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Title: NOVEL 2-THIOSUBSTITUTED CABBAPENEMS 

FIELD OF THE INYENTION 
This invention relates to novel carbapenem 

/ antibiotics and non-toxic pharmaceutically acceptable 

"':~·t~~e--~, salts thereof, which have antimicrobial activity • ............ 

J.5 

20 

25 

30 

35 

Therefore, the present carbapenem antibiotics and 

pharmaceutical compositions thereof are useful in the 

treatment of bacterial infections in humans and animal, 

either alone or in combination with other antibiotics. 

The present invention also provides processes for the 

preparation of the carbapenem antibiotics and of cer­

tain novel intermediates. 
SUMMARY OF THE INVENTION 

This invention is concerned with novel car­

bapenems, represented by formula I, which have anti­

bacterial activity; with methods of treating infectious 

disease in humans and other animals when administering 

these new compounds; with pharmaceutical preparations 

containing these compounds; with novel intermediate 

compounds and stereoselective processes for the pro­

duction of compounds of formula IV; and with the pro­

duction of compounds of formulae I • . , .. , 
I s-0 

COOl1 
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wherein the moiety 

-s-Cz 
is a 4 6 5 or 6 membered mono-, di- or tri-substituted 
oxygen or sulfur containing ring. 

For example, the moiety 

may be a s membered.rinq of the formula 

In such an instance, the following isomers are 
included: 

and 
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and the stereochemical assiqnment of each residue 

s-

on the 4, 5 or 6-membered ring (containing the Z 
substituent) can be either R or s. 

DETAILED DESCRIPTION 
As stated, the invention relates to compounds of 

Formula I: 

., 

·-0 

wherein the moiety: 

-s-Q 
represents a 4,5 or 6 membered mono, di-or 
tri-substituted ring and 
(A) Z is selected from oxygen, sulfur, sulfoxide and 

sulfone; when z is sulfoxide, the relative stereo­
chemistry between the substituent and the 

sulfoxide can be cis or trans; 
(B) R

0 
is hydrogen, (C1-c2 )alkyl, CH20R4 , CH2NHR5 , 

CH(OR4)CH3, CHFCH3 or CH(NHR5)CH3; wherein 
(i) R4 is selected from hydroqen, and moieties of 

the formulae: 
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0 0 0 0 0 0 
11 11 11 II II II 

-CH 2 0CR 1 1 -cH 1 0COR 1 , -c 1
1 

, -COR 1 ,-cocH 2 o c R1 , 

0 0 
11 II 

0 
11 

-cocH2o coR1, -soR 1 
II 
0 

and 

0 
11 

-POR 1 
I 
oa 1 

(ii) R5 is selected from hydroqen, and moieties of 
the formulae: 

0 0 

JI 
CR 1 , 

II 
COR 1 

0 

II 
S OR 1 

II 
0 

and 

0 

11 
p 01, 

I 
OR 1 

(iii} R
6 

is selected from a straight, branched or 
substituted cc1-c18)alkyl, cc2-c18)alkenyl, 
unsubstituted or substituted (c3-c7)mono­
cyclo(c1-c10) alkyl, unsubstituted or 
substituted (c5-c10)bicyclo(c1-c10)alkyl, 
·aryl or substituted aryl, heteroaryl or 
substituted heteroaryl, heterocyclyl or 
substituted heterocyclyl; the substitution · 
for the alkyl, monocycloalkyl and bicyclo­
alkyl moieties are selected from trifluoro­
methyl, pentafluoroethyl, amino, mono(c1-c6)­

alkylamino, di(C~-c6)alkyla.mino, hydroxi, 
cc1-c6)alkoxy, (c3-c8)cycloalkoxy, carboxy, 
cc2-c10)carboalkoxy, cyano and (c1-c10)car­
boxamido; the substitution for the aryl, 
heteroaryl and beterocyclyl moieties is se­
lected from cc1-c6)alJcYl, (C1-c6 )mono-, di-
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or polyfluoroalkyl, hydroxy, cc1-c6)alkoxy, 
cc3-c8)cycloalkoxy, amino, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
carboxy, cc2-c10)carboalkoxy, cyano and 
(c1-c10)carboxamido; 

(C) R1 is straight or branched (c1-c8)alkyl, straight 
or branched cc2-c8)alkenyl, (C3-c8)cycloalkyl, or 

(CH2) n,R; 

wherein n' is an inteqer of from 1-6 and R is 
selected from CF3 , c2F5, fluorine, chlorine, 
bromine, hydroxy, alkoxy, nitrile, azido, a 
quaternary ammonio group, amidino, formamidino, 
quanidino and NR'R''; wherein 
(i) R' and R'' are independently selected from 

hydrogen, straight or branched (c1-c6)alkyl, 
straight or branched cc1-c6)alkoxy, 
2-hydroxyethyl, 2-azidoethyl and 
2-aminoethyl; 

(ii) and when R' is hydrogen or straight or 
branched cc1-c6)alkyl, R'' 2ay also be 
selected from amino, hydroxy, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
acyl, benzoyl, dihydroxybenzoyl, an acyl 
residue of an amino acid or peptide, 

(iii) 

and straight or branched substituted 
.cc1-c6)alkyl wherein said alkyl substituent 
is selected from hydroxy, (C1-c6)alkoxy, 
azido, amino, mono(c1-c6)alkylamino, 
di(c1-c6)alkylamino, guanidino, nitrile, 
carboxy, formimidoyl and phenyl; or 
R' and R'' taken together with the associated 
nitrogen may also be an unsubstituted or 

· substituted monocyclic or bicyclic 
heterocyclic ring having up to four (4) 
heteroatoms in each ring independently 
selected from oxygen,· nitrogen and sulfur, 
wherein said substituent is selected from 
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~traight or branched cc1-c6)alkyl, straight 
or branched cc1-c6)alkoxy, cc3-c8 )cycloalkyl, 
cc3 -c8 )cycloalkoxy, trifluoromethyl, hydroxy, 
halogen (selected from bromine, chlorine, 
fluorine and iodine), amino, nitrile, 
carboxy, carbamido, carbamoyl, straight or 
branched mono(c1-c6 )alkylamino, straight or 
branched di(c1 -c6 )alkylamino, and 
amino(c1-c6 )alkyl. 
The term •acyl residue of an amino acid or 

·peptide" as used herein means the acyl 
residue of a naturally occurring amino acid, 
a racemic amino acid or a peptide derived 
therefrom. Suitable amino acids are those 
described herein and other known amino acids 
such as alanine, glycine, arginine, cysteine, 
isoleucine, leucine, lysine, methionine, 
phenylalanine, praline, aminopimelic acid, 
threonine and the like. 
The substituent or substituents on the 

.-s-Cz 
ring are independently selected from moieties 
qf the formula -(CH2 )nR2 wherein: 

(D) n is an integer from 0-4 and 
(E) R2 is: 

{i) methyl, fluorine, or any suitable leaving 
qroup such as but not limited to chlorine, 

bromine, iodine, OCOCH3, OCOCF3, OS02CH3, 
oso2Ph, No2 , cyano or azido: 

(ii) R2 may also be a moiety of the formula: 
a -S{O)n' ,R 

wherein n'' is an integer from 0-2: and Ra is 
(a) hydrogen or (b) an organic group bonded 
via a carbon atom selected from (c1-c6)alkyl, 
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(c3-c7)cycloalkyl, cc2-c6)alkenyl, 
(c2-c6)alkynyl, aryl, heteroaryl, 
aryl(c1-c6)alkyl, heteroaryl(C1-c6)alkyl, 
(C1-c6)alkanoyl, arylcarbonyl, 
heteroarylcarbonyl, heterocyclyl, 
heterocyclyl(c1-c6)alkyl, 
heterocyclyl(c1-c6)thioalkyl, any of such 
qroups beinq optionally substituted. 
Preferably, the heteroatom or heteroatoms in 
the above-named heterocyclyl and heteroaryl 
moieties are nitroqen atoms and may be 
quaternized and carry a positive charqe and 
be associated with a physioloqically 
acceptable counterion. As used herein, a 
physiologically acceptable counterion is 
selected from anions ~uch as Cl-, OH-, HC03-, 
CH3co2-, Br-, I-, H2Pd4-, carboxylate and the 

like. I 
Optional substituents on tlie qroup Ra include 

cc1-c6)alkyl, hydroxy, (C1-c6)alkoxy, phenyl, 
heterocyclyl, amino, amidino, quanidino, carboxamido, 
carbamoyl, cc1-c6)alkanoylamino, mono- and 
di(c1-c6)alkylamino, an acyclic quaternary ammonio 
moiety of the formula: 

-b,R8R9 
wherein R,-' R8 and R9 are the same or different and are 
selected from hydrogen, a straight or branched 
(C1-c6)alkyl, cc2-c6)alkenyl and substituted 
cc1-c6)alkyl, wherein the substitu~ion is selected from 
hydroxy, (c1-c6)alkoxy, azido, amino, 
(C1-c6)alkylamino, di(c1-c6)alkylamino, quanidino, 
nitrile, carboxy, formimidoyl, phenyl, an amidino or 
quanidino moiety of the formula: 

-N=CR10-NR11Rl2 
wherein R10 is hydroqen, -straight o! branched 
cc1-c6)alkyl, amino, (C1-c6)alkylamino or 
di(c1-c6)alkylamino: and R11 and R12 are independently 



5 

10 

15 

20 

25 

30 

35 

-a-

selected from hydroqen and straight or branched 
(C1-c6)alkyl. . 

suitably, Ra is cc1-c6)alkyl for example methyl, 
ethyl or isopropyl, optionally substituted by amino, 
cc1-c6)alkanoylamino, carboxy, mono- and 
di(c1-c6)alkylamino, hydroxy, amidino or cc1-c6)alkoxy. 
Preferably, Ra is ethyl substituted by 
cc1-c6)alkanoylamino, for example Ra is acetamidoethyl. 

suitably, Ra is cc2-c6)alkenyl and, in particular, 
optionally substituted vinyl wherein the substituents 
are selected from those described hereinabove. 
Preference for substituents is given to 
cc1-c6)alkanoylamino such as acetamido; carbamoyl 
groups including mono- and di(c1-c6)alkylcarbamoyl, 
such as phenylcarbamoyl and NH2co-; a carboxy group 
where the carboxy group is esterified with an alkyl 
ester such as methyl or as its aralkyl ester such as 
4-nitrobenzyl ester or the carboxy group is salified as 
its sodium or potassium salt. 

Suitably, Ra is aryl such as phenyl; aralkyl 
wherein the aryl moiety is phenyl and the alkyl moiety 
is 1 to 6 carbon atoms such as benzyl or phenethyl. In 
particular Ra may be optionally substituted aralkyl 
wherein the substituents for the (c1-c6 )alkyl portion 
is as hereinabove defined and optional substitution for 
the phenyl ring consists of one or more of the follow­
ing substituents: amino, (C1-c6)alkanoylamino, mono­
and di(c1-c6)alkylamino, hydroxy, amidino, 
cc1-c6)alkoxy, sulphanoyl, carbamoyl, nitre, chloro, 
fluoro, bromo, carboxy and salts and esters thereof. 
suitable examples of the above-named list are: 
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-ca1~ -c•.-r ~co,• 
NH 2 NH 2 · _Jj OCH 1 

ff IC 2 

Suitably, Ra is a heteroaryl wherein the 
heteroatom or heteroatoms of the heteroaryl rinq are 
selected from 1-4 oxygen, nitroqen or sulfur atoms such 
as l,2-dihydro-a-methyl-5,6-dioxo-l,2,4-triazin-3-yl, 
thienyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, 
triazinyl, benzofuranyl, benzothienyl, furanyl, 
imidazolyl, thiazolyl, triazolyl: a heteroaryl(c1-c6)­
alkyl such as: 

-c•1 ce1 -0 ., -ce2cH1 ---() 

wherein th~ alkyl portion is optionally substituted as 
hereina.bove described and the heteroaryl portion is 
optionally substituted with substituents hereina.bove 
defined. Suitable examples are: 
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-c111c11 (,'~ 
r~ 
llCOCl1 

Suitably, Ra is a bicyclic fused heteroaryl 

wherein the heteroatoms or heteroatoms of the 
heteroaryl ring are selected from l-4 oxygen, nitrogen 

or sulfur atoms and optionally substituted as 

hereinabove defined. Preferably, examp1es are the 

[3.3.0] and [3.4.0] fused bicyclic heteroaryl ring 
system generically shown: 

wherein the definitions of Rb and Re may be selected 

from any of the above referenced substituents for Ra. 

Suita~ly, Ra is a quaternized fused heteroaryl 

wherein the heteroatoms of the heteroaryl ring are 

selected from l to 4 nitrogens and optionally sub­
stituted as hereinabove defined. Preferably, examples 
are the [3.3.0], [3.4.0], [4.3.0] and [4.4.0] 
quaternized fused heteroaryl rings, optionally sub­

stituted with an acidic substituent. Suitable examples 

are shown: 
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~N_,,...N <+> 
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2 
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1• 
9-
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~ 
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25 
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1 

~ 
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30 ~N-R1 whtrt 11 11 herelnaf ter defined and 
s/ 

8 9-
e- •• a physlologleally acceptable 
anion. 
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suitably Ra is a quaternized heteroaryl­

cc1-c6) alkyl qroup of the formula: 
s-

wherein the definition of the heteroaryl moiety: 

is as referenced above. Contemplated equivalents are 
disclosed in U.S. Patent 4,952,397. 

15 Suitably Ra is a quaternized heteroaryl-

20 

25 

cc1-c6) thioalkyl qroup such as: 

wherein Rd is (c1-c6)alkyl and the definition of the 
heteroaryl rinq: 

a-
is as defined above. Contemplated equivalents of the 
heteroaryl.ring and the alkyl group Rd are disclosed in 

u.s. Patent 4,880,922. 

30 suitably, Ra is a heterocyclyl_ wherein the 
heteroatom or heteroatoms in the heterocycle are se­
lected from l to 4 oxyqen, nitrogen or sulfur atoms. 
Additionally, the above mentioned heterocyclyl moiety 
is optionally substituted with one or more of the 

35 substituents bereinabove defined. Preferred examples 
of the above-mentioned. list ar~ substituted 
pyrrolidinyl groups of the formula: 
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"OR' 
'-R' 

wherein the definitions of Re and Rf are any of the 
above referenced substituents for Ra. Contemplated 
equivalents are found in U.S. Patent 4,921,852: U.S. 
Patent 4,963,543: U.S. Patent 4,463,544 and U.S. Patent 
4,740,507; I 
or pyrazolidinyl substituents preferably: 

and 

wherein Rq is hydrogen, tert-butyldimethylsilyl or 
other suitable tri-substituted silyl groups, 
-co2CH2-(4-nitrophenyl), or -co2CH2CH=CH2 • 

(iii) R2 may also be hydroxy, -ORa, -OC(O)Ra, 
-OC(O)ORa, -OC(O)NRaRa, 

2s Ra 
/ -oc(o)-c 
'-...NH 

2 

wherein Ra is independently selected and is 
30 as hereinabove defined or 

35 

wherein R13 is a moiety-selected from those 
of the formulae: 
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,- ,-
+ + 

-N ff 3 • -H ( CH 3 ) 3 a n d 

wherein B- is a physiologically acceptable 
anion; 

(iv) R2 may also be an organic residue bonded via 
a nitrogen atom, such as: (a) NO, No2 , N03 , 
NC, NCO, NHCN, NR~J wherein Rh and RJ are 
independently selected from hydrogen; 
substituted or unsubstituted amino, 
substituted or unsubstituted (C1-c8)alkyl and 
(C3-c8)cycloalkyl(C1-c8)alkyl, aryl, aralkyl, 
heterocyclyl, heterocyclyl(c1-c4)alkyl, 
heteroaryl and heteroaryl(C1-c4)alkyl wherein 
the heteroatom or heteroatoms are selected 
from oxygen, nitrogen and sulfur, and a 
cyclic group wherein Rh and RJ taken together 
with the associated nitrogen is an un­
substituted or substituted mono- or bicyclic 
heterocyclic ring having up to four (4) 
heteroatoms in each ring independently 
selected from OJ.CYgen, nitrogen and sulfur 
wherein the substituents in the 
aforementioned substituted alkyl, amino and 
heterocyclic groups consist of amino, mono-, 
di- and tri(c1-c6)alkylamino, hydroxyl, oxo, 
carboxyl, alkoxyl, chloro, fluoro, bromo, 
nitro, -so2NH2 , phenyl, benzyl, acyloxy, 
alkoxylcarbonyl, alkoxycarbonyloxy 
cycloalkoxycarbonyloxy and carboxamido. 

Relative to the above defined NR~J, repre­
sentative examples are: 
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-NH2 , -NHCH3 , -NHCH2CH
3

, -NHCH(CH3 ) 2 , -N(CH3 ) 2 , -

N(CH2CH3 ) 2 , -N[CH(CH3 ) 2 ] 2 , -NHCH2CH20H, -NHCH2CH2CH20H, 

-N(CH2CH20H) 2 , -N[CH(~3 )CH20H) 2 , -NH(CH2co2CH3), 

-NHCCH2CH2co2CH3), -NHCH2cF3 , -NHCH2CH2NHco2C(CH3 ) 3 , 

-NHCH(CH3 )CH2co2C(CH3 ) 3 , -NHCH2~2NH2 , 

-NHCH2CH2N(CH3 ) 2 , -NHCH(CH3 )CH2N(CH3 ) 2 , 

r\ 
-lllH(CH 1)z-I 0 

\_/ 

r\ 
-llH(CH 1 )z -IC S 

\_/ . 
-NH ( CH 1 ) • -O

CE). 

-NH(CH2 )• ~"'ii 
~(E). 

-llH(CH 2)• 

-llH(CH 1)• 

-o:E, 

llM 

H 

-OE' 
-llH(CHz)a ·--o-D 

-6 

I\ 
-u( CHz )z -· IH \.__/ . 

II • 1 • 2 Ill• 1 I 2 

E•CH 1 , OCH 1 , Cl, Ir, F, l,IC1 , OH 

so 111H 2 , co1 H, COllH1 

11•\,t 111•1,2 

E•1••1 •• •11111 

•• '. 2 

••1,2 

D•H, C01 H, COllH 1 

I\ I\ r\ I\ 
-II 1M -II S -II l-CH 1 -11 0 

\__/ \_/ \_/ '· \_/ 
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R2 , as an orqanic residue bonded through nitrogen, may 
also be; (b) hydroxylamino, bydrazinyl, iminyl and 
hydroxamic acid derivatives of the formulae: 

respectively; wherein Rh and RJ are as hereihabove 
defined; (c) moieties of the formulae: 

•• N / -, :-II J 
R N-R and 

wherein Rh and RJ are as hereinabove defined; (d) 
acyla.mino moieties of the formulae: 

0 

II 
RJ-c 

\ 
N-

Rh-C-N-

lf I 
0 
n h . -N-c-o-R 

R'-c/ I J 
R 

II 
0 

wherein Rh and RJ are as hereinabove defined; (e) 
moieties represented by the formulae: 

RP 

h 11 
R 0-C-NH-
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wherein Rh and RJ are as hereinabove defined and RP is 

selected from oxygen and sulfur; (f) moieties of the 

formulae: 

1 11 -C-C-NH-

ll II 
H 0 

I 
01 11 

wherein Rk represents hydrogen, substituted or un­

substituted (c1-c3)alkyl* (in the description of 
respective groups in the present specification, 
moieties marked with an asterisk (*) may have a 
substituent as assigned hereinabove for Rh and RJ), 

(C2-c6)alkenyl*, 
(C2-c6)alkynyl*, heterocyclyl* and heteroaryl* wherein 
the heteroatom or heteroatoms are selected from 1-4 
oxygen, nitrogen or sulfur and the cyclic portion has 5 
or 6 ring atoms; (g) moieties of the formulae: 

a 
R S(O)n, ,NH-

wherein n''and Ra are as hereinabove defined; (h) 
moieties represented by the formulae: 

wherein Rh and RJ are as hereinabove defined. 

R2 , as an organic residue bonded through nitrogen, 
may also be (i) an amino moiety containing an acyl 
residue of an amino acid or peptide represented by the 
formula: 
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wherein Rh is as hereinabove defined; Rm is hydrogen or 
an acyl residue of an amino acid or peptide; and Rt is 
hydrogen, benzyl, straight or branched (C1-c6)alkyl 
optionally substituted with halo, hydroxy, amino, 
quanidinyl, carboxy, phenyl, aminocarbonyl, alkylthio, 
hydroxyphenyl or heterocyclyl. 

Representative examples of a·n acylamino moiety of 
the formulae: 

from the above-mentioned groups are ·formylamino, 
acetylamino, isobutyrylamino, benzyloxycarbonylamino, 
1-aminocyclohexylcarbonylamino, 
2-(2-amino-4-thiazolyl)-2-ethylideneacetylamino, 
4-bromobenzoylamino, nicotinoylamino, 
3-phenyl-5-methylisoxazol-4-yl-carbonylamino, 
pyrrolidinone, succinimidoyl and maleimidoyl. 

Representative examples of a moiety of the 
formulae: 

and 

from the above-mentioned groups are: 
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0 
{":N-C ( S )-NH­

~NHCH1 Jl.. 
0 lllC(O)llH-
\_j 

,Cll-C(O)NH­

HO 

0 
II 

CH 10CllH-

0 0 

II II 

0 

HO-p-~ ~NC(O)NH­
- I 

CHJ 
HO 

CH -c-o-CHO-C-llH-
J I 

CH 1 

Representative examples of an acylamino moiety of 
the formulae: 

0 

11 
II 

R -C-C-NH-
JI 
N 

I 
OR 11 

from the above-mentioned qroups are: 
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CH 3-C-C-NH- SJ\-H 2N~ C-C-NH-II 11 N II II 
N 0 

N 0 
I I 
OH OCH 3 

SJ\-CH 3-C-C-NH- A C-C-NH-II 11 H2N N 11 II 
N 0 

N 0 
I I 
OCH 3 OCH 2CH•CH 2 

CH 3-C-C-NH- SJ\-11 II 
N 0 A C-C-NH-

I H2N N 11 II 
OCH 2C0 2H N 0 

I 
and ·o 01n1-NH- I ....."'.: OH 

N 0 

I 
OCH 3 

Representative examples of moieties of the for­
mulae: 

a 
R S(O)n,,NH-

from the above-mentioned listings are: 
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CH 3S0 2NH- 02•-V--s-NH-

C1H5S02NH-

Cl-I ~ SONH- I 

HO -0 so,-NH- • Cl-I ~ S02NH-

Br-OS02 HH-
................ 
~ S0 2-NH-

'-/~SO-NH- I 

(CH 3 ) 2CH-S0 2NH- , 

o:'Jr- S0 2NH-
~N 

'-./~S0 2 NH-

~so -NH- Cf' 3S0 2NH-
1 2 I 

0 

C1 H5 CH 2 -0C-CH 2 -so2 -NH- and C1 H5 -CH 2 -S0 2 NH-

11 
0 

Representative examples of moieties of the for­
mulae: 

from the above-mentioned listings are 
(dimethoxyphosphinyl)amino, (diethoxyphosphinyl)-
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amino, (diisopropoxyphosphinyl)amino, (dipheno­

xyphosphinyl)amino, and 

bis(phenylmethoxy)phosphinylamino, 
Representative examples of the formulae: 

from the above-mentioned listings are: 

0 CHs> -C'll N P-Nff-CHs o / 
Representative examples of the formulae: 

from the above-mentioned listings are: 

0 

°'Jo a NH-

D
Oii 

PKH-

11 
CH /I • s 

CH 1 

and 

Representative examples of moieties the formulae: 
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from the above-mentioned listings are: 

CHs>= Ph>= N- N-
CH 1 H 

Ph>= CH 1 S-CH1 >= 
H- N-

CH 3 CH 1 

u._ Q._ 

···"u._ K HzN 
N-

CH 1 

Or·-
.... ?J= 

H-N H-

CH 3 ....•..••. >= 
It-

and H 

Representative examples of moieties with the 
formulae: 

from the above-mentioned listings are: 
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-NHOH, -N(CH3)0H, -N(CH3)oCH3 , -N(CH2CH3 )0H, 
-N(CH2cH3)oCH3 , -N(CH3)0CH2co2H, -N(CH3)0CH2co2cH2C6H5 , 
-N(CH3 )oc6H5 , 

-N(CH1 )o -0- Ir , -ll(CH1)o --Q-co11(cH1)z , 

-·8 
0 -·O 

o~ 
1\::d 

-11-c-CHs ... c1 
II 
0 

OH 

I 
-11-c-cH, , 

II 
0 

0~11 
1\:/ 

-11-c-CHs 
II 
0 

OCH 1 
I 

-11-C-CH.CHs II • I 

0 

Representative examples of moieties with the 
formulae: 

-N(Rh)NR~J 
from the above-mentioned listings are: 
-NHNH2 , -N(CH3 )NH2 , -N(CH3)NHCH3 , -NHN(CH3 ) 2 , 
-N(CH3 )N(CH3 ) 2 , -NHNHC02CH2c6H5 , -NHNHC6H5 , 
-NHNHCH2C6H5 , 
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-••••~ co2cH 2c1• 1 

Representative examples of moieties with the 
formulae: 

from the above-mentioned listings are: 
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lf--ll-

CH1 ~ 

D IC-I-
~ H 

Representative examples of moieties with the 

formulae: 

from the above-mentioned listings are: 

-=~ 
ICH 

and 
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Representative listinqs of moieties with the 
formulae: 

from the above-mentioned listings are: 

_/MHCH 3 --<N) 
-N~ -NH /N-

NHCH3 , 

and 

Representative listings of moieties with the 
formulae: 

0 
II /Rm 

-N-C-CH-N 

I h It 'Rh 
R R 

from the above-mentioned listings are: 
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a o 
II II 

-llC-CH-llH-C-CHCH1·c1 
I I I I 

CH 1CI llH1 

0 

-NHC-CH~llHCCH(CH1 ),COOH 
/ I . , 

II 
-M-CCH 111H2 , 

H 

(CHz),cOOH IH2 

0 0 
II II 

-11-c-cH-llHC-CKzllH1 
H I ' 

CH10H 

an cl 

R2, as an orqanic residue bonded throuqh nitroqen, 

may also be an (j) aeyclic quaternary ammonio moiety of 

the formula: 
B­

-h.,R8Rg 
wherein ~' R8 and R9 are the same or different and are 

selected from hydroqen, a straight or branched 

cc1-c6)alkyl, cc2-c~)alkenyl and substituted 

cc1-c6)alkyl, wherein the subs~itution is selected from 

hydroxy, cc1-c6)alkoxy, azido, amino, 

cc1-c6)alkylamino, di(c1-c6)alkylamino, guanidino, 
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nitrile, carboxy, formimidoyl and phenyl. Al­
ternatively, ~ and R8 taken together may be 
-CCH2) 2XCCH2) 2-, wherein X is (CH2)w (w is an inteqer 
from o to 2), oxyqen, sulfur, HH, NRh, NOH and NORh. 
Suitable examples are: 

a- a- a-
+ + + 

-NH 3 , -NHzCH 3 , -NH(CH 3)z, -t(cH 3) 3, 

e- e- a- e-
+ 

-iH (Et) :P 
+ -NH 2 

// -:~ -NH 2 C1 H5 \ t 

Hz 
e-e- e- + ,,,_- COOCH 3 

-~::Y -~~ -NH 

'--coOCH3 2 OH .. Hz 
N3 

e- e-

-;(J and -;-Q 
CH 3 Et 

where a- JI a phystologlcal ly acc1ptabl1 anion. 

R2 , as an organic residue bonded through nitrogen, 
may also be (k) a quaternized heteroaryl wherein the 
heteroatoms are selected from 1-4 oxygen, nitrogen and 
sulfur atoms and must contain at least one positively 
charqed nitrogen atom in association with a physio­
logically acceptable anion wherein the quaternized 
heteroaryl is optionally substituted by R8 as 
hereinabove defined1 preferably, the quarternized 
heteroaryl moiety is a quarternized bicyclic heteroaryl 
ring. Representative examples of quaternized 
heteroaryl groups are: 
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.- .-. 
5 -g_ OJ_ -11 

OH 
N CDN(CHs)z 
H 

'& .-
10 -i ' o-"r··· - s 

-

.-
15 -QJ -{$l-_ C0 2 

a-

20 +' \ +'=:-0co; 
-·~ s -·~ s 

"""" """" 
a- H .-

-Q--<) -~NHCOCH1 
25 .- .-

-f[) or -°" . F CI 

30 

35 
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R2 may also be an orqanic residue bonded via a 
carbon atom. Suitably, the organic residue is 
bonded to either a.sp-, sp2- or sp3-hybridized 

carbon as follows: 
(a) Suitably, an organic residue bonded via an 

sp-hybridized carbon can be a nitrile, 

-c=N or.acetylentc, -c:=c-R 0 

wherein Ra is as hereinabove defined. 
(b) · An organic residue bonded via an 

sp2-hybridized carbon can be moieties of the 
formulae: 

0 

lmlno, -c=N-IJ 
1 .. 
R 

II 
oa rllonr I, -c-1•: 

s 
II 

thlocarbanrl 1 -c-••: 

ol1flnlc, -.-c=c-1• 

I 11 I .I R R 

oz lml no, -c=101": 

I •• • . R 

hrdrazonrl, -1=•-N(R, 
•• 

0 0 
II II 

-C-OH: .... r ' -c-01•: act d, 

amt do, 
~ ......... ~ I\ 

-c-N -c- N NR 11 ; th 1 aaml cl•, '•" . \_/ 

S 11 
II /R . 

-c-11 '·J 
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0 0 
11 11 

thtoe1ter 1 -c-sRa f o rmy I, -CH 

functional groups of the formulae: 

. 
I 

acyltmino, 

1ub1tJtut1d aryl, . 
• 

~N Ra substituted h1t1roaryl 1 ~ . 
' 

wherein Ra, Rh and RJ are as hereinabove 

defined. 
(c) an· organic residue bonded via an 

sp3-hybridized carbon can be -CHF2 , -CHC12 , 

-CH(OCH3>2• CF3, CF2CF3 or CHRh.aJ. 
Representative examples of an organic residue 

bonded via an sp-hybridized carbon are: 
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-CN -c==c-H t 

• 

-c==c ~\ I . o=Q 
N ......-:; 

OH 

Representative examples of ·an orqanic residue 
bonded via an sp2-hybridized carbon are: 
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-CH= N-CH 5 , -··=·-q. 

-c=s. -c=s • -c=o 
I I I 
CHs c,H5 CMs 

0-·· 
0 
II 

-C-NH1 , 

-c=o 

·~ 
"/o -c 

' OCHs , 

t( . 
COll(CH 1 Ji 

Br 
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0 

-rCr···· . _\L c .. 
N 

0 
II I\ 

-C-H MCOzCHzPh, 
\__} 

0 0 

II I\ II r\ 
-c-11 llCKa. ~N MCKzPh. 

\__/ '-' 

D 
11 /\ 

an cl -C-N 0 
\_/ 

(F) R3 is selected from hydrogen; a st~aight or 
branched (c1-c4)alkyl group such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, or 
tert-butyl; a cc1-c4)alkoxymethyl group such as 
me~o~ethyl, ethoxymethyl, n-propoxymethyl, 
isopropoxymethyl, n-butoxymethyl or 
isobutoxymethyl; a straight or branched 
1-(c1-c5)aliphatic acyloxy-e~y1 or methyl group 
such as acetoxymethyl, 1-propionyloxyethyl, 
n-butyryloxymethyl, isobutyryloxymethyl or 
pivaloyloxymethyl; a straight, branched or cyclic 
l-(c1-c6)alkoxycarbonyloxy-ethyl or methyl group 
such as ethoxycarbonyloxymethyl, 
i-isopropoxycarb~nyloxye't;hyl, 1-n-butoxy­
carbonyloxyethyl, 1-cyclohexyloxycarbonyloxyethyl. 
or 1-isobutoxycarbonyloxyethyl; a phthalidyl 
group; 
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and water soluble cations such as lithium, sodium, 
potassium, ammonium or tetra(c1-c4)alkyl ammonium. 

Pref erred compounds are those of formula I 
wherein: 
(A) Z is selected from oxygen: and 
(B) R

0 
is -CH(OR4 )CH3 : wherein 

R4 is· selected. from hydrogen and groups of 
formulae: 

0 0 
II 11 

-cocH1o co1 1 , 

D 
II -so11 
II 
0 

and 

wherein R6 is selected from a straight, branched 
or substituted cc1-c18)alkyl, cc2-c18)alkenyl, 
unsubstituted or substituted (C3-c7)monocyclo­
(C1-c10) alkyl, unsubstituted or substituted 
cc5-c10)bicyclo(c1-c10)alkyl, aryl or substituted 
aryl, heteroaryl or substituted heteroaryl, 
heterocyclyl or substituted heterocyclyl: wherein 
the substitution for the alkyl, monocycloalkyl and 
bicycloalkyl moieties are selected from 
trifluoromethyl, pentafluoroethyl, amino, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
hydroxy, (C~-c6)alkoxy, (C3-c8)cycloalkoxy, 
carboxy, cc2-c10)carboalkoxy, cyano, and 
(C1-c10)carboxamido; and the substitution for the 
aryl, heteroaryl and heterocyclyl is selected from 
(c1-c6)alkyl, (c1-c6)mono-, di- or 
poly~luoroalkyl, hydroxy, (c1-c6)alkoxy, 
(c3-c8)cycloalkoxy, amino,_mono(c1-c6)alkylamino, 
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di(c1-c6)alkylamino, carboxy, (c2-c10)carboalkoxy, 
cyano and cc1-c10)carboxamido; 

(C) R1 is straight or branched cc1-c4)alkyl, straight 
or branched (c

2
-c

4
)alkenyl, (C

3
-c6 )cycloalkyl, or 

(CH2 )n 1 R; wherein 

or 

n' is an integer of from 1-4; R is selected from 
CF3 , c

2F5 , fluorine, chlorine, bromine, hydroxy, 
alkoxy, nitrile, azido, a quaternary ammonio 
group, amidino, formamidino, quanidino and NR'R''; 
wherein 
(i) · R' and R'' are independently selected from 

hydrogen, straight or branched cc1-c4 )alkyl, 
and straight or branched cc1-c4 )alkoxy; 

(ii) when R' is hydrogen or straight or branched 
cc1-c4 )alkyl, R'' may also be selected from 
amino, hydroxy, mono(c1-c4 )alkylamino, 
di(c1-c4)alkylamino, acyl, benzoyl, 
dihydroxybenzoyl, and an acyl residue of an 
amino acid or peptide, 

(iii) R' and R'' taken together with the associated 
nitrogen is an unsubstituted or substituted 
monocyclic or bicyclic heterocyclic ring 
having up to four (4) heteroatoms in each 
ring independently selected from oxygen, 
nitrogen and sulfur, wherein said 
substituent is selected from straight or 
branched cc1-c4)alkyl, straight or branched 
(c1-c4)alkoxy, (c3-c6)cycloalkyl, 
(c3-c6)cycloalkoxy, trifluoromethyl, hydroxy, 
halogen (selected from bromine, chlorine, 
fluorine and iodine), amino, nitrile, 
carboxy, carbamido, carbamoyl, straight or· 
branched mono(c1-c4)alkylamino, straight or 
branched di(c1-c4)alkylamino, and 
amino(c1-c4)alkyl; 

(D) n is an integer from 0-4; 
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(E) R2 is: 
(i) methyl, fluorine, chlorine, bromine, iodine, 

-OCOCH3, -OCOCF3, -OS02CH3, -oso2Ph, azido, 
(ii) a moiety of the formula: 

a 
-S(O) n' ,R 

wherein n''is an integer from 0-2; 

and Ra is (a) hydrogen or (b) an organic 
group bonded via a carbon atom selected from 
substituted or unsubstituted cc1-c4)alkyl, 
substituted or unsubstituted 
(C3-c6)cycloalkyl, substituted or 
unsubstituted (c2-c4)alkenyl, substituted or 
unsubstituted cc2-c4)alkynyl, substituted or 
unsubstituted aryl, substituted or 
unsubstituted heteroaryl, substituted or 
unsubstituted aryl(c1-c6)alkyl, substituted 
or unsubstituted heterocyclyl; said 
substitution is selected from cc1-c4)alkyl, 
hydroxy, (c1-c4)alkoxy, phenyl, heterocyclyl, 
amino, amidino, guanidino, carboxamido, 
carbamoyl and quaternary ammonia. 
Preferably, the above referenced heteroaryl 
or heterocyclyl moiety is monocyclic or 
bicyclic and each ring is comprised of 5 or 6 
atoms. Preferably, at least one of the 
heteroatoms is nitrogen and is quarternized. 

(iii) or R2 is hydroxy, -ORa, -OC{O)Ra, -OC(O)ORa, 
-OC(O)NR8 Ra or -OC(O)-C(NH2)Ra wherein Ra is 
independently selected and is as hereinabove 
defined or 
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wherein R13 is a moiety selected from those 
of the formulae: 

.-
~CJ' 

.- .-
-:Hs, -i(CH5)3 and 

(iv) or R2 is an orqanic residue bonded via a nitrogen 
atom, selected. from 
(a) NO, N02' N03, NC, NCO, NHCN, and '!fR.haJ 

wherein Rh and RJ are independently selected 
from hydrogen: substituted or unsubstituted 
amino, substituted or unsubstituted · 
cc1-c4)alkyl and 
(c3-c6)cycloalkyl(C1-c4)alkyl, aryl, aralkyl, 
heterocyclyl, heterocyclyl(C1-c4)alkyl, 
heteroaryl and heteroaryl(C1-c4)alkyl wherein 
the heteroatom or heteroatoms are selected 
from oxyqen, nitroqen.and sulfur, and a 
cycl·ic qroup wherein Rh and RJ taken together 
with the associated nitrogen is an 
unsubstituted or substituted mono- or 
bicyclic beterocyclic rinq havinq up to four 
beteroatoms in each ring independently 
selected from oxygen, nitrogen and sulfur 
wherein the substituents in the 
aforementioned substituted alkyl, amino and 
heterocyclic groups consist of amino, mono-, 
di- and tri(c1-c4)alkylamino, hydroxyl, oxo, 
carboxyl, alkoxyl, chloro, fluoro, bromo, . . 
nitre, -so2NH2 , phenyl, benzyl, acyloxy, 



5 

10 

15 

20 

25 

30 

35 

-----~~~----cc~==c-~7.-.7 •. :::-o ...• c;; .. =======================---~--~·-----~-----~ 

-42-

alkoxylcarbonyl, cycloalkoxycarbonyloxy 
alkoxycarbonyloxy, and carboxamido: 

or R2 , as an organic residue bonded through 
nitrogen, is 
(b) a hydroxylamino, hydrazinyl, and hydroxamic 

acid derivative: 

0 

II 
h J It It J d -H( C Rh ) 0 R J - N ( R. ) 0 R , -N ( R ) N R R , on · 

respectively: wherein Rh and RJ are as hereinabove 
defined: 
(c) moieties of the formulae: 

and 

wherein Rh and RJ are as hereinabove defined: 
(d) acylamino moiety of the formula: 

Rh-C-N-

lf I 
0 R1 

wherein Rh and RJ are as hereinabove defined: 
(e) moieties represented by the formulae: 

.-.::;.:·:· .. 
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wherein Rh and RJ are as hereinabove defined 
and RP is oxygen or sulfur; 

(f) moieties of the formula: 

0 
is II 

R -C-C-NH-
IJ 
N 

OR" 

wherein Rk represents hydrogen, substituted 
or unsubstituted (C1-c3)alkyl* (in the 
description of respective qroups in the 
present specification, groups marked with an 
asterisk (*) may have a substituent as 
assigned hereinabove for Rh and RJ), 
(c2-c4 )alkenyl*, 
cc2-c4 )alkynyl•, heterocyclyl* and 
heteroaryl* wherein the heteroatom or 
heteroatoms are selected from 1-4 oxygen, 
nitrogen or sulfur and the cyclic portion has 
5 or 6 ring atoms; 

(g) moieties of the formula: 
a R S(O) ,,NH-

wherein n'' and RR are as hereinabove 
. d.efined; 
or R2 , as an organic residue bonded through 
nitrogen, is 

(h) an amino moiety containing an acyl residue of 
an amino· acid or peptide represented by the 
formula: 

0 
11 

-N-C-CH 
I h I t· R . R 
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wherein Rh is as hereinabove defined: Rm is 
hydrogen or an acyl residue of an amino acid 
or peptide: and Rt is hydrogen, benzyl, 
straight or branched cc1-c4)alkyl optionally 
substituted with halo, hydroxy, amino, 
quanidinyl, carboxy, phenyl, aminocarbonyl, 
alkylthio, hydroxyphenyl or heterocyclyl; 
R

2
, as an.organic residue bonded through 

nitrogen, may also be 
(i) an acyclic quaternary ammonio moiety of the 

formula: 
-B 

-~R8R9 
wherein B is a physiologically acceptable 

anion and ~' R8 and R9 are the same or 
different and are selected from hydrogen, a 
straight or branched (C1-c4)alkyl, 
(c2-c4)alkenyl and substituted cc1-c4)alkyl, 
wherein the substitution is selected from 
hydroxy, (c1-c4)alkoxy, azido, amino, 
(c1-c4)alkyl- amino, di(c1-c4)alkylamino, 
guanidino, nitrile, carboxy, formimidoyl and 
phenyl; alternatively, a, and R8 taken 
together are -(CH2) 2X(CH2) 2-, wherein X is 
(CH2)w (w is an integer from o to 2), oxygen, 
sulfur, NH, NRh, NOH and NORh; 

or R2 , as an organic residue bonded through 
nitrogen, is 

(j) a quaternized heteroaryl wherein the 
heteroatoms are selected from 1-4 oxygen, 
nitrogen and sulfur atoms with the proviso 
that the heteroaryl moiety must contain at 
-least one positively charqed nitrogen atom in 
associat~on with a physiologically acceptable 
anion wherein the quaternized heteroaryl is 
optionally substituted ~y Ra as hereinabove 
defined; quaternized fused bicyclic 
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heteroaryl rings wherein the heteroatom or 
heteroatoms of the quaternized fused 
heteroaryl ring are selected from 1-3 
oxygens, nitrogens and sulfurs; wherein the 
quaternized fused heteroaryl is optionally 
substituted by Ra as hereinabove defined; 

(v) or R2 is an organic residue bonded via a 
carbon atom; suitably, the organic residue is 
bonded .to either a sp-, sp2- or 

sp3-hybridized carbon; wherein 
(a) an organic residue bonded via an 

sp-hybridized carbon is a nitrile, 

-C =N o r a c e t y I a n I c , - C :=: C - Ra 

(b) 

wherein Ra is as hereinabove 
defined: 
an organic residue bonded via an 
sp2-hybridized carbon is selected 
from those of the formulae: 
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0 
II 

-c-R•: 

0 0 
11 11 

-C-OH i •••• r I -c-01• i 

0 
II I\ II 

-c-N NR · \_/ . 
0 
II 

-C-H i 

•• ,.......•<., 
-~·-·"·; 
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(c) an organic residue bonded via an 
sp3-hybridized carbon is -CHF2 , 
CF3, -CF2CF3 , -CH(OCH3) 2 , -CHC12 or 
CHR~J; 

(F) R3 is ·hydrogen; a straight or branched 
(C1-c4)alkyl group such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, or 
tert-butyl; a (c1-c4)alkoxymethyl group such as 
methoxymethyl, ethoxymethyl, n-propoxymethyl, 
isopropoxymethyl, n-butoxymethyl or 
isobutoxymethyl; a straight or branched 
l-(c1-c5)aliphatic acyloxy-ethyl or·methyl group 
such as acetoxymethyl, 1-propionyloxyethyl, 
n-butyryloxymethyl, isobutyryloxymethyl or 
pivaloy1oxymethyl: a straight, branched or cyclic 
l-(c1-c6)alkoxycarbonyloxy-ethyl or methyl group 
such as, ethoxycarbonyloxymethyl, 
1-isopropoxycarbonyloxyethyl, 
1-n-butoxycarbonyloxyethyl, 
1-cyclohexyloxycarbonyloxyethyl or 
1-isobutoxycarbonyloxyethyl; a phthalidyl group; 
or water soluble cations selected from lithium, 
sodium, potassium, ammonium or tetra(c1-c4)alkyl 
ammonium. 

Most pref erred compounds are those of formula 
I wherein: 
n is an integer from 0-4; 
z is selected from oxygen: 

Ro is -CB(OR4)CH3; 
R4 is selected from hydrogen, 
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0 
II 

-POR1 
I 
01, 

R6 is selected from a straiqht, branched or 

substituted cc1-c18)alkyl, cc2-c18)alkenyl, 

unsubstituted or substituted 

cc3-c7)monocyclo(c1-c10)alkyl, unsubstituted or 

substituted cc5-c10)bicyclo(c1-c10)alkyl, phenyl 

or substituted phenyl; the substitution for the 

alkyl, monocycloalkyl and bicycloalkyl are 

selected from trifluoromethyl, pentafluoroethyl, 

amino, mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 

hydroxy, cc1-c6)alkoxy, (C3-c8)cycloalkoxy, 

carboxy, {C2-c10)carboalkoxy, cyano, and 

cc1-c10)carboxamido; the substitution for the 

phenyl group is selected from (c1-c6)alkyl, 

(C1-c6)mono-, d~- or polyfluoroalkyl, hydroxy, 

(C1-c6)alkoxy, (C3-c8)cycloalkoxy, amino, 

mono(C1-c6)alkylamino, di(c1-c6)alkylamino, 

carboxy, cc2-c10) c_arboalkoxy, cyano and 

cc1-c10)carboxamido; 

R1 is straiqht or branched (C1-c4)alkyl, straight 

or branched (c2-c4)alkenyl, or (CH2)n,R; 

n' is an integer of from 1-4: R is selected from 

CF3 , c2F5 , fluorine, chlorine, bromine, hydroxy, 

alkoxy, nitrile, azido, a quaternary ammonia 

qroup, amidino, formamidino, quanidino and NR'R'': 

wherein R' and R'' are independently selected from 

hydrogen, straiqht or branched (C1-c4)alkyl, and 

straiqht or branched cc1-c4)alkoxy: 

