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It is an empirical fact that & -substitution in olefins of protium by deuterium increases
the rate of addition reactions (spz-— sp3) by ~10% per deuterium4). In 4+ 2n cycloaddition
reactions the rates increase with the increasing number of deuterium atoms incorporated,
independently whether the deuterium is located in the 47 and/or 21 systern at one or both
carovons unherpving change Yh 'nyoritizaEiion from spz 1o 3333 Tnine course of abbut ’“mrma‘nons?
It fias been canciuded frora this that simulfaneous change of hvbridization atf all invaived cen-
ters occurs in the transition staie, demonsirating the concerted nature of this type of cyclo-
a4diion reactionr, Wnidn is afiowed acturding 1o tne sEieTiion TUies o Woudward and Boli-
manns) .

The same rules require a two step process for suprafacial / suprafacial 2w + 2n cycload-
@1ion reaciions. 11 is kXnown, Tnal dipherny) keiene adds 10 Y-deuwierio-cycicnexene jyielding
& cycioputanone) preferemidily with tne car'vonyl proup 1o tne deuterio-supstitaied caroon
(kD/kH =1.13+ 0. 03)7) suggesting that a primary attack occurs between these two centers.

In the terminating step of the addition of acrylonitrile to 1. 1-dideuterio-allene = CH2
has been found to be preferred over =CD2(kD/kH =min. 0.83 + 0. 02)8). Studies on 1.2-
dideuterio-olefins in 1. 2-cycloaddition reactions are missing as yet.

Azodicarboxylates yield diazetidines (II)} with vinyl ethersg)’ 10), 1)

. We have investigated
the secondary a -deuterium lscotope effects on this 2m + 2 cycloaddition reaction in order to

gain further insight into its mechanism.
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12)

with H, or D, over aged

1-D. and I-D_, were prepared from ethoxy-deuterio-acetylene 9 9

1 3
13)

Raney Nickel, I-D2 from ethoxy-acetylene with D2. I—Dl, I-D, or I-D,_, respectively,

2 3’
were mixed with undeuterated ethyl vinyl ether (I—Do), and the composition of these mixtures

. 14
was determined mass spectrometrically. )

The reaction of these mixtures with max. 8 mole
% of dimethyl azodicarboxylate (DMAD) took 2 days for completion. After removal of excess

vinyl ether the composition of the diazetidines formed was determined mass spectrometri-

cally. The deuterium effects were calculated as follows:

f1-D} [im-D ] kD
o) n n
X = n=1, 2,3
[I1-D] [II-D ] H
n [5]

The experimental data (table) show:

Ky /kH = 1.21 - 0.02
! +

kD /kH = 1.08 - 0.02
2

kDS/kH = 1.30 -~ 0.06

The following conclusions result from these findings:

1.) Deuterium substitution at CH,_ = accelerates the formation of II by kD/kH = 1,21 per

2

deuterium.

2.) Deuterium substitution at =CH(OR) decreases the rate of formation of II by
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kD/kH ~ 0.89, assuming that the effect of D at = CH2 is the same in I-D2 as in I—Dl.

3.) Change of hybridization in the direction sp2 to sp3 has occured in the transition state

at CH2 = , but, obviously, not at =CH(OR).

4.) The following picture can be derived for the transition state of the diazetidine forma-

tion from azodicarboxylates and vinyl ethers: H 0
- OR
0
N IQfa
rooC” ™ COOR

According to these results the diazetidine formation can be looked upon as a two step
reaction. The dipolar character of the intermediate is revealed by trapping it with water in

the diazetidine formation from indene and 4-phenyl- Al -1,2,4-triazoline-3, 5-dione10’ 15).

Diazetidines are formed stereospecifically and without appreciable influence of solvent
polarity on the rates of reaction. Activation parameters like those observedlo) (AH : 7 -
11 kcal/mol; AS*= -36 to -46 eu) are usually considered as characteristic for concerted
reactions. However, these criteria alone do not always allow an unambiguous distinction to

10, 16)

be made between one and two step cycloaddition reactions . Therefore, the secondary -

deuterium isotope effect appears as a valuable additional probe into the simultaneity of such

reactions.
I-D Run I-D_+ I-Dg DMAD , [ I-DO] [I-Dn] kD/kH
moles x 10 moles x 10 [I—Dn] [II—DO]
1-D, 1 37.3 2.91 2.04 0.58 1.19
2 30.7 1.74 2.08 0.57 1.19
3 16.8 0.65 2.14 0.59 1.26
I-D, 1 39.8 2.33 2.67 0.41 1.09
2 32.6 2.05 2.73 0.40 1.09
3 26,17 1.51 2.66 0.40 1.086
4 15.8 0 62 2.96 0.36 1.06
I-D, 1 70.4 3.22 2.11 0.64 1.35
2 48.5 2. 42 2. 00 0.60 1.20
3 22.9 1.51 2.24 0.58 1.30
4 10.6 0.55 2.35 0.58 1 36
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