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Curtius and Lossen Rearrangements. II. Pivaloyl Azide 
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Abstract: Pivaloylnitrene, generated photolytically from pivaloyl azide, does not rearrange to r-butyl isocyanate 
at a detectable rate. Neither singlet nor triplet pivaloylnitrene are intermediates in the thermal or in the photo-
induced Curtius rearrangement of pivaloyl azide. Both rearrangements are most likely concerted processes. 

The mechanism of the Curtius rearrangement has been 
debated since Stieglitz3 proposed its involving a 

carbonylnitrene intermediate. 

RCON3 • N2 + RCON • R N = C = O (D 

Some authors have adopted this mechanism,4 while 
others5 prefer a concerted one. Hauser's6 failure to 
trap the carbonylnitrene argues for the concerted 
mechanism, but can be explained by assuming a very 
short lifetime for the nitrene. The problem has been 
critically discussed by Smith,7 who considers the possi
bility of a spectrum of mechanisms between the two 
extreme ones. More recently, it has been found that 
nitrenes can be trapped in the photolytic, but not in the 
thermolytic, decomposition of a wide variety of carbonyl 
azides.8-13 This excludes carbonylnitrenes as inter
mediates in the thermal Curtius rearrangement, espe
cially since it will be shown in this paper that thermolysis 
and photolysis can be conducted at temperatures that 
differ but little from each other. A preliminary ac
count of a part of the work to be discussed below has 
appeared.18 The product of the Curtius rearrange
ment, R N = C = O , is found in all the reported8-13 

photolytic decompositions of carbonyl azides, RCON3. 
It thus seems possible that the photolytic Curtius rear
rangement14 involves a nitrene intermediate which 
partly rearranges and partly undergoes intramolecu
lar8'9'11 or intermolecular10'12,13 reactions. Alterna
tively, the photolytic Curtius rearrangement could be 
a concerted process (or have another mechanism not 
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involving a nitrene) which parallels the formation of 
trappable nitrene. In this paper, we shall show that 
the latter alternative applies, and that very little or none 
at all of the isocyanate formed in the photolysis of 
pivaloyl azide arises by way of rearrangement of pival
oylnitrene. 

Results and Discussion 

The reactions of pivaloylnitrene, briefly reported in a 
communication,13 are described in the preceding 
paper.15 To gain information on the photolytic Cur
tius rearrangement, we have accurately determined the 
yield of ^-butyl isocyanate formed in photolyses of 
pivaloyl azide in the presence of efficient and of ineffi
cient nitrene traps. If pivaloylnitrene rearranges to t-
butyl isocyanate, its removal by nitrene traps should 
lower the isocyanate yield. The isocyanate yield should 
be affected little, however, if the nitrene is not the pre
cursor of the isocyanate. 

T-BuCON3 

or 

T-BuCON3 

f-BuCON 

r-BuNCO 

intermolecular 
nitrene products 

(2) 

7-BuNCO 

""^nitrene 
formation** 

(3) 

r-BuCON • intermolecular 
' nitrene products 

Thermolysis. In the preceding paper,15 we reported 
that we could not find any nitrene products from the 
thermolyses of pivaloyl azide in several solvents. To 
complement this negative result, the yield of isocyanate 
from the thermolysis of pivaloyl azide in refluxing 
cyclohexane was measured and found to be 99.4%, 
quantitative within experimental error. Other ther
molyses, in cyclohexene and in 2-methylbutane, were 
conducted at 28° and failed to give any nitrene prod
ucts.16 Photolysis at —10° had given yields of ni
trene products of 47 and 25 %, respectively.15 It does 
not seem possible that the temperature difference of 38° 
would have precluded trapping of the nitrene if it had 
been present. We conclude, therefore, that the thermal 
Curtius rearrangement does not involve the inter-
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mediacy of pivaloylnitrene, and it seems most probable 
to us that the rearrangement is concerted. 

Photolysis. Pivaloyl azide was photolyzed, at —10°, 
in a variety of solvents and solvent mixtures, and the 
yields of ?-butyl isocyanate and of intermolecular 
nitrene products were determined. The isocyanate 
yield could not accurately be measured by direct gas 
chromatography, because of the great volatility of this 
substance. The isocyanate was converted to t-butyl-n-
butylurea by treatment with n-butylamine, and the urea 
was determined by vpc. The other products were deter
mined in a separate aliquot of the reaction mixture, 
as described before.16 The results of these experiments 
are given in Tables I—III. The data show the isocyanate 
yield to be practically the same under all conditions, 
while the yields of intermolecular nitrene products vary 
over a wide range, depending on the nature and concen
trations of the substrates present. 