and when R' is hydrogen or straight or branched 

cc1-c4)alkyl, R'' may also be selected from amino, 

hydroxy, mono(c1-c4)alkylamino, 

-··· . .,_..,__ __ . 
~~~ ~. .. . . . -· .....;.. ~-~..:.....: .. ·. 
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di(C1-c4)alkylamino, acyl, benzoyl and dihydroxy­
benzoyl: 
R2 is selected from methyl, flu~rine, chlorine, 
bromine, iodine, -OCOCH3, -OCOCF3, -OS02CH3, 
-oso2Ph, azido, 
a moiety of the formula: 

-S(O)n''R 
a 

wherein n'' is an integer from 0-2: 
and Ra is hydrogen, substituted or unsubstituted 
(c1-c4)alkyl, substituted or unsubstituted 
(C3-c6)cycloalkyl, substituted or unsubstituted 
cc2-c4)alkenyl, substituted or unsubstituted 
(c2-c4)alkynyl, substituted or unsubstituted 
phenyl: said substitution is selected from 
cc1-c4)alkyl, hydroxy, (c1-c4)alkoxy, phenyl, 
amino, amidino, guanidino, carboxamido, carbamoyl 
and quaternary ammonio: 
or R2 is hydroxy, -ORa, -OC(O)Ra, -OC(O)ORa, 
-OC(O)NRaRa, -OC(O)-C(NH2)Ra wherein Ra is 
independently selected and is as hereinabove 
defined or 

0 

If 

wherein R13 is a moiety selected from those of the 
formulae: 

e- a-
+ + 

-NH 3 • -N ( CH J ) 3 a n d 

where B- is a physiologically acceptable anion, 
or R2 is an orqanic residue bonded via a nitrogen 
atom, selected from -NR'hgJ, 
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0 
11 

-N-C-CH 

I h I t R R 

wherein Rh and RJ are independently selected from 
hydrogen: substituted or unsubstituted 
(c1-c4)alkyl and (c3-c6)cycloalkyl(C1-c4)alkyl, 
and substituted or unsubstituted phenyl, and with 
respect to the NR~J moiety, Rh and RJ taken 
together· with the associated nitrogen may be 
unsubstituted or substituted mono- or bicyclic 
heterocyclic ring havinq from 5-7 atoms in each 
ring and up to four (4) heteroatoms in each rinq 
independently selected from oxygen, nitrogen and 
sulfur wherein the substituents consist of amino, 
mono-, di- and tri(c1-c4)alkylamino, hydroxyl, 
oxo, carboxyl, alkoxyl, chloro, fluoro, bromo, 
nitro·, -so2NH2 , phenyl, benzyl, acyloxy, 
alkoxycarbonyloxy, cycloalkoxycarbonyloxy, 
alkoxylcarbonyl and carboxamido: ~ is oxyqen or 
sulfur: Rm is hydroqen or ~· acyl residue of an 
amino acid or peptide: and Rt is hydroqen, benzy·l, 



5 

10 

15 

20 

25 

30 

35 

•• -.,=., .......... , -

•.;-

-51-

straight or branched (c1-c4)alkyl optionally 
substituted with halo, hydroxy, amino, guanidinyl, 
carboxy, phenyl, aminocarbonyl, alkylthio or 
hydroxyphenyl; 
and ~, R8 and R9 are the same or different and 
are selected from hydrogen, a straight or branched 
cc1-c4)alkyl, (c2-c4)alkenyl and substituted 
cc1-c4 )alky~, wherein the substitution is selected 
from hydroxy, (c1-c4)alkoxy, azido, amino, 
(C1-c4)alkylamino, di(C1-c4 )alkylamino, guanidino, 
nitril~, carboxy, formimidoyl and phenyl; al­
ternatively, R7 and R8 taken together are 

-CCH2) 2X(CH2) 2-, wherein X is (CH2)w (w is a~ 
integer from Oto 2), oxygen, sulfur, NH, NR, NOH 
and NORh; 

or R2 is an organic residue bonded via a carbon 
atom; suitably, the organic residue is bonded to 
either an sp-, sp2- or sp3-hybridized carbon: 
wherein 

an sp-hybridized carbon is a nitrile ~oiety, an 
acetylene moiety or a moiety of the formula: 

-c= C-R 0 

wherein Ra is as hereinabove defined; 
an sp2-hybridized carbon is, 
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0 
II 

-C-OH; 

0 
II 

-CH ; 1 11 

_/11<..1~ 
~11-1• 

0 
II 

-c-1•: 

0 
II 

-c-01•: 

0 
fl I\ -c-. 11 11 

\_/ 

-~--~~~--· ···------
.• ........ -··· . ..... -...... .:.·;.:.: . .:.· .. · 

I • 
II / 1 

-c-• ...........~ 

wherein Ra, Rh and RJ are as hereinabove defined; 
an sp3-hybridized carbon is -CHF2 , CF3 , -cF2cF3, 
-CH(OCH3)2' -CHC12, or -CHR~J; 
R3 is hydrogen; a straight or branched 
cc1-c4)alkyl group such as methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, or 
tert-butyl; a cc1-c4)alkoxymethyl group such as 
methoxymethyl, ethoxymethyl, .n-propoxymethyl, 
isopropoxymethyl, n-butyoxymethyl or­
isobutoxymethyl; a straight or branched 
l-(c1-c5)aliphatic acyloxy-ethyl or ~ethyl gr~up 
such as acetoxymethyl> 1-propionyloxyethyl, 
n-butyryloXylllethyl, isobutyryloxymethyl or 
pivaloyloxymethyl; a straight, branched or cyclic 
l-(c1-c6)alkoxycarbonyloxy-ethyl or methyl group 
such as ethoxycarbonyloxymetbyl, 
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1-isopropoxycarbonyloxyethyl, 
1-n-butoxycarbonyloxyethyl, 
1-cyclohexyloxycarbonyloxyethyl or 
1-isobutoxycarbonyloxyethyl; a phthalidyl group; 

or water soluble cations such as lithium, sodium, 

potassium ammonium or tetra(c1-c4)alkyl ammonium. 

Most particularly pref erred compounds are those 

selected from formula I wherein: 

n is an integer from 0-4; 

z is selected from oxygen; 
R

0 
is -CH(OR4)CH3 ; 

R4 is selected from hydrogen, 

0 0 0 0 0 
11 11 11 11 11 

-c H 2 0 c 0 R I • -c R. t -c 0 R • I -c 0 c H 2 0 c R I ' 

0 0 
II 11 

-COCHzO coR,' and 

0 
11 

-POR 
I I 

OR 1 

R6 is selected from a straight, branched or substituted 

cc1-c18)alkyl, cc2-c18 )alkenyl, ~nsubstituted or sub­

stituted (C3-c7)monocyclo(C1-c10)alkyl, unsubstit~ted 
or substituted cc5-c10)bicyclo(c1-c10)alkyl, phenyl and 
substituted phenyl; the substitution for the alkyl, 

monocycloalkyl and bicycloalkyl are selected from 

trifluoromethyl, pentafluoroethyl, amino, 

mono(c1-c6)alkylamino, di(c1-c6)alkylamino, hydroxy, 

(c1-c6)alkoxy, (c3-c8)cycloalkoxy, carboxy, 

(c2-c10)carboalkoxy, cyano and cc1-c10)carboxamido; the 

substitution for the phenyl group is selected from. 

(c1-c6)alkyl, cc1-c6)mono-, di- or polyfluoroalkyl, 
hydroxy, cc1-c6)alkoxy, cc3-c8)~cloalkoxy, amino, 
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mono(c1-c6)alkylamino, di(c1-c6)alkylamino, carboxy, 
cc2-c10)carboalkoxy, cyano and cc1-c10)carboxamido: 

Rl is straight (C1-C3)alkyl, CH2CF3 and CH2CF2CF3: 
R

2 
is selected from: 

(a) methyl, fluorine, chlorine, bromine, 

iodine, -OCOCH3, -OCOCF31 -oso2CH3, 
-oso2Ph, azido: 

(b) a.moiety of the formula: 
a 

-S (0) n' ,R 

wherein n'' is an integer from 0-2: 
and Ra is hydroqen, substituted or 
unsubstituted (c1-c4)alkyl, substituted 
or unsubstituted phenyl wherein the 
substituents are selected from 
(c1-c4 )alkyl, hydroxy, (c1-c4 )alkoxy, 
amino, amidino, quanidino, carboxamido, 
carbamoyl and quaternary ammonio: 

(c} or R
2 

is hydroxy, -ORa, -OC(O)NRaRa or 
-OC(O}-C(NH

2
)Ra wherein Ra is 

independently selected and is as 
hereinabove defined or 

0 

II 
-0-P-. -OCHzCHzRu 

L 
0 

wherein R13 is a moiety selected from 

those of the formulae: 

e- e-
+ + 

-NH 3 , -N ( CH 3 ) 3 a n d 

(d) or R2 is an organic residue bonded via a 
nitrogen atom, selected from -NR~J, 
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wherein Rh and RJ are independently 
selected from hydrogen; substituted or 
unsubstituted cc1-c4)alkyl and 
(C

3
-c

6
)cycloalkyl(C1-c4)alkyl, and 

substituted or unsubstituted phenyl, 
wherein the substituents consist of 
amino, mono-, di- and tri(c1-c4)­
alkylamino, hydroxyl', oxo, carboxyl, 
alkoxyl, chloro, fluoro, bromo, nitre, 
-so2NH2 , phenyl, benzyl, acyloxy, 
alkoxylcarbonyloxY", cycloalkoxycarbonyl­
oxy and carboxamido; RP is oxygen ox:. 
sulfur; Rm is hydrogen or an acyl 
residue of an amino acid or peptide, Rt 
is hydrogen or-(c1-c4)alkyl, 
and ~, R8 and Rg are the same or 
different and are selected from 
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hydroqen, a straiqht or branched 
(C1-c4)alkyl, (c2-c4)alkenyl and 
substituted cc1-c4 )alkyl, wherein the 
substitution is selected from hydroxy, 

(c1-c4)alkoxy, azido, amino, 
cc1-c4 )alkylamino, di(c1-c4 )alkylamino, 
guanidino, nitrile, carboxy, formimidoyl 
and phenyl: alternatively, R7 and R8 
taken toqether are -(CH2 ) 2XCCH2 ) 2-, 

wherein X is (CH2 )w (w is an inteqer 
from o to 2), oxyqen, sulfur, NH, NRh, 
NOH and NORh: . 

(e) or R
2 

is an orqanic residue bonded via a 
carbon atom: suitably, the orqanic 
residue is bonded to either an sp-, sp2-

or sp3-hybridized carbon: wherein 
an sp-hybridized carbon is a nitrile, 

an sp2-hybridized carbon is a moiety of 
the formulae: 

0 
II r\ h 

-C-N NR 
\_J 

wherein, Rh and RJ are as hereinabove 
defined: 

an sp3-hybridize~ carbon is -CHF2 , CF
3

, 

-CF2CF3, -CH(OCH3>2· -CHC12, or -CHRllRJ: 
R3 is hydroqen: _a straiqht or branched (C1-c4)alkyl 
qroup such as methyl, ethyl, n-propyl, isopropyl, 
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n-butyl, isobutyl, or tert-butyl: a cc1-c4)alkoxymethyl 
group such as methoxymethyl, ethoxymethyl, n-propoxy­
methyl, isopropoxymethyl, n-butoxymethyl or isobutoxy­

methyl: a straigh~ or branched l-(c1-c5)aliphatic 

acyloxy-ethyl or methyl group such as acetoxymethyl, 

1-propionyloxyethyl, n-butyryloxymethyl, isobutyryloxy­

methyl or pivaloyloxymethyl: a straight, branched or 
cyclic l-(c1-c6)~1koxycarbonyloxy-ethyl or methyl group 

such as ethoxycarbonyloxymethyl, 1-isopropoxycarbo­

nyloxyethyl, 1-n-butoxycarbonyloxyethyl, 
1-cyclohexyloxy carbonyloxyethyl, or 

1-isobutoxycarbonyloxyethyl: a phthalidyl group: or 

water soluble cations such as lithium, sodium, 
potassium ammonium or tetra(c1-c4)- alkyl ammonium. 

Unless otherwise specified herein, the particulars 

of the various definitions mentioned above and specific 

examples falling within such definitions are as 
follows: 

(a) the aryl group is an aromatic monocyclic 

or bicyclic hydrocarbon group having 

from 6 to 15 carbon atoms such as a 
phenyl group, a biphenyl group, a 

1-naphthyl group or a 2-naphthyl group; 

(b) the aralkyl or arylalkyl group is an 
aromatically substituted alkyl group 
having from 7 to 15 carbon atoms such as 

a benzyl group, a 1-naphthylmethyl 

group, a 2-naphthylmethyl group, a 

5,6,7,8-tetrahydro-1-naphthyl group, a 

5,6,7,8-tetrahydro-2-naphthyl group, a 
phenylethyl group, a 3-phenylpropyl 
group or a 4-phenylpropyl group~ 

(c) the heteroaryl group is an aromatic 
monocyclic or bicyclic beterocyclic 

group of 5 to 12 atoms wherein each ring 

is comprised of 5 to 6 atoms wherein the 

heteroatom or heteroatoms are selected 
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from 1-4 oxyqen, nitroqen or sulfur 
atoms such as thienyl, pyrazolyl, 
pyridyl, pyrazinyl, pyrimidinyl, 
triazinyl, furanyl, imidazolyl, 
thiazolyl and triazolyl: 

(d) the beterocyclyl qroup is a monocyclic 
or bicyclic heterocyclic qroup bavinq 
from 1 to 10 carbon atoms and 1 to 4 
heteroatoms selected from oxyqen, 
nitrogen or sulfur atoms and each rinq 
of the heterocycle is comprised of 4 to 
7 atoms, preferably 5 to 6 atoms such as 
pyrrplidinyl qroup, a pyrazolidinyl 
group, an imidazolidinyl qroup, a 
piperidinyl group, a piperazinyl group 
or a morpholinyl qroup. 

It is understood that any quarternized, positively 
charged nitrogen containing moiety used herein such as 
trialkylamino, will be associated with a physioloically 
acceptable counterion as previously defined. 

Pharmaceutically suitable salts include both the 
metallic (inorganic) salts and orqanic salts; a list of 
which is qiven in Remington's Pharmaceutical Sciences, 
17th Edition, page 1418 (1985). It is well known to 
one skilled in the art that an appropriate salt form is 
chosen based on physical and chemical stability, 
flowability, hyqroscopicity and solubility. Preferred 
salts of this invention for the reasons cited above 
include potassium, sodium, calcium, maqnesium and 
ammonium salts. 

Also included in the present invention are 
compounds that are useful as intermediates £or maki'.flq 
the above compounds of formula I. Such· intermediate 
compounds include those of formula IV(l-6) and IX(l-6): 
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wherein: 
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y 

~ 
HS (CH 2 )nR 2 

IV (4-6) 

(CH2)nR2 

IX (4-6) 

Y is selected from chloro, bromo, iodo, methane­
sulfonate and trifluoromethanesulfonate: and n, Z, and 
R2 are as hereinabove described. 

Pref errred intermediate compounds are those chosen 

from formula IV(l-6) or IX(l-6) wherein: 
R2 is methyl, fluorine, chlorine, bromine, iodine, 

-OCOCH3, -OCOCF31 -oso2CH3, -oso2Ph, azido, 
a moiety of the formula: 

. a 
-s (O)n,,R. 

wherein n' 'is an integer from 0-2.; 
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and R8 is hydroqen or an orqanic qroup bonded via a 
carbon atom selected from substituted or unsubstituted 
(C1-c4)alkyl, substituted or unsubstituted 
(c3-c6 )cycloalkyl, substituted or unsubstituted 
(c2-c4)alkenyl, substituted or unsubstituted 
(c2-c4 )alkynyl, substituted or unsubstituted aryl, sub­
stituted or unsubstituted heteroaryl, s'.llbstituted or 
unsubstituted a:cyl(C1-c6)alkyl, substituted or un­
substituted heterocyclyl, any of such qroups beinq 
optionally substituted: said substitution is selected 
from (C~-c4 )alkyl, hydroxy, (c1-c4 )alkoxy, phenyl, 
heterocyclyl, amino, amidino, quanidino, carboxamido, 
carbamoyl and quaternary ammonia: 
or R2 is hydroxy, -ORa, -OC(O)Ra, -OC(O)ORa, 
-OC(O)NR8R8 or 

Ra 
/ 

-oc(o)-c 
"-.NH 

2 

wherein R8 is independently selected and is as 
hereinabove defined or 

0 

11 

wherein R13 is a moiety selected from those of the for­
mulae: 

,- a-
+ + 

-NH I • -N ( CH I ) 3 an cl 

.-
-o 
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or R2 is an orqanic residue bonded via a nitrogen atom, 
selected from NO, N02, N03 , NC, NCO, NHCN, and NR~J 
wherein Rh and RJ are independently selected from hy­
drogen; substituted or unsubstituted amino, substituted 
or unsubstituted cc1-c4)alkyl and 
(c3-c6)cycloalkyl(c1-c4}alkyl, aryl, aralkyl, 
heterocyclyl, heterocyclyl(C1-c4}alkyl, heteroaryl and 
heteroaryl(C1-c4)alkyl wherein the heteroatom or 
heteroatoms are selected from oxygen, nitrogen and sul­
fur, and a cyclic group wherein Rh and RJ taken to­
gether with the associated nitrogen is an unsubstituted 
or substituted mono- or bicyclic heterocyclic ring hav­
ing up to four (4) heteroatoms in each ring indepen­
dently selected from oxygen, nitrogen and sulfur where­
in the substituents in the aforementioned substituted 
alkyl, amino and heterocyclic groups consist of amino, 
mono-, di- and tri(c1-c4)alkylamino, hydroxyl, oxo, 
carboxyl, alkoxyl, chloro, fluoro, bromo, nitro, 
-so2NH2 , phenyl, benzyl, acyloxy, alkoxylcarbonyl, 
alkoxycarbonyloxy, cycloalkoxycarbonyloxy and 
carboxamido; 
or R2 , as an organic residue bonded tnrough nitrogen, 
is a hydroxylamino, hydrazinyl, and hydroxamic acid 
derivatives: 

respectively; wherein Rh and RJ a~e as hereinabove de­
fined; 
moieties of the formulae: 
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and 

wherein Rh and RJ are as hereinabove defined: 

acylamino moieties of the formula: 

Rh-c-N-

11 I 
0 R 1 

wherein Rh and RJ are as hereinabove defined: 

moieties represented by the formulae: 

Rh 
............ 

/ 
RJ 

N-C -NH- and 

wherein Rh and RJ are as hereinabove defined and Re is 

oxygen and sulfur; 
moieties of the formulae: 

0 
1c 11 

R -c-c-NH-
11 
N 

I 
01• 
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wherein Rk represents hydrogen, substituted or 
unsubstituted (c1-c3)alkyl* (in the description of re­
spective groups in the present specification, groups 
marked with an asterisk (*) may have a substituent as 
assigned hereinabove for Rh and RJ), (C2-c4 )alkenyl*, 
cc2•c4)alkynyl*, heterocyclyl* and heteroaryl* wherein 
the heteroatom or heteroatoms are selected from 1-4 

oxygen, nitrogen or sulfur and the cyclic portion has 5 

or 6 ring atoms; 
moieties of the formula: 

RaS.(O) n, ,NH-
wherein n" and Ra are as hereinbefore defined; or R2 

may be a moiety of the formula: 

0 
11 

-N-C-CH 

I h I t 
R R 

wherein Rh is as hereinabove defined; Rm is hydrogen or 
an acyl residue of an amino acid or peptide: and Rt is 
hydrogen, benzyl, straight or branched (C1-c6)alkyl 
optionally substituted with halo, hydroxy, amino, 
guanidinyl, carboxy, phenyl, aminocarbonyl, alkylthio, 
hydroxyphenyl or heterocyclyl; 
or R2 is an organic residue bonded via a carbon atom; 
suitably, the organic residue is bonded to either a 

sp-, sp2- or sp3-hybridized carbon; 
an sp-hybridized carbon is a nitrile, 

wherein R8 is as hereinabove defined; 
an sp2-hybridized carbon is, 
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0 
II 

-c=N-1' 
1 .. 
I 

-c-1•: 

-c=c-1• 

I. I, 
I I 

0 0 
II II -C-OH ; I. t Ir • -c-01•: 

0 0 
II ...,..1• II ,--..._ .,,... , ' . -c-11 -c-• 111 '•"' . \_/ 

0 
II -c-u•; 

0 
II 

-C-H ; 

){JR" 

s • 
11 / 1 

-c-11 
'•' 
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an sp3-hybridized carbon is -CHF2 , CF3 , -cF2CF3 , 

-CH(OCB3)2' -CHC12, or -CBR.~J. 
Most particularly pref erred intermediate compounds 

are those chosen from formula IV(l-6) or IX(l-6) 
wherein: 
R2 is (a) hydrogen, fluorine, chlorine, bromine, 
iodine, -ocoCH3, -ococF3, -oso2CH3, -oso2Ph, azido, 
(b) a moiety of the formula: 

-S(O)n,,R a 

wherein n'' is an integer from 0-2: 

and R8 is hydrogen or an orqanic group bonded via a 
carbon atom selected from substituted or unsubstituted 
(C1-c4)alkyl, substituted or unsubstituted phenyl, any 
of such groups being optionally substituted: said sub­
stitution is selected from (c1-c4)alkyl, hydroxy, 
cc1-c4)alkoxy, amino, amidino, quanidino, carboxamido, 
carbamoyl and quaternary ammonio: 
(c) or R2 is hydr~xy, -ORa or -OC(O)NR~a wherein Ra is 
independently selected and is as hereinabove defined or 

wherein R13 is a moiety selected from those of the for­
mulae: 

a- a-
+ + 

-NH s , -N ( C ff sh and 

or 
(d) R2 is an orqan~c residue bonded via a nitroqen 
atom, selected from -NR~J, 
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RP 
11 

R11 o-C-NH-

wherein Rh and RJ are independently selected from hy­
drogen; amino cc1-c4)alkyl, (c3-c6)cycloalkyl(C1-c4)­
alkyl, and phenyl; RP is oxygen or sulfur; 
and R,1 R

8 and R
9 

are the same or different and are 
selected from hydrogen, a straight or branched 
(c1-c4 )alkyl, (C2-c4)alkenyl and substituted 
(C1 -c4 )alkyl, wherein the substitution is selected from 
hydroxy, (C1-c4 )alkoxy, azido, amino, (C1-c4.)alkyl-
amino, di(c1-c4)alkyl~ino, guanidino, nitrile, 
carboxy, formimidoyl and phenyl; alternatively, R

7 
and 

R8 taken together are -(CH2 ) 2X(CH2 ) 2-, wherein X is 
(CH2 )w (w is an integer from o to 2), oxygen, sulfur, 

h h. NH, NR , NOH and NOR , 
(e) or R2 is a moiety of the formula: 

0 R"' 
II / 

-N-C-CH -N 
I I '-
R• Rf 'Rh 

wherein Rh is as hereinabove defined; Rm is hydrogen or 
an acyl residue of an amino acid or peptide; and Rt is 
hydrogen, benzyl, straight or branched (C1-c6)alk:yl 
optionally substituted with halo, hydroxy, amino, 
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quanidinyl, carboxy, phenyl, aminocarbonyl, alkylthio, 
hydroxyphenyl or heterocyclyl; 
(f) or R2 is an organic residue bond~d via a carbon 
atom; suitably, the organic residue is bonded to either 
an sp-, sp2 - or sp3-hybridized carbon: wherein 
an sp-hybridized carbon is a nitrile, 
an sp2-hybridized carbon is 

0 
II I\ h 

-c-N NR 
\__/ 

wherein, Rh and RJ are as hereinabove defined: 
and an sp3-hybridized carbon is -CHF

2
, CF3 , -cF

2
cF

3
, 

-CH(OCH3)2, CHR~J or -CHC12. 

It will be appreciated that certain products 
within the scope of Formula I: 

•• '··----.--• 5 

7 ·-0 
COOis 

may be formed as optical isomers as well as epimeric 
mixtures thereof. It is intended that the present in­
vention include within its scope all such optical 
isomers and epimeric mixtures. For example, when the 
6-substituent in I is·l-hydro:Xyethyl, such substituents 
may be either R or S configuration with the R con­
figuration beinq preferred. Likewise, the con-
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f iquration of the carbapenem nucleus may be 5R or SS 
and 6R or 6S with 5R, 6S beinq the preferred con­
fiquration. 

BIOI.OGICAL ACTIVITY 
Method for in.vitro Antibacterial Evaluations (Table 1) 

The minimal inhibitory concentration (MIC), the 
lowest concentration of the antibiotic which inhibits 
growth of .the test orqanism, is determined by the aqar 
dilution method using Mueller Hinton II agar f ollowinq 
the recommendations of the National commitee for 
Clinical Laboratory Standards [Methods for dilution 
antimicrobial susceptibility tests for bacteria that 
grow aerobically. Approved standard M7-A2. National 
Committee for Clinical Laboratory Standards, Villanova, 
Pa.]. 

An inoculum of 107 cfu/ml is applied using a 
Steers replicator, yielding a final density of io4 

cfu/spot, to the surface of the aqar containing two 
fold serial dilutions of the antibacterial agent. The 
plates are incubated at JS0 c for 18 hours. · 

The organisms tested for susceptibility to the 
antibacterial agents comprise a spectrum of Gram­
posi ti ve and Gram-negative, recent clinical isolates, 
_including those sensitive to various P-lactam anti­
biotics as well as those producing specific 
P-lactamases and thereby resistant to many p-lactams. 

In Vivo Antibacterial Evaluation 
Determination of Effective Therapeutic Dost (ED50) 

(Table 2 ) 
In Vivo Antibacterial Evaluation 

The therapeutic effects of the carbapenems are 
determined against various models of acute lethal 
infections. CE· coli #311, ,a. aureus Smith, P. 
aeruginosa_PA-7). Female mice, strain CD-1 (Charles 
River Laboratories), 20± 2 qrams, are challenged by an 
intraperitoneal injection of a ba~erial suspension in 
broth or hog mucin at a bacterial density to kill 
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non-treated controls within 24-48 hours. The 
antibacterial agent(s) [carbapenem (s)] contained in 
o.s ml of 0.2% aqueous agar is ad.ministered 
subcutaneously, intravenously or orally 30 minutes 
after infection. When an oral dosinq schedule is used, 
the animals are deprived of food for 5 hours before and 
2 hours after infection. Five mice are treated at each 
dose level. The 7 day survival ratios from three 
separate tests are pooled for calculation of the median 
effective dose (EDSO). 
Penicillin-Binding Protein Assay (Table 3 and 4) 

Binding of the test compounds to 
penicillin-binding proteins (PBPs) is determined using 
methods described by B.G. Spratt, Properties of the 
penicillin-binding proteins of E§cherichia coli Kl2, 

Eur. J. Biochem., 72:341-352(1977) and N.H. 

Georqopapadakou, S.A. Smith, C.M. Cimarusti, and 
R.B.Sykes, Binding of monobactams to penicillin-binding 
proteins of Escherichia £.Ql.i and Staphylococcus aureus: 
Relation to antibacterial activity, Antimicrob. Agents 
Chemother., 23:98-104(1983). Membranes containing the 
PBPs are prepared from ~ £21.i ATCC 25922 and ~ aureus 
ATCC 29213. ~hese membranes are incubated with the 
test compound at selected concentrations and are then 
challenged with 14c-benzylpenicillin. Following 
polyacryam.ide gel electrophoresis and fluoroqraphy, 
Ic50 values are estimated using densitometry. 
Stability to Hydrolysis by Renal Dehydropeptidase CDHP) 
(Table 5) 

Compounds are also tested for stability to renal 
dehydropeptidase (DHP) prepared from mouse and hog 
kidneys using butanol extraction procedures similar to 
those described by B.J. Campbell et al., P-Lactamase· 
Activity of Purified and Partially Characterized Human 
Renal Dipeptidase, J.Bio. Chem., 259:14586-14590(1984). 

Assays are performed spectrophotometrically at 
25°c in 10mM HEPES buffer~ pH 7.2 at a wavelength of 
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295 nm. Extinction coefficients were determined for 
the carbapenems using a metallo-p-lactamase. Hydro­
lysis rates are obtained using a stock concentration of 
50 µl/ml of the antibiotic and 10-so µl DHP in a volume 
of 1.0 ml. At least two concentrations of DHP are used 
for hydrolysis. The rate of hydrolysis (n moles/min) 
is determined per pl DHP added to the reaction. 
Relative hydrolysis rates are calculated by setting the 
rate of hydrolysis of imipenem as 100 and normalizing 
the carbapenems to imipenem. 

Testing Results 
The claimed compounds exhibit activity against a 

spectrum of Gram-positive and Gram-negative bacteria, 
including those producing specific p-lactamases. 
Potent activity comparable to that noted with imipenem, 
biapenem and meropenem is noted with Examples 18, 21, 
46, 47, 48, 49, 52, 54A, 64, 65, 79, 114, 120, 129, 
162, 192 and 193 against strains of ~ coli, 
Klebsiella, Enterobacter and most other Gram-negative 
bacteria. Examples 46, 47, 48, 49, 52, 54A, 64, 65, 
114, 120, 129, 136, 161, 162, 174, 192 and 193 are also 
active against Pseudomonas aerµqinosa but at a higher 
concentration than imipenem, biapenem and meropenem. 
None of the carbapenems is active against the 
Xanthomonas maltophilia isolate tested. All of these 
compounds exhibit potent activity against the 
methicillin-sensitive Staphlococcus aureus isolates and 
the Enterococcus f aecalis isolate at a comparable 
concentration as the reference carbapenems. None of 
the carbapenems exhibited good activity ·against the 
methicillin-resistant §..s. aureus (MRSA) or the 
Enterococcus· faecium isolates. Examples 46, 47, 48, 
49, 64, 65, 129, 136 and 161 are a mixture of two 
diastereoisomers. Example 114, Example 120 and Example 
162, are optically pure compounds and have similar 
potency as their corresponding mixtures of 
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diastereoisomers, Example 46 and Example 64, against 
all of the orqanisms. 

Example 51A, Example 52 and Example 54A, acyl 
derivatives of amino acids of Example 46, also exhibit 
potent activity aqainst both Gram-neqative and 
Gram-positive bacteria but slightly less than Example 
46, especially aqainst Pseudomonas aeruginosa. Example 
51B and Example 54B, the di-amino acid analogues are 
less active than the corresponding mono-amino acid 
analogues against the organisms tested. 

Example 59, which contains a methyl group in place 
of the aminomethyl qroup of Example 46, while active 
aqainst a variety of organisms, demonstrates no 
activity aqainst Pseudomonas aeruginosa and exhibits 
less activity against Gram-negative and Gram-positive 
bacteria than Example 46. 

Example 174, the tetrahydrothiophene analogue, is 
slightly less active than the corresponding 
tetrahydrofuran analogue, Example 46. 

Example 186, an isobutyl carbonate prodruq of 
Example 46, exhibited very poor activity on its own. 
However, when incubated for 1 hour in the presence of 
mouse serum the antibacterial activity is partially 
restored to that of Example 46. A similar response is 
obtained with Example 195, the isobutyl carbonate 
prodrug of Example 64, after incubation in the presence 
of mouse serum. 

Example 160, exhibits activity against the 
spectrum of organisms tested but is less active than 
Example 46. 

Example 79 and Example 18, containing a cis 
confiquration, and Example 21, containing a trans con­
figuration, have similar potent activity against the 
majority of the isolates tested. These compounds are 
a11 less active against Pseudomonas aeruginosa than 
Example 64. 
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Example 26, Example 42, Example 69, Example 34 and 
Example 38 are less active against the Gram-negative 
bacteria but have similar activity as the reference 
carbapenems aqainst the Gram-positive bacteria. 

Example 144, Example 148A and Example 148B are 
active against Gram-positive and most Gram-neqative 
bacteria, except .f..L aerµginosa and X.... maltophilia. 
Example 144 is ~ess active than Example 148A and 
Example 148B aqainst the Gram-neqative bacteria tested, 
but have comparable activity against the Gram-positive 
bacteria.. 

Example 87, a triazine thio analogue, is sliqhtly 
less active than Example 46 and is especially poor 
against .f..L aerµginosa. 

Comparable activity against Gram-negative and 
Gram-positive bacteria is obtained with optically pure 
positional isomers depicted by Example 192 
(1,2-positional isomer) and Example 120 (l,3-positional 
isomer). The substitution of a formamidine moiety -
Example 193, in place of the amino group - Example 192, 
results in a slight decrease in activity aqainst some 
organisms. 

Example 46, Example 114, Example 120 and Example 
162 have a similar binding profile to the essential 
penicillin binding proteins (PBPs) of ~ coli and ~ 
aureus (Table 3 and 4). ~coli PBP 2, as noted with 
the reference carbapenems, is the primary target for 
these compounds. Tight binding to PBP 4 is also 
observed for all of the carbapenems. In b aureus, PBP 
1 is the major target for Example 46, Example 114, 
Example 120, Example 162 and meropenem. Imipenem and 
biapenem bind tiqhter to the other PBPs as well. 
However, all of the compounds have very low MICs for 
this strain. 

Example 46 and Example 64 exhibit increased 
stability to mammalian dehydropeptidase than imipenem 
and meropenem. (Table 5) • 
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The potent in yitro antibacterial activity of 
Example 46, 64 and 192 is also demonstrated by their in 
vivo efficacy aqainst an acute lethal infection of ~. 
aureus Smith and ,I. ~ 311 in mice when dosed by the 
subcutaneous route (Table 2). These compounds show 
qood efficacy relative to the reference carbapenems: 
meropenem, biapenem and imipenem. These compound also 
demonstrate qood oral activity against both organism: 
s. aureus Smith and L ggl.i 311. L-amino acid 
derivatives of Example 192 as examplified by Example 
261, 391, 265, 266, 257, 344 and 345 demonstrate 
substantially improved oral activity based on their 
ED50

1 s and comparative SOD/SSC ratios (SOD= sinqle 
oral dose; SSC= sinqle subcutaneous dose). In 
particular, the improved oral activity is seen in 
Examples 261, 344 and 345. 

- A.•••• 





Table l (Continued) 

Examnle NQ, 

ORGANISM 34 38 42 46 47 48 49 

I: 
E.coli(25922) 2.00 4.00 8.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
E.coli(IVES 912) 2.00 2.00 4.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
E.coli(300) < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 0.12 0.12 
E.coli(352 l 8) 4.00 4.00 2.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
-E.coli(MEDEIROS 4) 4.00 4.00 16.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
E.coli(MEDEIROS 14) 4.00 4.00 16.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
E.coli(BUSH 91-39) 4.00 4.00 16.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
K.pneumo(IVES 688) 4.00 4.00 32.00 <= 0.06 <= 0.06 0.12 <= 0.06 
K.oxytoca(CUHN 88-11) 4.00 8.00 16.00 < 0.06 <= 0.06 0.12 <= 0.06 

I E.aerogenes(IVES 1500) 4.00 8.00 8.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 in -
' r- E.cloacae(Richmond 1) 2.00 1.00 2.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 I 

C.diversus(IVES 1680) 4.00 8.00 32.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
C.freundii(IVES 953) 8.00 16.00 32.00 <= 0.06 <= 0.06 0.12 0.12 
S.marcescens(IVES 3062) 16.00 16.00 16.00 0.12 o.f2 0.12 0.25 " 

0.50 • M.morganii(IVES 335) 2.00 2.00 4.00 0.25 0.50 0.05 
Salmonella sp(CHBM 88-58) 2.00 2.00 4.00 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
P.stuanii(CUHN 88-7) 8.00 8.00 16.00 0.50 0.50 0.25 0.50 
P.aerug.(27853) > 128.00 > 128.00 > 128.00 4.00 8.00 8.00 16.00 
P.aerug.(IVES 5250) > 128.00 128.00 128.00 4.00 2.00 4.00 8.00 
P.aerug.(MEDEIROS-7) > 128J>O > 128.00 > 128.00 4.00 8.00 8.00 8.00 
P.aerug.(BUSH 91-73) > 128.00 128.00 128.00 8.00 16.00 16.00 32.00 
X.malto.(NEMC 87-210) > 128.00 128.00 128.00 > 128.00 > 128.00 > 128.00 > 128.00 
A.calco.(BMMR 88-2) 16.00 4.00 8.00 1.00 2.00 2.00 2.00 
S.aureus(292 l 3) < 0.06 < 0.06 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
S.aureus(25923) < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 <= 0.06 <= 0.06 
S.aureus(IVES 1097) ·< 0.06 < 0.06 < 0.06 <= 0.06 0.12 0.12 0.12 
S.aureus(IVES 1545) 0.25 < 006 < 0.06 0.12 0.12 0.12 0.25 
S.aureus(IVES 2837) 16.00 1.00 4.00 8.00 8.00 8.00 16.00 
CNS(IVES 191) < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 <= 0.06 0.12 
CNS(IVES 1754) > 128.00 32.00 64.00 64.00 64.00 64.00 64.00 
E.faecalis(CHBM 88-60) 4.00 0.50 2.00 2.00 2.00 4.00 4.00 
E.faecium(DLMC 89-1) > 128.00 ul 64.00 q§.00 128.QQ 128.00 0 128..ClO in > 128.00 LO 0 M r-i r-i N M M 
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Table I (Continued) 

Example N~ 

'I • ORGANISM 51 A 51 IJ 52 54A 54B 59 64 
-------·-· ·- ·---
E.coli(25922) < 0.06 0.5(1 < 0.06 < 0.06 < 0.06 0.12 <= 0.06 
E.coli(IVES 912) < 0.06 1.00 < 0.06 < 0.06 < 0.06 0.12 <= 0.06 
E.coli(300) < 0.06 2.00 < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 
E.coli(35218) < 0.06 1.00 < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 
E.coli(MEDEIROS 4) 0.12 4.00 < 0.06 < 0.06 0.12 0.25 <= 0.06 
E.coli(MEDEIROS 14) 0.25 4.00 < 0.06 < 0.06 0.25 0.50 <= 0.06 
E.coli(BUSH 91-39) 0.50 8.00 < 0.06 < 0.06 0.25 0.50 <= 0.06 
K.pneumo(IVES 688) < 0.06 2.00 < 0.06 < 0.06 0.12 0.25 <= 0.06 
K.oxytoca(CUHN 88-1 I) 0.25 8.00 < 0.06 0.12 0.25 0.50 <= . 0.06 

J, E.aerogenes(IVES 1500) 1.00 16.00 < 0.06 0.12 1.00 0.50 <= 0.06 
s;- E.cloacae(Richmond 1) 0.50 8.0u < 0.06 < 0.06 1.00 0.50 <= 0.06 

C.diversus(IVES 1680) < 0.06 1.00 < 0.06 < 0.06 < 0.06 0.25 <= 0.06 
C.freundii(IVES 953) 2.00 32.00 0.25 0.25 4.00 4.00 <= 0.06 

.. S.marcescens(IVES 30(>2) 0.50 16.00 0.12 0.25 1.00 2.00 0.25 
M.morganii(IVES 335) · 0.50 16.00 0.25 0.25 1.00 0.25 0.50 
Salmonella sp(CHBM 88-58) < 0.06 1.00 < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 
P.stuanii(CUHN 88-7) 1.00 16.00 0.25 0.25 1.00 1.00 0.25 
P.aerug.(27853) > 128.00 > 128.00 32.00 16.00 > 128.00 128.00 8.00 
P.aerug.(IVES 5250) > 128.00 > 128.00 32.00 16.00 > 128.00 128.00 2.00 
P.aerug.(MEDEIROS-7) 128.00 > 128.00 32.00 32.00 > 128.00 128.00 2.00 
P.aerug.(BUSH 91-73) > 128.00 > 128.00 32.00 32.00 > 128.00 128.00 16.00 
X.malto.(NEMC 87-2l0) > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 
A.calco.(BMMR 88-2) 16.00 > 128.00 2.00 2.00 16.00 16.00 2.00 
S.aureus(292 l 3) 0.12 2.00 < 0.06 < 0.06 < 0.06 <= 0.06 <= 0.06 
S.aureus(25923) 0.50 4.00 < 0.06 < 0.06 0.25 0.12 <= 0.06 

: S.aureus(IVES 1097) 1.00 8.00 0.12 0.12 0.50 0.25 <= 0.06 
: ; S.aureus(IVES 1545) 1.00 8.00 0.25 0.25 1.00 1.00 0.12 

:~ S aureus(IVES 2837) 128.00 > 128.00 16.00 16.00 64.00 16.00 4.00 
J CNS(IVES 191) 2.00 32.00 0.12 0.12. 1.00 0.25 <= 0.06 
·i CNS(IVES 1754) > 128.00 > 128.00 64.00 64.00 > 128.00 128.00 64.00 

E.faecalis(CHBM 88-60) 8.00 > 128.00 4.00 2.00 16.00 8.00 2.00 
E.faecium(Dl.MC 89·1) > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 128.00 

~ g ~ 0 ~ 0 ~ 
~ M N N M M 



Table I (Continued) 

Ex!)mpl~ t::{Q, 

: 120 129 
I:: ORGANISM 65 69 79 87 114 

! .; 
I: 
l :; E.coli(25922) <= 0.06 32.00 <= 0.06 < 0.06 <= 0.06 <= 0.06 ··- 0.06 

E.coli(IVES 912) <= 0.06 16.UO <= 0.06 < 0.06 <= 0.06 <= 0.06 <= 0.06 
E.coli(300) 0.12· < 0.06 <= 0.06 < 0.06 <= 0.06 <= 0.06 .,._ 0.06 ,_ 

E.coli(352 l 8) <= 0.06 4.00 <= 0.06 < 0.06 <= 0.06 <= 0.06 ·- 0.06 .. -
E.coli(MEDEIROS 4) <= 0.06 32.00 <= 0.06 0.12 <= 0.06 <= 0.06 <= 0.06 
E.coli(MEDEIROS 14) <= 0.(>6 32.00 <= 0.06 0.25 c.·:= 0.06 <= 0.06 <= 0.06 
E.coli(BUSH 91-39) <= 0.06 64.00 <= 0.06 0.25 <= 0.06 <= 0.06 ·::= 0.06 
K.pneumo(IVES 688) 0.12 64.00 <= 0.06 0.12 <= 0.06 <= 0.06 ·~= 0.06 

·i .• I K.oxytoca(CUHN 88-11 i 0.12 64.00 <= 0.06 0.12 <= 0.06 <= 0.06 <= 0.06 
f:::: E.aerogenes(IVES 1500) <= 0.06 32.00 <= 0.06 1.00 <= 0.06 <= 0.06 <= 0.06 
1 E.cloacae(Richmond I) <= 0.06 8.00 <= 0.06 0.12 <= 0.06 <= 0.06 <= 0.06 

C.diver.;us(IVES 1680) <= 0.06 64.<X> <= 0.06 < 0.06 <= 0.06 <= 0.06 <= 0.06 
C.freundii(IVES 953) 0.12 128.00 0.25 4.00 <= 0.06 0.12 <= 0.06 

'• S.marcescens(IVES 306:!) 0.50 64.00 0.12 l.00 <= 0.06 0.12 0.25 
; M.morganii(IVES 335) 0.50 32.00 <= 0.06 0.50 0.25 0.50 1.00 

Salmonella sp(CHB.M 88-58) <= 0.06 32.00 < 0.06 <= 0.06 <= 0.06 ~= 0.06 
P.stuartii(CUHN 88-7) 0.50 64.00 <= . 0.06 0.12 0.25 0.25 0.25 
P.aerug.(27853) 16.00 > 128.00 64.00 > 128.00 2.00 16.00 16.00 
P.aerug.(IVES 5250) 16.00 > .128.00 64.00 > 128.00 2.00 8.00 8.00 
P.aerug.(MEDEIROS-7) 16.00 > 128.00 64.00 > 128.00 4.00 8.00 8.00 
P.aerug.(BUSH 91-73) 32.00 > 128.00 64.00 > 128.00 8.00 32.00 32.00 
X.malto.(NEMC 87-210) > i28.00 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 
A.calco.(BMMR 88~2) 4.00 16.00 2.00 16.00 1.00 2.00 2.00 
S.aureus(292 l 3) <= 0.06 < 0.06 <= 0.06 < 0.06 <= 0.06 <= 0.06 .. - 0.06 ... -
S.aureus(25923) <= 0.06 < 0.06 <= 0.06 0.12 <= 0.06 <= 0.06 <= 0.06 
S.aureus{IVES 1097) <= 0.06 < 0.06 0.12 0.25 <= 0.06 <= 0.06 ·- 0.06 ...,_ 
S.aureus(IVES 1545) . 0.12 < 0.06 0.25 0.50 0.12 0.12 <= 0.06 
S aureus(IVES 2837) 4.00 2.00 > 128.00 32.00 8.00 8.00 4.00 
CNS( IVES 191) <= 0.06 < 0.06 0.25 0.50 <= 0.06 <= 0.06 <= 0.06 
CNS(IVES 1754) 32.00 128.00 64.00 > 128.00 64.00 64.00 64.00 
E.faecalis(CHBM 88-60) 2.00 2.00 > 4.00 8.00 2.00 4.00 4.00 
E. faecium(D&,MC 89-1) 0 128.00 lt'l 128.00 > l~.00 > 128.QR > 128.00 0 > 128.00 11'1 128.00 

.... .... N "' M M 
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Table 1 (Continued) 

Exam'11~ tfQ, 

ORGANISM 136 14 i 148A 148B 160 161 162 

E.coli(25922) 0.12 2.00 <= 0.06 < 0.06 0.25 0.25 <= 0.06 
E.coli(IVES 912) <= 0.06 1.()( I <= 0.06 < 0.06 0.25 0.12 <= 0.06 
E.coli(300) 0.25 < 0.0t• <= 0.06 < 0.06 0.50 0.50 <= 0.06 
E.coli(352 l 8) <= 0.06 0.511 0.12 < 0.06 0.25 0.12 <= 0.06 
E.coli(MEDEIROS 4) <= 0.06 2.()(, 0.25 0.12 0.50 0.25 <= 0.06 
E.coli(MEDEIROS 14) 0.12 2.00 0.25 0.25 0.50 0.25 <= 0.06 
E.coli(BUSH 91-39) 0.12 2.00 0.12 0.25 0.50 0.25 <= 0.06 
K.pneumo(IVES 688) 0.12 2.00 0.12 0.12 0.50 0.25 <= 0.06 
K.oxytoca(CUHN 88- l I) 0.25 2.00 0.50 0.12 1.00 0.25 <= 0.06. 

I E.aerogenes(IVES 15(){ 1) 0.12 2.00 l.00 0.50 0.50 0.25 <= 0.06 ClO 

""' E.cloacae(Richmond 1) 0.12 4.00 <= 0.06 1.00 0.50 0.12 <= 0.06 
I C.diversus(IVES 1680) 0.06 l.00 0.06 0.12 0.12 <= 0.06 <= 0.06 <= <= 

C.freundii(IVES 953) 0.25 8.00 1.00 1.00 2.00 0.50 0.12 
S.marcescens(IVES 30h2) 0.25 4.00 0.50 0.50. 1.00 1.00 0.12 

" M.morganii(IVES 335) 1.00 4.00 1.00 0.50 2.00 1.00 0.50 
Salmonella sp(CHBM 88-58) <= 0.06 2.00 <= 0.06 < 0.06 0.50 0.12 <= 0.06 
P.stuartii(CUHN 88-7) 1.00 8.00 0.50 0.50 2.00 2.00 0.25 
P.aerug.(27853) 16.00 128.00 64.00 64.00 128.00 32.00 16.00 

_;; 

P.aerug.(IVES 5250) 8.00 128.00 128.00 128.00 64.00 16.00 8.00 
P.aerug.(MEDEIROS-7) 16.00 > 128.00 128.00 128.00 64.00 16.00 8.00 
P.aerug.(BUSH 91-73) 128.00 128.00 128.00 > 128.00 64.00 32.00 
X.malto.(NEMC 87-210) > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 > 128.00 
A.calco.(BMMR 88-2) 4.00 32.00 4.00 8.00 32.00 8.00 2.00 
S.aureus(292 l 3) <= 0.06 <= 0.0(, <= 0.06 <= 0.06 0.50 0.12 <= 0.06 
S.aureus(25923) 0.12 <= 0.0(1 <= 0.06 <= 0.06 1.00 0.12 <== 0.06 
S.aureus(IVES 1097) 0.25 0.25 0.12 0.12 2.00 0.50 <= 0.06 
S.aureus(IVES 1545) 0.50 0.25 0.25 0.25 2.00 1.00 0.12 
S aureus(IVES 2837) 8.00 16.00 32.00 32.00 64.00 32.00 8.00 
CNS(IVES 191) 0.25 0.25 0.25 0.25 2.00 0.50 <= 0.06 
CNS(IVES 1754) 128.00 <=. (),()(, 128.00 128.00 > 128.00 > 128,00 64.00 
E.faecalis(CHBM 88-60) 8.00 4.00 4.00 8.00 32.00 8.00 2.00 
E.faecium(DLMC 89-1) > 128.00 > 128.00 > 128.00 > 128.w;> > 128.00 0 > 128.00 Ill > 128.00 

'° 0 Ill 0 
.-t .-t N N M M 



Table I (Continued) 

Example No. 

ORGANISM 174 186 186"' 192 193 195 195• 

E.coli(25922) 0.12 32.00 0.25 <= 0.06 <= 0.06 64.00 0.50 
E.coli(IVES 912) 0.12 32.00 0.12 <= 0.06 <= 0.06 64.00 0.50 
E.coli(300) 0.25 4.00 0.50 <= 0.06 0.12 2.00 1.00 
E.coli(352 l 8) 0.25 32.00 0.25 <=. 0.06 <= 0.06 64.00 0.50. 
E.coli(MEDEIROS 4) 0.12 32.00 0.25 <= 0.06 <= 0.06 128.00 0.50 
E.coli(MEDEJROS 14) 0.12 64.00 0.25 <= 0.06 <= 0.06 128.00 0.50 
E.coli(BUSH 91-39) 0.25 64.00 0.25 <= 0.06 <= 0.06 128.00 1.00 
K.pneumo(IVES 688) 0.25 64.00 1.00 <= 0.06 <= 0.06 128.00 2.00 

i K.oxytoca(CUHN 88-11) 0.50 128.00 1.00 <= 0.06 0.12 128.00 l.00 

I 
E.aerogenes(IVES 1500) 0.25 64.00 0.50 <= 0.06 <= 0.06 > 128.00 1.00 

°' E.cloacae(Richmond l) 0.12 32.00 0.12 <= 0.06 <= 0.06 64.00· 1.00 
~ C.diversus(IVES 1680) 0.12 32.00 0.12 64.00 0.25 

C.freundii(IVES 953) 0.25 64.00 0.50 0.12 0.50 > 128.00 2.00 
=.: S.marcescens(IVES 3062) 0.50 128.00 2.00 0.50 1.00 > 128.00 4.00 

M.morganii(IVES 335) 2.00 128.00 4.00 0.50 1.00 > 128.00 8.00 
\ Salmonella sp(CHBM 88-58) 0.25 32.00 0.50 <= 0.06 <= 0.06 128.00 1.00 .. 

P.stuartii(CUHN 88-7) 1.00 128.00 2.00 0.50 1.00 > 128.00 4.00 
P.aerug.(27853) 16.00 > 128.00 32.00 8.00 16.00 > 128.00 128.00 
P.aerug.(IVES 5250) 8.00 > 128.00 32.00 4.00 8.00 > 128.00 128.00 
P.aerug.(MEDEIROS-7) 16.00 > 128.00 32.00 8.00 16.00 > 128.00 128.00 
P.aerug.(BUSH 91-73) 32.00 > 128.00 64.00 16.00 32.00 > 128.00 128.00 
X.malto.(NEMC 87-210) > J28.00 > 128.00 > 128.00 > 128.00 > . 128.00 > 128.00 :; 128.00 
A.calco.(BMMR 88-2) 4.00 > 128.00 8.00 2.00 8.00 > 128.00 32.00 
S.aureus(29213) <= 0.06 0.50 0.12 <= 0.06 <= 0.06 0.25 0.12 
S.aureus(25923) <= 0.06 2.00 0.25 0.50 0.25 
S.aureus(IVES I 097) 0.12 4.00 LOO <= 0.06 <::: 0.06 4.00 1.00 
S.aureus(IVES 1545) 0.25 4.00 l.00 0.12 0.25 4.00 1.00 
S aureus(IVES 2837) 16.00 128.00 32.00 2.00 4.00 128.00 32.00 
CNS(IVES 191) 0.25 2.00 0.50 <= 0.06 0.12 1.00 0.50 
CNS(IVES 1754) 64.00 . 128.00 128.00 64.00 128.00 128.00 128.00 
E.faecalis(CHBM 88-60) 4.00 64.00 32.00 0.50 2.00 64.00 64.00 
E.faecium(DLMC 89-1) > 128.00 > 128.00 > 128.00 64.0Qn 128.00 0 > 128.00 Ill·. 128.00 
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Table 2: In Vivo Efficacy of Carbapenems in Mice When Dosed by Oral and 
Subcutaneous Routes 

S., 6Hll!H& SmUb ~ "1.li JU 
EDr:n lr11a/lml r....,;.n;,;\ .EOi:nj 

r. • .. ..1 s.aJl ~ SQD/SSC SQll SSC SOD/SSC 
Example46 
Example64 
Example 192 
Example261 
Example391 
Example'265(A) 
Example 265(B) 
Example 266(A} 
Example 266(B) 
Examp~e257 
Examp~e.344 
Examp~e345 
Biapen:.?m 
Primaxin 
Meroo·2nem 

0 
ri 

1.8 
1.3 
0.85 
0.21 
0.30 
0.40 
0.61 
0.67 
1.00 
0.48 
0.25 
0.28 
1.4 
3.30 

19.90 

Ill ..... 

0.11 
0.05 
0.05 
0.06 
0.06 
0.08 
0.10 
0.08 
O.ll 
0.18 
0.19 
0.30 
0.04 
0.03 
0.52 

16 
26 
17 
3.5 
5 
5 
6 
8.4 
9.1 
3.3 
1.3 
0.93 

35 
110 
38.3 

0 
N 

1.7 
1.1 
3.8 
0.95 
1.10 
1.59 
5.10 
---
----

1.6 
0.79 
0.77 
8.6 
ND 
NO 

0.68 
0.42 
0.34 
0.54 
0.74 
0.67 
0.86 

·-
·-

0.66 
0.80 
1.4 
0.58 
1.1 
0.30 

Ul 
N 

2.5 
2.6 

11 
1.8 
1.4 
2.4 
5.9 

----
2.4 
0.99 
0.55 

15 

0 
M 

lt'l 
M 



I 

I 
.-f 

00 
I 

PBP 

la/lb 
2 
3 
4 
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MIC 
E.coli 
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Table 3 
Binding to Penicillin Binding Proteins of 

E.coli ATCC 2592, 

Approximate IC50(ug/ml) 

Conti;ols E;x4mple No. 
IMIPENEM BIAPENEM 

<0.1/0,47 
<0.1 
1.8 

<0.1 
>100 

S,0.06 

0 
rt 

<0.1/0.55 
.:s.0.1 

0.32 
0.03 

>100 

s_0.06 

tt"I 
rt 

46 

>l 
0.04 
0.6 
o.os 

>100 

.:s.0.06 

0 
C'll 

114 120 

>l 
0.05 
3 
0.09 

>100 

.:s.0.06 

IO 
N 

>l 
o.os 
2 
0.09 

>100 

.:s,0.06 

0 
M 

162 

>l 
o.os 
2 
o.oa 

>100 

.:S,0.06 

In 
M 
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PBP IMIPENEM 

1 0.01 
2 0.05 
3 0.1 
4 ND 
MIC <0.06 

Table 4 Binding to Penicillin Binding Pr9tein1 9f s. aureus ATCC 2921~ 
Approximate IC50(ug/ml) 

c2nti:2lm 
MEROPENEM BIAPENEM 46 

0.04 0.01 0.03 0.18 0.02 0.58 0.35 0.02 1.2 ND ND 0.56 <0.06 <0.06 <0.06 

Example No. 
114 120 

0.03 
0.55 
0.80 
0.78 

<0.06 

0.06 
0.35 
0.65 

<l 
<0.06 

aPBP 4 not detec~ed in these assays. 

IO 0 ..... IO 
..... 0 

N 
Ill 
N 

0 
M 

162 

<0.01 
0.50 
0.55 

<0.01 
<0.06 

lO 
l"1 
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Table 5 

Hydrolysis of Carbapenems 
-by Dehydropeptidases 

Relative Hydrolysis Rates 

Mouse Swine 

100 100 

320±5 28+6 
<1 <l 

107 19 

30 10 

When the compounds are employed as antibacterials, 
they can be combined with one or more pharmaceutically 
acceptable carriers, for example, solvents, diluents 
and thP. like, and may be administered orally in such 
forms as tablets, capsules, dispersible powders, 
granules, or suspensions containing, for example, from 
about o.os to 5% of suspending agent, syrups 
containing, for example, from about 10 to 50% of sugar, 
and elixirs containing for example, from about 20 to 
50% ethanol and the like, or parenterally in the form 
of sterile injectable solutions or suspensions 
containing from about 0.05 to 5% suspending agent in an 
isotonic medium. Such pharmaceutical preparations may 
contain, for example, from about 25 to about 90% of the 
active ingredient in combination with the carrier, more 
usually between about 5% arid 60% by weight. 

An effective amount of compound from 2.0 mg/kg pf 
body weight to 100.0 mg/kg of body weight should be 
a~inistered one to.five times per day via any typical 
route of administration including but not limited to 
oral, parenteral (including subcutaneous, in~ravenous, 
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intramuscular, intrasternal injection or infusion 
techniques), topical or rectal, in dosaqe unit 
formulations containing conventional non-toxic pharma­
ceutically acceptable carriers, adjuvants and vehicles. 
It will be understood, however, that the specific dose 
level and frequency of dosage for any particular 
patient may be varied and will depend upon a variety of 
factors including the activity of the specific compound 
employed, the metabolic stability and lenqtb of action 
of that compound, the age, body weight, general health, 
sex, diet, mode and time of administration, rate of 
excretion, drug combination, the severity of the parti­
cular condition of the host undergoing therapy. 

These active compounds may be administered orally 
as well as by intravenous, intramuscular, or 
subcutaneous routes. Solid carriers include starch, 
lactose, dicalcium phosphate, microcrystalline cellu­
lose, sucrose and kaolin, while liquid carriers include 
sterile water, polyethylene glycols, non-ionic 
surfactants and edible oils such as corn,· peanut and 
sesame oils, as are appropriate to the nature of the 
active ingredient and the particular form of admini­
stration desired. Adjuvants customarily employed in 
the preparation of pharmaceutical compositions may be 
advantageously included, such as flavorinq agents, col­
oring agents, preserving agents, and antioxidants, for 
example, vitamin E, ascorbic acid, BHT and BHA. 

These active compounds may also be administered 
parenterally or intraperitoneally. Solutions or 
suspensions of these active compounds as· a free base or 

pharmacologically acceptable salt can be prepared in 
qlycerol, liquid, polyethylene qlycols and mixtures 
thereof in oils. Under ordinary conditions of storaqe 
and use, these preparations contain a preservative to 
prevent the qrowth of microorganisms. 

The pharmaceutic~l forms suitable for injectable 
use include sterile aqueous solutions or dispersions 
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and sterile powders for the extemporaneous preparation 
of sterile injectable solutions or dispersions. In all 
cases, the form must be sterile and must be fluid to 
the extent that easy syringability exists. It must be 
stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action 
of microorganisms such as bacterial and· fungi. The 
carrier can be a solvent or dispersion medium 
containing, for example, water, ethanol, polyol (e.g., 
glycerol, propylene glycol and liquid polyethylene 
glycol), suitable mixtures thereof, and vegetable oil. 

The invention will be more fully described in 
conjunction with the following specific examples which 
are not to be construed as limiting the scope of the 
invention. 

In another aspect of the present invention, it is 
contemplated that the active compounds may be 
administered in combinatin with a substance capable of 
inhibiting the p-lactam hydrolase enzyme, 
dehydropeptidase. Such dipeptidase inhibitors are know 
in the art, as disclosed for example in U.S. Patent 
4,539,208 and European Patent Applicat~on 0497353, and 
include such compounds as cilastatin, glutathione and 
N-acetyl-L-cysteine. The dipeptidase inhibitor may be 
used to inhibit the renal or gastrointestinal 
metabolism of the carbapenems of the present invention 
and may be used to enhance the gastrointestinal 
absorption of the active carbapenem compounds. When 
combined in such a manner, the car~apenem antibiotic 
and the peptidase inhibitor can be administered either 
in a pharmaceutical composition containing the two 
substances in combination or can be separately 
administered. Administration separately or combin~d 
can be oral, intr~uscularly or intravenously. 
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PREPABATION OF THE COMPQUNDS 
Three distinct processes for producing carbapenems 

of formula I according to the present invention are 

described. 

I 

one method of preparation utilizes an 
addition-elimination reaction sequence by contacting 

-the carbapenem of formula III with the appropriate 

thiol IV and base, Step 1 - Scheme I, in an inert 
solvent and atmosphere at low temperature. Suitable 
solvents include dioxane, tetrahydrofuran, 
dimethylformamide, acetonitrile and mixtures thereof: 
with acetonitrile and dimethylformamide being 

preferred. suitable ~ases include, but are not limited 

to, sodium or potassium carbonate, triethylamine, 

diisopropylethylamine, 4-(dimethylamino)pyridine and 
2,6-lutid.ine; with diisopropylethylamine being 

preferred. A suitable temperature ranges from -4o0 c to 
3o0 c; with -s0 c being used most often with argon as the 
inert atmosphere. 

... .: ............... . 
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It is understood that the thiol of formula IV is a 
representation of the regioisomeric possibilities IV-1 
to IV-6. 

HS-f:J HS-CZ z 
HS--()--(CH 2)nR2 

R2(CH2)n . (CH2)nR2 

IY-t f V-2 IY-3 

z 

~ 
z 

R2 (CH.J 0--p . f)"(CH 2 ) 0 R2 

HS HS (CHz)nR2 HS 

IY-5 IV-6 
IY-4 
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In addition, the asymmetric rinq carbons bearinq the 
thiol fraqment, -SH and the alkyl fragment -(CH2 )nR2 , 
may independently have the R or s stereochemical 
assiqnment. The nature of R

0
, R1 , R2 , R3 , R15 , Z and n 

are as defined hereinbefore. 
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SCHEME I 

0 
fl 

OP(OPh}i 

n 

I 

IV 

Step I 
i-Pr2NEt 

Step 2 
10% Pd/C 

H2 
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Following the formation of the desired carbapenems 
of general formula II, the carboxyl protectinq group 
R15 of these intermediates may be optionally removed in 
Step 2 by conventional procedures such as solvolysis, 
chemical reduction or hydrogenation. Protecting qroups 
such as p-nitrobenzyl, benzyl or benzhyclryl can be 
removed by catalytic hydrogenation. Intermediates II, 
in a suitable solvent mixture such as 
dioxane-water-ethanol, tetrahydrofuran-diethyl 
ether-buffer, tetrahydrofuran-aqueous dipotassium 
hydrogen phosphate-isopropanol or the like, may be 
treated under a hydregen pressure of from l to 4 
atmospheres in the presence of hydrogenation catalyst 
such as palladium on charcoal, palladium hydroxide, 
platinum oxide or the like, at a temperature from 20° 
to 4o0 c, for 0.2 to 4 hours. Protecting groups such 
as 2,2,2-trichloroethyl may be removed by mild zinc 
reduction. The a.llyl protecting group may be removed 
by using a catalyst comprising a mixture of a zero 
valent palladium compound and triarylphosphine in a 
suitable aprotic solvent such as tetrahydrofuran, 
methylene chloride or diethyl ether. Similarly, other 
conventional carboxyl protecting groups may be removed 
by methods known to those skilled in the art. 

Thus, in Step 2, carbapenem esters of general 
formula II are deblocked according to the nature and 
chemical reactivity of their ester group to form the 
carbapenem of general formula I, wherein R

0
, R1 , R2 , 

R3 , z and n are as defined bereinbefore. The method of 
product isolation in Step 2 will vary on.the method of 
deblockinq used. But all methods used in the 
transformation follow conventional techniques in the 
art including chromatography and lyophilization. 

It is usual to isolate carbapenems of general 
formula I as an alkali metal salt wherein R3 is a 
lithium, sodium or a potassium ion or as a water 
soluble zwitterionic species, whereby ~ represents a 
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proton or the cationic component of an internal salt 

pair dependent on the nature of the R
2 

substituent. 

Compounds of formula I wherein a3 is a 

physioloqically hydrolyzable ester such as 

acetoxymethyl, pivaloyloxymethyl, methoxymethyl, etc., 

may be administered directly to the host without 

deblockinq since these esters are hydrolyzed in vivo 

under physioloqical conditions. 

A second method of producing carbapenems of 

formula I utilizes an acid mediated ring closure as the 

key step in the sequence outlined in Scheme II. 

In step 1 - Scheme II, the 3-bromo-2-ketoester of 

formula v is contacted with the thiol IV in a suitable 

solvent and temperature range (as described in (U.S. 

Patent 5,189,158). The product azetidinone of formula 

VI thus formed is a result of a nucleophilic 

displacement of the bromide of formula V by the 

conjugate base (thiolate species) of the thiol IV that 

is formed in situ, wherein R
0

, R1 , R2 , R15 , z and n 

are as defined hereinbefore. Suitable solvents are 

anhydrous and include tetrahydrofuran, dimethoxyethane, 

acetonitrile, dimethylformamide and methylene chloride. 

The following bases are representative: triethylamine, 

diisopropylethylamine, lithium bis(trimethylsilyl)amide 

or l,8-diazabicyclo[S.4.0]undec-7-ene. The reaction 

temperature for transformation can range from -10° to 

+3o0 c. 
In Step 2 - Scheme II, the preferred 

1-(tert-butyldimethyl)siloxyethyl qroup of R
0 

and the 

tert-butyldimethylsilyl protecting qroup for the 

azetidinone nitrogen of the compound of formula VI are 

hydrolyzed to the 1-hydroxyethyl and N-H respectively 

via standard procedures in the art. A representative 

procedure entails ~ontacting keto ester VI with 

hydroqen fluoride in acetonitrile-water solvent 

according to R.F.Newton et al, Tetrabedron Letters 

(1979), No. 41, pp 4381-82. 
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SCBEME It 

5 Ra 

Br z 
HS~"') 

+ \__j--ccH2>nR2 

0 CGC:~u 
B 

10 s v IV 
.. Step I 
' .. 

TEA 

Rs 
.. z'-, Ro,, s-

\__j--ccH2>nR2 
15. ''· 

N 
T 0 COOR is 
r; 
s 

VI 

I 
Step 2 20 
HF/MeCN 

R1 
.. z'> s- . 

\__j--ccH2>nR2 

25 

COOR as 

VII 

30 

1 Seep 3 
TiCl4/THF 

.. z'> s-
0 

\_J--ccH2lnR2 

COC?R1s 
35 ·u 

TBS = t ""'butyldiinethylsi lyl 
continued 
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SCHEME II 

I 

St::p 4 
10% Pd/C 
H2 
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In Step 3 - scheme II, the compounds of formula 
VII are contacted with an appropriate acid in a 
suitable solvent at temperatures in the ranqe of -20° 
to +2o0 c. suitable acids that can be employed for this 
step include, but are not limited to, titanium 
tetrachloride or hydrochloric acid. Suitable solvents 
and solvent combinations can be anhydrous or at least 
in part, aqueous_ ones. Tetrahydrofuran (THF), 
THF/water, dimethoxyethane (DME), DME/water, dioxane, 
acetonitrile, acetonitrile/water and dimethylforamide 
all serve as suitable solvents with THF being 
preferred. The product carbapenem II is isolated after 
a sequence of quenching the react~on with excess base 
such as aqueous sodium bicarbonate followed by 
conventional techniques in the art including 
dissolution.in an organic solvent, aqueous washing and 
chromatography. 

Following formation of the carbapenem of formula 
II the carboxyl protecting group, R15 , of these 
intermediates may be optionally removed in Step 4 by 
conventional procedures such as solvolysis, chemical 
reduction or hydrogenation. Protectinq qroups such as 
p-nitrobenzyl, benzyl, or benzhydryl can be removed by 
catalytic hydrogenation. In the catalytic 
hydrogenation procedure intermediates II, in a suitable 
solvent mixture such as dioxane-water-ethanol, 
tetrahydrofuran-diethyl ether-buffer, 
tetrahydrofuran-aqueous dipotassium hydroqen 
phosphate-isopropanol or the like are treated under a 
hydrogen pressure of from 1 to 4 atmospheres in the 
presence of a hydrogenation catalyst such as palladium 
on charcoal, palladium hydroxide, platinum oxide or the 
like, at a temperature from 20° to 40°c, for 0.2 to 4 
hours. Protecting groups such as 2,2,2-trichloroethyl 
may be rem~ved by mild zinc reduction. The allyl 
protecting group may be removed by using a catalyst 
comprising a mixture of a zero valent palladium 
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compound and triarylphosphine in a suitable aprotic 
solvent such as tetrahydrofuran, methylene chloride or 
diethyl ether. Similarly, other conventional carboxyl 
protecting groups may be removed by method known to 
those skilled in the art. 

Thus, in Step 4, carbapenem esters of general 
formula II are deblocked according to the nature and 
chemical reactivity of their ester group to form the 
carbapenem of general formula I, wherein R

0
, R1 , ~, 

R3, Z and n are as defined hereinbefore. The method of 
product isolation in Step 4 will vary on the method of 
deblocking used. But all methods used in the 
transformation follow conventional techniques in the 
art including chromatoqraphy and lyophilization. 

It is usual to isolate carbapenem I as an alkali 
metal salt wherein R3 is a lithium, sodium or 
potassium ion or as a water soluble zwitterionic 
species, whereby R3 represents a proton or the cationic 
component of an internal salt pair dependent on the 
nature of the R2 substituent. 

Compounds of formula I wherein R3 is a 
physiologically hydrolyzable ester such as 
acetoxymethyl, pivaloyloxymethyl, methoxymethyl, etc., 
may be administered directly to the host without 
deblocking since such esters are hydrolyzed in vivo 
under physiological conditions. 

A third method of producing carbapenems of formula 
I in this invention utilizes the synthetic route of 
Scheme III. 

In Step l - Scheme III, carbapenems·of formula II 
are formed by the nucleophilic substitution of the 
silver thiolate carbapenem of formula VIII with the 
requisite halo-substituted heterocycle of formula IX. 
In this transformation R

0
, R1 , R2 , R15, z and n are as 

defined hereinbefore and Y is chloro, bromo, iodo, 
methanesulfonate or trifluoromethanesulfonate. 
