
tosyloxymethyl, sulfamoyloxymethyl, 1-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, cinnamoyloxymethyl, p-hydroxy-cinnamoyloxymethyi,
p-sulfo-cinnamoyloxymethyl, 1R:2S-epoxypropyiphosphonyloxymethyl and
4-methoxy~carbonyltriazol-T-yimethyli; -
R] is (a) hydrogen;

(b)  hydroxy;

(c) mercapto;

(d) XR'] wherein X is oxygen or sulfur and R'] is a
hydrocarbyl group selected from a group consisting of straight or branched
chain C1é6a1ky1, C3—C6alkeny1zor C3-C6alkyny1 group, a monocyclicg
aryl group, furyl, pyrryl, pyridyl or an aralkyl jroup, which hydrocarbyl
groups are unsubstituted or substituted by one or more radicals selected
from hydroxy, halo, nitro, amino, carboxy or thio,

or'R‘] is
9 |
-C-R where R is hydrogen, C,~Ccalkyl, phenyl, benzyl or
C1-C6alky1amino;
(a) -503H;
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(f) —SOZNH2;

(g —SOZR2 wherein R2 is Cl—CGalkyl,
ha]ocl-cealkyl, aryl or aralkyl;

(h —SOZNR3R4 wherein R3 and R4 independently
represent hydrogen, C]-Csalkyl, acyl selected from formyl or
C]-CealkanoyI, or C]-Csalkoxy;

(i) —OCOOR2 wherein R2 is C]—Csalkyl,
hanC]—CGalkyl, aryl or aralkyl;

j) --SOR2 wherein R2 is C]—Csalkyl,
haloC]—Csalkyl, aryl or aralkyl;

(k> ~OCOS.R2 wherein R2 is C1-C6a1kyl,
atkyl, aryl or aralkyl;
QD) ~-QCONRL,R, wherein R3 and R4 jndependently

374
represent hydrogen, CT—C6a1ky1, acyl selected from formyl or

CI-C6a1kanoy1, or C1-C6a1koxy;

haloC1—C6

(m) a hydrocarbyl group selected from the group consisting of
straight or branched Cj—CGalkyl, Cz—CsaIkeny? or CZ—C6a1kyny1,
aralkyl, cycloalkyl, a monocyclic aryl group or a monoheterocyclic group
selected from heteroaryl containing 1 to 4 of any one or more of the
heteroatoms N, S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and no double bonds
in the ring or heterocycloalkenyl containing 1 to 3 of any one or more of
the heteroatoms, N, S or O, having 5 to 7 atoms and one doubie bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
amine, nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected
from formyl or C]-Csalkanoyl, carbamoyloxy, carboxy, carboxamido and
N-alkyl or N,N-dialkyl carboxamido;

(o) cyano;

X"

(p) -E—R" wherein X' is oxygen or sulfur and R" is hydrogen,
halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroioxy, furyloxy, thienyloxy, alkylthio or arylithio; or R" is
SRZ' NHRZ, NR3R4 wherein R2 is Cl-CEaIkyl and R3 and R4

represent hydrogen or RZ; ?
(q) halo; %

0

(ry - ?eY' or a metal or ammonium salt thereof ;%

z /b k4

- - e # q w - By
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where Y' and Z' independently are 0R2, NR3R4,

R2 . uRz
-NR-éH-COOH, NRZ-NR3 4 —NR2N=CR3R4, -NRZ-C—NR3R4,
£
-NHC—X‘RZ, -NH—C-NR3R4, -NC=X", —OCORZ and -N3

wherein R2 represents hydrogen or a hydrocarbyl group, R3 and R4
represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or CT—CsalkanoyI and wherein the hydrocarbyl group represented
by RZ’ R3 and R4 is selected from the group consisting of straight or
branched C]—C6a1ky1, C2—C6a1keny1 or CZ-CGalkynyl, aralkyl,
cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected
from heteroaryl containing 1 to 4 of any one or more of the heteroatoms N,
S, or 0, heterocycloalkyl containing 1 to 3 of any one or more of the
heteroatoms N, S or O having 3 to 6 atoms and no double bonds in the ring
or heterocycloalkenyl containing 1 to 3 of any one or more of the
hetercatoms, N, S or O, having 5 to 7 atoms and one double bond in the ring
which hydrocarbyl group is unsubstituted or substituted by one or more
groups selected from the group consisting of halo, hydroxy, alkoxy, amino,
nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected from
formyl or C]-Csalkanoy1, carbamoyloxy, carboxy, carboxamido and N-alkyl
or N,N-dialkyl carboxamido
X' represents oxygen or sulfur;
B is OB] or N8283 wherein z] and B2 independently are

(a) straight or branched chain C]—CZOakal

(b C6-C]Oaryl

(c) C3—C8cycloalkyl

() CZ—Czoalkenyl

(e) Cs-CgcycioalkenyT !

(fH CZ—Czoalkynyl

(g Cz-Czoalkoxyalkyl

(h) aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or

alkynylaryl wherein alkyl, aryl, alkeny! and alkynyl are
as previously defined

(i C1—CB alkenyl C]-C6 alkyl;

&) C]—Cs_aTkanoyl C]~C6 alkyt;

(k) C]—C6 alkanoyloxy C]-C6 alkyl;

(nH Cl'c6 dTkanoy!

(m) a heterocyclic alkyl group containing 1 to 3 of any one or

.../7

e e e

. -

[P

b ol gt by M B RN

5 %“‘“

- s e v AR e

v et B e AN e e (b et ittt 2 bithed el cotilibn

7
R



AR I I ol

(11) AU-B-80624/87 -~
(10) 611104

more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bond in the ring or heterocyclic alkenyl group
containing 1 to 3 of any one or more of the heteroatoms N,
S or O, having 5 to 7 atoms and one double bond in the
ring;

(n) C]—C]Oalkoxy

(0) C]-Cﬁalkanoy1oxy

the above groups (a) - (o) can be unsubstituted or substituted by one or
more radicals selected from the group consisting of alkyl, hydroxy, alkoxy,

halo,

nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy,

sulfoamino, carbamoyl, carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido,
carboxamido and N-alkyl or N,N-dialkyl carboxamido;

or B] and B2 independently are p-carbomethoxybenzyl,

m-carbomethoxybenzyl, o-methylthiobenzyl or benzhydryl

group

or C1—

83 is hydrogen or B], and

B2 and 83 may join together and form part of the heterocyclic
/ : .

-N or -N R where R is C,-C,alkyl, C]—C4a1koxy

C4carboxya1ky1; and

Q is

(1)  hydrogen;

(2) C]_6a1ky1;

(3 halo C1-6

¢4) hydroxy C]_Galkyl;

(5) methylene, C]_Galkylmethylene, phenylimethylene,
phenylthiomethylene, phenylsulfinylmethylene or
phenylsulfonylimethylene where phenyl or alkyl can be
unsubstituted or substituted as previously defined;

(6) C]-Csalkoxy C]—C6a1kyl

(7) aratkyl

(8) phenylthio C]-Csalkyl, phenylsulfinyl C]-Cﬁalkyl
or phenylsulfonyl C1_6a1ky1;

(9)  phenoxy Cj~Csalkyl;

(10) phenylamino Cl--c:.5 alkyl.

alkyl;
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Complete Specification for the invention entitled:

New Substituted Cephalosporin Sulfones as Anti-inflammatory
and Antidegenerative Agents

The following statement is a full description of this invention, including the
best method of performing it known to me/us
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- NEW SUBSTITUTED CEPHALOSPORIN SULFONES AS ANTI-
e INFLAMMATORY AND ANTIDEGENERATIVE AGENTS

5 ABSTRACT OF THE INVENTION
New substituted cephalosporin sulfones are

sos found to be potent elastase inhibitors and thereby
if:~ useful anti-inflammatory/antidegenerative agents.
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TITLE OF THE INVENTION
NEW SUBSTITUTED CEPHALOSPORIN SULFONES AS ANTI-
INFLAMMATORY AND ANTIDEGENERATIVE AGENTS

BACKGROUND OF THE INVENTION
We have found that sulfones of a group of

new substituted cephalosporins are potent elastase
inhibitors and therefore are useful anti-inflammatory/
antidegenerative agents.

Proteases from granulocytes and macrophages
have been reported to be responsible for the chronic
tissue destruction mechanisms associated with
inflammation, including rheumatoid arthritis and
emphysema. Accordingly, specific and selective
inhibitors of these proteases are candidates for
potent anti-inflammatory agents useful in the
treatment of inflammatory conditions resulting in
connective tissue destruction, e.g. rheumatoid
arthritis, emphysema, bronchial inflammation,
osteoarthritis, spondylitis, lupus, psoriasis and ‘
acute respiratory distress syndrome.

?%ﬁ‘“ (305
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The role of proteases from granulocytes,

leukocytes or macrophages are related to a rapid
series of events which occurs during the progression
of an inflammatory condition:

There is a rapid production of
prostaglandins (PG) and related compounds
synthesized from arachidonic acid. This PG
synthesis has been shown to be inhibited by
aspirin-related nonsteroidal
anti-inflammatory agents including
indomethacin and phenylbutazone. There is
some evidence that protease inhibitors
prevent PG production;

There is also a change in vascular
permeability which causes a leakage of fluid
into the inflamed site and the resulting
edema is generally used as a marker for
méasuring the degree of inflammation. This
process has been found to be induced by the
proteolytic or peptide cleaving activity of
proteases, especially those contained in the
granulocyte, and thereby can be inhibited by
various synthetic protease inhibitors, for
example, N-acyl benzisothiazolones and the
respective 1,1-dioxides. Morris Zimmerman
et al., J. Biol, Chem,, 255, 9848 (1980); and

There is an appearance and/or presence of
lymphoid cells, especially macrophages and
polymorphonuclear leukocytes (PMN). It has
been known that a variety of proteases are
released from the macrophages and PMN,

-l -
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further indicating that the proteases do
play an important role in inflammation.

In general, proteases are an important
5 family of enzymes within the peptide bond cleaving

enzymes whose members are essential to a variety of

normal biological activities, such as digestion,

formation and dissolution of blood clots,

the

formation of active forms of hormones, the immune

10 reaction to foreign cells and organisms, etc.,

pathological conditions such as the degradation of

structural proteins at the articular cartilage/pannus

junction in rheumatoid arthritis etc.

and in

Elastase is one of the proteases. It is an
15 enzyme capable of hydrolyzing the connective tissue
component elastin, a property not contained by the
bulk of the proteases present in mammals. It acts on
a protein's nonterminal bonds which are adjacent to
an aliphatic amino acid. Neutrophil elastase is of
20 particular interest because it has the broadest
spectrum of activity against natural connective
tissue substrates. 1In particular, the elastase of
the granulocyte is important because, as described
above, granulocytes participate in acute inflammation
25 and in acute exacerbation of chronic forms of
inflammation which characterize many clinically
important inflammatory diseases.
Proteases may be inactivated by inhibitors
which block the active site of the enzyme by binding
30 tightly thereto. Naturally occurring protease
inhibitors form part of the control or defense
mechkanisms that are crucial to the‘weIIQbeing of an
organism. Without these control mechanisms, the

Zrstm e
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proteases would destroy any protein within reach.
The naturally occurring enzyme inhibitors have been
shown to have appropriate configurations which allow
them to bind tightly to the enzyme. This configura-
tion is part of the reason that inhibitors bind to
the enzyme so tightly (see Stroud, "A Family of
Protein-Cutting Proteins®” Sci, Am, July 1974, pp.
74-88). For example, one of the natural inhibitors,
al-Antitrypsin, is a glycoprotein contained in

human serum that has a wide inhibitory spectrum
covering, among other enzymes, elastase both from the
pancreas and the PMN. This inhibitor is hydrolyzed
by the proteases to form a stable acyl enzyme in
which the active site is no longer available. Marked
reduction’in serum ql-antitrypsin,.either genetic

or due to oxidants, has been associated with
pulmonary emphysema which is a disease characterized
by a progressive loss of lung elasticity and
resulting respiratory @ifficulty. It has been
reported that this loss of lung elasticity is caused
by the progressive, uncontrolled proteolysis or
destruction of the structure of lung tissue by
proteases such as elastase released from leukocytes.
J. C. Powers, TIBS, 211 (1976).

Rheumatoid arthritis is characterized by a
progressive destruction of articular cartilage both
on the free surface bordering the joint space and at
the erosion front built up by synovial tissue toward
the cartilage. This destruction process, in turn, is
attributed to the protein-cutting enzyme elastase
which is a neutral protease present in human
granulocytes. This conclusion has been supported by
the following observations:
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Recent histochemical investigations showed
the accumulation of granulocytes at the
cartilage/pannus junction in rheumatoid
arthritis; and

a recent investigation of mechanical
behavior of cartilage in response to attack
by purified elastase demonstrated the direct
participation of granulocyte enzymes,
especially elastase, in rheumatoid cartilage
destruction. H. Menninger et al., in
Biglogical Functions of Proteinases, H.
Holzer and H. Tschesche, eds.
Springer-Verlag, Berlin, Heidelburg, New
York, pp. 196-206, 1979.

Accordingly, an object of this invention is

to discover new protease inhibitors, especially
elastase inhibitors, useful for controlling tissue

20 damage and various inflammatory or degenerative
conditions mediated by proteases particularly

elastase.

Another object of the present invention is

to provide pharmaceutical compositions for

25 administering the active substituted cephalosporin
sulfones as protease inhibitors.

Still a further object of this invention is

to provide a method of controlling inflammatory
conditions by administering a sufficient amount of

30 one or more of the active, substituted cephalosporin
sulfones in a mammalian species in need of such
tteatment.
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This invention relates to new cephalosporin sulfones as p-.tlent
elastase inhibitors useful in the prevedtion, control and treatment of
inflammatory conditions especially arthritis and emphyzema.

Some of the cephalosporin free acids are known antibiotics which have
been described in US Patent No. 4 297 488 issued October 27, 1981.

According to a first embodiment of the present invention there is
provided a compound of structural formula:

wherein M is:

(1) trifluoromethyl;
(Z) chloro or fluoro;

(3) -COOH;

(4) -CHO; or
(5) —CHZA wherein A represents

(a)
b
(c)

hydrogen;

halo;

ZR5 where Z is oxygen or sulfur,R5 is an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N~dialkylcarbamoyl, thiocarbamoyl, or N-alkyl or
N,N~dialkylthiocarbamoyli; orfR5 is a straight or

branched chain C,-Ccalkyl, Czﬁtﬁalkgnyl or

CZ—CsaIkynyl group, hydrogen, an aryl group, an

aralkyl group, a fiono, di, poly or fused heteroaryl
containing 1 to 4 of any one or more of the heteroatoms N,
S, or 0, heterocyclealkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring er heterocycloalkeny?
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containing 1 to 3 of any one or more of the heteroatoms,
N, S or 0, having 5 to 7 atoms and one double bond in the
ring with the proviso that when Z is sulphur, R5 is not
a group which is connected to Z by a sulphur group;

d -S—f—OR or -S—%—OR wherein

5 R represents C,_.alkyl, C,_;qaryl or CH,COOH;
(e) a substituted or unsubstituted amino or amido group
selected from the group consisting of amino, -CONHZ
N-alkylamino, N,N-dialkyl amino, N-alkylamido and
N,N-dialkylamino; or
10 (f) a nitrogen containing heterocycle selected from mono, di,
poly or fused heteroaryl containing 1 to 4 of any one or
more of the heteroatoms N, S or O, heterocycloalky]
containing 1 to 3 of any one or more of the heteroatoms N,
S or 0, having 3 to 6 carbon atoms and no double bonds in

AN the ring or heterocycloalkenyl containing 1 to 3 of any
'..' one or more of the heteroatoms N, S or O having 5 to 7
R atoms and one double bond in the ring; &

LT, (g) a quaternary ammonium group selected from —NH3,-ﬁhE2
Lh20 ar JRE3 where E reprez-sts Toweralkyl, ary) or aralkyl;

or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium,
‘ 3-chloropyridinium, 3-brorupyridinium, 3-iodopyridinium,
, 4-carbamoylipyridinium,
25 4-(N-hydroxymethyl-carbamoyl)pyridinium,
4-(N-carbomethoxycarbamoy!)pyridinium, 4-(N-cyano- !
carbamoyl)pyridinium,
4-carboxymethylpyridinium, 4-hydroxymethylpyridinium,

Coee 4-trifluoromethyl-pyridinium, quirolinium, picolinium and §
B ] lutidinium; ,
v (hy  R-S0°- wherein R is C,_alkyl or Cg-Cyqaryls or .

(i)  R-SO- wherein R is C]_Galky1 or C6—C]0aryl;
the above groups (a) to (i) can be unsubstituted or substituted with one or
more radicals selected from the group consisting of alkyl, alkoxy, halo, )
cyano, carboxy, carbamoyl, azido, sulfo, amino, N-alkylamino, ;
N,N~dialkylamino, haloalkyl, carboxyalkyl, carbamoyialkyl,

il - L = I U - e gﬂ
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N-alkylcarbamoylalkyl, N,N-dialkylcarbamoylalkyl, guanidino,
N-alkylguanidino, N,N-dialkylguanidino, guanidoalkyl, sulfamyl,

N-alkylsulfamyl and N,N-dialkylsulfamyl;
(j> or A is selected from the group consisting of

5 -—o-&cnzvc00t-su,
0  CHy
CH

Dl:;’ ) -O—g-o \* '
KR H
e 0

o -0C-NHCH,COOCH,, and ~O—%—NH%H-COOH;
R 0 CH,-CcHc

or A is ZRe—where—2—Fs—S=gnd=Re=ts selected from the
group consisting of

end g

s R
N ) . /S K‘ \}I S R
eaeed W ’/5\%{/ AN AL
re v-: N o R/ ! H\’ \ .
et ] .
WCJaa. R
M [
S R — g ~y and - i
e { \7/// M /
—g 14 NY‘\ 2 H
OH HOOC

where R represents C;_calkyl, C;_,aryl or CH,COOH;
(6) ~CH=CHR wherein R is Cj_salkyi or £E-quary1;
or M {s selected from the group consisting of (T-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyl-carbamoyl)oxy-
methyl, p-carboxymethylphenyl-carbamoyloxymethyl, methoxycarbonyloxy-
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methyl, cyclobutyl-carbonyloxymethyl, (cyclopentanoxythiocarbonyl)thio-
methyl, N-methylpiperazinium-1-thiocarbonylthiomethyl,
N,N-dimethylpiperazinyl-1-thiocarbonylthiomethyl, 2-furoylthiomethyl,
isothiouroniummethyl, 1-methyli-1,2,3,4-tetrazolyl-5-thiomethyl,
tosyloxymethyl, sulfamoyloxymethyl, 1-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, cinnamoyloxymethyl, p-hydroxy-cinnamoyloxymethyl,
p-sulfo-cinnamoyloxymethyl, 1R:2S-epoxypropylphosphonyloxymethyl and
4-methoxy-carbonyltriazol-1-ylmethyt;

R, is (a) hydrogen;

(b)Y  hydroxy;

(c) mercapto;

(d) XR'] wherein X is oxygen or sulfur and R'] is a
hydrocarbyl group selected from a group consisting of straight or branched
chain C]_Galkyi, C3-C6a1kenyl or C3—C6alkyny1 group, a monocyclic
aryl group, furyl, pyrryl, pyridyl or an araikyl group, which hydrocarbyl
groups are unsubstituted or substituted by one or more radicals selected
from hydroxy, halo, nitro, amino, carboxy or thio,

or R'] is

]

0
-E-R where R is hydrogen, C]—Cﬁalkyl, phenyl, benzyl or
C]-Cﬁalky1amino;

(e) —SO3H;

() "SOZNHZ;

(g) —SOZRZ wherein'R2 is C]~Cﬁalky1,
ha1oC]-C6a1ky1, aryl or aralkyl;

1619] -SOZNR3R4 wherein R3 and R4 independentiy
represent hydrogen, Cl-C6a1kyl, acyl selected from formyl or
C1-C6alkanoy1, or C]~C6a1koxy;

i —OCOOR2 wherein R2 is C]-Csalkyl,
ha]oCT-C5a1kyl, aryl or aralkyl;

&) —SOR2 wherein RZ is C]-Csalkyl,
haloC]-CBalkyl, aryl or aralkyl;

(k) --OCOSR2 wherein R2 is C13C6a1kyl,
haloC]-Csalkyl, aryl or aralkyl;
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Q) -OCONR3R4 wherein R3 and R4 independently
represent hydrogen, Cl-Caalkyl, acyl selected from formyl or
CT-CGalkanoyl. or C]—Csalkoxy;

(m) a hydrocarbyl group selected from the group consisting of
straight or branched C]—Cealkyl, CZ-CGalkenyl or CZ—CGalkynyl,
aralkyl, cycloalkyl, a monocyclic aryl group or a monoheterocyclic group
selected from heteroaryl containing 1 to 4 of any one or more of the
heteroatoms N, S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and no double bonds
in the ring or heterocycloalkenyl containing 1 to 3 of any one or more of
the heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
amino, nitro, sulfonyl, suifamoyl, acyloxy where the acyl group is selected
from formyl or C]-Csalkanoyl, carbamoyloxy, carboxy, carboxamido and
N-alky! or N,N-dialkyl carboxamido;

(o) cyano;

é.

(p) ~ C-R" wherein X' is oxygen or sulfur and R" is hydrogen,
halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroloxy, furyioxy, thienyloxy, alkylthio or arylthio; or R" is
SRZ‘ NHRZ, NR3R4 wherein R2 is C]-Csalky1 and R3 and R4
represent hydrogen or Rz;

(q) halo;

0
r) -E-Y' or a metal or ammonium salt thereof

where Y' and Z' independently are ORZ‘ NR3R4

Ry NRa
_NR~CH-COOH, NRy~NRyR,, ~NR)N<CR,R,, ~NR,~C-NR,R,,
¥l XI
e n o
~NHC-X Ry, -NH-&-NR3R4, -NC=X', -OCOR, and ~N,

wherein R2 represents hydrogen or a hydrocarbyl group, R3 and R4
represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or Clacsalkanoyl and wherein the hydrocarbyl group represented
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by Rz, R3 and R4 is selected from the group consisting of straight or
branched C]~C6a1kyl, Cz-csalkenyl or CZ-CGalkynyI, aralkyl,
cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected
from heteroaryl containing 1 to 4 of any one or more of the heteroatoms N,
5 S, or 0, heterocycloalkyl containing 1 to 3 of any one or more of the
heteroatoms N, S or O having 3 to 6 atoms and no double bonds in the ring
or heterocycloalkenyl containing 1 to 3 of any one or more of the
heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the ring
which hydrocarbyl group is unsubstituted or substituted by one or more
10 groups selected from the group consisting of halo, hydroxy, alkoxy, amino,
o nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected from
:::: : formyl or C,-Ccalkanoyl, carbamoyloxy, carboxy, carboxamido and N-alky!l
¢« <+ or N,N-~dialkyl carboxamido
:.:::' X' represents oxygen or suifur;
T B is 0B, or NB,B; wherein B, and B, independently are
.:.::. (a) straight or branched chain Cl-Czoalkyl
(b C6—C]Oary1
(c) C3-C8cyc10a1ky1
d CZ—CZOalkenyl
-1720, (e) C5-C8cycloalkenyl
S (F)  C,-Cynalkynyl
(g) CZ-CZOalkoxyalkyl
. .,5 (h) aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
v Lt atkynylaryl wherein alkyl, aryl, alkenyl and alkynyl are
25 as previously defined
S (i C,-Cq alkenyl C]-C6 alkyl;
(M C]—Csyalkanoyl C]-C6 atkyl;
(k> CT—C6 alkanoyloxy C]-C6 atkyl; ;
)y C1-C5 alkanoyl :
30 {m) a heterocyclic alkyl group containing 1 to 3 of any one or '
more of the heteroatoms N, S or O having 3 to 6 atoms and ;
no double bonds in the ring or heterocyclic alkenyl group g
containing 1 to 3 of any one or more of the heteroatoms N,
S or O, having 5 to 7 atoms and one double bond in the
ring; ‘
(n) C1~C]0alkoxy T
(o) C1-Csalkanoylcxy
:
i
KXW:863y
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the above groups (a) - (0) can be unsubstituted or substituted by one or
more radicals selected from the group consisting of alkyl, hydroxy, alkoxy,
halo, nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy,
sulfoamino, carbamoyl, carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido,
5 carboxamido and N-alkyl or N,N-dialkyl carboxamido;
or BT and B2 independently are p~carbomethoxybenzyl,
m-carbomethoxybenzyi, o-methyithiobenzyl or benzhydryl
33 is hydrogen or B,, and
B2 and B3 may join together and form part of the heterocyclic
group
.10 -N or —N::ZE}——-R where R is CI-C4a1ky1, C]-C4a1koxy
or C]—Cacarboxyalkyl; and

s Q is
ST (1)  hydrogen;
'»':fﬁ" (2) G _galkyl;

(3) halo C]_salkyl;

(4) hydroxy C]_éalkyl;

(5) methylene, C1_6a1ky1methylene, phenylmethylene,
e, phenylthiomethylene, phenylsulfinyimethylene or
‘.:;ép phenylsulfonylmethylene where phenyl or alkyl can be
o unsubstituted or substituted as previously defined;
:...5 (6) C]—Csalkoxy C1—C6alkyl
et (7) aralkyl
T (8) phenylthio C]-Csalky1f phenylsulfiny} C]-Csalkyl
L0025 or phenylsulfonyl Cjésalkyl;

s ws

(9)  phehoxy Cj-Csalkyl;
(10) phenylamino C!'CG alkyl.
Thus, CHZA can be a halomethyl such as chloromethyl, bromomethyl or
fluoromethyl.
CHZA can be shown by the formula

30 -CHZZR5
where Z is oxygen or sulfur, and R5 is an acyl group; a straight chain or

branched chain loweralkyl, alkenyl or alkynyl group; an aryl group; an
dralkyl group; or a heterocyclic group such as heteroaryl e.g. tetrazolo,

KXW: 863y,
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benzothiazolyl or isoindolino, heteracycloalkyl e.g., 1,3-dioxacyclohex-
4-y1,piperidino, morpholino, oxacyclopropyl, pyrrolidino, imidazolidino,
pyrazolidino, and piperazino; or heterocycloalkenyl such as pyrrolino,
2-imidazolino or 3-pyrazolino. These groups can be unsubstituted or can be
5 substituted by radicals such as alkyl, alkoxy, halo, cyano, carboxy,
carbamoyl, azido, sulfo, amino, alkylamino, dialkylamino, haloalkyl,
carboxyalkyl, carbamoylalkyl, N-alkyl carbamoylalkyl, N,N-dialkyl
carbamoylalkyl, guanidino, N-alkyl guanidino, N,N-dialkyl guanidino,
guanidoalkyl, sulfamyl, N-alkyl sulfamyl, and the like. Representative of
10 the CHZA groups are methoxymethyl, n-propoxymethyl, methylthiomethyl,

suse acetoxymethyl, propionyloxymethyl, benzoyloxymethyl,

(p-chlorobenzoyl)oxymethyl, succinoyloxymethyl, (p-methylbenzoyl)oxymethyl,

pivaloyloxymethyl, (1-adamantyl)~carboxymethyl, butanoyloxymethyl,

“tae carbamoyloxymethyl, (N-methylcarbamoyl)-oxymethyl,

. ¥5  (N-ethylcarbamoyl)oxymethyl, [N-(2-chloroethyl)carbamoyl]-oxymethyl,

AN (N-phenylcarbamoyl)oxymethyl, [N-(carboxymethyl)-carbamoyll-oxymethyl,
(N-p-suifophenyl-carbamoyl)oxymethyl, p-carboxymethylphenyl-
carbamoyloxymethyl, methoxycarbonyloxymethyl, isobutanoyloxymethyl,
cyclobutylcarbonyloxymethyl, carbamoylthiomethyl, (ethoxythiocarbonyl)-

+277°20  thiomethyl, (n-propoxythiocarbonyl)thiomethyl, (cyclopentanoxythio-

sees carbonyl)thiomethyl, methylthiomethyl, N,N-diethylthiocarbamoylthiomethyl,
N-methylpiperazinium-1-thiocarbonylthiomethyl, N,N-dimethylpiperazinyl-i-

svoans thiocarbonylthiomethyl, 2-furoylthiomethyl, isothiouroniummethyl,

L] °

s (5-methyl-1-3,4-thijadiazol-2-y1)thiomethyl, p-tolylsulfonylthiomethyl,

deadive

25 2-benzothiazolothiomethyl, mesylioxymethyl, 1-methyl-1,2,3,4-

L]
8
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tetrazolyl-5-thiomethyl, tosyloxymethyl,
sulfamoyloxymethyl, l-naphthoyloxymethyl,
2-furylacetoxymethyl, cinnamoyloxymethyl,
p-hydroxycinnamoyloxymethyl, p-sulfo-
cinnamoyloxymethyl and 1lR:2S-epoxypropylphos-
phonyloxymethyl.

Alternatively, when CH2A is hydroxy-
methyl, the cephalosporin can also exist as the
lactone which is formed by internal esterifi-
cation with the adjacent carboxy group.

The substituent CHZA can also be a group
of the general formula

-CHZY1

.

wherein Y1 represents amino or substituted amino
including nitrogen heterocycles and substituted
heterocyclic groups as described for RS‘ Yl may
also be nitrogen which is part of the heterocyclic
system as shown below.

[ ¢] (o]
1% 2° o
Cl, F or H‘-E::[’
4 Z
° %-*O

3\

Examples of such groups that might be mentioned are
aminomethyl, acetamidomethyl, carbamoylaminomethyl,
N,N-dimethylaminomethyl, N-(2-chloroethyl)-
aminomethyl, S-cyano-triazol-l-yl-methyl, 4-methoxy-
carbonyltriazol-l-yl-methyl.

e it
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When A is amino the cephalosporin compound
can also exist as the lactam formed by loss of water
with the adjacent carboxy group.

