ORGANIC
LETTERS

Allylic Lithium Oxyanionic Directed and o 0L
Facilitated Simmons—Smith 2121-2123
Cyclopropanation: Stereoselective

Synthesis of (x)-cis-Sabinene Hydrate

and a Novel Ring Expansion

Dai Cheng, Thanapong Kreethadumrongdat, and Theodore Cohen*

Department of Chemistry, Usersity of Pittsburgh, Pittsburgh, Pennsghia 15260
cohen@pitt.edu

Received May 9, 2001

ABSTRACT
6] Zu-Cu
CH |
MeLi H2O E (2)2
Et,0 2
1
4 64%
1.2uCu/OHylp ELO Y
)-cis-sabinene
2.H0 hydrate

The lithium salts of acid-sensitive allyl alcohols, which themselves decompose during Simmons—Smith cyclopropanation, undergo smooth
cyclopropanation in the usual stereocontrolled manner. This concept is applied to the most efficient synthesis of (+)-cis-sabinene hydrate and
to the cyclopropanation of the anion of a nonisolable allyl alcohol resulting upon workup in a ring-expanded enone. The cyclopropanations
are also faster for the lithium salts than for the allyl alcohols themselves.

The Simmons-Smitht reaction and its variants are probably control over SimmonsSmith cyclopropanations of alkengs.
the most widely used methods of formation of cyclopropanes, Recently, a great deal of use has been made of this
compounds of enormous importance as reactive substratephenomenon in the induction of enantioselectivity in the
for further transformation3.In addition, many are very reaction'®®

important in their own right, especially because they are often  Some allylic alcohols, however, are acid-sensitive and are
biologically active3> A major advance in this field was destroyed by the Simmors$Smith condition$. There is little
afforded by the discovery that allylic and homoallylic doubt that this is the reason for the reported failure in the
hydroxyl groups accelerate and exert great stereochemical
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attempt to cyclopropanate the allyl alcoh®lto (+)-cis- s

sabinene hydraté (Scheme 1J.The tertiary alcohoB was Scheme 2
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9 2 3 4 64% ment with icé!) was subjected to the SimmonSmith
1.Zu-Cu/CHolp, ELO ./ reaction. The producf'?2 was immediately subjected to a
2. H,0 i catalytic amount of HCI, leading to the ring expansfon

product8. Thus, in this case the conventional allylic hydroxy-
directed cyclopropanation is unavailable and the lithium
oxyanionic version is a considerable advance.

Since it is well established, as indicated above, that allylic
hydroxyl groups facilitate SimmonrsSmith cyclopropana-
tions via complexation of the organozinc intermediate with
¢ the hydroxyl group, it seemed possible that the lithium
oxyanionic group could be even more activating. Two tests
of this concept were applied. In the first, we attempted to
cyclopropanate the conjugate base%fwhich had been
reported* to be unreactive toward 1.1 equiv of Simmens
Smith reagent. Indeed, the inseparable mixture of product
and unreacted starting material contained 44% of the
cyclopropane (NMR, Scheme 3). In the second test, a large

reported to be “extremely unstable” and “when subjected to
a Simmons-Smith reaction, decomposed rapidly and no
bicyclic product could be isolated.The allylic carbocation
derived by acid-induced dehydroxylation 8fwould be
exceptionally stable in view of the tertiary nature of both o
its termini. Since we required a sampledfor comparison
with one that we had synthesized as a demonstration of the
use of a new synthetic procedure based on the lithium-ene
cyclization® we sought to surmount this obstacle.

We now present an operationally extremely simple and
apparently general solution to the instability of certain
alcohols under SimmonsSmith cyclopropanation condi-
tions. The procedure is illustrated with the most efficient

synthesis of £)-cis-sabinene hydratd (Scheme 1). The _

ketonel is treated with methyllithium in dry ether at78 Scheme 3
°C. After the reaction mixture is warmed to I, the F 1. MeLl, Et,0 E
resulting lithium alkoxide2 is subjected directly to the Ph = 2. Zu-Cu / CHyly, Et,0 Ph\_A

g ) Y \—/ZQ—OH 3. NH4CI, HyO 10 “—OH

Simmons-Smith condition&to provide the racemic natural
product in 64% vyield® Thus, not only is the reaction
successful in the presence of the allylic oxyanionic group,
but even had the conversion 8fto 4 been successful, the —excess of an equimolar amount of the of the allyl methyl
route from 1 is shorter than that which would proceed etherll (R = CHs)' and the corresponding allylic lithium
through3.

The lithium oxyanion mediated procedure also allows one [ NG

to cyclopropanate allylic alcohols that cannot be isolated. Scheme 4
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mmol), L (1 mg), and CHI, (576 mg, 2.15 mmol) in ether (20 mL). The  spectrum was obtained, but it was not further characterized because of its
reaction mixture was heated at reflux for 2 h. It was then diluted with ether instability. The 45% yield oB was obtained by treating the crudewith

(3 x 25 mL), and the organic phase was decanted. The latter was washeda catalytic amount of HCI.
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12 (R = CH3)*® and 12 (R = H)" were separated, and the sensitive allyl alcohols that are unstable to the Simmons
relative quantities were analyzed by gas-phase chromatog-Smith conditions are readily cyclopropanated, and if the
raphy—mass spectrometff.The ratio of12 (R = H) to 12 alcohol is produced by addition of an organolithium to a
(R = CHs) was found to be 4.75+ 0.15. Chan and  carbonyl group, it is not necessary to isolate the alcohol itself.
Rickborrt® had previously reported that the ratio of rates of Finally, cyclopropanation of the lithium salt is more facile
cyclopropanation o011 (R=H)to 11 (R=CHg)is 2+ 0.2 than that of the corresponding alcohol. It is probably prudent
Thus, converting the allylic alcohol group into its conjugate to use the lithium salt rather than the alcohol in the first
base increases the rate of cyclopropanation by a factor ofattempt provided that it can be generated without destruction
2.4. Both experiments show that the use of an allylic of other functional groups.
oxyanionic group facilitates the SimmonSmith procedure
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