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The Effect of Added Salts on the Stereochemistry of Nucleophilic 
Displacements at Phosphorus in Phosphate Esters and Their Analogs
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Received. February IS, 1973

The stereochemistry of nucleophilic substitutions at phosphorus was studied by means of the 2-substituted
5-chloromethyl-5-methyl-2-oxo-l,3,2-dioxaphosphorinan system described previously. It has been observed 
that added salts dramatically influence the stereochemical outcome. The results are rationalized on the basis of 
a duality of mechanisms.

The mechanisms by which nucleophiles attack phos
phorus leading to substitution have been studied ex
tensively.1 Both substitution by inversion and reten
tion have been detected and pathways have been ad
vanced to explain results. Because of their importance 
we are interested in phosphate esters and especially 
factors which effect the mechanism of substitution at 
the phosphorus atom. In this paper we report the 
effect of added cations on the inversion-retention 
ratio, an effect which may have broad implications not 
only with respect to phosphate esters and their role in 
biological systems2 but with other classes of organo- 
phosphorus compounds as well.

In a previous publication3 we outlined a procedure by 
which retention and/or inversion could be detected by 
merely observing the nmr spectra of products. Treat
ment of cfs-2-chloro-5-chloromethyl-5-methyl-2-oxo-
1,3,2-dioxaphosphorinan (1) with a nucleophile gives 
rise to substitution products whose configurations can 
be determined simply by observing the chemical shifts 
of hydrogen contained on groups at the 5 position. 
The structure of the phosphorochloridate 1 has been 
well established- and the phosphoryl oxygen found to 
occupy an equatorial position in the cis and trans iso
mers. The latter was obtained by equilibration of 1. 
Single-crystal X-ray analysis performed in our lab
oratories on the cis and trans phenyl esters (R =

(1) A . I. Kirby and S. G . Warren, “ The Organic Chemistry at Phos
phorus,” Elsevier, Amsterdam, 1967, Chapter 10; W . E . M cEwen, “ Topics 
in Phosphorus Chemistry,” Vol. 2, M . Grayson and E. J. Griffith, Ed., Wiley, 
New York, N . Y ., 1965; R . F. Hudson, “ Structure and Mechanism in 
Organo-Phosphorus Chemistry,”  Academic Press, New York, N . Y ., 1965, 
Chapter 8 ; M . J. Gallagher and I. D . Jenkins in “ Topics in Stereochemistry,”  
Vol. 3, E. L. Eliel and N . L. Allinger, Ed., W iley, New York, N . Y .,  1968.

(2) T. C. Bruice and S. J. Benkovic, “ Bioorganic Mechanisms,”  W . A. 
Benjamin, New York, N . Y ., 1966, Chapter 5.

(3) W . S. Wadsworth, Jr., S. Larsen, and H . L. Horten, J. Org. Chem.,
38, 256 (1973).
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C6H6) have confirmed their structures.4 Our data and 
that accumulated by others5 gives reliable evidence 
that, in the case of cyclic phosphorinan esters, the phos
phoryl oxygen prefers an equatorial position. The two 
geometrical isomers show a marked lack of conforma
tional mobility owing to strong preference of groups at 
phosphorus for axial or equatorial positions. Thus the 
isomers can be detected via nmr, for the hydrogens of 
an axial chloromethyl group are shifted downfield from 
those of an equatorial chloromethyl group owing to de- 
shielding by the ring oxygens. Likewise, the methyl 
hydrogens when axial as in the trans isomers are shifted 
downfield relative to those of an equatorial methyl 
group found in the cis isomers.

By means of our diagnostic tool, which eliminates 
those ambiguities usually associated with optically 
active substrates, we have followed the course of sub
stitution at phosphorus. Starting with the phos
phorochloridate 1, we find, as outlined in our previous

(4) R. E . Wagner, W . Jensen, W . S. Wadsworth, Jr., and Q. Johnson, 
presented at the 8th Midwest Regional Meeting of the American Chemical 
Society, Columbia, M o., 1972.

(5) D . W . White, G. K . McEwen, R. D. Bertrand, and J. G. Verkade, 
J. Chem. Soc. B, 1454 (1971).
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publication,3 that the retention-inversion ratio is in
fluenced by the basicity of the nucleophile with reten
tion favored by increased basicity. We have also 
noted pronounced solvent effects (Table I), and have

T a b l e  I

P e r c e n t a g e  o f  C is  a n d  T r a n s  I s o m e r s  O b t a i n e d  b y  
T r e a t i n g  P h o s p h o r o c h l o r id a t e  1 w i t h  S o d iu m  

P h e n o x i d e  i n  V a r i o u s  S o l v e n t s '*

Solvent Trans (inversion) Cis (retention)

Benzene 14.3 85.7
Chloroform 14.3 85.7
Dioxane 33.4 66.6
Tetrahydrofuran 50.0 50.0
Acetonitrile 52.0 48.0
Acetone 69.2 30.8
Dimethylformamide 83.4 16.6

° All spectra were obtained in CDC13 by means of a Varian 
A-60A spectrometer using TMS as an external standard.

now determined that the change in isomer ratio with 
solvent is a function of the solubility of the salt pro
duced as by-product. The amount of trans isomer in
creases as the solubility of the salt increases. In all 
cases the ratio of isomers formed is kinetically con
trolled, for the individual isomers are stable under the 
reaction conditions and indeed no isomerization was 
observed, except where noted, even under drastic con
ditions.

The influence of salt was determined by carrying out 
the substitutions in a solvent to which salt was added. 
Thus in acetonitrile saturated with sodium chloride a 
change in the ratio was observed with an increase in the 
product of inversion (Table II ). The effect was much

T a b l e  II
A d d it io n  o f  S o d iu m  ¡d- M e t h y l p h e n o x i d e  t o  

P h o s p h o r o c h l o r id a t e  1 . E f f e c t  o f  A d d e d  S a l t s  o n  
t h e  I n v e r s i o n - R e t e n t i o n  R a t io

% trans % cis
Solvent (inversion) (retention)

CHsCN 46 .5 53 .5
CHaCN- 55.8 44 .2
CH 3CN +  saturated NaCl 65.8 34 .2
CHäCN“ +  1 equiv (CH,),N+C1- 88.8 11.2
CHaCN +  1 equiv LiClOi 12.2 87.8

O
II

HCN(CH3)2“ 80.2 19.8
O

HCN(CH3)2<* +  1 equiv (CH3),N+CR 95.2 4 .8
O
II

HCN(CH3)2<* +  1 equiv LÌGIO, 47 .4 52.6
Benzene 10.0 90.0

“ Inverse addition. The phosphorochloridate added to salt 
solutions.

more pronounced with added tétraméthylammonium 
chloride, for here the added salt and sodium p-methyl- 
phenoxide precipitated sodium chloride to give aceto
nitrile-soluble tétraméthylammonium p-methylphen- 
oxide. Added lithium perchlorate had an effect op
posite to that which might be expected. The added 
perchlorate evidently does not ionize appreciably in 
acetonitrile and its effect was to reduce the solubility

trans (inversion)

P = 0
I
OC6H4CH3 

cis (retention)

of the sodium ion, thereby diverting the substitution to 
predominantly retention. When the order of addition 
was reversed, the chloridate added to a solution of so
dium p-methylphenoxide, the amount of inversion in
creased. The result is not unexpected, for it again re
flects the ability of the sodium ion to enhance the in
version mechanism.

Sodium p-methylphenoxide was found owing to its 
better stability and greater ease in product purification 
to be a more favorable reactant then sodium phenoxide. 
In all cases lack of solubility of added salts hindered 
attempts at obtaining meaningful quantitative results. 
Dimethyl sulfoxide was not a suitable solvent, for it 
readily reacts with phosphorochloridates.6

Solvents, especially those capable of solvating cations, 
had a pronounced effect on the ability of added salts to 
divert the substitution to inversion. In ethanol, for 
example (Table III), in which cations are capable of

T a b l e  I I I

A d d it io n  o f  P h o s p h o r o c h l o r id a t e  1 t o  S o d iu m  
¡o- M e t h y l p h e n o x i d e  D i s s o l v e d  i n  E t h a n o l . 

E f f e c t  o f  A d d e d  S a l t  o n  I s o m e r  R a t io s

% trans %  cis
Solvent (inversion) (retention)

c h 3c h 2o h 37 .0 63 .0
CH 3CH2OH +  saturated NaCl 37.5 62.5
CH 3CH2OH +  1 equiv (CH3),N+C1- 85.2 14.8
CH3CH2OH +  1 equiv LiCIO, 21.3 78 .7
CH 8CH2OH +  1 equiv LiCl 27.3 72.7

being solvated, inversion is less pronounced than with 
acetonitrile. The effect of added sodium chloride was 
much less pronounced even though more soluble in the 
medium. Again, the addition of tétraméthylam
monium chloride had a pronounced effect which indi
cates that the tétraméthylammonium ion is partic
ularly effective, owing perhaps to relatively less solva
tion. In order to reduce the possibility of reaction of 
the phosphorochloridate with solvent, the chloridate 
was added to the sodium p-methylphenoxide-ethanol 
mixtures.

The ratio of isomers obtained upon methanolysis of 
the phosphorochloridate was also effected by added 
salts. In the absence of added salt the inversion- 
retention (trans/cis) was 3:2. Addition of 1 equiv of 
NaHC03 to the solvent before addition of the phos
phorochloridate increased the ratio to 3:1, whereas 
silver nitrate led to complete inversion. The ratios are

(6) M . A. Ruveda, E. N. Zerba, and E. M . DeMoutier Aldao, Tetra
hedron, 28, 5011 (1972).
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based on the nmr spectra3 of distilled products. The 
methanolysis could also be conveniently followed via 
nmr by using deuterated solvent. By means of this 
technique, tétraméthylammonium ion gave essentially 
complete inversion with an overall rate approximately 
twice that without the added salt. The change in 
isomer ratio and rate is more striking when it is realized 
that, although a saturated solution of the salt was em
ployed, tétraméthylammonium chloride is only spar
ingly soluble in methanol. Based on the nmr spectrum 
less than 0.1 equiv of salt was in solution. In com
parison to the observed change in stereochemistry, the 
variation in rate appears to be surprisingly small.

The methanolysis study was complicated not only by 
lack of solubility of added salt but by a side reaction 
which is concurrent with solvolysis of the phosphoro- 
chloridate. The methyl esters once formed react with 
methanol especially under acidic conditions to produce 
by C—0  bond scission dimethyl ether and the acid 2- 
hydroxy - 5 - chloromethyl - 5 - methyl - 2 - oxo-1,3,2-dioxa- 
phosphorinan (3). Unfortunately, the chemical shifts 
of hydrogen on groups at the 5 position of the 
acid coincide with those of the starting phosphoro- 
chloridate. Equilibration of the initially formed isomer 
mixtures by acid-catalyzed trans methanolysis also 
occurs but is extremely slow, requiring over 2 months for 
the final 2.5:1 cis/trans equilibrium ratio to be reached.

2-Propanolysis of the phosphorochloridate gave only 
a single isomer, the trans, via inversion. Apparently 
attack by retention is unfavorable owing to steric 
hindrance. The axial ring hydrogens hinder attack 
from the side opposite the phosphoryl oxygen (see 
Discussion section). That steric hindrance is impor-

OCH(CH3)2

tant was evident by comparison of the inversion-reten
tion ratio, 1.26:1, obtained by treatment of the phos
phorochloridate with sodium p-methylphenoxide, with 
that obtained under identical conditions with the more 
bulky sodium 2,6-dimethylphenoxide, 3.55:1.

Data obtained with the phosphorochloridate 
prompted us to look at substrates with a leaving group 
other than chloride ion. Owing to its ease of formation, 
stability, and ease of substitution we selected trans-
2-p-nitrophenoxy-5-chloromethyl-5-methyl-2-oxo -1,3,2- 
dioxaphosphorinan3 (2). As with the phosphoro
chloridate, the ratio of isomers obtained by treating the 
p-nitrophenyl ester with sodium p-methylphenoxide 
varied with the solvent and was influenced by added 
salt (Table IV).

The p-nitrophenyl ester 2 was of further interest. 
As with other esters and the phosphorochloridate it 
gave no indication of isomerization when heated in a 
variety of polar solvents, i.e., formic acid, nitrobenzene,

OC6H4CH3

P = 0

Percentage of Cis and T rans Isomers Obtained b y  
Addition of irans-2-p-NiTROPHENoXY-5-CHLOROMETHYL- 

5-methyl-2-oxo-1,3,2-dioxaphosphorinan (2) to 
Sodium p-Methylphenoxide. Solvent and Salt Effects

% cis % trans
Solvent (inversion) (retention)

CHsCN 44.5 55.5
CHsCN +  1 equiv (CH3)4N+C1- 

0  
II

86.0 14.0

HCN(CH3)2 74.5 25.5

or acetonitrile. Unlike the phosphorochloridate, which 
isomerizes readily in dimethylformamide, it also gave 
no indication of isomerization when a dimethylform
amide solution was heated. In the case of phosphoro- 
chloridates, dimethylformamide has been found to act 
as a nucleophile.7 Evidently the p-nitrophenoxide ion 
is not a good enough leaving group for substitution by 
the solvent to occur.

Addition of a small amount of sodium p-nitrophen- 
oxide to a solution of the ester does, however, owing to 
ester exchange, cause isomerization with the rate de
pendent upon the polarity of the medium. Thus in 
acetonitrile isomerization was incomplete after a so
lution containing added sodium p-nitrophenoxide 
which was only slightly soluble had stood at room tem
perature for 4 days. When dimethylformamide was 
employed an identical mixture of ester and sodium p- 
nitrophenoxide required less than 10 min to reach 
equilibrium. The large difference in rate may reflect 
the increased solubility of the sodium p-nitrophenoxide 
in the latter solvent and in turn the greater influence of 
the sodium ion.

The effect of added salts other than sodium p-nitro- 
phenoxide is also striking. Whereas no isomerization 
of the ester is observed even in refluxing dimethyl
formamide, it is observed upon warming a dimethyl
formamide solution containing tetramethylammonium 
chloride. Upon heating, the solution slowly turns 
yellow owing to liberated p-nitrophenoxide ion with the 
color fading upon cooling. The added salt appears to 
increase the electrophilicity of the phosphorus atom, 
enabling the weak nucleophile, dimethylformamide, to 
displace the p-nitrophenoxide ion which reattacks 
upon cooling with both inversion and retention to give 
an equilibrium-controlled ratio of isomers. The other 
phenyl esters described in this paper, which contain a 
poorer leaving group, do not equilibrate in dimethyl-

(7) F. Cramer and M. Winter, Ber., 94, 989 (1961).
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formamide upon the addition of a common ion or upon 
heating solutions containing added tétraméthylam
monium chloride.

The final equilibrium mixture of isomers obtained 
upon addition of sodium p-nitrophenoxidc to the p- 
nitrophenyl ester is thermodynamically controlled and 
reflects the preference of the chloromethyl group for an 
axial position possibly owing to dipole interaction be
tween the group and ring oxygens.8 An identical ratio 
was obtained upon equilibration of the cis phosphoro- 
chloridate 1 by dissolving a sample in dimethylform-

amide.3 In the latter case where the solvent acts as a 
nucleophile equilibrium was reached without added 
chloride ion or other salts within 15 min. The ability 
of the trans p-nitrophenyl ester in the presence of added 
p-nitrophenoxide ion and cis phosphorochloridate to 
equilibrate in dimethylformamide may render the 
isomer ratios obtained upon substitution less valid 
when this solvent is employed. It should be pointed 
out, however, that the increased tendency for inversion 
in dimethylformamide owing to salt solubility is firmly 
established.

In contrast to dimethylformamide, when dissolved in 
nonnucleophilic solvents, 1, 2, and 4 can be recovered 
unchanged and under the reaction conditions do not 
undergo isomerization in the presence of inert salts. 
Also, when a twofold excess of 2 was added to sodium 
p-methylphenoxide in acetonitrile and the unreacted 
starting material isolated shortly after substitution was 
complete (within 15 min), the recovered reactant con
tained only the starting trans isomer. When inert 
solvents are employed the starting materials do not 
undergo isomerization prior to substitution.

Phosphorylation by pyrophosphates has been found 
to be metal catalyzed.9'10 It was of interest, therefore, 
to determine if added cations could have the same in
fluence on the mechanism of substitution with pyro
phosphates as substrates as they have with phosphoro- 
chloridates and reactive phosphate esters. The pyro
phosphate 4 was best prepared by refluxing a chloro
form solution of 3 with thionyl chloride. The product 
was probably a mixture of the three possible isomers 
which unfortunately defied separation into its compo
nents. The two phosphorinan rings of different con
figurations were not of equal concentration in the mix
ture. That with the chloromethyl group equatorial 
predominated over that with the chloromethyl group 
axial by a 2:1 ratio. We have assumed that, as in the 
case of the esters, the preference is for the phosphoryl 
oxygen to be equatorial. Our assumption is based on 
the ratio of isomeric phosphoramidates obtained by

(8) The preference of the chloromethyl group to be axial has been reported
for an analogous 2-methoxy pnosphite: D . W . White, R . D . Bertrand,
G . K . McEwen, and J. G. Verkade, J. Amer. Chem. Soc., 92, 7125 (1970).

(9) M . Tetas and J. M . Lotvenstein, Biochemistry, 2, 350 (1963).
(10) W . P. Jeneks, “ Catalysis in Chemistry and Enzymology,’ ’ McGraw-

Hill, New York, N . Y ., 1969, p 112.

treatment of an acetonitrile solution of the pyrophos
phate with piperidine. It has been shown previously3 
that substitution by amines under these conditions 
proceeds, at least with phosphorochloridates, entirely 
by inversion. The fact that the combined yield of 
product was over 90% and that the cis predominated 
over the trans would indicate our assignment of the 
configuration at phosphorus to be correct. If the 
phosphoryl oxygens in the pyrophosphate were axial, 
the ratio of products should be reversed. The fact that 
the ratio of cis to trans phosphoramidates is greater 
than two would indicate that attack by inversion at 
that phosphorus atom whose phosphorinan ring con
tains a chloromethyl group equatorial is more facile 
than attack at that phosphorus atom whose phos
phorinan ring has an axial chloromethyl group. By 
means of X-ray analysis we have shown that the phos
phoramidates, unlike the phosphorochloridate and 
phosphate esters, have the phosphoryl oxygen axial.11 
The reason for the preference of an amido group for an 
equatorial position, a phenomenon which has also been 
observed by others,12 is not certain.

Treatment of the pyrophosphate with sodium p- 
methylphenoxide gave a mixture of the two possible 
isomers in a ratio which is solvent dependent and which 
is influenced by added salt (Table V). As the polarity

T a b u , V

T r e a t m e n t  o f  P y r o p h o s p h a t e  4 w it h  
S o d iu m  ji- M e t h y l p h e n o x id e

Solvent %  cis %  trans
CH3CN 70.9 29.1
CH3CN +  1 equiv (CH3),N+C1- 83.0 17.0
Benzene 66.6 33.3

of the medium increases the cis to trans product ratio 
increases. In benzene, where retention would be ex
pected to predominate, the ratio is unexpectedly large, 
which may reflect the fact that, while inversion favors 
attack at that ring containing an equatorial chloro
methyl group, attack by retention is favored at that 
ring having an axial chloromethyl group. It is also 
possible, of course, that owing to steric hindrance by 
the relatively large leaving group, inversion is more 
favorable in this case than with the phosphorochlo
ridate or phosphate esters. At any rate, the trend to
ward increased inversion with added salt is apparent.

The pyrophosphate is completely stable in all sol
vents studied with the exception of dimethylformamide. 
In the latter solvent the pyrophosphate slowly equil
ibrates upon heating to give a new mixture of pyro
phosphates in which the ratio of chloromethyl groups 
axial to equatorial has a final ratio of 2.5:1. The 
“ tail wagging” can easily be followed by nmr and as 
with the phosphorochloridate must be a consequence of 
the ability of dimethylformamide to act as a nucleo
phile. The equilibrium ratio is identical with that ob
tained with the phosphorochloridate and again reflects 
the relative thermodynamic stability of the two ring 
configurations. In the presence of 0.1 equiv of tétra
méthylammonium chloride the rate of attainment of

(11) R. E . Wagner, W . Jensen, W . S. Wadsworth, Jr., and Q. Johnson, 
Acta Crystallogr., in press.

(12) J. A . M osbo and J. G. Verkade, J. Amer. Chem. Soc., 94, 8224 
(1972).

ch3
2, trans (l)

P = 0
I

o c6h 4n o2

cis (2.5)
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cis trans

equilibrium was nearly twice that without the added 
salt.

In the case of a phosphorothiolate whose configura
tion is known, substitution of a mercaptide group pro
ceeds entirely by retention. Treatment of irons-2- 
thiophenoxy-5-chloromethyl-5-methyl-2-oxo-l,3,2-diox- 
aphosphorinan (5)3 with either sodium p-methyl-

+  CH3C6H4ONa — ►

C1CH2

OC6H4CH3

P = 0

+  C6H5SNa

CH3

phenoxide or sodium phenoxide gave only the single 
isomer, the trans. Addition of 1 equiv of (CH3)4N+- 
Cl~ to the reaction mixtures prior to addition of the 
sodium salt did not change the course of substitution.

Discussion

In accordance with conclusions drawn by others13'14 
on related systems, there is no evidence that substitu
tions at phosphorus in phosphates occur by anything 
but by an associative mechanism. In support of this 
conclusion, the cis phosphorochloridate does not in the 
absence of added chloride ion undergo isomerization 
when dissolved in polar solvents such as nitrobenzene, 
trifluoroacetic acid, etc., and the solutions were heated. 
As stated earlier, dimethylformamide and also pyridine 
are exceptions but here evidence indicates that the 
solvents are acting as nucleophiles. Methanolysis in 
the presence of silver ion leads only to the inverted 
ester, whereas, if a phosphoryl cation were an interme
diate, one might expect a mixture with perhaps a 2.5:1 
ratio of isomers.15

It is probable that cations complex with phosphates 
through the phosphoryl oxygen.16 Treatment of the

(13) P. Haake and P. S. Ossip, J. Amer. Chem. Soc., 93, 6924 (1971).
(14) E . W . Crunden and R . F. Hudson, J. Chem. Soc., 3591 (1962).
(15) Our original assumption that a phosphoryl cation may be involved

was based on impure phosphorochloridate and has proven to  be false: W .
S. Wadsworth, Jr., and H . L. Horten, J. Amer. Chem. Soc., 92, 3785 (1970).

(16) D . E . C. Corbridge, “ Topics in Phosphorus Chemistry,”  Vol. 3, 
M . Grayson and E . J. Griffith, Ed., W iley, New York, N. Y ., 1966, p 297.

phosphorochloridate 1 with A1C13 in ether gave a 
viscous precipitate. The precipitate, when dissolved 
in acetonitrile and the solution treated with piperidine, 
gave only a single isomer, the trans phosphoramidate. 
The latter is also obtained by inversion from the 
starting phosphorochloridate without added A1C13. 
Thus treatment of cis phosphorochloridate with A1C13 
did not cause isomerization, which might have been ex
pected if the AICI3 had complexed with the chloride ion.

A change in stereochemistry with added salts would 
suggest two separate mechanisms for substitution, one 
for retention and one for inversion (Scheme I). If the

S c h e m e  I
0“1 0- M+X +

RO' A  \
ÀRO" X l

RO RONu! |Nu

O'1 Nu

RO---P— L RO— P— 0~M+
R0^| RO^|

Nu
||

L

¡1

OR 0“
1
Nu

RO. | 1
P+'-P— 0“ —► P

N u ^ | RO /I Nu

1o
X

oPi

L RO RO

influence of extraneous cations could be completely
eliminated, it appears from our data that substitution 
would perhaps proceed entirely by retention, whereas, if 
complex formation were complete, substitution might 
be entirely by inversion. In the presence of a cation 
an equilibrium may be established which is dependent 
upon the concentration of the cation and the strength 
of the complex. The equilibrium will also be in
fluenced by solvation effects. In accordance with the 
“ polarity rule,” 17'18 a charged nucleophile would be 
expected to attack the uncomplexed phosphate from a 
side opposite the phosphoryl oxygen, a position of 
minimum electron density. Pentacoordinated inter
mediates in the trigonal bipyramid form are well estab-

(17) E . L . Muetterties and R. A . Schunn, Quart. Rev., Chem. Soc., 20, 
245 (1966).

(18) F. Ramirez and I. Ugi in “ Advances in Physical Organic Chemistry,”  
Vol. 9, V. Gold, Ed., Academic Press, New York, N . Y ., 1971.
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lished as intermediates in phosphorus substitutions.19’20 
Nucleophiles are assumed to enter and leaving groups 
depart from apical positions. The trigonal bipyramid 
would undergo a pseudorotation which leads to sub
stitution by retention.

As a result of complex formation, the positive charge 
on phosphorus is increased owing to the reduction in 
backbonding by oxygen lone-pair electrons with d 
orbitals of phosphorus. One would, therefore, expect 
an increase in the rate of substitution as a result of 
complex formation. Nucleophiles may attack the 
complex with direct displacement in an Sx2 fashion 
without the formation of an intermediate, a situation 
which would lead directly to inversion. There has 
been some dispute21-23 as to whether substitutions in
volve a pentacoordinated intermediate, and it may 
well be that inversion does not.

With our duality of mechanism scheme, the ability of 
added cations to shift substitution to the inversion 
pathway is obvious.24 The greater ability of more 
basic nucleophiles to substitute by retention in con
trast to less basic ones is also explained. The results 
merely reflect a difference in rate of attack at the two 
species in equilibrium. The energy of activation for 
attack by a weakly basic nucleophile would be greater 
at the uncomplexed phosphate than at phosphorus in 
which the phosphoryl oxygen is complexed. With more 
basic nucleophiles, which form strong bonds to phos
phorus, the difference in activation energies would be 
diminished.

It is apparent that the mode of substitution is also 
dependent upon the leaving group. This would be ex
pected if the inversion mechanism proceeded by direct 
displacement. The percentage of inversion should 
vary with the leaving group, especially if the third 
step in the retention pathway was not rate deter
mining. Recent kinetic evidence25 has shown that in

(19) F. H . Westheimer, Accounts Chem. Res., 1, 70 (1968).
(20) F. Ramirez, ibid., 1, 168 (1968).
(21) M . Halmann, J. Chem. Soc., 305 (1959).
(22) M . Green and R . F. Hudson, Proc. Chem. Soc., 307 (1962).
(23) J. Michalski, M . Mikolajezyk, A . Halpern, and K . Proszynska, 

Tetrahedron Lett., 1919 (1966).
(24) W e have found that substitutions at phosphorothioates are also in

fluenced by added sahs: unpublished work.
(25) R. D . Cook, P. C. Turley, C. E . Diebert, A. H . Fierman, and P. 

Haake, J. Amer. Chem. Soc., 94, 9260 (1972).

the decomposition of suspected pentacoordinated inter
mediates the departure of the leaving group is rate 
determining in those cases involving a poor leaving 
group such as isopropoxide ion, whereas formation of 
the intermediate becomes the slow step in cases which 
involve a good leaving group such as phenoxide ion. 
Under identical conditions the percentage of inversion 
is greater for the phosphorochloridate than for the p- 
nitrophenyl ester, both of which contain a good leaving 
group. We believe this to be evidence that inversion 
proceeds by a one-step mechanism.

Why substitution of a mercaptide ion proceeds only 
by retention,26 even in the presence of added salts, is 
more difficult to rationalize. Certainly, only the mech
anism which involves the formation of an intermediate 
must be operative. Backbonding between sulfur and 
phosphorus is less than between oxygen and phos
phorus and thus the phosphorus atom in phosphoro- 
thiolates has more positive character than that in 
phosphates.27 In consequence, with respect to phos- 
phorothiolates, backbonding between the phosphoryl 
oxygen and phosphorus atom might be increased to the 
extent that complex formation is inhibited.28

Unlike charged nucleophiles, neutral nucleophiles 
such as piperidine and other amines react with the cis 
phosphorochloridate to give phosphoramidates almost 
exclusively by inversion. This is the case even under 
conditions where the effect of the by-product, a qua
ternary salt, should be at a minimum. Thus, when sub
stitutions are carried out at low temperatures in hexane, 
only a trace of that phosphoramidate which results 
from retention is observed. From our previous work 
both isomers have been obtained in pure form and their 
spectra are well defined. To account for predominant 
inversion even without the influence of added salt, one 
needs to consider the transition state. The charge on 
the phosphoryl oxygen is partially neutralized as is the 
charge on nitrogen which would result in a lowering of

(26) Displacement of mercaptide ion by complete retention has been re
ported: G. R. Van den Berg, D . H. J. M . Platenburg, and H. P. Benschop,
Reel. Trav. Chim. Pays-Bas, 929 (1972); Chem. Abstr., 75, 125763x (1972).

(27) J. R. Cox, Jr., and O. B. Ramsay, Chem. Rev., 64, 317 (1964).
(28) For a different explanation based on the “ Polarity Rule”  see N . J. 

Death, K . Ellis, D . J. H. Smith, and S. Trippett, Chem. Commun., 714 
(1971).



the energy of activation. If substitution by inversion 
were a three-step process with a trigonal bipyramid

R2
HN+

l \
RO— P— CT
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intermediate, attack could as easily be from two other 
planes of the starting tetrahedron also with neutraliza
tion of charges. Such attack would result in retention. 
Since inversion is almost exclusive, it would again 
appear that the leaving group departs as the entering 
group approaches from the back-side and no interme
diate is involved.

Since methanolysis proceeds in the absence of a 
cation predominantly but not exclusively by inversion, 
we may assume a transition state similar to that postu
lated for the amines. Charge stabilization, however, 
may be less, thereby allowing a greater percentage of 
retention.

Our results and especially the effect of added salts on 
the stereochemical pathway serves to point up the 
complexity of nucleophilic substitutions at phosphorus. 
The interpretation of our results is not a simple matter 
and should be accepted only as a starting point for fur
ther investigations.

Experimental Section
The nmr spectra and procedures for the preparation of the 

phosphorochloridate 1, phosphate esters, acid, and amides have 
been published previously.3 Analyses were performed by Gal
braith Laboratories, Inc., Knoxville, Tenn. 37921. A typical 
preparation of a phosphate ester applicable to a study of salt 
effects is given.

2-p-Methylphenoxy-5-chloromethyl-5-methyl-2-oxo-l,3,2-diox- 
aphosphorinan.— Phosphorochloridate 1, 2.18 g (0.01 mol), 
and tetramethylammonium chloride, 1.09 g (0.01 mol), were 
added to 20 ml of acetonitrile. Sodium p-methylphenoxide,
1.30 g (0.01 mol), was added and the solution was stirred at

room temperature for 24 hr. The mixture was diluted with 100 
ml of water and filtered. The product, 2.85 g (98.2% yield), 
was dried and its nmr spectrum was recorded. The product 
could be recrystallized from hexane without a change in isomer 
ratio.

Yields were consistently over 95%  and no isomerization of 
isomer mixtures was noted under the procedures of work-up.

For those cases in which a water-immiscible solvent was 
employed, the solvent was removed under reduced pressure be
fore addition of the water.

Pyrophosphate 4.— 2-Hydroxy-5-chloromethyl-5-methyl-2- 
oxo-l,3,2-dioxaphosphorinan, 5.0 g (0.025 mol), and 10.0 g 
of thionyl chloride were added to 75 ml of chloroform. The 
mixture was refluxed for 48 hr and solvent was removed under 
reduced pressure. The residue was recrystallized from toluene,
4.55 g (95% yield).

Anal. Calcd for C10H18CI2O7P2: C, 31.41; H, 4.71; Cl, 
18.32; P, 16.23. Found: C, 31.28; H, 4.69; Cl, 18.59; P,
15.99.

Partial separation of isomers could be accomplished by frac
tional crystallization from carbon tetrachloride, but pure isomers 
could not be obtained by this or by chromatographic methods. 
The mixture of pyrophosphates was equilibrated by heating a 
dimethylformamide-di solution at 55°. The variation in peak 
heights was followed by nmr until heating produced no further 
change.

Phosphoramidates from Pyrophosphate 4.—Piperidine, 0.34 
g (0.004 mol), was added to an acetonitrile solution of pyrophos
phate, 0.76 g (0.002 mol). The solution was stirred at room 
temperature for 24 hr, during which time the amine salt of the 
acid by-product precipitated. The filtrate was diluted with 50 
ml of water, the mixture was filtered, and the product was dried 
to give a mixture of isomeric phosphoramidates, 0.36 g (70% 
yield). The nmr spectrum of the product was identical with that 
of an authentic mixture.3

The pyrophosphate was treated with sodium p-methylphen- 
oxide with and without added salt in a similar fashion to give 
isomeric mixtures of known esters.
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Treatment of certain polysubstituted aromatic nitro compounds with sodium borohydride in dimethyl sulfoxide 
or alcohol solvent results in nucleophilic substitution of the nitro group by hydride. The reaction requires the 
presence of bulky substituents adjacent to the nitro group to prevent conjugation with the ring and electron- 
withdrawing groups to activate the ring toward attack.

The reaction of nitroaromatic compounds with 
sodium borohydride has been observed to proceed 
along a variety of paths depending upon the reaction 
conditions and the type of ring substitution. For 
instance, in polar aprotic solvents23 or ethanol,2b 
most unencumbered nitroaromatics are reduced to 
azoxybenzenes, azobenzenes, or anilines, depending 
on the nature of the other groups present on the ring. 
On the other hand, Bell and coworkers have observed 
dehalogenation of o- or p- iodo- or o-bromonitrobenzenes 
in aqueous dimethyl sulfoxide (DMSO) under mild con
ditions.2“ With highly electron-deficient nitro com
pounds, ring attack occurs, resulting in eventual reduc
tion of the nucleus to cyclohexene derivatives by borohy
dride3 or the formation of stable hydride- -Meisenheimer 
type adducts when more complex borohydrides are 
employed.4

This article describes a further, apparently general, 
possibility for the reaction of nitroaromatics with 
borohydride in which the nitro group is displaced 
by hydride when certain steric and electronic require
ments are met.

Results and Discussion

The scope of the denitration reaction is illustrated 
by the behavior of the substrates contained in Table 
I. When treated with sodium borohydride in DMSO, 
pentachloronitrobenzene (Scheme I) and 2,3,5,6-tetra- 
chloronitrobenzene were rapidly denitrated in high 
yield to pentachlorobenzene and 1,2,4,5-tetrachloro- 
benzene, respectively (entries la and 2a). Chemical 
tests indicated that nitrite was formed in the reaction.5

In the presence of protic solvents, the reaction was 
somewhat slower than in DMSO alone (entries la 
vs. le and If). Other polychloronitrobenzenes reacted 
more slowly to give lower yields of denitration products 
and considerab.e amounts of side products resulting 
from reduction of the nitro group and/or removal of 
chlorines ortho or para to the nitro group. Ortho 
and meta chlorine substituents appeared to facilitate 
the reaction (entries la  vs. 6a and la vs. 3) with para

(1) National Science Foundation Undergraduate Research Participant 
1971.

(2) (a) R. O. Hutchins, D . W . Lamson, L. Rua, C. Milewski, and B.
Maryanoff, J. Org. Chem., 36, 803 (1971); G. Otani, Y . Kikugawa, and S. 
Yamada, Chem. Pharm. Bull., 16, 1840 (1968). (b) H . J. Shine and E.
M allory, J. Org. Chem., 27, 2390 (1962). In addition, sodium borohydride 
in combination with palladium on carbon gives only the corresponding 
aniline from aromatic nitro compounds; see T. Neilson, H . Wood, and A. 
Wylie, J. Chem. Soc., 371 (1962). (c) H . M . Bell, C. W . Vanderslice, and
A. Spehar, J . Org. Chem., 34, 3923 (1969), and private communication Avith
H . M . Bell.

(3) T . Severin, R . Schmitz, and M . Adam, Chem. Ber., 96, 3076 (1963).
(4) L. A . Kaplan and A. R. Siedle, J. Org. Chem., 36, 937 (1971).
(5) F. Feigl, “ Spot Tests in Inorganic Analysis,” 5th ed, Elsevier, New

York, N . Y ., 1958, pp 330-332.

S c h e m e  I

NO,

Cl Cl Cl
93% gc 3% 3% <1%

80% isolation

chlorine having less effect (entries la vs. 2 and 4b vs. 5). 
Thus, the denitration reaction has both steric and 
electronic requirements. First, the aromatic nucleus 
evidently must be activated by a suitable amount of 
electron deficiency induced by withdrawing substitu
ents. Furthermore, substantial steric hindrance ap
parently must be provided by flanking bulky groups 
(entries 2a vs. 6b). Substrates in which the steric 
interference was present, but in which the aromatic 
ring was not sufficiently electron deficient, showed 
greatly reduced reactivity (entries 11 and 12). With
out a significant degree of blockage, reduction of the 
nitro group competed favorably2 (entries 8a and 8b).

