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The Cyclooctatetraene-Bicyclo[4.2.0]octatriene
Equilibrium. A Striking Gradation in Secondary
Deuterium Isotope Effects during Diels-Alder Reactions
of Monosubstituted Derivatives

Sir:

The kinetically recognizable! disrotatory closure of cy-
clooctatetraene to cis-bicyclo[4.2.0]octatriene now serves
as the basis for mechanistic discussion of its Diels-Alder re-
activity. Empirical substituent effect data on this equilibri-
um are now appearing, chiefly as the result of investigations
aimed primarily at unveiling positional specificity in such
cycloadditions.? Supplementing these findings, we now re-
port details of a secondary deuterium isotope effect study
which reveals for the first time that fractionation factors as-
sociated with adduct formation are highly sensitive to the
nature of the ring substituent and dienophile (DP).

Polyolefins 1b-d were prepared in a high state of isotopic
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9. R=CH3; b, R=CgHgi ¢, R=COOCH;3, d, R=CN

purity by suitable irradiation of the substituted acetylene in
benzene-d* while methyl derivative 1a was obtained by
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further transformation of the ester. The direct involvement
of 2 requires that production of adducts 3 be controlled by
the kinetic expression
H H Hp H D + D DP

e (sl o

dsP/d¢ 1P 2 kP (k" + E,EIDP])
which complicated function, herein referred to as case Il
behavior, has two limiting extremes. If the valence tautom-
erism occurs rapidly so that the cycloaddition is rate deter-
mining (k- > k;[DP], case I), the rate equation simpli-
fies to

ds®/d¢  [1¥ _l_k kg
d8P/dt = [1P] &P B0 k™ @)

Conversely, when the cycloaddition rate is very fast
(k2 [DP] > k_,, case III), closure to bicyclic form 2 be-
comes the rate-determining step

18] &8
H ki° ®)

The dienophiles employed were maleic anhydride (MA),
tetracyanoethylene (TCNE), and dicyanomaleimide
(DCMI). This trio represents a sliding scale of dienophilic
capability ranging from the rather unreactive MA through
the moderately reactive TCNE to DCMI which sometimes,
but not always (vide infra), attains limiting case III behav-
jor.# Of importance herein, all three undergo cycloaddition
to 1 with exclusive capture of the 7-substituted bicy-
clo[4.2.0]octatrienes (2).5

Table I summarizes the available data. The cycloaddi-
tions were performed using 5-12-fold excess of the dieno-
phile and the products were isolated by a combination of
column chromatography and recrystallization. That varia-
tions in the amount of DP in this range do not measurably
affect the ratios is seen for example in the 1e-MA reaction
where combination at equimolar levels afforded a fraction-
ation factor of 1.50. Temperature and solvent effects are
also of little consequence since this same cycloaddition in
ethyl acetate at 131°, benzene at 131°, and chlorobenzene
at 161° gave results of 1.49 £ 0.08, 1.51 £ 0.06, and 1.54 £+
0.07, respectively, nor are the spectral determinations bi-
ased in a direction which gives excess weighting to the Hy
signal because of some special magnetic factor (e.g., altered
transition probability).® Finally, a significant departure of
the 1" = 1P equilibrium from unity does not contribute to
the partitioning of protium in the adducts. When 1¢ was ex-
amined by pmr techniques at ~41° (in CDCl;),” the two
signals due to 1" (§ 7.14) and 1P (6.07) were equally in-
tense (K = 1.0 £ 0.01).

In the case of the 1b-DMCI reaction, the limiting case
ITT profile is reached.! On this basis, the isotope effect is ex-
clusively k; dependent (eq 3) and its magnitude (1.08) ac-

dsgt/d¢
das®/ar =

Table I. Deuterium Isotope Effect Data (3#/3P)a

Dienophile®
Compd MA:® TCNE* DCMI-
1a 1.26 £0.05 1.08 = 0.05 1.08£0.04
1b 1.30£0.04 1.11 +0.02 1.09+0.03
1c 1.55+£0.05 1.39£0.08 1.20£0.03
1d 1.554+£0.06 1.41£0.06 1.23+20.08

@ Values relate to the intensity ratios of the H. and H. singlet
absorptions (Hs/H,) as determined by repeated integration of ex-
panded scale 100-MHz pmr spectra. ® All unlabeled counterpatts
of the 12 adducts have been prepared and fully characterized; mass
specfra of the ds adducts show no loss of deuterium content.
¢ Chlorobenzene solvent at reflux (132°). ¢ Ethyl acetate solvent at
reflux (77°). ¢ Benzene solvent at reflux (80°).
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cords well with theoretical expectation for a partial change
in hybridization of the C, carbon from sp? to sp® in the
transition state for disrotatory closure to 2.8 The near iden-
tity of the other three values in the upper right quadrant of
Table I suggests that valence tautomerism is likewise rate
limiting in these examples.

