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The thermal decomposition of the dihydrooxadiazinone 
derivutive (4), which affords a mixture of cis- and irans- 
stilbene, has been shown to take place bj,  a stepwise loss 
of COz and Nz. On treatment with 2 equiv. of sodium 
triphenylmethide, 4 is rearranged to the isomeric dihydro- 
oxadiazinone derivative (9). Oxidalion of this substance 
with lead tetraacetate led to the formation of tolane in 
low yield. Treatment of cis-stilbene oxide with carb- 
ethoxyhydrazine afforded the ietrahydrooxadiazinone 
derivaiive (6), which on oxidation with lead tetraacetate 
smoothly lost COZ and NZ and gave trans-stilbene ex- 
clusively in high yield. 

Thermally induced fragmentation and rearrangement 
reactions, which do not involve the intermediacy of 
either ionic or free-radical species, are processes of 
some synthetic importance and theoretical interest. 
The thermal decomposition of esters4 and amine ox- 
ides4 as well as the Claisen5 and Cope5 rearrange- 
ments represent some of the many reactions of this 
class. 

In principle, the ofttimes severe stereochemical con- 
straints which characterize many of these reactions 
should be largely obviated when the process of con- 
certed bond making and breaking is able to take place 
within a pre-existing ring. Furthermore, the formation 
of thermodynamically stable gaseous molecules such as 
CO, COz, and Nz in fragmentation reactions of this 
class may be expected to provide considerable driving 
force for these processes.6 Both of these structural 
conditions are met in the oxadiazinone system (1) 
and two of its three isomeric dihydro derivatives (2 
and 3), the syntheses of which were undertaken in 
these laboratories some time ago. 

,NH N 
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In our previous paper’ we described two general 
procedures, summarized in Figure 1, for the construc- 
tion of derivatives of 3 from a-ketols and a-diketones. 
At elevated temperatures, these substances were ob- 
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served to decompose, with loss of COz and Nz, to give 
olefins. While the sequence therefore constitutes a new 
and potentially useful method for the conversion of a- 
ketols and a-diketones to olefins under nonreductive 
conditions, our more immediate purpose lay in exam- 
ining the mechanism by which these heterocycles 
undergo thermal decomposition. 

In the present paper, the chem- 
istry of 1,3,4-oxadiazin-2-ones is further explored, and 
the mechanism of the thermal decomposition of 5,6- 
diphenyldihydrooxadiazin-2-one (4) is elucidated. This 
substance, which is readily prepared from benzoin, 
has been shown to give a mixture of cis- and trans- 
stilbene in approximately 70% yield, on pyrolysis in 
benzene solution at 180°.8 Excluding a radical chain 
process (vide infra), the decomposition of 4 may be 
depicted as involving an initial isomerization of 4 to a 
5,6-dihydrooxadiazinone followed by the simultaneous 
expulsion of COe and Nz (Figure 2, reaction path a). 
There is some evidence that the decomposition of 2- 
pyrazolines to cyclopropanes proceeds through a closely 
analogous tautomerization of these heterocycles to the 
corresponding 1-pyrazolines. Alternatively, the loss 
of COZ and Nz may take place stepwise as shown by 
mechanism b. The loss of COz from 3,6-dihydro-a- 
pyrones1° forms a close parallel with the first step of this 
mechanism, while the recent work of Cram and Brad- 
shaw l1 on the decomposition of alkyldiimides would 
appear to provide sufficient precedent for the second 
step. l Z  

In order to distinguish between these mechanisms, the 
kinetics of the decomposition of 4 and of its N-deuterio 
derivative were examined. Pyrolyses were carried out 
in both benzene and dimethylformamide solutions 
in sealed tubes, and the progress of reaction was fol- 
lowed by determining the volume of nitrogen evolved. 
The rate of nitrogen evolution was found to follow 
first-order kinetics to at least 90 % of complete reaction 
in both solvents (Figures 3 and 4) and to be equal to the 
rate of COz formation (Figure 4). Rate constant data 
derived from these plots are summarized in Table I. 

The absence of free-radical intermediates in the de- 
composition of 4 is evidenced by the invariance of the 
rate constant of the reaction over a twofold change in 
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concentration of 4, by the failure of benzoyl peroxide 
to initiate its decomposition, and by the observation 
that neither triphenylmethane nor cyclohexene had any 
perceptible effect upon either the rate or the products 
of the pyrolysis reaction. 

Table I 

k ,  
Temp., Concn., sec.-l AH*, AS*, 

"C. Solvent mole/l.G X lo6 kcal./rnole e.u. 

