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covered 2 (eq 2). The formation of olefins 3 and 4 was 
also observed in ether and cyclohexane (gc). 

r° A C *, AcO-y^OAc ^ 2 H 
^y-^"™, CH]0H 4 
Ph 

2 
Triplet sensitization of 1 and 2 with xanthone afforded 

no detectable amounts of 3 and 4. Net isomerization 
of each cyclopropane to the other isomer was observed, 
indicating transfer of triplet energy from the xanthone 
to the cyclopropanes had occurred. This indicates 
that the pathways leading to fragmentation of 1 and 2 
do not involve the triplet states of these molecules. 

The preparative irradiations gave an indication of 
reaction stereospecificity. This was confirmed by low 
conversion experiments. Irradiation of 0.13 M ether 
solutions of 1 and 2 were carried out to give less than 
1 % conversion to the other cyclopropane stereoisomer. 
At this point analyses for olefins 3 and 4 were carried 
out.10 These revealed that cyclopropane 1 yielded 
olefin consisting of at least 99% 3. Similarly, 2 pro
duced >99% 4 at these very low conversions. As the 
photolyses proceeded further and the amount of the 
other cyclopropane stereoisomer increased, the per
centage of the other olefin likewise increased as ex
pected. Thus, the fragmentations of 1 and 2 are es
sentially completely stereospecific.11 

Relative quantum yields for isomerization and cleav
age of 1 and 2 were measured on a merry-go-round 
apparatus at the same very low (<1%) conversions. 
These experiments yielded for c/s-cyclopropane 2 
0isom/0cieav = 4.6 ± 0.2, and for Jra/js-cyclopropane l 
0isom/</>cieav = 1.1 =•= 0.1. The data also reveal that 2 
cleaves more efficiently than does 1: 02/0i = 2.6 ± 
0.2. It should be noted that these ratios of quantum 
yields for isomerization vs. fragmentation for each 
cyclopropane isomer are maximum figures for the 
relative rates of the two processes from the singlet states 
of 2 and 1, since the triplet contribution to isomeriza
tion is not known in either case. 

These results indicate that the fragmentation process 
proceeds via the singlet state bypassing any long-lived 
intermediate diradical (excited state or ground state) 
species having free rotation about the terminal carbons. 
Similarly, carbene formation via thermal cleavage of 
diradicals with the 0,0 geometry formed by disrotatory 
photochemical ring opening1 cannot account for the 
product stereochemistry. Instead, the reaction ap
pears to be a concerted, allowed excited state process. 
It is conceivable that fragmentation occurs from a sin
glet state other than the spectroscopic one—a state6 

having one or more ring bonds considerably stretched 
relative to the ground state. Our results then provide 
certain restrictions on this state with respect to geom
etry, rotational barriers, and mode of cleavage. 

(10) Analyses for olefins and cyclopropanes were carried out with a 
Perkin-Elmer Model 990 gas chromatograph equipped with a flame 
ionization detector. For 3 and 4 a 7 ft X Vs in. stainless steel column 
packed with 10% C-6 diethylene glycol succinate on Anakrom S.D., 
90-100 mesh operated at 130°, was used. Cyclopropanes were analyzed 
on a 5 ft X Vs in. stainless steel column packed with 3 % XE-60 on 
Varaport 30, 100-120 mesh operated at 195°. Yields were deter
mined with an internal standard. 

(11) Experiments in which 4 was added to 1 and 3 to 2 prior to pho
tolysis showed no detectable loss of 4 or 3, respectively. Thus the ob
served stereospecificity cannot be due to selective destruction or isomer
ization of the nonobserved olefin. 

We note that this stereospecificity is especially in
teresting in light of the fact that the thermal reverse of 
the fragmentation—the addition of singlet carbenes 
to olefins12—is likewise highly stereospecific and prob
ably concerted. The difference between the thermal 
and photochemical reactions would appear to lie in the 
relative orientation of carbene and olefin during reac
tion.73'13 
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14C Isotope Effects in the 1,3-Dipolar Addition of 
JV,a:-Diphenylnitrone and Styrene. A Concerted 
Cyclic Process1 

Sir: 

We find that the primary carbon-14 kinetic isotope 
effects2 in the 1,3-dipolar addition of ./V,a-diphenyl-
nitrone3'4 and styrene to yield 2,3,5-triphenylisox-
azolidine are consistent with Huisgen's5'6 concerted, 
cyclic mechanism and inconsistent with the diradical 
mechanism.7-9 

Inter-10 and intramolecular11 deuterium isotope 
effects have been used in attempts to answer the ques
tion of concerted vs. diradical addition during 1,3-
dipolar additions, but with indifferent results. 

We prepared PhCH=N(O)Ph, PhCH=CH2 , and 
PhCH=CH2 by standard methods3-12 and, in separate 
experiments, determined the isotope effects during the 
additions. In these measurements, the method of 
competing reactions and low conversion13 was em
ployed, except during the experiments with N-a-di-
phenylnitrone and styrene-a-I4C, for which a variation 
of the differential method14 was used. The reactions 
all took place in boiling ethanol containing a trace of 
hydroquinone to suppress styrene polymerization. 
The results are shown in Figure 1 and leave no doubt, 
we believe, that the reaction must proceed through a 

(1) Research sponsored by the U. S. Atomic Energy Commission 
under contract with the Union Carbide Corporation. 

(2) A. Fry in "Isotope Effects in Chemical Reactions," American 
Chemical Society Monograph No. 167, C. J. Collins and N. S. Bowman, 
Ed., Van Nostrand Reinhold, New York, N. Y., 1971, Chapter 6. 