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It is understood that the halo-substituted 
heterocycle of formula .IX is a representation of the 
reqioisomeric possibilities IX-1 to IX-6 with IX-1 to 
IX-3 beinq the preferred entities for use as reactant 
in Step 1 - Scheme III. 

IX-1 IX-2 IX-3 

z 

TS)_ 
z 

Rz(CHz).·-P 
~(CHz),Rz 

y 
y (CH1) 11 R2 

IX-.i IX-5 IX-I 

In addition, the asymmetric rinq carbons bearinq the 
halide Y, and the alkyl fragment, -(CH2)-R2 , may 
independently have the R or S stereochemical 
assignment. 

The transformation in Step 1 - Scheme III is 
usually conducted by contactinq the carbapenem silver 
thiolate VIII with the halo-substituted heterocycle IX 
in a suitable solv~nt such as dimethylformamide or 
acetonitrile and an iodide source such as lithium 
iodide or equivalent metal iodide in a temperature 
ranqe of o0 -6o0 c. The carbapenem product of formula II 
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is isolated after a sequence of dissolution in an 
organic solvent such as ethyl acetate, washing with 
water and chromatography. 

Followinq formation of the carbapenem of formula 
II the carboxyl protecting group, R15 , of these 
intermediates may be optionally removed in step 2 by 
conventional procedures such as solvolysis, chemical 
reduction or hydrogenation. Protecting groups such as 
p-nitrobenzyl, benzyl, or benhydryl can be removed by 
catalytic hydrogenation. In this procedure 
intermediates II, in a suitable solvent such as 
dioxane-water-ethanol, tetrahydrofuran-diethyl 
ether-buffer, tetrahydrofuran-aqueous dipotassium 
hydrogen phosphate-isopropanol or the like, are treated 
under a hydrogen pressure of from l to 4 atmospheres in 
the presence of hydrogenation catalyst such as 
palladium on charcoal, palladium hydroxide, platinum 
oxide or the like, at a temperature from 20° to 4o0 c, 
for 0.2 to 4 hours. Protecting groups such as 
2,2,2-trichloroethyl may be removed by mild zinc 
reduction. The allyl protecting group may be removed 
by using a catalyst comprising a mixtu~e of a zero 
valent palladium. compound and triarylphosphine in a 
suitable aprotic solvent such as tetrahydrofuran, 
methylene ch~oride or diethyl ether. Similarly, other 
conventional carboxyl protecting groups may be removed 
by methods known to those skilled in the art. 

Thus, in step 2, carbapenem. esters of general 
formula II are deblocked according to the nature and 
chemical reactivity of their ester group to form the 
carbapenem of qeneral formula I, wherein R

0
, R1 , R2 , 

R3 , Z and n are as defined hereinbefore. The meth~d of 
product isolation in Step 2.will vary on the method of 
deblocking used. But all methods used in the 
transformation follow.convent~onal techniques in the 
art including chromatography and lyophilization. 
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It is usual to isolate carbapenems of formula I as 
an alkali metal salt wherein R3 is a lithium, sodium or 
potassium ion or as a water soluble zwittericnic 
species, whereby R3 represents a proton er the cationic 
component of an internal salt pair dependent on the 
nature of the R2 substituent. 

Compounds of formula I wherein R3 is a 
physioloqically hydrolyzable ester such as 
acetoxymethyl, pivaloyloxymethyl, methoxymethyl, etc., 
may be administered directly to the host without 
deblocking-since such esters are hydrolyzed in vivo 
under physiological conditions. 

Several synthetic routes are employed to prepare 
the various isomeric thiol entities of general formula 
IV and halo-substituted heterocycles of general formula 
IX which are utilized in Step 1 of Schemes I, II, and 
III. The following.synthetic schemes demonstrate 
preferred synthesis of compounds IV and IX. 
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SCHEME IV 

5 BnOCH2CH(OEth 
v l 2N H2SO, 

Refluit 

BnOCH2CHO 
VI 

10 l ~Mgllr 
Ph,,,,....O~ 

!· OH 
vu 

l Br2 I CCI, 

15 Ph,,,,....O~Br 
OH Br 

VIII 

Ca(OJl)2 • CaBr2 
11 ~O/MeOJ f.'Renu:a: 

20 

OOCH~ ~OCll2Ph 
. 

-Br Br 
25 IX x l _ KSAclCU3CN l KSAc/CJl3CN 

r-OCH .. Ph POCH:'.~ 
(j 

30 -SAc SAc 
XI XII l Me3SiI 

(!)M~;H 
35 ~OH 

-SAc SAc 
xm XIV 



=~=~~-~---=-·•"""'~-~--~·· =•v•-....=-~~~--~---~-.-c-"7 •. . ·7".: ··-C-·· ~~-~~~-• ....,, •• ,,-,---.~--·-cc·-:--::· ------:··· ~======""-----=-=·-=---=--=-==·--:::___---~~· •---~·---··--

5 

10 

15 

20 

25 

30 

35 

-101-

In accordance with Scheme r.v, benzyloxyacetalde­
hyde diethyl acetal is _hydrolyzed with dilute sulfuric 
acid 9ivin9 benzyloxyacetaldehyde, which is then 
reacted with allyl maqnesium bromide to give 
l-phenylmethoxy-4-penten-2-ol. This alcohol, is 
brominated with bromine in carbon tetrachloride or 
dichloromethane at -20°c to o0 c to give 
4,5-dibromo-l-(phenylmethoxy)-2-pentanol. This dibromo 
alcohol, in aqueous methanol, is cyclized with calcium 
hydroxide in the presence of calcium bromide, to give a 
racemic mixture of trans and cis-4-bromo-2-
[ (phenylmethoxy) methyl] tetrahydrofuran, IX and X 
respectively, which is separated by flash column 
chromatography usinq silica gel. The trans bromide, 
IX, is reacted with potassium thioacetate, in a dipolar 
aprotic solvent, to give cis-[5-[(phenylmethoxy)­
methyl]-3-tetrahydrofuranyl]ethanethioate, XI. The 
thioacetate, XI, is reacted with iodotrimethylsilane to 
give cis-[S-(hydroxymethyl)-3-tetrahydrofuranyl)ethane­
thioate, XIII. In the same manner, the cis bromide, X, 
is converted to the trans-(S-(hydroxymethyl)-3-tetra­
hydrofuranyl]ethanethioate, XIV. 

In accordance with Scheme V, the cyclization of 
1-phenylmethoxy-4-penten-2-ol with iodine in the 
presence of sodium bicarbonate gives a racemic mixture 
of cis and trans-S-(iodomethyl)-3-tetrahydrofuranols, 
XV and XVI, which is separated by flash column 
chromatography using silica gel. 

The optically active tetrahydrofuran derivatives 
are prepared according to Scheme v. 
Benzyloxyacetaldehyde is reacted with optically active 
2-allyl-1,J,-2-dioxaborolane-4,5-dicarboxylic acid 
ester, XVII, to give optically pure 
(S)-1-phenylmethoxy-4-penten-2-ol, XVIII. Cyclization 
of alcohol, XVIII, with iodine in the presence of 
sodium bicarbonate gives a mixture of optically pure 
2,5-anbydro-1,3-dideoxy-1-iodo-D-threopentitol, XIX, 
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SCHEME V 
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and 2,5-anhydro-l,3-dideoxy-l-iodo-D-erythro-pentitol, 
XX, which is separated py flash chromatoqraphy using 
silica gel. 

SCHEME VI 

(_,,o,r OCH2Ph ___ _ u Me3Sil Lf~ 
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In accordance with Scheme VI, the bromide, 
x-trans, is reacted with iodotrimethylsilane to give 
(+/-)-4-bromo-2-tetrahydrofuranmethanol, XXI, which is 
oxidized with Jones reagent to qive 2,5-anhydro-4-
bromo-3 ,4-dideoxy-D-erythro-pentonic acid, XXII. The 
bromide, XXII, is reacted with phenylmethyl 
1-piperazinecarboxylate, in the presence of 
1,3-dicyclohexylcarbodiimide, to give phenylmethyl 
4-(2,5-anhydro-4-bromo-3,4-dideoxy-D-erythro-pento­
noyl)-1-piperazinecarboxylic acid ester, XXIII, which 
is then·reacted with potassium thioacetate, in a 
dipolar aprotic solvent, to give phenylmethyl 
4-(4-S-acetyl-2,5-anhydro-3-deoxy-4-thio-L-threo-pento­
noyl)-l-piperazinecarboxylic acid ester, XXIV. 

NaOM~ fl cq) 

Mc011. ere 

TMSl 

Br 

XXVI 

SAc 

xxvm 
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In accordance with Scheme VII, 4,5-dibromo-l­
phenylmethoxy-2-pentanol is reacted with triflic 
anhydride, in the presence of pyridine, to give the 
desired triflate which is then reacted with thio acetic 
acid, in the presence of diisopropylethyiamine, to give 
S-[J,4-dibromo-1-[(phenylmethoxy)methyl]butyl]ethane­
thioic acid ester, xxv. The dibromo thioacetate, XXV, 
is treated with one.equivalent of sodium methoxide, in 
methyl alcohol, to give 4-bromotetrahydro-2-[(phenyl­
methoxy)methyl]thiophene, XXVI, which is reacted with 
potassium thioacetate, in a dipolar aprotic solvent, to 
give tetrahydro-5-[[{phenylmethoxy)methyl]-3-thienyl]­
ethanethioic acid ester, XXVII. The thioacetate, 
XXVII, is reacted with iodotrimethylsilane, in 
chloroform, to qive a mixture of tetrahydro-5-(iodo­
methyl)-3-thienyl ethanethioic acid ester, XXVIII, and 
tetrahydro-5-(hydroxymethyl)-J-thienyl ethanethioic 
acid ester, XXIX, which is separated by flash column 
chromatography using silica gel. 

In Scheme VIII, the thioacetate, XIII from Scheme 
IV, and the alcohol, XVI from Scheme v, are converted 
to the azido derivative, XXXIII. 
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SCHEME YIII 
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The thioacetate, XIII, is reacted with triflic 
anhydride, in the presence of pyridine, to qive the 
desired triflate, XXX, which is then reacted with 
tetrabutylammonium azide to qive cis(+/-)-S-[5-(azido­
methyl)-3-tetrahydrofuranyl]ethanethioic acid ester, 
DCCI. 

Alternatively, the alcohol, XVI, is reacted with 
tetrabutylammonium azide to qive the desired azide 
which is then reacted with triflic anhydride, in the 
presence of pyridine, to qive the· desired triflate, 
DCCII. The triflate, XXXII, is reacted with potassium 
thioacetate in acetonitrile to qive the thioacetate, 
DCCI. The thioacetate, XXXI, is then reacted with 
sodium methoxide, in a mixture of methanol and 
tetrahydrofuran, to qive cis-(+/-)-5-azidomethyl)-3-
tetrahydrofuranthiol, XXXIII. 
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SCHEME IX 
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Scheme IX outlines synthetic methods common in the 
art that ensure access to other thiol conqeners with 
the qeneral formula IV-1 to IV-3 and halo-substituted 
beterocycles of general formula IX-1 to IX-3. 

The mono-substituted lactone, xxxrv, serves as the 
starting point for the above-mentioned compound 
classes. It will be appreciated that XXXIV is a 
representation of the followinq reqioisomers: 

C( 
(CHz),lz 

IU IY-1 

p:-
lz(CHaJ. 

llllY-Z llllY-J 

In addition, the asymmetric ring carbon bearing the 
R2-CCH2)n- fragment may have the R or s 
stereochemistry, wherein n and R2 are as defined 
hereinbefore. The preparation of lactones with general 
formula XXXIV utilizes basic synthetic techniques that 
are common in the art. 

In Step 1 - Scheme IX, the lactone, XX.XIV, is 
reduced via a standard .diisobutylaluminum hydride or 
equivalent.reduction in the art to the corresponding 
lactol, xxxv. This lactol, in turn can be treated with 
the sequence of reagents in Steps 2-4 as per the 
example of M.R.Dyson et al., carbohydrate Research, 
Vol. 216, pp237-48 (1991) to form the dithioqlycoside 
XXXVI. In Step s, this dithioqlycoside is converted to 
the 2-brcmo-thioglycoside, XXXVII by bromine and carbon 
tetrachloride accordinq to the method of M. R. Dyson et 
al, iL.. ~ Cbem., Vol 34, pp2782-86 (1991). The 
2-~romo-thioqlycoside, XXXVII, thus formed 
(representative of the halo-substituted heterocycles of 
general formula IX-1 to IX-3) can be utilized in the 
carbapenem synthesis outlined in Scheme III. 
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In steps 6 and 7 of Scheme IX, the lactol of general 
formula XXXV is converted to the 
2-chlorotetrahydrofuranyl derivative of formula XXXVIII 
by stepwise treatlnent with 4-nitrobenzoyl chloride and 
hydrogen chloride gas. Both procedures are common in 
the art and are described in detail by Baker and 
Fletcher in J.org.Chem., Vol. 24, 4605 (1961) and 
Stevens, Ness and Fletcher in J,Orq.Cbem., Vol 33, 
1806-09 (1968) respectively. The 
2-chlorotetrahydrofuran of formula XXXVIII is 
sequentially treated with potassium thioacetate and 
then by sodium methoxide in steps 8 and 9. The 
tetrahydrofuran thiol product XXXIX, representative of 
the thiols of general formula IV-1 to IV-3, can be 
utilized in the carbapenem synthesis outlined in 
Schemes I and II. 
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SCHEMB X 

HOO M~io 0, 
~isCl/Py Li N 3{ J ~q.)/D 1\1 F 

r. t. 70° . . i -OH OMs 

)«.. XU· 

N,18 NJ 
0 

KSAc/DMF/toluene 

65° --OMs SAc 

Xl.lI XLllI 

1,2-Dideoxy-D-ribose, XL, is prepared accordinq to 
M. Takeshita et al, J.Biol.Cbem· (1987), 262(21), 

30 10171. 

35 

In accordance with Scheme X, 1,2-dideoxy-D-ribose 
is reacted with excess methanesulfonyl chloride in 
pyridine to qive dimesylate XLI, which is reacted ~ith 
one equivalent of lithium azide in dimethylformamide to 
qive azido derivative XLII. 'l'he azido derivative XLII 
is then reacted with potassium thioacetate in a mixture 
of dimethylformamide and toluene ~o qive the desired 
thioacetate XI.III. 
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SCBEME XI 
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In accordance with Scheme XI, 2,5-dihydrofuran is 
reacted with m-chloroperbenzoic acid in methylene 
chloride to qive epoxide XLIV, which is then reacted 
with diethylaluminium cyanide in toluene to qive the 
cyanoalcohol XLV. The cyanoalcohol XLV is mesylated 
with methanesulfonyl chloride in the presence of 
triethylamine to give cyanomesylate XLVI, which is then 
reacted with 4-methoxybenzyl mercaptan and sodium 
hydride in tetrahydrofuran to qive the cyanothioether 
XLVII. Reduction of the cyanothioether with diborane 
in tetrahydrofuran gives aminomethylthioether XLVIII, 
which is then reacted with 4-nitrobenzyl chloroformate 
in the presence of diisopropylethylamine in 
tetrahydrofuran to give protected aminomethylthioether 
XLIX. Treatment of the protected aminomethylthioether 
XLIX with mercuric trifluoroacetate and anisole in 80% 
aqueous acetic acid, followed by treatment with 
hydrogen sulfide gives the desired thiol L. 



.... :...... .. ~ ... 

-114-

SCftEME XII 
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As an alternate synthetic route to Scheme IX, 
Scheme XII outlines complimentary methods common in the 
art to access thiol conqeners with qeneral formula IV-1 
to IV-3 and halo-substituted heterocycles of qeneral 
formula IX-1 to IX-3. In step 1 of Scheme XII, the 
thiolactol LI is prepared from the lactone XXXIV usinq 
the synthetic sequence of J. A. Secrist et al. in~ 
~Chem., Vol 35, pp 533-538 (1992). Treatment of 
the thiolactol LI with anhydrous hydrochloric acid in 
step 2 represents one way to access the requisite 
2-chlorotetrahydrothiophene LII, representative of the 
halo-substituted heterocycles of qenerai formula IX-1 
to IX-3, which can, in turn, be utilized in the 
carbapenem synthesis outlined in Scheme III. 

The lactone XXXIV can also be converted to the 
thiolactone LIII usinq Lawessons' reaqent in step 3 of 
Scheme XII. The procedure found to be most useful in 
this step is that of s. Scheibye et al., Tetrahedron, 
Vol 35, pp 1339-43 (1979). In step 4 of Scheme XII, 
the thiolactone LIII is reduced with lithium 
triethylborohydride usinq the procedure of A. G. M. 
Barrett.et al, ~. Qxg. ~., Vol 54, pp 2275-2277 
(1989). The thiolactol LIV thus formed, 
representative of the thiols of qeneral formula IV-1 to 
IV-3, can be·utilized in the carbapenem syntheses 
outlined in Schemes I and II. 

..... 
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In accordance with Scheme XIII, 1,2-0-isopropyli­
dene-D-xylofuranose LV is reacted with excess 
p-toluenesulfonyl chloride in the presence of a 
catalytic.amount of 4-dimethylaminopyridine in pyridine 
to qive ditosylate LVI, which is treated with 3% 
hydrochloric acid in methanol under reflux to qive 
p-toluenesulfonyl dimethyl acetal LVII. The p-toluene­
sulfonyl dimethyl acetal LVII is reduced with 10 
equivalent of lithium triethylborohydride in 
tetrahydrofuran to give dimethyl acetal LVIII, which is 
hydrolyzed with Dowex resin in water to qive aldehyde 
hydrate LIX. 

In the foregoing word description of the above 
schematic reaction diagrams for the synthesis of 
(3-tetrahydrofuranyl)carbapenem and (3-tetrahydro­
thienyl)carbapenem antibacterials, it is understood 
that there is latitude in selection of precise reaction 
parameters. Sugqestion of this latitude and its 
breadth is qenerally indicated by the enumeration of 
equivalent solvent systems, temperature ranges, 
protecting groups, bases (organic and inorganic), and 
range of identities of involved reagents. 
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Example 1 
CPhenylmethoxylacetaldebyde 

....................... 

A stirrinq mixture of 100 q of 
benzyloxyacetaldehyde diethyl acetal, 500 ml of 
tetrahydrofuran and 400 ml of 2N sulfuric acid is 
heated at reflux temperature for 45 minutes. The 
resultinq solution is cooled to room temperature, 
concentrated in yacuo to 400 ml volume and diluted with 
1000 ml of chloroform. The orqanic layer is washed 
with water, cold saturated sodium bicarbonate, 
saturated sodium. chloride and dried. The filtrate is 
evaporated J.n vacuo to qive the product as an oil. The 
crude oil is purified by Kugelrohr distillation (bath 
temperature 100°c) to give 59.0 q of the desired 
product as a colorless oil. 
1H NMR(CDCl3):6 9.73(t,1H): 7.36(m,SH): 4.63(s,2H): 
4.ll(d,2H). 
IR(neat): 1736 -1 cm • 

Example 2 

l-CPhenylmethox:yl-4-penten-2-ol 
To a stirring o0 c solution of 59.0 q of pro­

duct from Example l in 375 ml of diethyl ether is 
added, dropwise, 432.24 ml of 1M allylmagnesium bromide 
in ether. The reaction is stirred at o0 c for l hour, 
followed by overnight stirring at room temperature. 
The reaction is cooled to o0 c, hydrolyzed with 
saturated ammonium chloride, and the layers are 
separated. The orqanic layer is washed with saturated 
sodium chloride, dried and concentrated in vacuo to 
give the product as an oil. The crude oil is purified 
by Kugelrohr distillation (bath temperature ioo0 c) to 
give 61.5 q of the desired product as a colorless oil. 
1H NMR(CDCl3):6 7.34(m,5H): 5.82(m,1H); 5.08(m,2H): 
4.56(s,2H); 3.88(m,1H); 3.44(ABq,2H); 2.27(t,2H); 
1.7(bs,1B). 
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Example 3 
4.5-Dibromo-1-Cphenylmetboxyl-2~pentanol 

Usinq anhydrous conditions, 28.0 q of product 
from Example 2 in 40 ml of carbon tetrachloride, is 
cooled to -20°c. A solution of 7.88 ml of bromine in 
10 ml of carbon tetrachloride is added, dropwise, over 
50 minutes while maintaininq the temperature at -20°c. 
Viqorous stirrinq is required throuqh out the addition 
to avoid local overheatinq of the reaction mixture. At 
the end of the addition, the reaction mixture turns red 
and the reaction is complete. The mixture is 
concentrated in yagµo to give an oily residue. The oil 
is purified by chromatography (Silica Gel: 10% ethyl 
acetate/hexane to 20 t ethyl acetate/hexane) to qive 31 
q of the desired product as a liqht yellow oil, which 
is a mixture of 2 isomers. 
1H NMR(CDCl3): Isomer I:6 7.35(m,5H); 4.55(s,2H); 
4.S(m,lH); 4.l(m,lH); 3.SS(dd,lH); 3.65(dd,1H); 
3.S(dd,lH); 3.38(dd,1H); 2.6(bs,1H, OH); 2.25(m,1H); 
1. 7(m,1H); 
Isomer II:6 7.4(m,SH): 4.52(m,2.5H); 4.26(m,0.5H); 
4.05(m,lH); 3.7(m,2H): 3.S(dd,lH); 3.JS(dd,lH); 
2.75(s,1H,OH); 2.22(m,1H); 2.l(m,lH). 

Example 4 
Trans-C+/-l-4-Bromotetrahydro-2-[Cphenylmethoxyl­

methyllfuran 
and 

cis-C+/-l-4-Brgmotetrahydro-2-[Cphenylmethoxylmethyl] 
furan 

A solution of 10.0 q of product· from Example 
3 in 25 ml of methyl alcohol is diluted with 50 ml of 
distilled water. To this heteroqeneous mixture is added 
1.6 q of calcium hydroxide followed by 16.95 g of 
calcium bromide. The reaction is stirred vigorously 
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while heatinq in an oil bath, at 100°c, for 24 hours. 
The internal temperature is maintained at ss0 c. The 
reaction is cooled, extracted with methylene chloride, 
filtered thru diatomaceous earth and the layers 
partitioned. The orqanic layer is washed with water 
and saturated sodium chloride, dried and concentrated 
in yacuo to qive 7.18 q of an oil. The oil is purified 
by chromatoqraphy (Silica Gel: 5 i ethyl 
acetate/hexane) to give 2.82 g of the trans-isomer and 
2.89 g of the cis-isomer. 
1H NMR(CDC13) trans-Isomer:& 7.JS(s,SH); 4.6(s,2H); 
4.4S(m,2H); 4.3(dd,1H): 4.04-4.l(dd,lH); · 
3.6-3.65(dd,1H); 3.5-3.57(dd,1H); 2.3(m,2H); 
cis-Isomer:& 7.36(m,SH); 4.6(d,2H); 4.3-4.42(m,1H); 
4.12-4.25(m,1H); 4.0-4.12(m,2H); 3.5S-3.7(m,2H); 
2.ss-2.1cm,1H); 2.os-2.2cm,1H). 

Example 5 

Etbanethioic acid 
trans-(+/-l-S-[tetrahydro-5-f (phenylmethoxylmethyll­

;J-furanyl]ester 
To an argon purged solution of 2.17 q of the 

cis-isomer from Example 4 in 25 ml of dry acetonitrile 
is added 0.96 g of potassium thioacetate. The reaction 
is heated at reflux temperature for 16 hours, cooled, 
filtered and diluted with ethyl acetate. The solution 
is washed with saturated sodium chloride, dried and 
concentrated in vacuo to give 2.16 g of a yellow oil. 
The crude oil is purified by chromatography (Silica 
Gel: 5-lOt ethyl acetate/hexane) to give 1.72 q of the 
desired product. 
1H NMR(CDC13):6 7.3S(s,SH); 4.6(s,2H); 
4.28-4.32(dd,1H); 4.18-4.25(m,1H); 3.98-4.0S(m,lH); 
3.6-3.68(dd,1H); 3.52(m,3H); 2.32(s,JH,Ac); 
2.16-2.27{m,1H); l.89-l.98(m,1H). 

.·.~ ...... -~·· 
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Example 6 

Etbanetbioic acid 
trans-(+/-)-S-[tetrahydro-5-Chydroxymethyll-3-furanyll­

ester 

Using anhydrous conditions and under _an argon 
flush, 0.80 g of product from Example 5 is dissolved in 
11 ml of chloroform. The reaction mixture is cooled to 
2°c and 0.47 ml of iodotrimethylsilane is added, via 
syringe. The reaction is stirred overnight at 2°c. 
Upon completion of the reaction, o.49 ml of methyl 
alcohol is ad~ed, the reaction is stirred for 15 

minutes longer and concentrated in vacµo; The residue 
is purified by chromatography (Silica Gel: 20-50% ethyl 
acetate/hexane) to give 0.406 g of the desired product 
as a colorless oil. 
1H NMR(CDC13 ):6 4.26-4.Jl(dd,lH)J 4.15(m,1H)1 

4.0(m,lH)J 3.7-3.78(dd,lH)1 3.6-3.68(dd,lH)1 

3.5-3.58(dd,1H)1 2.32(s,3H,Ac)1 2.19-2.29(m,1H)1 

1.86-l.96(m,1H)1 1.75(bs,1H,OH). 

Example 7 
Ethanethioic acid 

trans-(+/-l-S-[5-[[Caminocarbonylloxy]meth,yl]tetra­
bydro-3-furanyl)ester 

0 . 
To a -20 c solution, under argon, of 0.406 q 

of product from Example 6 in 30 ml of methylene 
chloride is added 0.3 ml of trichloroacetyl isocyanate. 
The reaction is followed by thin layer chromatography 
(tlc). When reaction is complete, 1.16 ml of acetic 
acid, o.54 ml of water and 9.84 ml of 1M tetrabutyl­
ammonium fluoride in tetrahydrofuran is added. The 
mixture is stirred at room temperature overnight 
followed by concentration in vacuo. The residue is 
purified by chromatography (Silica Gel: 50% ethyl 
acetate/hexane) to ~ive 0.430 q of the desired product. 
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1H NMR(CDCl3):6 4.S(bs,2H,NH2); 4.2-4.32(m,JH); 
4.05(m,2H); 3.62(dd,1H); 2.32(s,3H,Ac); 2.25(m,lH); 
2.0(m,lH). 
Ref.: Journal of Labe1led Compounds and 
Radiopharmaceuticals, Vol. XXIV, No. 1, p. 41, 1987. 
IR(KBR); 1686 cm-1 (broad). 

Example 8 

Etbanethioic ocid 
cis-C+l->-s-tetrahydro-5-CCphenylmethoxy)metbyl]-3-

furanylJester 
· The title compound is prepared by the proce­

dure of Example 5 usinq 2.11 q of trans-isomer product 
from Example 4, 0.96 q of potassium thioacetate and 25 
ml of acetonitrile to qive 1.86 q of the desired 
product. 
1H NMR(CDC13):& 7.38(s,5H); 4.6(s,2H); 4.15(m,2H); 
4.0(m,lH); 3.74(dd,1H); J.53(d,2H), 2.45(m,1H): 
2.32(s,JH,Ac); l.65(m,1H). 

Example 9 

Ethanethioic acid 
cisC+/-l-S-[tetrahydro-5-(hydroxymethyll-3-furanyl]­

ester 
The title compound is prepared by the proce­

dure of Example 6 usinq 0.600 q of product from Example 
8, 0.35 q of iodotrimethylsilane, 8 ml of chloroform 
and 0.37·lill of methyl alcohol to give 0.310 q of the 
desired product. 
1H .NMR(CDC13):& 4.13-4.2(dd,1H); 3.98-4.12(m,2H); 
3.7-3.8(m,2H); 3.52-3.6l(dd,1H); 2_.38-2.48(m,'.i-H); 
2.38(s,3H,Ac); l.9(bs,1H,OH); l.65-l.78(m,lH). 
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Example 10 
Ethanetbioic a;id 

cis-C+/-l-S-[5-[CCaminocarbonylloxy)metbylltetrahydro-
3-furanyllester 

The title compound is prepared by the proce­
dure of Example 1 usinq 0.28 q of product from Example 
9 in 20 ml of methylene chloride, 0.208 ml of 
trichloroacetyl isocyanate, o.so ml of acetic acid, 
6.79 ml of lM tetrabutylammonium fluoride in 
tetrahydrofuran and o.37 ml of water to qive 0.320 q of 
the desired product. 
1 H NMR(CDCl3):& 4.6-4.85(bs,2H,NH2); 4.12-4.28(m,3H); 
3.98-4.l(m,2H); 3.7-3.S(dd,lH); 2.43-2.56(m,1H); 
2.32{s,3H,Ac); l.SS-l.7(m,1H). 
Ref.: Journal of Labelled compounds and 
Radiopharmaceuticals, Vol. XXIV, No. l, p. 41, 1987. 

Example 11 

1 * * . f2R-[2a phaCR l .3betaCR l]l-3-[1-[(Cl,l-D1methylethyll-
dimethylsilyl)oxy)ethvl]-qamm.a-methyl-beta.4-dioxo-2-
azetidinebutanoic acid C4-nitrophenyllmethyl ester 

. * * Nine qrams of [2S-[2alpha(S ),3beta(S )]J-3-
[1-[[(l,l-dimet~ylethyl)dimethylsilyl]oxy]ethyl]-alpha­

methyl-4-oxo-2-azetidineacetic acid is suspended at 
room temperature, under arqon flush, in 266 ml of dry 
acetonitrile. To this suspension is added 5.79 q of 
carbonyldiimidazole and the resultinq clear solution 
is stirred for 30 minutes. Twenty-eiqht qrams of 
p-nitrobenzylmalonate maqnesium salt (dried in vacuo 
over P2o5 for 1 week) is added and.the reaction is 
heated at 6s0 c for 3 hours. The reaction is 
concentrated in vacuo, diluted with methylene chloride 
and filtered. The filtrate is washed with saturated 
sodium chloride, dried and concentrated in vacuo to 
qive 9.7 q of a yellow oil. The residue is purified by 
chromatography (Silica Gel: 25-45t ethyl 
acetate/hexane) to qive s.2 q of· a crystalline solid. 
1!! NMR indicates 35t in the enol form. 
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1if NMR{CDC1
3 ):6 ll.93(d,minor isomer); 8.24(d,2H); 

7.53(d,2H); 5.97{d,1H); 5.27(s,2H); 3.7-4.25(m,2H); 
3.64{s,ca. 2H major isomer); 2.95(m,1H): 
l.13-l.28(m,6H); 0.87(d,9H); 0.06(m,6H). 

Example 12 
* * [2R-[2alphaCR l.JbetaCR l]J-3-Cl-Hydroxyethyll-qam:ma-

methyl-beta.4-dioxo-2-azetidinebutangic acid 
C4~nitrophenyl>methyl ester 

To a stirring o0 c solution, under argon, of 
3.7 g of product from Example 11 in 40 ml of methyl 
alcohol is added 2.5 ml of concentrated hydrochloric 
acid. The reaction is stirred for 3 hours as the 
temperature rises to room temperature. The mixture is 
concentrated to 1/3 volume, diluted with ethyl acetate, 
poured into cold saturated sodium bicarbonate solution 
and extracted. The organic layer is washed with 
saturated sodium chloride, dried and concentrated in 
vacuo to give 2.61 g of a sticky solid. The residue is 
purified by chromatography (Silica Gel: ethyl acetate) 
to give 1.91 g of the desired product as a colorless 
oil which solidifies on standing. 
l H NMR(CDC1

3
):6 8.2S(d,2H); 7.55(d,2H); 5.88(bs,1H); 

5.28(s,2H): 4.lS(m,lH); 3.Sl(m,lH); 3.65(d,2H); 
2.90(m,2H); l.31(d,3H); 1.26{d,3H). 

Example 13 
4-Dodecylbenzenesulfonyl azide 

To a stirring solution of 0.38 g of 
4-docecylbenzenesulfonyl chloride in 1.9 ml of acetone 
is added 0.09 g of sodium azide. The resulting 
suspension is stirred at room temperature for 2 hours, 
followed by carefully concentrating the mixture in 
vagµo. The resulting orange oil is purified by 
chromatography (Silica Gel: hexane-20% methylene 
chloride/hexane) to give 0.22 g of pure product as a 
colorless oil. 
Ref.: Synthetic Comm., 11(12), 947 (1981). 
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1K NMR(CDC13):6 7.87(d,2B); 7.56(d,2B); 
0.6-l.7(m,25B). 
IR(neat): 2125 cm-1 • 

Example 14 

* * [2R-f2alphaCR l,3betaCR ll]-alpha-Diazo-3-Cl-bydroxy-
etbyl>-gnmma-methyl-beta.4-dioxo-2-azetidinebutanoic 

acid f 4-nitrophenyllmetbyl ester 
To a stirrinq room temperature solution, 

under argon, of 0.270 g of product from Example 12 in 
3.2 ml of dry acetonitrile is added 0.327 g of 
triethylamine and 0.427 q of product from Example 13. 
The reaction is stirred for 45 minutes, diluted with 
ethyl acetate, washed with water, saturated sodium 
chloride, dried and filtered to give an oil. The oil 
is purified by Chromatoqraphy (Silica Gel: 5-10% 
acetone/Chloroform) to qive 0.230 g of the desired 
product. 
1H NMR(CDC13):6 8.26(d,2H); 7.5S(d,2H); 5.95(bs,1B); 
5.37(s,2H); 4.14(m,1H); 3.55-3.9(m,2H); 2.9l(m,1B); 
2·.45(bs,1H); l.3l(d,3H); 1.22(d,3B). 

Exa1gple 15 

* [4R-[4alpha.5beta,6betaCR l]J-3-

[CDiphenoxyphosphinylloxy]-6-Cl-Chydroxve)hYll-
25 4-methyl-7-oxo-1-azabicycloC3.2.0]hept-2-ene-2-carb-

oxylic acid C4-nitrophenylmethyl ester 
For 10 minutes, argon is bubbled through a 

suspension of 0.10 g of product from Example 14, 6 ml 
of dry cyclohexane and a catalytic amount of rhodium 

30 diacetate. The reaction is then heated at so0 c, under 
argon :for 30 minutes, 1 ml of ethyl acetate is added 
and the heating continued for an additional hour. The 
suspension is cooled to room temperature, diluted with 

35 
ethyl acetate and filtered through a pad of hydrous · 
magnesium silicate. The filtrate is concentrated in 
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Vftcyo and the residue is dissolved in 1 ml of dry 
acetonitrile and is called intermediate 1SA. The 
solution (lSA), under argon, is cooled to o0 c and 51 
microliter of diphenylphosphoric chloride and 43 
microliter of N,N-diisopropylethylamine, herein after 
called Huniq's base, is added. The reaction is stirred 
at o0 c for 1 hour ~nd then concentrated in vacuo to 
qive 0.185 q of the product as an oranqe oil. The 
residue is purified by chromatography (Silica Gel: 
5-10% acetone/chloroform) to qive. 0.045 q of the 
desired product as a white solid. 
1H NMR(CDC13):6 8.1S(d,2H); 7.S8(d,2H);· 7.29(m,10H); 
5.2 and 5.35(q,2H); 4.l-4.4(m,2H); 3.S(m,lH); 
3.3(m,1H); l.34(d,3H); 1.24(d,3H). 

Example 16 
cis-C+/-l-Tetrahydro-4-mercgpto-2-furaomethanol 

2-carbamate 
Under anhydrous conditions, 0.109 q ~f product 

from Example 10 dissolved in 1.75 ml of tetrahydro­
furan, cooled in an ice bath, is treated, via syrinqe, 
with 120 microliter of sodium methoxide/methanol (25 
wt% in methanol). The progress of the reaction is 
monitored by thin layer chromatoqraphy. After 20 
minutes, 280 microliter of 1.86N hydrochloric 
acid/isopropyl alcohol is added and the reaction is 
stirred for 5 minutes. The reaction is concentrated in 
vacuo to qive the desired product as a white solid 
which is used as is in the followinq reaction. 

Example 17 
* * * * * C4R-[3(3R .SR and 3S .SS )4alpha.5beta,6betaCR l]J-

3-[CSCCCAm.inocarbonylloxy]methyl]tetrahydro-3-furanyl]­
thioJ-6-Cl-hydroxyethyll-4-metbyl-7-oxo-1-azabicyclo­
[3.2. 0]hept-2-epe-2-carboxylic agid C4-nitrophenyll­

methyl ester 
To a -20°c solution, under argon, of 0.297 q 

of product from Example 15 in 2.5 ml of acetonitrile, 
is added 61 microliter of Huniq's base, and o.089 q of 
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product from Example 16 suspended in 2.5 ml of 
acetonitrile. The reaction is stirred overnight and 
allowed to warm to room temperature. The mixture is 
concentrated in yagyo and purified by chromatography 
(Silica Gel: 80% ethyl acetate/acetone) to give 0.135 g 
of the desired product. 
1H NMR(CDC1 3):o 8.3(d,2H); 7.7(d,2H); 5.5(d,1H); 
5.25(d,1H); 5.l(bs,2H,NH2); 4.0-4.5(m,7H); 3.8(m,2H); 
3.3(m,1H); 2.5(m,lH); 2.4(bs,1H,OH); l.S(m,O.SH); 
1.7(m,O.SH); l.38(d,3H,Me); l.25(d,3H,Me). 

Example 18 

* * * * * f4R-CJCJR .SR and JS .5S )4alpha.5beta.6betaCR )JJ-

3-([5-[CCAininocarbonylloxy]methylltetrahydro-3-
furanyl]thio]-6-Cl-bydroxyetbyll-4-methyl-7-oxo-
1-azabicyclo[J.2.0lhept-2-@ne-2-carboxylic acid 

monosodium s4lt 
A mixture of 0.181 q of product from Example 

17, 0.032 q of sodium bicarbonate, 2 ml of water, 11 ml 
of dioxane and 0.100 g of 10 % palladium/carbon is 
reduced in a Parr apparatus at 42 psi of hydrogen for 3 
hours. The reaction mixture is filtered through a pad 
of diatomaceous earth, washed with water and 
concentrated to 1/2 volume. The solution is extracted 
with ethyl acetate and the aqueous layer is 
freeze-dried. The product is purified using c18 
reverse phase chromatography (95/5 water/ethyl alcohol) 
to give 0.095 g of the desired product as a yellow 
solid. 
1 H NMR(CDCl3):0 3.4S-4.15(m,9H); 3.2-3.3(m,2H); 
2.32-2.48(m,1H); l.57-1.64(m,O.SH); 1.4-1.S(m,O.SH); 
1.l(d,3H,Me); l.03(dd,3H,Me). 
IR(KBr): 1729 and 1606 cm-1 • 
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Example 19 
trans-C+/-l-Tetrahydro-4-mercapto-2-furamnetbanol 

2-carbamate 
The title compound is prepared by the proce­

dure of Example 16 usinq 0.109 q of product from 
Example 7, 120 microliter of 25% methoxide/methyl 
alcohol, 1.75 ml of tetrahydrofuran, 280 microliter of 
1.86N hydrochloric acid/isopropyl alcohol to qive the 
desired product as a white solid. 

Example 20 
* * * * * [4R-[3(3R .SS and 3S .SR l4alpha.Sbeta.6betaCR )JJ-

3-[[5-f[CAininocarbonylloxylmethyl)tetrahydro-3-
furanyl]thiol-6-(1-hydroxyethyll-4-methyl-7-oxo-l­

azabicyclo[J.2,0lhept-2-ene-2-carboxylic acid 
C4-nitrophenyllmetbyl ester 

The title compound is prepared by the proce­
dure of Example 17 using 0.089 g of product from 
Example 19 in 2.5 ml of acetonitrile, 0.297 g of 

20 product from Example 15 in 2.5 ml of acetonitrile, and 
61 microliter of Hunig's base to give 0.126 q of the 
desired product as a white solid. 
l H NMR(CDCl3):& 8.3(d,2H): 7.7(d,2H): s.s(d,lH): 
5.25(d,1H): 5.l(bs,2H,NH2): 4.0-4.3(m,7H): 3.8(m,2H): 

25 3.3(m,1H): 2.S(m,lH); 2.4(bs,1H,OH): 1.S(m,O.SH); 
l.7(m,0.5H): l.38(d,3H,Me): l.25(d,3H,Me). 

30 

35 

Example 21 
* * * * * [4R-[3(3R .SS and 3S .SR l4alpha.Sbeta.6beta(R l]J-

3-[[5-[[(Aminocarbonylloxy)methyl]tetrahydro-3-
furanylltbioJ-6-(1-hydroxyetbyl}-4-methyl-7-oxo-
1-azabicyclo[J.2.0]hept-2-ene-2-carboXylic acid 

monosodium salt 
The title compound is prepared by the proce­

dure of Example 18 using 0.126 g of product from 
Example 20, 0.0223 q of sodium bicarbonate, 1.4 ml of 
water, 7.8 ml of diox~ne,.and_0.070 g of 10% 
palladium/carbon to qive o.oss g of the desired product 
as a yellow solid. 
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1H NMR(CDCl3):6 3.9-4.2(m,6H); 3.6-3.8(m,2H); 
J.2S(m,2H); 2.35-2.49(m,1H); 1.59-l.69(m,0.5H); 
1.42-l.52(m,0.5H); l.12(d,JH,Me): 1.04(dd,3H,Me). 

Exgple 22 
Ethanethioic acid transC+t->-s-rtetrahydro-s-rrrctri­

fluorgmethyllsulfonyl]oxyJmetbylJ-3-furanylJester 
To a o0 c solution of o.535 ml of 

trifluoromethanesulfonic anhydride in 3.75 ml of 
methylene chloride is added, via a syringe, a o0 c 
solution of 0.529 g of product from Example 6 in 0.75 
ml of methylene chloride and 0.243 ml of pyridine. The 
reaction is stirred in an ice bath for 45 minutes; 
durinq which time the progress of reaction is checked 
l:>y thin layer chromatography. The mixture is 
concentrated in vacuo, slurried with ethyl acetate and 
filtered. The filtrate is purified by chromatography 
(Silica Gel: 50% ethyl acetate/hexane) to give 0.799 q 

of the desired product. 
1H NMR(CDC13) :6 4.54-4.6l(dd,lH); 4.41-4.49_(dd,1H) ~ 
4.32-4.4(m,iH); 4.26-4.3l(dd,1H); 4.0-4.l(m,lH): 
3.67-3.75(dd,1H); 2.35(s,3H); 2.l8-2.32(m,1H); 
2.03-2.12(m,1H). 

Example 23 
Ethanethioic acid 

trans-C+/-l-s-rtetrahydro-5-Cphenoxymethyll-
3-furanylJ-este~ 

To a o0 c solution of 0.326 q of phenol, 1.8 
ml of Huniq's base, and 2.5 ml of methylene chloride is 
added, via syringe, 1.07 g of product from Example 22 
in o.so ml of methylene chloride. The reaction is 
stirred in an ice bath for so minutes; durinq which 
time the progress of reaction is .~becked by thin l~yer 
chromatoqraphy. The mixture is concentrated in yacuo, 
dissolved in ethyl ~cetate and washed with sodium 
bicarbonate. The orqanic layer is dried, concentrated 
in yacµo, and purified by chromatpqraphy (Silica Gel: 
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30t ethyl acetate/hexane) to qive 0.532 q of the 
desired product. 
1H NMR(CDCl3):6 7.25(m,.2H); 6.9(m,3H); 4.4(m,1R); 
4.35(dd,1H); 4.l(m,lH); 3.95(dd,2H); 3.7(dd,1H); 
2.33(s,3H,Ac); 2.25(m,lH); 2.0(m,lH). 

Example 24 

trans-C+/-l-Tetrahydro-5-(phenoXY'Jllethyll-3-ty.ranthiol 
The ti~le compound is prepared by the proce­

dure of Example 16 usinq 0.532 q of product from 
Example 23, 506 microliter of 25' sodium 
methoxide/methyl alcohol, 7.5 ml of tetrahydrofuran, 
and 1.18 ml of l.86N hydrochloric acid/isopropyl 
alcohol to qive 0.311 g of the desired product. 
1u NMR(CDCl3):& 7.25(m,2H); 6.9(m,3H); 4.S(m,lH); 
4.2(dd,1H); 3.95(m,2H); 3.6(dd,1H); 3.5(m,1H); 
2.J(m,lH); l.95(m,1H); 1.75(d,1H,SH). 

Example 25 

* * * * * [4R-£3(3R .SS and JS .SR )4alpha,Sbeta.6beta(R ll)-

6-Cl-Hydro:xyethyll-4-methvl-7-oxo-3-(Ctetrabydro-s­
Cphenoxymethyll-J-furanvllthio]-1-azabicyclorJ,2.01-
hept-2-ene-2-carboxylic acid C4-nitrophenyllmethyl 

ester 
The title compound is prepared by the proce­

dure of Example 17 using 0.311 q of product from 
Example 24 in 7.5 ml of acetonitrile, 0.879 g of 
product from Example 15 in 7.5 ml of acetonitrile and 
0.18 ml of Huniq's base to qive 0.349 q of the desired 
product. 
1H NMR(CDC13):& 8.23(d,2H); 7.65(d,2H); 7.3(m,2H); 
6.92{m,3H); 5.5(d,1H); 5.26(d,1H); 4.S(m,lH); 
4.J(m,JH); 4.06(m,2H); 3.9(m,1H); 3.72(m,1H); 
3.4(m,1H); 3.J(dd,lH); 2.38(m,1H); 2.09(m,1H); 
1.32(d,3H,Me); l.29(t,3H,Me). 
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Expple 26 
* * * * * [4R-(3(3R .ss and JS .SR l4alpha.5beta.6betaCR l]J-

6-Cl-Hyd.roxyetbYll-4-:metbYl-7-oxo-3-CCtetrahygro-s­
Cphenoxymethyll-3-furanylJtbioJ-1-azabiQYclo[J.2,01-

hept-2-ene-2-carboxylic acid monosodium salt 
The title compound is prepared by the proce­

dure of Example 18 usinq o.320 q of product from 
Example 25, 0.054 9 of sodium bicarbonate, 3.5 ml of 
water, 8.3 ml of dioxane and 0.166 q of 10% 

pal1adium/carbon to qive 0.052 q of the desired 
product. 
1H NMR(CDCl3):6 7.39{m,2H); 7.07(m,3H); 4.6{m,2H); 
4.2S(m,4H); 4.20(m,1H); 4.0(m,1H); 3.8(m,1H); 
3.43(m,1H); 2.25(m,1H); 2.18(m,1H); l.3(d,3H,Me); 
l.23(m,3B,Me). 

Example 27 

cis-(+/-l-4-Bromotetrahydro-2-furaumethanol 
The title compound is prepared by the proce­

dure of Example 6 using 5.42 q of product from Example 
4, J.13 ml of iodotrimethylsilane, 117 ml of chloroform 
and 5.3 ml of methyl alcohol to give 3.17 q of the 
desired product. 
1H NMR(CDC13):6 4.3-4.S(m,lH); 4.0-4.2(m,JH); 
J.6-3.S(m,2H); 2.1-2.2cm,1H); l.94(br s,lH). 

Exam.ple 28 

Trifluoromethanesulfonic acid 
cis-C+/-l-(4-bromotetrahydro-2-furanyl)methyl ester 

The title compound is prepared by the proce­
dure of Example 22 usinq 3.1 q of product from Example 
27 in 4.5 ml of methylene chloride, 3.05 ml of 
trifluorometbanesulfonic anhydride in 21.5 ml of 
methylene chl·oride, and 1.38 ml of pyridine to qive. 
4.76 q of the desired product. 
1u NMR(CDCl3):6 ·4.55-4.7(m,2H); 4.35-4.46(m.2H): 
4.05-4.2(m,2H);2.7-2.8(m,1H); 2.1-2.2(m,lH). 
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:t;xample 29 
cis-C+/-l-4-Bromo-2-rrC4-fluorgphenylltbioJmethyll­

tetrahydrofux:;an 
The title compound is prepared by the proce­

dure of Example 23 using 4.7 g of product from Example 
28 in 15 ml of methylene chloride, 1.61 ml of 
4-fluorothiophenol in 15 ml of methylene chloride, and 
2.61 ml of Hunig's base to give 3.96 g of the desired 
product as a light yellow oil. 
l H NMR(CDCl3):6 7.35-7.48(m,2H); _6.9-7.l(m,2H): 
4.32-4.5(m,1H); 4.0-4.lS(m,JH): 3.2-3.32(m,1H); 
3.05-3.lS(m,lH): 2.62~2.78(m,1H); 2.1-2.25(m,1H). 

Example 30 
cis-C+/-l-4-Bromo-2-rr<4-fluorcmhenyllsulfonyl]­

methylltetrahydro;furan 
A mixture of 3.3 g of product from Example 

29, 174 ml cf glacial acetic acid and 46.5 ml cf 30% 
hydrogen peroxide is heated at ioo0 c fer 0.5 hour. The 
reaction mixture is concentrated in vacµo and purified 
by chromatcqraphy (Silica Gel: 50% ethyl 
acetate/hexane) to give 3.4 q of the desired product as 
a white solid. 
1H NMR(CDCl3):6 7.93-8.0(m,2H); 7.21-7.28(m,2H); 
4.42-4.56(m,1H); 4.37-4.4l(m,lH); 3.97-4.0S(m,2H): 
3.64-3.7l(dd,1H); 3.41-3.47(dd,1H); 2.75-2.SS(m,lH); 
2.20-2.3(m,1H). 

Example 31 
Ethanetbioic acid 

trans-C+t->-s-r5-[[C4-fluorophenyllsulfonvl)methvl]­
tetrahydrc-3-furanyl]ester 

The title compound is prepared by the proce­
dure of Example 5 using 0.969 9 of product from Example 
30, 0.360 g of potassium thioacetate, and 9 ml of 
acetonitrile to give o.533 g of the desired product. 
~ "NMR(CDC13) :6 7.9·3-8.0(m,2H) :. 7.2-7.3(m,2H); 
4.38-4.S(m,lH); 4.lJ-4.2l(dd,1H);. 3.9-4.0l(m,lB); 
3.S-3.56(dd,lH); 3.4-3.48(dd,1H); 3.2-3.J(dd,lB); 
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2.33(s,3H); 2.16-2.22(m,2H). 
Example 32 

trans-C+/-l-5-[[C4-Fluoropbenyllsulfonyllmethyll­
tetrahydrg-3-furantbiol 

The title compound is prepared by the proce­
dure of Example 16 using 0.955 q of product from 
Example 31, 0.72 ml of 25% sodium methoxide/metbyl 
alcohol and 10 ml of tetrahydrofuran to give 0.523 g of 
the desired product. 
1H NMR(CDCl3):6 8.0(m,2H); 7.4(m,2H); 4.3-4.6(m,1H); 
3.9-4.2(m,1H); 3.2-3.6(m,4H); 2.6(m,0.5B); 2.2(m,1H); 
l.75(d,1H,SH); 1.65(m,0.5H). 

Example 33 
* * * * * [4R-[3C3R .ss and JS .SR l4alpha.5beta.6betaCR lll-

3-rrs-r(C4-Fluorophenyllsulfonyllmethyl]tetrahydro-3-
furanyl]thio]-6-Cl-hydroxyethyll-4-methyl-7-oxo-1-

azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
(4-nitrophenyllmethyl ester 

The title compound is prepared by the proce­
dure of Example 17 using 0.523 9 of product from 
Example 32 in 12 ml of acetonitrile, 1.13 9 of product 
from Example 15 in 12 ml of acetonitrile and 0.23 ml of 
Hunig's base to give 0.726 9 of the desired product. 
1H NMR(CDCl3) :6 8.23(m .. 2H): 7.95(m,2H); 7.65(m,2H); 
7.2S(m,2H); 5.48-S.53(m,1H); 5.2-5.28(m,1H); 
3.2-4.S(m,.lOH); 2.SS(m,lH); 2.2(m,0.5H); 1.9(m,O.SH); 
l.37(m,3H,Me); 1.27(m,3H,Me). 

Example 34 
* * * * * [4R-[3C3R .SS and JS .SR )4alpha.Sbeta,6betaCR l]J-

3-ff5-CCC4-Fluorgphenyllsulfonyl]me1:hylltetrahydro-3- · 

furanyl]thio]-6-(l-hydroxye1:hyll-4-me1:hyl-7-oxo-1-
azabicyclo[3,2.0]hept-2-ene-2-carboxylic acid 

monosodium salt 
The title compound is prepared by the proce­

dure of Example 18 using 0.821 g of product from 
Example 33, 0.124 g of sodium bicarbonate, 8 ml of 
water, 20 ml of dioxane, and 0.380 q of 10% 
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palladium/carbon to give 0.135 g of the desired 
product. 
1H NMR.(020):6 7.96-8.06(m,2H); 7.37-7.47(m,2H); 
3.2-4.65(m,lOH); 2.55(m,lH); 2.l(m,O.SH); l.6(m,O.SH); 
1.25(d,JH,Me); l.15(t,3H,Me). 
MS(FAB):m/z SJO(M+Na) and 508(M+H). 

Example 35 
Ethanethioic acid 

trans-C+/-l-S-[5-[C4-fluorgpheno¥,Y')methylltetrabydro-
3-furanyl] ester 

The title compound is prepared by the proce­
dure of Example 23 ~sing 1.49 g of product from Example 
22 in 1 ml of methylene chloride, 0.542 g of 
4-fluorophenol, 2.5 ml of Hunig's base and 3 ml of 
methylene chloride to give 0.963 g of the desired 
compound. 
1H NMR(CDCl3):& 6.74-7.0(m,4H); 4.26-4.47-(m,2H); 
4.05-4.lJ(m,lH); 3.96-4.00(dd,2H); 3.67-3.72(m,1H); 
2.35(s,3H,Ac); 2.24(m,lH); 2.0-2.l(m,lH). 

Example 36 
5-[(4-Fluoropheno:xylmetbylltetrahydro-3-furantbiol 

The title compound is prepar~d by the proce­
dure of Example 16 using 0.943 q of product from 
Example 35, 0.86 ml of 25l sodium methoxide/methyl 
alcohol and ~2 ml of tetrahydrofuran to qive 0.417 g of 
the desired product. 
1H NMR(CDCl3):6 6.75-7.05(m,4H); 4.S(m,lH); 
4.J(dd,lH); 3.95(m,2H); 3.6(dd,1H); 3.S(m,lH); 
2.J(m,lH); 2.0S(m,lH); l.75(d,lH,S~). 
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Example 37 
* * * * * [4R-C3C3R .58 and JS .SR )4alpha.5beta.6betaCR )JJ-

3-[CS-[[C4~fluorophenoxy')methylltetral)ydro-3-

furanyl]tl\ioJ-6-Cl-hydroxyetbyll-4-methyl-7-oxo-l­
azabicyclof3.2.0]hept-2-ene-2-carboxylic acid 

C4-nitrophenyllmethyl ester 
The title compound is prepared by the proce­

dure of Example 17 using 0.417 q of product from 
Example 36 in 9 ml of acetonitrile, 1.09 q of product 
from Example 15 in 9 ml of acetonitrile, and 220 

microliter of Buniq's base to give 0.473 9 of the 
desired product. 
~ NMR(CDC13):6 8.22(d,2H); 7.65(d,2H); 6.95(m,2H); 
6.8S(m,2H); 5.5(d,1H); 5.25(d,1H); 4.48{m,1H); 
4.2-4.4(m,3H); 3.S-4.0S(m,3H); 3.72(m,1H); 3.4(m,1H); 
3.3(m,lH); 2.3-2.43(m,1H); 2.o-2.2o(m,lH); 
1.37(d,3H,Me): l.3l{t,3H,Me). 

Example 38 

* * * * * [4R-[3 CJR • 55 and JS , SR ) 4alpha. Sbeta, 6beta CR ) 11-

3-[ CS-[ [ (4-FluorQphenoxylmethyl)tetrahydro-3-
furanyl]tbioJ-6-Cl-hydroxyetbyll-4-metbyl-7-oxo-1-

azabicyclo[3.2.0lhept-2-ene-2-carboxylic acid 
monosodium salt 

The title·compound is prepared by the proce­
dure of Example 18 using 0.450 9 of product from 
Example 37., 0.074 9 of sodium bicarbonate, 5 ml of 
water, 12 ml of. dioxane and 0.226 q of 10% 

palladium/carbon to give 0.147 9 of the desired 
compound. 
1u NMR(D20):6 7.0-7.l(m,4H); 4.6(m,2H); 
4.l0-4.3(m,3.5H); 3.9-4.1(m,2H): 3.78(m,1H); 
3. 3-3. 43(m,1. SH) ; 2. 22-2. 39 (m, lH) ; .. 2. 05-2. 2 (m, lB) : 
l.29-l.3l(d,3B,Me): l.20-1.23(dd,3H,Me). 
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Example 39 
ethanethioic acid 

trans-C+/-l-S-[5-CCC4-fluorophenyllthio]methylltetra­
bydro-3-furanyl]ester 

The title compound is prepared by the proce­
dure of Example 23 using 0.308 g of product from 
Example 22 in 1 ml of methylene chloride, 107 
microliter of 4-~luorothiophenol, and 174 microliter of 
Hunig's base to give 0.236 g of the desired product. 
1H NMR(CDCl3):6 7.4(m,2H); 7.0(m,2H); 4.3(dd,1H); 
4.l-4.2(m,1H); 3.98-4.08(m,1H); 3.6-3.65(dd,1H); 
3.08-3.15(m,lH); 2.98-3.0S(dd,lH); 2.32(s,3H,Ac); 
2.l-2.23(m,1H); l.98-2.08(m,1H). 

example 40 
trans-C+/-l-5-[C4-CFluorophenyllthio]metbyl]­

tetrahydro-J-furanethiol 
The title compound is prepared by the proce­

dure of Example 16 using 0.206 q of product from 
Example 39, 173 microliter of 25% sodium 
methoxide/methyl alcohol, 2.s ml of tetrahydrofuran, 
and 403 microliter of l.86N hydrochloric acid/isopropyl 
alcohol to give 0.0405 g of the desired product. 
1H NMR(CDCl3):6 7.4(m,2H); 7.0(m,2H); 4.3(m,2H); 

.3.SS(m,lH); 3.48(m,lH); 3.l(m,lH); 2.9(m,1H); 
2.2(m,1H); 2.0(m,lH); l.78(d,lH,SH). 

Example 41 
* * * * * [4R-[3C3R .SS and JS ,SR l5beta.6betaCR ll]-

3-[CS-f[C4-Fluorophenyllthio]methyl]tetr8hydro-3-
furanyl]thiol-6-Cl-hydroxyethyll-4-methyl-7-oxo-1-

azabicyclor3.2.0]hept-2-ene-2-carboxylic acid 
C4-nitrophenyllmethyl ester 

The title compound is pr~pared by the proce­
dure of Example 17 using 0.110 9 of producrt:- from 
Example 40 in 2 ml of acetonitrile, 0.268 9 of product 
from Example 15 in 2 ml of acetonitrile and 55 
microliter of Hunig's base to give 0.230 9 of the 
desired product. 
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1H NMR(CDC13):6 8.3(d,2H): 7.7(d,2H): 7.4(m,2H): 
7.0(m,2H); 5.S(d,lH): 5.25(d,1H); 4.3(m,4H): 
3.85(m,1H); 3.7(m,lH): J.4(m,lH): 3.3(d,lH): 3.l(m,2H): 
2.4(bs,1H,OH): 2.2(m,2H): l.4(d,3H,Me); 1.3(m,3H,Me). 

Example 42 
* * * * * C4R-C3C3R .SS and JS .SR l5beta.6betaCB lll-

3-[C5-fCC4-FluorophenyllthioJmethylltetrahydro-3-
furanyl]thio)-§-Cl-hydroxyethyll-4-methyl-7-oxg-1-

azabicyclo[J.2.0)hept-2-ene-2-carboxylic acid 
monosodium salt 

The title compound is prepared by the proce­
dure of Example 18 using 0.230 g of product from 
Example 41, 0.118 g of 10% palladium/carbon, 0.038 g of 
sodium bicarbonate, 2.5 ml of water and 6.0 ml of 
dioxane to give 0.062 g of the desired product. 
1 H NMR(D20}:6 7.25(bs,2H): 6.8(bs,2H); 2.35-4.4(m,10 
H): 2.88(m,2H): l.l(bs,JH,Me): 0.96(bs,3H,Me). 

Example 43 
Ethanethioic acid 

trans-C+/-ls-rs-Cazidomethylltetrahydro-3-furanyl)ester 
To a o0 c solution of 5.768 g of product from 

Example 22 in 16 ml of methylene chloride, under argon, 
is added, via syringe, a o0 c solution of 5.86 g of 
tetrabutylammonium azide in 16 ml of methylene 
chloride. The reaction is stirred in an ice bath for 
30 minutes- and then concentrated in vacuo. The residue 
is purified by chromatography (Silica Gel: 50% ethyl 
acetate/ hexane) to give 3.418 g of the desired 
product. 
1H NMR(CDC13):6 4.28-4.33(dd,1H, CH20): -
4.15-4.17(m,1H,CHO): 4.0-4.12(m,1H,CHS)1 
3.63-3.38(dd;lH,CHN): 3.4-3.49(dd,1H,CHN); 
3.24-3.68(dd,1H,CH20): 2.34·(s,3H,Ac); 2.16-2.26(m,1H); 
l..93-2.0l(m,lH). 
IR(neat): 2101and1693 cm-1 • 
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Example 44 
trans-(+/-)- S-CAzidomethylltetrabydro-3-furanthiol 

The title compound is prepared by the proce­
dure of Example 16 usinq 3.35 q of product from Example 
43, 3.8 ml of 25% sodium methoxide/methyl alcohol and 
59 ml of tetrahydrofuran to qive 1.995 q of the desired 
product. 
1H NMR(CDC13):6 4.3-4.4(m,1H); 4.2-4.26(m,1H); 
3.8-3.86(m,0.5H); 3.56-3.65(m,1H); 3.43-3.52(m,l.5H); 
3.2-3.J(m,lH); 2.l4-2.3l(m,1H): l.9-1.98(m,1H); 
1.78(d,1H,SH). 
IR(neat): 2099 cm-1 • · 

Example 45 
* * * * * f4R-[3C3R .SS and JS .SR l4alpha.5b§ta.6betaCR ll]-

3-f[S-CAzidomethylltetrahyd~o-3-furanyl)thioJ-

6-Cl-hydroxyethyll-4-methyl-7-oxo-1-
azabicyclo[3.2.0lhept-2-ene-2-carboxylic acid 

C4-nitrophenyl>methyl ester 
The title compound is prepared by the proce­

dure of Example 17 using 1.995 g of product from 
Example 44 in 35 ml of acetonitrile, 7.45 q of product 
from Example 15, and 1.7 ml of Huniq's base to qive 
2.83 q of the desired product • 
. 1H NMR(CDC13):6 8.3(d,2H); 7.7(d,2H); 5.S{d,lB); 
5.25(d,1H); 4.35(m,4H): 3.8(m,1H); 3.7(m,1H); 
3.5(m,1H); 3.4(m,1H); 3.3(m,2H): 2.3(m,1H): l.98(m,1H): 
l.4(d,3H,Me); l.J(m,JH,Me). 
IR{neat): 2101 and 1769 cm-1 • 

Example 46 
* * * * * [4R-[3C3R .SS and 3$ .SR )4alpha.5beta.6betaCR )JJ-

3-[[5-CAniinomethyl)tetrahydro-3-fµranylJtbioJ-
6-Cl-bygroxyethyll-4-methyl-7-oxo-1-

azabicyclo[3.2. 0]hept-2-ene-2-carboxylic acid 
'l'he title compound is prepared by the proce­

dure of Example 18 using 2.8 q of product from Example 
45, 0.60 q of 10% palladium/carbon, 27 ml of sodium 
phosphate buffer (pH 7) and 82 ml of dioxane to qive 
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0.562 g of the desired product. 
1H NMR(D2o):o 4.4(m,1H): 4.2(m,2.5H); J.95(m,1H): 
3.75(m,l.5H); 3.4(m,2H); 3.2(m,1H); 3.l(m,lH): 
2.2(m,2H): l.35(d,3H,Me): l.30(d,JB,Me). 

Example 47 
* * * * * f4R-[3(3R .SS and JS .SR l4alpha.5beta.6b1taCR l]J-

6-Cl-Hydroxyethyll-3-rrtetrabydro-5-Ciminomethyll­
amino)methylJ-3-furanylJthioJ-4-methyl-7-oxo-1-aza­

bicyclo[3. 2. 0]-hept-2-ene-2-carboxylic acid 
Five ml of phosphate buffer (pH 7) is cooled 

to o0 c and the pH is adjusted with lN sodium hydroxide 
to pH S.S. This solution is added to 0.052 g of 
product from Example 46, followed by the addition of 
0.0832 g of ethyl methanimidate hydrochloride. The pH 
is maintained at pH 8.5 and the temperature at o0 c 
during the reaction. After 35 minutes, the pH is 
adjusted to pH 7 with st hydrochloric acid and the 
mixture is concentrated in vacuo. The residue is 
purified by chromatography cc18 reverse phase plates: 
St a~eous ethyl alcohol) to give 0.038 g of the 
desired product. 
1 H NMR(D20):6 7.68(t,1H,CH=N): 4.27(m,1H): 4.0S(m,JH): 
3.79(m,1H): J.6(m,1H): 3.JS(m,lH); 3.28(m,3H): 
1.97(m,2H): l.12(d,3H,Me): l.03(d,3H,Me). 
Reference: The Journal of Antibiotics, 36, No. s, 
pl034, 1983. 

Example 48 
* * * * * (4R-[3C3R .SS and JS .SR l4alpha.Sbeta.6beta(R l]]-

6-Cl-Hydroxyethyll-4-methyl-7-oxo-3-[[tetrahydro-
5-(£Cl-iminoethyllamino]methyl]-3-furanvl]tbioJ­
l-azabicyclo[3.2,0J-hept-2-ene-2-carboxylic acid 

The title compound is prepared by the proce­
dure of Example 47 using 0.052 g of product from 
Example 46, 5 ml of sodium phosphate buffer (pH 7) 
adjusted to pH 8.5 and 0.097 q of ethyl acetimidate 
hydrochloride to give 0.045 g of the desired product. 
1 H NMR(D20):6 4.24(m,1H): 4.04(m,3H): 3.S(m,lH); 
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3.58(m,lH); 3.25(m,4H); 1.96(d,3H,Me-C=); l.93(m,2H); 
l.ll(d,3H,Me); l.02(d,3H,Me). 

Example 49 
* * * * . * f4R-[3C2R .4S and 2S .4R l~alpha.Sbeta.6betaCR l]]-

4-C[2-Carboxy-6-Cl-hydroxyethyll-4-methyl-7-oxo-1-
azabicyclorJ.2.0Jhept-2-en-3-yl]tbio]tetrabydro-N,N,N­

trimethyl-2-furanmethanaminium hydroxide. inner salt 
The title compound is prepared by the proce­

dure of Example 47 usinq 0.0514 q of product from 
Example 46, 3 ml of sodium phosphate buffer (pH 8.6), 

0.26 ml of dimethyl sulfate, 1.5 ml of acetonitrile and 
1.9 ml of dioxane to give 0.0073 q of the desired 
product. 
1H NMR(D20):6 4.08(m,3H); 3.6-3.89(m,3H); 
3.2-3.4(m,4H); 3.02(s,9H,J-Me); 2.0S(m,lH); 1.96(m,1H); 
l.12(d,3H,Me); l.04{d,3H,Me). 

Example so 
2.5-0ioxo-4-oxazolidinepentanoic acid 
A suspension of 1.752 g of DL-2-aminopimelic 

acid, 55 ml of tetrahydrofuran and 16 ml of l.93M 
phosgene in toluene is heated, in an oil bath, at so0 c 
for l hour. Argon is bubbled through the reaction to 
remove the excess phosgene and the solvents are removed 
under house vacuum. The resulting oil is dissolved in 
14 ml of ethyl alcohol, diluted with 14 ml of petroleum 
ether and· the solution stored overnight at room 
temperature. The formed crystals are collected and 
dried to give 1.6 q of the desired product. 
mp 102-l04°C. 
1H NMR(DMSO-d6):6 12.l(bs,lB); 9.14(s,1H); 4.44(t,1H); 
2.21(t,2H); 1.68(m,2H); l.5(m,2H); 1.34(m,2H). 
Reference: J. Med. Chem., (1986), .2.i,89-95. 
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Example 51 
* * * * * C4R-f3C3R .SS and 3S ,5R l4alpha,5beta,6betaCR lll-

J-CCS-(CC2-Am;ino-6-carboxy-1-oxobexyllamino]methyl]­
tetrahydro-3-furanyllthioJ-6-Cl-bydroxyetbyl-4-methyl-
7-oxo-1-azabicyclo(3.2.0Jhept-2-ene-2-carboxylic acid 

monos9dium salt CA> 
The title compound is prepared by the proce­

dure of Example 47 usinq 0.0514 q of product from 
Example 46 in 1.5 ml of sodium phosphate buffer (pH 
8.5), 0.0302 q of product from Example 50 in o.s ml of 
dioxane, adjustinq reaction pH to 9, to qive 0.0173 q 

9f the desired product. · 
~ NMR(D20):o 4.06(m,3H); 3.78(m,2H); 3.57(m,1H); 
3.25(m,4H); 2.02(t,3H); l.92{m,2H); l.68(m,2H); 
l.42(m,2H); l.20(m,2H); l.12(d,3H,Me); 1.03(d,3H,Me). 
MS(FAB): m/z 544(M+Na), 522(M+H). 

* * * * * (4R-(3(3R ,SS and JS ,SR )4alpha,Sbeta,6beta(R )J]-

3-[[5-[[[2-[(2-Amino-6-carboxy-1-oxohexyl)amino]-6-
carboxy-l-oxohexyl]amino]methyl]tetrahydro-3-furanyl­
thio-6-(1-hydroxyethyl)-4-methyl-7-oxo-l-azabicyclo­
[3.2.0]hept-2-ene-2-carboxylic acid disodium salt (B) 

(0.0263 9) is also isolated from the reaction as a 
by-product. 

25 _1H NMR(D20):o 3.2-4.25(10 Hin 4 multiplets); 
1.02-2.06(26H, 2-Me, CCH2c from THF ring and lSH from 
side chain in 2 doublets and many multiplets). 
MS(FAB): m/z 723(M+Na), 70l(M+H). 

30 

Example 52 

* * * * * {4R-C3C3R .5S and 3S .SR )4alpha,5beta.6beta(R lll-
6-(1-Hydroxyethyll-4-methyl-7-oxo-3-(Ctetrabydro-5-

rrrcmethylaminolacetyl]amino)metbyl]-3-furanyl]thio]­
l-azabicvclo[3.2.0)hept-2-ene-2-carboxylic acid 

_The title compound is ···prepared by the proce~T · ·· 

35 dure of Example 47 using 0.068 q of product from 

Example 46 in 2.0 l1ll. of sodium phosphate buffer (pH 
8.5) and 0.029 q of 3-methyl-2,5-oxazolidinedione, 
prepared by the procedure described in sJ:. Qm. ~., 
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l,i, No. l, 243(1969), in l ml of dioxane to give 
0.036·g of the desired product. 
1H NMR(D20):6 3.l-4.2(12H in multiplet); 
2.58(s,3H,Me); l.82(m,2H); l.12(d,3H,Me); 
1.05(dd,3H,Me). 

Example 53 
4-CChloromethyl>-2.5-oxazolidinedione 
The ti~le compound is prepared by the proce 

dure of Example 50 using 1.24 q of 2-chloro-L-alanine, 
16 ml of l.93M phosgene in toluene and 55 ml of 
tetrahydrofuran to give 0.150 q of the desired product. 
1H NMR(CMSO-d6):6 9.26(br s,lH,NH); 4.97(t,lB,CH); 
3.99(dd,lH,CH2); 3.87(dd,1H,CH2). 

Example 54 
* * * * * [4R-C3C3R .SS and 3S .SR l4algba.5beta.6betaCR l1]-

3-[[5-[[C2-Am.ing-3-chloro-1-oxopropyllamino]methyl]­
tetrahyd.ro-3-furanyl]thiol-6-Cl-hydroxyethvll-4-methyl-
7-oxo-1-azabicyclo[3. 2.0]hept-2-ene-2-carboxylic acid 

.!Al 
The title compound is prepared by the proce-

dure of Example 47 using 0.0685 g of product from 
Example 46 in 1.5 ml of sodium phosphate buffer (pH 
8.5) and 0.0299 q of product from Example 53 to give 
0.0347 g of the desired product. 
1e NMR(D20):6 2.8-4.4(13H in multiplets); l.96(m,2H); 
1.l2(d,3H,Me); l.04(d,3H,Me). 

* * * * * [4R-[3(2R ,4S and 25 ,4R )4alpha,5beta,6beta(R )JJ-
3-chloro-L-alanyl-N-[[4-[[2-carboxy-6-(1-hydroxyethyl)-
4-methyl-7-oxo-1-zazbicyclo[3.2.0]hept-2-en-3-yl]thio]­
tetrahydro-2-furanyl]methyl-3-chloro-L-alaninamide (B) 
(0.0152 g) is isolated as a by-product. 
1H NMR(o2o) :6 3 .2-4. 7 (16H in multiplets); 1.93 (~41-~H); 
1.l2(d,3H,Me); 1.05(d,3H,Me). 
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Example 55 
trans-C+/-l-Tetrahydro-4-mercapto-2-furarnnethanol 

The title compound is prepared by the proce­
dure of Example 16 usinq 1.06 q of product from Example 
6, 20 ml of tetrahydrofuran, 1.43 ml of 25% sodium 
methoxide/methyl alcohol, and 3.35 ml of l.86N 
hydrochloric acid/isopropanol to give 0.687 q of the 
desired product. 
1H NMR(COC13):6 4.25(m,1H); 4.2(dd,lH); 3.74(dd,1H); 
3.4-3.6(m,3H); 2.98(s,1H,OH); 2.2(m,1H); l.9(m,1H); 
l.78(d,1H,SH). 

Example 56 

* * * * * [4R-[3C3R .SS 8nd 3S .SR l4alpha.Sbeta.6betaCR l)J-

6-Cl-Hydroxyetjlyll-4-methyl-7-oxo-3-[Ctetrahydro-5-
Cbydroxymetbyll-3-furanyl]thioJ-i-azabicyclo[3.2.01-
hept-2-ene-2-carboxylic acid C4-nitrophenyllmetbyl 

ester 
The title compound is prepared by the proce­

dure of Example 17 usinq 3.55 q of product from Example 
15 in 25 ml of acetonitrile, 0.687 q of product from 
Example 55 in 25 ml of acetonitrile and 0.625 q of 
Huniq's base to qive 1.66 q of the desired product. 
1H NMR(COC13):6 8.22(d,2H); 7.67(d,2H); 5.S(d,lH); 
5.22(d,1H); 4.28(m,4H); 3.S(m,2H); 3.7(m,1H); 
3.SS(m,lH); 3.32-4.l(m,lH); 3.3(m,1H); 2.3(m,1H); 
2.18(bs,2H,OH); l.98(m,1H); 1.36(d,3H,Me); 
l.28(d,3H,Me). 

Example 51 
* * * * * [4R-[3C3R .SS and JS .SR l4alphA.5beta,6betaCR l]J-

6-Cl-Hydroxvethvll-4-methyl-7-oxo~3-[[tetrahydro-s­

[[Cmetbylsulfonylloxy]metbyll-3-furnnyl]thiol-1-
azabicyclo[ 3. 2. O]hept-2-ene-2-carboxylic ncid ..... 

C4-nitrophenyllmetbyl este~ 
To a o0 c solution, under argon, of 0.821 g of 

product from Example 56 and 3.4 ml of pyridine is added 
148 microliter of methanesulfonyl chloride. The 
reaction is stirred at o0 c for 2 hours, diluted with 
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water and extracted with chloroform. The organic layer 
washed with water and saturated sodium chloride, dried 
and concentrated in yacµo. The residue is purified by 
chromatoqraphy (Silica Gel: 80% ethyl acetate/hexane) 
to qive 0.632 q of the desired product. 
1H NMR(CDC13):& 8.22(d,2H); 7.64(d,2H); 5.53(d,1H): 
5.25(d,1H): 4.2-4.45(m,6H): 3.78-3.88(m,1H): 
