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Iknzocarbapenetns From Ethyl Indole-2-acetate 

The benzocarbapenem ring zy\tem I’ has been described only once in the literature: the parent 
compound and two derivatives were prepared by copper promoted intramolecular aryl substitution of the 
azetidinones 2.’ We have Investigated an alternative method of preparation based on the reduction and 
cyclisation of 2-substituted indoles. ah shown in outline in Scheme I 

Scheme 1 

The startmg material required for thr prcpardtlvn oi these aretidinones was an ester of indole-2-acetic 
acid. The ethyl ester has been prepared by an intramolecular Wittig reaction2 and, more recently, the methyl 
ester has been prepared directly from mdole by radical yubstitution.3 In our hands the radical substitution 
procedure worked well on a small scale (l-5 mmol) but was less satisfactory on a large scale. Ethyl indole-2- 

acetate was therefore prepared from 2-aminobenzyl alcohol by the literature method.2 
The reduction of the 2.3.double bond of ethyl indole-2-acetate was achieved in 82% yield by using a 

modification of the method of reduction of indoles to Indoiines first described by Kikugawa.4 He reported that 

’ This ring system is named systematically as X,Xa-drhLdroazeto[ I .2- ujindol-Z(lH)-one and the numbering 
shown in 1 is that based on the systematic name 
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tryptophan denvativea were cleanly reduced using pyrtdtne-borane In trifluoroacetic acid. We found that 
trimethylamine-borane was a better reagent for the reduction of ethyl mdole-2-acetate. The dihydro ester was 
then hydrolysed using hydrochloric acid to 2,3-dthydromdole-2-acetic acid which was isolated (60%) as its 
crystalline hydrochloride. The most successful of several methods which were tried for the cyclisation of the 
acid to the P-lactam 1 proved to be the reaction of the actd hydrochloride with tris(2-oxo-3- 
benzoxazolinyl)phosphine oxide 3 and triethylamme In acetonitrile. This reagent has previously been found to 
be superior to other common dehydrating agents for the preparation of bicyclic @lactams5 The azetidinone 1 
was isolated in 37% yield as a crystalline solid.6 The compound was purified by flash chromatography and by 
sublimation and it can be kept below 0 OC with lmle decomposition. 

Methods for the mtroductton of substltuents Into the C- 1 position of the azetidinone were then 
investigated. Ethyl mdole-2-acetate was protected as its N-BOC derivative 4. This could be efficiently 
deprotonated and methylated by successive treaunent wltth KHMDS and iodomethane; the esters 5 (98%) and 
6 (83%) were prepared in this way. These compounds were deprotected and reduced in one pot by reaction 
with sodium cyanoborohydride in uifluoroacettc actd, a method which has previously been used for the 
reduction of N-tosylindoles.7 The esters 7/S and Y were isolated in yields of 74% and 69%, respectively. The 
reduction of 5 was unselective, the diastereoisomers 7 and 8 being isolated in a 1:l ratio. This is to be 
expected since the reduction goes by way of an iminium cation. 

An alternative method of reduction was investigated. Compound 5 was subjected to catalytic 
hydrogenation over 5% rhodium on alumina at 200 psi. This gave the dihydro esters lo/11 (88%) and the 
reduction proved to be dtastereoselective, the ratio of 10 to 11 being 5: 1.8 The stereochemistry of the major 
diastereoisomer 10 was established from the structure of the azettdinone 13 derived from it as described 
below. 

4; R’ = R- = t{ 7. R = Me. R’ = H 
5: R’ = Me. R’ = H 8; R’ = H. R’ = Me 
6: R’ = R’ = ivle 0: R’ = R’= Me 

10; R’ = Me. R’ = H 
11; Rt = H, R’ = Me 

Molecular modelling studies were carried out on the ester 5 in an effort to understand this 
diastereoselectivity.Y The minimum energy conformation A, and a conformation B which lies slightly higher 
in energy, are shown in the Figure. It is apparent that hydrogenation of the ester in conformation A is 
sterically less demanding than hydrogenation in conformation B and that hydrogen should be added 
preferentially from one face. This would lead to the formation of the ester 10, which is observed to be the 
major diastereoisomer, since, after hydrolysis, ring closure must lead to the azetidinone 13 in which H-l and 
H-8a are cis. 
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Figure Lowest energy conformation A and a low energy conformanon B of ethyl N-BOC-indole-2- 
propanoate 5. B is approximately 6 kJ mol-J hrgher in energy than A. 

The esters 7-9 were hydrolysed under basic conditions and the resulting acids were characterised as 
their trifluoroacetate salts. The BOC protecting groups were removed from the esters 10 and 11 (using TFA) 
and the products were then simtlarly hydrolysed. The carboxylic acid salts were then cyclised as before to 
give the corresponding azetidinones (Scheme 2). The azetidinone 12 was isolated as a stable crystalline 
solid10 in an overall yield of 73% from the ester 9. The mixture of esters 7 and 8 gave, in 56% overall yield, a 
crystalline 1: 1 mixture of the azetidinones 13 and 14 and the esters 10 and 11 gave (62%) a 5: 1 mixture of the 
same azetidinones. 1 1 The structures of compounds 13 and 14 were determined from their ‘H NMR spectra; in 
particular, from the H-l to H-8a coupling constants (J = 5.5 Hz for 13, 2.8 Hz for 14). 

i, II 7-9 111 

lo,l, lle 

+ 12-14 

i, KOH. EtOH-H:O; II, CF,CO!H, III. 3, NEt,, MeCN, 80 “C, 6 h. 

Scheme 2 

The development of these methods for synthesrsing the ring system should allow more highly 
functionalised derivatives to be prepared. 
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