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A series of a-ketols and a-diketones are shown to be readily transformed to carbethoxyhydrazones 11, IL', 
and thence to  dihydrooxadiazinones 111. These new derivatives of 1,3,4-oxadiazine may serve as useful inter- 
mediates for the conversion of such carbonyl compounds to olefins under nonreductive conditions. Evidence 
is presented which indicates that the urethano group is generally syn to  the hydroxyl or carbonyl function in 
the intermediate carbethoxyhydrazones. A mechanism which accounts for this stereoselectivity is proposed. 

In  a previous note we reported the preparation of the 
diphenyldihydrooxadiazinone IIIa from benzoin and 
carbethoxyhydrazine. Our interest in these heretofore 
unknown 1,3,4-oxadiazine derivatives was kindled by 
the observation that thermal decomposition of IIIa a t  
200' led to the loss of carbon dioxide and nitrogen and 
the formation of a mixture of cis- and trans-stilbene in 
good yield. Since in principle many other dihydro- 
oxadiazinones were available from a-ketols by a simple 
two-step sequence (Fig. l), the method constituted a 
potentially useful one for the removal of such oxygen 
functions under nonreductive conditions, and we have 
therefore sought to examine its generality. The present 
paper describes the preparation and properties of several 
dihydrooxadiazinones. Their pyrolysis will be treated 
in a subsequent report. 

Results 
We found that the carbethoxyhydrazones indicated 

in Fig. 1 were conveniently prepared by treatment of 
the a-ketols with equimolar quantities of carbethoxy- 
hydrazine in an alcohol solution containing a catalytic 
amount of acetic acid. Their cyclization could be ef- 

sium t-butoxide in t-butyl alcohol. The progress of 
this latter reaction is easily observed by following the 
disappearance of the rather intense amide I1 band2 
(6.7 F )  in the infrared spectrum of the starting material. 

With the exception of the carbethoxyhydrazone of the 
2-hydroxy-2-methylbutanone (IIe), all of the a-keto1 
transformation products examined were easily char- 
acterized crystalline materials. These are listed in 
Table I. All of these substances were observed to de- 
compose with gas evolution and without darkening 
below 200'. 

In  addition to these carbethoxyhydrazones, the 
Cs-, Cg-, and Cla- acyloins gave some of the dicarbethoxy- 
hydrazone derivatives of the corresponding a-diketones. 
These are listed in Table 11, along with several mono- 
carbethoxyhydrazone derivatives of a-diketones pre- 
pared directly from the diketones. Of these, only benzil 
gave two isomeric monocarbethoxyhydrazones, of 
which the higher melting isomer was formed prepon- 
derantly. 

Both this latter substance, as well as the correspond- 
ing derivative of cyclodecanedione (IVb) and of diacetyl 

Q-Ketol 

Benzoin (I 

B 

2-H ydroxycyclooctanone 

2-H ydroxycyclononanone 

2-Hydroxycyclodecanone 

2-Hydroxy-2-meth ylbutanone 

1-Acetylcyclohexanol 

2-Hydroxy-2-butanone 

Mp., "C. 

175 

129 

105 

114 

119 

115 (1 mm.) 

75 

Yield 
% 

77 

87' 

49 

48 

36 

54 

93 

TABLE I 
Carbethoxyhydrazone 

-Analyses, %-- 
Calcd. 

C, 68.44 
H,  6 .08 
N, 9.39 
C, 
H ,  
E, 
C, 57.89 
H ,  8 .77 
h', 12.28 
C, 59.48 
H,  9 .23 
N, 11.50 
C, 60.91 
H, 9.44 
N, 10.93 

C, 57.89 
H,  8 .77 

Found 

68.81 
6.02 
9.34 

68.48 
6.03 
9.61 

57.98 
8 .68  

12.28 
59.43 
9.12 

11.70 
60.74 

9.15 
10.73 

57.81 
8 .61  

Dihydrooxadiazinone 

M.P., o c .  

192 

96 

164 

163 

76 

119 

60-61.5 

Yield, 
% 

99" 
80b 
83" 

46$ 

5gd 

4 j d  

3 j d  

3 8e 
24" 

82 

5 . 9  

--Analyses, %- 
Calcd. 