The deuterium isotope effects which are evidenced in the
cycloaddition of MA to 1a and 1b are substantially larger
and arise because of reduced dienophilic reactivity which
causes the k; [DP] and k_, terms to approach each other
in magnitude. The same progression toward case II behav-
ior i1s witnessed in the DCMI reactions with 1¢ and 1d but
for a different reason. In these examples, the diminished
concentration gradient of 2¢ and 2d (relative to the methyl
and phenyl derivatives) arising from an increase in k-, is
the responsible factor.

The enormous ky/k p values for the 1e~ and 1d~-MA ex-
amples, utterly unprecedented in their magnitude, can be
understood if the kinetic profile has progressed well into the
case I manifold (eq 2). Under these circumstnces, a multi-
plicative isotope effect (k Hk-,D0/k Pk_H) obtains.
Consequently, limiting case I behavior is merely a preequili-
brium situation where 2H and 2P are of necessity in com-
plete equilibrium with each other. Accordingly, these large
isotope effects duly reflect the full difference in heats of for-
mation of the isomeric species 2H and 2P, One should rec-
ognize that k» could be the source of a small fraction of
this isotope effect and that it would tend to amplify matters
in the observed direction. As concerns eq 2, the assumption
has been made that the k5! and k,D terms are essentially
identical (thus cancelling) and therefore noncontributory to
the isotopic fractionation due to the low level of discrimina-
tion anticipated for capture of 2H and 2P by dienophile. To
our knowledge, however, experiments designed to assess this
specific question remain to be addressed and our assump-
tion must be viewed as presently untested.

To the extent that the isotope effect in case I is indeed
wholly derived from an equilibrium isotope effect, then
these are unusually large values which reflect the equilibri-
um isotope effect difference for tetrahedral vs. trigonal
deuterium. Notwithstanding, the observed K.g’s (Table I)
are in essential agreement with the best estimates available
from consideration of appropriate vibrational frequencies,’
although this level of magnitude has never been attained in
SN1 solvolysis reactions.

Thus we have demonstrated that the kinetic deuterium
isotope effect at the transition state of a cycloaddition reac-
tion which is preceded by electrocyclic rearrangement is
substantially less than that which constitutes equilibrium.
The study takes advantage of the correlatibility of a pre-
dictable mechanistic trend (kinetic order) with a relatively
unpredictable but mechanistically sensitive probe (secon-
dary deuterium isotope effects). This method may serve as a
simple experimental device to derive useful conclusions con-
cerning the kinetic order of these cycloadditions without re-
sorting to tedious dilatometric rate measurements.!
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Stereospecific Intramolecular Epoxide Cleavage by
Phenolate Anion. Synthesis of Novel and Biologically
Active Cannabinoids

Sir:

As part of a program initiated to further our under-
standing of the chemical and biological activity of Hashish
constituents,! we wish to report a stereospecific intramolec-
ular epoxide cleavage by phenolate anion leading to the
dihydrobenzofuran,? dihydrobenzopyran, and tetrahydro-
benzoxepin ring systems. Utilizing this transformation we
have effected: (a) the first stereochemically unambiguous
synthesis of cannabielsoin? (5), (b) the preparation of a new
biologically potent derivative of Al-tetrahydrocannabinol
(THC) (6); and (c) the synthesis of a novel tetracyclic can-
nabinoid (10) (Scheme I).

Cannabidiol diacetate (1), prepared from (—)-cannabi-
diol'** (pyridine, acetic anhydride, room temperature,
quantitative), gave a mixture of epoxides 2, 3, and 4 when
allowed to react at room temperature with m- chloroperben-
zoic acid in chloroform. Gradient elution from Florisil with
an ether-petroleum ether solvent system furnished pure
diepoxide 4 (40% isolated yield) (6 (CCly) 6.73 (s, 2, aro-
matics), 3.05(d, 1,J = 11 Hz, C3-H), 2.73 (s, 1, C2-H, 2
Hz band width at half-height), 2.30 (s, 3, acetate), 2.23 (s,
3, acetate), 2.00, 1.67 (AB, 2J = 5 Hz, Co-2H), 1.30 (s, 3,
CH3), 1.10 (s, 3, CH3), 0.88 (t, 3, w-CH3)) and a mixture
of 2 and 3 (40% isolated yield, in a ratio of 4:1) which
shows similar absorptions at 3.10 (d, 1 J = 11 Hz, C3-H)
and 2.80 (s, 1, C>-H, 2 Hz band width at half-height). The
lack of observable coupling between the C;- and Cj-pro-
tons, the presence of significant steric hindrance on the 8-
face, and the ease of opening these epoxides (see below)
make the assignment of an a-configuration to the endocy-
clic epoxides® in 2 and 4 secure.
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