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Abstract. The preparation and tri-n-butyltin hydride reduction of bensyl 6-chloro-6-phenyl- 
selenyl- and bensyl 6,6-bis@henylselenyl)penicillanates, and related compounds, is discussed. 

Since the discovery that 68-bromopenicillanic acid (1) is an inhibitor of B-lactamase 
2 

enzymes, the synthesis of penicillanic acid derivatives with simple substituents in the 68- 

position has become an area of considerable interest. Recently we demonstrated that the 

reduction of 6a-alkyl-66-isocyanopenicillanates (2) by tri-n-butyltin hydride is stereo- 

selective, and gives high yields of the corresponding 66-alkylpenicillanates. 
3 We here 

report on the use of 6-diasopenicillanates in the preparation of several 6-phenylselenyl- 

penicillanates, and the reduction of these ccmpouuds, by tri-n-butyltin hydrider4 to give 

several novel 6B-substituted penicillanic acid derivatives. 

(1) (2) 

Reactions between diaso compounds and organoselenium compounds are scarcely mentioned in 

the literature.5 However, it was found #at 2,2,2_trichloroethyl and benzyl 6-diazo- 

penicillanates (3) and (4) react rapidly with phenyl selenyl chloride in dichloromethane (no 

catalyst required) to give excellent yields of the corresponding 6-chloro-6-phenylselenyl- 

penicillanates (5) and (6).6 In each case, only one isomer of the 6-chloro-6-phenylselenyl- 

penicillanate was obtained , and, although the configuration of these products at C-6 was not 

established, mechanistic considerations suggest that the phenylselenyl groups are in the 66- 

position. The diazopenicillanates (3) and (4) also react with diphenyl diselenide in solu- 

tion in dichloromethane, in the presence of RF3.EtpO as catalyst , to give good yields of the 

corresponding 6,6-bis(phenylselenyl)penicillauates (7) and (8).6 In contrast, preliminary 

investigations of reactions between 2,2,2-trichloroethyl 6-diazopenicillanate (3) and phenyl 

selenyl bromide were less successful. Complex reaction mixtures were obtained which would 

seem to contain several 6,6-disubstituted penicillanates, possibly including 6,6-dibromo-, 

6,6-bis(phenylselenyl)-, and 6-brcano-6-phenylselenylpenicillanates, although these products 

could not be separated or formally characterized. 
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(3) R = CH2cc13 

(4) R = CH2Ph 

(5) x = Cl, R=CH2CCl3 

(6) X = Cl, R=CH2Ph 

(7) X = PhSe, R=CH2CC13 

(8) X = PhSe, R=CH2Ph 

(9) x = Cl, R=CH2Ph 

(10) X = PhSe, R=CH2Ph 

Preliminary investigations of the reduction of the 2,2,2+richloroethyl penicillanate 

esters (5) and (7) using tri-n-hutyltin hydride were complicated by competing reduction of the 

trichloroethyl ester groups. However reduction of the benzyl 6-phenylselenylpenicillanates 

(6) and (8) using a slight excess of tri-n-butyltin hydride in refluxing benzene in the 

presence of a catalytic amount of asobisisobutyronitrile was more successful, and, in each 

case, led to the formation of one major product which could be separated from the tri-n- 

butyltin residues by column chromatography on silica ge1.3 In this way, the 6-phenyl- 

selenylpenicillanates (6) and (8) were cleanly reduced to the 6@chloro-, and 68-phenyl- 

selenylpenicillanates (9) and (lo), respectively. Both reductions were highly stereo- 

selective; the 68-substituted isomers were the only products isolated, and were characterized 

by spectroscopic methods. 
6 

In particular, the H(5)-H(6) coupling constants were both 

approximately 4H2, consistent with the C-6 substituent being in the %-position. 

The stereoselectivity of these reductions is similar to that reported for reduction of 

6-alkyl-6-isocyanopenicillanates (2) by tri-n-butyltin hydride, and can be explained in terms 

of selective capture of an intermediate penicillanate radical (11) by tri-n-butyltin hydride 

from the less hindered c-face.3 To test this explanation, both C-6 epimers of benzyl 

6-allyl-6-phenylselenylpenicillanate (12) and (13) were prepared by treatment of benzyl 

6-diazopenicillanate (4) with phenyl ally1 selenide,' and their reduction by tri-n-butyltin 

hydride, studied. It was found that both epimers of benzyl 6-allyl-6-phenylselenyl- 

penicillanate (12) and (13), were cleanly reduced by tri-n-butyltin hydride, in refluxing 

benzene containing a trace of asobisisobutyronitrile, to benzyl 68-allylpenicillanate (14).6 

This result shows that these reductions are stereoselective , rather than stereospecific, and 

is consistent with the stereochemical explanation given above. 

During the course of this work, the preparation of 6-phenylselenylpenicillanates directly 

from 6-diazopenicillanates was studied. Treatment of 2,2,2+richloroethyl 6_diazopenicil- 

lanate (3) with phenyl selenol,8 in dichloromethane, in the presence of BF3.Et20, gave a 

single product which was isolated by column chromatography , and purified by recrystallization 

frcm ethyl acetate-light petroleum. It was identified as the 6c-phenylselenylpenicillanate 

(15) by spectroscopic methods; in particular the 6c-configuration was assigned on the basis 

of the small H(5)-H(6) coupling constant (1.76 Hz). This reaction was found to be subject 

to an unexpected solvent effect. When a mixture of dichloromethane and tetrahydrofuran 

(both rigorously dry), was used as the reaction solvent , a mixture containing both the 6o- 
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and 6S-phenylselenylpenicillanates (15) and (16), was obtained, in which the GB-isomer (16) 

predaainated. Typically the 6a- and 69-isomers were formed in a 1:9 ratio, respectively, 

and the pure 6B-isomer (16) was isolated by crystallization from ethyl acetate-light 

petroleum. 

N -F 
0 

iOpLgC’3 
(15) X = H, Y = PhSe 

(16) X = PhSe, Y = H (17) 

The exclusive formation of 6a-phenylselenylpenicillanate (15) in the absence of tetra- 

hydrofuran is consistent with the formation of the 6u-substituted product in reactions between 

6-diaxopenicillanates and alcohols and tNols in the presence of BF3.Et20.' The inverted 

stereoselectivity in the presence of tetrahydrofuran may be due to participation of tetra- 

hydrofuran in the reaction; possibly oxygen ylid (17) is involved, and this then reacts with 

phenyl selenol to give the 6B-phenylselenylpenicillanate (16). However, the precise origin 

of this stereoselectivity in the presence of tetrahydrofuran, has yet to be elucidated. 
10 
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