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[57] ABSTRACT 
Described is a novel process for the preparation of 
penems and carbapenems useful as antibacterial agents 
which comprises the reaction of an appropriate 4-sub 
stituted-azetidine-Z-one with an acid halide in the pres 
ence of a tertiary amine and an alkaline earth metal 
carbonate, followed by reaction of the thereby formed 
1-imid0-4-substituted-azetidine-2-one with a trialkyl 
phosphite 
Also described are novel penems useful as antibacterials 
which are prepared by the described process. 

3 Claims, No Drawings 
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AZA PENEM COMPOUNDS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a division; of application Ser. No. 230,774, 
filed Feb. 2, 1981 now US. Pat. No. 4,347,183. 

This invention relates to a novel process useful in the 
synthesis of penems and carbapenems having antibacte 
rial activity and to novel compounds produced thereby. 
More particularly, this invention relates to a process 

for preparing compounds of the following formula I: 

wherein R1 is [hydrogen,] lower alkyl, acylarnino or 

wherein R4 is hydrogen, lower alkyl, aryl, heteroaryl 
and R5 is an O-protecting group; 
R1 is lower alkyl, aryl, aralkyl, an N-protected amino 

lower alkyl, an O-protected hydroxyalkyl, thioalkyl, 
thioaryl, thioheteroaryl, an a-(N-protected) amino acid 
ester or an alkylcarboxylic acid ester; 

R3 is nitrile. tetrazole, or —COOR¢, wherein R6 is 
lower alkyl, lower alkyltrihalogenomethyl, aryl, allyl, 
or a metabolisable ester such as phthalidyl or pivaloy 
loxymethyl; 
X and Z are independently sulfur, oxygen, —NR7 

wherein R7 is acyl, alkyl, aryl, N-protecting group, or 
-—(CH3),,-— wherein n is l or 2: 
Those compounds of formula I wherein X is -—(CH;. 

),,— are identi?ed as carbapenems whereas those com 
pounds wherein X is sulfur, oxygen, or —NR7 are iden 
ti?ed as penems. 
Compounds of formula I wherein the O-protecting 

and N-protecting groups have been removed are useful 
as antibiotics, being active against both gram positive 
organisms such as Staphylococcus epidermis and Bacil 
lus subtilis, and such gram negative organisms as E. coli 
and Salmonella. 
The lower alkyl groups referred to above for R1, R2, 

R4 and R(, contain 1 to 6 carbon atoms and are exempli 
fied by methyl, ethyl, propyl, butyl, pentyl, hexyl, and 
the corresponding branched-chain isomers thereof, 
The acyl portion of the acylarnino substituents re 

