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Carbanion-Accelerated Claisen Rearrangements. 2.
Studies on Internal Asymmetric Induction

Summary: The stereochemical course of Claisen rear-
rangements of 2 and 3 in the thermal and anionic modes
has been studied. The carbanionic processes were shown
to be highly stereoselective and dependent upon solvent,
counterion, and temperature.

Sir: In a previous communication! we demonstrated the
rate-accelerating effect of a carbanion in the Claisen re-
arrangement? (eq 1). The effects of methyl substitution
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at C(1), C(3), C(4), and C(5) on the rate of the rear-
rangement were found to correlate well with those reported
for Ireland’s ester enolate variant.? Further, methyl
substitution at C(3) gave rise, stereospecifically, to a
product with the expected E double-bond geometry.3*
While these observations bode well for the synthetic utility
of this process, the most important characteristic of Claisen
rearrangements was not addressed, namely, the ability to
create vicinal asymmetric centers in a predictable fashion.
Such behavior is a hallmark of [3,3]-sigmatropic rear-
rangements® and has been convincingly documented in the
Claisen rearrangement by Schmidt,%* Sucrow,ed Ire-
land,?® and Bartlett.®! We wish to report that carban-
ion-accelerated Claisen rearrangements are as stereose-
lective as their thermal counterparts.

The substrates employed in this study, 27 and 87 (eq 2),
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were selected for ease of synthesis and to facilitate the
stereochemical assignment of products. Stirling® has
demonstrated that kinetically controlled addition of nu-
cleophiles to sulfonyl allenes affords 8,y-unsaturated
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sulfones. Thus, base-catalyzed addition of (E)- and
(Z)-crotyl alcohol® to 1-(p-tolylsulfonyl)-1,2-butadiene!®
gave 2 and 3, respectively, in which the enol ether double
bond was expected to be E on the basis of a least-hin-
dered-approach model of attack at the central carbon.!!:2

The results of rearrangements of 2 and 3 are collected
in Table I. For calibration of the stereoselectivity of
carbanionic rearrangements, the thermal Claisen process
was performed for comparison (Table I, entries 1 and 5).
Both 2 and 3 rearranged smoothly and with high stereo-
selectivity to 47 and 5,7 respectively.'* The carbanionic
rearrangement of 2 in Me,SO' also proceeded in good
yield under milder conditions and with comparable or
better stereoselectivity (entry 3). Different counterions
only marginally influenced the stereoselectivity in the order
K* < Na* ~ Li*. Carbanionic rearrangement of 3 was
plagued by a side reaction which produced 1-(p-tolyl-
sulfonyl)-2-butanone (9) in considerable amounts (entries
6 and 7). However, this side reaction could be completely
suppressed by using lithium dimsylate!® as the base, re-
sulting in a highly selective, clean rearrangement.!’® Thus,
while the selection of counterions is critical for a successful
reaction, the stereoselectivity is again little perturbed; i.e.,
K* < Na* ~ Li*.

The effects of solvent and temperature on the selectivity
of the rearrangement were investigated next. Entries 9 and
10 show that neither HMPA nor THF improved the se-
lectivity in rearrangement of K*2~, With K*3~ in THF the
selectivity improves (compare entry 6) but the yield is still
poor. Finally, we have found that short reaction times at
slightly elevated temperatures (compare entries 3, 12, and
13) are the optimum conditions for obtaining the highest
yield and stereoselectivity.

The complementarity of stereochemical outcome of
carbanionic rearrangements of 2 and 3 is in full accord with
the established dogma of a chairlike transition state for
this family of reactions.>®?® Further insight into the
nature of the transition state may be gleaned by com-
parison of entries 1, 5, 7, and 13. The slower rate of
thermal rearrangement of 3 vs. 2 (2-fold) is expected due
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Table 1.

