
l3C NMR Spectral Properties of Alkenylidenecyclopropanes J.  Org. Chern., Vol. 41, No. 6, 1976 1061 

Carbon-13 Nuclear Magnetic Resonance Spectral Properties of 
Alkenylidenec yclopropanes 

Daniel J. Pasto* and John K. Borchardt 

Department of Chemistry, University of Notre Dame, Notre Dame, Indiana 46556 

Received August 1,1975 

The 13C chemical shifts in a series of alkenylidenecyclopropanes have been measured and have been assigned to 
specific carbon atoms and substituent shift effects have been analyzed. A comparison of the 13C chemical shifts in 
the alkenylidenecyclopropanes with those in allenes and methylenecyclopropanes reveals considerable differences 
in the chemical shifts of the ring and allene carbon atoms. The internal carbons (C1 and Cq) of alkenylidenecyclo- 
propanes are strongly shielded relative to the corresponding carbon atoms in allenes and methylenecyclopro- 
panes, while the terminal allene and ring carbons are deshielded. These effects are postulated to arise from a 
strong conjugative interaction between the in-plane (relative to the three-membered ring) c 4 - C ~  ?r bond with the 
Walsh-type orbitals of the three-membered ring. 

Recent chemical studies with alkenylidenecyclopro- 
 pane^,^,^,^ methylenecy~lopropanes,~~~ and vinylcyclopro- 
panes6 have revealed substantial differences in reactivity 
and mode of reaction with the cycloaddition reagents 4- 
phenyl-l,2,4-tria~oline-3,5-dione~,~2~ (PTAD) and chloro- 
sulfonyl i s ~ c y a n a t e . ~ ~ ~  The reactivity and mode of reaction 
of the alkenylidenecyclopropanes have been interpreted in 
terms of an interaction between the Walsh-type orbitals7 of 
the three-membered ring and the C4-C5 ?r bond which is 
not present in the methylene- or vinylcyclopropanes, a ra- 
tionale which has been supported by preliminary theoreti- 
cal calculations.2 In a continuing study of the chemical and 
physical properties of such systems we have completed a 
study of the 13C NMR spectral properties of alkenylidene- 
cyclopropanes for comparison with allenes and methylene- 
cyclopropanes. Articles describing the results of studies on 
the bonding in alkenylidenecyclopropanes using photoelec- 
tron spectroscopic and theoretical techniques,8 and a kinet- 
ic study of the cycloaddition reaction with PTADg have al- 
ready appeared. 

Results and Discussion 
Assignment of Chemical Shifts.lo Assignment of the 

resonances to specific carbons in the alkenylidenecyclopro- 
panes has been accomplished on the basis of multiplicities 
in nondecoupled spectra, the magnitudes of the coupling 
constants, the absolute values of the chemical shifts, and 
substituent shift effects. Initial chemical shift assignments 
were based on the complete analysis of the nondecoupled 
spectra of 1 and 2. The methyl groups attached to C5 in 1 

1 

n 
L 

appear as quartets at  6 22.3 and 22.8 with J values of 126 
Hz typical for methyl groups. The higher field resonance 
has been tentatively assigned to the methyl cis to the phe- 
nyl on the basis of the observed shielding of the a-carbon 
atoms in cis alkenes relative to trans alkenes (A6 -6 ppm) 
which has been attributed to steric polarization.11J2 The 
methyl resonances of the other isobutenylidenecyclopro- 

panes reported in this article consistently fall in the range 6 
21.3-22.8. The resonance of Cz appears as a doublet (6 26.9, 
J = 171 Hz), while that for C3 appears as a triplet (6 18.4, J 
= 168 Hz). The larger values for these coupling constants 
are typical of those observed in cyclopropane derivati- 
ves.l3* The aromatic 13C resonances were assigned on the 
basis of their multiplicities, the ipso carbon appearing as a 
lower field singlet, the ortho carbons as a double doublet, 
and the meta and para carbons as double triplets (see 
Table I for specific values of the coupling constants). 

The assignment of the resonances of C1, C4, and C5 were 
made by comparison of the shifts of these carbons in 1 and 
2. The substitution of methyl by ethyl results in a deshield- 
ing of C5 (6 102.3 to 113.8; i.e., a substituent effect),14 a 
shielding of C4 (6 189.8 to 186.9; a y substituent effect),14 
and a deshielding of C1 (6 83.5 to 87.0; a 6 substituent ef- 
fect).14 The much lower field resonance of C4 is consistent 
with those observed for the central carbons of allenes.15 
The resonances in the spectra of the other alkenylidenecy- 
clopropanes were assigned by comparison with those in 1 
and applying known trends in substituent shifts.13b 

Analysis of Substituent Effects in Alkenylidenecy- 
clopropanes. In order to estimate the 13C chemical shifts 
in the parent alkenylidenecyclopropane 316 for comparison 

pc=c=.,, ,CH3 

3 

with the 13C chemical shifts in allenes and methylenecyclo- 
propanes it is necessary to carry out a detailed analysis of 
the substituent shift effects in the alkenylidenecyclopro- 
panes. The introduction of a methyl group in 1 at  C3 trans 
to the phenyl (i.e., 5 )  produces a &alkyl shift a t  C2 of +4.5 
ppm whereas in the cis compound 6 the shift is +1.8 ppm 
indicating a steric shift of -2.7 ppm. In the polymethyl se- 
ries 7-11 the @alkyl shift is +4.6 to +5.3 ppm with a much 
smaller apparent steric shift of --0.6 ppm. Similar, but 
larger, a and /3 steric shifts are observed a t  Cz (or C3) (see 
Table 11). 

