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The reaction of tetracyancethylene oxide (TCNEJ) with olsfins 1s but
one example in the large class of 1,3-dipolar cycloadditions, The 1,3-dipole
can be viewed as a } mw-electron, 3-atom system i1scelectronic with the allyl
anion, snd the thermal [u + 2] cycloadditions are orbitsl symmetry
allowed, concerted reactions. Linn has ascertained2 such cycloadditions with
TCNEQ are stereospecific, Recently there nss been renewed interest in
using deuterium isotope effects as probes iInto the simultanelty of bond
formation in cyclosdditions, Viewed as a fu + 2] cycloaddition the title
reaction has many asnaloglies to the Diels-Alder resction where deuterium
isotope effects have been studied by seversal groups.3-6 The isotope effect

5

reported by Dolhier,” using intremolecular competition in the system

c1¢ + CH,=C=CDS¥¢ > 7 P2
seems most relsvant, where kH/kD = 0,95 (per D atom).

The title reaction was studied using mixtures of light styrene and
each ol the monodeuterated styrenes competing for 0.1 mole equivalent
of TCNEO in solutions of 1,2-dibromoethane at 125°. Designating light and

heavy styrene and product by SH’ SD’ PH‘ PD’ resp,, and initial concentrations

PhCH = CH, + (NC),C—C(CN) - PhCH—CH
2 2 2 i 2
\N/ (Nc)zb\ /C(CN)Z
0
5 P
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by sg, sg, then

Xy 1n(1 - P,/s3) {PH)@‘;)
= N -
kg In(1 - P/89) \ p,/\s3
with the aspproximation valid for P/S5<1, guaranteed by experimental
conditions.7 The indicated ratios were measured mass spectrometrically
at low ionizing voltage (12 and 1l eV for styrene and adduct, resp.).
The isotope effect, kH/kD, at 125° at each of the vinylic positions 1s
indicated below.
Ph\c - C,H 0.97
0.96 B/ “H 0.97
Because the experimental error in kH/kD is £.01, the results show that

all three positions exhiblt the same inverse isotope effect., Our observations

exclude a 2-step reaction where the second step is fast relative to the

S + TCNEO slow > I fast 5 P

first step, For in this case the first step, regardless of the precise
nature of the intermediaste (zwitterion, diradical) undoubtedly would be
bonding at the B-positlion of styrene to give

PhCH~—CH,
(NC)ZC\ /EJ(CN)z
3)

and an inverse isotope at the a-position would not result.8'9 The identity
of 1sotope effects at the a- and p-positions indicates equality, or nearly
80, of these C-H force constants in the activated complex and suggests that
both C-C bonds have formed to comparable extents, i.e., a quite synchronous
concerted process. The magnitude of the inverse 1sotope effects suggests the
transition state 1s more reactant-like than product-like, a conclusion also
made for the [4 + 2] Diels-Alder reaction.
Finally, it must be noted explicitly that our observed isotope

10

effects do not exclude the 2-step sequence defended by Flrestone and

which can be written
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k

S + TCNEO 1y 1 > P
k1
Let S = PhCH = CHZ’ Sa = PhCD=CH2, k; = kl appropriate for Sa, etc, The

measured 1sotope effect,

) (3

for the above sequence 1s equivalent to the expression (for PhCD=CH2),

(kH) kel /lky + k)
\ % 4 koky/ (k) + k3)

and a similar expression ohtains for PhCH=CHD, For the a-deuterliostyrense,

ky = kg, k_, = kfl, but k2<.kg. Assuming k_1§>k2 - which Firestone has

argued is responsible for the large negative activation entropy - one obtains

kH) . K
a

a
kp, ky

< 1,

and an inverse 1sotope effect 1s expected at the a-position, For the

3~-deuteriostyrene k1< k,’ls. k_1> k?l, k2 = kg, and one obtains

(kﬂ) = klke% < 1.
kpl  kalg

Thus an inverse isotope effect is also expected at the P-position.

However, it seems unlikely that this scheme would lead to identicel, or

nearly so, 1isotope effects st both positions,
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