
COMMUNICATIONS 1605 

bridgehead methyl. A possible candidate is 
2,2-dimethylbicyclo[3.2.2]nonane-3,7-dione (4) 
(Scheme I).  We are currently investigating the 
homoenolization of other methylated bicyclo- 
[2.2.2]octanones and bicyclo[3.2.2]octanediones 
to establish the reason for the facile homoenoliza- 
tions. 
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SHEILA M. TENNESON and BERNARD BELLEAU. Can. J. Chem. 58, 1605 (1980). 
Starting from D-threonine, an asymmetric synthesis of the dextrorotatory bioactive enantiomer of 3-methyl-7-phenylacetamido- 

0-2-isocephem was accomplished. The key step, where asymmetric cycloaddition of azidoacetyl chloride to the cinnamylidene 
Schiff base of protected D-threonine is induced, generates the desired cis-p-lactam in 90% optical yield. The absolute configuration 
of the final product was confirmed by comparing its antimicrobial activity with that of its corresponding racemate. 

SHEILA M. TENNESON et BERNARD BELLEAU. Can. J. Chem. 58, 1605 (1980). 
En partant de la D-threonine, on a rkalise une syntheseasymktrique de l'enantiomere dextrogyre biologiquement actifdu methyl-3 

phenylacetamido-7 0-isocepheme-2. L'Ctape principale implique la cycloaddition asymetrique du chlorure d'azidoacetyle sur la 
base de Schiff de la cinnamaldehyde avec la D-threonine protkgee et elle engendre la p-lactame cis desiree avec un rendement 
optique de 90%. On a confirmi la configuration absolue du produit final en comparant son activitk antimicrobienne B celle du 
racemate correspondant. [Traduit par le journal] 
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Efficient and stereospecific syntheses of iso- 
cephems and the analogous 0 -  and N-2-iso- 
cephems were recently reported by the Bristol 
Canada group (1). The 0-2-isocephems in particu- 
lar constitute a new class of p-lactam antibiotics 
whose effectiveness against some common 
pathogenic bacteria compare favorably with 
analogous cephalosporins currently in use. As is 
the case of all P-lactam antibiotics, antibacterial 
activity of a prototype 0-2-isocephem was as- 
sociated exclusively with one of the enantiomers 
(dextrorotatory) of the synthetic racemix mixture 
(If). A single key step of the synthesis, the cy- 
cloaddition of azidoacetyl chloride to a cinnamylid- 
ene Schiff base introduces simultaneously the only 
two asymmetric centers appearing in the final 
product. However, only one racemate is obtained 
owing to the exclusive cis-stereospecificity of the 
cycloaddition. For obvious reasons of economics, 
a synthetic process leading mainly to the bioactive 
enantiomer from inexpensive starting materials be- 
came an important goal. Such an asymmetric pro- 
cess demands that the steric course of the cycload- 
dition be sensitive to chirality effects about an ap- 
propriate a-aminoester Schiff base. Although the 
chiral a-carbon of an aminoacid Schiff base is not 
proximal to the reacting aldimine carbon, prelimi- 
nary observations by the Bristol group some time 
ago' strongly indicated that asymmetric cycloaddi- 
tion was induced in some degree using a protected 
L-threonine Schiff base as the reaction partner. 

However, similar experiments by Just and Liak (2), 
but with a protected L-serine cinnamylidene Schiff 
base, led only to racemic material and thus could 
not yield any information on the possibility of 
asymmetric induction during the cycloaddition. 
This provided an additional incentive to 
reexamine, but in detail, the use of a protected 
enantiomer of a threonine Schiff base as a potential 
inducer of asymmetry. Mechanistic considerations 
allowed the prediction that, for the bioactive enan- 
tiomer of the end-product to be obtained, the D- 
isomer of threonine should be used as staring mate- 
rial. Thus, starting from D-threonine benzyl ester, 
the synthesis of optically pure (+)-3-methyl- 
7-phenyl-acetamido-0-2-isocephem of cis-con- 
figuration was accomplished as shown in Scheme 1. 

Silylation (3) of D-Thr-ObzL.Hcl (4) (mp 
126.5-127.X; [aIDz3 $10.1 (c 4.5, MeOh) in 
HMPT with tert-butyldimethylsilyl chloride gave 
the 0-silyl ether2 which was converted to Schiff 
base 1 on reaction with cinnamaldehyde ( la) .  The 
crude Schiff base plus triethylamine (1.3 equiv.) in 
dry CH2C12 was treated at - 10°C with azidoacetyl 
chloride (1.2 equiv.) according to published proce- 
dures (1) to give p-lactams 2 and 3 (60% from D- 
Thr-ObzL.HCI), the azidoacetyl amide of pro- 
tected threonine (- 30%), and small amounts of 
unidentified material. The p-lactam fraction was 
submitted to hplc (Spherisorb, Si 100, 10 pm; 
MeOh-EtOAc-hexane (0.1:5:95)) to give pure 3 
([aIDz3 - 150 (C 2.5, hexane)) and 2 ([a]DZ3 +80 (C 

COBzl COBzl COBZI 
2 

(minor) 
3 

(major) 

8 R1 = N,; R2 = Bzl 7 4 R1 = TBDMS; R2 = H 
9 R1 = NH,; R2 = BzI 5 R1 = TBDMS; R2 = MS 

10 R1 = NHCOCH2Ph; R2 = Bzl 6 R 1 = H ; R 2 = M s  
11 R1 = NHCOCH2Ph; R2 = H 

SCHEME l 

IB. Belleau, J .  L. Douglas, and D. E. Horning, unpublished results. 
2For all substances the spectra (ir, pmr, and ms) were in agreement with the assigned structures. Satisfactory mic- 

roanalyses were obtained for key products. All rotations are for CHCI, solution unless stated otherwise. 
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