C, 71.40 
H, 5.13 
N, 11.59 

c, 59.34 
H,  7.69 

C, 61.22 
H, 8.16 
N, 14.28 
C, 62.82 
H ,  8 .63  
N, 13.32 
C, 50. 70 
H,  7.04 
AT, 19.71 
c, 59.43 
H ,  7.69 
iY, 15.38 
C, 46.87 
H,  6.29 
K,21.87 

Found 

71.41 
4.79 

11.11 

58.54 
7.39 

61.28 
8.36 

14.52 
63.39 
8.59 

13.27 
51.06 

7.30 
19.90 
59.43 

7.87 
15.68 
46.75 

6.23 
21.75 

Potassium carbonate in refluxing benzene. * Sodium hydride in refluxing benzene. c Potassium t-butoxide in t-butyl alcohol. ' BY 

(IVc), were readily reduced with sodium borohydride to 
the carbethoxyhydrazone of the related a-ketol. How- 

Sodium ethoxide in ethanol. Directly from monocarbethoxyhydrazone of a-diketone with sodium borohydride in ethanol. 
reduction of benzil monocarbethoxyhydrazone, p-isomer, with sodium borohydride in ethanol. 

fected in moderate to good yield with a variety of base 
catalysts such as potassium carbonate or sodium hy- 
dride in 'Odium in Or potas- (2) L, J, Bellamy, ' ,The Infrared Spectra of Complex Molecules," 2nd 

(1) M. Rosenblum and H. Moltzen, Chem. Ind. (London), 1480 (1966). Ed,,  John Wiley and Sons, Inc., New York, N. Y., 1958, p. 203. 
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TABLE I1 
Dicarbethoxyhydrazone-- 

-Analyses, yo -Analyses, %------.- 
-Monocarbethoxyhydrazone 

Found M.p., o c .  Calcd. Found M.p., "C. Calcd. 

128 C, 68.90 
H, 5.44 
N, 9.46 

114 

174 C, 69.38 
H ,  4.80 
N, 9.52 

132 C, 61.39 
H, 8.72 

145 c, 48.83 
H, 7.03 
N, 16.27 

ever, when these reactions were carried out with excess 
borohydride, the intermediate a-keto1 carbethoxyhy- 
drazones underwent concurrent cyclization to the di- 
hydrooxadiazinone (Fig. 2). Thus a-diketones may be 

Ri  RZ 4, OH Ri 
Rz+ OH 

I B:$ I1 

,AN'" 
Rs 

I11 
a,  R1 = H, RP = R3 = CeH5 d, RI = H, RZ = R3 = ( C H P ) ~  
b, RI = H ,  RZ = RB = ( C H P ) ~  e,  RI, Rz, R3 = CH3 
C, Ri = H, Rz = R3 = (CH2)r f ,  RI  Rz (CHz)j, R3 = CH3 

Figure 1. 

made to serve as starting materials in the synthesis of 
these heterocyclic derivatives, and the degradative 
sequence, exemplified by the transformation of benzoin, 
may in principle be applied to these substances, as to 
a-ketols. 

Discussion 
Since successful application of the degradative se- 

quence required cyclization of the a-keto1 carbethoxy- 
hydrazones, we were particularly interested in defining 
the limitations of this step, particularly those imposed 
by geometrical isomerism. The fact that all the carbeth- 
oxyhydrazones studied were cyclized under relatively 
mild conditions requires that either syn-anti intercon- 
version in these substances is a facile process, or that  all 
possess the syn-hydroxyl configuration. 

The latter assumption did not appear particularly 
plausible especially for the keto1 carbethoxyhydrazones 
IIe and IIf. Nevertheless, there is very little evidence 
to suggest that  isomeric carbethoxyhydrazones would 
readily equilibrate. Thus, while the rates of syn-anti 
interconversion of some oximes appear to be appreciable 
below 100' and to be subject to base catalysis,3 most 

69.14 
5.13 
9.64 

C, 68.98 
H, 5.48 
N, 9.51 

69.95 
4.81 
9.97 

61.75 
8.99 

48.84 
7.04 

16.15 

211 C, 62.80 
H, 5.75 
K, 14.70 

129 C, 50.70 
H, 7.04 
N, 19.72 

180 c, 53.84 
H, 7.69 

201 C, 55.21 
H, 8.03 
X, 17.17 

223 C, 56.45 
H, 8.29 
N, 16.46 
C, 46.51 
H ,  7.00 
N, 21.70 

255 d. 