(3) I. Brunig, R. Grashey, H. Hauck, R. Huisgen, and H. Seidl, Org. 
Syn., 46,127 (1966). 

(4) R. Huisgen, R. Grashey, H. Hauck, and H. Seidl, Chem. Ber., 
101,2548(1968). 

(5) R. Huisgen, Angew. Chem., Int. Ed. Engl, 2, 633 (1963). 
(6) R. Huisgen, J. Org. Chem., 33, 2291 (1968). 
(7) R. A. Firestone, J. Org. Chem., 33,2285 (1968). 
(8) R. A. Firestone, J. Chem. Soc. A, 1570(1970). 
(9) R. A. Firestone, J. Org. Chem., 37,2181 (1972). 
(10) W. F. Bayne and E. I. Snyder, Tetrahedron Lett., lld'i (1970). 
(11) W. R. Dolbier and S. H. Dai, ibid., 4645 (1970). 
(12) G. A. Ropp, V. F. Raaen, and A. J. Weinberger, J. Amer. Chem. 

Soc, 75, 3694 (1953). 
(13) V. F. Raaen and C. J. Collins, Pure Appl. Chem., 8, 347 (1964). 
(14) V. F. Raaen, A. K. Tsiomis, and C. J. Collins, J. Amer. Chem. 

Soc., 82, 5502 (1960); V. F. Raaen, T. K. Dunham, D. D. Thompson, 
and C. J. Collins, ibid., 85,3497 (1963). 

Communications to the Editor 



6146 

\ = 1.068 t .005 
k 

Ph 

i = 1.012 + .002 
k 

CH - Ph 

^ - - ^ = 1.040 ±.005 
k 

Figure 1. 

cyclic transition state such as that symbolized. If the 
mechanism were to proceed instead through one of the 
diradicals 1 or 2, the carbon atoms containing the odd 

Ph Ph 
I I 

N N 
/ \ / \ 

Ph*CH O Ph*CH O 
H2*C *CHPh H2*C—*CHPh 

1 2 
electrons at the diradical stage would remain sp2 hy
bridized, as they were in the reactants, and we would 
expect two carbon-14 isotope effects for one bond in 
the formation of 1, or a single carbon-14 isotope effect18 

for the other bond in the formation of 2. In the di
radical mechanism, however, we would not expect 
carbon-14 isotope effects during the formation of both 
bonds except under circumstances requiring both 1 and 
2 as intermediates, a condition rejected unequivocally 
by Firestone,1 who states that nitrones react through 
diradicals of type 1. The smallest (k/k* = 1.012 ± 
0.002) of the three ratios shown in Figure 1 is larger 
than any known secondary isotope effect14 of carbon-14 
and, in addition, is not less than unity, but in the 
normal direction. 

It is interesting, but not unexpected,2'16'17 that the 
isotope effects exhibited at each of the two carbons in
volved in making the single C-C bond (Figure 1) are 
substantially different. The difference in kjk* for the 
Qi-14C- and /3-14C-labeled styrenes does not necessarily 
mean that bond formation associated with the smaller 
value lags formation of the other bond. The situation 
is more complicated than this, and has been discussed 
by Fry2 and Van Hook16 in terms of the Bigeleisen-
Mayer expressions.17 
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Orbital Factors and Asymmetric Induction 

Sir: 
We suggest that, at least partially, orbital factors may 

be responsible for asymmetric induction. An asym
metric center induces a hybridization change in a vicinal 
unsaturated system. A dissymmetric 7r-electron cloud 
results and the reactivity of the two diastereotopic faces 
toward an ionic reagent will not be the same. 

Ab initio (STO-3G) calculations1 have been performed 
for the following molecules: acetaldehyde, propanal, 
2-chloropropanal, butan-2-one, butanal, and ethyl 
glyoxylate. Two fixed conformations are considered 
for acetaldehyde (1 and 2), propanal (3 and 4), 2-chloro
propanal (5 and 6), butan-2-one (7 and 8), four fixed 
conformations for butanal (9-12), and one for ethyl 
glyoxylate (13). Standard geometries are used through
out. 
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The principal results are the following. (1) A cr-tr 
mixing occurs in the carbonyl group of compounds 3 -
13. For example, whereas the ir orbital of acetaldehyde 
contains only 1O-10 2s character, the same orbital in 3 
incorporates up to 10~3 2s character. In some other 
orbitals, the cr-7r mixing is even greater. Thus, in the 
11th occupied molecular orbital (MO) of 3,2 the co
efficients of the carbonyl group are: 0.354 (2s) and 
0.104 (2p2) for the oxygen atom and -0.160 (2s) and 
0.134 (2pz) for the carbon atom. 

(2) As anticipated, the 7r-electron cloud becomes dis
symmetric: the electron density is greater on one 
diastereotopic face than on the other. It seems rea
sonable to suppose that a nucleophilic reagent would 
attack preferentially on the positive face. An aldehyde 
may react under several conformations. In accordance 

(1) It is known that ab initio calculations with the minimal basis set 
give fairly good results for charge distribution; the calculated dipoles 
are usually smaller than the experimental values but the general trends 
are well reproduced. See, for example, W. J. Hehre and J. A. Pople, 
/ . Amer. Chem. Soc, 92, 2191 (1970); W. J. Hehre, L. Radom, and J. A. 
Pople, ibid., 94, 1496 (1972). 

(2) The numbering starts from the lowest MO. 
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