3.72(dd,1H): 3.32-3.48(m,1H): 3.3(m,1H): 3.07(s,3H,Me): 
2.28(m,1B): 2.0S(m,lH): 1.7(bs,1H,OH): l.38(d,3H,Me): 
1.29(m,3H,Me). 

Example 58 
* * ·* * * [ 4R-[3 (JR 'SS and JS , SR ) 4alpha, Sbeta ,'6beta CR ) J J-

6-{1-Hydroxyethyll-4-methyl-7-0¥0-3-( Ctetrahydro-s­
Ciodomethyl)-3-furanyllthio]-1-az8bicyclo[3.2.0lhept-2-

ene-2-carboxxlic acid C4-nitrophenyllmethvl ester 
A mixture of 0.80 q of product from Example 

57, 0.431 q of sodium iodide and 20 ml of acetone is 
heated at reflux temperature for 5 days. The reaction 
is concentrated in vacuo and the residue purified by 
chromatography (silica Gel: 80% ethyl acetate/hexane) 
to qive 0.472 q of the desired product. 
1H NMR(CDC13):& 8.22(d,2H): 7.68(d,2H): 5.49(d,1H): 

5.25(d,1H): 3.28-4.4(m,10H}; 2.l4(m,2H); l.38(m,3H,Me), 
l.26(m,3H,Me). 

Example 59· 

[4R-[3CJR*.ss* and Js*.sR*>4alpha.Sbeta.6betacR*111-
6-Cl-Hydroxypthyll-4-methyl-7-oxo-3-[Ctetrahydro-s­
methyl-3-fu;:anyllthio)-1-azabicyclor3.2.0lhept-2-

ene-2-carboxylic acid monosod.ium salt 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.450 g of product from 
Example 58, 0.230 q of 10% palladium/carbon, 0.161 q of 
sodium bicarbonate, 5 ml of water, and 12 ml of dioxane 
to qive 0.0967 q of the desired product. 
1il-NMR(CDCl3):6 3,j-4.6(m,8H); 2.0(m,2H): 
1.2(m,9H,3xMe). 
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Example 60 
Etbanetbioic Acid 

cis-C+/-l-s-rtetrahydro-~-C[[Ctrifluoromethyll­

sulfonylloxy)methylJ-3-furanyll ester 
The title compound is prepared by the proce­

dure of Example 22 using 0.529 g of product from 
Example 9 in 0.75 ml of methylene chloride, 0.54 ml of 
trifluoromethanesulfonic anhydride in 3.75 ml of 
methylene chloride, and 0.243 ml of pyridine to give 
0.560 q of the desired product. 
1H NMR(CDCl3):6 4.55(m,2H): 4.35(m,1B): 4.2(dd,1H): 
4.0S(m,lH): 3.75(dd,1H): 2.65(m,1H): 2.3S(s,3H,Me): 
l.7(m,1H). 

Example 61 
Ethanethioic acid 

cis-C+/-)-S-[5-CAzigomethylltetrabydro-3-fui-anyllester 
The title compound is prepared by the proce­

dure of Example 43 using 0.560 g of product from 
Example 60 in 2 ml of methylene chloride, 0.569 q of 
tetrabutylammonium azide in 2 ml of methylene chloride 
to qive 0.321 g of the desired product. 
1 H NMR(CDCl3):6 4.15(m,2H): 4.0S(m,lH): 3.75(dd,1H): 
3.45(dd,lH): 3.3(dd,1H): 2.49(m,1H): 2.34(s,JH,Me): 
1. 7 (m, lH). 
IR(NEAT): 2100 and 169l cm-1• 

Example 62 
cis-C+/-)-5-(Azidomethylltetrahydro-3-furanthiol 

The title compound is prepared by the proce­
dure of Example 16 using 0.310 q of product from 
Example 61 in 4. 5 ml of tetrahydrofuran and o. 30 ml of 
25% sodium methoxide/methyl alcohol to give 0.159 q of 
the desired product. 
1H NMR(CDCl3):6 4.2(m,2H); 3.7(m,1B); 3.3-3.5(m,3H)i 
2.5(m,1H): 1.8(d,1H,SH)J l.7(m,1H). 
XR(neat): 2099 cm-1 • 
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Example 63 
* * * * * (4R-[3C3R .SS and JS .SR )4alpha.5beta.6betaCR l]J-

3-((5-CAzidomethylltetrahydro-3-furanyllthiol-6-
Cl-hydroxyetbyll-4-metbyl-7-oxo-1-azabicycloC3.2.0J­
hept-2-ene-2-carboxylic acid C4-nitrophenyl>methyl 

ester 
The title compound is prepared by the proce­

dure of Example 17 usinq 0.159 q of product from 
Example 62 in 3.5 ml of acetonitrile, 0.693 q of 
product from Example 15 in 3.5 ml of acetonitrile and 
134 microliter of Huniq's base to qive 0.340 q of the 
desired product. 
1H NMR(CDC13 )_:6 8.23(d,2H); 7.66(d,2H); 5.S(d,l_H); 
S.24(d,1H): 4.1-4.3(m,4H): 3.82(m,2H); 3.28-3.38(m,4H); 
2.5(m,1H); 1.85(m,1H): l.73(bs,1H,OH); 1.37(d,3H,Me); 
l.29(m,3H,Me). 

Example 64 
* * * * * [4R-(3C3R .58 and JS .SR l4alpha.5beta.6betaCR )]]-

3-[[5-CAminomethylltetrahvdro-3-furanyllthioJ-6-
(l-hydroxyethyll-4-metbyl-7-oxo-1-azabicyclo[J.2,0)­

hept-2-ene-2-carbOXVlic acid 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.320 q of product from 
Example 63, 0.220 q of 10% palladium/carbon, 12 ml of 
O.OSM sodium-phosphate buffer (pH 7) and 32 ml of 
dioxane to qive 0.112 q of the desired product. 
1H NMR(D20):& 4.2(m,4H): 3.8(m,3H); 3.4(m,3H): 
3.2(m,2H); 2.78(m,1H); l.B(m,0.5H); l.6(m,0.5H); 
l.25(d,3H,Me); l.20(m,3H,Me). 

Example 65 
* * * * * C4R-[3C3R .SS and 35 .SR )4alpha.5beta.6beta(R lll-

6-(1-Hydroxyet,byll-3-[[5-CiminomethyllaminoJmethylj­
tetrahydro-3-furanyl]tbio]-4-metbyl-7-oxo-1-azabicyclo­

[3. 2. 0J-hept-2-ene-2-carboxylic acid 
The title compound ~s prepared by the proce­

dure of Example 47 usinq 0.0615 q of product from 
Example 64, 0.0984 q of ethyl methanimidate 
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hydrochloride, and 4 ml of sodium phosphate buffer (pH 
7) to qive 0.0379 q of the desired product. 
1H NMR(D20):6 7.S(m,lH,CH=); 4.25(m,3H); 4.l(m,lH); 
3.S(m,2H); 3.6(m,2H); 3.4(m,2H); 2.l(m,lH); 
l.7(m,0.5H); l.52(m,0.5H); l.3(d,3H,Me); l.2(d,3H,Me). 

Example 66 

Etbanetbioic acid 
trans-C+/-l-s-rtetrahydro-5-[C2-naphthalenylox~;>methyl) 

3-furanyl]ester 
The title compound is prepared by the proce­

dure of Example 23 usinq 0.813 q of product from 
Example 22 in 2 ml of methylene chloride~ 0.380 q of 
2-naphthol in 2 ml of methylene chloride, and 1.38 ml 
of Huniq's base to qive 0.673 q of the desired product. 
1H NMR(CDCl3):6 7.05-7.75(m,7H~; 4.35-4.45(m,1H); 
4.28-4.35(dd,1H); 4.05-4.lS(m,lH); 4.02(m,2H); 
3.65-3.75(dd,lH); 2.28(s,JH,Me); 2.24-2.J4{m,1H); 
1.95-2.0S(m,lH). 

Example 67 

trans-C+/-l-Tetrahydro-5-[C2-naphthalenyloxylmethyll-
3-furanthiol 

The title compound is prepared by the proce­
dure of Example 16 usinq 0.673 q of product from 
Example 66, 0.53 ml of 25% sodium methoxide/methyl 
alcohol and 8 ml of tetrahydrofuran to qive 0.099 q of 
the desired product. 
1H NMR(CDC13):6 7.05-7.75(m,7H); 4.SS(m,lH): 

4.25(dd,lH): 4.02(m,2H); 3.6(dd,1H); 3.5(m,lH); 
2.35(m,1H): 2.0(m,lH); 1.78(d,1H,SH). 

Example 68 

* * * * * [4R-CJC3R ,SS and JS .SR l4alpha.5beta.6betaCR l]J-

6-Cl-Hydroxygtbyll-4-methyl-7-oxo-3-C[tetrabydro-S­
£C2-naphthalenyloxylmethylJ3-furanyl]tbio]-1-
azabicyclo[3.~.0Jhept-2-ene-2-carboxylic acid 

(4-pitrophenyllmethyl ester 
The title compound is·p~epared by the proce­

dure of Example 17 usinq 0.099 q of the product from . 
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Example 67 in 2 ml of acetonitrile, 0.226 q of product 
from Example 15 in 2 ml of acetonitrile and 93 
microliter of Huniq's base to qive 0.158 q of the 
desired product. 
1H NMR(CDCl3):6 7.05-8.2(4m and 2d,ll.H); S.5(d,1H): 
S.2(d,1H); 3.3-4.6(8m,10 H); 2.S(m,lH); 2.2(m,1H); 
l.4(d,3H,Me); l.3(d,3H,Me). 

Example 69 
* * - * * * [4R-f3C3R .SS and JS .SR )4alpha.Sbeta.6betaCR lJJ-

6-Cl-HydroXYeth.Yll-4-methyl-7-oxo-3-[Ctetrahydro-s­
[C2~naphthalenyloxylmetbyl]3-£uranyl]thio]-l­

azabicyclo[3.2.0.Jhept-2-ene-2-carboxylic acid 
monosodium salt 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.158 q of product from 
Example 68, 0.075 q of 10% palladium/carbon, 0.025 q of 
sodium bicarbonate, 1.5 ml of water, and 3.8 ml of 
dioxane to give·0.0307 q of the desired product. 
1H NMR(CDCl3):& 6.4-7.4(m,7H); 3.0-4.S(m,lOH); 
2.0(m,2H); 1.4(m,3H,Me); l.l(m,3H,Me). 

Example 70 
(Phenylmethoxylcarbam.ic acid 
2.2.2-trichloroethyl este~ 

Under anhydrous conditions, 50 q of 
O-benzylhydroxylamine hydrochloride is suspended in 783 
ml of acetonitrile. To the suspension is added 50.6 ml 
of pyridine followed by dropwise addition of 43.15 ml 
trichloroethyl chloroformate in 235 ml of acetonitrile. 
The reaction is allowed to stir overniqht at room 
temperature. The mixture is concentrated .in vacuo and 
diluted with ethyl acetate. The organic layer is 
washed with O.SM citric acid, water, satura~~d sodium 
bicarbonate, saturated sodium chloride, dried and 
concentrated in yacµo. The residue is purified by 
Kuqelrohr distillation (bp 1so0 c at o.5 mmHq.) to qive 
70 g of the desired product. 

···----··'···~·,··-----...... .......... ----· 
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1u NMR(CDCl3):0 7.52(s,1H); 7.4(m,SH); 4.93(s,2H); 
4.80(s,2H). 
CI-MS:m/z 315(M+NH4)+. 

Exgple 71 

Etbanethioic acid 
t•ans-c+1-1-s-rtetrabydro-s-rrcphenylmethoxy1rc2.2.2-

trichloroethoxYlcarbonylJaminoJmetbylJ-J-furanylJ ester 
To a o0 c solution, under argon, of 1.0 g of 

product from Example 6, 1.69 g of product from Example 
70, 1.49 g of triphenylphosphine ~nd 5.4 ml of 
tetrabydrofuran is added 0.988 q of diethyl 
azodicarboxylate in 1.4 ml of tetrabydrofuran. The 
reaction is stirred at room temperature for 48 hours, 
filtered and the filtrate concentrated in vacuo to give 
5.18 g of thick oil. The oil is purified by 
chromatography (Silica Gel: 15-25% ethyl acetate/ 
hexane) to give o.sos g of the desired product. 
1H NMR(CDCl3):6 7.4(m,5H): 4.8-S.OS(m,4H): 4.29(m,2H): 
4.03(m,1H); l.S-3.75(m,3H); 2.32(s,3H); 2.l(m,lH); 
l.95(m,lH). 
IR(neat): 1719 and 1693 cm-1 • 

t;xample 72 

Ethanethioic acid 
trans-(+/-l-S-[S-f [AcetylCphenylmethoxylamino]methyl] 

tetrahydro-J-fµranyll ester 
To a room temperature solution, under argon, 

of 0.188 g of product from Example 71 in 2.3 ml of 
glacial acetic acid is added 0.269 g of zinc dust. The 
reaction is stirred 10 minutes and 155 microliter of 
acetic anhydride is added. The reaction·is stirred at 
room temperature overnight, diluted with ethyl acetate 
and filtered·. The filtrate is conc;9nt;rated in yacµo to 
give 0.110 9 of the desired product. 
1B NMR(CDCl3):6. 7.39(s,5H); 4.89(d,2H); 4.31(m,2H); 
4.0S(m,lH); 3.78(m,1B); 3.64(m,1H); 2.32(s,3H); 
2.13(s,3B); 2.l(m,lH); 2.0(m,lH). 
IR(neat): 1684 and 1667 cm-1 • 
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CI-MS: m/z 324(MH+), 34l(M+NH4)+. 
Example 73 

txans-C+/-l-N-[CTetrahydro-4-me~capto-2-fµronyll­

methylJ-U-Cphenylmetboxylacetam,ide 
The title compound is prepared by the proce­

dure of Example 16 usinq 0.390 g of product from 
Example 72, o.580 ml of 2si sodium methoxide/methyl 

alcohol, o.aso ml of tetrabydrofuran and l.26 ml of 2N 

hydrochloric acid/isopropyl alcohol to qive 0.205 q of 
the desired product. 
1H NMR(CDC13):6 7.38(s,5H): 4.88(s,2H): 4.42(m,1H): 
4.2(m,1H): 3.74(m,2H)i 3.58(m,1H): 3.48(m,1H): 

2.11(m,4H); l.98(m,1H): l.73(d,1H). 

IR(neat): 1664 cm-1 • 

CI-MS :m/z 282 (MH+). 

Example 74 

* * * * * [4R-[3(3R .SS and JS .SR )4alpha.Sbeta.6beta(R )JJ-
3-[[5-[CAcetyl(ph@nylmethoxylaminolmetbylJtetrahydro-
3-furanyllthioJ-6-(l-hydroxyetbyl)-4-methyl-7-oxo-

1-azabicyclo[3.2.0]bept-2-ene-2-carboxylic acid 

(4-nitrophenyllmethyl ester 
The title compound is prepared by the proce­

dure of Example 17 using 0.190 g of product from 

Example 73, 0.401 9 of product from Example 15, 5 ml of 

acetonitrile and 117.6 microliter of Huniq's base to 
qive 0.286 q of the desired product. 
1H NMR(CDC13):& B.22(d,2H): 7.65(d,2H); 7.38(s,5H); 

5.5(m,1H); S.22(m,1H); 4.87(d,2H); 4.2-4.45(m,4H); 

3.62-J.88(m,5H); 3.28(m,2H); 

l.37(m,3H); l.26(d,3H). 

IR(KBr): 3444, 1769 and 1706 

l.95-2.15(m,5H); 

-1 
cm • 
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Exam,ple 75 
* * * * * C4R-C3CJR .SS and JS .SR l4alpha.5beta.6beta(B l]l-

3-CfS-f[AcetylCphenylmetboxylamino]metbyl]tetrahydro-
3-furanyl]tbioJ-6-Cl-bydroxyethyl>-4-methyl-Z-oxq-

1-azabicyclofJ,2.o]hept-2-ene-2-carboxylic acid 
monosodium salt 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.272 q of product from 
Example 74, 0.0402 q of sodium bicarbonate, 2 ml of 
water, 11.3 ml of dioxane, and 0.110 q of lOt 

palladium-/carbon to qive 0.059 q of the desired 
product. 
1H NMR(020):6 7.34(d,SH); 4.85(m,2H); 4.15-3.3(m,2H); 

3.35-3.SJ(m,10 H); 2.9S-3.2S(m,3H); l.72-l.92(m,6H); 

l.04(d,3B); 0.9(d,3H). 

Example 76 
* * * * * {4R-f3CJR .SS and JS .SR l4alpha.5beta.6betaCR l]J-

3-[[5-(CAcetylhydroxyaminolmethyl]tetrahydro-
3-furanyl]thioJ-6-(l-hydroxyethyll-4-methyl-7-oxo­

l-azabiqyclo[3.2.0]bept-2-ene-2-carboxylic acid 
monosodium salt 

A mixture of 0.010 q of product from Example 
75, 0.014 q of 10% palladium/carbon, and l ml of 
deuterium oxide is reduced in a Parr apparatus for 2 

hours at 30 psi. The reaction solution is filtered and 
lyophilyzed to give 0.007 g of the desired product. 
1H NMR(020):& 4.0-4.2(m,JH); 3.0S-3.84(m,13H); 

1.9-2.04(m,6H); 1.07(d,3H); l.02(d,3H). 
Example 77 

cis-(+/-l-Tetrahydro-4-mercapto-2-furanmetbanol 
The title compound is prepared by the proce­

dure of Example 16 using 0.370 q of product from 
Example 9, 505 microliter of 25t sodium 
methoxide/methyl alcohol, 850 microliter of 
tetrahydrofuran and 1.1 ml of 2N hydrochloric acid/ 
isopropanol to give 0.209 q of the desired product. 
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1H NMR(CDCl3):6 3.55-4.l(m,SH): 3.23(m,lH): 
2.2J(m,1H): 1.64(m,1H): 1.J(m,lH): 0.9(d,1H). 

i:xample zs 
* * * * • [4R-[3(3R .SR @Dd JS .SS l4alpha,5beta.6beta(R l]J-

6-Cl-Hydro:xyethyll-4-methyl-7-oxo-3-[[tetrabvdro-5-
Cbydroxymethyll-3-furanyl]tbio]-1-azabicyclo[3.2.0J 

hept-2-ene-2-carboxylic acid 
(4-nitrophenyl)metbyl ester 

The title compound is prepared by the proce­
dure of Example 17 usinq o.oso q of the product from 
Example 77, 0.355 q of product from Example 15, 5 ml of 
acetonitrile and 7.3 microliter of Huniq's base to qive 
0.180 q of the desired product. 
1H NMR(CDC13):6 8.23(d,2H); 7.66(d,2H); S.Sl(d,lB); 
5.24(d,2H); 4.37(m,2H); 4.l3(m,2H): 3.75(m,3H); 
3.6(m,2H); 3.29(m,2H); 2.44(m,2H); 2.17(m,1H); 
l.26-l.4(m,6H). 

Example 79 

* * * * * [4R-C3C3R .SS and 35 .SR l4alpha.Sbeta.6betaCR lJ]-
6-Cl-Hydroxyethyl)-4-methyl-7-oxo-3-[[tetrahydro-s­
Chydroxymethyll-3-furanyllthio]-l-azabicyclo(3.2.0] 

hept-2-ene-2-carbo:xylic acid monosodium salt 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.170 q of product from 
Example 78, 0.0328 q of sodium bicarbonate, 2 ml of 
water, 11.3 ml of dioxane, and 0.070 q of 10% 
palladium/carbon to qive 0.060 q of the desired 
compound. 
1H NMR(o2o):o 3.J-4.0(m,llH); 3.l~(m,lH); 2.25(m,1H); 
1.22-1.S(m,lH); 0.94(m,6H). 

Example so 
cisC+/-l-Tetrahydro-5-[Cpbenylm.ethoxylmetbyl-

3-furanthiol 
The title compound is prepared by the_ proce­

dure of Example 16 ustnq l.89_q of product of Example 
8, 0.392 q of sodium methoxide, 38.7 ml of methyl 
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alcohol, and 38.7 ml of tetrahydrofuran to give 1.03 g 

of the desired product. 
1Ii NMR(CDC13):6 7.28(m,5H): 4.55(m,2H); 4.l2(m,1H): 
4.02(m,lH): 3.59(m,1B); 3.5l(d,2H); 3.3l(m,lH); 
l.74(d,1H): l.59(m,1B). 
IR(neat): 2859, 1496 and 1452 cm-1 • 

Example 81 

* * * * * (4R-[3C3R-.5S and -JS .SR l4alpba.5beta.6beta<R 111-

6-Cl-Hydroxyethyll-4-methyl-7-oxo-3-C[tetrahydro-5-
[Cphenylmethoxylmethyll-J-furanyl]thio]-l-azabicyclo­

[3.2.0]hept-2-ene-2-carboxylic acid 
C4-nitrophenyllme1:hyl ester 

The title compound is prepared by the proce­
dure of Example 17 using 0.921 9 of product from 
Example 15, 0.347 q of product from Example so, 271 
microliter of Huniq's base and 200 microliter of 
acetonitrile to give 0.340 q of the desired product. 
1H NMR(CDC13):& 8.2(m,2H); 7.62(d,2H); 7.25(m,5H); 
5.2-5.5(m,2H); 2.58(m,2H); 4.2(m,4H); 3.84(s,1H); 
3.7S(m,2H); J.55(m,2H): 3.24-3.42(m,2H); 2.62(s,lH); 
2.43-2.SS(m,2H); l.6-l.85{m,2H); l.26(m,6H). 

Examole 82 

* * * * * [4R-[3(3R .5S and JS .SR l4alpha.5beta.6beta(R ll]-
. 6-Cl-Hydroxyethyll-4-metbYl-7-oxo-3-[[tetrabydro-s­
[(phenylmethoxy)metbylJ-3-furanyl]thio]-l-azabicyclo­

[3,2.0)hept-2-ene-2-carboxylic acid 
monosodium salt 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.170 q of product from 
Example 81, 0.0211 q of sodium bicarbonate, 1.2 ml of 
water, 6.8 ml of dioxane, and 0.055 q of 10% 
palladium/carbon to give 0.045 q of desired product. 
1H NMR.(020):' 7.28(m,5H); 4.95(s,2H); 3.49-4.15(m,7H); 
3.45(m,2H): 1.4-1.S~(m,lH): 1.1(m,6H). 
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Example 83 
1.2.3.4-Tetrghydro-2-methyl-3-thioxo-1.2.4-triazine-

5.6-dione 
Under anhydrous condition, 35 q of diethyl­

oxalate is added, dropwise, to a vigorously stirred 
solution of 21 q of 2-methyl-3-thiosemicarbazide, 32.4 
q of fresh sodium methoxide, and 750 ml of methyl 
alcohol. The res~ltinq suspension is heated at 60°c 

for 4 hours, stirred overnight at room teperature, and 
heated at 10°c for 15 hours. The white suspension is 
cooled to room temperature, 200 ml of ice water is 
added and the reaction concentrated in vagµo. The 
residue is cooled to o0 c and made acidic with 2N 
hydrochloric acid. The reaction mixture is 
concentrated, ethyl alcohol is added and the suspension 
is heated to boilinq. The white precipitate is 
collected, washed with hexane and dried to qive 11 q of 
the Crl.lde prod\lct. Eight grams of the crude product is 
heated in methylene chloride and filtered while hot. 
The collected solid is resuspended in methyl alcohol 
and a solution of 4N potassium-2-ethyl hexanoate is 
added. The mixture is cooled to o0 c and the 
precipitate collected. The solid is dissolvd in water, 
filtered, and 2N hydrochloric acid is added to the 
clear o0 c solution. The resultinq precipitate is 
collected and dried to qive 4.1 q of the pure product. 
13c NMR(CDC13):6 44.145, 150.115, 152.559, 169.786. 
1H NMR(CDC13):& 13.ll(s,lH); 12.S(br s,lH); 
3.66(s,3H). 

+ CI-MS:m/z 160(MH ). 
Example 84 

E1;hanethioic acid 
trans-C+/-l-S-[5-[[Chexabydro-2-methyl-5.6-dioxo-1,2.4-

triazin-3-yllthio]methyl]tetrahydro-3-furanyl]ester 
The title compound is prepared by the proce­

dure of Example 23 usinq o.551 q of product from 
Example 83 in 1 ml of tetrahydrofuran, 1.07 q of 
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product from Example 22 in l ml of tetrahydrofuran, 3 
ml of dimethylformamide, and 605 microliter of Huniq's 
base to qive 0.357 g of the desired product. 
1a NMR(CDCl3):6 l3.17(s,1H): 3.98-4.33(m,8H): 
3.69(s,3H): 3.55(m,1H); 2.33(s,3H); 2.22(m,1H): 
1.96(t,lH). 
IR(KBr): 1721 and 1672 cm-1 • 

Example 85 
trans-C+/-l-Tetrahydro-2-methyl-3C[Ctetrabydro-4-
mercaptq-2-furanyllmethyllthioJ-1.2.4-triazine-

5.6-dione 
The title compound is prepared by the proce­

dure of Example 16 using 0.357 g of product from 
Example 84, 281 microliter of 25% sodium 
methoxide/methyl alcohol and 500 microliter of 
tetrahydrofuran to give 0.148 9 of the desired product. 
1H NMR(CDCl3):6 9.37(bs,1H); 4.55(s,1H): 4.26(m,3H); 
3.83(s,3H); 3.6(m,2H): 2.34(m,2H); 2.06(m,2H): 
l.76(d,1H). 
IR(KBr): 1722 and 1604 -1 cm • 

Example 86 
* * * * * [4R-C3C3R ,SS and JS .SR l4alpha.5beta,6betaCR l]]-

3-[[5-[[CHexahydro-2-methyl-5.6-dioxo-l.2,4-triazin-
3-yllthioJmethyl)tetrahydro-3-furanyl)thioJ-6-

(l-hydrox:yetbyll-4-methyl-7-oxo-l-azabicyclor3. 2. 0J­
hept-2-ene-2-carboxylic acid 

(4-nitrophenyllmethyl ester 
The title compound is prepared by the proce­

dure of Example 17 using 0.207 9 of product from 
Examp1e ss, 0.0965 9 of product from Example 15, 0.045 
9 of Huni9's base and 500 microliter of dimethylform­
amide to give 0.109 q of the desired pr~~.ci;. 
1H NMR(CDC~3 ):6 10.J(bs,lH); 8.2l(d,2H): 7.65(d,2H): 
5.36(dd,2H); 4.47(m,1H); 4.2-4.4(m,4H); 4.l5(m,1H); 
3.99(m,1H); 3.81(s,3H): 3.7l(m,1H): 3.48(m,1B): 
3.35(m,1H): 2.6(bs,1H): 2.38(m,1H): 2.13(m,1H): 
l.3(m,7H); O.B6(m,1H). 
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Example 87 

* * * * * f4R-[3CJR .SS and JS .SR l4alpha.Sbeta.6betaCR )JJ-
3-CCS-C[CHexahydro-2-methyl-5.6-dioxo-l.2.4-triazin-

3-yllthio]methyl]tet;ahydro-J~furanyllthioJ-6-

Cl-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[J.2.01-
hept-2-ene-2-carboxylic acid 

monosodium salt 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.10 q of product from Example 
86, 0.0135 q of sodium bicarbonate, 2 ml of water, 10 
ml of dioxane, and 0.030 q of 10% palladium/carbon to 
qive o.038 q of the desired product. 
1H NMR(D20):6 3.BS-4.5(m,8H); 3.75(m,lH); 3.6(s,3H); 
3.2(m,2H); l.8-2.2(m,JH); 1.0(m,7H). 

Example 88 

* f4R-(4alpha.5beta.6betaCR )]1-

6-Cl-Hydro~thyl)-4-methyl-7-oxo-3-Cftetrahydro-s­

(hydroxymethyll-3-furanyl)thiol-1-azabicyclor~.2.03-

hept-2-ene-2-carboxylic acid monososiium salt 
The title compound is prepared by the proce­

dure of Example 18 usinq o.oso q of product from 
Example 56, 0.0096 q of sodium bicarbonate, 600 
microliter of water, 3.4 ml of dioxane, and 0.030 q of 
10% palladium/carbon to qive 0.028 q of the desired 
product. 
1H NMR(D20):6 3.3-4.3(m,12H); 2.ll(m,2H); l.24(d,3H); 
l.16{d,3H). 

Example 89 
Ethanethioic acid 

C3R-cisl-S-r5-[[[C2-bromoethoxy)hydroxyphosphiny1Joxyl­
methyl)tetrahydro-3-fµranyl]ester 

A o0 c solution, under arqon, of o.520 q of 
product from Example 9, 0.53 ml of triethylamine, and 
10 ml of carbon tetrachloride is treated with o.so ml 

of·2-bromoethylphosphorodichloridate. 'l'he reaction is 
stirred at room temperature for·1.hour, filtered, and 
concentrated in vacuo. The residue is slurried in o.5H 
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sodium acetate and tetrahydrofuran (1:1) at room 
temperature for 4 hours. The mixture is concentrated 
in vacµo, the aqueous layer is acidified and extracted 
with 30% isopropyl alcohol and chloroform. The organic 
layers are combined, dried, concentrated in yacµo, and 
chro:matoqraphed (Silica Gel: ethyl acetate, 5-30% 
methyl alcohol/chloroform) to qive 0.617 q of the 
desired product. 
1H NMR(MeOH-d4):6 4.26(m,1B); 4.2l-3.96(m,6H); 
3.67(dd,1H,J=5.8Hz); 3.6l(t,2H,J=5.8Hz); 2.Sl(m,lH); 
2.3l(s,3H,COCH3); l.72(m,1B). 
MS(FAB): m/z 363(M+), 32l(M+H-COCH3). 

Example 90 

C2R-cisl-2-[[££C4-Acetyltbioltetrahvdro-2-furanylJ­
methoxyJhydroxyphosghinyl)oxyJ-N.N.N-trimethyl-

· ethanaminium hydroxide inner salt 
To a o0 c solution, under arqon, of 0.508 q of 

product Example 89 in 15 ml of acetonitrile and 15 ml 
of chloroform is added 20 ml of anhydrous trimethyl­
a.mine. The mixture is warmed at 7o0 c for 2.s hours, 
under dry ice/acetone condenser, concentrated .in vagµo, 
and slurried in 20 ml of methyl alcohol and 2.0 q of 
Amberlyst A-21 for o.s hour. The suspension is 
filtered and the filtrate concentrated in vacuo. The 
residue is purified by chromatography (Silica Gel: 
15-80% methyl alcohol/chloroform; 7:3:1 to 2:8:2 
chloroform:methyl alcohol:water) to qive 0.260 q of the 
desired product. 
1H NMR(MeOH-d4):0 4.28(br s,2H); 4.12(m,2H); 
4.00-3.8(m,3H); 3.65(m,3B); 3.22(s,9H,CH2N(CH3) 3); 
2.46(m,1H); 2.3(s,3H,COCH3); 1.7(m,1H). 
MS(FAB):m/z 364(M+Na-H), 342(M+), 332(M+Na-BCOCH3). 
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Example 91 
* * * [4R-[3C2R .4R l4alpha.5beta.6betaCR lll-

2-C[Hydrgxy[[4-C[6-C1-hydroxyethyll-4-met.hYl-2-. . 
[[C4-nitrophenyllmethoxy]cgrbonylJ-7-oxo-1-azabicyclo­

t3.2.0]hept-2-en-J-yllthio]tetr8hydro-2-furanyl]­
methoxy]phosphinylloxy-N.N.N-trimetbylethanaminium 

hydroxide. inner salt 
A solution of 0.190 q of Example 90 dissolved 

in 1.8 ml of anhydrous methyl alcohol at o0 c is 
treated with 130 microliters of 4.37M solution of 
sodium methoxide. The reaction is stirred at o0 c for 1 
hour and then concentrated in vacuo to give the crude 
thiol which is used in the next step. 

The crude thiol is mixed at -3o0 c with 
0.393 q of product from Example lSA, dissolved in a 

1:1 mixture of acetonitrile:dimetbylformamide, and 90 
microliters of Hunig's base. The resulting solution is 
stirred at room temperature for 6 hours. The reaction 
solution is diluted with ethyl acetate to provide a 

foamy precipitate which is collected after trituration 

with ethyl acetate to give 0.387 g of the product 

mixture. A portion is purified to analytical purity 

using c18 reverse-phase chromatoqraphy. 
1u NMR(MeOH-d4):6 8.2l(d,2H); 7.70(d,2H}; 

5.40(d,1H,J=l3.9HZ) ;5.28(d,1H,J=l3.9Hz); 

4.4-3.6(m,15H): 3.2l(s,9H,N(CH3)3); 2.54(m,1H); 
1.90-1.65(m,1H); l.30(m,6H). 

Example 92 

* * * C4R-[3C2R .4R l4alpha.5beta,6betaCR l]l-

2-CCCC4-[[2-Carboxy-6-Cl-hydroxyethyl)-4-methyl-
7-oxo-1-azabicyclo[J.2,0)hept-2-en-3-yllthiO]tetra­

bYdro-2-furanylJmethoxy)bydroxyphosphinylloxy]-N.N~N­

trimethylethanaminium.hydrqxide inner salt 
monos9dium soJt 

The title compound is prepared by the proce­
dure of Example 18 using 0.387 q of product from 

Example 91, 0.046 g of sodium bicarbonate, 4 ml of 
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water, 19 ml of dioxane, and o.oso q of 10% 
palladium/carbon to give 0.031 q of the desired 
product. 
1H NMR(D20):6 4.35-3.75(m,13H); 3.63(br s,2H); 
3.39(m,1H); 3.19(d,9H,N(CB3)3); 2.52(m,1H); 
l.8-l.52(m,1H); l.25(d,3H,CB3); l.18(t,3H,CH3). 
MS(FAB):m/z 553(M+Na), 53l(M+H). 

Example 93 
Ethanethioic acid 

CJS-trans>-s-rs-rrrc2-brqmoetboxylbydroxyphosphinyll­
oxy)methyl)-tetrahydro-J-furanylJester 

The title compound is prepared.by the proce­
dure of Example 89 using 1.0 q of product from Example 
6, 19 ml of carbon tetrachloride, 1.03 ml of triethyl­
amine, and 0.97 ml of 2-bromoethylphosphorodichlori­
date to give 0.896 g of the desired product. 
1H NMR(CDCl3):6 4.35(m,4H); 4.2-4.0(m,4H); 3.7(m,1H); 
3.5S(m,2H); 2.35(s,3H,COCH3); 2.28(m,1H); 2.0(m,lH). 
MS(FAB):m/z 363(M+). 

Example 94 
C2R-transl-l-[2-[CC[4-CAcetylthioltetrahydro-2-

furanyl]methoxy)hydroxyphosphinyllo;xY]ethyl]pyridinium 
hydroxide inner salt 

The title compound is prepared by the proce­
dure of Example 90 using o.so g of product from Example 
93, 3 ml of pyridine, 4 g of Amberlyst-21, and 10 ml of 
methyl alcohol to give 0.233 g of the desired product. 
1H NMR(DMSO-d6):6 8.18(dd,2H,J=6.7 and l.2Hz); 
7.80(tt,1H,J=6.7 and 1.2Hz); 7.3l(t,2H,J=6.7Hz); 
3.78(br s,2H); 3.S(m,2H); 3.38(dd,1H,J=9.1 and 6.2Hz); 
3.30(m,1H); 3.17(m,1H); Z.93(m,2H); 2.74(dd,1H,J=9.l 
and 6.2Hz); 1.S(s,3H,COCH3 ); 1.40(m,1H); l.lO(m,lH). 
MS (FAB): 3·62 (M+H). 
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Example 95 
* * * [4R-C3C2R .4S l4alpha.5beta.6betaCR l]]-

1-r2-[rHydroxyr[tetrahvdro-4-r[6-Cl-hydroxyetbvl>-
4-metbyl-2-[[C4-nitrgphenyl>metbpxy]carbonyl]-7-oxo-l­

azabicyclo[3.2.0lhept-2-en-3-yl]tbio]-2-fµranyl]­
methgxylphosphinyl]oxyletbvl]pyridinium 

hydroxide inner salt 
The ti~le compound is prepared by the proce­

dure of Example 91 using 0.209 q of product from 
Example 94, 130 microliter of 4.37M sodium methoxide, 
2.06 ml of methyl alcohol, 0.406 q of product from 
Example lSA, 0.10 ml of Hunig's base to give 0.150 q of 
the desired product. 
~ NMR(MeOH-d6 ):& 9.0(d,2B): 8.60(t,1H): 8.24(d,2H); 
8.ll(t,2H); 7.69(d,2H); 5.38(q,2H,CH2Ar); 4.30(br 
s,3H); 4.18(m,3H); 3.92(m,1H): 3.8-3.6(m,6H): 
3.20(m,1H); 2.95(m,1H); 2.lS(m,lB); 1.19(d,3H); 
l.12(m,3H). 

Example 96 

* * * [4R-f3C2R .4S l4alpha.5beta,6betaCR l]J-

1-[2-[[£[4-f[2-Carbgxy-6-(l-hydroxyetl}yll-4-methyl-7-
oxo-1-azabicyclo[J.2.0]hept-2-en-3-yl]tbio)tetrahydro-

2-furanyl]methoxy)hydroxyphosphinyl]oxylethyl] 
pyridinium hydroxide inner salt monosodium salt 

The title compound is prepared by the 
procedure. of Example 18 using 0.150 q of product from 
Example 95, 0.025 q of sodium bicarbonate, 3 ml of 
water, 9 ml of dioxane and 0.030 q of 10% 
palladium/carbon to give 0.0786 q of the desired 
product. 
1H NMR(D20):& 8.98(d,2H,J=5.6Hz); 8.69(m,lh); 
S.2(t,2H,J=6.5Hz): 4.42(br s,2H); 4.37-4.22(m,5H): 
4.00(m,lH); J.82-3.7(m,4H); 3.53(br m,lH); 3.45(t,1H}, 
2.19(m,1H); 2.0S(m,lH), l.JS(d,JH); 
1.29(d,3H). 
MS(FAB): 55l(M+H). 
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Example 97 
CDimethoxvpbosphinyllhydroxyacetic Acid 

(4-nitrgphenyl>metbvl ester 
To a mixture of 4.32 g of p-nitrobenzyl gly­

oxalate and 2.0 ml of dimethylphosphite in 25 ml of 
benzene is added a catalytic amount of p-toluenesul­
fonic acid. The reaction is heated at reflux 
temperature for 1.5 hours. The formed water is removed 
using a Dean-stark trap. After cooling, the solvent is 
removed in vacuo and the resulting crystals are 
slurried in ethyl acetate and collected to give 3.48 q 
of the desired product. 
1H NMR(CDC13):6 8.3(d,2H); 7.73(d,2H); S.42(AB q,2H); 
4.9l(d,1H); 3.75(dd,6H). 
Ref.: E. Nakamura, Tet. Let., vol. 22. p 663 (1981). 

Example 98 
(Dimethoxvphosphinyll[[(l.1-dimethylethyll­

dimethylsilyl)oxyJacetic acid (4-nitrophenyllmethyl 
ester 

To a mixture of 3.48 q of product from Ex­
ample 97 and 12 ml of dimethylformamide is added 1.86 q 
of t-butyldimethylsilyl chloride and l.86 q of 
imidazole. After stirring the reaction at room 
temperature for 2 hours, the mixture is diluted with 
50% ethyl acetate/diethyl ether, washed 5 times with 
water, once with saturated sodium bicarbonate and once 
with saturated sodium chloride. The organic layer is 
dried, filtered and concentrated in vacuo to give 3.90 
g of the desired silylated product. 
1H NMR(CDC13) :6 8.23(d,2H); 7.59(d,2H); ·5.35(AB 
q,2H);4.7l(d,1H); 3.84(d,3H); 3.6l(d,3H); 0.91(s,9H); 
0.11(s,3H); ·o. 09 (s, 3H). 
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Example 29 
* * [2S-[2q(S ).38CS l]J-l-C(l,l-Dimetbylethylldimethyl-

silyl]-3-Cl-[CCl.1-dimetbyleth,yl>dimetbylsilylloXY] 
ethyll-a:-methyl-4-oxo-2-azetidineacetic acid 

Ten grams of (JS,4S)-J[(R)-1-(t-butyldi­
methylsilyloxy)ethyl]-4-[ (R)-1-carboxyethyl]-2-azeti­
dinone is dissolved, under argon, in 100 ml of 
anhydrous dimethylacetamide and treated with 10.46 g of 
t-butyldimethylsilyl chloride and 14.14 g of 
triethylamine. The reaction is stirred overnight at 
room temperature followed by dilution with hexane. The 
organic layer is washed with water and saturated sodium 
chloride, dried and concentrated in vacuo. The residue 
is treated with 100 ml of tetrahydrofuran and 100 ml of 
saturated sodium bicarbonate. The mixture is stirred 
at room temperature for 2.5 hours, diluted with 200 ml 
of diethyl ether and the layers separated. The organic 
layer is washed with saturated sodium chloride, dried 
and concentrated in vacuo to give 19 g of product as a 
yellow oil. 
l H NMR(CDCl3):& 6.62(bs,1H): 4.0(m,lH): J.54(t,lH): 
3.27(dd,1H): 2.83(m,1H): 1.18(d,3H): l.14(d,3H): 
0.85(m,18H): 0.09(m,12H). 

Example 100 
( *1 ( * . . £3S-C3a S.48 s 111-rc1.1-D1methylethylld1methyl-

silyl)-3-[l-rrc1.1-dimetbylethylldimetbylsilyl)oxy) 
ethyll-4-C2-Hydroxy-1-methyletbyl)-2-azetidinone 

To a o0 c solution, under argon, of 25 g of 
product from Example 99 dissolved in 150 ml of 
anhydrous tetrahydrofuran is added 6.31 ml of 
borane-methyl sulfide complex. The reaction mixture is 
heated at reflux temperature for 1 hour, cooled to room 
temperature and concentrated in xacuo. The residue is 
purified by chromatography (silica qel: 20% ethyl 
acetate/~exane) to qive 20.45 q of the desired product 
as a colorless oil. 
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1H NMR(CDCl3):6 3.05(m,1H); 3.75(m,1B); 3.55(m,1H); 

3.46(m,lH); 3.06(dd,lH); l.99(m,lH); l.85(m,1B); 

l.27(d,3H); 0.9S(d,3H); 0.88(m,18H); 0.097(m,12H). 
Example 101 

* * ( i . [2R-C2q(R ).JB(R )J]-1-[ 1.1-D metbyle'!;hylldimethyl-

silylJ-3-[l-[[(l.1-dimethylethylldimetlJ.xlsilylJoxy] 

etbyll-a-methyl-4-oxo-2-azetidineacetaldehyde 

A mixture of 14.3 g of product from Example 

100 dissolved in 75 ml of methylene chloride is treated 

with 8.47 g of pyridinium chlorochromate, 3.5 g of 

sodium acetate and 5 g of diatomaceous earth. The 

reaction is heated at reflux for 30 minutes, diluted 

with 400 ml of diethyl ether and filtered through a pad 

of hydrous magnesium silicate. The solid residue is 

triturated with diethyl ether and diethyl ether passed 

through a pad of hydrous magnesium silicate. The 

combined filtrates are concentrated in yagyo. the 

residue is purified by chromatography (silica gel: 15 

to 25% ethyl acetate/hexane) to give 8.95 q of the 

desired product as a tan solid. 
1 H NMR(CDCl3):0 9.88(s,1H); 4.09(m,1H); 3.82(t,1H); 

2.96(m,1H); 2.79(m,1H); l.2S(d,3H); l.14(d,3H); 

0.9l(s,9H); 0.89(s,9H); 0.09(d,12H). 
Example 102 
. * * [2S-[2a(S -El .38(8 )]]-

4-Cl-[Cl.l-Dimetbylethyl)dimetqylsilyll-3-[l-[CCl.l­

dimetbylethylldimethylsilyl]oxyletbvl]-4-oxo-2-

azetidinyl]-[ [ <l. l-dimeth.ylethylldimethylsilyl]oxy]-2-

pentenoic acid (4-nitrophenyllmeth.Yl ester 

and 
c2s-r2acs*-z1,3scs*111-

4-[1-[Cl.l-Dimeth,yletbylldimetbylsilyl]-3-[l-°[[(1.l­

dimethylethylldimethylsilylJoxvJethyl]-4-oxo-2- · 

azetidinyl]-[[Cl.1-dimetbylethylldimethylsilyl]oxyl-2-

pentengic acid C4-nitrophenyl)metbyl ester 

A mixture of 4.76 q of product from Example 

98 in 30 ml of dry tetrahydrofuran, cooled to -4o0 c, 
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under arqon, is treated with 12 ml of 1M solution of 
1ithium bis(trimethylsilyl)amide. After 5 minutes, 
4.08 q of product from Example 101 in 5 ml of 
tetrahydrofuran is added dropwise and the temperature 
of the cooling bath is allowed to warm gradually (30 

minutes) to o0 c. The reaction is diluted with diethyl 
ether and quenched with water. The organic layer is 
washed with water and saturated sodium chloride, dried 
and concentrated in vagµo. The residue is purified by 
filtration tbrouqh silica qel elutinq with lOt ethyl 
acetate/hexane to qive 3.97 q of the product as a 88:12 
mixture of E:Z isomers. 
1H NMR(CDCl3):E isomer 6 8.2(d,2H): 7.6(d,2H): 
5.S(d,lH): 5.27(s,2H): 4.07(m,1B): 3.64(m,lH): 
3.52(m,lB): 2.88(m,1H): l.27(d,3B): 1.06(d,3B): 
0.92(s,9H); 0.9l(s,9H): 0.89(s,9B): 0.2l(s,3H): 
O.l(s,JH): 0.09(s,3H); 0.087(s,3H); 0.07(s,3H); 
0.06(s,3H). 

Z isomer & 8.2(d,2H); 7.49(d,2H): 6.07(d,1H): 
5.28(q,2H); 4.09(m,1H); 3.56(m,1H); 3.l8(m,1H); 
2.93(dd,1H); 2.5(d,3H); l.08(d,3H); 0.95(s,9H): 
0.92(s,9H); 0.89(s,9H); 0.17(s,3H): 0.165(s,3H); 
O.l6(s,3H); 0.14(s,3H): 0.09(s,3H); 0.06(s,3H). 

Example 103 
* * * * * C2S-[2aCS CR) and S CS l]38CS l))-

8-Bromo-1-[Cl,l-Dimethylethvl)dimethvlsilyl]-3-
r1-rrc1,1-dimethylethylldimethylsilyl]oxy]ethyl]­
qamma-methyl-a,4-dioxo-2-azetidinebutanoic acid 

C4-nitrophenyllmetbyl ester 
To a cooled solution, under argon, of 

0.0381 q of product from Example 102 in o.s ml of 
tetrahydrofuran is added 0.004 1lll. of bromine. The 
reaction is stirred for 15 minutes, quenched with 10% 
sodium thiosulfate and diluted with ethyl acetate. 'l'he 
organic layer is washed with saturated sodium chloride, 
dried and concentrated .in vacu.o. The residue is 
purified by flash chromatoqraphy (silica gel: 2ot ethyl 
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acetate/hexane). The pure bromide, as a mixture of 
diastereomers, 4:1, is obtained in quantitative yield. 
1H NMR(CDC13):6 8.26(d,2H); 7.59(d,2H); S.48-5.36(AB q 
and d,3H); 5.0S(d, minor isomer); 4.12-4.02(m,1H); 
3.67(t,1H); 3.4J(m,1H); 2.SZ(m, minor isomer); 
2.58(m,1H); l.25(d,3H); 1.18(d,3H); l.OS(d, minor 
isomer); 0.9S(s, minor isomer); 0.91(s,9H); 0.89(s,9H); 
0.88(s, minor isomer); 0.33, 0.26, 0.07(3s, minor 
isomer); 0.2l(s,3H); O.lJ(s,JH); O.l(s,JH); 0.06(s,3H). 

E:pmple 104 
(also Example 56) 

* •. * * . * (4R-[3(3R .SS and JS .SR l4q.58.68CR ll]-
6-Cl-Bydroxyethyll-4-metbyl-7-oxo-3-[[tetrahydro-5-

Chydroxymethyl)-3-furanyll'thio]-1-azabigyclo[J.2.0J­
hept-2-ene-2-carboxylic acid (4-nitrophenyllmethyl 

ester 
A solution, under arqon, of o.s q of product 

from Example 103, 0.119 q of product from Example 55 
and 7 ml of dry tetrahydrofuran is treated with 0.124 
ml of triethylamine. The reaction is stirred for 30 
minutes, quenched and diluted with ethyl acetate. The 
orqanic layer is washed with water and saturated sodium 
chloride, dried and concentrated in yacµo. The residue 
is dissolved in 5 ml of acetonitrile and treated with 
10 ml of 10% aqueous hydrofluoric acid. After 30 
minutes, the reaction is quenched by pourinq into 
rapidly stirring saturated sodium bicarbonate/ethyl 
acetate. The organic layer is washed with saturated 
sodium chloride, dried and concentrated in vacuo to 
qive the crude deprotected /J-lactam, which is used in 
the cyclization step without further purification. 

The crude p-lactam, under arqon, is dissolved 
in 5 ml of dry tetrahydrofuran amd treated with 4.46 ml 
of 1M solution in ~ethylene chloride of titanium 
tetrachloride. The reaction is stirred at room 
temperature for 2 hours and poure~ into rapidly 
stirring saturated sodium bicarbonate/ethyl acetate. 
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The orqanic layers is washed once with water and twice 
with saturated sodium chloride, dried and concentrated 
in yagµo. The residue is purified by chromatoqraphy 
(silica qel: 20% ethyl acetate/hexane) to qive 0.142 q 

of the desired product as a white solid. 
1H NMR(CDC13):& 8.22(d,2H); 7.67(d,2H); 5.S(d,lH); 
S.22(d,1H); 4.28(m,4H); 3.8(m,2H); 3.7(m,1H); 
3.SS(m,lH); 3.32~4.l(m,lH); 3.J(m,lH); 2.3(m,1H); 
2.1S(bs,2H); l.98(m,1H); 1.36(d,3H); l.28(d,3H). 

1xample 10s 
(also Example 78) 

* * . * * * [4R-[3(3R .SR and JS .SS )4q.58.68CR )JJ-

6-Cl-Hydroxyetbyll-4-methyl-7-oxo-3-[[tetrahydro-5-
Chydroxymethyll-3-furanyl)thio)-1-azal>icyclo[3.2.0J 

hept-2-ene~2-carboxylic acid 
(4-nitrophenYl)methyl ester 

The title compound is prepared by the proce­
dure of Example 104 using 0.166 q of product from 
Example 103, 0.0396 g of product from Example 77, 2.3 
ml of dry tetrahydrofuran and 0.0413 ml of triethyl­
amine to obtain the crude P-lactam. The subsequent 
cyclization uses the above product, 1.48 ml of 1M 

solution in methylene chloride of titanium tetra­
chloride and 1.6 ml of dry tetrahydrofuran to give 
0.053 q of the desired product as a white solid. 
1H NMR(CDC13):6 8.23{d,2H); 7.66(d,2H); 5.Sl(d,lH); 
S.24(d,lH); 4.37(m,2H); 4.13(m,2H): 3.75(m,3H); 
3.6(m,2H); 3.29(m,2H); 2.44(m,2H); 2.l7(m,lH); 
l.2-1.4(m,6H). 

i:;xample 106 
(4R-transl-2-(2-Propenyl)-1.3.2-dioxoaborolane-4.5-

dicarboxylic acid bisCl-methylethyllester 
To 400 ml of diethyl ether, under anhydrous 

35 conditions at -7s0 c, is added simultaneously, with 
viqorous stirring, 475 ml of 1M in diethyl ether 
a1lylmaqnesium bromide and 60 ml of triethy1 borate in 
400 ml of diethyl ether. The reaction is stirred at 
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-7s0 c for 3 hours; followed by the removal of the 

coolinq bath and dropwise addition (over 2.5 hours) of 

450 ml of 2N hydrochloric acid. The layers are 

separated and the aqueous layer is extracted 4 times 

with a mixture of diethyl ether:methylene chloride 

(5:1). The orqanic layers are combined, dried and 

concentrated in vacuo to approximately 100 ml. The 

residue is redissolved in 400 ml of diethyl ether, 

treated with 77.8 q of (-)-diisopropyl L-tartrate, and 

stirred overnight at room temperature under argon. Ten 

qrams of magnesium sulfate is added and the mixture 

stirred for 20 minutes. The reaction is concentrated :J.n 
vacuo to give 90 q of crude product. The residue is 

purified by Kuqelrohr distillation (loo0 c to i10°c) to 

qive 39.35 q of product. 
1H NMR(CDCl3):6 5.82-5.96(m,1H); 4.97-5.16(m,4H); 

4.78(s,2H); l.92(d,2H); l.3(d,12B). 
Example 107 

CSl-1-Phenylmethoxy-4-penten-2-ol 

To a mixture of 40.0 g of product from 

Example 106 in 560 ml of dry methylene chloride with 30 

q of 4A0 molecular sieves, under anhydrous conditions 

at -1s0 c, is added 11.2 q of product from Example 1 in 

9.6 ml of methylene chloride. The reaction is stirred 

viqorously while maintaining the temperature at -1s0 c 
for 16 hours. The reaction is filtered, the molecular 

sieves are washed with methylene chloride and the 

aqueous layer is extracted with methylene chloride. 

The combined organic layers are concentrated in vacuo 

and the residue dissolved in 400 ml of diethyl ether. 

The diethyl ether layer is stirred for 24 hours with 

600 ml of lM·potassium hydroxide. The aqueous layer is 

extracted with diethyl ether. The combined organic 

layers are washed with saturated sodium bicarbonate and 

concentrated in vacuo. The crude residue is purified 

by Kuqelrohr distillation c100°c.to 110°c) to qive 13.4 

q of the desired product. 
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1H NMR(COCl3):6 7.JS(s,SH); 5.S(m,lH); 5.l(m,2H); 

4.55(s,2H); 3.85(m,1H); 3.48(dd,1H); 3.35(dd,1H); 

2.68(bs,1H); 2.25(t,2H). 
Example ios 

2.2-AnhYdro-l,3-dideoxy-1-iodo-D-threo-pentitol and 

2.5-Anhydro-1.3-dideoxy-l-iodo-D-e;:ythro-pentitol 

To a 3°c viqorously stirrinq solution of 

13.4 9 of product from Example 107 dissolved in 262 ml 

of diethyl ether and 89 ml of water is added, in one 

portion, 8.73 9 of sodium bicarbonate followed by 26.21 

q of iodine. The reaction is stirred at room tempera­

ture for 1.5 hours. Saturated sodium sulfite is added 

slowly with viqorous stirrinq. The layers are 

separated and the orqanic layer is dried and 

concentrated in vacuo. The residue is purified by 

chromatography (silica qel: 20 to 50% ethyl 

acetate/hexane) to qive 1.3 q of the cis-isomer(A) and 

4.7 9 of the trans~isomer(B). 
1H NMR(CDC13): cis-isomer o 4.51-4.SS(m,lH); 

4.04-4.lJ(m,lH); 3.91-3.96(dd,1H): 3.7B-3.83(dd,1H); 

3.33-3.43(m,2H); 3.0S{bs,lH,OH): 2.3-2.39(m,1H); 

l.89(m,O.SH): l.79(m,O.SH). 

1K NMR(CDC13): trans-isomer 6 4.54-4.57(m,1H); 

4.17-4.26(m,1H); 4.04-4.0S(m,lH); 3.80-3.SS(m,lH); 

3.27-3.3l(m,2H); 2.68(bs,lH,OH);·2.21-2.2(m,lH); 

l.74-l.84(m,1H). 
Example 109 

2.5-Anbydro-1-azido-1.3-dideoxy-D-threo-pentitol 

To a mixture of 1.25 q of product from Ex­

ample 108(cis-isomer) in 5 ml of dry dimethylformamide 

is added 0.537 q of lithium azide. The reaction is 

heated at 10°c for 2 hours and then concentrated in 

vacuo. The residue is purified by chromatography 

(silica qel: diethyl ether) to give 0.642 q of the 

deslred product. 

XR(neat): 2100 cm-1 • 
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1H NMR(CDC13):6 4.4-4.S(bs,lH); 4.1-4.2(m,1H); 
3.73-3.9l(m,3H); 3.45(m,2H); 2.23-2.36(m,lH); 
l.71-l.76(m,0.5H); 1.66-l.7l(m,O.SH). 

Example 110 
2.5-Anhydro-l•azido-1.3-dideoxy-D-tbreo-pentitol 

4-(trifluoromethanesultonatel 
The title compound is prepared by the proce­

dure of Example 22 using 0.642 g of product from 
Example 109, 0.8 ml of trifluoromethanesulfonic 
anhydride and 0.38 ml of pyridine to qive 0.890 q of 
pure product after chromatography (silica gel: diethyl 
ether). 
IR(neat): 2104 cm-1• 
1 H NMR(CDC13):6 5.S(m,lH); 4.3(m,2H); 3.9(m,1H); 
3.4(m,2H); 2.6(m,1H); 2.2(m,lH). 

Example 111 
l.4-Anhydro-5-azido-3.5-dideoxy-2-thio-p-erythro­

pentitol 2-acetate 
To an argon purged solution, cooled to o0 c., 

of 0.89 q of product from Example 110 dissolved in 10 
ml of acetonitrile is added, in one portion, 0.406 q of 
potassium thioacetate. The reaction is stirred at o0 c 
for 10 minutes and then allowed to warm to room 
temperature, slowly over 1.5 hours. The mixture is 
concentrated in vacuo and the residue purified by 
chromatography (silica gel: 30% ethyl acetate/hexane) 
to give 0.422 q of the desired product. 
1H NMR(CDC13):6 4.25-4.35(dd,1H); 4.35-4.25(m,1H); 
4.0-4.07(m,lH); 3.6-3.69(dd,1H); 3.47-3.40(dd,1H); 
3.30-3.22(dd,1H); 2.34(s,3H,Me); 2.25-2.lS(m,lH); 
2.l-l.92(m,1H). 
IR(neat): 2100(N3) and 1692(SAc)cm-1 • 

Example 112 
1.4-Anhydro-5-azido-3.5-dideoX)'-2-thio-D-erythro­

pentitol 
The title compound is prepared by the proce­

dure of Example 16 using 0.420 q of product from 
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Example 111, 0.48 ml of 25 wt % sodium methoxide/methyl 
alcohol to qive 0.216 q of the desired product after 
chromatoqraphy (silica qel: 30% ethyl acetate/hexane). 
l . 
H NMR(CDC13):6 4.25-4.4(m,1B): 4.18-4.24(dd,1H): 

3.78-3.86(dd,O.SH); 3.54-J.66(m,lH): 3.4-3.54(m,l.5H); 
J.1s-J.29(m,1H); 2.1s-2.2scm,1H); l.ss-1.9s(m,1H); 
1.78(d,1H,SH). 

Example 113 
* 2-[4B-[4a.5B.68CR l]]-

1.4-A.nhydro-5-azido-3.5-dideoxy-2-S-[6-Cl-bydroxy­
etbyll-4-methyl-2-[CC4-nitrophenyllmethoxy]carbonyl]-

7-oxo-1-azabicyclo[3.2.0J-hept-2-en-3~yl]-2-thio­

D-erythro-pentitol 
The title compound is prepared by the proce­

dure of Exa:mple 17 using 0.215 g of product from 
Example 112, 0.883 g of product from Exa:mple 15 and 198 

microliter of Huniq's base to qive 0.288 q of the 
desired product after chromatography {silica qel: 75% 
ethyl acetate/hexane). 
IR(neat): 2101, 1769 and 1709 cm-1• 
1 H NMR(CDC13):6 8.25(d,2H); 7.7(d,2H): 5.S(d,lH); 

5.3(d,lH); 4.15-4.3(m,4H): 3.7-3.SS(m,la): 

J.57-3.66(m,lH); 3.26-3.5(m,2H): J.15-3.26(m,2H): 

2.57(bs,1H,OH); 2.08-2.25(m,1H); 1.85-2.0S(m,lH): 
l.28(d,3H,Me); l.21(d,3H,Me). 

Example 114 

* 2-£4R-[4a.58.68CR l]]-
5-Amino-1.4-anbydro-2-S-C2-carboxy-6-Cl-hydroxyetbyll-
4-methyl-7-oxo-1-azabicvclorJ.2.0lhept-2-en-3-yl)-3.5-

dideoxy-2-thio-D-erthro-pentitol 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.288 q of product from 

Example 113, 0.198 q of 10%.palladiwn/carbon, 12 ml of 
phosphate buffer (~H 7), and 35 ml of dioxane to give 
0.010 q of the desired produc~ after chromatography 
cc18 reverse phase silica qel plates: 95/5 water/ethyl 
alcohol). 



5 

10 

15 

20 

25 

30 

35 

..... ··.·-· ...... ·~· ~~--~~---------------~ 
·, -:~ ... ~ 

-171-

1H NMR(D20):o 4.45-4.59(m,1H); 4.22-4.38(m,3H}; 
3.98-4.ll(m,lH); 3.82-3.9(m,1H); 3.4-J.58(m,2H): 
3.2-3.J(m,lH): 3.0S-3.18(m,1H); 2.12-2.35(m,2H); 
1.36(d,JH,Me); l.27(d,3H,Me). 

Example 115 
2.s-Anhydro-1-azido-1.3-dideoxy-D-erythro-pentitol 

The title compound is prepared by the proce­
dure of Example 109· usinq 2.3 q of product from Example 
108 (trans-isomer), 0.988 q of lithium azide and 4 ml 
of dimethy1formamide to qive 1.42 q of the desired 
product after chromatography (silica qel: diethyl 
ether). 
IR(neat): 2100 cm-1 • 
1H NMR(CDCl3):6 4.56(m,1H); 4.35-4.45(m,1H); 
3.98-4.12(dd,1H); 3.78-3.87(dd,1H); 3.47-3.SS(dd,lH); 
3.2-3.3(dd,1H); 2.65(bs,1H,OH); 1.95-2.0S(m,lH); 
l.83-l.95(m,1H). 

Example 116 

2.5-A.nhydro-1-azido-1.3-dideoxy-D-erythro-pentitol 
4-Ctrifluoromethanesulfonate 

The title compound is prepared by the proce­
dure of Example 22 usinq 1.42 q of product from Example 
115, 1.8 ml of trifluoromethanesulfonic anhydride and 
o.ss ml of pyridine to qive 2.22 q of the desired 
product after chromatography (silica qel: 75% ethyl 
acetate/hexane). 
IR(neat): 2104 cm-1 • 

_1B NMR(CDCl3):& 5.SS(m,lH); 4.38-4.48(m,1H); 
4.1-4.27(m,2H}; 3.58-3.68(dd,1H); 3.22-3.32(dd,1B); 
2.J-2.4(m,1H); 2:16-2.26(m,2H). 

Example 117 
2,5-Anhydro-1-azido-1.J-dideoxy-4-thio-L-threo-pentitol 

-The title compound is prepared by the proce­
dure of Example 111 usinq 2.22 q of product from 
Example 116, 1.01 g of potassium thioacetate and 25 ml 

of acetonitrile to give 0.90 q of the desired product 
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after chromatoqraphy (silica gel: Jot ethyl 
acetate/hexane). 
IR(neat): 2100 and 1692 cm-1 • 
1H HMR(CDCl3):6 4.l-4.2(m,2H); 3.95-4.0S(m,lH); 

3.7-3.78(dd,1B); 3.4-3.SO(dd,lH); 3.25-3.35(dd,1H); 

2.42-2.SJ(m,lB); 2.34(s,3H,Me); l.63-l.74(m,1H). 

ExallJPle 118 

2.5-Anbydro-1-az;do-1.3-dideoxy-4-thio-L-threo-pentitol 
The title compound is prepared by the proce­

dure of Example 16 using 0.90 q of product from Example 
117, l.l ml of 25 wt. t sodium methoxide/methyl alcohol 
and 15 ml of tetrahydrofuran to qive 0.441 q of the 
desired product after chromatoqraphy (silica qel: 30% 

ethyl acetate/hexane). 
IR(neat): 2570 and 2099 cm-1 • 
1H NMR(CDCl3):6 4.0-4.25(m,2H); 3.57-3.67(m,1H); 
3.25-3.S(m,JH); 2.4-2.55(m,1H); l.82(d,1H,SH); 
l.6-l.75(m,1H). 

Example 119 

* 2-f4R-C4a,58.68CR ll]-
2,5-Anhydro-l-azido-l.3-dideoxy-4-S-[6-Cl-hydroxy­

etbyll-4-methyl-2-f CC4-nitrophenyllmethoxy]carbonyl]-
7-oxo-1-azabicvclo(3.2.0lhept-2-en-3-yl1-4-thio-L­

threo-pentitol 
The title compound is prepared by the proce­

dure of Example 17 using 0.441 9 of product from 
Example 118 in 10 ml of acetonitrile, 1.8 q of product 
from Example 15 in 10 ml of acetonitrile and 0.41 ml of 
Huniq's base to give 0.747 q of the desired product 
after chromatography {silica gel: 75% ethyl 
acetate/hexane). 
IR(KBr): 2101, 1769 and 1708 cm-1 • 

la NMR(CDC13):6 8.25(d,2H); 7.7(d,2H); 5.55(d,1H); 

5.28(d,1H); 4.12-4.4(m,4H); 3.8-3.95(m,2H); 
3. 32-3. SB (m, 4H) ; 3. 03 .(bs, lH, OH); 2. 48-2. 65 (m, lH) ; 
1.as-1.96(m,O.SH); l.68-l.78(m,0.5H); 1.42(d,3H,Me); 
l.35(m,JH,Me). 
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Example 120 
* 2-[4R-[4q.5B.68CB l]J-

1-Al!lino-2.5-anhyd.ro-4-S-C2-carboxv-6-Cl-hydroxyetbvll-
4-metbyl-7-oxo-1-az8bicyclo[3.2.0]bept-2-en-3-yl)-1.3-

dideoxy-4-tbio-L=tb~eo-pentitol 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.747 q of product from 
Example 119, 0.513 q of 10% palladium/carbon, JO ml of 
sodium phosphate buffer (pH 7) and 90 ml of dioxane to 
qive 0.153 q of the desired product after 
chromatoqraphy (C18 reverse phase silica qel plates: 
95% aqueous ethyl alcohol). 
1

H NMR(D20):6 4.02-4.35(m,4H): 3.72-3.94(m,2H): 

J.26-3.4J(m,2B): 3.05-3.94(m,2H): 2.5-2.7(m,lH); 

1.7-1.S(m,O.SH): l.5-l.6(m,O.SH): l.2-l.25(d,3H,Me): 
l.10-1.17(q,JH,Me). 

Example 121 
cis and trans-C+/-l­

Tetrahydro-5-Ciodomethyll-3-turanol 
The title compound is prepared by the proce­

dure of Example 108 usinq 19.2 q of product from 
Example 2 in 385 ml of diethyl ether and 128 ml of 
water, 12.52 q of sodium bicarbonate and 37.56 q of 
iodine to qive 13.16 q of the product as a mixture of 
isomers. 

Example 122 

cis-C+/-l-Tetrahydro-5-Ciodomethyll-3-furanol 
trans-C+/-l-TetrahydroS-Ciodomethyll-3-furanol 

30 A 1.6 q portion of the mixed isomer product 
of Example 121 is purified by chromatoqraphy (silica 
gel: 30% ethyl acetate/hexane) to qive 0.341 g of 
Isomer A and 0.994 g of Isomer B. 
Isomer A(cis) CI-MS: m/Z 246 (M+NB4)+. 

35 Isomer B(trans) CI-MS: m/z 246 (M+NH4)+. 
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Example 123 
trans-C+/-l-5-(CEthylam,inolmetbylJtetrahydro-3-furanol 

A solution of 4.0 g of product from Example 
121, Isomer B, and 20 ml of 70% aqueous ethylamine is 
stirred at room temperature, in a pressure bottle, for 
60 hours. The reaction is concentrated in vacuo and 
the residue purified by chromatography (silica qel: 30% 
methyl alcohol/chloroform) to qive 3.2 q of the desired 
product. 
~ NMR(CDCl3):6 5.l(bs,H20,NH+OH); 4.58-4.75(m,2H); 
4.2-4.26(dd,1H); 3.39-3.99(m,1H); 3.l-3.S(m,4H); 
2.25-2.35(m,1H); 2.0-2.l(m,lH); l.55(3H,Me). 
CI-MS: m/z 146 (MH+). 

Example 124 
trans-C+/-l-Ethyl[Ctetrahydro-4-hydroxy-2-furanyll­

metbyllcarbamic acid C4-nitrophenylmethyl ester 
Under anhydrous conditions with an argon 

purge, a solution of 3.2 g of product from Example 123 
in 10 ml of dry tetrahydrofuran and 2.7 ml of Huninq's 
base is cooled to -s0 c. The mixture is treated with 
4.75 q of 4-nitrobenzyl chloroformate in 20 ml of 
methylene chloride while maintaining the temperature at 
-s0 c. The reaction is stirred at -s0 c for 2 hours; 
followed by concentration in vacuo. The residue is 
purified by chromatography (silica qel: 75% ethyl 
acetate/hexane) to give 2.63 g of the desired product. 
1H NMR(CDC13):6 8.2(d,2H); 7.6{d,2H); S.3(s,2H); 
4.6(m,1H); 4.28-4.42(m,1H); 3.92-4.02(dd,lH); 
3.7-3.78(d,1H); 3.S-3.6(dd,1H); 3.38-3.49(m,2H); 
3.2-3.3(dd,1H); 2.0S(bs,lH,OH); 1.92-2.0S(m,lH); 
l.6-1.77(m,1H): l.16(t,3H). 
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Example 125 

trans-C+/-l-Mgthanesulfonic acid S-[(Etbvl[[C4-nitro­

phenyllmetboxylcarbonyl]aminolmetbylltetrahydro-3-

furanyl ester 

To a -s0 c solution, under argon, of 2.63 q of 

product from Example 124, 1.7 ml of triethylamine and 

18 ml of methylene chloride is added, dropwise, 0.94 ml 

of methanesulfonyl chloride. The reaction is stirred 

at -s0 c for one hour, washed successively with 

saturated sodium chloride, 5% sodium bicarbonate and 

saturated sodium chloride, dried and concentrated in 

vacµo. The residue is purified by chromatoqraphy 

(silica gel: 75% ethyl acetate/hexane) to qive 3.18 g 

of the desired product. 
1H NMR(CDC13):6 8.2(d,2H); 7.6(d,2H); 5.J(m,lH); 

5.25(s,2H); 4.23-4.40(m,1H); 4.08-4.19(m,1H)1 

3.34-4.02(m,1H); 3.22-3.62(m,4H); 3.0S(s,3H,Me); 

2.28-2.38(dd,1H); 1.75-1.9S(m,1H)1 l.16(t,3H,Me). 

Example 126 

cis-C+/-l-Ethanethioic acid 

S-[5-C[ethyl([(4-nitrophenyl)methoxylcarbonyl]aminol­

methylltetrahydro-3-fµranyll ester 

A solution of 3.18 q of product from Example 

125 in 10 ml of toluene and 10 ml of dimethylformamide 

is purqed with argon. To this solution is added 1.36 q 

of potassium thioacetate and the reaction mixture is 

heated overniqht at 65°c in an oil bath with continuous 

stirring. The reaction mixture is cooled and diluted 

with 70 m1 of water and 80 ml of toluene. The organic 

phase is washed with water, dried and concentrated in 

vacuo to give a dark yellow oil. The residue is 

purified by chromatoqraphy (silica gel: 50% ethyl 

acetate/hexane) to give 2.283 g of the desired product. 

:IR(neat): 1698 cm-1 • 

1K NMR(CDC13):6 8.2(~ 1 2H); 7~6(d,2H); 5.25(s,2H); 

4.02-4.18(m,2H); 3.9-4.02(m,1H); 3.65-3.75(m,1H); 

3.S-3.6(dd,1H); 3.38-3.5(m,4H); 3.2-3.3(dd,1H); 
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2.37-2.52(m,1H); 2.32(s,JH,Me); l.45-l.6(m,1H); 

l.16(t,JH,Me). 
Example 122 

cis-C+/->-Etbl'l[Ctetrahyd.•o-4-mercaptp-2-furanyll­

methyl]carbam.ic acid (4-nitrpphenyllmethyl ester 

A o-s0 c solution, purged with arqon, of 

0.737 q of product from Example 126 in 5 ml of methyl 

alcohol is-treated with 0.525 ml of 4N sodium 

hydroxide. The reaction is stirred for 10 minutes, 

acidified with 2.17 ml of 0.968N hydrochloric acid and 

diluted with 20 ml of ethyl acetate. The organic layer 

is washed with saturated sodium chloride~ dried and 

concentrated in yacuo. The residue is purified by 

chromatography (silica qel: 50% ethyl acetate/hexane) 

to qive 0.483 q of the desired product. 
1H NMR(CDC13}:& 8.2(d,2H): 7.6(d,2H); 5.3(s,2H); 

4.02-4.23(m,2H); 3.25-3.65(m,6H); 2.4-2.SS(m,lH); 

1.75-1.S(d,lH); l.45-1.6(m,1H); l.16{t,3H). 
Example 128 

* * * * * [4R-[3C3R .SR and JS .SS ),4Q,58.68CR l]]-

3-((5-([Etbyl(CC4-nitrophenyllmethOxY]carbonyllaminol­

methyl]tetrahvdro-3-furanyl]thio]-6-Cl-hydro:xyethyll-

4-methyl-7-oxo-1-azabicyclo[3.2.0lhept-2-ene-carbo:xylic 

acid C4-nitrophenyllmethyl ester 

The title compound is prepared by the proce­

dure of Example 17 using 0.483 q of product from 

Example 127 in 5 ml of acetonitrile, 0.923 q of product 

from Example 15 in 5 ml of acetonitrile and 0.21 ml of 

Huniq's base to qive 0.63 q of the desired product 

after chromatography (silica qel: 75% to 80% ethyl 

acetate/hexane). 
1B NMR(CDC13):6 8.2(d,4H); 7.68{d,2B); 7.52(dd,2B); 

5.5(dd,1H); 5.3(dd+s,3H); 4.0-4.35(m,4H); 

3.7-3.85(m,2H): 3.2_5-3.65(m,6B); 2.4-2.SS(m,lH): 

1.5-1.S(m,lB+l OH); 1.37(d,3H,Me); 1.27(t,3B,Me); 

1.6(t,JB,Me of Et). 
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Example 129 
* * * * * [4R-CJC3R .SR and JS .SS ).4q.58.68CR l]]-

3-(CS-r[Ethylaminolmetbyl]tetrabydro-3-furanyllthio]-6-
Cl-hydroxyethyll-4-metbyl-7-oxo-1-azabicyclo[3.2.0J­

hept-2-ene-carboxylic acid 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.755 q of product from 
Example 128, 0.3~5 g of 10% palladium/carbon, 11 ml of 
sodium phosphate buffer (pH 7) and 33 ml of dioxane to 
give 0.118 q of the desired product after 
chromatography (c18 reverse phase silica qel plates: 
20% acetonitrile/water). 
1H NMR(D20):& 4.3-6.0(m,4H)1 4.0-4.2(m,2H)1 
3.3-3.7(m,6H)1 2.8-2.95(m,1H)1 1.95-2.0S(m,O.SH): 
1.75-l.85(m,O.SH)1 1.4-l.6(m,9H,3Me). 
MS(FAB): m/z 371 (M+H)1 393 (M+Na)1 741 (2M+H). 

Example 130 
cis-C+/-l-5-[CEthylaminolmethyl]tetrabydro-3-furanol 

The title compound is prepared by the proce­
dure of Example 123 usinq s.o 9 of product from Example 
122 Isomer A and 25 ml of 70% aqueous ethylamine to 
give 4.6 9 of the product after chromatography (silica 
gel: 30% methyl alcohol/chloroform). 

Example 131 
cis-C+/-l-Ethyl-[Ctetrahydro-4-hydroxy-2-furanyll­
methyll carbamic acid C4-nitrophenyllmethvl ester 

The title compound is prepared by the proce­
dure of Example 124 using 4.6 g of product from Example 
130, 4.73 g of 4-nitrobenzyl chloroformate, 2.7 ml of 
Huniq's base, 25 ml of methylene chloride and 7 ml of 
tetrahydrofuran to give 2.035 q of the desired product 
after chromatography (silica gel: 75% ethyl 

acetate/hexane). 
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Example 132 

cis-c+t->-BthYl[CTetrahYdro-4-rCmctbylsulfonyl>oxy]-2-

furanyllmethyl carbamic acid C4-nitrophenyllmethyl 

ester 

The title com.pound is prepared by the proce­

dure of Examp1e 125 using 2.035 g of product from 

Example 131, 1.31 g of trietbylamine, 0.73 g of 

metbanesulf ony1 chloride and 14 ml of methylene 

chloride to give 3.18 q of the desired product after 

chromatography (silica gel: 75' ethyl acetate/hexane). 

Example 133. 

trans-C+/-l-Etbanetbioic acid 

S-CS-C(ethvl[[C4-nitrophenyllmetbo:xy]carbonyl]amino]­

methvltetrahydro-3-furanyll ester 

The title compound is prepared by the proce­

dure of Example 126 using 3.1 q of product from Example 

132, 1.05 q of potassium thioacetate, 10 m1 of 

dimethylformamide and 10 ml of toluene to give 1.9 q of 

the desired product after chromatography (silica gel: 

75% ethyl acetate/hexane). 
1H NMR(COC13):6 8.23(d,2H); 7.52(d,2H); 5.25(s,2H); 

4.l-4.32(m,2H); 3.92-4.02(m,1H); 3.1B-3.65(m,5H); 

2.32(s,3H,Me); l.0-2.12(m,2H); 1.lB(t,JH,Me). 

Example 134 

trans-C+/-l-Ethvl[(tetrahydro-4-mercapto-2-furanyll­

methvllcarbamic acid (4-nitrophenyllmethvl ester 

The title compound is prepared by the proce­

dure of Example 127 usinq 0.573 q of product from 

Example 133, 0.39 ml of 4N sodium hydroxide, 1.52 m1 of 

0.968N hydrochloric acid and 3.75 m1 of methyl alcohol 

to give 0.382 g of the desired product after 

chromatography (silica gel: 50% ethyl acetate/hexane). 
1H NMR(CDC13):6 8.2(d,2H); ·7.49{d,2H): 5.2(s,2H); . 

4.18-4.30(m,1H) ·: 4.02-4.lS(m,lH): 3.1-3.5(m,6H), 

1.92-2.l(m,lH): l.75-l.9(m,1H); l.69(d,1B,SB); 

l.08(t,3H,Me). 
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Example 135 

* * * * * [ji-[3C3R .SS and JS .SR l.4q.58,68CR lll-

3-[[5-[[Ethylf[C4-nitrgphenyllmethoxylcarbonyllamino]­
methYl]tetrftb.Y,dro-3-furanyl]tbioJ-6-Cl-bydroxyetbyll-

4-methyl-7-oxo-l-azabicycloC3.2.0]hept-2-ene-2-

carboxylic acid C4-nitrophenyllmetnyl ester 
The title compound is prepared by the proce­

dure of Example 17 usinq 0.382 q of product from 
Example 134 in 4 ml of acetonitrile, 0.723 q of product 

from Example 15 in 4 ml of acetonitrile and 170 
microliters of Huniq's base to qive 0.527 q of the 
desired product after chromatoqraphy (silica qel: 75% 

ethyl acetate/hexane). 
1B NMR(CDC13):6 8.2(dd,4B); 7.65(d,2H); 7.52(d,2H); 

5.52(d,2H); 5.23(s,4H); S.22(d,2H); 4.2-4.35(m,4H); 
3.2-3.85(m,SH); l.7-2.2(m,2B+OH); l.37(dd,3H,Me); 

l.27(dd,3H,Me); l.15(t,JB,Me of Et). 
Example 136 

* * * * * . [4R-[3(3R .SR and 3S .SS ),4q.58.68(R ll]-
3-(CS-[(Ethylamino)methyl]tetrabYdro-J-furanyl]thio]-6-
Cl~hydroxyethyll-4-metbyl-7-oxo-1-azabicyclof3.2.0J­

hept-2-ene-cArbox:ylic acid 

The title compound is prepared by the proce­
dure of Example 18 using o.510 g of product from 
