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Since the first disclosure of penem antibiotics
by Woodward,2) these compounds which have
both broad antibacterial spectra, including
Gram-positive and Gram-negative species and
stability to various ^-lactamases3'4^ have re-
ceived muchattention as potential therapeutic
agents.

In recent years, we have been engaged in the
development of new orally active 2-substituted
penems and we find that the stereochemistry of
the C-2 substituent of penems has a relationship
to the biological activity. To investigate these
relationships further and develop a new penem,
we prepared several penems from the inter-
mediate, (2S; 3iQ - 3 -phenylsulfonyl-2 -((i?)- ter/-
butyldimethylsilyloxyethyl)azetidinone (l)n pre-
pared from commercially available methyl (R)-3-
hydroxybutyrate by the method described below
(Scheme l).n)

In this paper we describe the synthesis of the
important intermediate 1, novel penems 13A~
13S, as well as their MICs against, aerobic, ana-
erobic, Gram-positive, and Gram-negative bac-
teria.

terr-Butyldimethylsilyl ether 2 was reduced with
lithium aluminum hydride in diethyl ether at
-78°C for 0.5 hour to alcohol 3 in quantitative

See ref 1.
Other preparative methods of the intermediate
1 or its equivalents were reported, (ref 5~ 10).
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yield. This alcohol was treated with p-to\u-
enesulfonylchloride in 2,6-lutidine at room tem-
perature for 3 hours to tosylate 4 in 94%, which
was transformed into phenylsulfide 5 by treat-
ment with sodium thiophenolate in refluxing
THF for 1 hour in 97% yield.
The vinylsulfide 6 was then prepared in 72%

yield by chlorination of sulfide 5 with iV-chloro-
succinimide in carbon tetrachloride at room
temperature for 1.5 hours, followed by dehydro-
chlorination by treatment with lithium carbonate
and lithium chloride in dimethylformamide at
80°C for 2hours. This vinylsulfide 6 was a
mixture of E and Z isomers (6A and 6B) in 2.5 :
1 ratio from its NMRspectrum.
Treatment of this vinylsulfide 6 with chlorosul-

fonyl isocyanate12~14) in ether at roomtempera-
ture for 4 hours, evaporation of solvent and sub-
sequent treatment with thiophenol and pyridine
in acetone at roomtemperature gave diastereo-
meric mixture of /3-lactams 7 and 8 (2 : 1 ratio)
in 45 % yield. Recrystallization of this mixture
from w-pentane gave the desired diastereoisomer
7 as colorless crystals and the pentane soluble
isomer 8. It is worthy to note that no 3,4-cis
isomer was obtained in this reaction.
Phenylthioazetidinone 7 can be transformed to

sulfonylazetidinone 1 by oxidation with m-
chloroperbenzoic acid. 15)

The (5£,6iO-6-((iO-hydroxyethyl)penem deri-

vatives were prepared by seven steps from azeti-
dinone 1. Substitution of phenyl sulfonyl group
of 1 with thiolcarboxylic acid, conversion to
phosphorane ll by a usual method,16) cyclization
to penem 12, removal of ter/-butyldimethylsilyl
group and allyl group170 of 12 gave the penem
13, as described in the Scheme 2.
The total yield by this procedure is rather low,

and we found the following procedure to be

more convenient for preparation of manytypes
of penems (Scheme 3); substitution of phenyl
sulfonyl group of 1 by tritylmercaptan (1.8 equiv,
acetone - H2O, room temp) in the basic condi-
tion (NaOH, pH 10.5) to give 14 in 90% yield.
Acylation of NH group of 14 by allyl oxalyl
chloride (1.5 equiv, CH2C12, 0°C) in the presence
of W0-Pr2NEt (4 equiv) gave oxalimide 15. Ox-
alimide 15 was used without purification and
trityl group of 15 was converted to silver mer-
captide 16 by AgNO3 - pyridine (AgNO3 1.5
equiv, pyridine 1.5 equiv, CH3CN, 0°C). The

various acyl groups were attached by reaction
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Scheme 1.
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Scheme 2.

of the acyl chlorides (1.6 equiv, CH3CN, 0°C) to
give 17. Cyclization of 17 by P(OEt)3 at 130°C
in xylene18'19) gave the same synthetic interme-

diate 12A~12S in 34% yield in the case of 12A
based on 1 as described in the Scheme 3.

