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We have found that 1,3-dipolar additions to 3,3-dimethylcyclopropene sometimes give re-
arranged products, but the rearrangement products all derive from a normal 1,3-dipolar adduct.
No products from 3,3-dimethylcyclopropene or methylenecyclopropane1 additions have been found
that would correspond to a cyclopropyl to allyl rearrangement of an intermediate in a stepwise
addition.2 The rates of these 1,>-dipolar additions are unusually high, indicating that con-
siderable strain in the olefin is relieved in the transition state for addition.

Several reports of 1,3-dipolar additions to cyclopropenes have appeared in the 1iteraturel,*’5
but only in cases of diazoalkane addition are the initial adducts stable.u In other cases, the

5

adducts rearrange under the reaction conditions. We have found, for example, that addition of
6

diazomethane to 3,3-dimethylcyclopropene in ether solution at 0° for two hours gives the stable

pyrazoline, 2; 85%; bp 4o® (5 m); nmr (CCl.) 6 0.48 (s,3H), 1.18 (s,3H), 1.39 (m,le), 3.87

(m,1H,), 4.3 (m,1H ), 4.50 (m,1H,); m/e 110.084k.

Jp = 5-2 Hz
Jpe = 3-0
. Toq = 1.4
+ CHp=N=N > Tpe = 2.6
Y Jq = T:0
T4 = 19.2

L
In contrast to the diazomethane addition, however, the reaction of 1 with phenyl azide does
not give a stable 1,3-dipolar adduct. Addition of phenyl azide to 1 was accomplished in
methylene chloride solution in a sealed tube at 40° within ten days giving 3a 1in 45% yield;
mmr (CCLly) 6 0.53 (s,3H), 1.20 (s,3H), 1.23 (s,3H), 1.35 (s,3H), 1.38 (m,1H), 3.9% (m,1H),

L.W7 (m,1H), 7.1 (m,5H); ir (CCly) 1650 cm™* (C=N); . (CH50H) 278 mnm (e = 2270), 241 nm

)‘ma
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(e = 9020); mass spectrum: m/e 255.175h, 2k0, 227, 212. A 1,3-dipolar addition appears to

+ RNg =———m — L
N
N N., N
Xy~ R N— R
1 L3 2
&, R = Cells Top = 4.8 uz
b, R = p-CHaCeHeS02 Ja.c = 3.3 Hz

occur to give the normal adduct }g_, which in turn undergoes a reverse 1,3-dipolar addition to
give diazo compound 5. Reaction of 5 with another molecule of cyclopropene 1 gives the stable
pyrazoline 3a. An analogous reverse 1,3-dipolar addition has been observed by Fra.nck-Neumann5
in the reaction of 1,2-dicarbomethoxy-3,3-dimethylcyclopropene with phenyl azide, but in that
case the diazo compound was isolated. Reaction of 1 with the more electrophilic p-toluene-
sulfonyl azide proceeds in similar fashion to 3b.

Treatment of 1 with methyl diazoacetate gives a mixture of two products, é and T. The
ratio of products depends on the reaction conditions. A 3:1 ratio of Q to 7 is observed when
a three-fold excess of 1 is employed, but 7 predominates when excess diazoacetate is used.

The formation of _6_ is suppressed completely when the reaction is run in the presence of tri-
ethylamine. Structural assignments were confirmed by the following spectral data: for the
pyrazoline 6; mmr (CCly) 6 0.50 (s,3H), 1.05 (s,3H), 1.2 (m,1H), 1.18 (s, 3H), 1.37 (s,3H),
3.70 (s,3H), 3.75 (m,1H), b.4T (m,1H), 5.7 (4, J = 17 Hz, 1H), 6.8 (4, J = 17 Hz, 1H); d1r (CCLy)

1725 em 1 (C=0); (CHaOH) 215 mm (¢ = 2500); mass spectrum (M'® not ocbserved) m/e

)‘ma.x
221.1291, 208, 205, 193; for the pyridazine 7; nmr (CCly) § 1.07 (s,6H), 3.80 (s,3H), 5.40
(t,1H), 6.13 (d,1H), 8.2h (broad s, 1H); ir (CCl,) 3400 em™ ! (N-H), 1720 (C=0), 1650 (C=N);
My (CHgOH): 278 (€ = 1600), 247 nm (4600); mass spectrum: m/e 168.0895, 153, 121, 93.