Example 135, 0.239 q of 10% palladium/carbon, 7.5 ml of 

sodium phosphate buffer (pH 7) and 22 ml of dioxane to 

qive 0.040 q of the desired product after 

chromatoqraphy (c18 reverse phase silica qel plates: 

30% acetonitrile/water). 
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Example 137 
Etbanetbioic Acid 

s-[3,4-dibromo-1-[Cphenylmetbo:xymetbyllbµtyl]ester 
To a o0 c solution, under argon, of 1.44 ml of 

triflic anhydride in 20 ml of methylene chloride is 
added, sequentially, 0.69 ml of pyridine and 2.51 q of 

product from Example J in 5 ml of methylene chloride. 
The reaction is stirred for 15 minutes, followed by 
dilution with diethyl ether. The mixture is filtered 
and concentrated in vacuo to qive the desired triflate. 

· To the triflate, at o0c~ is added, sequen­
tially, 0.8657 q of thiolacetic acid and 0.61 ml of 
triethylamine. The reaction is warmed to room 
temperature and stirred for 6 hours. The reaction 
mixture is washed with water and extracted with diethyl 
ether. The diethyl ether extract is washed with sodium 
bicarbonate, water, dried and concentrated in yacuo. 
The residue is purified by chromatography (silica gel: 
50 - 1ooi methylene chloride/hexane) to give 0.638 q of 
the desired product. 
1 H NMR(CDC13):& 7.35(m,10H)i 4.56(m,SH)i 
4.J4-3.82(m,6H); 3.72-3.Sl(m,SH). 
IR(neat): 2920, 1693, 699 and 629 cm-1 • 
CI-MS: m/z 4ll(M++H). 

Example 138 
4-Bromotetrahydro-2-(CphenylmetboxylmethvlJthiophene 

diastereomers 
A o0 c solution, under argon, of 0.638 g of 

product from Example 137 in 16 ml of dry methyl alcohol 
is treated with 0.39 ml of 4.37M sodium methoxide. The 
reaction is stirred for 2 hours at o0 c followed by 2 
hours at room temperature. The reaction mixture is 
concentrated in vacuo and the residue is purified by· 

chromatography (silica gel: o - 20% ethyl 
acetate/hexane) to qive 0.413 q of the product as a 
mixture of diastereomers. 
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1H NMR(CDCl3):6 7.34(m,10B); 4.55(m,5H); 4.22(m,1H); 
3.79(m,1H); 3.S(m,6H); 3.JS(m,lH); 3.2l(m,1H); 

3.lO(m,lH); 2.75(m,1H); 2.34(m,2H); l.90(m,1H). 
IR(neat): 2930 cm-1 • 

CI-MS: m/z 287(M+H) and 207(M+H-PhCH2 ). 

Example 132 
Ethanethioic acid 

s-rtetrahydro-5-(Cphenylmethox;y)metbyll-3-thienylJ 
ester diastereomers 

A mixture, under argon, of 0.384 q of product 
from Example 138, 0.353 q of 18-crown-6, 0.183 q of 
potassium thioacetate and 2 ml of acetonitrile is 
heated under reflux temperature for 1.5 hours and 
stirred at room temperature overnight. The reaction 
mixture is diluted with water, extracted with ethyl 
acetate, the organic layer washed with saturated sodium 
chloride, dried and concentrated in vacuo. The residue 
is purified by chromatoqraphy (silica qel: 5 - 10% 

ethyl acetate/hexane) to qive 0.0803 q of the product. 
1H NMR(CDC13):6 7.33(m,5H); 4.55(s,2H); 4.lO{m,lH); 
3.64(m,1H); 3.50(m,2H); 3.22(m,1H); 2.75(m,1H); 
2.JO(s,JH); 2.20(m,1H); 2.0S(m,1H). 
IR(neat): 2924, 1692 and 1028 cm-1 • 

CI-MS: m/Z 283(M++H). 

Example 140 
Ethanethioic acid 

S-[tet&ahydro-5-Ciodomethyl)-3-thienyl]ester 
A o0 c mixture, under argon, of 0.44 q of 

product from Example 139 in 5 ml o~ dry chloroform is 
treated with o.ssml of trimethylsilyl iodide. The 

reaction is stirred, in the dark, for 2 hours. The 

reaction is quenched with 100 ml of saturated sodium 

sulfite, extracted with methylene chloride and the 
layers s~parated. The orqanic layer is dried, filtered 
and concentrated in yagµo.. ~e residue is purified by 
chromatography (silica gel: o -100% methylene chloride/ 
hexane) to give 0.31 q of the product. 
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1H NMR(CDCl3):6 4.64(m,1H); 4.10(m,2H); 3.78(m,1H); 
3.40(m,1H); 3.30-3.0(m,6H); 2.85(m,1H); 2.75(m,1H); 
2.60-2.40(m,2H); 2.6(s,2SH); 2.21(m,1B). 
IR(neat): 2916 and 1687 cm-1 • 
CI-MS: m/z 303(M++H) and 175 (M+-I, base). 

Example 141 

Etbanetbioic acid 
s-rs-.(azidometbylltetrabydro-3-tbienyl]ester 

A solution, under arqon, of 0.183 q of pro­

duct from Example 140 in 1.0 ml of dry methylene 
chloride is treated with 0.689 q of tetra-n-butyl­
ammonium azide. The reaction mixture is· stirred 

vigorously overnight at room temperature. The reaction 
is concentrated in vacuo and the residue purified by 

chromatography (silica qel: o - 10% diethyl 
ether/hexane) to give 0.061 q of the desired product. 
1H NMR(CDCl3):6 4.35-4.lO(m,JH); 3.BS(m,lH); 
3.6(m,1H); 3.34(d,2H,J=6.7Hz); 3.32(dd,1H,J=ll.O and 
3.0Hz); 2.94(dd,1H,J=ll.O and 6.04Hz); 2.SO(m,2H); 
2.6(m,2H). 
IR(neat): 2099 and 1690 cm-1 • 

CI-MS: m/z 188(M+-N2-H). 

Example 142 

5-CAzidomethylltetrahvdro-3-thiophenethiol 

A o0 c solution, under arqon, of 0.279 q of 
product from Example 141 in 3 ml of dry methyl alcohol 
is treated with 0.35 ml of 4.JSM sodium methoxide. 

After 2 hours, the reaction mixture is concentrated in 
vacuo and the residue purified by chromatoqraphy 

(silica qel: o - 5% diethyl ether/hexane) to give 
0.0465 q of the desired product. 

1H NMR(CDCl3):6 4.05(m,1H); 3.45-3.40(m,4H); 

3. 27 (m, lH) ·; 3. 0-2. 78 (m, 4H) ; 2. 60 (m, 2H) ; 2. 22-2. O (m, 3H) ; 

1.93(d,1H,J=2.5Hz,SH); 1.85(m,1H). 
IR(neat): 2917 and ~104 ca-1 • 
CI-MS: m/z 176(M++H). 
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Example 143 
* . 4-C4R-C4q.58f6BCR >JJ-l-Az1do-1.2.3.5-tetradeoxy-2.s-

epithio-4-S-[6-C1-bydroxYethyll-4-metbyl-2-[CC4-nitro­
phenyllmetbo:xy]carbonyll-7-oxp-1-azobicyclo[3.2;0J­

hept-2-en-3-yll-4-tbio-D=erythro-pentitol 
A mixture of 0.070 g of product from Example 

142, 0.237 g of product from Example 15 and 1.3 ml of 
acetonitrile is treated, at o0 c, with 69.6 microliter 
of Hunig's base. The reaction mixture is stirred at 
room temper~ture overnight; followed by concentration 
in yagµo~ The residue is purified by chromatoqraphy 
(silica gel: O - 60% ethyl acetate/hexane) to qive 
0.034 q of the desired product. 
1!i NMR(CDCl3):6 8.23(d,2H,J=3Hz): 7.66(d,2H,J=3Hz): 
5.5l(d,1H,J=l3.7Hz); 5.23(d,1H,J=l3.7Hz): 4.30(m,2H); 
4.19(m,1H); 3.65(m,1H); 3.45(m,1H); 3.32(dd,lH); 
2.92(dd,1H); 2.70(m,3H); 2.20(dt,1H)1 l.99(br s,1H,OH)1 
l.72(td,1H); 1.37(d,3H); l.30(d,3H). 

20 IR{neat): 3468, 2104, 1769 and 1709 cm-1 • 
MS(FAB): m/z 520(M++H). 
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Example 144 
* 4-[4R-C4q.58'6BCR lll-l-Azido-4-S-[2-carboxy-6-(1-

hydrox;yethyll-4-methyl-7-oxo-1-azabicyclo[3.2,0]­
hept-2-en-3-yll-1.2.3.5-tetradeoxy-2.5-epithio-4-

thio-D=erythro-pentitol 
The title compound is prepared by the proce­

dure of Example 18 using 0.030 q of product from 
Example 143, 0.013 g of 10% palladium/carbon, 10 ml of 
dioxane and 5 ml of potassium phosphate buffer (pH 7.0) 
to give 0.012 g of the desired product after 
chromatography cc18 reverse phase silica gel plates: 5% 
ethyl alcohol/water). 
1ii NMR(CDCl3):6 4.18(m,3H); 3.SO(m,2H); 3.40(m,2H); 
2.94(dd,1H); 2.70(m,2H); 2.12(dt,1H); 1.73(dd,1H); 
l.23(d,3H); l.16(d,3H). 
IR(neat): 3535, 3410, 2104 and 1745 cm-1 • 
MS(FAB): m/z 359(M++H). 
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Example 142 

Ethanetbioic acid 
S-Ctetrabydro-S-Ctiyciroxymethyll-3-tbi§nyllester 

A o0 c solution, under arqon, of 0.123 g of 
product from Example 139 in 1.0 ml of dry chloroform is 
treated with 51.l microliter of boron trifluoride 
etherate and 0.193 q of tetra n-butylammonium iodide. 
the reaction mixture is stirred at room temperature 
overnight and concentrated jn yapµo. The residue is 
purified by chromatography (silica gel: o - 100% ethyl 
acetate/hexane) to qive 0.079 q of the desired product. 
1H NMR(CDCl3):6 4.15(m,1H); 3.95(m,1H); 
3.S0-3.60(m,4H); 3.30(m,1H); 3.19(m,1H): 2.77(t,1H); 
2.48(m,lH); 2.34(s,3H,SAc); 2.27(m,1H); 2.0S(m,lH); 
l.73(m,1H). 

Example 146 

Tetrabydro-4-mercapto-2-tbiophenemethanol 
The title compound is prepared by the proce­

dure of Example 138 using 0.079 q of product from 
Example 146, 0.11 ml of 4.37M sodium methoxide and l ml 

of methyl alcohol to give 0.040 q of the desired 
product after chromatography (silica gel: 20 -30% ethyl 
acetate/hexane). 
1H NMR(CDC13):6 3.8J(m,1H); 3.60(m,4H); 3.35(m,1H); 
3.lO(m,lH); 2.79(m,lH): 2.50-2.20(m,2H); 1.80(d,1H); 
1.65(m,1H). 

Example 147 

* [4R-[4a.58.68CR )Jl-6-Cl-ll,Ydroxyethyll-4-metbyl-7-oxo-
3-[ftetrabydro-5-Chydroxymethyll-3-thienyllthioJ-1-

azabicyclof3.2.0Jhept-2-ene-2-carboxylic acid 
C4-nitrophenyllmetbyl ester 

The title compound is prepared by the pr~ce­
dure of Example 143 using 0.040 g of product from· 
Example 146, O.i54 q of product from Example 15, 46.4 
microliter of Huniq's base and l ml of acetonitrile to 
give 0.071 q of the desired product after 
chromatoqraphy (silica gel: 20 - 100% ethyl 
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acetate/hexane). 
1H NMR(CDC13):& 8.25(d,2H,J=8.8Hz): 
7.66(d,2H,J=8.8Hz): S.52(d,1H,J=l3.7Hz): 
5.22(d,1H,J=l3.7Bz): 4.2S(m,2H): 3.80-3.6(m,3H): 
3.45(m,1H): 3.3(m,1H): 2.87(t,lH,J=6.7Hz): 2.5(m,1H): 
2.00(br s,lH,OH): l.78(m,1B). 
IR(neat): 3412, 1767 and 1708 
MS(FAB): m/Z 495 (M++H). 

-1 cm • 

Example 148 

* C4R-[4q.5B,6BCR l]J-4-S-[2-carboxy-6-C1-hydroxyethyll-
4-metbyl-7-oxo-1-azabicyclo[3,2.0]hept-2-en-3-ylJ-

2.3.5-trideoxy-2.s-epitbio-4-thio-D-erythro-pentitol 
monosodiu;m salt CA> 

and 
* . [4R-[4g.58.6B(B lJJ-2-S-[2-carboxy-6-C1-hydroxyethyll-

4-methyl-7-oxo-l-azabieyclo[3.2.0Jhgpt-2-en-3-ylJ-
1.3.4-trideoxy-1.4-epithio-2-thio-L-threo-pentitol 

.monosodium salt CBl 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.0715 q of product from 
Example 147, 0.0125 q of sodium bicarbonate, 0.021 q of 
10% palladium/carbon, 11.5 ml of 8:2 dioxane:water to 

give 0.012 q of the trans isomer (A) and 0.016 q of the 
cis isomer (B) after chromatography (Preparative thin 
layer silica gel plate: 5% ethyl alcohol). 

Isomer B (ci~) 1H NMR(CDCl3) :6 4.19(m,2H); 
3.75-3.36(m,6H); 3.lS(m,lH); 2.SO(m,lH); 2.SO(m,lH); 
l.60(m,1H); l.2S(d,3H),1.l5(d,3H). 
IR(neat): 3405 and 1742 cm-1 • 
MS(FAB): m/Z 404(M+Na) and 383(M+H). 



5 

10 

15 

20 

25 

30 

35 

-186-

Example 149 
trans-C+/-)-4-Bromotetrahyd[o-2-fµranmethanol 

Under anhydrous conditions at -s0 c, with an 
arqon flush, 1.os q of product from Example 4 in 32 ml 
of dry chl:oroform is treated, dropwise, with 200.1 ml 
of trimethylsilyl iodide. The reaction mixture is 
stirred at -s0 c for 2.5 hours and then stored in a 
chill room overniqht. The reaction is cooled to -s0 c 
and 630 ml of methyl alcohol is added. The mixture is 
stirred for 10 minutes and concentrated in vacµo. 
The residue is purified by chromatoqraphy (silica qel: 
200 ml aliquots of ·1st, 2st, 35t and sot ethyl 
acetate/hexane) to give O.S59 q of the desired product. 
calculated for c 5H9Bro2 : 

Theory c = 33.17, H = 5.01, Br= 44.14 
Found c = 33.07, H = 5.13, Br= 43.80 

CI-MS: m/z 278(MH+). 
~xample 150 

2.5-Anhydro-4-bromo-3.4-dideoxy-O-erythro-pentonic acid 
A o0 c solution of 6.05 q of product from Ex­

ample 149 in 120 ml of acetone is treated, dropwise, 
with 37.5 ml of 0.9M Jones reagent in 50 ml of acetone. 
The reaction is warmed to room temperature and stirred 
for 45 additional minutes. The reaction is quenched 
with isopropyl alcohol and acetone, filtered through 
diatomaceous earth and concentrated in yacuo to 200 ml 
volume. The concentrate is mixed with 200 ml of 
saturated sodium chloride and and reconcentrated in 
vacuo. The aqueous layer is extracted with 10% 

isopropyl alcohol/chloroform, dried and concentrated in 
vacuo to give 5.6 of the acid as a light brown oil. 
1H NMR(CDC13 ):& 4.84(t,lH,J=7.9Hz): 4.55(br s,lH): 

4.38(dd,1H,J=6.0 and 4.4Hz): 4.19(dd,lH,J=8.7 and 
l.6Hz): 2.73(m,1H): 2.57(m,1H). 

ZR(neat}: 3084 and 1737 cm-1 • 

CI-MS: m/z 197(M+H). 
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Example 151 
4-C2.5-Anhygro-4-bromo-3.4-dideoxy-Q=erythro­

peptonoyll-l-piperazinecarboxylic acid phenylmetbyl 
ester 

A mixture of 0.941 q of product from Example 
150, 0.652 q of 1-hydroxybenzotriazole, 1.17 q of 
1-benzyloxycarbonyl piperazine, 1.39 q of 
dicyclohexylcarbodiimide and 8 ml of dry methylene 
chloride is stirred at room temperature for 1 hour. 
Five ml of dimethylformamide is added and the stirring 
continued overniqht at room temperature. The reaction 
mixture is diluted with water and extracted with 
chloroform. The orqanic layer is dried, concentrated 
in vacuo and the residue purified by chromatoqraphy 
(silica qel: 10 - 80% ethyl acetate/hexane) to qive 
1.1 q of the desired product. 
1H NMR(CDCl3):6 7.36(s,SH,Ph); 5.16(s,2H,PhCH2); 
4.92(t,1H,J=7.2Hz); 4.SS(m,lH); 4.23(dd,1H,J=l0.4 and 
4.3Hz); 4.14(dd,1H,J=2.l and O.SHz); 3.76(m,2H); 
3.64(m,2H); 3.44(m,4H); 3.00(m,lH); 2.40(m,1H). 
IR(neat): 1702 cm-1 • 

CI-MS: m/z 398(M+H). 
Example 152 

4-(4-S-Acetyl-2.5-anhvdro-3-geoxy-4-thio-L=threo­
pentonoyll-1-piperazinecarboxylic acid phenylmethyl 

ester 
The title compound is prepared by the proce­

dure of Example 139 usinq l.14 q of product from 
Example 151, 0.393 q of potassium ~ioacetate, 0.1517 q 
of 18-crown-6 and 10 ml of acetonitrile to qive o.928 q 

of the desired product after chromatoqraphy (silica 
gel: 10 - 60% ethyl acetate/hexane). 
1H NMR(CDC13):6 7.36(s,SH,Ph); 5.15(s,2H,PhCH2); 
4.64(t,1H,J=6.9Hz); 4.22(t,1H,J=6.8Hz); 4.03(m,1H); 
3.74-3.61(m,5B); 3.60~3.40(m,4H); 2.5(m,2B); 
2.32(s,3B). 
IR(neat): 1698 and 1653 cm-1 • 
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MS(FAB): m/Z 393(M++H). 
Example 153 

4-C2.5-Anhydro-J-deoxy-4-tbio-L=tbreo-pentonoyll-1-
piperazinecarboxylic acid pheny1metbyl ester 

A o0 c solution, under argon, of 0.20 q of 
product from Example 152 in 1.5 ml of dry methyl 
alcohol is treated with 0.25 ml of 4N sodium hydroxide. 
'l'he reaction is monitored by thin layer chromatoqraphy. 
After 1 hour an additional 0.17 ml of 4N sodium 
hydroxide is added and the reaction stirred 1 hour • 
The reaction mixture is quenched with l.86N 
hydrochloric acid/isopropyl alcohol, concentrated in 
vacuo and chromatoqraphed (silica qel: 20 - 80% ethyl 
acetate/hexane) to qive 0.116 g of the desired product. 
1u NMR(CDCl3):0 7.36(s,SH,Ph); 5.S(s,2H,PhCH2); 
4.64(t,1H,J=7.4Hz): 4.13(dd,1H,J=B.6 and 6.9Hz); 
3.8-3.6(m,5H); 3.5-3.3(m,4H): 2.SS(m,lH); 2.40(m,1H): 
l.82(d,1H,J=8.4Hz SH). 

Example 154 
* . f4R-C4a.58.68CR l]]-4-£2.5-Anhydro-3-deoxy-4-S-

f6-C1-hydroxyetbyll-4-methyl-2-TCC4-nitrophenyll­
methoxy]carbonylJ-7-oxo-l-azabicyclof3.2.0]hept-2-en-3-
yll-4-thio-L-threo-pentonoylJ-1-piperazinecarboxylic 

acid phenylmetbyl ester 
The title compound is prepared by the proce­

dure of Example 143 using 0.112 q of product from 
Example 153, 0.190 q of product from Example 15, 55.7 
microliter of Huniqs base and 1.1 ml of acetonitrile to 
qive 0.189 q of the desired product after 
chromatography (silica qel: 10 - 100% ethyl 
acetate/hexane). 
1u NMR(CDC13):6 8.22(dd,2H,J=8.8 and l.8Hz); 
7.6S(d,2H;J=8.8Hz); 7.36(s,SH,Ph); 5.48(d,1H,J=13.8Hz); 
5~23(d,1H,J=l3.8Bz); 5.15(s,2H,PhCH2); 4.63(m,1H); 
4.27(m,2H); 4.lS(m,lH); 3.8-3.60(m,5H); 
3.S0-3.35(m,4H); 3.27(dd,1H,J=6~9 and 2.6Hz); 



5 

10 

15 

20 

25 

30 

35 

-189-

2.53(m,2H); l.37(dd,JH,J=6.3 and l.JHz); 
1.28(t,3H,J=8.0Hz). . 
IR(neat): 1771 and 1702 cm-1 • 

MS(FAB): m/z 717(M+Na) and 695(M+H). 
Bxample 155 
* [4R-[4a.58.68CR )J]-4-[2.5-Anbvdro-4-S-

(2-carboxy-6-Cl-hydroXYethyl)-4-metbyl-7-oxo-1-
azabicyclo(3.2rO]hept-2-en-3-yll-3-deoxy-4-thio-L= 

threo-pentonoyl]-1-piperazinecarboxYlic acid 
phenylmetbvl ester 

· The title compo~d is prepared by the proce­
dure of Example.ls using 0.170 g of product from 
Example 154, 0.034 g of 10% palladium/carbon, 15 ml of 
dioxane and 10 ml of potassium phosphate buffer (pH 
7.0)to give after chromatography (c18 reverse phase 
silica gel plates: 5% ethyl alcohol/water) 0.067 9 of 
the desired product. 
1if NMR(D20):6 7.40(s,5H); 5.16(s,2H,PhCH2); 
4.44(m,1H); 4.3(m,2H): 4.lO(m,lH); 3.7-3.38(m,6H); 
3.5-3.30(m,5H); 3.29(m,1H); 2.SO(m,2H); l.28(d,3H); 
l.18(d,3H). 
MS(FAB): m/Z 58l(M++Na). 

Example 156 

1-4-S-Acetyl-2.5-anbydro-3-deoxy-4-thio-L=threo­
pentonoyl>piperazine 

The title compound is prepared by the proce­
dure of Example 140 using o.766 g of product from 
Example 152, 0.430 g of trimethylsilyl iodide and 4 ml 

of chloroform to give o.504 9 of the desired product 

after chromatography (silica gel: 15 - 20% ethyl 
acetate/hexane). 
1 B NMR(MeOH-d4):6 4.94(t,1H,J=7.4Bz); 4.24(dd,1H,J=8.6 
and 6.9Hz); 4.l0-3.70(m,5H); 3.40-3.20(m,4H); 
2.76(m,1H); 2.34(s,3H,SAc); 2.lO(m,lH). 
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Example 157 
4-C4-S-Acetyl-2.5-anhydro-3-deoxv-4-thio-L-threo­

pentonoyll-1-piperazinecarboxvlig acid C4-nitrophenyll­
methyl ester 

A o0 c solution, under arqon, of 0.300 q of 
product from Example 156 in 2.3 ml of dry tetrahydro­
furan is treated with 0.150 q of Hunigs base and 0.250 
q of nitrobenzyl chloroformate. The reaction mixture 
is stirred at o0 c and allowed to warm to room 
temperature (6 hours). The reaction is diluted with 
water and extracted with ethyl acetate. The organic 
layer is washed with saturated sodium chloride, dried 
and concentrated in yagµo to qive 0.251 q of the 
desired product after chromatography (silica gel: o -
100% ethyl acetate/hexane). 
1H NMR(MeOH-d4):6 8.23(d,2H,J=8.8Bz); 
7.52(d,2H,J=8.8Hz); 5.25(s,2H,PhCH2); 
4.64(t,1H,J=7.4Hz); 4.22(dd,1H,J=8.96 and 6.8Hz); 
4.02(m,1H); 3.90-3.60(m,6H); 3.50-3.40(m,4H); 
2.48(m,2H); 2.33(s,3H,SAc). 
IR(neat): 1702 cm-1 • 
CI-MS: m/z 438(M+H). 

Example 158 
4-(2.5-Anhydro-3-deoxy-4-thio-L-threo-pentonoyll-

1-piperazinecarboxylic acid C4-nitrophenyllmethyl ester 
The title compound is prepared by the proce­

dure of Example 153 usinq 0.230 g of product from 
Example 157, 0.29 ml of 4N sodium hydroxide and 1.7 ml 
of methyl alcohol to give 0.086 q of the desired 
product after chromatography (silica gel: 10 -100% 
ethyl acetate/hexane). 
1a NMR(MeOH-d4):6 8.24{d,2H,J=8.8Hz); 
7.52(d,2H,J=8.8~z); 5.24(s;2H,PhCH2); 
4.64(t,1H,J=7.3Hz); 4.13(dd,1H,J=8.6 and 6.9Hz); 
3.90-3.30(m,10H); 2.SS(m,lH); 2.42(m,1H); 
l.82(d,1B,J=8.3Hz,SH). 
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Example 159 
* [4R-[4q.58.6§CR )JJ-4-C2.5-Anhydro-3=deoxy-4-S-

[6-Cl-bydroxyethyll-4-metbyl-2-[fC4-nitrophepyll­
metboxyJcarbonylJ-7-oxo-1-azabic;ycloC3.2,0]hept-2-en-

3-y1J-4-tbio-L=threo-pentonoylJ-1-piperazinecarboxylic 
acid C4-nitrophenyl>metbyl ester 

The title compound is prepared by the proce­
dure of Example 143 usinq 0.085 q of product from 
Example 158m 0.128 q of product from Example 15, 37.4 
microliter of Huniqs base and 1.0 ml of acetonitrile to 
qive 0.135 q of the desired product after chromato­
qraphy (silica qel: 2o, 40, 80 and 100% ethyl 
acetate/hexane followed by 2-4% methyl alcohol/ethyl 
acetate). 
1H NMR(CHC13):6 8.24(d,2H,J=8.8Hz); 
8.23(d,2H,J=8.8Hz); 7.65(d,2H,J=8.8Hz); 
7.52(d,2H,J=8.8Hz); 5.49(d,1B,J=l3.8Hz); 
5.22(d,1H,J=l3.8Hz); 5.25(s,2H); 4.64(m,lh); 
4.25(m,2H); 3.84-3.83(m,6H); 3.52-3.32(m,4H); 
J.27(m,1H); 2.54(m,2H); l.37(d,3H,J=6.3Hz); 
l.26(d,3H,J=6.4Hz). 
IR(neat): 1772 and 1705 -1 

cm • 
Example 160 

* [4R-[4a.5§.68CR lJ-1-[2.5-AnhYdro-4-s-r2-carboxy-
6-Cl-hydroxyethyll-4-methyl-7-oxo-1-azabicyclo[3,2.0l­

hept-2-en-3-ylJ-3-deoxy-4-thio-threo-pentonoylJ­
piperazine phenylmethyl ester 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.120 q of product from 
Example 159, 0.030 q of 10% palladium/carbon, 5 ml of 
dioxane and 1.5 ml of potassium phosphate buffer (pH 7) 

to qive 0.053 q of the desired product after 
chromatoqraphy (preparative silica qel plate: 5% ethyl 
alcohol/water). 
1u· NMR(CHCl3):' 4.90(m,1B); 4.~0-4.10(m,3H); 
4.0-3.60(m,SH); 3.40(m,1H); 3.3(m,3H); 2.ao(m,lH); 
2.0(m,lH): l.28(d,3H); l.20(t,3B). 

-~~---
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ZR(KBr): 3545, 3408, 1770 and 1622 
MS(FAB): m/z 426(M++H). 

Expple 161 

-1 cm • 

* * * * * (4R-[3C3R .5S ADd 3S .SR ).4g.58.68(R l]J-

3-C[S-C[CCDimethylaminolmetbylepe]am.inolmethylltetra­
bydro-3-fµranyl]tbio]-6-Cl-hy4roxyetbyll-4-m.ethyl-
7-oxo-l-azabicycloC3.2.0]hept-2-ene-2-carboxylic 

wg 
Three ml of sodium phosphate buffer, pH 7, is 

cooled to o0 c and 0.052 q of product from Example 46 is 
added. To this cooled solution is added, dropwise, 

. . 

159 pl of N,N-dimethylformamide diisopropyl acetal, 
while maintaininq the pH below 8.5. The reaction 
mixture is stirred at o0 c for 35 minutes, pH adjusted 
to 7.o and freeze-dried. The residue is purified by 
chromate- qraphy cc18 reverse phase tlc plates: 75% 
aqueous ethyl alcohol) to give 0.031 q of the desired 
product. 
1 H NMR(D20):S 7.8(s,1H); 4.3(m,1H); 4.19(m,3H); 
3.94(m,1H); 3.75(m,1H); 3.54(m,1B); 3.42(m,JH); 
3.21(s,2H,N-Me); 3.0l(s,JH,N-Me); 2.08(m,2H,SC~CC); 
l.26(d,2H,Me); l.l8(d,3H,Me). 

Example 162 
* . 2-[4R-[4q.58,68CR l]]-2.5-Anbydro-l,3-dideoX)'-l-

<dimethylamino)~4-S-[2-carboxy-6-Cl-hydroxyethyl>-

4-methyl-7-oxo-l-azabicyclo[3.2.0]hept-2-en-3-yl]-
4-thio-L-threo-pentitol 

A mixture of 0.0342 q of product from Example 
120, 80 pl of 37% aqueous formaldehyde, 4 ml of water 
and 0.030 g of platinum oxide is reduced in a Parr 
apparatus under 40 psi of hydrogen for 4 hours. The 
reaction mixture is filtered through a pad of 
diatomaceous earth, washed with a small volume of water 
and concentrated to a small volume (pH of the filtrate 
6.5). The residue is purified by chromatography cc18 
reverse phase tlc plate: 95t aqueous ethyl alcohol) to 
give 0.015 q of the desired product. 
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1H NMR(D20):6 4.4(m,1H); 4.00-4.25(m,3H); 
3.95-3.SO(m,2H); 3.5-3.2(m,4H); 2.88(d,6H,2N-Me); 
2.70-2.55(m,1B); l.8-l.7(m,O.SH); 

1.6-1.S(m,O.SH(m,O.SH); l.25(d,3H,Me); l.18(d,3H,Me). 

Example 163 
2.4-Difluoro-alpha-2-propenylbenzenemetbanol 

Under anhydrous condition at o0 c, a mixture 
of 18.0 q of freshly distilled 2,4-difluorobenzaldehyde 
and 120 ml of diethyl ether is treated, clropwise, with 
139 ml of lM allyl maqnesium bromide. The reaction is 
stirred at o0 c for 1 hour then slowly allowed to warm 
to room temperature. After s hours, thin layer 
chromatography indicates complete reaction. The 
mixture is cooled to o0 c and quenched by the dropwise 
addition of 100 ml of ice cold saturated ammonium 
chloride. Two hundred ml of diethyl ether is added and 
the layers are separated. The aqueous layer is 
extracted with diethyl ether. The organic layers are 
combined, washed twice with saturated sodium chloride, 
dried , filtered and concentrated in vacuo. The 
residue is purified by Kugelrohr distillation (loo0 c) 

to give 19.9 q of the desired product ~s a mixture of 
isomers. 
1H NMR(CDCl3):S 7.45(m,1H); 6.88(m,1H); 6.78(m,1H); 
5.82(m,1H): 5.16(dd,2H); S.OJ(q,lH); 2.53(m,2H); 
1.89(bs,lH). 

Example 164 

alpha-C2.3-Dibromopropyll-2,4-dif1uorobenzenemethanol 
Under anhydrous conditi~n at o0 c, 3.0 q of 

product from Example 163 and 12 ml of anhydrous 
methylene chloride is treated, dropwise over 45 
minutes, with a solution of 2.5 q of bromine in 3 1lil of 
methylene chloride. The reaction is quenched with cold 
saturated sodium sulfite solution and the layers 
separated. The orqan.ic layer_ is washed with saturated 
sodium chloride, dried, filtered and concentrated .1n 
vacuo. The residue is purified by chromatography 
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(silica qel: 5-10% ethyl acetate/hexane) to qive 4.7 q 

of the desired product as a mixture of isomers. 
1H NMR(CDCl3):6 7.53-7.41(m,1H); 6.95-6.77(m,2H); 
5.28(m,1H); 4.61-3.63(m,3H); 2.69-l.95(m,3H). 

Example 165 

Ccis and transl-C+/-l-4-Bromo-2-c2.4-difluorophenyl>­
tetrahVdrofuran 

·A mixture· of 4. 5 q of product from Example 
164, 1.67 q of calcium hydroxide, 7.5 q of calcium 
bromide, 25 ml of water and 12 ml of methyl alcohol is 
stir,red and heated at ss0 c overniqht. The reaction 
mixture is cooled, diluted with ethyl acetate and 
filtered through diatomaceous earth. The layers are 
separated and the orqanic layer is washed with 
saturated sodium chloride, dried, filtered and 
concentrated !n v§cµo. The residue is purified by 
chromatography (silica qel: 3-5% ethyl acetate/hexane) 
to give 1.96 q of the desired product as a mixture of 

isomers. 
1H NMR(CDC13):6 7.65-7.57(m,1H); 7.46-7.38Cm,1H): 

6.93-6.74(m,4H): 5.43(q,1H); 5.16(t,1H); 
4.59-4.57(m,1H); 4.53-4.47(m,2H); 4.25-4.2l(m,3H); 

3.0S(m,lH): 2.89(q,1H); 2.36-2.18(m,2H). 
Example 166 

(cis apd transl-(+/-l-lthanethioic acid 
S-[5-(2.4-difluorophenylltetrahydro-3-furanyl)ester 

The title compound is prepared by the proce­
dure of Example S using 1.9 9 of product from Example 
165, 0.866 q of potassium thioacetate and 30 ml of 
acetonitrile to give, after chromatography (silica gel: 
st ethyl acetate/hexane), 1.43 q of the desired 
product, as a mixture of isomers. 
1H NMR(CDC13):6 7.44(m,2H); 6.87(t,2H); 6.78(t,2H); 
5.14(m,2H); 4.50(m,~H); 4.26(m,2H); 4.11(m,2H); 

3.9o(q,lH); 3.77(q,lH); 3.04(m,lh): 2.87(m,1H): 
2.35(s,3H); 2.32(s,3H). 
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Example 167 
S-C2.4-Difluorophenyl)tetrahvdro-3-fUrantbiol 

stereoisomel"S 
The title compound is prepared by the proce­

dure of Example 16 using 0.250 g of product from 
Example 166, 243 pl of 25% sodium methoxide/methyl 
alcohol, 4.5 ml of tetrahydrofuran and 530 µl of 2N 
hydrochloric aci~/isopropyl alcohol to give, after 
chromatoqrapby (silica gel: 5-10% ethyl 
acetate/hexane), 0.180 g of the desired product, as a 
mixture o~ isomers. 
1a NMR(CDCl3):6 7.52(q,1H); 7.4l(q,1H); 6.80(m,2H); 
6.78(m,2H); 5.32(t,1H); S.12(q,1H); 4.4l(q,1H); 
4.24(q,1H); 3.8l(q,1H); 3.72(q,1H); 3.54(m,2H); 
2.89(m,1H); 2.29(m,2H): l.79(d,1H); l.73(d,1H); 
l.72(m,1H). 

Example 168 
* r4R-[4Q.58.68CR lJJ-3-[CS-C2.4-Difluorophenylltetra-

hydro-3-furanyl]thioJ-6-(l-bydroxyethyll-4-metbyl-7-
oxo-l-aZabicygloC3.2.1Jhept-2-ene-2-carboxylic acid 

C4-nitrophenyllmethyl ester 
The title compound is prepared by the proce­

dure of Example 17 using 0.169 g of product from 
Example 167, 0.300 g of product from Example 15, 87 pl 

of Huni9's base and 3 ml of acetonitrile to give, after 
chromatoqraphy (preparative silica gel plates: 5% 

acetone/chloro£orm), o.oso 9 of the desired product, as 
a mixture of isomers. 
1H NMR(CDC13):S 8.23(d,2H); 7.68(d,2H); 7.41(q,1H); 
6.83(m,2H); 5.53(d,1H); 5.25(d,1H); 4.47(m,1H); 
4.27(m,2H); 3.94(m,1H); 3.8(d,1H); 3.48(m,1H); 

3.38(d,1B); 2.44(m,1H); 2.24(m,1H); 2.17(d,1H); 

l.37(d,3H); 1.29(d,3H). 
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Example 162 

* [4R-C4a.58.68CR lll-3-£[5-C2.4-Difluorophenylltetra-

hydro-3-furanyl]thiol-6-Cl-hydroxyethyll-4-methyl-7-

oxo-l-aZabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 

monosod.ium salt isomer l 

Ansi 
C4R-C4a.58.68(R*>JJ-3-C(5-C2.4-PifluoroPbenylltetra­

bydro-3-furanyl]thioJ-6-Cl-bydroxyetbyll-4-metbyl-7-

oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 

monosodium salt isomer 2 
. . 

The title compound is prepared by the proce-

dure of Example 18 usinq 0.80 q of product from Example 

168, 0.0117 q of sodium bicarbonate, 2 ml of water, 10 

ml of dioxane and 0.030 q of pal1adium on carbon to 

qive, after chromatography (c18 reverse phase plates: 

5% ethyl alcohol/water), 0.020 q of isomer land 0.040 

q of isomer 2. 
Isomer 1: 
1H NMR.(020):6 7.5(m,lH); 6.92(m,2H): 5.2(t,1H); 

4.2(m,2H): 3.95(m,2H); 2.6(m,1H); 3.2(bs,2H); 

2.83(m,1H); 2.35(m,lH); 2.0(m,lB); 1.22(d,3H}; 

1.19(d,3H). 
Isomer 2: 
1H NMR(D20):6 7.44(m,1H); 6.9(m,2H); 4.18(m,2H); 

3.9l(m,2H); 3.6(m,1H); 3.18(m,2H); 2.S(m,lH); 

2.37(m,1H); l.S(m,lH); l.22(d,3H); l.19(d,3H). 

Example 110 

1.2-0-Cl-Methylethylidenel-alpha-D-xylofuranose 
bisC4-methylbenzenesulfonatel 

Under anhydrous condition, 50.0 q of 

1,2-isopropylidene-D-xylofuranose, 250 ml of dry 

pyridine and 0.200 q of dimethylaminopyridine is cooled 

to o0 c. To this mixture i& added, in portions, 110.26 

9 of p-toluenesulfonyl chloride. The reaction mixture 

is stirred and allowed to warm to room temperature 

overniqht. The mixture is cooled to o0 c, quenched with 

water, extracted with ethyl acetate and the layers are 
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separated. The orqanic layer is washed with water, 
saturated sodium chloride, dried, filtered and 
concentrated in vagµo. The residue is recrystallized 
from diethyl ether/hexane to qive 116.6 q of the 
desired product. 
1a NMR(CHCl3):6 7.79(m,4B); 7.33(m,4B); 5.86(d,1B); 
4.72(q,2H); 4.33(m,1H); 4.0(m,2H); 2.48(s,3B); 
2.45(s,3H)·; l.42(s,3H); l.27(s,3B). 

Example 171 
2.5-Anhvdro-p-xylose dimetbyl acetal 

3-C4-methvlbenzenesulfonatel 
Under allhydrous condition at o0 c, hydroqen 

chloride gas is bubbled throuqh 166 ml of dry methyl 
alcohol. Five g of product from Example 170 is added 
and the reaction is stirred for 10 minutes at o0 c; 
followed by heating at reflux temperature for 15 hours. 
The reaction mixture is cooled to o0 c and neutralized 
with solid sodium.carbonate. The mixture is stirred 
for 15 minutes, filtered and concentrated in vaeyo. 
The residue is dissolved in 50 ml of acetone, filtered 
and concentrated in vacuo. The residue is purified by 
chromatoqraphy (silica qel: 40-50% ethyl 
acetate/hexane) to give 2.89 g of the desired product 
as a white solid. 
1H NMR(CHC13) :_6 7.82(d,2H); 7.37(d,2H); 4.Sl(d,lH); 
4.53(m,1H); 4.4l(d,1H); 4.22(m,1H); 4.ll(m,lH): 
3.73(dd,1H); 3.38(s,3H); 3.ll(s,3H); 2.46(s,3H): 
2.37(bs,1H). 

Example 172 
2.5-Anhydro-4-deoxy-D-erythro-pentose dimethyl acetal 

Under anhydrous conditions at room tempera­
ture, 0.90 q of product from Example 171 and 25 ml of 
dry tetrahydrofuran is treated, via a syringe, with 30 
ml of 1M lithium triethylborohydride(Super-Hydride9). 
The-reaction is stirred overnight at room temperature. 
The mixture is cooled to o0 c, qa.lenched carefully with 
ice, diluted with 75 ml of ethyl acetate and the layers 
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are separated. The organic layer is washed with water, 
saturated sodium chloride, dried, filtered and 
concentrated in yacyo. The residue is purified by 
chromatoqraphy (silica qel: 40-60' ethyl 
acetate/hexane) to qive 0.235 q of the desired product. 
~ NMR(CHCl3):6 4.34(m,1H): 4.26(m,1H): 3.97(m,2H); 
3.76(m,2H): 3.44(m,6H); 2.72(m,1H): 2.15(m,1H): 
1.92(m,1H). 

Example 173 
trans-Tetrahydro-3-hydroxy-2-furanvlmethanediol 

· A mixture of 9.25 q of product from Example 
172, 15 ml of water and 1.5 q of DOWEX-SOW-XS (100-200 
mesh, hydrogen form) is heated at 95°c for 4 hours. 
The reaction mixture is cooled to room temperature, 
filtered and the residue washed with water. The 
filtrate is treated with toluene and concentrated in 
vacuo to give 1.1 q of the desired product as a sticky 
yellow oil. 
1 H NMR(D20):6 4.75(~,lH): 4.27(m,1H): 3.91-3.76(m,2H): 
3.55(m,1H): 2.00(m,lH): 1.78(m,1H). 

Example 174 
* . [4R-C4a.58.68CR )JJ-1-Amino-4-S-[2-carboxy-6-

Cl-bydroxyetbyll-4-met})yl-7-oxo-1-azabicyclo[J.2.0]­
hept-2-en-2-yl]-1.2.3.4.5-pentadeoxy-2.5-epithio-4-

thio-D-erythro-pentitol 
To a solution of 0.024 g of product from 

Example 144 in 1 ml of acetonitrile:water (1:1) is 
added 17 µl of tributylphosphine. The reaction mixture 
is stirred at room temperature for 24 hours followed by 
concentration in vacuo. The residue is purified by 
chromatoqraphy cc18 reverse phase preparative plates: 
si ethyl alcohol:water) to give 0.014 q of the desired 
product. 
~ NMR(CDCl3):& 4.20(m,2H); 4.0S(t,lH): 3.80(m,2H); 
3.45-3.20(m,3H): 3.lO(dd,lB): 2.89(dd,1H): 2.26(m,1H): 
2.0l(m,lB): 1.25(d,3H,J=6.2Bz): l.15(d,3H,J=7.2Hz). 
ZR(KBr): 3400 and 1765 cm-1 • 
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MS(FAB): m/z 359 (M++H). 
Example 175 

4-Bromotetrahydro-2-(Cphenylmethoxylmetbyl]thigphene 
1.1-dioxide 

To a o0 c solution, under arqon, of 5.65 g of 
product from Example 138 in 45 ml of dry methylene 
chloride is added, slowly, 7.8 g of m-chloroperbenzoic 
acid. The reaction is stirred at o0 c for 2 hours, 
diluted with 100 ml of water and extracted with 
methylene chloride. The organic layer is washed with 
saturated sodium bicarbonate, dried, filtered and 
concentrated in vacuo. The residue is redissolved in 
methylene chloride, passed through a short column of 
silica gel, concentrated in vacuo to give 5.87 q of the 
desired sulfone (60:40 mixture of isomers). 
1H NMR(CDCl3):6 7.34(m,5H,Ph): 4.67(m,1H): 
4.59(t,2H,CH2Ph): 4.36(m,1H); 3.77-3.58(m,4H); 
3.SO(dd,lH); 3.30(dd,1H); 2.90(m,lH): 2.70(m,1H); 
2.55(m,1H): 2.33(m,1H). 
IR(neat): 2945,1320,1127,910 and 734 
CI-MS: m/z 320(M++H). 

-1 cm • 

Example 176 
4-Bromo-2-thiophenemethanol 1.1-dioxide 

To a -789 C solution, under argon, of 4.23 g 
of product from Example 175 in 28 ml of dry methylene 
chloride·is added, dropwise, 17.2 ml of lM boron 
trichloride. The reaction mixture is warmed to o0 c and 
stirred for 1 hour. The reaction is quenched with 
methyl alcohol, concentrated in vacuo and chromato­
graphed (silica gel: 0-30% ethyl acetate/hexane) to 
give 2.57 g of the desired product (1:1 mixture of 
isomers). 
mp 56-S7°c(ethyl acetate and hexane). 
1u NMR(CDCl3):6 4.75(m,1H): 4.42(m,1H): 4.12(m,2H): 
3.94(m,1H); 3.65(m,2B); 3.53(~d,1H); 3.45-3.25(m,2H); 
2.98(br s,lH,OH); 2.90(m,1H): 2.70(m,2H): 2.43(m,1H). 
IR(KBr): 3461, 1314, 1284 and 1123 cm-1 • 
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Example 177 
Tetrabydro4-[CC4-methoxyphenyllmethvlltbio1-2-thio­

p!)enemethano1-1.1-dioxide 
To a o0 c slurry, under argon, of 0.502 q of 

sodium. hydride (60% oil dispersion) in 9 ml of dry 

tetrahydrofuran is added, dropwise over 5 minutes, 1.69 
ml of p-methoxy-a-toluenethiol in 9 ml of dry 

tetrahydrofuran. The reaction is warmed to room 
temperature for 30 minutes, recooled to o0 c and a 
solution of 2.31 g of product from Example 176 in 10 ml 
of dry tetrahydrofuran is added. The reaction mixture 
is allowed to warm to room temperature and stirred 
overnight. The mixture is diluted with 100 ml of water 
and extracted with diethyl ether. The organic layer is 

washed with saturated sodium chloride, dried and 
concentrated in vacuo to give an oil. The oil ·is 
purified by chromatography (silica gel: 0-90% ethyl 
acetate/hexane) to give 3.0 g of the desired product 
(1:1 mixture of isomers). 
1H NMR(CDCl3):6 7.23(dd,2H,J=l.7 and S.SHz); 
6.86(d,2H,J=S.5Hz); 4.0S(dt,lH); 3.Sl(s,3H,Ar0Me); 
3.77(s,2H,CH2Ar); 3.45(m,1H); 3.24(m,2H); 
2.96(dd,1H,J=S.74 and 13.34 Hz); 2.Sl(t,1H,J=l4.6Hz); 
.2.58(brs,1H,OH); 2.45(m,2H); 2.22(dt,1H,J=8.78 and 
13.82 Hz); l.97(dt,1H,J=ll.09 and 13.34 Hz). 

IR(neat): 3503, 1610 and 1512 cm-1 • 

Exanmle 178 
Tetrabydro-4-C[C4-methoxyphenyllmetbyllthio]-

2-thioph@nemethanol methan@sulfonate 1.1-dioxide 
A o0 c solution, under argon, of 2.53 g of 

product from Example 177 in 27 ml of dry methylene 
chloride is treated, seque~tially, with 1.4 ml of 
triethylamine and 0.77 ml of methanesulfonyl chloride. 
The reaction is all~wed to warm to room temperature 
over 1.5 hours. The mixture is diluted with diethyl 
ether, filtered throuqh a short ·cplumn of silica qel 
(diethyl ether and sot methylene chloride/ethyl 
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acetate) to give J.087 g of the desired product 
(mixture of isomers). 
1H NMR(CDC13):6 7.22(d,2H,J=8.7 Hz); 6.87(d,2H,J=8.7 

Hz); 4.45(m,2H); 3.Sl(s,JB,ArOMe); 3.77(s,2B,CH2Ar); 

3.S0-3.20(m,4H); 3.lO(s,3H,OS02Me); 2.85(m,1H); 
2.56(m,1H); 2.27(m,1H); l.80(m,1H). 
IR(neat): 2837, 2107, 1610 and 1584 cm-1 • 

Example 179 

2-CAzidomethylltetrahydro-4-[[(4-methoxyphenyl)metbylJ­
thiolthiophene 1.1-dioxide 

· A mixture, under argon, of 2.94 g of product 
from Example 178, 0.757 g of lithium azide and 8 ml of 
dry dimethylformamide is stirred viqorously at 6s0 c for 
4 hours. The reaction mixture is diluted with 60 ml of 
water and extracted with diethyl ether and ethyl 
acetate.. The combined orqanic layers are washed with 
saturated sodium chloride, dried and concentrated .in 
yacuo. The residue is purified by chromatoqraphy 
(silica gel: o-sot ethyl acetate/hexane) to qive 1.89 g 
of the desired product (mixture of isomers). 
1H NMR(CDCl3):& 7.22(dd,2H,J=2.05 and 8.6Hz); 

6.87(d,2H,J=8.6); 3.8l(s,3H,Ar0Me); 3.77(d,2H,CH2Ar); 

3.58(dd,lH,J=5.77 and l3.19Hz); 3.35-3.20(m,2H): 

2.88(m,2H); 2.60(m,2H); l.7S(m,1H). 
IR(neat): 2837, 2107, 1610 and 1584 cm-1 • 

Example 180 

Tetrahydro-4-CCC4-methoxyphenyllmethyl]thioJ-2-thio­
phenemethanamine 1.1-dioxide (stereoisomers) 

30 A o0 c solution, under arqon, of 1.4 q of 

35 

product from Example 179 in 14 ml of dry methylene 
chloride is treated with 1.19 ml of triethylamine. 
Hydrogen sulfide gas is slowly bubbled th.rough the cold 
solution for 20 minutes (the excess gas is trapped in a 
flask containinq an aqueous solutin of 5.25% sodium 
hypochlorite). The mixture is stirred at o0 c for 2 
hours, the flask flushed for 20 minutes with arqon and 
the reaction is concentrated in vacqo. The residue is 
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purified by chromatoqraphy (silica qel: 10-1oot ethyl 
acetate/hexane, 5% methyl alcohol/ethyl acetate) to 
qive 0.757 q of the desired product (mixture of 

isomers). 
1a NMR(CDC13):& 7.22(d,2B,J=8.51Hz); 
6.SS(d,2B,J=8.50Hz); 4.26(br s,lH); 3.82(s,3H,Ar0Me); 

J.77(s,2H,CH2Ar): 3.40(m.1H): 3.3-3.lO(m,3H); 
3.9(dd,lH); 2.SO(m,lH); 2.35(br s,2H,NH2); 
2.33(t,1B,J=7.16Hz): l.82(m,1H). 
CI-MS: m/z 302 (M++H). 

Example 181 

cis Cand transl-[Tetrahydro-4-£[C4-methoxy;phenyll 
methyl]thiol-2-thienyl]cArbamic acid 

C4-nitrophenyllmethyl ester S.S-dioxide 
A o0 c solution, under arqon, of 0.757 q of 

product from Example 180 in 8 ml of dry methylene 
chloride is treated with 0.812 q of p-nitrobenzyl 
chloroformate and 525 pl of triethylamine. The 
reaction is stirred overniqht, diluted with water, 

extracted with methylene chloride, dried and 
concentrated in vacuo. The residue is purified by 

chromatography (silica gel: 10-lOOt ethyl 
acetate/hexane) to qive 0.756 q of the desired product 
(mixture of isomers). 
1 H NMR(CDC13):& 8.2l(d,2H,J=8.74Hz); 
7.50(d,2H,J=8.74Hz); 7.20(d,2H,J=8.63Hz); 
6.86(d,2H,J=8.63Hz); 5.5S(t,1H,NH); 
5.19(s,2B,CH2ArN02); 3.Sl(s,JH,ArOMe); 
3.75(s,2H,CH2Ar0Me); 3.69(m,1H): 3.49(m,1H); 
3.38-3.15(m,3H): 2.s2(m,1H): 2.53(m,1H); ·2.2o(m,1H): 
1. 70 (m, lH). 

I:R(KBr): 33s·9 and 1706 cm-1 • 
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Example 182 
£CTetrabydro-4-mercapto~2-thienyllmethyl]carbamic acid 

C4-nitrophenyl>methvl ester tbiophene-1.1-gigxid@ 
stereoisomers 

A solution of 0.756 g of product from Example 
181 in 31 ml of 80% acetic acid/water is treated with 
0.35 ml of anisole and 0.805 g of mercuric trifluoro­
acetate. ·The reaction is stirred for 2 hours, diluted 
with water and hydroqen sulfide gas is bubbled through 
the solution for 5 minutes. The mixture is filtered, 
washed with a minimum of water and the filtrate 
concentrated in yacuo. The black precipitate is washed 
with ethyl acetate and concentrated in yacuo. The two 
extracts (water and ethyl acetate) appear to be 
identical by thin layer chromatography. The extracts 
are combined and purified by chromatoqrapby (silica 
gel: 15-80% ethyl acetate/hexane) to give 0.44 g of the 
desired product (3:2 mixture of isomers). 
1H NMR(CDC13):6 8.23(d,2H,J=8.70Hz); 
7.50(d,2B,J=8.70Hz); 5.55(t,lH,NB); 5.2l(s,2H, 

CH2ArN02); 3.82-3.40(m,SH); 3.1l(m,1H); 
2.94(dd,1H,J=ll.54 and 12.SOHz); 2.70(m,lH); 
2.33(m,1H); 2.10(d,1H,J=7.2Hz, SH of minor isomer); 
l.98(d,1H,J=7.2Hz, SH of major isomer); l.78(m,1B). 
CI-MS: m/z 36~ (M++H). 

Example 183 
* [4R-r4a.58.68{R >JJ-6-Cl-Hydroxyethyll-4-m.ethyl-7-oxo-

,_[Ctetrahydro-5-[[C[C4-nitrophenyllmetboxy]carbony1J 
amino]methyll-3-thienyllthio]-1-azabicyclofl.2.0]hept-

2-ene-2-carboxylic acid C4-nitrophenyl)metbyl ester 
thiophene-S.S-dioxide 

The title compound is prepared by the proce­
dure of Example 143 using 0.44 g of product from 
Example 182, 0.659 .g of Example 15, 4 ml of dry 

acetonitrile and 0.143 g of Huniq's base to give, after 
chromatography (silica gel:l0-100% ethyl 
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acetate/hexane), 0.742 q of the desired product 
(mixture of isomers and trans isomer pure). 
1H NMR(CDC13 ):6 8.22(d,2H,J=8.5Hz): 
8.2l(d,2H,J=8.5Hz): 7.64(d,2H,J=8.5Hz): 
7.49(d,2H,J=8.5Hz): 5.66(brt,1H,NB): 
5.49(d,1H,J=l3.7Hz): 5.21(d,1H,J=l3.7Hz): 
S.2(d,2H,J=6.31Hz); 4.28(m,2B); 4.13(m,1H); 
3.S-3.45(m,4H): J.Jl(m,lH); 3.13(m,1H); 
2.35(t,2H,J=6.SBz); 2.00(br s,lB); 1.35(d,3H,J=6.24Bz); 
l.26(d,3H,J=6.2Hz). 
IR(KBr):· 3419, 3079, 1772 and 1719 
MS(FAB): m/z 705(M++B). 

-1 cm • 

Example 184 
* . ~ (4R-(4q,58.6BCR lJJ-S-Am1no-2-s-r2-carHoxy-6-

c1-hydroxyethyll-4-methyl-7-oxo-1-azabicyclo[3.2.0] 
hept-2-en-3-yl]-1,2.3.4,5-pentadeoxy-1.4-epithio-2-

thio-L-threo-pentitol s1 ,s1-dioxide (Cis) 
* . b f4R-£4a,5B.68CR >]J-1-Amino-4-S-[2-car oxy-6-

Cl-hydroxyethyll-4-methyl-7-oxo-1-azabicyclo[J.2.0J 
hept-2-en-3-yl]-1,2.3.4.5-pentadeoxy-2.5-epithio-
4-thio-D-erythro-pentitol s2 ,s2-dioxide (trans) 

* . C4R-[4a.58.6BCR lJJ-3-£5-CAminomethvlltetrahydro-3-
thienylJ-6-Cl-hydroxyethyll-4-methyl-7-oxo-1-azabi­

cyclo(J.2,0]hept-2-ene-2-carboxylic acid 
thiophene-s,s-dioxide (mixture) 

The title compound is prepared by the proce­
dure of Example 18 usinq 0.502 q of product from 
Example 183, 0.205 g of 10% palladium on carbon, 24 ml 

of dioxane: 0.1M phosphate buffer (5:2) to qive, after 
chromatoqraphy cc18 reverse phase chromatoqraphy 
plates: 5% ethyl alcohol/water), 0.014 q of the cis 
isomer, 0.013 g of the trans isomer and 0.024 q of 
mixture of cis and trans isomers. 
Cis :Isomer: 
1it HMR(D20):& 4.18(m,2H), 3.95-3.50(m,6H); 
3.48-3.20(m,5H); 2.a2(m,1H)1 l.90(m,1H)1 
1.23(d,3B,J=6.2HZ)1 l.16(d,3H,J=6.2HZ). 
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IR(KBr): 3538, 3410, 1748 and 1622cm.-1 • 
Example 185 

3-([5-CAzidomethylltetrahydro-3-fur~nylltbio]-4-methyl-

6-(1-[[C2-mgthylpropgxylcarbonylJoxy]etbylJ-Z-oxo-l­
azabicyclo[3.2.0]hgpt-2-ene-2-snrboxylic acid 

C4-nitrophenyl>methvl ester diatereomers 
Using anhydrous conditions, 1.25 q of pro­

duct from Example 45 in 27 ml of anhydrous tetra­
hydrofuran, is cooled to -789 C under argon. 0.325 ml 
of isobutyl chloroformate is added, followed by 2.7 ml 
of lithium bis(trimethylsilyl)amide. The reaction 
mixture is stirred at -7s0 c for 1 hour, followed by 
stirring at -5s0 c for another hour and then 
concentrated in vacuo. The residue is purified by 
chromatography (Silica Gel: 50% ethyl acetate/hexane) 
to qive 1.22 q of the desired product. 
1 H NMR(CDC13):6 8.2l(d,2H): 7.67(d,2H): 5.SO(d,lH); 
5.25(d,1H): S.lS(t,lH,HCOCO); 4.27-4.33(m,3H); 
3.81-3.95(m,3H); 3.68-3.73(m,1H): 3.31-3.55(m,3H); 
3.22-3.Jl(m,lH); 2.2-2.3(m,1H,CH(CH3) 2); 
l.4l(d,3H,CH3): l.32(m,3H,CH3): 0.94(d,6H,(CH3) 2). 
IR(neat): 2101, 1777, 1741and1716 cm~1 • 

Example 186 
3-f (5-(Aminomethylltetrahydro-3-furanyl]thio]-4-

methyl-6-(1-Cf C2-methylpropoxy)carbonylloxy]etbyl-7-
oxo-1-azabicyclof3,2.0lhept-2-ene-2-carboxylic acid 

giastereomers 
The title compound is prepared by the proce­

dure of Example 18, using 1.22 q ~f product from 
Example 185, 0.764 q of 10% palladium on.carbon, 21 ml 
of O.lM sodium phosphate buffer (pH 7.0) and 78 ml. of 
dioxane to give 0.122 g of the desired product. 
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Example 187 

1.4-Anbydro-2-deoxy-D-e?:ythro-pentitol 

dimetbanesultonate 
The title compound is prepared by the proce­

dure of Example 178 usinq 0.173 q of 1,2-dideoxy-D­

ribose prepared by the method of M. Takeshita et at., 

J.Bio.Chem., (1987), 262(21), 10171, 249 pl of 

methanesu1fonyl chloride and 3 ml of pyridine to qive 

0.310 q of the desired product after chromatoqraphy. 
1a NMR(CDCl3):& 5.1S-S.15(m,lB): 4.4-4.3l(m,2a); 

4.3-4.25(m,la): 4.15-4.06(m,la); 4.0-4.9(m,1H); 

J.l(s,Ja,CH3); 3.09(s,Ja,CH3); 2.3-2.2(m,2a). 
Example 188 

1.4-Anhydro-5-azido-2.5-dideoxy-D-erythro-pentitol 
3-methanesulfonate 

The title compound is prepared by the proce­

dure of Example 43 usinq 3.57 q of product from Example 

187, 0.726 q of lithium azide and 58 ml of dimethyl­

formamide to qive 2.12 q of the desired product after 

chromatography. 
1a NMR(CDC13):6 

3.98-3.89(m,1H); 

2.34-2.22(m,2H). 

5.08-5.04(m,1H); 4.2-4.09(m,2a); 

3.56-3.38(dd,2H); 3.06(s,Ja,CH3 ); 

Example 189 

2.5-Anbydro-1-azido-1.4-dideoxy-3-thio-D-threo-pentitol 
3-acetate 

The title compound is prepared by the proce­

dure of Example 5 usinq 1.57 q of product from Example 

188, 0.892 q of potassium tb.ioacetate, 10 ml of 

dimethylformamide and 10 ml of toluene to give 0.30 q 

of the desired product after chromatoqraphy. 
1a NMR(CDCl3):6 4.28-4.2(m,1H); 4.2-4.l(dd,lH); 

4.08-3.98{m,1H); 3.89-3.79(dd,1H); 3.4-3.3(m,2H); 

2.s-2.JS(m,1B); 2.~6(s,3B,Ac); 2.os-1.9(m,1B). 
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Example 190 
2.5-Anhydro-l-azido-1.4-dideoxy-J-tbio-D=tbreo-pentitol 

The title compound is prepared by the proce­
dure of Example 16 usinq 0.30 q of product from Example 
189, 0.35 ml of sodium methoxide/methyl alcohol (25 wt 

%) and 5 ml of tetrahydrofuran to qive 0.219 q of the 
desired product after cbromatoqraphy. 
11 NMR(CDCl3):6 . 4.1-4.0(m,28); 3.9-3.S(m,lB); 
3.55-3.43(m,3H); 2.ss-2.4(m,1H); 2.06-2.94(m,1H); 
1.65-1.62(d,1H,SH). 

Example 191 
. * [4R-C4q.58.68CR lJ-

2.5-Anhydro-1-azido-1.4-dideoxY-3-S-C6-Cl-hydroxy­
ethyll-4-mgthyl-2-[[4-nitrogbenyllmethoxy]carbonyl]-7-
oxo-1-azabicyclof3,2.0lhept-en-3-yl]-3-thio-D=threo­

Pentitol 
The title compound is prepared by the proce­

dure of Example 17 usinq 0.219 g of product from 
Example 190 in 3 ml of acetonitrile, 0.818 q of product 
from Example 15 in 4 ml of acetonitrile, and 186 µl of 
Hunig's base to give 0.436 g of the desired product 
after chromatography. 
1 H NMR{CDC13):6 8.20(d,2H); 7.65(d,2H); 5.5l(d,1H); 
5.2l(d,1H); 4.3-4.2(m,3H); 4.17-4.09(m,1H); 
3.94-3.8(m,2H); 3.6-3.4(m,3H); 3.37-3.JO(m,lH); 
2.67(bs,1H,OH); 2.5-2.4(m,1H); 2.2-2.0S(m,lH); 
l.35(d,3H,CH3); l.28(d,3H,CH3). 

Example 192 
[4R-[4q.58.6BCR*>J­

l-Am.ino-2.5-anhydro-3-S-[2-carboxy-6-Cl-bydroxyethyl)-
4-metbyl-7-oxo-1-azabicyclo[J,2,0lhept-2-en-3-yl]-1.4-

dideoxy-3-tbio-D=threo-pentitol 
The title compound is prepared by the proce­

dure of Example 18 using 0.436 q of product from 
Example 191, 0.150 q of palladium on carbon, 9 ml of 
O.lM sodium phosphate buffer (pH 7.0) and 13 ml of 



5 

10 

15 

20 

25 

30 

35 

-208-

dioxane to give 0.122 g of the desired product after 
chromatography. 
1H NMR.(020):6 4.5-4.l(m,lH); 4.29-4.18(m,2H); 
4.l2-4.02(m,1H); 4.0-3.85(m,2H); 3.5-3.4(m,2H); 
3.35-3.25(m,1H); 3.2-3.l(m,lH); 2.S-2.4(m,1H); 
1.27(d,3H,CH3); l.17(d,3H,CH3). 

Example 193 
(4R-C4q.58.68CR*>J-

2.5-Anh,ydro-3-S-(2-carboxy-6-C1-hydroxyethyll-4-metbyl 
7-oxo-1-azabicyclo(l.2.0lhept-2-en-3-yll-1.4-dideoxy­

l-( Ciminomethyllamino]-3-tbio-D-threo-pentitol 
To 4 ml of a s0 c ·pho~phate buffer (ph 8.5) 

solution is added 0.052 g of product from Example 192 
and 0.832 g of ethyl formimidate hydrochloride, in 
portions. The pH is maintained at 8.5 with lN sodium 
hydroxide. The solution is stirred at s0 c and pH 8.5 
for 5 minutes, then the pH is adjusted to pH 7.0 with 
5% hydrochloric acid and the reaction mixture is 
concentrated in vacuo with no heat. The residue is 
purified on a c18 reverse phase chromatography plate 
(5% aqueous ethyl alcohol) to give 0.055 g of the 
desired product. 
1 H NMR.(020):& 7.75-7.6(t,1H,CH=); 4.S-3.2(m,11H); 
2.25(m,1H);l.9(m,1H); l.1(d,3H,CH3 ); 0.99(d,3H,CH3 ). 

Example 194 
3-[[5-CAzidomethylltetrahydro-3-furanyl)tbiol-4-methyl-
6-[1-((C2-methylpropoxylcarbonyl]oxy]ethylJ-7-oxo-l­

azabicyclo[l.2.0lhept-2-ene-2-carboxylic acid 
C4-nitrophenyl>methvl ester diastereomers 

The title compound is prepared by the proce­
dure of Example 185 using 1.00 9 of product from 
Exmaple 63 in 20 ml of tetrahydrofuran, 0.26 ml of 
isobutyl chloroformate and·2.2 m1 of O.lM lithium 
bis(trimethylsilyl)amide to give 0.636 9 of _the desired 
product after chromatography. 
1H NMR(COC13):6 8.23(d,2H); 7.66(d,2H); 5.49(d,1H); 
5.26(d,1H); 4.22-4.16(m,3H); 3.93(m,2H); 3.84(m,2H); 
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3.47-3.36{m,4H); 2.S(m,1H,CBCB3); 1.97(m,1H); 
1.7(m,0.5H); l.85(m,O.SB); 1.49(d,3H,CH3); 
1.29(t,3H,CB3); 0.94(d,6H,2CB3C). 
IR(neat): 2100, 1777, 1741and1707cm-1 • 

Example 195 
3-[[S-A1ninometbylltetrabydro-3-furanylltbiol-4-

methyl-6-[l-r[C2-metbylpropoxylcarbonyl]oxyJetbylJ-7-
oxo-1-azabicyclo[3.2.0lhept-2-ene-2-carboxylic acid 

diastereomers 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.764 q of product from 
Example 194, 0.478 q of palladium on carbon, 13 ml of 
sodium phosphate buffer (pH 7.0) and 49 ml of dioxane 
to qive after chromatoqraphy 0.0668 q of the desired 
product. 
1H NMR(D20):6 4.2(m,2H); 4.l(m,lH); 3.95(d,2H); 
3.S(m,JH): 3.65(m,1H); 3.35(m,1H): 3.13(m,2H); 
2.6(m,1H); l.92(m,1H); l.6(m,1H); l.35(d,3H,CH3 ); 

1.18(dd,3H,CH3): 0.88(d,6H,2CH3). 
Example 196 

3.6-Dioxabicyclo[J,1.0]hexane 
A o0 c solution, under arqon, of 5 q of 

2,5-dihydrofuran in 85 ml of methylene chloride is 
treated with 13.54 q of sst m-chloroperbenzoic acid. 
The reaction mixture is allowed to warm to room 
temperature overnight. The reaction mixture is filtered 
and the filtrate stirred for 10 minutes with saturated 
sodium carbonate and the two layers separated. The 
orqanic layer is dried and concentrated in vacuo to 
give an oil. The oil is distilled under vacuum (water 
aspirator) to qive 3.93 q of the desired epoxide. 
1H NMR(CDCl3):6 4.03(d,2H,J=10.5Bz); 3.8l(s,2H); 
3.66(d,2H;J=l0.5Bz). 
MS(CI):m/z 87 (M++H). 
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Example 191 

trans-C+/-l­

Tetrahydro-4-hydroxy-3-furancarbonitrile 

To 5.0 q of product from Example 196 is added 

29 ml of lM diethylaluminum cyanide at room tempera­

ture. The reaction is exothermic. The mixture is 

stirred for 3 hours, quenched very carefully with ethyl 

alcohol, as the evolved qas is hydrogen cyanide, cooled 

to o0 c and stirred until the reaction warms up to room 

temperature. The reaction is then flushed with arqon 

for 10 minutes, concentrated in vacuo to about 15 ml, 

and filtered through a pad of diatomaceous earth. The 

pad is washed with methyl alcohol and diethyl ether. 

The combined organic layers are refiltered and 

concentrated in vacuo to give 0.383 g of the desired 

product. 
1H NMR(CDCl3):6 4.69(m,1H); 4.22(dd,lH,J=7.3 and 

9.12Hz): 4.0S(m,2H); 3.8(dd,1H,J=2.71and10.llHz); 

3.06(m,1H); 2.83(br s,lH,OH). 

MS(CI): m/z 114 (M++H). 
Example 198 

C3R-transl-Tetrahydro-4-rCmetbylsulfonylloxyJ-

3-furancarbonitrile 

The title compound is prepared by the proce­

dure of Example 178 using 0.367 g of product from 

Example 197, 0.394 g of triethylamine, and 0.446 g of 

methanesulfonyl chloride to give 0.554 g of the desired 

product. 
1H NMR(CDCl3):& 5.4l(m,1B); 4.24(dd,1B,J=7.16 and 

9.13Hz); 4.18-3.9B(m,3H): 3.4l(m,1B); 

3.19(s,3H,S02CH3). 

MS(CI): m/z 192 (M++H). 

Example 199 

C3R-cisl-Tetra.hydro-4-rCC4-methoxyphenyllmethyllthio1-

3-furancarbonitrile 

A o0 c slurry, under argon, of 0.14 g of 

sodium hydride in tetrahydrofuran is treated dropwise 
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with 0.47 ml of 4-methoxytoluenethiol. The reaction 
mixture is allowed to warm to room temperature over 45 
minutes, followed by the dropwise addition of 0.539 q 
of product from Example 198 in 3 ml of tetrahydrofuran. 
The reaction is stirred for 45 minutes and then cooled 
to o0 c. The mixture is diluted, carefully, with water 
and extracted with diethyl ether. The orqanic layers 
are washed with saturated sodium chloride, dried and 
concentrated in vagµo. The residue is purified by 
chromatoqraphy (Silica qel: 5-40% ethyl acetate/hexane) 
to qive 0.583 q of the desired product as an oil. 
1H NMR(CDCl3):6 7.26(d,2H,J=8.7Hz); 
6.87(d,2H,J=8.7Hz); 4.0S(m,3H); 3.82(s,2H,ArCH2); 
3.8l(s,3H,CH30Ar); 3.46(m,2H); 2.9l(m,1H). 
MS(CI): m/z 250 (M++H). 

Example 200 
cis-C+/-l-Tetrahydro-4-ffC4-methO¥YPhenyllmetbyl]thioJ-

3-furanmethanamine 
A room temperature solution, under arqon, of 

4.22 ml of l.OM lithium aluminum hydride in tetrahydro­
furan is treated, dropwise, with 0.876 q of product 
from Example 199 in 3 ml of diethyl eth~r; during which 
time the reaction refluxes qently. After complete 
addition, the reaction is stirred at room temperature 
for 2 hour. The reaction mixture is quenched with 1 ml 
of water; 10.5 ml of l.ON sodium hydroxide and 2.0 ml 
of water. The solid white precipitate formed is 
collected and washed with larqe volumes of diethyl 
ether. The diethyl ether layer is concentrated in 
yagµo to qive 0.889 q of the desired product. 
1H NMR(CDC13):6 7.23(d,2H,J=8.61Hz); 
6.87(d,2H,J=8.61Hz); 3.9S(m,2H); 3.8l(s,3H,OCH3); 
3.73(s,2H,ArCH2 ); 3.47(m,2H); 2.82(m,3H); 2.3l(m,1H). 
MS(CI): m/z 254(M++H). 
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Example aQl 
cisC+/-l=Tetrabydro-4-C[C4-metnoxyphenyllmetbyl]thioJ-

3-furanyl]metbyl]cprbami2 acid 
C4-nitrophenyllmetbyl ester 

A o0 c mixture of 0.889 q of product from 
Example 200, 0.534 q of potassium carbonate, 0.832 g of 
p-nitrobenzyl chloroformate and 7 ml of dry tetrahydro­
furan is stirred for two hours, while warming to room 
temperature. The solution is diluted with 50 ml of 
water and extracted with ethyl acetate. The ethyl 
acetate layers are washed with saturated sodium 
chloride, dried and concentrated in vacuo. The residue 
is purified by chromatography (silica gel: 10-100% 
ethyl acetate/hexane) to give 0.931 g of the desired 
product as a colorless oil. 
1H NMR(CDC13):6 8.17(d,2H,J=8.7Hz); 
7.48(d,2H,J=8.7Hz);-7.22(d,2H,J=8.6Hz); 
6.83(d,2H,J=S.6Hz): 5.17(s,3H,ArCH2 and NH): 
4.02(t,1H,J=7.2Hz); 3.92(t,1H,J=7.4Hz): 
3.77(s,3H,OCH3); 3.69(s,2H,ArCH2); 3.52(m,2H); 
3.22(t,2H,J=6.4Hz); 2.89(m,1H); 2.27(m,1H). 
MS(CI): m/z 432(M+). 

Example 202 
cis-C+/-)-rTetrahydro-4-mercapto-3-furanyllmethvll­

carbamic. acid C4-nitrophenyllmetbYl ester 
A room temperature solution, under argon, of 

0.905 g of product from Example 201 in 30 ml of 80% 
acetic acid is treated with 0.45 ml of anisole and 
1.07 q of mercuric trifluoroacetate. The reaction 
mixture is stirred for 2.5 hours, diluted with 30 ml of 
water, hydrogen sulfide gas is bubbled through for 10 
minutes and the argon for 10 minutes. The black 
precipitate is collected, washed with water and ethyl 
acetate and the com,bined filtrate is concentrated in 
vaqyo. The residue is purified by chromatoqraphy 
(silica gel: 10-60% ethyl acetate/hexane) to give 0.545 
q of the desired product. 



5 

10 

15 

20 

25 

30 

35 

------~~~.~ .. ~ .. ~ .. c-cc ... cc-.. -,---. ~ .. -cc-... =c-... . .. ·········--------'---"----............ ----...-------------------~--

-213-

1u NMR(CDC13) :& 8.21(d,_2H,J=8. 7Bz); 

7.5l(d,2H,J=8.7Hz); 5.2l(s,2H,ArCH2); 5.20(brs,1H,NH); 
4.20(dd,1H,J=7.l and 9.0Hz); 4.03(dd,1H,J=7.8 and 
8.9Hz); 3.58(m,2H); 3.37(m,2H); 3.06(m,1H); 2.29(m,1H); 
l.73(d,1H,J=7.74Hz, SH). 
MS(CI): m/z 313(M+H). 

Example 203 
* * * * * [4R-(3C3R .4R or JS .4S ),4a.58.68CR ll]-

6-Cl-Hydroxyethyll-4-me~byl-7-0XQ-3-fCtetrabydro-4-

[[[CC4-nitrgphenyllmetboxy]carbonYl]aminoJmetbyl]-3-
furaDY1Jtbio-1-azabie,yclo[3.2.0]hept-2-ene-2-carboxylic 

acid C4-nitrophenyllmetbvl ester 
The title compound is prepared by the proce­

dure of Example 17 usinq 0.49 q of product from Example 
202, 0.933 q of product from Example 15, 0.202 q of 
Huniq's base and a.ml of acetonitrile to qive after 
chromatoqraphy 0.771 q of the desired product. 
1H NMR(CDC13):& 8.2l(d,2H,J=8.7Hz); 
8.19(d,2H,J=8.7Hz); 7.6l(d,2H,J=8.7Hz}; 
7.49(d,2H,J=8.7Hz); 5.49(d,1H,J=l3.8Hz); 
5.24(d,1H,J=l3.8Hz); 5.19(s,3H,NH and ArCH2 ); 

4.24(m,JH); 4.20(t,1H,J=8.9Hz); 3.68(m,2H); 3.53(m,1H); 

J.39(m,1H); 3.26(m,2H); 2.36(m,1H); 2.0(brs,2H); 
1.35(d,3H,J=6.3Hz); l.2l(d,3H,J=7.2Hz). 

Example 204 

* * * * * [4R-[3(3R .4R or 3S ,4S ),4q.5(3.6BCR )JJ-
3-f[4-CA1Dinomethylltetrahydro-3-furanyl]tbio)-6-

Cl-hydroxyethyll-4-methyl-7-oxo-l-azabicyclo[J.2.0J­
hept-2-ene-2-carboxylic acid 

The title compound is prepared by the proce­
dure of Example 18 using 0.136 9 of product from 
Example 203, 0.041 q of 10% palladium on carbon and 8 
ml of dioxane: 0.2M phosphate buffer (pH 7) (8:2) to· 
qive, atter chromatoqraphy cc18 reverse phase plates: 

st ethyl alcohol/water), 0.007 q of the desired 
product. 
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1u NMR(D20):6 4.~9(m,3H); 3.75(m,1H); 3.58(m,JH); 
3.42(m,1H); 3.25(m,2H); 3.lO(m,lB); 2.43(m,1H); 
l.26(d,3H,J=5.7Hz); 1.18(d,3H,J=6.7Hz). 

Example 205 
7etrahydro-4-mercapto-2-tbiophenemethanol 

1.1-dioxide stereoisopers 
The title compound is prepared by the proce­

dure of Example 202 usinq 0.615 q of product from 
Example 177, l.04 q of mercuric trifluoroacetate, 0.440 
q of anisole and 31 ml of sot acetic acid ~o qive, 
after chromatoqraphy (Silica qel: 10-lOOi ethyl 
acetate/hexane), o.322 g of the desired product. 
1H NMR(CDC13):6 4.12(m,2H); 3.90(m,2H); 3.75(m,1H); 
3.50(m,3H); 3.32(m,1H); 3.10(dd,1H,J=8.5 and 13.4Hz): 
2.9J(t,lH,J=ll.SHz): 2.75-2.58(m,2H); 2.38-2.20(m,3H); 
2.lO(d,lH,J=7.4Hz minor isomer SH); 1.98(d,1H,J=7.4Hz 
major isomer SH). 
MS(CI): m/z 183 (M++H). 

)!:xample 206 
[4R-C4a.58,66CR*>]-

6-fl-Hyd.roxyethyll-4-metbyl-7-oxo-3-[Ctetrahydro-5-
Chydroxymethyll-3-thienyl]thio]-l-azabicycloC3.2.0] 

hept-2-ene-2-carboxylic acid 
25 C4-nitrophenyllmethyl ester stereoisomers 

The title compound is prepared by the proce­
dure of Example 17 using 0.995 q of product from 
Example 15, 0.305 g of product from Example 205, 0.216 
q of Huniq's base and 5 ml of acetonitrile to give, 

30 after chromatography (Silica qel: 20-100% ethyl 
acetate/hexane), 0.789 g of the desired product. 
1H NMR(CDC13):6 8.22(d,2H,J=8.8Hz); 
7.65(d,2H,J=8.8Hz); S.5l(d,1H,J=l3.8Hz); 

35 
5.23(d,1H,J=l3.8Hz); 4.08(m,1H): 3.85(m~2H), 
3.6-3.3(m,4H), 3.02(t,1H,J=6.7Hz): 2.63(m,1H), 
2.35(brs,2H); l.37(d,3H,J=7.2Hz): 1.29(d,3H,J=7.2Hz). 
MS(CI): m/z 527 (M++H). 
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Exam,ple 207 
[4R-[4q.58.68(R*>J-

6-(1-Hydrogyethyl>-4-methyl-7-oxo-3-CCtetrfbydro-5-
Cbydroxymetb,yll-3-thiepyl]tbio]-l-azabicyclo[3.2.0] 
hept-2-ene-2-carboxylic acid tbiopbene-1.1-dioxide 

stereo isomers 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.208 q of product from 
Example 206, 0.033 q of sodium bicarbonate, 0.066 g of 
10' palladium on carbon and 10 ml of dioxane/water 
(8:2) to give, after chromatoqraphy cc18 reverse phase 