Representative of the quaternary ammonium

5 groups representing A that might be mentioned are
pyridinium, 3-methylpyridinium, 4-methylpyridinium,
3-chloropyridinium, 3-bromopyridinium, 3-iodo-
pyrinium, 4-carbamoylpyridinium, 4-(N-hydroxymethyl-

,1 carbamoyl)pyridinium, 4-(N-carbomethoxycarbamoyl)-
L 10 pyridinium, 4-(N-cyanocarbamoyl)pyridinium,
. 4-carboxymetkylpyridinium, 4-hydroxymethyl-
. pyridinium, 4-trifluoromethyl-pyridinium,
"o ee quinolinium, picolinium and lutidinium.
When A is mercapto, it may be -SH, -S-C-0O-
. 15 ’ !
e R
/s\ N /s l\l - s
.:«.oi — Hr N—-{], /d, \ / ’
. R' N"‘N\
I 20 R
LA R
, R s ,
AN /5{7/ s
\ \ -
ﬁz?. <)
4
25 ’
R
|_ ¢
-—»8—1/ ~ i
| IN or -~ N ;
N /
OH H
30 o HOOC

alkyl, alkylthio, arylthio, aralkylthio or hetero-
cyclothio, wherein R represents C,_,. loweralkyl,

Cg_10 3ryl or CH,COOH. i
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The preferred groups representing A are (a)
hydrogen; (b) halo; (c) hydroxy; (d) alkoxy; (e)
aryloxy; (f) aralkyloxy; (g) substituted or
unsubstituted mercapto especially —S-?—O—R,

R

|
0 Y
e B o T L Fa e
o R

«{

(h) acylthio; or (i) acyloxy. The acyl group can be
a loweralkanoyl group of 2-6 carbon atoms such as
acetyl, —COC2H5 or -COC,H., carbamoyl, or
thiocarbamoyl and N-alkyl or N,N-dialkyl derivatives
thereof. The alkyl group of the foregoing substi-
tuents contains 1-10 carbon atoms and may be further
substituted by radicals such as alkoxy, halo, amino,
cyano, carboxy, sulfo, and the like.

More preferably, A is Q0

(a) alkanoyloxy especially -OCCH3

~oécn CH,COOH, -O-C-CH.NHCH
2772 » T
0

3I

~Oﬁ—CH NH

0

2
o-c , O—ﬁCHzl"IC‘OOt—Bu R
HOOC O CH

3

272
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(b)
(e)
(d)
(e)
(£)

(9)

(h)
(1)

The
(a)

5
'—802CH3 or-—SOZC6H

substituent R, in formula (I) above is

- 12 - 168651IB

&
>
<

or -O—E—OC2 5° —O—i-o
0 H

or —O—E-O-(CH2)21CH3;

alkoxy especially methoxy,

ethoxy or i- or n-propyloxy;

halo;

hydrogen;

hydroxy;

substituted or unsubstituted mercapto;
or

carbamoyloxy, especially

0
|
L- or D- form of -0&—NH$HCOOH,
Cl_salkyl
[0} |
ti
e.g. -OCNH-?H-COOH, —O-ﬁ—NHCH COOH,
0

CH3

2

0

|

—OA-NHCHZCOOCHa; —O@ﬁ-NH?H-COOH; 3
(0] CHZ-CGHS

—SOCH3 Or--SO-CGH ;

57

hydrogen;

R

— . e o
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(b) hydroxy:;

(c) mercapto;

(d) substituted oxy;

(e) substituted thio;

5 (f) hydrocarbyl or substituted hydrocarbyl

group;

(g) cyano;

(h) carbonyl or thiocarbonyl containing
substituents bonded by said carbonyl or

10 thiocarbonyl radical;
(i) halo;
(j) phosphono or a substituted phosphono
group;

The oxy or thio substituent represented by

15 R, in formula (I) can be a substituted hydroxy or
mercapto group such as -XR'l wherein X is oxygen or
sulfur and R'l is a hydrocarbyl group, preferably a
straight or branched loweralkyl group of 1-6 carbon
atoms, a straight or branched chain loweralkenyl or

20 loweralkynyl group of 3-6 carbon atoms, a monocyclic
aryl group such as phenyl, furyl, pyrryl and pyridyl,
or an aralkyl group such as benzyl. These alkyl,
alkenyl, alkynyl, aryl or aralkyl groups can be
substituted with groups such as hydroxy, halo, nitro,

25 amino, carboxy, thio, and the like. Other specific
substituents represented by Rl that might be
mentioned are groups of the formula -OAc, -SAc, -SO3H,
'SOZNHZ‘ -SOZRZ' —SQZNR R ~OCOOR2.

374’

—SORZ, -OCOSRZ, -OCONR3R4, and the like wherein Ac
30 represents an acyl grouﬁ such as a formyl or lower-

alkanoyl, R3 and R4 represent hydrogen, lower- .

At At

alkyl, acyl and loweralkoxy, and R2 represents
loweralkyl, haloloweralkyl, aryl, aralkyl and
substituted derivatives of such groups.

. [PV
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When Rl is hydrocarbyl it can be straight
or branched loweralkyl, straight or branched
lower-alkenyl, loweralkynyl, aralkyl, cycloalkyl, a
monocyclic aryl group, or a monocyclic heterocyclic
group which can also be substituted with one or more
groups such as halo, hydroxy, alkoxy, amino, nitro,
sulfonyl, sulfamoyl, acyloxy, carbamoyloxy, carboxy,
carboxamido and N-substituted carboxamido. Repre-
sentative examples of such groups are Cl—s alkyl
such as methyl, trifluoromethyl, ethyl, n-propyl,
isopropyl, t-butyl; Cb_s alkenyl especially allyl,
a-butenyl; C2—6 alkynyl such as ethynyl and
methylethynyl; loweraralkyl such as benzyl, p-methoxy-
benzyl, phenethyl; phenyl, p-aminophenyl; cyclopropyl,
cyclopentfl and 4-hydroxycyclohexyl;

R1 in formula (Y) above may also represent

ﬁ'

cyano or a group of the general formula -C-R"
wherein X' is oxygen or sulfur, and R" is hydrogen,
halo, hydroxy, mercapto, amino, substituted amino,
alkyl, aryl, aralkyl, aralkoxy such as benzyloxy,
alkoxy or aryloxy such as phenoxy, pyrroloxy,
furyloxy, and thienyloxy, alkylthio or arylthio.
Examples of these substituents are -COOH, -CSSH, -COR,,,
—COORz, -COSRz, -CSSR2, —CONHz, -CSNHZ, —CSRZ,
—CONHRZ, -CSNH&,,—CONRsR4 and —CSNR3R4 wherein R,
represents a straight or branched chain alkyl group
of 1-6 carbon atoms and R3 and R4 represent
hydrogen Or,Rz;

Finally, the substituent Rl in formula (I)
represents phosphono or a metal or ammonium salt




R el i C e e e e - e

asr e
+

40875/1281A - 15 - 168651B

5

10

15

20

25

30

thereof, or a substituted phosphono group of the
formula:
-pP-Y'

wheére Y' and Z* are the same or different and

represent —ORz, —NR3R4,
R NR
|2 g 2
--NR-CH-COOH, —NRz-NR3R4, —NR2N=CR3 4’ —NRZ— -NR3 4
%l %‘
—NH—C-X'RZ, —ﬁH—C—NR3 4’ -NC=X", —OCOR2 and -N3,

where Rz represents hydrogen or a hydrocarbyl
radical, R3 and R4 represent hydrogen,
hydrocarbyl, alkoxy or an acyl radical, and X'
represents oxygen or sulfur.
Preferably, R1 is
(1) hydroxy;
(2) ORl' where R,, represents hydrocarbyl
group;
(3) Cl_salkylthio;
(4) c1-6 alkylsulfinyl;
(5) C1-6 alkylsulfonyl;
(6) halo such as fluoro, chloro, bromo or iodo;
or;
(7) hydrogen; or
(9) Cl_salkyi.
Even more preferably, Rl is
(1) Cl_salkylj
(2) hydroxy:
(3) OR; where R;-is
(a} cl-ﬁ alkyl especially methyl, ethyl,
n-propyl;

EOS F
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(4)
(5)

|

~ 16 - 168651B

(b) -CgHg:
(c) —CH2CH2C6H5; or
{
{(d) -C-R where R represents hydrogen,
Cl_aalkyl, phenyl, substituted or
unsubstituted benzyl, or

C,_g3lkylamino such as CH,NH-,
CZHSNH—:

halo especially C1l or F; or

—sozn.

B of Formula (I) above represents OBl, or

NB,B, wherein Bl and 32 independently are:

273
(a)

(b)
(c)
(4)
(e)
(£)
(9)
(h)

(i)
(i)
(k)
(1)
(m)
(n)

straight or branched chain alkyl having from
1 to 20 carbon atoms, ethyl, isopropyl,
t-butyl, pentyl or hexyl;

aryl having from 6 to 10 carbon atoms;
cycloalkyl having from 3 to 8 carbon atoms;
alkenyl having from 2 to 20 carbon atoms;
cycloalkenyl having from 5 to 8 carbon atoms;
alkynyl having from 2 to 20 carbon atoms;
alkoxy having from 1 to 10 carbon atoms;
aralkyl, alkaxyl, aralkenyl, aralkynyl,
alkenylaryl or alkynylaryl wherein alkyl,
aryl, alkenyl and alkynyl are as previously
defined;

loweralkenylalkyl;

aliaanoylalkyl;

alkanoyloxyalkyl;

alkoxyalkyl:;

alkanoyloxy;

L5 s

a heterocyclic group including heterocyclic
alkyl or heterocyclic alkenyl.

BTN SN P R T

?W:$
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The above groups (a)-{(n) can be unsubstituted or can
be substituted by radicals such as alkyl, hydroxy,
alkoxy, halo, nitro, mercapto, amino, substituted
amino, cyano, carboxy, sulfoamino, carbamoyl,
carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido,
amino, substituted amino, carboxamido or
N-substituted carboxamido;

B3 is hydrogen or Bl; and

B2 and 83 may join together and form
part of the heterocyclic group - e.g.

~ COCH /—\
Q/' "N: l R , —N o} or the like.

Representative examples of such groups are
Cl_salkyl especially methyl, ethyl or t-butyl,
allyl, 3-butenyl, methoxyethyl, benzyl,
p-carbomethoxybenzyl, m-carbomethoxybenzyl,
p-sulfonylbenzyl, m-fluorobenzyi, o,p-dinitrobenzyl,
o,p-dichlorobenzyl, p-methylbenzyl, m-methoxybenzyl,
o-methylthiobenzyl, benzhydryl,
—CHZCOOH,-CH2COOt—Bu, CH:CHZCHZCOOCH3,

—CHZCOOCZHS, and the like.

Preferably, B1 and B2 independently are

substituted or unsubstituted
(1) aralkyl;
(2) aryl;
(3) straight or branched loweralkyl;
(4) straight or branched loweralkenyl;
(5) cycloalkyl;

b o AR ommim e i et et
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(6)
(7)
(8)
(9)

B,

B, and B

2

N

.= 18 - 168651IB

alkanoyloxyloweralkyl;
alkanoylloweralkyl;
alkoxyloweralkyl; or
haloalkyl;

is hydrogen or Bl: and
3 may join together and form part of the

heterocyclic group as defined previously;

Even more preferably, B1 and Bz

independently are substituted or unsubstituted

(1)
(2)
(3)
(4)
(5)
(6)
(7

benzyl;

methyl;

t-butyl;

-CH2CH2CH=CH2 or CH2—CH=C(CH3)2;
-CHZCOOH;

alkanoyloxymethyl; or
alkanoylmethyl;

33 is hydrogen or,Bl; and

B2 and B3 may join together and form part of the
heterocyclic group selected from a group consisting

of:

(1)
(2)

(3)

(4)

_G_R

COOH

_q

—
/

Q in formula (I) represents

hydrogen;

cl~6 alkyl especially methyl, ethyl,
isopropyl, n-pentyl or n-hexyl;

halo Cl_salkyl especially chloro or fluoro
Cl_salkyl; or

hydroxy Clésalkyl;



(5)

5 (6)
N
(8)

(D
10 (10)

eree "
P (2)
T 3

(4)

(5
,*+20  Even more
n
M 2)
(»
(4)
The
. e OBI is oth
according
For exampl
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methylene, C,_salkylmethy1ene, phenylmethylene,
phenylthiomethylene, phenylsulfinyimethylene or phenyl
sulfonylmethylene wherein phenyl or alkyl can be unsubstituted
or substituted as previously defined;

C]_sa]koxy Cl_ﬁalkyl;

aralkyl especially benzyl or phenethyl;

phenylthio C]_Galkyl, phenylsulfinyl C]_Galkyl or
phenylsulfonyl C,-Csalky1;

phenoxy C]_Galkylz or

phenylamino C]_salkyl.
Preferably Q is
hydrogen;

C]_Galkyl;

methylene, C1_6a1ky1methy1ene, phenyimethylene,
phenyltniomethylene, phenylsulfinylmethylene or
phenylsulfonylmethylene wherein phenyl or alkyl can be
unsubstituted or substituted as previously defined;
pheny]thiocl-csalkyl or phenylsulfonylcl-csalkyl, or
aralkyl.
preferably, Q is

hydrogen;

methyl, ethyl or i- or n-propyl;

methylene; or

phenylthiomethyl or phenylsuifonyimethy]l.

cephalosporin sulfone esters of structural formuia (I) where
er than hydroxy can be prepared from the corresponding acid
to conventional methods of esterification.
e,

BRI o bz A
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A compound of formula (I) is treated with a
lower alkanol, a substituted or
unsubstituted benzyl alcohol, or a
substituted or unsubstituted benzhydrol
(diphenylmethanol) in the presence of a
catalyst and any one or a combination of
those illustrated below in Table I:

TABLE I
Catalysts for Esterification

Hydrochloric acid or hydrobromic acid
Sulfuric acid

C1_3alkanoic acid e.g. acetic acid
Phosphoric acid

Trifluoroacetic acid or anhydride
Trichloroacetic acid

p-Toluenesulfonic acid or other arylsulfonic
acids

Acidic ion-exchange resins with calcium
sulfate

Polymer-protected aluminum chloride, e.q.,
a complex between anhydrous aluminum
chloride and polystyrene-divinyl benzene
copolymer diphenylphosphitepyridine

A Lewis acid such as boron trifluoride
Aromatic sulfonylchloride-pyridine, e.q.,
p-toluenesulfonylchloride
triphenylphosphine ditriflate
dicyclohexylcarbodiimide (DCCD)
B-trichloromethyl-8-pro-piolactone
N,N'-carbonyldimidazole

USROS S
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triphenylphosphine diethylazodicarbonylate
6-chlorobenzensulfonyloxybenzotriazole
1-methyl-2-halopyridinium iodide-tertiary
amine (e.g., triethylamine).

at from about 0° to about 150°C with or
without refluxing until the esterification
is substantially complete. Optionally, a
solvent may be used to facilitate the
reaction. The common solvents used are
benzene, toluene, xylene, sulfolane-xylene;
diethylether, tetrahydrofuran,
1,2-dimethoxyethane, dioxane and the like;

A compound of formula (I) is converted to an
acid halide such as acid chloride or bromide
via treatment with a halogenating agent such
as thionyl chloride, phosphorus penta- or
oxychloride followed by reaction with an
appropriate alcohol; and

Other methods such as alkylation of
carboxylate salts (e.g., K*, Na+,
Ca*+, Ag+, cu*, tetraalkylammonium-
R4N+, and Hg++ salts) of formula (I)
with alkyl halides, for example,
berizylchloride, benzyhydryl chloride;
reaction with alkyl isoureas; treatment with
diazomethane or diazophenylmethane
(CGHSCHN2); alcoholysis of anhydride
derived from the cephalosporin acid
corresponding to formula (I); trans-

e A s 4 PUES I oe VPR N v mman =
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esterification with t-butyl esters or iso-
propenylacetate; and the like may also be
used. These methods are disclosed

in Saul Patai, editor, The Chemistry of

Functional Groups, Supplement B, The
Chemistry of Acid Derivatives, pp. 411-436,

John Wiley & Sons, Chichester-New
York-Brisbane-Toronto, 1979, and are
incorporated herein by reference.

More specifically the following synthetic
schemes are useful in preparing the cephalosporin
sulfone esters or amides of formula (I).

(1) As exemplified by Example 16

0~ N. < " (CH3)2CHNH—$=N—CH(CH3)2
0B,
‘ N
COOH ;;7
(11)
R
A Q
H '-1""r [ S
0 =% I\
! M
00B,
(v)
(111)
wherein Bl represents Cl_salkyl such as methyl,

ethyl, i- or n-propyl or t-butyl or aralkyl such as
m-methoxycarbonylbenzyl or other substituted or
unsubstituted alkyl groups.
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(2) As exemplified by Example 18

: R
(11) —> B ~] 5.2
diazo compounds, e.g. 1 ‘ '
CH,N, : o” NNF
C,H00CCHN, 1
B () B
(3) Acidic addition method
'CB3> Rl .
¢ =CH '
(11) A >
s ~”
H o] M
Ry COOC (CH,) 4
& 0 Q
H—T—-T’s
oﬂL—N\/r
COOC (CH3) 5
(4) Displ nt methg i in Example 1
Rl . .
, R . corresponding
(11) ————— L &é sulfone

(B = -CH,COR, =CH,COOR) 7 R\ 2
(X = hal?:, e.g. 2 ° M

Cl, Br and 1) mzcox
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(5) Aminolysis of an anhydride as exemplified in
Example 20

a) Cl-ﬁ-OR

S
I = H -'-r/
b) HNBZB3

corresponding
sulfone

wherein R is loweralkyl, e.g. isobutyl, HN3233 is

H
CGHSCHZI&CH3 or other substituted or nonsubstituted

amine.

(6) D ling meth
and Examples 32-33

xemplified in Example 21

R
a) DCC or DCC/ -OH H._P
II
BT ENE, B, = o
M
CONB, B,

wherein DCC represents dicyclohexylcarbodiimide
HNBZB3 is HZNCHZCOOR (wherein R is Cl_salkyl
or aralkyl) or other substituted or unsubstituted
amine.

It should be noted that when it is
appropriate, (II) can be oxidized first to a sulfone

and then subject to esterification or amidation

P
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according to schemes (1) to (6). Furthermore, (II)
can also be a 7,7-disubstituted compound, e.qg.,

7-halo-7-R-derivative.

The starting compound of formula (II) and
methods for the preparation thereof are known in most
cases as they are well-known antibiotics and have
been explored extensively. The following schemes,

however, illustrate the preparation of a few

representative precursors:

(A) Modifications at 7-position -- Diazotization
reactions
xemplifi xam 7 _an
NBz
§ NaNO N
H1— liiaind ~ A
,, Z D e
6~ M 0% M (V)
COB

CoB

a nucleophile
e.g-' ROH

wherein R is as defined above.

(USSR - T o v vng
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(2) As_exemplified by Examples 2, 3, 6, 7 and 23
HClo .  : (o]
(@ v 4 __—5 "> @
H,O/acetone R
5 2 0‘5—- y/
M
CoB
o]
at': 10 HHO s Q
« pyridine ‘
.Q:QO' o /’ ] /
CoB
* *s 15
e C33CH2
R Et.B , H
RPN (b) (V) ==3 > Hzoz
H,0 A—N 2 OAc
.:aonz 20 'I’HF o l
-:o-.i COZB
e L F
s . Py S
(@) v BEPY \—[
25 0d— w// < OAc.
B
CO2
30 In (a) to {c), B is t-butyl or other group

as previously defined.
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(B) Modification g; 3-position
(1) m -
1
’i _] Reauctzei H/I—/ s\/Q
02—N~ slfozt N k
Y CHZ
COB R COB
P
—_—
2) reduction — NN
o ‘ OH

CcoB

PC15

)  arion R s 0
Chlor;na io N \‘1___(
~

- A amaa

— Lea — e - -
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(2) m m l_=_O_C.Ii3)
R
TsCl : j__ s e (o)
5 (v1) pyridine = | r oxidation >
AN~
o™~ \|/ Ts
COB
© ° C_H
R N\ z SH
10 )1 s/ Q 6°s ;
H | \[ (iPr)zm:t
/l—ﬂ\/ 7
o l OTs
COB
15
(0] 0 (o]
r (o] H
o= — "'\~ \S-C H (o2 : /SdCGHS
20 | 675 \ )
ccB COB
25
30
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(3) b4 1ifi xampl - n -14
Et.N R
Ry __ S 3 5 11 _‘/ \
5 —— N ~Z OAc &N Ac
0 N
CoB COB
e e R
Ti(0-iPr), I\ .
e s iPrOH .’ _( l (VII)
rees 10 B H
R o= N
COB
o o %y T
.I'QQ‘ 1’ > l r o
' e 15 z) lol o /___N, P b\
. COOHE (or M)
':l. coB
cheeel 20 (4) As exemplified in Example 11
H,CrO R 3
I ol .
. s [o] ‘ ‘
25 ° | CHO
, 0 0
CoB /Rl N\ oz
R ~ MC ~ - §
1\_rs MCPBA r—(
l‘ l - o’/—-N AN
—~—N COOH
30 o COOH (or M)
. coB
COB
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(5) As exemplified in Example 15
R
5 1 R S
| —_— J_
0 ZTINF o 0AC & NN,
| 3
COB CoB
en 10
SEIRCINS £
.. (6) As exemplifi in Examples 28-31
CH
. 2 0 3w N PH
. Rl\ S .~ /L\ o
g — . B ,
N 2 » COOH =
o HS —(¢
T COB or N-N
25
R 3
1 /——cooa _ t
, N
Z—N ~ N
0 s
30
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(C) Modification of 4~ ition (intr ion of
n mplif] i 24 - 27
Ry R
(1) : 1 cH
5 H 4 Mannich | 7z 2
3 conditjons 5 B [0}
Z—N\Z ——
o 172 M < Z
o) M
(VIII)

10

Rl (o] /O

- N _cn,

H
P Z
0~” ° M
15 COOBl
(I1x)
20 \ \
(2) (VIII)  (n)

25

H

_ Z
30 o M

COOB

[PV

BRI TEDNEITI ™ Ao o it b bt o



L - g

4087S/1281A - 32 - 168651B

5 /
CHSH L
(3) (IX) EE—— § P
0° M
sece C()'OBl
o, 10
15
=% 20
25
{Compound A)
This compound is prepared according to the
following scheme. The detailed synthesis is
described in Example 34 at page 96.
30
;

R, © o
1 "N\ £u,SCHg

O ko L e - PAT - L S ccitles s e o el e et e
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.
5
1 o
7-ACA
10 TFA
m————————
onisole
15
1) mCPRA
o i
2) PYR or
20 A=21 RESIN
t-8u—-0
HO
I u
o /‘lL
/ H,S0
2 . ™~ an—o/u\ 8-0 =< H2%
———— o
HO Ho DIOXANE
0 NaOH L) _6_
3
0
30 « o
Bn-0 )k W/ Pd/C N
t=8u~0 ———————— {~-8u-0
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This invention also relates to a method of
treating inflammation in patients using a compound of
Formula (I), particularly an especially preferred
compound as the active constituent.

It has been found that the compounds of
Formula (I) have anti-inflammatory antidegeneration
activity and are effective in the prevention and
inhibition of edema and granuloma tissue formation as
shown below in Table II by the effective inhibition
of the proteolytic function of human granulocyte
elastase.

L T
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TABLE II
o o
R N\7
H .
0o~
BI M B Q ED:U
—OCH3 -CHZOEOCH3 -OCH3 H 0.08
" “ —OCHZG H 0.03
" " -OCHZ-( p—COOCHs) H 0.02
" " —OCHZCO,tBu H 0.02
" " -OCH?CH-C (\CH3) 2 H 1.0
" " ~0O( CI'12)3C00CH3 H 0.05
" " -NHCHZCOOtBu H 0.9
" " <N( CI'|3)2 H 0.6
" " -0tBu CHy 0.03
" “ -0tBu CH, 0.03
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R M 8 0 ED
1 S0
—OCH3 -CHZOCOCH3 -0t8u CH 250 0.03
n " -0tBu CHZSOZG 0.02
" " ~0tBu CHZG 15.0
-CZH5 " OtBu H 1.0
" —CHZOCUNHCHCOOH OtBu H 1.0
I
CH3
" -CHZOCOCHVZCHZ’COOH OtBu H 0.8
-CHZOCOCH3 -OCHZ H 0.4
" 4CH20C0(':H0 ~0tBu H 0.4
NHZ
-OCH3 -CHZOCOCH3 H H 5
b
i
t
t
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1C

OCH3

—0C6H5

-F

-1

A~ b+

CHZOCOCH3

-N(CH3)CH2C00H H

~NH(CH, ) ,CO0tBu H
-N(CH;)CH,0 H

~0tBu H

S R At e S 7 s P
A

o . .
[ESR R A NN WS SO SV Sy P | VNI TR DRV AU PP Sy

U

0.06

0.5

0.8

0.03

0.02
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R, M 8 Q E0.,
0
I
-0CH " " H 0.15
i
-0CH " -OCH3 H 0.1
—OCOCH3 " —OCHZG H 0.4
-OCH3 —CHZOH -0tBu H 0.8
" n 1
—CHZOCOCHZCHZ-COOH H 0.
' -—C!-iz.OCOCHZNHCH3 ! H 0.3
OCH3 -C‘HZQCO-—G-'( 0-COOH) -0tBu H 0.6
" -CHZOGOCHZNCOO‘tBu " H 0.1
H3
" Y 0 }
~CH20C00C2H5 H 0.3
" -CHZC'I " H 0.15
|
%
- 4

W RN duriaonk
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-0CH

H
-OC3

-39 -

ED

e i s

-CH Z-SﬁOC ZHS

~CH,S /.]

~CH,_OCH

S
s
S

“

-CHZS \N

-~

H

.
-cnzs-<\ ‘IJ
N

-0tBu

-0tBu

0.9

0.7

1.0

0.3

1.0

3.0

0.6

0.6

50—
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R, M B 0 B0
" ~CH,OCONHCH,,COOH " H 0.04
" ~COOH " H 0.01
n ~CH,30 " H 0.4
: ; " ~CH,S00 " H 0.08
‘ " ~CH,50,8 " H 0.2
S -ocH, -0 ~0CH, H 0.2
e, " ~CH, S0, CH, -0tBu H 0.1
e -ocH, -CH, -0tBu H 1.0
i S congocy, v
s " ~CH, ~OCH,-(mCOOCH, ) H 0.3
g = C6H5- or C6H4 i.e., phenyl
§

g By
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TABL
Compoynd Ego
o 0
5 c1 A
c1.—-l-—]/ 0.1
I Ac
00t =Bu
10
(o] 0
PRy
F_L._(S
. OAc 0.05
o= N
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TABLE III
Protocol - Enzyme Assays for the Inhibition of Human
Polymorphonuclear Leukocyte Elastase Via Hydrolysis
of

N-t-Boc-alanyl-alanyl- lvlalanine-p-nitroanilide
Reagents:

0.05M TES (N-tris[hydroxymethyl]lmethyl-2-
amino-ethanesulfonic acid) Buffer, pH 7.5.

0.2 mM N-t-Boc-alanyl-alanyl-prolyl-alanine-
p-nitroanilide (Boc-AAPAN).

To prepare substrate, the solid (m.w. 550)
was first dissolved in 10.0 ml DMSO. Buffer at pH
7.5 was then added to a final volume of 100 ml.

Crude extract of human polymorphonuclear
leukocytes (PMN) containing elastase activity.

Inhibitors (cephalosporin sulfone esters) to
be tested dissolved in DMSO just before use.

Assay Procedure;

To 1.0 ml of 0.2 mM Boc-AAPAN in a cuvette,
0.01-0.1 ml of DMSO with or without inhibitor was
added. After mixing, a measurement was taken at 410
mu to detect any spontaneous hydrolysis due to
presence of test compound. 0.05 Milliliters of PMN
extract was then added and the AOD/min at 410 mp
was measured and recorded. Beckman model 35 spectro-
photometer was used.

Results:

Results were reported as EDSO, i.e.,
effective dosage in micrograms per milliliter
(ﬁg/ml) for 50% inhibition of the enzyme activity 2
minutes after zero time.

.
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mments:
The elastase activity in the crude PMN
extract may vary from one preparation to another. A
control of each new batch is run, and the volume
5 added in the assay procedure is adjusted according to
activity.

Accordingly, the compounds of Formula (I)

can be used to reduce inflammation and relieve pain
10 in diseases such as emphysema, rheumatoid arthritis,

osteoarthritis, gout, bronchial inflammation,

infectious arthritis, rheumatic fever and the like.

For treatment of inflammation, fever or
pain, the compounds of Formula (I) may be

15 administered orally, topically, parenterally, by
inhalation spray or rectally in dosage unit
formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants and
vehicles. The term parenteral as used herein

20 includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion
techniques. 1In addition to the treatment of
warm-blecoded animals such as mice, rats, horses,
degs, cats, etc., the compounds of the invention are

25 effective in the treatment of humans.