Table I. Photolysis of Pivaloyl Azide in Various Solvents 

Table in. Photolysis of Pivaloyl Azide in Mixtures of 
Cyclohexene and Cyclopentane0 

Solvent 

Cyclohexane 

Cyclopentane 
Neopentane 
Dichloromethane 
Cyclohexene4 

Benzene" 

, 

f-BuNCO 

41.8, 39.9, 40.3, 
43.2 

41.0, 43.3 
40.1, 39.4 

43.2 
41.0 
40.3 

C-H insertion 
product 

20.6, 19.0, 19.9, 
20.4 

13.4, 12.2 
0.2 

1.7, 1.2» 

Pival-
amide 

0.5 

0.5 
0.7 
0.4 
0.4 
0.9 

a Based on pivaloyl azide. b For the double-bond addition 
product, and its instability under the photolysis conditions, see 
ref 15. The figures for C-H insertion product given here are for 
30 % conversion.15 c N-Pivaloylazepine, the addition product 
expected in analogy to the product from benzene and carbethoxy-
nitrene, seems not to be stable under the photolysis conditions. 
It could not be isolated, but a nonvolatile oil was obtained (see 
Experimental Section). The reaction was not investigated further. 

Table II. Photolysis of Pivaloyl Azide in Mixtures of 
Cyclopentane and Neopentane 

Mole % 
cyclo

pentane 
in neo
pentane 

100 
90 
80 
75 
70 
60 
50 
40 
30 
25 
20 
10 
0 

Isocyanate 

41.0, 43.3 
39.8 
39.6 
39.9 
40.0 
42.8 
42.1 
39.8 
41.2 
43.7 
41.4 
42.8 

40.1, 39.4 

Yields 
N-Neo-
pentyl-

pivalamide 

Trace 
Trace 
Trace 
0.2 

•%-

N-Cyclopentyl-
pivalamide 

13 4, 12.2 
9.0 
7.7 
7.6 
6.3 
4.9 
2.5 
2.0 
1.9 
1.5 
1.2 
0.8 

• 
Pival-
amide 

0.5 
0.6 
0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.8 
0.7 
0.6 
0.7 

° Based on pivaloyl azide. 

The independence of the isocyanate yields from those 
of the nitrene products means that the nitrene cannot be 
a precursor of the isocyanate. Scheme 2 cannot apply, 
nor can the dashed arrow in scheme 3 represent a reac
tion competitive with those represented by solid arrows. 
To summarize our results, neither the thermal nor the 

Mole % 
cyclo
hexene 

in cyclo
pentane 

100 
77 
68 
60 
51 
43 
34 
26 
17 
8.5 
0 

, 

Iso
cyanate 

41.0 
39.8 
40.7 
39.9 
38.9 
39.7 
39.3 
39.8 
38.6 
39.6 
41.0 

N-(Cyclo-
hex-2-enyl)-
pivalamidec 

6.8, 6.8 
6.8 
6.8 

7.0, 6.7 
6.7 
6.6 
6.5 
6.2 
6.0 
5.2 

Yields,6 % 

N-Cyclo-
pentyl-

pivalamide 

Trace 
Trace 
Trace 
0.8 

13.4, 12.2 

Pival-
amide 

2.8C 

ND* 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.5 

3,3'-
Bis-

(cyclo-
hex-
enyl) 

0.3 
0.4 
0.4 
0.5 
0.5 
0.6 
0.6 
0.6 
0.7 
0.6 

° Yields after 24 hr of photolysis, see footnote b, Table I. b Based 
on pivaloyl azide. " This is in part decomposition product from 
the double-bond adduct, 7-pivaloyl-7-azabicyclo[4.1.0]heptane; 
see ref 15. d ND = not determined. 

photoinduced Curtius rearrangements can involve a ni
trene intermediate. 

On paper, a rearrangement of a carbonylnitrene to an 
isocyanate looks facile. It is not yet understood why 
it should be so much slower than intermolecular reac
tions. One might argue that only the singlet nitrene 
can rearrange, and that the observed intermolecular 
reactions are those of the triplet. This is out of line, 
however, with the results on carbethoxynitrene. The 
latter inserts into C-H bonds only in its singlet state.17,18 

That the same is true for pivaloylnitrene is indicated by 
the experiments in cyclohexene-cyclopentane mixtures 
(Table III). The yields of N-cyclopentylpivalamide 
decrease rapidly with decreasing cyclopentane concen
tration, while the yields of product derived from the 
double-bond addition to cyclohexene remain practi
cally constant. The reverse hypothesis, that only the 
triplet pivaloylnitrene rearranges to isocyanate, is 
rendered unlikely by the observation that no more iso
cyanate is formed in neopentane solution (where the 
triplet should accumulate due to the low reactivity of 
the singlet toward neopentane) (Table II). This leaves 
us with the conclusion stated above: pivaloylnitrene 
is not an intermediate in either type of Curtius rear
rangement. Unless one wants to invent a new inter
mediate, neither singlet nor triplet nitrene, the Curtius 
rearrangements must be concerted. 

Loosely related to our considerations is the question 
of the generality of our mechanism 3. Most likely, 
mechanism 3 (with the dashed arrow representing a 
very slow or nonexistent path) holds for all alkylcar-
bonyl azides. It might also hold for arylcarbonyl 
azides, but in view of the great migratory aptitude of 
aryl groups, future investigations might well show that 
some arylcarbonylnitrenes do in fact rearrange rapidly. 
To extend the generalization of our results to rear
rangements similar to the Curtius rearrangement would 
be unsafe. Smith19 has found that certain N-aryl-

(17) W. Lwowski and F. P. Woerner, /. Am. Chem. Soc, 87, 5491 
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imidoyl azides (such as the N-phenylbenzimdoylazide 
presumably formed in the thermolysis of 1,5-diphenyl-
tetrazole) thermolyze to a mixture of benzimidazoles 
(intramolecular nitrene cyclization) and carbodiimides 
(an "imido-Curtius rearrangement") . This might very 
well be a case were an imidoylnitrene both rearranges 
and cyclizes. 

