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easily reduced. P-Nitrostyrene, azoxybenzene, and 
azobenzene were not reduced a t  90'. 

Experimental Section 

The data in the tables were obtained by placing 50 ml of a 
solution of the copper salt in the aqueous amine in a vertical, hard, 
glass tube (4 X 30 cm) fitted with a gas dispersion tube leading 
to the bottom for the introduction of carbon monoxide, an outlet 
near the top and stopcock a t  the top and bottom for adding or 
removing liquid samples. This vessel was placed in a hot water 
bath at  85" during the reaction period. Nitrobenzene (2 ml) was 
added and a stream of carbon monoxide passed into the reactor 
a t  atmospheric pressure a t  about 10 l./hr. The product waa 
separated from the aqueous solution in a separatory funnel and 
analyzed by glpc. 

Preparative runs with larger amounts of nitro compound were 
conducted in flasks fitted with good stirring or in a Parr low- 
pressure shaker. At these conditions all of the carbon monoxide 
was utilized. Essentially quantitative conversions can be ob- 
tained in less than 4 hr a t  90" using 5 g each of copper carbonate, 
sodium hydroxide, and nitroaromatic in 50 ml of 50% ethylene- 
diamine in a shaking apparatus a t  15 psig. 

Registry No.-Nitrobenzene, 98-95-3. 
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Recent reports have dealt with the thermal reaction 
of organic azides and 3,4-dihydro-2H-pyran. Ben- 
zenesulfonyl azides, aryl azides, 3,4 and ethyl azido- 
formate5 give imino lactones (11) with dihydropyran; 
analogous products are obtained with dihydrofuranSa 
Although the initially formed triazoline adduct (I) 

is not always isolable, kinetic evidence indicates its 
i n t e rmed ia~y .~ ,~  

The pyrolytic conversion of triazolines to imines is 
a well-known reaction. I n  certain instances, however, 
triazolines give rise to aziridines, or mixtures of azir- 
idines and isomeric imines? Therefore, the possibility 
that triazolines of type I first decompose to aziridines 
(111) which subsequently rearrange to the observed 
products (11) has been suggested.'sZ To examine this 
possibility, an independent preparation of I11 was at- 
tempted. 
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After 2 weeks a t  40°, dihydropyran and p-bromo- 
phenyl azide gave adduct IV in 24% yield. The ori- 

V I  

entation of the addition accords with related azide 
additions to enol ethers3 and enamines;* it is also in 
agreement with mechanistic information concerning 
this cycloaddition p roces~ .~  Consistent with IV, the 
nmr spectrum showed a doublet a t  T 4.57 (1 H, J = 
6.3 cps), a multiplet a t  5.90 (1 H),  and a multiplet a t  
6.57 (2 H), as well as four aromatic and four "normal" 
aliphatic hydrogens. As reported for similar tri- 
a z ~ l i n e s , ~ - ~  thermal decomposition of IV in toluene 
solution produced the imino lactone V, characterized by 
hydrolysis to p-bromoaniline and 6-valerolactone. 

I n  contrast to thermolysis, the photodecomposition 
of triazolines has been shown to  give aziridines in high 
yield."J Accordingly, the photolysis of IV was in- 
vestigated. Irradiation of IV (27", benzene, >300 
mp) resulted in a quantitative evolution of nitrogen 
and a crystalline solid in 67% yield. The photoprod- 
uct analyzed for CllHlzBrNO and its infrared spectrum 
showed no absorption in the C=N region, 1690-1640 
cm-l.ll The nmr spectrum revealed a doublet a t  T 

5.87 (1 H, J = 5.0 cps), a multiplet centered a t  6.30 
(2 H), and four aromatic and five aliphatic (7.6-8.7) 
hydrogens. Structure VI was therefore assigned to the 
photoproduct. Although the compound appears to 
be indefinitely stable in a dry atmosphere, i t  rapidly 
deteriorates on exposure to  moist air. Hydrolysis of 
VI at  room temperature produced the hemiacetal 
(VII). Similar observations have been reported by 
otherse5 
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Aziridine VI was quantitatively recovered after 
being heated in toluene, under the conditions employed 
to bring about the thermal decomposition of triazoline 
IV. It is therefore apparent that the conversion of 
triazoline IV to  imino lactone V does not occur via an 
aziridine intermediate. Furthermore, the result sug- 
gests that aziridines in general are not involved in the 
thermal reactions of azides with dihydropyran. The 
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alternative path proposed by Franz and co-workers' 
and Rector and Harmon,a and supported by the results 
of other investigations, is more probable. 

The strikingly different reaction paths observed in 
the thermal and photodecompositions of IV are note- 
worthy. As previously pointed out,10 the photolysis 
of triazolines is an excellent preparative method, well 
suited to the preparation of sensitively substituted 
aziridines. 

Experimental SectionlS 

9-p-Bromophenyl-2-oxaa-7,8,9-triazabicyclo [ 4.3 .O] non-7-ene 
(IV) .-Dihydropyran (6.0 g, 0.072 mole) and p-bromophenyl 
azide (9.9 g, 0.050 mole) were placed in a reaction vessel and 
maintained a t  40' f 2' by means of a water bath. A gas buret 
was used to measure evolved gas. After 14 days (230 ml evolved), 
volatile materials were removed by evaporation a t  50' (0.5 mm). 
The resulting deep orange oil (11.1 g) was taken up in methanol 
and refrigerated. A white, crystalline solid was collected and 
washed with cold methanol (3.4 g, 24%), mp 108-109" dec. 
Three recrystallizations from methanol gave material melting 
a t  109.5-1 10.5' dec. 