The pharmaceuti¢al compositions containing
the active ingredient may be im a form suitable for
oral use, for example, as tablets, troches, lozenges,
aqueouns or oily suspensipns, dispersible powders or

30 granules, emulsions, hard or soft capsules, or syrups
or elixirs. Compositions intended for oral use may
be prepared according to any method known to the art
for the manufacture of pharmaceutical compositions
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and such compositions may contain one or more agents
selected from the group consisting of sweetening
agents, flavoring agents, coloring agents and
preserving agents in order to provide pharma-
ceutically elegant and palatable preparation.
Tablets contain the active ingredient in admixture
with non-toxic pharmaceutically acceptable excipients
which are suitable for the manufacture of tablets.
These excipients may be for example, inert diluents,
such as calcium carbonate, sodium carbonate, lactose,
calciur phosphate or sodium phospht .e; granulating
and disintegrating agents, for example, maize starch,
or alginic acid; binding agents, for example starch,
gelatin or acacia, and lubricating agents, for
example magnesium stearate, stearic acid or talc.
The tablets may be uncoated or they may be coated by
known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby
provide a sustained action over a longer period. For
example, a time delay material such as glyceryl
monostearate or glyceryl distearate may be employed.
Formulations for oral use may also be
presented as hard gelatin capsules wherein the active
ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or
kaolin, or as soft gelatin capsules wherein the
active ingredient is mixed with water or an oil
medium, for example peanut o0il, liquid paraffin, or
olive oil. ¢
Aqueoug suspensions contain the active i
materials in admixture with excipients suitable for
the manufacture of aqueocus suspensions. Such
excipients are suspending agents, for example sodium

e TINASTTE i RN
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carboxymethylcellulose, methylcellulose, hydroxy-
propylmethylcellulose, sodium alginate, polyvinyl-
pyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents may be a naturally-
occurring phosphatide, for example lecithin, or
condensation products of an alkylene oxide with fatty
acids, for example polyoxyethylene stearate, or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example heptadeca-
ethyleneoxycetanol, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids
ang hexitbl anhydrides, for example polyoxyethylene
sorbitan monooleate. The said aqueous suspensions
may also contain one or more preservatives, for
example ethyl, or n-propyl, p-hydroxybenzoate, one or
more coloring agents, one or more flavoring agents,
and one or more sweetening agents, such as sucrose or
saccharin.

9ily suspension may be formulated by
suspending the active ingredient in a vegetable o0il,
for example arachis o0il, olive o0il, sesame o0il or
coconut o0il, or in a mineral oil such as liquid
paraffin. The oily suspensions may contain a
thickening agent, for example beeswax, hard paraffin
or cetyl alcohol. Sweetening agents such as those
set forth above, and flavoring agents may be added to
provide a palatable oral preparation. These
compositions may be preserved by the addition of an
antioxidant such as ascorbic acid.

¢
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Dispersible powders and granules suitable
for preparation of an ag ‘us suspension by the
addition of water provide tue active ingredient in
admixture with a dispersing or wetting agent,
suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients, for example
sweetening, flavoring and coloring agents, may also
be present.

The pharmaceutical compositions of the
invention may also be in the form of oil-in-water
emulsions. The oily phase may be a vegetable oil,
for example olive o0il or arach’s oils, or a mineral
0il, for example liquid paraffin or mixtures of
these. Suitable emulsifiing agents may be
naturally-occurring gums, for example gum acacia or
gum tragacanth, naturally-occurring phosphatides, for
example soy bean, lecithin, and esters or partial
esters derived from fatty acids and hexitol
anhydrides, for eéxample sorbitan mono-oleate, and
condensation products of the said partial esters with
ethylene oxide, for example polyoxyethylene sotbitan
monooleate. The emulsions may also contain
sweetening and flavoring agents.

Syrups and elixirs may be formulated with
sweetening agents, for example glycerol, propylene
glycol, sorbitol or sucrose. Such formulations may
also contain a demulcent, a preservative and
flavoring and coloring agents. The pharmaceutical
compositions may be in the form of a sterile
injectable aqueous or oleagenous suspension. This

suspension may be formulated according to the known

Freamars ™
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art using those suitable dispersing or wetting agents
and suspending agents which have been mentioned
above. The sterile injectable preparation may also
be a sterile injectable solution or suspension in a

5 non-toxic parenterally-acceptable diluent or solvent,
for example aé a solution in 1,3-butane diol. Among
the acceptable vehicles and solvents that may be

cons employed are water, Ringer's solution and isotonic
°'3f sodium chloride solution. In addition, sterile,

s, 10 fixed oils are conventionally employed as a solvent
:::. or suspending medium. For this purpose any bland

o fixed o0il may be employed including synthetic mono-
e’ or diglycerides. 1In addition, fatty acids such as

oleic acid find use in the preparation of injectables.

. 15 The compounds of Formula (I) may also be

'::, administered in the form of suppositories for rectal
e administration of the drug. These compositions can

be prepared by mixing the drug with a suitable
non-irritating excipient which is solid at ordinary
g 20 temperatures but liquid at the rectal temperature and
will therefore melt in the rectum to release the
drug. Such materials are cocoa butter and
polyethylene glycols.
For topical use, creams, ointments, jellies,
25  solutions or suspensions, etc., containing the
anti-inflammatory agents are employed.
Dosage levels of the order to 0.2 mg to 140
mg per kilogram of body weight per day are useful in
the treatment of the above-indicated conditions (10 i
30 mg to 7 gms. per patient per day). For example, '
inflammation is effectively treated and anti-pyretic
and analgesic activity manifested by the adminis-
tration from about 0.5 to 50 mg of the compound per

—~
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kilogram of body weight per day (25 mg to 3.5 gms per
patient per day). Advantageously, from about 2 mg to
about 20 mg per kilogram of body weight per daily
dosage produces highly effective results (50 mg to 1
5 gm per patient per day).
The amount of active ingredient that may be
combined with the carrier materials to produce a

ien single dosage form will vary depending upon the host

e s treated and@ the particular mode of administration.

L. 10 For example, a formulation intended for the oral

ZIZ‘ administration of humans may contain from 5 mg to 5

':T: gm of active agent compounded with an appropriate and

Teted! convenient amount of carrier material which may vary
from about 5 to about 95 percent of the total

o, 15 composition. Dosage unit forms will generally

o contain between from about 25 mg to about 500 mg of

T active ingredient.

. It will be understood, however, that the
“i(ai specific dose level for any particular patient will
B 20 depend upon a variety of factors including the
oo activity of the specific compound employed, the age,

body weight, general health, sex, diet, time of

administration, route of administration, rate of

excretion, drug combination and the severity of the
25 particular disease undergoing therapy.

EXAMPLE 1
t-Butyl-3-acetyloxymethyl-7«-methoxy-8~-0x0o-5-thia-1-
zabi lof4.2 -2-ene-2-carboxyl - -dioxi

30 Step A: Preparation of t-Butyl 3-acetyloxymethyl-7-
diazo-8-0oxo-5-thia-l-azabicyclo[4.Z2.0]oct-2-
gng*-,-z,—gl a erx 4 1§ L‘g
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Into a two-liter Erlenmeyer flask is placed
a solution of 7-ACA tert-butyl ester (7-ACA=3-
acetyloxymethyl-78-amino-8-0x0-5-thia-1-azabicyclo(4.2.
0loct-2~ene-2-carboxylate (22.22 g; .067 mol;) in
CH2C12 (500 ml). To this solution was added a
mixture of sodium nitrite (4.68 g, .067 mol) in water
(500 ml). The resulting two-phase mixture was cooled
in an ice bath, and then 2N aqueous HZSO4 (51 ml)
was added dropwise over 30 minutes with vigorous
stirring. Stirring was continued for one hour at 0°,
then the layers were separated and the aqueous layer
was washed with methylene chloride (200 ml). The
organic layers were combined, washed with brine (250
ml), dried over Mgso4, and filtered to give a
yellow solution of the diazo product which is used
directly in the next reaction.
Step B: Preparation of t-Butyl 3-acetyloxymethyl-7a-
methoxy-8-o0xo-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylate

The solution of t-butyl 3-acetyloxymethyl-7-
diazo-8-0oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-~
carboxylate was cooled in an ice bath, and methanol
(525 ml) was added. To this chilled mixture was
added Rhodium (II) acetate dimer (210 mg), and the
reaction mixture was stirred for 45 minutes, during
which time the color changes from yellow to
green-brown. The reaction mixture was filtered
through silica gel, concentrated and dried in vacuo
to give a dark red oil which was then purified by
preparative high-pressure liquid chromatography to
give 9.62 g (41.4%) of t-butyl 3-acetyloxymethyl-7a-
methoxy-8-0x0-5-thia-l-azabicyclo[4.2.0]oct-2~-ene-2-
carboxylate as a yellow oil.
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Step C: Preparation of t-Butyl-3-acetyloxymethyl-

7a~methoxy-8-oxo0-5-thia-1-azabicyclo[4.2.0]

oct-2-ene-2-carboxylate 5,5-dioxide

In a 50 ml round bottom flask were placed
t-butyl 3-acetyloxymethyl-7a-methoxy-8-0x0-5-thia-1-
azabicyclo[4.2.0)oct-2-ene-2-carboxylate (2.07 g,
6.03 mmoles) and CH2C12 (25 ml). The resulting
mixture was stirred under nitrogen with ice bath
cooling, then meta-chloroperbenzoic acid (2.0 g,
80-90% pure) was added, the ice bath was removed, and
stirring was continued for two hours. The reaction
mixture was diluted with ethyl acetate (50 ml),
filtered and then washed with saturated sodium
bicarbonate (100 ml), water (100 ml) and then
saturated brine (50 ml). The organic layer was dried
over Mgso,, and concentrated to give 2.20 g crude
product. This product was purified by preparative
HPLC using hexane:ethyl acetate (2:1) to give a white
solid further purified by recrystallization from
EtOAc/Hex to give 1.23 g (54.3%) of analytically pure
t-butyl-3-acetyloxymethyl-7a-methoxy-8-0xo-5-thia-
l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate 5,5-dioxide
m.p. 127°,
Calcd. for C,5H,1NOgS

2178
C (%) H N s
47.99 5.64 3.73 8.54
Found: 48.05 5.68 3.57 8.53

Following the same procedure described above
but substituting for the 7-ACA tert-butyl ester used
therein, t-butyl 3-methyl-78-amino-8-oxo-5-thia-1-
azabicyclo[4.2.0)oct-2-ene-2-carboxylate, there was
prepared 152 mg (24% yield) of t-butyl 3-methyl-
7a¢-methoxy-8-o0xo-5-thia-1-azabicyclo[4.2.0]oct~2-ene-~
Z-carboxylate.
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EXAMPLE 2
t-Butyl-3-acetyloxymethyl-7a-formyloxy-8-0xo-5-thia-
- i -2- -2~ - -dioxi
Step A: Preparation of t-Butyl 3-acetyloxymethyl-7a-
hydroxy-8-0x0-5-thia-l-azabicyclo[4.2.0]oct-
2-ene-2-carboxylate

Crude t-butyl 3-acetyloxymethyl-7-diazo-8-
oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate
(prepared from 20.5 g, i.e. 63 mmole of t-butyl ester
of 7-ACA) was taken up in 400 ml of acetone and 400
ml of water containing 80 ml of 1N perchloric acid
was added at room temperature. The reaction was
stirred for 3 hours (or until nitrogen evolution
ceases) and was then diluted with water and extracted
twice with methylene chloride. The organic phases
were washed with saturated aqueous sodium bicarbonate
solution and saturated aqueous sodium chloride
solution, dried over sodium sulfate and evaporated in
vacuo. The residue was chromatographed on silica gel
with 30% ethyl acetate-hexane to give 2.75 g (13%) of
t-butyl 3-acetyloxymethyl-7a-hydroxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2~-ene-2-carboxylate as a white
solid, NMR (CDC13) § 1.53 (s, 9), 2.07 (s, 3).,

3.35 (ABq, 2, 18 Hz), 4.5-5.0 (m, 4).
Step B: Preparation of t-Butyl 3-acetyloxymethyl-7a-

formyloxy-8-0x0-5-thia-1-azabicyclo[4.2.0]oct-

2-ene-2-carboxylate

To a solution of 1.5 g (4.6 mmols) of t-butyl
3-acetyloxymethyl-7«-hydroxy-8-oxo-5-thia-l-aza-
bicyclo[4.2.0]oct~2-ene-2~-carboxylate in 50 ml of
methylene chloride at 0°C was added 1.5 ml of
acetic-formic anhydride reagent (prepared by cooling
2 volumes of acetic anhydride to 0°C, slowly adding 1
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volume of 96% formic acid, heating at 50° for 15
minutes and cooling) followed by 1.2 ml of pyridine.
The reaction was allowed to warm to room temperature,
stirred for 2 hours and then quenched by addition of
ice water. The layers were separated and the organic
layer was washed with saturated aqueous sodium
bicarbonate solution and saturated aqueous sodium
chloride solution, dried over sodium sulfate and
evaporated in vacuo. The residue was triturated with
30% ethyl acetate-hexane to give 700 mg (43%) of
t-butyl-3-acetyloxymethyl-7a-formyloxy-8-0xo-5-thia-~
l-azabicyclo[4.2.0]Joct-2-ene~2-carboxylate, NMR
(CDC13) § 1.53 (s, 9), 2.03 (s, 3), 3.40 (AB q,

2, 17 Hz), 4,67 (4, 1, 2 Hz) 4.78 (ABgq, 2, 13 Hz),

5.49 (br 4, 1, 2 Hz), 7.99 (s, 1).

Step C: Preparation of t-Butyl-3-acetyloxymethyl-7a-
formyloxy-8-0xo-~-5~thia-l-azabicyclo[4.2.0]oct~
2-ene-2-carboxylate-5,5-dioxide
Following substantially the same procedure

as described in Example 1, Step C, 750 mg of t-butyl

3-acetyloxymethyl-7¢-formyloxy-8-oxo~5-thia~1-aza-
bicyclof4.2.0]oct-2-ene-2-carboxylate was oxidized to

545 mg (67%) of t-butyl-3-acetyloxymethyl-7a-

formyloxy-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ene~-2-

carboxylate-5,5-dioxide as a white solid, m.p.

171-172°C dec.

EXAMPLE 3
t-Butyl-3-acetyloxymethyl-7a-~acetyloxy-8-0x0-5-thia~ §
-azabi lof4. -2-éne-2-ca 1 - ~dioxi ;

Step A: Preparation of t-butyl 3-acetyloxymethyl-7a-
acetyloxy-8-o0x0-5-thia-l~azabicyclo[4.2.0]
oct~2-ene-2-carboxylate
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To a solution of 240 mg (0.73 mmoles) of
t-butyl-3-acetyloxymethyl-7a-hydroxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate in 10 ml of
methylene chloride at 0°C was added 85 mg (1.1 mmols)
of acetyl chloride and 90 mg (1.1 mmols) of
pyridine. The ice bath was removed and the reaction
was stirred at room temperature for 3 hours. The
reaction was then poured into ice water and the
layers separated. The organic layer was washed with
saturated aqueous sodium bicarbonate solution and
saturated aqueous sodium chloride, dried over sodium
sulfate, and evaporated. Chromatography on silica
gel with 30% ethyl acetate-hexane and trituration
with hexane gave 100 mg (37%) of t-butyl-3-
acetylox&methy1—7a—acetyloxy—8—oxo-5-thia-l-
azabicyclel4.2.0]oct~-2-ene-2-carboxylate as a white
solid, m.p. 94-95°C with decomposition.

Step B: Preparation of t-Butyl-3-acetyloxymethyl-
7a-acetyloxy-8-o0xo-5-thia-l-azabicycle

Following the same procedure as described in
Step C, Example 1, 100 mg of t-butyl-3-acetyloxy-
methyl-7a-acetyloxy-8-oxo-5-thia-l-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylate was oxidized to t-butyl-3-
acetyloxymethyl-7a-acetyloxy-8-0xo~5-thia-1-azabi-
cyclo[4.2.0]oct-2-ene-2-carboxylate-5,5-dioxide m.p.
126-129°C.

2o 1
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EXAMPLE 4
Methyl-3-chloro-7x-methoxy-8-o0xo-5-thia-l-azabicyclo
4.2 —-2-ene-2-carboxylate- -dioxi

Step A: Preparation of Methyl 3-ethoxycarbonylthia-

methyl-78-amino-8-0x0-5-thia-l-azabicyclo
4.2 -2-ene-2-carboxyla

To a vigorously stirred suspension of 8 g
(23.9 mmols) of 3-ethoxycarbonyl-thiamethyl-78-amino-
8-0x0-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid in 300 ml of methanol was slowly added a
solution of diazomethane in éthyl ether until most of
the solid dissolves. The excess diazomethane was
quenched after 5 minutes by addition of acetic acid.
The reaction was then poured into ice water and
extracted twice with ethyl acetates/ethyl ether
(1:1). The organic layers were washed with water and
saturated aqueous $odium c¢hloride solution, dried
over sodium sulfate and evaporated in vacuo.

The residue was flash chromatographed
eluting with a solvent gradient of 50 to 70% ethyl
acetate-hexane to give 4.5 g (54%) of methyl 3-
ethoxycarbonylthiamethyl-78-amino-8-0xo-5-thia-1-
azabicyclo[4.2.0]Joct-2-ene-2~-carboxylate as a white
solid, NMR (CDC13) § 1.40 (¢, 3, 7 Hz), 1.73 (br
s, 1) 3.53 (ABq, Z, 19 Hz), 8.87 (s, 3), 4.30 (ABg,
2, 13 Hz), 4.5-5.0 (m, 4).

Step B: Preparation of Methyl 3-ethoxycarbonyl-
thiamethyl-7a-methoxy-8-6x0-5-thia-1-
azabicyclofd,2,.{]Joct-2-ene-2-carboxylate
Following substantially the same procedures

as described in Example 1, Steps A and B, 4.5 g (12.9

mmoles) of methyl 3-ethozxycarbonylthiamethyl-78-

amino-8-o0xo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-~

llP
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carboxylate were converted to 1.2 g (26%) of methyl
3-ethoxycarbonylthiamethyl-7a-methoxy-8~0x0-5-thia-
l1-azabicyclo[4.2.0]oct~-2-ene-2-carboxylate as a
yellowish solid, NMR (CDC13) § 1.38 (t, 3, 7 Hz),
3.43 (ABq, 2, 18 Hz), 3.51 (s, 3), 3.86 (s, 3H), 4.22
(HBq, 2, 13 Hz), 4.3-4.7 (m, 4).
Step C: Preparation of Methyl 3-methylene-7a-methoxy
8-oxo-5~thia-l~azabicyclo[4.2.0)oct-2-ene-2-
carboxylate

To a suspension of 8 g of Raney nickel in 70
ml of water under nitrogen was added 1.2 g (3.3
mmoles) of methyl 3-ethoxycarbonylthiamethyl-7a-—
methoxy-8-0x0-5-thia~l-azabicyclo[4.2.0]oct-2-ene-2~

carboxylate in 70 ml of ethanol.

The mixture was hydrogenated at 40 psi of
hydrogen in a Parr shaker room temperature for 16
hours. The catalyst was thea removed by filtration
and the filtrate was diluted with water and extracted
twice with ethyl acetate. The organic layers were
washed with water and saturated aqueous sodium
chloride solution, dried over sodium sulfate and
evaporated in vacuo. The residue was flash
chromatographed eluting with a solvent gradient of 30
to 40% ethyl acetate-hexane to give 500 mg (62%) of
methyl 3-methylene-7a-methoxy-8-oxo~5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2~carboxylate as a
colorless o0il, NMR (CDCI3) § 3.33 (ABq, 2, 14
Hz), 3.56 (s, 3), 3.73 (s, 3), 4.40 (br s, 1),
5.0-5.3 (m, 4).
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Step D: Preparation of Methyl 3-hydroxy-7a-methoxy-
8-0xo0-5-thia-l-azabicyclo[4.2.0)oct-2-ene-
2-carboxvlate
A solution of 200 mg (0.82 mmols) of methyl

3-methylene-7«¢-methoxy-8-0x0o-5-thia-l-azabicyclo(4.2.

0Joct-2-ene-2-carboxylate in 15 ml of methylene
chloride was cooled to -70°C in a dry ice-acetone
bath. Ozone was bubbled through the solution until
the first sign of blue coloration was noticed.
Nitrogen was then bubbled through to flush out the
excess ozone, 2 g of sodium bisulfite were added and
the suspension was vigorously stirred at 0°C for 30
minutes.

~The reaction was filtered and the filtrate
was evaporated in vacuo to give crude product which
was used directly in the next step.
Step E: Preparation of Methyl 3-chloro-7«-methoxy-8-

0x0-5~thia-l-azabicyclo(4.2.0]Joct-2~-ene-2-

carboxylate

The crude methyl 3-hydroxy-7«-methoxy-8-
oxo-5-thia-l-azabicyclo{4.2.6)oct-2-ene-2-carboxylate
(approximately 0.82 mmols) was taken up in 10 ml of
dimethylformamide and slowly added to a solution of
680 mg (3.3 mmols) of phosphorous pentachloride in 10
ml of dimethylformamide at -60°C (prepared by
stirring at -10°C for 15 minutes, then cooling to
-60°C). The solution was stirred at -60°C for 30
minutes, then at -10°C for %0 minutes before it was
quenched by pouring into water/ethyl acetate. The
organic layer was washed with saturated aqueous

A e

o e

sodium bicarbonate solution and saturated aqueous
sodium chloride solution, dried over sodium sulfate
and evaporated in vacuo to give a crude residue of
methyl 3-chloro-7«-methoxy-8-0x0-5-thia-1-
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azabicyclo[4.2.0]loct-2-ene-2-carboxylate. This was
oxidized directly to afford 4.9 mg of methyl 3-chloro-
7a-methoxy-8-0xo-5-thia~l-azabicyclof4.2.0]oct-2-ene-
2-carboxylate-5,5-dioxide (according to procedures
described in Example 1, Step C.) NMR (CDC13) 8

3.57 (s, 3), 3.90 (s, 3), 4.00 (ABg, 2, 18 Hz), 4.67
(brs, 1), 5.10 (4, 1, 2 Hz).

EXAMPLE 5
Methyl 3-phenylthio (or 3-phenylsulfonyl)-7«-methoxy-
8-0x0-5-thia-l-azabicyclo[4.2.0)oct-2-ene-2-
carboxylate-5,5-dioxide

Step A: Preparation of Methyl 3-tosyloxy-7a-methoxy-
8-0x0-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylate-5,5-dioxide

A solution of 450 mg of crude methyl 3~
hydroxy-7a-methoxy-8-0xo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate in 5 ml of pyridine was
stirred with 470 mg (2.4 mmols) of tosyl chloride at
0°C for 3 hours. The reaction mixture was poured
into ice water and extracted twice with ethyl
acetate. The organic layers were washed twice with
dilute aqueous hydrochloric acid and saturated
aqueous sodium chloride, dried over sodium sulfate
and evapoiated in vacuo to give a crude residue of
methyl 3-tosyloxy-7a-methoxy-8-0x0-5-thio-1-aza-~
bicyclo[4.2.0]oct-2-ene-2-carboxylate. This is
directly oxidized in accordance with the same
procedure of Example 1, Step C to give 180 mg (20%)
of methyl 3-tosyloxy-7a-methoxy-8-0xo-5-thia-1-
aZabic§clo[452.0]oct—2—ene-2~carboxylate—s,S*dioxide
as a white solid, NMR (CDCl3) 6§ 2.47 (s, 3), 3.57
(s, 3), 3.70 (s, 3), 4.10 (ABg, 2, 18 Hz), 4.67 (m,
1), 5.07 (4, 1, 2 Hz), 7.50 (ABq, 4, 9 Hz).

o) A
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Step B: Preparation of Methyl 3-phenylthio-7a-~
methoxy-8-0xo-5-thia-l-azabicyclo[4.2.0]oct
e -2~ X - -dioxi
A solution of 170 mg (0.40 mmols) of methyl
5 3-tosyloxy-7a-methoxy-8-~0x0-5~thia-~-1l-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate-5,5-dioxide in 2 ml of N,N-di-
methylformamide was stirred with 50 ul (0.40 mmols),
of thiophenol and 50 pl (0.40 mmols) of N-ethyl-N,N-
diisopropylamine at -10°C for 30 minutes. The
10 reaction was poured into ice water and extracted
twice with ethyl acetate. The organic layers were
washed with dilute hydrochloric acid and saturated

aqueous sodium chloride solution; dried over sodium
sulfate and evaporated. The residue was chromato-

15 graphed én 2 x 2000 uym silica preparative plates
using 40% ethyl acetate-hexane. Since the product
band still contained some of the higher Rf impurity
{the major product), it was rechromatographed on a
1000 um silica preparative plate to give 15 mg

20 (10%) of methyl 3-phenylthio-7«-methoxy-8-0x0-5-
thia~l-azabicyclo{[4.2.0]oct-2-ene-2~-carboxylate-5,5-
dioxide, NMR (CDC13) § 3.53 (s, 3), 3.57 (ABg, 2,

18 Hz), 3.87 (s, 3), 4.51 (br s, 1), 5.00 (4, 1, 2
Hz), 7.33 (br s, 5).
25 Step C: Preparation of Methyl 3-phenylsulfonyl-7a-
methoxy-8-0x0-5-thia-l-azabicyclo[4.2.0]oct-
—ene-2-carboxylate-5,5-dioxi
A solution of 11 mg (0.030 mmole) methyl 3-
phenylthio-7a-methoxy-8-oxo-5-thia~1-azabicyclo[4.2.0] ¢

30 oct-2-ene-2-carboxylate-5,5~dioxide in 1 ml of
methylene chloride was stirred with 12 mg (0.060
mmols) of m-chloroperbenzoic acid at 0°C for 30
minutes. The entire reaction was then chromatographed

N I~ -
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on a 1000 um silica preparative plate eluting with
50% ethyl acetate-hexane to give 8 mg (67%) of methyl
3-phenylsulfonyl-7a~methoxy-8-0xo-~5-thia-l-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylate-5,5-dioxide. NMR
S (CDC13) 6§ 3.36 (4, 1, 18 Hz), 3.53 (s, 3), 3.96
A (s, 3), 4.20 (br 4, 1, 18 Hz), 4.70 (br s, 1), 5.06
(4, 1, 2 Hz), 7.2-7.8 (m, 5).

IR EXAMPLE 6

Theee 10 t-Butyl 3-acetyloxymethyl-7a-fluoro-8-oxo-5-thia-1-

zabi 1 2 -2-ene-2-~ p.< - -dioxi
Step A: Preparation of t-Butyl 3-acetyloxymethyl-7a-
fluoro-8-oxo-5-thia~l-azabicyclo[4.2.0]oct-2-

. e ene-2-carboxylate

«:°;° 15 t-Butyl 3-acetyloxymethyl-7-diazo-8-0x0-5-
thia-l-azabicyclo[4.2.0]oct~2-ene-2~carboxylate was

‘:““3 prepared from 10 mmoles 7-amino derivatives in the

,?whs same manner as described in Step A, Example 1, and
taken up in 25 ml dry methylene chloride. To it with

f‘f:' 20 stirring was added dropwise over 30 seconds 0.60 ml

70% HF in pyridine. The mixture was stirred 2.5
minutes more and then washed with agqg KZHPO4,
water, ag H3PO4 and brine. It was dried with
Mgso4, filtered and chromatographed o6n 164 silica
25 gel with 1:1 hexane-ethyl acetate, affording 183 mg
of t-butyl 3-acetyloxymethyl-7=-fluoro-8-oxo-5-thia-
I-azabicyclo[4.2.0Jocr-2-ene-2-carboxylate. IR(u):
5.57, 5.76. NMR (CDC13): § 1.54 s, t-Bu; 2.08 s,
Ac; 3.34 do0f d, J =18, 1.9 Hz, and 3.58 d of 4, J =
30 18, 0.8 Hz, SCHZ’ 4.75 4, J = 13 Hz and 4.97 4, J =
13 Hz, CQZOAC? 4,90 d of 8, J =9, 1.6 Hz, CHS;
5.32 d 0f 4, J = 54, 1.6 Hz, CHF. MS: 332.

D
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Step B: Preparation of t-Butyl 3-acetyloxymethyl-
7a-fluoro-8-o0xo-5-thia-l-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate-5,5-dioxide
To 182 mg (0.55 mmol) t-Butyl 3-acetyloxy-

methyl-7a-fluoro-8-o0xo-5-thia-l-azabicyclo[4.2.0]-

oct-2-ene-2-carboxylate in 20 ml methylene chloride
was added 261 mg (1.2 mmol) MCPBA. After stirring

5.5 hours, the mixture was washed with aq KZHPO4

and brine, dried with MgSO4, filtered, evaporated

and chromatographed by PLC on silica gel with 1:1

hexane-EtOAc, affording 142 mg t-Butyl 3-acetyloxy-

methyl-7a«~fluoro-8-oxo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate-5,5-dioxide. NMR (CDC13):

§ 1.55 s, t-bu; 2.08 s, Ac; 3.73 d, 3.90 4, J = 18

Hz, SOZCHZ; 4,72 4, 4.90 4, J = 13 Hz, CEZOAC;

4.86 d of d, J =7, 1.6 Hz, CHSO,; 5.84 d of d, J =

52, 1.6 Hz, CHF.MS: 307, 247.

XAMPLE 7
t-Butyl 3-acetyloxymethyl-7a-chloro-8-oxo-5-thia-1-
-2-ene-2- xyl - -dioxide

Step A: Preparation of t-Butyl 3-acetyloxymethyl-7a-
chloro-5-thia-l1-azabicyclo(4.2.0]Joct-2~-ene~
2-carboxylate

Following the same procedure as described in
Step A, Example 1, 7-AcA t-butyl ester was diazotized
to t-Butyl 3-acetyloxymethyl-7+3diazo-8-oxo-5-thia-
l-azabicyclo(4.2.0)]oct-2-ene~2-carboxylate which was
taken up into 2 ml EtOH, and treated with 0.1 ml ag
HCl. There was an instantaneous vigorous i
effervescence. After 15 seconds, ag KZHPO4 and
methyizne chloride were added. The methylene
chloride layer was separated, washed with ag

| e e+
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a

H3Po4 and brine, dried with Mgso4, filtered and
chromatographed by PLC on silica gel, eluting with
25:1 CHC13-Et0Ac, to provide 61 mg pure t-~Butyl
3-acetyloxymethyl-7a-chloro-5-thia-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate. NMR (CDC13): § 1.55 s,

t-bu; 2.10 s, Ac; 3.40 4, 3.59 4, J = 18 Hz, SCHz;

4.79 4, 5.03 4, J = 13 Hz, CEZOAC; 4.70 4, J = 1.5

Hz, CHS; 4.78 4, J = 1.5 Hz, CHCl. MS: 291 Cll,

231 Cll.

Step B: Preparation of t-Butyl 3-acetyloxymethyl-
7a-chloro-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-
2-ene-2-carboxylate-5,5-dioxide
4.5 mg (0.013 mmol) t-Butyl 3-acetyloxy-

methyl-7a-chloro-5-thia-l1-azabicyclo[4.2.0]oct-2-ene-

2-carboxylate was stirred with 6.0 mg MCPBA (0.028

mmol) in 0.5 ml methylene chloride for 4 hours.