ferred to above for R1 denotes groups of the formula 

0 
ll 

wherein R3 is lower alkyl, aralkyl, lower alkoxy, aryl 
oxy, alkenyl or alkynyl of 2—6 carbon atoms, cycloaikyl 
of 4-6 carbon atoms, heteroaryl heteroaralkyl, option 
ally substituted by hydroxy, thiol, alkylthio, lower al 
kyl, lower alkoxy, halogen, cyano, carboxy, nitro. 
amino, aminoloweralkyl or haloloweralkyl such as tri 
?uoromethyl. Representative of such groups are those 
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2 
such as benzyl, p-hydroxybenzyl, 4-amino-4-carboxybu 
tyl, methyl, cyanornethyl, Z-pentenyl, n-amyl, p-heptyl, 
ethyl, 3- or 4-nitrobenzyl, phenethyl, a, - 
diphenylethyl, methyldiphenylmethyl, triphenyl 
methyl, Z-methoxyphenyl, 2,6-dimethoxyphenyl, 2,4,6 
trimethoxyphenyl, 3,5-dimethyl-4-isoxazolyl, 3-butyl-5 
methyl-4-isoxazolyl, S-methyl-3-pheny1-4-isoxazolyl, 
3-(2-chlorophenyl)-5-methyl-4-isoxazolyl, 3-(2,6 
dichlorophenyl), 5-methyl-4-isoxazolyl, D-4-amino-4 
carboxybutyl, D-4-N-benzoylamino~4-carboxy-n-butyl, 
p-aminobenzyl, o-aminobenzyl, m-aminobenzyl, p 
dimethylaminobenzyl, (3-pyridyl)methyl, 2-ethoxy-l 
napthyl, 3—carboxy-2-quinoxalinyl, 3-(2,6-dichloro 
phenyl)-5-(2-furyl)-4-isoxazolyl, 3-phenyl-4-isoxazolyl, 
p-carboxymethylbenzyl, m-fluorobenzyl, m-bromoben 
zyl, p-chlorobenzyl, p-methoxybenzyl, l-napthyl 
methyl, 3-isothiazolylmethyl, 4-isothiazolylmethyl, 5 
isothiazolylmethyl, 4-pyridylmethyl, S-isox 
azolymethyl, 4-methoxy-5-isoxazolylmethyl, 4-methyl 
S-isoxazolylmethyl, Z-imidazolylmethyl, 2-ben 
zofuranylmethyi, 2-indolylmethyl, 2—phenylvinyl, 2 
phenylethynyl, l-aminocyclohexyl, 2- and 3 
thienylaminomethyl, 2-(5-nitrofuranyl) vinyl, phenyl, 
o-rnethoxyphenyl, o-chlorophenyl, o-phenylphenyl, 
p-aminornethylbenzyl, l-(S-cyanotrizolyl)methyl, di 
fluoromethyl, dichloromethyl, dibromomethyl, 1-(3 
methylimidazo1yl)methyl, 2- or 3-(4-carboxymethyl 
thienyl)methyl, 2- or 3-(5-methylthienyl)methyl, 2» or 
3-(methoxythienyl)methyl, 2- or 3-(4-chlorothienyl) 
methyl, 2- or B-(S-carboxythienyl)rnethyl, (3-(l,2,5 
thiadiazolyl)methyl, 3-(4-methoxy-l,2,5-thiadiazolyl) 
methyl, Z-furylmethyl, 2-(S—nitrofuryl)methyl, 3-furyl 
methyl, Z-thienylmethyl, 3-thienylmethyl, tetrazolyl 
methyl, cyclohexylamidinomethyl and other similar 
acyl groups found in conventional penicillin deriva 
tives, The term also denotes an acyl residue derived 
from an a-amino acid of the L or D con?guration. 
The term “aryl” as used hereirrfor R1, R2, R4 and R6 

refers to phenyl optionally substituted by lower alkyl, 
lower alkoxy and halogen groups, e.g., p-tolyl, o-tolyl, 
m-tolyl, p-chlorophenyl, o-methoxyphenyl, etc. 
I-Ialogeno refers to a ?uorine, chlorine, bromine or 
iodine substituent. 
The term "heteroaryl" as used herein for R5 refers to 

aryl groups having a hetero atom in the ring such as 
pyridyl, furanyl, thienyl or the like. The heteroaryl 
group may optionally contain 1 to 3 lower alkyl substit 
uents,‘ e.g., Z-methylpyridyl, 3-methylthienyl, etc. 
Where there is a possibility of the various position iso 
mers, the term “heteroaryl" is intended to cover all 
isomers, e.g., Z-pyridyl, 3-pyridyl and 4-pyridyl. 
The term “aralkyl" denotes lower alkyl groups sub 

stituted by one or more aryl groups such as benzyl, 
phenethyl, benzhydryl and the like. 
The term "metabolisable ester” group denotes an 

ester groups which is metabolically removed in the 
body. Two particularly useful metabolisable ester 
groups are the phthalidyl group and the pivaloylox 
ymethyl group. 
Amine protecting groups, designated herein as N 

protecting groups, and hydroxyl protecting groups, 
designated herein as O-protecting groups, are well 
known in the art as well as their methods of preparation 
and removal. 

Preferred N-protecting groups for use in the process 
of this invention to protect amine substituents included 
within the definitions of R}, X and Y in formula I are 
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groups such as 2,2,2-trichloroethoxycarbonyl, benzhy 
dryloxycarbonyl or, preferably, allyl oxycarbonyl. 