152 Benzene 0.01 1.61 
180 Benzene 0.01 16.8 
180 Benzene 0.02 16.5 
180 Benzene O . O l b  16.6 31.1 -7 .9  
134 DMFc 0.01 0.43 
152 DMFc 0.01 2.38 
180 DMFc 0.01 25.3 31.6 -6.0 

a Concentration of dihydrooxadiazine (4). N-Deuteriodihy- 
drooxadiazinone. c Dimethylformamide. 

Furthermore, the rate-limiting step of the reaction 
does not appear to involve appreciable charge separa- 
tion since the reaction rate is only slightly affected by a 
relatively large change in both the polarity and dielectric 
constant of the solvent. l3 

The yields of both cis- and trans-stilbene could be 
determined independently in each of the kinetic runs by 
vapor phase chromatographic analysis. However, 
these were found to constitute a less reliable measure of 
the extent of reaction, since the yield of these olefins was 
highly variable. In some kinetic runs, the combined 
yield of stilbenes accounted for 95z of the nitrogen 
evolved, but in others it was considerably below this 
value. Separate exploratory experiments suggest that 
traces of base in the reaction vessel may be responsible 
(13) Cy. J. F. Leffler,J. Am. Chem. Soc., 72, 67 (1950), and J. F. Lefler 

and C. C. Petropoulos, ibid., 79, 3068 (1957), in which a significaft in- 
crease in the rates of thermal decomposition of unsymmetrical dlaroyl 
peroxides in nitrobenzene compared with their rates in benzene has been 
ascribed to the intervention of an ionic mechanism. 
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Figure 3. First-order rate plots for the decomposition of diphenyl- 
dihydrooxadiazinone (4) in benzene solution: 0, 0.01 M solutions 
at 180'; A, 0.02 M solutions at 180'; QO.01 M solutions at 152'. 
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Figure 4. First-order rate plots for the decomposition of 0.01 M 
solutions of diphenyldihydrooxadiazinone (4) in dimethylforrnarnide : 
A, 180"; 0, 152"; 0,  134' (from N2 evolution); 0,  152' (from 
Con  evolution). 

for the decreased yield of olefin, but a precise definition 
of the manner in which the reaction is diverted is, for the 
present, not possible. 

The ratio of cis- to trans-stilbene formed in the de- 
composition of 4 exhibited a pronounced solvent de- 
pendence. This ratio, which did not vary appreciably 
over the temperature ranges studied for each solvent, 
and which does not appear to depend on the yield of 
olefin, was found to be 1.2 in benzene and 0.6 in dimeth- 
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Figure 5. First-order rate plot for the decomposition of 0.01 iM 
solutions of N-deuteriodiphenyldihydrooxadiazinone (4): 0, in 
benzene at 180"; 0 ,  in 0.1 M solutions of cyclohexane in benzene; 
A, in benzene saturated with D20. 

Figure 6. 

ylformamide. In separate experiments it was de- 
termined that cis-stilbene, which is the therniody- 
namically less stable of the two olefins,I4 was not 
isomerized in either benzene or dimethylformamide 
solution at the reaction temperatures employed in the 
decomposition of 4. The observed ratio of these 
olefins must consequently be a measure of the propor- 
tion in which they are formed in the pyrolysis reaction 
in each solvent, but the factors which determine this 
ratio remain as yet unknown. 

Deuteration of 4 was carried out by acid-catalyzed 
exchange in benzene solution containing D,O. After 
one such treatment, the product was found to have in- 
corporated 0.8 g.-atom of D as N-D, as estimated from 
its n.m.r. spectrum. Measurements of the rate of 
decomposition of this substance at 180" were carried 
out both in benzene and in benzene containing 0.1 A4 
solutions of cyclohexene. In addition, two runs were 
carried out in benzene saturated with DzO, in order to 
obviate possible exchange of deuterium with fortuitous 
traces of water in the organic solvent. These data are 
plotted in Figure 5, and the calculated first-order rate 
constant for the decomDosition of the deuterio com- 

tive requires that, for reaction path a to obtain, the 
first step involving hydrogen transfer must be fast and 
the second rate limiting, while the converse must be 
true for mechanism b. 