To account for the above observations, three types 
of mechanisms were envisioned as potentially respon
sible for the occurrence of denitration. The reaction 
could conceivably involve the formation of a substi
tuted nitrobenzene radical anion followed by frag
mentation to afford nitrite anion and a substituted 
phenyl radical. However, the available evidence 
concerning radical anions of halonitrobenzenes sug
gests alternate behavior; for example, 2,3,5,6-tetra- 
chloronitrobenzene radical anion fragments with loss 
of a chlorine from an ortho position as chloride anion.6 
While this type of mechanism provides one account 
for the small per cent of dechlorination product ob
tained from the denitration of pentachloronitroben
zene, it appears not to be involved in the major path 
of the reaction. A second mechanistic possibility 
might involve a nucleophilic attack of borohydride on 
an oxygen atom of the nitro group with concomitant 
displacement of a substituted phenyl carbanion. Such 
a unique explanation seemed attractive since the de
nitration reaction with borohydride anion proceeded 
more readily and under milder conditions than reac
tions of other nucleophiles with these same polychlo
ronitrobenzenes (vide infra). However, this pos
sibility was ruled out by conducting the reduction in

(6) A. R. Metcalf and W . A. Waters, J. Chem. Soc. B, 918 (1969).
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T a b l e  I
D e n i t r a t i o n  o f  A r o m a t ic  N it r o  C o m p o u n d s  w i t h  S o d iu m  B o r o h y d r i d e

.----------------------- %  Yields“ -
En ArNCH N aBH , de-NOs Starting

Registry no. try Substrate: A r -l-N O r- Solvent concn, M concn, M Temp, °C Time, hr product materia! Other
82-68-8 la 2,3,4,5,6-Cls DMSO 0.10 0.20 Amb' 0.5 93 0 3,6 3,' 1

lb 2,3,4,5,6-Cls DMSO 0.10 0.15 Amb' 0.5 93 0
lc 2,3,4,5,6-Cls DMSO 0.10 0.10 Amb' 0.5 71 14
Id 2,3,4,5,6-05 DMSO 0.30 0.45 Amb' 0.5 80f
le 2,3,4,5,6-Cls DMSO-HsO4 0.10 0.20 Amb' 20 56'
If 2,3,4,5,6-Cls 2-Propanol 0.067 0.133 75 1.0 40» 23»

117-18-0 2a 2,3,5,6-Cfi DMSO 0.10 0.20 Amb' 2.0 95 0
2b 2,3,5,6-Ch DMSO 0.30 0.45 Amb' 2.0 89/

3714-62-3 3 2,3,4,6-Ch DMSO 0.12 0.25 Amb 18 60 0 8,* 3'
18708-70-8 4a 2,4,6-Cb DMSO 0.07 0.13 Amb 20 2 65

4b 2,4,6-Cfi DMSO 0.10 0.20 65 44 20 0 8*
4c 2,4,6-Cls DMSO 0.5 1.0 l 1.0 27» 0 13» ‘

601-88-7 5 2,6-Cls DMSO 0.08 0.16 60 92 28 13
879-39-0 6a 2,3,4,5-Cli DMSO 0.05 0.10 19” 4.0 33 0 23 d

6b 2,3,4,5-Cfi DMSO 0.05 0.10 Amb' 4.0 56 0 8d
6c 2,3,4,5-Cli DMSO 0.15 0.30 Amb' 0.5 45 0 8d

89-69-0 7 2,4,5-Cls DMSO 0.125 0.25 Amb' 3.0 14 0 19’
618-62-2 8a 3,5-Cls DMSO 0.10 0.20 Amb' 1.75 0 0 0

8b 3,5-Cls 95% ethanol 0.167 0.33 Amb' 0.25 0 72/ •*
40587-63-1 9 2,6-Cl2-4-C02Et DMSO 0.10 0.20 Amb 1.0 49 0
40587-64-2 10 2,6-Br2-4-C02Et DMSO 0.10 0.20 Amb 1.0 23 1

108-67-8 11 2,4,6-(CH3)3 DMSO 0.24 0.9« 85 190 0 ~ 80 ~ 15
3463-36-3 12 2,3,5,6-(CH3)4-4-N 02 DMSO 0.10 0.2 75 92 2" 98

“ All products were identified by coinjection on gc and most by comparison of ir and mass spectra with those of authentic materials. 
The per cent yields of products were determined by glpc using internal standards and corrected for detector response. b 1,2,4,5-Tetra- 
chlorobenzene. c 1,2,3,4-Tetrachlorobenzene. d 2,3,4,5-Tetrachloroaniline. « Reaction very exothermic; cooling was applied to 
prevent overflow due to rapid gas evolution. /  Isolated yield. » Product mix isolated, weighed, and analyzed by gc methods. *4 :1  
v /v  DM SO-H 2O. ' 1,2,4-Trichlorobenzene. ’  2,4,5-Trichloroaniline. * 2,4-Dichloroaniline. * After 20-min induction period at 
50-60° under application of heat, reaction became extremely exothermic, reaching 135° in 5 min. Water heated in same apparatus at 
same settings reached only 53° in 1 hr. ”* Temperature maintained by cooling. " Thought to be mononitro compound. 0 Only 
products observed were reductive coupling products. ” 3,3',5,5'-Tetrachloroazoxybenzene. 5 */, added initially, Va added after 95 hr.

D20-D M S 0-d6. The low degree of deuterium in
corporation (ca. 15%) in the resulting pentachloro- 
benzene demonstrated that a significant amount of 
pentachlorophenyl carbanion was not produced. The 
small amount of incorporation observed most prob
ably arose via base-catalyzed exchange between D20  
and pentachlorobenzene, which was found to occur 
in the presence of sodium borohydride or sodium deuter- 
oxide in D M S0-D 20 . With sodium borohydride in 
DMSO-de as solvent, little deuteration occurred during 
denitration.

The third, and most attractive, mechanistic pos
sibility involves the addition-elimination pathway 
for aromatic nucleophilic substitution as illustrated 
for pentachloronitrobenzene in Scheme II. Ostensibly,

S c h e m e  I I

NO,

CllwJci
Cl

+  NaBH,

reductive coupling2“ is minimized by the hindrance 
introduced by the chlorines adjacent to the nitro 
group. Borohydride anion, acting as a source of 
nucleophilic hydride, attacks the most electroposi
tive nitro-attached ring carbon; attacks of this type 
are not usually hindered by bulky ortho substituents.7

(7) J. F. Bunnett, Quart. Rev., Chem. Soc., 12, 1 (1958).

The formation of the tetrahedral carbon should re
lieve steric crowding and inductive stabilization of 
the intermediate anion would be provided by the five 
chlorine atoms; subsequent loss of nitrite ion furnishes 
pentachlorobenzene. Furthermore, any addition of 
hydride to the positions ortho or para to the nitro 
substituent would not be highly favored, since this 
group is turned out of planarity with the ring and 
thus the developing anion is not stabilized by con
jugation. The meager amounts of dechlorinated 
by-products produced could be explained by such 
attacks, but alternate explanations are equally plausible. 
As previously mentioned, loss of ortho chlorine may 
occur from the radical anion to furnish 2,3,4,5-tetra- 
chloronitrobenzene,6 which can undergo denitration or 
reduction to 2,3,4,5-tetrachloroaniline (Table I, entry 
6). The small amount of 1,2,4,5-tetrachlorobenzene 
formed may occur from a dechlorination-denitration 
sequence or by reduction of pentachlorobenzene. 
This latter compound does slowly furnish 1,2,4,5- 
tetrachlorobenzene upon treatment with sodium boro
hydride.

Support for the addition-elimination mechanism 
for denitration is amply demonstrated by the reactions 
of other nucleophiles with polychloronitrobenzenes. 
Nucleophiles which afford products by replacement of 
the nitro group include azide,8 fluoride,9“ b chloride,9“

(8) P. A . Grieco and J. P. Mason, J. Chem. Eng. Data, 12, 623 (1967).
(9) (a) J. Miller and H . W . Yeung, Aust. J. Chem., 20, 379 (1967); (b) 

C. G . Finger and C. W . Kruse, / .  Amer. Chem. Soc., 78, 6034 (1956); (c) P. 
H . Gore, S. D . Hammond, and D . Morris, Tetrahedron Lett., 2747 (1970).
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hydroxide,10 and methoxide11 12 13 14 15 ions, ammonia,12ab and 
amines.12b Indeed the displacement of nitro from 
even mildly deactivated rings occurs with surpris
ing ease and is documented for a variety of nucleo
philes, I2c’13-15 although nucleophilic replacement by 
hydrogen is relatively rare,16 apparently because other 
reactions with hydride reagents, such as reduction, 
usually, compete effectively.

Experimental Section
Analyses.— Analyses by gas chromatography were performed 

on a Hewlett-Packard 5250B gas chromatograph (T.C. detector) 
employing a 6-10 ft X 0.125 in. column of 10% OV-1 on Chromo- 
sorb W. Yields were determined using internal standards (1,3,5- 
trichlorobenzene or p-dichlorobenzene) with predetermined de
tector response factors. The standards were inert to the condi
tions. All products were identified by glc coinjection techniques 
and most by comparison of ir and mass spectra with those of 
authentic samples. Mass spectra were obtained from a Hitachi 
Perkin-Elmer RMU-6 coupled to a gas chromatograph. Micro
analyses were performed by A. Bernhardt, Microanalytical 
Laboratory, West Germany. Melting points are uncorrected.

Materials.— All organic materials were obtained commercially 
(except for entries 9 and 10 in Table I) and were used as obtained or 
recrystallized if not of satisfactory purity. Solvents were com
mercial reagent grade and used as received. In the deuteration 
experiments, DMSO-d6 was 99.5% D grade and D 20  was 99.8% 
grade.

Ethyl 3,5-dibromo-4-nitrobenzoate was prepared by a method 
similar to that described for 3,5-dibromo-4-nitrobenzonitrile17 
except that ethyl p-aminobenzoate was substituted for p-amino- 
benzonitrile. The light green crystals obtained from ethanol had 
mp 76.5-77.5°.

Anal. Calcd for CTLB^NCb: C, 30.98; H, 2.02. Found: 
C, 31.23; H, 2.24.

Ethyl 3,5-dichloro-4-nitrobenzoate was prepared by a similar 
method to that preceding. The colorless crystals from 95% 
ethanol had mp 77.5-78.5°.

Anal. Calcd for CTLCLNOg C, 41.57; H, 2.71. Found: 
C, 41.64; H, 3.12.

General Denitration Procedure.— A solution of the nitro- 
aromatic in the appropriate solvent was prepared in a three-neck 
flask maintained if necessary at the desired temperature (Table I) 
and equipped with a magnetic stirrer, condenser, and drying 
tube. The appropriate amount of sodium borohydride (Table I) 
was then added directly or as a slurry in the same solvent. 
Reaction mixtures were worked up by adding about five volumes

(10) J. J. Betts, S. P. James, and W . V . Thorpe, Biochem. J., 61, 611 
(1955).

(11) V . S. F. Berckmans and A. F. Holleman, Reel. Trav. Chim. Pays-Bas, 
44, 851 (1925).

(12) (a) A. T . Peters, F. M , Rowe, and D . M . Stead, J. Chem. Soc., 576 
(1943); (b) F. Pietra and D . Vitali, J. Chem. Soc., Perkin Trans. 2, 385 
(1972); (c) J. H . Gorvin, Chem. Commun., 1120 (1971).

(13) J. Miller, “ Aromatic Nucleophilic Substitution," American Elsevier, 
New York, N . Y ., 1968, and earlier reviews mentioned therein.

(14) (a) J. B. Baumann, J Org. Chem., 36, 396 (1971); (b) T . W . M . 
Spence and G. Tennant, J. Chem. Soc., Perkin Trans J, 835 (1972); (c) 
G. E . Means, W . I. Congdon, and M . L. Bender, Biochem. J., II, 3564 
(1972).

(15) (a) Nitro is actually eften replaced more readily than most other 
groups, including 6uoro (ref 15b) and chloro (ref 9c). (b) J. F. Bunnett, 
E. W . Garbish, Jr., and K . Pruitt, J. Amer. Chem. Soc., 79, 385 (1957).

(16) (a) Replacement of one or two nitro groups by hydrogen from 1,3,5-
trinitro-2,4,6-trichlorobenzene by borohydride has been observed \cf. L. A . 
Kaplan, J. Amer. Chem. Soc., 86, 740 (1964)] and the absence of chloro 
displacement was attributed to lack of planarity between the nitro groups 
and the aromatic ring, (b) A  small yield of naphthalene resulted from the 
reaction of 1-nitronaphthalene with borohydride anion [H. J. Shine and M . 
Tsai, J, Org. Chem., 23, 1592 (1958)]. (c) A photoinduced denitration of
certain nitro aromatics by borohydride has been observed [W . C. Petersen 
and R. L. Letsinger, Tetrahedron Lett., 2197 (1971)].

(17) R . R. Holmes and R. P. Bayer, J . Amer. Chem. Soc.. 82, 3454 (1960).

of water and extracting with ether, chloroform, or carbon tetra
chloride. Extracts were dried over anhydrous magnesium 
sulfate and used for glc analysis and/or concentrated for isolation 
of products. Progress of the reactions were followed in several 
cases by removing and working up small aliquots of the reaction 
mixture for glc analysis as described above. Specific denitration 
procedures are illustrated below.

Denitration of 2 ,3,5,6-Tetrachloronitrober.zene. Product Iso
lation.— To a stirred solution of 2,3,5,6-tetrachloronitrobenzene 
(7.83 g, 0.03 mol) in 90 ml of DMSO at room temperature was 
added a mixture of sodium borohydride (1.70 g, 0.045 mol) in 10 
ml of DMSO. The reaction mixture was kept at 25-40° by 
occasional cooling with an ice bath. After 2.5 hr, the mixture 
was poured into 700 ml of water and extracted with two 50-ml 
portions of chloroform. The extract was washed with water, 
dried, and evaporated in a stream of air. The solid residue was 
recrystallized from 9:1 ethanol-dioxane, giving 5.79 g (89% ) of 
off-white needles, mp 137-139°, mmp with 1,2,4,5-tetraehloro- 
benzene 137-139°. The ir and mass spectra of the two materials 
were superimposable.

Denitration of 2,3,5,6-Tetrachloronitrobenzene. Gc Analysis.
— Sodium borohydride (0.38 g, 0.01 mol) was added to 2,3,5,6- 
tetrachloronitrobenzene (1.305 g, 0.005 mol) in 50 ml of a stirred 
DMSO solution containing 1,3,5-trichlorobenzene (0.907 g, 0.005 
mol) as internal standard. At intervals a 1.5-ml aliquot was 
removed, diluted with 7.5 ml of water, and extracted with 0.5 ml 
of chloroform, and the extract dried and analyzed by gc. After 2 
hr the reaction appeared complete (Table I, entry 2).

Denitration of Pentachloronitrobenzene in Deuterium-Labeled 
Solvent Mixture.— Sodium borohydride (0.019 g, 0.5 mmol, 
Ventron Analytical Grade) was added to a stirred solution of 
pentachloronitrobenzene (0.074 g, 0.25 mmol) in 2 ml of DMSO-d« 
and 0.5 ml of D 20  contained in the usual apparatus and isolated 
from the atmosphere by a bubble trap. After 1 hr at room 
temperature, 7.5 ml of D 20  was added and the mixture was 
extracted with 0.5 ml of carbon tetrachloride. The mass spec
trum of the pentachlorobenzene in the extract indicated 15% 
deuterium incorporation by comparison of the relative peak 
heights in the parent peak group (248-258) with those of authentic 
pentachlorobenzene. When the denitration reaction was con
ducted only in DMSO-rffi with sodium borohydride, there was 
little indication of deuterium incorporation.

Dechlorination of Pentachlorobenzene.— A solution of penta
chlorobenzene (0.752 g, 3.0 mmol) and sodium borohydride 
(0.215 g, 5.7 mmol) in 45 ml of DMSO with 1,3,5-trichloroben
zene (0.544 g, 3.0 mmol) as internal standard was stirred at room 
temperature for 6 days. Glpc analysis showed a 2.5%  yield of
1,2,4,5-tetrachlorobenzene (coinjection) with 97% pentachloro
benzene remaining and no observable 1,2,3,4-tetrachlorobenzene 
or 1,2,3,5-tetrachlorobenzene (coinjection).

Hydrogen-Deuterium Exchange between Pentachlorobenzene 
and Deuterium Oxide. A. In the Presence of Sodium Deuter- 
oxide.— Sodium (ca. 0.05 g, 2-3 mmol) was dissolved in D 20  (2 
ml, llOm m ol), and a solution of pentachlorobenzene (0.250 g, 1.0 
mmol) in DMSO (13 ml) was added. The stirred solution was 
protected from atmospheric H20  by a mineral oil bubble trap. 
After 20 hr at room temperature, the mixture was worked up with 
12 ml of D 20  and extracted with two 10-ml portions of CCL. 
The extracts were dried (MgSCL) and the CCL was evaporated, 
giving a white crystalline residue which by mass spectral analysis 
was pentachlorobenzene with 29% D incorporation.

B. In the Presence of Sodium Borohydride.— Sodium boro
hydride (0.080 g, 2.1 mmol) dissolved in DMSO (5 ml) was added 
to a solution of pentachlorobenzene (0.250 g, 1 mmol) in DMSO 
(8 ml), and D20  (2 ml) was added. After stirring for 20 hr at room 
temperature in isolation from the atmosphere, the solution was 
worked up and analyzed as in A, and showed 52% D incorpora
tion in the pentachlorobenzene.
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Proton magnetic resonance techniques were used to study the reaction of ammonia with acetaldehyde. At 
high pH and 10° significant amounts of ammonia adducts were detected by observing their methyl resonances, 
which occurred in the region of the acetaldehyde hydrate methyl group (5 1.65). The adduct which predomi
nates at ammonia/aldehyde ratios of >1 has been identified as the cyclic trimer 2,4,6-trimethylhexahydro-s- 
triazine, (CH3CHNH)3. By varying concentrations and pH we have determined the equilibrium constant K T =  
[(OHjCHNH )3] /[CHjCHO] 3[NHj]3 =  2.0 ±  0.6 X 109 M~s at 10°. The pA a for dissociation of the protonated 
trimer was 8.36 ±  0.05 at 10°. Two other species were observed and have been tentatively identified as the 
dimeric compounds CH3CH(OH)NHCH(OH)CH3 and CH3CH(NH2)NHCH(OH)CH3. The trimer was found 
to be stable in aqueous solution at pH >  10, but was reversibly dissociated to acetaldehyde and free ammonia 
by lowering the pH to 7. The methyl resonance of acetaldehyde exhibited a characteristic line broadening which 
increased linearly with ammonia concentration but decreased with increasing temperature. These effects were 
analyzed in terms of a three-site chemical exchange problem

CH3CHO -f  NH3 CH3CH(OH)NH2 CH3C H = N H  +  H20
k-1 k- 2

From this analysis the following limits were placed on the rate constants for the addition of ammonia to ac
etaldehyde at pH 7, 10°: k -, >  300 sec-1, fci >  104 M ~l sec-1, 2 <  Ki <  17 Af-1.

In connection with investigations on ethanolamine 
ammonia lyase, an enzyme that has been postulated to 
catalyze the conversion of ethanolamine to acetalde
hyde and ammonia via the intermediate 1-amino- 
ethanol,3 it became desirable to study the reaction be
tween acetaldehyde and ammonia in aqueous solution. 
Though there has been little study of this particular 
reaction, it is a member of an extensively studied class of 
reactions involving the nucleophilic addition of amines 
and related compounds to a carbonyl group (eq l ) .4

R,R2C = 0  +  RNH2 R iR2C(OH)NHR (1)

The product of eq 1, a tetrahedral adduct termed a 
carbinolamine, cannot in general be isolated as a stable 
intermediate,5 since it readily undergoes dehydration 
to an imine or similar compound (eq 2).

R ,R 2C(OH)NHR R ,R jC = N R  +  H20  (2 )

In a study of semicarbazone and oxime formation, 
Jencks demonstrated that an intermediate carbinol
amine was involved in the two-step mechanism by 
which these compounds are produced.6 Later, Cordes

(1) This research was supported in part by Public Health Service Grants 
AM -09115, A M -16589, and R R -05598 (B. M . B.) and G M -17190 (B. D. S.), 
and a grant to B. M . B. from The Medical Foundation, Inc.

(2) (a) Alfred P. Sloan Fellow, 1971-1973. (b) Recipient of a Research
Career Development Award from the National Institute of Arthritis and 
Metabolic Diseases. Address correspondence to New England Medical 
Center Hospital, 171 Harrison Avenue, Boston, Mass. 02111.

(3) B. M . Babior, J. Biol. Chem., 245, 6125 (1970).
(4) This general type of reaction has been the subject of several com

prehensive reviews: (a) M . M . Sprung, Chem. Rev., 26, 297 (1940); (b)
E. C. Wagner, J . Org. Chem., 19, 1862 (1954); (c) W . P. Jencks, Progr. Phys. 
Org. Chem., 2, 63 (1964); (d) V . A . Palm, U. L. Haldna, and A. J. Talvik, 
“ The Chemistry of the Carbonyl Group,” Vol. 1, S. Patai, Ed., Interscience, 
New York, N . Y .,  1966, p 421; (e) R . L. Reeves, ibid., p 567; (f) Y .  Ogata 
and A . Kawasaki, “ The Chemistry of the Carbonyl Group,” Vol. 2, J. 
Zabicky, Ed., Interscience, New York, N . Y .,  1970, p 1.

(5) Poziomek, et al., were able to isolate the hydroxylamine, hydrazine, 
and phenylhydrazine adducts of 2-formyl-l-methylpyridinium iodide. The 
n-butylamine adduct was not stable enough for complete characterization: 
E. J. Poziomek, D . N . Kramer, B. W . Fromm, and W . A . Mosher, J. Org. 
Chem., 26, 423 (1961).

(6) W . P. Jencks, J. Amer. Chem. Soc., 81, 475 (1959).

and Jencks showed conclusively that the hydrolysis of 
a Schiff base to a carbonyl compound and an amine in
volved the formation of the carbinolamine.7 At neutral 
or alkaline pH hydration of the imine (eq 2) was rate 
determining in the hydrolysis, while at lower pH 
elimination of the amine from the tetrahedral adduct 
(eq 1) was rate determining. In an extensive series 
of investigations Hine and coworkers have studied the 
kinetics and catalysis of the reaction of isobutvraldehyde 
with various aliphatic primary amines to form imines.8 
Their results concerning mechanism agree with those 
of Cordes and Jencks.

The reactions between the simpler aldehydes and 
amines are more difficult to study because of the forma
tion of oligomers. For instance, formaldehyde reacts 
with ammonia to produce hexamethylenetetramine by 
way of the trimer, hexahydro-s-triazine (I).9 With 
primary amines, such as methylamine and aniline, 
formaldehyde reacts to form 1,3,5-substituted hexa- 
hydro-s-triazines.4a'10 A similar cyclic trimer, 2,4,6- 
t rime thy lhexahy dro-s-triazine (II), has been shown to

NH
H2C f  1 ^CH2

H N ï^ iN H
CH2
I

NH
H3CHC^ ^CHCH,

HN^ ^NH 
CHCRj
II

be formed by the reaction of ammonia with acetalde
hyde in ether solution.11 A common feature of these 
polymerizations is that oligomer formation is believed

(7) (a) E . H. Cordes and W . P. Jencks, ibid.. 84, 832 (1962); (b) E. H. 
Cordes and W . P. Jencks, ibid., 85, 2843 (1963).

(8) J. Hine and F. A . Via, ibid., 94, 190 (1972).
(9) H . H . Richmond, G. S. Myers, and G. F. Wright, J. Amer. Chem. Soc., 

70, 3659 (1948).
(10) E . M . Smolin and L. Rapoport, "T h e  Chemistry of Heterocyclic 

Compounds. s-Triazine and Derivatives,” Interscience, New York, N . Y .,  
1959.

(11) O. Aschan, Chem. Ber., 48, 874 (1915).



2932 J. Org. Chem., Vol. 38, No. 17, 1973 Hull, Sykes, and Babior

T a b l e  I
N m r  P a r a m e t e r s  f o r  t h e  M e t h y l  G r o u p s  i n  A c e t a l d e h y d e  (A) a n d  H y d r a t e  (AOH)“

Temp, °C Sa Hî0
5a CH3CN

A j>*a 5AAOH V aoh A i-*AOH

10 -2 .6 4 8 0.170 3.04 ±  0.03 0.04 -0 .9 1 9 5.27 ±  0.02 0.20
25 -2 .5 0 7 0.168 2.97 ±  0.02 0.04 -0 .9 1 8 5.22 ±  0.02 0.21
34 -2 .4 1 4 0.164 2.97 ±  0.01 0.06 -0 .9 1 4 5.21 ±  0.03 0.23

“ The chemical shift of species X  relative to Y  is given in parts per million as Sx, where downfield shifts are taken as positive; line 
widths and coupling constants are in Hz. The samples contained 0.40 M  CH3CHO, 0.63 M  CH3CN, 0.50 M  NH4C1 +  KC1, and 0.10 
M phosphate buffer at pH 7.0.

to involve the imine formed from the initial carbinol- 
amine.

Nmr spectroscopy appeared to us to be an appro
priate technique for the investigation of the aqueous 
chemistry of simple aldehydes and amines, since non- 
chromophoric species could be observed and kinetic 
information could be obtained from systems at equilib
rium. In the present communication we report the 
results of an investigation of the reaction between 
acetaldehyde and ammonia as studied by this tech
nique.

Results

All of the proton nmr results presented in this sec
tion were obtained at 100 MHz. Details of the tech
niques used are summarized in the Experimental Sec
tion. The general features of nmr spectra of acetalde
hyde in aqueous solution are well known; if the H20  
resonance occurs at 5 5.0, then the methyl doublet and 
methine quartet for acetaldehyde appear at 5 2.55 and
10.0, respectively, while the corresponding resonances 
for the hydrate of acetaldehyde appear at 5 1.65 and 
5.55. Since the H20  resonance makes the observation 
of weak resonances in the 5 4-6 region quite difficult, 
we have examined in detail only the methyl region 5 1-3.

Hydration of Acetaldehyde.—In many of the follow
ing experiments, it was necessary to determine the in
dividual concentrations of acetaldehyde and its hy
drate in aqueous solution when only one species could 
be measured. This determination was made from the 
concentration of the observed species and the equilib
rium constant for the reaction acetaldehyde - f  H20  ^  
hydrate. Preliminary studies were therefore per
formed on the effect of pH, temperature, and ionic 
strength on this equilibrium.

The nmr parameters for the methyl group doublets in 
acetaldehyde and its hydrate are presented in Table I, 
with chemical shifts and line widths reported for sam
ples containing no ammonia. The line width Av* used 
throughout this paper is the residual line width (the ob
served line width minus the line width of the reference 
peak). This parameter can be used for comparison of 
line widths obtained under nonidentical conditions of 
magnetic field homogeneity. The substantial differ
ence in line widths for the aldehyde and hydrate is be
lieved to be the result of a large difference in proton 
relaxation times. Spin-lattice relaxation times Ti were 
measured for the two methyl groups in D 20  at 35° (solu
tions not degassed) using the conventional Fourier 
transform inversion-recovery method.12 The results 
for acetaldehyde and its hydrate were 11.4 ±  0.4 and
3.25 ±  0.15 sec, respectively.

(12) R . L. Void, J. S. Waugh, M . P. Klein, and D . E . Phelps, J. Chem.
Phys., 48, 3831 (1968).

Peak area measurements allow the computation of 
the hydration equilibrium constant.

X h =  [CH3CH(OH)2]/[C H 3CHO] (3)

Table II presents hydration constants obtained in 
these studies. For comparison, the values of Bell and

T a b l e  II
H y d r a t i o n  E q u i l i b r i u m  C o n s t a n t s

Temp,
°c pH e K P Ah6
10 4.8 -10.5 0 .5 -1 .7 1.92 1.74 ±  0.05

7.4 0.3 2 . IP
25 7.0 0.6 1.58 1.19 ±  0.05
34 7.0 0.3 0.93 0.90 ±  0.05

7.0 0.6 0.84 ±  0.02
7.4 0.1 1.07e
7.4 0.3 0 .9P

“ R. P. Bell and J. C. Clunie, Trans. Faraday Soc., 48, 439
(1952). b Results of this work. c Results obtained in D 2O;
pD is given.

C lunie obta in ed  b y optica l m ethods are in clu ded .
These authors used 0.02 M acetaldehyde and zero ionic 
strength, while our data are for 0.3-0.4 M aldehyde and 
rather high ionic strengths. Our results are in general 
agreement with those of previous workers,13 indicating 
that A h is independent of pH over the range of interest 
but decreases with increasing temperature or ionic 
strength.

Identity and Properties of the Major Adduct Formed 
from Acetaldehyde and Ammonia.—Nmr spectra of 
solutions containing approximately 0.2-0.5 M  acetalde
hyde and NH4C1 at pH >7 show methyl resonances 
from species other than acetaldehyde and its hydrate 
(see Figure 1). The appearance of these additional 
resonances depended upon both acetaldehyde and NH3 
concentration, indicating that they could not be ac
counted for by impurities in the reagents. The chem
ical shifts of these new methyl groups were sensitive to 
pH but always appeared in the same region as the hy
drate methyl (designated H) indicating the structure 
III, where X  and Y  are oxygen or nitrogen.

X —
I

CH3— C— H 

Y—
m

Although several compounds were present, at a 
sufficiently high pH and NH3 concentration one species 
(3«7 =  6.25 Hz) predominated (designated T  in Figure 
!)• .

Similar nmr spectra were obtained for aqueous solu
tions of commercial “ acetaldehyde-ammonia”  (com-

(13) L. C. Gruen and and P. T. McTigue, J. Chem. Soc., 5217 (1963).
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I— 10 Hz —I

f
Figure 1.— Nmr spectra of the adduct methyl region for sam

ples containing 0.42 M  CH3CHO, 0.067 M  CH3CN, 0.50 M  
NH4C1 -f- KC1,0.10 M  phosphate at pH 10.5 at 10°.

pare the high pH spectrum in Figure 2 with the high 
ammonia concentration spectrum in Figure 1). [In
frared14,15 and mass spectroscopy confirmed that the 
commercial reagent was 2,4,6-trimethylhexahydro-s- 
triazine (II), as had been previously indicated by X-ray 
studies.14 15 16]

These nmr spectra, taken in several deuterated sol
vents at 10 and 35°, showed a single doublet (3«7 =
6.05-6.21 Hz) for the trimer methyl groups and a single 
quartet for the methine protons 2.51-2.61 ppm down- 
field from the doublet. The ratio of the doublet area 
to the quartet area was 3.03. A broad peak whose 
chemical shift varied with solvent and temperature 
represents the exchangeable protons of -N H - in equi
librium with those of water of hydration. The ratio of 
this peak area to the methine quartet was 3.0 ±  0.2 in 
pyridine and acetone at 10 and 35°, consistent with the 
formula (CH3CHNH)3-3H20 . A small amount of 
acetaldehyde was often observed, indicating that some 
dissociation had occured. The most important feature

(14) C . J. Pouchert, “ Aldrich Library of Infrared Spectra,” 1970, p 154B.
(15) C. W . Hoerr, E . Rapkin, A . E . Brake, K . N . Warner, and H . J. Har

wood, J. Amer. Chem. Soc., 78, 4667 (1956); H . H . Fox, J. Org. Chem., 23, 
468 (1958).

(16) E . W . Lund, Acta Chem. Scand., 5, 678 (1951); E . W . Lund, ibid.,
12, 1768 (1958).

Figure 2.— Nmr spectra of the adduct methyl region for com
mercial “ acetaldehyde-ammonia”  (0.16 M ) in 0.10 M  phos
phate buffer at 10°.

of these results is that the spectrum of the “ acetalde
hyde-ammonia”  trimer in D>0 shows no significant 
differences (other than the position of the OH resonance) 
from those in other solvents, indicating that the trimer 
can exist in aqueous solution.

The difference in chemical shift of 2.55 ppm between 
the methyl and methine protons may be compared 
with corresponding values for acetaldehyde hydrate and 
paraldehyde of 3.9 and 3.7 ppm, respectively. This 
characteristic upfield shift of the methine proton for the 
trimer is consistent with the replacement of oxygens 
by nitrogens on the methine carbon. The methyl- 
methine coupling constant of 6.2-6.3 Hz observed in D20  
and H20  solutions agrees with that obtained by Booth, 
et al.,17 for the 2,6-methyl doublets of 2,6-dimethyl- and
2,4,6-trimethylpiperidine.

Spectra of completely dry, sublimed “ acetaldehyde- 
ammonia”  in acetone-^ show no detectable peak for 
OH, NH or at best a very broad, weak resonance 
centered near the methyl doublet. The NH proton is 
expected to have a large line width (short T2) owing to 
strong scalar relaxation from quadrupolar relaxed 14N. 
If intermolecular exchange is slow or hydrogen-bonded 
dimers are not favored owing to steric interference, 
then it is not unreasonable to find the NH resonance 
too broad to detect. This effect has been observed for 
diisopropylamine.18

(17) H . Booth, J. H. Little, and J. Feeney, Tetrahedron, 24, 279 (1968).
(18) R. A. Murphy and J. C. Davis, Jr., J. Phys. Chem., 72, 3111 (1968).
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Figure 3.—Plot of the 2,4,6-trimethylhexahydro-s-triazine 
molar concentration vs. the concentration term [acetaldehyde] 
[NH3]n X 104n where n  = 1 (•), n =  2 (A), andn = 3 (♦). A 
least-squares fitted line for the equation [T] = jKt[A]3[NH3] 3 is 
shown with slope A t = 1.47 X 109 M  ~5. Data are from sample 
set di in Table IV, pH 7.00 at 10°.

Further evidence that the commercial material was 
in equilibrium with acetaldehyde and ammonia was 
provided by experiments showing that acidification of 
aqueous solutions of “ acetaldehyde-ammonia”  (nor
mally pH ^11 ) resulted in dissociation of the trimer 
(Figure 2). At 10° and pH 10.6 about 65% of the 
methyl resonances can be accounted for as trimer and 
5% as aldehyde and hydrate, while at pH 7.5 there is 
about 80% aldehyde and hydrate.

Comparison of the nmr spectrum of an ammoniacal 
solution of acetaldehyde (Figure 1) with that of com
mercial “ acetaldehyde-ammonia”  (Figure 2) shows that 
in both cases the major ammonia adduct existing in 
solution is 2,4,6-trimethylhexahydro-s-triazine. The 
results shown in Figure 2 could also be produced using 
mixtures of acetaldehyde and ammonia and varying 
the pH from 7 to 10. Thus, the nmr results demon
strate that in aqueous solution the triazine trimer is in 
equilibrium with free acetaldehyde and ammonia along 
with other intermediate species, and that this equilib
rium can be shifted from one extreme to the other by 
varying pH.

The chemical shift of the triazine methyl doublet 
exhibited a sigmoidal dependence on pH characteristic 
of species involved in a rapid protonation equilibrium.19 
The observed chemical shift can be expressed as

Sobsd = 5t+ +  f [H  ̂ (*T — 5t+) (4)

where 5T+ and 5t are the chemical shifts of the pro- 
tonated and unprotonated forms and K A is the acid 
dissociation constant for the protonated amine. Using 
a generalized nonlinear least-squares treatment20 it was

(19) J. A . P op le , W . G . Schneider, and H . J. Bernstein, “ H igh  R esolution  
N uclear M agn etic  R eson an ce ,”  M cG raw -H ill, N ew  Y ork , N . Y . f 1959, 
C hapter 10.

(20) N . A rley  and K . R . B u ch , “ In trod u ction  to  the T h eory  o f  P rob a b ility  
and Statistics,”  W iley , N ew  Y ork , N . Y .,  1950; I .  S. S okoln ikoff and E. S. 
Sokoln ikoff, “ H igher M athem atics for  Engineering and P h ysics ,”  M cG ra w - 
H ill, N ew  Y ork , N . Y ., 1941.

possible to calculate from the ¿¡0bsd vs. [H+] data that at 
10° and ~ 1 .6 1 f  ionic strength

SCHiCN = _  0.666  ±  0.003 ppm 
gcHiCN = —0.899 ±  0.006 ppm 

pAA = 8.36 ±  0.05

The difference in the chemical shift of the methyl 
doublet between the protonated and unprotonated 
forms is 0.23 ppm, in good agreement with an expected 
difference of about 0.30 ppm for compounds with the 
structure CH3CN .21 In comparing our pX A with 
known values, we find that piperidine, piperazine, and 
hexamethylenetetramine, which are cyclic amines with 
one, two, and four nitrogens, have pX A’s at 25° of 11.2, 
9.8, and 6.2, respectively.22 Thus, our pK A is consistent 
with the triazine structure.

Further evidence that the trimer is the major 
ammonia adduct in aqueous solution was the cubic de
pendence of the concentration of the adduct on the con
centrations of acetaldehyde and ammonia. This 
dependence was established by experiments showing 
that a plot (Figure 3) of the trimer concentration (T) 
against the concentration term [CH3CIIO ]" [NH3 ]n gave 
a straight line passing through the origin only for n = 3, 
consistent with the reaction

Kt
3CHsCHO +  3NH3 trimer (5)

The concentrations of the various unprotonated species 
in solution were calculated from peak area measure
ments using a pKA for ammonia corrected for the tem
perature and ionic strength (sec Experimental Section) 
and the measured pKA for the trimer. From the slopes 
obtained in several experiments, where ammonia con
centration, aldehyde concentration, or pH were varied, 
we have determined a value for K T, the equilibrium con
stant for trimer formation, of 2.0 ±  0.6 X 109 M ~5 at 
10°. This equilibrium constant (as well as all others 
presented in this report) is expressed in terms of free 
acetaldehyde concentration, rather than aldehyde plus 
hydrate.

Other Ammonia Adducts.—Adducts other than the 
trimer appear consistently in solutions of the trimer and 
in acetaldehyde and ammonia mixtures. An nmr 
study of the ammonia concentration dependence of 
these adducts was conducted at pH 10.5 and 10°. 
Spectra obtained for the adduct methyl region are 
shown in Figure 1. Three doublets can be dis
tinguished in addition to those corresponding to 
hydrate (H) and trimer (T) (see Table III). The

T A b l e  III
A d d u c t  M e t h y l  D o u b l e t s  ä t  pH 10.5, 10°

Doublet SCHsCN, ppm •J, Hz

Hydrate -0 .746 5.25
D, -0 .767 5 .7 -5 .8
d 2 -0.811 5.6-5.7
d 3 -0 .858 6 . 1- 6 .2

T rimer -0 .882 6 .2

relative sizes of the various peaks were found to be a 
function of XH3 concentration. At low ammonia con-

(21) G . Slom p and J. G . L indberg, A n a l .  C h e m .,  39, 60 (1967).
(22) A . A lbert, “ Ph ysical M ethods in H eterocyc lic  C h em istry ,”  V ol. I , 

A . R . K atritzk y , E d ., A cad em ic Press, N ew  Y ork , N . Y .,  1963, p 2.
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centrations the adduct peaks Di, D2, and D3 were larger 
than those of the trimer. As ammonia concentration 
increased, the trimer peaks increased while Di decreased; 
D2 and D3 together reached a maximum at 0.20 M 
NH4CI but decreased as NH4C1 was increased to 0.35 M . 
The doublets D 2 and D 3 were also clearly observed in ex
periments concerned with the pH dependence of solutions 
of the trimer (Figure 2) and acetaldehyde and ammonia 
mixtures. These two doublets showed a parallel 
change in chemical shift toward lower field as pH was 
decreased below 8, suggesting an amine with pK k =  7-8. 
These findings suggest that peaks D 2 and D 3 corre
spond to a single adduct while peak D x belongs to a 
separate species. The possible nature of these addi
tional adducts will be considered in the Discussion.

Line Broadening of Acetaldehyde in the Presence of 
Ammonia.—Kinetic information on the reaction of 
acetaldehyde with ammonia was obtained by a study of 
the line width of the acetaldehyde methyl group as a 
function of ammonia concentration at pH 7. Because 
of technical problems arising from the exchange of 
acetaldehyde methyl protons with D20  solvent when 
ammonia was present, all of these experiments were 
carried out in H20  solution. A series of samples were 
prepared with an initial acetaldehyde concentration of 
0.32-0.40 M; the XH 4C1 concentration was varied from 
zero to 1.6 M, maintaining constant ionic strength with 
KC1. Under these conditions at pH 7 significant line 
broadening was observed for acetaldehyde while only 
small amounts of adducts were formed.