Preferred hydroxyl protecting groups for use in the 
process of this invention to protect hydroxyl substitu 
ents included within the de?nitions of R2 and R5 in 
formula I are groups such as 2,2,2-trichloroethoxycar 
bonyl, 1,1,l-trichloro-2-methyl-2-propoxycarbonyl, p 
nitrobenzyloxycarbonyl or allyloxycarbonyl, with 
2,2,2-trichloroethoxycarbonyl being preferred. 
Compounds of formula I wherein X is sulfur and 

wherein the O- and N-protecting groups have been 
removed-are known as antibacterial agents being de 
scribed, for example, in European Published Applica 
tion Nos. 13,662; 2,210 and 3,960. 

Additionally, carbapenems of formula I (i.e. com 
pounds wherein X is —(CH;),,— and penems of formula 
I wherein X is oxygen are known antibacterial agents 
being described, for example, by B. G. Christensen, et. 
al., J. Chem. Soc. 100, 3006, (1978), and P. H. Bentley, 
et. al., Chem. Soc., Chemical Communications, P. 905 
(1977) and P. 518 (1978). 
Novel compounds of formula I include those penem 

derivatives wherein X is —NR7 and O- and N 
deprotected analogs thereof. Thus, included within our 
inventive concept are compounds of the following for 
mula II: 

wherein R1 is [hydrogen,] lower alkyl, acylamino or 

wlserein R4 is hydrogen, lower alkyl, aryl, heteroaryl, 
and RgiS hydrogen or an O-protecting group; 
R1 is alltyl, aryl, aralkyl, aminoalkyl, an N-protected 

lower amino-alkyl, hydroxyalkyl, an O-protected hy 
droxyalkyl, thioalkyl, thioaryl, thioheteroaryl, an 0. 
amino acid ester an a-(N-protected) amino acid ester or 
an alkyl carboxylic acid ester; 
R3 is nitrile, tetrazole, or —COOR<, wherein R5 is 

lower alkyl, lower alkyltrihalogenomethyl, aryl, allyl, a 
metabolisable ester such as phthalidyl or pivaloylox 
ymethyl, hydrogen or an alkali metal cation; 
Z is sulfur, oxygen, —(CH3),,— wherein n is l or 2, or 

—NR7 wherein R7 is hydrogen, acyl, alkyl, or aryl, or 
an N-protecting group; and the pharmaceutically ac 
ceptable salts thereof. 
Compounds of formula II wherein R7 is an N-protect 

ing group and which have other N- and (It-protecting 
groups are products of our novel process described 
hereinbelow which, when the 0- and, optionally, the 
N-protecting groups have been removed, produce com 
pounds wherein R7 is hydrogen and other protecting 
groups are replaced by hydrogen, and which exhibit 
antibacterial activity. 

Thus, another aspect of our invention includes within 
its scope pharmaceutical compositions comprising an 
antibacterially effective amount of a penem of formula 
II wherein R7 is hydrogen, acyl, alkyl, or aryl and all 0 
and optionally, all N-protecting groups have been re 
moved together with a compatible, pharmaceutically 
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4 
acceptable carrier or coating. Also included within this 
invention is the method of eliciting an antibacterial 
response in a warm-blooded animal having a susceptible 
bacterial infection which comprises administering to 
said animal a non-toxic, antibacterially effective amount 
of a compound of formula II wherein R7 is hydrogen, 
acyl, alkyl or aryl and all 0- and optionally, N-protect 
ing groups have been removed. 
The dosage administered of the penems of this inven 

tion is dependent upon the age and weight ofthe animal 
species being treated, the mode of administration and 
the type and severity of bacterial infection being pre 
vented or reduced. Typically, the dosage administered 
per day will be in the range of l00—5000 mg, with I 
SOO-lOOO mg being preferred. 
For oral administration, the antibacterial compounds 

of this invention may be formulated in the form of tab 
lets, capsules, elixirs or the like. Likewise, they may be 
admixed with animal feed. They may also be applied 
topically in the form of ointments, both hydrophilic and 
hydrophobic, in the form of lotions which may be aque 
ous, non-aqueous or of the emulsion type, or in the form 
of creams. 
The compounds of formula II whrein R7 is hydrogen, 

acyl, alkyl, or aryl, and wherein all 0- and optionally, 
N-protecting groups have been removed may be uti 
lized in liquid form such as solutions, suspensions and 
the like for otic and optic use and may also be adminis 
tered parenterally via intramuscular injection. 