plates: 4% ethyl alcohol/water), 0.140 q·of the desired 
product. 
1H NMR(CDCl3}:6 4.22(m,2H); 4.07-3.20(m,8H); 
2.70(m,1H): l.88(m,1H); 1.25(d,3H,J=6.4Hz), 
l.17(brs,3H). 
MS(FAB): m/z 414 (M++Na). 

Example 208 
CR)-1-Phenoxy-5-hexen-2-ol 

Under anhydrous conditions at -zs0 c, 475 ml 
of lM solution of allylmagnesium bromide in diethyl 
ether and 60 ml of triethyl borate in 400 ml of diethyl 
ether are added simultaneously, but separately, to 400 
ml of diethyl ether. The reaction is stirred at -zs0 c 
for 3 hours, warmed to o0 c, 45o·m1 of 2N hydrochloric 
acid is added carefully and stirred at room temperature 
for 2 hours. The layers are separated and the orqanic 
layer is dried over magnesium sulfate. The diethyl 
ether layer is filtered and concentrated in vacuo to 
100 ml. 'l'he residue is dissolved in 400 ml of diethyl 
ether and treated with 77.8 q of (-)-diisopropyl 
D-tartrate. The reaction is stirred overnight at room 
temperature under argon. Ten qrams of magnesium sulfate 
is added and the mixture stirred for 20 minutes, 
filtered and concentrated in V§QUO. The residue is 
purified by Kugelrohr distillation (at 0.15mm Hg, bp 
l00-130°C) to qive 72.30 g of the desired borate ester. 
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Under anhydrous conditions (arqon) at -7a0 c, 
20.24 q of (phenylmethoxy)acetaldehyde in 17.35 ml of 
toluene is added to a mixture of 72.3 q of borate ester 
in 1000 ml of toluene and 54.22 q of 4A0 molecular 
sieves. The mixture is stirred at -7s0 c for 16 hours. 
The reaction is filtered, the sieves washed with 
toluene and the filtrate is poured into soo ml of 
water. The layers are separated, the orqanic layer 
dried and concentrated in yacuo. The residue is 
redissolved in 725 ml of diethyl ether and treated with 
1M potassium hydroxide for 24 hours at room 
temperature. The layers are separated, the organic 
layer is washed with saturated sodium bicarbonate, 
dried and concentrated in vacgo. The residue is 
purified by Kugelrohr distillation (1-2mm Hq, bp 
10o-110°c) to give 10.44 g of the desired product. 

Calcd. cl2Hl602: C: 74.69; H: 8.39 

Found: C: 74.69; H: 8.42 

(a] 26 =-3°+1 in CHCl 
D - 3 

Example 209 

2.5-Anhydro-l.3-dideoxy-l-iodo-L-threo-pentitol 

~ 

l.4-Anbydro-3.5-dideoxy-5-iodo-D-erythro-pentitol 
To a vigorously stirred 3°c solution of 

10.44 g of product from Example 208 in 200 ml cf 
diethyl ether and 68 ml of water is added 6.76 g cf 
solid sodium bicarbonate, in one portion, followed by 

20.33 q of iodine. The ~eaction mixture is stirred at 
room temperature for 1 1/2 hours and a saturated sodium 
sulfite solution is added slowly until the yellow color 
disappears. The layers are separated, the organic 

layer is dried an~ concentrated in vacuo to give 11.8 g 

of a light yellow oil. The residue is purified by · 
I 

chromatography (Silica gel: 20-sot ethyl 

acetate/hexane) to give 2.14 q of the cis isomer and 
J.6 g of trans isomer. 
trans isomer: 
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1H NMR(CDC13):6 4.59(t,1H); 4.25-4.12(m,1H); 
4.4l-4.02(m,1B); 3.S(d,i.H); 3.2(d,2H); 2.7(s,1H); 
2.2-2.l(m,lB); l.82-l.7S(m,lH). 
cis isomer: 
1ti NMR(CDC13):6 4.5(m,lH); 4.18-4.0(m,lH); 
4.0-J.9(m,1B); 3.82-3.78(m,1H); 3.42-3.3(m,2H); 
3.82(bs,1H,OH); 2.4-2.J(m,lH); l.82-1.75(m,1H). 

Example 210 
l.4-Anhydro-s-azido-3.5-dideoxy-p-erythro-pentitol 

A mixture of 3.6 q of the trans isomer from 
Example 209, 1.54 q of lithium azide and 6 ml of 
dimethylformamide is heated in a 10°c oil bath for 3 
hours. The reaction mixture is concentrated in yacuo. 
The residue is purified by chromatography (Silica gel: 
7St ethyl acetate/hexane) to qive 1.88 g of the desired 
product. 
l H NMR(CDCl3):G 4.56(m,1H); 4.4(m,1H); 4.l(d,lH): 
3.8(m,1H); 3.Sl(m,lH); 3.25(dd,lH); 2.3(bs,1H,OH); 
2.08-l.85(m,2H). 

Example 211 

l.4-Anbydro-s-1zido-3.5-dideoxy-D-erythro-pentitol 
2-(trifluoromethanesulfonatel 

The title compound is prepared by the proce­
dure of Example 22 using 0.716 q of product from 
Example 210 in 4 ml of methylene chloride, 0.925 ml of 
trifluoromethanesulfonic anhydride in 7 ml of methylene 

chloride and 0.445 ml of pyridine to give, after 

chromatography (Silica gel: 75% ethyl acetate/hexane), 
0.985 q of the desired product. 
1H NMR(CDCl3):6 S.57(m,1B); 4.42(~,lH); 4.3-4.l(m,2H); 
3.6(dd,1H): 3.J(dd,lH); 2.4-2.3(m,1H); 2.3-2.lS(m,lH). 
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Expple 212 

2.S-Anhydro-1-azido-l.3-dideoxy-4-thio-D-threo-pentitol 
4-acetate 

The title compound is prepared by the proce­

dure of Example 5 using 0.985 g of product from Example 

211, 0.450 9 of potassium thioacetate and 10 ml of 
acetonitrile to give, after chromatoqraphy (Silica gel: 

30% ethyl .acetate/hexane), 0.510 9 of the desired 

product. 
1H NMR(CDC13):6 4.2-4.l(m,2H); 4.08-3.98(m,1H); 
3.8-3.7(m,1H); 3.5-3.4(dd,1B); 3.38-3.28(dd,1H); 

. . 
2.S2-2.42(m,1H); 3.34(s,3H,CB3): l.75-l.65(m,1H). 

Example 213 

2.5-Anhydro-l-azido-1.3-dideoxy-4-thio-D-threo-pentitol 
The title compound is prepared by the proce­

dure of Example 16 using 0.510 g of product from 

Example 212, 0.6 ml. of 25wt% sodium methoxide/methyl 
alcohol and 10 ml of tetrahydrofuran to give, after 

chromatography (Silica gel: 30% ethyl acetate/hexane), 

0.318 q of the desired product. 
1H NMR(CDCl3):6 4.2-4.05(m,2B); 3.65-3.60(m,1H); 
3.5-3.25(m,3H); 2.55-2.4(m,1H): l.B(d,lH,SH); 

l.75-l.6(m,1H). 
Example 214 

2.5-Anhvdro-1-azido-1.3-dideoxy-4-S-[6-Cl-hydroxy­

ethyll-4-methYl-2-[ [ C4-nitrophenyl)methoxyJcarbonyl)-

1-oxo-1-azabicyclofJ.2.o]hept-2-en-3-ylJ-4-

D-tbreo-pentitol 

The title compound is prepared by the proce­

dure of Example 17 using 0.318 g of product from 

Example 213 in 4 ml of acetonitrile, 1.18 g of product 

from Example 15 in 6 ml of acetonitrile and 0.27 ml of 

Hunig's base to give, after chromatography (Silica gel: 

75% ethyl acetatefh~xane), 0.720 g of the desired 
product. 
11 NMR(CDC13):6 8.24(d,2H); 7.67-7.65(d,2H)1 
5. 53-5. 48 (d, lH): 5.26-5.22 (d, lH) :· 4.29-4. 08 (m,4H): 

.. ·,·--··.· 
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3.79-3.74(m,2H); 3.46(3.27(11l;4H); 2.52-2.45(111,lH); 

l.75-l.6(m,1H +l OH); l.37(d,3H); l.3(d,3H). 

Example 215 

C4R-[4g.58.68CR*l]-

1-Am.ino-2.5-anhydro-4-S-C2-carboxy-6-Cl-hydroxyethyl)-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-en-3-yll-

1.3-dideoxy-4-thio-D-tbreo-pentitol 

The ti~le compound is prepared by the proce­

dure of Example 18 usinq 0.720 q of product from 
Example 213, 0.496 q·of 10% palladium on carbon, 15 ml 

of O.lM sodium-phosphate buffer (pH 7) and 30 ml of 
dioxane to qive, after chromatoqraphy (Reverse Phase 
Plates: 5% aqueous ethyl alcohol), 0.233 q of the 
desired product. 
1 H NMR(D20):6 4.4-4.12(m,4H); 4.05-3.S(m,2H); 

3.58-3.2(m,4H); 2.8-2.65(m,1H); l.8-l.6(m,1H); 
l.35(d,3H); l.27(d,3H).· 

J;:xample 216-253 
Example 216 to 253 e~emplify compounds of 

formula I obtained by the methods described herein­
above. 

R R, 
0 

z 
5---\.3-(CH2) n R2 

0 C02R3 
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Example n z 
5 

216 CH3CH(OH)- CH3 0 s H Na 
217 CH3CH(OH)- CH3 0 0 H Na 
218 CH3CH(OH)- CH3 l s OH Na 

10 219 CH3CH(OH)- CH3 l 0. OH Na 
220 CH3CH(OH)- CH3 l s OCH2C6H5 Na 
221 CH3CH(OH)- CHJ l 0 OCH2C6Hs Na 
222 CH3CH(OH)- CHJ l s NH2 H 
223 CH3CH(OH)- CH3 • l 0 NH2 H 

is. 224 CH3CH(OH)- CH3 l s NHCH3 H 
225 CH3CH(OH)- CH3 l 0 NHCH3 H 
226 CH3CH(OH)- CH3 1 0 OCH3 Na 
227 CH3CH(OH)- CHJ 1 s OCH3 Na 
228 CH3CH(OH)- CH3 1 0 OCONH2 Na 

20 229 CH3CH(OH)- CH3 l s OCONH2 Na 

25 

30 

35 
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Example N z 
5 

230 CH3CH(OH)- CH3 1 0 NH CB= NH H 

231 CH3CH(OB)- CH3 1 s NHCB=NH H 

232 CH3CH(OB)- CHJ 1 0 N=CHN(CH3 ) 2 H 
10 

233 CH3CH(OH)- CB3 1 s N=CHN(CH3 ) 2 H 
+ 234 CH3CH(OH)- CH3 1 0 N (CB3 ) 3 + 235 CH3CH(OB)- ~3 1 s N _(CH3 ) 3 

236 CH3CH(OH)- CH3 l 0 CONH2 Na 

15 
237 ~CH(OH)- CH3 l s CONH2 Na 

238 CH3CH(OH)- CH3 l 0 CON(CH3 ) 2 Na 

239 CH3CH(OH)- CH3 1 s CON(CH3 ) 2 Na 
-:.~. 

240 CH3CH(OH)- CH3 1 0 1-Pyridinium 
241 CH3CH{OH)- CH3 1 s 1-Pyridinium 
242 CH

3
CH(OH)._ CH3 2. 0 NH2 H 

20 
243 CH3CH(OH)- CH3 2 s NH2 H 

244 CH3CH(OH)- CH3 2 0 + 
N (CH3)3 

245 CH3CH{OH)- CH3 2 s + N (CH3 ) 3 
246 CH3CB(OH)- CH3 2 0 NHCH=NH H 

247 CB3CB(OH)- CH3 25 
2 s NHCH=NH H 

248 CH3CH(OH)- CH3 2 0 N=CHN(CH3 ) 2 H 

249 CH
3
CH(OH)- CH3 2 s N=CHN(CH3 ) 2 H 

30 

35 
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•• • z •1 
oo'f-'( 

CH1 
, 0 II 

IHC I Ht 
\_J 

0 0 
CHs 1 0 II A 

IHCI 0 
\._} 

CH1 1 D 
0 

'.A II 
INC H 

LJ 
0 

CH1 I 0 

··~·:Q·· I -
CH1 OH 

Example 254 

Carbonic acid 

•• 

•• 

•• 

lie 

•• 

4-NJtrophenyl C4-Nitrophenyllmethyl Ester 
To an ice cooled solution, under argon, of 

7.3 q of p-nitrophenol and 7.5 ml of triethylamine in 
36 ml of dry tetrahydrofuran, is added, dropwise, a 
solution of 10.78 g of p-nitrobenzyl chloroformate in 
18 ml of dry tetrahydrofuran. The reaction mixture, a 
suspension, is stirrred at room temperature overnight. 

The formed solid is collected, washed with water and 
dried to give 5.9 g of the desired product. 
1H NMR(CDC13):6 8.3(d,2H,J=3.0H~); 8.27(d,2H,J=3.0Hz); 

7.63(d,2H,J=8.7Hz); 7.40(d,2H,J=9.2); 5.41(s,2H). 

Example 255 
N-[[C4-Nitrophenyllmethoxy]carbonyl]glycine 

One and one half grams of glycine is slurried 
in 235 ml of a 80/20 mixture of ethyl alcohol/water. 
To this is added 5.6 ml of triethylamine, solution 
occurs, followed by 6.36 g of product from Example 254. 

A precipitate forms and the reaction is stirred 
overnight at room temperature. The reaction mixture is 
concentrated in vacuo. The resulting oil is dissolved 
in water and ethyl alcohol, the pH is adjusted to 1.5 
with concentrated hydrochloric acid and the volume is 
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reduced. The reaction mixture is extracted with 
methylene chloride, the organic layer is washed with 
water and concentrated in vagµo. The residue is 
purified by chromatoqraphy (Silica gel: ethyl acetate) 
to give 2.83 q of the desired product. 

Example 256 
[2-[C2.5-Dioxo-l-pyrrolidinylloxy]-2-oxoethyl]carbamic 

acid C4-Nitrophenyl>methyl Ester 
To a solution of 2.83 q of product from 

Example 255 in 43 ml of dioxane is added 1.28 g of 
N-hydroxysuccinimide and 2.30 g of 1,3-dicyclohexylcar­
bodiimide, hereinafter called DCC, in 13 ml of dioxane. 
The formed suspension is stirred at room temperature 
overniqht. The urea by-product is collected and the 
filtrate is concentrated in vacuo to give an oil. The 
oil is dissolved in methylene chloride, washed with 
water, the layers are separated and the organic phase 
is cooled. The formed crystals are collected and dried 
to give 1.87 g of the desired product. 
1 H NMR(CDC13}:6 8.09(d,2H,J=8.7Hz): 7.21(d,2H, 
J=8.7Hz); 6.8(t,1H,NH); 5.13(s,2H); 4.l9(d,2H); 
2.74(s,4H). 

Example 257 
* . . [3-S-[4R-f4a.58,68CR lllJ-l-[CAm.1noacetyl>am1no]-

2,s-anhydro-3-S-f2-carboxy-6-Cl-bydroxyethyll-4-
methyl-7-oxo-1-azabicyclof3.2.0.]hept-2-en-3-yl]-l.4-

dideoxy-3-thio-D-threo-pentitol 
To a o-2°c solution of 5 ml of O.lM sodium 

dihydroqen phosphate buffer, pH 7.Q, is added 0.171 q 

of product from Example 192 followed by the adjustment 
of the pH to 8.5 with lN sodium hydroxide. A solution 
of 0.175 g of product from Example 256 in 3.5 ml of· 
dioxane is added while maintaining the pH at 8.5 with 
lN sodium hydroxide. After 5 minutes of stirring, a 
tlc sample shows no starting ~terial present. The pH 
is adjusted to 7.0 and 0.055 g of 10% palladium on 
carbon is added. The reaction mixture is reduced in a 
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Parr apparatus, at 44 psi of hydroqen for 3 hours. The 
mixture is filtered, the filtrate concentrated in 
vacuo to a small volume, and extracted with ethyl 
acetate. The aqueous phase is further concentrated and 
purified by reverse phase chromatoqraphy (5% aqueous 
ethyl alcohol) to give 0.065 g of the desired product. 
1u NMR(D20) :6 4.4-4.15(m,.3H); 4.15-4.02(m,1H); 
4.02-3-65(M,4H); 3.65-3.35(m,4H); 1.30(d,3H,Me, 
J=6.5Hz); l.20(d,JH,Me,J=7.0Hz). 

Example 258 
N-[[C4-NitrophenyllmethylcarbonYlJ-L=alanine 

The title compound is prepared by the proce­
dure of Example 255 using 5.3 g of product from Example 
254, 1.48 g of L-alanine, 4.6 ml of triethylamine, and 
200 ml of 80/20 ethyl alcohol/water. The resulting oil 
is purified by chromatography (JX, silica gel: 50% 
ethyl acetate/hexane) to give 3.39 g of the desired 
product. 
1H NMR(CDC13):6 11.0(s,lH,COOH); 8.04(d,2H,J=8.6Hz); 
7.4(d,2H,J=8.6Hz); 5.9(d,1H,NH); 5.l(s,2H); 4.3(t,1H, 
CH); 1.36(d,3H,Me,J=7.2Hz). 

Example 259 
CSl-[2-[C2.5-Dioxo-l-pyrrolidinylloxyl-l-methyl-2-
oxoethyl)carbamic Acid (4-Nitrophenyllmethyl Ester 

The title compound is prepared by the proce­
dure of Example 256 using 11.85 g of product from 
Example 258 in 170 ml of dioxane, s.os g of N-hydroxy­
succinimide and 9.12 g of DCC in 46 ml of dioxane to 

30 give 9.8 q of the desired product. 
l -H NMR(CDC13 ):6 8.21(d,2H,J=8.5Hz); 7.Sl(d,2H,J=8.5); 
5.55(d,1H); 5.23(s,2H); 4.7((t,1H); 2.86(s,4H); 1.61 
(d,3H,J=7.3Hz). 

35 
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Example 260 
* [3-S-C4R-[4a,58.68CR lJJJ-2,5-AnhYdro-3-S-

(2-carboxy-6-Cl-hydro:xyethyll-4-methyl-7-oxo-1-

azabicycloC3.2.0]hept-2-en-3-ylJ-l.4-dideoxy-l­

( [2-[ [ [ C4-nitrophenyl)methoxyJcarbonyl]amino]-1-
oxopropyl]amino)-3-thio-Q=threo-pentitol 

monosodium salt 

Ten ml of O.lM, pH 7, sodium dihydrogen phos­

phate buffer is ~ooled to 2°c. To the solution is 
added o.342 g of product from Example 192 and the pH is 

adjusted to 8.5 with lN sodium hydroxide. A solution 

of 0.401 g of product from Example 259 in 7 ml of 
dioxane is added while maintaining the pH at 8.5 with 
lN sodium hydroxide. The reaction is monitored by tlc. 
After 5 minutes there is no starting material present. 

The pH is adjusted to pH 7.0 and the mixture is 

concentrated in vacuo. The residue is purified by 

chromatography (Reverse Phase Plates: 20% 

acetonitrile/water) to give 0.316 g of the desired 

product. 
1H NMR(CDC1 3):6 8.26(d,2H); 7.57(d,2H): 5.3(d,2H); 
4.20-3.25(m,11H); 2.4(m,1H); 2.0S(m,lH); 1.36(d,3H, 

J=7.0); 1.26(d,3H,J=6.0l): l.O~(d,3H,J=7.0). 

Example 261 
* * . (3-S-[4R-[1-CS~) .4a,5B.68CR )]]J-1-[C2-Am,1no-l-

oxopropyllamino]-2,5-anbydro-3-S-C2-carboxy-6-Cl-. 
hydroxyethyl>-4-mfthyl-7-oxo-1-azabicyclor3.2.0]hept-

2-en-3-yl]-l.4•dideoxy-3-tbio-D=threo-pentitol 

A mixture of 0.316 q of product from Example 
260, 5.2 ml of O.lM sodium dihydroqen phosphate buffer, 

7 ml of dioxane and 0.090 q of 10% palladium on carbon 

is reduced in a Parr apparatus to qive, after 

chromatoqraphy (Reverse Phase Plates: 5% aqueous ethyl 
alcohol) 0.041 q of the desired product. 
l H NMR(CDCl3):6 4.35-4.15(m,3H); 4.10-3.90(m,5H); 
3.6-3.35(d,4H); 2.48(m,1H); 2.07(m,1H); l.49(d,3H, 
J=6.0); l.28(d,JH,J=6.0); 1.19(d,3H,J=6.75). 
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Example 262 
CSl-4-CPhenylmethyl)-2.5-oxazolidinedione 

A mixture of 8.9 q of L-phenylalanine, 4.8 ml 
of trichloromethylchloroformate (Diphosqene), 70 ml of 
dry tetrahydrofuran and 0.135 q of activated carbon is 
heated in an oil bath at 5s0 c for 2 hours, until the 
L-phenylalanine is in solution. The reaction is 
filtered throuqh diatomaceous earth. The filtrate is 
concentrated in vacuo, treated with diethyl ether and 
hexane, and the resultinq crystals are collected to 
qive 1.04 q of the desired product. 
1H NMR(CDCl3):6 7.19-7.17(m,2H): 7.38-7.3l(m,3H): 
6.3l(s,1H,NH): 4.56-4.52(m,1H,CH): 3.30-3.29(m,1H): 
3.04-2.97(m,1H). 

Example 263 
CSl-4-C2-Methylpropyl>-2.5-oxazolidinedione 

The title compound is prepared by the proce­
dure of Example 262 using.3.93 q of L-leucine, 2.7 ml 
of diphosgene, 0.075 g of activated carbon, and 40 ml 
of dry tetrahydrofuran to give 2.74 g of the desired 
product. 
1 H NMR(CDCl3):6 7.l(s,lH,NH): 4.38-4.34(m,1H,CH-N): 
1.85-l.72(m,3H,CH2 and C-CH): 0.997(t,6H,2-Me). 

Example 264 
CSl-4-Methyl-2.5-oxazolidinedione 

The title compound is prepared by the proce­
dure of Example 262 using 8.91 q of L-alanine, 9.0 ml 
of diphosgene, 0.250 q of activated carbon, and 150 ml 
of dry tetrahydrofuran·to give 7.4 q of the desired 
product. 
1H NMR(DMS0):6 9.0(bs,lH,NH): 4.5(t,1H,CH): 
1.33(d,3H),Me). 
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Example 265 
* * [3-S-C4R-Cl-(S ),4Q,58.68CR )JJJ-1-[C2-AJD.ino-l-oxo-

3-phenylpropyllaminoJ-2,5-anhydro-3-S-C2-carboxy-6-
C1-hydroxvethyll-4-methyl-7~oxo-1-azabicyclo[3.2.0]­

hept-2-en-3-ylJ~l.4-dideoxy-3-thio-D-threo-pentitol CA) 
To 3 ml of O.lM, pH 7, sodium dihydrogen 

phosphate buffer cooled to 2°c is added 0.308 g of 
product from Example 192 and the pH is adjusted to 8.5 
with lN sodium hydroxide. A solution of 0.172 q of 
product.from Example 262 in 3 ml of dioxane and 3 ml of 
sodium dihydrogen phosphate buffer is added while 
maintaining the pH at·8.5 with lN sodium hydroxide. 
The reaction is monitored by tlc. After there is no 
starting material present, the pH is adjusted to pH 7.0 
and the mixture is concentrated in vacuo. The residue 
is purified by chromatography (Reverse Phase Plates: 
20% acetonitrile/water) to give 0.162 q of the product 

* A and o. 073 q of [.3-S-[ 4R-[ 41:k, sp, 6P (R ) ] ] J-2, s-anhydro-
3-S-[2-carboxy-6-( l-hydroxyethyl)-4-methyl-7-oxo-l­
azabicyclo[3.2.0]-hept-2-en-3-yl]-l,4-dideoxy-l-[(N-L­
phenylalanyl-L-phenylalanyl)amino-3-thio-D-threo­
pentitol as product B. 

Product A: 
1 H NMR(D20):6 7.4(t,3H); 7.3(d,2H); 4.4-4.2(m,2H); 
4.05-3.9(m,2H); 3.9-3.8(m,2H); 4.59-3.0(m,7H); 
2.4-2.2(m,1H); 2.02-1.95(m,1H); 1.29(d,3H,Me~J=7.0Hz); 
l.11(d,JH,Me,J=7.0Hz). 
Product B: 
1H NMR(D20):6 7.4-7.3(m,6H); 7.25-7.15(m,4H}; 
4.5(t,1H); 4.3-4.3(m,2H); 4.05-3.2(m,5B); 
3. 45-2. 9 (m, SH) ; 2. 24-2. 2 (m, lH)"; 2. 0-1. 9 (m, lH) ; 
1.29(d,3H,Me,J=7.0Bz); 1.09(d,3H,Me,J=7.0Bz). 
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Example 266 
* * . [3-S-C4R-fl(S l.4alpha.5beta.6beta(R )JJJ-1-[C2-Ainino-

4-methyl-1-oxopentyllaminoJ-2.5-anbydro-3-S-[2-Carbox;y 
6-Cl-hydroxyethyll-4-metbyl-7-oxo-1-azabicyclo[3.2.0J­
hept-2-en-3-yl]-l.4-dideoxy-3-thio-D-threo-pentitol CA> 

The title compound is prepared by the proce­
dure of Example 265 using 0.308 g of product from 
Example 192, 0.141 g of product from Example 263, 9 ml 
of O.lM sodium dihydrogen phosphate buffer, pH 7.0, and 
3 ml of dioxane to give 0.135 g of product A and 0.051 

* g of (3-S-[4R-[4a,5P,6P(R )]]]-2,5-anhydro-3-S-
[2-carboxy-6-(l-hydroxyethyl)-4-methyl-7-oxo-l­
azabicyclo[J.2.0]-hept-2-en-3-yl]-1,4-dideoxy-l-[N-L­
leucyl-L-leucyl)amino-3-thio-D-threo-pentitol 
as product B. 
Product A: 
1H NMR(D2 0):6 4.3-4.l(m,JH); 4.1-4.0(q,lH); 
3.95-3.S(m,JH); 3.6-3.4(m,4H); 2.5-2.38(m,1H); 
2.1-2.o(m,lH); l.72-l.6(m,3H,CH2CH); 
l.27(d,3H,Me,J=7.0). 
Product B: 
1H NMR(D2o):6 4.42-4.J(m,lH); 4.3(m,3H); 
4.15-4.0(m,lH); 4.0-3.S(m,JH); 3.6-3.4(m,4H); 
2.5-2.4(m,1H); 2.1-2.0(m,1H); l.8-l.5(m,6H); 
l.27(d,3H,Me,J=7.0Hz); l.18(d,3H,M3,J=7.0); 
l.0-0.8(m,12H,4Me). 
An alternative method for making the Product of Example 

* . 192, [4R-(4a,sp,6p(R )]-l-Am1no-2,5-anhydro-3-S-(2-
carboxy-6-(l-hydroxyethyl)-4-methyl-7-oxo-l-azabi­
cyclo[J.2.0]hept-2-en-3-yl]-1,4-dideoxy-3-thio-D-threo~ 
pentitol is described in Examples 267 to 272. 

Example 267 
2-Qeoxy-D-ei:ythro-Pentitol 

Under anh~rous conditions and an argon 
purge, 30.0 g of 2-deoxy-D-ribose is dissolved in 1 L 
of ethyl alcohol. seven grams of sodium borohydride is 
added in portions at room temperature. The reaction 
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mixture is stirred for 1-2 hours, until all bubbles 
disappear. The mixture is acidified with 25 ml of 
glacial acetic acid and the stirr~ng continued for an 
additional 30 minutes. The solution is chromatoqraphed 
using 180 ml of Dowex 50W-X8(H+ form) Resin (50-100 
mesh) and ethy1·a1cohol. The filtrate is concentrated 
in vacuo to give 40.0 g of a thick oil. 
MS(EI):m/z 119(M+-OH). 

Example 268 
1.4-Anbydro-2-deoxy-D-ei::ythro-pentitol 

To 40.0 g of product from Example 267 is 
added 500 ml of 2N hydrochloric acid. The mixture is 
heated, in an oil bath, at 95°c for 72 hours. The 

15 reaction is filtered and the filtrate concentrated in 
vacuo to give 23.4 g of an oil. The oil is purified by 
Kuqelrohr distillation to give 14.05 q (ll0-120°c at 

20 

25 

30 

35 

0.4-0.3 mm.Hg) of the desired product. 
1H NMR(CDCl3):6 4.25(m,1H); 4.0(m,2H); 3.S(m,lH); 
3.7(bs,1H,OH); 3.6(m,2H); 3.S(bs,lH,OH); 2.l(m,lH); 
l.9(m,1H). 

Example 269 
1.4-Anhydro-2-deoxY-o-ei::ythro-pentitol 

5-CTrifluoromethanesulfonatel 
To a -20°c solution, under argon, of 8.4 ml 

of trifluoromethanesulfonic anhy~ride in 75 ml of 
methylene chloride is added, dropwise, a solution of 
5.9 g of product from Example 268 and 4.05 ml of 
pyridine in 25 ml of methylene chloride. The 

temperature is maintained below -19°c during the 
addition. The progress of the reaction is monitored by 
tlc. The reaction is filtered and the filtrate 
concentrated in vacuo to an oily residue. The residue 
is purified by chromatography (silica gel: 50% ethyl 
acetate/hexane) to qive 7.03 q of the desired product. 
1e NMR(CDCl3) :& 4.8(Qs,1H); 4 .• 48-4.6(:m,2H); 

4.3-4.4(m,1H); 3.95-4.l(m,38); 2.1-2.21(m,1H)1 

1.92-2.02(m,1H). 
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Example 270 

l.4-Anbvdro-5-azido-2.S-dideoxy-D-erthyro-pentitol 

A mixture of 7.0 q of product from Example 

269 in 53 ml of methylene chloride and 8.75 q of 

n-tetrabutylammonium azide is stirred at -20°c, under 

arqon, for 2 hours. The reaction mixture is concen­

trated in vacuo and purified by chromatoqraphy (silica 

gel: 50% ethyl acetate/hexane) to qive 3.22 q of the 

desired product. 
1H NMR(CDCl3):6 4.22-4.3(m,1H); 3.92-4.l(m,2H); 

3.85-3.9(m,1H); 3.3-3.S(m,2H); 2.1-2.25(m,2H); 

1.0-2.0(m,lH). 
Example 271 

l,4-Anhvdro-5-azido-2.5-dideoxy-D-erythro-pentitol 

3-CTrifluoromethanesulfonatel 

The title compound is prepared by the proce­

dure of Example 269.using 3.2 q of product from Example 

270 dissolved in 28 ml of methylene chloride, 4.14 ml 

of trifluoromethanesulfonic anhydride dissolved in 57 

ml of methylene chloride and 2.0 ml of pyridine to give 

after chromatography (silica qel: 50% ethyl 

acetate/hexane) 4.84 g of the desired product. 
1H NMR(CDC13):6 5.25(m,1H); 4.l2-4.20(m,2H); 

.3.85-3.93(m,1H); 3.40-3.Sl(m,1H); 3.29-3.4(m,1H); 

2.2-2.35(m,2H). 
Example 272 

2.5-Anbydro-l-azido-1.4-dideoxy-3-thio-D­

threo-pentitol 3-Acetate 

To a o0 c solution of 4.84 q of product from 

Example 271 in 120 ml of acetonitrile is added, in one 

portion, 2.21 q potassium thioacetate. The reaction is 

stirred at o0 c for 35 minutes, concentrated _in vacuo 

and purified by chromatoqraphy (silica qel: 30% ethyl 

acetate/hexane) to ~ive 2.63 q of the desired product. 

1if·NMR(CDC13):& 4.2-4.3(m,1H); 4.l-4.19(q,1H): 

4.0-4.0S(m,lB): 3.8-3.88(q,1H); ·3_.3-3.4(m,2H): 

2.35-2.25(m,1H); 2.36(s,3H,SAc); 1.9-2.0S(m,lH). 
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The procedure for making Example 192, 

* [4R-(4a,5P,6P(R )]-l-amino-2,5-anhydro-3-S-[2-carboxy-
6-(l-hydroxyethyl)-4-methyl-7-oxo-l-azabicyclo[3.2.0]­
hept-2-en-3-yl]-l,4-dideoxy-3-thio-D-threo-pentitol 
from this point on is identical to the experimental 

described in Examples 190-192. 
Example 273 

. * * . 1 [R-CR .R )J-5-Hexene-1.2.3-trio 
. . * * A solution of 11 g of [R-(R ,R ))-2,2-

dimethyl-alpha-2-propenyl-1,3-dioxolane-4-methanol, 
prepared·by the procedure described in_J. Am. Chem. 
Soc., 1985, .l.Q1(26), 8186-8190, in 300 ml of 1:1 
tetrahydrofuran: 2N hydrochloric acid is heated at the 
reflux temperature of the solvents for 2 hours. 
Chloroform is added and the layers are separated. The 
aqueous layer is re-extracted 2X with chloroform. 
The aqueous layer is neutralized with potassium 
carbonate and exhaustively extracted with sot 
chloroform/iso-propanol. The combined organic layers 
are concentrated in vacuo to give 7.51 g of the desired 
product. 
1H NMR(CDCl3):6 5.89(m,1H): 5.18(m,2H}: 3.76(m,3H): 
3.60(m,1H): 2.40(m,5H,3(0H) + 2H). 

Example 274 
* * . i . [R-CR ,R l]-1-[[(l,1-dimethylethyl)d phenyls11ylloxyJ-

5-hexene-2.3-diol 
A o0 c solution of 7.33 g of product from 

Example 273 in 120 ml of 5:1 dry methylene chloride/ 
N,N-dimethylformamide is treated with 5.29 q of 
imidazole and 16.77 q of t-butyl diphenylsilyl 
chloride. The reaction mixture is warmed to room 
temperature and stirred vigorously for 16 hours, 
diluted with diethyl ether and filtered. The filtrate 
is concentrated and purified by chromatography (Silica 
Gel: o-sot ethyl acetate/hexane) to qive 15 q of the 
desired product. 
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1H NMR(CDCl3):6 7.67(m,4H); 7.42(m,6H); 5.82(m,1H); 
5.lO(m,2H); 3.84-3.70(m,3H); 3.58(m,1H); 
2.29(t,1H,J=7.1Hz); l.07(s,9H,t-bu). 
IR(neat): 3430, 3072, 2957, 1650, 1595, 1472, 1428 

-1 cm • 
Example 275 

2.5-Anbvdro-4.6-dideoxy-1-0-(Cl,l-dimethylethyl>­
diphenylsilylJ-6-iodo-o-arabino-hexitol 

A o0 c solution.of 14.67 q of product from 
Example 274 in 200 ml of 3:1 diethyl ether/water is 
treated with 4.99 q of sodium bicarbonate and 15.07 q 

of iodine. The reaction mixture is stirred vigorously 
for 24 hours at room temperature, quenched with 15 ml 
of saturated sodium sulfite, and diluted with 100 ml of 
water. the reaction mixture is extracted with diethyl 
ether, dried, concentrated in v~eyo, and purified by 
chromatography (silica qel: 0-10% ethyl acetate/hexane) 
to give 15.0 q of the desired product. 
1H NMR(CDCl3):6 7.74-7.64(m,4H); 7.46-7.36(m,6H); 
4.62(t,1H,J=4Hz); 4.32(m~lH),4.lO(m,1H); 3.98(m,2H); 

3.29(dd,2H,J=S.7, l.4Hz); 2.25(M,1H); l.83(dt,1H); 
l.12(s,9H,t-Bu). 
IR(neat): 3458, 3071, 2956, 1472, 1428 cm-1 • 

MS(CI): m/z 514(M+NH4)+~ 
Example 276 

2.5-Anhydro-6-azido-4.6-dideoxy-1-o-rc1.1-dimethyl­
ethyl)diphenylsilylJ-D-arabino-hexitol 

A solution, under argon, of s.o q of product 
from Example 275 in 10 ml of dry N.,N-dimethylformamide 
is treated with 0.986 q of lithium azide~ The mixture 
is stirred at so0 c for 1 hour followed by room 
temperature ·for 18 hours. The reaction is diluted with 
water, extracted with diethyl ether, concentrated in 
vacuo, purified by chromatography (silica qel: s-sot 
ethyl acetate/hexane) to·qive 4.0 q of the desired 
product .. 
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1e NMR(CDC13):6 7.70(m,4H); 7.42(m,6H); 4.62(m,1H); 

4.SO(m,lH); 4.02(m,3H); 3.80-3.SO(m,2H); 3.22(dd,1H); 

2.09(m,1H); 1.94(m,1H); 1.SO(s,9H,t-Bu). 
-1 

IR(neat): 2956, 2101 cm • 
+ 

MS(CI): m/z 429(M+NH4) • 
Example 277 

2.5-Anbydro-6-azido-4.6-dideoxy-l-O-[Cl.1-dimethyl­

ethylldi,phenylsilyl]-Q=arabino-hexitol 

3-Methanesulfonate 

To a o0 c solution, under arqon, of 3.78 g of 

product from Example 276 in 20 ml of dry methylene 

chloride is added, dropwise, 1.02 g of triethylamine 

and 1.16 g methanesulfonylchloride. The reaction 

mixture is stirred for 3 hours, diluted with water, 

extracted with diethyl ether, concentrated in vacuo, 

and purified by chromatography (silica gel: 0-50% ethyl 

acetate/hexane) to give 4.30 g of the desired product. 
1 H NMR(CDCl3):6 7~68(m,4H); 7.4l(m,6H); 5.36(~,lH); 

4.43(m,1H)°; 4.18(m,1H): 3.88(m,2H): 3.54(dd,1H,J=13.0, 

3.5Hz): 3.19(dd,1H,J=l3.0, 4.5Hz): 2.73(s,3H,OS02Me); 

2.48(m,1H), 2.18(m,1H); 1.08(.s,9H,t-Bu). 

IR(neat): 2956, 2101 cm-1 • 

MS(CI): 430(M++H-N2). 
Exuple 278 

2.5-Anhydro-~-azido-1.3-dideoxv-6-0-[(1.1-dimethyl­

ethylldiphenylsilyl]-4-thio-D-arabino-hexitol 

4-Acetate 

A solution of 3.78 g of product from Example 

277, 1.76 g of potassium thioacetate, 6.12 g of 

18-crown-6 and 25 ml of acetonitrile is heated at the 

reflux temperature of the solvents for 3 hours. 'fhe 

reaction is diluted with water, extracted with diethyl 

ether, concentrated in vacuo and purified by 

chromatography to give 2.209 g of the desired product. 

1if·NMR(CDC13):& 1.7ocm,4H); 7.40(m,6B); 4.33(m,lH); 

4.13(m,1H); 4.0(m,lB): 3.83-3.70(m,2H), 
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3.4S-3.2S(m,3H); 2.60(m,1H); 2.32(s,JH,SAc); 
l.77(m,1H); l.05(s,9H,t-Bu). 

-1 IR(neat): 2957, 2100, 1696, 1113 cm • 
+ . 

MS(CI): m/z 488(M+NH4) • 
Example 279 

2,5-Anbydro-1-azido-l.3-dideoX)'-4-thio-D-arabino 
hexitol 

A o0 c mixture, under arqon, of 2.21 g of pro­
duct from Example 278 in 20 ml of 1:3.3 49% aqueous 
hydrogen fluoride/acetonitrile is stirred vigorously 
and allowed to.warm slowly to room temperature over 6 
hours. The reaction mixture is added slowly to 100 ml 
of saturated s9dium bicarbonate. After the bubbling 
ceased, ethyl acetate is added and the layers are 
separated. The organic layer is concentrated in yacuo 
and purified by chromatography (silica gel: 5-50% ethyl 
acetate/hexane) to give 0.664 g of the desired product. 
1H NMR(CDC13):6 4.40(m,1H); 3.92(m,2H); 3.80(m,1H); 
3.62(m,1H); 3.45(m,1H); 3.30(m,1H); 2.SO(m,lH); 
2.35{s,3H,COCH3); 2.00(br s, lH, OH); l.85(m,1H). 
IR(neat): 3471, 2925, 2101, 1693 cm-1 . 

MS(CI): 249(M+NH4)+. 

Example 280 
2,5-Anbydro-l-a~ido-l.3-dideoxY-4-thio-D­

arabino-hexitol 
To a o0 c solution, under argon, of 1.1 g of 

product from Example 279 in 5 ml of dry tetrahydrofuran 
is added, dropwise, 1.3 ml of 4.37M solution of sodium 
methoxide. The reaction is stirred for 1 hour, 
quenched with saturated ammonium chloride and 
concentrated in yacuo. The residue is purified by 
chromatography (silica gel: 10-100% ethyl 
acetate/hexane) to give 0.752 g of the desired product. 
1 H NMR(CDCl3):& 4.24(m,1H); 3.90(dd,1H,J=l2 and 3Hz}: 
3.8o-3.70(m,2H); 3.46(dd,1B,J=l3, 3.7Bz); 3.3(m,2H); 
2.52(m,1B); l.97(br s,lB,OH); 1.SO{m,lH); 
1.66(d,1B,SH,J=8.1Hz). 
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Example 281 

4-C4R-C4alpha.5beta.6betacR*>11-2.~-Anhydro-l-azido­
l.3-dideoxy-4-S-C6-Cl-hydroxyethyll-4-metnyl-2-

[[C4-nitrophenyllmethoxyJcarbonylJ-7-oxo-l­

azabicyclo-rJ.2.0]hept-2-ene-J-yll-4-th.io-o­

arabino-hexitol 

A o0 c mixture, under arqon, of 0.752 g of 

product from Example 280, 2.10 g of product from 

Example 15 and 13 ml of dry acetonitrile is treated, 

dropwise, with 0.462 q of Huniq's base. The reaction, 

which is allowed to warm to room temperature, is 

stirred for 5 hours. The reaction is concentrated in. 
vacuo and purified by chromatography to give 0.752 g of 

the desired product. 
1H NMR(COC1 3):6 8.25(d,2H,J=8.7Hz): 

7.65(d,2H,J=8.7Hz): 5.Sl(d,lH): 5.22(d,1H); 4.27(m,3H); 

4.0-3.70(m,3H): 3.60(m,1H); 3.45(m,1H); 3.30(m,2H); 

2.70(br s,1H): 2.50(m,2H): 

1.35(d,3H): 1.28(d,3H). 

IR(KBr): 3449, 2971, 2102, 
MS(FAB): m/z 534(M++H). 

2.05(m,1H); 1.SS(m,lH); 

1767, 1709 -1 cm • 

Example 282 
* . 4-C4R-[4alpga.5beta.6betaCR lJJ-2.s-Anh,ydro-1-az1do-

4-S-[2-carboxy-6-Cl-hydroxyethyll-4-methyl-

7-oxo-1-azabicyclo[J.2.0]hept-2-ene-3-yl]-1.3-

dideoxy-O-arabino-hexitol 

A slurry of 0.20 g of product from Example 

281 in 10 ml of dioxane: O.lM sodi:um dihydrogen 

phosphate buffer pH 7.0 (8:2) and 0.060 9 of 10% 

palladium on carbon is hydrogenated in a Parr apparatus 

at 42 psi of hydrogen for 3 hours. The mixture is 

filtered, concentrated in vacuo and purified by 

chromatography (Reverse Phase Plates:5% ethyl 

alcohol/water) to give 0.123 q of the desired product. 

1H NMR(D20):6 4.35(m,1H)I 4.19(m,2H)I 3.95(m,1H)I 

J.70(dd,1H); 3.6S-J.50(m,3H); 3.48-3.32(m,2H)I 
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3.15(m,1H): 2.68(m,1H): 1.74(m,1H): 1.24(d,3H): 

l.15(d,3H). 
IR(KBr): 3403, 3027, 2969, 2104, 1751, 1598 cm-1

• 

MS(FAB): m/Z 373(M+). 
Examgle 283 

1-.Amino-2,5-anhydro-l.3-dideoxy-6-0-CCl.1-dimethvl­
ethylldighenylsilyl]-D-arabino-bexitol 

A slurry of 3.78 g of product from Example 

276, 0.562 9 of 10% palladium on carbon and 50 ml of 
tetrabydrofuran is hydrogenated under a balloon of 
hydrogen for l hour. The reaction mixture is filtered 
and the filtrate is concentrated in yacuo to give 3.4 
g of the desired product. 
1H NMR(CDC1

3
):6 7.72(m,4H): 7.45(m,6H); 4.58(br s,lH); 

4.27(m,1H); 4.13(m,1H); 3.97(s,2H): 2.82(dd,1H, J=l3, 

3.7Hz): 2.64(dd,1H,J=l3, 6.8Hz): 2.0S(m,lH): 
l.SO(m,lH); 1.08(s,9H,t-Bu). 
IR{neat): 3366, 2955, 1589, 1472, 1112 
MS(CI): m/z 386.6{M++H). 

-1 cm • 

Example 284 

2.5-Anbydro-l.3-dideoxy-6-0-((1.1-dimetbylethyll­

dighenylsilvlJ-l-C[CC4-nitroghenyllmethoxylcarbonyl)-

aminol-D-arabino-hexitol 
A slurry of 3.15 g of product from Example 

283 and 1.35 g of potassium carbonate in 15 ml of 
tetrabydrofuran at o0 c, under argon, is treated with 
2.11 q of p-nitrobenzyl chloroformate and the reaction 
is stirred vigorously at o0 c for 4 hours. The reaction 
mixture is diluted with 100 ml of water, extracted with 
3 X 100 ml of ethyl acetate, dried, concentrated in 
yacuo and purified by chromatography (Silica Gel: 5-50% 
ethyl acetate/hexane) to give 3.49 q of the desired 
product. 

1a NMR(CDCl3):6 8.~0(d,2H,J=8.7Hz); 7.68(m,4H); 
7."50{d,2H,J=8.7Bz),; 7.42(m,6H); s.62(br s,lB,NH); 
5.20(s,2B); ·4.60(m,1B); 4.lS(m,~) 1 3.96(m,2H); 
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3.30(m,1H); 3.12(m,1H); 2.lO(m,lB); 
l.08(s,9H,t-Bu). 
565(M++H). 

Example 285 
2.S-Anbydro-l.3-dideoxy-6-0-[Cl.l-dimetbylethyll­

diphenvlsilyl]-l-[[CC4-nitrophenyllmethox;y]carbonyll­
amino]-D-arabino-hexitol 4-Metbanesulfonate 

The title compound is prepared by the proce­
dure of Example 277 using 3.39 g of product from 
Example 284, 0.57 ml of methanesulfonyl chloride, 1.03 
ml of triethylamine, and 30 ml of methylene chloride to 
give, after chromatography, 3.0 g of the desired 
product. 
1 H NMR(CDC13 ):& 8.2l(d,2H,J=8.7Hz); 7.66(m,4H); 
7.SO(d,2H,J=S.7Hz); 7.42((m,6H); 5.32(m,1H); 
5.20(s,2H); 5.lO{m,lH); 4.33(m,1H); 4.13(m,1H); 
3.8S(dd,1B,J=6.7, 3~3Hz); 3.43(m,1H); 3.20(m,1H); 
2.93(s,3H,OS02Me); 2.47(m,1H); l.9S(m,1H); 
l.08(s,9H,t-Bu). 
IR(neat): 3413, 3342, 2933, 1726, 1522 cm-1 • 
MS(CI): m/z 548(M++H - S02Me). 
Calc'd for c31u38o

9N2SSi: 
C = 57.31; H = 5.77; N = 4.46; S = 5.10 

25 Found: c = 57.45; H = 5.91; N = 4.11; s = 4.88 

30 

35 

Example 286 
2.s-,Anhydro-1.J-dideoxy-6-o-rc1.1-dimethvlethvl>­

diphenylsilylJ-l-r[[(4-nitrophenyllmethox;y)carbonylJ­
aminol-4-thio-O-arabino-hexitol 4-Acetate 

The title compound is prepared by the proce­
dure of Example 278 using 3.0 9 of product from Example 
285, 1.07 9 of potassium thioacetate, 2.s 9 of 
18-Crown-6 and 15 ml of acetonitrile to give, after 
chromatography, 2.61 q of the desired product. 
1u NMR(CDCl3):6 8.22 (d,2H,J=8.7Hz); 7.70(m,4H); 
7.50(d,2B,J=8.7HZ); 7.40(m,6H); 5.22(s,2H); S.17(br s, 
lH); 4.19(m,1H); 4.08(m,1H); 3.9S(m,1B); 3.7S(m,2H); 
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m,2H); 3.45(m,1H); 3.24(m,iH); 2.55{m,1H); 
2.41(s,3H,SAc); 1.64(m,1H); l.06(s,9H,t-Bu). 

+ MS(CI): m/z 566(M +H - C(CH3) 3). 
Exam~le 287 

2,5-AnbYdro-1.3-dideoxy-l~[[[C4-nitrophenyllmethoxy]­

carbonyl]amino]-4-thio-~arabino-hexitol 4-Acetate 
The title compo\tjld is prepared by the proce­

dure of Example 279 using 2.51 g of product from 
Example 322, and 20 ml of 3:1 acetonitrile:48% aqueous 
hydrogen fluoride to give, after chromatography, 1.35 g 

of the desired product. 
1H NMR(CDC13):6 8.22(d,2H,J=8.7Hz); 
7.53(d,2H,J=8.7Hz); 5.30(br t,lH,NH): 5.20(s,2H); 
4.22(m,1H); 3.86(m,2H); 3.76(dd,1H,J=l3, 2.5Hz); 
3.60(dd,1H,J=l2, 4.0Hz); 3.46(m,1H), 3.38(m,1H); 
3.24(m,1H); 2.SO(m,lH); 2.35(s,3H,SAc); 2.l6(br s, 
lH,OH); l.68(m,1H). 
IR(KBr): 3340, 2935, 1722, 1696, 1607, 1521 cm-1 • 
MS(CI): m/z 385.S(M++H). 

gxample 288 
2.5-Anhydro-l.J-dideoxy-l-[[[C4-nitrophenyllmethoXY]­

carbonyl]amino]-4-thio-D-arabino-hexitol 
The title compound is prepared by the proce­

dure of Example 127 using 0.625 g of product from 
Example 278, 0.85 ml of 4N sodium hydroxide and 3 ml of 
tetrahydrofuran to give, after chromatography, 0.440 g 
of the desired-product. 
1 H NMR(CDCl3):6 8.21(d,2H,J=8.7Hz); 7.50(d,2HJ=8.7Hz); 
5.54(br t,lH,NH); 5.20(s,2H); 4.13-(m,lH); 
3.8S(dd,1H,J=12 and 2Hz): 3.78-3.65(m,2H); 3.50(m,1H); 
3.27(m,2H); 2.53(p,lH,J=6.0Hz); l.63(m,1H); 
l.62(d,1H,SH;J=2.0Hz). 

IR(KBr): 3460, 3315, 2922, ·2553, 1700, 1607, 1554 -1 cm • 
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Example 289 
* [4-C4R-C4alpha.Sbeta.6b8taCR l]]l-

2.5-Anhydro-1.3-dideoxy-4-S-[6-Cl-hydroxyetbyll-4-

methyl-2-[C(4-nitrqphenyllmetboxy]carboxnyll-7-oxo­

l-azabicyclo[J.2.0]hept-2-en-3-yl]-1-[[CC4-nitro­

phenyllmethoxy]carbonyl]amino]-4-tbio-D-arabino­

hexitol 

·The title compound is prepared by the proce­

dure of Example 17 using 0.440 g of product from 

Example 324, 0.764 g of product from Example 15, 0.22 

ml of Hunig's.base· and 4.3 ml of acetonitrile to give, 

after chromatography, ·0.593 g of the des1red product. 
1H NMR(CDC13):6 8.23(d,2H,J=8.7Hz); 

8.22(d,2H,J=8.7Hz): 7.66(d,2H,J=8.7Hz); 

7.52(d,2H,J=8.7Hz); 5.52(d,1H,J=13.8Hz); 

5.22(d,1H,J=l3.8Hz); 5.2l(s,2H): 4.25(m,3H); 

3.84(m,2H); 3.67-3.40(m,4H); 3.30-3.20(m,2H): 

2.53(m,1H): 1.7(m,1H); l.34(d,3H,J=7.3Hz); 

l.25(d,3H,J=7.3Hz). 

MS(FAB): m/z 687(M++H). 

,Example 290 
* C4-[4R-C4alpha.5beta.6betaCR )JJJ-

1-Amino-2.5-anhvdro-4~S-f2-carboxy-6-Cl-hydroxyethyl)-

4-methyl-7-oxo-l-azabicyclorJ.2,0)hept-2-en-3-ylJ-

4-thio-D-arabino-hexitol 

The title compound is prepared by the proce­

dure of Example 192 using 0.563 g of product from 

Example 325, 0.140 g of 10% palladium on carbon, and 

dioxane:O.l M sodium dihydrogen phosphate buffer pH 7.0 

(15 ml:Sml) to give, after chromatography, o.oso g of 

the desired product. 
1H NMR(D20):6 4.36(m,1H); 4.21(m,2H); 3.95(m,lB); 

3.78-3.50(m,3H); 3.40(m,2H); 3.18(m,2H); 2.68(m,1H); 

l.72(m,1H); l.24(d,3H,J=6.4Hz); l.60(d,3H,J=7.2Bz). 

IR(I<Br): 3408, 3347; 2967, 1752, 1622, 1586, 1147cm-1 • 

MS(FAB):m/z (MB+NaCl) 395(M+Na) and 417(M+2Na-H). 



5 

10 

15 

20 

25 

30 

-240-

Example 291 
* . [3S-[3alpha.3CR >.4alpha11-r1-Kethyl-2-oxo-2-rr[tetra-

hydro-4-[[C4~ethoxyphenyl>methylJtbioJ-3-furanyll­

mgthyl]amino]ethyllcarbamic Acid C4-Nitrophenyll­
methyl Ester 

A room temperature mixture, under argon, of 
0.455 q of product from Example 200, 0.578 q of product 
from Example 258., 0.516 q of l-(J-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDCI) and 4 ml of 
methylene chloride is stirred vigorously for 6 hours. 
The reaction mixture is diluted with water, extracted 
with methylene chloride, dried, and concentrated in 
vacuo to qive 0.90 q of the desired product. 
1H NMR(CDC13):6 8.20(d,2H,J=8.7Hz); 
7.50(d,2B,J=8.7Hz); 7.20(d,2H,J=8.7Hz); 
6.8(d,2H,J=8.7Hz); 6.45(br s, lH, NH); 5.60(br s, 
lH,NH); S.25(s,2H,CH2ArN02): 4.20(m,1H); 4.00(t,lH); 
3.90(t,1H); 3.80(s,3H,Ar0Me); 3.68(s,2H,CH2ArOMe); 
3.50(m,2H); 3.26(m,2H); 2.SO(m,lH); 2.2S(m,1H); 
l.40(m,3H,CH3). 

Example 292 
* [3S-C3alpha.3CR l.4alpha]l-[1-Methyl-2-oxo-2-[[Ctetra-

hydro-4-mercapto-3-furanyllmethyl]aminolethyl]carbamic 
Acid C4-Nitrophenyllmethyl Ester 
~he title compound is prepared by the proce­

dure of Example 202 usinq 0.90 g of product from 
Example 291, 0.915 q of mercuric trifluoroacetate, 
0.386 q of anisole and 27 ml of 80% acetic acid to qive 
0.60 q of the desired product. 
1H NMR(CDCl3):6 6.38(br s lH,NH); S.45(br s,lH,NH); 
5.20(s,2B,CH2ArN02}; 4.20(m,2H}; 4.00(dd,lH, J=8.8, 
7.9Hz); 3.60-3.40(m,4H); 3.03(t,1H,J=7.4Hz); 
2.28{m,lB); 1.73(d,1H,SH); 1.4l(d,JH,J=7.0Hz). 

35 IR(RBr): 3298, 2975, 2544, 1690, 1651, 1540 cm-1 • 
MS(CI): m/z 384(M++H}. 
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Example 293 
* * * . * C4R-3(3S .4S .CS )].4alpha.5bet;a.6betaCR l]J-

6-Cl-Hydroxyetbyll-4-metbyl-7-gxo-?-[(tetrabydro-4-
rrr2-rrrc4-nitrophenyllmetboxylcarboxnyl]amino]-l­

oxopropyl]aming]methyl-3-fµranyl]tbio]-1-azabicyclo­
£3.2.0Jhept-2-ene-2-carboxylic A9id 14-Nitrophenyl>­

methyl Ester 
The title compound is prepared by the proce-

dure of Example 17 usinq 0.576 q of product from 
Example 292, 0.893 q of product from Example 15, 0.194 
q of Huniq's base and 5 ml of acetonitrile to give 
0.950 q of the desired product. 
1H NMR(CDC13 ):6 8.21(d,2H,J=8.7Bz); 8.20(d,2H, 

15 J=8.7Hz); 7.65(d,2H,J=8.7Hz); 7.49(d,2H,J=8.7Bz); 
6.SS(br s,1H,NB);6.44(br s,lB,NB); 5.SO(dd,lH); 
5.22(dd,1H); S.19(s,4H,CB2ArN02); 4.35-4.2(m,3H); 
3.95(m,1H); 3.70-3.40(m,6H); 3.29(m,1H); 

20 

25 

30 

35 

2.42-2.26(m,2H); l.39(t,6H,2xCH3); 1.26(d,3H,CH3). 
IR(KBr): 2973, 2935, 2873, 1770, 1716, 1670, 1521 
MS{FAB): m/z (MB+NaCl), 728(M++H); 750(M++Na). 

Example 294 
* * * * [4R-[3[3S .4S CS ll.4alpha.5beta.6beta(R l]]- · 

-1 cm 

3-[f4[C2-Amino-1-oxopropyl>amino]methylltetrahvdro-3-
furanyl]thio]-6-Cl-hydroxyethvll-4-methyl-7-oxo-1-

.azabicyclgf3.2.0lhept-2-ene-2-carboxylic Acid CA> 
and 

* * * * C4R-[3[3R .4E cs lJ,4alpha,5beta.6betaCR l]]-
3-[[4[[2-AD1ino-1-oxopropyllamino]methyl]tetrahydro-3-
furanyl]thioJ-6-Cl-bydroxvethvll-4-methyl-7-oxo-1-

azabicyclo[3.2.0]hept-2-ene-2-carbo:xY1ic Acid CB) 
The title compounds are prepared by the pro­

cedure of Example 192 usinq 0.90 q of product from 
Example 293, 0.270 q of 10% palladium on carbon and 30 
ml of 4:1 dioxane:O.lM sodium dihydroqen phosphate 
buffer at 42 psi of hydroqen tQ give a crude mixture 
which was purified by chromatoqraphy to give 0.074 g of 
product A and o.095q of product B. 
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Product A: 
1K NMR(D20):6 4.24(m,JH): 4.00{m,2H): 3.66{m,1H): 
J.60(m,2H): J.4l(m,1H): 3.3l(m,3H): 2.40(m,1H): 
1.43(d,3H)1 l.25(d,3H): l.15(d,3H). 
IR(KBr): 3350, 3260, 3087, 2965, 1750, 1677, 1584 
MS(FAB): •/z (MB+NaCl) 414(M++H): 436(M++Na). 
Product B: 

-1 
cm • 

1H NMR(D20-):6 4.20(m,3B): 4.lO(m,lB): 3.90(m,1H): 
3.75(m,1H): J.55(m,2B): J.40-3.25(m4H): 2.35(m,1H): 
l.46(m,3H)1 1.25(d,3H): 1.17(d,3H). 

-1 IR(KBr): 3374, 3089, 2967, 1750, 1677, 1583 cm • 
MS(FAB): m/z (MB+NaCl) 414(M++H): 436(M++Na). 

Example 295 
N-[[C4-Nitrophenyllmethoxy]carbonylJ-L-valine 

The title compound is prepared by the proce­
dure of Example 255 usinq 14.73 q of product from 
Example 254, 5.42 g.of L-valine, 12.75 ml of tri­
ethylamine and 556 ml of 4:1 ethyl alcohol:water to 
qive 4.89 q of the desired product after 
chromatoqraphy. 
1 B NMR(CDC13):6 8.22(d,2H): 7.5l(d,2H): 5.32(d,1H): 
S.22(d,2H)1 4.4-4.3(m,1H): 2.35-2.lS(m,lH): 
l.02(d,3H,Me): 0.95(d,3H,Me). 
Calculated for c13H16N

2
o6: 

C=52.701 H=S.44: N=9.46 
Found: 
C=52.44: H=S.64: N=9.18 

Example 296 

CSl-[l-([(2.5-pioxo-l-pyrrolidinylloxyJcarbonyl-2-
methylpropylJcarbBmic Acid C4-Nitrophenyl)methyl Ester 

Usinq the procedure of Example 256, a room 
temperature solution, under argon, of 4.89 q of product 
from Example 295 and 72 ml of dioxane is added 2.09 q 

of N-hydroxysuccini~ide and 3.76 q of 1,3-dicyclohexyl­
carbodiimide in 19 ml of dioxane. A suspension is 
formed and the mixture is stirred. overniqht. The · 
reaction is filtered and the filtrated is concentrated 
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.in vacuo to a thick oil. Crystallization from 75% ethyl 
acetate/hexane qives 4.88 q of the desired product. 
1if NMR(CDC13):6 8.2l(d,2H); 7.52(d,2H); 5.38(d,1H); 
5.23(d,2H); 4.7-4.6(m,1H); 2.86(s,4B); 2.4-2.J(m,lH); 
l.1(d,3H,Me); l.06(d,3H,Me). 
Calculated for c17H20N30 8 : 

0=51.78; H=S.11; N=l0.66 
Found: 
0=51.99; N=4.94; N=l0.66. 

Example 297· 
N-[[C4-Nitrophenyl)methoxy]carbonylJ-L-isoleucine 

The title compound is prepared by the proce­
dure of Example 255 usinq 14.73 q of product from 
Example 254, 6.07 q of L-isoleucine, 12.73 ml of 
triethylamine and 556 ml of 4:1 ethyl alcohol:water to 
qive 3.52 q of the desired product. 
Calculated for c14H18N2o6 : 
0=54.19; H=S.85; N=9.03 
Found: 
C=54.27; H=5.85; N=B.81 
1 H NMR(CDC13):6 8.22(d,2H); 7.5l{d,2H); 5.3l(d,lH); 
5.2l(d,2H); 4.45-4.35(m,1H); 2.0-1.9(m,1H); 
1.55-1.4(111,lH); 1.3-l.15{m,1H); 0.99(d,3H,Me); 
0.95(t,3H,Me). 

Example 298 
* . * [S-CR .R )1-[1-[[C2.S-Dioxo-l-pyrrolidinyl)oxy)-
carbonyll-2-methylbutyl]carbamic Acid 

C4-Nitrophenyl)met:hyl Ester 
The title compound is prepared by the proce­

dure of Example 256 usinq 3.52 q of product from 
Example 297, 1.50 q of N-hyc:lroxysiccinimide, 2.70 q of 
1,3-dicyclohexylcarbodiimide and 14 ml of dioxane to 
qive 1.75 q of the desired product. 
Calculated for c18H21N308 : 
C=53.07; H=S.20; N=l0.31 
Found: 
C=53.66; B=S.26; N=l0.20 
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1H NMR(CDCl3):6 a.23(d,2H); 7.52(d,2H); S.4-5.2(m,3H); 

4.74-4.68(m,1H); 2.86(s,4H); 2.1-2.0(m,lH); 

1.7-1.S(m,lH); l.4-1.2(m,1H); l.07(d,3H,Me); 

0.98(t,JH,Me). 
Exyple 299 

2.5:3.4-dianhydro-D=ribose Dimethylacetal 

A solution of 50.0 q of product from Example 

170, 500 ml of anhydrous methyl alcohol, 20 ml of 

trifluoroacetic acid is heated at reflux temperature 

for 36 hours. The proqress of the reaction is 

monitored by thin layer chromatoqraphy. The reaction 

mixture is cooled, with stirrinq, to 5-10°c and 50 q of 

sodium carbonate is added in portions. The reaction is 

heated at 6o0 c for 5 hours, filtered and the fi1trate 

is concentrated in vacuo. The residue is extracted 

with methylene chloride and concentrated .in vacuo to 

qive 14 q of a yellow oil. The oil is purified by 

distillation (74-75°c, at 2.5 torr) to qive 9.7 q of 

the desired product. 

~ NMR(CDC13 ):6 4.3l(d,1H); 4.lO(d,lH); 4.0(d,lH); 

3.S7-3.79(m,3H); 3.48(s,3H); 3.46(s,3H). 
Example 300 

2.5-Anbydro-4-deoxy-D-erythropentose Dimethyl Acetal 

To a o0 c solution of 16.9 q of product from 

Example 299 in 55 ml of anhydrous tetrahydrofuran is 

added, dropwise over 30 minutes, 110.0 ml of l.OM 

lithium aluminum hydride in tetrahydrofuran. The 

reaction mixture is heated in an so0 c oil bath for 1 

hour, cooled in an ice bath, and 18.37 q of sodium 

sulfate decahydrate is added in portions·over an hour. 

The mixture is filtered throuqh diatomaceous earth and 

the filtrat&d is concentrated .in yacuo to qive 13.05 q 

of the desired product as an oil, which solidified when 

cooled. 

1if NMR(CDC13 ) :6 4.32(m,·1H); 4.25(d,1H); 3.98(dd,2H); 

3.75(m,1H); 3.44(s,3H,OMe); 3.42(s,3H,OMe); 

2.4(brs,1H,OH); 2.2-2.l(m,lH); 2.o-1.S(m,1H). 
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Example 301 
2.5-Anbydro-4-deOXY-D=erythro-pentitol 

To a room temperature mixture of 12.0 q of 
product from Example 300 in 180 ml of acetonitrile is 
added, dropwise, a mixture of 12 ml of water and 48 ml 
of trifluoroacetic acid. The mixture is stirred 
overnight at room temperature and concentrated ..i.n yacuo 
to about 2 o q. Two hundred and forty ml of 
tetrahydrofuran is added and the reaction mixture is 
neutralized with sodium bicarbonate solution. The 
solution is filtered, dried and concentrated to give 20 
q of an aldehyde which was used immediately. 

The above aldehyde, 12.0 g, is dissolved in 
450 ml of ethyl alcohol and the mixture is .Purged with 
argon. Sodium borohydride, 2.79 g, is added in 
portions and the reaction is stirred at room 
temperature for 2 hours. Five ml of water is added 
dropwise and the stirring is continued for 1 hour. The 
reaction mixture is concentrated in vacuo to an oil. 
The oil is purified by Silica Gel flash column 
chromatography (10% methyl alcohol/ethyl acetate) to 
give 3.40 g of the desired product. 
1 H NMR(CDC13):6 4.34-4.29(m,1H); 4.02-3.97(m,2H); 
3.84-3.8(m,1H); 3.76-3.6(m,2H); 2.2-2.l(m,lH); 
2.0-l.9(m,lH); l.86(brs,2H,OH). · 

. . 
Example 302 

CSl-2-[[[C4-Nitrophenyllmetboxy]carbonyl]amino]­
butanoic Acid 

The title compound is prepared by the proce­
dure of Example 255 using 29.46 g of product from 
Example 254, 9.5 g of L-2-aminobutyric acid, 25.5 ml of 
triethylamine and 1112 ml of 4:1 ethyl alcohol/water to 
give 21.2 g of the desired product after chromato­
graphy. 

1ii·NMR(CDC13 ) :6 8.22(d,2B, J•8._5Bz): 7.52(d,2B, 
J=8.5Hz); 5.35(d,1H); 5.25(s,2H) ;. 4.7(m,1B); 
2.1-2.o(m,lH); 2.o-1.9(m,1B); l.l(t,1B,Me). 
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Egmple 303 
CSl-£1-£[C2.5-Dioxo-l-pyrrolidinylloxycarbonyl]propyl]­

carbamic Acid C4-Nitrophenyllmetbyl Ester 
The title compound is prepared by the proce­

dure of Example 256 using 21.2 g of product from 
Example 302 in 314 ml of dioxane, 9.10 g of N-hydroxy­
succiniimide, 16.3 q of 1,3-dicyclohexycarbodiimide in 
83 ml of dioxane to give 17.5 g of the desired product. 
1H NMR(CDCl3):6 8.2(d,2H,J=8.5Hz); 7.52(d,2H,J=8.5Hz); 
5.3S(d,1H,NH); 5.24(d,2H,J=4.7Hz); 4.7(m,1H,CH); 
2.1-1.9(m,2H); l.l(t,3H,Me). 

Example 304 
* * [4R-[3C2S l.4alpha.5beta.6betaCR l]J-

1-rc2-Amino-1-oxobutyl>amtnoJ-2.5-anhYdro-3-S­
[2-carboxy-6-Cl-ChydroXYethyll-4-methyl-7-oxo-1-

azabicyclo[J ,2. o]hept-2-en-3-ylJ-t.4-dideoxy-3-tbio­
D-tbreo-pentitol 

Using the procedure of Example 257, a solu­
tion of 0.342 q of product from Example 192 in 10 ml of 
pH 7, O.lM sodium dihydrogen phosphate buffer, is added 
1N sodium hydroxide to bring the pH to S.S. To this 
mixture is added 0.379 q of product from Example 303 
dissolved in dioxane; the pH is maintained at pH 8.5 

with lN sodium hydroxide. The reaction mixture is 
stirred at room temperature for 1 hour. 0.120 q of 10% 

palladium on carbon is added and the reaction is 
reduced in a Parr apparatus at 48 psi of hydrogen for 3 

hours. The mixture is filtered and the filtrate 
concentrated in vacuo to a small vo~ume. The residue 
is extracted with ethyl acetate and purified by 
chromatography (Reverse phase plates: 5% aqueous ethyl 
alcohol) to give 0.109 q of the desired product. 
1H NMR(D20):6 4.3-4.l(m,3H); 4.lS-4.02(m,lH)1 
4.0-3.7{m,3H); 3.6-3.4(m,4H); 2.55-2.4(m,lH); 
2.15-2.0(m,lH); l.98-l.8(m,2H): l.28(d,3H,Me,J=S.95Hz); 
l.19(d,3H,Me,J=6.94Hz); 0.96(t,3H,Me,J=7.2Hz). 
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Example 305 
* . * [3-S[4R-[1CS l.4alpha.5beta.6betaCR lll]-

1-[C2-A1nino-3-metjlyl-1-oxopentyl)amino]-2.5-anbydro-3-
S-[2-carbo:gy-6-Cl-hydr.:s;ncyethyl)-4-metbyl-7-oxo-1-

azabicyclo[3.2,0]hept-2-en-3-ylJ-1.4=dideoxy-3-tbio-D­
threo-pentitol 

The title compound is prepared by the proce­

dure of Example 257 usinq 0.20 q of product from 
Example 192 in 6 ml of pH 7.0 O.lM sodium dihydrogen 
phosphate buffer, o.253 q of product from Example 296 
in 6 ml of dioxane and 0.060 g of 10% palladium on 
carbon. The reaction is cooled to 0-4°C and the pH is 
adjusted to pH 7.4 before the addition of the palladium 

catalyst. the residue is purified by chromatography 
(Reverse phase plates: 20% acetonitrile/water) to qive 

0.045 q of the desired product. 
1H NMR(D20):6 4.3-4.2(m,3H): 4.1-4.0(m,lH): 
3.95-3.8(m,2H): 3.65(d,1H): 3.58-3.4(m,4H): 

2.s-2.4(m,1H): 2.2-2.o(m,2H): l.27(d,3H,Me): 

1.18(d,3H,Me): 0.99(d,6H,2Me). 
Example 306 

* * * [3-S[4B-[l(S .s l.4alpha.5beta,6beta(B l]Jl-

l-[C2-A1nino-3-metbyl-1-oxopentyl)aminol-2.5-anhvdro-3-
S-[2-carbo:gy-6-(l-hydroxyethvll-4-methyl-7-oxo-1-aza­

bicyclo[3,2.0]hept-2-en-3-ylJ-1.4-dideoxy-3-thio-p­
threo-pentitol 

The title compound is prepared by the proce­

dure of Example 257 usinq 0.342 g of product from 

Example 192 in 10 ml of pH 7 0.1M ~odium dihydrogen 

phosphate buffer, 0.407 g of product from Example 299 

in 7 ml of dioxane to give after chromatography 

(Reverse Phase plates: 25% acetonitrile/water) an oil. 

The oil is mixed with 0.10 9 cf 10% palladium en 
carbon, 10 ml of pH 7 O.lM sodium dihydroqen phosphate 
buffer and 5 ml of di9xane. ~e solution is reduced in 
a Parr apparatus at 47 psi of hydrogen for 3 hours. 
The reaction mixture is filtered, the filtrate is 
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concentrated in vacuo to a small volume and purified by 
chromatography (Reverse phase plates: 25% 
acetonitrile/water) to give 0.090 q of the desired 
product. 
1H NMR(D20):6 4.25(m,3H); 4.0S(q,lH); 3.9(m,2H); 
3.65(d,lH); 3.6-3.4(m,4H); 3.32(s,1H); 2.45(m,1H); 
2.0S(m,1H); l.88(m,1H); l.S(m,lB); l.29(d,3H,Me); 
1.lS(d,JH,Me); 0.98.(d,JH,Me); 0.90(t,3H,Me). 

of 

Example 307 

2.5-Anbydro-4-deoxy-Q=eiythro-pentitol 
1-,:Tifluorometbanesulfonate 

To a -20°c solution, under argon, of 1.68 ml 
trifluoromethanesulf onic anhydride in 15 ml of 

anhydrous methylene chloride is added, dropwise, a 
solution of 1.18 q of product from Example 301 in 5 ml 
of anhydrous methylene chloride and 0.81 ml of 
pyridine. The temperature is maintained at -2o~c 
during the addition of the alcohol. No starting 
material is visible by tlc after the completion of the 
addition. The mixture is concentrated in vacuo and 
purified by chromatography (silica gel: 75% ethyl 
acetate/hexane) to give 0.693 g of the ditriflate and 
1.64 g of the desired monotriflate. 
1 . H NMR(CDCl3):6 4.5(m,2H); 4.3(m,2H); J.95(m,3H); 
2.98(brs,1H,OH); 2.1-2.o(m,lH); 1.95-1.SS(m,lH). 

Example 308 

2,5-Anhydro-l-azido-1.4-dideoxy-D-erythro-pentitol 
To a o0 c solution of 1.64 g of product from 

Example 307 in 12 ml of methylene chloride is added a 
solution of 2.11 q of tetrabutylammonium azide in 12 ml 

of methylene chloride. The reaction is stirred 
overnight at room temperature. The mixture is 
concentrated in vacuo and purified by chromatography 
(Silica gel: 50% e~yl acetate/hexane) to give 0.611 q 

of· the desired product. 
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1s NMR(CDCl3):6 4.lS(m,lH); 4.0-3.85(m,2H): 
3.85-3.S(m,lH): 3.75-3 •. 6(brs,1H): 3.4-3.2(m,2H): 
2.2-2.os{m,lH); 1.95-1.S(m,lH). 

Bxample 309 
2.5-Anhydro-1-azido-1.4-dideoxy-D-erythro-pentitol 

3-Trifluoromethanesµlfonate 
The title compound is prepared by the proce­

dure of Example ~07 using 0.6115 g of product from 
Example 308 in 6 ml of methylene chloride, 0.79 ml 
plus O.SO·ml for a total of 1.29 ml of 
trifluor6methanesulfonic anhydride in 11 ml of 
methylene chloride and 0.38 ml of pyridine to give 
after chromatography (Silica gel: 50% ethyl 
acetate/hexane) 0.952 g of the desired product. 
1H NMR(CDCl3):G S.J(m,lH); 4.3-4.0(m,2H): 
4.0-3.8(m,1H): 3.6-3.15(m,2H): 2.4-2.2(m,2H). 

Example 310 
2.5-Anbydro-l-azido-1.4-dideoxy-3-thio-L-tbreo-pentitol 

3-Acetate 
To an ice cooled solution, under argon, of 

0.952 q of product from Example 309 in 25 ml of 
acetonitrile is added 0.435 g of potassium thioacetate. 
The cooled reaction is stirred for l hour, concentrated 
in vacuo, and purified by chromatography (Silica gel: 
30% ethyl acetate/hexane) to give 0.465 g of the 
desired product. 
1H NMR(CDCl3):6 4.2-4.12(m,1H): 4.1-4.0S(m,lH): 
4.0-3.9(m,1H): 3.8-3.7(1,lH): 3.3-3.2(m,2H); 
2.45-2.J(m,lH); 2.29(s,3H,Me); 1.95-1.85(m,1H). 

Example 311 
2.5-Anbydro-1-azido-1.4-dideoxy-J-thio-L-tbreo-pentitol 

The title compound is prepared by the proce­
dure of Example 16 using 0.465 g of product from 
Example 310, 0.56 ml of 25% (by wt.) sodium 
methoxide/methyl alcohol and 7 ml of tetrahydrofuran to 
qive after chromatography (Silica gel: ethyl acetate) 
0.319 9 of the desired product. 
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1ti NMR(CDC13):6 4.0(m,2H); 3.78(m,1H); 3.42(m,3H); 
2.4(m,1H); l.95(m,lH); l.58(d,lH,SH). 

Example 312 
* £3-£4R-[4alpha.5beta.6betaCR )JJJ-

2.5-Anbydro-1-azido-l,4-di4eoxy-J-s-r6-Cl-bydroxy­
ethvl>-4-methyl-2-C[C4-nitrophenyllmethoxv]carbonyll-
7-oxo-1-azabicy_elo[3.2.0]hept-3-en-3-yl1-3-thio-L­

threo-pentitol 
The title compound is prepared by the proce­

dure of Example 17 using 0.319 q of product from 
Example 311 in 5 ml of acetonitrile, 0.954 q of product 
from Example 15 in 10 ml of acetonitrile and 0.3 ml of 
Huniq's base to qive after chromatography (Silica qel: 
ethyl acetate) 0.486 q of the desired product. 
1H NMR(CDC13):6 8.12(d,2H,ArH,J=8.7Hz); 
7.57(d,2H,ArH,J=8.7Hz); 5.43(d,1H,benzylic H,J=lJ.7Hz); 
5.14(d,1H,benzylic H,J=13.7Hz); 4.25-4.1(m,2H); 
4.l-3.95(m,2H); 3.8-3.7(m,2H); 3.5-3.2(m,4H); 
2.78(brs,1H,OH); 2.48-2.35(m,1H); 2.0-l.88(m,1H); 
1.26(d,3H,Me,J=6.2Hz); 1.2(d,3H,Me,J=7.1Hz). 

Example 313 
* [3-f4R-[4alpha,5beta.6betaCR lJJJ-

1-Amino-2,S-anhydro-3-s-r2-carboxy-6-Cl-hydroxyethyll-
4-methyl-7-oxo-1-azabicyclo[J.2,0lhept-2-em-3-yl]-1.4-

dideou-3-thio-L=threo-pentitol 
The title compound is prepared by the proce­

dure of Example 192 usinq 0.486 q of product from 
Example 312, 0.167 q of 10% palladium on carbon, 9.8 ml 
of O.lM sodium dihydroqen phosphate buffer and 13 ml of 
dioxane to qive after chromatoqraphy {Reverse phase 
plates: 5% aqueous ethyl alcohol) 0.140 q of the 
desired product. 
1H NMR(CDCl3):& 4.4-4.3(m,~H); 4.3-4.2(m,2H); 
4.l-3.9(m,2H); 3.9-3.~(m,lH); 3.5-3.4(m,2H); 
3.2-3.l(m,28); 2.6-2.4(m,1B); 2.0-1.9(m,1H); 
1.28(d,3B,M~,J=7.2Hz); 1.22(m,JB,KeJ=7.2Hz). 
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lxample 314 
* * [3-[4R-[1CS ).4alpha.5beta.6betaCR ll]J-

l-[f2-Aminp-1-9xopropyllamino1-2.5-anbydro-3-s-r2-
carboxy-6-Cl-hydrpxyetbyll-4-metbyl-7-pxo-1-azabicyclp­

[3 .2 .0Jhept-2-en-3-ylJ-1.4-dideoxy-3-thio-L=tbreo­
pentitol 

The title compound is prepared by the proce­

dure of Example 257 using 0.330 g of product from 

Example 313, 0.352 g of product from Example 259, 9.6 
ml of O.lM pH 7.0 sodium dihydrogen phosphate buffer, 7 

ml of dioxane and 0.110 g of 10% palladium on carbon to 

give after chromatography (Reverse phase·plates: 5% 

ethyl alcohol in water, 2X) 0.069 g of the desired 

product. 
1H NMR(D20):6 4.3-4.l(m,3H); 4.l-J.9(m,3H); 

3.85-3.7(m,1H); 3.6-3.3(m,4H); 2.6-2.4(m,1H)7 

2.0-1.as(m,lH); l.44(d,3B,Me,J=6.8Hz); 

l.27(d,3H,Me,J=6.8Hz); l.2l(d,3H,Me,J=7.0Hz). 
Example 315 

1-Chlorgethyl cyclohexyl Carbgnate 
To twenty grams of cyclohexanol dissolved in 

500 ml of anhydrous methylene chloride is added 18.4 ml 

of pyridine. The solution is cooled to -7a0 c under an 

argon flush, 24.2 ml of 1-chloroethyl chloroformate in 

160 ml of anhydrous methylene chloride is added 

dropwise. After the addition the milky reaction 

mixture is allowed to warm to room temperature. The 

now clear solution is stirred at room temperature for 

two hours, poured into a mixture of 100 ml of ice/100 

ml of saturated sodium chloride, the layers are 

separated and the organic layer is dried and 
concentrated in yacµo to qive 41.03 g of an oily yellow 

product. ·The yellow oil is purified by distillation 

(2.lmm Hg at a2°c) to qive 38.54 q of a colorless oil. 

1imMRccnc13):s 6.5~6.4(q,1H,cl~CB): 4.7s-4.64(m,1B, 
C(=0)-0-Cll in ring); l.83(d,3H,J=S.8,Me); 1.23-2.02 

(m,lOH). 
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Example 316 

1-Bromoethvl cyclohexyl carbonate 

A mixture of 10.33 q of product from Example 

315, 0.20 q of tetrabutylammonium bromide and 7.9 ml of 

trimethylsilyl bromide is heated in an oil bath for 24 