Elimination of one of these alternatives was accom- 
plished as follows. Treatment of cis-stilbene oxide with 
carbethoxyhydrazine at 150 O gave the tetrahydrooxadi- 
azinone 6, the stereochemistry of which follows from 
its likely mode of formation via the carbethoxyalkyl- 
hydrazine 7. This substance was unaffected by mer- 
curic oxide, but on treatment at room temperalure 
with lead tetraacetate it lost COa and Na spontaneously 
and gave trans-stilbene exclusively in 89% yield. The 
5,6-dihydrooxadiazinone 8, which should be the direct 
product of this oxidation, must therefore be consider- 
ably less stable thermally than its isomer (4), and hence 
mechanism a for the thermal decomposition of this 
latter substance may be excluded (see Figure 6).15 

In order to examine 
the possibility that 4 might undergo facile deconiposi- 
tion by an ionic route through the anion 4a, the sub- 
stance was treated with 1 equiv. of sodium triphenyl- 
methide in benzene. Although the dihydrooxadiazi- 
none rapidly consumed 1 equiv. of base, the resulting 
anion was not decomposed after heating at reflux tem- 
perature for 1 hr., since 4 could be recovered in good 
yield from these solutions (see Figure 7). 

In the course of these experiments we noted that 4 
titrated as a dibasic acid in the presence of sodium 
triphenylmethide. In contrast to 4a, the dianion 4b 
afforded only a low yield of 4 on neutralization. The 
major product was a substance isomeric with 4 which is 
assigned the structure of a 3,4-dihydrooxadiazinone (9) 
on the basis of its analysis, molecular weight, infrared 
spectrum (NH, 3.1 pj, and n.m.r. spectrum, which 
exhibited absorption at r - 1.45 and 2.71 (intensity 
1 : l l j .  

The thermal stability of this substance, which melts 
without decomposition at 217" and remains unchanged 
up to 300", is quite apparently due to the fact, in con- 
trast to4and 8, that no plausible path exists by which mul- 
tiple bond cleavage can lead directly to stable molecular 
fragments. 

The oxidation of this substance, like that of 6 ,  was 
effected by lead tetraacetate in benzene, but instead of 

Base-Catalyzed Isommkatioiz. 

pound is given in Table LA (15) This conclusion is medicated on the reasonable assumotion that 
The fact that the rate of decomposition of 4 at 1800 the rearrangement of 4. ai  depicted in mechanism a, w,ould &Id both 

the cis arid trans forms of the isomeric 5,6-dihydrooxadiazinone. Fail- is indistinguishable from that of its N-deuterio deriva- ing this, it be necessarv to assume that the cis isomer alone is 
- 1  

formed in this step, and that its thermal stability is remarkably greater 
than the trans isomer (8).  Attempts to prepare the cis isomer from 
trans-stilbene oxide have thus far been unsuccessful. 

(14) G. B. ICistiakowsky and W. S.  Smith, J .  A m .  Chem. SOC., 56, 638 
(1934); T. W. J. Taylor and A. R. Murray, J.  Chem. SOC., 2078 (1938). 
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the oxadiazinone 10, the only product, isolated in low 
yield, was tolane. I t  seems likely that the oxadiazinone 
is in an intermediate in this reaction and, that like 8, 
it readily loses COz and N2. 

10 

The investigation of the chemistry of these new hetero- 
cycles and of their use as intermediates in the trans- 
formation of a-ketols and a-diketones to olefins and 
acetylenes is being continued. 

Experimental Section 
A 3-ml. tube with break-seal and side 

arm was charged with 0.5 ml. of dihydrooxadiazinone 
solution, and this was degassed three times on a high- 
vacuum line and finally sealed. The tube was placed in 
an oil bath thermostated at 180, 152, or 134". At 
the end of the reaction period, the reaction vessel was 
withdrawn and cooled in an ice bath to room tempera- 
ture. It was then placed on the vacuum line, and the 
seal was broken. Nitrogen was collected by a Toeppler 
pump and determined in a gas buret, after removing 
carbon dioxide in a liquid nitrogen trap. The purity of 
the nitrogen was confirmed by gas chromatographic 
analysis using a molecular sieve column. The tube 
was then opened to the atmosphere and analyzed for 
cis- and trans-stilbene by v.P.c., employing a 3-ft. 4 z  
RC polymeric BGA column on Chromosorb W treated 
with hexamethyldisilazane (column temperature 160'). 
Calibration curves for the stilbenes were determined 
and were checked prior to each sample determination. 

In those runs in which the volumes of both carbon 
dioxide and nitrogen were determined, the above pro- 
cedure for collecting nitrogen was followed, after which 
the liquid nitrogen trap was replaced by a Dry Ice- 
acetone trap. The reaction solution was then allowed 
to warm to room temperature and distilled over into 
the carbon dioxide trap, while the carbon dioxide 
gas was pumped into the calibrated bulb and its volume 
measured. 

The relative volumes of nitrogen and carbon dioxide 
were checked by injecting the collected gas directly 
into a 2-ft. silica gel chromatographic column main- 
tained at 90', and previously calibrated for these gases. 