Preferred compounds of formula II are those wherein 
R1 iS 

0R5 

ILA-CH 

and Z is sulfur, particularly those wherein R2 is lower 
alkyl or amino-lower alkyl. 
The compounds of formula I and II possess several 

centers of chirality and the process of this invention, 
depending on the con?guration of the starting com‘ 
pound, will produce either chiral compounds of a spe 
ci?c configuration or isomeric mixtures. 
A preferred aspect of this invention is directed to a 

process for preparing compounds of formula I wherein 
R1 is 

R3 is methyl or ethyl and Z and X is sulfur, particularly 
the preparation of the foregoing compounds wherein 
R4 is methyl. The preferred con?guration of the forego 
ing compounds is that wherein the con?guration at C-5 
and C-6 of the absolute stereochemistry R and S, re 
spectively. The two hydrogen atoms attached to the 5 
and 6 carbon atoms are thus trans to one another. The 
stereochemistry of the C-8 carbon atom (i.e. the carbon 
atom of the 

OR; 

R4-CH—group) 

may be designated as either R or S depending on the 
exact nature of the R3 substituent. For instance, the 
compounds wherein R4 is methyl will have the 8R ste 
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reochemistry. The most preferred embodiment of the 
process aspect of this invention is, therefore, directed to 
the preparation of compounds of the following formula 
III, having a stereocon?guration designated SR,6S, 8R 
and having the following representative spatial con?gu 
ration 

OH [I] 
H H t 

H -;__ g b S_-R'2 

CH3 / N 

o/ coon, 

wherein R1‘ is methyl or ethyl. 

DETAILED DESCRIPTION OF THE PROCESS 
ASPECT OF THE INVENTION 

The compounds of formula I are prepared by the 
process of this invention which comprises the reaction 
of an azetidinone of formula A: 

RL 

/ 0/ 

wherein R|, R1, X and Z are as hereinabove de?ned for 
formula I, with an acid halide of formula B: 

0 
ll 

/ \ 
R3 halogen 

wherein R3 is as hereinabove de?ned for formula I, in an 
inert solvent in the presence of a tertiary amine and an 
alkaline earth metal carbonate; followed by reaction of 
the thereby produced imido derivative of formula C: 

C 

wherein R1, R2, R3, X and Z are as hereinabove defined 
for formula I. 

with a trialkyl phosphite, said reaction being carried 
out at temperatures in the range of from about 20° to 
about 80° C. 
Our process is conveniently carried out in an inert 

solvent. By “inert solvent" is meant any organic or 
inorganic solvent is which the starting compound and 
reagents are soluble, and which will not interfere with 
the process under the reaction conditions thereof, so 
there are produced a minimum of competing side reac 
tions. Inert solvents which may be used in our process 
include aromatic hydrocarbons .(e.g. benzene, toluene 
and the like), aliphatic ethers (e.g. diethyl ether, dipro 
pyl ether), cyclic ethers (e.g. dioxane, tetrahydrofuran) 
and, preferably halogenated hydrocarbons such as 
methylene chloride and chloroform. 

In general those inert solvents are preferred (e.g. 
halogenated hydrocarbons) which have the solubility 

' characteristics discussed hereinabove and which have a 
boiling point in the range of about 40° to 80° C. so that 
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6 
the same solvent may be used in both steps of our pro 
cess and the entire process may be advantageously car 
ried out in one vessel without the necessity of isolating 
the imido intermediate, C, of the ?rst step of the pro 
cess. 