After the first 2 hours, and again after 3.5 hours, 1

mg additional MCPBA was added. The mixture was

washed with aq K2HPO4, dried with MgSO4,

filtered and chromatographed on 500 mg silica gel,

eluting with 1:1 hexane-EtOAc, 3.2 mg of t-Butyl

3-acetyloxymethyl-7a-chloro-8-0x0-5-thia-1-azabicyclo

(4.2.0]Joct-2-éne-2-carboxylate-5,5-dioxide. MS: 379

Cll. NMR (CDC1l,): 6 1.57 s, t-bu; 2.08 s, Ac;

.83 4, 4.00 4, J = 18, SOZCHz; 4.69 4, 5.004, J

w

= 13 Hz, CﬂZOAc; 4.80 d, J = 2 Hz, CHSOz; 5.26 4, 1
J = 2 Hz, CHCl.
EXAMPLE 8 i
t-Butyl 3-hydroxyméthyl-7a-methoxy-8-0xo-5-thia- %
1 2 -3-ene-2-carbox

Step A: Preparation of t~Butyl 3-acetyloxymethyl-
7a-methoxy-8-0xo0-5-thia-1-azabicyclo[4.2.0]
-3-ene-2-<-carbox

e —— e v+ — e T -~
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In a 200 ml round bottom flask equipped with
a magnetic stirrer were placed t-Butyl 3-acetyloxy-
methyl-7a-methoxy-8-oxo-5-thio-1-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate (7.46 g, 21.7 mmol)
chloroform (90 ml) and triethylamine (3.3 ml, 23.6
mmol). The mixture was then heated to reflux for
three hours. lH NMR analysis of an aliquot shows
that there was a mixture of isomers (-3-ene
and-2-ene) in the approximate ratio of 3:1. The
reaction mixture was then evaporated and the brown
residue was dried in vacuo. The mixture was then
purified by preparative HPLC on a Waters Prep 500
using two silica gel columns in series and
hexane:e;hyl acetate (3:1) as eluent. The forecut of
the partially resolved material was taken and
evaporated to give 2.41 g (32%) of pure t-Butyl
3-acetyloxymethyl-7a-methoxy-8-0x0-5-thia-1-
azabicyclof{4.2.0]Joct-3-ene-2-carboxylate isomer as a
yellow oil. H MMR (CDCl;): § 6.45 (4-H, br,
s), 5.05 (2-H, br s), 4.90 (7-H, 8@, J = 2), 4.65 "
(6-H, 4, 3 = 2), 4.60 (CCﬂZOAC; t, J = 13 Hz), 3.52
(OC§3, s), 203 (02CCﬂ», s), 1.50 (s,
OC(C53)3).
Collection of the remainder of the material
and evaporation yielded 3.66 g (49%) of a 1l:1 mixture
of 2-ene and 3-ene isomers as a yellow 0il which may
be reused in the reaction.
Step B: Preparation of t-Butyl 3-hydroxymethyl-
7a-methoxy-8-ox0-5-thia-l-azabicyclo 2
t-3-ene-2-carbox >
To a solution of 8.88 g (25.9 mmol) of
t-Butyl 3—acetyloxymetﬁyl—7a-methoxy-8—oxo-5-
thia-1l-azabicyclo[4.2.0]oct-3~-ene-2-carboxylate in
isopropanol (100 ml) was added Ti(o-ipr)4 (5.4




-

T g - e R N EIE DRI LA ——

'
o
!‘% N

.....

44444

.
S

4087S/1281A - 63 - 168651IB

10

15

20

25

30

ml). The reaction mixture was heated to reflux under
N, and monitored by TLC [silica gel using
hexane:ethyl acetate (1l:1); starting material Rf
0.75, product Rf 0.5] until the starting material had
just disappeared. The reaction was concentrated and
the residue was dissolved in ethyl acetate and washed
with 1N aqueous H3PO4 (50 ml). The aqueous layer
was then backwashed with ethyl acetate (50 ml) and
the organic layers were combined, washed with water
(50 ml) and brine (50 ml). The organic layer was
dried over Mgso4 and concentrated to give a yellow
0il which was purified using a Waters Prep 500 with
hexane:ethyl acetate (2:1) as eluent to give 4.76 g
(61%) of a light yellow o0il which on standing
crystallizes to t-Butyl 3-hydroxymethyl-7a-~
methoxy-8-0xo0-5-thia-l-azabicyclo[4.2.0]oct-3-ene-
2-carboxylate. 1H NMR (CDCIB): § 6.32 (4-H,

m); 5.02 (2-H, s); 4.99 (6-H, Jd =1Hz), 4.60
(7-H, d J = 1 Hz); 4.22 (CCEZOH, br s); 3.53
(OC§3, s); 2.60 (OH, br exch.); 1.50 (-Co
(CHy)4.5) .

2C-

EXAMPLE 9
t-Butyl 3-(3-[hydroxycarbonyl)propanoyloxymethyl-7a-
methoxy-8-o0xo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxyvlate=-5,5-dioxide
Step A: Preparation of t-Butyl 3-(3-[hydroxycarbonyl] '
propanoyloxymethyl-7a-methoxy-8-0x0-5-thia-1~ !
A mixture of t-Butyl 3-hydroxymethyl-7a- !
methoxy-8-~0x0-5-thia-l-azabicyclo [4.2.0]Joct-3-
ene-2-carboxylate (602 mg, 2.0 mmol) and succinic
anhydride (300 mg, 3.0 mmol) were dissolved in dry
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tetrahydrofuran (4 ml) under nitrogen at room
temperature, then 4-[N,N-dimethylamino]pyridine (300
mg, 2.5 mmol) was added with stitring. A solid began
to separate out shortly after mixing. The mixture
was allowed to stir 15 hours, then 50% saturated
aqueous sodium bicarbonate (10 ml) was added, and the
mixture was extracted with ether (2 x 20 ml). The
combined ether extracts were washed with 50% sat. aqg
NaHCO3 (10 ml), then the aqueous extracts were
combined and acidified to pH 2.5 (using 1.0
M‘H3PO4), the resulting cloudy solution was
extracted with ethyl acetate (2 x 30 ml), then the
organic layers were combined and washed with
saturated brine (25 ml) and dried over Na2804.
The solvent was removed in vacuo to give t-Butyl
3-hydroxycarbonylethyl-carbonyloxymethyl-7a-
methoxy-8-0xo0-5-thia-l-azabicyclo[4.2.0]oct-3~-ene-2-
carboxylate a yellow oil. This material was
sufficiently pure to be carried on to the next step.
Step B: Preparation of t-Butyl 3-(3-[hydroxycarbonyl]
propanoyloxymethyl)-7«-methoxy-8-0xo-5-
thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylate-5,5-dioxide
The crude product t-Butyl 3-hydroxycarbonyl-
ethylcarbonyloxymethyl-7«-methoxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-3-ene-2-carboxylate from the
above reaction was dissolved in methylene chloride
(10 ml) and cooled to 0° under Nz‘ Then meta-
chloroperbenzoic acid (1.0 g, 5 mmol assuming 85%
purity) was added all at once, and after stirring for
5 miautes, the cooling bath was removed. Stirring
was continued for five hours, then the reaction
mixture was filtered and the filter cake was washed
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with ice-cold CH,Cl, (5 ml). The combined

filtrates were evaporated and the residue was
dissolved in CHZCIZ/EtOAc (3:1) (8 ml) and
chromatographed on silica gel (4 X [20 cm x 20 cm]
2000 u silica gel GF using 1% HOAc in 1/1 EtOAc/Hex
as eluent) the bands at Rf 0.3 were removed, combined
and eluted with 1% HOAc in EtOAc, and the eluent was
evaporated to give a clear oil. This material was
lyophilized from benzene to remove HOAc, then
crystallized from ether/hexane to yield 502 mg of
product t-Butyl 3-(3-[hydroxycarbonyl]propanoyl-
oxymethyl)-7a-methoxy-8-0x0-5-thia-1-azabicyclo-
[4.2.0]0oct-2-ene-2-carboxylate-5,5-dioxide (58%) m.p.
112-113°.

EXAMPLE 10
t-Butyl 3-hydroxycarbonylmethylaminocarbonyloxymethyl-
7a-methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-
2-carboxylate-5,5-dioxide
Step A: Preparation of t-Butyl-3-(p-methoxybenzyloxy)
carbonylmethylaminocarbonyloxymethyl-7a-
methoxy-~8-oxo-5-thia-l-azabicyclo[4.2.0]oct-
3-ene-2-carboxylate
To 4 solution of t-Butyl 3-hydroxymethyl-7a-
methoxy-8-0xo-5-thia-l-azabicyclo [4.2.0)loct-3-ene-
2-carboxylate (602 mg, 2.0 mmol) in methylene
chloride (5 ml) was added N,N'carbonyl diimidazole
(324 mg, 2.0 mmol). The resulting solution was

"stirred at room temperature for thirty minutes, then i

the solvent was removed in vacuo and the residue was
dissolved in N,N-dimethylformamide (5 ml). Then
glycine p-methoxybenzylester hydrochloridgg(693 mng,
3.0 mmol) and 4-(N,N-dimethylamino)pyridine (366 mg,

f
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3.0 mmol) were added, and the resulting mixture was
stirred for 18 hours. The reaction mixture was then
poured into water (30 ml) and extracted with ethyl
acetate (2 x 30 ml). The combined organic layers
were washed with water (20 ml) and saturated brine
(20 ml1), then dried over sodium sulfate, and the
solvent was removed to give a residue which was
purified by chromatography (4x[20 cm x 20 cm] 2000

u silica gel GF plates, developed in ethyl

acetate/hexane [1/1]. The bands at Rf 0.55 were

removed anéd eluted with ethyl acetate to produce 508

mg (51%) of t-Butyl-3-(p-methoxybenzyloxy)carbonyl-

methylaminocarbonyloxymethyl-7a-methoxy-8-0x0-5-thia-
l-azabicyclo[4.2.0)cct-3-ene-2~-carboxylate. 1H NMR

(CDC1,) & 7.25-6.85 (CEH,OCH,, d, 4, J =

9Hz); 6.40 ( C=C(H)S-, br. s); 5.40 (=NH, br, s);

5.18 (—C6H4-Cﬁ2-, s); 5.05 (-CH-CH=CH), s);

4.90 (C-6H, d, J = 2Hz); 4.70 (C-7H, 4, J = Hz); 4.65

(C—3&C§2, t, J = 12Hz); 3.95 (—HN—C§2CO—, d, J =

6 Hz); 3.80 (-C6H4-OC53, s); 3.55 (C-7-0CH

s); 1.55 [—COO-C(CH3)3].

Step B: Preparation of t-Butyl 3-(p-methoxybenzyloxy)
carboaylmethylaminocarbonyloxymethyl-7a-.
methoxy-8-0x0-5-thia-l-azabicyclof4.2.0}oct-
2-ene-2-carboxylate-5,5~gioxide
Following substantially the same procedures

as described in Example 9, Step B, 278 mg (0.56

mmole) of t-Butyl-3-(p-methoxybenzyloxy)carbonyl-

methylaminocarbonyloxymethyl-7a-methoxy-8-0xo-5-
thia-l-azabicyclo[4.2.0)oct-3-ene-2-carboxylate was
oxidized to t~Butyl-3-(p-methoxybenzyloxy)carbbnyl—
methylaminocarbonyloxymethyl-7a-methoxy-8-0x0-5~
thia-1l-azabicyclo[4.2.0)oct-2~ene~2-carbogylate~5,5-
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dioxide. (226 mg, 76%) as a glass. 1H NMR §

(CDC13) 7.28-6.85 -C6§4OCH3, d, 8, J = 9);

5.55 (_CONH-, br t, J = 6); 5.19 (C-6 or 7, 4, J =

2); 5.10 (-CSHB-CEZO-; s); 4.85 (C—3-Cﬂzo—),

d of cl, J =12, 26); 3.90 (CZ-Cﬂz,

-4N—C§2COO-, m); 3.79 (-C6H4-0Cﬂ3, s); 3.55

(C—7(OCH3), s); 1.55 (-COZC(Cua)3, s).

Step C: Preparation of t-Butyl 3-hydroxycarbonyl-
methylaminocarbonyloxymethyl-7a~methoxy-8-
oxo-5-thia-l-azabicyclof4.2.0]oct-2-ene-2-
carboxylate-5,5-~dioxide

A mixture of trifluoroacetic acid and
anisole (5:1) was cooled to 0°, then one milliliter
of this solution was added to a flask under NZ at
0° containing t-butyl 3-(p-methoxybenzyloxy)carbonyl-
methylaminocarbonyloxymethyl-7a-methoxy-8-0x0-5-thia~
l-azabicyclol4.2.0]loct-2~ene-2-carboxylate-5,5-dioxide
(105 mg, 0.2 mmol). The mixture was stirred
vigorously with cooling until it becomes
homogeneous. Stirring was continued for 2 minutes,
then the flask was attached through a gas inlet tube
to a vacuum pump in order to remove solvent as fast
as possible with continued cooling. Cocling was
maintained until the reaction mixture becomes
noticeably viscous. The cooling bath was removed and
pumping was continued for one hour, then the residue
was dissolved in a methylene chloride (one ml) and
chromatographed (20 x 20 cm 2000 u silice gel GF
plate using 1% HOAc in ethylacetate/hexane (1/1) as
eluent). The band at Rf 0.25 was removed and eluted
with 1% HOAc in ethyl acetate. The solvent was
removed and the residue was lyophilized from benzene
to remove residual HOAc to obtain t-Butyl 3-hydroxy-

Bt
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carbonylmethylaminocarbonyloxymethyl-7«-methoxy-8-
oxo-5-thia-l-azabicyclofl4.2.0]oct-2-ene-2-carboxylate-
5,5-dioxide as an amorphous solid (36 mg, 44% yield)
'H mR (CDC1,); 6 6.95 (CO,H, br exch.); 5.60
(—CON&CHz—, br exch.); 5.2 (C6 or C7 H, J = 2);

q
5.90 (C3(Cﬂ20—C—N-) br d of 4, J = 12, 22) 5.78
(C6 or C7 H, br s) 3.90 (C4-ﬂ and HNCﬂZCOOH,
m); 3.55 (C7(OC§3), s); 1.55 (COZC(Cﬂ
s).

3)3’

EXAMPLE 11
t-Butyl 3-hydroxycarbonyl-7«-methoxy-8-0xo-5-thia-1-
azabicyclold.2.¢ ~2-ene-2-carboxylate-5,5-dioxi
Step A: ’Preparation of t-Butyl 3-formyl-7a-methoxy-8-
oxo-5-thia-1l-azabicyclo[4.2.0]Joct-2-ene-2-
carboxylate

To a 100 ml recovery flask under nitrogen
was added solution of t-Butyl 3-hydroxymethyl-7a-
methoxy-8-o0xo-5-thia-l-azabicyclo[4.2.0]oct-3-ene-2-
carboxylate (300 mg 1.0 mmol) in acetone (26
ml-freshly distilled from Jones' Reagent). The
solution was then cooled to 0°, and Jones Reagent
(1.0 mmol, 372 ul of a 2.7 M solution) was @added
slowly with stirring. There was an immediate color
change from yellow to green with precipitate
formation. After the addition was complete, stirring
was continued for ten minutes, then it was poured
into water (100 ml) and stirred. The resulting green
golution was extracted with ethyl acetate (4 x 30
ml), and the combined organic extracts were washed
with brine, then dried with sodium sulfate. The
solvent was removed to dive a yellow oil (264 mg)
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which was purified by chromatography (2000 p silica

gel GF prep plate [20 x 20 cm] using ethyl

acetate:hexane (1l:1) as eluent). The band of Rf 0.5

was removed to give 214 mg (72%) of t-Butyl 3-formyl-

7«-methoxy-8-oxo-5-thia~1l-azabicyclo[4.2.0]oct-3-ene-
2-carboxylate as a clear oil which solidified on

cooling. IH NMR (CDC1,): 6 9.40 (~CHO, s);

7.55 (C4-_, d, J =1 Hz); 5.30 (C6 or C7—§, 4,

J=1); 5.08 (CZ-H, d, J = 1); 4.65 (C6 or

C7-§, d, J = 1); 3.55 (C7(0Cﬂ3), s); 1.55

(COZC(CE3)3m s).

Step B: Preparation of t-Butyl 3-hydroxycarbonyl-
7a-methoxy-8-0x0o-5-thic-1-azabicyclol[4.2.0]
oct-3-ene~2-carboxvlate-5,5-dioxide
‘Into a 100 mi recovery flask under nitrogen

was placed a solution of t-Butyl 3-formyl-7a-

methoxy-8~-0oxo-5-thia-l-azabicyclo[4.2.0]oct-3-ene-2~
carboxylate (425 mg, 1.42 mmol) in acetone distilled
from Jones' Reagent (35 ml). To¢ this solution was

added Jones' Reagent (1.6 ml of a 2.7 M solution, 4.2

mmol) dropwise over 15 minutes. Stirring was

continued for three hours, then the reaction was
diluted with water (100 ml) and the resulting green

solution was extracted with ethyl acetate (2 x 75

ml). The combined organic extracts were washed with

saturated brine {50 ml) and dried over magnesium

sulfate. The solvent was removed in vacuo to give a

yellow oil which was purified by silica gel prep.

plate chromatography (2 x 2000 p using 1% HOAc in
ethyl acetates/hexane [1/1]). The band at RF 0.3 is

removed and eluted to give 196 mg (44%) of t-butyl 3-

hydroxycarbonyl-7«-methoxy-8-oxo-5-thia-1-azabicyclo

[4.2.0]Joct-3-ene~-2-carboxylate as a clear o0il. 1H

e
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NMR (CDC13); 9.90 (cozg, br, s, exch.); 7.72
(C4-ﬂ, d, J = 1.5 Hz); 5.3 (C6 or C7—§, 4, J =1),
4,95 (Cz—g, br, s); 4.65 (C6 or c7-g, d, J=1);
3.55 (C6(OC§3), s); 1.50 (COZC(CH3)3, s).

Following substantially the same procedure as
described in Example 9, Step B, t-Butyl 3-hydroxy-
carbonyl-7«-methoxy-8-0xo-5-thia-1-azabicyclo[4.2.0]
oct-3-ene-2-carboxylate (196 mg, 0.62 mmol) was oxidized
to afford 96 mg (46%) of t-Butyl 3-hydroxy-
carbonyl-7a-methoxy-8-0xo-5-thia-1l-azabicyclo[4.2.0]
oct-2-ene-2-carboxylate-5,5~dioxide as a white
solid. H NMR (CDC1,); & 8.55 (CO,H, br, s);

5.30 (Cb or C7-§, d, J=3 .Y 5.05 (C6 or
C,-H, br, 4, J = 3); 4.05 (C4-_2, br, s); 3.55
(C7(QCH3), s); 1.58 (C02C(Cﬂ3)3,s).

EXAMPLE 12
t-Butyl 3- chloromethyl-7a-methoxy-8-~o0xo-5-thia-1-
zabi 1 -2-ene-2-carbhoxy = -dioxi

Step A: Preparation of t-Butyl 3-chloro-methyl-
7a-methoxy-8-0xo-5-thia-1l-azabicyclo[4.2.0]
oct-3-ene-2-carboxylate
To a solution of 0.9 g (3 mmol) of t-Butyl

3-hydroxymethyl-7«a-methoxy-8-0x0-5-thia-l-azabicyclo

[4.2.0]oct-3-ene-2-carboxylate in 20 ml of

tetrahydrofuran was added 1 ml of pyridine. Thionyl

chloride (0.5 ml) was added dropwise over 5 min. After
stirring the reaction mixture for 0.5 hours, it was
poured into ice-cold water and extracted with ethyl
acetate. The combined extract was washed with 7% sodium

R tN

bicarbonate so6lution, brine and dried over sodium
sulfate. The concentrated filtrate was flash
chromatographed with 10% ethyl acetate-hexane to yield

A
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0.626 g (65%) yield of t-butyl 3-chloromethyl-
7a-methoxy-8-0xo-5-thia-1l~azabicyclo{4.2.0]oct-3-ene-
2-carboxylate as a pale yellow solid. m.p. 85°.
Step B: Preparation of t-Butyl 3-chloromethyl-7a-
methoxy-8-oxo-5-thia-l-azabicyclo[4.2.0]Joct-
2-ene-2-carboxylate-5,5-dioxide
Foliowing substantially the same procedures
as described in Example 9, Step B, 0.32 g (1 mmol) of
t-Butyl 3- chloromethyl-7«-methoxy-8-o0xo-5-thia-1-

azabicyclo[4.2.0]oct-3-ene-2~-carboxylate was oxidized
to afford 0.301 g (86% yield) of t-Butyl 3- chloro-
methyl-7«-methoxy-8-0x0-5-thia-1-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylate-5,5-dioxide, m.p. 132°C.

EXAMPLE 13
t-Butyl 3-phenylthio (or 3-phenylsulfonyl)methyl-7a-
methoxy-8-o0xo-5-thia-1l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylate-5,5-dioxide
Step A: Preparation of t-Butyl 3-phenylthiomethyl-7a-
methoxy-8-0xo-5-thia-1-azabicyclo[4.2.0]oct-
2-ene-2-carboxylate-5,5-dioxide

A solution of 35 mg (0.24 mmol) of potassium
thiophenoxide in 0.5 ml of water was added to a
solution of 83 mg (0.24 mmol) of t-Butyl 3- chloro-
methyl-7a-methoxy-8-o0xo-5-thia-1l-azabicyclo{4.2.0]-
oct-2-ene-2-carboxylate-5,5-dioxide in 2 ml of
acetone. After stirring the reaction mixture for 40
hours it was concentrated in vacuo. The residue was
dissolved in ethyl acetate and poured into 7% sodium
bicarbonate solution. The layers were separated and
the aqueous layer was extracted with ethyl acetate.
The combined organic layer was washed with brine and
dried over sodium sulfate. The concentrated filtrate
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was chromatographed on a preparative silica gel plate

using 20% ethyl acetate-hexane to obtain 66 mg (66%

yield) of t-butyl 3-phenylthiomethyl-7a-methoxy-8-

oxo-5-thia-l-azabicyclo[4.2.0)]oct-2-ene-2-carboxylate-

5.,5-dioxide NMR(CDC13): § 1.45 (s, 9), 3.46 (s,

3), 3.58 (4, 1, 14 Hz), 3.62 (4, 1, 18 Hz), 4.08 (4,

l, 18 Hz), 4.18 (4, 1, 14 Hz), 4.4 (bs, 1), 5.02 (4,

1, 2 Hz), 7.1-7.4 (m, 5).

(continued)

Step B: Preparation of t-Butyl 3-phenylsulfinylmethyl
or 3-phenylsulfonylmethyl-7a-methoxy-8-o0oxo-
5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylate-5,5-dioxide
A solution of 40 mg (90%, 0.21 mmol) of

m-chloroperbenzoic acid in 1 ml of dichloromethane

was added to a solution of 60 mg (0.14 mmol) of

t-Butyl 3-phenylthiomethyl-7a-methoxy-8-0xo-5-thia-

1—azabicyc10[4.2.0]oct-2—ene—2—carboxylate—$,S-dioxide

while cooling in an ice bath. The reaction mixture

was stirred for 0.5 hour as it warmed to room

temperature. The solution was poured into 7% sodium

bicarbonate solution containing excess sodium sulfite

and extracted with dichloromethane. The combined

dichloromethane layers was washed with brine and

dried over sodium sulfate. The concentrated filtrate

was chromatographed on a preparative silica gel plate

with 50% ethyl acetate-hexane to give two bands.

The less polar band yielded 32 mg (50% yield) of

t-Butyl 3-phenylsulfonylmethyl -7a-methoxy-8-o0xo-5- |

thia-l-azabicyclo{4.2.0joct-2-ene-2-carboxylate-5,5~ !

dioxide. NMR(CDCls): § 1.46 (s, 9), 3.52 (s,

3), 3.81 (4, 2, 14 Hz), 3.82 (4, 2, 18 Hz), 4.32 (4,

1, 18Hz), 4.74 (d, 1, 14 Hz), 4.76 (bs, 1), 5.09 (4,
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1, 2 Hz), 7.2-7.9 (m, 5). The more polar band
vielded 27 mg (44% yield) of t-Butyl
3-phenylsulfinylmethyl-7«-methoxy-8-o0xo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate-5,5-dioxide.
NMR(CDCla): § 1.51 (s, 9), 3.53 (s, 3), 3.3-4.1

(m, 4), 4.53 (bs, 0.5), 4.67 (bs, 0.5), 5.07 (4, 1, 2
Hz), 7.3-7.7 (m, 5).

EXAMPLE 14
t-Butyl 3-methoxymethyl-7«-methoxy-8-o0xo-5-thia-1-
i 1of4,2 -2-ene-2-carboxylate- -dioxi

A solution of 30 mg (0.09 mmol) of t-butyl
3-chloromethyl-7a-methoxy-8-0oxo-5-thia-l~azabicyclo
[4.2.0]oct-3-ene-2-carboxylate in 1 ml of methanol
was stirred at room temperature for 16 hours. The
solution was concentrated in wvacuo and the residue
was chromatographed on a short silica gel column with
20% ethyl acetate-hexane to obtain 21 mg t-butyl 3-
methoxymethyl-7a-methoxy-8-0x0o-5-thia-1-azabi-
cyclo[4.2.0]oct-3-ene-2-carboxylate. NMR (CDC13):

§ 3.25 (s, 1.5) 3.39 (s, 1.5), 6.23 (bs, 0.5).

Following substantially the same procedure
as described in Example 9, Step B, 21 mg of t-butyl '
3-methoxymethyl-7a-methoxy-8-0xo-5-thia-1-azabicyclo- ’
[4.2.0)oct-3-ene-2-carboxylate was oxidized to obtain
11 mg (34% yield) of t-butyl 3-methoxymethyl-7a-
methoxy-8-0xo0~-5-thia-l-azabicyclo[4.2.0)oct-2-ene-2-
carboxylate-5,5-dioxide. NMR (CDC13)2 § 1.53
(s, 9), 3.27 (s, 3), 3.53 (s, 3), 3.72 (ABq, 2, 17
Hz), 4.14 (s, 2), 4.6 (bs, 1), 5.05 (4, 1, 2 Hz).
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EXAMPLE 15
t-Butyl 3-methyl-7a-methoxy-8-oxo-5-thia-1-azabicyclo

To a solution of 5 g (14.0 mmol) of t-butyl-
3-acetyloxymethyl-7«-methoxy-8-oxo0-5-thia-1-azabicyclo
[4.2.0]oct-2-ene-2-carboxylate in 100 ml of ethanol
was added 15 g of 10% palladium on carbon under a
nitrogen atmosphere. The solution was hydrogenated
on a Parr apparatus for 3 hr. The reaction mix was
filtered and the catalyst was thoroughly washed with
warm methanol. The filtrate and washings were
combined and concentrated in vacuo. The residue was
flash-chromatographed using 20% ethylacetate-hexane
to obtain 1.97 g (47% yield) of t-butyl 3-methyl-7a«-
methoxy-é-exo-5—thia-1—azabicyc1o[4.2.0]oct—2-ene-2-
carboxylate. NMR (CDC13); § 1.53 (s, 9H), 2.01
(s, 3), 3.27 (ABq, 2, 18 Hz), 3.52 (s, 3), 4,4 (4, 1,
2 Hz), 4.6 (4, 1, 2 Hz).

