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Abstract: Incorporation of a chiral ketone into the established tetrahydro-1,3-oxazine route 
to thienamycin analogues, has enabled the isolation of single enantiomers having the 
naturally occurring (&)-configuration at the bridgehead. 

A number of enantiospecific syntheses of members of the "carbapenem" group of anti- 

bacterials have appeared. They have tended to fall into three main types: elaboration of a 

chiral starting material such as L-aspartic acidl; classical resolution using an optically 

active acid or base2; and an elegant enzymatic selection process3>4. These methods increase 

the length of the synthesis, but the tetrahydro-1,3-oxazine route that was described from 

these laboratories5, has now been modified to provide (5R)-thienamycin analogues without any 

additional steps being added to the racemic route. 

The key concept was the replacement of the cyclohexanone, used in the original 

synthesis, ,,y a chiral ketone. Camphor, nopinone, menthone and carvomenthone were found to 

be unsuitable because none of them cleanly gave an oxazine on reaction with 3-aminopropan-l- 

01. However, commercially available CR)-3-methylcyclohexanone reacted satisfactorily with _ 

the aminoalcohol (benzene, reflux, 24 h) to form a tetrahydro-1,3-oxazine. The unpurified 

product was acylated with diketene (benzene, O'C, 3h) to produce the B-ketoamide (1j6, which 

was isolated by chromatography in 68% yield. The proton and carbon n.m.r. spectra showed (1 

to be slightly enolised, but surprisingly it was substantially a single isomer of unknown 

stereochemistry at the Spiro centre. A diazo transfer to (1) utilising methanesulphonyl 

aside (NEt3, benzene, 0°C for 2 h, 2O'C for 18 h) then gave a quantitative yield of (2). 

This underwent a carbenoid insertion on treatment with rhodiur.1 (II) acetate (0.1 weight of 

substrate, benzene, 20°C, 20 h) to produce a 3:2 mixture of tricyclic compounds (3) and (4). 

Chromatography (silica gel 60, CHC13) followed by ciystallisation of the slower fractions 

from hexane enabled isolation of pure (6R)-diastereoisomer (3) (22%), m.p. 82-84"~,[,]*0 

+25.3O (c 1 in CHC13). 
D 

) 

The reduction of (3) with potassium tri-see-butylborohydride 1 (THF, 0 to 2o"c, 0.75 h) 

gave a 75% yield of the CR)-alcohol (5) [plus 10% of (S)-' lsomer],which was protected with 4- 

nitrobenzyloxycarbonylchloride (Bu"Li, THF, -70 to 20°C, 0.75 h) to form (6). This was 

hydrolysed (M.H2SO4 in 1O:l Me2CO/H20, 20°C, 2.5h) in 60% yield to the versatile inter- 

mediate (7), [a]y+2.6°(c 1 in CHC13), which has all of the thienamycin asymmetric centres 

:orrectly set up. This compound has been previously made by the enzymatic route4. The 

utility of (7) was confirmed by employing existing methodology7 to progress it to the 
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protected thienamycin analogue (S), [al;’ + 59.4' (c 1 in CHC13) , which was in the bioactive 

naturally occurring series. 
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C02PNB 

PNB = p- Nitrobenzyl 
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