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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. 

Wo products from 3,3-dimethylcyclopropene or methylenecyclopropane' additions have been found 

that would correspond to a cyclopropyl to ally1 rearrangement of an intermediate in a stepwise 

addition. 
2 

The rates of these 1,3-dipolar additions are unusually high, indicating that con- 

siderable strain in the olefin is relieved in the transition state for addition. 

435 Several reports of 1,3-dipolar additions to cyclopropenes have appeared in the literature, 

but only in cases of diazoalkane addition are the initial adducts stable. 4 DI other cases, the 

adducts rearrange under the reaction conditions. 5 We have found, for example, that addition of 

diazomethane to 3,3-dimetbylcyclopropene 
6 
in ether solution at 0' for two hours gives the stable 

pyrazoline, 3 85%; bp 40' (5 mm); nmr (Ccl+) 6 0.48 (s,3H), 1.18 (s,3H), 1.39 Cm,+,), 3.87 

(m,lHd), 4.43 (m,lHc), 4.50 (m,lHa); E/E llO.0844. 
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In contrast to the diazomethane addition, however, the reaction of &_with phenyl azide does 

not give a stable 1,3-dipolar adduct. Addition of phenyl azide to &was accomplished in 

methylene chloride solution in a sealed tube at 40' within ten days giving 3&in 45% yield; 

nmr (CC&) A 0.53 (s,3H), 1.20 (s,3R), 1.23 (s,JH), 1.35 (s,3H), 1.38 (m,lH), 3.94 (m,lH), 

4.47 (m,lH), 7.1 (m,5H); ir (ccl+) 1650 cm-' (c=N); A~, (CH~OH) 278 nm (E = 2270), 241 nm 
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(E = 9020); mass spectrum: m/e 255.1754, 240, 227, 212. -- A 1,3-dipolar addition appears to 

L 
%R=C$Is J ab 

= 4.8 Hz 

4 R = ~-~3CeH&02 J ac = 3.3 Hz 

occur to give the normal adduct 3 which in turn undergoes a reverse 1,3-dipolar addition to 

give diazo compound > Reaction of zwith another molecule of cyclopropene 1 gives the stable 

pyrazoline &. An analogous reverse 1,3-dipolar addition has been observed by EYanck-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 &with the more electrophilic g-toluene- 

sulfonyl azide proceeds in similar fashion to 3b_ 

Treatment of Lwith methyl diazoacetate gives a mixture of two products, 6_and c The 

ratio of products depends on the reaction conditions. A 3:l ratio of $_to Iis observed when 

a three-fold excess of 1 is employed, but 7 predominates when excess diazoacetate is used. 

The formation of 6is 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 5 nmr (Ccl+) 6 0.50 (s,jH), 1.05 (s,3H), 1.2 (m,lH), 1.18 (s, 3H), 1.37 (s,JH), 

3.70 (s,3H), 3.75 (m&-l), 4.47 (m,lH), 5.7 (d, J = 17 Hz,lH), 6.8 (d, J = 17 Hz,lH); ir (0%) 

1725 cm-l (C=C); I_ (CH@H) 215 nm (E = 2500); ass spectrum (M+' not observed) 45 

221.1291, 208, 205, 193; for the pyridazine 2 nmr (Ccl*) 6 1.07 (s,6H), 3.80 (s,3H), 5.40 

(t,lH), 6.13 (d,lH), 8.24 (broad s, lH); ir (Cc14) 3400 cm-l (N-H), 1720 (C=O), 1650 (C=N); 

Lx (C&OH): 278 (E = dOO), 247 mn (4600); mass spectrum: 4~ 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 8_undergoes reverse 1,3-dipolar addition to give 2 

which then reacts with another molecule of &_. 7 From the effect of added triethylamine, \ 

pyridazine Zappears to arise from a base catalyzed rearrangement of the initial adduct, 5 

This reaction is similar to the acid-catalyzed rearrangement of the adduct formed by addition 

of diazomethane to 1,2-dicarbomethoxy-3,3-dimethylwclopropene. 5 
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The products of the above rearrangements all appear to be derived from an initially formed 1,3- 

dipolar adduct. The initial l,J-dipolar adducts from cyclopropenes should be formed much more 
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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 aside 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- 

cyclopropane except for strain energy, 9 the strain energy relief in the methylenecyclopropane 

TABLR I - Rates of Phenyl Azide Additions 

k 
rel Vertical I.P. (eV) Strain relieved on hydrogenation& 

(kcal mole) 

o= 
o.oo5b 9.16 -0.9 

D= 
o.23b 9.50c 13.0 

0 I l.Od g.lSe -0.3 

Lb 
10ld 8.gf 9.6 

g.3ag ~6 

(a) P. v.R. Schleyer, J. C. Williams, K. R. Blanchard, J. Amer. Chem. Sot., & 23'77 (1970). 
(b) Rate of formation of product at 25.60 measured by uv. (c) D. W. Turner, Mlecular 
Photoelectron Spectrosco , Wiley-Interscience, Iisw York (1970). (d) Ref. 7. (e)P.ischof 
andE. e -Chim. Acta, a 1677 (1970). (f) P. Bischof, J. A. Hashmal, ronner, 
E. Heilbronner, U. hm& 1745,(19@). (g) This work. 
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appears to increase the rate by a factor of 40 (A&' = 2.2 kcal/mole). Comparison of cyclo- 

pentene and norbornylene indicates a 100-fold increase in rate (A&' = 2.8 kcal/mole) for 

norbornylene. The rate of addition of phenyl azide to 3,3-dimetblcyclopropene is 580 times 

faster (A&* = 3.8 kcal/mole) than to cyclopentene. 10 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 theory. 11 Correction of our rate data to - 

compensate for such ionization potential effects would, in fact, have the effect of increasing 

the rate accelerations for J,3-dimetbylcyclopropene and methylenecyclopropane by as much as a 

factor of 10. From these data it appears that about 20-259 of the overall strain release in 

the addition is felt in lowering the transition states of these l,j-dipolar additions. 
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