Following substantially the same procedure
as described in Example 1, Step C 11 mg (0.04 mmol) '
of t-butyl-3-methyl-7a-methoxy-8-0x0-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate was oxidized
to obtain 6 mg (48% yield) of t-Butyl 3-methyl-7a- !
methoxy-8-0x0-5-thia-1l-azabicyclo{4.2.0]oct~-2-ene-2-
carboxylate-5,5-dioxide. NMR (CDC13)2 § 1.53
(s, 9¥, 2.0 (s, 3), 3.53 (s, 3), 3.6 (ABg, 2, 12 Hz),
4.54 (bs, 1), 5.05 (bs, 1).
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EXAMPLE 16
m~Methoxycarbonylbenzyl-3-acetyloxymethyl-7a-methoxy-8-
oxo-~5-thia~l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate~-
5.5-dioxide
Step A: Preparation of N,N‘'-diisopropyl-O-(m-methoxy-

carbonylbenzyl)-isourea

A mixture of 4.75 g (28.6 mmols) of
m-methoxycarbonylbenzyl alcohol and 3.6 g (28.6
mmols) of N,N‘’~diisopropylcarbodiimide was stirred

with 50 mg (0.51 mmols) of cuprous chloride at room
temperature for 24 hours. The reaction was then
diluted with 10 ml of hexane and eluted through a
short column of neutral alumina with 20% ethyl
acetate-hexane to give 8.0 g (96%) of N,N'-~
diisopropyl-0-(m-methoxycarbonylbenzyl)-isourea as a
colorless oil.
Step B: Preparation of m-methoxycarbonyl-benzyl-3-

acetyloxymethyl-7a-methoxy-8-o0x0-5-thia-1-

zabi 2 ~2-ene~2-carbox

A solution of 1.0 g (3.4 mmole) of N,N'-~
diisopropyl-0O-(m-methoxycarbonylbenzyl)-isourea and
1.0 g (3.4 mmole) of 3-acetyloxymethyl-7«a-methoxy-8-~
oxo-5-thia~l-azabicyclof4.2.0]loct-2~ene-2~-carboxylic
acid in 2.0 ml of tetrahydrofuran (THF) was stirred
for 24 hours at room temperature. The reaction was
then cooled to ~10°C, filtered and concentrated in
vacuo. The product was purified by flash
chromatography using a solvent gradient of 35 to 40%
ethyl acetate-hexane to give 300 mg (20%) of
m-methoxycarbonylbenzyl 3-acetyloxymethyl-7a-methoxy-
g8-oxo-5-thia-l-azabicyclo[4.2.0]}oct-2-ene-2-carboxylate
as an 0il, NMR (CDCla); 6§ 2.04 (s, 3), 3.40
(ABq, 2, 18 Hz) 3.50 (s, 3), 3.87 (s, 3), 4.47 (4, 1,

Y e s
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2 Hz), 4.63 (4, 2, 2 Hz), 4.78 (ABq, 2, 13 Hz), 5.27
(ABq, 2, 13 Hz), 7.2-7.6 (m, 2), 7.7-8.0 (m, 2).
Step C: Preparation of m-methoxycarbonylbenzyl-3-
acetyloxymethyl-7«-methoxy-8-0x0-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate-
5.5-dioxide
Following the same procedure as described in
Example 1, Step C, 250 mg (0.57 mmole) of m-methoxy-
carbonylbenzyl 3-acetyloxymethyl-7a-methoxy-8-0x0-5-

“thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate was

oxidized to 210 mg (78%) of M-methoxycarbonylbenzyl 3-
acetyloxymethyl-7a-methoxy-8-0x0-5-thia-l-azabicyclo
[4.2.0]oct-2-ene-2~-carboxylate-5,5-dioxide, NMR
(CDCl3); § 2.03 (s, 3), 3.52 (s, 3), 3.87 (ABq,
2, 19 Hz), 3.90 (s, 3), 4.67 (4, 1, 2 Hz), 4.80 (ABq,
2, 14 Hz), 5.11 (4, 1, 2 Hz), 5.30 (br s, 2), 7.1-7.6
(m, 2), 7.8-8.1 (m, 2).

Following substantially the same procedure
as described above but substituting for the N,N'-
diisopropyl-0-(m-methoxycarbonylbenzyl)-isourea used
therein N,N'-diisopropyl-0-(p-(p-methoxybenzyloxy)
carbonylbenzyl)-isourea, there was prepared p-(p-
methoxybenzyloxy)carbonylbenzyl 3-acetyloxymethyl-
7a-methoxy-8-0xo-5-thia-l-azabicyclo[4.2.0]loct-2-
ene-2-carboxylate as an oil, NMR (CDCI3): § 2.02
(s, 3), 3.42 (ABq, 2, 19 Hz), 3.53 (s, 3), 3.73 (s,
3), 4.44 (4, 1, 2 Hz), 4.62 (4, 1, 2 Hz), 4.80 (ABq,
2, 13 Hz), 5.27 (ABq, 2, 13 Hz), 6.7-8.1 (m, 8).

Subsequently, following the same procedure
as described above, 80 mg (0.15 mmols) of the above
ester was oxidized to give 40 mg (47%) of p-(p-
methoxybenzyloxy)carbonylbenzyl 3-acetyloxymethyl-
7a-methoxy-8-0x0-5-thia-l-azabicyclo{4.2.0]oct-2-

. i . [PUPRI
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ene-2-carboxylate-5,5-dioxide as an o0il, NMR
(CDC13); § 2.03 (s, 3), 3.53 (s, 3), 3.81 (AaBq,

2, 18 Hz), 4.4-5.2 (m, 4), 5.26 (br s, 2), 6.7-8.1
{m, 8).

EXAMPLE 17

p-Hydroxycarbonylbenzyl 3-acetyloxymethyl-7«-methoxy-8
-0x0-5-thia-l-azabicyclo{4.2.0]oct-2-ene-2-~carboxylate-

5.5-dioxide

A solution of 35 mg (0.061 mmols) of p-(p-
methoxybenzyl)oxycarbonylbenzyl 3-acetyloxymethyl-7a-
methoxy-8-0x0o~-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-
carboxylate-5,5-dioxide in 0.8 ml of trifluoroacetic
acid was stirred with 0.2 ml of anisole at 0°C for 15
minutes. The reaction was concentrated in vacuo and
the residue was purified on a 1000 u silica
preparative plate using 1% acetic acid in 50% ethyl
acetate-hexane as solvent to give 24 mg (87%) of
p-hydroxycarbonylbenzyl 3-acetyloxymethyl-7a-methoxy-
8-0oxo0-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2~
carboxylate-5,5-dioxide as a white solid, NMR
(cpClz): & 2.02 (s, 3), 3.53 (s, 3), 3.83 (ABq,

2, 10 Hz), 4.67 (br s, 1), 4.83 (ABg, 2, 14 Hz), 5.12
(4, 1, 2 Hz), 5.33 (br s, 2), 7.68 (ABqg, 4, 8 Hz).

EXAMPLE 1
Ethoxycarbonylmethyl 3-acetyloxymethyl-7«-methoxy-8-

0x0-5-thia-l-azabicyclo[4.2.0]oct-2~-ene-2-carboxylate-

5,.5-dioxide

A solution of 1.0 g (3.5 mmols) of 3-acetyl-
oxymethyl-7a-methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]
oct-2-ene~2-carboxylic acid and 4 ml of ethyl diazo-
acetate in 25 ml of methylene chloride was stirred
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with 10 mg of rhodium (II) acetate dimer at 35°C for
30 minutes. The reaction was then concentrated in
vacuo and the residue was purified by flash chromato-
graphy on silica gel eluting with 40-50% ethyl
acetate-hexane. The fractions containing the product
are combined, evaporated and rechromatographed using
10% ethyl acetate-methylene chloride as eluant to
give 250 mg (34%) of ethoxycarbonylmethyl 3-acetyloxy-
methyl-7a-methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]~
oct-2-ene-2-carboxylate, NMR (CDC13) 2.37 (t, 3, 7
Bz), 2.06 (s, 3), 3.43 (ABq, 2, 19 Hz), 3.53 (s, 3),
4.20 (q, 2, 7 Hz), 4.43 (4, 1, 2 Hz), 4.63 (4, 1, 2
Hz), 4.73 (ABq, 2, 16 Hz), 4.87 (ABq, 2, 13 Hz).
Following the same procedure as described in
Example'i, Step C, 250 mg (0.67 mmols) of the
resulting ethoxycarbonylmethyl ester was oxidized to
give 190 mg (69%) of ethoxycarbonylmethyl 3-acetyl-
oxymethyl-7a-methoxy-8-0x0-5-thia-l-azabicyclof(4.2.0]
oct-2-ene-2-carboxylate-5,5-dioxide, NMR (CDC13);
§ 1.29 (t, 3, 7 Hz), 2.07 (s, 3), 3.57 (s, 3), 3.89
(ABq, 2, 18 Hz), 4.18 (t, 2, 7 Hz), 4.74 (m, 3), 4.89
(ABq, 2, 14 Hz), 5.11 (4, 1, 2 Hz).

EXAMPLE 19
t-Butoxycarbonylmethyl 3-acetyloxymethyl-7a-methoxy-8-
oxo-5~-thia-1-azabicyclof{4.2.0]oct-2-ene-2-carboxylate-
5.5-dioxide

A solution of 500 mg (1.7 mmols) 3-acetyloxy-
methyl-7«¢-methoxy-8-0x0-5-thia-l1-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylic acid in 2 ml of N,N-dimethyl-
acetamide was stirred with 300 mg (3.4 mmols) of
sodium bicarbonate and 525 mg (3.4 mmoles) of t-butyl
chloroacetate at room temperature for 16 hours. The

' sl
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reaction was diluted with water and extracted with
methylene chloride. The organic layer was washed
with water and saturated aqueous sodium chloride
solution dried over sodium sulfate and evaporated in
vacuo. The residue was chromatographed on silica gel
to give 20 mg of the t-butoxycarbonylmethyl ester as
a mixture of 3-ene- and 2-ene-isomers which was
oxidized directly, by following the procedure
described in Example 1, Step C, to give 7 mg of
t-butoxycarbonylmethyl 3-acetyloxymethyl-7a-methoxy-~
8-o0xo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2~carboxyl-
ate-5,5-dioxide as an o0il, NMR (CDCI3); § 1.48

(s, 9), 2.07 (s, 3), 3.51 (s, 3), 3.85 (aB, 2, 18
Hz), 4.5~5.0 (m, 5), 5.11 (d, 1, 2 Hz).

EXAMPLE 20
N-Benzyl-N-methyl 3-acetyloxymethyl-7«-methoxy-8-
oxo-5-thia-1l-azabicyclo[4.2.0]oct-2-ene~-2-carboxamide-
5.5-dioxide

A solution of 2.0 g (7.0 mmol) of 3-acetyl-
oxymethyl-7a-methoxy-8-0oxo0-5-thia-1l-azabicyclo[4.2.0]
oct-2-ene-2-carboxylic acid in 10 ml of dioxane and
20 ml of acetone was stirred with 1.0 g (7.0 mmols)
of isobutyl chloroformate and 600 ul (7.0 mmols) of
pyridine at -15°C. After 20 minutes 2.5 g (21
mmoles) of N-methylbenzylamine was added and the
reaction is stirred at -15°C for 1 hour, then allowed
to warm to room temperature for 2 hours. The
reaction was quenched with dilute hydrochloric acid
and extracted into methylene chloride. The organic
layer was washed with saturated aqueous sodium
bicarbonate solution and saturated aqueous sodium
chloride solution, dried over sodium sulfate and

@ Ay s————
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evaporated. The residue was chromatographed on
silica gel to give 280 mg (10%) of N-benzyl-N-methyl
3-acetyloxymethyl-7a-methoxy-8-oxo-5-thia-1-aza-
bicyclo-[4.2.0]oct-2-ene-2-carboxamide, NMR(CDCl3):
1.97 and 2.00 (s, 3), 2.83 and 2.90 (s, 3), 3.0 to
3.7 (m, 5), 4.3 to 4.8 (m, 6), 7.3 (br s, 5).
Following similar procedures as described in
Example 1, Step C, 275 mg (.71 mmoles) of N-benzyl-N-
methyl 3-acetyloxymethyl-7«-methoxy-8~0xo-5-thia-1-
azabicyclo[4.2.0]octFZ-ene—z-formamide was oxidized
to give 170 mg (57%) of N-benzyl-N-methyl 3-acetyloxy-
methyl-7a~-methoxy-8-0xo0-5-thia-1l-azabicyclo[4.2.0]~
oct-2-ene-2-carboxamide-5,5-dioxide, NMR(CDC13):
§ 1.97 and 2.00 (s, 3), 2.78 and 2.89 (s, 3),
3.4-4.1 (m, s), 4.3-4.8 (m, 5), 5.10 (4, 1, 2 Hz),
7.22 (br s, 5).

PLE 2
N-(t-Butoxycarbonyl)methyl 3-acetyloxymethyl-7a-
methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
carboxamide-5,5-dioxide

A solution of 1.0 g (3.4 mmoles) of 3-acetyl-
oxymethyl-7a-methoxy-8-0xo-5-thia-1-azabicyclo[4.2.0]
oct~2-ene-2-carboxylic acid in 25 ml of methylene
chloride was stirred with 1.1 g (5.1 mmole) of
dicyclohexylcarbodiimide and 450 mg (3.4 mmols) of
tert-butyl glycinate at room temperature for 4
hours. The reaction was concentrated jin vacuo and
the residue was eluted through a short column of
silica gel using 50-60% ethyl acetate-hexane. The
fractions containing the resulting amide were
combined and evaporated. The residue was further
purified by chromatography on silica gel to give 230
mg (17%) of N-(t-butoxycarbonyl)methyl 3-acetyloxy-
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methyl-7«-methoxy-8-0xo-5~-thia-l1-azabicyclo[4.2.0]-
oct-2-ene-2-carboxamide, NMR(CDCl3): § 1.46 (s,
9), 2.07 (s, 3), 3.1-3.6 (m, 2), 3.50 (s, 3), 3.8-4.1
(m, 2), 4.47 (br s, 1), 4.63 (br s, 1), 4.87 (ABg, 2,
13 Hz), 7.4 (br s, 1).

Following similar procedures as described in
Example 1, Step C, N-(t-butoxycarbonyl)methyl
3-acetyloxymethyl—7a—methoxy—8-oxo—5~thia—l—azabicyclo-
[4.2.0]oct-2-ene-2-carboxamide was oxidized to give 60
mg of N-(t-butoxycarbonyl)methyl 3-acetyloxymethyl-7a-
methoxy-8-o0xo-5-thia~l-azabicyclo[4.2.0]oct-2-ene-2-
carboxamide-5,5-dioxide, NMR(CDC13): § 1.47 (s,
9), 2.07 (s, 3), 3.50 (s, 3), 3.5-4.1 (m, 4), 4.4-4.9
(m, 3), 5.07 (4, 1, 2 Hz), 7.3 (br s, 1).

EXAMPLE 22
Benzyl 3—acetyloxymethyl-7m—methoxy-8—oxo—5-thia-l—
zabi 1of4 -2-ene-2~-carboxyl — -dioxid

Trifluoroacetic acid (5 ml) was added to 316
mg (0.92 mm) of t-butyl 3-acetyloxymethyl-7a-methoxy-
8-0xo-5-thia-l-azabicyclo[4.2.0)oct-2-ene-2-carboxy-
late-5,5-dioxide with cooling in an ice bath. After
stirring for 0.5 hr at 0°C, trifluoroacetic acid was
evaporated in vacuo. The residue was diluted with
dichloromethane and washed with celd water and
brine. The dichloromethane solution was dried over
sodium sulfate. Crude 3-acetyloxymethyl-7a-methoxy-
8-0xp-5-thia~l-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid was obtained upon concentration of the filtrate.
It was dissolved in 5 ml of tetrahydrofuran and
N,N'-diisopropyl-O-benzyl-isourea (0.33 ml, 2.5 mmol)
was added. After stirring for 80 hours the reaction
mixture was poured into 7% sodium bicarbonate
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solution and extracted with ethyl acetate. The
combined organic extract was washed with brine and
dried over sodium sulfate. The concentrated filtrate
was flash chromatographed using 50% ethyl
acetate-hexane to yield 259 mg (77% yield) of benzyl
3-acetyloxymethyl-7a-methoxy-8-0x0o-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate as a mixture
of AZzand A3 isomers. NMR(CDC13): § 1.96 and

1.98 (s, 3), 3.4 (ABg, 0.8, 17 Hz), 3.43 (s, 1.8),
3.47 (s, 1.2), 4.2-5.3 (m, 6.6), 6.34 (bs, 0.6),
7-7.4 (m, 5).

Following substantially the same procedure
as described in Example 1, Step C, 259 mg (0.69 mmol)
of’benzy; 3-acetyloxymethyl-7a-methoxy-8-0x0-5-thia-1-
azabicyclo[4.2.0]oct-2-ene~-2-carboxylate was oxidized
to obtain 226 mg (80% yield) of benzyl 3-acetyloxy-
methyl~-7a-methoxy-8-~0xo-5-thia~1-azabicyclo{4.2.0]
oct-2-ene-2-carboxylate-5,5~dioxide as a thick oil.
NMR(CDC13): § 2.01 (s, 3), 3.49 (s, 3), 3.8
(ABq, 2, 18 Hz), 4.6 (bs, 1), 4.78 (ABg, 2, 13 Hz),
5.07 (4, l, 2 Hz), 5.17 (ABq, 2, 11 Hz), 7.1-7.4 (m,

5 H).

EXAMPLE 23
t-Butyl 3-acetyloxymethyl-7a-ethyl-8-0xo0-5-thia-1-
zabi lof4,2 =2-ene-2- x

A 2 liter, 3-necked round bottom flask
fitted with 2 dropping funnels was charged with 200
ml THF and cooled to -78°C under N,. One dropping
funnel was charged with a solution of 6.33 g (15.3
mM] t-butyl 2-acetyloxymethyl-7-diazo-8-o0xo-5-thia-
l-azabicyclo[4.2.0]oct-2~-ene-2-carboxylate in 300 ml
THF. The other funnel was charged with 32 ml
1M-triethylborane in THF, 1.2 ml Hzo, and 300 ml
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THF. The funnels were adjusted so their contents
were added to the flask at 2.5 ml/min and the
temperature of the reaction mixture maintained at
-78°. After the addition, the cooling bath was
removed and the reaction mixture allowed to warm.
When the temperature reached -45°C, 6.67 ml 30%
H,0, was added. At -15°, the reaction mixture
was washed with 300 ml brine, the organic layer
diluted with 300 ml CH2012, washed with 300 ml

brine, dried over MgSO filtered and stripped to

’
give 7.46 g of yellow gil which was chromatographed
on a flash column with CHC13/EtO%c {25:1) to yield
1.289 g (19%) t-butyl-3-acetyl-oxymethyl-7a-ethyl-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate
a 4:1 mixture of the a and B8 isomers. NMR(CDC13):

6 1.08, t (J=8Hz), 2H; 1.50, s, 9H; 1.8, br, qt,

2H; 2.05, s, 3d; 3.1, brm, 1H; 3.4, 4, 2H; 4.35, 4
(J=2Hz), 1H; 4.82, AB qt (J=12, 6Hz) 2H.

EXAMPLE 24
t-Butyl 3-acetyloxymethyl-7a-methoxy-4-methyl-8-
0x0-5~-thia-l-azabicyclo[4.2.0]oct~2-ene-2-carboxylate-
58-oxide
Step A: Preparation of t-Butyl 3-acetyloxymethyl-7a-
methogy~-4-methylene-8-0x0-5-thia-1l-azabicyclo-
[4,2,0l0ct-Z2-ene-2-carboxylate-5B8-0xide
Treatment of t-butyl 3-acetyloxymethyl-7a- i
wethoxy-8-0x0-5-thia-l-azabicyclc[4.2.0]Joct~2-ene-2-
carboxylate-58~0xide under Mannich conditions, (i.e.,
aq. formaldehyde and dimethylamine: HCl in
PMF-dioxane) gave t-butyl 3-acetyloxymethyl-7a-
methoxy-4-methylene-é—ofo-S-thia-l-azabicyclo[4‘2.0]-
oct-2-ene-2-carboxylate~56:+0xide as a foam, NMR

5 s ik
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(c0013): § 1.60 (9H, s), 2.03 (3H, s), 3.57 (3H,
s), 4.50 (1H, 4, J=1.5Hz), 4.68, 5.30, (2H, ABqg,
J=13.5Hz), 5.01 (1H, 4, J=1.5Hz), 6.33 (2H, s).

Step B: Preparation of t-butyl 3- acetyloxymethyl-7a-
methoxy-4~-methyl-8-o0oxo-5-thia-1-azabicyclo
4 -2-ene-2- -20B-

A solution of the 2-methylene derivative
obtained in Step A (178 mg, 0.56 mmol) in ethyl
acetate (5 ml) was hydrogenated at atmospheric
pressure over an excess of 10% palladium on carbeon.
The catalyst was removed by filtration and the
solvent removed by rotoevaporation to give a 1:1
mixture 4a and 4B8-methyl isomers of t-butyl 3-
acetyloxymethyl-7a-methoxy-4-methyl-8-oxo~-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2~-carboxylate-58-oxide
(170 mg). The isomers were separated by thick layer
preparative chromatography on silica gel eluted with
50% ethyl acetate/hexane (5x). The assignment of the
stereochemistry at C-4 was made by comparing the
difference of the chemical shifts in the lHaNMR of
the two isomers in CDC‘l3 and CGDG' The faster
moving component was the 4a-methyl isomer: o0il; NMR
(CDC13): 8§ 1.55 (3H, d, J=7.0Hz), 1.57 (9H, s).

2.10 (3H, s), 3.58 (3H, s), 3.88 (lH, q, J=7.0Hz),
4.36 (1H, 4, J=1.5Hz), 4.67, 4.87

(2B, ABq, J=13.5Hz), 4.93 (1H, 4, J=1.5Hz). The
second component was the 4-B isomer: o0il; NMR
(CDCIS): § 1.58 (9H, s), 1.68 (3H, 4, J=7.0Hz), |
2.06 (3H, s), 3.56 (3H, s), 3.60 (1H, q, J=7.0Hz),
4.48 (1H, 4, J=1.5Hz), 4.58, 5.15 (2H, ABgq,
J=13.4Hz), 4.91 (1H, d, J=1.5Hz).
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EXAMPLE 25
t-Butyl 3-acetyloxymethyl-7a-methoxy-4-methylene-8-
oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate-
5,5-dioxid
5 To a stirred solution of t-butyl 3-acetyloxy-
methyl-7a-methoxy-4-methylene-8-0xo0-5-thia-l-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate (180 mg, 0.48

£ . mmol) in methylene chloride (2 ml) at 0°C was added
;'"3 m-chloroperbenzoic acid (109 mg, 0.53 mmol). After
. ;:. 10 stirring the white suspension at room temperature
ALY overnight, methylene chloride (25 ml) was added and
.:;:. the solution successively washed with saturated

sodium bicarbonate solution (3 x 10 ml) and water (2
x 10 ml). After drying over anhydrous sodium

. 15 sulfate,'the solvent was removed by rotoevaporation
: to give a whitish so0lid that was purified by flask
column chromatography on silica gel eluted with 40%

..... : ethyl acetates/hexanes to give 128 mg (69% yield) of
o t-butyl 3-acetyloxymethyl-7a-methoxy-4-methylene-8-
o 20 oxo-5-thia~l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate-

5,5-dioxide m.p. 155-157°C; TH-NMR (cocly):

1.58 (9H, s), 2.03 (3H, s), 3.56 (3H, s), 4.66, 5.30

(2H, ABq, J=13.5Hz), 4.96 (1H, d, J=1.5 Hz), 5.21

(1H, 4, J=1.5 Hz), 6.16 (lH, 4, J=1.5Hz), 6.53 (1lH,
25 d, J=1.5Hz).

EXAMPLE 26
t-Butyl 3-acetyloxymethyl-7a-methoxy-4a-methyl-8-oxo-
5-thia-l-azabicyclo{4.2.0}oct~-2-ene-2-carboxylate-5,5-
30 dioxide

t-Butyl 3-acetyloxymethyl-7«a-methoxy-4a-
methyl-8-0oxo-5-thia-1-azabicyclo[4.2.0]-oct-2-ene-2-
carboxylate-58-oxide was oxidized in the usual manner
as described in Example 13 to afford t-butyl 3-

%
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acetyloxymethyl-7a-methoxy-4a-methyl-8-0oxo-5-thia-1-
azabicyclo[4.2.0]loct-2-ene-2-carboxylate-5,5-dioxide
as an oil. 1H-NMR (CDCl3): § 1.55 (9H, s),

1.64 (3H, 4, J=7Hz), 2.12 (3H, s), 3.56 (3H, s), 3.56
(14, q, J=7Hz), 4.71 (1H, 4, J=1.5Hz), 4.70, 4.86
(2H, ABq, J=13.5Hz), 5.1 (1H, d, J=1.5Hz); Field
desorption mass spectrum, m/e 389.

Similarly, t-butyl 3-acetyloxymethyl-7a-
methoxy-48-methyl-8-0x0-5-thia-1-azabicyclo[4.2.0]oct-
2-ene-2-carboxylate-58-oxide was oxidized to t-butyl
3-acetyloxymethyl-7a-methoxy-48-methyl-8-o0xo-5-thia-
l-azabicyclo[4.2.0]oct-2-ene-2-carboxylate-5,5-dioxide
(an 0il). lH-NMR (CDC1;): & 1.55 (9H, s),

1.56 (3H, 4, J=7Hz), 2.05 (3H, s), 3.56 (3H, s),
3.96 (1H, q, J-THz), 4.56, 5.23 (2H, ABq, J=13.5Hz),
4.78 (1H, 4, J=1.5Hz), 5.15 (1H, 4, J=1.5Hz); field
desorption mass spectrum, m/e 389.

EXAMPLE 27

t-Butyl. 3-acetyloxymethyl-7a-methoxy~-4-phenylthio-
methyl-8-0xo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2~
carboxylate-5,5-dioxide

Thiophenol (0.02 ml, 0.15 mmol) was added to
a stirred solution of t-butyl 3-acetyloxymethyl-7a-
methoxy-4-methylene-8-0x0-5-thia-1-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylate-5,5-dioxide (60 mg, 0.15
mmol) in methylene chloride (1 ml). After stirring N

for 45 minutes, the solvent was removed by
rotoevaporation and the residue purified by thick
layer preparative chromatography on silica gel eluted
with 30% ethyl acetate/hexanes to afford t-butyl
3-acetyloxymethy1—7a-methoxy-4-phenylthiomethylfa-
oxo-5-thia-1-azabicyclo[4.Z.0)oct-2-ene-2-carboxylate-
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5,5-dioxide as a pale yellow o0il (38 mg, 50%

yield): IH-NMR(CDCl,): & 1.53 (9H, s), 2.00

(3H, s), 3.33 (1H, 44, J=15 and 9Hz), 3.51 (3H, s),
3.57 (1H, 4, J=15Hz), 3.80 (1H, m), 4.21, 4.40 (2H,
ABg, J=12Hz), 5.10 (2H, br s); field desorption mass
spectrum, m/e 497.

EXAMPLE 28
t-Butyl 7«-methoxy-3-[[(1,2,5,6-tetrahydro-5,6-dioxo-
2-methyl-as-triazin-3-yl)thiolmethyl)}-8-0x0-5-thia-
l-azabicyclo[4.2.0]-oct-2-ene-2-carboxylate-5,5-di~
oxide

A solution of 32 mg (0.2 mmol) of 1,2,5,6~
tetrahydro-5,6-dioxo-3-mercapto-2-methyl-astriazine
in 1 ml of water was prepared by adding 35 mg (0.42
mmol) of NaHCO3. A solution of 70 mg (0.2 mmol) of
t-butyl 3-chloromethyl-7a-methoxy-8-0xo-5-thia-
l-azabicyclo[4.2.0]-oct-2-ene-2-carboxylate-5,5-di-
oxide in 2 ml of acetone was added. After stirring
the reaction mixture overnight it was concentrated
in vacuo. The residue was partitioned between 7%
NaHCO3 and ether. The ether layer was extracted
with 7% NaHC03 solution. The combined aqueous
layer was washed with ether. The aqueous layer was
acidified to pH 2 in the presence of ethyl acetate
using concentrated HCl. The layers were separated
and the aqueous layer was extracted with ethyl
acetate. The combined organic layer was washed with
saturated NaCl and dried. The filtrate was i
concentrated and the residue was srystallized from 3
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ethyl acetate and ether. t-Butyl 7a-methoxy-3-
f{¢(1,2,5,6-tetrahydro-5,6-dioxo-2-methyl-as-triazin-
3-yl)thiolmethyl]-8-0x0-5-thia-1l-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylate-5,5-dioxide (76 mg, 80%
yield) was obtained as a light yellow solid.

HNMR (CDC13): 8§ 1.58 (s, 9H), 3.58 (s, 3), 3.77

(s, 3H), 3.8-4.5 (m, 5H), 4.74 (bs, 1H), 5.18 (bs,
1H) .

EXAMPLE 29
t-Butyl 7a-methoxy-3[[(l-carboxymethyl-tetrazol-5-
yl)-thio[methyl]-8-0x0-5-thia-l-azabicyclo[4.2.0]-
Py - - - _'x
A solution of 32 mg (0.2 mmol) of l-carboxy-
methyl-s;mercaptotetrazole in 1 ml of water was
prepared by adding 35 mg (0.42 mmol) of NaHC03. A
solution of 70 mg (0.2 mmol) of t-butyl 3-chloro-
methyl-7a-methoxy-8-0x0-5-thia-1l-azabicyclo[4.2.0]-
oct-2-ene-2-carboxylate-5,5-dioxide in 2 ml of
acetone was added. After stirring the reaction
mixture overnight it was concentrated in vacuo. The
residue was partitioned between 7% NaHCO3 solution
and ether. The aqueous layer was neutralized with
concentrated HCl in the presence of ethyl acetate.
The layers were separated and the aqueous layer was
extracted with ethyl acetate. The .combined organic
layer was washed with saturated NaCl and dried. The
filtrate was concentrated and the residue was
triturated with @ther to obtain 70 mg (73% yield) of
t-Butyl 7a-methoxy-3[[(l-carboxymethyl-tetrazol-5-
yl)~thiolmethyl]-2-0xo-5-thia-1-azabicyclo[4.2.0]-oct-
2-ene-2-carboxylate-5,5-dioxide as a white powder.
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HNMR (CDC13): 8§ 1.58 (s, 9H), 3.56 (s, 3H), 3.87

(4, J=17 Hz, 1M), 4.05 (48, J=13 Hz, 1lH), 4.2 (4, J=17
Hz, 1H), 4.6 (4, J=13 Hz, 1H), 4.75 (s, 1H), 5.16
(ABq, J=16 Hz, 2H), 5.16 (bs, 1M), 6.9 (broad, 1H).

EXAMPLE 30
N-Methyl-N-t-butoxycarbonylmethyl-3-chloromethyl-7a-
methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]-oct-2-ene-
2-carboxylate-5,5-dioxide

To a solution of 2.6 g (5.8 mmol) of
N-methyl-N-t-butoxycarbonylmethyl-3-acetyloxymethyl-
7a-methoxy-8-0x0-5-thia-l~azabicyclo[4.2.0]-oct-2-ene

-2-carboxamide-5,5-dioxide in 13 ml of 2-propanol was
added 1.95 ml (6.5 mmol) of titanium (IV)
isopropoiide. The solution was heated in a 55°

bath. After 1.5 hours the orange reaction mixture
was diluted with ethyl acetate and poured into

water. The layers were separated and the aqueous
layer was extracted with ethyl acetate. The combined
organic layer was washed with water, saturated NaCl
and dried. The filtrate was concentrated in vacuo to
obtain 2.06 g of residue.