There appeared to be no dependence of line width on 
phosphate or acetaldehyde concentration. However, 
the line width of the aldehyde methyl doublet increased 
linearly with increasing NH4C1 concentration; the 
line width of the hydrate was unaffected. At NH4CI 
concentrations above 0.40 M at 10° we observed the 
appearance of ammonia adducts described in previous 
sections. When necessary, the concentration of free 
NH4+ was corrected for these adducts (mostly trimer) 
by a procedure described in the Experimental Section.

The dependence of line broadening on NH.,+ and 
NH3 concentration can be expressed as follows.

A>>a* = S +[NH4+] +  C  = S[NH3] +  C  (6)

The concentration of free NH3 in the sample can be 
calculated from the usual relation

[NHj] = i fA[NH4+]/aH (7)

where an is the hydronium ion activity and K A is the 
dissociation constant for ammonium ion, corrected for 
temperature and ionic strength as described in the 
Experimental Section. A least-squares treatment of 
the line width vs. NH4+ and NH3 concentration data 
(see Figure 4) gave the values of S+ and S presented in 
Table IV.

The values of S+ are quite reproducible for different 
experiments at one temperature, whereas the values 
for S are not nearly so reproducible. This reflects the 
fact that S depends on a precise knowledge of pH and 
the pKx of ammonium ion. However, the fact that S 
(which contains information concerning the kinetics of the 
reaction of acetaldehyde with ammonia) decreases with 
increasing temperature is clear and will be considered 
further in the discussion.

o

Figure 4.—Plot of residual line width for the acetaldehyde 
methyl doublet vs. ammonium ion concentration. Data are from 
sample set d2 in Table IV, pH 7.0 at 10°.

T a b l e  IV
S l o p e  o f  A l d e h y d e  M e t h y l  L i n e  W i d t h  

vs. NH4+ a n d  NH3 C o n c e n t r a t i o n “
Tem p,

°c pXa»6 Sam ples s + s
10 9.730 d. 1.87 ±  0.06 1710 ±  90

(h 1.91 ±  0.06 1580 ±  40
e 1.95 ±  0.23 1270 ±  160

25 9.246 e 5.68 ±  0.17 1220 ±  40
34 8.976 c 4.37 ±  0.10 462 ±  8

e 4.56 ±  0.08 522 ±  5
“ Slopes are in units of Hz M  1 or 1. mol 1 sec-1. b pK a of

NH4+ at zero ionic strength (see Experimental Section). c 0.35 
M  CH3CHO, 0.20 M  NH4CI +  KC1, 0.10 M  phosphate, pH 7.00 
at 25°. d 0.32 M  CH3CHO, 0.076 M  CH3CN, 1.60 M  NH4C1 +  
KC1, 0.10 M  phosphate, pH 7.00 at 10°. ‘  0.40 M  CH3CHO,
0.063 M  CH3CN, 0.50 M  NH4C1 +  KC1, 0.10 M  phosphate, 
pH 7.00 at 10, 25, 34°.

In conjunction with the line broadening of acetalde
hyde, we observed an upfield chemical shift of the alde
hyde methyl doublet relative to acetonitrile while the 
hydrate showed no significant change in chemical shift. 
This change in chemical shift was found to be approxi
mately linear in ammonia concentration, yielding a 
slope of 380 ±  20 Hz/mol of NIK which showed no ob
servable dependence on temperature.

Discussion

Hydration of Acetaldehyde.—In much of the nmr
work reported here it was necessary to calculate the 
concentrations of individual species present in the reac
tion mixtures. This was complicated by the fact that 
the adduct methyl resonances generally overlapped the 
hydrate resonance; hence, we often used the hydration 
equilibrium constant to calculate the hydrate concen- 
traction from that of the aldehyde.

Since kinetics of the addition of ammonia to acetalde
hyde was studied by measuring the effect of ammonia on 
the line width of acetaldehyde, it was important to in
vestigate whether any observed line broadening could
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be due to an influence of ammonia on the hydration 
rate. The line width and hydration constant of acetal
dehyde were found to be independent of NH3 + concen
tration at pH 4.8, while at pH 7-10 the aldehyde line 
width depends on NH3 concentration. However, the 
line width of the hydrate is independent of NH4+ or 
NH3. Thus, the line broadening of acetaldehyde in the 
presence of ammonia is due to a specific reaction with 
ammonia and not to a change in the hydration rate. 
The hydration reaction as an nmr chemical exchange 
problem has been studied in some detail.23 24 Indepen
dent measurements of the hydration rate constant in
dicate that at neutral pH the contribution of exchange 
to the aldehyde and hydrate line widths would be 
negligible, in agreement with our observations.

Identity of the Ammonia Adducts. —The experiments 
which we have described demonstrate that at suffi
ciently high concentrations of NH3 the major constit
uent present in ammoniacal solutions of acetaldehyde 
is the trimer 2,4,6-trimethylhexahydro-s-triazine. The 
formation of this trimer would be expected to proceed 
by a sequence of reactions whereby the addition of 
ammonia (or a primary amine) to the carbonyl group of 
acetaldehyde is followed by dehydration to form an 
imine, which undergoes further addition reactions. 
The detailed mechanism for the addition of RNfI> to a 
carbonyl and subsequent imine formation has been 
demonstrated by several previous studies.6 715 24 A 
representative route to trimer from acetaldehyde and 
ammonia based on such a sequence is shown in Scheme 
I, where protonation equilibria have been omitted.

The accumulation of one or more of the intermediates 
or side products might be expected to occur under the 
appropriate conditions, and additional resonances were 
observed in the nmr spectra of aqueous solutions of 
acetaldehyde and ammonia (Figure 1, Table III). In 
addition to doublets corresponding to acetaldehyde 
hydrate and to trimer, three other methyl doublets 
could be identified when both acetaldehyde and am
monia were present. The doublets D 2 and D 3 were also 
observed in spectra of the commercial acetaldehyde- 
ammonia (Figure 2). Thus, these additional resonances 
represent intermediates involved in the equilibrium be
tween the triazine trimer and free acetaldehyde and 
ammonia.

The effect of ammonia concentration and pH on the 
nmr spectra suggest that doublets 2 and 3 represent 
nonidentical methyl groups on the same molecular 
species, an amine with a pK A <8, while doublet 1 be
longs to a compound with a single or equivalent methyl 
groups. The groups corresponding to Di and D 2 appear 
to be attached to a carbon containing one oxygen and 
one nitrogen as substituents, since the chemical shifts 
and coupling constants of these peaks are midway be
tween the values for hydrate and trimer. On the other 
hand, methyl group D3 would appear to be finked to a 
carbon bound to two nitrogens, since the coupling 
constant is the same as observed for the trimer and D3 
appears upfield of Di and D 2. We do not expect any

(23) M . L . Ahrens and H . Strehlow , D i s c u s s .  F a r a d a y  S o c . ,  39, 112 
(1965); P . G . E vans, G . R . M iller, and M . M . K reevoy , J .  P h y s .  C h e w .. ,  
69, 4325 (1965).

(24) (a) J. H ine, B . C . M en on , J. H . Jensen, and J. M ulders, J .  A m e r .  
C h e w . S o c . ,  88, 3367 (1966); (b ) J. H ine and J. M ulders, J .  O r g . C h e w . ,  
32, 2200 (1967); (c) J. H ine, J. C . Craig, J. C . U n derw ood  I I , and F . A . 
V ia, J .  A w e r .  C h e w .  S o c . ,  92, 5194 (1970).

S c h e m e  I
CHjCHO +  NH3 ^  CH3CH(OH)NH2 (Rl) 

A B

CH3CH(OH)NH2 ^  CH3CH=NH  +  H,0 (R2)
B C

CH3CH0 +  CH3CH(OH)NH2 
A B

CH3CH(OH)NHCH(OH)CH:i (R3) 
D

CH3CH=NH +  CH3CH(OH)NH2 ^

C B
CH3CH(NH,)NHCH(OH)CH3 (R4) 

E

CH3CH(NH,)NHCH(OH)CH3 ^
CH3CH(NH2)N=CHCH3 +  H,0 (R5) 

CH3CH(NH2)N=CHCH3 +  CH3CH(OH)NH2 ^

CH3CH(NH2)NHCHCH3 (R6)
I

CH3CH(OH)NH

CH3CH(NH2)NHCHCH3 +  h2o 

CH3C H =N  (R7)

NH
HjCHC^ vCHCH3 

—  I l  (R8)
HN  ̂ .NH 

CHCH3

CH3CH(NH2)NHCHCH3

CH3CH(OH)NH

CH3CH(NH,)NHCHCH3

ch3ch= n

of the observed adducts to represent the carbinolamine
1-aminoethanol (see kinetic discussion to follow), and 
the various imines are probably too reactive to accumu
late in a detectable amount. Furthermore, if these 
adducts were imines they would have detectable methyl 
resonances in the region near the aldehyde methyl where 
no additional peaks were observed. Based on the ob
served trends in chemical shift and coupling constant, 
and assuming that when a carbinolamine adds to a 
C = 0  or C = N  group the nitrogen rather than the oxy
gen of the carbinolamine is the likely attacking nucleo
phile, we propose that the resonance D 3 belongs to the 
equivalent methyl groups of dimer IV (species D, 
Scheme I) while D2 and D3 belong to the two methyl 
groups of dimer V (species E, Scheme I).

l 1
CH3CHNHCHCH3

I I
OH OH

IV

3 2
CH3CHNHCHCH3

I I
NH2 OH

V

Kinetics of the Addition of Ammonia to Acetalde
hyde.—The line broadening of the acetaldehyde methyl 
resonance in the presence of ammonia is the result of 
chemical exchange processes which place the methyl 
group in chemically and magnetically distinguishable 
environments. Since we have observed that acetalde
hyde and the triazine trimer are in equilibrium, the 
methyl groups are exchanging among all species shown 
in Scheme I. However, the fine broadening shown by 
the acetaldehyde methyl resonance depends only upon 
those exchange processes which contribute significantly 
to the lifetimes in solution of acetaldehyde and of the 
carbinolamine with which it is in direct equilibrium. 
We propose that reactions R1-R4 (Scheme I) are the 
most likely contributors to the lifetime of aldehyde.
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The aldehyde-hydrate equilibrium need not be con
sidered, since we have seen that under our experimental 
conditions this exchange is slow on the nmr time scale, 
resulting in no measurable line broadening effects. 
Furthermore, we have observed well-resolved resonances 
for the triazine trimer in solution, indicating that its 
decomposition is slow and is not important in deter
mining the lifetime of aldehyde. Protonation equilibria 
will not be considered, since the rates involved are in the 
fast exchange-narrowed limit and the nmr resonances 
observed are the weighted average of the protonated 
and unprotonated forms.

The chemical exchange problem is summarized in 
Scheme II.

S c h e m e  II

Under these conditions the lifetime of species A may 
be expressed as

-  =  IilN H j] +  *,[B ] =  (ft, +  fc3A ,[A ])[N H 3] (8)T A
where

Ki = [B]
[A][NH3]

At this point it is useful to summarize our experi
mental observations. (1) The resonance corresponding 
to acetaldehyde (A) has a lorenztian line shape and the 
line width increases linearly with the concentration of 
NH3. (2) The rate at which the line width increases 
(i.e., the slope) decreases with increasing temperature 
from 10 to 35°. (3) The line width is independent of
the concentration of acetaldehyde. (4) The chemical 
shift of acetaldehyde moves upheld linearly with NH3 
concentration. (5) At high NH3 concentration we ob
serve adducts with possible structures D and E (Scheme
I).

If steps R l and R3 were in the slow exchange limit 
then the line width of A would be given by

7rAl/A TtA ^  r A
(9)

From eq 8 it is seen that the line width would vary 
linearly with* [NH3] and also should show a linear de
pendence on [A], However, our observations suggest 
that the term containing [A] does not contribute in a 
measurable amount to the lifetime of A. This slow ex
change result could only show a negative temperature 
dependence if the term containing Ki was significant. 
In the typical slow exchange case the chemical shift of A 
is expected to remain fixed until line broadening becomes 
substantial. However, we have observed consistent 
chemical shifts with line broadening of only 1-3 Hz. 
Thus, our observations are inconsistent with the slow 
exchange situation represented by eq 8 and 9.

We have previously described the observation of 
adducts for which we propose the dimeric structures 
corresponding to species D and E. Since these 
species have nearly equal chemical shifts their inter
conversion must be quite slow' (steps 3 and 4), indicating

that these species have little effect on the lifetime of the 
aldehyde. Furthermore, the involvement of D neces
sitates a dependence of the lifetime of A on the concen
tration of A, which we did not observe. Therefore, 
based on the evidence at hand, we reduce the chemical 
exchange problems to three sites (Scheme III).

S c h e m e  III

ii[NHi] fci
A ^---------1. B 0

k - i  fc-2[H20]

At pH 7 with [NH3] ~  10~4-10~3 M  we expect that 
the concentration of carbinolamine (B) and imine (C) 
will be much less than the concentration of aldehyde. 
In the Appendix we present the general solution (origi
nally developed by Swift and Connick26) for the three- 
site exchange problem under these conditions where A 
is the dominant species.

From eq A2 and A3 (see Appendix) the line width and 
chemical shift of acetaldehyde are given by

-  k . +  [■ -  <>»>

«„w  -  «* -  - a ,[nh3] [ x + ; 1B2I l lBc2]  (id

where

7

_1_ 
r b T21 -j-  k - 1  +  €&2

A«bc “  Ac*>b “1“ 7i
k 2 Awc[H20]

1 /TtJ +  fc_2[H2Q]/7,2c +  A«c2 < 1(VT7*, +  ¿_2[H20 ])2 +  A«.2 -  
1

(1 +  l / r 2cfc_2[H20 ])2 +  (Awc/fc_2[H20] )2 < 1

(12)

(13)

(14)

(15)

The expressions for tb and AoiBc are independent of 
[NH3]; hence, the line width and chemical shift should 
vary linearly with ammonia concentration regardless of 
the rate constants involved.

If the lifetime of the carbinolamine were in a slow ex
change limit where rB2A c o b c2 »  1, then the line width 
would reduce to

ttAva =  7j\----h &i[NH3]-t 2A (16)

Under these conditions the line width would be 
expected to increase with increasing temperature owing 
to an increase in the rate fci, a situation which is not 
compatible with our results.

According to eq 10, the line width will decrease with 
increasing temperature only if the term in brackets 
(containing rB) has a negative temperature dependence 
w'hich exceeds the positive dependence of fc3. Re
arranging eq 10 gives

tb2A«u02 +
ttAva = jfr +  h 1 2A

efc2 -f- l/Tia
k-i -f- tk-2 -(- 1/TiB

1 +  tb2Ao>bc2
[NH3] (17)

For fast exchange, where rB2Aa)Bc2 «  1, the line 
width will have a negative temperature dependence, 
since /cirB2 will have the temperature dependence of 
T B ,  and h  multiplied by the second term in brackets can 
be shown always to have a negative temperature de-

(25) T. J. Swift and R. E. Connick, J. Chem. Phys., 37, 307 (1962).
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pendence. Thus our results indicate that we are deal
ing with a fast exchange situation. We therefore can
not observe a distinct resonance for the carbinolamine, 
since the “ aldehyde”  resonance is actually the coalesced 
resonance for both species. Using the fast exchange 
condition tb2A^bc2 «  1 and the fact that fc_i +  ek2»  
1 / T a  (1 /7 2b ~  1 sec-1), eq 17 and 11 may be expressed 
as follows

xA"a = h . +  ki [ tb2a“bc2 +  [NHsl
= t (S[NH3] +  C ) (18)

-  ^  = - i f .  ( F 7 ^ ‘1 fJ 2Ac, bc[NHs] (19)

where S is the slope of a plot of Ava* vs. [NH3] (Table
IV).

The term Aobc as defined by eq 13 consists of two 
parts. The quantity A<*>b = oiobsd — a>b can be estimated 
as ~2ir (90 Hz) from the fact that the carbinolamine is 
expected to have a chemical shift very near that of the 
hydrate. The second term 7 -(C/B)Acoc is more 
difficult to estimate. However, nmr data for imines 
suggest that Acoq <  2 (20 Hz) and we do not expect y - 
(C /B ) to be large, since C /B  = fc2/fc_2[H20 ] and if fc-2- 
[H>0] <  Awc then y «  1. Thus reasonable limits for 
Awbc are

550 :$ Awbc ^ 1000 (20)

By analogy with data from other systems it is reason
able to assume tk2 <  A;_i. Using this constraint and 
those described above, limits for the kinetic parameters 
for carbinolamine formation can be derived. First, the 
fast exchange condition tb2AwBc2 «  1 implies that fc_i +  
tk2 >  550 or i >  300 sec-1. Next considering eq 18, 
the term in brackets will be > y 2 so that h  >  2w -S. 
From the values of S at 10° (Table IV) k\ >  104 A /-1 
sec-1. Finally we have found that a plot of the alde
hyde chemical shift vs. [NH3] has a slope of 380 Hz M~l. 
From this result and eq 19 and 20, upper and lower 
bounds for Ki can be determined. The kinetic param
eters are summarized below.

fc-i > 3 X 102 sec-1 ^  >  HP M ~1 sec"1
2 < K i <  17 M ~ l (21)

lo r  comparison, Hine, et al.,2ic have determined the 
individual rate constants for the reaction of methyl- 
amine with isobutyraldehyde. Their values are k\ ~  
5 X 10° A /-1 sec-1, k2 ~  40 sec-1, and Ki = 8.5 A /-1 at 
pH 7 and 35°. Hine and Via8 also found that for a series 
of alkylamines with polar substitutents K\ shows a good 
linear correlation with pK a and the Taft steric constant 
Es. From their relation we calculate a Ki for ammonia 
of ~ 4  A /-1, a value within the range determined by 
nmr. (This agreement may be fortuitous, however, 
since it may be argued that ammonia cannot be treated 
as a primary amine.) Finally, Hine and Kokesh26 used 
nmr to study the addition of trimethylamine to formal
dehyde, finding that, at 25°, h  = 1.3 X 107 A /-1 sec-1 
and i =  3.4 X 103 sec-1.

Ogata and Kawasaki27 studied the kinetics of the addi
tion of ammonia to acetaldehyde by following the de
crease in the carbonyl absorption at 278 nm. For cal-

(26) J. H ine and F. C . K okesh, J. A m e r .  C h e m . S o c . ,  92, 4383 (1970).
(27) Y . O gata and A. K awasaki. T e tr a h e d r o n . 20, 855 (1964); Y . O gata 

and A . K awasaki, U n i . ,  1573 (1964).

culating rate and equilibrium constants, they assumed 
that no adducts other than the carbinolamine were 
formed. However, our results indicate that their ex
perimental conditions of high pH, low temperature, 
and reactant concentrations of 0.1 M would lead to a 
substantial amount of other adducts, including the 
triazine trimer. Furthermore, their rate constants are 
too low (fci =  26 M~l sec-1 at 5°, pH 7) to account for 
the observed nmr line broadening. We believe that 
these workers were actually observing the rate-deter
mining step(s) in the slow overall conversion of acetalde
hyde to trimer.

Experimental Section
Reagents.— Practical grade acetaldehyde (Matheson Cole

man and Bell) was distilled at room temperature immediately 
prior to use. Nmr observations showed that aqueous solutions 
of acetaldehyde so purified were free of 1,1 '-oxydiethanol,28 
paraldehyde, and acetic acid under all of our experimental condi
tions. Spectrograde acetonitrile was obtained from Eastman. 
Analytical reagent grade KC1, NH,C1, KH2PO<, and KJÍPO, were 
desiccated and used without further purification.

2,4,6-Trimethylhexahydro-s-triazine.— Technical grade acetal- 
dehvde-ammonia from Eastman was purified by sublimation at 3 
mm, maintaining sample temperature at 40-45° and condensing 
the sublimate on a cold finger at 5°. Large white crystals of
2,4,6-trimethylhexahydro-s-triazine were obtained free from 
water of hydration (mp 95-96°).

Mass spectra were obtained on an Associated Electrical In
dustries MS-9 instrument ; the parent peak at m / e  129 and ex
tensive fragmentation pattern observed were consistent with the 
formula (CH3CHNH)3. Infrared spectra were obtained on a 
Perkin-Elmer Infracord, and samples were prepared as mulls in 
Kaydol mineral oil and hexachlorobutadiene.

Sample Preparation.— All samples were prepared fresh and 
kept cold prior to nmr observations. Aldol condensation was not 
observed to take place during the course of the experiment, al
though high pH samples did turn yellow after several hours at 
room temperature. The sample pH was measured using a Beck
man Expandomatic pH meter and 39030 combination electrode; 
adjustments of pH were made using G M  HC1 or concentrated 
KOH solutions. A water bath maintained samples within ± 2 °  
of the desired temperature t hroughout the period of measurement 
and adjustment.

Nmr Spectroscopy.— Proton nmr spectra were obtained at 100 
MHz on a Varían HA-100D spectrometer equipped with a 
variable-temperature probe. A line width and chemical shift 
reference (acetonitrile) was added to each sample and for aqueous 
solutions the H20  resonance was used as a field-frequency lock. 
Using a flow of nitrogen gas through a Dry Ice-acetone heat ex
changer, sample temperatures could be maintained to ± 0 .2 ° .  
Actual temperatures were determined from the chemical shift of 
the OH resonance in a methanol reference sample using the cali
bration results of Van Geet.29

Spectra were taken using 50-Hz sweep widths and sweep rates 
of 0.05 or 0.02 Hz/sec. The observed RF power levels were 
maintained below saturation. Line widths were measured rela
tive to the reference peak whose line width is dominated by field 
inhomogeneity and is independent of pH or other species present . 
Chemical shifts were measured with the Hewlett-Packard fre
quency counter for the HA-100 and are believed accurate to ±0 .2  
Hz (±0.002 ppm).

Concentration Determination.— Areas under peaks were mea
sured with a Keuffel andEsser Model 620005polar planimeter, and 
the individual peak areas were normalized by dividing by the 
total area for all methyl groups. Concentrations of individual 
species were calculated by assuming that the total met hyl area was 
equivalent to the initial acetaldehyde concentration. Overlap 
of the hydrate methyl by other adducts made its measurements 
difficult; therefore, the concentration of hydrate was usually cal
culated from the aldehyde peak using the hydration equilibrium 
constant. The concentration of NH,+ plus NH3 was calculated

(28) G . Socrates, J .  C h e m . S o c . ,  C h e m . C o m m u n .,  702 (1969); F. P o d o  
and V. V iti, O r g . M a g n .  R é s o n a n c e ,  3 , 259 (1971).

(29) A . L . Van G eet, A n a l .  C h e m ., 42, 679 (1970).
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by subtracting from the initial concentration the amount of 
ammonia incorporated into adduct, assuming one ammonia in
corporated per adduct methyl group.

The pEk of Ammonium Ion.— The pA'a of ammonium ion has 
been found to satisfy the following equation at 25°.30

pETA = piiA° +  0.132[NH,C1] +  0.198[KC1] (22)

The value of p K A °  is obtained from the data of Bates and Pinch
ing,31 who determined pÀ'A as a function of temperature and ex
trapolated to zero ionic strength.

p7G° =  2835.75/7’ -  0.6322 +  0.0012257’ (23)

The variation of mean activity coefficients with temperature over 
the range" of 10-35° has been found to be at most 4%  at 2 to 
concentration.32 Therefore, we have used eq 22 over this tem
perature range with the appropriate pKA° determined by eq 23. 
Any specific effect of the phosphate buffer was not considered.

Appendix
The interpretation of the nmr line broadening results for 

acetaldehyde in the presence of ammonia depends upon the rela
tionship between chemical exchange and nmr line shapes. From 
the arguments presented in the text, the system involves exchange 
among three chemically distinguishable sites.

1/Tab 1/Tbc
A ^ = ^ B ^ = ^ C  (Al)

l/rba 1/Tcb

The dependence of nmr line shape on chemical exchange can be 
analyzed with the standard classical Bloch equations. This treat
ment is valid in the present system, in which intact methyl groups

(30) M . T . Em erson, E . G ru nw ald , and R . A . K rom h ou t, J .  C h e m . P h y s . ,  
33, 547 (1960).

(31) R . G. B ates and G . D . P inching, J .  A m e r .  C h e m . S o c . ,  72, 1393 
(1950).

(32) H . S. H arned and B . B . O w en, “ P h ysica l C h em istry  o f E lectro lytic
Solutions,”  3rd ed, R ein h old , N ew  Y ork , N. Y ., 1958, p  727.

and methine protons are exchanging among different chemical 
species.33 Below are presented the general equations describing 
the behavior of the chemical shift and line width of the A reso
nance in the presence of chemical exchange when [A] »  [B], [C]. 
These equations are expressed in the form most useful for the 
analysis of the system under study.

=  ~  -F1 2a
y  \ J Tr/  Tba

Tab 1 1 +  rn2Awi

[B] I” C b 2/ Tba2 Jôbsd — «A — [A] Ll +  Tb2Ambc2J
1 1

TFT +  — +  -Tn T 2b Tba Tbc
IIIocc3< [Cl= Aa>b +  A a .

1 /7 12c2 +  l / T i c T cb +  Amc2 
(1 / 7 -2 , +  l / r , b ) 2 +  Aco,2 -

0  + K ) + Tcb2Aw'2

(A2)

(A3)

(A4)

(A5)

(A6)

(A7)

The line width Aba as usually defined is the full width at half 
height; oi\ and T r ,  are the chemical shift (in rad/sec) and the 
spin-spin relaxation time (in seconds) for thesite i in the absence 
of exchange; u0bsd is the observed chemical shift for site A in the 
presence of exchange; Au>i = corf — w; -  oj0bsd — wherewrfis 
the frequency of the swept RF field. The terms tb, which can be 
considered a generalized lifetime for site B, and Awbc, a general
ized chemical shift, have been defined to reduce the complexity 
of the expressions A2 and A3, resulting a in pseudo-two-site for
malism.

Registry No.—Acetaldehyde, 75-07-0; ammonia, 7664-41-7;
2,4,6-trimethylhexahydro-s-triazine, 638-14-2; acetaldehyde hy
drate, 4433-56-1.

(33) H. M . M cC on n ell, J .  C h e m . P h y s . ,  28, 430 (1958).

Heterocyclic Studies. 39. Enolic and Bicyclic Isomers of 2,3- and
1,5-Dihy dro-1,2-diazepin-4-ones1

Jam es A. M oore ,*  W alter  J. F r e e m a n , K eisu k e  K u r it a , and  M e l v in  G. P leiss 

D e v a r t m e n l  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  D e l a w a r e ,  N e w a r k ,  D e l a w a r e  1 9 7 1 1  

R e c e i v e d  D e c e m b e r  1 2 ,  1 9 7 2

Conditions are described for conversion of the 1,5- and 2,3-dihydrodiazepinones 1 and 2 to A’-acyl ketones and 
to N-acylenol esters. Enol acylation is much more rapid in the 1,5-dihydro series. Acylation of the 1,5-dihydro- 
diazepinones under conditions favoring N-2 substitution leads to 2-acyl-2,3-diazabicyclo[3.2.0]-3-heptenones. 
These bicyclic ketones lose the elements of methylketene or phenylketene on heating, giving l-acyl-4-phenyl- 
pyrazoles.

In an earlier note we reported the formation of the
1,5-dihydrodiazepinone la by base-catalyzed isomer
ization of the 2,3-dihydro tautomer 2a.2 Intercon
version of these ketones involves an equilibrium of 
the respective enolates in which the 1,5-dihydro isomer 
predominates (la;2a ^ 8 ). This approach has been 
applied also to the 2,3-dihydro-5,6-diphenyldiazepinone 
2b,3 and provided the 1,5-dihydro tautomer lb in about 
50% yield. The position of the equilibrium could 
not be measured as was done in the 5-methyl series 
because of the lack of a distinctive nmr signal, but it 
clearly favors the 1,5-dihydro tautomer.

(1) Supported in part b y  grants from  the N ational Science F ou ndation  
and the U nidel Fou ndation .

(2) M . G . Pleiss and J. A . M oore , J .  A m e r .  C h e m . S o c . ,  90, 1369 (1968). 
C om plete details o f  these base-catalyzed reactions will be found in the P h .D . 
D issertation o f  M . G . Pleiss, U niversity  o f  D elaw are, 1969.

(3) A . N abeya , F . B . C u lp, and J. A . M oore , J .  O r g . C h e m ., 35, 2015 
(1970).

la, R =  CH;, 2a,R =  CH3
b, R =  C6H5 b, R =  C,R,3

Both of these diazepinone systems contain a multi
plicity of nucleophilic centers. In the 2,3-dihydro 
series, substitutions at N -l, N-2, and C-3 have been 
observed. Highly reactive electrophiles such as acid 
chlorides and oxonium reagents attack 2a at the N-l
position, leading in the former case to the bicyclo-

i
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[3.2.0] ketones 3 (Chart I).4 The latter compounds 
have now been obtained also from 2b. Alkylation

Chart I
Acylation of 2,3-Dihydrodiazepinonks

4 5
a, R = CH:1
b, R = C„H ,

of 2a under basic conditions occurs, presumably via 
the N anion, at N-2.5

We have now extended the study of acylation reac
tions in both diazepinone series. 2-Aroyl derivatives 
4 of the 2,3-dihydrodiazepinones are best obtained un
der Schotten-Baumann conditions, and parallel reactions 
in the 1,5-dihydro series give the 1-aroyldiazepinones 6 
(Chart II ) . The preferred reagent for the acetyl ketones 
is ketene.

The 1-acyl-l,5-dihydro ketones 6 were also con
verted to enol esters 7 by further acylation. These 
reactions were very much more rapid than those in 
the 2,3-dihydro series. Solutions of the A-acetyl 
ketones 4a and 6 (R ' =  CH3) containing 1.6 equiv of 
Ac20  and 1.6 equiv of Et3N were kept at 25° for 36 hr; 
the formation of enol acetates 5 and 7 was 6 and 90%, 
respectively (by nmr). The facility of enol acylation 
in the 1,5-dihydro series permitted the preparation 
of enol benzoates 7a (R "  =  Bz) as well; the corre
sponding benzoate esters could not be isolated from 
the 2,3-dihydrodiazepinones.

The ease of enol acylation was particularly marked 
in the 5,6-diphenyl-l,5-dihydro series. Reaction of 
the NH ketone lb with excess acetic anhydride gave 
the enol acetate 7b (R ' =  R "  =  CH3) plus a colorless 
isomer (12) discussed below. The 1-acetyl ketone 6b 
(R ' =  CH3), available by ketene acylation of lb, 
was not detected.

The enol acetates in the two series had very similar 
spectra, and their structures would not be distinguished 
except by formation from and hydrolysis to the respec
tive ketones. Studies on the thermal reactions of 
these diazepines will be reported in a later paper.

2,3-Diazabicycloheptenones.—Reaction of the NH
1,5-dihydrodiazepinone la  with acid chlorides and di- 
methylaniline leads to the bicyclo[3.2.0] ketones 8. 
The benzoyl ketone 8 (R ' = C6H5, 60% yield) was 
crystalline; the ir spectrum contained the expected 
vco at 1790 cm-1 for a four-membered cyclic C = 0  
group. The nmr spectrum [5 1.38 (d, 3, J = 7.4 
Hz), 4.16 (dq, 1, J =  7.4 and 3.2 Hz), 6.06 (d, 1, J =
3.2 Hz), 6.93 (s, 1), 7.1-7.5 (m, 10)] was consistent 
with 8, but did not permit assignment of the steric 
configuration of the methyl group.

Chart II

6 a, R = CH3
b, R = C6H3

Enol Acylation.—Prolonged treatment of the NH or 
Ar-acetyl-2,3-dihydrodiazepinones 2 or 4 with acetic 
anhydride-pyridine at 80° has been found to give 
crystalline yellow-orange diacetyl products. These 
compounds have vco 1755 and 1680 cm-1 and are 
readily hydrolyzed to the parent NH ketones 2. 
These properties permit assignment of the acetoxy- 
diazepine structures 5. Although enolization was 
clearly implicated by the base-catalyzed deuterium 
exchange of the C-3 protons of 22 and the equilibra
tion of 2 and 1, the diazepines 5 are the first enol deriva
tives to be isolated in this system. Attempts to ob
tain enol ethers or enamines of 2 have been unsuc
cessful.

(4) J. A . M oore , F . J. M arascia , R . W . M edeiros, and R . L. W ineholt, 
J .  O r g .  C h e m .,  31, 34 (1966).

(5) W . J. Theuer and J. A . M oore , i b i d . ,  32, 1602 (1967).

To establish this point, the ketone was reduced 
with NaBH4. A major carbinol isomer was crystal
lized in 35% yield; the nmr spectrum of the mother 
liquor showed peaks due to both isomers. The four 
possible carbinols are the two pairs 9a and 9b and 10a 
and 10b.

10
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The parameters of importance for the stereochemical 
assignment are the coupling constants J6,7 and J1>7 
for the three methine protons at 1, 6, and 7 in the car- 
binols. The dd signals for H -l and H-7 of both isomers 
were well separated in the spectrum of the mixture, 
permitting direct measurement of the values given 
in Table I.

T a b l e  I
N m r  D a t a  f o r  B i c y c l ic  C a r b i n o l s  9 “

■-----------------------8, ppm ----------------------- v
M ajor M in or
isomer isom er

H -l 5.08 4.86
H-6 3.08 ~ 3 .0 6
H-7 4.48 3.66'
6-CH3 1.17 ~ 1 . 2 ‘

1,6 1 . 2 1 . 2

1 , 7 5.3 3.5
6,7 8.6 6.3
CHr 6 7.2 7

“ In CCU; Perkin-Elmer Model R-12B spectrometer. b Ob
scured by peak of major isomer. c Small additional splitting of 
the dd. d Estimated error ±0 .3  Hz.

The two isomeric alcohols are 9a and 9b or 10a and 
10b. In 9a and 9b, one isomer (9a) has the methine 
protons 1,7 and 6,7 both cis, and the other isomer (9b) 
has both trans. In the isomeric pair 10, the isomers 
have 1,7 cis, 6,7 trans, or vice versa. On the basis 
that JCis >  J trans for vicinal methine protons in cy
clobutanes,6 the data in Table I show that the pair 
of isomers obtained in the NaBH4 reduction are 9a 
and 9b, since both J 6,7 and J\,i are larger (cis) in one 
isomer than the corresponding J 6,7 and J 1,7 in the other. 
Thus the ketone 8 must have the endo methyl con
figuration. It follows that the major crystalline al
cohol is the endo alcohol 9a with the two cis coupling 
constants. This is clearly predictable, since both the 
five-membered ring and the endo methyl group act 
to direct hydride attack from the outer face of the 
four-membered ring.

In contrast to the complex thermal isomerization 
of the 1,2-diazabicyclic ketones 3a,7 the A-benzoyl-
2,3-diaza[3.2.0] ketone 8 undergoes cleavage at 100° to 
methylketene and l-benzoyl-4-phenylpyrazole (10).

CH3C H = C = 0
+

Ph„

s QH,
N Y

O
10

Phv

0
11

(6) H . W eitkam p and F . K orte , T e tr a h e d r o n , S u p p l . ,  7, 75 (1966).
(7) O. S. R othen berger and J. A . M oore , J .  O r g . C h e m ., 37, 2796 (1972).

When the pyrolysis was carried out in a heated column 
with an aniline trap at the exit, propionanilide was 
isolated in very low yield. In these reactions, a very 
characteristic sweet odor accompanied the decomposi
tion. The same odor had been noted earlier on heat
ing the parent diazepinone la  to its melting point (dec), 
and we were thus prompted to examine the pyrolysis 
products of la. Entrainment of the diazepinone 
in a nitrogen stream through a 300° packed column 
led to much tar, but 4-phenylpyrazole and 1-pro- 
pionyl-4-phenylpyrazole (1 1 ) were isolated in a com
bined yield of 30%. The latter compound is respon
sible for the odor, which was also observed with a 
sample prepared by propionylation of 4-phenylpyra
zole.

Pyrolysis of 2,3-dihydrodiazepinone 2a in the same 
apparatus gave 4-phenylpyrazole in 10% yield, pre
sumably by prior isomerization to 1. In view of the 
severe conditions and the greater stability of 1 , no 
mechanistic significance can be attached to this result.

In the diphenyl series, acylation under conditions 
favoring substitution at N-2 was more complex, and 
exclusive attack at N-2 was not achieved. Treat
ment of lb with AcCl-pyridine at 20° gave three prod
ucts which were separated by Si02 chromatography 
and identified as the 1-acetyldiazepinone 6b (R ' =  
CH3), l-acetyl-4-phenylpyrazole (15), and 1-phenyl- 
acetyldiazepinone 6b (R ' =  PhCH2). This odd col
lection of products suggests that the diphenylbicy- 
clic ketone 14 is significantly less stable than 8, with 
phenylketene being lost under the reaction condi
tions and trapped by unreacted diazepinone.

Definite information on this point was gained from 
the minor diacetyl product of lb and acetic anhydride, 
obtained together with the enol acetate 7b as men
tioned above. This compound had vco 1770 and 1680 
cm-1 and an nmr peak at 8 5.5 ppm. These proper
ties and the source of the compound suggested the 
bicyclic enol acetate 12 , and this was confirmed by 
very mild hydrolysis to the ketone 14 (v 1800 cm-1) 
which crystallized in slightly impure form. A solu
tion of 14 in CDCI3 decomposed at 25° (t>,, =  24 hr) 
to 15 and presumably phenylketene.

The difference in the course of the thermal reactions 
of the bicyclic ketones 3 and 8 is noteworthy. The
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ketones 3 at 80° undergo ring opening to the acyl- 
diazepinium betaines 16;7 no scission to pyrazole

16

and ketene is detected. The reaction 3 -*■ 16 is much 
slower (for 3, R =  Ph, f?0,° =  2 hr) than the cleav
age of 8 or 14 to pyrazole plus ketene, suggesting that 
the divergent course of the reactions lies in a lower 
energy path for the ketene scission with ketones 8 
and 14.

Orbital symmetry considerations for the cycload
dition reactions of ketene with the C-4-C-5 and 
N-2— C-3 bonds of l-acyl-4-phenylpyrazole predict an 
allowed and forbidden „2a +  -2S path, respectively, 
if only the highest occupied (HOMO) and lowest 
unoccupied (LUMO) orbitals of the pyrazole are 
considered. The pertinent MOs calculated by the 
HMO method8 are shown. However, MO sepa
rated only by 0.36/3 from the HOMO and having local

Ph

(0.9837,0) 41-  (0.6243/?) 
HOMO

if/a (-0.5346/?) 
LUMO

symmetry opposite to that in the HOMO, may also 
contribute significantly, making the prediction am
biguous. In fact perturbation treatment9 including 
all the MOs indicates no essential difference between 
the two cycloaddition reactions either for the totally 
synchronous or for the nonsynchronous path. More
over, little difference is predicted for the ir-complex 
formation between the carbonyl carbon atom of ketene 
and the respective ir bond of the pyrazole. Thus, 
the difference observed in the thermal behavior be
tween 3 and 8 cannot be attributed to orbital sym
metry control.