62.77 
5.85 

15.41 

50.78 
7.03 

19.66 
53.59 
7.47 

54.72 
8.09 

17.16 
56.45 
8.39 

15.60 
46.28 

7.23 
21.94 

oximes are considerably more resistant to such isom- 
erization. Unfortunately, very little is known about 
the energy barrier for interconversion of geometrically 
isomeric semicarbazones which are more closely related 
to the carbethoxyhydrazones than are the oximes. 
Isomeric semicarbazones and substituted semicarba- 
zones derived from benzoin alone have been isolated,& 
but there would appear to be ample evidence, based on 
n.m.r. studies, for the wider occurrence of such isomers6 

r -- -l 

L- -I IV 
b, R1 = Rz = ( C H Z ) ~ ;  

Figure 2. 

a, R1 = RP = CGBS; c, R1 = Rz = cI& 

The isolation of the two geometrically isomeric mono- 
carbethoxyhydrazones of benzil provided the means by 
which each of the above hypotheses could be examined. 
Stereochemical assignments for each of the isomers may 
be inferred from a comparison of the position of N---H 
proton resonance in these substances (Table 111). On 
these grounds, the higher melting a-isomer must have 
the syn-keto configuration since its lower field N-H 
proton resonance reflects the anticipated deshielding 
effect of the proximate carbonyl group. Further evi- 
dence for these assignments is provided by a comparison 
of the n.m.r. spectra of the isomeric benzoin carbethoxy- 
hydrazones, obtained by reduction of the benzil deriva- 
tives with sodium borohydride. As expected, each of 
the isomeric benzoin derivatives exhibits the same rela.- 
tive disposition of N-H proton resonance as do the 
parent benzil derivatives. Of these substances, the 
a-isomer derived from a-benzil carbethoxyhydrazone 

(3) R. J .  W. LeFevre and J. Northcott, J. Chem. Soc., 2236 (1949)' 
E. Jordan and C. R. Hauser, J .  A m .  Chem. SOL., 68,  1304 (1936); T. S. 
Patterson and H .  H. Montgomerie, J. Chem. SOL.,  2100 (1912). 

( 4 )  E. G. Vassian and R. K .  Murmann, J. Org, Chem.,  27, 4309 (1962),  
W. Theilacker and L. H .  Chou, A n n . ,  523, 143 (1936). 

( 5 )  I. Hopper, J. Chem. SOL., 1282 (1925). 
(6) G. J. Karabatsos, J. D. Graham, and F. M. Vane, J .  A m .  Chem. S o i  . 

84, 7.53 (1962). 



3876 M. ROSENBLUM, V. NAYAK, S. K. DASGUPTA, AND A. LONGROY Vol. 85 

TABLE I11 

CHEMICAL SHIFTS OF K-H PROTOX RESONANCE IS 

CARBETHOXYHYDRAZOKES 
-N-H chemical shifts, 7 ' - 7  

Parent compound CDCla D M S O ~  

Acetone 2.28 0.45 
Pinacolone 2.46 

2-Hydroxycyclooctanone 2.13 
2-Hydroxycyclononanone 2 .04  
2-Hydroxycyclodecanone 2.08 
2-Hydroxy-2-methylbutanone 2 .15  
1- Acetylcpclohexanol 1 . 9 0  
Benzoin 

Benzophenone 2.21-2.92" 

syn-Hydroxy (m.p. 175') . .  -1.01 
anti-Hydroxyl (m.p.  129') 2.27 1.31 

Diacetyld 1.66 
1,2-Cycl~decanedione~ 1 .i8 
Benzild 

syn-Keto (m.p. 128') 1 .31  -0.93 
anti-Keto (m.p. 114') 1.83-2.50" -0.13 

Phenanthraquinone -4.10 

a All spectra were determined a t  a concentration of approxi- 
mately 60 mg./cc. and recorded at  60 Mc. with a Yarian Model 
V-4300 spectrometer. Peak positions were calibrated against 
tetramethylsilane as internal standard by side banding with a 
standard deviation of A 2  C.P.S. * Deuteriodimethyl sulfoxide. 

S-H peak position obscured by aromatic proton resonance. 
Monocarbethoxyhydrazone. e Kot sufficiently soluble in 

CDC13. 

was identical with the product obtained directly from 
benzoin. 