The residue was dissolved in 20 ml of
tetrahydrofuran and 1.75 ml of pyridine. The
solution was cooled in an ice-bath and 0.58 ml (7.4
mmol) of thionyl chleride was added. After stirring
for 20 minutes the dark reaction mixture was diluted
with ethyl acetate and poured into water. The layers
were separated and the agueous layer was extracted
with ethyl acetate. The combined organic layer was
washed with 7% NaHCO,, water, 1.2 N HC1l, saturated
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NaCl and dried. The filtrate was concentrated. The
residue was chromatographed on a flash column using
60% ethyl acetate-hexane to obtain 710 mg (29% yield)
of N-methyl-N-t-~butoxycarbonylmethyl-3-chloromethyl-
5 7a-methoxy-8-0x0-5-thia-l-azabicyclo[4.2.0]-oct-2-
ene-2-carboxamide-5,5-dioxide.

ly R (CDC1,): & 1.48 and 1.52 (2s, 9H), 3.1
RO and 3.12 (2s, 3H), 3.39 and 3.57 (2s, 3H), 3.6-4.8
Sl (m, 6H), 4.92 (bs, 1H), 5.25 (4, J=2 Hz, 1lH).

10 _

S EXAMPLE 31

N-Methyl-N-t-butoxycarbonylmethyl-7a-methoxy-3[[(1,2,
5,6-tetrahydro-5, 6-dioxo-2-methyl-as-triazin-3-yl)

. thiolmethyll-8-0ox0-5-thia-1-azabicyclo[4.2.0]-oct-2-ene
'.;:: 15 —2-carboxamide-5,5-dioxide

vt A solution of 53 mg (0.33 mmol) of 1,2,5,6-
vesedt tetrahydro-5,6-dioxo~-3-mercapto~2-methyl-as-triazine

in 1 ml of water was prepared by adding 57 mg (0.68
mmol) of NaHCOs. A solution of 140 mg (0.33 mmol)
- v 20 of N-methyl-N-t-butoxycarbonylmethyl-3-chloromeihyl-
7a-methoxy-8-o0oxo-5-thia-1-azabicyclo[4.2.0]~oct-2-

-----

ene-2-carboxamide-5,5-dioxide in 2 ml of water was
added. After stirring the reaction mixture overnight
it was concentrated in vacuo. The residue was
25 partitioned between 1% NaHCO3 and ether. The
aqueous layer was acidified with concentrated HC1l in
the presence of ethyl acetate. The layers were ¢
separated and the aqueous layer was extracted with
ethyl acetate. The combined organic layer was washed
30 with saturated NaCl and dried. The filtrate was

e e
IO
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concentrated and the residue was triturated with
ether to obtain 110 mg (60% yield) of N-methyl-
N-t-butoxycarbonylmethyl-7a-methoxy-3[[(1,2,
5,6-tetrahydro-5, 6-dioxo-2-methyl-as~-triazin-3-yl)
5 thiolmethyl]-8-0xo0-5-thia-l-azabicyclo[4.2.0])-0oct-2-
ene-2-carboxamide-5,5-dioxideas a white solid.
'HNMR (Acetone-d,): 6§ 1.48 (s, 9H), 3.06
S (broad, 1H), 3.15 (s, 3H), 3.55 and 3.56 (2s, 3H),
oo 3.73 and 3.75 (2s, 3H), 3.9-4.5 (m, 6H), 5.26 (s,
L 10 1H), 5.38 (s, 1H).

EXAMPLE 32
3-Acetoxymethyl-7a-methoxy-8-oxo-5-thia-1l-aza-bicyclo
[4.2.0]-0oct~-2-ene-2-morpholino carboxamide

15 Step A: Preparation of 3-acetoxymethyl-7a-
IER methoxy-8-0xo-5~thia-l-aza~bicyclo[4.2.0]-oct-3-ene-
2-morpholing carboxamide

To a solution of 3-acetoxymethyl-7-methoxy-
S 8-ox0o-5-thia-l-azabic¢yclo[4.2.0]-oct-2~ene-2-car
Co 20 boxylic acid (5.0 g) in dioxane (50 ml) were added
N-hydroxysuccinimide (2.4 g) and dicylohexyl
carbodiimide (5.4 g). After stirring for 0.5 hour,
the reaction was cooled to 5°C and triethylamine (4
mL) and, after another 15 minutes, morpholine (3.0 g)
25 were added. After 1.5 hours stirring at room
temperature, the reaction was diluted with diethyl
ether, filtered and washed with water containing 40
mL of 2N HCl. The aqueous layer was extracted with
ethyl acetate (3x) and each layer was consecutively
30 washed with water and brine. The combined organic
layers were dried over sodium sulfate and evaporated
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and the residue flash chromatographed (60 to 70%
ethyl acetate/hexanes) to give 2.0 g of
3-acetoxymethyl-7a-methoxy-8-o0xo-5-thia-1-aza-bicyclo
[4.2.0]-0oct-3-ene-2-morpholino carboxamide. NMR
(CDC13): § 2.08 (s, 3H), 3.54 (s, 3H), 3.6-3.9

(m, 8H), 4.57 (AB quartet, 2H), 4.60 (br s, 1H), 4.92
(s, 1B), 5.32 (br s, 1H), 6.54 (br s, 1H).

Step B: Preparation of 3-Acetoxymethyl-7a-methoxy-8-
oxo-5-thia-l-azabicyclo[4.2.0]-oct-2-ene-2-morpholino
carboxamide

A solution of 3—acetoxymethyl-7a—methoxy-8—
oxo-5-thia-l-azabicyclo[4.2.0]-oct-3-ene-2-morpholino
carboxamide (2.0 g) and m-chloroperbenzoic acid (3.4
g) in methylene chloride (100 mL) was stirred at room
temperature for 16 hours. Amberlyst A-21 resin (17
g) was then added and, after 0.5 hours, the mixture
was filtered and evaporated. Flash chromatography
(70% ethyl acetate/hexanes) of the residue afforded
1.85 g of 3-acetoxymethyl-7a-methoxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]-0oct-2-ene-2-morpholino carboxamide-
5,5-dioxide.

NMR (CDC13): § 2.13 (s, 3H), 3.4-4.1 (m, 10H),
3.58 (s, 3H), 4.57 (ABgq, 2H), 4.82 (br s, 1H), 5.23
(4, 1H, J=1Hz).

EXAMPLE 33
3-Acetoxymethyl-7a-methoxy-8-0xo~-5-thia-l-azabicyclo
(4.2.0]~oct-2-ene-2-(2-(S)-carboxypyrrolidinocarbox-
amide)-5,5-dioxide

P
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Step A: Preparation of t-butyl 3-acetoxymethyl-
7a¢-methoxy-8-0x0-5-thia-1-azabicyclo[4.2.0]-oct-3-
=2=(2- - lidin mi

To a solution of 3-acetoxymethyl-7-methoxy-
2-cephem—4—catboxy1ic acid (7.4 g) in dioxane (100
ml) was added N-hydroxysuccinimide (3.5 g) followed
by dicyclohexylcarbodiimide (7.9 g). After 0.5 hour
at room temperature, the reaction was cooled to 5°C
and triethylamine (7.1 mL) was added. After 15
minutes, L-proline t-butyl ester (6.6 g) was added.
After 1.5 huur at room temperature, the reaction was
diluted with ether, filtered and washed with dilute
hydrochloric acid. The aqueous layer was extracted
with another 2 portions of ethyl acetate and each
organic layer was washed with water 2% sodium
bicarbonate solution and brine. The combined organic
layers were dried over sodium sulfate and
evaporated. The residue on flash chromatography (40%
éthyl acetate/hexanes) gave 0.80 g of t-butyl
3-acetoxymethyl-7a~-methoxy-8-0x0-5-thia-l-azabicyclo
[4.2.0]-0oct-3-ene-2-(2-(S)~-carboxypyrrolidinocarbox-
amide). NMR (CDC13): § 1.45 and 1.52 (2s, 9H),
2,08 and 2.08 (2s, 3H), 1.8-2.4 (m, 4H), 3.52 and
3.54 (2s, 3H), 3.75 (m, 1H), 4.05 (m, 1lH), 4.4 (m,
1H), 4.60 (ABg, 2H), 4.66 (br s, 1H), 4.96 (br s,
1H), 5.20 (br s, 1H), 6.44 and 6.46 (2 br s, 1lH).

The above sodium bicarbonate wash was
acidified with 2N hydrochloric acid in the presence
of ethyl dcetate and the ethyl acetate layer was
washed with brine, dried over sodium sulfate and
evaporated to give 3.4 g of essentially pure
3-acetoxymethyl-7a-methoxy-8-oxo-5-thia-1-azabicyclo
[4.2.0]-0oct-3~ene-2-carboxylic acid.

AP At
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NMR (CDC13): § 2.10 (s, 3H), 3.58 (s, 3H), 4.50
(s, 1H), 4.55 (ABg, 2H), 5.06 (s, 1H), 5.10 (br s,
1H), 6.51 (br s, 1lH), 7.06 (br s, 1lH).

Step A: (Alternate) Preparation of t-butyl
3-acetoxy-methyl-7a-methoxy-8-oxo-5-thia-l-azabicyclo
[4.2.0]-0ct-3-ene-2-(2-(S)-carboxypyrrolidinocarbox-
amide

To a solution of 3-acetoxymethyl-7a-methoxy-
8-0oxo-5-thia-l-azabicyclo[4.2.0]-oct-3-ene-2-car
boxylic acid (0.5 g) in dioxane (20 mL) at 5°C was
added dicyclohexylcarbodiimide (0.71 g), followed
after 10 minutes by slow addition of L-proline
t-butyl ester (0.30 g) in 5 mL of dioxane over 5
minutes. The reaction was stirred at room
temperature for 24 hours before being diluted with
ether, filtered and washed with dilute hydrochloric
acid. The aqueous layer was extracted with 3
portions of ethyl acetate and each organic layer
consecutively was washed with water and brine. The
combined organic layers were dried over sodium
sulfate and evaporated. The residue on flash
chromatography (40% ethyl acetate/hexanes) afforded
450 mg of t-butyl 3-acetoxzymethyl-7a-methoxy-
8-0x0-5-thia-l1l-azabicyclo(4.2.0]-oct-3-ene-2-(2-(8S)-

carboxypyrrolidinocarboxamide. NMR was same as above.
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Step B: Preparation of t-butyl 3-acetoxymethyl-7a-
methoxy-8-0xo~5-thia-1-azabicyclo[4.2.0]-oct-2-ene-
2-{2- -car rrolidi rboxami - -di

A solution of t-butyl 3-acetoxymethyl-7a-
methoxy-~7«a-methoxy-8-0xo-5-thia-1-azabicyclo
[4.2.0]-0ct-3-ene-2-(2-(5)-carboxypyrrolidinocarbox-
amide) (3.1 g) and m-chloroperbenzoic acid (4.7 g) in
methylene chloride (150 mL) was stirred at room
temperature for 16 hours. The reaction was then
poured into a solution of sodium bicarbonate and
sodium sulfite and the layers separated. The organic
layer was washed with brine, dried over sodium
sulfate and evaporated after addition of 5 drops of
pyridine. The residue on flash chromatography
(40-60% ethyl acetate/hexanes) afforded 2.8 g of
3-acetoxymethyl-7a-methoxy~8-0x0-5~thia-1l-azabicyclo~-
[4.2.0]~-0ct~-2-ene-2~(2-(S)~carboxypyrrolidinocarbox-
amide)-5,5-dioxide t-butyl ester. NMR (CDC13):
§ 1.40 and 1.44 (2s, 9H), 2.01 and 2.03 (2s, 3H),
1.8-2.4 (m, 4H), 3.4-3.7 (m, 2H), 3.49 and 3.52 (2s,
3H), 3.80 (ABq, 2H), 4.17 and 4.38 (2 d4, 1H, J= 8
Hz, J=2 Hz), 4.5-4.8 (2 ABg, 2H), 4.80 and 4.85 (2 br
s, 1H), 4.84 (24, 1lH, J=2Hz).
Step C: Preparation of 3-acetoxymethyl-7«a-methoxy-
8-oxo~-5-thia-l-~azabicyclo[4.2.0]-oct-2~-ene-2-(2-(8)~
arbox rrolidinocarboxamide)~-5,5-dioxi

t-Butyl 3-acetoxymethyl-7a-methoxy-
8-oxo-5~thia-l-azabicyclo[4.2.0)-oct-2~ene-2-(2-(S)-
carboxypyrrolidinocarboxamide)-5,5-dioxane (400 mg)
was taken up in 1 mL of anisole and 15 mL of TFA
(precooled to 0°C) and stirred in an ice bath for 1/2
hour. Most of the TFA/anisole was removed in vacuo

PSSP NN
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and then under a stream of N,.
eluted on 2 x 2000 um silica prep plates (1% HOAc in
ethyl acetate) to give 250 mg of 3-acetoxymethyl-7a-
methoxy~-8-0xo~5-thia-l-azabicyclo[4.2.0]-oct-2-ene-2~
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The residue was

5 (2-(S)-carboxypyrrolidinecarboxamide)-5,5~diozxide.

NMR (CDC13):

§ 2,08 and 2.11 (2s, 3H),

1.8-2.4

3.90 (ABg, 2H), 4.4-5.0 (m, 3H), 4.90 (br s, 1H),
4.26 (br s,

10

Step A:

- H
15 HZN\ -

20

*t-Bu can be substituted by another protec¢ting group,
alkyl; benzhydryl, benzyl and the like.

e.qg.,

25

c

Preparation of t-butyl 3-acetyloxzymethyl 78-
amino-8-o0xo-5-thia-l-azabicyclo[4.2.0]oct-

1H).

EXAMPLE 34

—-ene—-<4-— IDOX

1-6

A suspension of tosic acid monohydrate (500

P _-OAc

CH,Cl, /dloxane

S<.

- 1 7-ACA, 2

=

HZN\\

H,S0,0r T OH

"0 to RT

gms, 2.6 moles) in toluene (2L) was dehydrated by

refluxing under a Dean-Stark trap for 40 hrs.

At

this time all of the tosic acid had gone into
s6lution and a total of 57 mL of water had been
30 collected.

e A A it s st

The toluene was then removed in vacuo to
afford a colored,

solid mass.

P e .
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The dehydrated tosic acid was taken up in
methylene chloride (2500 mL) and transferred to a 5-L
3-necked round bottom flask which had been fitted
with a mechanical stirrer, N2 and gas inlet tubes
and a dry ice condenser. Solid 7-ACA (1) (355 gms,
1.3 moles) was slowly added at a rate to achieve
solution of the 7-ACA without formation of a gummy
mass. The solution was then cooled to 10-15°C and
isobutylene (1000 mL) was distilled into the reaction
mixture over 2-1/2 hrs. Note: Rapid addition of the
isobutylene causes formation of a gummy precipitate.
The reaction mixture was stirred owvernight at room
temperature.

The reaction was slowly quenched with
vigorous stirring into a 5-gallon carboy containing a
solJution of sodium bicarbonate (500 gms) in ice water
(6L). The organic layer was separated using suction
and washed with water and brine. The aqueous layers
were sequentially back-extracted with two portions of
methylene chloride (500 mL) and the combined layers
were dried over sodium sulfate. Most of the methylene
chleride was removed in vacuo until the product began
to solidify. At this time cyclohexane (1lL) was added
and the precipitate was triturated to break up the
clumps. The product was. collected by filtration,
washed with cyclohexane a=d dried overnight by
pulling air through the filter cake. The yield of
t-butyl 7-ACA (2) was 360 grms (80%) as an off-white
solid. Rg (Et,0) = 0.3 - 0.:,

{
§
i
i
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Step B: Preparation of t-butyl-3-acetyloxymethyl-7a-
methoxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-

3-ene-2-carboxylate (3)
.S

MeO, 2 s

1) NaNo,/H,S0, R
Ac d;ﬁ”‘“N

2) ERh(OAc)ZJ2

or
O-t-Bu
) [Rh(OCOC H, )5, 3

Thg diazotization reaction was run in E;o 50
gm batches and then combined for the work-up and
second step.

I
N
Z
/
W\

0-t-Bu

To duplicate solutions of t-butyl 7-ACA 2 (2
x 50 gms, 0.30 moles) in methylene chloride (2 x 600
mL) was added sodium nitrite (2 x 11.4 g, 0.33 moles)
dissolved in water (2 x 500 mL). The mixtures were
cooled in an ice bath and to each was added 2N
HZSO4 (2 x 114 mL, 0.450 moles) in portions over
five minutes and the reactions were'stirred for 45
minutes at 0°C. They were then combined and the
organic layer was separated (some problems with
emulsions) and washed with water and brine. The
aqueous layers were back-extracted with methylene
chloride and the gorganic layers combined, dried over
sodium sulfate and filtered.

To the above methylene chloride solution was
added at room temperature methanol (800 mL) and,
while vigorously stirring, rhodium acetate dimer
(0.64 gms). Vigorous nitrogen evolution occurred and
after 1/2 hr the reaction was filtered through celite
and concentrated in vacu¢ at low temperature. The
residue was taken up in ether and washed with water

) s s e
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and brine to remove any residual methanol. The
aqueous layers were back-extracted with ether and the
organic layers were combined, dried over sodium
sulfate and evaporated in vacuo. The residue was
purified by preparative HPLC in two portions using
15% EtOAc/hexane as eluent. The yield of 3 was 25-30
gms (25%) as a yellow o0il which slowly crystallized
on standing. R_. (25% EtOAc/hex) = 0.50. The

£ .
product 3 was the first major component on TLC.

Step C: Preparation of 3-acetyloxymethyl-7a-

methoxy-8-o0x0-5-thia-1-azabicyclo[4.2.0]

rboxyli

MeO-,

Ac T &f”_N = Ac

To a solution of TFA (75 mL) and anisole (5
mL) at 0° was added the t-butyl sulfide 3 (18 gms) as
a solid or in a minimum amount of methylene chloride.
The reaction was stirred at 0° for 1 hr or until it
was judged nearly complete by TLC (Note: The
reaction never seems to go to completion). The
solution was then poured into a mixture of ice water
(200 mL) and methylene chloride (200 mL) and the
organic layer was separated and washed twice with
water (100 mL). Each aqueous layer was sequentially
back extracted with an additional three portions of
methylene chloride (200 mL). The combined methylene
chloride layers were extracted twice with water

T
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containing enough sodium bicarbonate solution to
maintain the pH at 7-8 and each extract was washed
with methylene chloride. The combined aqueous layers
were acidified with 2N hydrochloric acid in the

5 presence of ethyl acetate. The layers were separated
and the organic layer was washed with brine. The
aqueous layers were back extracted with three
portions of ethyl acetate (50 mL) and these were
combined, dried over sodium sulfate and evaporated.

10 The crude product 4 was usually a dark, sticky foam
and was used as obtained as soon as possible. The
yield of 4 was typically 12-14 gms (80-90%).

Step D: Preparation of N-benzoxycarbonyl-L-Prolire

15 (6)
)'j\ 0
e gn-0” O _ an-o’JL\
20 O~ NaOH wo
°s 6
(L) -PROLINE

L-Proline 5 (100 gms, .87 moles) was
25 dissolved in 2N sodium hydroxide (430 mL) and cooled
in an ice bath. A further 220 mL of 4N sodium
hydroxide was added simultaneously with benzyl '
chloroformate (155 gms, .90 moles) over 2 hts. The 2
reaction was then allowed to warm to room temperature
30 overnight.
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The reaction was washed twice with ether
(500 mL) and the aqueous layer acidified with
concentrated hydrochloric acid and extracted twice
with ethyl acetate (500 mL). The combined organic
layers were washed with brine and dried over sodium
sulfate. Evaporation in vacuo gave 268 gms of crude
6 as a thick 0il. This was used directly in the next
reaction.

Step E: Preparation of t-butyl N-benzoxycarbonyl-

rrolidine-2-carboxyla 7
/i\ i
==x< / Hys0
4
8n-
0 — .M_O/JL\
Ho DIOXANE 80,
o

oy
]

*t-Bu can be substituted by a protecting group such
as Clﬂﬁ alkyl, benzyl, benzhydryl and the like.

The above product 6 was taken up in dioxane
{1400 mL) and placed in two 2-L pressure bottles. To
each bottle was added conc. sulfuric acid (30 mL) and
condensed (dry ice bath) isobutylene (350 mL).

The bottles were stoppered, fastened with
wire and the reactions were stirred at room
temperature overnight. The reactions became
homogeneous after approximately 1 hr.

%
3
|
?
%

The solutions were cooled (until dioxane
started to freeze), carefully vented and poured into
a carboy containing a solution of sodium bicarbonate
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(250 gms) in ice water (4 L) and ether (2L). The
layers were separated and the ether was washed with
water and brine. The aqueous layers were
back-extracted with ether and the ether layers were
combined and dried over sodium sulfate. Evaporation
in vacuo gave 185 gms of crude 7 as a clear oil.

This was used directly in the next step.

Step F: Preparation of t-butyl pyrrolidine-2-
carboxylate (8)

‘o
e
oo N W / Pese .
t=8u-0 e t-8u-0
MeOH
° 7 60X )
- fron L-PROLDS 8

The above 0il 7 was taken up in methanol
(1500 mL) and hydrogenated over 10% pd/C (8 gms) for
20 hrs. (left overnight for convenience). The
reaction was filtered and concentrated in vacuo
without heating. The residue was distilled at 55-65°
C/ 1 torr to give 85 gms (60% overall from L-proline)
of t-butyl L-proline (8).

[ENIRREY
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Step G: Preparation of 3-acetyloxymethyl-7a-methoxy-
8-0x0-5-thia-l-azabicyclo[4.2.0]oct~-2-ene-2-
2- ~carbox idi xami

t-8u-0

t-8u-0
0

o8 9

To an ice bath cooled solution of the crude
acid 4 (11.5 gms, 40 mmoles) in dioxane (100 mL) are
sequentially added N-hydroxysuccinimide (5.7 gms, 50
mmole) and DCC (12.4 gms, 60 mmoles). The reaction
was then stirred under nitrogen at room temperature
for 1/2 hr during which time a thick precipitate
formed. The reaction was again cooled in an ice bath
before dry triethylamine (5.5 mL, 40 mmoles) was
added and the stirring was continued for another 1/2
hr. Finally, t-butyl L-proline 8 (14 gms, 80 mmole)
was added all at once. After a further 2 hrs at room
temperature, the reaction was diluted with ether {200
mL), filtered, and quenched into ice water (200 mL)
containing 60 mL of 2N hydrochloric acid. The 1layers
were separated and the organi¢ layer was washed with
water, sodium bicarbonate solutidon and brine. Each
aqueous layer was back extracted with another 100 mL
of ether. The organic layers weére combined, dried
over sodium sulfate and evaporated in vacuo. The
product 9 was purified by preparative HPLC (45%)

" Cé"m ued, % wea, %
~ ‘J:i:j:L\/pn + &J:I:ijL\/JM
2) ELN H :
0PN 0P on

10
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EtOAc/hexanes to give 10.5 gms (60%) of 9 as a
sligntly colored o0il. The produc. 9 was usually
accompanied by a small amount of A3 product as
well as some DCC by-product.

The above sodium bicarbonate wash of was
acidified in the presence of EtOAc to a pH of 1-2
layers were separated. The aqueous layer was
re-extracted with another two portions of ethyl
acetate and the organic layers were combined, dried
over sodium sulfate and evaporated to give 0.5 - 2.0
gms of recovered AZ acid 10. This was readily
recycled similar to the above reaction to obtain 9.

Step H: Preparation of t-butyl 3-acetoxymethyl-7a-
methoxy-8-0xo-5-thia-1l-azabicyclo[4.2.0.]oct-
2-ene-2-(2-(s)-carboxypyrrolidine
carboxamide)-5,5-dioxide (11)

M0, % -+ e, %
| 1) mCPA ™
Ac ———nm—
H ) PR w
A A-21 RESN
asx
t~Bu-0 t~Bu~0.
s ° n °

To a solution of Az-sulfide 9 (10.5 gms,

24 mmole) in methylene chloride (700 mL) (Note: The
reaction should be kept dilute to avoid any problem
with t-Bu ester loss) was added 85% m-chloroperbenzoic
acid (14.7 gms, 72 mmole). The solution was stirred :
at room temperature overright. The reaction was then
quenched into a mixture of sodium bicarbonate and
excess sodium sulfite. The layers were separated and

o b sdileon  weam-
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the organic layer was washed with brine containing a
few milliliters of saturated sodium sulfite solution.
The aqueous layers were back extracted with methylene
chloride and the organic layers were combined and
dried over sodium sulfate. Pyridine (5 drops) or
amberlyst A-21 resin (5-10 gms) were added and the
mixture stirred for 1/2 hr in order to completely
isomerize the product to A3. Filtration (for

A-21 resin) and evaporation gave a crude residue
which was purified by preparative HPLC (50% EtOAc/

hexanes) to give 9.5 gms (85%) of 11 as a white foam.

Step I: Preparation of 3-acetyloxymethyl-7a-methoxy-
8-oxo-5-thia-1l-azabicyclo[4.2.0]oct~-2-ene-2-
(2-(s)-carboxypyrrolidinecarboxamide)-5,5~-
dioxide (compound A)

Compound A

To an ice bath cooled solution of TFA (75
mL) and anisole (5 mL) was added the t-butyl sulfone
1l (8.0 gms). After stirring for 1 hr at 0°C, the
reaction was evaporated in vacuo without much
heating. The residue was taken up in methylene
chloride and re-evaporated to remove most of the
TFA. The remaining volatiles were blown Off in a
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stream of nitrogen and the product was precipitated

and triturated with ether and filtered.

The product

was redissolved in a minimum amount of methylene

chloride and reprecipitated with ether to give 6.4

gms of off-white solid.

were evaporated and the residue was flash

The combined mother ligquors

chromatographed eluting with a solvent gradient of
60% EtOAc/hexane to 80% EtOAcs/hexane and finally 1%
HOAcC/EtOAc to give 950 mg of pure compound A after

evaporation of 50 mL of toluene to remove any

residual acetic acid.

The 6.4 gms were flash chromatographed as
above in 3 portiors, obtaining 1.86 gms of compound A

from a 2.0 gm portion.
2.11 (2s, 3H); 1.8-2.4 (m,
(2s, 3H); 3.4-4.0 (m,

(m, 3H); 4.90 (brs,

1H); 4.26 (brs,

1H).

NMR,(CDC13): §2.08 and
4H); 3.56 and 3.6
2H); 3.90 (ABgq, 2H):;

4.4-5.0
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The claims defining the invention are as follows:

1.