hours at 90°c. The reaction flask is fitted with a 22 

cm Viqreux column and the produced trimetbylsilyl 

chloride is distilled and collected at atmospheric 

pressure as it is formed. After 24 hours, a slight 

vacuum is applied to remove any residual trimetbylsilyl 

bromide or trimethylsilyl chloride from the reaction. 

The formed oil is purified by distillation (87°c at 1.5 

mm. Hg) to give 9.87 g of the desired product. 
1H NMR(CDCl3):6 6.61(q,lH,BrCH)7 4.69(m,1H)7 

2.03(d,3H,Me) 7· 2.0-l.2(m,10H). 
Example 317 

1-Chloroetbyl p-Nitrophenyl Carbgnate 

The title compound is prepared by the proce­

dure described in J. Med. Chem., 1988, Vol. 31, No. 2, 

p.321. 
To a ice cooled mixture of 27.8 g of 

p-nitrophenol, 16.0 g of pyridine and 1 L of chloroform 

is added, dropwise, 34 g of alpha-chloroethyl 

chloroformate. After 1 hour, the ice bath is.removed 

and the reaction is stirred for 16 hours at room 

temperature. The mixture is washed with water, 0.5% 

sodium hydroxide and water. The organic layer is dried 

and concentrated in vacuo to qive 47.85 g of the 

desired product. 
1H NMR(D20):& 8.26{d,2H,ArH)7 7.40(d,2H,ArH)7 

6.53(q,1H,CBC1)7 l.93(d,3H,ArH). 

Calculated for c9e8No5c1: 
C-44.007 B=3.307 N=S.707 Cl=l4.45 

Found: 

0=44.047 H=J.40: N=S~SO: Cl=l4.45 
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Example 318 
1-Acetoxyethyl p-Nitraphenyl Carbonate 

To a solution of 10.0 q of product from 
Example 317 in 250 ml of acetic acid is added 15.0 q 

mercuric acetate. The mixture is stirred at room 
temperature for 22 hours, concentrated in yagµo, and 
purified by chromatography (Silica gel: methylene 
chloride - 5% methyl alcohol/methylene chloride) to 
give 7.5 g of the desired product. 
11 NMR(D20):6 l.62(d,3H,CHMe); 2•13(s,3H,OAc); 
6.86(q,lH,CHOAc); 7.41(d,2H,ArH); 8.28(d,2H,ArH). 

Example 319 

* [J-C4R-r4alpha.5beta.6beta(R l]JJ-

l-[CCl-(Acetyloxylethoxy]carbonyl]amino]-2.5-anhydro-
3-S-[2-carboxy-6-Cl-hydroxyetbvll-4-metbvl-7-oxo-1-

azabicyclo[J.2.01hept-2-en-3-ylJ-l.4-dideoxy-3-thiQ­
p-threo-pentitol 

The pH of a solution of 0.342 g of product 
from Example 192 in 10 ml of O.lM sodium dihyclroqen 
phosphate buffer, pH 7.0, is adjusted to s.s. To this 
is added a solution of 0.269 9 of product from Example 
318 in 7 ml of dioxane, maintaining th~ pH at s.s with 
1N sodium hydroxide. The mixture is stirred at room 
temperature for 30 minutes, concentrated in yacuo and 
purified ~y chromatoqraphy (Reverse Phase Plates: 20% 

acetonitrile/water) to give 0.081 q of the desired 
product. 
1H NMR(D20):o 6.76-6.73(m,1H); 4.3-4.2(m,3H); 
4.15-4.0S(q,lH); 4.0-3.88(m,2H); 3 .• 55-3.35(m,4H); 
2.55-2.4(m,1H); 2.1s-2.os(m,lH): 2.11(s~3H,Ac); 
l.49(d,3H,Me,J=S.4Hz); 1.3(d,3H,Me,J=6.2Hz); 
l.21(d,3H,Me,J=5.8Hz). 
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Example 320 
. * (3-C4R-C4alpha.5beta.6betaCR lJ]]-

1-[[Cl-CAcetyloxylethoxyJcarb9Q.Yllomino}-2.5-anhydrg-
3-S-C2-[Cl-[[Cgyclohexyloxylcarbonylloxy}etboxy]­

carbonyl-6-Cl-hydroxyethyll-4-methyl-7-oxo-l­
azabicyclo[3.2.0]hept-2-en-3-yl]-l.4-dideoxy-3-thio­

D-tbreo-pentitol 
A o0 c solution, under argon, of 0.20 g of 

product from Example 319 in 10 ml of N,N-dimethylform­
a.mide, 0.152 q of product from Example 316 in 5 ml of 
N,N-dimethylformamide and 0.110 g of sodium bicarbonate 
is stirred for 3.5 hours. The reaction.mixture is 
concentrated in vacµo, extracted with ethyl acetate and 
water, and the organic layer is concentrated in yacuo 

to give after chromatography (Silica gel: ethyl 
acetate) 0.077g of th~ desired product. 
l H NMR(D20):6 6.8{q,1H,J=S.4HZ)1 6.74(q,1H,J=5,3Hz)1 
4.7-4.5(m,1H)1 5.3-5.l(m,1H)1 4.2-3.lS(m,lOH)1 

2.5-l.1(27H) 5Me: l.17(d), l.27{d), l.42(d), l.53(t), 

l.98(s) and~ in multiplets. 
Example 321 

2.5-Anbydro-4-S-f (4-methoxyphenyllmethvlJ-4-'tbio­
L=lyxose Dimethyl Acetal 

To 3.5 ml of tetrahydrofuran, at o0 c under 
argon, is added 0.168 q of sodium hydride, followed by 
the dropwise addition of 0.626 g of 4-methoxy-alpha­
toluenethiol. The thick mixture is stirred for 55 

minutes, during which time the temperature increased to 
room temperature. The solution is recooled to o0 c and 
a solution of 0.5b g of product from Example 299 in 2 
ml of tetrahydrofuran is added. The reaction is 

stirred overnight at room temperatue. The mixture is 

cooled to .o0 c, quenched with ice water, and extracted 
with diethyl ether_. The organic layer is washed with 
water and saturated sodium chloride, dried and 
concentrated in vaqµo to give aft~r chromatography 



s 

10 

15 

20 

25 

30 

35 

-255-

(Silica gel; 25-50% ethyl acetate/hexane) 0.89 q of the 
desire product. 
1H NMR(CDC13):& 7.25(d,2H): 6.85(d,2H); 4.38(d,1H): 
4.ll(m,lB); 4.03(m,1H): 3.79(m,4H); 3.72-3.6l(m,2H); 
3.46(s,3H); 3.42(s,3H); 3.21-3.12(m,1H); 2.26(d,1H). 

Example 322 
2.5-Anhydro-4-S-[C~-methoxyphenytlmethyl]-4-thio-

. L=lyxose 
To a o0 c solution of 0.340 q of product from 

Example 321 in 4 ml of methylene chloride is added a 
solution of l ml of trifluoroacetic acid and 0.266 ml 
of water. The reaction is stirred at room temperature 
for 1 hour, concentrated .in yacµo, extracted with 
methylene chloride, neutralized with 1 q of sodium 
bicarbonate, filtered and concentrated .in yacuo to qive 
after chromatoqraphy (Silica qel: 50-60% ethyl 
acetate/hexane) 0.222 g of the desired product. 
1 B NMR(CDC13 ):6 9.67(d,1H); 7.21(d,2H); 6.86(d,2H); 

4.36(t,1H): 4.34-4.28(m,1H): 4.2(d,1H): 
J.89-3.84(m,1H): 3.SO(s,JH): 3.67(s,2H): 3.12(m,1H); 
l.85{brs,lH). 

Example 323 

1.4-AnbVdro-2-S-[{4-methoxyphenyllmethyl]-2-thio­
L-arabinitol 

To a room temperature solution, under argon, 
of 10.9 g·of product from Example 322 in 115 ml of 
absolute ethyl alcohol is added 1.57 q of sodium 
borohydride. The reaction is stirred at room 
temperature for 1 hour. Water is added dropwise with 
stirrinq and the mixture is concentrated in yacuo. The 
residue is extracted with methylene chloride, washed 
with water, dried and concentrated in vaguo to qive 

after chromatography (Silica qel: 50-75% ethyl 
acetate/hexane) 7.68 q of the desired product. 
1B NMR(CDCl3):& 7.25(d,2H); 6.86(d,2H); 4.06(m,2H); 
3.82-J.65(m,9H); 3.1l(m,lH): 2.0(brs,lH): 1.93(brs,1H). 
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Example 324 
l.4-Anbydro-2-s-rC4-methoxyphenyl)methyl]-2-thio-L= 

at"abinitol s-C4-Metbylbenzenesulfonntll 
To a o0 c solution, under argon, of 0.580 g of 

product from Example 323 in 10 ml of pyridine is added 
0.430 g of p-toluenesulfonyl chloride. The reaction is 
stirred at room temperature overnight. 'rhe mixture is 
quenched with water, extracted with diethyl ether, 
washed with water and saturated sodium chloride, dried 
and concentrated in vacµo. The residue is purified by 
chromatography (Silica qel: 50% ethyl acetate/hexane) 
to give 0.520 q of the desired product. 
1H NMR(CDC13):6 7.79(d,2H); 7.34(d,2H); 7.20(d,2H); 

7.87(d,2H); 4.l8(m,2H); 3.98(m,2H); 3.85(m,1H); 

3.78(s,3H); 3.7(s,2H); 3.58(m,1H); 3.l(m,lH); 

2.87(brs,1H): 2.43(s,3H). 
Example 325 

1.4-Anb,ydro-5-azido-5-deo:x;y-2-s-[<4-methoxvphenyl)­

methylJ-2-thio-L-arabinitol 
A mixture of 2. o g of product from Example 

324, 0.460 q of lithium azide and 2 ml of N,N-dimethyl­
formamide is stirred at 10°c for 65 hours. The 
reaction mixture is concentrated in vacuo. The residue 
is purified by chromatography (Silica gel: 30% ethyl 
acetate/hexane) to give 0.454 q of the desired product. 
1H NMR(CDC13):6 7.25(d,2H); 6.86(d,2H); 

4.09-4.0J(m,lH): 3.96(t,1H); 3.83-3.66(m,7H); 

3.S2-3.33(m,2H); 3.ll(l,lH); 1.7(brs,1H). 
Example 326 

1.4-Anhydro-5-deoxy-2-S-[C4-methoxyphenyllmethyl]-
5-[[[C4-nitrophenyllmethoxy]carbonyl]amino]-2-thio-

L=arabinitol . 
To a o0 c solution, under arqon, of 0.269 g of 

product from Example 325 in 4.2 ml of methylene 
chloride is added 0.171 g of triethylamine followed by 
0.308 g of p-nitrobenzylchloroformate. The reaction is 
stirred at o0 c for 2 hours, diluted with diethyl ether, 
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filtered and the filtrate is concentrated in vacµo. 

The residue is purified by chromatoqraphy (Silica qel: 

50% ethyl acetate/hexane) to qive 0.425 q of the 

desired product. 
1!i NMR(CDC13):6 8.2l(d,2B)f 7.49(d,2H): 7.23(d,2H)f 

6.SS(d,2H)f S.24(m,1H)f 5.20(s,2H): 4.06-4.0l(q,lH): 

3.85-3.79(q,1H)f 3.78(s,3H): 3.78-3.62(m,4H): 

3.45(m,1H): 2.0S(brs,lH). 
Example 327 

l.4-Anhyc:lro-5-deoxy-5-(([C4-nitrophenyllmethoxy]­

carbonyllamino-2-tbio-L=ar8binitol 

The title compound is prepared 'by the proce­

dure of Example 202 usinq 0.462 q of product from 

Example 326, 12 ml of 80% aqueous acetic acid, 0.187 q 

of anisole, and 0.443 q of mercuric trifluoroacetate to 

give after chromatography (Silica gel: 50-80% ethyl 

acetate/hexane) 0.248 g of the desired product. 
1e NMR(CDCl3):6 8.22(d,2H): 7.Sl(d,2H): 5.29~m,1H): 
5.21(s,2H)f 4.23(q,1H): 3.83-3.67(m,3H)f 3.49(m,2H): 

3.3l(m,1H): 2.39(brs,1H)f l.76(d,1H). 

Example 328 
* [2-£4R-C4alpha.Sbeta.6betaCR llJ-

1.4-Anbydro-S-deoxy-2-S-r6-Cl-hydroxyethyll-4-methyl-

2-[[C4-nitrophenyl)methoxv]carbonyl]-7-oxo-1-aza­

bicyclo[3,2.0]hept-2-en-3-yll-5-CC[C4-nitrophenyll­

methoxy]carbonyl)amino-2-thio-L-arabinitol 

The title compound is prepared by the proce­

dure of Example 17 usinq 0.210 q of product from 

Example 327, 0.380 q of product from Example 15, 3 ml 

of acetonitrile, and 0.163 q of Bunig's base to give 

after chromatography (Silica gel: 5% ~ethyl 

alcohol/chloroform) 0.249 g of the desired product. 

1K NMR(CDC13):8 8.24-8.19(m,4H): 7.65(d,2H)f 

7.49(d,2H): 5.52-5.18(m,6H); 4.29-4.24(m,2B): 

3.95(t,1H); 3.79-3.70(m,4H): 3.49-3.4(m,3B): 

3.28(dd,1H); 2.05(brs, lB): l.36(d,3H): 

1.2s-1.22(m,3H). 
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ExUPle 329 
* f2-[fR-C4alpba.5beta.6b@taCR >Jl-

5-A1Dino-l.4-anbydro-2-s-[2-carboxy-6-(l-bydroxyetl)yl)-
4-metbyl-7-oxo-1-azabicyClo[3.2.0lhept-2-en-3-yl]-5-

deoxy-2-tbio-L-ara}>initol 
The title compound is prepared by the proce­

dure of Example 192 usinq 0.240 q of product from 
Example 328, 0.072 g of 10t palladium on carbon, 2.5 ml 
of O.lM pH 7 sodium dihydroqen phosphate buffer and 
7.5 ml of dioxane to qive after chromatography (Reverse 
phase plates: 5% ethyl alcohol/water) 0.028 q of the 

desire product. 
1H NMR(D20):6 4.38-4.J(m,lH): 4.25-4.2(m,2H): 
4.l(m,lH): 4.0S(m,1H); 3.94(m,1H); 3.75-3.6(m,2H): 
3.48-3.4(m,2H): 3.28(d,1H)1 l.2S(d,3H): l.19(d,3H). 

Example 330 
CR)-2.2-Dimethyl-1.3-dioxolane-4-carboxaldehyde 

A o0 c mixture, under argon, of 13.7 g of 
1,2,5,6-di-O-isopropylidene-D-mannitol, 200 ml of 
methylene chloride, 72.3 q of potassium carbonate and 
24.3 g of lead tetraacetate is stirred for 1 1/2 hours. 
The suspension is filtered through diatomaceous earth 
and concentrated in vacuo. The oil is purified by 
distillation at water aspirator pressure to give 10.0 q 

(boiling point = 62-669 C) of the desired product. 
1H NMR(CDC13 ):6 9.73(d,1H): 4.4(m,1H): 
4.22-4.07(m,2H): l.S(s,JH): l.43(s,3H). 

Example 331 
* * * * [R-CR .R) and R-CR .s )J-2.2-Dimethyl-alpha-2-

propenyl-l.3-dioxolane-4-methanol 
To a st~rring -7s0 c solution, under argon, of 

556 ml of lM allylmagnesium bromide is added, dropwise 
over 20 minutes, a solution of 36.4 g of product from 

35 Example 330 in l.7 ml of tetrahydrofuran. The reaction 
mixture is stirred at -1s0 c for 2 hours. 'l'hin layer 
chromatography indicates the presence of starting 
material. An additional 280 ml of 1M allylmagnesium 
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bromide is added and the reaction is stirred overniqht 
at -78°c. The reaction is quenched with dropwise 
addition of saturated ammonium chloride, filtered 
throuqh diatomaceous earth and washed with diethyl 
ether, ethyl acetate and 20% isopropyl 
alcohol/chloroform. The combined extracts are washed 
with saturated sodium chloride, dried and concentrated 
in vacuo to qive, after Kuqelrohr distillation at ss0 c, 
38.25 q of the desired product. 
1H NMR(CDC13):6 S.83(m,1H); 5.15(q,2H); 
4.05-3.57'(m,4H)1 2.39-2.12(m,3B); l.43(d,3H); 
l.38(d,3H). 

Example 332 
* * CR-CR .s l]-2.2-Dimethyl-4-fl-Cphenylmethoxyl-

3-butenylJ-l.3-dioxolane CAl 
and 

* * . [R-CR .R ll-2.2-Dimethyl-4-[l-Cphenylmethoxyl-
3-butenylJ-l.3-dioxolane CB) 

Under anhydrous conditions, a flask is 
charged with 10.7 g of sodium hydride and 35 ml of 
anhydrous tetrahydrofuran. This slurry is stirred for 
10 minutes at o0 c followed by the dropwise addition of 
38.25 g of product from Example 331 in 50 ml of 
anhydrous tetrahydrofuran. The ice bath is removed and 
the reaction is stirred for 30 minutes at room 
temperature. The reaction mixture is recooled to o0 c 
and 20 ml of benzyl bromide is added dropwise followed 
by 0.150 g of tetrabutylammonium iodide. The reaction 
is allowed to warm to room temperature and the stirring 
is continued for 60 hours. The mixture is recooled to 
o0 c, quenched with ice cold saturated ammonium 
chloride, extracted with diethyl ether and washed with 
sodium bicarbonate and saturated sodium chloride. !'he 
organic layer is dried, concentrated in vacuo to give 
after chromatoqraphy (Silica gel: St diethyl 
ether/hexane) 5.7 g of compound A and 6.1 g of compound 
B. 
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Compound A: 
1u NMR(CDCl3):6 7.34-7.28(m,SH); 5.89(m,1H): 
S.18-5.08(m,2H); 4.62(q,2H); 4.ll-4.0l(m,2H); 
3.89(m,1B): 3.57(q,1B); 2.42-2.39(m,2H): 1.42(s,3H): 
l.3S(s,3H). 
Compound B: 
1u NMR(CDC13) :6 

5.14-S.OS(m,2B); 
7.3S-7.27(m,5B); 5.89(m,1H); 

4.69(q,1H); 4.21(q,2H); 3.98(q,1H); 
3.71(t,1H); 3.52(m,1H): 2.37-2.18(m,2H): 1.43(s,3H): 
1.37(s,3H). 

Example 333 
* * . [S-CR ,s >J-3-CPhenylmetboxy>-S-bexene-1.2-diol 
A mixture of 26.2 q of product from Example 

332, 140 ml of 2N hydrochloric acid and 140 ml of 
tetrahydrofuran is heated at reflux temperature for 1 
hour. The reaction mixture is cooled to o0 c, quenched 
with solid sodium bicarbonate, and extracted with 
chloroform. The organic layer is washed with saturated 
sodium chloride and water, dried and concentrated .in 
yagµo to qive 11.0 q of the desired product. 
1H NMR(CDCl3):6 7.36-7.JO(m,SH); 5.87(m,1H); 
5.19-S.09(m,2H); 4.6(q,2H); 3.79-3.63(~1 4H); 

2.53-2.37(m,2H): 2.13(brs,2H). 
Example 334 

2.5-Anhydro-1.3-dideoxy-1-iodo-4-0-Cphenylmethyll­
D-ribo-hexitol <Al 

.and 
2.5-Anhydro-1.3-dideoxy-l-ioc:lo-4-0-Cphenylmethyl)­

D=arabino-hexitol. CB) 
A o0 c solution of 4.5 q of product from Ex­

ample 333 in 77.8 ml of diethyl ether and 25.5 ml of 
water is treated with 2.58 q of solid sodium bicarbo­
nate followed by 7.6 q of iodine. The reaction is 
stirred for 3 hour~ at o0 c then at room temperature 
overnight. The mixt~e is co~led to o0 c and sodium 
sulfite is added until the reaction is colorless. The 
solution is extracted with diethyl ether, dried and 

· .. 
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concentrated in vacuo to qive 7.0 q of an oil. The oil 
is purified by chromatoqraphy (Silica qel: 5' diethyl 
ether/hexane) to qive 2.8 q of Isomer A and 1.86 q of 
Isomer B. 
Isomer A: 
1H NMR(CDC13):6 7.37-7.28(m,SB); 4.5l(q,2H); 
4.12(m,2H); 3.97(m,1H)~ 3.68(q,2B); 3.36(m,2H); 
2.15(m,2H). l.78(m,1H). 
Isomer B: 
1a NMR(CDC13):6 7.36-7.l(m,SH); 4.52(q,2H); 
4.3l(m,1H); 4.19-4.07(m,2H); 3.72-3.67(m,1H); 
3.58-3.56(m,1H); 3.35(m,2H); 2.34(m,1H); 2.07(m,1B); 
l.96(brs,1H). 

Example 335 
2.s-Anhvdro-1.3-dideoxy-4-0-(pbenvl.Jnethyl>-D= 

ribo-hexitol 
A mixture.of 6.0 g of product from Example 

334, Isomer A, 34 ml of ethyl alcohol, 17.2 ml of 1N 
sodium hydroxide and 7.8 g of lOl palladium on carbon 
is hydrogenated in a Parr apparatus at 45 psi of 
hydroqen for 15 hours. The reaction mixture is 
filtered, diluted with ethyl acetate, washed with 
saturated sodium chloride, dried and concentrated i.n 
vacuo to qive 2.9 q of the desired product. 
1 H NMR(CDC13):6 7.37-7.27(m,5H); 4.51(q,2H); 
4.24(m,1H).; 4.0l-3.97(m,2H); 3.77-3.58(m,2H); 
2.1s-2.08(m,lH): l.83(brs,1H): 1.58(brs,1H): 
1.58-l.48(m,1H): l.28(d,3H). 

Example 336 
2.S-Anhvdro-1.3-dideoxy-D=hexitol 

A mixture of 1.1 q of product from Example 
335 in 44 ml of ethyl alcohol and 22 ml of cyclohexane 
is treated. with 0.250 q of palladium hydroxide on 
carbon (Pearlman's catalyst). The resulting black 
suspension is heated at reflux temperature for 3 hours, 
filtered and concentrated in yacu~· The residue is 
purified by chromatoqraphy (Silica qel: 3% methyl 
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alcohol/chloroform) to give 0.570 g of the desired 
product. 
1H NMR(CDC13):6 4.3-4.32(m,2H); 3.S(q,lH); 
3.65-3.58(m,2H); 3.57-3.54(m,1H); 3.29(m,1H); 

l.99-l.93(m,1H); l.65(m,1H); l.26(d,3H). 
Example 337 

2.5-Anhydro-1.3-dideoxy-D=ribo-hexitol 
6-C~-Methylbenzenesulfonatel 

The title compound is prepared by the proce­
dure of Example 307 using 0.290 g of product from 336, 
0.440 q of p-toluenesulfonyl chloride and 8 ml of 
pyridine to give after chromatoqraphy (Silica qel: 2% 
methyl alcohol/chloroform) 0.407 q of the desired 
product. 
1H NMR(CDC13):6 7.89(d,2H); 7.35(d,2H); 4.3l(m,1H); 
4.27(m,1H); 4.0S(m,lH); 3.94(m,1H); 3.S(m,lH); 
2.45(s,3H); 2.34(brs,1H); l.93-l.9l(m,1H); l.65(m,lH); 
l.20(d,3H). 

Example 338 
2.5-Anhvdro-6-azido-1.3.6-trideoxy-D-ribo-hexitol 

A mixture, under argon, of 0.560 g of product 
from Example 337, 2 ml of N,N-dimethylformamide and 
0.250 g of sodium azide is stirred at 1s0 c for 12 
hours. The reaction mixture is diluted with diethyl 
ether, was~ed with water and saturated sodium chloride, 
dried and concentrated in vacuo to qive 0.238 g of the 
desired product. 
1H NMR(CDC13):6 4.27(m,2H); 3.9(q,1H); 3.49(m,1H): 
3.33-3.27(m,1H); 2.0l-l.94(m,1H); 1.74(brs,1H): 
l.64(m,1H); l.26(d,3H). 

Example 339 
2.S-Anhydro-6-azido-1.3.6-trideoxy-D=ribo-hexitol 

4-Methanesulfonate 
The title compound is prepared by the proce­

dure of Example 277 usinq 0.192 q of product from 
Example 338, 0.316 q of Bunig's base, 0.280 q of 
methanesulfonyl chloride and 0.35 ml of methylene 
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chloride to qive after chromatoqraphy (Silica qel: 30% 
ethyl acetate/hexane) 0.140 q of the desired product. 
1H NMR(CDC13):& s.os-s.os(m,lH); 4.26-4.l8(m,2H); 
3.6-3.54(m,1H); 3.41-3.35(m,lB); 3.0S(s,3H); 
2.30-2.27(m,1H): l.88-l.78(m,1B); l.34(d,3H). 

Example 340 
2.S-Anbydro-6-azido-1.3.6-trideoxy-4-thio­

D-xylo-hexitol 4-Acetate 
A mixture of 0.133 q of product from Example 

339, 0.083 q of potassium thioacetate, 500 microliter 
of dimethylformamide and 500 microliter of toluene is 
stirred, under arqon, at 7o0 c overnight. The proqress 
of the reaction is monitored by tlc. An additional 
o.oso g of potassium thioacetate is added and the 
reaction is stirred at 70°c for 5 more hours. The 
mixture is filtered through a thin pad of Silica gel, 
washed with diethyl ether and the filtrate is 

concentrated in vacuo. The residue is purified by 
chromatography (Silica qel: 20% diethyl ether/hexane) 
to qive 0.043 q of the desired product. 
1H NMR(CDCl3):6 .4.29-4.2l(m,1H); 4.21-4.16(m,1H); 
4.08-4.03(m,1H); 3.44-3.39(m,1H); 3.J0-3.25(m,1H); 
2.46(m,1H): 2.35(s,3H); l.59(m,1H); l.33(d,3H). 

Example 341 
2.5-Anhydro-6-azido-1.3.6-trideoxy-4-thio­

D=xylo-hexitol 
The title compound is prepared by the proce­

dure of Example 16 using 0.040 q of product from 
Example 340, 52 microliter of 25% (by wt) sodium 
methoxide/methyl alcohol and o.so ml of tetrahydrofuran 
to qive 0.030 q of the desired product. 
1H NMR(CDC13):6 4.1-3.96(m,2H); 3.55-3.43(m,3H); 
2.61-2.47(m,1H); 1.7(d,1H); 1.48(m,1H); 1.34(d,3H). 
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Example 342 

2.5-Anhydro-6-azido-1.3.6-t;ideoxY-4-S-£6-Cl-hydroxy­

ethvll-4-methyl-2-CC C4-nitrophenyllmethoxylcarbonylJ-

7-oxo-1-azabicyclo[3.2.0Jhept-2-en-3-ylJ-4-tbio­
D=xylo-bexitol 

The title compound is prepared by the proce­

dure of Example 17 usinq 0.030 q of product from 

Example 341, 0.103 q of product from Example 15, 

10 0.022 q of Huniq's base and o.so ml of acetonitrile to 

qive after chromatography (Silica qel: 10% 

acetone/chloroform) 0.062 q of the desired product. 

1if NMR(CDC13):6 8.22(a,2B); 7.66(d,2H); 5.52(d,1H); 

5.23(d,1H); 4.26(m,2H); 4.06(m,1H); 3.83(q,1H); 

15 3.52(t,1H); 3.4(m,1H); 3.3(m,lH); 21.S(m,lH); l.84(brs, 

20 

lH); 1.76(m,1H); l.38-l.25(m,9B); o.88{m,2H). 

Example 343 
* [4-[4R-[4alpha.5beta.6betaCR lJJJ-

6-Amino-2.5-anbyd.ro-4-S-r2-carbo]Q'-6-Cl-hygroxyethyll-

4-methyl-7-oxo-1-azabicyclo[J.2,Q)hept-2-en-3-yl]­

l,3.6-trideoxy-4-tbio-D-xylo-hexitol 
The title compound is prepared by the proce­

dure of Example 192 usinq 0.060 q of product from 

Example 342, 0.045 q of 10% palladium on carbon, 

25 2.35 ml of O.lM pH 7 sodium dihydroqen phosphate 

buffer, and 7.05 ml of dioxane to qive after 

chromatoqraphy (Reverse phase plates: 5% ethyl 

alcohol/water) 0.012 q of the desired product. 

1u NMR(D20):6 4.04(m,1H); 3.93-3.SS{m,JH); 3.69(q,1H); 

30 3.13-2.97(m,3H); 2.87-2.79(m,lH); 2.33-2.23(m,1H); 

1.44-1.36(m,1H); l.0-0.95(m,6H); 0.86-0.84(m,3H). 

35 

Example 344 

1.4-Anbydro-2.5-dideoxy-5-(methylaminol­

D=erthro-pe_ntitol 

To a o0 c solution of 15 ml of 40% methylamine 

is added 0.921 q of product from Example 269 in 2 ml of 

dioxane. The reaction mixture is.maintained and 

stirred at o0 c for 50 minutes, tlc indicates the 
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absence of starting material. The reaction is 
concentrated in yaguo and the residue is chromato­

qrapbed (Silica gel: 30% methyl alcohol/chloroform) 

o.749 g of an oil containing the desired product and 

salts. The sample is redissolved in ethyl acetate; 

potassium carbonate is added and the mixture is stirred 

for 2 hours at room temperature. The suspension is 

filtered, concen~ted in yagµo and rechromatoqraphed 

10 (Silical gel: methyl alcohol) to qive 0.102 q of the 

desired product. 

15 

1a NMR(CDCl3):6 4.0-3.9(m,1H); 3.88-3.75(m,2H); 

3.75-3.65(m,1H); 2.6-2.35(m,2H); 2.29(s,3H,N-Me); 

2.os-1.92(m,lB); 1.s-1.7(m,1H). 
Example 345 

i.4-Anbydro-2.5-dideoxy-5-[metbyl[f C4-
nitrophenyllmetboxy)cai:J:2onyllamino]­

D-ertbro-pentitol 
A -s0 c mixture, under arqon, of 4.35 q of 

20 product from Example 344 in 30 ml of methylene chloride 

is treated with 5.8 ml of Hunig's base followed by 

dropwise addition of 7.15 ml of p-nitrobenzyl 

chloroformate in 20 ml of methylene chloride. The 

reaction mixture is stirred at -s0 c for 2 1/2 hours. 

25 The mixture is concentrated in yacuo and the residue is 

purified by chromatography (Silica gel: 75% ethyl 

acetate/hexane) to give 6.75 q of the desired product. 
1H NMR(CDCl3):6 8.22(d,2H,Arom,J=8.6Hz); 

7.56(d,2H,Arom,J=8.5Hz); 5.23(s,2H,benzylic H); 

30 4.16-4.08(q,2B); 3.97-3.92(t,2B); 3.53(dd,1B); 

3.39-3.3l(dd,1B); 3.06(s,3H,NMe); 2.2-2.l(m,lH); 

2.0-1.SS(m,lB). 

35 

dure 

Exam,ple 346 

1.4-AnhYdro-2.5-dideoxy-5-[metbyl[[C4-
nitrog}lenyllmetboxY]carbony1Jam.inol-D=ertbro­

pentitol;3-metbanesulfonate 
The title coiipound is prepared by the proce­

of Example 277 using 0.310 q of product from 
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Example 345, 93 microliters of methanesulfonyl chloride 
and 167 microliters of triethylamine to give, after 
chromatography (Silica gel: ethyl acetate), 0.388 g of 

the desired product. 
~ NMR(CDCl3):6 8.l(d,2H,J=8.7Bz): 7.47(d,2H,J=6.9Hz); 
5.16(s,2H,benzylic H): 5.0S(m,lH,S-O-CH): 
4.2-4.l(m,lH): 4.0~-3.9(m,1H); 3.88-3.78(q,1H): 
3.55-3.4(m,1B); 3.35-3.2(m,1H); 2.97(s,6H,2Me): 
2.16-2.12(m,2H). 

Example 347 
2.5-Anhydro-1.4-dideoxy-1-[metbvl[C4-pitrophenyll 
methoxylcarbonyl]aminol-3-tbio-D-threo-pentitol 

3-Acetate 
The title compound is prepared by the proce­

dure of Example 278 using 3.9 g of product from Example 
346, 1.1 g of potassium thioacetate, 20 ml of dimethyl­
formamide and 20 ml of toluene to give, after chroma­
tography (Silica gel: 50% ethyl acetate/hexane), 2.13 g 

of the desired product. 
1H NMR(CDC13) :6 8. 22 (d, 2H_,J=8. OHZ); 7. 53 (t, 2H); 
2.25(s,2H); 4.25-4.0(m,2H); 3.9(m,1H); 3.S(m,lH); 
3.6(m,1H): 3.25(m,1H); 3.03(s,3H,N-Me) ;_ 2.S(m,lH); 
2.35(s,3H,SAc); 1.98(m,1H). 

Example 348 
2.5-Anhydro-1,4-dideoxy-l-fmethyl[[4-nitrophenyll 
methoxy]carbonvllamino]-3-tbio-D=threo-pentitol 

To an ice cooled solution of 2.13 9 of pro­
duct from Example 347 in 15 ml of methyl alcohol is 

30 added, dropwise maintaining the t~perature below s0 c, 
1.52 ml of 4N sodium hydroxide. The reaction is 
stirred for 10 minutes. The reaction is monitored by 
tlc. To the cooled solution is added 2.17 ml of o.97N 

35 
hydrochloric acid and the reaction mixture is diluted 
with ethyl acetate, washed with saturated sodium 
chloride, and the organic.pha~e is dried. The solution 
is concentrated in vacuo and the residue is purified by 
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chromatoqraphy (Silica qel: 50% ethyl acetate/hexane) 
to qive 1.15 q of the desired product. 
1a NMR(COCl3):6 8.22(d,2H,J=8.0Hz); 7.5(d,2H,8.0Hz); 
5.2l(s,2H); 4.l(m,2H); 3.8(m,2H); 3.5-3.2S(m,2H); 
3.07(s,3H,N-Me); 2.5(m,1H); 2.0(m,lH); 1.66(SH). 

Example 349 
* [3-C4R-[4alpha.Sbeta.6betaCR llll-

2.5-Anhvc:lro-1.4-dideoxy-3-S-C6-Cl-hydroxyethyll-
4-methyl-2-CCC4-nit~ophenyllmetboxy]carbonyll-

7-oxo-l-azabicyclo[3.2.0lhept-2-en-3-yl]-
1-rmethylCCC4-nitrophenyllmetboxy]carbonyl]aminol-

3-tbio-D-tbreo-pentitol 
The title compound is prepared by the proce-

15 dure of Example 17 using 1.15 g of product from Example 
348 in 15 ml of acetonitrile, 1.68 q of product from 
Example 15 in 15 ml of acetonitrile and 0.54 ml of 
Huniq's base to qive, after chromatography (Silica gel: 
80% ethyl acetate/acetone) 1.52 g of the desired 

20 product. 

25 

30 

35 

1H NMR(~DC13 ):6 8.22(d,4H,Arom,J=8.6Hz); 
7. 66 (d~ 2H,1'r,,m,J=S·. 6Hz); 7 • 52-(d, 2H,Arom,J=8. 6) ; 
5.52(d,1H,benzylic H, J=l3.8Hz); 5.23(d,3H,benzylic 
H,J=10.3Hz); 4.35-4.2(m,3H); 4.2-4.0(m,lH); 
3.95-3.75(m,3H); 3.7-3.l(m,3H); 3.07(s,3H,N-Me): 
2.5-2.35(m_,J.H); 2.1-2.0(m,lH); 1.95-1.S(brs,lH,OH); 
1. 37 (d, 3H, :ie,J=6. 2Hz) ; l. 28 (d, 3H,J=7. 3Hz). 

Example 350 
* [3-[4R-[4alpha,Sbeta.6betaCR >JJJ-

2.5-Anhvdro-J-S-[2-carboxy-6-Cl-hydroxyethyll-4-
methyl-7-oxo-1-azabicyclo[J.2.0]he_pt-2-en-3-yl]-l.4-

dideoxy-1-(metbylamino>-J-thio-D=threo-pentitol 
The title compound is prepared by the proce­

dure of Example 192 using 1.52 q of product from 
Example 349, 25 ml of O.lM pH 7.0 sodium dihydroqen 
phosphate buffer, 0.10 q of 10% palladium on carbon and 
70 ml of dioxane to qive, after ·~romatoqraphy 



s 

10 

15 

20 

25 

30 

-268-

(Reverse Phase plates: 5% aqueous ethyl alcohol), 0.225 
q of the desired product. 

1H NMR(D20):6 4.6-3.8(m,6H); 3.6-3.2(m,4H); 
2.76(s,3H,N-Me); 2.6-2.4(m,1H); 2.2-2.0(m,lH): 
l.27(d,3H,Me,J=5.5Hz): l.17(d,3H,Me,J=6.3). 

Example 351 

* * [3-C4R-C3C2S ).4alpha,5beta.6betaCR >Jll-

1-CC2-Amino-l~oxoprgpyllmetbylaminol-2.S-anhydro-

3-S-C2-carboxy-6-Cl-hydroxyethyll-4-methyl-7-oxo-
1-azabicycloC3.2.0]hept-2-en-3-yl]-l,4-dideoxy-

3-tbio-D~tbreo-pentitol 

The title compound is prepared.by the proce­

dure of Example 304 usinq 0.173 q of product from 

Example 350, 0.177 g of product from Example 259, 5 ml 

of O.lM pH 7.0 sodium dihydroqen phosphate buffer, 4 ml 

of dioxane and 0.10 q of 10% palladium on carbon to 

give, after chromatography (Reverse Phase Plates: 5% 

aqueous ethyl alcohol),0.0386 q of the desired product. 
Exa.ml}l.e 3 52 

2-Deoxy-3.5-bis-O-[Cl.1-dimethylethyl)dimethylsilyl]-

D-eLythro·oentonoic Acid qamma-Lactone 

To a stirring solution, under argon, of 

1.18 g of 2-deoxy-D-erythro-pentonoic acid 

qamma-lactone, prepared by the procedure described in 
carbohydrate Research, Vol. 90, 1981, p 17-26, in 11 ml 
of dimethylf ormamide containing 3 ml of triethylamine 

is added dropwi"se a solution of 2.95 q of tert-butyldi-
methylsilyl chloride in 9 ml of dimethylformamide. The 

reaction mixture is stirred overnight at room 

temperature, poured into a mixture of 110 ml of hexane 

and 110 ml of water, the lftyers partitioned. The 
orqanic layer is washed with water, 'dried and 

concentrated to give 2.64 q of the desired product. 
35 mp 77-78°c. 

l· B NMR(CDC13):6 4.45(m,1H): 4.34(m,1B): 3.78(m,2B); 
2.83(dd,1H); 2.38(d,1H); 0.9(s,18H). 
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Example 353 

2-0eox:y-3.5-bis-o-rc1.1-dimethylethylldimethylsilylJ-

1-tbio-p-erythro-pentonoic Acid aamma-t.actone 

To a solution, under arqon, of 1.24 g of pro­

duct from Example 352 in 16 ml of dry toluene is added 

0.973 g of Lawesson's Reagent. The reaction mixture is 

heated at reflux temperature for 3 hours (the reaction 

is monitored by thin layer chromatography, tlc). Tlc 

indicates the presence of starting material. An 

additional 0.138 g of Lawesson's ·reagent is added and 

the reaction is heated at reflux temperature for an 

additional 1 1/2 hours. The mixture is cooled to room 

temperature, the solids are collected and washed with 

toluene. The mother liquor is concentrated to dryness 

and purified by chromatography (Silica gel: 95% 

hexane/ethyl acetate) to give 0.960 g of the desired 

product. 
Calcd for c17H36o3ssi2

: 

C = 54.20; H = 9.63: S = 8.51 

Found: 

C = 53.91: H = 9.73: S = 8.51. 
1H NMR(CDCl3):6 4.65(m,1H): 4.55(m,1H): 3.85(q,2H): 

3.25(dd,1H); 2.98(d,1H}: 0.87(s,18H). 

mp 90-91°C. 

Example 354 

2-Deoxy-3.5-bis-o-rc1.1-dimethylethylldimethylsilyl]-

1-thio-D-erythro-pentofµranose 

To a -1a0 c solution, under arqon, of 0.420 g 

of product from Example 353 in 8.4 ml of dry tetra­

hydrofuran is added dropwise 2.8 ml of super Hydride 

(lM in tetrahydrofuran). After 1 hour an additional 

1.4 ml of Super Hydride is added and the stirrinq 

continued at -1s0 c for 30 minutes. 1rhe reaction is 

quenched by the addition of 5 ml of lN hydrochloric 

acid. Ethyl acetate and water are added and the layers 

are partitioned. The orqanic layer is washed with 
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water, saturated sodium chloride, dried and 
concentrated to qive 0.412 q of an oil. 

calcd for c17H38o3ssi2 : 

C = 53.92; H = 10.11; S = 8.46 
Found: 
C = 54.62; H = 9.94; S = 8.23. 

11 NMR(CDCl3):6 S.S(m,lH); 4.37(m,1H); 4.15(m,1H); 
3.74-3.S(m,2H); 2.95(d,1H); 2.54(m,1H); 2.06(m,1H); 

0.87(2s,18H). 
Example 355 

* * [2S-C2alphaCS l,3betaCS l]J-l-[1-[l-[Cl.1-
Dimethylethyll.dimethylsilyl]-3-[l•C [Cl. 1-
dimethylethylldimethylsilyl]oxylethyll-4-

oxo-2-azatid!nvlJethyll-3-f (4-
nitrophenyllmethyoxyl-2.3-d~oxoprop,yl 2-deoxy-

3 .S-bis-O-[ Cl.1-dimethylethylldimethylsilyll-
1-thio-a!phaCand betal-D-erthro-pentofuranoside 

To a o0 c solution, under argon, of ~.638 q 

20 of product from Example 103 in 5.3 ml of dry tetra­
hydrofuran is added 0.30 q of product from Example 354 
in 4 ml of tetrahydrofuran. 0.133 ml of triethylamine 
is added and the reaction is stirred for 30 minutes at 
o0 c. The mixture is allowed to come to room 

25 temperature over 30 minutes, diluted with ethyl 
acetate, washed with saturated sodium bicarbonate, 

. . 

saturated sodium chloride, dried and filtered. The 

·:·:···: 

filtrate is purified by chromatography (Silica qel: 98% 
hexane/ethyl acetate) to give 0.660 q of an impure 

30 solid. The solid is rechromatoqraphed (Silica qel: 85% 
hexane/ethyl acetate) to qive 0.294 q of the desired 
product as a yellow oil. 

35 

1H NMR(CDC13 ) :G 8.23(d,2H); 7.57(d,2H); 5.36(m,2H)_; 
5.25(m,1H); 4.4-3.25(m,6H); 2.4-l.67(11l,2H): 
l.22-l.0(4d,6H). 
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Example 356 
* ... [2S-C2alphaCs l.3betacs >JJ-l-[l-[3-Cl-Hydroxvethyll-

4-oxo-2-azetidinylJethyll-3-[C4-nitrophenyllmethoxyJ-
2.3-dioxopropyl 2-deoxy-1-thio-alpha Cand betal-P­

erythro-pentofuranoside 
To a room temperature solution, under arqon, 

of 0.294 9 of product from Example 355 in 3 ml of dry 
tetrahydrofuran is added 3 ml of triethylammonium 
trihydrofluoride. After 20 minutes, no startinq 
material was present (by tlc). Stirred in an oil bath 
at so0 c for 1 hour and 40 minutes. Only polar spot 
visible by tlc. The reaction mixture is cooled, cold 
ethyl acetate is added, the layers are partitioned and 
the organic layer is washed with cold water, cold 
sodium bicarbonate, cold saturated sodium chloride, 
dried and concentrated to give 0.105 q of a glass. 
The product is used immediately in following Example. 

Example 357 

* {4R-f4alpha.5beta,6betaCR l]J-6-Cl-Hydroxyetbyll-4-
metbyl-2-[[C4-nitrophenyllmethoxylcarbonyl)-7-oxo-

1-azabicyclorJ.2.0Jhept-2-en-3-yl 2-deoxy-1-thio­
alPbp (and betal-L-ei::ythro-pentofurpnoside 

To a room temperature solution, under argon, 
of 0.105 g of product from Example 356 in 2 ml of dry 

tetrahydro~uran is added 0.82 ml of titanium tetra­
chloride (lM in methylene chloride). The reaction is 

stirred for 10 minutes and poured into a rapidly 
stirred mixture of ethyl acetate and saturated sodium 

30 bicarbonate. The layers are separated, the organic 
layer is washed with saturated sodium chloride, dried 
and concentrated to a glass. The glass is purified by 

chromatography (Silica Gel: 5% methyl alcohol/methylene 
chloride) ·to give 0.026 9 of the desired product. 

35 1H NMR(acetone-d6 ):6 8.25(d,2H); 7.84(d,2H); 
S.8S(m,1H); 5.57(d,1H); S.3(d,1H); 4.S-3.53(m,6H); 
3.34(brs,1H); 2.75(m,1H); 2.45-l.93(m,2H); 
1.2S(brs,6H). 
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Example 358 
. * 

[4R-[4alpna.Sbeta.6betaCR 111-

2~ca~boxy-6-Cl-bydroxyethyll-4-methyl-7-oxo-l-aza­

bicyclo[3.2.0]hept-2-en-3-yl 2-deoxy-1-tbio-alpha 

Cand betal-D-erythro-pentofuranoside 

To a solution of 0.026 g of product from 

Example 357 in 0.3 ml of water (degassed) and 0.3 ml of 

dioxane is added 0.0053 g of potassium bicarbonate. 

The mixture is transferred to a Parr apparatus with 

0.2 ml of water and 0.2 ml of dioxane. 0.026 g of 10% 

palladium on carbon is added and the reaction mixture 

is hydrogenolysed at room temperature, 35 psi, for 1 

1/2 hours. The reaction is filtered and washed with 

water and ethyl acetate. The orqanic layer is dried 

and lyophilized to give 0.016 g of the desired product. 
1H NMR(D20):G 5.S(m,lH); 4.54-3.95(m,4H); 

3.9-3.45(m,6H); 2.7S(m,lH); 2.49-2.2(m,lH); 2.0S(m,1H); 

l.33(d,3H); l.25(d,3H). 

Example 359. 

cs1-s-rrrc1.1-oimethylethylldimethylsilyl]oxy]methyl]­

dibydro-2c3H1-furanone 

The title compound is prepar~d by the proce­

dure of Example 352 using 0.65 g of s-(+)-dihydro-

5-(hydroxymethyl)-2-(JH)-furanone in 9 ml of 

dimethylf~rmamide, 1.63 q of tert-butyldimethylsilyl 

chloride, and 1.63 ml of triethylamine to give 0.868 g 

of the desired product as a colorless oil. 
1H NMR(CDC13):& 4.6(m,lH); 3.77(ABq,2H); 

2.7-2.4(m,2B); 2.34-2.~(m,2H); 0.~(2s,9B); 0.1(2s,6B). 

Example 36Q 

CSl-S-[{C(l.1-Dimethylethylldimethylsilyl]oxyJmethyl]­

dihydro-2(3Bl-turan1;hione 

The title compound is prepared by the proce­

dure of Example 353 using 0.868 g of product from 

Example 359, 10 ml ot toluen~ and 0.763 g of Lawesson's 

Reagent to give 0.530 q of the desired product. 
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1a NMR(CDCl3):6 4.99(m,1H): 3.86(ABq,2H); 
3.27-2.99(m,2H): 2.4-2.18(m,2H); o.9(s,9H): 0.1(2s,6H). 

Example 361 
C2S-cisl and C2B-trans) 

5-[[CC1.1-Dimetbyletbylldimetbylsily1Joxy]methyll­
tetra})ydro-2C3Hl-£urantbiol 

The title compound is prepared by the proce­
dure of Example 354 usinq 0.0445 q of product from 
Example 360, 0.9 ml of dry tetrahydrofuran and 0.362 ml 

of super Hydride to qive a mixture of anomers. 
1H NMR(CDC13):6 5.64, 5.46(111,lH); 4.31,4.l3(2m,1H): 
3.S-3.6(m,2H); 2.44-2.75(m,4H); 2.29,2.2(2d,lH): 
o.9(2s,9H); 0.1(2s,6H). 

Example 362 
* * * c2s-r2.alpha .2 [aammas ,beta CSR l L Jbeta cs l J J-1 

i-rc1.1-oimethyletb,ylldimethylsilylJ-3-[1-[[(1.l­
dimethylethyl)dimethvlsilyl]oxy]ethylJ-3-[f5-[[[Cl.1-
dimethyleth,yl)dimethylsilyl]oxy]methyl]tetrahydro-2-

~nvl Jtht,p_:t.=gamma-methyl-alpha. 4-dioxo-2-
azetidinebutanoic Acid C4-Nitrophenyllmethyl Ester 

The title compound is prepared by the proce­
dure of Example 355 usinq 0.334 q of product from 

Example 103 in 2.s ml of tetrahydrofuran , 0.148 q of 
25 _product from Example 361 in 2 ml of tetrahydrofuran, 

30 

and 0.83 ~l of triethylamine to give, after 
chromatography, 0.272 q of the major isomer and 0.128 q 
of the minor isomer. 
Major Isomer: 
1a NMR(CDC13):6 8.2S(d,2H); 7.6(d,2H); 5.39(s,2H); 
5.18(m,1H); 4.43(d,1H); 4.08(m,1H); 3.98(m,2h); 3.S(d 
ABq,2H); 2.8(m,1B); 2.S(m,lH); 2.34-l.82(m,4H); 

l.25(d,3B); l.05(d,3H); l.0-0.9(4s,3H); 0.25(2s,6H); 
0.04(4s,12H). 

35 Minor Isomer: 

1if NMR(CDC13):& 8.25(d,2H); 7.63(d,2H); 5.37(m,lb); 
5.34(ABq,2H); 4.45(d,1H); 4.03(il,.2H); 3.68-3.5(m,3B); 
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3.16(m,1H); 2.6S(m,1H); 2.33-1.88(m,4H); 1.J(d,3H); 
l.18(d,3H); 0.9(4s,27H); O.l-0(6s,18H). 

Example 363 
* * [4R-{3(5S l4alpha,5beta,6betaCR l]J-

6-Cl-Hydroxyethyll-4-metbyl-7-oxo-3-[Ctetrabydro-5-
Chydroxymethyl>-2-furanylltbioJ-l-azabicyclo[J.2.01-

hept-2-ene-2-carboxylic AcidC4-Nitrophenyt>methyl Ester 
The title compound is prepared by the proce­

dure of Example 356 usinq 0.271 g of product from 
Example 362 in o.a m.l of tetrahydrofuran, 0.8 ml of 
triethylammonium trihydrofluoride to give 0.152 g of 

* . * * [2S-[2alpha,2[qammas ,beta(SR )],3beta(S )]]-3-(1-
hydroxyethyl)-gamma-methyl-alpha,4-dioxo-beta-[[tetra­
bydro-5-(hydroxymethyl)-2-furanyl]thio]-2-azetidine­
butanoic. The above recovered product is reacted 
according to the procedure of Example 356 with 1.2 ml 
of titanium tetrachloride to qive 0.046 q of the 
desired title product. 
1ii NMR(CDC13):6 8.24(d,2H); 7.67(d,2H); 5.73(m,1H); 
5.38(ABq,2H}; 4.J(m,JH); 3.84-3.53(m,2H); 3.3(m,1H); 
2.43(m,1H); 2.35-l.6(m,4H); l.38(d,3H); l.3(d,3H). 

Example 364 
* * [4R-(3(5S l4alpha.5beta.6betaCR lJJ-

6-(l-Hydroxy9thyl)-4-methyl-7-oxo-3-[[tetrahydro-s­
(hydroxymethyll-2-furany1Jthio]-1-azabicyclo[3.2.0J­

hept-2-ene-2-carboxylic Acid Monopotassium Salt 
The title compound is prepared by the proce­

dure of Example 358 using 0.046 q of product from 
Example 363 in 700 microliters of dioxane, 700 
microliters water containing 0.0096 q of potassium 
bicarbonate and 0.046 g of 10% palladium on carbon, at 
38 psi, to give 0.009 q of the desired product. 
la NMR(D2o):6 5.73(m,1H); 4.25(m,1H); 3.B8-3.35(m,5B); 
2.39(m,1H); 2.22-1.73(m,4H); l.33(d,3H)7 1.24(d,3H). 
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Example 365 

3.5-Bis-O-[Cl.l-Dimethylethylldimetbylsilvl]­

D=ribonic A;id ;amma-t.actone 

To three qrams of qamma-lactone D-(+)-ribonic 

acid in 25 ml of dry dimethylformamide, under arqon and 

cooled in an ice bath, is added, dropwise over 20 

minutes, 7.0 g of tert-butyldimethylsilyl chloride and 

8.47 ml of triethylamine in 5 ml of dimethylformamide. 

The reaction mixture is allowed to stir at room 

temperature for 2 hours then is diluted with diethyl 

ether. The mixture is washed with saturated sodium 

bicarbonate, water, and saturated sodium chloride1 

dried, filtered and concentrated in yacuo. The 

crystalline residue is purified by chromatoqraphy 

(Silica qel: 10% ethyl acetate/hexane) to give S.74 q 

of a mixture of 
1H NMR(CDC13

) :6 

0.9(3s,18H). 

products. 

4.59(d,1H)1 4.27(br s,2H): 3.82(q,2H): 

Example 366 

2.s-Bis-o-rc1.1-oimetbyletbylJdimetbylsilylJ­

D-ribonic Acid gamma-t.actone Methanesulfonate CAl 

3.S-Bis-o-rc1.1-oimethylethyl]dimethylsilylJ­

D-ribonic Acid gamma-Lactone Methanesulfonate CB) 

To an ice cooled, under arqon, solution of 

2.0 q of ~reduct from Example 365 in 12 ml of pyridine 

is added 1.65 ml of methanesulfonyl chloride. The 

reaction is stirred at room temperature for l hour and 

then stored in a refrigerator for 2 days. The mixture 

is poured into cold water, extracted with diethyl ether 

and the layers are separated. The organic layer is 

washed with lN hydrochloric acid, saturated sodium 

bicarbonate, saturated copper sulfate and water: dried 

and concentrated in vacuo. The crystalline residue is 

purified by chromatoqraphy (Silica qel: 10% ethyl 

acetate/hexane) to give 1.46 q of the desired product 

(A) and 0.79 g of product (B). 

Product A: 
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1H NMR(CDCl3):& 5.l7(m,1H); 4.75(m,1H); 4.59(br s, 
lH); 3.85(br s,2H); 3.05(s,3H); 0.91(s,9H); 0.84(s,9H). 

Example 367 

CSl-3-C[Cl.l-Dimethylethyll4imethylsilylJoxy-5-
(C[Cl.1-dimetbylethylldimethyldilyl]oxy]metbylJ-

2CSHl-furanone 
To 0.73 q of product from Example 366 in 8 ml 

of dry methylene chloride is added, dropwise, 0.288 ml 
of 1,8-dizabicyclo[S.4.0]undec-7-ene. After 30 minutes 
the reaction is diluted with diethy ether, washed with 
lN hydrochloric acid followed by saturated sodium 
chloride, dried and concentrated .in vacuo to qive 0.535 
q of the desired product. 
1H NMR(CDC13 ):6 6.16(s,1H); 4.84(:m,1H); 3.74(m,2H); 
0.9l(s,9H); 0.83(s,9H). 

Exam>le 368 

3-Deoxy-2.5-bis-O-[Cl.l-dimetbyletbylldimethylsilyll­
D-threo-pentonic Acid gamma-Lactone 
To 0.535 q of product from Example 367 in 5 

ml of ethyl alcohol is added 0.50 q of 10% palladium on 
carbon. The mixture is hydroqenated in a Parr 
apparatus at 34 psi of hydroqen. The reaction mixture 
is filtered, rinsed with ethyl acetate and concentrated 
in vacuo to give 0.417 q of the desired product. 
1 

H NMR(C~l3 ) .:6 4. 51 (m, lH); 4. 3 (m, lH); 

3.93-3.65(m,2H); 2.49(m,lH); 2.l(m,·lH); 0.93(s,9H); 
0.84(s,9H). 

Example 369 

3-Qeoxy-2.s-bis-o-r11.1-dimethvlethylldimethylsilyl]­
l-tbio-o-threo-pentonic Acid gapnpa-La.ctone 

To 0.416 q of product from Example 368 in 
7.4 ml of toluene is added. 0.562 g of La.wesson's 
reaqent. The reaction is heated at reflux temperature 
for 3.5 hours, while monotorinq by tlc.· An additional 
0.20 q of Lawessonis reagent is added and the reaction 
is refluxed and additional 1 1/2 hours. The solution 
is cooled overnight, concentrated in vagµo, and 
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purified by chromaotgraphy (Silica gel: lOt ethyl 
acetate/hexane) to give 0.184 q of the desired product. 
1H NMR(COCl3):6 4.73(m,1H); 4.57(dd,1H); 3.86(m,2H); 
2.52(m,1H); 2.l(m,lH); 0.93(s,9H); 0.90(s,9H). 

Example 370 
3-Qeoxy-2.s-bis-o-rc1.1-dimethvlethyl)dimethylsilylJ-

1-thio-alpha Cand betal-D-threo-pentofuranose 
To a -7s0 c solution, under argon, of 0.39 g 

of product from Example 369 in 5.17 ml of dry tetra­
hydrofuran is added, drcpwise, 2.07 ml of Super 
Hydride. After 30 minutes, an additional 1 ml of Super 
Hydride is added. The reaction is stirred for 30 
minutes, quenched with 3.5 ml of lN hydrochloric acid, 
and diluted with ethyl acetate and water. The layers 
are separated, the organic layer is washed with water 
and saturated sodium chloride, dried and concentrated 
in vacuo to give 0.377 g of the desired product. 
l H NMR(COC13) :& 5.27(m,1H}; _4.34(m,1H); 4.0S(m,lH); 
3.83(dd,1H); 3.6S(dd,1H); 2.2S(d,1H); 2.2(m,1H); 
l.93(m,1H); 0.93(s,9H); 0.89(s,9H). 

Example 371 
* * [2S-(2alphaCS ),3betaCS lll-

l-C-C-[Cl.l-Dimethylethyldimethylsilyl]-3-[l-[[1.1-
dimetbylethyl)dimetbylsilyl]oxy]ethyl-4-oxo-2-

azetidinyl J ethyl J-3.:... r c4.:. Cnitrophenyl) methoxy)-2, 3-
dioxopropyl 3-deoxv-2.5-bis-O-[(l.1-dimethylethyll­

dimethylsilyl]-1-thio-alpha Cand 
beta)-0-threo-pentofuranoside 

To an ice cold solution, under argon, of 
0.377 q of product from Example 370 in 3.3 ml of dry 

tetrahydrofuran is added o.sss q of product from 
Example 103 in 4.7 ml of dry tetrahydrofuran. To this 
mixture is added, dropwise, 0.139 ml of triethylamine 
and the reaction is stirred cold for 30 minutes. The 
cold bath is removed and the reaction is allowed to 
reach room temperature. The reaction is diluted with 
ethyl acetate, washed with saturated sodium bicarbonate 
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and saturated sodium chloride, dried and concentrated 
in vacµo. The residue is purified by chromatoqraphy 

(Silica qel: 20t ethyl acetate/hexane) to qive 0.450 q 

of a major isomer (A) and 0.118 q of a minor isomer 

(B) • 

Major Isomer (A): 
1H NMR(CDC13):6 S.25(d,2B); 7.59{d,2H); S.38(s,2H); 
s.OJ(s,lB); 4.J(m,lH); 4.2-3.96(m,3H); 3.79-3.59(m,3H); 
3.03(m,1H); 2.67(m,1H); 2.26(m,2H); l.2l(d,JH); 
l.06(d,3H). 
Minor Isomer (B): 
la NMR(CDCL3):6 8.24(d,2H); 7.6(d,2B); 5.36(ABq,2H); 
5.03(d,1H); 4.4(d,1H); 4.37(m,1H); 4.14(m,2H); 
3.93(m,1H); 3.56(dd,1H); 3.54(dd,1H); 2.78(m,1B); 
2.45(m,1H); 2.lS(m,lH); l.9(m,1H); 1.2l(d,3H); 
l.06(d,3H). 

Example 372 
* * [2S-[2alphaCS ),JbetaCS lJJ-

l-Cl-[3-Cl-Hydroxyethyll-4-oxo-2-azetidinyl)ethyl-3-
[C4-nitrophenyllmethoxy]-2.3 ·dioxgpropyl 

3-deoxy-l-thio-alpha Cand beta)-threo-pentofuranoside 
The title compound is prepar~d by the proce­

dure of Example 356 usinq 0.450 q of the major isomer 
(A) from Example 371, 1.3 ml of tetrahydrofuran and 1.3 
ml of triethylammonium trihydroqenfluoride to qive 
0.186 q of the desired product. The product is used 
immediately in followinq Example. 

Example 373 

* [4R-C4alpha.5beta.6betaCR lll-
6-Cl-Hydroxyethyll-4-methyl-2-[[C4-nitrophenyllmethoxyl 

carbonyl[-7-oxo-1-azabic,ycto[J.2.0]hept-2-en-3-yl 
3-deoxy-l-thio-alpha Cand betal-threo-pentofuranoside 

The title compoUJ)d is prepared by the proce­
dure of Example 357 usinq 0.186 g of product from 

Example 372, 2.3 ml ~f dry te:trahydrofuran, 1.45 ml of 
lM titanium tetrachloride solution (methylene chloride) 
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to qive, after chromatoqraphy, 0.90 q of the desired 

product. 
~ NMR(CDCL3):6 8.23(d,2H); 7.65(d,2B); 5.57(s,1H); 
S.5(d,1H); 5.24(d,1B); 4.53(br d,1H); 4.35(d,1H); 
4.26(m,2H) 3.94(br d,lH); 3.65(br d,1H); 3.3(m,1H); 

2.55(m,1B); 2.17-1.52(m,4H); l.37(d,3H); l.3(d,3H). 
Example 374 

* f4R-f4alpha.5beta.6betaCR 111-

2-carboxy-6-Cl-hydrgxyethyll-4-metbyl-7-oxo-1-aza­
biyclo(3.2.0lhept-2-en-3-yl 3-cieoxy-l-tbio­

alpha Cand betal-threo-pentofuranoside 
Potassium Salt 

The title.compound is prepared by the proce­
dure of Example 358 usinq 0.90 q product from Example 

373, 1.4 ml of dioxane, 1.4 ml of water containinq 
0.0182 q of of potassium bicarbonate, and 0.90 q of 10% 
palladium on carbon at 36 psi of hydroqen to qive 0.053 
q of the desired product. 
1 H NMR(D20):6 5.53(s,1H); 4.38-3.44(m,BH); 2.56(m,1H); 
l.75(m,1H); l.35(d,3H); l.28(d,3H). 

Example 375 
* * * * [4S-[3C2S or 2R .SR ),4alpha.5beta.6betaCR ll)-

6-Cl-Hydroxyethyll-4-methyl-7-oxo-3-[Ctetrahydro-s-
25 . hydroxymetbyll-2-thienyl]thiol-1-azabicyclo[J,2.0lhept-

30 

35 

2-ene-2-carboxylic Acid C4-Nitrgphenyllmethyl Ester 
A solution containing 0.396 q of [4R[4alpha, 

* 5~ta,6beta(R )]]-6-(1-hydroxyethyl)-3-mercapto-4-
methyl-7-oxo-l-azabicyclo[3.2.0)hept-2-ene-2-carboxylic 
acid (4-nitrophenyl)methyl ester monosilver(+l)salt 
(prepared by the'procedure of European Patent Appl. 

EP0481511A2), 0.41 q of i-o-acetyl-S-O(tert-butyldi­

Phfnylsilyl)-2,3-dideoxy-4-tbioribofuranose (prepared 
by the procedure of J.A. Secrist et al., J. Med. Chem., 
1992, 32, 533), and 16 ml of acetonitrile is stirred at 

o0 c under argon. To this is added, dropwise, 0.98 mmol 
of a 1M solution in hexane of di~tbylaluminum chloride. 
After 1/2 hour the reaction is poured into saturated 
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sodium bicarbonate and methylene chloride. The aqueous 
portion is washed with additional methylene chloride. 
The organic layers are combined, dried and concentrated 
in vacuo. The residue is purified by chromatography 
(Silica gel: 40-60t ethy1 acetate/hexane gradient) to 
give 0.98 g of product as a mixture of 2 isomers. 

The above 0.98 q of product is dissolved in 4 

ml of tetrahydrofuran and 0.15 ml of acetic acid. To 
this is added 1.6 mmol of tetrabutylammonium fluoride 
as a lM tetrahydrofuran solution.· The resultinq 
solution is stirred for 6 hours at 20°c. Water and 
ethyl acetate are added and the reaction is given an 
aqueous workup. Purification by chromatography gives 
0.033 q of a major isomer and o.oos q of a minor 
isomer. 
Major Isomer: 
1H NMR(CDC13):6 8.2(d,2H,Ar); 7.65(d,2H,Ar); 

S.38(dd,2B,CH2Ar); 4.82(t,1H,CHS2); 4.3(m,2H,CH20); 
3.75(m,H5 ); 3.6(m,2B); 3.45(m,1H); 3.3(dd,1H,H6 ): 

2.4(m,2H,CH2); 2.l(m,2H,CH2); l.38(d,3H,CH3): 
1.28(d,2H,CH3). 
Minor Isomer: 
1H NMR(CDC13):S 8.2(d,2H,Ar); 7.63(d,2H,Ar); 
5.18(dd,2H,CH2Ar); 4.92(dd,CHS2); 4.3(m,2H,CH20); 

3.7(m,3H)? 3.5(p,CBO); 3.42(t,1B); 3.28(dd,1H,H6 ); 

2.4(m,1H); 2.2(m,3H); 1.38(d,3H,CH3); 1.24(d,3H,CH3). 
Example 376 

* * * * [4S-C3C2R or 2S ,SR l.4alpha,5beta.6betaCR lll-
6-Cl-Hydrgxyethyll-4-metbyl-7-oxo-3-[[tetrahydro-5-

bydrgxymethyll-2-tbienyllthio1-1-azabicvclo[3.2.0]hept-
2-ene-2-carboxylic Acid Monopotassium Salt 

The title compound is prepared by the proce­
dure of Example 18 using 0.014 q of the major isomer· 
from Example 375, ~ ml of 1:1 ethyl acetate:water, 
0~0033 q of potassium bicarbonate and 0.015 g of 10% 

palladium on carbon to give, after purification, o.ooe 
g of the desired compound. 
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1H NMR(D20):6 4.95(dd,lH,CHS2): 4.2(dd,2H,CB20H); 

3.S-3.2(m,3H,CHOH,H5 and CHS):3.4(m,2H,H6 and allylic 

CH); 2.38(m,1H); 2.18(m,2H); 2.o(m,lH); 1.25(d,3H,CH3); 

1.18(d,3H,CH3). 
Example 377 

* * * * [4S-C3C2R or 2S .SR l.4alpha.Sbeta.6betaCR l]]-

6-Cl-Hydroxyethyll-4-methyl-7-gxo-3-[(tetrahydro-S­

hydroxymethyll-2-thiepyl]thioJ-1-azabicyclofJ,2.0]hept-

2-ene-2-carboxylic Acid Konosodium Salt 

The title compound is prepared by the proce­

dure of Example 18 using 0.043 g of the minor isomer 

from Example 375, 6 ml of 1:1 ethyl acetate:water, 

o.oos g of sodium bicarbonate and 0.043 g of 10% 

palladium on carbon to give, after purification, 0.025 

g of the desired product. 
l H NMR(D20):6 4.88(t,CHS2); 4.2(m,2H,CH20H); 

3.68(m,H5); 3.6(m,1H,CHOH); 3.42(m,3H,H6,CHS and 

allylic CH); 2.3(m,2H); 2.l(m,1H); l.95(m,1H); 

l.2S(d,3H,CH3); l.2(d,3H,CH3). 

Example 378 

l-S-Acetyl-5-0-Ctert-butyldiphenylsilyll-2.3-dideoxy-

4-thioribofuranose 

Two grams of s-o-(tert-butyldiphenylsilyl)-

2,3-dideoxy-4-thioribofuranose (prepared according to 

J.A. Secrist et al., J. Med. Chem., 1992,35,533) is 

stirred with 0.456 g of thioacetic acid in 25 ml of 

methylene chloride and 0.0.025 g of toluenesulfonic 

acid for 68 hours. On workup the reactiion is adsorbed 

onto magnesium silicate and then flash chromatographed 

on silica gel to give 1.5 g of the desired product. 

1u NMR(CDCl3):6 7.65(m,4H,Ar): 7.4(m,6H,Ar); 

5.0(t,1H,CHS2): 3.63(m,3H,CH20H,CHS): 2.3(d,3H,CH3): 

2.4-2.2{m,4H,2CH2); 1.03(s,9H,3CH3)• 
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Example 379 

Eth1netbioic Acid 
S-[5-[[CAmlnocarponyl>oxY]met})ylltetrahydro-2-

thienyl] Ester 
A solution containinq 0.817 q of product from 

Example 378, 15 ml of tetrahydrofuran, 1 ml of acetic 
acid and a.s mmol of n-tetrabutylammonium fluoride lM 

solution is stirred for 2 hours. The reaction proqress 

is monitored by tlc. Followinq an aqueous workup 
(ethyl acetate, o.SM potassium phosphate, saturated 
sodium chloride) and silica gel chromatography 0.252 q 

of the desired alcohol is isolated. 
1H NMR(CDC13):6 5.2(t,1B,CHS2): 3.7(m,3H,CH20 and 

CHS): 2.4(s,3B,CH3); 2.5-1.8(m,4B,2CH2)· 
The alcohol, 0.247 q, prepared above, 0.67 q 

of trichloroacetyl isocyanate and 17 ml of methylene 
chloride are reacted at -20°c as described in Example 
7. The intermedi.ate thus formed is hydrolyzed with 650 

microliters of acetic acid, 5.5mmol of lM n-tetrabutyl­

ammonium fluoride and l ml of water as also described 
in Example 7 to yield, after workup and purification, 

0.276 q of the desired product. 

Anal. Calcd for c8H3No3s2 : 
, C = 40.83; B = 5.57; N = 5.95 

Found: 
C = 40.88; H = 5.33; N = 5.72. 
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Example 380 
. * 

[4R-[4alpha.5beta.6betaCR )JJ-

3-[(5-[CCAminocarbonyl)oxy]metbyl]tetrahydro-2-

thienylJtbioJ-6-Cl-hydroxyethyll-4-methyl-Z-oxo-1-
azabicycloC3.2.0lhept-2-ene-2-carboxylic Acid 

C4-NitrophenyllmetbYl Epter CA) 
and 

* [4R-[4alpha.2beta.6betaCR )J]-

3-[CS-CCCAm.inocarbonyl)oxy]metbyl]tetrabydro-2-

thienyl]thio]-6-Cl-hyc1roxyethyll-4-methyl-7-oxo-1-

azabiCVclo[3.2 .0lh§Pt-2-ene-2-carboxylic Acid 

£4-Nitrophenyl)methyl Ester CB) 
The product, 0.256 q, from Example 379 and 

1.2 mmol of sodium methoxide (as a 4.4M solution in 

methyl alcohol) is hydrolyzed in 8 ml of tetrahydro­

fUran as described in Example 16. The thiol product 

obtained in this reaction is immediately reacted with 

0.476 q of product from Example 15, 0.155 q of 

diisopropylethyl amine, in 7 ml of acetonitrile at o0 c 
under argon for a total of 18 hours as described in 

Example 17. The standard workup and purification yields 

two diastereomeric products. The least polar product 

carbapenem (A), 0.156 g, has a tlc Rf= 0.36 and the 

more polar product carbapenem (B), 0.142g, has a tlc 

Rf = 0.28. 
Example 381 

[4R-C3C5R*).4al:g)la. 5beta.6betaCR*)JJ 
3-[[5-[[(Aminocarbonyl)oxy]metbyl]tetrahyd,ro-

2-thienyl]thio-6-Cl-hydroxyethyll-4-metbyl-7-oxo­

l-azabicycloC3,2.0]hept-2-ene-2-carboxylic Acid 

Monopotassimp Sa]j; 

The title compound is prepared by the prpce­

dure of Examp1e 18 using 0.116 g of product (A) from 

Example 380, 20 ml of l:l dioxane:water, 0.030 q of 

potassium bicarbonate and 0.045 g of 10% palladium on 

carbon to give, after chromatography, 0.026 q of the 

desired product. 
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1H NMR(CDCl3):6 5.0(t,1H,CHS2); 4.2(m,3H,CH20CO and 
CHS): 4 .• 0(m,lH,CHOH): 3.8(m,lH,H5); 3.4(m,2H,H6 and 

allylic CH); 2.5-l.8(m,4H2CH2); l.22(d,3H,CH3); 

l.18(d,3H,CH3). 
Exgple 382 

* C4R-[4alpha,Sbeta,6betaCR l)l-
3-[[5-CC.CAminocarbonyl>oxy[methyl)tetrahydro-2-

thienyl]thioJ-6-Cl-hyd.rgxyethyll-4-methyl-7-oxo-l­

azabicycloC3.2.0lhept-2-ene-2-carboxylic Acid 
Monopotassium Salt 

The title compound is prepared by the proce­
dure of Example 18 using 0.137 g of product (B) from 
Example 380, 15 ml of ethyl acetate, 9 ml of water, 

0.029 g of potassium bicarbonate and 0.085 q of 10% 
palladium on carbon to qive, after chromatoqraphy, 

0.031 g of the desired product. 
IR(KBr): 4371, 33,97, 2963, 1713, 1613 cm-1 • 

Example 383 
Ethanethioic Acid 

S-CTetrabydro-5-Chydroxymetbyl)-2-thienyll EsttU: 
A solution containing 2.19 q of product from 

Example 378, 20 ml of tetrahydrofuran, _5.3 q of acetic 

acid and 25 mmol of 1M solution of n-tetrabutylammonium 
fluoride is stirred for 18 hours or until all starting 

material is consumed by tlc. The reaction is diluted 
with ethyl acetate, washed with aqueous O.SM potassium 
dihydroqen phosphate and saturated sodium chloride, 

dried and concentrated in vagµo. The residue is 

purified by chromatography to qive 0.876 q of the 

desired product. 
1H NMR(CDCl3):6 5.0S(t,1H,CHS2); 3.8-3.5(m,3H,CH20 and 

CHS); 2.3(s,3H,CH3); 2.5-2.8(m,4H,2CH2>· 
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Example 384 
{5Rl-Etbanetbioic Acic 

s-rS-[(:§thoxymetboxylmQthylltetrahydro-
2-tbienyll Ester 

To a o0 c mixture of 0.165 q of product from 
Example 383 in 4 1111 of tetrahydrofuran and 0.222 g of 
diisopropylethyl amine is added 0.122 g of chloro­
methylethyl ether. . The reaction is stirred for 45 

minutes at o0 c and then 23 hours at 20°c. The mixture 
is qiven an aqueous workup {ethyl acetate, O.SM 

potassium dihyd.roqen phosphate, saturated sodium 
chloride) and the purified by chromatoqraphy to qive 
0.100 q of the desired product. 
1B NMR(CDC13):6 5.08(t,1B,CBS2): 4.7(d,2H,CB202): 
3.8-3.4(m,SB,2CB20,CHS)J 2.3(s,3H,CH3 )1 

2.5-l.75(m,4B,2CH2): l.2(t,3H,CH3). 

. Example 385 
* * [4R-(3(5R l.4alpha.5beta.6beta(R )J]-

3-C[S-(Ethoxymethoxylmethyl]tetrahydro-2-tbienyllthiol 
-6-(l-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0J 

bept-2-ene-2-carboxylic acid 
(4-Nitrophenyllmethyl Ester 

The product, 0.096 q, of Example 384 is dis­
solved in 4 ml of tetrahydrofuran and is hydrolyzed and 
worked up in a similar fashion to that described in 
Example 16 usinq o.J5mmol of a 4.4M sodium methoxide 
solution to qive the crude thiol product. The thiol 
product is reacted directly with 0.185 q of product 
from Example 15, 0.074 g of diisopropylethyl amine and 
3 ml of acetonitrile as described in Example 17. The 
product of this reaction is a mixture of two 
diastereomers. The more polar of the two, 0.070 q, is 
iso1ated and characterized. 
1H NMR(CDC13):6 8.22(d,2H,Ar): 7.65(d,2H,Ar); 
5.38(ABq,2H,CH2Ar); 4.85(t,1H,CHS2); 5.l8(s,2H,CH20 2); 
4. 25 (m,2H,CH20) 1 3. 78(m,1H,H5) r ~ .6 (q,2H,CH20); 
3.55-3.4(m,2H,allylic Hand CBS); 3.28(dd,1H,H6); 
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2.4-l.9(m,4H,2CH2); l.48(d,JH,CH3); l.3(d,3H,CH3); 
l.22(t,3H,CH3). 

Example 386 
* * [4R-[3C5R l.4alpha.5beta.6betaCR l]J-

3-([5-CEtboxymethoxylmethyl]tetrabydro-2-tbienyl]thio] 
-6-Cl-hydroxyethyll-4-methyl-7-oxo-1-azabicyclo[3.2.0J 

hept-2-ene-2-carboxylic acid Monopotassium Salt 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.065 q of product from 
Example 385, 10 ml of 1:1 dioxane:water, 0.017 q 

potassium carbonate, and 0.033 q of 10% palladium on 
carbon to qive, after p\irification, 0.019 q of the 
desired product. 
1H NMR(D20):o 4.85(m,lH,CHS2): 4.7(s,2H,CH202); 
4.2(m,2H); 3.8(m,2H); 3.64(m,4H): 3.45(m,2H,CHS, 
allylic CH): 3.4_(dd,1H,H6): 2.3S-l.85(m,4H,2CH2); 
l.25(d,3H,CH3): l.15(t,6H,2CH3). 

Example 387 

C2R>-s~<Acetyloxy)tetrahvdro-2-thiophenemethanol 

To a mixture of 0.54 g of 1-0-acetyl-5-o­
(tert-butyldiphenylsilyl)-2,3-dideoxy-4thioribofuranose 
(prepared by the procedure of J.A.Secrist et al., J. 

Med. Chem.,1992, 35, 533) in 8 ml of tetrahydrofuran 
and 0.6 g of acetic acid is added 4 mmol of lM 
n-tetrabutylammoniu.m fluoride solution. The reaction 
is stirred for 5 hours and then another portion of 0.10 
q of acetic acid and 1 mmol of n-tetrabutylammonium 
fluoride is added and the reaction is stirred for 1 
hour. Cold potassium dihydroqen phosphate and ethyl 
acetate are added to the reaction mixture, followed by 
an aqueous workup. Purification by chro:matoqraphy 
gives 0.164 q of the desired product. 

1u NMR(D20):o 6.15(t,1H,CHS(OAc))1 3.68{m,2H,CH20)f· 
3.58(dd,1H,CHS); 2._2(m,SH,2CB2,0H); 2.0(s,3H,CH3). 
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Example 388 

CSRl-S-Azidomethvl>tetrahydro-2-thiophenegl 

Acetate Cesterl 

To a o0 c solution of 5 ml of methylene chlo­

ride and 0.439 q of product from Example 387 is added 

