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“acid chloride-imine”” method would also be applicable
to the synthesis of bicyclic S-lactams from suitable
tetrahydropyrimidine derivatives. The striking in-
crease in stability in going from the 1-azadethiopenam
to the corresponding cepham series, of course, facilitates
the synthesis of cepham analogs. The extension of this
general synthetic approach to other bicyclic g-lactams
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-bis-
(v,y-dimethylallyl)sulfonium fluoroborate with chiral
bases produces artemisia methyl thioether with 5129,
agymmetric induction.

Sir: The discovery that the direct biological pre-
cursors of squalene!:? and phytoenes?® possess the cyclo-
propane structures 1b and lc, respectively, suggests a
link to the monoterpene analog chrysanthemol (1a).

Y

YCHmml—,
CH, CHOH
la, Y =H
b, Y = geranyl
¢, Y = farnesyl

Among the biogenetic schemes considered for the for-
mation of these compounds,* that based on the [2,3]
gigmatropic rearrangement of sulfur ylides possesses
exceptional fascination (see Scheme I).%% In this
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ScHEME I
[2,3] S1aMATROPIC REARRANGEMENT B1oGENETIC HYPOTHESIS

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 whether (1)
simple chiral bases could discriminate between the
enantiotopic® arms of the achiral sulfonium salt, (2)
the ylide thus generated could rearrange faster than it
loses its asymmetry, and (3) the chirality at sulfur
could be faithfully translated into chirality at carbon.

Treatment of S-methyl-S,S-bis(vy,y-dimethylallyl)-
sulfonium fluoroborate (2) with n-butyllithium-spar-
teine complex’ or lithium 1-(—)-menthoxide in tetra-
hydrofuran led to artemisia methyl thioether 3 with no

observable optical rotation (see Scheme II). On the
Scueme I1
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(6) In 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 at least “effectively’’ planar owing to rapid
inversion simplifies the discussion. No conclusions are affected by this
assumption.

(7) H. Nozaki, T. Aratani, and T. Toraya, Tefrahedron Lett., 4097
(1968),



COMMUNICATIONS

other hand, treatment of salt 1 with lithium (R)-(—)-
2,2,2-triflucrophenylethoxide in 1:1 (R)-(—)-2,2,2-
trifluorophenylethanols-pentane at —10° led to thio-
ether 3 in 549, yield with [a]¥p —1.45 £ 0.12° (¢
4.12, CHCly). Use of (S)-(+)-aleoholate in its cor-
responding aleohol under the same conditions generated
thioether 2 with [«[?D +1.12 = 0.54° (¢ 5.56, CHCl;).
To evaluate the optical purity of the thioethers, use of
the chiral shift reagent tris[(heptafluoropropylhydroxy-
methylene)-d-camphorato Jeuropium® [henceforth ab-
breviated Eu(C¥P);] was made. While separation of
the signals for the S-CH; groups in the enantiomers
could be achieved, cleaner results were obtained by
oxidizing the thioether to the sulfone 4 (mp 38.5-40°)
in 999, yield with m-chloroperbenzoic acid in ether at
0°. By addition of 21.7 mol 9% of Eu(CFP); to a
CDCl; solution of the racemic thioether, the CH;SO;
signal shifts from § 2.74 to two singlets of equal inten-
sity at 3.74 and 3.82. Treatment of the thioether of
[@]®D —1.45° in this way generated the corresponding
sulfone, [a]¥5; —3.48 % 0.18° (¢ 1.09, CHCl;), in which
the nmr spectrum showed a 5 £ 19, difference in the
peak heights (average of 11 values) with the methyl
singlet at highest field being the larger.

The use of optically active 1,4-bis(dimethylamino)-
2,3-dimethoxybutane as solvent has been shown to
enhance the optical yields in organometallic addi-
tions.’* Rearrangement of the salt 2 with lithium
(8)-(+)-2,2,2-trifluorophenylethoxide in a 1:1 mixture
of dry tetrahydrofuran and (S,S)-(+)-1,4-bis(dimeth-
ylamino)-2,3-dimethoxybutane under nitrogen at —20°
generated thioether 3 in 489, yield with [a]%3: +2.90
+ 0.30° (¢ 0.62, CHCL). Oxidation with m-chloro-
perbenzoic acid as above gave the sulfone of [a]%;
+6.33 = 0.70° (¢ 1.43, CHCl;) whose nmr spectrum
in the presence of Eu(CFP); indicated an enantiomeric
purity of 12 =% 29, (average of 22 values) in which the
downfield CH;S0; singlet was the more intense. The
net optical yield observed represents the optical yields
for proton abstraction and ylide rearrangement.

In a related case, the [2,3] sigmatropic rearrange-
ment hag been found to proceed with >949, optical
induction.!* This observation suggests that in the
present case the optical induction observed represents
the preference in the proton abstraction step. The
unusually high optical yields for such a process in this
simple base system would clearly support a contention
that in the highly asymmetric environment of an en-
zyme system such a process would exhibit complete
optical induction. The demonstration that a great
deal of the stereochemical control is inherent in the
chemistry of such systems suggests more serious atten-
tion should be given to the hypothesis of Scheme I as a
possible biogenetic model.
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Rearrangement of Pyruvates to Malonates.
B-Lactams by Ring Contraction

Summary: Periodate treatment of a-keto-vy-lactams
results in rearrangement with ring contraction to 8-
lactams.

Szr:  Numerous methods for the synthesis of 8-lactams
by ring closure or ring expansion have been developed,*
but there are very few methods using ring contrac-
tion.? We have found that the oxidative rearrange-
ment of a-ketoacyl derivatives with periodate, which
has been reported for both acyclic and cyclic a-keto
esters and amides,? appears to be generally extensible
to the synthesis of g-lactams by oxidative ring con-
traction of a-keto-y-lactams.

For example, the monocyclic o-ketolactam, 1-
methyl-2 3-pyrrolidinedione (2), rearranges to 3-
carboxy-1-methyl-2-azetidinone (3). The bicyclic com-
pounds, Sa-c, rearrange to bicyclic g-lactams, 6a-c.
When the 8 substituent, R, in 5, is hydrogen or methyl,
only one of the two possible isomers is obtained; how-
ever, when R, is bromine, both isomers are formed.
The synthesis and rearrangement of these o-keto-
lactams, 2 and 5a—c,* are presented below.

4-Ethoxycarbonyl-1-methyl-2,3-pyrrolidinedione (1),
heated in refluxing 2.9 M HCl (50 min), followed
by extraction® and sublimation, gave l-methyl-2,3-
pyrrolidinedione (2, 639, mp 89-91°). Reaction of 2
with periodate (pH 7.0, 24 hr), followed by destruction
of excess periodate with bisulfite, extraction at pH 4.0,
and chromatography on silica gel, gave 3-carboxy-1-
methyl-2-azetidinone (3, 309,), ir 1745 (br) em 1.

1-Azabicyclo[4.3.0 lnonane-8,9-dione (S5a, 609, mp
62-66°) was obtained from 7-ethoxycarbonyl-1-aza-
bicyclo[3.2.0nonane-8,9-dione (4a),” by an analogous
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