Establishing the existence of two parallel mechanisms 
in the photolysis of pivaloyl azide raises the question of 
the detailed nature. The nitrene formation most 
likely involves excitation of the azide to the lowest 
singlet excited state, followed by loss of nitrogen. The 
rearrangement might occur, simultaneous with the loss 
of nitrogen, in that same electronically excited state of 
the azide, perhaps in those molecules that happen to be 
in a more suitable conformation I rather than II. 

N2 
I II 

Another possibility is a competition between the dis
sociation of the excited azide (to give nitrene) and its 
internal conversion to a highly vibrationally excited 
molecule. The latter would either be quenched by col
lisions, or undergo normal, thermal, Curtius rearrange
ment. The photoinduced rearrangement would, then, 
involve only a special route to vibrationally activated 
azide (in a cool environment). Both intimate mecha
nisms would, of course, be in accord with the mechanism 
of scheme 3. 

Avariety of annulenes (monocyclic conjugated 
polyenes) and dehydroannulenes (monocyclic con

jugated polyenynes) have been prepared in recent 

(1) For Part L, see C. C. Leznoff and F. Sondheimer, J. Am. Chem. 
Soc, 89, 4247 (1967). 
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Experimental Section 
The general techniques, authentic compounds, and pivaloyl 

azide have been described in the preceding paper.15 Solvents 
and solvent mixtures used for the experiments were saturated with 
nitrogen; the cyclohexene was purified as before.15 

?-Butyl isocyanate was prepared, in 58 % yield, by heating ethyl 
N-f-butylcarbamate20 with powdered calcium hydroxide to 22O0.21 

The thermal Curtius rearrangement of pivaloyl azide also gave pure 
?-butyl isocyanate. 

N-«-Butyl-N'-/-butylurea was made by adding a solution of 
1.46 g (0.2 mole) of «-butylamine in 10 ml of pentane to a solution 
of 1.98 g (0.2 mole) of r-butyl isocyanate in 10 ml of pentane, with 
cooling. An exothermic reaction occurred immediately. After 
2 hr at room temperature, the solvent was removed. An almost 
quantitative yield of the urea crystallized upon refrigeration, mp 
71-72°; infrared spectrum: NH at 3345 cm"1 (broad), CO at 1631 
cm"1 (in CCl4). 

Anal. Calcd for C9H20N2O: C, 62.75; H, 11.70; N, 16.26. 
Found: C, 62.66; H, 11.66; N, 16.14. 

Photolyses were carried out, and the product yields determined 
as before.16 The yields of 7-butyl isocyanate were measured in a 
separate aliquot of the reaction mixtures by injecting 3 ml of n-
butylamine at —10°. After 2 hr at —10°, and 1 hr at room tem
perature, the solvent was removed in vacuo. The residue was trans
ferred to a 10-ml volumetric flask, and diluted to 10 ml with tetra-
hydrofuran. Vpc analyses were done on columns15 A (160° column 
temperature) and B (146° column temperature). 

Photolysis in Benzene. The photolysis was carried out as be
fore15 but since pure benzene would have frozen, a mixture of 45 ml 
of benzene and 5 ml of dichloromethane was used. During irradi
ation, the mixture turned light yellow. After evaporation of excess 
solvent and (-butyl isocyanate, an oily, nonvolatile residue remained. 
Its infrared spectrum (in CCl4) showed absorptions at 3284, 2985, 
1681, 1479, 1393, 1366, 1279, and 1242 cm"1. The spectrum 
showed three multiplets at d 1.25, 2.0, and 3.67, 
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Unsaturated Macrocyclic Compounds. LI. 
1,6-Oxido [10] annulene2 
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Abstract: 9,10-Oxido-l,4,5,8,9,10-hexahydronaphthalene (10) on hydrolysis to 1,4,5,8,9,10-hexahydronaphthal-
ene-fra«s-9,10-diol (11), followed by successive bromination and dehydrobromination, gives the tribromo oxide 13a 
and the diene bromo oxide 14 instead of the anticipated 9,10-dihydronaphthalene-fran.s-9,10-diol (5). The oxide 10 
on bromination and subsequent dehydrobromination yields l,6-oxido[10]annulene (20), as well as 1-benzoxepin 
(24). In agreement with theory, the ten 7r-electron system 20 is shown to be an aromatic compound. Various re
actions of 20 are described, including its nitration to the 2- and 3-nitro derivatives 27 and 26. 1,6-Oxido[10]an-
nulene (20) is easily converted to naphthalene derivatives, e.g., by lithium aluminum hydride reduction, catalytic 
hydrogenation, and treatment with acids. 
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