0.303 g of triethylamine followed by 0.341 g of 

methanesulfonyl chloride. The reaction is warmed to 

20°c with stirring for 2 hours. The reaction is 

concentrated in vacµo and the residue is purified by 

chromatography to give 0.150 g of material which is 

dissolved in 1 m.l of dimethylformamide. To this 

solution is added 0.338 g of n-tetrabutylammonium azide 

and the reaction solution is stirred at 20°c for 4 

hours. The azido product is isolated following an 

aqueous workup and purification by chromatography to 

give 0.082 g of pure azide. 
1H NMR(D20):6 6.18(t,1H,CH(OAC)S): 3.7-3.2(m,3H,CH2N3, 

CHS): 2.4-2.07(m,4B,2CH2): 2.0S(s,JH,CH3)• 

Example 389 

* * f4R-[3C5R ),4alpha.5beta.6betaCR >JJ-
3-[[S-Azidomethylltetrahydro-2-thienyl]thio]-6-

Cl-hydroxyetbvll-4-methyl-7-oxo-1-

azabicycloCJ.2.0lhept-2-ene-2-carboxylic acid 

C4-Nitrophenyllmethyl Ester 

To a solution, under argon, of o.oao g cf 

product from Example 388, 4 ml of acetonitrile and 

* [4R[4alpha,5beta,6beta(R }]]-6-(1-hydroxyethyl)-3-

mercapto-4-methyl-7-cxo-l-azabicyclo[J.2.0]hept-2-ene-

2-carboxylic acid (4-nitrophenyl)methyl ester mono 

silver(+)salt (prepared by the prccedure·of European 

Patent Appl. EP0481511A2) is added 0.6mmol of lM 

diethylaluminu:m chloride. The reaction is stirred for 

an hour followed by aqueous workup and chromatography 

to give 0.016 g·of the desired product. 
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111 NMR(CDC13):6 8.2(d,2H,Ar): 7.65(d,2H,Ar); 
5.35(q,2H,CH2Ar):4.9(t,1H,CHS2): 4.28(m,1H,CHO); 
4.23(d,H5); 3.73(t,lH,allylic H); 3.35(d,2H,CH2N3); 
3.3(dd,H6); 2.38(m,2H~CH2); 2.25(m,lH); l.95(d,3H,CH3); 
l.3(d,3H,CH3). 

Example 390 
* (4R-r4alpha,5beta.6betaCR ll] 

3-[[5-CAminomethylltetrabvciro-2-thienylJtbiol-6-
Ct-hydroxyethyl)-4-metbyl-7-oxo-1-azabicyclor3.2.0J­

hept-2-ene-2-carboxylic Acid 
The title compound is prepared by the proce­

dure of Example 192 tisinq 0.010 g of Example 389, 3 ml 
of dioxane and O.lM pH 7.0 sodium dihydroqen phosphate 
buffer and 0.010 g of 10% palladium on carbon to give, 
after chromatoqraphy, 0.006 g of the desired product. 
1H NMR(D20):& 4.9(m,CHS2); 3.9(m,2H,CH2N); 
3.55(m,lH,CHOH); 3.45(m,1H,H5); 
3. 4-3 .15 (m, 3H,H6 , CHS, allylic H) ; 2. 9-2. 7 (m, 2H)_; 
2.2(m,·1H): l.7(m,1H); l.22(d,3H,CH3); l.18(d,3H,CH3). 

Example 391 
* C3-S-f4R-£4alpha.Sbeta.6betaCR >Jl]-

l-fCN-L-Alanyl-L-alanyllamino]-2,5-anhydro-3-S-[2-
carboxy-6-Cl-hydroxy@thyll-4-methyl-7-oxo-1-azabicycle­

[3.2.0]hept-2-en-3-yl)-l.4-dideoxy-3-thio-D-threo­
pentitol· 

The title compound is prepared by the proce­
dure of Example 257 using 0.494 g of product from 
Example 261, 0.437 g of product from Example 259, 6 ml 
of O.lM pH 7.0 sodium dihydroqen phosphate buffer, 12 
ml of dioxane and 0.13 q of 10% palladium on carbon to 
qive, after chromatography (c18-Reverse Phase Plates: 
5% ethyl alcohol/water), 0.12 g of the desired product. 
11i NMR(D20):6 4.25(m,4H); 4.05(m,2H); 3.9(m,2H); . 
3.6-3.4(m,4H); 2.5-2.4(m,1H); 2.1-2.o(m,lH); 
l.-so(d,3H,Me, J=7Hz) ;. 1.38(d,3H,Me, J==7.1Hz): 
l.27(d,3H,Me, J=6.3Hz); l.19(d,3B,Me, J=7.1Bz). 
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Egmple 392 
l.4-Dioxa-8-tbiaspiro[4.S]decane 

A mixture of s.o g of tetrahydrothiopyran-4-
one, 2.5 ml of ethylene glycol, 0.230 g of p-toluene­
sulfonic acid and 125 ml of benzene is stirred at 
~eflux temperature for 2.5 hours. The water formed is 
removed usinq a Dean-stark trap. The reaction is 
treated with saturated sodium bicarbonate, water, 
saturated sodium chloride, dried and concentrated iD 
vacuo to qive 6.52 g of the desired product as an oil. 

Example 393 
l..4-Dioxa-8-thiaspiro[4,5Jdecane 8-oxide 

A room temperature mixture of 13.8 g of pro­
duct from Example 392 dissolved in 100 ml of acetic 
acid is treated, dropwise over 20 minutes, with 9.0 ml 

of 30% hydroqen peroxide. The reaction mixture is 
stirred at room temperature for l hour, concentrated in 
vacuo at so0 c, and extracted with ethyl acetate. The 
organic layer is washed 2 X with saturated sodium 
bicarbonate, water and saturated sodium chloride, dried 
and concentrated in vagµo. The aqueous washes are 
combined and concentrated .in vacuo to about 25 ml. The 
residue is saturated with solid potassium carbonate and 
extracted 2 X with 200 ml of ethyl acetate. The 
organic phase is concentrated in yacuo to a solid which 
is triturated with hexane and collected to qive 13.l q 
of the desired product. 

Example 394 
1.4-Dioxa-B-tbiaspiro[4~5Jdecan-7-ol 
A mixture of o.ss q of product from Example 

393, 5.0 ml of acetic anhydride and 2.0 ml of lutidine 
is heated at 110°-11s0 c for 2.5 hours, followed by 
increasinq the temperature to 1S0°c and then heated 
for 3 hours. The reaction mixture is diluted with ethyl 
acetate, washed 2 X with lN hydrochloric acid, water, 
saturated sodium chloride, dried and concentrated in 
vacuo. The residue is dissolved in methylene chloride, 
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filtered through a pad of hydrous magnesium silicate 
and reconcentrated .in vacuo to give 0.569 q of the 
desired product. 

Example 395 

Ethanetbioic Acid 
S-Cl.4-Dioxa-8-tbiaspiro£4.S]decan-7-yll 

Ester 
A mixture of 0.545 g of product from Example 

394, 0.23 ml of thioacetic acid, 0.16 g of p-toluene­
sulfonic acid and s ml of carbon tetrachl.oride is 
stirred at room temperature for l hour. After work up 
concentration in vacuo gives 0.556 g of the desired 
product. 

Example 396 
1.4-Dioxa-B-tbiaspiror4.5]dgcane-7-thiol 

A mixture of 0.56 q of product from Example 
395, 0.60 ml of 4.37M sodium methoxide and 10 ml of 
tetrahydrofuran is stirred in an ice bath for 20 
minutes. Ethyl acetate is added followed by O.SM 
potassium phosphate monobasic. The organic layer is 
dried and concentrated in vacuo to give 0.37 q of the 
desired product as a yellow oil. 

Example 397 
* [4R-£4alpha.5beta.6betaCR l]J-3-l.4-Dioxa-a-

thiaspiro[4.S]dec-7-ylthiol6-Cl-hydroxyethyll-4-methyl-
7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid 

C4-Nitrophenyllmetbyl Ester 
The title compound is prepared by the proce­

dure Example 17 usinq 0.335 q of p~oduct from Example 
15, 0.121 q of product from Example 396, 0.11 ml of 
diisopropylethylamine and 5 ml of acetonitrile to qive 
o. 080 q of the desired product after chromatoqraphy·. 
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Example 398 
. * C4R-C4alpha.5beta.6betaCR lJJ-3-l.4-Dioxa-a-

thiaspiro[-4.5]dec-7-oxol6-Cl-hydroxyethyll-4-metbyl-
7-oxo-1-azabicyclo£3.2.0]hept-2-ene-2-carboxylic Acid 

Monosogium Salt 
The title compound is prepared by the proce­

dure of Example 18 usinq 0.80 q of product from Example 
397, 0.0125 q of sodium bicarbonate, 0.080 q of lOt 
palladium on carbon, 4 ml of ethyl acetate and 2 ml of 
water to qive 0.032 q of the desired product after 
chromatoqraphy. 

Example 399 
* C3-[4R-£4alpha.5beta.6beta.CR lJJ-

2.6-.Anhydro-4.5-dideoxy-3-S-6-Chydroxyethyll-4-methyl-
2-[[C4-nitrophenyl)methoxyJcarbonylJ-7-oxo-1-aza­

bicyclo(3.2.0lhept-2-en-3-yl]-1-0-Cmethoxymethyll-
3-thio-O-threo-hexitol 

The title compound is prepared by the proce­
dure of Example 17 using 0.375 q of (2R,3R)-2-methoxy­
methoxymethyl tetrahydropyran-3-thiol (prepared 
according to the procedure of Miyazaki,H. et al. in 
Chem,. Pharm,. Bull,, Vol 37, pp 2391-2397(1989)) in 5 ml 
of acetonitrile, 0.954 g of product from Example 15 in 

.10 ml of acetonitrile and 0.3 ml of diisopropylethyl 
amine to qive, after chromatography (Silica gel), the 
desired compound. 

Example 400 
* [3-C4R-C4alpha.Sbeta.6betaCR lll]-

2.6-Anbydro-3-S-[2-carboxy-6-Cl-hygroxyethyll-4-methyl-
7-oxo-1-azabicyclo[3.2.0]hept-2-en-3-yl1~4.5-gideoxy-l 

o-cmethoxymethyl)-3-tbio-O...tbreo-hexitol 
119nosogium Salt 

-The title compound is prepared by the proce­
dure of Example 192 using 0.243 q of product from 
Example 399, 0.084 q of lOt palladium on carbon, 5 ml 
of O.lM pH 7.0 sodium dihydrogeh_pbosphate buffer and 7 
ml of dioxane to give, after chromatography (Reverse 
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I 

Phase Plates: 5% aqueous ethyl alcohol), to give the 
desired product. 

Exgple 401 

2.4-Anbydro-D-lyxonic Acid Metbvl Ester 
A slurry of 1.01 q of 2,4-anhydro-3,5-bis-o­

(phenylmethyl)-D-lyxonic acid methyl ester (prepared by 
the procedure in Tetrahedron Letters, Vol 31, No. 33, 
p4787, 1990), o._253 q of palladium hydroxide on carbon, 

and 30 ml of methyl alcohol is hydrogenated under a 
balloon of hydrogen (1 atm.) for 2.5 hours. The 
mixture is filtered through diatomaceous earth, washed 
with ethyl acetate and ethyl alcohol, and concentrated 
.in vacuo to give 0.460 q of the desired product. 
1s NMR(CDC13):6 5.07(d,lB, J = 4.9Bz): 4.85(m,2H): 
4.28(br d,lH): 4.lO(mJ2H): 3.S3(s,3B,OMe): 2.65(br s, 
lH). 

IR(neat): 3400, 2957, 1739, 1441, l226, 1020 cm-1 • 
MS(CI):m/z 163(M++H). 

Example 402 
2,4-Anhydro-D-lyxonic acid Methyl Ester 

5-C4-Methylbenzenesulfonatel 
To a o0 c solution, under arqon, of 0.435 q of 

product from Example 401 in 9 ml of pyridine is added 
0.614 q of p-toluenesulfonyl chloride and the reaction 
is stirre~ overnight. The reaction mixture is diluted 
with 50 ml of 10% hydrochloric acid and extracted with 
diethyl ether and ethyl acetate. The organic layers 

are combined, dried and purified by chromatography to 
give 0.517 q of the desired product. 
l H NMR(CDC13):6 7.8l(d,2H,J = 8.3Bz): 7.36(d,2H,J = 
8.3HZ)~ 4.93{m,3H): 4.54(dd,1H,J = 11.3 and 4.9Hz): 
4.30(dd,1H,J = dd,lH,J = 11.3 and 3.75HZ)1 

J.81(s,3H,OMe): 2.92(d,lH,J = 6.0Bz): 

2~46(s,3H,S02ArMe)~ 
IR(KBr): 3361, 2936, 1749, 1355, 1174 cm-1 • 
MS(CI):m/z 317(M++B). 
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Example 403 
2.4-Anbydro-3-thio-D::arabinonic Acid Metbyl Ester 

3-Acetate 5-C4-Metbylbenzenesulfonatel 
A o0 c solution, under argon, of 0.111 q of 

product from Example 402 in 3 ml of dry methylene 
chloride is treated, sequentially, with 0.03 ml of 
pyridine and 0.07 ml of triflic anhydride. After the 
addition, the reaction is stirred for 30-45 minutes, 
until consumption of the starting material. The mixture 
is diluted with diethyl ether, filtered to remove 
salts, and the filtrate is concentrated in vacuo. 

The residue, under argon at room temperature, 
is dissolved in 1.0 ml of dry acetonitrile, treated 
with 2 equivalents of potassium thioacetate and stirred 
for 2 hours. The mixture is diluted with water, 
extracted with ethyl acetate, dried, concentrated and 
purified by chromatography to give 0.092 q of the 
desired product. 
1H NMR(CDC13):6 7.83(d,2H,J = 8.3Hz); 7.35(d,2H,J = 
8.3Hz); 5.17(d,1H,J = 8.17Hz); 4.90(m,2H); 4.27(m,2H); 
3.80(s,3H,0Me); 2.4S(s,3H,S02ArMe); 2.3l(s,3H,SAc). 
IR(neat): 2851, 1755, 1703, 1598, 1438, 1362, 1129 

-1 cm • 

MS(CI):m/z 375(M++H). 

Example 404 
2.4-Anhydro-3-thio-D-arabinonic Acid Methyl Ester 

s-C4-Bethylbenzenesulfonatel 
To a o0 c solution, under argon, of 0.618 g of 

product from Example 403 in 4 ml of dry tetrahydrofuran 
is added, dropwise, 0.45 ml of 4.37M sodium methoxide. 
The reaction is stirred at o0 c for 45 minutes, quenched 
with 1-2 ml of 10% hydrochloric acid and the mixture is 
concentrated in yagµo. The residue is purified by 
chromatography (Silica gel: 5-50% ethyl acetate/hexane) 
to give 0.285 g of the desired product as a colorless 
oil. 
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1H NMR(CDCl3) :& 7.82(d,_2H,J = 8.3Hz); 7.36(d,2H,J = 

8.3Hz); S.13(d,1H,J = 8.6); 4.78(m,1H); 4.2l(d,2H,J = 
2.4Hz); J.85(s,3H,OMe); 2.45(s,JH,ArCH3); 1.97(d,1H,J = 
9Hz,SH). 

IR(neat): 2850, 2566, 1751, 1598, 1438, 1361, 1178 
-1 

cm • 
MS(CI):m/z 161(M++H-oTs). 

Example 405 
* [3-C4R-C4alpha.5beta.6betaCR l]ll-

2.4-Anhydro-3-S-r6-Cl-hydroxyethyll-4-methyl-2-r[C4-
nitrophenyl)methoxy]carbonyll-7-oxo-1-azabicyclo­

[3. 2. 0lhept-2-en-3-yf]-3-thio-D-arabinonic Acid Methyl 
Ester S-C4-Methylbenzenesulfonatel 

To a o0 c solution, under arqon, of 0.273 q of 
product from Example 404, 0.439 q of product from 
Example 15, in 3.8 ml of acetonitrile is added, 
dropwise, 0.13 ml of Huniq's base. After addition the 
reaction is warmed to room temperature for 2 hours. 
The mixture is concentrated in vacuo and purified by 
chromatography (Silica gel: 10-100% ethyl 
acetate/hexane) to give 0.49 g of the desired product. 
l H NMR(CDC13):6 8.23(d,2H,J = 8.7Hz); 7.8(d,2H,J = 
8.3Hz); 7.65(d~2H,J 8.7Hz); 7.37(d,2H,J = 8.3Hz); 
5.49(d,1H,J = 13.SHz); 5.24(d,1H,J= 13.SHz); 
5.20{d,1H,_J = _8.5Hz); 4.96(m,1Hl; 4.79(dd,1H); 
4.35-4.10(m,4H); 3~83(s,JH,C02Me); 3.5(m,1H); 
J.3l(dd,2H); 2.46(;,JH,ArOMe); l.37(d,3H,J = 6.3Hz); 
l.22(d,3H,J = 7.4H~). 

IR(KBr): 3527, 311~, 2877, 1772, 1522, 1347, 1212, 
1177, 1140cm-1• 
MS(FAB):m/z 677(M++H). 
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Exam.ple 406 
* [3-C4R-r4alpha.5beta.6betaCR lll]-

2.4-Anhydro-3-s-r2-carboxy-6-Cl-hydrqxyethyll-4-
metbyl-7-oxo-i-azabicyclor3.2.0]hept-2-en-3-yll-3-

thio-I>=arabinonic Acid 1-Methyl Ester 
5-(4-Metbylbenzenesulfonate Monosodium Salt 

The title compound is prepared by the proce­
dure of Example 192 using 0.150 g of product from 
Example 405, 0.046 q of 10% palladium on carbon, 0.028 
g of sodium bicarbonate, 7.25 ml of dioxane:sodiu.m 
dihydroqen phosphate buffer, pH 7. O in a Parr apparatus 
to give after chromatography 0.011 q of the desired 
product. 
1H NMR(CDC1

3
):6 7.87(d,2B,J = 8.3Hz); 7.51(d,2H,J 

8.3Hz); 4.S-4.3(m,5H); 3.34(s,3H,C02Me); 3.3-3.1(m,4H); 
2.48(s,3H,ArMe); l.13(d,3H); l.l(d,JH). 
IR(KBr): 3538, 3409, 2923, 1745, 1624, 1141, 1119 cm-1

• 

Example 407 
* [3-[4R-[4alpha.5beta.6petaCR )JJJ-

1-rrc1-cAcetyloxylethoxy]carponylJaminoJ-2,s-anhydro-
1.4-dideoxy-3-s-c2-rrc2.2-dimetbyl-1-oxopropoxy)­

methoxy)carbonyll-6-Cl-hydroxyet,byl)-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-en-3-yll-tbio-D-threo-pentitol 

A o0 c mixture of 0.557 q of product from 
Example 319, 0.24 ml of chloromethyl pivalate. 0.189 g 
of sodium bicarbonate and 0.252 g of sodium iodide is 
stirred for 5 hours. The reaction is monitored by tlc. 
The solution is concentrated in yacµo, the residue is 
slurried with ethyl acetate, filtered, concentrated in 
yacuo and purified by chromatography (Silica Gel: ethyl 
acetate) to give 0.249 g of the desired product. 
1B NMR(CDC13):6 6.7(m,1B,CB); 5.82(ABq,2H,OCH20); 
5.36(m,1H;NH); 4.3-4.l(m,3H); 4.0-3.9(m,1H); 
3.78(m,2H); 3.55(m,lB); 3.38{m,1B); 3.2l(m,3H); 
2.45-2.3(m,1H); l.99(s,3H,Ac); 2.os-1.9(m,1H); 
l.38(d,3H,Me,J = S.l.Bz); l.25(d,3B,Me,J = 6.lHz); 
l.19(d,3H,Me,J = 7.0Hz); l.49(s,9H,3He,t-Bu). 
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Example 408 
* * * * * [4R-[3C3R .SR and 3$ .SS l.4alpha.Sbeta.6betaCR >JJ-

3-[[5-C[CAminocorbonYlloxy]methyl]tetrabygro-3-
furanyl]thioJ-6-Cl-hydroxyethyl-4-methyl-Z-oxo-1-
az8bicyclo[3.2.0]hept-2-ene-2-carboxylic acid 

C2.2-D1metbyl-1-oxopropoxy>pethyl Ester 
The title compound is prepared by the proce­

dure of Example.407 usinq 0.460 q of product from 
Example 18, 0.24 ml of chloromethyl pivalate, 0.189 of 
sodium bicarbonate and 0.252 q of sodium iodide to give 
after chromatoqraphy 0.3 g of the desired product. 

Example 409 
* * * * * [4R-C3C3R .SS and 3S .SR ).4alpha,5beta.6betaCR l]J-

3-[[5-[(CAm.inocarbonylloxy]met;hyl]tetrahydro-3-
furanyl]thio]-6-Cl-hydroxyet;hyl-4-methYl-7-

oxo-l-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid C2.2-Dimet;hyl-1-

oxopropoxylmetbyl Ester 
The title compound is prepared by the proce­

dure of Example 407 using 0.460 q of product from 
Example 21, 0.24 ml of chloromethyl pivalate, 0.189 g 
of sodium bicarbonate and 0.252 q of s~dium iodide to 
give after chromatograph 0.32 g of the desired product •.. 
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We claim: 
l. A compound of formula I: 

•• 

COOis 

wherein the moiety 

represents a 4,5 or 6 membered mono-, di- or tri­
substituted ring wherein: 
(A) z is selected from oxygen, sulfur, sulfoxide and 

sulfone; 
(B) R

0 
is hydrogen, (C1-c2 )alkyl, CH20R4 , CH2NHR5 , 

CH(OR4)CH3, CHFCH3 or CH(NHR5 )CH3 ; wherein 
(i) R4 is selected from hydrogen, and moieties of 

the formulae: 

0 0 0 0 0 0 
11 11 11 II ti II -CH 2 oc1 1 1 -CH2oco1 1 , -c 11 , -coa1 , -cocH2o c 11 , 

0 0 
II II 

-cocH2o coa,, 

0 
II -soa1 
II 
0 

and 

(ii) R5 is selected from hydrogen, and moieties of 
the formulae: 
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ic'· L .. u •••.• u •. j ..... u ••.. 
I I 

0 

II 
soa 1 and 

II 
0 

(iii) R6 is selected from a straight, branched or 
substituted cc1-c18)alkyl, cc2-c18)alkenyl, 
unsubstituted or substituted 
cc3-c7)monocyclo(C1-c10)alkyl, unsubstituted 
or substituted cc5-c10)bicyclo(c1-c10)alkyl, 
aryl or substituted aryl, heteroaryl or sub­
stituted heteroaryl, heterocyclyl or substi­
tuted heterocyclyl: wherein the heterocyclyl 
moiety is a monocyclic or bicyclic group 
having 1-10 carbon atoms and 1-4 hetero atoms 
selected from oxygen, nitrogen or sulfur 
atoms and each ring of the heterocycle is 
comprised of 4 to 7 atoms, the heteroaryl 
group is an aromatic monocyclic or bicyclic 
heterocyclic group of s-12 atoms wherein the 
heteroatom or heteroatoms are selected from 
l-4 oxygen, nitrogen or sulfur atoms; the 
substitution for the alkyl, monocycloalkyl 
and bicycloalkyl moieties are selected from 
trifluoromethyl, pentafluoroethyl, amino, 
mono(C1-c6)alkylamino, di(c1-c6)alkylamino, 
hydroxy, cc1-c6)alkoxy, (c3-c8)cycloalkoxy, 
carboxy, cc2-c10)carboalkoxy, ciyano and 
cc1-c10)carboxamido; the substitution for the 
aryl, heteroaryl and heterocyclyl moieties is 
selected from (c1-c6)alkyl, (C1-c6)mono-, di­
or polyfluoroalkyl, hydroxy, (C1-c6)alkoxy, 
(C3-c8)cycloalkoxy, amino, 
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mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
carboxy, (C2-c10)carboalkoxy, cyano and 

cc1-c10)carboxamido: 
(C) R1 is straight or branched cc1-c8)alkyl, straight 

or branched cc2-c8)alkenyl, cc3-c8)cycloalkyl, or 

(CH2)n,R: wherein 
n' is an integer of from 1-6; R is selected from 
CF3 , c2F5 , fluorine, chlorine, bromine, hydroxy, 
alkoxy, nitrile, azido, a quaternary ammonia 
group, amidino, formamidino, guanidino and_NR'R'': 
wherein 
(i) R' and R'' are independently selected from 

hydrogen, straight or branched (c1-c6)alkyl, 
straight or branched (C1-c6)alkoxy, 
2-bydroxyethyl, 2-azidoethyl and 
2-aminoethyl: 

(ii) and when R' is hydrogen or straight or 
branched (c1-c6)alkyl, R'' may also be 
selected from amino, hydroxy, 

mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
acyl, benzoyl, dihydroxybenzoyl, an acyl 
residue of an amino acid or peptide, and 
straight or branched substituted (C1-c6)alkyl 
wherein said alkyl substituent is selected 
from hydroxy, cc1-c6)alkoxy, azido, amino, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, 
guanidino, nitrile, carboxy, formimidoyl and 
phenyl: or 

(iii) R' and R'' taken together with the associated 
nitr0gen is an unsubstituted or substituted 
monocyclic or bicyclic heterocyclic ring 
having up to four (4) heteroatoms in each 
ring independently selected from oxygen, 

·nitrogen and sulfur, wherein said 
substituent is selected from straight or 
branched cc1-c6)alkyl, straight or branched 
cc1-c6)alkoxy, (C3-c8)cycloalk.yl, 
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cc
3
-c

8
)cycloalkoxy, trifluorometbyl, hydroxy, 

haloqen (selected from bromine, chlorine, 
fluorine and iodine), amino, nitrile, 
carboxy, carbamido, carbamoyl, straight or 
branched mono(c1-c6 )alkylamino, straight or 
branched di(c1-c6 )alkylamino, and 
amino(c1-c6 )alkyl; 

and wherein the substituent or substituents on the 

moiety are independently selected from ~oieties of the 
formula -(CH2)nR2 wherein 
(D) n is an integer from 0-4; 
(E) ~ is: 

(i) methyl, fluorine, chlorine, bromine, iodine, 
-OCOCH3, -OCOCFJ' -oso2CH3, -OS02Ph, azido, 

(ii) a moiety of the formula: 
. a 

-S(O)n,,R 
wherein n'' is an integer from 0-2; 
and Ra is 

(a) hydrogen or an 
(b) organic group bonded via a carbon atom 

selected from substituted or 
unsubstituted (C1-c6)alkyl, substituted 
or unsubstituted (C3-c7)cycloalkyl, sub­
stituted or unsubstituted 
(C2-c6)alkenyl, substituted or 
unsubstituted cc2-c6)alkynyl, substitu­
ted or unsubstituted aryl, substituted 
or unsubstituted heteroaryl, substituted 
or unsubstituted aryl(c1-c6)alkyl, sub­
stituted or unsubstituted 
heteroaryl(c1-c6)alkyl, substituted or 
unsubstituted cc1-c6)alkanoyl, substi­
tuted or unsubstituted arylcarbonyl, 
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substituted or unsubstituted hetero­
arylcarbonyl, substituted or unsubsti­
tuted heterocyclyl, substituted or 
unsubstituted heterocyclyl(C1-c6)alky~, 
substituted or unsubstituted hetero­
cyclyl (c1-c6) thioalkyl; said substitu­
tion is selected from (C1-c6)alkyl, 
hydroxy cc1-c6)alkoxy, phenyl, hetero­
cyclyl, amino, amidino, quanidino, 
carboxamido, carbamoyl 
cc1-c6)alkanoylamino, mono- and 
di(C1-c6)alkylamino and quaternary 
ammonio; 

(iii) or R2 is selected from hydroxy, -ORa, 
-OC(O)Ra, -OC(O)ORa, -OC(O)NR~a or 

Ra 
/ -oc(o)-c 
'-NH 

2 
wherein Ra is independently selected and is 
as hereinabove defined or 

0 

11 

wherein R13 is a moiety selected from those 
of the formulae: 
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,-.- .- -t;J + + 
-llH 1 , -N(CH1lJ and 

wherein B- is a physiologically acceptable 
anion; 

(iv) or R2 is an organic residue bonded via a 
nitroqen atom, selected from: 
(a) NO, N02, N03, NC, NCO, NHCN, and NR~J 

wherein Rh and RJ are independently 
selected from hydrogen; amino, sub­
stituted amino, substituted or un­
substituted cc1-c8)alkyl and 
cc3-c8 )cycloalkyl(C1-c8)alkyl, aryl, 
aralkyl, heterocyclyl, heterocyclyl­
cc1-c4) alkyl, heteroaryl and heteroaryl­
(C1-C4)alkyl wherein the heteroaryl and 
heterocyclyl groups are as hereinbef ore 
described and a cyclic group wherein Rh 
and RJ taken together with the associ­
ated nitrogen is an unsubstituted or 
substituted mono- or bicyclic hetero­
cyclic ring having up to four (4) 
heteroatoms in each ring independently 
selected from oxygen, nitrogen and 
sulfur wherein the substituents in the 
above mentioned substituted alkyl, amino 
and heterocyclic group consist of amino, 
mono-, di- and tri(c1-c6)alkylamino, 
hydroxyl, oxo, carboxyl, alkoxyl, 
chloro, fluoro, bromo, nitre, -so2NH2 , 
phenyl, benzyl, acyloxy, alkoxylcarbo­
nyloxy, cyclo- alkoxycarbonyloxy and 
carboxamido; 

(b) a hydroxyl.amino, hydrazinyl, iminyl and 
hydroxamic acid derivative of the 
fo~ulae: 
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respectively; wherein Rh and RJ are as 
hereinabove defined; 

(c) mo'ieties of the formulae: 

•" >=N-N-J • 
R 1. 

... 
N / 

-,~1 J 
R R N-R and 

•' / ,........ . ..._ ... 
-re=......._ •"' 

~N--

"'-.1h 

wherein Rh and RJ are as hereinabove 
defined; 

(d) acylamino moieties of the formulae: 

0 

, 11 
R -C 

\ 
N-

0 
II 11 -N-c-o-R 

R11-C 
/ I J 

R 

II 
0 

wherein Rh and RJ are as hereinabove 
defined; 

(e) ·moieties represented by the formulae: 

. ' N-C -NH- and 
/ 

RJ 
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wherein Rh and RJ are as hereinabove 
defined and RP is selected from oxygen 

and sulfur; 
(f) moieties of the formula: 

0 
1c II 

R -c-C-NH-
11 
N 

I 
ORlc 

wherein Rk represents hydrogen, 
cc1-c3)alkyl* (c2-c6)alkenyl*, 
(c2-c6)alkynyl*, heterocyclyl* and 
heteroaryl* wherein the heteroaryl and 
heterocyclyl groups are as hereinbef ore 
described, wherein the aforesaid alkyl, 
alkenyl, alkynyl, heterocyclyl and 
heretoaryl group is optionally sub­
stituted by a substituent as described 
hereinabove for Rh and RJ: 

(g) moieties of the formula: 
a R S(O)n 1 ,NH-

wherein n'' and Ra are as hereinabove 

defined; 
(h) moieties represented by the formulae: 

0 

1•0 )II 
Jl-ICH 

1"'0 

wherein Rh and RJ are as·hereinabove 

definedi 
(i) an amino moiety containing an acyl 

residue of an amino acid or peptide 
represented by the formula: 
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0 
11 

-N-C-CH 

I h I t 
R R 

wherein Rh is as hereinabove defined; Rm 
is hydrogen or an acyl residue of an 
amino acid or peptide; and Rt is hydro­
gen, benzyl, straight or branched 
cc1-c6)alkyl optionally substituted with 
halo, hydroxy, amino, gu~nidinyl, 
carboxy, phenyl, aminocarbonyl, 
alkylthio, hydroxyphenyl or 
heterocyclyl; 

(j) an acyclic quaternary ammonio moiety of 
the formula: 
B- -h,R8R9 
wherein a,, R8 and R9 are the same or 
different and are selected from hydro­
gen, a straight or branched 
cc1-c6)alkyl, cc2-c6)alkenyl and sub­
stituted (c1-c6)alkyl, wherein the sub­
stitution is selected from hydroxy, 
(c1-c6)alkoxy, azido, amino, 
cc1-c6)alkylamino, di(c1-c6)alkylamino, 
guanidino, nitrile, carboxy, formimidoyl 
and phenyl; alternatively, R, and R8 
taken together are -(CH2) 2XCCH2 ) 2-, 
wherein X is (CH2)w (w is an integer 
from o to .2), oxygen, sulfur, _NH, NRh, 
NOH and NORh and B- is a ·physiologically 

acceptable anion, 
(k) a quaternized heteroaryl wherein the 

beteroaryl moiety must contain at least 
one positively charged nitrogen atom in 
association with a physiologically 
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acceptable anion, wherein the 

quaternized beteroaryl is optionally 

substituted by Ra as hereinabove 

defined1 and 

(v) or ~ is a moiety bonded via a carbon atom 

selected from the followinq qroups: 

(a) a nitrile moiety, acetylenic moiety or 

a moiety of the formulae: 

-c= C-R
0 

wherein Ra is as hereinabove defined; 

(b) a mo~ety selected from the formulae: 

-=-:---~-----'+ 
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0 
JI 

-c-R 0
: 

10 s 
11 

0 -c-R i 

-c~c-Ra 

1s Jh I,, 
R R 

-c=NoR": 

f h 
R Rh 

20 ~· c=:N~N.,/ 
I °'R" 
R ll 

0 0 

II 
-C-OH; 

11 
-c-oR0

: 

25 

30 

0 O· 
II ./R" II r--\. 

_, I " 11 
-c-N -c- N NR : . ""R J • \__/ 

0 0 

11 11 
-C-SR 0

; -C-H i 

35 

s h 
(( /R 

-c-N 
"RJ 
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. • 

wherein Ra, Rh and RJ are as hereinabove 
defined: and 

(c) a moiety selected from -CHF2 , CF3 , 
-CF2CFJ, -CH(OCH3) 2 , -CHC12 , and 
-Cim~ : 

(F) R3 is selected from hydrogen: a straiqht or 
branched (c1-c4)alkyl qroup; a (~1-c4 )alkoxymethyl 
qroup: a straight or branched 1-(c1-c5)aliphatic 
acyloxy-ethyl or methyl qroup: a straight, 
branched or cyclic 1-(c1-c6)alkoxycarbonyloxy­
ethyl or methyl qroup: a phthalidyl group: and 
water soluble cations selected. from the group 
consisting of lithium, sodium, potassium, ammonium 
and tetra(c1-c4)alkyl ammonium and the 
pharmaceutical~y acceptable-salts thereof. 

2. A compound according to Claim 1, 
wherein: 
(A) Z is selected from oxygen: 
(B) Ro is -CH(OR4)CH3: wherein 

R4 is selected from hydroqen and moieties of the 
formula: 
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0 0 0 0 0 0 
II II 11 II II II 

-CH2oct1 1 -CH 10COl 1 , -c 1 1 1
-cot11 -cocH 1oc:1 11 

a o o 
II 11 II 

-COCH10 COl 11 -,,Ola 

0 

wherein R6 i~ selected from a straight, branched 
or substituted cc1-c18)alkyl, cc2-c18)alkenyl, 
unsubstituted or substituted 
cc3~~)monocyclo(c1-c10)alkyl, unsubstituted or 
substituted cc5-c10)bicyclo(c1-c10)alkyl, aryl or 
substituted aryl, heteroaryl or substituted 
heteroaryl, heterocyclyl or substituted 
heterocyclyl; wherein the substitution for the 

aforesaid alkyl, mono~cloalkyl and bicycloalkyl 
group is selected from trifluoromethyl, 
pentafluoroethyl, amino, mono(c1-c6)alkylamino, 
di(c1-c6)alkylamino, hydroxy, (c1-c6)alkoxy, 

cc3-c8 )cycloalkoxy, carboxy, cc2-c10)carboalkoxy, 
cyano, and cc1-c10)carboxamido; the substitution 
for the aforesaid aryl, heteroaryl and 
heterocyclyl group is selected from (C1-c6)alkyl, 
(C1-c6)mono-, di- or polyfluoroalkyl, hydroxy, 
cc1-c6)alkoxy, (C3-c8)cycloalkoxy, amino, 
mono(c1-c6 )alkylamino, di(c1-c6 )alkyla.mino, 
carboxy, cc2-c10)carboalkoxy, cyano and 
(Ci-c10)carboxamido; 

(C) R1 is straight or branched (c1-c4)alkyl, straight 
or branched (C2-c4 )alkenyl, (C3-c6 )cycloalkyl, or 

(CB2)n1 R; ~herein 

n' is an integer of from 1-4; R is selected from 
CF3 , c2F5 , fluorine, chlorine, bromine, hydroxy, 
alkoxy, nitrile, azido, a quaternary ammonia 
group, amidino, formamidino, guanidino and NR'R'': 
wherein: 
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R' and R'' are independently selected from 
hydrogen, straight or branched cc1-c4)alkyl, 
and straight or branched cc1-c4)alkoxy: 

(ii) when R' is hydrogen or straight or branched 
cc1-c4)alkyl, R'' may also be selected from 
amino, hydroxy, mono(c1-c4 )alkylamino, 
di(c1-c4 )alkylamino, acyl, benzoyl, 
dihydroxybenzoyl, and an acyl residue of an 
amino acid or peptide: 
or 

(iii) R' and R'' taken together with the associated 
nitrogen is an unsubstituted or substituted 
monocyclic or bicyclic heterocyclic ring 
having up to four (4) heteroatoms in each 
ring independently ~elected from oxygen, 
nitrogen and sulfur, wherein said 
substituent is selected from straight or 
branched {c1-c4 )alkyl, straight or branched 
cc1-c4 )alkoxy, (c3-c6)cycloalkyl, 
cc

3
-c

6
)cycloalkoxy, trifluoromethyl, hydroxy, 

halogen (selected from bromine, chlorine, 
fluorine and iodine), amino, nitrile, 
carboxy, carbamido, carbamoyl, straight or 
branched mono(c1-c4)alkylamino, straight or 
branched di{c1-c4 )alkylamino, and 
amino(c1-c4 )alkyl: 

(D) ·n is an integer from 0-4; 

(E) R
2 

is 
(i) methyl, fluorine, chlorine, bromine, iodine, 

-OCOCHJ' -OCOCF31 -oso2CH3, -oso2Ph, azido, 
(ii) a moiety of the formula: 

a 
-S(O)n' ,R 

wherein n''is an integer from 0-2: 

and Ra is (a) hydrogen or (b) an organic 
group bonded via a carbon atom selected from 
substituted or unsubstituted cc1-c4)alkyl, 
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substituted or unsubstituted (C3-c6)cyclo­
alkyl, substituted or unsubstituted 
cc2-c4 )alkenyl, substituted or unsubstituted 
cc

2
-c

4
)alkynyl, substituted or unsubstituted 

aryl, substituted or unsubstituted hetero­
aryl, substituted or unsubstituted 
aryl(c1-c6)alkyl, substituted or unsubsti­
tuted heterocyclyl, substituted or unsubsti­
tuted fused heterocyclyl, said substitution 
is selected from cc1-c4)alkyl, hydroxy, 
cc1-c4)alkoxy, phenyl, heterocyclyl, amino, 
amidino, guanidino, carboxamido, carbamoyl 
and quaternary ammonio: wherein the 
heteroaryl and heterocyclyl moieties are as 

hereinbefore described. 
(iii) or R2 is hydroxy, -ORa, -OC(O)Ra, -OC(O)ORa, 

-OC{O)NR~8 or -OC(O)-C{NH2 )Ra wherein Ra is 
independently selected and is as hereinabove 
defined or 

a 

II 
-o-r-oct11 cH1 1,1 

L 
0 

wherein R13 is a moiety selected from those 
of the.formulae: 

a- e-
+ + 

-NH! I -N ( c H 3 h and 

a-

-o . 
I 

wherein B- is a physioloqica~ly acceptable 
anion: 

(iv) or R2 is an organic residue bonded via a 
nitroqen atom, selected from -
(~) NO, N02, N03, NC, NCO, NHCN, and NR~J 

wherein Rh and RJ are independea.ntly 
selected from hydrogen; substituted or 
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unsubstituted amino, substituted or 
unsubstituted (C1-c4 )alkyl and 
(C3-c6)cycloalkyl(C1-c4)alkyl, aryl, 
aralkyl, beterocyclyl, 
heterocyclyl(C1-c4)alkyl, heteroaryl and 
beteroaryl(C1-c4)alkyl wherein the 
heteroatom or heteroatoms are selected 
from oxyqen, nitrogen and sulfur, and a 

cyclic qroup wherein Rh and RJ taken 
together with the associated nitrogen is 

an unsubstituted or substituted mono- or 
bicyclic heterocyclic rinq having up to 
four (4) heteroatoms in each ring in­
dependently selected from oxygen, 
nitroqen and sulfur wherein the 
substituents in the aforementioned sub­
stituted alkyl, amino and heterocyclic 
groups consist of amino, mono-, di- and 
~ri(C1-c4 )alkylamino, hydroxyl, oxo, 
carboxyl, alkoxyl, chloro, fluoro, 
bromo, nitro, -so

2
NH

2
, phenyl, benzyl, 

acyloxy, alkoxylcarbonyloxy, 
cycloalkoxycarbonyloxy and carboxamido; 

(b) a bydroxylamino, hydrazinyl, and 
bydroxamic acid derivative of the 
formulae: 

0 

II 
It • 11 " ' d _ .. (cR 11 )01" -IC(R )OR'" ,--11(1 )MR R , an " 

respectively; wherein Rh and RJ are as 
hereinabove defined; 

(c) moieties of the formulae: 
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and 

wherein Rh and RJ are as hereinabove 
defined; 
an acylamino moiety of the formula: 

Rh-C-N-

11 I 
0 R1 

wherein Rh and RJ are as hereinabove 
defined; 
moieties represented by the formulae: 

, . 

Rh......._ rf 
N-C -NH- and 

/ 

RP 
II 

R"o-c-NH-

RJ 

wherein Rh and RJ are as hereinabove 
defined and RP is selected from oxygen 
and sulfur; 

(f) moieties of the formula: 

0 
k 11 

R -C-C-NH-
1 f 
N 

I . 
ORk 
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wherein Rk represents hydrogen, 
(c1-c3)alkyl, (c2-c4)alkenyl, 
cc2-c4)alkynyl, heterocyclyl and 
heteroaryl wherein the heteroatom or 
heteroatoms are selected from 1-4 
oxygen, nitrogen or sulfur and the 
cyclic portion has 5 or 6 ring atoms: 

(g) moieties of the formula: 
a 

R S(O)n,,NH-

wherein n'' and Ra are as hereinabove 
defined: 

(h) an amino moiety containing an acyl 
residue of an amino acid or peptide re­
presented by the formula: 

0 
II 

-N-C-CH 
I h I t 
R R 

wherein Rh is as hereinabove defined; Rm 
is hydrogen or an acyl residue of an 
amino acid or peptide; and Rt is 
hydrogen, benzyl, straight or branched 
(C1-c4)alkyl optionally substituted with 
halo, hydroxy, amino, quanidinyl, 
carboxy, phenyl, aminocarbonyl, 
alkylthio, hydroxyphenyl or hetero­
cyclyl: 

(i) an acyclic quaternary ammonia moiety of 
the formula: 

B- -NR,R8R9 . 
wherein B- is a physiologically 
acceptable anion and R, 1 R8 and Rg a~e 
the same or different and are select~d 
from hydrogen, a straight or branched 
(c1-c4)alkyl,. (c2-c4)alkenyl and sub­
stituted-(c1-c4)alkyl, wherein the 
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substitution is selected from hydroxy, 
cc1-c4 )alkoxy, azido, amino, 
cc1-c4)alkylamino, di(c1-c4)alkylamino, 
guanidino, nitrile, carboxy, formimidoyl 
and phenyl: alternatively, R, and R8 
taken together are -CCH2) 2XCCH2) 2-, 
wherein X is (CH2)w (w is an integer 
from o to 2), oxygen, sulfur, NH, NRh, 
NOH and NORh; and 
a quaternized heteroaryl wherein the 
heteroatoms are selected from 1-4 
oxygen, nitrogen and sulfur atoms with 
the proviso that the heteroaryl moiety 
must contain at least one positively 
charged nitrogen atom in association 
with a physiologically acceptable anion 
wherein the quaternized heteroaryl is 
optionally substituted by Ra as 
hereinabove defined; 

(v) or R2 is a moiety bonded via a ca~bon atom 
selected from the following groups: 

25 

30 

35 

(a) a nitrile moiety, an acetylenic moiety 
or a moiety of the formulae: 

(b) 

-c=c-R 0 

wherein Ra is as hereinabove defined: 
a moiety selected from the following 
formulae: 
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15· 
(c) a moiety selected from -CHF2 , CF3 , 

-CF2CF3, -CH(OCH3)2, -CHC12 or CHR~J: 
(F) R3 is hydroqen; a straight or branched cc1-c4)­

alkyl qroup: a cc1-c4)alkoxymethyl group: a 
straight or branched 1-cc1-c5)aliphatic _acyloxy­
ethyl or methyl group; a straight, branched or 
cyclic 1-cc1-c6)alkoxycarbonyloxy-ethyl or methyl 
group; a phthalidyl group: or water soluble 
cations selected from lithium, sodium, potassium, 
ammonium or tetra(c1-c4)alkyl ammonium and the 
pharmaceutically acceptable salts thereof. 

3. A compound according to Claim 1, 
wherein n is as described in Claim 1, z is oxygen and: 

(A) Ro is -CH(OR4)CH3; 
R4 is selected from hydrogen, and moieties of the 
formulae: 

0 0 Q 0 0 0 
fl 11 11 II II II 

-c11oc1 1 • -CH 1oco11 , -c 11 , -co11 , -cocH1o c 11 , 

0 0 
II II 

-COCHaO co1,. 

0 
II 

-t'Ol1 I 
1 
01, 

wherein R6 is selected from a straight, branched 
or substituted (c1-c18)alkyl, (C2-c18)alkenyl, 
unsubstituted or substituted 
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cc3-c7)monocyclo(C1-c10)alkyl, unsubstituted or 
substituted cc5-c10)bicyclo(c1-c10)alkyl, phenyl 
substituted phenyl: the substitution for the 
alkyl, monocycloalkyl and bicycloalkyl are 
selected from trifluoromethyl, pentafluoroethyl, 
amino, mono(c1-c6 )alkylamino, di(c1-c6 )alkylamino, 

hydroxy, cc1-c6)alkoxy, (C3-c8 )cycloalkoxy, 
carboxy, cc2-c10)carboalkoxy, cyano, and 
cc

1
-c10)carboxamido: the substitution for the 

phenyl group is selected from cc1-c6 )alkyl, 
cc1-c6)mono-, di- or polyfluoroalkyl, hydroxy, 

·cc1-c6 )alkoxy, cc3-c8 )cycloalkoxy, amino, 
mono(c1-c6 )alkyiamino, di(c1-c6 )alkylamino, 
carboxy, cc2-c10)carboalkoxy, cyano and 

cc1-c10)carboxamido: 
(B) R1 is straiqht or branched cc1-c4)alkyl, straight 

or branched cc2-c4 )alkenyl, or (CH2)n 1 R; 
n' is an inteqer of from l-4; R is selected from 
CF3 , c2F5 , ~luorine, chlorine, bromine, hydroxy, 
alkoxy, nitrile, azido, a quaternary ammonia 
group, amidino, formamidino, quanidino and NR'R''; 

wherein R' and R'' are independently selected from 
hydrogen,_ straight or branched cc

1
-c4 )alkyl, and 

straight or branched cc1-c4 )alkoxy: 
and when R' is hydrogen or straight or branched 
(C1-c4)alkyl, R'' may also be selected from amino, 
hydroxy,. mono(c1-c4)alkylamino, 
di(c1-c4 )alkylamino, acyl, benzoyl, and dihydroxy­
benzoyl, 

(C) R
2 

is 
(i) methyl, fluorine, chlorine, bromine, iodine, 

-OCOCH31 -OCOCFJ, -OS02CH3, -oso2Ph, azido, 
(ii) a moiety of the formula: 

a 
-S(O)n11R 

wherein n'' is an integer from 0-2: 

and Ra is hydrogen or an organic group bonded 
via a carbon atom selected from substituted 



5 

10 

( 
( 

15 

20 

25 

30 

35 

(iii) 

. . . ~,._::~ .... _.., 

-------------- -------- --

1 111111111111111111 11111111111 
* C l M S * 

-319-

or unsubstituted cc1-c4)alkyl, substituted or 
unsubstituted (c

3
-c

6
)cycloalkyl, substituted 

or unsubstituted (c
2
-c

4
)alkenyl, substituted 

or unsubstituted cc2-c4 )alkynyl, substituted 
or unsubstituted phenyl, said substitution is 
selected from {c1-c4)alkyl, hydroxy, 
(C1-c4)alkoxy, phenyl, amino, amidino, 
guanidino, carhoxamido, carbamoyl and 
quaternary ammonio: 
hydroxy, -ORa, -OC(O)Ra, -OC(O)ORa, 
-OC(O)NR~a or ~OC(O)-C(NH2 )Ra wherein Ra is 
independently selected and is as hereinabove 
defined or 

0 

II 
-O-P-OCH 2 CH 2 R13 ,_ 

0 

wherein R13 is a moiety selected from those 
of the formulae: 

e- e-
+ + 

-NH3' -H(CH3)3 and 

wherein B- is a physiologically acceptable 
anion, 

(iv) or R2 is an organic residue bonded via a 
nitrogen atom, select~d from -NR~J, and 
moieties of the formulae: 
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. 1• 
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II R' 
I......._ II 

N-C-NH-

1'/ 

•' II 
1•0 C-llH-

1 11 -c-N-

ll I 
0 •' 

0 •• 
II / 

-11-C-CH -II 
I I '-
1" •• '•" 

wherein Rh .and RJ are independently seleoted 
from hydroqen; substituted or unsubstituted 
(C1-c4)alkyl (C3-c6)cycloalkyl(C1-c4)alkyl, 
substituted and unsubstituted phenyl and with 
respect to the NR~J moiety, Rh and RJ taken 
toqether with the associated nitroqen is an 
unsubstituted or substituted mono- or 
bicyclic heterocyclic ring having from 5-7 
atoms in each ring and up to four (4) 
heteroatoms in each ring independently 
selected from oxygen, nitrogen and sulfur 
wherein the substituents consist of amino, 
mono-, di- and tri(c1-c4)alkylamino, 
hydroxyl, oxo, carboxyl, alkoxyl, chloro, 
fluoro, bromo, nitro, -so2NH2·, phenyl, 
benzyl, alkoxylcarbonyl, acyloxy, 
alkoxycarbonyloxy, cycloalkoxycarbonyloxy and 
carboxamido; RP is oxygen or sulfur; Rm is 
hydrogen or an acyl residue of an amino acid 
or peptide; and Rt is hydrogen, benzyl, 

straight ~r branch~d cc1-c4)alkyl optionally 
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substituted with halo, hydroxy, amino, 
guanidinyl, carboxy, phenyl, aminocarbonyl, 
alkylthio, or hydroxypbenyl, 
and it, 1 R8 and R9 are the same or different 
and are selected from hydrogen, a straight or 
branched (c1-c4 )alkyl, cc2-c4)alkenyl and 
substituted cc1-c4)alkyl, wherein the 
substitution is selected from hydroxy, 
cc1-c4)alkoxy, azido, amino, 
cc1-c4 )alkylamino, di(c1-c4 )alkylamino, 
quanidino, nitrile, carboxy, formimidoyl and 
phenyl: alternatively, R, and R8 taken 
together are -(CH2 ) 2X(CH2 ) 2-, wherein X is 

(CH2 )w (w is an integer from o to 2), oxygen, 
sulfur, NH, NRh, NOH and NORh: 

(v) or R2 is a moiety bonded via a carbon atom: 
selected from the following groups: 
(a) a ~oiety selected from a nitrile moiety, 

an acetylene moiety or a moiety of the 
formulae: 

-c=c-R 0 

wherein R8 is as hereinabove defined: 
(b) moiety selected from those of the 

formulae: 
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-c-Ra: 

10 

15 

20 

0 
fl 

-C-OH; 

0 
11 

-C-ORa: 

25 

0 0 
II. /Rh II r\ 

-C-N , -C- H NRh i 

"RJ \__/ 

30 

35 
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II /R 

-C-N 
"'RJ 
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wherein Ra, Rh and RJ are as hereinabove 

defined: 
(c) a moiety selected from -CHF2 , CF3 , 

-CF2CF3, -CH(OCH3>2• CJ:m.~J or -CHC12: 
(D) R

3 
is selected from hydrogen; a straight or 

branched cc1-c4)alkyl group; a (c1-c4)alkoxymethyl 

group: a straight or branched 1-(c1-c5 )aliphatic 
acyloxy-ethyl or methyl group: a straight, 
branched or cyclic l-(c1-c6)alkoxycarbonyloxy­
ethyl or methyl group: a phthalidyl group: and a 
water soluble cation selected from lithium, 
sodium, potassium, ammonium and t~tra(c1-c4 )alkyl 
ammonium, and the pharmaceutically acceptable 
salts thereof. 

4. A compound according to Claim 1, 
wherein n is as described in Claim 1, z is oxygen and: 

Ro is -CH(OR4)CH3: 
R4 is selected from hydrogen: and moieties of the 
formulae: 

0 0 0 0 0 0 
11 II 11 ti II II 

-CH1 oc1 1 , -CH1ocol 1 , -c 1
1 

, -co1 1 , -cocH1o c R1 , 

0 0 
II II 

-COCHzO co1,, 

R6 is selected from a straight, branched or substituted 
cc1-c18)alkyl, cc2-c18)alkenyl, unsubstituted or sub­
stituted (c3-c7)monocyclo(c1-c10)alkyl, unsubstituted 
or substituted (c5-c10)bicyclo(c1-c10)alkyl, phenyl and 
substituted phenyl: the substitution for the alkyl, 

monocycloalkyl and bicycloalkyl are selected from 
trifluoromethyl, pentafluoroethyl, amino, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, hydroxy, 

cc1-c6)alkoxy, cc3-c8)cycloalkoxy, carboxy, 

cc2-c10)carboalkoxy, cyano and (c1-c10)carboxamido: the 
substitution for the phenyl group is selected from 



-------------

5 

10 

15 

20 

25 

30 

35 

I If lllll llllll lllll lllll II llll 
C L M S * 

-324-

cc1-c6)alkyl, cc1-c6)mono-, di- or polyfluoroalkyl, 
hydroxy, cc1-c6)alkoxy, cc3-c8)cycloalkoxy, amino, 
mono(c1-c6)alkylamino, di(c1-c6)alkylamino, carboxy, 
cc2-c10)carboalkoxy, cyano and cc1-c10)carboxamido; 
R1 is selected from the qroup consistinq of straight 

(Cl-C3)alkyl, CH2CF3 and CH2CF2CF3; 
Ra is selected from the qroup consisting of: 

(a) methyl, fluorine, chlorine, bromine, 

iodine, -OCOCH3, -OCOCF3, -oso2CH3, 

-oso2Ph, azido, 
(b) a moiety of the formula: 

a -S(O)n, ,R 
wherein n'' is an integer· from 0-2; 
and Ra is hydroqen, substituted or 
unsubstituted (C1-c4)alkyl, substituted 
or unsubstituted phenyl, wherein the 
substituent in said substituted alkyl or 
phenyl group is selected from 
cc1-c4)alkyl, hydroxy, cc1-c4)alkoxy, 

amino, amidino, quanidino, carboxamido, 
carbamoyl and quaternary ammonia; 

(c) hydroxy, -ORa, -OC(O)NR8Ra or 
-OC(O)-C{NH2)Ra wherein Ra is 
independently selected and is as 
hereinabove defined or 

0 

II 
-o-P-OCHzCHzRn 

L 
0 

wherein R13 is a moiety selected from 
those of the formulae: 

,- a-
+ + 

-NH3 ' -N ( CH1)3 and 
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wherein B is a physioloqically 
acceptable anion, 

(d) moieties of the formulae: -NRha3 , 

0 
II 

-N(Cl 11 )0R', 

, . 
........ 

............... 
ti - I - - a' ................ ........ . 

0 •• 
II / 

-11-c-CH-M 

l• It 'a• I I 

wherein Rh and RJ are independently 
selected from hydroqen; substituted or 
unsubstituted cc1-c4)alkyl and (c3-c6 )­

cycloalkyl(C1-c4)alkyl, phenyl or 
substituted phenyl wherein the substi­
tuents consist of amino, mono~, di- and 
tri(C1-c4)alkylamino, hydroxyl, oxo, 

carboxyl, alkoxyl, chloro, fluoro, 
bromo, nitro, -so

2
NH

2
, phenyl, benzyl, 

acyloxy, alkoxylcarbonyloxy, cyclo­
alkoxycarbonyloxy and carboxamido; RP is 
oxygen or sulfur;. Rm is hydrogen or an 

acyl residue of an amino acid or peptide 
and Rt is hydrOgen or cc1-c4)alkyl, and 

R, 1 R8 and Rg are the same or diff~ent 
and are selected from hydrogen, a 
straight or branched cc1-c4)alkyl, 
cc2~c4)~lkenyl and substituted 
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cc1-c4 )alkyl, wherein the substitution 
is selected from hydroxy, cc1-c4 )alkoxy, 
azido, amino, (c1-c4)alkylamino, 
di(c1-c4 )alkylamino~ guanidino, nitrile, 
carl:>oxy, formimidoyl and phenyl; 
alternatively, ~ and R8 taken together 
are -(CH2) 2XCCB2) 2-, wherein X is (CB2 >w 
(w is an inteqer from o to 2), oxyqen, 
sulfur, NH, NRh, HOH and NORh; 

(e) ~r ~ is a moiety; selected from the 
followinq qroups; 
(1) a n~trile qroup; 
(2) 

0 

a moiety selected from those of the 

formulae: 

II I\ 
-c-N NRh 

\__/ 

wherein Rh and RJ are as 
hereinabove defined; 

(3) a moiety selected from -CHF2 , CF3 , 

-CF2CF31 -CH(OCH3)2, CHRh.a.J or 
-CHC12; 

R3 is hydroqen; a straiqht or branched cc1-c4)alkyl 
group; a cc1-c4 )alkoxymethyl group; a straight or 
branched l-(c1-c5 )aliphatic acyloxy-ethyl or methyl 
group; a straight, branched or cyclic l-(c1-c6)alkoxy­
carbonyloxy-ethyl or methyl group; a phthalidyl group; 
and water soluble cations.selected from lithium, 
sodium, potassium, ammonium and tetra(c1-c4)alkyl 
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ammonium and the pharmaceutically acceptable salts 
thereof. 

5. A compound according to Claim 1, wherein n is 
as described in Claim 1, Z is oxygen and: 
R

0 
is -CB(OR4)CH3; R4 is selected from hydrogen: 

R1 is selected from the group consisting of straight 
(C1-c3 )alkyl; 

R2 is selected from the group consisting of: 
(a)· methyl, fluorine, chlorine, -ocoCH3 , 

-ococF3, -oso2cu3, -oso2Ph, azido: 
(b) hydroxy, -oRa, or -OC(O)-C(NH2)Ra 

wherein Ra is hydrogen, substituted or 
unsubstituted (c1-c4 )alkyl, substituted 
or unsubstituted phenyl, wherein the 
substituent in said substituted alkyl or 
phenyl group is se1ected from 
cc1-c4 )alkyl, hydroxy, (c1-c4)alkoxy, 
amino, amidino, guanidino, carboxamido, 
carbamoyl and quaternary ammonio: 

(c) moieties of the formulae: -NR~J, 

RP 

h II 
R o-C-NH-

wherein Rh and RJ are independently 
selected from hydrogen; substituted or 
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unsubstituted (c1-c4)alkyl and (CJ-c6)­
cycloalkyl(C1-c4)alkyl, phenyl or 
substituted phenyl wherein the substi­
tuents consist of amino, mono-, di- and 
tri(C1-c4)alkylamino, hydroxyl, oxo, 
carboxyl, alkoxyl, chloro, fluoro, 
bromo, nitro, -so2NH2 , phenyl, benzyl, 
acyloxy, alkoxylcarbonyloxy, cyclo­
alkoxycarbonyloxy and carboxamido; RP is 
oxygen or sulfur; Rm is hydrogen or an 
acyl residue of an amino acid or peptide 
and Rt is hydrogen or cc1-c4)alkyl; 

(d) or R2 is a moiety selected from the 
following groups; 
(l) a nitrile group; 
(2) a moiety selected from those of the 

formulae: 

0 
II I\ 

-c-N NRh 
\___/ 

wherein Rh and RJ are as 
hereinabove defined; 

(J) a moiety selected from CBRh.aJ; 
R3 is hydrogen; a straight or branched cc1-c4)alkyl 
qroup; a cc1-c4)alkoxymethyl group; a straight or 
branched i-cc1-c5)aliphatic acyloxy-etbyl or methyl 
qroup; a straight, branched or cyclic l-(c1-c6)alkoxy­
carbonyloxy-ethyl or methyl group; a phthalidyl group; 
and water soluble cations selected from lithium, 
sodium, potassium, ammonium and tetra(c1-c4 )alkyl 
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ammonium and the pharmaceutically acceptable salts 
thereof. 

6. A compound selected from those of formula IV 

and IX: 

HS-Q 
(CHz)nRz 

IV (1-3) 

~ 
HS {CHz)nRz 

IY (4-6) 

y~ y);; 
(CHz)nRz 

rx (4-&) 

wherein: 

(CH2)nR2 

IX(t-3-) 

Y is selected from chloro, bromo, iodo, methane­
sulfonate and trifluoromethanesulfonate: 
n is an integer from 0-4: 

z is selected from oxygen, sulfur, sulfoxide and 
sulfone: 
R2 is selected from: 

(i) methyl, hydrogen, fluorine, chlorine, 
bromine, iodine, -ocoCH3 , -OCOCF3 , 

-OS02CH3, -OS02Ph, azido, 
{ii) a moiety of the formula: 

a -S{O)n,,R 
wherein n'' is an integer. from 0-21 
and Ra is hydrogen or an orqanic group 
bonded via a carbon atom selected from 
substituted or unsubstituted 
cc1-c4)alkyl, substituted or 
unsubstituted cc3-c6)cycloalkyl, 
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substituted or unsubstituted 
(C

2
-c

4
)alkenyl, substituted or 

unsubstituted cc2-c4)alkynyl, 
substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryl, 
substituted or unsubstituted 
aryl(C1-c6 )alkyl, substituted or un­
substituted heterocyclyl, any of such 
groups being optionally substituted: 
said substitution is selected from 
cc1-c4)alkyl, hydroxy (c1-c4)alkoxy, 
phenyl, heterocyclyl, amino, amidino, 
guanidino, carboxamido, carbamoyl, and 
quaternary ammonio; 

(c) or R2 is hydroxy, -ORa, -OC(O)Ra, 

-OC(O)ORa, -OC(O)NR~a or 

Ra 
/ 

-oc(o)-c 
'°'NH 2 

wherein Ra is independently selected 
and is as hereinabove defined or 

0 

11 

wherein R13 is a moiety selected from 
those of the formulae: 

a- e-
+ + 

-NH 3 • -M ( CH3)3 and 
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(iv) or R2 is an organic residue bonded via a 

nitrogen atom, selected from 

(a) NO, N02 , N03 , NC, NCO, NHCN, and 
NR~J wherein Rh and RJ are 

independently selected from 

hydrogen; amino; substituted or 

unsubstituted amino; substituted or 

unsubstituted cc1-c4 )alkyl and 

(c3-c6 )cycloalkyl(C1-c4 )alkyl, 

(b) 

aryl, aralkyl, heterocyclyl, 

heterocyclyl(C1-c4)alkyl, 

heteroaryl and 

heteroaryl(C1-c4)alkyl wherein the 

heteroatom or heteroatoms are 

selected from oxygen, nitrogen and 

sulfur, and a cyclic group wherein 
Rh and RJ taken together with the 

associated nitrogen is an un­

substituted or substituted mono- or 

bicyclic heterocyclic ring having 

up to four (4) heteroatoms in each 

ring independently selected from 

oxygen, nitrogen and sulfur wherein 

the substituents in the afore 

mentioned substituted alkyl, amino 

and heterocyclic group consist of 
amino, mono-, di- and 

tri(c1-c4 )alkylamino, hydroxyl, 

oxo, carboxyl, alkoxyl, chloro, 

fluoro, bromo, nitro, -so2NH2 , 

phenyl, benzyl, acyloxy, 

alkoxylcarbonyl, alkoxycarbonyloxy, 

cycloalkoxycarbonyloxy and 

carboxamido; 

or R~ is a bydroxylamino, 
hydrazinyl, iminyl and hydroxamic 
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acid derivative selected from those 
of the formulae: 

respectively: wherein Rh and RJ are 
as hereinabove defined; 
moieties of the formulae: 

and 

wherein Rh and RJ are as 

hereinabove defined: 
(d) acylamino moieties of the formulae: 

h R -C-N-

wherein Rh and RJ are as 

hereinabove defined; 
(e) moieties represented by the 

formulae: 



s 

10 

(f) 

15 

20 

25 

30 

35 

---· ·--------·-------

l lllllll llllll lllll lllll ll llll 
* C L M S * 

-333-

wherein Rh and RJ are as hereinabove 
defined and RP is selected from oxygen 

and sulfur: 
moieties of the formula: 

Rk-C-C-NH-

11 11 
N 0 

I 
ORk 

wherein Rk represents hydrogen, 

substituted or unsubstituted 

(c1-c3)alkyl*, (C2-c4)alkenyl*, 
(C2-c4 )alkynyl*, heterocycly~* and 

heteroaryl* wherein the heteroatom and 
heteroatoms are selected from 1-4 

oxygen, nitrogen or sulfur and the 

cyclic portion has 5 or 6 ring atoms; 
wherein the aforesaid groups marked with 
an asterisk are optionally substituted 
by a substituent described hereinabove 
for Rh and RJ: , 

(9) moieties of the formula: 
a 

R S(O)n11NH-

wherein n'' and Ra are as hereinabove 

defined: 
(h) moieties represented by the 

formulae: 
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wherein R~ and RJ are as 
hereinabove defined; 

111111111111111111111111111111 
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an amino moiety containing an acyl 
residue of an amino acid or peptide 
represented by· the formula: 

0 
II /Rm 

-N-C-C H-N 

I h I t "Rh 
R R 

(j) 

wherein Rh is as hereinabove 
defined; Rm is hydrogen or an acyl 
residue of an amino acid or 
peptide; and Rt is hydrogen, 
benzyl, straight or branched 
(C1-c6)alkyl optionally substituted 
with halo, hydroxy, amino, 
guanidinyl, carboxy, phenyl, 
aminocarbonyl, alkylthio, hydroxy­
phenyl or heterocyclyl; 
an acyclic quaternary ammonio 
moiety of the formula: 

B- -~R8R9 
wherein ~, R8 and R9 are the same 
or different and are selected from 
hydrogen, a straight or branched 
cc1-c4)alkyl, (c2-c4 )a1kenyl and 
substituted (c1-c4)alkyl, wherein 
the substitution is selected from 
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hydroxy, cc1-c4)alkyl, wherein the 

substitution is selected from 
hydroxy, cc1-c4)alkoxy, azido, 
amino, (C1-c4)allcylamino, 
di(c1-c4)alkylamino, guanidino, 
nitrile, carboxy, formimidoyl and 
phenyl: alternatively, R, and R8 
taken together are -(CH2 ) 2X(CH2 ) 2-, 

wherein X is (CH2 )w (w is an 
integer from o to 2), oxygen, 
sulfur, NH, NRh, NOH and NORh and 
B is a physiologically acceptable 
anion: 

(v) or ~ is a moiety bonded via carbon 
atom: selected from the following 
groups: 
(a) a nitrile moiety an acetylenic 

group, or a moiety of the formulae: 

-c= C-R 0 

(b) 

wherein R8 is as hereinabove 
defined: 
a moiety selected from those of the 
formulae: 
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0 
l I 

-c-Ra; 

Rh 
C-N-N - - "J i I R 
Rh 

0 0 
11 

-C-OH i 
11 a 

-C-OR i 

0 /\ lol /Rh II N R h ; 
,,, -c-N\_/. -c-N, • 

"'RJ 

0 

11 a 
-C-SR i 

0 

II 
-C-H i 

---------------

111111111111111111111111111111 
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N-RJ 

-c=N-N-< Rh . I I .,.,..,- t 

R" R
11 N' • 

R.1 

Rh 

/N<RJ 

-~N-Rh 

-a·· 

wherein Ra, Rh and RJ are as hereinabove 
defined; 

(c) a moiety selected from -CHF2 , CF3 , 

-CF2CF3, -CH(OCH3)2' -CHC12 and CHR~J. 
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7. A compound selected from the group 
consisting of: 

[4R-[3(3R*,SR* and 3S*,SS*)4alpha,Sbeta,6beta(R*)]]-
3-[(S-[[(Aminocarbonyl)oxy]methyl]tetrahydro-3-
furanyl]thio]-6-(l-hydroxyethyl)"-4-methyl-7-oxo­
l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
monosodium salt; 

[4R-[3(3R*,SS* and 3S*,5R*}4alpha,Sbeta,6beta{R*)]]-
3-[[S-[[(4-Fluorophenyl)sulfony1Jmethyl]tetrahydro-3-
furanyl]thio]-6-(1-hydroxyethyl)-4-methyl-7-oxo-
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
monosodium salt; 

[4R-[3(3R*,SS* and 3S*,SR*)4a,sp,6p(R*)]]-
3-[[5-[[[(Dimethylamino)methylene]am.ino]methyl] 
tetrahydro-3-furanyl]thio]-6-(l-hydroxyethyl)-4-methyl-7-
oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid; 
(4R-[4a,5~,6PCR*)]-l-Amino-2,S-anhydro-4-S-[2-carboxy-

6-(1-hydroxyethyl)-4-methyl-7-oxo-l-azabicyclo[3.2.0] 
hept-2-en-3-yl]-1,3-dideoxy-4-thio-D-threo-pentitol; 
[3-S-[4R-[l-(S*),4a,SP,6P(R*}]]]-1-[(2-Amino-1-
oxopropyl)amino]-2,5-anhydro-3-S-[2-carboxy-6-(l­
hydroxeythyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-
en-3-yl]-1,4-dideoxy-3-thio-D-threo-pentitol; 
[3-S[4R-[l(S*),4alpha,Sbeta,6beta(R*)]]]-1-[(2-Amino-3-
methyl-1-oxopentyl}amino]-2,5-anhydro-3-S-[2-carboxy-6-
(1-hydroxyethyl)-4-methyl-7-oxo-l-azabicyclo­
[3.2,0]hept-2-en-3-yl]-1,4-dideoxy-3-thio-D-threo­
pentitol; 

[3-S[4R-[l(S*,S*),4alpha,4beta,6beta(R*)]]]-1-[(2-
Amino-3-methyl-l-oxopentyl)amino]-2,5-anhydro-3-S-[2-
carboxy-6-(l-hydroxyethyl)-4-methyl-7-oxo-l­
azabicyclo[3.2.0]hept-2-en-3-yl]-l,4-dideoxy-3-thio-D­
threo-pentitol; 

[3-[4R-[4alpha,Sbeta,6b~ta(R*)]]]-1-

(Acetyloxy}ethoxy]carbonyl]amino]-2,5-anhydro-3-S-[2-
carboxy-6-(l-hydroxyethyl)-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-en-3-yl]-l,4-dideoxy-3-thio-D-
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threo-pentitol Monosodium Salt; 

[4R-[3(3R*,SR*, and 3S*,SS*)4a,sp,6p(R*)]]-6-(l­

Hydro~ethyl)-4-methyl-7-oxo-3-((tetrahydro-5-

(hydroxymethyl)-3-furanyl]thio]-l-azabicyclo­

[3.2.0]hept-2-ene-2-carboxylic acid (4-nitro-

phenyl)methyl ester. 

8. A method of treating bacterial infec­

tions in mammals which comprises administering an 

effective antibacterial amount of a compound according 

to Claim 1. 

9. A pharmaceutical composition of matter 

comprising a coumpound according to Claim l in 

association with a pharmaceutically acceptable carrier. 

10. A process for producing a carbapenem 

compound of the formula I: 

I 

wherein R0 , R1 , R2 , R
3

, z and n are as described in 

claim 1 which comprises: 

(a) contacting a compound of the formula III: 

TTT 

0 

" OP(OPb)i 
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wherein R15 is a carboxyl protecting group with a 

thiol com.pound of the formula IV: 

IV 

(b) and removing said protecting group and recovering 

the com.pounds of Formula I. 

11. A process for producing a carbapenem 

compound of the formula I: 

I 

wherein R0 , R1 , R2 , R3 , z and n are as described in 

claim 1 which comprises: 

(a) reacting a 3-bromo-2-ketoester compound of formula 

V: 

v 
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wherein R15 is a carboxyl protecting group and TBS 

is t-butyldimethylsilyl with a thiol compound of 

the formula IV: 

z 
HS~", 

G_:__<CH2lnR2 

IV 

to obtain an azetidinone compound of the formula 

VI: 

0 COOR15 

Vl I 

{b) hydrolyzing the TBS protecting group to obtain a 

compound of the formula VII: 

vu 
I • 
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(c) reacting the compound of formula V!I with a 

suitable acid to obtain a compound of the form.ula 

II: 

COOR15 

and 

(d) removing the ~arboxyl protecting group R15 to 

obtain the compounds of formula I·. 

12. A process for producing a compound of 

the formula I: 

I 

wherein R0 , R1 , R2 , R3 , Z and n are as defined in claim 

1 which comprises: 

(a) reacti~g a silver thiolate compound of formula 

VIII 

fto,,, JI 
. Oµ-<\._SAg 

COOR1s 

vm 
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whe;c~_;i.ft.1' is a~1$cted from chloro, bromo, iodo, 

m.e~~~ulfo~@.:t;~·:: and trifluoromethanesulfonate; to 

obta!,t;l:l··.~ co~Q~SJ of the formula II: 

.-.'.~ ... , .. 

20 n 

(b) an,(l f;~ving tb.e carboxyl protecting group R15 to 

obta,.$J·· • eompo~<i of formula J: • 

. ' ~-·: ., .. 

,,.. .... 

! 
.. .. . ... ·- ·-~ ~ 

; 