Anal. Calcd for C11H12BrNaO: C, 46.82; H, 4.29; Br, 28.33; 
N ,  14.89. Found: C, 46.69; H, 4.27; Br, 28.20; N, 15.02. 

Thermal Decomposition of IV.-A sample of IV (322 mg) was 
dissolved in 4 ml of anhydrous toluene and the solution was 
refluxed for 1 hr. Nitrogen evolution had ceased after ca. 35 
min. Removal of the solvent under reduced pressure gave a 
viscous oil that exhibited a strong absorption a t  1670 cm-' 
(C=N). The oil was treated with 1 ml of methanol and 5 ml of 
25y0 sulfuric acid at room temperature for 16 hr, and then 
extracted with two 5-ml portions of methylene chloride. Evapo- 
ration of the dried extracts (MgSO1) gave 104 mg (91%) of a 
colorless oil which showed a strong carbonyl absorption a t  1730 
cm-1. This material was identified as 8-valerolactone by heating 
it for 90 min a t  100' with hydrazine hydrate (150 mg). After 
crystallization from benzene-acetonitrile, the hydrazide (87 mg, 
5hydroxypentanoic acid hydrazide) melted a t  104-105' (lit.*,* 
mp 104-106'). 

The aqueous solution (above) was made basic with 3oY0 
sodium hydroxide solution and extracted with three 6-ml portions 
of methylene chloride. Removal of the solvent from the dried 
extracts (MgSOd) gave 153 mg (79%) of p-bromoaniline, identi- 
fied by comparison of the infrared spectrum and vpc retention 
time with those of an authentic sample. 

7-p-Bromophenyd7-aza-2-oxabicyclo[4.1 .O]heptane (VI) .-A 
solution containing 2.0 g (7.1 millimoles) of IV in 45 ml of an- 
hydrous benzene was irradiated for 12 hr a t  room temperature. 
The light employed (550-w Hanovia, Type A, medium-pressure 
Hg arc) was filtered through two plates of Pyrex glass and a 
Pyrex cell (2  cm) through which cold water circulated. The 
colorless product solution was evaporated (aspirator, 50') 
affording a crystalline, sticky solid. The infrared spectrum of 
this material showed a weak imine absorption a t  1670 cm-1. 
Recrystallization from ether (16 m1)-pentane (10 ml) a t  -78' 
gave 1.2 g (67%), mp 117-118'. Three additional recrystalliza- 
tions from ether-pentane gave the analytical sample, mp 118.5- 
119.5'. 
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Anal. Calcd for CIIHIZBrNO: C, 51.98; H, 4.76; Br, 31.45; 
N, 5.51. Found: C, 52.20; H, 4.84; Br, 31.4.5; N, 5.53. 

Photolysis in anhydrous tetrahydrofuran was equally suc- 
cessful. 

A solution of 1.0 g of VI in 15 ml of dry toluene was heated 
a t  reflux for 1 hr. Removal of the solvent gave a white solid, 
mp 11Ckl13', whose infrared spectrum was essentially identical 
with that of VI. Recrystallization from ether-pentane (-78") 
gave pure VI. The same result was obtained in an identical run 
in which purified, dry nitrogen was passed through the solution. 

Hydrolysis of VI. 3-p-Bromophenylamino-2-hydroxytetra- 
hydropyran (VII).-A sample of VI (0.40 g) was treated with 
3 ml of tetrahydrofuran and 2 ml of water. The slightly cloudy 
mixture was shaken intermittantly during 3 hr a t  room tempera- 
ture. Removal of the solvent (aspirator, 50') afforded 0.44 g of 
a white, crystalline solid, mp 157-158.5'. Two crystallizations 
from acetone gave the analytical sample, mp 161-162'. 

Anal. Calcd for CllH14BrN02: C,  48.54; H, 5.18; Br, 29.37; 
N, 5.15. Found: C, 48.66; H, 5.31; Br, 29.29; N, 5.29. 

The infrared spectrum of the crude product, as well as the 
analytical sample, showed absorptions a t  3610 (OH) and 3408 
cm-1 (NH), but no absorptions in the carbonyl or imine regions. 

Registry No.-Dihydropyran, 110-87-2; IV, 10409- 
58-2; VI, 10409-59-3; VII, 10409-57-1. 
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Enol phosphate esters are easily obtained in general 
by use of the Perkow synthesis2 or the alternate method 
recently described by Magee.3 However, in the syn- 
thesis of the parent vinyl phosphate esters, ie., 111, 
it is desirable to avoid Perkow's method since it in- 
volves the use of anhydrous chl~roacetaldehyde.~~~ 
While the procedure of Magee3 obviates this problem, 
it requires the use of mercury salts which presents a 
definite economic barrier, particularly for large-scale 
preparations. 

A third method reported by Upsod to be specifically 
useful for the preparation of unsubstituted vinyl phos- 
phate esters was found to be not reproducible by Allen 
and co-workers.? We have also independently repeated 
the experiment as described by Upson6 for the prepara- 
tion of diethyl vinyl phosphate. Our crude reaction 
mixture was found to contain approximately 10% di- 
ethyl vinyl phosphate, 45% triethyl phosphate, and 
45% 2-chloroethyl diethyl phosphate upon examina- 
tion by glpc. The purity of our IIIb was demonstrated 
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