In general, when carrying out the process of this 
invention, the ?rst step comprises the reaction of an 
azetidinone of formula, A, in an inert solvent (as de?ned 
hereinabove), usually at temperatures in the range of 
from about 5° to about 25° C., preferably from 10° C. to 
15° C., with about an equimolar amount of each of an 
acid halide of formula B and a tertiary amine in the 
presence of an alkaline earth metal carbonate, prefera— 
bly calcium carbonate, in an amount which is at least 
equimolar (and preferably is in excess of equivalent) to 
the azetidinone of formula A. 
Any tertiary amine (eg. triethylamine) may be used 

in our process with di-isopropyl-ethyl amine being pre 
ferred. 

In carrying out this first step of our process, usually 
about 1.2 moles of each of the tertiary amine and acid 
chloride, B, and a large excess of calcium carbonate 
(e.g. 10 moles) are used per mole of azetidinone, A, with 
a molar ratio of solvent of azetidinone, A, being ID to l. 
The ?rst step of the process is followed by thin layer 

chromatography (TLC) until TLC shows no starting 
material. At that point, the reaction solution containing 
imido intermediate, C, may be ?ltered to remove the 
alkaline earth metal carbonate and the ?ltered solution 
washed with water to remove the tertiary amine acid 
halide salt formed during the reaction then dried, and 
diluted with additional inert solvent prior to reaction 
with a trialkylphosphite. Alternatively, the reaction 
mixture may be diluted directly with additional inert 
solvent so that the molar ratio of starting azetidinone, 
A, (and thus, also, of the imido intermediate, C.) to 
solvent is about 1 to 50. 

In the second step of our process, to the imido inter 
mediate, C, in solution in an inert solvent there is added 
a solution of about two molar equivalents of a trialkyl 
phosphite (usually triethylphosphite) in an inert solvent, 
with the reaction solution being maintained at tempera 
tures in the range of from about 20° C. to about 80° C., 
usually from 40° C. to about 60° C., and preferably at 
60° C., usually from about 6 to about 24 hours. 

Greater yields of N- and O-protected penems and 
carbopenems of formula I are obtained when the addi 
tion of trialkylphosphite solution is carried out during a 
period of from about 2 to 3 hours. Best yields of the 
product of formula I are also obtained when the reac 
tion is carried out at 40° to 60° C. 
When T.L.C. shows the absence of imido intermedi 

ate, C, the desired product‘, (Le. compound of formula I) 
is isolated and puri?ed via conventional techniques, 
usually chromatographic techniques followed by crys 
tallization. ' 

A preferred embodiment of our process, i.e. of pre 
paring N- and O-protected derivatives of formula III, is 
shown via flow diagram as follows: 

(‘area H H OCI 
"~,t__ 2 5 SE! | 
CH; _ \ (301V 

- c -——————> 
/ NH ll 
0/ s 
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- ~continued 

OTCE 

Hg’! H E!is\ /SE| 
‘~~ "' C‘ 

CH; II 
N S 

04 ’ O 

Cog/V 
C. 

/P(OEU3 
OTCC 

H~‘ H g S SE! 

CH3 ‘I l / N 
o col/V 

in carrying out this preferred mode of our inventive 
process, to the azetidinone of formula A1 (which is a 
compound of formula A where R] is 

wherein R5 is the O-protecting group trichloroethox 
ycarbonyl) having the stereoconfiguration 3S,4R, 5R, 
in a chloroform solution at 10° C. to which has been 
added an excess of calcium carbonate, there is added 
about 1.2 molar equivalents of allyloxalylchloride (i.e. a 
compound of formula B wherein R3 is carboxyallyl) 
followed by about 1.2 molar equivalents of di-iso 
propylethylamine in methylene chloride. After 15 min 
utes reaction time, the excess calcium carbonate is ?l 
tered off, the organic solution is washed with water, and 
chloroform is added to make a 50 to l ratio of chloro 
form to starting compound, thence, to the chloroform 
solution of the imido intermediate C1 at re?ux tempera 
ture, there is added over a 3 hour period a solution of 2 
equivalents of triethylphosphite in chloroform. After 
re?uxing an additional 18 hours, the desired compound 
of formula I‘, i.e. allyl-(SR,6S,8R)-6-(li-triethoxycar 
bonyloxyethyl)-2-(ethylthio)penem-3-canlioxylate is 
isolated via chromatography on silica.- gel7 and crystalli 
zation from ether-hexane. 
The foregoing intermediate is conveniently con 