This procedure has an advantage over the
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Table 1. MICs against aerobic bacteria.

Organism MIC Og/ml)
13C 13D

13E
13F

13G
13H

Staphylococcus aureus 209P JC- 1
Bacillus subtilis ATCC6633
Micrococcus luteus ATCC9341
Comamonasterrigena IFO 1 3299
Escherichia coli NIHJ JC-2
Salmonella typhi O-901
Klebsiella pneumoniae PCI 602
Serratia marcescens IAM1 1 36
Proteus mirabilis IFO 3849
P. morganii IFO 3848
Enterobacter cloacae 963
Pseudomonas aeruginosa No. 12
P. cepacia 527
Acinetobacter calcoaceticus AC54
Alcaligenesfaecalis IFO 1 31 1 1
E. coli W3630/Rms212
E. ctf// W363O/Rms21 3
E. co// W3630/Rtel6
Proteus vulgaris GN 7919

Citrobacter freundii GN 739 1
P. aeruginosa GN 10369
£. marcescens GN 10857

0.05

<0.025

0.05

<0.025

0.78
0.1

0.39

1.56
1.56

0.78

0.2
>50
>50

6.25

0.78

0.78

0.78

1.56

0.78

25

>50

25

0

0

<0
0

25

6

05
2

025
2

25
6.25

12.5
>50

>50
25

0.1 0.2 0.05 0.05

0.1 0.2 0.05 0.05

0.1 0.2 0.05 0.1

0.1 0.39

1.56 3.13

1.56 6.25
0.39 1.56

3.13 12.5

6.25 3.13
3.13 12.5

3.13 12.5
>50 >50

>50 >50
25 50

3.13 1.56 3.13

12.5 1.56 3.13

6.25 0.78 3.13

12.5 6.25 12.5

>5

>5
>5

0.78 0.78 3.13

0 25 >50

0 >50 >50
0 50 >50

1.56 1.56

1.56 0.78
0.05 0.1

12.5 6.25

6.25 6.25
12.5 12.5

6.25 6.25
>50 >50

>50 >50
12.5 3.13

1.56 0.78

3.13 3.13
1.56 1.56

12.5 12.5
1.56 0.78

50 50

>50 >50
50 50

0.1 0.1

0.05 0.39
0.1 0.05

6.25 >50

3.13 50
0.1 3.13

25 >50

6.25 50
3.13 25

25 >50
>50 >50

>50 >50
50 >50

0.78 6.25

12.5 >50

6.25 >50
25 >50

3.13 12.5
>50 >50

>50 >50

>50 >50

0.05

0.05

0.1

1.56

0.39

0.05

6.25

6.25

6.25

3.13
>50

>50
12.5

0.78

1.56

0.78
12.5

0.78
25

>50

50

E

m

I

i

I

I

H*



Table 1. (Continued)

Organism MIC Og/ml)
13J13K 13N13O 13P 13Q

13R 13S

Staphylococcus aureus 209P JC- 1
Bacillus subtilis ATCC6633
Micrococcus luteus ATCC9341
Comamonasterrigena IFO 1 3299
Escherichia coli NIHJ JC-2
Salmonella typhi O-901
Klebsiella pneumoniae PCI 602
Serratia marcescens IAM1 1 36
Proteus mirabilis IFO 3849
P. morganii IFO 3848
Enterobacter cloacae 963
Pseudomonas aeruginosa No. 12
P. cepacia 527
Acinetobacter calcoaceticus AC54
Alcaligenesfaecalis IFO 1 31 1 1
E. coli W3630/Rms212

E. c0/i W363O/Rms21 3
£. c<?// W3630/Rtel6

Proteus vulgaris GN7919
Citrobacter freundii GN 7391
P. aeruginosa GN 10369
S. marcescens GN 10857

