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Figure 4. A comparison of the motion required for inversion of configu
ration at C6 in the divinylcyclobutane pyrolysis and the butadiene di
merization.'3 

formation between Ci and C6 with both retention and in
version of stereochemistry at C6, while the continuous over
lap of orbitals provides a rationale for the high cisoid buta
diene reactivity. 

Since endo and exo products cannot be separated, the 
mode of cycloaddition to the diene cannot be distinguished. 
The requirement of 10% antarafacial addition to the dieno-
phile is thus consistent with either allowed T4a + T2a or for
bidden T4S + x2a reactions. 

While the doubly antarafacial mechanism cannot be 
eliminated, this result would be without precedent.11 On the 
other hand, analogous mixtures of allowed and forbidden 
processes are already documented for the CsHn surface. 
Pertinent to the present work are Berson's studies of di
vinylcyclobutane pyrolyses.12 Migration of C6 to Ci in 
/rfl«j-divinylcyclobutane occurs with both inversion (al
lowed) and retention (forbidden) of configuration at C6. 
The inversion involves rotation about C5-C6 a motion simi
lar to that required for the stereoisomeric scrambling ob
served in the dimerization13 (Figure 4). 

This reaction joins a now substantial number of transfor
mations for which thermochemical analysis suggests ener
getically accessible diradical surfaces, but which possess 
weak bonding interactions which control the product ra
tios.12 A feature which may be general to such situations is 
the existence of both allowed and forbidden mechanisms 
which are favored energetically relative to diradicals.15 

Many 1,3-sigmatropic migrations are thought to exhibit 
this property, and we believe such an explanation forms the 
best basis for understanding the butadiene dimerization. 
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Stereochemistry of the Diels-Alder Dimerization of 
rrans,rrans-Penta-l,3-diene- 1-d1 

Sir: 

A mechanistic energy surface based upon the thermo
chemical and kinetic data for the formation of 4-vinylcyclo-
hexene (2) by the thermal rearrangement of trans-l,2-di-
vinylcyclobutane (1) and by the Diels-Alder dimerization 
of buta-l,3-diene (3) proposes2'3 that neither reaction is 
concerted, but that each is a stepwise process passing over a 
common biradical intermediate. Hypothetically, this biradi-
cal would be formed by cleavage of the C1-C2 bond of 1, or 
by juncture at Ci of two molecules of 3. Another analysis of 

1 2 

"^—i 'f^y !if^"' 

\ j J 
1 2 3 

the data leads to the conclusion, "It is clear that the magni
tude of concert in this Diels-Alder reaction, if it be not 
zero, is at best small."4 If concert is weak in the diene di-
merizations, a concerted mechanism with an orbital topolo
gy other than 2S + 4S or a biradical mechanism might result 
in a violation7'8 of the familiar9'10 suprafacial-on-the-dieno-
phile, suprafacial-on-the-diene rule. 

The exo and endo dimers of ?ra/2s-piperylene (4a, trans-
penta-l,3-diene) are separable diastereomers (5a and 6a), 
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Scheme I 
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and insertion of a deuterium label at Ci of piperylene per
mits the complete analysis of the Diels-Alder stereochemis
try. ' ' Scheme I shows the configurations of each dimeric 
isomer (5b and 6b) if the dimerization of trans,trans-pent&-
l,3-diene-/-rf (4b) were exclusively suprafacial on the diene 
and, respectively, suprafacial-exo and suprafacial-endo on 
the dienophile. 

Reduction of fran.s-pent-3-ene-l-yne12 with dicyclohex-
ylborane, followed by deuterolysis with CH3CO2D'3 give 
stereospecifically trans,trans-pentn-\,'i-ditr\e-l-d (4b, 
Scheme I) containing 90 ± 2% of one deuterium at the 
trans-1 position (1H NMR analysis). Thermal dimerization 
of 4b at 195° gives 82% of the "ortho" dimers (5b and 6b, 
in a 45:55 ratio), 11% of "meta" dimer, 6% of cis-3,4-di-
methylcycloocta-l,5-diene, and 1% of tra«j-3,4-dimethyl-
cycloocta-1,5-diene.'4i'5 

Gas chromatography (GC, 20% FFAP column, 125°) 
separates 5b and 6b. The deuterium content of the dimers 
and the other compounds in the series is established by di
rect 2H NMR18 (CDCl3 internal standard) as 90 ± 2% of 
2D, and by combustion analysis (falling drop)19 as 87.7 ± 
l%of2D, 

The chemical transformations shown in Scheme 1 convert 
5b and 6b to four epoxy esters in pairs, 9b-10b, and lib— 
12b, from which 9b, 10b, and 12b are isolated by GC.20 In
dependent stereospecific syntheses of the undeuterated ana
logs 9a-12a21 and the 4-deuterio-5-protio analogs 13 and 
1423 provide model compounds for the conformational (e • 
equatorial, a = axial) and hence configurational assign
ments of Scheme I. Spin decoupling experiments on sam
ples treated with tris(heptafluorodimethyloctandione)euro-