verted to a penem of formula III by nemoving the O 
protecting group at C-8 (i.e. the tnichlorethoxycarbo 
nyl) by known procedures, e. g. via zinc/acetic acid; and 
removing the allyl protecting group. of the 3-cartioxylic 
acid function. The allyl group is most preferably re 
moved by the procedure of McCombie, described in 
E.P.O. Published Application No. 0013662. The 
McCombie deprotection procedure utilizes a suitable 
aprotic solvent, such as tetrahydrofuran, diethyl ether 
or methylene chloride, with potassium or sodium 2 
ethylhexanoate or Z-ethylhexanoic acid and a mixture of 
a palladium compound and triphenyl phosphine as the 
catalyst. This deprotection method is particularly suit 
able for the sensitive beta-lactam carboxylates of this 
invention. Use of the potassium or sodium Z-ethylhex 
anoate provides the corresponding salt, while use of 
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8 
2-ethylhexanoic acid affords the free carboxy, amine or 
hydroxy group. 
The foregoing preferred process species of our inven 

tion represents a great improvement over prior art 
methods ofconverting the azetidinone, A, to the penem 
I, and speci?cally to the penems of formula II]. By our 
process, this conversion is effected in two steps, via a 
one vessel reaction which is completed in less than a 
day and results in good yields of pure product. By prior 
art methods, such as described in EPO. Published 
Applications 13,662; 3,960; and 2,210, and specifically 
via the “Woodward method" (Journal of American 
Chemical Society, 100:26. 8214 (I978), which conver 
sion requires 4 steps in each of which the product must 
be isolated and puri?ed prior to continuing on to the 
next step, which requires well over a week to complete, 
with a resulting product which is a mixture of com 
pounds requiring several chromatographic puri?cations 
before the desired penem of formula III is isolated in 
pure form. 
The starting intermediates for my process are either 

known compounds or are prepared by procedures 
known in the art. Thus, azetidinones of formula A 
wherein X is sulfur, such as described in further detail in 
the Preparations and Examples and in the discussion of 
the preferred process species of this invention are de 
scribed in E.P.O. Published Application Nos. 13,662; 
3,960 and 2,2!0. Other azetidinone starting compounds 
are also known or are prepared via known procedures. 
The following Preparations and Examples describe in 

detail the process of the present invention. It will be 
apparent to those skilled in the art that many modi?ca 
tions may be practiced without departing from the spirit 
and scope of the invention. Throughout these Prepara 
tions and Examples, "NMR" denotes nuclear magnetic 
resonance spectra; “rotation" denotes optical rotation 
of the compounds in a suitable solvent; "MS” denotes 
mass spectra; "UV" denotes ultraviolet spectra; and 
"IR” denotes infrared spectra. Chromatography is per 
formed on silica gel unless otherwise noted. 

PREPARATION A 

ALLYL OXALYL CHLORIDE 

Allyl alcohol (11.6 g) is added dropwise with stirring 
to a cold (0° C.) solution of oxalyl chloride (25.4 g.) in 
dry ether (50 ml.) while maintaining the temperature of 
the reaction mixture during the addition at l0°-l2° C. 
The reaction mixture is then stirred overnight followed 
by removal of the solvent in a rotary evaporator. The 
resultant residue is distilled to yield allyl oxalyl chloride 
as a colorless liquid (16 g.), b.p. 68'—70° C./44 mm. 

PREPARATION B 

(3S,4R,5R)-3-(l-TRICHLOROETHOXYCAR 
BONYLOXY-ETHYL)’4-[(ETHOXY)CARBONO 

THIOYLTHIO]~AZETIDIN-2-ONE 
To a solution of ethanol (50- rnl.) containing l-N so 