Experimental Section
Infrared spectra in KBr pellets were recorded on a Perkin- 

Elmer Model 137. Ir spectra in CHC13 were recorded on a Perkin- 
Elmer Model 180 instrument. Nmr spectra were obtained on a 
Varian Model A-63A spectrometer.

5,6-Diphenyl-2,3-dihydro-4//- 1,2-diazepin-4-one (2b).— The 
following procedure is an improvement over the earlier one,3 
which required evaporation of a relatively large volume of acetic 
acid; this step causes darkening and formation of oily by
products.

(8) We are indebted to Dr. Tadamichi Fukunaga, Central Research De- 
partment, E. I. du Pont de Nemours and Co., for these calculations and the 
perturbation analysis.

(9) AI. J. S. Dewar, “The Alolecular Orbital Theory of Organic Chem
istry,” AIcGraw-Hill, New York, N. Y., 1969, Chapter 6; F. F. Hudson,
Angew. Chem., Int. Ed. Engl., 12, 36 (1973).

A solution of 10 g of 3-diazoacetyl-c!s-3,4-diphenyl-l-pyrazoline 
in 50 ml of tetrahydrofuran plus 200 ml of MeOH was treated at 
0° with 3 ml of 1 .V methanolic KOH and allowed to stand for 4 
hr. Tic showed nearly complete conversion to the 5-pyrazoline. 
The solution was then brought to pH 7 by the addition of con
centrated HC1 and was stirred at 0° for 1 hr (end of gas evolu
tion). The dark orange solution was evaporated i n  v a c u o  to a 
thick syrup. On heating this syrup with 200 ml of ether some 
solid separated and the remainder of the oil dissolved. The solid 
was filtered and extracted further with ether, and the combined 
ether solution was evaporated to give a total of 7.1 g ( 7 9 % )  of 
2b, mp 192-190°.

5,6-Diphenyl-l,5-dihydro-l,2-diazepin-4-one (lb).— A solution 
of 3.8 g of the 2,3-dihydrodiazepinone 2b in 18 ml of dimethyl 
sulfoxide wras treated with 1.8 ml of 1 N  NaOH and stirred at 
60° under nitrogen for 2 days. The mixture was then poured into 
250 ml of water and extracted with ether. The ether solution 
was washed thoroughly with water to remove DMSO and was 
then dried and evaporated to give 3.2 g of tan solid. After silicic 
acid chromatography (twice) and charcoal treatment, recrystal- 
lization from benzene-cyclohexane gave 1.7 g of lb; mp 133- 
134°; <>Knr 3400, 1650 cm“1; 5CDCl3 5.10 (br singlet, actually un
resolved m, 1, H-5), 6.94 (dd, J  =  4.3, 1.7 Hz, H-3 or H-7),
7.05-7.35 (m, 11, 2Ph +  H-3 or H-7).

A n a l .  Calcd for C„H„N20 : C, 77.84; II, 5.38; N, 10.68. 
Found: C, 77.85; H, 5.25; N, 10.56.

2-Benzoyl-4,5-diphenyl-1,2-diazabicyclo [3.2.0] -3-hepten-6-one 
(3b, R' =  C6H3).— A solution of 260 mg (1 mmol) of 2b and 0.5 
ml of A',.Y-dimethylaniline in 10 ml of CILCL was treated with
0 . 12 ml (141 mg, 1 mmol) of benzoyl chloride. After 4 hr at 20° 
the solution was washed with ice water and then dilute HC1 and 
NaHC03 solution. The solution was dried and evaporated to a 
solid. Crystallization from ether gave 270 mg of light brown 
crystals of bict'dic ketone. Further crystallization from ben
zene-cyclohexane gave nearly colorless crystals: mp 133° dec; 
rKBr 1800, 1650 cm-1; 5CDCl3 AB part of ABX (H-7 exo, H-7 endo, 
and H-3) 5a 4.57 (dd, 1, ./ax =  0.9, Jab =  17 Hz), 5b 4.77 (dd,
1, J  ax — 0.9, . /ab — It Hz), 7.1—/.6, i 8.0 (m, 11).

A n a l .  Calcd for C2„HlsN20 2: C, 78.67; H, 4.95. Found: 
C, 78.92; H, 4.85.

The 2-acetyl bicyclic ketone (3b, IF =  C’H3) was similarly 
obtained from 260 mg of 2b and 0.15 ml of acetyl chloride. The 
bicyclic ketone crystallized from ether: 151 mg (50Cc); mp
158-160°; »KBr 1795, 1665 cm“1; 5CDClj 2.26 (s, 3), 4.55 (d, 1, 
./ = 16.8 Hz), 4.90 id, 1, ./ =  16.8 Hz), 7.1-7.6 (m, 10), 7.80 
(s, 1).

A n a l .  Calcd for C19H,eN ,02: C, 74.98; H, 5.30; N, 9.21. 
Found: C, 74.81; 11,5.29; X . 8.94.

2-Acetyl-5-methyl-6-phenyl-2,3-dihydro-l,2-c.iazepin-4-one (4a,
R' = CH3).— A solution of 600 mg (3 mmol) of 2a in 10 ml of 
CH2C12 was treated with 12 mmol of ketene. After 4 days the 
solution was evaporated and the oil was crystallized on seeding 
with an earlier sample. Sublimation at 90° (0.3 mm) gave 560 
mg (77%) of the acetyl ketone 4a, R' = CII3: mp 90-91° (lit..10 
mp 89-90°); rCHC1* 1696, 1677 cm“1; 5CDCl3 1.89 (s, 3), 2.22 (s, 
3), 4.55 (s, 2), 7.1-7.5 (m, 5).

1-Acetyl-5,6-diphenyl-1,5-dihydro-4//-l,2-d:azepin-4-one (6b, 
R' =  CH3).— A solution of 262 mg (1 mmol) of lb in CH2C12 was 
treated with 6 mequiv of ketene. After standing for 12 hr the 
solution was chromatographed on silicic acid and the resulting 
yellow' oil (280 mg) was dissolved in cyclohexane. After 1 week 
at 0°, the solution deposited 200 mg of light vellow crystals: 
mp 105-106°; rKBl 1725, 1670 cm“1; 5CDCl3 2.32~(s, 3), 5.16 (m, 
1, H-5), 7.1-7.4 (m, 11), 7.85 (d, 1, /  = 1.7 Hz, H-3 or H-7).

A n a l .  Calcd for C19H16N20 2: C, 74.98; H, 5.30; N, 9.21. 
Found: C, 75.08; II, 5.29; X , 9.03.

l-Acetyl-5-methyl-6-phenyl-l ,5-dihydro-l ,2-diazepin-4-one (6a, 
R' = CH3).— A solution of 1.5 g (7.5 mmol) of la in CH2C12 was 
treated with 22 mmol of ketene. After 1 day the solution was 
concentrated and the yellow solid was sublimed at 90-100° (0.2 
mm) to give 1.6 g (90%) of 6 (R' = CH3) as yellow needles: 
mp 110-111°; rKBr 1720, 1655 cm“1; 6CDCl3 1.18 (d, 3, J  =  7 
Hz), 2.56 (s, 3), 3.73 (q, 1, /  = 7 Hz), 7.19 (s, 6), 7.4S (d, 1, 
J  =  1.5 Hz).

A n a l .  Calcd for C,4H,4X 20 2: C, 69.40; H, 5.83; N, 11.56. 
Found: C, 69.25; H, 5.80; X , 10.94.

(10) J. A. Aloore and J. Binkert, J. Amer. Chem. Soc., 81, 6029 (1959).
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l-Benzoyl-5-m ethyl-6-phenyl-l ,5-dihydro-l ,2-diazepin-4-one 
(6a, R ' =  CeH5).— A solution of 600 m g (3 m m ol) of la  in 10 ml 
of CH 2C12 containing 0.35 m l of benzoyl chloride and 15 ml of 
10% aqueous K O H  was agitated vigorously on a “ Super-M ixer”  
for 15 min. Mixing was repeated with three further 0.35-ml 
portions of benzoyl chloride. The CH 2CI2 layer was washed, 
dried, and evaporated and the yellow oil was chromatographed 
on 20 g of silicic acid. Evaporation of the yellow eluent fraction 
gave 850 mg of yellow solid, mp 123-125°. Crystallization from 
ChECh-ether gave 6 (R ' =  C JIs) as yellow prisms: m p 127- 
129°; xKBr 1720, 1670 cm “ 1; 6CDC1’ 1.28 (d, 3, J  =  7.2 H z), 3.97 
(ddq, 1, J  — 7.2, 1.2, and 1.2 H z), 7.50 (m, 12).

Anal. Calcd for Ci9Hi6N20 2: C , 74.98; H , 5.30; N , 9.21. 
Found: C , 74.88; H , 5.48; N , 8.95.

The p-m ethoxybenzoyl-l,5-dihydrodiazepinone (6a, R ' =  p- 
CHsOCsH,) was obtained b y  essentially the same procedure from 
500 mg of 1 and 850 mg of anisoyl chloride: 591 mg (71 % ); 
mp 130-132°; xKBr 1705, 1670 cm “ 1; 6CDCI> 1.29 (d, 3, J = 7.5 
H z), 3.5—4.1 (m, 4 including OCH3), 6.95 (d, 2, J a b  =  8.5 Hz, 
B  of aryl A2B2), 7.38 (s, 6), 7.75 (s, 1), 7.82 (d, 2, / ab =  8.5 Hz, 
A  of aryl A2B2).

Anal. Calcd for C20HigN 2O3: C , 71.84; H , 5.43; N , 8.38. 
Found: C , 71.57; H , 5.33; N , 8.16.

The p-nitrobenzoyl-1,5-dihydrodiazepinone (6a, R ' =  p- 
N 0 2C6H ( ) was similarly prepared in 78%  yield: mp 136-137°; 
» 1700, 1655 c m '1; SCDClj 1.32 (d, 3), 3.83 (ddq, 1), 7.26 (s, 1),
7.38 (s, 5), 7.65 (d, 1, J  =  1.1 H z), 8.00 (d, 2, J  =  9 Hz, B of 
aryl A2B 2), 8.23 (d, 2, /  =  9 H z, A  of A2B2).

Anal. Calcd for Ci9H 15N 30 4: C , 65.32; H , 4.33; N , 12.03. 
Found: C , 65.30; H , 4.38; N , 11.84.

2-Acetyl-4-acetoxy-5-m ethyl-6-phenyl-2iM ,2-diazepine (5a).11 
— One gram of the 2-acetyl ketone 4a (R ' =  CH 3) was dissolved 
in 4 ml of pyridine and 2 ml of acetic anhydride. After heating 
1 hr at 80°, tic showed the presence of starting 4a plus a slower 
moving yellow com pound. After heating for 2 hr the two yellow 
zones were of approximately equal size and a third slower moving 
colorless compound appeared. After 4 hr the reaction mixture 
was concentrated at reduced pressure and ether was added. The 
yellow solid which separated was collected and washed with 
ether-pentane to give 440 mg of yellow crystals, mp 130°. R e 
crystallization from ether-pentane gave 370 mg of the enol 
acetate 5: mp 135-136°; X“ ,e° H 352 nm (e 500), 260 (sh); xCHC1= 
1760, 1675 cm “ 1; aCDCIs 1.70 (s, 3), 2.22 (s, 3), 2.28 (s, 3), 6.45 
(s, 1), 7 -7 .5  (m, 6).

Anal. Calcd for Ci6H I6N 20 3: C, 67.59; H , 5.67; N , 9.85. 
Found: C, 67.76; H , 5.60; N , 9.94.

2-Acetyl-4-acetoxy-5,6-diphenyl-2H-l,2-diazepine (5b).— Two 
grams of 4b (R ' =  CH 3)3 was acetylated for 4 hr as described 
above. After concentration of the reaction mixture, addition of 
ether gave a mixture of 4b and the enol acetate. After further 
acetylation for 1 hr, evaporation gave a yellow solid which was 
washed with ether to give 1.1 g of the enol acetate 5b, mp 152- 
154°. The ir and nmr spectra were identical with those of a 
sample from another source.12

l-Acetyl-4-acetoxy-5-m ethyl-6-phenyl-lH -l,2-diazepine (7a, 
R' =  R " =  CH3).-— A  solution of 500 mg of l-acetyl-5-m ethyl-
1,5-dihydrodiazepinone (6a) (R ' =  CH 3), 0.6 ml of AC2O, and 
0.9 ml of E t3N  in 5 ml of CH 2CI2 was allowed to stand for 60 hr 
at 25° and was then washed with HC1, N a H C 0 3, and H20 .  
The dried solution was concentrated. The yellow residue crys
tallized from  ether to give 400 m g (56% ) of 7a as yellow prisms, 
mp 100-102°. The analytical sample was crystallized from ether: 
m p 102-103; xCHClj 1762 and 1675 cm “ 1; 6CDCli 1.66 (s, 3), 2.27 
(s, 6), 6.45 (s, 1), 7.23 (s, 1), 7.22 (s, 5).

Anal. Calcd for Ci6Hi6N20 3: C, 67.59; H , 5.67; N , 9.85. 
Found: C, 67.58; H , 5.70; N , 9.78.

l-Benzoyl-4-benzoyloxy-5-methyl-6-phenyl-lH-l,2-diazepine
(7a, R' =  R " =  C6H 5).— A solution of 380 mg of 6a (R ' =  C 6H 5), 
0.43 ml of benzoyl chloride, and 0.5 ml of E t3N in 3 ml of CH 2CI2 
stood for 27 hr at 25°. T he green solution was washed as above, 
dried, and evaporated. The residue crystallized from ether to 
give 249 mg (56% ) of enol benzoate 7a (R ' =  R "  =  C^Hs) as 
yellow crystals: m p 141-143°; xCHCl! 1739, 1663 cm -1; 6CDCl3 
1.86 (s, 3), 6.70) (s, 1), 7.49 (m, 12), 7.94 (m, 2).

(11) This com pou n d  was orig inally prepared by  D r. J .-L . D erocqu e.
(12) A . N abeya , K . K urita , and J. A . M oore , J .  O r g . C h e m ., 37, 2954

(1972).

5,6-Diphenyl-l,5-dihydro-l,2-diazepin-4-one ( lb )  plus Acetic 
Anhydride.— A solution of 400 mg of lb  in 2 ml of pyridine and 
2 ml of A c20  stood for 16 hr and was then poured into water. 
The oily precipitate solidified after 20 hr at 0° and was collected 
and dried (450 m g). Recrystallization from benzene-hexane 
gave 300 mg of yellow crystals, m p 149-150°. Further recrystal
lization gave the enol acetate 7b (R ' =  R ”  =  CH 3): mp 150- 
151°; xKBr 1750, 1680 cm “ 1; 5CDCl3 2.03 (s, 3), 2.33 (s, 3), 6.07 
(s, 1, H -7), 7 .1-7 .2  (m, 10), 7.40 (s, 1, H -3).

Anal. Calcd for C26H20N 2O3: C, 76.45; H , 4.94; N , 6.86.
Found: C , 76.44; H , 4.87; N , 6.86.

Anal. Calcd for C2iHi8N 20 3: C , 72.82; H , 5.24; N , 8.09.
Found: C, 72.83; H, 5.10; N , 7.90.

The mother liquor from crystallization of the enol acetate was 
concentrated. Slow crystallization from benzene-hexane gave 
50 mg of colorless solid. Recrystallization from hexane gave 
white crystals of the bicyclic enol acetate 12: mp 156-157°; 
xKBr 1770, 1680, 1660 cm “ 1; Sc°cu 2.38 (s, 3), 2.33 (s, 3), 5.33 
(s, 1), 7 .2 -7 .4  (m, 11).

Anal. Calcd for C21H 18N 20 3: C, 72.82; H, 5.24; N , 8.09.
Found: C, 72.84; H , 5.06; N , 8.06.

2-Benzoyl-6-endo-methyl-5-phenyl-2,3-diazabicyclo [3.2.0] -3- 
hepten-7-one (8).-—T o a solution of 1.0 g of the 1,5-dihydrodi- 
azepinone la  in 40 ml of CH 2C12 was added 0.66 ml of N,N- 
dimethylaniline and 0.63 ml of benzoyl chloride. After standing 
for 4 days the solution was washed with aqueous HC1, N a H C 0 3, 
and water, dried, and concentrated. The oil was diluted with 
ether. Crystallization gave 920 mg (60% ) of 8 as a pale, cream- 
colored solid, mp 102-110°. Recrystallization from ether- 
pentane gave white crystals, mp 107-108°; for spectra, see text.

Anal. Calcd for C,9Hi6N 20 2: C, 74.98; H , 5.30; N , 9.21. 
Found: C, 74.96; H, 5.13.

The 2-acetyl ketone was prepared similarly and obtained as an 
oil: x 1790, 1665 cm “ 1; 5CDCl3 1.36 (d, 3, /  =  8 H z), 2.30 (s, 
3), 4.16 (dq, 1, J  =  8 and 3.5 H z), 5.91 (d, 1, <7 =  3.5 H z), 
6.95 (s, 1), 7.34 (m , 5).

2-Benzoyl-6-endo-methyl-5-phenyl-2,3-diazabicyclo [3.2.0] -3- 
hepten-7-endo-ol (9 ).— A solution of 304 mg (1 m m ol) of ketone 8 
in 10 ml of ethanol-water was treated with 200 m g of N aB H 4. 
After 1.5 hr at 26° the solution was acidified with acetic acid, 
concentrated, and extracted with ether. The oil from the ether 
solution crystallized to give white prisms of 9, 106 mg, mp 125- 
127°; for nmr, see text.

Anal. Calcd for C l9Hi8N 20 2: C, 74.49; H, 5.92. Found: 
C, 74.39; H , 6.11.

Pyrolysis of 8.— A solution of 305 m g of 8 in toluene was 
dropped into a vertical helix-filled tube heated to 250° while a 
stream of nitrogen was passed through the apparatus. The 
vapors from the column passed first into an em pty trap at room 
temperature and then into a solution of aniline (6 m l) in 50 ml of 
ether. The toluene solution collected in the first trap was 
evaporated to yield 107 mg of yellow solid, mp 115-117°. R e
crystallization from ether gave white plates of l-benzoyl-4- 
phenylpyrazole: mp 128-129°; xKBr 1690 cm -1; 50DCh 7.18-7.63 
(m, 8), 7.92-8.22 (m, 3), 8.61 (s, 1).

A,ml. Calcd for C i6H i2N 20 :  C , 77.40; H , 4.87; N , 11.28. 
Found: C, 76.94; H , 4.82; N , 11.25.

A  comparison sample prepared by  benzoylation of 4-phenyl- 
pyrazole13 (C 6H 3C0C1, pyridine, 25°) had mp 124-127°; a mix
ture of the two samples showed no melting point depression.

The ether-aniline solution from the second trap was washed 
with four portions of 2 N  HC1 and then with N a2C 0 3 and water. 
The ether solution was evaporated to give 18 mg of brownish 
solid. Recrystallization from ether gave 6 m g of colorless crys
tals, mp 106-107°. The infrared spectrum had the same peaks 
and approximately the same relative intensities as that of an 
authentic sample of propionanilide (lit. mp 104-105°).

Pyrolysis of la .— A 200-m g sample of the diazepinone la  was 
placed in a cool top section of the helix-packed column. The 
column temperature was set at 300° and a nitrogen flow was 
begun. The top section was then rapidly heated to m elt the 
diazepinone. A  total of 120 mg of yellowish solid was collected 
in the em pty exit trap; tic o f this solid indicated the presence of 
three compounds. After the column was cooled, 76 mg of dark

(13) E . K lingsberg, J .  A m e r .  C h e m . S o c . ,  83, 2934 (1961). W e are in 
debted  to  D r. K lingsberg for a generous g ift  o f 4 -p h en y l-l,2 -d ith io liu m  h y 
drogen sulfate.
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oil was recovered by washing; this material showed eight spots 
on tic.

The solid from the trap was triturated with CC14 and 32 mg of 
white solid, mp 232-233°, was collected. The infrared spectrum 
was identical with that of 4-phenylpyrazole (lit. mp 236-237°). 
Chromatography of the CC14 solution on silicic acid gave 19 mg 
of solid in the first fractions. Recrystallization gave 9 mg of 1- 
propionyl-4-phenylpyrazole: mp 101-103°: v c o  1735 cm-1;
mixture melting point with material prepared by propionylation 
of 4-phenylpyrazole (OsHoCOCl, Et3N, 10 min, 80°), 102-103°.

Pyrolysis of 2a.— Treatment of 2a (310 mg) as described above 
gave a yellow oil in the first trap. Dilution with ether and seeding 
gave 24 mg (11%) of 4-phenylpyrazole, mp 230-233°.

5,6-Diphenyl-1,5-dihydro-l,2-diazepin-4-one (lb) plus Acetyl 
Chloride.—To a solution of 262 mg of diazepinone lb in 5 ml of 
CH2CI2 at 0° was added 0.08 ml (1 equiv) of pyridine followed by 
0.07 ml (1 equiv) of acetyl chloride. After 25 min, the solution 
was poured into ice water and the organic layer was washed 
twice with water, dried, and evaporated to a yellow oil which 
was chromatographed in CHC13 on silicic acid. Three bands 
separated and were collected in individual cuts which were 
evaporated to give (1) 100 mg of yellow oil, (2) 40 mg of white 
solid, (3) 90 mg of yellow oil.

The first fraction was a mixture and was rechromatographed. 
No bands separated and the eluate was collected in three equal 
fractions. The first cut was a yellow oil (30 mg) whose nmr spec
trum showed one major component and trace impurities. The 
peaks due to the major component agreed precisely with those in 
the spectrum of 1-phenylacetyl-l ,5-dihydrodiazepinone described 
below.

The third fraction of the second chromatogram was a yellow 
oil (20 mg) whose nmr spectrum matched that of the 1-acetyl-1,5- 
dihydrodiazepinone (6b, R ' =  CH3).

The solid from the second fraction of the first chromatogram 
(of the total product) was recrystallized from petroleum ether 
(bp 30-60°) to give 30 mg of colorless crystals, mp 80-81°; the 
ir spectrum (22 peaks) matched that of l-acetyl-4-phenylpyrazole 
described below.

l-Phenylacetyl-5,6-diphenyl-l,5-dihydro-l,2-diazepin-4-one
(13).— A solution of 130 mg of the diphenyl-1,5-dihydroketone lb 
in 5 ml of CH2CI2 and 2 ml of 10% aqueous NaOH was vigorously 
stirred in a vibrating mixer and 0.13 ml of phenylacetyl chloride 
was added. After 10 min the organic layer was separated, washed 
with acid and water, dried, and evaporated. The resulting yellow 
oil was chromatographed on silicic acid. The oil obtained was 
homogeneous by spectral criteria but did not crystallize: vco
1730, 1675 cm -1; 5CDCl1 3.98, 4.06 (calcd 5A and 5B of AB dd, 
J a b  = 14.5 Hz, PhCH2), 5.10 (m, H-5), 6.9-7.5 (m, 16), 7.82 
(d, 1, J =  1.8 Hz, H-3 or H-7).

l-Acetyl-4-phenylpyrazole (15).— A solution of 50 mg of 4- 
phenylpyrazole in 0.5 ml of Ac20  and 0.2 ml of pyridine stood for

2 hr and was then evaporated in vacuo. Benzene was added and 
the solution was again evaporated; this treatment was repeated 
twice and a trace of anhydride was then removed in a nitrogen 
stream. The crystalline residue was recrystallized from ether- 
pentane to give colorless needles of 15: mp 79-80°; bco' 1730 
cm-1; 5CDCls 2.72 (s, 3), 7.2-7.6 (m, 5), 7.95 (s, 1), 8.44 (s, 1).

Anal. Calcd for ChH,oN20: C, 70.95; H, 5.41. Found: C, 
70.95; H, 5.23.

2-Acetyl-5,6-diphenyl-2,3-diazabicyclo [3.2.0] -3-hepten-6-one
(14).— A suspension of 50 mg of the enol acetate 12 in 1 ml of 
methanol was treated with 0.3 ml of 1 N  methanolic KOH at 0°. 
After the resulting light yellow solution was stirred for 30 min the 
solution was neutralized with acetic acid, concentrated at 0°, and 
extracted with CHC13. The extract was washed, dried, and 
evaporated to give a solid residue. Recrystallization from CHC13-  
methanol gave 33 mg of colorless crystals, mp 105-107°. Re
crystallization gave 14: mp 108-109°; ><KBr 1790, 1675 cm-1; 
5cdci3 2 . 3 9  (s, 3), 5.32 (d, 1, J =  3 Hz), 5.98 (d, 1, J =  3 Hz),
6.73 (s, 1), 7.1-7.5 (m, 10).

Anal. Calcd for Ci9Hi6N20 2: C, 74.98; H, 5.30. Found: 
C, 74.25; H, 5.30.

Reacetylation of 14 (30 mg) with Ac20-pyridine gave enol 
acetate 12 (30 mg), mp 153-156°, ir same as sample from 
lb.

Thermal Decomposition of 14.—The nmr spectrum of a solu
tion of 14 in CDC13 was recorded at intervals over several days. 
After a few minutes a peak at 6 2.72 due to 15 was apparent. At 
17 hr the ratio of this peak to the CH3 peak of 14 was 3.5:6.5, 
and peaks appeared at 5 7.95 and 8.45 due to 15. In addition, 
a peak 2/ 3 of the intensity of the CH3 peak of 15 was present at 
5 3.70. This is attributed to the CH2 of phenylacetic acid or some 
other derivative of phenylketene. The reaction was followed to 
90% completion. A first-order plot of log [15] ¡as. time gave a 
straight line; Ai =  8 X 10-6 sec-1.

Registry No.— la, 19971-06-3; lb, 40635-76-5; 2a, 1706-26-9; 
2b, 24301-66-4; 3b (R' =  C6H5), 40711-72-6; 3b (R' =  CH3), 
5109-45-5; 4a (R' = CH3), 4134-95-6; 4b (R' =  CH3), 24301-
69- 7; 5a, 40711-76-0; 5b, 40635-77-6; 6a (R' = CH3), 40711-
78-2; 6a (R' =  C6H6), 40711-79-3; 6a (R' =  p-CH3OC«H<), 
40711-80-6; 6a (R' =  p-N02C6H4), 40711-81-7; 6b (R' = CH3), 
40711-82-8; 7a (R' = R "  =  CH3), 40711-83-9; 7a (R' =  R "  =  
C6H5), 40711-84-0; 7b (R' =  R "  =  CH3), 40711-85-1; 8, 40704-
70- 9; 8 2-acetyl derivative, 40704-71-0; 9a, 40704-72-1; 9b,
40704-73-2; 12, 40711-86-2; 13, 40711-87-3; 14, 40711-88-4; 
15, 40711-89-5; 3-diazoacety!-as-3,4-diphenyl-l-pyrazoline,
40711-90-8; l-benzoyl-4-phenylpyrazole, 40711-91-9; propion- 
anilide, 620-71-3; 4-phenylpyrazole, 10199-68-5; l-propionyl-4- 
phenylpyrazole, 40711-92-0.
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Heterocyclic Studies. 40. Formation and Reactions of 
1 -Acety 1-3-diazoacetylhydroxypyrazolidines. Conversion to a Diazocyclopentanone1

F. B ar to w  Cu l p , K eisu ke  K u r it a , and  James A. M o ore*

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  D e l a w a r e ,  N e w a r k ,  D e l a w a r e  1 9 7 1 1  

R e c e i v e d  D e c e m b e r  I S ,  1 9 7 %

The conversion of two stereoisomeric pairs of 3,4-di-R-3-diazoacetyl-5-pyrazolines to l-acetyl-5-hydroxy-3,4- 
di-R-pyrazolidines and subsequent conversion to 2-acetyl-3-eredo-hydroxy-4,5-di-R-l,2-diazabicyclo[3.2.0]-6- 
heptanones are described. The reaction of l-acetyl-3-diazoacetyl-3-inethyl-4-phenyl-5-hydroxypyrazolidine 
with base gives epimers of 2-acethydrazino-2-methyl-3-phenyl-4-hydroxy-5-diazocycIopentanone (18 and 19), 
which were converted to 3-methyl-4-phenyl-3-cyclopentene-l,3-dione (21) and the 2-diazo derivative 20.

3-Diazoacetyl-A5-pyrazolines undergo cyclization in 
acid to l,2-diazabicyclo[3.2.0]heptenones,2 and are 
converted by base to pyrazoles.3 Another reaction 
of these versatile pyrazolines (e.g., 1) is the addition

Ph

IT 
CH,

—J— C0CHN2 
^NH

1

1. A cC l

2. H 20

Ph CH,

H-- - COCHN,

HO''^Nx
I

Ac

NH
AcO H

Ac
3

of acetic acid to the C = N  bond which occurs on treat
ment with acetyl chloride followed by water, and 
leads to l-acetyl-5-hydroxy derivatives 2.4"'1 This 
reaction has now been extended to some additional 
pyrazolines to provide information on the steric course 
of the addition, and the chemistry of these acylhy- 
droxypyrazolidines has been studied.

frans-3-Methyl-4-phenyl-A5-pyrazoline 5 was pre
pared from (Z)-a-methylcinnamic acid (a-methyl- 
m-cinnamic) via the mixed anhydride and the A1- 
pyrazoline 4 (Chart I). The chemistry of 5 paralleled

C h a r t  I

O H -

H CH,

Ph— —COCHN,

V NH

I  AcCl, pyridine, H20  

0

b,R =  Ac

(1) Supported  in part b y  the N ational Science F ou ndation  and the U nidel 
Foundation .

(2) A . N abeya , F . B . C u lp , and J. A . M oore , J .  O r g . C h e m ., 35, 2015 
(1970).

(3) F . B . C u lp, A . N abeya, and J. A . M oore , i b i d . ,  38, 2949 (1973).
(4) J. A . M oore , F . J. M arascia , R . W . M edeiros, and R . L. W ineholt, 

i b i d . ,  31, 34 (1966).
(5) T . Y a m a u ch i and J . A . M oore , i b i d . ,  31, 42 (1966).

that of the isomeric czs-pyrazoline 1; reaction of 4 
or 5 with acetic acid gave the diazepinone 6,4 and 3- 
methyl-4-phenylpyrazole was obtained with base.3 
Treatment of the 5-pyrazoline 5 with acetyl chloride- 
pyridine followed by water gave the 2-acetyl-3-hy- 
droxybicyclic ketone 7a, which was isolated from the 
aqueous phase of the reaction mixture. The diazo- 
acetylpyrazolidine analogous to 2 was not detected.

This acylation was also studied with the stereo
isomeric diphenylpyrazolines 8 and 12 (Chart II).

C h a r t  II
Ph Ph

H- —COCHN, Air

Ph Ph
-COCHN,

^  . nhN^

u__

0 — NT
'N '

AcC l, Pyr 
H ,0

Ph Ph Ph Ph

H Ph N Ph

Ph- —COCHN, A cC l, pyridine Ph-

^  ,N H  N
12

H ,0
RO'

J
H Ac 

13a, R —H 
b, R =  Ac

In repeating the preparation of 8,2 the compound was 
found to undergo rapid air oxidation on recrystallization 
from ether with formation of a hydroperoxide which is 
considered to be 9 by analogy to the hydroperoxyazo 
compounds obtained from hydrazones.6

The reactions of the diphenyl-5-pyrazolines 8 and 12 
with acetyl chloride and pyridine followed the general 
pattern seen in the 3-methy 1-4-phenyl series. The 
hydroxyacetylpyrazolidine 10, analogous to 2, was 
isolated in solvated form from 8. In the reaction of 
the frans-diphenylpyrazoline 12, the diazoacetylpy- 
razolidine was observed as an unstable substance 
which cyclized to 13a with loss of nitrogen on attempted 
recrystallization from ether.

(6) K . N. Pausacker, J .  C h e m . S o c . ,  3478 (1950); R . C riegee and G. 
Lohaus, C h e m . B e r . ,  84, 219 (1951).
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The direct isolation of bicyclic ketones from the 
trans-3,4-disubstituted pyrazolines 5 and 12 is pre
sumably due to the more rapid cyclization of the inter
mediate acylhydroxypyrazolidines when the 4-phenyl 
group is cis to the diazoacetyl chain, perhaps providing 
orientation for the ring closure. The situation is 
complex, however, since solubility relationships play 
a role; pyrazolidines 2 and 10 could be crystallized and 
extracted, respectively, from the aqueous phase of the 
reaction mixture, while isolation of products from the 
other two reaction mixtures required the evaporation 
of water.

In all of these reactions, the pyrazolidine or bicyclic 
ketone was obtained as a single stereoisomer. The 
endo configuration of the hydroxyl group in the cis- 
3-methyl-4-phenylpyrazolidine 2 was assigned on the 
basis of the nmr spectrum of the derived bicyclic 
ketone 3, in which the signals for H-3 and H-4 were 
broadened singlets (J3,4 =  OHz).4 The spectra of 
7, 11, and 13 confirm this stereochemistry and are con
sistent with an endo hydroxyl in each case. The H-3 
and H-4 signals in 7a and 13a were doublets, J3,i =
4.2 Hz, appropriate for a cis vicinal coupling, with 
slightly larger values, 4.7 and 4.5 Hz, for the respec
tive acetates. The corresponding peaks in the spectra 
of the pyrazolidine 10 and cyclic ketone 11 were sin
glets. The signals for the 7-CH2 protons in the hydroxy 
bicyclic ketones 3 and 7a are singlets, with the expected 
equivalence and Jgem showing up in the acetates; 
this relationship is curiously reversed in the endo- 
phenyl series 13, with the 7-CH> a doublet of doublets 
in the alcohol and a singlet in the acetate.

As noted previously,4 the course of these acylation 
reactions is unexpected; similar treatment of the un- 
saturated bicyclic ketone 14 with acetyl chloride and 
aqueous work-up loads cleanly to the acyl enamine 
system. The pronounced water solubility of the prod
ucts during the work-up procedure was attributed to 
the intermediacy of a pyridinium salt intermediate in 
the formation of 2, but this does not account for the 
absence of products analogous to 15, nor the con-

Ph CH:1

14

0 AcCI, pyridine
h2o

sistent formation of endo hydroxy derivatives from 
both C-4 epimers.

The reaction of 2 with base, described below, sug
gested that interaction of the diazoacetyl group with 
C-5 might be responsible for these apparently anoma
lous acylations. Evidence for participation of the diazo 
group was found when the reaction of 1 with acetyl 
chloride was quenched with D20 ; the signal for the 
CHN2 proton was absent in the nmr spectrum of the 
resulting 2. The reaction of 1 and acetyl chloride was 
then observed in the nmr spectrometer, and the CHN2 
signal disappeared immediately on addition of acetyl 
chloride. Hydrolysis with H20  led to 2 with the 
CH X2 signal intact. That these observations were 
not due to acylation of the COCHN2 group and sub
sequent hydrolysis of a diazo diketone was estab

lished by carrying out the experiment with the 3- 
diazoacetyl-M-pyrazoline. The spectrum was un
changed, with no diminution of the CHN2 peak on 
addition of acetyl chloride. The nmr spectrum of the 
reaction mixture of 1 with acetyl chloride underwent 
a series of changes on standing, but only 2 has been 
isolated under various work-up times and conditions.

These observations clearly indicate that the COCHN2 
group has a role in the acylation of 1 and probably 
also the other diazoacetylpyrazolines. Interaction 
of this group with the C = N  bond could lead via 16

to the bicyclic intermediates A and/or B. Formation 
of A would explain loss of diazomethyl proton; hy
drolysis of the enol derivative B would lead directly 
to the observed endo-hydroxy product.7

In addition to the extremely facile acid-catalyzed 
cyclization, the hydroxydiazoacetylpyrazolidines are 
quite sensitive to base; this reaction was examined in 
detail with the 3-methyl-4-phenyl compound 2. On 
standing in dilute mcthanolic methoxide, 2 was con
verted to two products, which were separated by 
chromatography and found to be isomeric with the 
starting material. The ir spectra of both compounds 
showed the presence of a diazocarbonyl system (v 
2080 cm-1) but the nmr spectra contained no signals 
for diazomethyl protons; peaks were present in both 
for three exchangeable protons and two mutually 
coupled methine protons. These data and several 
chemical transformations establish the structures of 
these base products as the stereoisomeric hydroxy- 
diazocyclopentanoncs 18 and 19 (Chart III).

C hart III

H-

HO
H

0
N,

18

OMe

Ph NHNHAc 

-C H , +

HO

-CB,

"0
N,

19

The cyclic diazo ketone structures can be derived 
readily from the diazoacetylpyrazolidine by ring open

(7) We are grateful to a reviewer for this suggestion.
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ing of the carbinol amide system as in 17 and recycliza- 
tion by aldol condensation of the diazomethyl group. 
Comparable condensations have been observed with 
diazo esters or diazo ketones and aldehydes8“ or reac
tive ketones,8b and a few intramolecular condensations 
have also been reported.9 The steric configuration 
at C-2 and C-3 in 18 and 19 is based on the known 
stereochemistry of 2, the position of the 3-methyl 
group relative to phenyl ring being inverted in the 
process.

The hydroxyl configurations in the carbinols are 
assigned on the basis of the values of J3,4 for the two 
isomers. Epimer 18, with the OH group cis to the 
phenyl and acethydrazide groups, was obtained in 
somewhat larger amount, but the isomers are equi
librated in base, and the product ratio presumably 
reflects the relative stabilities and not conformational 
preference in the condensation.

The reactions of 18 and 19 are complicated by the 
additional sensitive acylhydrazine substituent and 
the only reaction products that have been fully char
acterized are compounds in which the elements of 
acetylhydrazine were eliminated. Oxidation of 18 
and 19 with chromic oxide in aqueous pyridine gave in 
22% yield a readily crystallized yellow compound 
which contained a diazo group and in the nmr only 
phenyl and methyl singlets. The ir diazo band at 
2124 cm-1 is very similar to that in 2-diazoindandione 
(i'nsn 2128 cm-1),10 and the product is assigned the 
diazocyclopentenedione structure 20.

