
Pergamon 

0040-4039(95)00740-7 

Tetrahedron Letters, Vol. 36, No. 24, pp. 4283-4286, 1995 
Elsevier Science Ltd 

Printed in Great Britain 
0040-4039/95 $9.50+0.00 

T H E  S Y N T H E S I S  O F  A K E Y  I N T E R M E D I A T E  O F  T R I C Y C L I C  

B E T A - L A C T A M  A N T I B I O T I C S  

Claudio Bismara, Romano Di Fabio, Daniele Donati, Tino Rossi* and Russell J. Thomas* 

Glaxo Research Laborato~es, Via A. Fleming 4, 37135, Verona, Italy. 

Abstract: By employing an intramolecular Sakural-type olefination it was possible to 

obtain the olefin 5, a key intermediate in the synthesis of the broad spectrum tricyclie 

I~--lactam antibiotic GG-326 1. 

Recently, the tricyclic I~-lactam antibiotic GG-326 1 (formerly referred to as GV1043261) and its orally 

active ester pro-drug 2 (Fig. 1) have been the subject of considerable study due to their broad spectrum 

antibacterial activity, resistance to [~--lactamases and stability to r~nal dehydropeptidases, a potential 

problem for the penem and carbapenem classes of antibiotics. 1 
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(Fig. 1) 

The above compounds, and other members of this class, also represent a considerable synthetic 

challenge. 2 One of the earliest routes to compounds 1 and 2, used to make multi-kilogram quantities, is 

outlined in Scheme 1. As part of a program aimed at finding shorter, higher yielding routes, we decided to 

investigate the possibility of synthesising, in a single stereoselective step, the olefin 5. Our attention was 

drawn to the elegant exploitation, by Uyeo and co-workers, of an intramolecular Sakurai-type reaction in 

a highly steleoselective formation of a key intermediate in the synthesis of 1 [~-methylcarbapenems,3, 4 and 

we wished to employ a similar strategy for the synthesis of olefin 5. 

However, in the formation of olefin 5 by this method, there is an added degree of complexity with respect 

to the (Z)-2-butenylchlorodimethylsilane used by Uyeo. 3 In our case we needed to use cyclohex-2- 

enyldimethylsilyl chloride 9 bearing an asymmetric centre. 
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Scheme 1 

We also wished to study the influence of this chiral centre on the stereochemistry of product formation. 

The synthesis of compound 9 was carried out by hydrosilylation of 1,3-cyclohexadiene with 

chlorodimethylsilane under a variety of conditions (Scheme 2). 5,6 The results are outlined in the Table. 
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Scheme 2 

Entry Catalyst Temperature Time Y i e l d  o f  9 ~ 

16 Ni(Acac)2/A1Et3 -78°C - 0°C lh 72% 

2 CI2Pd[PhCN]2/PPh 3 100*C* 6h 66% 

3 Pd(PPh3)4 100*C* 6h 82% 

4 CIRh(PPh3) 3 100°C * 6h 83% 

* Sealed tube. ~ yield after distillation (66"C, 16 tuba0. 

Using a nickel acetylacetonate/triethyl aluminium catalyst system it was possible to obtain the desired 

product in satisfactory yield at low temperature (Table, Entry 1). The other catalysts required higher 

temperatures to effect the reaction, requiring the use of a sealed reaction tube due to the volatility of 

dimethylchlorosilane and 1,3-cyclohexadiene. 

The chlorosilane 9 was reacted with the 4-acetoxy compound 3 to give the N-silyl derivative 10 which 

underwent TMSOTf catalysed rzarrangement to give the olefins 5 and 11 in a 4:1 ratio respectively and 

50% overall yield (Scheme 3). 7 
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Scheme 3 

TBOMSOH H ("'~"I TBDMSO H 

5 11 

The stereoselectivity of the process can be explained in terms of the effect of the asymmetric centre 

generated in the hydrosilylation reaction. The rearrangement of the epimeric mixture 10 presumably 

proceeds via a cyclic transition state which can be represented as in Scheme 4. 

TBDMSO 
OAc 
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Scheme 4 M = SiMe 2 
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The epimer of 10 which gives the desired olefin 5 would pass through a pseudo-chair transition state on 

the re- face of the reactive azetinone whereas olefin 11 would derive from a less favourable pseudo-boat 

transition state. The formation of isomers 12 or 13 would require the positioning of the cyclohexene ring 

in the si- face of the azetinone, bringing it in close proximity of the sterically demanding 4-silyloxyethyl 

substituent. No evidence for the presence of isomers 12 or 13 was found in the reaction products. In 
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summary, the procedure described above allowed us access to a key intermediate in the synthesis of 
trieyclic ~-lactam antibiotics in a single stereoselective step. 
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Experimental procedure for Table Entry 1: Dry Ni(Acac)2 (0.5g, 1.8mmol) was added to a -78"C 

solution of 1,3-cyclohexadiene (5.2ml, 54.6mmol) and Me2(CI)SiH (4.0ml, 36mmol) under N2, 

and the mixture stirred for 15 min. Et3AI (7.2ml of a IM solution in hexanes) was then added over 

15 rain (caution, exotherm!). The reaction was allowed to warm to 0*C and stirred for a further 30 

rain. The reaction was then filtered under N2 into a distillation apparatus and volatile residues 

removed by the careful application of a low vacuum. Distillation (66"C, 16 mbar), gave 

chlorosilane 9 (4.51g, 72%). IH NMR (400MHz, CDCI3): 5,8 (m, IH); 5.6 (m, 1H); 2.2-1.4 (m, 

7H); 0.4 (s, 6H). 

Triethylamine (0.35ml, 2.5mmol) was added to a -78"C solution of 3 (0.5g, 1.7 retool) and 

chlorosilane 9 (l.0g, 5.6 mmol) in dry THF (10ml). The reaction was stirred for 4 h at -78"C 

before filtering under N2 and removal of volatile material in vacuo. The resulting viscous oil 10 

was dissolved in dry MeCN (5ml) and cooled to 0*C. TMSOTf (0.33ml, 1.9mmol) was added 

over 2 min and the reaction mixture stirred for 30 minutes before adding a mixture of Et3N 

(0.7ml) and MeOH (2.8ml) and stirring at room temperature for 4 hours. After partitioning 

between ethyl acetate and water, the organic phase was dried, filtered and concentrated in vacuo. 

Flash chromatography (1:4 EtOAc:cyclohexane) gave the olefins 5 and 11 (277mg, 50% from 3) as 

an 8:2 inseparable mixture. 
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