dium hydroxide (10 ml.) add carbon disul?de (4ml.) 
dropwise, stir ten minutes, then add dropwise to a solu-' 
tion of (3S,4R,5R)-[l-(Z-methoxy-l,2-dioxoethyl)]-3-(l 
trichloroethoxycarbonyloxyethyl)-4-ch1oroazetidin 
2-one (4.1 g.) in ethanol. Stir the reaction mixture until 
t.l.c. analysis indicates no starting compound is present 
(about 4 hours) then dilute with ethyl acetate, wash the 
solution with saturated sodium chloride, dry the solu 
tion over magnesium sulfate/evaporate, and ‘chromato 
graph the resulting residue on silica gel (40 g.) eluting 
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with 30% ether-hexane. Combine the like elutes as de 
termined by the t.l.c. and evaporate to a residue which 
is the title compound. I.R.=5.65u; 
NMR:65.5 ppm (lH,d,J=2 cps) 3.4 ppm (lH.q.J=8 

and Zcps). 

EXAMPLE 1 

ALLYL 
(5R,6S,8R)-6-(l-TRlCHLOROETHOXY-CAR 

BONYLOXYETHYL)-2-ETHYLTH10-2-PENEM-3 
CARBOXYLATE 

To a solution of (3S,4R,5R)-3-(trichloroethoxycar 
bonyloxyethyl)-4[(ethylthio)-carbonothioylthio]-azeti 
dine-Z-one (0.628 g.) in methylene chloride (6 ml) 
cooled to l0° C., add, with stirring, calcium carbonate 
(0.6 g) followed by allyloxalyl chloride (0.263 g. 1.2 
eq.). Add dropwise a solution of diisopropylethylamine 
(0.32 ml, 1.2 eq.) in methylene chloride (lml), during 5 
mins. while maintaining the temperature at l0°—l5° C. 
After TLC shows no starting compound (15 mins) at 
15° C., the mixture transfers to a separatory funnel using 
ethanol-free chloroform. Wash twice with ice/water, 
?lter to remove excess calcium carbonate, dry over 
anhydrous sodium sulfate, and transfer to a 100 ml 3 
neck ?ask. Adjust the volume ofthe solution to approxi 
mately 50 ml with chloroform and heat at re?ux tem 
perature while adding a solution of triethylphosphite 
(0.6 ml, 2 eq.) in chloroform (20 ml) over a 3 hour per 
iod. Re?ux the mixture for an additional 18 hours, evap 
orate and chromatograph on 14 g silica gel, eluting with 
25% ether-hexane, and evaporating the combined like 
elutes to obtain a residue (420 mg) comprising the title 
compound (58% yield). Purify by crystallization from 
ether-hexane to obtain the title compound in crystalline 
form. Yield 330 mg (46% theory). 

EXAMPLE 2 

ALLYL 
(5R,6S,8R)-6-( l -TRICHLOROETHOXYCAR 
BONY LOXYETHYL)-2-ETHOXY-Z-PENEM-3 

CARBOXYLATE 

Add allyloxlylchloride (0.52 g.) with stirring to a cold 
solution of (3S,4R,5R)-3-(l»trichloroethoxycarbonylox 
yethyl)-4-[ethoxy)-carbonothioylthio]-azetidin-2-one in 
methylene chloride (10 ml) containing calcium carbon 
ate (l.0 g). Add a solution of di-isopropyl-ethylamine 
(0.62 ml) in methylene chloride (2 ml) to this reaction 
solution at a rate so as to maintain the reaction tempera 
ture between 10°45” C. After 15 mins. wash the solu 
tion 2 times with cold saturated sodium chloride, filter, 
dry, transfer to J-neck ?ask and dilute to 45 ml with 
methylene chloride. Re?ux the solution while adding a 
solution of triethylphosphite (1.3 ml) in methylene chlo 
ride (15 ml) over a period of 3.6 hours. Allow the reac 
tion mixture to re?ux for an additional 17 hours, cool 
and evaporate. Chromatograph the resulting residual oil 
‘on 30 g. silica gel, eluting with 35% ether-hexane to 
'obtain the title compound. Purify by crystallization 
from ether-hexane to obtain colorless needles (300 mg.) 
mp 84°—85° C. [a]p+ 167° (chloroform). 
[.R.: 5.60, 5.75“ NMR (CDCl3) 85.55 ppm (d, 1H, J 

1.5 cps) 4.22 ppm (q. 2H). 
MS: M+474. 

