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Studies on Lactams. XXIX.’ Synthesis of 
Aza Analogs of Cepham 

Summary: The synthesis of several novel aza analogs 
of cephams has been accomplished by the reaction of 
N-acylated 1,4,5,6-tetrahydropyrimidines with differ- 
ent acid chlorides in presence of triethylamine. 

Sir: Recently Wolfe, et a1.,2 have reported the con- 
version of penicillin to 1-aza-6-epidethiocephem (1). 
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Prompted by the disclosure of this partial synthesis we 
describe here the results of our studies on the total syn- 
thesis of analogous compounds. In  view of our earlier 
success with the “acid chloride-imine” method3 for pre- 
paring various a-substituted p-lactams including 6-epi- 
penicillin methyl ester,4 we investigated the use of this 
synthetic approach to penam and cepham analogs in 
which S has been replaced by nT. 

Our initial attempt involved the reaction of 2-phenyl- 
imidazoline (2) with azidoacetyl chloride in presence of 
triethylamine. The reaction product appeared to con- 
tain the expected bicyclic P-lactam (7, R = NB; Rz = 
COCH2Na) on the basis of ir and nrnr spectral data. 
However, 7 could not be obtained in the pure form: 
attempts a t  purification led to its decomposition and 
only an N-acylimidazoline 3 could be isolated. This 
was not surprising in view of our earlier experience5 with 
unstable /3-amino-p-lactams 9 obtained from amidines 8 
and diphenylketene. Reaction of 3 with an acid chlo- 
ride and triethylamine was no more successful in leading 
to pure 7. Several other N-acyl derivatives, such as 
4, 5, and 6, fared no better than 3 for obtaining pure 
1-azapenam analogs. 

Next we condensed 10, the higher homolog of 2, with 
phenoxyacetyl chloride and triethylamine in methylene 
chloride solution. The desired p-lactam 13 was ob- 
tained in 72% yield: mp 131-132’: ir vmsx 1775 
(P-lactam CO), 1667 cm-l (amide CO); nmr (CDC13) 
T 2.3-3.4 (m, 15 H), 4.25 (8 ,  1 H), 5.25 (9, 2 H),  5.68-6.5 
(br, 2 H), 6.5-7.2 (br, 2 H), 7.9-8.78 (br, 2 H);  mass 
spectrum R I +  at m/e 428. Calcd for CzeH24N204: C, 
72.89; H, 6.54; N, 5.60. Found: C, 72.75; H, 6.77; 
N, 5.96. Under similar conditions azido acetyl chlo- 
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ride (10) and triethylamine gave the diazido-p-lactam 
(14). Catalytic hydrogenation of 14 on Pd/C produced 
a diamino-p-lactam (15) which upon acylation with 
phenoxyacetyl chloride (2 mol) provided the cepham 
analog 16 with two phenoxyacetamido side chains. It 
is possible to have two different side chains: conver- 
sion of 10 to 11 and 12 prior to reaction with phenoxy- 
acetyl chloride and triethylamine led to  the p-lactams 
17 and 18, respectively. Because of the presence of 
several substituents in close proximity in compounds 
13-18, assignment of configuration of these p-lactams 
on the base of nrnr data does not appear to be possible. 

It is reasonable to expect that the various routes de- 
scribed previously for placinge and modifying’ a sub- 
stituents in monocyclic p-lactams prepared by the 
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"acid chloride-imine" method would also be applicable 
to the synthesis of bicyclic P-lactams from suitable 
tetrahydropyrimidine derivatives. The striking in- 
crease in stability in going from the 1-axadethiopenam 
to the corresponding cepham series, of course, facilitates 
the synthesis of cepham analogs. The extension of this 
general synthetic approach to other bicyclic p-laciams 
is in progress. 
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Asymmetric Induction in a [2,3] Sigmatropic 
Rearrangement. A Biogenetic Model 

Summary: Treatment of achiral S-methyl-S,S-big- 
(7, y-dimethylally1)sulfonium fluoroborate with chiral 
bases produces artemisia methyl thioether with ;-l'i?70 
asymmetric induction. 

Sir: The discovery that the direct biological pre- 
cursors of squalene1z2 and phytoend possess the cyclo- 
propane structures l b  and IC, respectively, suggests a 
link to the monoterpene analog chrysanthemol (la). 
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la, Y = H 
b, Y = g e r a n y l  
c, Y = f a r n e s y l  

Among the biogenetic schemes considered for the for- 
mat'ion of these ~ompounds ,~  t'hat based on the [2,3] 
sigmatropic rearrangement of sulfur ylides possesses 
exceptional fascination (see Scheme I) .4g,5 In this 
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SCHEME I 
[2,3] SIGMATROPIC REARRANGEMENT BIOGENETIC HYPOTHESIS 
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scheme, the chirality of the biogenetic intermediates 
la-c is determined by a single event-the conversion 
of an achiral sulfonium salt into a chiral ylide. 

In experiments designed to  examine various facets of 
this scheme, consideration of the stereochemistry of 
the process was undertaken to determine 1Thether (1) 
simple chiral bases could discriminate between the 
enantiotopic'j arms of the achiral sulfonium salt, (2) 
the ylide thus generated could rearrange faster than it 
loses its asymmetry, and (3) the chirality a t  sulfur 
could be faithfully translated into chirality a t  carbon. 

Treatment of S-methyl-S,S-bis(y,y-dimethylally1)- 
sulfonium fluoroborate (2) with n-butyllithium-spar- 
teine complex7 or lithium 1-( -1-menthoxide in tetra- 
hydrofuran led to  artemisia methyl thioether 3 with no 
observable optical rotation (see Scheme 11). On thc 
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a * indicates chiral atom. 

(6) I n  actuality, this terminology is incorrect. Since the carbanion may 
be tetrahedral the ylide may exist in one of four diastereomeric forms in 
which case the two arms are diastereotopic. Making the reasonable assump- 
tion that the carbanion center is a t  least "effectively" planar owing to rapid 
inversion simplifies the discussion, No conclusions are affected by this 
assumption. 
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