The most convincing evidence for the stereochemistry 
of these latter isomers was obtained by heating each 
in benzene solution in the presence of anhydrous potas- 
sium carbonate. After 24 hr. of such treatment, the 
a-isomer had undergone quantitative cyclization to 
IIIa,  while 50% of the @-isomer was recovered un- 
changed and the remainder yielded only 1.4% of IIIa.  
Aside from confirming the stereochemical assignments, 
these results demonstrate that  these isomers, and very 
likely all of the carbethoxyhydrazones studied, are not 
readily inter~onverted.~ Furthermore, the @-isomer 
was not cyclized in the presence of ethoxide ion, al- 
though this reagent was found to be the most generally 
effective catalyst for the conversion of a-keto1 carbeth- 
oxyhydrazones to their corresponding dihydrooxadi- 
azinones. It is therefore improbable that the cycli- 
zation of these latter derivatives proceeds via initial 
addition of ethoxide ion to the hydrazone linkage. 
Moreover, the carbethoxyhydrazone of cyclodecanolone, 
prepared either directly from the acyloin or by boro- 
hydride reduction of the diketone monocarbethoxy- 
hydrazone, could also be cyclized in benzene solution 
in the presence of potassium carbonate, albeit in lower 
yield than with ethoxide. It seems probable, there- 
fore, that all these derivatives possess the syn-hydroxyl 
geometry. 

(7) This conclusion is probably not valid for monocarbethoxyhydrazones of 
a-diketones. Thus,  the  two isomeric derivatives of benzyl were observed 
t o  be slowly interconverted on heating in benzene solution. The  more 
facile equilibration of these isomers is accounted for in terms of rontribu- 
tions of the  dipolar resonance form IVa' which effectively lowers the  energy 
harrier for syn-anti interconversion 

COzCzHs 
/ 

HN(+ 
/C02C2H5 

' cf -0 
H N  

O H N  

MN6+ 
CBHs C6H5 CsHs Cs& 
a-8-IVa IVa' 

Peak positions for the N-H proton resonance of all 
of the carbethoxyhydrazones prepared are summa- 
rized in Table 111. These exhibit a downfield shift for 
a-keto1 and a-diketone carbethoxyhydrazones, com- 
pared with derivatives of the simple ketones, consistent 
with the above conclusions. While deshielding of the 
amido proton in the a-keto1 carbethoxyhydrazones 
is to be attributed to internal hydrogen bonding as in V, 
such interactions may be relatively weak in the a- 
diketone derivatives, and the chemical shift of the N-H 
proton in these substances may be largely conditioned 
by proximity to the carbonyl group. Thus, the gross 
deshielding effect of the N-H proton in these substances 
is much less pronounced than in the hydrogen-bonded 
Schiff bases of acetylacetone recently discussed by 
Dudek and Holm.8 Several factors may account for 
this difference, not the least of which is the steric in- 
teraction of groups bonded to the trigonal carbon atoms, 
which is maximized in the S-cis conformation (VI) 
required for effective hydrogen bonding in these sub- 
stances. Such interactions would be expected to be 
greatest in the syn-benzil carbethoxyhydrazone, and 
indeed the infrared N-H absorption in this substance 
is a t  2.99 p while that of the anti isomer is a t  3.00 p. 
By contrast, the 0-H and N-H infrared absorptions 
for the isomeric benzoin derivatives are clearly dis- 
tinguishable and, as can be seen from the data of Table 
111, the difference in chemical shifts for the N-H proton 
in these substances is significantly greater than in the 
benzil derivatives. 

The monocarbethoxyhydrazones of cyclodecanedione 
(IVb) and of diacetyl (IVc) must have the syn-keto 
configuration since each is converted on reduction with 
excess sodium borohydride to the corresponding di- 
hydrooxadiazinone. None of the isomeric derivatives 
of these compounds could be isolated and each is trans- 
formed by further treatment with carbethoxyhydrazine 
to dicarbethoxyhydrazones identical with those formed 
directly from the diketones. These latter derivatives 
must therefore possess the syn-anti or the syn-syn 
configuration. , COzCZ" / COzCzHa 

H-N P-Y 

5-? RP RI 

The preferential formation of carbethoxyhydrazone 
derivatives in which the urethan group is syn to the 
carbonyl or hydroxyl function is best accommodated 
by assuming that the initial intermediates undergo 
product-determining dehydration through their in- 
ternally hydrogen-bonded forms VI1 or VIII. It is 
perhaps significant that  in the case of benzil, in which 
stabilization of such an intermediate is likely to be quite 
small, both of the geometrically isomeric carbethoxy- 
hydrazones may be isolated. 