N- Deuterio-5,6-diphen y I-2,3-dihydro-6H-l,3,4-oxadi- 
azin-2-one. The dihydrooxadiazinone 4' (1.70 g., 
6.75 mmoles) was dissolved in 100 ml. of hot dry ben- 
zene. A few crystals of p-toluenesulfonic acid were 
added. The solution was brought to reflux and three 
1-ml. portions of D 2 0  were added, while the solution 
was allowed to distill slowly. Crystallization of the 
product from benzene gave 1.55 g. (91 %) of deuterated 
substance, m.p. 190-191'. The n.m.r. spectrum of this 
product indicated 80% N-D. 

trans-5,6- Diphenyltetrahydro-l,3,4-oxadiazin-2-one 
(6). cis-Stilbene oxide (2.00 g., 0.010 mole), prepared 
from cis-stilbene and perbenzoic acid,I6 was heated in a 

Kinetic Runs. 

sealed tube in the presence of 2.00 g. of carbethoxy- 
hydrazine at 150" for 4 days. The tube was then 
opened and the product was taken up in ether and 
filtered from insoluble material. The ether solution 
was then washed with water, dried, and evaporated to 
give 1.92 g. of a gum. This was crystallized from eth- 
anol to give 365 mg. of product, map. 113-114" (14%). 

Anal. Calcd. for Cl6Hl4N202: C, 70.85; H, 5.55; 
N, 11.02. Found: C, 70.85; H, 5.58; N, 11.01. 

Lead Tetraacetate Oxidation of 6. Formation of 
trans-Stilbene. A solution of 50 mg. (0.20 mmole) 
of tetrahydrooxadiazinone (6) in 10 ml. of dry benzene 
was treated with 94 mg. (0.21 mmole) of freshly re- 
crystallized lead tetraacetate dissolved in 10 ml. of dry 
benzene, Evolution of gas was immediately evident 
on mixing these solutions. When gas evolution had 
ceased, the solution was filtered and then diluted to 25 
ml. The yield of trans-stilbene, determined by V.P.C. 
analysis, was 90 %. No cis-stilbene could be detected. 

Solvent was removed from the reaction solution 
after V.P.C. analysis and the product was recrystallized 
from ethanol to give 32 mg. of trans-stilbene (89z) ,  
m.p. 124-125", 1n.m.p. 124125'. 

The 
diphenyldihydrooxadiazinone 4 (1 .OO g., 3.96 mmoles) 
was taken up in 150 ml. of dry benzae .xl treated, in 
a nitrogen atmosphere, with 54 ml. of a 0.155 M solu- 
tion (8.3 mmoles) of triphenylmethide in ether. The 
first molar equivalent of base was consumed instan- 
taneously, while the second reacted more slowly and 
required heating. The mixture was poured into water, 
the aqueous phase was withdrawn, and the organic 
solution was washed with water and 2 N sodium hy- 
droxide solution. The combined organic washings 
were acidified with hydrochloric acid and extracted with 
ethyl acetate. The extracts were combined and washed 
with 2 N sodium hydroxide solution, and the aqueous 
solution was acidified. The product which separated 
was collected and washed with water to give 637 mg. of 
dihydrooxadiazinone 9, m.p. 21 3-21 5 '. Recrystalliza- 
tion from ethyl acetate-benzene solution gave 547 mg., 
m.p. 216.5-217 '. The initial benzene solution yielded 
143 mg. of starting material on removal of solvent, 
ultraviolet XzH 297 mp (E 12,000) and 217 mp(E 13,000). 

Anal. Calcd. for Cl5Hl2N2O2: C, 71.41; H, 4.80; 
N, i l . i l ;  mol. wt., 252. Found: C, 71.14; H, 
4.76; N, 11.14; mol. wt., 248 (isothermal distilla- 
tion). 

Lead Tetraacetate Oxidation of 9. Formation of 
Tolane. Lead tetraacetate (125 mg., 0.28 mmole), 
dissolved in 15 ml. of dry benzene, was added dropwise 
to a refluxing solution of 65 mg. of dihydrooxadiazi- 
none 9 in 15 ml. of dry benzene. The solution was 
allowed to reflux for an additional 45 min., then was 
cooled, and lead acetate was removed by filtration. 
The solvent was removed in vacuo and the residue was 
taken up in 1.0 ml. of benzene. The yield of tolane, 
determined by V.P.C. analysis on a 4-ft. column of 10% 
RC polymeric BGA on Chromosorb W, was 14% 
(column temperature 190 '). 

Isomerization of Dihydrooxadiazinone 4 to 9. 

(16) D. Swern, Org. Reactions, 7, 378 (1953). 
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