Ph NHNHAc

Treatment of the epimeric alcohols with acetic 
acid in the presence of copper bronze gave a mixture 
of at least four products. The least polar component 
was isolated in 5-10% yield by chromatography and 
sublimation. This compound was a yellow solid, 
C12H10O2, with nmr showing phenyl and methyl 
singlets plus a CH2 peak [5 3.03 (s, 2)]. These pro
perties suggested the cyclopentene-l,3-dione structure
21. The compound appeared to be more stable to 
base than the parent dione reported by DePuy;11 
brief treatment of 21 with NaOD in D20  caused dis
appearance of the CH2 peak without appreciable de
composition. A pK & of about 12 was indicated spec- 
trophotometrically. Reinforcement of the structure 
of the 1,3 dione and of the diazo diketone 20 as well 
was provided by conversion of 21 to 20 by a diazo trans
fer reaction with tosyl azide.

(8) (a) E . W enkert and C . A . M acP herson , J . A m e r .  C h e m . S o c . ,  94, 
8084 (1972); (b ) B . E istert and P . D onath , C h e m . B e r . ,  102, 1725 (1969).

(9) T . B urkoth , T e tr a h e d r o n  L e t t . ,  5049 (1969).
(10) M . R eg itz  and G . H eck , C h e m . B e r . ,  97, 1482 (1964).
(11) C . H . D eP u y  and E. F . Zaw eski, J .  A m e r .  C h e m . S c c . ,  81, 4920 

(1959); C . H . D eP u y  and P . R . W ells, i b id . ,  82, 2909 (1960).

Experimental Section
(Z )-a-Methylcinnamic Acid (“ a-Methyl-ct's-cmnamic” ).121«— 

A solution of 10 g of the E  (“a-methyl-frarcs” ) acid17 [6 (CDClj)
6.85 ppm (d, J  =  1 Hz)] in 40 ml of ethanol was irradiated in a 
quartz tube surrounded by ten 15-W 2537-A sterilizing lamps. 
After 24 hr the solution was evaporated to dryness. The mix
ture of stereoisomerie acids was dissolved in sufficient concen
trated'aqueous ammonia to produce a clear solution. To this so
lution was added excess saturated BaCl2 solution. The insoluble 
barium salt of the E  (trans) acid was collected and the E  acid was 
recovered by acidification.

The filtrate was treated with additional BaCfi to confirm that 
precipitation of the E  salt was complete, and the solution was then 
cooled and acidified. The resulting precipitate of the Z  acid 
(“ a-methyl-cfs” ) was collected, washed with water, and dried. 
The nmr spectrum indicated a negligible amount of E  acid. Re
crystallization from CHCfi-petroleum ether (bp 30-60°) gave 1.7 
g of the Z  acid: mp 90-91° (lit.12 13 14 15 16 mp 91°); aCDCb 2.06 (d, 3, J  

=  1 Hz), 6.85 (d, 1, J  =  1 Hz), 7.30 (s, 5).
r-3-Diazoacetyl-3-methyl-c-4-phenyl-l-pyrazoline (4).— A solu

tion of 6.48 g of (Z)-a-methylcinnamic acid and 4.34 g of ethyl 
chloroformate in 180 ml of anhydrous ether was treated dropwise 
at 0° with 4.04 g of triethylamine. After stirring for 1 hr the 
amine hydrochloride was collected by filtration and the solution 
of the mixed anhydride was concentrated to a thin oil. This oil 
was added to a solution of diazomethane prepared (with distilla
tion) from 36 g of bis (IV-methyl-iV-mtroso)terephthal amide. The 
solution stood for 2 days at 25° and was then evaporated i n  v a c u o .  

The yellow solid residue was washed with hexane and collected to 
give 7.21 g (79%) of crude 4. Recrystallization from ether- 
petroleum ether gave pale yellow needles: mp 106° dec; KKBr 
2110, 1620 cm“1; 5CDC1J 1.47 (s, 3), 3.1-3.25 (four lines of X  
part of ABX, ¿x‘cd 3.17, H-4), 4.35-5.25 (eight lines of AB part 
of ABX, 4.67, 5?"* 5.00, JAX =  2.5, . /bx = 7.8, Tab =  
-1 8 .0  Hz, 5-CH,), 5.68 (s, 1, CHN2), 6.7-7.3 (m, C6H5).

A n a l .  Calcd for Ci2Hi2N40 : C, 63.14; H, 5.30; N, 24.55. 
Found: C, 62.77; H, 5.23; N, 24.11.

A solution of 1.5 g of 4 in 15 ml of acetic acid was heated at 85° 
for 2 hr. Evaporation and crystallization from methanol gave 
0.8 g of 2,3-dihydro-5-methyl-6-phenyl-4//-l,2-diazepin-4-one
(6).

r-3-Diazoacetyl-3-methyl-e-4-phenyl-5-pyrazolme (5).— To a 
solution of 2.25 g of the 1-pyrazoline 4 in 60 ml of methanol at 0° 
was added 1 ml of 1 N  KOH. After 4 hr, tic showed 4 to be ab
sent. The solution was treated with solid C02 and evaporated to 
a solid residue which was extracted with ether. Concentration 
of the ether gave 1.95 g (86%) of pale yellow solid. Recrystal
lization from ether gave 1.5 g of 5: mpl02°dec; xKBr3400,3200, 
2110, 1620 cm-1; 5CDCl! 1.54 (s, 3), 3.97 (d, H-4, J  =  1.5 Hz),
5.51 (s, 1, CHN2), 5.67 (br, 1, NH), 6.85 (d, H-5, J  =  1.5 Hz),
6.9-7.35 (m, 5).

A n a l .  Calcd for Ci2Hi2N40 : C, 63.14, H, 5.30; N, 24.55. 
Found: C, 63.36; H, 5.30; N, 24.65.

3-Methyl-4-phenylpyrazole.—A solution of 0.45 g of the 5- 
pyrazoline 5 in 20 ml of methanol was treated with 2 ml of 1 A  
KOH and was stirred at room temperature for 36 hr; tic still 
showed the presence of some 5. The solution was neutralized 
with acid and evaporated to a tan solid residue which was washed 
with water and recrystallized from methanol to give 130 mg of 3- 
methyl-4-phenylpyrazole, mp 143-145°.

(12) W e are greatly indebted  to  D r. A ik o  N abeya  for carryin g ou t this 
preparation  in the laboratories o f  the U niversity  o f  T ok y o .

(13) T h e preparation  o f this acid  (“ aZZo-cinnamic acid ” ) b y  irrad iation  
o f  the “ norm al”  trans acid  (E) was described b y  Stoerm er.14 T h e  Z acid  was 
isolated in unspecified y ie ld  by  a com plex  fractional crysta lliza tion  p roce 
dure, and was characterized by  crysta l form  and m elting p o in t; the struc
ture was confirm ed b y  H aSO i-catalyzed cycliza tion  to  2 -m eth ylinden one. 
T h e acid has subsequently appeared in the literature,16,16 w ith  u ltraviolet 
data, b u t the isolation  procedure and other physical characterization  were 
n ot g iven . T h e  situation is further obscured  b y  the report o f  three crysta l
line form s o f  the E  a cid17 and the descrip tion  o f tw o  crysta lline m odification s 
o f  the Z  acid  having different m elting points and spectra (in s o lu t io n ).18 
T o  c larify  m atters we describe the preparation  and isolation  in d eta il. It  
w ill be noted  that the acid  w ith /3-H and COaH cis ( E ) has a m ore deshielded 
/3-H and less soluble barium  salt than the isom eric Z  acid, as fou n d  with 
other isom eric « -su bstitu ted  cinnam ic acids.2

(14) R . Stoerm er and G . V oh t, J u s t u s  L i e b i g s  A n n .  C h e m .,  409, 51 (1915).
(15) A . M angini and F. M ontanari, G a zz . C h im . I t a l . ,  88, 1081 (1958).
(16) Y . U shibara and M . H irota, N i p p o n  K a g a k u  Z a s s h i ,  82, 354 (1961).
(17) J. R . Johnson, O r g . R e a c t . ,  1, 251 (1942).
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2-Acetyl-3-e;ido-hydroxy-5-methyl-4-e?;do-phenyl-l,2-diazabi- 
cyclo[3.2.0]heptan-6-one (7a).— A solution of 0.84 g of 5-pyrazo- 
line 5 in 10 ml of methylene chloride was treated with 0.6 ml of 
pyridine and 0.3 ml of acetyl chloride. After stirring at 0° for 
20 min, ice water and 0.22 g of Na2C03 were added. The aqueous 
phase was extracted with CH2C12 and the combined organic 
layers were washed twice with water. After drying, the CH2C12 
solution was evaporated to give 0.35 g of tan solid; the ir spec
trum of this material had a strong band at 2100 cm-1. No pure 
compound could be isolated from this fraction; tic showed the 
presence of starting 5 and another compound which was not the 
product 7a. The aqueous phase (original layer plus washings) 
was then concentrated at 30° to 20 ml volume; at this point solid 
began to crystallize. This material (0.60 g) was collected; tic 
showed one compound. Recrystallization from ether gave 0.52 g 
of colorless, granular 7a: mp 156-158°; rKBr 3250, 1800, 1630 
cm -1; 5 (CDCh) 1.48 (s, 3), 2.18 (s, 3, COCH3), 3.24 (d, J  =

4.2 Hz, H-4), 4.77 (s, 2, 7-CH2), 5.01 (d, J  =  3 Hz, 1, in D20  
exchanges), 6.20 (m, 1, H-3, in D20  —>- d, /  =  4.2 Hz), 7.2-7.4 
(m, 5).

A n a l .  Calcd for CI4Hi6N20 3: C, 64.60; H, 6.20; N, 10.70. 
Found: C, 64.85; H ,6.35; N, 10.69.

For conversion to the acetate 7b, 0.3 g of alcohol 7a was treated 
at 25° with 2 ml of acetic anhydride and 0.8 ml of pyridine. After 
12 hr, water was added and the resulting white crystals were 
collected, dried, and recrystallized from ether to give 0.22 g of 
7b: mp 159-161°; rKBr 1800, 1755, 1660 cm“1; S (CDC13) 1.52 
(s, 3, 5-CH3), 1.87 (s, 3, OAc), 2.25 (s, 3, NAc), 3.53 (d, J  =  4.7 
Hz, H-4), 4.39-5.06 (four lines AB dd, 6ha,<"d 4.82, J K B = 17.8 
Hz, 7-CH2), 7.15-7.45 (m, 6, CSH:, +  H-3).

A n a l .  Calcd for Ci6HigN20 4: C, 63.56; H, 6.00; N, 9.27. 
Found: C, 63.59; H, 5.97; N,9.05.

3-Diazoacetyl-C!.s-3,4-diphenyl-5-hydroperoxy-l-pyrazoline
(9) .— On several occasions attempts to recrystallize the pyrazo- 
line 8 gave a sparingly soluble product. In a typical case, 1.2 g of 
82 was dissolved in 100 ml of ether and 400 ml of hexane was 
added. On standing (exposed to air) overnight, 0.75 g of well- 
formed needles separated from the solution. Recrystallization 
from ether-pentane gave colorless needles: mp 119-121° dec; 
rKBr3200, 2100, 1630 cm -1; 5DMS° 4.3 (d, 1, J  =  3 Hz), 5.4 (br, 
1), 6.00 (s, 1), 7.12-7.24 (m, 10).

A n a l .  Calcd for C„H14N40 3: C, 63.35; H, 4.38; N, 17.38. 
Found: C, 62.97, 63.18; H, 3.83,4.37; N, 17.26.

The spectra indicate retention of the CHN2 and PhCH groups 
and the presence of an OH group. These data and the incorpora
tion of 0 2 led to the assignment of the hydroperoxide structure 9. 
Application of the compound to starch-iodide paper moistened 
with acetic acid caused immediate appearance of a deep violet 
color. Attempts to obtain transformation products of 9 with 
acid, base, or reducing agents gave complex mixtures.

l-Acetyl-r-3-diazoacetyl-3/-4-diphenyl-c-5-hydroxypyrazolidine
(10) .— To a solution of 0.58 g of the cis-diphenylpyrazoline 8 
in 10 ml of CH2C12 at 0° was added 0.4 ml of pyridine and 0.2 ml 
of acetyl chloride. After 15 min the clear solution was treated 
with ice water containing 0.15 g of sodium carbonate. The CH2- 
Cl2 phase was separated and the aqueous phase was extracted 
with CH2C12. The combined organic solution was dried and 
evaporated; benzene was added and evaporated to remove traces 
of pyridine. The residual solid was washed with cyclohexane to 
remove oily material, giving 0.63 g of light yellow solid. Re
crystallization from ether gave 0.37 g of 10 as white needles: mp 
123-124° dec; rKBr 3250, 2100, 1640 cm“1; 5  (DMSO-d6) 2.38 
(s, 3), 4.44 (s, 1, H-4), 5.50 (br d, in D20  —*■ br s, Ii-5), 6.20 (br s, 
in D20  exchanges), 6.57 (s, 1, CHN2), 6.90 (s, in D20  exchanges),
7-1-7.2 (m, 10). The compound could not be obtained free of 
solvent despite exhaustive drying.

A n a l .  Calcd for Ci9HisN40 3: C, 65.13; H, 5.18; N, 15.99. 
Found (dried at 56°, 10 hr, 0.1 mm): C, 64.57; H, 5.55; N,
14.97.

2-Acetyl-3-e»do-hydroxy-4-e.ro,5-diphenyl-l,2-diazabicyclo-
[3.2 .0]-6-heptanone (11).— A solution of 1.08 g of the pyrazoli- 
dine 10 in 10 ml of acetic acid was stirred at 25° for 45 min; vis
ible gas evolution ceased after 30 min. The solution was con
centrated i n  v a c u o  to give 0.83 g of brown solid which was re
crystallized from benzene to give 0.43 g of colorless crystals of 
11: mp 165-167°; z-KBr 3200, 1800, 1630 cm“1; aCDCls 2.45
(s, 3), 4.26 (s, 1, H-4), 4.88 (s, 2, 7-CH2), 5.72 (s, 1 in D20  ex
changes), 6.26 (s, 1, H-3), 7.4-7.66 (m, 10).

A n a l .  Calcd for Ci9HiSN20 3: C, 70.79; H, 5.63; N, 8.69. 
Found: C, 70.83; H, 5.32; N, 8.51.

2-Acetyl-3-erido-hydroxy-4-ercdo,5-diphenyl-l,2-diazabicyclo-
[3.2.0]-6-heptanone (13a).— A solution of 0.58 g of the t r a n s - di- 
phenylpyrazoline 12 in 10 ml of CH2C12 was treated with 0.6 ml of 
pyridine and then 0.2 ml of acetyl chloride. A significant amount 
of white precipitate appeared and then redissolved during 15 min 
of stirring. Ice water containing Na2C03 was added and, after 
separation and extraction, the combined CH2C12 layers were 
evaporated to give 0.23 g of oily residue which solidified on adding 
petroleum ether; the ir spectrum of this material showed strong 
absorption at 2100 cm-1.

The combined aqueous layers from the extraction and washing 
were concentrated at reduced pressure to 10 ml volume, and 0.36 g 
of white crystalline solid separated. This material showed 
strong ir bands at 3200 (br), 2100, and 1630 cm-1 (br), and is 
assumed to be the diazoacetylpyrazolidine. On attempted re
crystallization from ether, gas evolution occurred before all of the 
solid had dissolved; after 20 min of heating, the solution was fil
tered to remove a trace of solid. Evaporation of the ether and 
recrystallization of the residue gave 0.3 g of white needles of the 
bicyclic ketone 13: mp 185-187° dec; rKBr 3300, 1800, 1640 
cm -1; §cdci3 2.36 (s, 3, NAc), 3.36 (d, J  =  4.2 Hz, H-4), 4.57-
5.17 (eight lines of 7-CH2 Ab dd further split by H-3, 5“ 1“* 4.77,

4.97, / ab = 17, / 3—7a = 0.7, / 3- 7b =  0.7 Hz), 6.29 (m, 
/  =  3 Hz, in D20  d, J  = 4.2 Hz, H-3), 7.25-7.38 (m, 10).

A n a l .  Calcd for C19Hi8N20 3: C, 70.79; H, 5.63; N, 8.69. 
Found: C, 70.49; H, 5.60; N, 8.79.

The acetate 13b was obtained in the usual way (Ac20 , pyridine): 
mp 181° dec; v K B r  1800, 1760, 1670 cm“1; 5 (CDC13) 1.97 (s, 3, 
OAc), 2.42 (s, 3, NAc), 3.65 (d, /  =  4.5 Hz, H-4), 4.83 (s, 2,
7-CH2), 7.3-7.4 (m, 10), 7.46 (d, J  =  4.5 Hz, H-3).

A n a l .  Calcd for C21H20N2O4: C, 69.21; H, 5.53; N, 7.69. 
Found: C, 69.40; H,5.65; N, 7.60.

5-Diazo-r-2-(2-acethydrazido)-r- and -i-4-hydroxy-2-methyl-c-3- 
phenylcyclopentanone (18 and 19).— A solution of 6.3 g of the 
acetylpyrazolidine 2 in 125 ml of methanol was flushed with 
nitrogen and 44 ml of 0.5 N  sodium methoxide in methanol was 
added slowly with stirring at 25°. The solution was allowed to 
stand at room temperature for 1 day and was then neutralized 
with Dry Ice and concentrated at reduced pressure. The residue 
was extracted with three 30-ml portions of boiling chloroform. 
The organic solution was washed with two 15-ml portions of 10% 
NH4C1 and once with water and was then dried over MgS04. 
Concentration of the solution to a small volume and addition of 
benzene precipitated a pale yellow powder containing both iso
mers of the product. The melting point of the isomer mixture 
varied from 107° to 138°, depending on the composition. Slow 
recrystallization from CH2Cl2-ether gave a mixture (mp 138- 
142°) containing 80-85% of 19. Complete separation was 
achieved by chromatography over a silicic acid column, using 
85:15 chloroform-benzene as eluent for 19 and chloroform for 18. 
Recrystallization from CH2Cl2-ether gave the pure isomers.

Alcohol 18 had mp 165-167°; rKBr 3130, 2080, 1650 cm“1; 
5cmoD 1.21 (s, 3), 1.81 (s, 3), 3.13 (d, 1, J  =  7.8 Hz, H-3), 5.88 
(d, 1, /  = 7.8 Hz, H-4), 7.4 ppm (s, 5).

A n a l .  Calcd for C14H160 3N4: C, 58.32; H, 5.59; N, 19.44. 
Found: C, 58.34; H, 5.75.

Alcohol 19 had mp 144-147°; rKBr 3130, 2080, 1650-1630 
cm“1; aCDs0D1.18(s, 3), 1.87 (s, 3), 3.18 (d, 1, /  = 4.6 Hz, H-3),
5.37 (d, 1, /  =  4.6 Hz, H-4), 7.1-7.8 ppm (m, 5).

A n a l .  Found: C, 58.42; H, 5.72; N, 19.18.
The acetate was prepared from 147 mg of 19 with 5 ml of Ac20  

and 0.2 ml of pyridine. The reaction mixture was warmed 
briefly to dissolve the solid and was then allowed to stand at 26 
for 30 min. The solution was poured into iced 1 N  KOH solu
tion, stirred thoroughly, and extracted with three portions of 
CH2C12. After removal of the solvent and addition of a few 
drops of ether, 92 mg (55%) of yellow solid, mp 143-146°, was 
obtained. Recrystallization from ether-pentane gave a yellow, 
chalky solid: mp 144-145°; rKBr 3200-3100, 2090, 1725, 1690- 
1640 cm“1; 6CD<Bl 1.24 (s, 3), 1.90 (s, 3), 212 (s, 3), 3.37 (d, 1, 
/  =  5 Hz, H-3), 5.72 (br, 1, in D20  exchanges), 6.08 (d, 1, /  =  
5 Hz, H-4), 7.2-7.6 (m, 6).

A n a l .  Calcd for C16Hi80 4N4: C, 58.17; H, 5.49; N, 16.96. 
Found: C, 58.18; H, 5.48; N, 16.91.

2-Diazo-4-methyl-5-phenyl-4-cyclopentene-l ,3-dione (20).— A 
solution of 0.235 g of chromium trioxide in 1.5 ml of water and 22 
ml of pyridine was slowly added to a magnetically stirred solution 
of 0.507 g (1.75 mmol) of a mixture of 18 and 19 in 30 ml of pyri
dine. The dark red reaction mixture was stirred at room temp
erature for 24 hr, treated with 30 ml of water, and extracted with
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ether. After drying, the solvent was evaporated to a yellow 
solid. Recrystallization from ethanol-water gave 64 mg (22%) 
of yellow needles of 20: mp 114-115°; >>KBr 2120, 1690, 1378 
cm“1; A ll”1 238 mM U  25,500), 278 (15,300), 355 (1290); 
jcdcis 2.20 (s, 3), 7.50 (s, 5).

A n a l .  Calcd for Ci2H8N20 2: C, 67.92; H, 3.80; N, 13.20. 
Found: C, 67.93; H, 3.73; N, 13.03.

Reaction of 18 and 19 in Acetic Acid.—To a solution of 2.0 g of 
the mixed alcohols 18 and 19 in 50 ml of glacial acetic acid was 
added about 100 mg of copper powder. The solution was stirred 
at 45° until gas evolution became very slow (1 hr). The mixture 
was filtered and the acetic acid was evaporated. The residual 
greenish-brown syrup was dissolved in CH2C12 and washed with 
water to remove copper salts. The organic phase was dried and 
concentrated and the residue (1.47 g) was chromatographed on 
40 g of silicic acid. The first two fractions, eluted with chloro
form, gave 190 mg of dark yellow oil which was distilled in short- 
path apparatus to give 140 mg (10%) of yellow crystals of methyl- 
phenylcyclopentene-l,3-dione (21): mp 117-118°; rKBr 1740, 
1705, 1385 cm -1; A“^ “ 224 mM U  10,000), 286 (7800); 6CDCls
2.18 (s, 3), 3.03 (s, 2), 7.49 (s, 5).

A n a l .  Calcd for C,2HI0O2: C, 77.40; H, 5.41. Found: C, 
77.34; H, 5.47.

Conversion of 21 to 20.— To a solution of 61 mg (0.33 mmol) of 
dione 21 and 71 mg (0.35 mmol) of p-toluenesulfonyl azide in 2 ml 
of acetonitrile was added 0.15 ml of triethylamine. The yellow 
solution darkened rapidly and tic examination after 30 min 
showed no starting material remaining. The orange solution was 
diluted with 20 ml of ether, washed with water, dried, and con
centrated to a dark, noncrystalline residue. Chromatography 
over a short silicic acid column (85:15 chloroform-benzene eluent) 
gave 39 mg of an orange oil which crystallized on addition of a few 
drops of benzene. Recrystallization from benzene-hexane gave 
30 mg (43%) of orange needles, mp 112-114°, mixture melting 
point with 20 prepared by oxidation, 112-114°. The ir spectra 
of the two samples matched in all peaks.

Registry No.— 2, 40704-62-9; 4, 40704-63-0; 5, 40704-64-1; 
6, 1706-26-9; 7a, 40704-65-2; 7b, 40704-66-3; 8, 24302-15-6; 
9,40704-14-1; 10,40704-68-5; 11,40704-69-6; 12,24302-17-8; 
13a, 40704-16-3; 13b, 40704-17-4; 18, 40704-18-5; 19, 40704-
19-6; 19 acetate, 40704-20-9; 20, 40674-82-6; 21, 40704-21-0; 
(/?)-a-methylcinnamic acid, 15250-29-0; diazomethane, 334- 
88-3; bis(Ar-methyl-.V-nitroso)terephthalamide, 133-55-1; 3-
methyl-4-phenylpyrazole, 13788-84-6.

Heterocyclic Studies. 41. The Conversion of
3-Diazoacetylpyrazolines to Pyrazoles via Pyrazolofl^-cj-u-triazines1

F. B ar to w  C u lp , A iko N a b e y a , and  James A. M o ore*

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  D e l a w a r e ,  N e w a r k ,  D e l a w a r e  1 9 7 1 1  

R e c e i v e d  D e c e m b e r  1 2 ,  1 9 7 2

3-Diazoacetyl-4-methoxycarbonyl-3-methyl-l-pyrazoline (4) is converted by base to the pyrazolotriazinone
6. Further reaction of 6 with base leads to the pyrazole 8 and methyl glyoxylate hydrazone (9). The hydrazone 
was also isolated, together with pyrazoles, from the reaction of several related diazoacetylpyrazolines in base, but 
triazinone intermediates were not detected, c i s -  and irans-3,4-di( methoxycarbonyl )-3-methyl-1-pyrazolines 
(17 and 18) were found to epimerize at C-4 on conversion to the 5-pyrazolines, suggesting that the triazinone 6 
is isolable because of the rapid isomerization of the double bond in the presumed intermediate 7.

The 1-pyrazolines 1 (R =  H) that are initially formed 
in the 1,3-dipolar addition of diazomethane to a,/3- 
unsaturated carbonyl systems containing no a sub
stituent are highly labile and rapidly isomerize to 
the conjugated 2-pyrazoline 2. With a 3-alkyl or 
aryl substituent (1, R  ^  H) the 1-pyrazolines are more 
stable, but isomerization with acid or base under mild 
conditions leads to the o-pyrazoline 3 .2 In the prepa
ration of diazabicyclo [3.2.0 jheptenones from 3-di- 
azoacetylpyrazolines (1 X  = CHN2), milder acid 
conditions can be used for the cyclization if base- 
catalyzed isomerization to 3 is carried out prior to the

cyclization step.3 It has been found, however, that 
longer exposure of a 3-diazoacetyl-5-pyrazoline to 
base leads to formation of a pyrazole.2“ The reactions 
of these compounds with base have now been further 
examined, and the nature of this unusual elimination 
reaction has been clarified.

(1) Supported in part b y  G rant G .P . 5219 from  the N ational Science 
F oundation .

(2) (a) J. A . M oore  and R . W . M edeiros, J .  A m e r .  C h e m . S o c . ,  81, 6026 
(1959); (b ) J. A . M oore , F . J. M arascia , R . W . M edeiros, and R . L. W ine- 
holt, J .  O r g . C h e m ., 31, 34 (1966).

(3) A . N abeya, F. B . C u lp, and J. A . M oore , i b id . ,  35, 2015 (1970).

In the attempted tautomerization of the 4-methoxy- 
carbonylpyrazoline 43 with base, an isomer was ob
tained which was not the diazoacetyl-5-pyrazoline. The 
ir spectrum contained no diazo band; the nmr spectrum 
contained peaks for two NH protons and two singlet 
vinyl protons at 8 6.61 and 6.81 as well as CH3 signals 
at 8 1.31 and 3.88 (OCH3). The uv spectrum had Xmai 
330 nm (e 6000). The mass spectrum contained a small 
parent ion peak at m/e 210 and two more intense peaks 
at m/e 141 and 109, corresponding to loss of a C2HN2O 
fragment and further loss of CH30. These data, par
ticularly the nmr values, define the bicyclic triazinone 
structure 6, resulting from isomerization of the pyraz- 
oline, nucleophilic attack of N-2 at the terminus of 
the diazocarbonyl group, and tautomerization (Chart I).

A number of reactions have been observed in which 
the diazo group in COCHN2 and COCN.CO systems 
coordinates various nucleophiles, including H S03~, 
CN _, amines, phosphines, and hydrazine.4 In the 
last case, the intermediate tetrazene breaks down to 
give an azide.5 A chain of four contiguous nitrogen 
atoms has previously been obtained in this type of 
coupling only with arenediazonium ions and hy
drazines or pyrazoles,6 and with these products the 
coupling is reversed in acid. The pyrazolotriazinone 
6 was relatively stable in acid, and did not give the 1,2-

(4) R . H uisgen, A n g e w .  C h e m ., 67, 439 (1955).
(5) T . Curtius, A . D arapsky, and A . B ock m u h l, B e r . ,  41, 344 (1908).
(6) E . K oenigs and J. Freund, i b i d . ,  80, 143 (1947).
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C h a r t  I the pyrazoline 10.2 Although this represents the over
all reaction, there is no basis for investing the COCHN2 
anion with the role of a leaving group. The bicyclic 
triazine 6 (Chart I) provides a much more satisfactory 
picture of the process in the case of the 4-methoxy- 
carbonylpyrazoline 1. The pyrazole and hydrazono 
ester can arise directly by nucleophilic addition to the 
carbonyl group and vinylogous elimination as shown 
in 16.

C02Me
I

+  CH
II
n n h 2

diazepinone which arises3 from protolysis of the 1- 
pyrazoline 4.

The yield cf the triazinone 6 in the reaction of 4 
with methanolic sodium methoxide was very low be
cause of the rapid further conversion of 6 to the py
razole 8. A better procedure for preparing 6 is the 
reaction of 4 with triethylamine as the base. When 
solutions of 4 or 6 and a catalytic amount of methoxide 
stood for several days at 0°, another product was 
isolated. This material was identified as methyl 
glyoxylate hydrazone (9) by comparison with a sample 
prepared from a-methoxycarbonyltriphenylphospha- 
zine.7

The formation of 8 and 9 from reactions of 4 with 
base prompted further examination of the products 
arising from the phenylpyrazoline 10 and also the di
phenyl- and S-ethoxycarbonyl-4-phenylpyrazolines 12 
and 14 (Chart II). Conversion of the 3-methy 1-4-

C h a r t  I I

Ph R

--------------|-COCHN2 Na0CH3

S ^ nh

10, r = ch3
12, R =  Ph 11, R =  CH3
14, R =C 02Et 13, R =  Ph

15, R =C 02CH3

Questions remain, however, as to whether a triazinone 
intermediate is involved in the reactions of the 4- 
phenylpyrazolines, and why the 5-pyrazoline is not 
observed in the methoxycarbonyl case. The con
trasting behavior of the two series obviously stems 
from the nature of the C-4 substituent. To probe 
these points, the pyrazoline diesters 17 and 18 and the 
4-phenyl ester 23 were examined as models for the 
diazo ketones.

The pyrazolines 17 and 18 were described by von 
Auwers,9'10 and these preparations were repeated 
(Chart III). The crude 1-pyrazoline 17 from dimethyl

C h a r t  I I I

CH3OCO CH3
51.48

H -
53.40

5230 51.78
H CH3

- - co2ch3 ch3o c o

'N:,̂ N
— co2ch,

17
\

18

ch3o
CH,3 CH3OCO

co2ch3 \

N r 1®
19

N'
H
20

ch3
co2ch3

-NH

phenyl-5-pyrazoline 10 (or the A1 isomer) to pyrazole 
11 was found to occur under much milder conditions 
than were previously used,2 and the hydrazone 9 was 
isolated under conditions comparable to those used 
with 4. Similarly, the cis-diphenylpyrazoline 128 
and the c-4-phenyl-r-3-earboxylate 14 were converted 
to pyrazoles 13 and 15, respectively; hydrazone 9 
was isolated from the same reaction mixture with 13. 
. The formation of pyrazole 11 was previously de
picted as a elimination of the COCHN2 group from

(7) H . Staudinger and J. M eyer, H d v .  C h im . A c t a ,  2 ,  619 (1919 ); H . 
Staudinger and G . Lüscher, i b i d . ,  5, 75 (1922).

(8) T h e reaction o f  the 3,4-fra7is-diphenylpyrazoline is discussed in the
accom pan yin g  paper: A . N abeya, K . K urita, and J. A ."M o o re , J .  O r g .
C h e m .,  3 8 ,  2954 (1973).

ch3oco  ch3 H CH3
H- -CO,CH, CHaOCO- -C 0 2CH3

.NH

21
N:

22

mesaconate was >95%  pure by nmr; 18, from dimethyl 
citraconate, contained an impurity and was distilled. 
Treatment of either 17 or 18 with sodium methoxide 
gave the same mixture of 5-pyrazolines 21 and 22, in

(9) K . von  Auwers and E. Cauer, J u s t u s  L i e b i g s  A n n .  C h e m ., 470, 284 
(1929).

(10) K . v on  Auwers and E . K oenig, i b i d . ,  496, 97 (1932).
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a ratio of 1.1:1.0.11 The reaction of either pyrazoline 
with anhydrous HC1 gave a salt whose nmr spectrum 
in D 20  showed the same mixture of 21 and 22, with the 
H-4 proton signals absent. Isomerization of 17 to 
21 and 22 was also observed on heating; after 22 hr 
at 110°, conversion to the same mixture of 21 and 22 
was 60% complete.

The rapid conversion of the A'-pyrazoline esters 
17 and 18 to the same mixture of epimeric o-pyrazo- 
lines demonstrates the ease of enolization with the
4-carboxylate substituent (c/. 19). However, the A4- 
pyrazoline 20 is not present in detectable amounts in 
the equilibrium mixture. Monocyclic pyrazolines with 
this tautomeric structure have been observed only 
when N-l is substituted, and apparently the conju
gated enamino ester system in 20 is insufficient to sta
bilize this structure. In the diazoacetylpyrazoline, 
however, cyclization of the side chain (5 -► 7 in Chart 
I) apparently tips the equilibrium in favor of the con
jugated tautomer 6, perhaps owing to relief of steric 
repulsion between the ester and bridgehead methyl 
groups in 7.

In the 4-phenyl series, the pyrazoline ester 23 was 
prepared by addition of diazomethane to methyl a- 
methylcinnamate during a period of several weeks; 
this reaction had previously been reported to give the 
a,/3-dimethyl ester.9 Treatment of 23 with base under 
conditions which led to a mixture of the epimeric 
diesters 21 and 22 gave the 5-pyrazoline 24, without

Ph CH,

H " ~CO,CH,

VN
23

Ph CH3

H— co2ch3

% N
24

deuterium exchange or epimerization. The diazo- 
acetyl-A5-pyrazoline 10 was unaffected by similar con
ditions. At a higher base concentration, sufficient to 
cause conversion to the pyrazole 11, slow deuterium 
exchange of H-4 in 10 did occur; when the formation 
of 11 was 50% complete, the area of the H-4 signal 
in the remaining 10 indicated approximately 25% 
exchange.

These qualitative observations suggest the pos
sibility that the pyrazoles may be formed by the same 
mechanism from both the methoxycarbonyl and phenyl- 
pyrazolines, with the contrasting behavior in the two 
series owing simply to differences in the rates of the 
several steps. With this in mind, pseudo-first-order 
rate constants in excess 1.65 X 10-3 M methanolic 
sodium methoxide were determined spectrophoto- 
metrically for the 1-pyrazoline and the intermediate 
in each series. These values are given in Charts 
IV and V.

In the methoxycarbonyl series (Chart IV) the 
conversion of 6 to the pyrazole 8 plus hydrazone 9 
was followed by the decrease in absorbance of 6 at 
A max 330 nm; an isosbestic point (associated with the 
formation of 9) occurred at 292 nm. The disappear-

(11) The ratio  is based on the nm r spectrum  o f the m ixture o f  21 and 22. 
A lthough peaks for the C C H 3 and H -4 protons in  each isom er w ere w ell re
solved, the relative chem ical shifts v i s - à - v i s  those for the 1-pyrazolines o f 
know n configuration did n ot perm it unequ ivocal assignm ent o f signals to  
21 and 22, and it is n ot know n w hich was present in  the larger am ount.

C h a r t  IV

CH3OCO CH3 
H -

4, A  275 nm 
(e 10,500)

9, Amax 269 nm (c 14,200)

-COCHN2 k  = 3 5 x 10

C h a r t  V

Ph CH3 Ph CH,

H~ -C0CHN2 * = 17 x 10' H -

Amal 273 nm 
(e 10,500)

-COCHN,

10
¿ma, 254 nm 

(e 14,900)

anee of the 1-pyrazoline 4 could not be measured at 
its absorbance maximum because the further reaction 
of 6 interfered; the rate constant for 4 was obtained 
by assuming that 4, 6, 8, and 9 are the only species 
present and following the change in 4 at 292 nm, the 
isosbestic point for the reaction of 6.

In the 4-phenyl series (Chart V) the rate of isomer
ization of the 1-pyrazoline to the A5 isomer was straight
forward. However, the conversion of the 5-pyrazo- 
line 10 to pyrazole plus hydrazone required HP- 
fold stronger liase to obtain a comparable rate, and 
under these conditions the hydrazone 9 undergoes a 
further reaction which complicated the kinetics and 
prevented accurate measurement of the rate of reac
tion of 10.

These kinetic data establish that the initial isomer
ization of the 1-pyrazolines in both series occurs at 
very nearly the same rate. In the methoxycarbonyl 
case, the conversion of the “ missing” 5-pyrazoline
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(5, Chart I) to 6 must be a much faster step, as borne 
out by the very rapid epimerization of the esters 
17 and 18, and the fact that the kinetic plots show no 
detectable intermediate between 4 and the triazinone
6. The rate data show also that conversion of 6 to 
the pyrazole is actually slightly faster than its rate of 
formation in NaOMc. If the triazinone 26 is an in
termediate in the phenyl series, its fragmentation 
should occur at a rate similar to that of 6, since this 
step involves the same six-membered ring in both 
cases, and a transition state of comparable stability. 
At the relatively high base concentration required for 
the reaction of the 5-pyrazoline 10, the triazinone 26 
would not be detectable.

A final point is the sequence of cnolization and 
N -N  bonding steps in the formation of the triazi- 
nones 6, and presumably 26, from the 5-pyrazolines. 
From circumstantial evidence in related work8 we 
are inclined to the sequence indicated in Charts I 
and V, with initial coupling to give the species 7 and 
25, but there is no direct support for these inter
mediates.

Experimental Section
Methyl 1,4,4a,7-T etrahydro-4a-methyl-4-oxopyrazolo [ 1,5-c] - v -  

triazine-5-carboxylate (6).— To an ice-cold solution of 1.05 g (5 
mmol) of pyrazoline 4 in 40 ml of methanol was added 0.2 ml (0.4 
mequiv) of freshly prepared 5% methanolic sodium methoxide. 
The yellow color of the solution deepened immediately and a new 
compound appeared in the tic. After 2 hr at 0° the solution was 
neutralized by addition of Dry Ice and was concentrated and then 
diluted with chloroform. After removal of inorganic salts the 
resulting oil was chromatographed on silicic acid. Elution with 
alcohol-free chloroform gave in initial fractions 240 mg of un
reacted 4. The second band eluted with chloroform gave 140 ml 
of yellow solid, mp 136-139°. This material sublimed to a yellow 
glass on the cold finger; this glass crystallized on rubbing to give 
cream-colored crystals of the triazinone 6: mp 140-142°; rKR' 
3350, 1160, 1590 cm-1; for nmr and uv, see text.

A n a l .  Calcd for CsH^TOa: C, 45.71; H, 4.80; N, 26.66. 
Found: C, 45.96, H, 4.82; N, 26.27.

A more satisfactory preparation of 6 was effected by refluxing a 
methanolic solution of 206 mg of pyrazoline 4 and 0.5 ml of tri- 
ethylamine. After 30 min, evaporation and chromatography of 
the mixture gave 116 mg (70%) of the triazinone 4.