Substantial steric shifts of the resonances of the methyl 
carbons are observed in the cis- and trans-methylphenyl 
(A6 6.0 ppm between 5 and 6) and dimethyl compounds (AS 
5.3 ppm between 7 and 8), values of A6 which compare very 
closely with those observed between the a carbons of cis 
and trans alkenes (AS -6 ppm).ll 

Comparison and Analysis of the 13C Chemical Shifts 
in Alkenylidenecyclopropanes, Tetramethylallene, 
Methylenecyclopropane, and 2-Methylpropene. In 
order to adequately compare the 13C chemical shifts of alk- 
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enylidenecyclopropanes with those in allenes and methy- 
lenecyclopropanes one must derive chemical shifts for com- 
pounds of comparable substitution.16 Starting with 7 and 9, 
neither of which are complicated by cis steric effects, and 
using the substituent shifts given in Table I1 the 13C chem- 
ical shifts of 3 are estimated to be those shown below (the 
6’s above the structure are derived by extrapolation from 7, 
those below from 9). 

, .  
6.4-7.6 76.8 183.5 98.0 

3 

200.2 

CH3, i ,CH3 
C=C=C 

CH3’,) f‘CH3 

92.6 
f 

20.2 928 

14 

131.0 b{-? 
jz 103.5 

3.0 
12 

141.2 

,C=CHz 
CH3, i 

CH3 t + 109.8 
23.6 

13 

The effect of the three-membered ring on the 13C chemi- 
cal shifts in 3 can be estimated by comparing the chemical 
shifts of 2-methylpropene (13) and methylenecyclopro- 
panel’ (12). Formation of the three-membered ring results 
in a shielding of the saturated carbon atoms (20.3 ppm) 
and a deshielding of the vinyl carbons (10.2 ppm on going 
from C2 of 13 to C1 of 12, and 6.3 ppm on going from C1 of 
13 to C4 of 12). Should similar changes in chemical shifts 
occur in the transformation of tetramethylallene (14) to 3, 
one would expect the values of the chemical shifts to be 
6cz(c3) -0.1, 6cl 82.4, and 6c4 193.9. Comparison of these 
values with those observed in 3, along with a comparison of 
the chemical shift of a terminal allene carbon of 14 with 
that of C5 in 3, reveals that C1 and C4 experience additional 
shielding of 4.8-5.6 ppm at C1 and 9.8-10.4 ppm at C4 in 3, 
while Cp(C3) and C5 experience additional deshielding of 
6.5-7.9 ppm at C2(C3) and 5.1-5.4 ppm at Cg. 

An analysis of the bonding in 3 provides a possible expla- 
nation for the observed shielding of C1 and C4 in the alken- 
ylidenecyclopropanes. A reasonably strong interaction ex- 
ists between the in-plane c4-C~ K bond and the Walsh-type 
orbitals of the three-membered ring2i8 (estimated to be ap- 
proximately 80% that in 1,3-butadiene8) which results in 
considerable triple bond character in the C1-C4 bond with 
concomitant weakening of the c4-C~ K and C1-C2 (c1-c3) 

u bonds. CNDO calculations indicate bond orders of 0.9291 
for the Cd-Cg K bond, 0.3504 for the C1-Cd in-plane “K 
bond” interaction, 0.9192 for the exocyclic double bond, 
and 0.9043 for the C1-C2 (Cl-C,) u bond. This added elec- 
tron density, or “triple bond” character of the C1-C4 bond 
apparently results in shielding of C1 and C4 comparable to 
that observed in alkynes which appear at 40-60 ppm higher 
field than the sp2-hybridized carbons of alkenes.l8 The de- 
shielding of Cp (C3) and Cg appears to be the result of low- 
ered electron density at  these carbon atoms. Studies are 
currently under way on the synthesis and physical proper- 
ties of alkenylidenecyclobutanes, -cyclopentanes, and -cy- 
clohexanes for comparison with the alkenylidenecyclopro- 
panes. 

Registry No.-1, 4544-23-4; 5 ,  33530-27-7; 6, 33530-26-6; 7, 
37817-46-2; 8, 37817-36-0; 9, 28438-32-6; 10, 14803-30-6; 11, 
13303-30-5. 
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