Me Me 

13 

,CO,Me 

14 

CO,Me 

D 

pium (Eu(fod)3)
25 facilitate the assignments by correlation 

of large (10-11 Hz) and small (2-3 Hz) coupling constants 
with vicinal Ha-Ha and Ha-He (or He-He) groups, respec
tively.26 It is then easy to recognize deuterium incorpora
tion at specific sites in the deuterated series. A typical set of 
data, obtained on 10b at a Eu(fod)3/substrate ratio of 0.40 
in CCU solution, follows (proton, chemical shift in 8 units, 
integrated intensity): H6, 8.95, 1.04; H1, 8.47, 1.02; H2a + 
H4a 7.15, 1.98; H5e, 5.60, 1.00; H3a + CO2Me, 5.23, 3.93; 
H4e, 4.40, 0.14; H5a, 3.80, 0.11; Me, 2.66, (3.00). 

These proton data and similar observations on 9b and 12b 
establish that, in all three compounds, the extents of D la
beling in the C4 position trans to CO2Me and in the C$ po
sition cis to Me are identical with each other and essentially 
100% of the maximum permitted by the total deuterium in
corporation. 

Both continuous wave'8 and Fourier transform27 direct 
2H NMR spectroscopy of 9b and 10b in CCl4 solutions con
taining Eu(fod)3, show two approximately equal resonances 
at chemical shifts corresponding to positions 4e and 5a and 
no detectable (<2%) absorption at positions 4a or 5e, or 
elsewhere. This fully confirms the ' H spectroscopic results. 

With reference to Scheme I, the data may be interpreted 
as exclusive suprafacial-on-the-diene, suprafacial-on-the-
dienophile addition in both the exo and endo Diels-Alder 
modes in the dimerization of piperylene. Of the imaginable 
concerted Diels-Alder dimerizations, only the 2» + 48 path
way is consistent with the observed stereochemistry at the 
diene and dienophile sites. Although cyclization in a biradi-
cal intermediate at a rate much faster than internal rotation 
might be said to simulate the same stereochemical result, it 
would be necessary to postulate that only those biradicals 
born in a coiled conformation (16) could cyclize. In those 
born in an extended conformation (15), an internal rotation 
about the Cs-C6 bond would be required for cyclization, 
and one then would expect configuration-destroying rota
tion about the C6-C? bond also. For the present, the con-
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certed mechanism offers a simpler interpretation. 
The previous finding16 that the rearrangement of trans-

l,2-/ra«j,frani-dipropenylcyclobutane to 5a and 6a occurs 
with a slight predominance of inversion of configuration at 
the migrating group, when combined with the present ob
servation of complete retention at the same site (the dieno-
phile) in the Diels-Alder dimerization, excludes a common 
intermediate for the two reactions. 
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Generation of 2-Phenylazirinylidene from the 
Photolysis of 2-Phenyl-l-azaspiro[2.2]pent-l-ene1 

Sir: 

In order to rationalize the intriguing photochemical cy-
cloadditions that arylazirines undergo with electron-defi
cient olefins, we proposed the intervention of a nitrile ylide 
intermediate.2 '3 As a 1,3-dipole, this species can be inter
cepted with a variety of dipolarophiles to form five-mem-
bered rings.4"9 In addition, it has been possible to trap the 
intermediate nitrile ylide with methanol and with other ac
tive hydrogen compounds.10'11 This suggested to us the pos
sibility of devising a new synthesis of cycloalkanones based 
upon the photolysis of spiroazirines la-d 1 2 in the presence 
of alcohol followed by a hydrolysis step (Scheme I). In ex
ploring this synthetic route, we discovered an unusual pho
tochemical cycloelimination of 2-phenyl-l-azaspiro-
[2.2]pent-l-ene ( la) giving the extremely novel carbene, 2-
phenylazirinylidene. We wish to report herein evidence con
cerning the formation and reactions of this species. 

Scheme I 
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Irradiation of spiroazirines lb-d in methanol, or in pen-
tane containing excess methanol, resulted in the quantita
tive formation of imines 3b-d.13 Clean conversion to benzal-
dehyde and the corresponding cycloalkanone 4 was accom
plished by treating the photoproduct with a 10% aqueous 
hydrochloric acid solution. 

In contrast to the above results, photolysis of spirocyclo-
propylazirine la under a nitrogen atmosphere in pentane 
containing excess methanol produced a complex mixture of 
products. Analysis of the mixture by GLPC and N M R indi
cated the presence of eight major components, seven of 
which have been identified on the basis of their spectral 
properties or by comparison with known compounds.13 Hy-

P h -
s = N h. Ph. N 
s— «* ^ P h C _ N + x^-^-i + 
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