of a mixture containing 25%'° of A produced by photolysis of
1in benzene at room temperature showed two sharp resonances
at 6 0.23 and 0.30 with relative intensities of 3:2, in addition
to two peaks at 6 0.19 and 0.31 assignable, respectively, to
Me;Si and Me;Si protons of 1.

The silacyclopropene A in solution seems to be relatively
stable at room temperature. When a reaction mixture con-
taining 44%!'° of A and 22% of unchanged 1 was allowed to
stand for 8 h at room temperature, only 6,6% of A was de-
composed to give mainly a nonvolatile product. We are con-
tinuing this investigation to stabilize intermediate A.
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Stereoselection in the Aldol Condensation
Sir:

Dubois and co-workers have shown that the aldol conden-
sation is subject to kinetic stereoselection, with (Z)-enolates
giving predominantly the erythro aldol (eq 1), and (E)-eno-

lates leading preferentially to the threo isomer (eq 2).' House
and co-workers found that the use of preformed lithium eno-
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lates in the presence of chelating divalent cations such as Zn?*
and Mg2* leads to product mixtures rich in the more stable
threo aldol, regardless of enolate geometry,2 We have exam-
ined the use of preformed lithium enolates and find that, under
the proper conditions, complete kinetic stereoselection may
be achieved.

+ RCHO —» ®
0- 4 R
0~ HO O
/\r + RCHO — ’ 2)
R R R

Reactions are carried out by preforming the enolate at —72
°C in THF or ether by addition of the ketone toa 1 M solution
of lithium diisopropylamide (LDA).3 After 15 min, the alde-
hyde is added in one portion to the rapidly stirring enolate so-
lution. The reaction mixture is quenched by the addition of
saturated aqueous NH4Cl 5 s after addition of the aldehyde.
After separation of the layers, the aqueous layer is extracted
with ether and the combined organic layers are dried (anhy-
drous MgSQ,) and evaporated to afford the aldol in good yield.
Further purification is achieved by distillation and/or re-
crystallization of the crude product. Diastereomer ratios were
determined from the carbinol resonances in the 'H NMR
spectra of the crude aldol product, using the well-established
fact that Jinreo > Jeryihro. 2 In cases where both diastereomeric
aldols are not produced in the condensation, the kinetic aldol
was equilibrated so that both stereoisomers were in hand.

Our results may be summarized as follows: In aldol con-
densations of the type typified by eq 1 and 2, complete kinetic
stereoselection is observed, with the (Z)-enolate giving the
erythro aldol and the (E)-enolate giving the threo aldol when
R is bulky (tzert-butyl, 1-adamantyl, mesityl, trimethylsilyl).
When R is smaller (ethyl, isopropyl, phenyl, methoxy, tert-
butoxy, diisopropylamino), stereoselectivity diminishes or
disappears.

HO O
/\"/R LDA R'CHO
—_— — 3
0 R’ R

An example is provided by the condensation of ethyl tert-
butyl ketone (1, 100% (Z)-enolate) with benzaldehyde to yield
erythro aldol 2. The crude aldol product in this reaction, ob-
tained in quantitative yield, shows no measurable amount of
threo aldol. Pure aldol 2 (mp 55-56 °C) is obtained in 78%
yield after distillation (bp 105° /0,3 Torr) and trituration with
a small amount of hexane. On the other hand, ethyl mesityl
ketone (3, 92% (E)-enolate, 8% (Z)-enolate) reacts with
benzaldehyde to afford 92% of threo aldol 4 and 8% of erythro
aldol 5. Pure 4 (mp 97-99 °C) is obtained in 52% yield after
two recrystallizations from hexane. To gain further support
for the supposition that (Z)-enolates give erythro aldols and
(E)-enolates give threo aldols, we have prepared mixtures of
(E)- and (Z)-enolates of varying composition from ketone 3°
and allowed these mixtures to react with benzaldehyde. In each
case, the erythro/threo ratio is identical within experimental
error to the (Z)/(E) ratio.

HO O HO O

/\’r R )\')‘\ !
0 CeH; R C.H,

1, R = tert-butyl 2, R=tert-butyl
3, R =mesityl 5, R=mesityl 4

Our results are explicable in terms of a six-center transition
state, depicted in structure I for a (Z)-enolate, in which the
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metal cation is chelated by the two oxygens of the reacting
array. Kinetic stereoselectivity is maintained even when the
condensation is carried out in the presence of large amounts
of the highly ionizing solvent HMPT.”