COzCzHs COzCzHs 
H-N" H-y<+ 

HO'  ' N-H HO' N-H 
R , - ~ ( R ~  VI1 - R3yq 
Rz OH Rz R1 

---+ I1 

." \ d 'N-H 
VI11 - 

Rz OH RP RI 

(8) G. 0. Dudek and R. H. Holm, J .  A m .  Chem. SOL., 83, 2099, 3914 
(1961); 84, 2691 (1962); G. 0. Dudek, ibid. ,  86, 894 (1963). 
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Similar stereochemical control is apparently mani- 
fest in the formation of semicarbazones of benzoin and 
benzil. Each of these derivatives is reported to be 
readily converted to the same diphenyltriazinone 
IX, the former apparently through oxidative dis- 
proportionation. The relative stabilities reported for 
a number of a-alkoxy ketone phenylhydrazonelfl and 
2,4-dinitrophenylhydrazone11 isomers are likewise ex- 
plicable in these terms. 

Of the diketones, phenanthraquinone alone gave a 
derivative which is best formulated as 9-hydroxy- 10- 
carbethoxyazophenanthrene (X). I ts  n.m.r. spectrum 
exhibited single proton absorption a t  - 4.10 T ,  which 
is significantly lower than that observed for either of 
the related benzil derivatives, but quite close to the 
hydroxyl proton absorption reported for the related 6- 
methyl-6-hydroxy-2-phenylazofulvene. l 2  Unlike the 2- 
and I-arylazo- 1 -naphthols, 13 the substance does not 
appear to be in equilibrium with its ketohydrazone 
tautomer, since its infrared spectrum exhibits broad 
absorption between 3.1 and 3.4 p and no carbonyl 
absorption near that found in the spectra of the benzil 
derivatives. The compound is assigned a trans-azo 
stereochemistry, since i t  is not converted to the ex- 
pected oxadiazinone on treatment with a variety of 
basic reagents. Further efforts directed toward the 
preparation of this cyclic transformation product are 
being continued, since it may serve as an interesting 
precursor of phenanthryne. 

COzCaHs 
/ 

X 
H-?, 

O N  

Experimental 
The cyclic CS-, C9-, and Clo-a:-ketols were prepared by acyloin 

condensations following procedures given in the literature. The 
iemaining starting materials were commercially available. 

Preparation of a-Keto1 Carbethoxyhydrazones.-Three typical 
procedures for the preparation of these derivatives are given. 

1-Acetylcyclohexanol Carbethoxyhydrazone (IIf).-A solution 
of 24.0 g. (0.196 mole) of 1-acetylcyclohexanol, 17.6 g. (0.196 
mole) of carbeth~xyhydrazine, '~ m.p. 46-48', and 2 ml. of acetic 
acid in 110 ml. of absolute ethanol was refluxed for 24 hr. The 
solvent was removed in vacuo and the residue was taken up  in 200 
ml. of ether. The ether solution was washed with 10 ml. of 
saturated bicarbonate solution, then with saturated salt solution, 
and dried over magnesium sulfate. Removal of solvent left 39.1 
g. of viscous oil which solidified on scratching. Recrystallization 
from ether-petroleum ether solutions gave 35.9 g. (93%) of the 
carbethoxyhydrazone. 

Benzoin Carbethoxyhydrazone (IIa).-.4 mixture of 11 g .  
(0.052 mole) of benzoin and 5.4 g. (0.052 mole) carbethoxyhydra- 
zine, dissolved in 300 ml. of ethanol containing 1 ml. of glacial 
acetic acid, was refluxed for 8 hr. and then allowed to stand over- 
night a t  room temperature. The solution was concentrated to 
half its volume and 300 ml. of water was added. The first crop 
of material, m.p. 170-173", weighed 9.8 g. On standing, an 
additional 2.3 g. of material, m.p. 170-173", was obtained. 
These crops were combined and recrystallized from ethanol to 
give l l . 5 g .  of product, m.p. 175-176" (7770).  

