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A VERSATILE NEW APPROACH TO Z.-SUBSTITUTED CEPHEMS 

Vittorio Farina*', Stephen R. Baker and Chester Sapino, Jr. 

Pharmaceutical Research and Development Division 
Bristol-Myers Company 

P.O. Box 4755 
Syracuse, New York 13221-4755 

SUMMARY: The coupling of 3-triflyloxycephems with unsaturated stannanes 
proceeds under mild conditions with the use of a palladium (0) 
catalyst based on the new ligand tri(2-furyl)phosphine. 

In connection with our synthetic work aimed at an efficient synthesis of the 

broad-spectrum oral antibiotic BMY-28100, 12, we have considered several approaches to the 

stereorational construction of the Z-propenyl side chain at C(3) of the cephem nucleus. 

COOH 

A stereospecific approach involving direct formation of the C(3)-C(3') bond appeared 

especially interesting, in view of its novelty3 and possible generality (Eq. 1). 

(1) 

a) X - OS02CF3 a) M - SnBu3 

b) X - Cl b) M - Li 

c) x - OS02CH3 

d) X - OP(0)(o+)2 

e) X - OH 

Since 3-hydroxycephems, i.e. &., are readily available4, we explored the palladium- 

catalyzed coupling of suitably functionalized cephems (3a_d) with Z-propenyltributyl 
5 

stannane , according to Stille's methodology6. 
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We found that coupling between triflate h7 and olefinic stannanes is unsatisfactory 

when carried out according to the literature conditions6. The use of Pd(Pb3)& - LiCl in THF 

led largely to the 3-chloro cephem 2, which readily isomerized to the A*-cephem 5 and gave 

only traces of the desired product 2. Use of zinc chloride8 as the halide source gave no 5, 

but conversion to 2 was so slow in refluxing THF that extensive decomposition of the 

sensitive & took place and 2 was obtained in very poor yield. 

After some experimentation, we found that the desired coupling could be induced in 

satisfactory yield with complete stereospecificity (>99%) by carrying out the reaction at 

room temperature in N-methylpyrrolidinone, in the presence of ZnClpg. and using a catalytic 

system obtained by combining 2% moles of bis(dibenzylideneacetonyl)pa 

with 4% moles tri(2-furyl)phosphine (Eq. 2). 

lladium (0) [Pd(dba)* 

\=/S*sut 

n ZnCI~ ; Pd(db+ 

COOCHPh 2 P/i PI 3 COOCHPh2 CoocnPhZ 

S-Methylpyrrolidinone as a solvent offered enhanced rates over THF or CH3CN; in 

addition, the reaction showed first order kinetics 
6 

over at least three half-lives, and 

proceeded readily to completion, while in most other solvents the reaction slowed down 

dramatically after one half-life. 

The substitution of tri(2-furyl)phosphine 
10 

for triphenylphosphine was alone 

responsible for a rate enhancement 
11 

of a 17; the coupling yield also increased from 

*O-25% to 65% due to the much milder conditions employed. 

Tri(2-furyl)phosphine has not previously been used as a ligand in catalytic Pd(0) 
12 

chemistry . We postulate that this new phosphine facilitates the transmetalation step, 

usually the slow one in stannane couplings6, by reducing electron density at palladium 
13 . 

Our method14 served to introduce alkenyl, aryl and alkynyl groups at C(3) (see Table). 

Reduction with tin hydride was also successful. Ally1 stannanes did not react 

satisfactorily under the above conditions. Cephems &, & and a, on the other hand, failed 

to undergo coupling with vinyl stannanes under conditions that worked well for &; 

decomposition resulted at higher temperatures. 

The present method seems versatile enough to provide an entry into a variety of new 

classes of semisynthetic cephalosporins. We are currently exploring these and other 

possibilities. 
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Entrv Stannane 

1 
="\ 

SnBu 
3 

2 
snsv3 

3 hs”.. 3 

4 cl.$c=c-snau3 

Palladium-Catalyzed Coupling of & with Stannanes. 

5 SnBu3 

6 
SnBLQ 

7 “S”BU3 

Product 

6 - 

COOcHPh 
2 

COOCHP h 
2 

COOCHPh2 

Ph._$_ ,” 

N7-7+ 

1 

ob-1yL.c-c”3 8 
COOCHPh2 

Temperature % Yield 

(Time) IIsolated 

25'C, 79 

lh 

OEt 
‘4 

I 
COOCHPh 

2 

11 - 

25'C, 

16 h 

25'C, 

72 h 

5o"c, 

lh 

5o"c, 

6h 

25Oc, 

16 h 

6S°C, 

lh 

65 = 

66 

50 

57 

52 

6ab 

(a) 98% L-Stannane gave 97% 2 product. 

(b) THF was used as a solvent, with 5 equivalents of tin hydride. 
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