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STEREOCHEMISTRY OF "NO-MECHANISM"™ REACTIONS, 1II,

ASYMMETRIC INDUCTION IN THE CLAISEN REARRANGEMENT,
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Frick Chemical Laboratory, Princeton University, Princeton, N.J.

(Received 27 August 1964)

Probably the best_known of a now widely recognized group of thermally
initiated rearrangements, nearly insensitive to acid and base catalysis,
is the Claisen rearrangement. All of the evidence which has been accumu-
lated about the mechanism is consistent with an electron reorganization

3
via a concerted, cyclic prucess:
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It would be anticipated that a reaction with such a highly ordered
transition state would have an appreciable degree of stereospecificity,
but this is a conclusion which has been generally accepted on the basis
of little experimental evidence, Although a number of investigators have
studied changes in geometry of the allylic double bond‘, only one previous
investigation has been directed specifically at the possibility of asym-
metric induction, i.e., the simultaneous destruction of asymmetry at center
a and creation of a new asymmetric center b in a stereospecific direction.
Alexander and Kluiberu were able to show that some optical activity was

retained in the rearrangement of ’-.) l_.phenoxypentene.’, but attempts to
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determine the directinn and degrec of selectivity werc thwarted bv law
optical rotations and lack of knowledge of absolute conficurations of the
reactant and product.

In order to attack this problem with compounds of casily measurable
rotation and known absolute configuration, we chose to work with the vinvl

ether of a eyclic allylic alcohol, of the type studied by Burgstahler and

Nordin, The results provide a clear demonstration of asymmu‘ri~ inductien

and stereochemical evidence for a cyelic transition state,
A B
Cyclopenten---0l (I} was converted to the acid succinate and partially

2

resolved with (1! a-{l-naphthyli-ethylamine, The succinate regenerated
after eight crystallizations of the salt from acetonitrile had [qu3 R
(e= 5 in CHCl.) and gave, on lithium aluminum hydride rcduction, alcohol
with [a]é‘ +PT.RO fe= 5 in CCl,:!. The alcohol was converted to the vinvl

o c
ether (IIi, b.p. % -2% (18 mm.}, [(L]Sl 1 ‘e=4odn CCl, , by the trans-

vinylation procedure of Watanabe and Conlon .
Q
Rearrangement of (*} IT at 120-13% in a sealed tube under nitrogen
o]
1

yielded (-} cyclopentene-“_acetaldehyde (I1I;, b.p. 5l-% 17 mm.’, [a/Dt

-14.0O {e= 4 in CCl,), in #1 % vield, The aldehyde functicn was identified
by characteristic infrared bands at 3,57 and ~.7f u and the a,m.r. Signal
(triplet) at 0.33 v, and was converted to a yellow :,i-dinitrophenylhydra-
zone, m.p, 101_1030 {Found: C, 54.13 H, #,3¢, C, H N0, recuires C, “~.%;
H, h.%é). Oxidation of III with alkaline silver oxide afforded (-) cvelo-
pentene-3-acetic acid (IV}, b.p. ?ﬁ-700 (0,74 mm, b, [u]él L A {c= 4oin

CHC1,), identified by comparison of infrared spectra of both the acid and

the derived iodolactone with those of authentic samples.
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Absolute Configurations. (-) I has been related to () “_ketocyclo-

pentane carboxylic acid (V' by the seruence of reactions outlined in

Chart I; {-) V was subseauently converted to Ro{+ - —methyleyclopentanone,

The R configuration of (-} IV was established by Mislow and SteinbcrgiA in
the course of their work on the configuration of chaulmoogric acid. The
conversijon of the R-{+) vinyl ether II to the R.{.' aldehyde I} thus
demonstrates that the new carbon-carbon bond formed in the rearrangement

is cis to the carbon-oxygen bond being broken, a conclusion certainly con-
sistent with the accepted cyclic mechanism but never, until now, specificallv
proved. The conversion of a C-0 bond at one asymmatric center to a C-C hond

at a new asymmetric center, in a definable steric direction, provides a

valuable method of correlating configurations.,
It may also be noted that the rearrangement of II to III reported here
serves as an excellent sterecchemical model for the enzymatic conversion of

12
chorismic acid (VI! to prephenic acid (VII}, Alrhough this reaction was
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Chart I. Absolute Con‘iguration of (- Cyclopenten. -0l
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described as "presumably a stereospeciiic $'n reaction™, 1t has the onnear.

ance of a straightforward Claisen rearrang

ment, It will he of »soroieol

interest to discover by what mechanism the enzyme is able o cive

the usual necessity for thermal initiation of such a rearrangernent,
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