
Tetrahedron Letters,Vo1.27,No.40,pp 4857-4860,1986 oo40-4039/86 $3.00 + .OO 
Printed in Great Britain Perframon Journals Ltd. 

HIGHLY CHEMOSELECTIVE AND STEREOCONTKOLLED ACCESS TO 

6-ALPDA-ALLYL PENICILLANATBS 

Stephen hanessian* and Marco Alpegiani 

Department of Chemistry, Universit6 de Montreal 

Montrdal, Q.&bec, Canada H3C 357 

Summary - Treatment of 6-bromo penicillanates with allyltributyltin under free-radical 

conditions results in the formation of 6alpha ally1 derivatives. 

The discovery of the remarkably potent S-lactam antibiotic thienamycinl has fostered 

intensely pursued research activities in a host of laboratories worldwide. One of the 

unique features that was unveiled by Nature in this class of carbapenem antibiotics was the 

presence of an a-orientated hydroxyethyl side-chain at C-6. In fact, the introduction of 

this side-chain in the penem series * such as in penem FCE 22101,3 results in markedly 

enhanced antibacterial activity.4 The introduction of functionality other than amino at the 

6-position of the penam nucleus has also been shown to generate inhibitors to S-lactamase 

enzymes. 5 In all instances, the alpha or beta orientation of side-chains seem to be 

primordial for eliciting the desired biological response. 

To the best of our knowledge, there exist two general methods for the preparation of 

6Dono-alkyl penams. One relies on the hydrogenation of an alkylidene derivative,6 and the 

other on a radical induced substitution of a preexisting 6,6disubstituted derivative by 

hydrogen."' In both instances, the corresponding 6-g-alkyl penicillinate was the 

predominant product. 

We report on a novel method for the introduction of the functionally versatile ally1 

group at C-6 in the penam nucleus, and on the synthesis of several 6-alpha substituted 

derivatives as well as 6,6_disubstituted derivatives. To this end, we have exploited the 

direct free-radical allylation' of 6-bromopenicillanates with allyltributyltin in the 

presence of a catalytic amount of AIBN. The reactions proceed efficiently under mild 

conditions, and with a remarkable degree of stereocontrol as shown in Table 1. 
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a. The remainder consisted of a 1:l mixture of starting material and diallyl derivative 
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A typical experimental procedure is as follows: A solution of the methyl 

6-bromopenicillanate derivative (1 mmole), allytributyltin (1.5-3 mmole) and a catalytic 

amount of azobisisobutyronitrile (AlBN) in benzene (15 ml) was refluxed under argon (Z-6h, 

Table 1). The allylated products were obtained as colorless syrups by flash chromatography 

(n-hexane/ethyl-acetate), followed by partitioning between acetonitrile and n-hexane. 

In all cases studied, the ally1 group was introduced from the a-face as confirmed by 

detailed 'H n.m.r. analysis at 400 MHz, and NOE experiments. For example, irradiation of 

H-5 in 7 caused a 4.6% NOE enhancement of only one of the ally1 methylene hydrogen atoms. - 

The stereochemistry of compounds h and 2 was assigned by analogy. 

Access to the 6-beta series was easily accomplished by reduction of the corresponding 

6-beta-bromo-6-alpha-ally1 derivative 5, which gave 12 in 87% yield; [a]D+304° (~2.6, - 

CHCl,); vmx (film) 1780, 1755 cm -l; MS, 256 (M+l); H-5, 5.44 p.p.m, J= 4.5 Hz; H-6, 3.7 

p.p.m, m (CDClS). It should be noted that hydroxyethyl group in the olivanic acid" group 

of carbapenem antibiotics has a R-orientation. 

12 - 

The bromopenicillins reported in this work are amenable to routine handling and 

chromatography. It is somewhat surprising that the trichloroethyl ester corresponding 

and obtained from the treatment of trichloroethyl 6-diazopenicillanate with neat ally1 

bromide in the presence of Cu(acac)p has been reported as being rather unstable." 

to 6, 

Reduction of this "unstable" bromide has been reported to give the 6-beta-ally1 derivative 

(no details or physical constants 
11 

). 

The presently reported methodology provides a direct access to 6-alpha penam 

derivatives which are configurationally related to the thienamycins and certain penems. The 

same methodology can also lead to the novel 6,6-di-alkyl penams. It is clear that the ally1 

group in such derivatives can be further manipulated chemically, to produce versatile, 

functionally useful compounds. 

Finally, it is of interest to point out the chemoselective nature' of free-radical C-C 

bond forming reactions of the type reported herein, and the compatibility of delicately 

balanced penicillin-type functionality with the reaction conditions.16 
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