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We recently reported that alkenylidenecyclopropanes (2) undergo very rapid 

cycloaddition (<2 min. at O" in dichloromethane) with 4-phenyl-1,2,4-triazo- 

line-3,5-dione (2) to produce aaaucts of structure _3 and 4 (1). It was suggest- 

ed that the formation of 3 and 4 occurs via concerted cycloaddition pathways, 

and could involve either six- or eight-electron processes. We have investigated 

the reactivity and mode of reaction of some methylenecyclopropanes with 2 in 

which cycloaddition can occur only via a six-electron process. - 
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trans-2,3-Dimethylmethylenecyclopropane (5) reacts very slowly (36 hr at 

2S" in dichloromethane) with 2 to produce a 1:l adduct (mass spectrum m/e calcd -- 

for C14H15N302: 257,114. Found: 257,120). The ir spectrum displayed bands at 

1765 and 1710 cm-l characteristic of the urasole ring. No N-H absorption band 

was present in the 4000-3200 cm-l region. The nmr spectrum of the adduct dis- 

played two doublets at 6 1.10 and 1.28 (J = 7.0 and 7.0 Hz, 3 H each) character- 

istic of methyls attached to a saturated carbon, along with multiplets at 6 

1.97 (2 H, cyclopropyl hydrogens), 2.80 (2 Ii, -(X2-N split by geminal and long- 

range coupling to the cyclopropyl hydrogens), and 7.3 (5 H, aromatic hydrogens). 

The ir and nmr data are consistent only with a r2 + r2 cycloaddition product of 

structure 6. Cycloaddition of 2 with 5 across C2 and C4, or C2 and C3, does 

=CH2 + 2 - 
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not produce adducts whose structures are consistent with the physical data. 

The r2 + V2 reaction observed between 2 and 2 is in contrast to the reac- 

tion of 2-phenyl- (?a) and 2,2-dipheny~e~ylenecyclopropane (ZQ) with tetra- 

cyanoethylene (2) which is reported to produce the adducts 8 and 9,. The 

reaction conditions, however, are rather strenuous (5 days at 100“ in benzene), 

conditions under which optically active 1% undergoes racemization with a half- 

life of 22 minutes (2)1 
t 

% 
=CH2 + (NC)2C=C(CN)2 
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8 9 __ 
Benzylidenecyclopropane (&O) reacts rapidly witb 2 to form the 2:l adduct 

12 (I&/s calcd for C26h2ON604: 480,158. Found: 480,154). The ir spectrum of 

the 2:l adduct displays typical urazole ring absorption bands, but no N-H bands 

in the 4000-3200 cm-l region. The presence of a cyclopropyl function in the 

2:l adduct was clearly evident by the presence of high-field multiplets in the 

nmr spectrum at 6 1.00 (2H), 1.82 (US) and 2.66 (1H) (3); the remainder of the 

nmr spectrum being essentially identical with the nmr spectrum of the 2:l 

adduct of ,2 with styrene (4). The formation of 12 is pictured as occurring __ 

C6H5,N*o 

lo 11 12 __ __ 

via 11; an intermediate similar to that proposed by Baldwin and Peavy (5) to - +._ 
be formed (_12) in the reaction of diarylmethylenecyclopropanes with tetracyano- 

ethylene to form 
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(4-Phenylbutylidenej-cyclopropane (15) reacts with 2 only via an "ene" __ - 

reaction to produce the 1:l adduct 16. .-. The ir spectrum of 16 displays an -.. 

N-H absorption band at 3435 cm-l along with the typical urazole ring absorp- 

tion bands. Retention of the cyclopropyl function is 16 was immediately __ 

evident from the nmr spectrum by the presence of AA'BB' multiplets at 6 1.01 

and 1.32. The vinyl and methylene hydrogens appear as an 

5.68 (dt, J = 15.6 and 5.6 Hz), 5.40 (d, J = 15.6 Hz) and 

Hz, 2H). 

/H 2: 
=c p 

'CH2CH2C6H5 

15 __ C6H5 

16 -_ 

The extreme reluctance of the methylenecyclopropanes 

react with 2 in [(,2 + n2) + ~21 cycloaddition reactions 

AMx2 system at 6 

3.36 (d, J = 5.6 

5, 10 and 15 to _." --. 

is in distinct 

contrast to the extremely facile analogous reactions of alkenylidenecyclo- 

propanes with 2 (1). The only difference between the methylene- and 

alkenylidenecyclopropanes is the presence of the C4-C5 T-bond in the latter 

which allows for an "eight-electron" reaction process. The very interest- 

ing orbital interactions present in 1, and in the frontier orbital inter- 

actions present in the transition state for cycloaddition leading to the 

high degree of reactivity with 1 (but not with the methylenecyclopropanes) 

will be discussed in a forthcoming article on the cycloaddition reactions 

of alkenylidenecyclopropanes with 2 (6). 

References: 

1. 

2. 

3. 

D. J. Pasto and A. P.-T. Chen, J. Amer. Chem. G., 93, 2563 (1971). --- _" 

R. Noyori, N. Hayashi, and M. Kato, ibid _., 92, 4948 (1971). 

The rather significant dissimilarity in the chemical shifts of the hydro- 
gens of the cyclopropyl function is due to long-range shielding by the 
urazole ring. A molecular model of 12 indicates that one of the methyl- 
enes of the cyclopropyl function resides almost in the plane of the 
urazole ring and suffers extensive deshielding. Similar deshielding 



2998 No. 30 

effects have been observed in the alkenylidenecyclopropane-2 adducts 
(1,6). 

4. R. C. Cookson, S. S. H. Gilani and I. D. R. Stevens, J. Chem. E., 
1905 (1967). 

-- 

5. J. E. Baldwin and R. E. Peavy, 2. Org. Chem., 35, 1440 (1971). 

6. D. J. Pasto, A. F.-T. Chen, manuscript in preparation. 


