
actions in nitromethane were accompanied by con
siderable decomposition of VII to undetermined, 
nonvolatile products, but yields were high (80-95%) 
in the other solvents. The decomposition reaction was 
assumed to be first order in VII. The results are sum
marized in Table I. 

Both of the products VIII and IX were reasonably 
stable to heating to 200° for 8-12 hr. 

The data of Table I show only a threefold effect on 
the reaction rate over the series of solvents studied, 
well within the range of solvent effects observed in 
other Diels-Alder reactions.2 Moreover, the rela
tive rates do not vary appreciably over the tempera
ture range (65°), nor is there a large effect of either 
solvent or temperature on the isomer ratios. 

The above data may, of course, be interpreted as per
taining to two separate (one-step) reactions possessing 
different transition states8 but having extraordinarily 
similar influences of solvents on their activation parame
ters. However, we would like to suggest the alternate 
explanation that the reaction is proceeding through a 
single transition state such as I to an intermediate (c/. 
II).11 This intermediate may then continue through 
either of two subsequent, lower energy transitions similar 
to III and IV to the two observed products. 

Additional support for the two-step intermediate II 
may be found in the structure of the vinylcyclobutanes 
(IX): only the 2-vinyl isomers were detected under 
conditions (g.l.p.c.) which should have shown the pres
ence of >1 % yield of either of the 3-vinyl isomers (as
suming no unusual instability of the latter). The prod
ucts (IX) are those which would be predicted by the ac
cepted12-14 two-step mechanism for a (cyclobutane-
forming) thermal cycloaddition reaction. 

Examination of the activation parameters for this 
reaction may disclose more subtle, but possibly more 
meaningful differences in the two reaction paths. The 
question of whether such differences would support 
the contention that dual, one-step mechanisms8 are 
involved in the formation of VIII and IX, or merely 
reflect variations in the second, product-determining 
step of the two-step mechanism, which we favor, would 
appear to be subject to debate. Unfortunately, the 
present data are not suitable for comparison, but more 
complete studies of this aspect are in progress. Stereo
chemical examinations suggested by previous observa
tions with other systems *•% x 3 are also under consideration. 

In summary, it seems possible that study of this 
simple and yet versatile system may offer a fresh ap
proach to the intricacies of the Diels-Alder and related 
reactions. 
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The Photodecomposition of Pivaloyl Azide 

Sir: 

In the Curtius rearrangement1 carbonyl azides of the 
type R-CO-N3 (R = alkyl or aryl) are converted to 
isocyanates (R-NCO) when decomposed by heat1 

or light.2 Alkoxycarbonyl azides (RO-CO-N3) when 
decomposed by light3 or heat4'5 give carbalkoxyni-
trenes (RO-CO-N) which insert into C-H bonds and 
add to double bonds in intermolecular reactions. 

Carbonyl nitrenes (R-CO-N) have often been 
postulated as intermediates in the Curtius rearrange
ment,6-8 and the lack of unrearranged intermolecular 
reaction products has been explained by assuming a 
very high rate of rearrangement to isocyanate.9 This 
seemed to be in accord with the observation, first 
made by ApSimon and Edwards,10 of the formation of 
intramolecular C-H insertion products in photolyses of 
carbonyl azides containing a C-H function in posi
tions sterically favorable for cyclization. Further
more, photolysis of benzazide in dimethyl sulfoxide11 

gave an addition product of C6H6-CO-N to the sol
vent in a reaction interpreted as the capture of the 
nitrene intermediate of the Curtius rearrangement. 
Also, ethyl azidoformate, shown to be a source of 
carbethoxy nitrene,3 was observed to undergo some 
Curtius rearrangement in methanol solution.12 The 
hypothesis of a common nitrene intermediate for rear
rangement as well as for C-H insertion leaves unex
plained the absence of intramolecular C-H insertion 
products in the thermal decomposition of ApSimon's 
compounds.10,13 

In this communication we wish to show: (1) that in 
the photolysis (but not in the thermolysis) of pivaloyl 
azide (?-Bu-CO-N3, I) an intermediate capable of 
selective intermolecular reactions is formed; (2) that 
this intermediate possesses properties similar to those 
of carbethoxy nitrene, and (3) that the intermediate is 
not involved in the (thermal) Curtius rearrangement of 
pivaloyl azide. 

We have studied the decomposition of pivaloyl 
azide (I) in hydrocarbon solvents. Thermolysis in 
cyclohexene and 2-methylbutane is rapid above room 
temperature and gives a virtually quantitative yield of 

(1) For a detailed discussion of the Curtius rearrangement see P. A. S. 
Smith in P. DeMayo, "Molecular Rearrangements," Vol. I, Interscience 
Publishers, Inc., New York, N. Y., 1963, p. 528 ff. 
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J. Am. Chem. Soc, 87, 1947 (1965); W. Lwowski, T. J. Maricich, and 
T. W. Mattingly, Jr., ibid., 85, 1200 (1963); W. Lwowski and T. J. 
Maricich, ibid., 86, 3164 (1964); 87, 3630 (1965). 
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(5) M. F. Sloan, T. J. Prosser, N. R. Newburg, and D. S. Breslow, 