CH,

The tetraalkylammonium enolate? derived from ketone 1
gives equally high but opposite kinetic stereoselectivity in its
reaction with benzaldehyde. Thus, when an equimolar mixture
of enol ether 6 and benzaldehyde is treated with a catalytic
quantity (3~6 mol %) of benzyltrimethylammonium fluoride
in THF at 25 °C for 2 h, the sole reaction product (52% iso-
lated yield) is the silylated aldol 7.°

Megsi(’) 0
XNy ’

OSiMe, Cefs
6 7

In the case of the tetraalkylammonium enolate, in which the
cation cannot accept the two partially negative oxygens as li-
gands, we believe that a transition state such as that depicted
in structure II is involved. In this case, to minimize electrostatic
repulsion, the oxygens must be directed in generally opposite
directions. Consequently, the enolate now attacks the other
face of the carbonyl group.

Thus, by using a diastereomerically pure lithium enolate
derived from a ketone in which one alkyl group is sterically
demanding, one may achieve total diastereoselection in the
aldol condensation. From a practical standpoint, erythro
stereoselection is easily achieved with ketones in which one
alkyl group is tertiary, such as ethyl tert-butyl ketone (1) or
ethyl 1-adamantyl ketone, since these ketones yield only the
(Z)-enolate on deprotonation with LDA at —72 °C. In some
cases, threo stereoselection may be achieved by using tetra-
alkylammonium enolates derived from these same ketones,’
Threo stereoselection may also be realized by using the lithium
(E)-enolate, The only acyclic ketone we have studied which
meets the two criteria of having a sterically demanding group
bound to the carbonyl and an easily accessible (E)-enolate is
ethyl mesityl ketone, which gives a kinetic enolate mixture
containing 92% (E)-enolate.!'® We are currently exploring ways
to extend this discovery to an equivalent of the Reformatsky
reaction by creating a ketone such as 1 or 3 in which R is easily
convertible to OH.!!
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B-Lactam Antibiotics. Novel Synthetic Routes to
Cephem-Ring System from 3-Lactam Thiazolines via
Hydrazinothioazetidinones

Sir:

Acid-catalyzed oxidative ring opening of 1¢!-3 (X = H) with
dimethyl azodicarboxylate (2-3 mol excess) and toluene-p-
sulfonic acid (1 equiv) in 2% aqueous acetone (20 °C, 4-6 h)
afforded 2¢ (X = H), 80%: mp 133-135 °C.%> Similarly hy-
drazinothioazetidinones, 2a, b, d (X = H), were obtained from
1a, b, d (X = H).5 We suggest that this transformation pro-
ceeds through a transition state 4, which undergoes hydrolytic
cleavage to 2a-d. An outstanding property of compounds 2a-d
(X = H)7 is their tendency to be cleanly converted to deace-
toxycephalosporins 3a-d (80-85% yield) (X = H) by stirring
the benzene solution with 30% aqueous KOH or with alumi-
num oxide at room temperature. This cyclization can be ex-
plained by an initial abstraction of the « proton and concom-
itant attack of the activated double bond on the sulfur atom,
resulting in the formation of the C-S bond and of the six-
membered ring system, as outlined in 2. Alternatively, 2a-d
(X = H) were cyclized by treatment with zert-butyl hypo-
chlorite (THF, —78 °C) to the corresponding 3-chlorocepham®
(presumably via an intermediate sulfenyl chloride) which gave,
by further dehydrohalogenation, the 3-cephem derivatives 3a-d
(X =H).

Compounds of formula 2a, b (X = OAc) were obtained with
a five-step procedure starting from thiazolines 1a,b (X = H).
Treatment of 1a-d (X = H) with NBS and aluminum oxide
(benzene, 20 °C, 20 h) yielded, almost quantitatively, the
monobromides 5 and 6 in 70:30 ratio ® Alternatively bromine
was quantitatively added to the isopropenyl double bond of 1¢
(CH»Cl,, 30 min, 20 °C), in the presence of CaO, to give di-
bromide 28 (as a 1:1 mixture of two diastereoisomers) which
was transformed into monobromides 5 and 6 by treatment with
triethylamine or simply by passing through a silica gel bed.
Monobromides 5 and 6 and dibromide 28 were quantitatively
converted to monoacetates 7 and 8 by nucleophilic displace-
ment with potassium acetate (acetone, 40 °C), the resulting
mixture of E~Z isomers being separated either by column
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