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Chemical manipulation of the C-3 position in the
cephalosporin molecule has resulted in the dis-

covery of numerous novel antibiotics. In general,
the C-3 position of the cephalosporins was sub-

stituted with heterocyclyl sulfurs or nitrogens.1 ~ 3)
In the course of our research on the modification

of cephalosporin at the C-3 position, our efforts
have been focused on synthesizing new cephalo-

sporins substituted with heterocyclyl carbon at the
C-3 position. Although recent papers concerning

the coupling reaction of chloromethylcephem with
vinylstannanes have appeared,4'5) there is no report

for the coupling reaction of chloromethylcephem
with heterocyclylstannanes. Thus, we are interested
in displacement at the C-3 position by heterocyclic

carbon nucleophiles to afford a new type of
cephalosporins. Here we wish to report the synthesis
and the antimicrobial activities of 3-heterocyclyl

carbon-substituted cephalosporins.
Most of the newcephalosporins were synthesized
according to the general procedure shown in Scheme
1.

The C-C bond formation was accomplished
by the reaction of chloromethylcephem 1 with a
variety of heterocyclylstannanes (2a~2i) by the

previously known method4'5) as shown in Table 1.
The reaction is illustrated by the preparation of the
thiophene compound, 3a.

Reaction of 3-chloromethylcephem 1 with 1.05
equiv of 2-tributylstannanylthiophene (2a) in the
presence of bis(dibenzylideneacetonyl)palladium
(Pd(dba)2, 2mol%) and tri(2-furyl)phosphine (4
mol%) in refluxing THF afforded 3-(2-thienyl>

methylcephem (3a) in 87% yield: NMR(60MHz,
CDC13) 5 3.30 (2H, brs, 2-H), 3.63 (2H, s, PhCH2),
3.95 (2H, brs, 3'-H), 5.02 (1H, d, /=5Hz, 6-H),
5.88 (1H, dd, /=5, lOHz, 7-H), 6.4-7.1 (4H, m,

thienyl and NH), 7.43 (16H, m, 3Ph and diphenyl-
CH). The reaction of 3-chloromethylcephem 1 with
other heterocyclylstannanes (2b ~ 2i) also proceeded
smoothly in 30-92% yield (Table 1).
2-Tributylstannanylthiophene (2a) was prepared
in 95% yield by the treatment of thiophene with
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Table 1. Coupling of heterocyclylstannanes (2a~2i) with 3-chloromethylcephem 1.
Compound Stannane (%)a Reaction time (hours) Yield(%)

3a Bu3Sn-^s3 2a(95)

3b Bu3Sn-O-C02CH3 2b (57)

s

3c Bu3Sn-<s> 2c (84)b

r-N

3d Bu3Sn-<o>-SCH3 2d (62)
s

3e Bu3Sn-^>-SPh 2e(92)

3f Bu3Sn^s>-COCH3 2f (5?)

3g Bu3Sn-^>-SPh 2g(87)

CH3

3h Bu3Sn-<o> 2h (88)

.CH3

31 Bu3Sn4^N 2i(8°)

Yields in parenthesis are the isolation yields of the heterocyclylstannanes from the

corresponding heterocycles.
2c was prepared from 2-(trimethylsilyl)thiazole.

Table 2. In vitro antimicrobial activity of cephalosporins (MIC jug/ml).

607

Compound S.p. S.a. Ex. P.a. K.a.

6a <0.002

6b < 0.002

6c < 0.002
6d 0.05

6e
6f
6g
6h

<0.002

0.007

< 0.002

0.78

6i 0.01

Cefixime 0. 1

Cefotaxime 0. 007

1.56

0.78

0.78

6.25

0.78

1.56
1.56

25
3.13

25
1.56

0.1
0.05
0.05
0.39
0.05
0.03

0.03

1.56
0.1

0.1

0.007

>100

>100

>100

25

>100

>100

>100

>100

>100

100

12.5

0.78
1.56

0.2
0.78

3.13

0.78

12.5

0.39

0.39

0.05

0.01

>100

>100

>100

>100

> 100

>100

>100

>100

>100

>100

>100

Abbreviations: S.p., Streptococcus pyogenes 308A; S.a., Staphylococcus aureus SG51 1; Ex., Escherichia coli
DC2; P.a., Pseudomonas aeruginosa ATCC9027; K.a., Klebsiella aerogenes 1522E; En.c, Enterobacter cloacae
1321E.

«-butyllithium (1 equiv) and tributyltin chloride (1
equiv) at 0°C in ether solution: NMR (60MHz,
CDC13) 50.8-1.8 (27H, m, 3Bu), 6.67 (1H, dd,

J=l, 2Hz), 6.75 (1H, d,.7=2Hz), 7.90 (1H, d,

J= l Hz). The other heterocyclylstannanes were
obtained in a similar manner from the corresponding
heterocycles except for 2b and 2f, which used lithium
diisopropylamide as the base. Heterocyclystannane
2b was prepared by the reaction of thiophene
2-carboxylic acid with lithium diisopropylamide
(2.2 equiv) and tributyltin chloride (1 equiv, - 78°C

to 25°C, 20 hours) and acidic workup followed by
the treatment of excess diazomethane (at 0°C) in

THF. Removal of the phenylacetyl group of 3 using
phosphorous pentachloride - 1,3-propanediol6) -
NaHCO3and acylation of the resulting free amines
4 with aminothiazole active ester 57) and finally,
removal of the diphenylmethyl group with trifluoro-
acetic acid provided the corresponding 3-hetero-
cyclyl carbon-substituted cephalosporins (6a ~ 6i)
as trifluoroacetic acid salts. 6a: NMR (200MHz,
DMSO-d6) d 3.40 and 3.68 (2H, ABq, /=17.9Hz,
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2-H), 3.95 (3H, s, OCH3), 3.87 and 4.17 (2H, ABq,
/= 14.7Hz, 3'-H), 5.26 (1H, d,7=4.6Hz, 6-H), 5.82
(1H, dd, /=4.6, 8.0Hz, 7-H), 6.90 (1H, s, amino-

thiazole-H), 7.03 (2H, m, thienyl), 7.46 (1H, m,

thienyl), 9.76 (1H, d, 7=8Hz, amide NH).
The MICs of the new cephalosporins (6a~6i)

against selected Gram-positive and Gram-negative
bacteria were determined by an in vitro agar dilution
technique (Table 2). For comparison, the MIC

values of cefixime and cefotaxime are listed.
Mostof the compoundswere superior to cefixime

and comparable to cefotaxime in microbial activity
against Streptococcus pyogenes 308A and Staphylo-
coccus aureus SG51 1, and comparable to cefixime
against Escherichia coli DC2. In this series, thio-
phene and thiazole derivatives 6b~6f exhibited

especially good activities. However, they were less
active than cefixime against Klebsiella aerogenes
1522E and essentially inactive (with the notable
exception of 6d) against Pseudomonas aeruginosa
ATCC 9027 and Enterobacter cloacae 132IE.

The 3-heterocyclyl carbon-substituted cephalo-
sporins showed as good antibacterial activities as
cefotaxime against Gram-positive bacteria. How-
ever further studies in evaluating activities against
Gram-negative organism will be necessary.
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