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Sumnary: Reduction of 6-substituted-6-halopenicillanates with tri-n-butyltin 
hydride can produce stereoselectively 6H-substituted derivatives. 

Interest in the preparation of H-lactam antibiotics has been stimulated by the discovery 

of novel substances which maintain very interesting enzyme inhibitory properties in spite of 

the conspicuous absence of a 6H-amide side chain. (1) During an investigation of the biological 

properties of penicillanate congeners, we were confronted by the problem of stereoselective 

production of 6H- and 6a-substituted analogs. We, as well as others, have recently developed 

procedures which allow regio - and stereoselective aldolization at C-6 of the penicillin 

nucleus.(2) These methods yield adducts which retain a bromine atom at this position, a feature 

which we felt could be exploited to elicit stereocontrol at C-6. Preparation of the more hin- 

dered 6H-substituted isomers has proven a significant challenge to organic chemists. In fact, 

many of the more recent penicillin (and particularly cephalosporin) total syntheses (3) rely on 

a kinetic protonation scheme that Firestone and his coworkers developed several years ago in 

order to obtain the required stereochemistry at C-6(7).(4) Procedures useful for the synthesis 

of 6H-alkyl substituted penicillanates have generally relied on hydrogenation of the corre- 

sponding 6-alkylidene penam,(5) while reductive procedures involving catalytic hydrogenation 

or dissolving metals on derivatives featuring a 6-bromo substituent have consistently produced 

6a-substituted penicillanates as the major isolated products. (2) We now wish to report that 

tri*_-butyltin hydride (n-Bu3SnH) reduction of 6-halo penicillanates leads to the stereo- 

selective production of 6B-substituted penicillanates in moderate to excellent yields. (6) 

Kuivila has reviewed the use of n-Bu3SnH as a selective reducing agent toward halogen. (7) 

Such reductions have proven selective in terms of functional group tolerance but are less pre- 

dictable in stereoselectivity, although somewhat so for reductions of gem-dihalo cyclopro- 

pane derivatives.(B) We examined the reduction of trimethylsilyl 6,6-dibromo penicillanate 

1(9) . with tri-l-butyltin hydride. Stirring 1. with n-Bu3SnH in benzene or toluene at room 

temperature gave, after hydrolysis of the ester and sodium salt formation, a 30% yield of 

the pure sodium salt of the potent B-lactamase inhibitor 6H-bromopenicillanic acid 2. 
(10) 

The course of the reduction could be monitored by pmr spectroscopy which indicated that less 

than 5% of the a-bromo epimer 2 was formed and that the major side reaction was overreduction 

to penicillanic acid 4. 
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More vigorous conditions were required to effect the transformation of benzyl-68- 

bromo-6amethoxy penicillate 2 (11) to the dehalogenated product. In this instance re- 

fluxing a solution of 2 in benzene with an excess of n-Bu3SnH produced a 3:l mixture of 68- 

to 6a-methoxy penicillanates (5 to 1) in nearly quantitative yield, the stereochemistry 

being deduced from the characteristic coupling constants of the S-lactam protons. (12) 

Taking note that relative rates of halide reduction by n-Bu3SnH follow the order of 

I>Br>C1,(7'8) we also investigated the reduction of the trimethylsilyl ester of 6-iodo-6- 

chloropenicillanic acid 8. Preparation of S was accomplished through diazotization of 6- 

amino penicillanic acid in the presence of ICl. (9) Reduction of 8 with n-Bu3SnH in benzene 

at reflux followed by hydrolytic workup produced 6S-chloropenicillanic acid 2 (13) and 

substantial 6a-chloro epimer g (S25X) in 39% overall yield. This result suggested to 

us that perhaps reduction of 1 was not truly stereoselective but that the absence of the 

6a-bromo epimer 2 might be due to its further rapid reduction to 4. 

That this was not the case was proven by reduction of an equimolar mixture of 1. and 2 

under the same conditions reported above. Monitoring of the reaction by pen showed the rapid 

disappearance of 1 with production of 2 and 4 while 2 remained. 
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The capacity for excellent stereocontrol in the tin hydride reduction was best exemplified 

by extension of the reduction to bensyl 6-bromo-6-hydroxyethyl substituted penicillanates. 
(2) 

Treatment of benxyl 68-bromo-6o-[l(S)hydroxyethyl]penicillanate 1_1 with n-Bu SnH in benzene 

at reflux gave in 95% yield bensyl 68-[l(S)-hydroxyethyl]penicillanate 11, 
(2) 3 

after chromato- 

graphy on silica gel. In the same manner bensyl 6o-bromo-68-[lLR)-hydroxyethyl]penicillanate 

13 produced benzyl 68-[l(R)-hydroxyethyl]penicillanate 14. 
(2) 

Neither reaction produced the - - 

a-epimer in detectable amounts. Regardless of the stereochemistry of bromine prior to reduc- 

tion, hydrogen atom transfer takes place from the less hindered side of the molecule, even 

though significant non-bonded interactions are produced in the product. 

These observations are consistent with approach of the very bulky n-BugSnIl at the unencum- 

bered convex face of the cup-shaped penicillin molecule to trap the intermediate radical. 

The excellent 8-lactsmase enzyme inhibitory properties of 2 have been disclosed by 

others,(") however, these workers have not reported a preparation of material uncontaminated 

by the inactive epinmr 2. The procedure described in this communication has proven quite gen- 

eral for the preparation of B-substituted penicillanates. 
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