Hydrazone 9 from 6.— A solution of the oxotriazine 6 (750 mg) 
in 15 ml of methanol containing 0.26 mequiv of sodium methoxide 
was allowed to stand for 4 days at 0°. After neutralization with 
Dry Ice the solution was concentrated and the residue was chro
matographed on silicic acid. Elution with chloroform gave 
initially fractions from which 512 mg of unreacted 6 crystallized. 
Later fractions crystallized to give 21 mg of the hydrazone 9, mp 
120-123°, mmp with synthetic material (below), 119-123°.

Methyl 3(5)-Methylpyrazole-4-carboxylate (8).— A cold solu
tion of 2.0 g of the methoxycarbonylpyrazoline 4 in 75 ml of 
methanol was treated with 50 ml (47 mequiv) of 0.95 N  metha
nolic sodium methoxide. After a few minutes, tic indicated com
plete disappearance of the starting pyrazoline. The red solution 
was neutralized with Dry Ice and the solvent was evaporated. 
The residue was extracted with chloroform; after washing and 
drying, the chloroform was evaporated to a residue (300 mg) 
which crystallized on standing, mp 88-95°. Recrystallization 
from benzene-hexane gave tiny white needles of the pyrazole 8: 
mp 89-90°; rKBr 3050, 1722, 1582 cm-1; Xlk0H 223 nm (e 
9700); 5 (CDC13) 12.24 (broad, exchanged in D20 ), 7.98 (s, 1), 
3.84 (s, 3), 2.57 (s, 3).12

A n a l .  Calcd for C6HsN20 2: C, 51.42; H, 5.75; N, 19.99. 
Found: C, 51.32; H, 6.04; N, 20.17.

To obtain an authentic specimen of this pyrazole ester, a sample

(12) D. E. McGreer and Y. Y. Wigfield, Can. J. Chem., 47, 2095 (1969),
report for 8 mp 93-94°, S 7.95 (1), 3.83 (3), 2.54 (3).

of dimethyl 3-methyl-l-pyrazoline-3,5-dicarboxylate was pre
pared by addition of excess diazomethane to 10 g of dimethyl 
mesaconate. The resulting crude pyrazoline was treated in 
chloroform with bromine until an orange color persisted and the 
solution was then concentrated to a brown semisolid residue. 
This material was then heated for 2 hr with 30 ml of concentrated 
hydrochloric acid. A small amount of white solid which sepa
rated from this solution was removed and discarded, and the dark 
filtrate was then neutralized with KOH, filtered, and concen
trated. The gummy residue was extracted with chloroform to 
give a solid; recrystallization from ethanol-water gave a white 
powder, mp 220-230°; further recrystallization from chloroform 
gave 3(5)-methylpyrazolecarboxylic acid, mp 228° (lit.13 mp 
228-229°).

Treatment of this acid in methanol solution with diazomethane 
gave a yellow oil which was taken up in benzene. After filtra
tion to remove unreacted acid the solution was evaporated and 
crystallized by adding hexane. The gray solid was sublimed at 
70° to give colorless crystals of methyl ester 8, mp 86-88°; the ir 
spectrum (16 peaks) corresponded to that of the ester obtained 
from 4.

3-Methyl-4-phenylpyrazole (11) .2a— 3-Diazoacetyl-c-3-methyl- 
r-4-phenyl-l-pyrazoline2 (700 mg, 4.4 mmol) was dissolved in 20 
ml of methanol. After the solution was flushed with nitrogen, 
7 ml (8.8 mequiv) of 1.25 N  methanolic sodium methoxide was 
added dropwise and the solution was then stored at 0° for 2 days. 
The solution was then neutralized with HC1 and evaporated to a 
dark semisolid residue which was extracted with methylene chlo
ride. After washing andd rying, the organic layer was evapo
rated to give 470 mg of pyrazole 11 as a yellowish solid, mp 140- 
145°.

Methyl Gloxylate Hydrazone.— A solution of 3 g of the 4-
phenyl-l-pyrazoline in 85 ml of methanol was treated with 1.2 ml 
of 1.3 A  methanolic sodium methoxide. After standing at 0° for 
10 days the solution (two spots by tic) was neutralized with Dry 
Ice and concentrated i n  v a c u o .  Addition of water caused a large 
crop of the 5-pyrazoline 102 to precipitate. After pyrazoline was 
removed the aqueous residue was evaporated to a red-brown solid 
which was extracted with hot benzene. Concentration of the 
benzene solution gave a tan solid which was recrystallized from 
benzene-hexane to give 40 mg of the hydrazone 9, mp 120-123°. 
Sublimation gave colorless crystals: mp 124-125°; xKBr 3350- 
3150, 1700, 1540 cm-1; 3 (CDC1S) 7.07 (s, 1, -C H = N ), 6.5 
(broad, 2, exchanges with D20 ), 3.83 (s, 3).

A n a l .  Calcd for C3H(iN20 2: C, 35.29; H, 5.92; N, 27.44. 
Found: C, 35.12; H, 6.02; N, 27.23.

An authentic sample of 9 was synthesized as follows.7 Me- 
thoxycarbonyltriphenylphosphazine was prepared by combining 
ether solutions of 8.0 g of methyl diazoacetate14 and 35 g of tri- 
phenylphosphine. The solution became warm and, on cooling, a 
mass of crystals separated which were collected and washed with 
ether to give 23 g of pale yellow needles of the phosphazine, mp 
107-110°. A solution of 10 g of the phosphazine in 40 ml of 
methanol-water (8:2) was refluxed for 30 min and then concen
trated at reduced pressure. The resulting suspension was ex
tracted with benzene to remove triphenylphosphine oxide and the 
aqueous solution was evaporated to a white solid residue. Sub
limation [80° (0.1 mm)] gave 2.05 g of the hydrazone 9, mp 125- 
126°. The ir spectrum was identical with that of the sample iso
lated from 6 and from 10.

3,4-Diphenylpyrazole (13) from 12.— To a solution of 890 mg 
of 123 in 15 ml of methanol was added 3 ml of 1 N  KOH. After 1 
hr at room temperature the reaction mixture was neutralized with 
acetic acid and extracted with ether. After washing and drying, 
the ether was evaporated to a yellow gum which crystallized on 
addition of chloroform and petroleum ether (bp 30-60°). This 
solid, a mixture of hydrazone 9 and pyrazole 13, was placed in a 
sublimer. At a bath temperature of 100° (0.3 mm), the hydra
zone sublimed as white crystals: mp 120°; ir nearly identical 
with spectra of earlier samples; the nmr spectrum showed a 
trace of 13.

Sublimation was continued at 150-160°, and 300 mg (45%) of 
the pyrazole 13 was collected: mp 150°; gKBr 3300, 3000 (broad), 
1600 cm-1; 3 (CDC13) 12.2 (s, 1), 7.58 (s, 1, H-5), 7.4-7.2 (m, 
10). Resublimation gave white crystals: mp 152-153°;15 mass

(13) H . V . Pechm ann and E. Burkard, B e r . ,  S3, 3597 (1900).
(14) "O rga n ic  Syn th eses," C o llect. V ol. IV , W iley , N ew  Y ork , N . Y ., 

1 9 6 3 ,p  424.
(15) W . E. Parham  and W . R . H asek, J .  A m e r .  C h e m . S o c . ,  76 , 799 (1954), 

report m p 155° for 3,4-d iphenylpyrazole.
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spectrum apparent molecular ion m / e  220, base peak (M — 1) m / e  

219.0922 (calcdfor Ci5H„N2, 219.0922).
Methyl 4-Phenylpyrazole-3-carboxylate (15).-—A solution of 

570 mg of ethyl 3-diazoacetyl-c-4-phenyl-l-pyrazoline-r-3-car- 
boxylate (14)3 in 10 ml of methanol was treated with 2 ml of 1 A  
KOH. After 1 hr at 30° tic showed three new components in the 
reaction. The solution was diluted with water, neutralized with 
acetic acid, and extracted with methylene chloride. After wash
ing and drying, the organic phase was concentrated to give 60 mg 
(14%) of crystalline residue, mp 180°. Recrystallization from 
methanol-water gave white crystals of the pyrazole 15, mp 185°,16 
identical (mixture, melting point, ir) with authentic 15 prepared 
by reaction of (Z)-a-bromocinnamic acid with diazomethane; 
after a solution of the crude bromopyrazoline was concentrated, 
HBr was evolved and the pyrazole was isolated by crystallization 
from methanol. (Extensive ester exchange occurred in the reac
tion of the ethyl ester 14 in methanol.)

/ra;is-3,4-Di(methoxycarbonyl)-3-methyl-l-pyrazolme (17) was 
prepared from dimethyl mesaconate (3 g) and about 3 equiv of 
ethereal diazomethane. After 3 days the solution was evapo
rated to a nearly colorless oil: 6 1.48 (s, 3), 3.40 (three lines,
J  = 7.6 Hz, H-4), 3.69 (s, 3), 3.80 (s, 3), 4.90 (d, J  =  7.6 Hz,
5-CH2).

c/s-3,4-Di(methoxycarbonyl )-3-methyl-l-pyrazoline (18) was 
similarly prepared from dimethyl citraconate. The crude oil 
was distilled and 18 was obtained in the first fraction, bp 130-136° 
(7 mm) (65% yield), as a colorless oil which crystallized at 0°: 5
1.78 (s, 3), 2.80 (three lines, J  =  8.2 Hz), 3.68 (s, 3), 3.72 (s, 3),
4.87 (d,T =  8.2 Hz, 5-CH2).

Isomerization of 1-Pyrazolines 17 and 18.— One gram of the 
pyrazoline was dissolved in 30 ml of 0.15 N  methanolic sodium 
methoxide. After 5 min, tic showed absence of the starting pyra
zoline. The solution was neutralized with Dry Ice and evapo
rated to a semisolid residue, which was extracted with CH2C12. 
After washing, drying, and evaporation the residue was a pale 
yellow oil. A typical nmr spectrum (from trans isomer 17) con
tained the following peaks (5, neat): two CCH3 singlets at 1.41 
and 1.65 with area ratio 23:21; four-OCH3 singlets at 3.65-3.88, 
total area 100 (corresponding to two OCH3 each in 21 and 22 plus 
H-4 of one isomer); a doublet ( J  =  1.8 Hz) at 4.38, area 9 (H-4 of 
one isomer); an exchangeable singlet at 6.29, area 16 (NH of 
both isomers); multiplet at 6.7, area 15 (C-5 of both isomers).

In a typical acid-catalyzed isomerization, a solution of 18 in 
ether was treated at 20° with a stream of HC1 gas. The resulting 
white precipitate of hydrochloride was then extracted into water. 
The aqueous solution was treated with excess Na2C03 and ex
tracted with several portions of CH2C12, and the solution was 
dried and evaporated to an oil. The nmr spectrum in CDC13 
closely resembled that described above. In DMSO-d6 the H-4

(16) K . v on  Auw ers and O . U ngem acht, C h e m . B e r . ,  66, 1205 (1933), re
port m p 1 84 -18 7° for 16.

signals from both isomers were resolved. The relative peak areas 
permitted matching the H-4 and CCH3 peaks of the two isomers, 
which are designated A and B11 (A/B =  1.1): S 1.17 (s, 3-CH3of 
A), 1.43 (s, 3-CH3 of B), 3.6-3.S (fours, OCH3), 4.0 (d, /  =  1.8 
Hz, H-4 of B), 4.5 (d, J  =  1.7 Hz, H-4 of A), 5.3-5.7 (broad, NH),
6.9 (m, C-5 of A and B). In a 100-MHz spectrum (CDC13), the 
signal for the H-5 peaks was resolved into two doublets, J  = 2 Hz.

r-3-Methoxycarbonyl-3-methyl-/-4-phenyl-l-pyrazoline (23).—  
A solution of 3.75 g of freshly distilled methyl a-methylcinnamate 
in 20 ml of ether-methanol (1:1) was added to 250 ml of 0.3 M  

ethereal diazomethane. After standing for 3 weeks at 25° the 
pale yellow solution was filtered and evaporated. The resulting 
oil crystallized at 0°. Recrystallization from ether-pentane gave 
white crystals: mp 55-56°; S (CDC13) 1.21 (s, 3), 3.45-3.8 
(m, 1, H-4), 3.80 (s, 3), 4.83-4.98 (m, 2, H-5), 6.8-7.3 (m, 5).

A n a l .  Calcd for C12H„N20 2: C, 66.03; H, 6.47; N, 12.84. 
Found: C, 66.27; H, 6.23; N, 13.03.

A solution of 23 in CDC13 and CD3OD containing 0.1 equiv of 
NaOD was allowed to stand for some time. The nmr spectrum 
showed only peaks for the A6 isomer 24: 6 1.03 (s, 3), 3.8 (s, 3),
4.52 (d, J  =  1.7 Hz, H-4), 6.8 (d, J  =  1.7 Hz, H-5), 7.0-7.4 (m,
5); the areas of the 5 1.03 and 4.52 ppm peaks were in the ratio 
3.0:1.0.

Rate Measurements.— The kinetic runs were carried out in a 
Cary Model 14 spectrophotometer with thermostated cell holders. 
Temperature was controlled at 25 ±  0.5° with a circulating bath; 
the cell temperature was monitored with a Model 42SC Tele- 
thermometer. Compounds were freshly sublimed or recrystal
lized and dried i n  v a c u o  before each series of measurements.

A 2.0-ml portion of the substrate in methanol was placed in a 
cuvette and equilibrated in the cell compartment for 30 min. 
One milliliter of standardized methanolic NaOMe was then added, 
the contents were mixed, and the spectrum was scanned for sev
eral half-lives. The reference cell contained 2 ml of methanol and 
1 ml of the NaOMe solution. Values of k\ were obtained from the 
slope of plots of log A  at the appropriate wavelength v s .  time.
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Heterocyclic Studies. 42. Transformation of a Diazoacetylpyrazoline to a 
2,3-Diazabicyclo[4.1.0]-3-hepten-5-one. A New Valence Isomer in the

l,2-Diazepin-4-one System1
A iko  N a b e y a , K eisu k e  K u r it a , and  James A . M o o r e *

D e v a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  D e l a w a r e ,  N e w a r k ,  D e l a w a r e  1 9 7 1 1  

R e c e i v e d  D e c e m b e r  1 $ ,  1 9 7 $

Treatment of diazoaeetylpyrazoline 1 with base gives the 2,3-diazabicyclo[4.1.0]heptenone 2. The structure 
of 2 was established by photoisomerization and substitution reactions leading to derivatives of 2,3-dihydro- and
l,5-dihydro-5,6-diphenyl-l,2-diazepin-4-one. Compound 2 readily undergoes dimerization. The formation of 
2 is suggested to occur v i a  a tetrazonine intermediate.

The base-catalyzed fragmentation of 3-diazoacetyl- 
pyrazolines to pyrazoles plus hydrazonoacetic ester 
via intermediate pyrazolo[l,5-c]-y-triazines was de
scribed in the accompanying papers.2 This reaction 
occurs with several pyrazolines having different sub
stituents and steric configurations at C-3-C-4. A 
striking exception was observed, however, in the 
reaction of the frans-3,4-diphenylpyrazoline 1. Under 
the same conditions (1 equiv of NaOMe at 20°), 1 
(or the A'-pyrazoline) liberates nitrogen, and a product 
comprising the remainder of the molecule is isolated 
in 70-80% yield; diphenylpyrazole was not detected. 
The main product has been shown to be the diaza- 
bicyclo[4.1.0]heptenone 2; evidence for the structure 
and a suggestion concerning the reaction pathway 
are presented here.

Ph

The ir spectrum (v 3250 and 1630 cm-1) indicates 
the presence of NH and conjugated carbonyl groups 
in 2, and the uv spectrum [Xmax 327 nm (e 5100)] is 
consistent with the cyclic -N H N = C — C = 0  chromo- 
phore.2a The nmr spectrum contains a doublet of 
doublets, 5 3.19 and 4.75 (J = 5 Hz), and a singlet at 
6.63 ppm. The latter signal is absent in the spectrum 
of material prepared in CH3OD, and this proton in 2 
thus arises from the CHN2 in 1. The presence of a 
cyclopropane system in 2 was first considered in order 
to account for the relatively high-field doublets. 
Chemical shift effects for phenyl and C 02H substitu
ents in cyclopropane have been derived,3 and rough 
application of these values to 2, equating the C-5 
CO group to C 02H and assuming A5 for gem-N as
2.0 and /3C-N as zero,4 leads to chemical shifts of about 
8 3 and 4, respectively, for H-7 and H-l in 2 (or the 
endo-phenyl epimer). Neither chemical shift or cou
pling constant permits conclusions on the configura
tion at C-7.

(1) Supported in  part b y  the N ational Science F ou n dation  and the U n id el 
F ou ndation .

(2) (a ) F. B . C u lp, A . N abeya, and J. A . M oore , J .  O r g . C h e m .,  38, 2949 
(1973); (b ) F. B . C u lp , K . K urita , and J. A . M oore , ibid., 38, 2945 (1973).

(3) T . A . W ittstruck  and E . N . T rachtenberg, J .  A m e r .  C h e m . S o c . ,  89, 
3810 (1967).

(4) These estim ates are based on the spectrum  o f cyclop rop y lam in e  (N o . 
37  in V arian Associates Spectral C atalog, P a lo  A lto , C a lif., 1962), in w hich 
H a  has 5 2.30 and has 5 0.35.

For chemical characterization of the functional 
groups, 2 was reduced with NaBH4 to alcohol 3 (Chart 
I) (5H-7 3.00, 5H-i 3.49, Jij =  4.5 Hz) and acylated

C h a r t  I

with ketene at 0° to give 6 ( 5 h -7 3.10, 5 h - i  5.63, 
J i j  =  5.5 Hz). Acetylation with Ac20  provided 
the first correlation of 2 with a known structure. In 
addition to a small amount of 6, a yellow diacetyl 
compound was obtained in 40% yield. This product 
was recognized as the acetoxydiazepine 5 by hydrolysis 
to the 2,3-dihydro ketone 8 and reacetylation.6'6 
Compounds 5 and 6 were also obtained from 2 in low 
yields with acetyl chloride.

A further instructive correlation with the diaze- 
pinone system was provided by the irradiation (350 
nm) of 2 and the N-acetyl derivative 6, which gave 
rise to the 1,5-dihydrodiazepinone 4 and the 1-acetyl-
1,5-diazepinone 7, respectively. The structures of 
these products were confirmed by comparison with 
samples prepared independently via 8.

(5) A . N abeya, F . B . Culp, and J. A . M oore , J .  O r g . C h e m ., 35, 2015 
(1970).

(6) J . A . M oore , W . J. Freem an, K . K urita, and M . G . Pleiss, i b i d . ,  37, 
2939 (1972).
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An additional link with the 1,5-dihydrodiazepinone 
system was established by methylation of 2 with tri- 
methyloxonium fluoroborate. This reaction was com
plex and erratic, but it was possible to isolate three 
products on one occasion. One of these was a dimer 
of 2 with one iV-methyl group and is related to other 
dimers mentioned below. The second contained an 
OCH3 group and nmr signals at 8 4.09 (d) and 6.81 
(d, J =  5 Hz); it is tentatively assigned the 6H- 
methoxydiazepine structure 9. The third product 
was identified as l-methyI-4-phenylpyrazole (10). 
The origin of this compound is clearly analogous to the 
formation of 1-acvlpyrazoles from the bicyclic ketones 
derived from the 1,5-dihydrodiazepinone 4.6

The conversion of 2 to representatives of the two 
dihydrodiazepinone tautomers (which are not inter- 
converted under conditions in which either is formed 
from 2) requires a structure from which both diaze- 
pines can arise by accessible methanisms. All of the 
products described can be formulated by breaking 
the 1,6 bond in 2 or its derivatives. The photochem
ical rearrangements involve hydrogen migration, prob
ably from a diradical.

The methylation products 9 and 10 (Chart II) can 
arise following attack on 2 at the two sites that would

C h a r t  I I

be expected for the trimethyloxonium reagent, namely 
carbonyl oxygen and N-3, respectively. In the first 
case, valence isomerization to a diazepine leads di
rectly to 9. In the second, further rearrangement to 
the bicyclo [3.2.0]ketone 11 and fragmentation would 
give 10. The acyl counterparts of 11 lose phenyl- 
ketene at room temperature to give l-acyl-4-phenyl- 
pyrazoles.6

The acetylation of 2 leading to the 2,3-dihydro 
enol acetate 5 can be formulated in several ways de
pending on the sequence of introduction of the acetyl 
groups. One possibility is initial O-acylation followed 
by rearrangement to the 2,3-dihydro enol ester 13 
and further acetylation. The factors that direct re
actions of 2 to the 1,5-dihydro series (11) in the methyl
ation and to the 2,3-dihydro series (5) in the acetylation 
cannot be defined.

H
14

The study of 2 was severely complicated by the 
formation of a number of dimeric compounds under 
unpredictable and inexplicable conditions. Thus a 
dimer of 2 (dimer A) was obtained more or less con
sistently on heating 2 in methanol, but not in ethanol. 
A different dimer B was obtained from 2 or from dimer 
A in acetic acid. On heating in toluene, 2 or dimer A 
gave an anhydro dimer. A monoacetyl dimer was 
obtained on one occasion from acetylation of 2; 
a methyl dimer was noted above. Several of these 
compounds were partially characterized, but no struc
tural suggestions can be made. We assume that these 
dimers and derivatives arise from 47ts +  67r9 cyclo- 
additions of a valence tautomeric form such as 15 or 
a derivative (e.g., 9 or 12), perhaps with a second mole
cule of 2. Such additions are well known in the 1H- 
azepine series, and the initial dimers are prone to fur
ther rearrangement.7-9

2
?

— *■ dimers

15

Formation of 2.—In considering the pathway by 
which 2 is formed from the diazoacetylpyrazoline 1 in 
base, the first step is assumed to be cyclization to the 
pyrazolo-v-triazinone 16, as postulated for the cis-di- 
phenyl epimer and both isomeric 3-methyl-4-phenyl 
compounds.2a b To arrive at a precursor of 2 which 
can lose nitrogen at room temperature, we suggest 
that 16 undergoes opening at the central bond to a 
tetrazonine enolate 17. If 16 has a trans ring fusion,

(7) K . H afner and A . M on d t, A n g e w .  C h e m .,  I n t .  E d .  E n g l . ,  5, 839 (1966).
(8) L . Paquette and J. H . Barrett, J .  A m e r .  C h e m . S o c . ,  88, 2590 (1966).
(9) A . Johnson and H . E . Sim m ons, i b i d . ,  89, 3191 (1967).
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this step would lead to the trans N = N  double bond 
in 17, permitting 8-x-conrotatory cyclization to a 
m-bicyclo[6.1.0] system (18). Subsequent steps could 
involve opening to a diazoacetyl diazene, loss of nitro
gen, and cyclization to 2 or, perhaps more fancifully, 
cyclization to a fused tetrazete system (20) and elim-

H Ph

P h - -COCHN,

V NH

ination of nitrogen. These suggestions invoke some 
unfamiliar species and are, of course, totally specula
tive.

Experimental Section
6,7-Diphenyl-2,3-diazabicyclo[4.1.0]-3-hepten-5-one (2). A. 

From 1.— To a solution of 870 mg of the 5-pyrazoline 1 in 15 ml 
of methanol was added 4 ml of 1 N  KOH in methanol. The so
lution was allowed to stand at 20° for 2 hr. (When the reaction 
was carried out in a sealed system, 1 mol of gas was evolved per 
mole of 1 in about 1 hr.) Addition of Dry Ice to the solution 
caused separation of a pale yellow solid which was collected, 
washed, and dried to give 370 mg (47%) of 2, mp 175° dec. 
Crystallization from methanol (note, however, the dimerization 
in methanol described below!) gave a colorless solid: mp 175° 
dec; rKBr 3250, 1630 cm“1; x l T  327 nm (e 5100); 6CDCl!3.19 
(d, 1, 7  =  5 Hz, H-7), 4.75 (d, 1, 7  =  5 Hz, H -l), 6.63 (s, 1, 
H-4), 6.S-7.5 (m, 10).

A n a l .  Calcd for C„HI4]Nr20 : C, 77.84; H, 5.38; N, 10.68. 
Found: C, 78.29; H, 5.64; N, 10.56; m / e  262.1106.

B.— A solution of 0.58 g of 3-diazoacetyl-trans-3,4-diphenyl- 
1-pyrazoline in 10 ml of methanol and 10 ml of tetrahydrofuran 
was treated with 2 ml of 1 N  methanolic KOH. After standing 
for 5 hr at 30° the orange solution was treated with Dry Ice and 
evaporated i n  v a c u o .  The residual yellow solid was triturated 
with water and then collected and dried to give 0.51 (94%) of 
crude powder. Recrystallization from ethanol-water gave 0.40 
g (76%) of 2, ir same as that from A.

6,7-Diphenyl-2,3-diazabicyclo[4.1.0]-3-hepten-5-ol (3).— A so
lution of 520 mg of 2 in 40 ml of a mixture of EtOH-tetrahydro- 
furan (1:1) was treated with 100 mg of NaBIR. After 5 hr the 
reaction mixture was diluted with water, made distinctly basic 
with NaOH, and extracted with ether. After washing, drying, 
and evaporation the ether was evaporated and the solid colorless 
residue was recrystallized from methanol-water to give 240 mg 
(40%) of 3, mp 165°. Further recrystallization from ether- 
pentane gave material with mp 168-170°; rKBr 3220, 1600, 
1496 cm“1; 5CDCl1 2.6 (s, 1, OH), 3.00 (d, 1 ,7  =  4.5 Hz, H-7), 
3.49 (d, 1, 7  =  4.5 Hz, H -l), 4.18 (br s, 1, -CHOH), 5.95 (s, 1, 
NH), 6 .5-7.3 (m, 11).

A n a l .  Calcd for CnH16N20 : C, 77.25; H, 6.10; N, 10.60. 
Found: C, 76.98; H, 6.10; N, 10.62.

The 2-acetyl derivative of 3 was obtained by treatment of 211 
mg of 3 in CH2C12 with 2 equiv of acetyl chloride in pyridine. 
After addition of water, etc., the CH2CI2 was evaporated to give 
60 mg of white solid which was recrystallized from CHCU-pen- 
tane: mp 225°; rKBr 1650, 1605, 3330 cm "1; ¿DMS°-d 2.31 
(s, 3), 2.83 (d, 1 , 7 = 5  Hz, H-7), 4.17 (br s, 1, CHOH), 4.85 
(d, 1 ,7  =  5 Hz, H -l), 7.0-7.2 (m, 11).

A n a l .  Calcd for C^H.sNîOî: C, 74.49; H, 5.92; N, 9.15. 
Found: C, 74.30; H, 5.95; N, 8.87.

Excess acetyl chloride gave a noncrystalline diacetyl derivative: 
5CDCI3 2.20 (s, 3), 2.40 (s, 3), 2.87 (d, 1 ,7  =  5.5 Hz, H-7), 5.04 
(d, 1, 7 =  5.5 Hz, H -l), 5.50 (d, 1, 7  =  1.7 Hz, H-5), 6.78 (d, 
1, 7  =  1.7 Hz, H-4), 7.1 (m, 10).

Reaction of 2 with Acetic Anhydride.— A solution of 0.79 g of 
2 in 3 ml of Ac?0 and 5 ml of pyridine was allowed to stand for 4 
hr and was then added to water. The mixture was shaken with 
ether and some white insoluble solid was collected by filtration 
and dried to give 60 mg (7%) of the 2-acetyl bicyclic compound
6. Recrystallization from chloroform-hexane gave colorless 
crystals: mp 245°; yCHCl1 1710, 1675 cm-1; 5CDCl3 2.50 (s, 3),
3.10 (d, 1 ,7  =  5.5 Hz, H-7), 5.63 (d, 1 ,7  =  5.5 Hz, H -l), 6.7-
7.3 (m, 11).

A n a l .  Calcd for Ci9H,6N202: C, 74.98; H, 5.30; N, 9.21. 
Found: C, 74.49; H, 5.54; N, 9.04.

The ether solution from above was washed, dried, and evapo
rated to a yellow residue. After the residue was redissolved in 
ether and the solution was filtered to remove a small amount of 
6, the solution was again concentrated to give 380 mg (37%) of 
orange solid, mp 150°. Recrystallization from chloroform- 
hexane gave the enol acetate 5 as yellow needles: mp 152-154;
„Km 1775> 169o, 1370, 1320, 1210, 1170 cm“1 (all strong); SCDCl3
1.65 (s, 3), 2.29 (s, 3), 6.62 (s, l ),10 6.8-7.3 (m, 10). The ir 
spectrum matched (positions and relative intensities of 23 peaks) 
that of a sample prepared by acetylation of the 2,3-dihydro- 
diazepinone.66

A n a l .  Calcd for CaHigNjOs: C, 72.82; H, 5.24; N, 8.09. 
Found: C, 72.64; H, 5.34; N, 7.99.

To a solution of 100 mg of the yellow crystals in 3 ml of meth
anol was added 2 ml of 1 A  KOH. After 1 hr the solution was 
diluted with ice water and made acidic with HC1, and the re
sulting yellow solid was collected, washed, and dried to give 75 
mg (88% ) of 8, mp 200° dec; ir identical with that of authentic 
sample.6

5,6-Diphenyl-l,5-dihydro-4if-l,2-diazepin-4-one (4) from 2.—
A solution of 150 mg of 2 in 140 ml of benzene was irradiated in a 
Rayonet photochemical reactor with 16 75-W 3500-A lamps; 
the solution was cooled to 13° with a circulating water jacket. 
After 30 min, tic showed the formation of a yellow, faster moving 
compound; after 2 hr this appeared to be the major component. 
After 2.5 hr of irradiation the solution was evaporated i n  v a c u o  

to a solid residue which was chromatographed on silicic acid in 
CHCI3 solution. The material in the yellow band was treated 
with charcoal to remove some dark color and was then chro
matographed again. Crystallization from benzene-cyclohexane

(10) This signal was absent in the spectrum of a sample prepared by
acetylation of 2-4-d obtained from 1 in CHaOD-NaOD.
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gave 30 mg (20%) of bright yellow crystals of 4, mp 133-134°; 
the ir spectrum was identical with that of a sample prepared by 
base-catalyzed isomerization of the 2,3-dihydrodiazepinone.6

Photoisomerization of 6.— A solution of 100 mg of the 2-acetyl 
compound 6 in 100 ml of benzene was irradiated as described 
above for 2. After 3 hr the yellow solution was evaporated and 
the residual oil was chromatographed on silica gel to give 65 mg 
of yellow oil. The ir spectrum was identical with that of a non
crystalline sample of the l-acetyl-5,6-diphenyl-l,5-dihydro- 
diazepinone (7) obtained from 4 plus ketene.6 (Crystalline 7 
was obtained subsequent to this photoisomerization experiment.) 
For further characterization the irradiation product was acety- 
lated with Ac20  to obtain the crystalline enol acetate, mp 150- 
151°, identical (ir) with a sample prepared from 4 .6

Methylation of 2.— A suspension of 262 mg of 2 in 5 ml of ace
tone at 0° was treated with 443 mg (3 mequiv) of trimethyl- 
oxonium fluoroborate. The solid 2 rapidly dissolved. After 
30 min, 0.7 ml of triethylamine was added and acetone was 
evaporated. The orange oil was dissolved in CHCI3 and the 
solution was washed with dilute NaOH and then water, dried, 
and evaporated. The amber oil crystallized from CHCl3-hexane 
to give 30 mg of white solid: mp 175°; xKBr 1660, 1610 cm-1; 
«cncn 3.55 (s> 3)> 3.6-4.3 (m, 3), 4.96 (m, 1), 6.47 (m, 3), 6.9-
7.4 (m, 20) (analysis showed retention of CHCI3); mass spectrum 
m / e  538 (dimer of 2 +  CH2) (10),11453 (38), 276 (2 +  CH2) (80), 
219(100).

The mother liquor from the methyl dimer was chromato
graphed in CHCI3 on silicic acid. The resulting light amber oil, 
obtained in one fraction, crystallized from benzene-pentane to 
give 30 mg of tan solid. Recrystallization from CHCl3-hexane 
gave 20 mg of white crystals of 9: mp 192-193°; xKBr 1640, 
1560 cm-1 (these are assumed to be C = N  stretching); SCDCI‘
3.66 (s, 3), 4.09 (d, 1, J  =  5 Hz), 6.81 (d, 1, J  =  5 Hz), 7.0-7.5 
(m, 11); X l? H 263 nm U  9500), 303 (8300), 334 (9000).

A n a l .  Calcd for CiSHi6N20 : C, 78.23; H, 5.84; N, 10.14. 
Found: C, 78.32; H, 5.81; N, 10.19.

The mother liquor from 9 was concentrated and the residual 
oily solid was sublimed [70° (1 mm)] to give 25 mg of pale yellow 
solid. Recrystallization from hexane gave white plates of the 
methylpyrazole 10: mp 101-102°; 6CDC|1 3.91 (s, 3), 7.15-7.5 
(m, 5), 7.55 (s, 1), 7.75 (s, 1).

A n a l .  Calcd for Ci0Hi„N2: C, 75.92; H, 6.37; N, 17.71. 
Found: C, 75.39, H 6.81; N, 17.61.

An authentic sample of 10 was obtained by treating a suspen
sion of 70 mg of 4-phenylpyrazole in acetone with 220 mg of 
(CII3)30 -B F 4 at 9° for 1 hr. After addition of Et3N, and the 
usual isolation, the product mixture was chromatographed to

(11) N um eral in parentheses is per cen t intensity  o f  base peak (100).

remove some unreacted starting material and 35 mg of 10 was 
obtained, mp 100-101°, ir identical with that of sample de
scribed above.

Dimerization of 2 in Methanol (Dimer A).— 2 (600 mg) was 
warmed with 100 mg of methanol until solution was complete 
and the solution was then concentrated and allowed to crystallize. 
A first crop of 150 mg of colorless needles of dimer A was obtained. 
Addition of water to the mother liquor gave an additional 300 
mg of tan crystals. Tic of the first crop showed one spot, faster 
moving than 2; the second crop contained mainly dimer and a 
small amount of 2. Recrystallization of the combined material 
from methanol gave colorless needles: mp 196° dec; xKBr 3350, 
3200, 1720, 1660 cm“1; SCDC|34.11 (t, 1), 4.7 (d, 1, /  = 5 Hz),
4.8 (s, 1), 4.95 (d, 1, J  =  5.7 Hz), 5.48 (m, 1, in D20  —► d, J  =

5.7 Hz), 6.7 (s, 1), 6.8-7.3 (m, 21), 8.5 (br, in D20  exchanges). 
A n a l .  Calcd for C34H2iN)0 2 (mol wt 524): C, 77.84; H,

5.38; N, 10.68. Found: C, 77.62; H, 5.47; N, 10.33.
Anhydro Derivative of 2.— A solution of 150 mg of 2 in 2 ml of 

toluene was refluxed for 4 hr. On cooling, 40 mg of tan powder 
separated. Tic showed a major component at slightly higher 
Rf value than 2. Recrystallization of this solid from methanol 
gave 20 mg of light tan crystals: mp 209° dec; xKBr 3350, 1710, 
1640, 1560 cm“1; 5DMS0 3.84 (d, 1, J  =  7 Hz), 6.0 (dd, 1, J  =

3 and 7 Hz), 6.80 (s, 1), 7.0-7.5 (m, 20-23); m / e  506 (dimer of 
2 -  18) (65),11 479 (84), 460 (84), 436 (56), 244 (63), 206 
(100).

A n a l .  Calcd for C34H26N40  (mol wt 506): C, 80.61; H, 
5.17; N, 11.06. Found: C, 80.66; H, 4.89; N, 11.13.

A somewhat higher yield, and more easily purified sample of 
this compound, was obtained by heating dimer A in toluene for
4 hr.

Dimerization of Acetic Acid.—A solution of 200 mg of 2 (or 
dimer A) in 10 ml of glacial acetic acid was heated at 60° for 10 
hr. After a small amount of undissolved solid was removed the 
acetic acid was evaporated (benzene added and evaporated) to 
give a brown powder. Several recrystallizations from methanol 
gave colorless rods: mp 235° dec; xKBr 3250, 1730, 1650 cm-1; 
j d m s o  4.22 (d, 1, /  =  8 Hz), 5.38 (dd, 1, J  =  4 and 13 Hz),
5.80 (dd, 2, J  = 4 and 8 Hz, in D20  —*• d, /  = 8 Hz), 6.5 (m, 2),
6.7 (apparent d, J  —  6 Hz), 7.2 (br s, 15); m / e  524 (4),11 505
(7), 496 (6), 478 (24), 467 (20), 451 (17), 437 (18), 436 (18), 363
(20), 334 (21), 308 (23), 262 (40), 247 (42), 235 (100), 234 (55).

A n a l .  Calcd for C ^ H a N ^  (mol wt 524): C, 77.84; H, 
538; N, 10.68. Found: C, 78.06; H, 4.81; N, 10.86.

Registry No.— 1, 24302-17-8; 2, 40635-72-1; 3, 40635-73-2; 
3 2-acetyl derivative, 40635-74-3; 3 diacetyl derivative, 40635- 
75-4; 4, 40635-76-5; 5, 40635-77-6; 6, 40635-78-7; 8, 24301-
66-4; 9, 40635-80-1; 10, 10199-69-6; dimer A, 40633-49-6;
4-phenylpyrazole, 10199-68-5; (CH3)sO'BF4, 420-37-1.
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Thermally Induced Fragmentation of Some Azidopyrazole Derivatives1
Peter A. S. Smith* and Harry D ounchis 

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  M i c h i g a n ,  A n n  A r b o r ,  M i c h i g a n  4 8 1 0 4  

R e c e i v e d  M a r c h  6,  1 9 7 3

4-Azido-l,5-diphenyl-l,2,3-triazole thermolyzed at 110° into nitrogen and a-phenyliminophenylacetonitrile, 
as did a series of seven 4-azidopyrazoles bearing methyl and/or phenyl substituents between 40 and 80°, with 
fragmentation of the ring. The 3 substituent with the attached 3 carbon appeared as a nitrile, R3CN, and the 
1 and 5 substituents together with the 4 and 5 carbons appeared as an a-iminonitrile, R6C (C N )=N R 1. When 
the 3 and 5 substituents were both phenyl, substantial amounts of the corresponding azopyrazole (formally a 
dimer of the nitrene) were formed as well. The ratio of dimeric to fragmentation product fell on dilution. 
Thermolysis of l-methyl-3,5-diphenyl-4-azidopyrazole in the presence of p-anisyl azide gave the same products 
as in the absence of anisvl azide, and no unsymmetrical azo compound could be detected. Azo compounds are 
deduced not to arise from either dimerization of nitrene or attack of nitrene on azide. Photolysis of the azides 
or deoxygenation of the corresponding 4-nitrosopyrazoles gave similar products but in lower yields. 3,5-Di- 
methyl-4-azidopyrazole formed 4-phenylazo-3,o-dimethylpyrazole when thermolyzed in aniline, apparently 
through insertion of a pyrazoylylnitrene into an N -H  bond. 3-Methyl-4-phenyl-5-azidopyrazole lost nitrogen 
slowly at 110° and formed the corresponding aminopyrazole (15 to 18%) and a-cyano-/3-methylstyrene (38%).