The formation of §_ can be accounted for by a mechanism analogous to the one for the pro-
duction of 3 in which the initial adduct Q undergoes reverse 1,3-dipolar addition to give 9
which then reacts with another molecule of l.T From the effect of added triethw]:amine,
pyridazine T appears to arise from a base catalyzed rearrangement of the initial adduct, §_
This reaction is similar to the acid-catalyzed rearrangement of the adduct formed by addition

of diazomethane to 1,2-dica.rbometho:w-L5-dimethy1cyclopropene.5
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4 H H H H
+ N=N=CHCO2CHz' ___ C0acH, ——— +”'
0° \ }'I -N H COxCHs
1
8
Coupling constants for 6: lbase

Ja’b = 4.8 Hz
Ja’c = 3.2 Hz ‘ I

The products of the above rearrangements all appear to be derived from an initially formed 1,3-
dipolar adduct. The initial 1,3-dipolar adducts from cyclopropenes should be formed much more
exothermically than from unstrained olefins because of the large strain energy release (see
Table I for strain energy changes in analogous hydrogenation reactions). Since no 1,3-dipolar
adduct could be detected by nmr spectroscopy in the course of the above reactions, the initial
1,3-dipolar addition step must be rate determining.

The abnormally high rate of addition of phenyl azide to norbornylene has been noted by
Huisgen.8 To determine whether such an apparent ring strain effect would be operable in such
highly strained olefins as cyclopropenes and methylenecyclopropenesl we measured the rates
shown in Table I. Taking methylenecyclopentane as a model sterically similar to methylene-

9

cyclopropane except for straln energy,” the strain energy relief in the methylenecyclopropane

TABLE I - Rates of Phenyl Azide Additions

krel Vertical I.P. (ev) Strain relieved on hydrogena.’ciona‘
(kcal/mole)
& 0.005° 9.16° -0.9
D: 0.23° 9.50° 13.0
D 1.0% 9.18° -0.3
Lb 1014 8.97f 9.6
D( 580° 9.388 ~26

(a) P. v.R. Schleyer, J. C. Williams, K. R. Blanchard, J. Amer. Chem. Soc., 92, 2377 (1970).
(b) Rate of formation of product at 25.6° measured by uv. {cT D. W. Turner, Molecular
Photoelectron Spectroscopy, Wiley-Interscience, New York (1970). (&) Ref. 7. —(e) P. Bischof
and E. Hellbronner, Helv. Chim. Acta, 53, 1677 (1970). (f£) P. Bischof, J. A. Hashmal,

E. Heilbromner, U. Hornung, 1bld., 52, 1745 (1969). (g) This work.
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appears to increase the rate by a factor of L0 (AAG* = 2,2 kcal/mole). Comparison of cyclo-

pentene and norbornylene indicates a 100-fold increase in rate (AAG* = 2.8 kcal/mole) for

norbornylene. The rate of addition of phenyl azide to 3,3-dimethylcyclopropene is 580 times
faster (AAG* = 3.8 kecal/mole) than to cyclopentene.lo This rate increase and that for
methylenecyclopropane are somewhat lower than expected from the large rate acceleration for
norbornylene. Sustman has correlated the rates of phenyl azide addition with olefin ionization
potentials via perturbation molecular orbital 't‘.heory.ll Correction of our rate data to
compensate for such ionization potential effects would, in fact, have the effect of increasing

the rate accelerations for 3,3-dimethylcyclopropene and met}wlenecyclopropa.'ne by as much as a

factor of 10. From these data it appears that about 20-25% of the overall strain release in

the addition is felt in lowering the transition states of these 1,3-dipolar additions.
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