A compound of structural formula:

(D

wherein M is:

P
(2)
(3
(4
(5)

trifluoromethyl;

chloro or fluoro;

~COOH;;

~CHO; or

-GHZA wherein A represents
(a)  hydrogen;

(b)Y halo;

(c) ZR5 where Z is oxygen or sulfur, R5 js an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N-dialkylcarbamoyl, thiocarbamoyl, or N-alkyl or
N,N-djaTkylthiocarbamoyl; or R5 is a straight or

branched chain C1-C6a1ky1, CZ-CGalkenyl or

CZ~C6a1kyny1 group, hydrogen, an aryl group, an

aralkyl group, a mono, di, poly or fused heteroaryl
containing 1 to 4 of any one or more of the heteroatoms N,
§, or U, heterocycioalkyl containing 1 to 3 of any one or
more of the heterocatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring or heterocycloalkenyl
containing 1 to 3 6f any one or more of the heteroatoms,
N, S or 0, having 5 to 7 atoms and one double bond in the
ring with the proviso that when Z is sulphur, RS is not

a group which is connected to Z by a sulphur group;

P

|
|
|
;
I
}
F
I
i
Pperiodves_
SRR
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(d)

(e)

(f

(g’

h)
(i)

- 108 -

—S-E-OR or —S-%—OR wherein

S 0
R represents C]_salkyl, Cs_loaryl or CHZCOOH;
a substituted or unsubstituted amino or amido group
selected from the group consisting of amino, --CONH2
N-alkylamino, N,N-dialkyl amino, N-alkylamido and
N,N-dialkylamino; or
a nitrogen containing heterocycle selected from mono, di,
poly or fused heteroaryi containing 1 to 4 of any one or
more of the heteroatoms N, S or O, heterocyclioalkyl
containing 1 to 3 of any one or more of the heteroatoms N,
S or 0, having 3 to 6 carbon atoms and no double bonds in
the ring or heterocycloalkenyl containing 1 to 3 of any

one or more of the hetercatoms N, S or O having 5 to 7

atoms and one doubie bond in the ring;

a quaternary ammonium group selected from J%h3,jﬁhE
or - E3 where E represents loweralkyl, aryl or aralkyl;
or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium,
3-chloropyridinium, 3-bromopyridinium, 3-iodopyridinium,
4-carbamoylpyridinium,

4~ (N-hydroxymethyl-carbamoyl)pyridinium,
4-(N-carbomethoxycarbamoyl)pyridinium, 4-(N-cyano-

2

carbamoyl)pyridinium,

4~carboxymethyipyridinium, 4-hydroxymethylpyridinium,
4~trifluoromethyl-pyridinium, quinolinium, picolinium and
Tutidinium;

R-SO%- wherein R is C]_6a1ky1 or Cg-Cyparyl; or

R-SO- wherein R is C1_6a1ky1 or Ce-Cqgaryl;

the above groups (a) to (i) can be unsubstituted or substituted with one or

more radicals selected from the group consisting of alkyl, alkoxy, halo,
cyano, carboxy, carbamoyl, azido, sulfo, amino, N-alkylamino,
N,N-diatkylamino, haloalkyl, carboxyalkyl, carbamoylalkyl,
N-alkylcarbamoyialkyl, N,N-dialkylcarbamoylaikyl, guanidino,
N-alkylguanidino, N,N-dialkylguanidino, guanidoalkyl, sulfamyl,
N-alkylsulfamyl and N,N-dialkylsulfamyl;

KXW:863y
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€3> or A is selected from the group consisting of

-O—CCHZNCOOt—BU,
i} )\
0 CH3

-o-g—o o
H ~

0]

1
—OC—NHCHZCOOCH3, and -O«E—NH?H—COOH;
0 CHZ_CEHS

or A is zR§:whexe:i:is:s:aﬁd=£§:is selected from the

group consisting of

alkyl, C

wheré R represents C “6-10

1-6

aryl or CH,COOH;

(6) ~CH=CHR wherein R is Cy_galkyl or Ce-Croaryl;

or M is selected from thc group consisting of (l-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyl-carbamoyl)oxy-
p-carboxymethylphenyl-carbamoyloxymethyl, methoxycarbonyloxy-
methyi, ctyclobutyl-carbonyloxymethyl, (cyclopentanoxythiocarbanyl)thio-
methyl, N-methylpiperazinium-1-thiocarbonylthiomethy?,

ey e bR

P
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N,N-dimethylpiperazinyl-1-thiocarbonylthiomethyl, 2-furoylthiomethyl,
isothiouroniummethyl, 1-methyl-1,2,3,4-tetrazolyl-5-thiomethyl,
tosyloxymethyi, sulfamoyloxymethyl, l1-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, cinnamoyloxymethyl, p-hydroxy-cinnamoyloxymethyl,
p-sulfo-cinnamoyloxymethyl, 1R:2S-epoxypropylphosphonyloxymethyl and
4-methoxy-carbonyltriazol-1-ylmethyl;
R, is (a) hydrogen;

(b) hydroxy;

(¢c) mercapto;

1

(d) XRF] wherein X is oxygen or sulfur and R'] is a
hydrocarbyl group selected from a group consisting of straight or branched
chain C]_ﬁalkyl, C3-C6a1keny1 or C3-C6aikyny1 group, a monocyclic
aryl group, furyTl, pyrryl, pyridyl or an aralkyl yroup, which hydrocarby!l
groups are unsubstituted or substituted by one or more radicals selected
from hydroxy, halo, nitro, amino, carboxy or thio,

or R‘] is
9 |

-C-R where R is hydrogen, C1—C6a1ky1, phenyl, benzyl or
C]-Csalkylamjno;

(e aSO H;

(f) 'SOZNHZ' |

(g)  -SO,R, wherein R, is C,-Cgalkyl,
ﬁalkyl, aryl or aralkyl;

(h -SOzNR3R4 wherein R3 and R ~independentiy
represent hydrogen, C,-gsalkyl, acyl se]ected from formyl or
C]-Csalkanoyl, or C]—Csalkoxy;

(i) -0COOR, wherein R, is Cl-csa1ky1,
haToC]-CGalkyi, aryl or aralkyl;

ha]oC]-C

&) —S@RZ wherein R2 is C]-Csalkyl,
haToCl-CGalkyl, aryl or aralkyl;
(k) -OCOSR, wherein R, is C]-Csalkyl,

haloC]—Céalkyl, aryl or aralkyl;
(4D -OCONR3R4 wherein R, and R4 tndependently
fepreseént hydrogen, C Csalkyl, acyl selected from formyl or

C -Csalkanoyl, or c1~C6a1kay,

" o

w
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(m) a hydrocarbyl group selected from the group consisting of
straight or branched C]-Cﬁalkyl, C,-Cgalkenyl or CZ-CGalkynyl,
aralkyl, cycloalkyl, a monocyclic aryl group or a monoheterocyclic group
selected from heteroaryl containing 1 to 4 of any one or more of the
heteroatoms N, S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and no double bonds
in the ring or heterocycloalkenyl containing 1 to 3 of any one or more of
the heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
aminc, nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected
from formy! or C]-CsaIkanoyl, carbamoyioxy, carboxy, carboxamido and
N-alkyl or N,N-dialkyl carboxamido;

(o) cyano;

X'

(p -E-R" wherein X' is oxygen or sulfur and R" is hydrogen,
halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroloxy, furyloxy, thienyloxy, alkylthio or arylthio; or R" is

SRZ' NHRZ, NR3R4 wherein R2 is C]—Csalkyl and R3 and R4
represent hydrogen or RZ;
(g halo;
2
(r) - Q-Y' or a metal or ammonium salt thereof
7
where Y' and Z' independently are OR,, NR3R4,
Ry NRy
-NR-&H—COOH, NRngR3R4, —NR2N=CR3R4, eNRZ—C—NR3R4,
¥ ¥
—NHC-X'RZ, —NH-C-NR3R4, -NC=X", —OCOR2 and ~N3

wherein Rz represents hydrogen or a hydrocarbyl group, R3 and R4
represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or Cl-CGalkanoyl and wheréein the hydrocarbyl group represented

by R2’ R3 and R4 is selected from the group consisting of straight or
branched C]-Csalkyr, CZ-CBalkenyI or CZ-CBalkynyl, aralkyl,

cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected

Wbrseasion S,
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from heteroaryl containing 1 to 4 of any one or more of the hetercatoms N,
S, or 0, heterocycloalkyl containing 1 to 3 of any one or more of the
hetaroatoms N, S or O having 3 to 6 atoms and no double bonds in the ring
or heterocycloalkenyl containing 1 to 3 of any one or more of the
heteroatoms, N, S or O, having 5 to 7 a...~ and one double bond in the ring
which hydrocarby! group is unsubstituted or substituted by one or more
groups selected from the group consisting of halo, hydroxy, alkoxy, amino,
nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected from
formyl or C]-Csalkanoyl, carbamoyloxy, carboxy, carboxamido and N-alkyl
or N,N-dialkyl carboxamido
X' represents oxygen or sulfur;
B is OB] or N8283 wherein B] and B2 independently are

(a) straight or branched chain C]-C20a1kyl

(b) C6—C]0ary1

() C3 Cgcycloa1ky1

(d> C,-C, alkenyl

2 720
(e) CS—Cacycloalkeny1
) 2~ Zoalkynyl
(@) C2 Czoalkoxya1ky1

(h) aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
alkynylaryl wherein alkyl, aryl, alkenyl and alkynyl are
as previously defined

(i) 1 C6 alkenyl Ci-CG alkyt;

J C] C6 alkanoyl C]-C6 alkyl;
(k) C] C6 alkanoyloxy CI'C6 alkyl;
n C] C6 alkanoy!

(m) a heterocyclic alkyl group containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bond in the ring or heterocyclic alkenyl group
containing 1 to 3 of any one or more of the heteroatoms N,
S or 0, having 5 to 7 atoms and one double bond in the
ring;

(m C]—C1oa1koxy

(o) C1-C6a1kanoyloxy

the above groups (a) - (o) can be unsubstituted or substituted by one or
more radicals selected from the group consisting of alkyl, hydroxy, alkoxy,
halo, nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy,

PR rep—




@

- 113 -

sulfoamino, carbamoyl, carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido,
carhboxamido and N-alkyl or N,N-dialkyl carboxamido;

or B] and B2 independently are p-~carbomethoxybenzyl,
m-carbomethoxybenzyl, o-methylthiobenzyl or benzhydryl

83 is hydrogen or B], and

B, and B3 may join together and form part of the heterocyclic
group

-N or -N R where R is C]—C4a1ky1, C]-C4a1koxy

or C]—C4carboxyalkyi; and

2

Q is

(1)  hydrogen;

(2> C1_6a1ky1;

(3) halo C]_Galkyl;

(4)  hydroxy C]_Galkyl;

(5) methylene, C]_Galkylmethylene, phenylmethylene,
phenylthiomethylene, phenylsulfinylmethylene or
phenylsulfonylmethylene where phenyl or alkyl can be
unsubstituted or substituted as previously defined;

(6) C]-Csalkoxy C]-C6alkyl

(7) aralkyl

(8) phenylthio C1—C6a1ky1, phenylsulfinyl C]-Cﬁalky1
or phenylsulfonyl C,_calkyl;

(P phenoxy C1—Csa1ky1;

(10) phenylamino Ci"cﬁ atkyl.

2. The compound of Claim 1 which is 3-acetyloxymethyl-7o-methoxy-
8-oxo-5-thia-1-azabicyclel4.2.0Joct-2-ene-2-(2-(S)-carboxypyrrolidine-
carboxamide)-5,5-dioxide.

3. A process for preparing a compound according to Claim 1 having

structural formula (I):

o

, RO, 2

Clor?F D'\‘[Q

or N\r/ M
B

D

KXi:863y

e A

R TG
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wherein M is:
(1) trifluoromethyl;
(2) chloro or fluoro;
(3) -COOCH;
(4) -CHO; or
(5 —CHZA‘wherein A represents

(a) hydrogen;

(b)Y halo;

(c) ZR5 where Z is oxygen or sulfur, R5 is an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N-dialkylcarbamoyl, thiocarbamoyl, or N-alkyl or
N,N-dialkylthiocarbamoyl; or Rg is a straight or
branched chain C]—Csalkyl, CZ-CGalkeny1 or

":: : Cz—Csalkynyl group, hydrogen, an aryl group, an

e aralky) group, a mono, di; poly or fused heteroaryl

g Q:: containing 1 to 4 of any one or more of the heteroatoms N,
5'5‘“3 S, or 0, heterocycloalkyl containing 1 to 3 of any one or
. Tt more of the heterocatoms N, S or O having 3 to 6 atoms and
b:*:*' no double bonds in the ring or heterocycloalkenyl

HEIR: containing 1 to 3 of any one or more of the heteroatoms,

N, S or O, having 5 to 7 atoms and one double kbond in the
ring with the proviso that when Z is sulphur, Rs‘is not
a group which is connected to Z by a sulphur group;

(d) —S-%—OR or —S-%«OR wherein

" 3 S 0
'.;v . R represents C, .alkyl, C._,,aryl or CH,COOH;

T (e) a substituted or unsubstituted amino or amido group

. selected from the group consisting of amino, -CONH2
on m N-aTkylamino, N,N~dialkyl amino, N-alkylamido and
ot N,N-dialkylamino; or ‘
R (f) a nitrogen containing heterocycie selected from mono, di, |

poly or fused heteroaryl containing 1 to 4 of any one or '
more of the heterdatoms N, § or 0, heterocycloalkyl

containing 1 to 3 of any one or more of the heteroatoms N,
S or 0, having 3 to 6 carbon atoms and no double bonds in

JLH/863y

2

BTG St
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the ring or heterocycloatkenyl containing 1 to 3 of any one or more of the
heteroatoms N, S or O having 5 to 7 atoms and one double bond in the ring;

(g

&
a quaternary ammonium group selected from JﬁH3,-NHEZ

or -ﬁ%3 where E represents loweralkyl, aryl or aralkyl;

or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium, 3-chloropyridinium,
3~bromopyridinium, 3-iodopyridinium, é4-carbamoylpyridinium,
4-(N-hydroxymethyl-carbamoyl)pyridinium,
4-(N~carbomethoxycarbamoyl)pyridinium, 4-(N-cyano-
carbamoyl)pyridinium,

(h)
(1

4-carboxymethylpyridinium, 4-hydroxymethyipyridinium,
4-trifluoromethyl-pyridinium, quinolinium, picolinium and
lutidinium;

R-SOZ- wherein R fis C]_Balkyl or C6-C]Oary1; or

R-SO- wherein R is C]_sa]kyl or CE-C]OaryI;

the above groups (a) to (i) can be unsubstituted or substituted with one or
more radicals selected from the group consisting of alkyl, alkoxy, haio,
cyano, carboxy, carbamoyl, azido, sulfo, amino, N-alkylamino,
N,N-dialkylamino, ‘haloalkyl, carboxyalkyl, carbamoylalkyl,
N-alkylcarbamoylalkyl, N,N~dialkylcarbamoylalkyl, guanidino,
N-alkylguanidino, N,N-diaikyiguanidino, guanidoaikyl, sulfamyl,
N-alkylsuifamyl and N,N-diaikylsulfamyl;

&)

or A is selected from the group consisting of
-—O—ECszcoot—Bu,
0 CH3

CH
'--0--,v —-o \‘
f o3
9
-OC—NHCHZCOOCH3, and -o-ﬁ-NHQH-coou;

0 CHZ-CGH5

DA

SN v e otttz eoeiilin, s
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or A is I—ts—S—and—R_—4s selected from the
group consisting of

L N2 i
N ! R/ ' N : //
R
R
|
N
s R — s_-r/N’\N and //S /
- l
fp/ | B
- d N OH BOOC
o}

where R represents C]_salkyl, 66_]Oary1 or CHZCOOH;

(6> ~CH=CHR wherein R is C]_6a1ky] or CG-C]Oary1;

or M is selected from the group consisting of (1-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyi-carbamoyl)oxy-
methyl, p-carboxymethylphenyl-carbamoyloxymethyl, methoxycarbonyloxy-
methyl, cyclobutyl~carbonyloxymethyl, ¢cyclopentanoxythiocarbonyi)thio-
methyl, N-methylpiperazinium-1-thiocarbonylthiomethyl,
N,N-dimethylpiperazinyl-i-thiocarbonyithiomethyl, 2-furoyithiomethyl,
jsothiouroniummethyl, 1-methyl-1,2,3,4~tetrazolyl-5-thiomethyl,
tosyloxymethyl, sulfamoyloxymethyl, l-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, c¢innamoyloxymethyl, p-hydroxy-cinnamoyloxymethyl,
p-sulfo-cinnamoyloxymethyl, 1R:2S~epoxypropylphosphonyloxymethyl and
4-methoxy-carbonyltriazol-i-yImethyl;
R is (a) hydrogen;

(b)Y  hydroxy;

{(¢) mercapto;

@ XR'T wherein X is oxygen or sulfur and R'] is a
hydrocarbyl group selected from a group consisting of straight or branched
chain C‘_Galkyl, CB-CGéikehyl or C3-C6alkyny1 group, a monocyclic
aryl group, furyl, pyrryl, pyridyl or an aralkyl group, which hydrocarby! i
groups are unsubstituted or substituted by one or more radicals selected
from hydroxy, halo, mitro, amino, carboxy or thio,
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or R'] is
2
-~C-R where R is hydrogen, C]—Cﬁalkyl, phenyl, benzyl or
C]-Csalkylamino;

(e —SO3H;
() —SOZNHZ;
(g) -SOZR2 wherein R2 is C]-Csalky],

haloc]-CGalkyl, aryl or aralkyl;

(h) —SOZNR3R4 wherein R3 and R4 independently
represent hydrogen, C]—Csalky1, acyl selected from formyl or
C]-Csalkanoyl, or C]-Csalkoxy;

(i) —OCOOR2 wherein R2 is C]—Céalkyl,
haloC]-CGalkyl, aryl or aralkyl;

(3 —SOR2 wherein R2 is C]-C5a1ky},
haloC]-CGalkyl, aryl or aralkyl;

(k) -OCOSR2 wherein R2 is C]-Csalkyl,
haloC]-Csalkyl, aryl or aralkyl;

) —OCONR3R4 wherein R3 and R4 independently
represent hydrogen, C]—Csalkyl, acyl selected from formyl or
C]-Csalkanoyl, or C]—C6a1koxy;

(m) & hydrocarbyl droup selected from the group consisting of
straight or branched C1-C6a1kyl, C2-C6a1keny1 or Cz—Csalkynyl,
aralkyl, cycloalkyl, a monocycliic aryl group or a monoheterocyclic group
selected from heteroaryl containing 1 to 4 of any ene or more of the
heteroatoms N, S, or O, heterocycloalkyl containing T to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and no double bonds
in the ring or heterocycloalkenyl containing 1 to 3 of any one or more of
the heteroatoms, N, S or O, having § to 7 atoms and oné double bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
amino, nitro, sulfonyl, sulfamoyl, acyloxy where the acy! group is selected
from formyl or C1-C6a1kanoy1, carbamoyloxy, carboxy, carboxamido and
N-alky! or N,N-dialkyl carboxamido;

(0) cyano;

®
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(p) —C-R" wherein X' is oxygen or sulfur and R" is hydrogen,
halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroloxy, furyloxy, thienyloxy, alkylthio or arylthio; or R" is
SRz, NHRZ, NR3R4 wherein R2 is C]—Csalkyl and R3 and R4
represent hydrogen or Rz;

(9> halo;
g
(r -'T—Y' or a metal or ammonium salt thereof
7
where Y' and Z' independently are ORZ’ NR3R4,
: R NR

s 2 2

| i
=»  -NR-CH-COOH, NR —NR3R4, —NR2N=CR3R4, —NRZ—C-NR3R4,

2
Xl XI
|

. |
seve -NHC-X'RZ, -NH-C-NR,R,, -NC=X', --OCOR2 and —N3

34

« »+°  wherein R2 represents hydrogen or a hydrocarbyl group, R3 and R4

represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or Cj-csalkanoy1 and wherein the hydrocarbyl group represented

by RZ' R3 and R4 is selected from the group consisting of straight or
branched C]-Csalky1, CZ—C6a1keny1 or CZ-CGalkynyl, aralkyl,

* ¢ cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected

from heteroaryl containing 1 to 4 of any one or more of the heteroatoms N,
« S, or 0, heterocycloalkyl containing 1 to 3 of any one or more of the

*ve~*2  heteroatoms N, S or O having 3 to 6 atoms and no double bonds in the ring

or heterocycloalkenyl containing 1 to 3 of any one or more of the

- " heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the ring

which hydrocarbyl group is unsubstituted or substituted by one or more
groups selected from the group consisting of hale, hydroxy, alkoxy, amino,
nitro, suifonyl, sulfamoyl, acyloxy where the acyl group is selected from
formyl or C]-Cﬁalkanoy1, carbamoyloxy, carboxy, carboxamido and N-alkyl
or N,N-dialkyl carboxamido
X' represents oxygen or sulfur;

B is 08, or N5283 wherein B, and B, independently are

(a) straight or branched chain C]-Czoalkyl

o A e e

s e
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(c)
(d)
(e)
)
(g)
(h)

(i)
(3
(k>
N
(m)

(n)
(o)
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C3—C8cycloalkyl

C2-020a1keny1

CS-Cacyc1oa1keny1

Cz-Czoalkynyl

Cz-Czoa1koxya1kyl

aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
alkynylaryl wherein alkyl, aryl, alkenyl and alkynyl are
as previously defined

C]—C6 alkenyl C]-C6 alkyl;

C]-C6 alkanoyl C]-C6 alkyl;

C]—C6 alkanoyloxy C]—C6 alkyl;

C]—C6 alkanoyl

a heterocyclic alkyl group containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring or heterocyclic alkenyl group
containing 1 to 3 of any one or more of the heterocatoms N,
S or 0, having 5 to 7 atoms and one double bond in the
ring;

C}—C]oalkoxy

C]—C6a1kanoyloxy

the above groups (a) -~ (o) can be unsubstituted or substituted by one or

. more radicals selected from the group consisting of alkyl, hydroxy, alkoxy,

»

halo, nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy,
sulfoamino, carbamoyl, carbamoyloxy, suifonyl, sulfinyl, sulfamoyl, azido,

carboxamido and N-alkyl or N,N-dialkyl carboxamido;

or B] and B2 independently are p-carbomethoxybenzyl,
m-carbomethoxybenzyl, o-methylthiobenzyl or benzhydryi

83 is hydrogen or B1,;and

B

group
~N

2

, and B

or -N

_ may join together and form part of the heterocyclic

R where R is Cj—Caalkyl, CT-C4a1koxy

or C]—Cacarb0xyalky1: and

Q is

CARAL
KXH:863y /<
<

m
(2)
(3>
4y

hydrogen;
C]_sajkyl;

haio C,_calkyl;
hydroxy qusalkyT;

i

i




(¢) halp;
(d) hydrogen; o]
(e) hydroxy; :
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Z
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(5) methylene, C]_salkylmethylene, phenylmethylene,
phenylthiomethylene, phenylsul*®irvimethylene or
phenylsulfonylmethylene where phenyl or alkyl can be
unsubstituted or substituted as previously defined;

(6) C]-Csalkoxy C]—Csalkyl

(7) aralkyl

(8) phenylthio C]-Cealkyl, phenylsulfinyl C]-C6a1ky1
or phenylsulfonyl C]_Galkyl;

(9)  phenoxy C]—Csalkyl;

(10) phenylamino C?‘CG alkyl;

comprising (&) treating a compound of formula

R R

- l' -
1 s _ao X s °
e ™
R io/ or C1 ot r—j—\r
‘S N tamn 2
COOH COOH

with a compound of formula B]OH or HNBZB3 in the presence of a
catalyst: and
(b) oxidizing the product from step (a) to a compound of
formula (I).
4. A process for preparing a compound of Claim 1 having structural
formula

R, O O
1 N7 q

wherein M is:
(N trifluoromethyl;
(2) chloro or fluero; or
(3> -CH,A wherein A represents:
(a) alkanoyloxy;
(b? alkoxy;

A e e S

b

3

i
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(f) IRg wherein Z is sulphur and Rg is as defined in
claim 1 with the proviso that R5 is not a group
which is connected to Z by a sulphur group; or

(g} carbamoyloxy;

(h) --SO-CH3 or -SO—CGHS,

(1) -SO -CH3 or -SO "CGHS’

R] is (1 C]_Galkyl
(2)  hydroxy;

(3 OR] where R, is

€V ] 6alky];

(b -C6H5,
(c) -CH CH2C6H5,
0

(d) —g-R where R represents hydrogen, C1_6a]kyl,
phenyl substituted or unsubstituted benzyl, or
C]_6a1ky1am1no: or
(4) fluoro or chloro;
B is OBy or NB,By wherein By and B, ingependently represent
(1)  benzyl;
(2) methyl;
(3)  t-butyl;
(4) —CHZCHZCH=CH2 ” -CHZCH=C<CH3)Z§
(5 —CHZCOOH;
(6) alkanoyloxymethyl; or
D alkanoylmetnyl;
which are unsubstituted or sukstituted by the substituents as defined in
claim 1
83 is hydrogen or &1
83 and B may join together and form part of the heterocyclic ring
se]ected from a group consisting of

i ij _ COOH
\ ’ r and b

where R is C1-C4aikyl, C]-C4aTk0xy.or C]-C4carboxya1kyl

U M

ez
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Q is (1)  hydrogen;
(2) methyl, ethyl or i- or n-propyl;
(3) methylene; or
(4) phenylthiomethyl or phenyl sulfonylmethyl;
comprising (a) esterifying a compound of formula
H
N =
& M
oH
s to form an este- of formula
E - Pl Q
”‘ B HzN\ ’. ,S /
T, N~
. C?ﬁ "
%\D Ra
. wherein Q and M are as previously defined; and Ra is a protecting group;
> (b)  diazotizing the ester of step (a) with NaNO, or other
o diazotizing reagents and converting the resulting
zfgé
%
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58728 =123~ 176851IB

diazo derivative with methanol and rhodium acetate
dimer to form an ester of formula

Q

"
MeO., - S yd

/F—N Z M

OR

wherein Ra is a protecting group
comprising Cl_salkyl, benzyl and
benzylhydryl;

(c) converting the ester formed in step (b)
to a free acid of formula

MeD. 3 S ’//O
r_w/’

———
SN,

(d) reacting the free acid formed in step
(c) with an amine of formula HN8253
in the presence of N-hydroxysuccini-
mide, DCC and triethylamine to form the
amide of formula
MeO., ". .S

SN N

NB 2«B 3

/Q
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wherein 82 and B

176851B

3 are as defined

previously; or alternatively

esterifying the free acid of step (d4)

to form an ester of formula

4

OB,

Q

wherein B, is as previously defined;

and

Oxidizing the product of step (d) with

m-chloroperbenzoic
suitable oxidation
sulfone of formula

Converting the sulfone of step (e) to a

acid or other
agents to form a

; and optionally

compound of formula (I) by deblocking
the protecting group.

YGEE vl
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S. The process of Claim &4 wherein the
compound of formula

10

is prepared.

6. The intermediate formed by step (4
15 according to Claim 4 which is

20

/////

/

L. The intermediate formed by step (e)
25 according to Claim 4 which is

30

omaeea

2,
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A pharmaceutical composition for treating elastase-mediated
conditions in a mammalian species comprising a non-toxic pharmaceutical
carrier and an effective amount of a compound of structural formula:

Boo 2
= 7
op GOFF | s _-Q
LN aN: |y
o [. o7 T~
ccs |
ces

wherein M is:
trifluoromethyl;
chloro or fluoro;

Q)
(2)
(3)
(4
(5

-COOH;;
~CHO;
—CHZA
a)
(b)
(c)

(d>

or
wherein A represents

hydrogen;

halo;

ZR5 where Z is oxygen or sulfur, R5 is an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N-dialkylcarbamoyl, thiocarbamoyl, or N-alkyl or
N,N-dialkylthiocarbamoyl; or RS is a straight or
branched chain C1~C6a1ky1, Cz—CsalkehyI or

C,-C.alkynyl group, hydrogen, an aryl group, an

2776
aralkyl group, a mono, di, poly nr fused heteroaryl

containing 1 to 4 of any one or more of the heteroatoms N,

S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring or heterocycloalkenyl
containing 1 to 3 of any ene or more of the heteroatoms,
N, S or 0, having 5 to 7 atoms and one double bond in the
ring with the proviso that when Z is sulphur, Rg is not
a group which is connected to Z by a sulphur group;
-S—%AOR or -S—%AOR wherein

S 0

B S

O RN

%ym b A2 Rt e e
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R represents C]_Ealkyl, Cs_]oaryl or CHZCOOH;

a substituted or unsubstituted amino or amido group
selected from the group consisting of amino, -CONH2
N-alkylamino, N,N-dialkyl amino, N-alkylamido and
N,N-dialkylamino; or

a nitrogen containing heterocycle selected from mono, di,
poly or fused heteroaryl containing 1 to 4 of any one or
more of the heteroatoms N, S or 0, heterocycloalkyl
containing 1 to 3 of any one or more of the hetercatoms N,
S or 0, having 3 to 6 carbon atoms and no double bonds in
the ring or heterocycloalkenyl containing 1 to 3 of any
one or more of the heterocatoms N, S or O having 5 to 7
atoms and one double bond in the ring;

a quaternary ammonium group selected from fﬁh3,1ﬁhE2

or - E3 where E represents loweralkyl, aryl or aralkyl;
or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium,
3-chloropyridinium, 3-bromopyridinium, 3-iodopyridinium,
4-carbamoylpyridinium,
4-(N-hydroxymethyl-carbamoyl)pyridinium,
4-(N-carbomethoxycarbamoyl)pyridinium, 4-(N-cyano-
carbamoyl)pyridinium,

4-carboxymethylpyridinium, 4-hydroxymethylpyridinium,
4-trifluoromethyl-pyridinium, quinolinium, picolinium and
tutidinium;

(h R-SOz— wherein R is C;

1-6
(i) R-SO- wherein R is C, .alkyl or CG-C]Oaryl;

alkyl or C5—C]Oary1; or
1-6

the above groups (a) to (i) can be unsubstituted or substituted with one or

more radicals selected from the group consisting of alkyl, alkoxy, halo,
cyano, carboxy, carbamoyl, azido, sulfo, amino, N-alkylamino,
N,N-dialkylamino, haloalkyl, carboxyalkyl, carbamoylalkyl,
N-alkylcarbamoylaikyl, N,N-dialkylcarbamoylalkyl, guanidino,
N-alkylguanidino, N,N-dialkylguanidino, guanidoalkyl, sulfamyl,
N-alkyTsulfamyl and N,N-dialkylsulfamyl;




odse s
» e
L] ¢
» “ e
s
3
> Aui
LR R R J
LE R N
. 9

¢ ca

"KXW:863y

- — - g T e

- 128 -

(j> or A is selected from the group consisting of
-O—ECHZ?COOt-BU,

0 CH3

H

)
—OC-NHCHZCOOCH3, and -O—ﬁ—NHCH—COOH‘
0 CH2 C6H5

or A is ZRg:nhprv—?—+r—%-and—R;—+s selected from the

group consisting of

R

|
\(—Z /S\(Nxf/ - /,, /SU

s R —s > d A~ b
f -”/"N an )
-er//’ N\ﬂ/u\\oﬁ HOOC g

where R represents C,_calkyl, C,_,,aryl or CH,COOH;
(6) -CH=CHR wherein R is CT_ﬁalkyl or CG-C]Oaryl;
or M is selected from the group consisting of (1-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyl-carbamoyl)oxy-
methyl, p-carboxymethylphenyl-carbamoyloxymethyl, methoxycarbonyloxy-
methyl, cyclobutyl-carbonyloxymethyl, (cyclopentanoxythiocarbonyl)thio-
methyl, N-methylpiperazinium-1-thiocarbonylthiomethyl,

3
5%@1 ) ‘nc‘ ‘
[
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N,N-dimethylpiperazinyl-1-thiocarbonylthiomethyl, 2-furoylthiomethyl,
isothiouroniummethyl, 1-methyl-1,2,3,4-tetrazolyl-5-thiomethyl,
tosyloxymethyl, sulfamoyloxymethyl, l-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, cinnamoyloxymethyl, p-hydroxy-cinnamoyloxymethyl,
p-sulfo-cinnamoyloxymethyl, 1R:2S-epoxypropylphosphonyloxymethyl and
4-methoxy-carbonyltriazol-1-yimethyl;
R] is (a) hydrogen;

(b)> hydroxy;

(c) mercapto;