Certain 5-azidopyrazoles and -triazoles have been 
found to lose nitrogen upon mild thermolysis and to 
produce a single fragmentation product, a conjugated 
nitrile, resulting from fission of the ring at the 1,5 
bond (eq l ) .2 It is not known whether this is a con-

, Ar
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J/ \CN,
'•hr

I
Ar'

Y = C '  
/  \

,Ar
Y = C

Ar

/  \
N, +  N ^ +  X = N -  (w=t) N*. Ch N (1)

AN'
I
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N
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certed process, or whether a free nitrene intervenes, al
though there is some evidence that the conjugated 
nitriles may equilibrate with a very low concentration 
of the corresponding heterocyclic nitrene, whose en
ergy content and reactivity are unusually low owing to 
electronic interaction with the ring.

The positionally isomeric 4-azidoazoles would give 
rise to a similarly stabilized nitrene (eq 2), but the

/N ,
Y -C

7 ?  \)R

R

/ NY -C  
!/ \V “
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Y = Z  +
R'
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option of a simple ring opening to form a conjugated 
nitrene isomeric with the nitrene is not available. If 
fragmentation occurs, two moieties must be formed, 
one derived from the 2 and 3 positions of the ring, the 
other from the 4, 5, and 1 positions. Nitrogen atoms 
as such are in principle not required at any of the ring 
positions. We have observed an example of this type

(1) F rom  the d octora l dissertation o f  H . D ounch is, 1967.
(2) (a) P . A . S. Sm ith, W . R esem ann, and L. O. K rbech ek , J . A m e r .  C h e m .  

S o c . ,  86, 2025 (1964); (b ) P . A . S. Sm ith, G . J. W . Breen, M . K . H ajek , and 
D . C . V . Aw ang, J .  O r g . C h e m ., 35, 2215 (1970).

of fragmentation in the triazole series: 1,5-diphenyl-4-
azido-1,2,3-triazole fragments cleanly into two mole
cules of nitrogen and a molecule of a-phenylimino- 
phenylacetonitrile when heated (Y = Z = N). Closely 
related examples in the pyrazole and pyrrole series have 
been reported: Wright found that 1,5-diphenyl-3-meth- 
yl-4-nitrosopyrazole fragments into acetonitrile and a- 
phenyliminophenylacetonitrile (Y =  C, Z =  N) when 
deoxygenated with triethyl phosphite,3 and Irwin and 
Wibberley found that 7-nitroso-3,6-diphenylpyrrolo- 
[1,2-c]pyrimidine opens to 4-phenyl-6-(2-phenyl-2-cy- 
ano)vinylpyrimidine during catalytic hydrogenation.4

4-Azidopyrazoles.—The present work was undertaken 
to explore the generality of this type of fragmentation 
and to see if any evidence for an intermediate nitrene 
could be found. To this end, a group of 4-azidopyr
azoles having methyl and/or phenyl substituents was 
prepared. The conventional route to such compounds 
would be through reaction of sodium azide with the 
diazotized amines,5 which are obtained by reduction of 
the 4-nitro- or 4-nitrosopyrazoles. However, the gen
eral method for introducing nitrogen functionality into 
the 4 position of the pyrazole ring,6 reaction of an a- 
oximino-/3-dicarbonyl compound with a hydrazine to 
form a 4-nitrosopyrazole, gave only traces of 1,3,5-tri- 
phenyl-4-nitrosopyrazole and none of the desired prod
uct when applied to the synthesis of l-methyl-3,5- 
diphenyl-4-nitrosopyrazole, evidently owing to rapid 
reaction of the desired product with the hydrazine.

Nitration of phenylpyrazoles is known to take place 
on the benzene ring and was thus not an alternative.6 
Although it has been stated6 that “ direct nitrosation of 
pyrazoles cannot be accomplished,”  we were able to 
effect the nitrosation of 1,3,5-triphenylpyrazole in 50% 
yield, using dinitrogen tetroxide in methylene chloride 
in the presence of sodium acetate. l-Methyl-3,5-di- 
phenyl-4-aminopyrazole was prepared by methylation 
of the known 3,5-diphenyl-4-aminopyrazole while the 
amino group was protected with a benzylidene group. 
l,3-Diphenyl-4-amino-5-methylpyrazole was prepared 
from the known 4-carboethoxy compound through the 
Curtius reaction. Subsequent steps leading from these 
compounds to the 4-azidopyrazoles were unexceptional.

(3) J . B . W righ t, J .  O r g . C h e m ., 34, 2474 (1969).
(4) W . J. Irw in  and D . G . W ibberley , C h e m . C o m m u n .,  878 (1968).
(5) G . T. M organ  and I. A ckerm an, J .  C h e m . S o c . ,  123, 1311 (1923).
(6) A . N . K ost and I . I . G randberg, A d v a n .  H e t e r o c y d .  C h e m .,  6, 347 

(1966).
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The 4-azidopyrazoles (c/. Table I) were obtained in a 
state of good purity (tic, ir, nmr), in some instances

T a b l e  I
T h e r m o l y s i s  o f  4 - A z i d o p y r a z o l e s  (1-R', 3-R3, 5-R5) 

i n  C y c l o h e x a n e  S o l u t io n

------------------Y ields, % “ ----------------- ,

C om pd 1 -R 1
-Substituents-

3-R* 5 -R 5 R'CN
RiN=C-
(CN)R6

A zo
pyrazole

i ph Ph Ph Yes 21 14 .54
ii Ph Ph c h 3 54 75 None

h i Ph c h 3 Ph Yes 100 None
IV c h 3 Ph Ph Yes Yes 35
V Ph c h 3 c h 3 Yes 74 None

VI CHs c h 3 c h 3 Yes Yes None
VII H c h 3 c h 3 Yes ? None'

“ Some tar was always formed. 4 2%  of benzanilide also 
formed. c Also formed were ~ 2 0 %  high-melting solid, and 7.5%  
X  (CsHnNs?): mp 172-174°; ir 3190 (NH), 1675, 1660 (C =N ), 
1635, 1340 cm-1; nmr 5 1.48 (s, 1), 2.20 (s, 1), 2.23 ppm (s, 1); 
uv Xma* 222 nm (« 3300), 257 (3400), 272 (3700), 337 (2300); m / e  

177.

crystalline, but were unusually unstable for aryl azides, 
and decomposed slowly at ambient temperature and 
sometimes detonated during combustion, thus pre
cluding meaningful analysis. In dilute solution in 
cyclohexane, nitrogen evolution was completed in 
^ 3 0  min at reflux temperature (~80°). Although the 
products of the generalized fragmentation reaction 
were detected in each instance, they were usually ac
companied by considerable amounts of polymeric 
material. The simple nitriles (acetonitrile or benzo- 
nitrile) were generally not isolated, but were detected 
by nmr or ir and by glc retention time. The a-imino- 
nitriles bearing one or more phenyl groups were iso
lated in crystalline form when feasible; a-iminopropio- 
nitrile and a-methyliminopropionitrile, however, were 
too labile and presumably not solid at room tempera
ture. Nmr signals attributable to the latter were ob
tained, but only presumed transformation products of 
the former could be detected. The results are col
lected in Table I.

In addition to the nitrilic fragmentation products, 
two of the azides, 1,3,5-triphenyl- (I) and l-methyl-3,5- 
diphenyl-4-azidopyrazole (IV), produced the corre
sponding azopyrazoles (VIII, eq 3). Azo compounds

Ph

N« \
\ Ph

Ph N 

N "
■N \

Ph

(3)

R
vni

could not be detected among the products of the other 
azides even by thin layer chromatography (the azo 
compounds were synthesized from the nitroso pyr- 
azoles for comparison). The formation of an azo com
pound indicates that fragmentation of the azido pyr- 
azole is not a concerted process, but a nitrene is first 
formed by loss of nitrogen from the azido group in a 
discrete step. If the lifetime of the nitrene is long 
enough, reactions other than further fragmentation may 
compete. The two azidopyrazoles that gave rise to 
azo compounds are the only ones of those examined 
that have phenyl groups in the 3 and 5 positions, but it 
is not clear how such substitution brings about this 
effect.

The path from nitrenes to azo compounds in general 
is unlikely to be simple dimerization, although it has 
often been so represented.7 Nitrenes are highly reac
tive intermediates, of unknown but assuredly short 
lifetimes, and their concentration at any moment in a 
decomposing azide solution must be very low; the prob
ability that two nitrene molecules would collide before 
reacting in other ways (intramolecularly or with the 
medium) would be very small. Extensive kinetic mea
surements have shown that thermolysis of aryl azides 
is strictly first order, so that initial dimerization of the 
azide cannot be involved.7 The likely alternatives are 
attack by nitrene on azide (eq 4) or processes involving 
hydrogenated intermediates, such as dimerization of 
amino radicals or insertion of nitrene into an N-H 
bond, followed by dehydrogenation of the resulting 
hydrazine (eq 5) by nitrene, amino radical, or air. In

RN +  RN3 — ► RN =N R +  N2 (4)

RN RNH- —  RNH, ^  RNHNHR ^  RN=NR

^ -----------------> (5)
either case, the proportion of azo compound to uni- 
molecular fragmentation products or primary amine 
should decrease with dilution.

l,3,5-Triphenyl-4-azidopyrazole (I) has a generally 
low solubility, and thus did not lend itself to experi
ments over a range of concentrations. l-Methyl-3,5- 
diphenyl-4-azidopyrazole (IV) is more soluble, and 
thermolyses were conducted at the concentrations of 
0.40, 0.33, and 0.029 M  in cyclohexane. The yield of 
azopyrazole was essentially the same (~ 35% ) at the 
first two concentrations, but fell by one third (to 23%) 
at the higher dilution. This result is in qualitative 
agreement with expectation, but the quantitative sig
nificance is uncertain, owing to the extensive formation 
of intractable gums. Another experiment took ad
vantage of the fact that the decomposition temperature 
of IV is much lower than that of p-anisyl azide, which is 
known to form p,p'-azoanisole on thermolysis. When 
IV, 0.14 M in cyclohexane, was thermolyzed in the pres
ence of excess p-anisyl azide, which is stable at the re
flux temperature of the solution, azopyrazole VIII was 
formed in normal yield (25%). No trace of the p- 
anisylazopyrazole which would have resulted from the 
attack of the pyrazole nitrene on anisyl azide could be 
detected.

This result is consistent with the observations of 
Abramovitch, Challand, and Scriven that phenyl azide

(7) P. A. S. Smith, in “ Nitrenes,” Lwowski, Ed., Wiley-Interscience. New
York, N. Y., 1970, Chapter 4.
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was unattacked when phenylnitrene was generated in 
its presence by deoxygenation of nitrobenzene with tri
ethyl phosphite.8 Such facts imply that eq 4 does not 
represent the path from azides to azo compounds, and 
eq 5 is therefore implicated.

There is precedent for insertion of arylnitrenes into 
N -H  bonds to produce hydrazo or azo compounds in 
several independent reports.9 Further evidence for this 
process and for eq 5 was obtained from 3,5-dimethyl-4- 
azidopyrazole (’VII), which alone in benzene or toluene 
formed no detectable azopyrazole, but in a benzene so
lution of aniline formed the unsymmetrical azo com
pound, 3,5-dimethyl-4-phenylazopyrazole (IX), in 5.7% 
yield. In the presence of phenylhydrazine, a hydrogen 
donor much superior to benzene or aniline, the prin
cipal product was the aminopyrazole (42.6%) instead 
(eq 6). The formation of primary amine, fragmenta-

VII

CH. N=NPh

H
IX

(6)

tion products, azo compounds, etc., would, of course be 
sensitively determined by influences of the medium and 
the structure of the azide on the relative rates of the 
steps in eq 5.

In the absence of aniline or phenylhydrazine, azide 
VII gave rise principally to a brown, amorphous mate
rial which could not be purified and which appeared to 
be polymeric. The other products were acetonitrile 
and, in 7% yield, a colorless, crystalline solid that de
composed slowly; the molecular formula was appar
ently C8HnN5 (X). Its nmr spectrum showed three 
singlets, of equal intensity, corresponding to three 
methyl groups (the NH hydrogens could not be lo
cated, owing to extreme broadening of their signal, but 
their presence was confirmed in the ir). It corre
sponds to an adduct of the pyrazolylnitrene with a- 
iminopropionitrile, the other expected fragmentation 
product, although it cannot be said if it arose in that 
way. Its instability, the small quantities accessible, 
and its uncertain significance recommended that fur
ther investigation be deferred.

A sample of azide VII was thermolyzed by adding it 
in small portions to a boiling solution of maleic anhy
dride in benzene, in the hope of intercepting a-imino- 
propionitrile. The only product isolated was an un- 
purifiable and evidently polymeric solid, whose anal
ysis corresponded roughly to a 1:1 adduct of a-imino- 
propionitrile with maleic anhydride, in ~ 8 5 %  yield; its 
poorly resolved ir spectrum showed both carbonyl and 
N -H  stretching bands, but no discernible C = N  ab
sorption.

(8) R . A . A b ra m ov itch , S. R . C halland , and E . F . V . Scriven, J .  A m e r .  
C h e m . S o c . .  95, 1374 (1972).

(9) R . A . O dum  and M . B renner, J .  A m e r .  C h e m . S o c . ,  88, 2074 (1966); 
R . H uisgen and K . von  Frauenberg, T e tr a h e d r o n  L e t t . ,  2595 (1969 ); R . E . 
B anks and  A . Prakash, i b id . ,  99 (1973); E . F. V . Scriven, H . S uschitzky, and 
G . V. G arner, i b i d . ,  103 (1973).

One example of a 4-azidopyrazole, IV, was decom
posed by photolysis for comparison. The same prod
ucts, benzonitrile, a-methyliminophenylacetonitrile, 
and the azopyrazole, were formed, but in lower yield. 
In addition to these and some tarry materials, an un
stable solid photoproduct was isolated. Thin layer 
chromatography indicated one major and two minor 
components, but we could not purify them by either 
chromatography or recrystallization. Nitrile absorp
tion showed in the ir spectrum of the mixture and nmr 
showed two V-methyl singlets and aromatic protons 
corresponding to a ratio of CH3: (VHs between 1:2 and 
2:5. This ratio eliminates the possibility that the sub
stance may have been derived from addition of the 
azide or nitrene to a fragmentation product, but that is 
all that can be said at this time.

4- Nitrosopyrazoles.—In two instances, the corre
sponding 4-nitrosopyrazoles were deoxygenated with 
triphenylphosphine. 1,5-Diphenyl-3-methyl-4-nitroso- 
pyrazole (corresponding to azide III) gave aceto
nitrile and a-phenyliminophenylacetonitrile, as Wright 
obtained4 by deoxygenation with triethyl phosphite, 
and as we obtained from the azide, but in lower yield. 
The yield of iminonitrile was sensitive to concentration, 
falling from 57% in 0.05 M solution to 38% in 0.37 
M solution. l,3,5-Triphenyl-4-nitrosopyrazole (corre
sponding to azide I) gave an intractable mixture on 
deoxygenation; no azopyrazole and only traces of 
iminonitrile could be detected by tic.

5- Azidopyrazoles.—The behavior of the 4-azido- 
pyrazoles, which indicates a role for nitrene inter
mediates in at least some cases, turned our attention to 
the possibility that nitrene intermediates might also be 
detectable from 5-azidopyrazoles. In the examples 
previously reported,2b the conjugated azoacrylonitrile 
produced according to eq 1 was considerably stabilized 
by the presence of aryl groups on the unsaturated 
carbon and nitrogen positions, a circumstance that 
might accelerate opening of the ring, and thus either 
bypass the nitrene (concerted fragmentation) or reduce 
its lifetime (or its equilibrium concentration). We 
therefore prepared and thermolyzed 3-methyl-4-phenyl- 
azidopyrazole (XI), the azoacrylonitrile from which 
would be stabilized by only one aryl group instead of 
three, and thus might not form so readily. This azide 
was considerably more stable than the 4-azidopyrazoles 
and than l,3,4-triphenyl-5-azidopyrazole, which ther- 
molyze at temperatures as low as 50°, and it decom
posed at a reasonable rate only when heated to 110° 
(refluxing toluene). The products were the corre
sponding 5-aminopyrazole (XII, 20%) and a-phenyl- 
crotonitrile (XIV, 38%) (eq 7). The azoacrylonitrile

CH:1 Ph
> = <

In CN

NH
XIII

( 7 )

CHjCH=CPh —  CN 
XIV

XII
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derivative X III was not detected directly, but its for
mation was inferred from the appearance of X IV  and 
analogy to the behavior of other monosubstituted 
diazenes.9

The formation of an amine, a product of hydrogen 
abstraction, in substantial quantities distinguishes the 
behavior of X I from its 1,3,4-triaryl analogs. It is a 
reaction characteristic of nitrenes and would seem to 
imply that a nitrene intermediate in this instance has a 
long enough lifetime for other reactions to compete with 
the ring-opening path. However, bibenzyl, an ex
pected product if the source of hydrogen were the 
toluene used as solvent, was detected in only trace 
amounts, and the same products were obtained when 
chlorobenzene was used as solvent instead. The most 
likely alternative source of hydrogen is the diazene 
X III [diimide itself is known to be an effective donor of 
hydrogen, and phenyldiazene (phenyldiimide) is a 
very active reducing agent ].10

If X III is the source of hydrogen, it is more probable 
that it transfers hydrogen atoms to the azide X I 10 rather 
than the nitrene, for the latter would be present only at 
very low concentrations, and the concentration of 
X III would also be low, owing to its depletion both by 
hydrogen transfer and by loss of nitrogen to form XIV. 
The product of dehydrogenation of X III, a diazo free 
radical or the vinyl radical formed from it by loss of N2, 
is a likely source of the tarry material formed. The 
stoichiometry of such a scheme is consistent with the 
observations, for the 20% yield of amine would require 
40% of X III for its formation, leaving 40% of the 
reaction mixture to be accounted for as XIV, compared 
to 38% actually obtained.

Experimental Section11
l,3,5-Triphenyl-4-nitrosopyrazole.—A solution of 8.0 g (27

mmol) of 1,3,5-triphenylpyrazole12 [nmr S 6.77 (s, 1), 7.3-7.4 
(m, 13), 7.85-8.0 ppm (m, 2); ir 1600, 1495, 1365, 1215, 1175, 
etc., cm-1] in 200 ml of methylene chloride in which 2.2 g of 
sodium acetate was suspended was cooled in an ice bath and 
stirred while 10 ml of dinitrogen tetroxide diluted with methylene 
chloride was added. The mixture was stirred for 6 hr while 
slowly attaining room temperature and was then washed with 
water and dried over magnesium sulfate. Evaporation left a 
green mass, which was recrystallized from 600 ml of ethanol to 
give 4.35 g (49.6%) of sparkling green crystals of the nitro- 
sopyrazole: mp 184-186°; nmr S 7.3-7.5 (m, 13), 7.85-8.0 
ppm (m, 2); ir (Nujol) 1605,1595,1500,1460 cm-1.

A n a l .  Calcd for C21H15N3O: C, 77.52; H, 4.65; N, 12.92. 
Found: C, 77.35; H, 4.76; N, 12.90.

Attempts to increase the yield by use of longer reaction times 
and excess dinitrogen tetroxide resulted in destruction of the 
nitroso compound and formation of unidentified orange-yellow 
substances. l,3,5-Triphenyl-4-nitrosopyrazole was also pre
pared from the reaction of l,3-diphenyl-l,2,3-propanetrione 2- 
oxime with phenylhydrazine, but in only 1.5% yield.

4-Amino-l,3-diphenyl-5-methylpyrazole.— A suspension of 11.2 
g (36.6 mmol) of ethyl l,3-diphenyl-5-methylpyrazole-4-car- 
boxylate13 in 24 ml of 95% hydrazine was refluxed with stirring

(10) E . M . K osow er, A c c o u n t s  C h e m . R e s . ,  4, 193 (1971 ); d iim ide is im 
plicated  in the reported redu ction  o f  ph en jd  azide b y  hydrazine in the pres
ence o f  palladium .

(11) Analyses were d on e b y  Spang M icroan a iy tica l Laboratories, A nn 
A rbor, M ich . Ir  spectra  were taken on  a Perkin -E lm er M od el 237B  instru
m ent; N u jo l m ulls were used unless otherw ise stated. N m r spectra  were 
taken on a V arian A -60  instrum ent, using tetram ethylsilane as internal refer
ence and deu terioch loroform  for  solvent, unless otherw ise stated. Analyses 
for C , H, and N  w ithin  0 .3 %  o f  ca lcu lated  were obta in ed  for all new  com 
pounds n ot exp licitly  described.

(12) L . K n orr and H . Laubm ann, B e r . ,  21, 1205 (1888).
(13) L. K n orr and P . D uden, B e r . ,  26, 113 (1893).

for 5 hr and then poured into ice water. The resulting solid 4- 
carbohydrazide was washed with water, triturated with a small 
amount of ethanol, and dried in air: 10.17 g (95.2%); mp 181-
183°; ir (CHC13) 3430, 3325 (NHNH2), 1665-1650 cm" 1 (CON- 
HNH2); nmr 5 2.53 (s, 3, 5-CH3), 3.8 (broad, 2, NH2), 6.9 
(broad, 1, NH), 7.45 ppm (s, 10, aryl).

A n a l .  Calcd for C17H16H4O: C, 69.84; H, 5.52, N, 19.17. 
Found: C, 69.70; H, 5.62; N, 19.21.

The entire yield of the foregoing hydrazide was quickly dis
solved in a cold mixture of 50 ml of glacial acetic acid and 50 ml 
of 7% hydrochloric acid and treated with 2.4 g of sodium nitrite 
dissolved in a minimum of water. The gummy acyl azide that 
precipitated was separated by decantation and taken up in 100 
ml of benzene. After one washing with water, the benzene solu
tion was cautiously heated under reflux with 35 ml of concen
trated hydrochloric acid. When gas evolution ceased (~1 .5  hr), 
the mixture was filtered, and the aqueous phase was separated, 
neutralized with sodium bicarbonate, and extracted with chloro
form. Attempts at crystallization having failed, the crude amine 
was converted to its benzylidene derivative by heating for several 
minutes with an equivalent quantity of benzaldehyde in 20 ml of 
ethanol; on cooling, 6.85 g (58.3%) of crystalline solid, mp 168- 
171°, separated. It was hydrolyzed by stirring overnight in a 
mixture of 50 ml of 5 M  sulfuric acid and 50 ml of chloroform. 
The crystalline sulfate salt that separated was washed with 
chloroform and decomposed with aqueous sodium carbonate to 
give 2.5 g of 4-amino-l,3-diphenyl-5-methylpyrazole, mp 69-71°. 
Repeated crystallizations from cyclohexane gave an analytical 
sample: mp 70-71.5°; ir 3350, 3280, 1600 cm-1; nmr S 2.16 
(s, 3, 5-CH;), 2.84 (br, 2, NH2), 7.2-7.5 (m, 8, aryl), 7.7-7.9 
ppm (m, 2, o - aryl).

A n a l .  Calcd for Ci3Hi5N3: C, 77.08; H, 6.06; N, 16.86. 
Found: C, 77.03; H, 6.03; N, 17.06.

If the treatment of the acyl hydrazide with sodium nitrite was 
not done quickly, substantial amounts of s?/m-bis(l,3-diphenyl-5- 
methyl-4-carbonyl)hydrazine were formed: mp 236-237°; ir 
3380,3186,1640,1623 cm "1.

A n a l .  Calcd for C^H^NeO,: C, 73.89; H .5.11; N, 15.21. 
Found: C, 73.73; H, 5.20; N, 15.25.

4-Amino-3,5-diphenyl-1-methylpyrazole.— 4-Amino-3,5-diphen- 
ylpyrazole14 was converted to its pale yellow A’-benzylidene 
derivative (mp 225-227°) by heating with an equivalent amount 
of benzaldehyde in ethanol. A suspension of 11.19 g (36.8 
mmol) of the crude product in 200 ml of benzene was refluxed with
5.1 g (10%  excess) of methyl sulfate for 16 hr. The cooled mix
ture was washed with three 100-ml portions of 10%  sodium hy
droxide solution and then with water and was then dried (MgSO<), 
filtered, and evaporated. The crude, yellow residue, 9.53 g 
(77%), mp 130-140°, was recrystallized from ethanol to yield
5.89 g of 4-benzylidenamino-3,5-diphenyl-l-methylpyrazole: 
mp 145-146°; ir 1635 cm" 1 (C =N ); nmr 6 3.77 (s, 3, iV-CH3),
7.2-7.4 (m, 11, aryl), 7.5-7.7 ppm (m, 2, o-aryl).

A n a l .  Calcd for C23HiaN.i: C, 81.87; H, 5.68. Found: 
C, 81.72; H, 5.75.

The benzylidene group was removed by stirring a suspension of
2.05 g of the foregoing compound in a mixture of 40 ml of ether 
and 60 ml of 3 M  sulfuric acid for ~12  hr. The precipitated salt 
was decomposed with sodium carbonate solution and the resulting 
oil was taken up in methylene chloride; crystallization took place 
slowly upon evaporation, giving 1.30 g (85.5%) of 4-amino-3,5- 
diphenyl-l-methylpyrazole, mp 83-85°. An analytical sample 
was obtained by repeated crystallization from cyclohexane: 
mp 85-86.5°; ir (CC14) 3420, 3350, 1610 cm“1; nmr 5 3.02 (s, 2, 
NH2), 3.75 (s, 3, Ar-CH3), 7.3-7.5 (m, 8, aryl), 7.7-7.9 ppm (m, 
2, o-aryl).

A ? u i l .  Calcd. for Ci6HI5N3: C, 77.08; H, 6.06; N, 16.86. 
Found C, 77.08; H, 6.14; N, 16.90.

Preparation of Azidopyrazoles.— All of the azidopyrazoles were 
prepared by the reaction of the aminopyrazole with nitrous acid 
with only small variations according to solubilities. The proce
dure for 4-azido-l,3-diphenyl-5-methylpyrazole (II) is representa
tive. A solution of 2.0 g (8.03 mmol) of amine in 6 ml of acetic 
acid and a solution of 0.55 g of sodium nitrite in 5 ml of water 
were added simultaneously to 10 ml of concentrated hydrochloric 
acid at 0° with stirring. The resulting solution was added after 
a few minutes to an ~ 20%  excess of sodium azide dissolved in ice 
water. After 10 min the precipitated azide was filtered off, 
washed with water, and dried i n  v a c u o : 1.90 g (86.1%); mp

(14) M . R u ccia , A n n .  C h im . ( R o m e ) ,  49, 720 (1959).
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■Amino----------------------------------------------------'  /■--------------------- A zido°-
R eg istry  no. Substituents Source R eg istry  no. Y ie ld , % M p , °C N o. Y ie ld , % M p , °C

40697-39-0 l,3,5-Ph3-4- 4-NO 40697-44-7 59» 163.5-165.5 I High 78-80
40697-40-3 l,3-Ph2-5-Me-4- 4-C02Et 7189-04-0 55« 70-71.5 II 86 62.5-65
40697-41-4 ES-Ph^S-Mc 4 4-NO" 7171-64-4 69 106-107« III 84 Oil
40697-42-5 3,5-Ph2-l-Me-4- 4-N=CHPh 40697-47-0 85' 85-86.5 IV 85 64-66
21683-30-7 l-Ph-3,5-Me2-4- 4-NO 715-99-1 53 60-63» V 70 34-35
28466-21-9 l,3,5-Me3-4- 4-NO 7171-70-2 35 99-101» VI 58 36-38
5272-86-6 3,5-Mej-4- 4-N 02 14531-55-6 72 204-205' VII 75 80-82*'

31924-81-9 3-Me-4-Ph-5- j 4468-48-8 35 138-140 X I 88 115-116
« Colorless to beige crystalline solids; elemental analyses not performed, owing to instability. Ir and nmr spectra were consistent 

with those of the corresponding amines; all showed ir absorption near 2120 cm-1 (N3). b Reduction with zinc dust in ~ 1 %  solution in 
glacial acetic acidiat 0-10°. This amine was also obtained in 53% yield by hydrogenation over platinum oxide in a 1:5:10 mixture of 
concentrated hydrochloric acid, chloroform, and ethanol. c By Curtius degradation. " G. Wittig, B e r . ,  61, 1142 (1928). * Reported14
mp 104°. /  57% overall from 3,5-diphenyl-4-aminopyrazole. ® Monohydrate. h Reported16 mp 100-101°. ' Reported mp 206°
(amine) [reported16 mp 65 and 81° (azide)]: G. T. Morgan and R. Reilly, J .  C h e m .  S o c . ,  105, 441 (1914). ’  From 1-cyano-l-phenyl-
acetone; reported18 mp 140-142°.

62.5-65° with gas evolution; ir (Nujol) 2110 cm 1 (N3); nmr 5
2.33 (s, 3, 5-CHa), 7.2-7.5 (m, 8, aryl), 7.7-7.8 ppm (m, 2, o -  

ary 1). The results are collected in Table II.
Thermolysis of 4-Azidopyrazoles.—The procedures used for 

the several azides varied somewhat, but principally in the work
up. The following examples are representative. A solution of
1.82 g (8.55 mmol) of 4-azido-l-phenyl-3,5-dimethylpyrazole 
(V) in 25 ml of cyclohexane was refluxed for 90 min. Monitoring 
by nmr showed the gradual disappearance of the two methyl 
singlets of V and the development of new singlets at positions 
corresponding to acetonitrile and pyruvonitrile anil. The re
sulting solution showed an ir band at 2220 cm-1 (C =N ) and 
none at 2120 cm-1 (N3). The mixture was evaporated and then 
distilled, yielding 0.91 g (74%) of pyruvonitrile anil, a pale yellow 
oil, bp 78-80° (2 mm) [60-61° (0.25)]. On standing, it solidi
fied: mp 44-46°; ir (neat) 3060, 3025, 2220 (C ^N ), 1660,1635 
cm-1 (C =N ); nmr 5 1.88 and 2.18 (s, total 3, ratio 1:3.4), 6.7-
7.4 ppm (m, 5, aryl). The two high-field singlets correspond to 
the syn and anti configurations of the methyl group.

A n a l .  Calcd for C9HBN2: C, 74.97; H, 5.59; N, 19.43.
Found: C, 75.03; H, 5.69; N, 19.33.

A sample of pyruvonitrile anil (0.85 g) was warmed with 
phenylhydrazine in aqueous ethanol containing 2 ml of concen
trated sulfuric acid. After cooling and dilution, the solution 
deposited 0.25 g (27%) of pyruvonitrile phenylhydrazone: 
mp 151-153° (reported15 mp 150-151°); ir 3270 (NH), 2215 
(C =N ), 1610 cm "1 (C = N ); nmr S 2.07 (s, 3), 7.0-7.4 ppm (5, 
aryl).

The tarry residue after distillation was examined by tic on 
alumina; nothing with a retention time corresponding to authen
tic14 1,1 '-diphenyl-3,3',5,5'-tetramethyl-4,4'-azopyrazole could 
be detected.

A solution of 1.70 g (6.18 mmol) of 4-azido-l,3-diphenyl-5- 
methylpyrazole (II) in 16.4 ml of cyclohexane was refluxed for
1.25 hr; ir showed no azide frequency, but a doublet at 2120-2130 
cm-1 indicated two cyano groups, and glc revealed two volatile 
components other than solvent. One component was deduced to 
be benzonitrile by retention time, peak enhancement and nmr 
(s, 6 7.5 ppm). The solvent was removed and the residue was 
distilled, bp 66-78° (0.5-1.0 mm). The distillate was collected 
in three fractions (0.20, 0.77, and 0.05 g). The first two were 
shown (glc, nmr) to be mixtures of benzonitrile and pyruvonitrile 
anil, and the last nearly pure pyruvonitrile anil (ir, nmr). 
Analysis by nmr showed the total distillate to contain 3.33 mmol 
(53.8%) of benzonitrile and 4.62 mmol (74.6%) of pyruvonitrile 
anil (the ratio of the E  and Z  isomers was 1:4) (some benzonitrile 
is believed to have been lost during evaporation). The undis
tilled residue weighed 70 mg (4.5%); tic showed it to be a com
plex mixture, of which no single component appeared to be more 
than 1% of the starting material, thus establishing a maximum 
limit of azopyrazole, if, indeed, any was formed.

A solution of 4-azido-l,3,5-trimethylpyrazole (VI) in benzene 
was allowed to decompose at ambient temperature in an nmr tube. 
The initial peaks at S 2.15, 2.23, and 3.65 ppm slowly decreased; 
after 1.5 hr, three new peaks appeared at & 1.97 (s, CH3CN), 2.12 
(d), and 3.33 ppm (d). After 12 hr, the azide peaks had reached

(15) G . Favrel, C . R .  A c a d .  S c i .  ( P a r i s ) ,  132, 983 (1901).

about half their original intensity, and after 6 days were com
pletely gone. The two new doublets (5 2.12 and 3.33 ppm), 
presumed to be due to pyruvonitrile methylimine, had increased 
after 12 hr, but decreased after 6 days in favor of two complex 
multiplets centered at 5 2.28 and 3.53 ppm. The resonances 
of l,l',3,3',5,5'-hexamethyl-4,4'-azopyrazole were never seen. 
Attempts to isolate pyruvonitrile methylimine or the phenylhy
drazone derived from it led only to red gums that tic showed to be 
complex mixtures.

A solution of 1.65 g (6.0 mmol) of 4-azido-l-methyl-3,5-di- 
phenylpyrazole (IV) in 15 ml of cyclohexane (0.40 M )  ceased to 
evolve gas after 30 min at the bp. The solution was decanted 
from the red-black gum that had deposited; glc showed the 
presence of benzonitrile (peak enhancement by added authentic 
material) and a more strongly retained component, in similar 
amounts. Chromatography of the gum on alumina with benzene 
as eluant gave 404 mg of dark, amorphous material and 275 mg 
of l,l'-dimethyl-3,3',5,5'-tetraphenyl-4,4'-azopyrazole, mp 183- 
185°; another 319 mg was obtained by allowing the decantate to 
cool and stand. Evaporation of the decantate and chroma
tography yielded 43 mg more; the total yield was 35.8%. The 
presence of a-methyliminophenylacetonitrile in solution was in
ferred from the spectra (see below), but it could not be isolated 
in identifiable form, owing to decomposition.

The foregoing azopyrazole crystallized as a nonstoichiometric 
hydrate from ethyl acetate: red needles; mp 183-185°; ir 
3550, 3345,1415,1250,1200,1180,1050,1030,980 cm“1.

A n a l .  Calcd for C32H26H6-H20 :  C, 74.98; H, 5.51; N,
16.40. Found: C, 75.76; H, 5.62; N, 15.72.

Several recrystallization from cyclohexane gave canary yellow 
leaflets: mp 183-185°; ir 1415, 1180, 1030, 980 cm“1; nmr S

3.70 (s, 3), 7.3-7.5 ppm (m, 10).
A n a l .  Calcd for C32H26N6: C, 77.71; H, 5.30; N, 16.99. 

Found: C, 77.63; H, 5.23; N, 17.00.
The anhydrous form reverted to the hydrate on exposure to 

moisture; a mixture showed no melting point depression. Reduc
tion with zinc dust in acetic acid gave 4-amino-l-methyl-3,5-di- 
phenylpyrazole in 95% yield.

A similar experiment in more dilute solution (0.95 g of IV in 118 
ml of cyclohexane, 0.029 M )  was handled similarly, except that 
the decantate was evaporatively distilled i n  v a c u o .  A pale 
yellow liquid (70 mg) was obtained: nmr & 3.73 (s), 7.30-7.44 
(m), 7.50 (s), 7.80-8.0 ppm (m). The 7.50-ppm resonance, 
identifiable as benzonitrile, had an intensity of <29%  of the total 
of all signals; the other resonances were in the ratio 3 :3 :2 , cor
responding to the CH3, ?n,p-C6Ho, and o-C6H5 of a-methylimino- 
phenylacetonitrile. The ir spectrum (CCh) showed, in addition 
to bands identifiable with benzonitrile, absorption at 3070, 2960, 
2920, 2890, 2770, 2230 (C =N ), 1615 (C =N ), 1580, 1405 cm -1.

Chromatography of the original gum and the residue from 
distillation gave 196 mg (23%) of the azopyrazole.

Photolysis of a solution of 1.60 g of IV in 200 ml of cyclohexane 
at 5-10° using a Hanovia L-679A-36 immersion lamp with pyrex 
filter for 2.5 hr resulted in complete disappearance of the ir ab
sorption at 2120 cm-1 (N3). A beige, amorphous solid had pre
cipitated: 0.31 g, mp 120-124° dec. Rapid recrystallization 
from benzene gave yellow crystals, mp 131-133° dec, but further
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recrystallization gave a product with a lower, wider melting 
point range. Tic indicated one major component and two minor 
contaminants: ir 2220 (C =N ), 1645, 1615, 1595, 1560 cm '1, 
etc.; nmr 8 3.76 (s, 3, N - CH„), 4.25 (s, 3, A-CH3), 7.32 ppm 
(24-25, aryl). The filtrate was shown by glc to contain ben- 
zonitrile and a-methyliminophenylaeetonitrile in about equal 
amounts; chromatography on alumina (benzene eluent) gave 
0.24 g (17.5%) of l,l'-dimethyl-3,3',5,5'-tetraphenyl-4,4'-azo- 
pyrazole, mp 182-185°.

l,l',3,3',5,5'-Hexamethyl-4,4'-azopyrazole.— A solution of 500 
mg (3.6 mmol) of l,3,5-trimethyl-4-nitrosopyrazole16 in 4 ml of 
acetic acid containing 150 mg (3.8 mmol) of hydrazine hydrate 
was heated for 1 hr on a steam bath and then diluted with 2 ml of 
water. Upon cooling, 120 mg (28%) of the azopyrazole, mp
175-185°, deposited. Sublimation at 150° (0.05 mm) and chro
matography on a short column of silica gel (CHC13 as eluent) 
gave yellow leaflets: mp 189-192°, raised to 196-197.5° by re
crystallization from benzene; ir (Nujol) 1560, 1500, 1420 cm“1; 
nmr 8 2 A 3  (s, 3), 2.46 (s, 3), 3.73 ppm (s, 3, A-CH3).