0.2 3.13

0.2 3.13

0.1 0.78
3.13

12.5 >50
6.25 >50

3.13 0.78

3.13 0.39
0.78 0.78

3.13 0.39
50 25

25 12.5
0.78

25
6.25

3.13

50 >50
25 >50

25 >50
25 >50

>50 >50
>50 >50

25 >50

6.25 >50
12.5 >50

12.5 >50
25 >50

6.25 50

>50 >50
>50 >50

>50 >50

0.39 0.2

0.78 0.39

0.2 0.2

0.78 0.78

25 12.5

6.25 6.25

3.13 3.13

>50 >50 25 25

25 50 12.5 12.5
50 50 12.5 12.5

>50 >50 25 25
>50 >50 >50 >50

>50 >50 >50 >50
>50 >50 >50 >50

25 12.5 6.25 12.5

> 50 50 25 25
50 25 25 25

>50 50 12.5 12.5

12.5 25 3.13 3.13

>50 >50 >50 >50
>50 >50 >50 >50

>50 >50 >50 >50

0.025 0.1 0.2 0.1

0.05 0.1 0.2 0.2

0.05 0.1 0.2 0.2

0.05 0.1 0.1

50 0.78 6.25 25

12.5 0.78 1.56 3.13

0.2 0.39 1.56 0.78

25 6.25 12.5 25

6.25 3.13 12.5 6.25

6.25 6.25 6.25 3.13

50 3.13 12.5 50

>50 >50 >50 >50

>50 >50 >50

25 25 >50

0.78 0.78 1.56 0.78

50 1.56 6.25 25

50 0.78 6.25 12.5

>50 3.13 6.25 12.5

3.13 0.78 1.56 1.56

>50 12.5 >50 >50

>50 >50 >50 >50

>50 25 >50 >50

Medium: Heart infusion agar, inoculum size: 106 cfu.
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Table 2. (Continued)
MIC (ttg/ml)Organism

13J
13K 13N13O

Bacteroides fragilis G M7000
B. fragilis
B. fragilis
B. fragilis
B. fragilis
B. fragilis
B. fragilis
B. fragilis
B. fragilis
B. fragilis

ATCC 25285
R-l-23

R-2-8

V-224- 1

V-240-2

V-271-1

V-280-1

V-288

V-307-2

B. thetaiotaomicron WAL2926
B. thetaiotaomicron WAL3304
B. distasonis Ju-1 1-1
B. vulgatus ES-14
B. vulgatus ES-21
B. ovatus Ju-6-1
Fusobacterium varium ATCC8501
F. varium B-1083

F. varium 1482
F. necrophorum S-45
F. mortiferum F-l-9

0.39
6.25

0.39

3.13
6.25

1.56
0.78

0.39

3.13

1.56

1.56

12.5

0.1

0.2

0.39

6.25

>50

25
50

25
50

25
3.13

12.5

6.25

3.13 25
3.13 12.5

6.25 12.5

0.78

1.56 6.25

0

1

1

1

6

6

1

1

1

3

3

3

0

1

3

6

3

3

6

0

3

78
56

56
56

25

25
56

56
56

13
13

13
78
56

13

25
13

13
25

0.39

0.78

0.78
0.78

6.25

1.56
0.78

6.25
0.78

0.78

3.13

0.39

0.78

6.25

6.25

6.25
6.25

0.39

0.39

0.78

0.39

6.25

0.78

0.39

6.25

0.78

0.78

1.56

0.2
0.78

6.25

6.25

6.25

6.25

0.05

0.05

0.05

0.1

0.78

0.2

0.1

0.05

0.2

0.2

0.2

0.2
0.05

0.05
0.1

0.39
0.39

0.39
0.39

0.1
0.2

0.2
0.1

1.56

0.39

0.2

0.1

0.2

0.39

0.39
0.39

0.2
0.2

1.56

3.13
0.39

0.78

0.78

0.39

0.1

0.2

0.78

0.2

1.56

0.39

0.2

0.2
0.2

0.39

1.56
1.56

0.39

0.39
0.39

3.13

0.39

0.39

0.39

0.2

Medium: GAMagar, inoculum size: 108 cfu.
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previous method in that the various penem
derivatives are more easily prepared in short
steps without use of thiolcarboxylic acid.

By the methods described, we synthesized the
following penems 13A-13S. Diastereomers
which had an asymmetric carbon on the C-2
substituent were separated by silica gel chro-

matography at several stages, or prepared from
optically active starting materials.20~23) In vitro
antibacterial activity of the new penems against
a selection of representative Gram-positive,
Gram-negative and anaerobic bacteria is listed in
Tables 1 and 2.
From these data, it is seen that; 1) the stereo-

chemistry of the C-2 substituent has a great in-
fluence on the antimicrobial activity; 2) penems
which have an oxygen containing unsaturated
ring at C-2 position like 13N and 13O are less
potent than the corresponding saturated ring
compounds; 3) penems which have cyclic side
chains are muchmorepotent than those have
non-cyclic side chains (13C and 13K).
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