Cyclooctanolone Carbethoxyhydrazone (IIb).-A solution of 
3.8 g. (0.027 mole) of cyclooctanolone and 2.8 g. (0.027 mole) of 
carbethoxyhydrazine in 20 ml. of ethanol containing 0.3 ml. of 
glacial acetic acid was kept at room temperature in a nitrogen 
atmosphere for 24 hr. Solvent was then removed in vacuo and 
the gummy residue was taken up in 50 ml. of ether. After stand- 

(9) H Blitz, A n n . ,  339, 243 (1905); J. Thiele and 0. Strange, i b i d . ,  283, 
6 (1895). 
(10) J. Thesing and  D. Witzel, Bcr., 88, 117 (1955). 
(11) F. Ramirez and A.  F. Kirby, J .  A m .  Chem. Soc., 76, 1037 (1954); 

(12) K. L. Rinehart and R. E. Bozak, i b i d . ,  84, 1584 (1962). 
(13) K. J. Morgan, J .  Chem. S o 6  2151 (1961). 
( I ? )  0. Diels, Bcr . ,  47, 2183 (1914) 

76, 6026 (1953). 

ing for several hours in the cold, 3.0 g. (49%) of crystalline prod- 
uct, m.p. 105-107', was collected. 

Concentration of the mother liquors yielded, after several re- 
crystallizations from ethanol, 0.4 g. of 1,2-~yclooctanedione di- 
carbethoxyhydrazone, m .p. 180-182'. 

Preparation of Dihydrooxadiazinones .-Three examples of these 
cyclization reactions are given. 

From Cyclodecano1one.-Cyclodecanolone carbethoxyhydra- 
zone (1.28 g., 5 mmoles) was added to a freshly prepared solution 
of sodium ethoxide (0.5 mmole) in 40 ml. of ethanol. The solu- 
tion was refluxed in a nitrogen atmosphere for 16 hr., then cooled 
and diluted with 150 ml. of water. The aqueous ethanol solu- 
tion was extracted twice with 100-nil. portions of ether and the 
combined ether extract was washed to neutrality and dried over 
magnesium sulfate. Removal of solvent left a partially crystal- 
line material which was crystallized from ethanol to give 470 mg. 
of cyclized product I I Id ,  m.p. 162-163" (45'/, yield). 

From Benzoin.-..\ solution of 0.5!0 g. (1.68 mmoles) of ben- 
zoin carbethoxyhydrazone, m.p. 175 , in 20 nil. of dry benzene 
containing 25 mg. of anhydrous potassium carbonate was re- 
fluxed for 24 hr. The material, which crystallized from the 
cooled solution, was washed with water and dried to give 370 mg. 
of cyclized product I I Ia ,  m.p. 195-195.5'. An additional 
50 mg. of product, m.p. 194-195', was obtained from the solu- 
tion; total yield (99%). 

From 1-Acetylcyclohexano1.-To a solution of sodium ethoxide 
(0.02 mole) in 20 ml. of absolute ethanol was added 4.56 g. (0.02 
mole) of 1-acetyicyclohexanol carbethoxyhydrazone. The 
solution was refluxed for 5 days, then cooled, diluted with 75 ml. 
of water and extracted with 200 ml. of ether in portions. The 
combined ether extract was washed with saturated salt solution 
to neutrality and dried over magnesium sulfate. Removal of 
solvent gave 3.3 g. of crude material, m.p. 120-127" (IIIf ) .  
Recrystallization of the crude material from ether-petroleum 
ether solutions gave 2.98 g. of product, m.p. 126-128" (82Cj, 
yield). 

Benzil Monocarbethoxyhydrazones (LVa, a: and 8 )  .-A solution 
of 10.5 g. of benzil (0.05 mole), 5.2 g. of carbethoxyhydrazine 
(0.05 mole), and 1 ml. of glacial acetic acid in 600 ml. of absolute 
ethanol was heated on the steam bath for 2 hr. and then allowed 
to stand a t  room temperature overnight. A total of 8.25 g. of 
monocarbethoxyhydrazone, m.p.  122-124', was obtained from 
several initial crops by recrystallization from ethanol. No 
attempt was made to isolate the lower melting derivative, but  
in a second experiment after allowing the reaction to proceed a t  
reflux temperatures for 5 days, the a:- and p-isomers were obtained 
in yields of 13 and 4.7%, respectively. I n  addition, a 10% yield 
of the dicarbethoxyhydrazone, m.p. 205-212', was obtained. 