' In a manner similar to that described in Examples 1 
and 2, by starting with the appropriate azetidinone. 
there is obtained the title compounds and other com 
;pounds of formula I hereinabove, having the following 
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10 
stereochemistry: (5R,6S,8R), (SR,6R,8R), (5R,6S,8S), 
(5S,6S,8S), (55,68,811) or racemic mixtures thereof. 
We claim: 
1. A compound having the following structural for 

mula: 

wherein R1 is [hydrogen;] lower alkyl; [RB-C 
amino] 

wherein R3 is lower alkyl, lower alkyl substituted by 
one or more of one or two ring carbocyclic aromatic 
groups, lower alkoxy, phenyloxy, alkenyl of 2 to 6 car 
bon atoms, alkynyl of 2-6 carbon atoms, cycloalkyl of 
4~6 carbon atoms, unsubstituted or substituted heteroa 
ryl selected from pyridyl, furanyl. thienyl, isoxazolyl, qui 
noxalinyl, isothz'azolyl, iml'dazolyl, indolyl, triazoIyI, 
thiadiazolyl and tetrazolyl or heteroarylloweralkyl 
wherein the heteroaryl [contains one or two hetero 
atoms selected from oxygen, nitrogen or sulfur] group 
is as defined above and wherein the substituents in the 
heteroaryl group are from 1 to 3 lower alkyl groups, 
wherein said R3 substituents are optionally substituted 
by hydroxy, thiol, loweralkylthio, lower alkyl, lower 
alkoxy, halogen, cyano, carboxy, nitro, amino, amino 
loweralkyl or haloloweralkyl; or 

in“ 
[Ly-CH" 

wherein R4 is hydrogen, lower alkyl, phenyl substituted 
by lower alkyl, lower alkoxy or halogen, [heteroaryl 
wherein the heterocyclic ring is an aromatic heterocy 
clic containing a hetero atom selected from sulfur, oxy 
gen or nitrogen,] pyridyl, furanyl or thienyl, and R5 is 
hydrogen or an O-protecting group; 
R3 is lower alkyl, phenyl substituted by lower alkyl, 

lower alkoxy or halogen, alkylaryl, aminoloweralkyl, 
an N-protected amino-lower alkyl, hydroxy lower 
alkyl, an O-protectcd hydroxyloweralkyl, thio lower 
alkyl, an a-amino acid ester, an a-(N-protected) 
amino acid ester or a lower alkyl carboxylic acid 
ester; 

R 3 is nitrile, tetrazole, or —COOR6 wherein R6 is lower 
alkyl, loweralkyltrihalogenomethyl, phenyl substi 
tuted by lower alkyl, lower alkoxy or halogen, allyl, 
a metabolisable ester, hydrogen, or an alkali metal 

cation; 7 

Z is sulfur, oxygen [,—-(CH3),,— wherein n is l or 2,] 
or NR7 wherein R7 is hydrogen, lower alkyl, phenyl 
substituted by lower alkyl, lower alkoxy or halogen, 
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wherein [R8] R5 is as de?ned above, or an N 

protecting group; 
and the pharmaceutically acceptable salts thereof. 

2. A pharmaceutical composition comprising an an 

tibacterially effective amount of a compound of claim 1 

wherein R7 is hydrogen, 

0 
ll 

R3—C—, 

wherein R 8 is as de?ned above, lower alkyl, or phenyl 

substituted by lower alkyl, lower alkoxy or halogen, 
and all 0- and, optionally, all N-protecting groups have 
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12 
been removed, together with a non-toxic pharmaceuti 
cally acceptable carrier. 

3v A method of eliciting an antibacterial response in a 
warm-blooded animal having a susceptible bacterial 
infection which comprises administering to said animal 
a non-toxic antibacterially effective amount of a com 
pound of claim 1 wherein R7 is hydrogen, 

wherein R3 is as de?ned in claim 1, lower alkyl, or 
phenyl substituted by lower alkyl, lower alkoxy or halo 
gen, and all 0- and, optionally, all N-protecting groups 
have been removed. 

I’! 11 i it it 