Tetrahedron Letters, 2945 (1964). 
(6) J. Stieglitz, Am. Chem. /., 18, 751 (1896). 
(7) K. R. Brower, / . Am. Chem. Soc, 83, 4370 (1961). 
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Reinhold Publishing Corp., New York, N. Y., 1961, p. 502; J. D. Rob
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W. A. Benjamin, Inc., New York, N. Y., 1964, p. 656. 
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(1961); Can. J. Chem., 27, 1930 (1963). 
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ping experiments. The photolyses of acetyl azide in benzonitrile and 
phenylacetylene gave 2-methyl-5-phenyl-l,3,4-oxadiazole or -oxazole, 
respectively. In thermolysis experiments with acyl azides no evidence 
for nitrene intermediates was obtained. 
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f-butyl isocyanate OBu-NCO). With our analytical 
methods we would have detected a 1 % yield of inser
tion or addition products. However, photolysis of 
solutions of I in cyclohexene, cyclohexane, or 2-methyl-
butane with a medium pressure mercury lamp at 
— 15 to + 5° gave, in addition to J-butyl isocyanate, a 
spectrum of products best explained as arising from the 
insertion of pivaloyl nitrene into C-H bonds or its 
addition to double bonds. Chart I shows these inter-
Chart I. Products from Cyclohexene and Cyclohexane 

I ^ N H - C O - C ( C H s ) 3 15% 

( C H 3 ) S C - C O - N 3 

I 

to 

a 
H3C ^ H 3 

CH 
I 
CH2 

CH3 
mixture of 

O 

•*• four isomers of 

( C 5 H n ) - N H - C O - C (CH3)3 

25% (Table II) 

+ a 
-* rj^N-co-

+ 
C(CHs)3 

zoo V " , 26% 
N - C O - C ( C H 3 ) T + N H - C O - C ( C H a ) 3 

20% 

stucture assigned on basis 
of infrared and n.m.r. spectra 

9% 

molecular products, Table I the relative reactivities of 
the intermediate with the three kinds of C-H bonds in 
2-methylbutane. In this solvent, insertion into the 
tertiary, secondary, and the two types of primary C-H 
bonds took place. The four isomeric isopentylpival-
amides were synthesized from the corresponding amines 
and the synthetic compounds used for identification (by 
v.p.p.c. retention time and infrared and n.m.r. spectra) 
and for calibration of the vapor phase partition chro
matography4 In the photolysis of I, the isopentyl pival-
amides were formed in a total yield of 25%, indicating 
that at least that much of the azide I is converted to the 
selective intermediate. 

Table I. Reactivities of the C-H Groups in 2-Methylbutane 
toward Pivaloyl Nitrene (corrected for the number of hydrogens) 

ReI. reactivity 
ReI. error 

Tertiary Secondary Primary 

160 8.6 1 
±25% ±12% 

Photolysis in cyclohexane gave N-cyclohexylpival-
amide, photolysis in cyclohexene the allylic C-H inser
tion product plus products from addition to the double 
bond, as shown in Chart I. The products were identi
fied by comparison of their v.p.p.c. retention times and 
infrared and n.m.r. spectra with those of samples pre
pared by independent, unequivocal syntheses.14 

The qualitative similarity of the reactions observed 
here to those of carbethoxy nitrene3 make us inclined to 

(14) AU new compounds gave satisfactory elemental analyses. 
The small v.p.p.c. peaks of the primary and secondary insertion products 
were rather broad, causing the large relative errors noted in Table II. 

think that pivaloyl nitrene, 7-Bu-CO-N, is the reactive 
intermediate in the intermolecular reactions. Since 
thermal decomposition of I did not give unrearranged 
intermolecular products, the same intermediate cannot 
be involved in the thermal rearrangement, which might 
proceed in a concerted fashion or perhaps through a 
different intermediate. This question is currently being 
studied in our laboratory. 
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The Synthesis of Spinochromes A, C, D, and E 

Sir: 

Investigation of the pigments derived from the 
spines of sea urchins began in 18851 and for many 
years the literature in the field abounded in unsub
stantiated structural proposals of at least twelve pre
sumably distinct compounds. As a result of recent 
researches this number has been reduced to six pig
ments of unquestioned identity. They are echino-
chrome A (1) and spinochromes A (2), B (3), C (4), 
D (5), and E (6). The structure of echinochrome A 

OH 0 O 
H C ^ k A ^ O H H O v ^ v ^ V O H 

B.W* W OH 
OH O OH O 

3 
1,Ri = C2H5; R2 = OH 
2,Ri = COCH3; R2 = H 
4, Ri = COCH3; R2 = OH 
5, Ri = OH; R2 = H 
6, Ri = OH; R2 = OH 

was unambiguously demonstrated by synthesis more 
than 20 years ago.2 The nature of the spinochromes 
had remained obscure until Thomson established the 
structures of D3 and E4; Sutherland unraveled the 
structural tangle of B5; and work in this laboratory 
resulted in structural elucidation of A and C.6'7 Fail
ure to achieve clean separation of the pigments on 
calcium carbonate columns coupled with heavy reli
ance on combustion data often led to serious misin
terpretation. Structural proof by synthesis is there
fore needed to remove any remaining elements of 
doubt. This was achieved for spinochromes B (then 
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