Reduction of Benzil Monocarbethoxyhydrazone Isomers. 
a-Isomer.-Benzil monocarbethoxyhydrazone (m.p.  126-128', 
0.660 g., 2.2 mmoles) was added to a solution of 0.100 g. of 
sodium borohydride (2.6 mmoles) in methanol. After allowing 
the reaction to proceed a t  room temperature in a nitrogen atmos- 
phere for 24 hr., the solution was cooled, acidified with dilute 
hydrochloric acid, and extracted with ether. The combined 
ether extract was washed to neutrality and dried over magnesium 
sulfate. Removal of ether left 0.590 g. of crude product which on 
fractional crystallization from ethanol gave 0.185 g. of benzoin 
carbethoxyhydrazone, m.p. 175-176", identical by mixture m.p. 
and comparison of infrared spectra with the derivative obtained 
directly from benzoin. In addition, 0.260 g. of starting material 
was recovered. 

p-Isomer.-To an ethanolic solution of 1.000 g. (3.38 mmoles) 
of benzil monocarbethoxyhydrazone, m.p. 114-116', was added 
64 mg. (1.73 mmoles) of sodium borohydride in one portion. 
The mixture was stirred a t  room temperature for 10 min., then 
cooled in an ice bath and decomposed with 80 ml. of 0.1 N hydro- 
chloric acid. The solution was then neutralized with 20 ml. of 
4YG sodium bicarbonate solution and the precipitated product was 
filtered, washed with water, and dried. The yield of product, 
m.p. 128-129', was 0.880 g. (87%).  

Attempted Cyclization of the p-Isomer.-A mixture of 0.500 g .  
(1.68 mmoles) of benzoin carbethoxyhydrazone, m.p.  128-129', 
and 25 mg. of anhydrous potassium carbonate in 20 ml. of dry 
benzene was refluxed in a nitrogen atmosphere for 24 hr. The 
benzene solution was washed with water and dried over anhy- 
drous magnesium sulfate. Removal of solvent gave a yellow oil. 
Crystallization of this material from ether-petroleum ether 
solution gave 0.222 g. of starting material. The residue was 
chromatographed on 15 g. of Merck alumina, containing 374 
water. Elution with benzene-ether mixtures led to the isolation 
of6mg.  (1.4yo)of thedihydrooxadiazinone(IIIa), m.p. 193-195", 
and the recovery of an additional 20 mg. of starting material. 

Reduction of Benzil Monocarbethoxyhydrazone with Con- 
current Cyclization.-Benzil monocarbethoxyhydrazone, (m.p.  
126-128', 0.500 g., 1.7 mmoles) was taken up in 12 ml. of ab- 
solute ethanol, and to this solution was added 200 mg. of sodium 
borohydride. The solution was stirred a t  room temperature in a 
nitrogen atmosphere for 18 hr., after which time an additional 
200 mg. of sodium borohydride was added and reaction was con- 

An analytical sample melted a t  128-129". 
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tinucd for 6 more hours. The solution was cooled, acidified with Anal. Calcd. for CQHlp02Nz: C,  58.06; H,  9.68: X ,  15.05. 
dilute hydrochloricacid, andextracted with ether. Thecombined Found: C, 58.05; H ,  9.42; N ,  15.03. 
ether extract was washed to neutrality, dried Over magnesium 
sulfate, and solvent was removed. Recrystallization of the crude 
product gave 0.300 g. of the dihydrooxadiazinone I I Ia ,  m.p. 
192-193' (7OyG yield). 

~ ~ ~ i ~ ~ t i ~ ~ ~  of simple ~ ~ t ~ ~ ~ ~ ;  pinacolone carbethoxyhy- 
drazone,-pinaco~o~le (3.8 p,. 0,038 mole) and carbetfloxVhv- 

The carbethoxyhydrazone derivatives of acetone, m.p. 75-76", 

Anal. Calcd. for C6H12N202: C, 50.00; H, 8.33; N, 19.44. 
and of benzophenone, ,p. 115-1170 were similarly prepared, 

Found: c ,  50.38; H, 8.39; N ,  18.89. Calcd. for C16H1602N~: 
FL If'64; H, 5.97; N, Found: c, 71'55; H p  6.03; Nl 

drazine ( 4  g . ,  0.038 mole) ;ere dissolved in 25 ml. of absolute 
ethanol containing 3 drops of glacial acetic acid. The solution 
was left to stand for 12 hr. a t  room temperature, after which time 
ethanol was removed zn vacuo and the residue was taken up in 25 
ml. of ether. On keeping in the cold, the derivative crystallized 
to give3.5g. of product, m.p .  85-86". 

lu 'd l '  
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The Reactions of Phosphorus Compounds. VIII. 
Kinetics and Mechanism of the Wittig Reaction 

BY A.  J. SPEZIALE AND D. E. BISSING 
RECEIVED J U L Y  22, 1963 

The rates of reaction of carbomethoxymethylenetriphenylphosphorane with a series of aromatic aldehydes have 
been studied in benzene, chloroform, and methanol. The reaction is cleanly second order, first order in each of ylid 
and aldehyde. The reaction rate is increased by increasing solvent polarity, by substitution of butyl for phenyl 
on phosphorus in the ylid, and by electron-withdrawing substituents in the aldehyde. The slope of the pu 
plot is +2.7. The reversibility of betaine formation in the Wittig reaction of stable ylids has been demon- 
strated by trapping the ylid formed by decomposition of the betaine derived from reaction of a phosphine with 
an epoxide. h mechanism for the Wittig reaction of stable ylids is proposed and substantiated. 