(d) XR'] wherein X is oxygen or sulfur and R'] is a

hydrocarbyl group selected from a group consisting of straight or branched

chain C]_Galky], C3—C6alkeny1 or C3-C6a1kyny1 group, a monocyclic

aryl group, furyl, pyrryl, pyridyl or an aralkyl group, which hydrocarbyl
groups are unsubstituted or substituted by one or more radicals selected

from hydroxy, halo, nitro, amino, carboxy or thio,
or R‘] is

-g-R where R is hydrogen, C]-Csalkyl, phenyl, benzyl or
C]-Csalkylamino;

(e) —SO3H;

() —SOZNHZ;

(g ~S0,R, wherein R, is C]—Csalkyl,
ha]@C]-CGalky1, aryl or aralkyl;

(h) —SOZNR3R4 wherein R3 and R4 independently
represent hydrogen, C]-CSalkyI, acyl selected from formyl or
C,-Cgalkanoyl, or C,-Ccalkoxy;

ey -OCOOR2 wherein R2 is~C1-66a1kyl,
haloC1-C6a1kyl, aryl or aralkyl;

€j) -SOR2 wherein R2 is Cl-CGalky1,
haloc]-Csalkyl, aryl or aralkyl;

k) —OCOSR2 wherein R2 is C]-Csalkyl,
haloC]-Csalkyl, aryl or aralkyl;

QP -OCONR3R4 wherein R3 and R4 independently
represent hydrogen, C]-Csalkyl, acyl selected from formyl or

C]—Cﬁalkanoyi, or C1—Csalkoxy;

e e i
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(m) a hydrocarbyl group selected from the group consisting of
straight or branched Cl-Csalkyl, C2—C6a1kenyl or CZ-Csalkyny1,
aralkyl, cycloalkyl, a monocyclic aryl group or a monoheterocyclic group
selected from heteroaryl containing 1 to 4 of any one or more of the
heteroatoms N, S, or O, heterocycloalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and no double bonds
in the ring or heterocycloalkenyl conta.aing 1 to 3 of any one or more of
the heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
amino, nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected
from formyl or C]—Csalkanoy1, carbamoyloxy, carboxy, carboxamido and

“w N-alkyl or N,N-dialkyl carboxamido;

'"2 (o) cyano;
5 X
e, (p) -C-R" wherein X' is oxygen or sulfur and R" is hydrogen,

.. halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroloxy, furyloxy, thienyloxy, alkylthio or arylthio; or R" is
SR,, NHR,, NR,R, wherein Rz is C1-C6a1kyl and R3 and R4

AR R

«

ces

2

*

v 2 7374
represent hydrogen or Rz;
.-, (@) halo;
- 9
T (r) = %—Y' or a metal or ammonium salt thereof
. Z'
-‘; where Y' and Z' independently are OR,, NRsR,,
. R2 NR2

| ]
«»  —NR-CH-COOH, NRZ—NR3R4, -NR2N=CR3R4, —NRZ-C-NR3R4,

»
b

X X!
-NH&—X'R’, -NH—&-NR3R4, -NC=X", -0COR, and -N3
wherein R2 represents hydrogen or a hydrocarbyl group, R3 and R4
represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or C]-Cﬁalkanoyl and wherein the hydrocarbyl group represented

by R2’ R3 and R4 is selected from the group consisting of straight eor
branched C]-CsaTKyl, CZ-C6a1kenyI or CZ-CGalkynyl, aratkyld,

cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected

KXW:863y
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from heteroaryl containing 1 to 4 of any one or more of the heteroatoms N,
S, or Q, heterocycloalkyl containing 1 to 3 of any one or more of the
heteroatoms N, S or O having 3 to 6 atoms and no doubie bonds in the ring
or heterocycloalkenyl containing 1 to 3 of any one or more of the
heteroatoms, N, S or 0, having 5 to 7 atoms and one double bond in the ring
which hydrocarbyl group is unsubstituted or substituted by one or more
groups selected from the group consisting of halo, hydroxy, alkoxy, amino,
nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected from
formyl or C]-C6a1kanoyl, carbamoyloxy, carboxy, carboxamido and N-alkyl
or N,N-dialkyl carboxamido
X' represents oxygen or sulfur;
3e B is 081 or NBZB3 wherein B] and 82 independently are
(a) straight or branched chain C]—Czoalkyl
(b) Csfcloaryl
’ () C3-Cgeycloalkyl
: (d)  C,-Cypalkenyl
(e) Cs-Cscycloa1keny]
() CZ-CZOaJkynyI
(g) CZ—CZOalkoxyalkyl
(h)  aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
. alkynylaryl wherein alkyl, aryl, alkenyl and alkynyl are
, as previously defined
(i C,-C alkenyl Cl'cﬁ alkyl;

: (3> C;-Cg alkanoyl C;-C, alkyl;
o3 (k) C,-Cq alkanoyloxy C,-Cq alkyl;
(n C]—C6 atkanoyl
. (m) a heterocyclic alkyl group containing 1 to 3 of any one or

more of the heteroatoms N, S or O having 3 to 6 atoms and
no double in the ring or heterocyclic alkenyl group
containing 1 to 3 of any one or more of the heteratoms N,
S or O having 5 to 7 atoms and one double bond in the ring;
(n) Cl—C]Oalkoxy
(o) Cl-Csalkanoyloxy
the above groups (a) - (o) can be unsubstituted or substituted by one or
more radicals selected from the group consisting of alkyl, hydroxy, alkoxy,
halo, nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy, 1
sulfoamino, carbamoyl, carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido, +
carboxamido and N-alkyl or N,N-dialkyl carboxamido;

el -
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or Bl and BZ independently are p-carbomethoxybenzyl,
m-carbomethoxybenzyl, o-methylthiobenzyl or benzhydryil

83 is hydrogen or B], and

B2 and B3 may join together and form part of the heterocyclic

group
—N:::) or -N R where R is C]-C4a1kyl, C1-C4a]koxy
or C]—C4carboxya1ky1; and
Q is
(1)  hydrogen;
(2)  Cy_galkyl;
(3 halo C]_salkyl;
oo (4>  hydroxy C]_Galkyl;

. (5) methylene, C]_6a1ky1methy1ene, phenylmethylene,
O phenylthiomethylene, phenylsulfinyimethylene or
T phenylsulfonyimethylene where phenyl or alkyl can be

:.:' unsubstituted or substituted as previously defined;
SR (6)  Cq-Cgalkoxy Ci-Cgalky]

(7)  aralkyl
(8) phenyithio C1-C631ky1, phenylsulfinyl C]-Cﬁa]kyl
Ny or pheny}sulfonyl C]_salkyl;
aat (9)  phenoxy C]-Cﬁalkyl;
IR (1Q) phenylamino C]-C6 alkyl.

8. The composition of Claim 7 wherein the active compound is
caver 3-acetyioxymethyl-7a-methoxy-8-oxo-5-thia~1-azabicyciold4.2.0]oct-2-ene-2-(

. 2-(S)~carboxypyrrolidinecarboxamide)-5,5-dioxide.

9. A method of treating or management of elastase-mediated diseases
s e e comprising the administration to a mammalian species in need of such
treatnient an effective amount of a compound of structural formula:

A i N .
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wherein M is:

P
(2)
(3)
(4)
(5)
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trifluoromethyl;
chloro or fluoro;

-COOH;
-CHO;
-CH2A
(a)
(b
()

)

(e)

)

or

wherein A represents

hydrogen;

halo;

ZR5 where Z is oxygen or sulfur, R5 is an acyl group
selected from alkanoyl, arylcarbonyl, benzyloxycarbonyl,
benzoyl, succinoyl, carbamoyl, N-alkyl or
N,N-dialkylcarbamoyl, thiocarbamoyl, or N-alkyl or
N,N-dialkyithiocarbamoyl; or R5 is a straight or

branched chain C]~C6a1ky1, CZ-CGalkeny1 or

C2~C6a1kynyl group, hydrogen, an aryl group, an

aralkyl group, a mono, di, poly or fused heteroaryl
containing 1 to 4 of any one or more of the heteroatoms N,
S, or 0, heterocycioalkyl containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double bonds in the ring or heterocycloalkenyl
containing 1 to 3 of any one or more of the heteroatoms,
N, S or 0, having 5 to 7 atoms and one double bond in the
ring with the proviso that when Z is sulphur, R5 is not

a group which is connected to Z by a sulphur group;
—S—E~OR or —S~%~OR wherein

R represents Cl_ﬁalkyl, C6_1Oary1 or CHZCOOH;

a substituted or unsubstituted amino or amido group
selected from the group consisting of amino, —CONH2
N-alkylamino, N,N-dialkyl amino, N-alkylamido and
N,N-dialkylamino; or

a nitrogen containing heterocycle selected from mono, di,
poly or fused heteroary} containing 1 to 4 of any one or
more of the heteroatoms N, S or 0, heterocycloalkyl
containing 1 to 3 of any one or more of the heteroatoms N,
S or 0, having 3 to 6 carbon atoms and mo doubkle bonds in

e e aa o emaden



\g)
awn g
.
L
L] “
[ ] - L ]
» -~
[ 3 - N
£l o *
LA
LR X RJ
“aana (h)
SOt (N

- 134 -

the ring or heterocycloalkenyl containing 1 to 3 of any
one or more of the heteroatoms *, S or O having 5 to 7
atoms and one double bond in the ring; ®

a quaternary ammonium group selected from -NH3.-ﬁhE2

ar - E3 where E represents loweralkyl, aryl or aralkyl;
or is selected from the group consisting of pyridinium,
3-methylpyridinium, 4-methylpyridinium,
3-chloropyridinium, 3-bromopyridinium, 3-iodopyridinium,
4-~carbamoyipyridinium,
4-(N-hydroxymethyl-carbamoyl)pyridinium,
4-(N-carbomethoxycarbamoy)pyridinium, 4-~(N-cyano-
carbamoyl)pyridinium,

4-carboxymethylpyridinium, 4-hydroxymethylpyridinium,
4-trifiluoromethyi-pyridinium, quinolinium, picolinium and
lutidinium;

R-SO%- wherein R is C]_ﬁaikyl or Cs-cloary1; or

R-SO- wherein R is C]_salkyl or C6—C]Oary1;

the above groups (a) to (i) can be unsubstituted or substituted with one or

more radicals selected from the group consisting of alkyl, alkoxy, halo,
cyano, carboxy, carbamoyl, azido, suifo, amino, N-alkylamino,
. . N N-dialkylamino, haloalkyl, carboxyalkyl, carbamoylalkyl,

LA N-alkylcarbamoylalkyl, N,N-dialkylcarbamoylalkyl, guanidino,

N-alkylguanidino, N,N-dialkylguanidino, guanidoalkyl, sulfamyl,
ces wt N-aTkylsulfamy? and N,N-dialkylsulfamyl;

: &R

or A is selected from the group consisting of

—0-CCH, NCOOt-Bu,
W2y

o CH3

Ve oA U—

3
T o ‘ L 2
-ot-NHCHZG@OCH , and‘-O-%—NH?H-COOH; 2 i
‘ , . {
0 CHy-CcHe {
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or A is 2R§:nnzr5:i—+v-e-znﬁ-RE:is selected from the

group consisting of

s \Ss .
\ 4
; , H
~ N\ﬂ/\oa EOOC

where R represents C]_salkyl, CG_]Oaryl or CHZCOQH;
(6) -CH=CHR wherein R is C]_Ga]kyl or C6-CTOary];
or M is selected from the group consisting of (1-adamantyl)carboxy-
methyl, (N-phenylcarbamoyl)oxymethyl, (N-p-sulfophenyl-carbamoyl)oxy-
methyl, p-carboxymethyliphenyl-carbamoyloxymethyl, methoxycarbonyioxy-
methyl, cyclobutyl-carbonyloxymethyl, {cyclopentanoxythiocarbonyl)thio-
methyl, N-methylpiperazinium-i-thiocarbonylthiomethyl,
N,N-dimethylpiperazinyl-i-thiocarbonylthiomethyl, 2-furoylthiomethyl,
isothiouroniummethyl, 1-methyl-1,2,3,4-tetrazolyl-5-thiomethyl,
tosyloxymethyl, sulfamoyloxymetiyl, 1-naphthoyloxymethyl, 2-furyl-
acetoxymethyl, cinnamoyloxymechyl, p-hydroxy-cinnamoyloxymethyl,
p-sulfo-cinnamoyloxymethyl, 1R:2S-epoxypropyliphosphonyloxymethyl and
4-methoxy-carbonyltriazol-1-yImethyl;
RT is (a) hydrogen;
(b)  hydroxy; .
(e¢) mercapto; ;
d) XR'] wherein X is oxygen or sulfur and R"1 is a
hydrocarbyl group selected from a group consisting of straight or branched
chain CT_Galkyl,‘C3-C6a1keny1 er<C3—Csalkyny1_grouﬂ, a mpnocyclic
aryl group, furyl, pyrryl, pyridyl or an aralkyl group, which hydrocarbyl
groups are unsubstituted or substituted by one or more radicals selected
from hydroxy, halo, nitro, amino, carboxy or thio,

s

B R
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or R'I is

H
-C~R where R is hydrogen, C]-Céalkyl, phenyl, benzy!l or
Cj-cﬁalkylamino;

(8)  -SO,H;

() -SOZNHZ;

(g) -SOZRa\wherein R2 is Cl-Céalkyl,
haloC]-CGalkyl, aryl or aralkyl;

(h) ~-SOZNR3R4 wherein R3 and R4 independently

represent hydrogen, C]-Csalkyl, acyl selected from formyl or
C]—Csalkanoyl, or C]-Csalkoxy;

) -(')‘COOR,2 wherein R2 is C]—C6a1ky1,

‘haloC]-Csalkyl, aryl or aralkyl;

(3)  -SOR, wherein R, is C,-Calkyl,
ha1oC]—Csalkyl, aryl or aralkyl;

(k) aOCOSRz wherein R2 is C]—Cealky1,
haloC]-CsalkyI, aryl or aralkyl;

(n -OCONR3R4 wherein R3 and R4 independently
represent hydrogen, Cj—CEalkyl, i~yl selected from formyl or
C1-C6a1kanoy1, or Cl—Cﬁalkoxy;

(m) a hydrocarbyl group selected from the group consisting of
straight or branched C1-Cﬁalky1, Cz—Céaikenyl‘or CZ-Csalkynyl,
aralkyl, ecycloalkyl, a monocyclic aryl group or a monoheterdcyclic group
selected from heteroaryl containing 1 to 4 of any one or more of the
heteroatoms N, S, or O, heterocycloalkyl containing T to 3 of any one or
more of the heteroatoms N, S or O having 3 o 6 atoms and no double bonds
tn the ring or heterocyc]oalkenyﬂ containing 1 to 3 of any one or more of
the heteroatoms, N, § or Q; having 5 to 7 atoms and one double bond in the
ring, which hydrocarbyl group is unsubstituted or substituted by one or
more groups selected from the group consisting of halo, hydroxy, alkoxy,
amino, nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected
from formyl or C1-Cbarkanoyl, carbamoyloxy, carboxy, carboxamido and
N-alkyl or N,N-dialkyl carboxamido;

{0y tcyano;

~
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xl
5
(p) -é;R“ wherein X' is oxygen or sulfur and R" is hydrogen,
halo, hydroxy, mercapto, amino, alkyl, aryl, aralkyl, aralkoxy, alkoxy,
aryloxy, pyrroloxy, furyloxy, thienyloxy, alkylthio or arylthio; or R" is
SRZ‘ NHRZ, NR3R4 wherein R2 is C]-Csalkyl and R3 and R4
represent hydrogen or RZ;

(q> halo;
g
(r -f—Y' or a metal or ammonium salt thereof
Zl
where Y* and Z' independentiy are ORZ’ NR3R4,
R NR
12 it 2
~NR-CH-COOH, NRZ-NR3R4, -NR2N=CR3R4, —NRZ-C-—NR3 4
¥I %l
—NHCqX'RZ, —NH—C—NR3R4, -NC=X", -OCOR2 and -N3

wherein Rz‘represents hydrogen or a hydrocarbyl group, R3 and R4
represent hydrogen, hydrocarbyl, alkoxy or an acyl radical selected from
formyl or C]-C6alkan0y] and wherein the hydrocarbyl group represented

by RZ’ R3 and R4 is selected from the group consisting of straight or
branched C]—Csalkyl, CZ—CGalkenyl or CZ—CBalkynyl, aralky?l,

cycloalkyl, a monocyclic aryl group or a monoheterocyclic group selected
from heteroaryl containing 1 to 4 of any one or more of the heteroatoms N,
S, or 0, heterocycloalkyl containing 1 to 3 of any one or more of the
heteroatoms N, S or O having 3 to 6 atoms and no double bonds in the ring
or heterocycloalkenyl containing 1 to 3 of any one or more of the
heteroatoms, N, S or O, having 5 to 7 atoms and one double bond in the ring
which hydrocarbyl group is unsubstituted or substituted by one or more
groups selected from the group consisting of halo, hydroxy, alkoxy, amino,
nitro, sulfonyl, sulfamoyl, acyloxy where the acyl group is selected from
formyl or C}~C6a1kanoyl, carbamoyloxy, carboxy, carboxamido and N-alkyl

or N,N-dialkyl carboxamido

X' represents oxygen or sulfur;
B is 0B, or NB,B, wherein B, and B, independently are
(a) straight or branched chain £]-Czoaikyl
(b CG-CIoaryl

gt —
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(c) C3~C8cycloalky1
(d) Cz-Czoa1keny1
(e) Cs-cacycloalkenyl
() CZ—CZOalkynyl
(g) CZ-Czoalkoxyalkyl
(h) aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
alkynylaryl wherein alkyl, aryl, alkenyl and alkynyl are
as previously defined
(i Cl'cﬁ alkenyl C]—C6 alkyl;
P C]-C6 alkanoy! C]-C6 alkyl;
(k) C]—C6 alkanoyloxy C]—C6 alkyl;
Q)] C]-C6 alkanoyl
(m> a heterocyclic alkyl group containing 1 to 3 of any one or
more of the heteroatoms N, S or O having 3 to 6 atoms and
no double in the ring or heterocyclic alkenyl group
containing 1 to 3 of any one or more of the heteroatoms N,
S or O having 5 to 7 atoms and one double bond in the ring;
(n) C]-C]Oalkoxy
(o) C]-Csalkanoyloxy
the above groups (a) - (0) can be unsubstituted or substituted by one or
more radicals selected from the group consisting of alkytl, hydroxy, alkoxy,
halo, nitro, mercapto, amino, N-alkyl or N,N-dialkylamino, cyano, carboxy,
sulfoamino, carbamoyl, carbamoyloxy, sulfonyl, sulfinyl, sulfamoyl, azido,
carboxamido and N-alkyl or N,N-dialkyl! carboxamido;
or BJ and 82 independently are p-carbomethoxybenzyl,
m-carbomethoxybenzyl, o-methylthiobenzyl or benzhydryl
B3 is hydrogen or B], and

B, and B, may join together and form part of the heterocyclic

2 3

group
-N or -Ni::;%—*"R where R is C]—Caalkyl, C]-Caalkoxy
or C]-C4carboxya1kyl; and
Q is

(1)  hydrogen;

(2) C1_6a1kyl;

(3 halo C]_salkyl;

4 hydroxy C;_galkyl;

Riwaman
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phenylthio C]—Cﬁalkyl, phenylsulfinyl C]~C6a1ky1

or phenylsulfony!l C]_aalkyl;
phenoxy CI—CsaIkyl;
phenylamino CI-C6 alkyl.

10. A compound of structural formula:

H:‘L—( or ClerF "“‘r Y

wherein M is:
(1) trifiuvoromethyl;
(2) chloro or fluoro;

(3> -COOH;
(4) -CHO; or
(5) ~CH,A wherein A represents
(a) hydrogen;
(b) halo;
(¢) ZR5 wherein Z is oxygen or sulfur and R5 is
(a) straight or branched chain C1_5alky1;
(b H;
(¢)  straight or branched chain C,_ .alkenyl; or
(d) straight or branched chain C1_6a1kyny1i
(d) acyloxy wherein acyl is CZ_Galkanoyli phenylcarbonyl,
benzyloxycarbonyl, benzoyl, succinoyl, carbamoyl, N-alkyl
or N,N-dialkylcarbamoyl, thiocarbamoyl, or N-alky! or
N,N-dialkyl-thiocarbamoy?l;
(e) phenoxy;
(f) benzyloxy;
(g) phenylthio or benzylthio;
(h)  acylthio wherein the acyl group is as previously defined;
(1) C1‘CG alkanoyloxy or phenyicarbonyloxy;

Y
i
H
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(5) methylene, C1_5a1ky1methy1ene. phenylmethyiene,
phenylthiomethylene, phenylsulfinyImethylene or
phenylsulfonyimethylene where phenyl or alkyl can be
unsubstituted or substituted as previously defined;

(6) C]-Csalkoxy C]-Csalkyl

(7Y aralkyl

(N —S—%—OR or —S-%—OR wherein R represents

S 0
C]_Galkyl, phenyl or CHZCOOHZ;

(k) a substituted or unsubstituted amino or amido group
selected from a group consisting of amino,
N-Cl_salkylamino, N,N—dicl_ﬁalkylamino;

(1)  R-SO- wherein R is C]_Balkyl or phenyl; or

(m R—SOZ— wherein R is C]_6a1ky1 or C6_]0ary1;

the above groups (a) to (m) can be unsubstituted or substituted with one or
more radicals selected from a group consisting of C]_salkyl,
C]_6a1koxy, halo, cyano, carboxy, carbamoyl, azido, sulfo, amino,
Cy_gdlkylamino, diC,_calkylamino, halo C,_calkyl,
N—C]_Galkyl-quanidino, guanido Cj_salky7, sulfomyl and
N-C, _galkyl-sulfamyi;
(6) -CH=CH-R wherein R is C]-Céalkyl or Ce=Ciqaryt;
R] is (a) hydroxy;

(b) XR', wherein X is oxygen and

R'1 is a hydrocarbyl group selected from a group consisting of

straight or branched chain C]_salky1,‘c3_6alkenyl,

C3_6alkyny1, phenyl and benzyl, these hydrocarbyl groups may

be unsubstituted or substituted with one or more radicals which

is hydroxy, hale, nitro, amino, carboxy or thio;

(c) 8
-0-C-CHy
B is OB] or NBZB3 wherein B, and B, independently are:

(a) straight or branched chain alkyl having from 1 to 20
carbon atoms;

(b> aryl having from 6 to 10 carbon atoms;

(¢) cycloalkyl having from 3 to 8 carbon atoms;

(d) alkenyl having from 2 to 20 carbon atoms;

(e) cycloalkenyl having from 5 to 8 carbon atoms;
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(f)
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(h}
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(k)
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alkynyl having from 2 to 20 carbon atoms;

alkoxy alkyl having from 2 to 20 carbon atoms;

aralkyl, alkaryl, aralkenyl, aralkynyl, alkenylaryl or
alkynylaryl wherein alkyl, aryl, alkeryl and alkynyl are
as previously defined;

C]_aalkenyl C]_Galkyl;

C]_Galkanoyl C]_salkyl;

C]_Galkanoyloxy Cl_Galky];

C]_Galkanoyl;

the above groups (a)- (1) can be unsubstituted or substituted with one or
more radicals selected from a group consisting of C]_salky1, hydroxy,

C,_gdlkoxy, halo, nitro, mercapto, amino, N-C,_calkyl or
N,N-diC]_salkylamino, c¢yano, carboxy, sulfoamino, carbamoyl,

.:. carbamoyloxy, sudifonyl, sulfinyl, sulfamoyl, azido, carboxamido and
:::. N-C,_galkyl or N,N-diC; calkyl carboxamido;
':: 83 is B] or hydrogen; and
‘e’ 82 and B3 may join together and form part of a heterocyclic group
-N:::> ; and
:::' Q is
o (1) hydrogen;
) (2)  Cy_galkyl;
i (3) halo C]_Ga]kyi;
(4)  hydroxy C;_calkyl;
(5) methylene, C1—6 alkyimethylene, phenylmethylene,

Teut phenylthiomethyiene, phenylsuifinyimethylene or phenylsulfonylmethylene
wherein phenyl or alkyl can be unsubstituted or substituted as previously

defined;
(6)
N
(8)

(9
(10)

Cy_galkoxy Cl_saTKyl;

beazyl;

phenylthio Ci_salkyl, phenylsulfinyl C]_6a1kyl or
phenylsulfony]l Ci_salkyl;

phenoxy CT_6a1kyl; or

phenylamino Cl_salkyl;

Ay
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11. A compound of the formula:

.

R, 0 0
R, 0\\ P 0 rfl \\s// 0
w]t(s Cl or
0= % or 0= N A\
COB OB
wherein M is:
(1) chloro,
(2) ;CH2A wherein A represents
(a) hydrogen,
N (b)  -ORg wherein Rg is
23 (1) straight or branched chain C, ,alkyl,
< e (2)  hydrogen,
-:f::‘ (c) acyloxy wherein acyl is C2_6a1kanoy1, phenylicarbonyl,
i~::' benzyloxycarbonyl, succinoyl, carbamoyl, N—C]_Galkyl or
LTl N,N-C,_cdialkyl carbamoyl,
(d) C1_6a1kanoyloxy or phenylcarbonoyloxy, or

(e) a substituent selected from the group consisting of

tEve
B "

w‘..‘

R .
s

/s\g_“_?ﬁ .'/ \§—£ /S\\f:"{, /S\(\;«
e : ’ R/ ’ N._N\’
* Ay R
:"b.‘ R

\ ’ g ﬂY’ s ;/‘ s/,

R

P

2




KXW:863y

- 143 -

wherein R represents C,_gdlkyl, phenyl or CH,COOH the above groups (a)
to (e) being unsubstituted or substituted with a radical selected from the
group consisting of C‘_Salkyl, C]_Galkoxy, halo, carboxy, carbamoyl,
amino, C]*3mono or dialkyl amino,
(3) -~CH=CH-R wherein R is C]—Cﬁalkyl or CG-Cloaryl;
R} is (a) hydrogen,
14:)) -OR] wherein R] is a hydrocarbyl group selected from
the group consisting of straight or branched chain
C]_4alky1, CZ_4a1kenyl, phenyl and benzyl groups,
(¢) straight or branched C1_4a1ky1, or
(d) bromo, chloro or fluoro;
B is OB] or NBZB3 wherein B] and 82 are each independentiy:
(1) straight or branched chain C,_.alkyl,
(2) phenyl C]~631ky1, or C1_6a1ky1 phenyl,
(3 C]_Galkanoyloxy C1_6a1ky1, or
(4) carboxy C]“ﬁalkyl;
the above groups (1) to (3) being unsubstituted or substituted with a
radical selected from the group consisting of C]_6alky1, hydroxy, and
C]_Galkoxy;
B, is B1 or hydrogen, and B2 and 83 may join together and form part

3
of a heterocyclic group

- N:::) ; and

Q is (1) hydrogen,
(2) C;_zalkyl, z
(3) methylene,
(4) benzyl, or
(5) phenoxy C1_3alky1.
12. A compound selected from the group consisting of
(1) (6R-Cis)-Pyrrolidine, 1-((7-methoxy-8-oxo~3-(((1,2,5,6~
tetrahydro-2-methyi-5,6-dioxo-1,2,4-triazin-3-yl)thio)-
methy1)-5-thia-1-azabicyclo (4.2.0)oct-2-en-2-y1)~
carbony1)-,S,S-dioxide;
(2) 1,1-Dimethyl ethyl 3-((acetyloxy)methyl)-To-
methoxy-8-oxo-S~thia-1-azabicyclo (4.2.0)oct-2-ene~-2-
carboxylate 5,5-dioxide;
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(3) (6R-Cis)-L-proline,1-((7-methoxy-8-oxo-3-((1,2,5,6-tetra-
hydro-2-methy1-5,6-dioxo-1,2,4-triazin-3-y1)thio)methyl)-5-
thia-1-azabicyclo (4.2.0)oct-2-en-2-yi)carbonyl)-,
S,S-dioxide;

(4) (6R-Cis)-L-proline,1-((3-((acetyloxy)methyl)-7-methoxy-8-
oxo-5-thia-1-azabicyclo (4.2.0)oct-2-en-2-y1)carbonyl)-,
S,S-dioxide;

(5 (6R-Cis)-Morpholine, 4-((3-((acetyloxy)methyl)-7-methoxy-
8-oxo-5-thia-1-azabicyclo (4.2.0)oct-2-en-2-y1)carbonyl)-,
S,S-dioxide;

(6)  (4-carboxyphenyl)methyl-3-((acetyloxydmethyl)-7c-methoxy-

8-oxo-5-thia-1-azabicyclo(4.2.0)oct-2-carboxylate
5,5-dioxide.
13. A process for preparing a composition of any one of claims 10 to
12 comprising (a) treating a compound of formula

R
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with a compound of formula B]OH or HNB?_B3 in the presence of a
catalyst; and (b) oxidizing the product from step (a) to a compound of
formula (I).

14. A pharmaceutical composition for treating elastase-mediated
conditions in a mammalian species comprising a non-toxic pharmaceutical
carrier and an effective amount of a compound of any one of claims 10 to 12.

15. A method for treating or management of elastase-mediated
diseases comprising the administration to a mammalian species in need of
such treatment an effective amount of a compound of any one of claims 10 to
12 or a composition according to claim 14.

16. A compound as defined in claim 1 and substantially as herein
described with reference to any one of Examples 1 to 34.

17. A process for preparing a compound as defined in claim 1,
substantially as herein described with reference to any one of Examples ]

to 34.
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18. A pharmaceutical composition for treating elastase-mediated
conditions in a mammalian species comprising a compound of any one of
Examples 1 to 34 together with a pharmaceutically acceptably carrier,
adjuvant, excipient and/or diluent.

19. A method for treating or management of elastase-mediated
diseases comprising the administration to a mammalian species in need of
such treatment an effective amount of a compound of claim 16 or a
composition of claim 18.

L DATED this EIGHTH day of NOVEMBER 1990
PR Merck & Co., Inc.

aes” Patent Attorneys for the Applicant
W SPRUSON & FERGUSON
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