H3

Carbanionic Claisen Rearrangements of 2 and 3¢

CHs
p- T°'502’j’ 7\( . p- msoz\/ll\)\; . p-TalSO, \)k(\/

2or3 4 5
entry  substrate base (equiv)®? solvent temp, °C time, h 4:5 ratio®  yield,? %
1 2 none Me,SO 100 4 96:4 97
2 2 KH (2.2) Me,SO 20€ 4 93:7 797
3 2 NaH (2.2) Me,SO 20¢ 4 98:2 85
4 2 KH (2.2)/LiCl (4.2) Me,SO 20€ 4 97:3 73
5 3 none Me,SO 100 8 4:96 89
6 3 KH (2.1) Me,SO 20¢ 6.75 14:86 7f
7 3 NaH (2.2) Me,SO 50 3 6:94 64’
8 3 KH (2.6)/LiCl (15) Me,SO 50 1.5 6:94 85
9 2 KH (2.2) THF 20 24 89:11 78
10 2 KH (2.1) HMPA 20 2 64:36 83
11 3 KH (1.9) THF 20 23 7:93 197
12 2 NaH (2.2) Me,SO 20 6 95:5 57
13 2 NaH (2.2) Me,SO 50 0.25 98:2 93

% All anionic reactions were done under rigorous exclusion of moisture and oxygen. The reaction were run at 0.09-0.12

M concentrations and were homogeneous throughout.

Reaction progress was monitored by TLC until complete and then

worked up by aqueous extraction in the usual way. The products were purified by flash chromatography on silica gel.

b Potassium and lithium dimsylate were prepared freshly from hexane-washed KH at 20 °C (see ref 18)
was prepared freshly by warming hexane-washed NaH in Me,SO to 65 °C for 40 min and cooling to 20 °C.
a’ Yields of products after columin chromatographic purification.

determined by analytical HPLC (UV detection, 250 nm).

Sodium dimsylate
¢ Ratios were

€ The completion of this run was difficult to discern due to an unknown side product that was coincident with starting

material. Heating to 50 °C for 2-5 min assured complete conversion.
65%; entry 7, 24%; entry 11, 28%.
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to pseudo-1,3-diaxial interactions between CH;C(5) and
the sulfonylmethylene group. The carbanionic rear-
rangement of 3 is 12 times slower than that of 2, suggesting
a more serious interaction probably due to the strong as-
sociation with the metal ion and its attendant solvent
molecules.

The high stereoselectivity of these rearrangements is
striking. Originally we perceived two pitfalls, either of
which could destroy stereoselectivity. The first concerned
the geometrical integrity of the stabilized allyl anion i
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and the second an ex post facto epimerization requiring
only equilibrium quantities of dianion ii. Unfortunately,
very little information is available concerning structures
and rotational barriers of sulfonyl-stabilized allyl an-
ions.?12?2 Rotation about the C(1)-C(2) bond is stereo-
chemically crucial and we must conclude that either (1)
the barrier is extremely high or (2) the E geometry as
shown is strongly favored at equilibrium. The relative
orientation of the p-toluenesulfonyl group (C(2)-C(6) ge-
ometry) is unknown at present, as is its importance in
cation chelation or its indirect influence on the C(1)-C(2)
geometry. Finally, it is clear that species ii are not ac-

(21) (a) Biellmann, J. F.; Ducep, J.-B. Org. React. (N.Y.) 1982, 27, 1.
For studies on the structure of sulfenyl-stabilized anions, see: (b)
Biellmann, J. F.; Ducep, J. B. Tetrahedron 1971, 27, 5861. (c) Hartmann,
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Press: New York, 1978; pp 36-90. (b) Bordwell, F. G.; Branca, J. C.;
Johnson, C. R.; Vanier, N. R. J. Org. Chem. 1980, 45, 3884 and references
cited therein.

9 was isolated in this run: entry 2, 13%; entry 6,

cessible in Me,SO even in the presence of excess base.?

The results reported herein provide a firm foundation
for the investigation of rearrangements employing chiral
carbanions and studies on the structure of heteroatom-
stabilized anions which will be the subject of future reports.
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Synthesis of Dehydrooogoniol, a Female-Activating
Hormone of Achlya

Summary: The structure of dehydrooogoniol
(38,11,158,29-tetrahydroxystigmasta-5,24(28) (E)-dien-7-
one), a female-activating hormone of the water mold
Achlya, has been confirmed by synthesis. The starting
material was progesterone, which was converted to the
11,158-dihydroxy derivative by microbiological hy-
droxylation with Aspergillus giganteus (ATCC 10059).
The side chain was constructed in a stepwise manner by
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