Although the synthetic applications of the Wittig re- 
action are well known, i a detailed mechanistic study 
has not been reported. Investigations from these 
laboratories3 as well as have treated this re- 
action in qualitative terms. \Ye wish now to amplify 
our recent communication9 of the kinetics, stereo- 
chemistry, and mechanism of the b-ittig reaction. 

@ 
RaP-CHR' + R"CH0 4 R3P-CHR' 

8 1  
0-CHR!' 

I1 

5. 
R3P-CHR' 

RsP--tO $: R'CH=CHR'' - I I 
0-CHR" 

111 

The importance of I1 and,'or I11 has not been definitely 
established although their existence has been demon- 
strated by the isolation of IV from reaction of I1 or I11 
(R = C6H5, R' = H, R" = Ar) with hydrogen iodide.h 

18 
@ 

FHa {c6&)8p- 

HO-CJUr 
IV 

Since IV, on heating, gave triphenylphosphine oxide and 
styrene and only trace amounts of 1, I-diphenylethylene 
in the presence of benzophenone, irreversible formation 
of the betaine TI 'was postulated.b 
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In the reaction of the stable triphenyl- and tributyl- 
phosphonium fluoreneylids with carbonyl compounds, 
the betaine intermediate could not be trapped by 
quenching the reaction with acid.6a,h In each case, only 
the phosphonium salt derived from the starting ylid 
was isolated. The tributyl ylids furnished much better 
yields of olefin than did the triphenyl ylids under similar 
reaction conditions. These data provided evidence for 
an inherent difference in the mechanistic path for reac- 
tion of stable and unstable ylids. lo 

Stable ylids, in their reactions with carbonyl com- 
pounds, gave predominantly the trans-olefins, 4.11,12 

while unstable ylids yielded mixtures of the two possible 
stereoisomers. In an attempt to explain the stereo- 
selectivity of the reaction of methylcarbomethoxy- 
methylenetriphenylphosphorane with acetaldehyde, 
House and Rasmusson' postulated that steric interac- 
tions between ylid and aldehyde in the formation of the 
betaine intermediate were not sufficient to account for 
the observed product ratio (96.5yo methyl tiglate and 
3.5Yc methyl angelate). They proposed instead a 
mechanism involving rapid, reversible formation of two 
stereoisomeric betaines, one of which decomposes to ole- 
fin and phosphine oxide faster than the other. The 
transition state for decomposition of the betaine lead- 
ing to trans-olefin would be stabilized by overlap of the 
n-orbitals of the carbomethoxy group with those of the 
incipient double bond, while steric interactions between 
the carbomethoxy group and the eclipsed methyl group 
would prohibit similar stabilization of the transition 

(IO) The term "unstable ylid," in general, rcfers to  those ylids which are 
nonisolahle, while "stable ylids" rcfers to  those ylids which arc isolahle and 
contain a group through which the negative charge a t  carbon may he de- 
localized. Differentiation between stable and unstable ylids is not c lear~cut  
and between these two extremes lie a series of compounds which show some 
of the chemical properties of each. 

(11) R. Ketcham, D. Jamhotkar, and L. Martinelli, J. Org. Chem. ,  27, 
4666 (1962) 

(12) V. Schollkopf, Angew. Chem.,  71, 260 (1959). 
(13) (a) L. D Bergelson, V Vaver, L. Barsukov, and M M. Shemyakin, 

Dokl. A k a d .  !Vauk S.S .S .R . ,  143, 11 1 (1962) ; (h) L. D. Bergelson, V. Vaver, 
and M. M. Shemyakin, I z v e s l .  A k a d .  .Vauk S.S .S .R  , Old. Khim. Nauk ,  729 
(1961). 

(14) A .  Blade-Font, C. A.  VanderWerf. and W. E. McEwen, J .  A m .  
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