A n a l .  Calcd for C,2HiSN6: C, 58.51; H, 7.37; N, 34.12.
Found: C, 58.53; H, 7.30; N, 34.09.

Deoxygenation of 4-Nitroso-3-methyl-l,5-diphenylpyrazole.—  
Solutions of the nitrosopyrazole in benzene containing a molar 
equivalent of triphenylphosphine were heated on a steam bath for 
30 to 60 min and then chromatographed on alumina. Elution 
with petroleum ether (bp 30-60°) produced a-phenylimino- 
phenylacetonitrile (38-57%), and elution with chloroform pro
duced triphenylphosphine oxide (~ 40 % ) and small amounts of 
amorphous solid shown by tic to be a complex mixture, which 
could not be purified or separated. Reactions conducted at 
higher dilutions (~0.05 M ) gave the higher yields.

Thermolysis of 4-Azido-l-methyl-3,5-diphenylpyrazole (IV) 
in the Presence of p-Anisyl Azide.— A solution of 1.20 g (4.36 
mmol) of freshly prepared IV in 30 ml of cyclohexane was added 
with stirring over a 15-min period to a refluxing solution of 3.64 
g (23.7 mmol) of p-anisyl azide in 20 ml of cyclohexane. One 
hour after completion of the addition, the dark solution was 
filtered from some tar. After standing in the cold for several 
hours, the filtrate deposited a brown, amorphous solid, mp 100- 
110°, 90 mg, which tic showed to be a complex mixture. The 
presence of a substantial quantity of a-methyliminophenylace- 
tonitrile in the solution was detected by glc. Evaporation of 
the filtrate and trituration of the residue with petroleum ether 
(bp 30-60°) left 250 mg of red solid, which was chromatographed 
(alumina, benzene) to give 210 mg of l,l'-dimethyl-3,3',5,5'- 
tetraphenyl-4,4'-azopyrazole, mp 182-185° (mixture melting 
point undepressed, ir identical). The filtrate was distilled at 
70-72° (0.8 mm) to remove p-anisyl azide and the residue was 
chromatographed, to yield an additional 58 mg of azopyrazole, 
total yield 24.8%. Elution of the column with chloroform re
moved more strongly retained material in the form of a brown, 
amorphous solid, which resisted further attempts at purification. 
Nothing corresponding to 4-p-anisylazo-l-methyl-3,5-diphenyl- 
pyrazole, which should have been less strongly retained than the 
symmetrical azopyrazole, could be detected.

Thermolysis of 4-Azido-3,5-dimethylpyrazole (VII) in the 
Presence of Phenylhydrazine.— The azide VII obtained from 4.0 
g (21.7 mmol) of the corresponding amine dihydrochloride (thus 
~16.3 mmol) was taken up in 30 ml of benzene and dried (Mg- 
SO<); 5 ml of phenylhydrazine was added; and the solution was 
heated at 60-70° for 4 hr. On cooling, 1.01 g of a reddish solid, 
mp 198-203°, precipitated. It was identified as the amino- 
pyrazole (ir, nmr, tic), yield 42.6% based on 21.7 mmol of 
starting material. Concentration of the filtrate produced more 
of the same product, but in a less pure state; no other product 
could be identified. Experiments using lower proportions of 
phenylhydrazine gave mostly intractable tars. In otherwise 
identical experiments in the absence of phenylhydrazine, no 
aminopyrazole could be detected.

Thermolysis of VII in the Presence of Aniline.— A solution of
1.0 g of azide VII (7.5 mmol) in 25 ml of benzene and 15 ml of 
aniline was heated overnight on a steam bath. The dark mixture 
was then diluted with 40 ml of benzene and extracted with five 
portions of 1 N  HC1. The resulting yellow benzene solution was 
washed with water, dried (MgS04), and evaporated. Crystalli
zation of the residue from petroleum ether (bp 60-75°) gave 85 
mg (5.7%) of golden needles: mp 138.5-140°, nmr 8 2.66 (s,

(16) S. F. Torf, N. I. Kudryashova, N. V. Khromov-Borisov, and T. A.
Mikhailova, Zh. Obshch. Khim., 94, 1740 (1962).

6), 7.5-7.7 ppm (m, 5). A recrystallized sample had mp 140- 
141°, undepressed by an authentic sample of 3,5-dimethyl-4- 
phenylazopyrazole (reported17 mp 143°).

Neutralization of the acidic extracts gave only an intractable 
reddish block gum, which tic showed to be a complex mixture.

Thermolysis of VII in the Presence of Maleic Anydride.—  
The damp azide prepared from 11.07 g of amine dihydrochloride 
(0.06 mol) was dissolved in 125 ml of benzene and dried (MgS04). 
The solution was added dropwise to a stirred, refluxing solution of
11.96 g (0.12 mol) of maleic anhydride in 200 ml of benzene over 
75 min. After 1 hr more of refluxing, a beige, amorphous powder 
had precipitated: 8.61 g; mp >305°; insoluble in common 
solvents; ir 3200-3300 (br), 1600—1800 cm-1 (br), poorly re
solved.

A n a l .  Calcd for (C6H,N20 3U: C, 50.60; H, 3.64; N,
16.86. Found: C, 50.01; H, 5.22; N, 17.20.

Thermolysis of 5-Azido-3-methyl-4-phenylpyrazole (XI). A. 
In Toluene.— Azide X I was freshly prepared from the correspond
ing amine18 and showed ir 2120 cm“1 (N3) and nmr 8 2.28 (s, 3) 
and 7.25 ppm (s, 5). A solution of 5.35 g (26.9 mmol) of XI in 
200 ml of toluene was refluxed for 3 hr; tic showed that all azide 
was gone, and only two significant spots, corresponding to the 
aminopyrazole and /3-methylcinnamonitrile, were present. Glc 
also detected only small amouns of bibenzyl and showed only one 
substance of low volatility, with retention time identical with 
that of an authentic19 sample of /3-methylcinnamonitrile.

The mixture was extracted with three 50-ml portions of 12% 
hydrochloric acid, and the combined extracts were basified 
(NaOH) and extracted with methylene chloride. Evaporation of 
the dried (MgSO<) extract left 1.44 g of solid, shown by tic to 
consist mainly of aminopyrazole. Estimation by nmr indicated 
it to contain 0.92 g (19.7% yield) of amine; recrystallization 
from benzene gave 0.47 g of pure amine, mp 140-141°. The 
toluene phase was evaporated and distilled in a kugelrohr at 150- 
180° (0.5 mm) to give 1.45 g (37.6%) of pale yellow /3-methyl
cinnamonitrile: ir (neat) 3060, 3030, 2975, 2915, 2220 (C =N ), 
1625 cm“1; nmr 8 2.18 (d, 3, J  =  7 Hz), 6.8 (q, 1, J  =  7 Hz),
7.2-7.5 ppm (m, 5).

No other products could be detected by chromatography, and 
the yields were reproducible within 2%  in different experiments.

B. In Chlorobenzene.—In an otherwise similar experiment, 
using chlorobenzene in place of toluene, the yield of amino
pyrazole fell to 15%, with no other significant change.

4-Azido-l,5-diphenyltriazole and Its Fragmentation.20— By 
the general method used for the other azidopyrazoles, 4-amino-l,-
5-diphenylpyrazole21 was converted to the azide in 82% yield, 
mp 95°, ir 2120 cm“1 (N3). An analytical sample recrystallized 
from chilled petroleum ether had mp 97°.

A n a l .  Calcd for CnHioN«: C, 64.11; H, 3.84; N, 32.01.
Found: C, 64.16; H, 4.00; N, 31.98.

A 0.6-g sample of the foregoing azide dissolved in 30 ml of 
toluene was refluxed for 8 hr, whereupon the mixture was evapo
rated to dryness and the residue was recrystallized from petroleum 
ether (bp 60-80°). Yellow crystals of a-phenyliminophenyl- 
acetonitrile deposited, 0.4 g (85%), mp 72° (undepressed by 
authentic material). The mother liquors appeared to contain 
only this same substance.
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The irradiation of benzophenone dissolved in a hydrocarbon in the presence of tetrafluorohydrazine was found 
to yield equimolar amounts of difluoraminodiphenylmethanol and the respective difluoramino-substituted hydro
carbon. The hydrocarbons investigated include cyclohexane, 3-methylpentane, toluene, and cumene. The rates 
of tetrafluorohydrazine consumption were measured.
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The mechanism of the photoreduction of benzo- 
phonone in solution has been investigated in many 
laboratories since the pioneering experiments of Ci- 
amician and Silbor.1 There is much supporting evi
dence that the first excited triplet state of benzo
phenone is the dehydrogenating species in these sys
tems. The formation of the products isolated was 
explained by combination and disproportionation 
reactions of the monoradicals formed in the dehydro
genation step.2 More recently this mechanism has 
been modified by postulation of intermediate adducts3-5 
or charge transfer complexes6 to accommodate con
flicting experimental evidence.

Evidence for the existence of the postulated mono- 
radicals by trapping experiments has not been reported 
to our knowledge. The commonly used scavengers 
for radicals, such as diphenyl picrylhydrazyl or gal- 
vinoxyl, cannot be used because they absorb strongly 
in the wavelength region utilized for the photoreduc
tion of aromatic ketones.

Superficially, the formation of benzpinacol itself 
could be considered as such a trapping experiment. 
However, the initial formation of l,2-diphenyl-l,2- 
bis(p-chlorophenyl)-l,2-ethanediol during irradiation 
of p-chlorobenzophenone and benzhydrol7 and the 
initial formation of unlabeled benzpinacol during the 
photolysis of benzophenone and benzhydrol (labeled 
with 14C)7 in benzene solution indicated that the 
isolated products do not arise simply by combination 
reactions of the postulated initial monoradical. Also, 
the formation of terebic acid during photolysis of 
benzophenone in isopropyl alcohol in the presence of 
maleic anhydride8 has been considered as proof for a 
trapping reaction of the postulated dimethyl hydroxy
methyl radicals. However, no 2,2-diphenylparaconic 
acid, which should form from the postulated diphenyl 
hydroxymethyl radicals in an analogous fashion, could 
be isolated in these experiments.9 The latter reac
tion has been shown to occur when diphenyl hydroxy
methyl radicals are thermally generated in the pres
ence of maleic anhydride.9 More recently, tert- 
nitrosobutane has been employed as a radical scav
enger. The reported results, however, are inconclu-

(1) G . C iam ician  and P. Silber, C h e m . B e r . ,  33, 2911 (1900).
(2) G . W eism ann, E . Bergm ann, and Y . H irshberg, J .  A m e r .  C h e m . S o c . ,  

60, 1530 (1938).
(3) G . O. Schenck , W . M eder, and M . Pape, "2 n d  U N  G enerva C on fer

en ce ,”  P ergam on  Press, E lm sford , N . Y .,  1959, p 352.
(4) J. N . P itts, R . L . Letsinger, R . P . T a y lor , J. M . Patterson , G . R eck ten - 

w ald, and R . B . M artin , J .  A m e r .  C h e m . S o c . ,  81, 1068 (1959).
(5) N. F ilipescu  and F. L. M in n , J .  A m e r .  C h e m . S o c . ,  90 , 1544 (1968).
(6) V . Franzen, J u s t u s  L i e b i g s  A n n .  C h e m ., 633, 1 (1960).
(7) U npublished results b y  one o f  the authors (M . J. C ziesla) in coop era 

tion  w ith M . Pape (B A S F , Ludw igshafen, G erm an y).
(8) G . O. Schenck, H . K oltzenburg, and H . G rossm ann, A n g e w .  C h e m .,  

69, 1 7 7 (19 57 ).
(9) G. O. Schenck , G . M athias, M . Pape, M . Cziesla, and G . V on  Buenau, 

J u s t u s  L i e b i g s  A n n .  C h e m ., 719, 80  (1968).

sive. Whereas Leaver and Ramsay10 reported the 
trapping of dimethyl hydroxymethyl radicals by tert- 
nitrosobutane during the photoreduction of benzo
phenone in isopropyl alcohol, Perkins and W ard11 
reported the formation of ferf-butyl nitroxide in the 
reaction of ¿erf-butyl peroxyoxalate and isopropyl 
alcohol in the presence of ¿erf-nitrosobutane. They 
attribute the formation of tert-butyl nitroxide to a 
hydrogen transfer reaction from the dimethyl hydroxy
methyl radical to ¿erf-nitrosobutane. Leaver and 
Ramsay also observed the tert-butyl nitroxide; how
ever, they postulate its formation to arise from a 
hydrogen transfer from the diphenyl hydroxy methyl 
radical.

It is concluded that trapping experiments in radical 
reactions are significant evidence for the proposed 
mechanism only if all postulated radicals are trapped 
simultaneously and quantitatively.

Tetrafluorohydrazine was expected to be an effec
tive radical scavenger in photochemical dehydrogena
tion reactions because of its reported properties and 
reactions. It has been shown to be in equilibrium 
with difluoroamino radicals at ambient temperature12 
and to react with monoradicals produced by either

F2NNF2^ 1 2 -N F 2

thermal or photochemical13 decomposition. Unde
sirable side reactions were not expected, since no ionic 
addition reactions of tetrafluorohydrazine have been 
reported and the difluoroamino radicals have been 
found to abstract hydrogen only at elevated tempera
tures.14

It has been reported in a previous publication15 
that a-difluoramino ethers were formed by irradia
tion of an ether solution of benzophenone in the 
presence of tetrafluorohydrazine. This reaction was 
extended to solutions of benzophenone in hydrocarbons 
and a detailed investigation of all reaction products 
was performed.

Results

Difluoraminoalkanes. —Benzophenone dissolved in 
hydrocarbons was irradiated with a high-pressure 
mercury lamp while purging with tetrafluorohydrazine 
from a reservoir. Figure 1 represents a typical plot of 
gas consumption vs. time. The rate of tetrafluoro
hydrazine uptake slowed down during irradiation

(10) I . H . Leaver and A . C aird R am say, T e tr a h e d r o n ,  25, 5669 (1969).
(11) M . J. Perkins and P . W ard , J .  C h e m . S o c .  B ,  395 (1970).
(12) C . B . C olburn  and A . K ennedy, J .  A m e r .  C h e m . S o c . ,  80, 5004 (1958).
(13) R . C . P etry  and J. P . Freem an, J .  A m e r .  C h e m . S o c . ,  83, 3912 (1961).
(14) J. G rzechow ick , J. F. Kerr, and A . F . T rotm an -D ick en son , C h e m .  

C o m m u n .,  109 (1965).
(15) M . J . Cziesla, K . F . M ueller, and O. Jones, T e t r a h e d r o n  L e t t . ,  813 

(1966).
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and stopped after an amount of gas approximately 
equimolar to the starting benzophenone was consumed. 
During irradiation the solution turned yellow; how
ever, this color was not connected with the decrease 
in tetrafluorohydrazine consumption. The addition 
of more benzophenone to the yellow reaction solution 
again started the photoreaction with tetrafluorohy
drazine at the same rate as at the beginning of the 
experiment.

In Table I, the tetrafluorohydrazine consumption 
rates for the hydrocarbons investigated are listed.

T a b l e  I

C o n s u m p t i o n  o f  T e t r a f l u o r o h y d r a z i n e  a n d  
R e l a t i v e  Q u a n t u m  Y i e l d s

Substrate
C on sum ption ,

m l/m in R ei <t>

Cumene 3.58 1 . 0 2
Cyclohexane 3.5 1
3-Methylpentane 2.38 0 . 6 8
Diethyl ether (15) 3.09 0 . 8 8
Dioxane (15) 2.25 0.64
Tetrahydrofuran (15) 1.67 0.48
Diisopropyl ether (15) 0.80 0.23

These values were taken from the initial straight line 
of plots as in Figure 1.

The hydrocarbon solvents and volatile reaction 
products were distilled together after irradiation. 
Vapor phase chromatographic analysis of the distil
lates indicated one photoproduct in the experiments 
with toluene and cyclohexane and one major and sev
eral minor products in the experiments with 3-methyl- 
pentane. The sum of the minor products, however, was 
less than 5% of the main product. No efforts were 
undertaken to elucidate the structures of these minor 
products. The other photoproducts were identified 
as a-difluoroaminotoluene, difluoroaminocyclohexane, 
and 3-difluoroamino-3-methylpentane, respectively.

Two products were observed in the distillates of 
the cumene experiments; infrared analysis indicated 
the presence of difluoroamino groups (absorption at 
885 cm-1). During attempted separation and puri
fication of the two products by distillation, one of them 
disappeared accompanied by a corresponding in
crease in the concentration of the other product. The 
latter showed no absorption at 885 cm-1 and was 
identified as a-methylstyrene, indicating that the prod
uct which disappeared was indeed the expected a- 
difluoraminocumene which lost difluoramine during 
attempted distillation.

CH, CH,

< ^ - ç - n f 2 —  +  h n f 2

CH, CH,

Difluoraminodiphenylmethanol. —Material balance 
of the reactions indicated that only about one half of 
the consumed tetrafluorohydrazine could be accounted 
for in the isolated difluoraminoalkanes. The reaction 
with cyclohexane was selected for a careful investigation 
of the distillation residue.

Figure 1.— Photolysis of 4 g of benzophenone in 400 ml of 
cyclohexane in the presence of tetrafluorohydrazine.

The benzophenone-cyclohexane solution was pho- 
tolyzed with tetrafluorohydrazine, purging until the 
gas consumption had ceased; 0.9 mol of tetrafluoro
hydrazine was consumed for every 1 mol of starting 
benzophenone. Then the solvent and the volatile 
reaction product were removed under vacuum at room 
temperature.

The viscous distillation residue exhibited hydroxyl, 
difluoramino, and phenyl absorption in the infrared, 
but only a trace of a carbonyl band could be observed. 
After hydrolysis of the residue with aqueous acetic 
acid, over 96% of the original benzophenone could 
be isolated. Elemental iodine was liberated wrhen 
the hydrolysis wTas carried out in the presence of potas
sium iodide; titration of the iodine gave values of
1.8 molecules of iodine liberated for each molecule of 
starting benzophenone.

All available data are consistent with the structure of 
difluoraminodiphenylmethanol for the residue. Com
pounds containing a difluoramino and a hydroxyl 
group at the same carbon are known16 to be easily 
hydrolyzed to the parent carbonyl compound and di-

Ph Ph
I I

NFr—C— OH — >- C = 0  +  HNF2
I I
Ph Ph

fluoramine. Difluoramine itself reacts quantitatively 
with potassium iodide in acidic solution.17

HNFZ +  4HI — >- 21, +  NH,F +  HF 

Discussion

Mechanism.—The isolation of equimolar amounts of 
difluoraminocyclohexane and difluoraminodiphenyl
methanol constitutes the first example in which both 
monoradicals, postulated as intermediates in the photo-

06 ) (a) J. P. Freeman, W. H. Graham, and C. O. Parker, J. Amer. Chem.
Soc., 90, 121 (1968); (b) S. F. Reed, Jr., J. Org. Chem., 32, 2894 (1967).

(17) E. A. Lawton and J. Q. Weber, J. Amer. Chem. Soc., 81, 4755 (1959).
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red u ction  o f  ben zop h en on e (steps 1 an d  2 b e lo w ) , were 
trap p ed  sim u ltaneou sly  and qu an tita tive ly .

hv
Ph2C O — >  1Ph2C O — >  3Ph2CO (1)

3Ph2CO +  RH  — Ph2COII +  R- (2)

Ph2COH +  -NF2— Ph2C(OH)NF2 (3)

R- +  -NF2— ^ R N F 2 (4)

Ph2COH +  F2NNF2 — >- Ph2C(OH)NF2 +  -NF2 (5) 

R - +  F2NNF2 — >  RNF2 +  -NF2 (6)

T h e  reported  experim ents d o  not y ie ld  conclu sive  
ev iden ce  th at the m on orad ica ls orig inatin g  accord in g  
to  reaction  2 form  the d ifluoram ino com pou n d s ex
c lu s ive ly  via  reaction s 3 and 4. A n oth er  a ttractiv e  
possib ility  is their form ation  th rou gh  reaction  o f  th e  
m on orad ica ls w ith  undissocia ted  tetra flu oroh ydrazine  
a ccord in g  to  5 and 6. T h e  low  b o n d  energy o f  th e  
N -N  b o n d  in  the tetra flu oroh ydrazine  o f 19.9 k ca l18 
m akes reaction s 5 and 6 exoth erm ic b y  a b ou t 50 
kcal. C on sidera tion s w ith  respect to  th e  con cen tra 
tion  o f  th e  different radicals in  th e  so lu tion  during 
ph oto ly s is  further su pport th e  possib ility  o f  reaction s 
5 and 6.

H igh  efficiency  o f  th e  trap p in g  reaction s 3 -6  was 
d em on strated  b y  th e  fa c t th at neither b en zp in a co l nor 
m ixed  rad ica l com bin a tion  p rod u cts  cou ld  b e  iso la ted  
in  th e  experim ents carried  out in th e  presence o f  te tra 
flu oroh ydrazin e. B en zp in acol w ou ld  h ave  p recip ita ted  
during  ph oto ly s is  in th e  experim ents w ith  cycloh exa n e 
and 3 -m eth ylpen tan e, since it is p ractica lly  insoluble 
in th e  h ydroca rb on s.

In  the system  ben zoph en on o cycloh exa n e, 9 6 .3 %  
ben zoph en on e w as recovered  o f th e  h yd ro ly sis  o f  th e  
distillation  residue. S ince th e  th eoretica l m ixed  co m 
b in a tion  produ ct w ou ld  not y ield  ben zoph en on e under 
th e  reaction  con d ition s, cage com bin a tion  reaction s 
d id  occu r  to  less th an  4 %  if at all.

R e la tive  Q uantum  Y ie ld  fo r  H y d rog en  A bstra ction  by  
T rip let B en zo p h e n o n e .— T h e  observ ed  rates o f  tetra
flu oroh ydrazin e  con su m ption  in the d ifferent h y d r o 
carbon s shou ld  be  d irectly  p rop ortion a l to  the qu an tu m  
y ie ld  fo r  h yd rogen  ab straction  b y  trip let ben zoph en on e 
p rov id in g  th a t the quench ing  o f the excited  states o f 
ben zoph en on e b y  tetra flu oroh ydrazine is negligible. 
W h eth er  or n o t  th is assum ption  is correct w ill b e  in
vestiga ted  in fu ture experim ents. P relim inary  da ta  d o  
n ot in d icate  a significant quench ing. T h e  m easured con 
su m p tion  rates o f  tetra flu oroh ydrazine arc presented  in 
T a b le  I togeth er w ith  va lu es from  previou s experim ents 
w ith  e th ers .15 T h e  d ifferences in re la tive  qu an tu m  
y ields can  be  rationa lized  b y  a com bin a tion  o f  e lectron ic  
and steric effects.

S e lectiv ity  o f  T rip let B en zo p h e n o n e .— In  the experi
m ents w ith  3 -m eth ylpentan e m ore th an  9 5 %  o f  the 
reaction  p ro d u ct  resu lted  from  the a tta ck  o f  the tr ip le t 
ben zoph en on e on  the tertia ry  h ydrogen , in d icating  high  
se lectiv ity  o f  th e  excited  ben zoph en one. Sim ilar re
sults w ere reported  in  experim ents w ith  ethers, w here 
on ly  p rod u cts  cou ld  be  isolated  w h ich  resu lted  from  
h ydrogen  ab straction  ad jacen t to  th e  ether oxygen . 
In  T a b le  I I  relative reactiv ities per h yd rogen  are 
tabu la ted  togeth er  w ith  results reported  b y  W allin g

(18) J. A . Kerr, C h em . R e v . ,  66 , 496 (1966).

T a b l e  II
R e l a t i v e  R e a c t i v i t i e s  p e r  H A t o m

Substrate This paper Ref 19
Cyclohexane 1 1
Cumene 12.2 19.8
3-Methylpentane 8.2
2,3-Dimethylbutane 6.0
Diethyl ether 2.6
Dioxane 1.0
T  etrahydrofuran 1.4
Diisopropyl ether 1.4

and G ib ia n .19 T h e  values from  th e  experim en ts w ith  
trip let ben zoph en on e are in  fair agreem ent. T h e y  
show  th e  sam e h igh  se lectiv ity  fo r  th e  h yd roca rb on s.

C on clu sion

T h e  results reported  in th is paper h ave  su p p orted  
our orig inal p os tu la tion 15 th a t tetra flu oroh ydrazin e  
can  b e  used as a va lu ab le  “ reagent”  in  th e  in vestiga 
tion  o f  th e  m echanism s o f p h otoch em ica l reaction s and 
p in poin t the site o f  a tta ck  o f excited  states.

E xperim en ta l S ection

General.— Infrared and ultraviolet spectra were obtained with 
Beckman IR-8 and Bausch & Lomb 505 spectrometers, respec
tively. The nmr spectra were obtained with a Varian DP 60 
spectrometer using deuteriochloroform as the solvent and tetra- 
methylsilane as an internal standard. Reaction mixtures and 
distillation fractions were monitored on a Perkin-Elmer 154 gas 
chromatograph and the preparative gas chromatograph work was 
performed on a Beckman Megachrom equipped with standard 
Beckman 6 ft X 0.75 in., 20% Paraplex G-25 on 42-60 Chromo- 
sorb W columns. Analyses were performed by Galbraith Labora
tories, Inc., Knoxville, Tenn.

Materials.— Tetrafluorohydrazine (Air Products, 99% pure) 
was used as received. Toluene (Matheson Coleman and Bell, 
spectroquality), benzophenone (Fisher, reagent grade), isopropyl 
alcohol (Fisher, spectrograde), cumene (Baker, Baker grade), 
and 3-methylpentane (Aldrich, research grade) were used without 
further purification.

Apparatus and Procedure.— All irradiations were performed in 
the following manner. Solutions consisting of 4.0 g of benzo
phenone in 400 ml of the appropriate hydrocarbon solvent were 
placed in a photoreactor which was equipped with a fritted gas 
inlet tube at the bottom and gas outlet tube at the top. A 
jacketed, water-cooled, 100-W Hanovia high-pressure mercury 
lamp (Type SOL, 608-36A) was immersed in the reactor utilizing 
a Pyrex 7740 filter to protect the difluoramino radicals and the 
expected products from the light. Tetrafluorohydrazine was 
pumped through the solution with a Cole-Parmer Masterflex 
tubing pump during irradiation and recycled to a reservoir to 
measure gas consumption. The solutions were thoroughly 
purged with purified nitrogen both prior to introduction of tetra
fluorohydrazine and after completion of irradiation to avoid po
tentially hazardous mixtures of organic compounds, tetrafluoro
hydrazine, and oxygen. None of the reported photochemical 
reactions occurred in the absence of ultraviolet light.

The difluoramino compounds and unreacted solvents were 
separated from the reaction mixture by distillation under vacuum 
followed by preparative glpc to give the pure difluoramino com
pounds.

Photolysis of Toluene Solution.— Tetrafluorohydrazine was 
bubbled through a solution of benzophenone in toluene and ir
radiated at ambient temperature for 3 hr, yielding only one photo- 
product that could be detected by glpc analysis. The unreacted 
toluene was removed by vacuum distillation (80 mm, 50°). The 
remaining residue was vacuum distilled at 1 mm and 50° to col
lect the photoproduct and some toluene. The distillate, con
taining photoproduct and toluene, was separated by preparative 
glpc to give the analytically pure sample of a-difluoramino-

(19) C. Walling and M . J. Gibian, J. Amer. Chem. Soc., 87, 3361 (1965).



toluene: ir (neat) 805, 890, and 925 cm -1 (-N F 2); nmr (CDC13) 
5 4.58 (t, 2, J =  29 Hz, -C H 2NF2) and 7.37 ppm (s, 5, C6H5- ) .

Anal. Calcd for C7H7F2N: C, 58.74; H, 4.93; F, 26.54; 
N, 9.78. Found: C, 58.92; H, 5.19; F, 26.58; N, 9.59.

Photolysis of Cumene Solution.— The above photolysis pro
cedure was repeated substituting cumene for toluene. Two photo
products were detected by glpc analysis. The unreacted cumene 
was removed by vacuum distillation (15 mm, 50°) and the remain
ing residue was distilled at 1 mm and 50°. After the distillate 
was purified by preparative glpc only one of the original photo
products could be detected. The photoproduct that decomposed 
showed difluoramino absorption at 885 cm -1 and the remaining 
photoproduct was passed through the preparative glpc to give an 
analytical sample of a-methylstyrene.

Anal. Calcd for C9H10: C, 91.46; H, 8.54. Found: C, 
91.38; H, 8.51.

Photolysis of 3-Methylpentane Solution.— The photolysis pro
cedure was repeated using 3-methylpentane as the solvent with an 
irradiation time of 4 hr. One major and several minor (total 
< 5 % ) photoproducts were detected by glpc analysis. The major 
photoproduct was isolated by a similar distillation procedure (450 
mm, 50°, then 1 mm, 50°) and purified by preparative glpc to 
give an analytical sample of 3-methyl-3-difluoraminopentane: 
ir (neat) 850 and 945 cm -1 (-N F 2); nmr (CDC13) S 0.92 [t, 6, J 
= 7 Hz, (CH3CH2)2CCH3- ] , 1.17 [t, 3, J  = 2 Hz, (CH3CH2)2- 
CCH3-], and 1.67 ppm [m, 4, (CH3CH2)2CCHH .

Anal. Calcd for C6H13F2N: C, 52.54; H, 9.55; F, 27.70; 
N, 10.21. Found: C, 52.71; H, 9.61; F, 27.64; N, 10.04.

Photolysis of Cyclohexane Solution.— The photolysis procedure 
was repeated using cyclohexane as the solvent with an irradiation 
time of 325 min. Only one major and one minor volatile photo
product were detected by glpc analysis. The photoproducts were 
concentrated by distillation. Because of the potentially hazard
ous nature of the products, only a small fraction of the concen
trate was passed through the preparation glpc to give an analyti
cal sample of difluoraminocyclohexane for the major product: 
ir (neat) 840, 910, and 960 cm -1 (NF2); nmr (CDC13) 5 1.63 (m, 
10, CsHioNFi-) and 3.32 ppm (t, 1, /  =  26 Hz).

P y r o l y s is  o f  S u l f id e  T o s y l h y d r a z o n e  S a l t s

Anal. Calcd for C6H i,F2N: C, 53.32; H, 8.20; F, 28.19; N,
10.27. Found: C, 53.50; H, 8.20; F, 28.19; N, 10.27.

A sample of the minor product was also isolated; however, the 
amount was too small for full characterization. This compound 
did not contain difluoramino groups, since no nitrogen was found 
by microchemical methods.

In a second experiment (uptake of tetrafluorohydrazine 440 ml, 
0.0196 mol) the sequence of distillation was changed to elucidate 
the composition of the reaction residue. Both photoproduct and 
unreacted cyclohexane were vacuum distilled (1 mm, 25°) leaving 
undecomposed residue and trace amounts of cyclohexane and 
cyclohexane photoproduct. Infrared analysis of the pot residue 
showed peaks at 3500 (OH) and 885, 855 cm -1 (NF2).

Hydrolysis of the residue was accomplished by adding aqueous 
acetic acid and excess potassium iodide, liberating iodine. The 
aqueous solution was extracted with methylene chloride and the 
resulting aqueous solution was diluted to 2 1. Twenty milliliters 
of standard arsenous acid (0.099 mol) was needed to titrate a 
100-ml aliquot of the stock iodine solution using starch indicator. 
The total liberated iodine was calculated as 0.0398 mol which 
corresponds to 0.0199 mol of difluoraminodiphenylmethanol. 
The methylene chloride extract was evaporated under vacuum (1 
mm) leaving 3.85 g (96% recovery) of benzophenone, which was 
identified by matching the infrared spectrum and melting point 
with those of an authentic sample.

Proper caution should he taken during distillation of potentially 
hazardous difluoramino compounds.

A ck n o w le d g m e n t.— T h is  w ork  w as su pported  b y  
th e  N ava l O rdnance System s C om m an d  u nder T ask  
A ssign m en t O R D -0 3 3 -1 0 1 /0 6 7 -1 /F 0 0 9 -0 6 -0 1 .

Registry No.— Tetrafluorohydrazine, 10036-47-2; benzophe
none, 119-61-9; toluene, 108-88-3; a-difluoroaminotoluene, 
23162-99-4; cumene, 98-82-8; a-methylstyrene, 98-83-9; 3- 
methylpentane, 96-14-0; 3-methyl-3-difluoraminopentane, 40715- 
62-6; cyclohexane, 110-82-7; difluoroaminocyclohexane, 14182- 
78-6.
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Sodium salts of alkyl sulfide tosylhydrazones 6, 7, and 8 have been pyrolyzed at several temperatures to see if 
sulfur-carbene interaction would lead to intramolecular sulfur ylide formation of the R 2S-4 type. Analysis of the 
results shows no evidence for sulfur ylide formation but rather a-insertion products typical of singlet carbene re
actions producing olefins 9 and 10 and 13 and 15, respectively. Sodium toluenesulfinate was pyrolyzed at 250 
and 320° to establish products resulting from its thermal decomposition at these temperatures.

R e ce n tly , ev id en ce  fo r  R 2S -4 ‘ p a rtic ip a tion  in  the 
p h o to ly tic  reaction s o f  k eto  sulfides l 1 2 and a -d ion e  
sulfides 2 3 has been  reported . E v id en ce  for  sim ilar 
in teraction  in  so lv o ly tic  3 ,4'5ca rb on iu m ion  4 ,6and rad ica l 
57 reaction s has also been  p rop osed . W e  wish to  report

(1) The symbolism R 2S-71 is used here to denote the size of a bicyclic ring 
(n members) ultimately realizable if cyclization were to occur as a result 
of neighboring group participation. (See ref 5 for other examples of this 
useful nomenclature.)

(2) P. Y . Johnson and G . A . Berchtold, J . O rg . C h em ., 35, 584 (1970).
(3) P. Y . Johnson, T etra h ed ro n  L e tt ., 1991 (1972).
(4) R . E. Ireland and H . A . Smith, Chem. Ind. {London), 1252 (1959).
(5) L. A . Paquette, G. V . Meehan, and L. D . W ise, J . A m e r . C h em . S o c .,  

91, 3231 (1969).
(6) A . DeGroot, J. A. Boerma, and H . W ynberg, Tetrahedron Lett., 2365 

(1968).
(7) A . Ohno and Y . Ohnishi, T etra h ed ron  L e tt ., 339 (1972).

here our in itial search fo r  R 2S -4  p a rtic ip a tion  in  su lfu r - 
carben o id  species.8

W h ile  n o  exact p rox im ity  requ irem ents fo r  sulfur 
n eigh borin g-grou p  pa rticipation  h ave em erged  fo r  the 
d ifferent R 2S-4 ty p e  tran sition  states, careful solvolysis 
studies b y  Ire lan d 4 and la ter b y  P a q u e tte 5 using caged  
a lk yl th ia tosy la tes have show n  th a t sulfur can  in teract 
in  g rou n d -sta te  reaction s b y  stab iliz ing  a dev e lop ed  
reactive  species, in these cases carbon iu m  ions. F u r
ther, in th ose  system s w here con form a tion a l m ob ility  is 
lim ited  and stereoch em ical requ irem ents are ideal, 
R 2S-4 effects can  accelera te5'7 th e  rate  o f  form ation  o f 
reactive  species.

(8 ) F or  a review  on  carbene chem istry , see W . K irm se, “ C arbene C h em 
istry ,”  2nd  ed, A cad em ic Press, N ew  Y ork , N . Y . ,  1971, and references cited 
therein.
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In  ph otoch em ica l stud ies2 3 on  a v a rie ty  o f  k e to  sul
fides, R 2S-4 tran sition  states appear t o  b e  form ed  via 
charge-tran sfer m echanism s. In  these h igh -en ergy  ex
c ited  species th e  ad ded  in crem en t o f  en ergy  required 
for  form ation  o f th e  u n favorab le  “ b o a t”  con form a tion  
w hich  helps ensure close p rox im ity  betw een  su lfur and 
th e  carbon y l in th e  u ncaged  system s does n ot seem  to  
be  as im portan t a fa ctor  as it appears to  be  in the 
grou nd -sta te  reactions. T h is cou ld  be  due to  th e  large 
size o f  th e  n ,x *  orbitals o f  th e  excited  ca rb on y l in  th e  
exam ples cited .

T h e  stereoch em ical requ irem ents fo r  R 2S-4 sulfur 
carbene in teraction  seem ed t o  lie betw een  th e  fa irly  
rigid  so lvo lyses and less rigid  ex cited -sta te  require
m ents.

M on om eric  p rod u cts  w h ich  m igh t resu lt from  th e  
decom position  o f  sulfur y lides9 form ed  as a result o f  
R 2S-4 sulfur carbene p a rtic ip a tion 10 (e.g ., y lide  7b re
su lting from  carben e 7a) fo llow ed  b y  either in ter- or  
in tram olecu lar /S elim ination  (Schem e I , p a th  a) or b y  a

7a

Scheme I
BT>

products

con certed  or  n on con certed  S tevens rearrangem en t11 
(Schem e I , pa th  b ) are show n in Schem e I.

T o  test th is postu late  and to  exam ine th e  poten tia l 
sulfur carbene in teraction  as a m eth od  o f generating  a 
synthesis fo r  th ietanes, w e have p y ro ly ze d  several 
a lk y lth ia tosy lh y d razon e-sod iu m  salts. In  th is stu d y  
w e h ave exam ined th e  th erm al d ecom p osition  o f d ry  
sod ium  salts o f  th e  tosy lh ydrazon es in order to  a v o id  
protic  con d ition s w hich  o ften  lead t o  carbon iu m  reac
tion s instead  o f th e  desired carbene in term ed iates .12 
T h e  m olecu les stud ied w ere sod ium  salts o f  6, 7, and 8.

(9) Intramolecular sulfur ylides (not of the R 2S- 4  type) have been re
ported. See (a) K . Kondo and I. Ojimo, Chem. Commun., 63 (1972); (b) 
S. S. Hixson and S. H . Hixson, J. Org. Chem., 37, 1279 (1972); (c) J. H . 
Robson and H . Schechter, J . Amer. Chem. Soc., 89, 7112 (1967).

(10) R 2S- 4  carbene interaction in a noncyclic system has been postulated. 
See K . Kondo and I. Ojimo, Chem. Commun., 62 (1972).

(11) A  concerted Stevens rearrangement is symmetry forbidden if it occurs 
with retention, as would be the case with 7b. See ref 21a, p 3871.

(12) (a) R . D . Allan and R . J. Wells, Aust. J. Chem., 23, 1625 (1970); 
(b) W . Kirmse and B. U . Bulow, Chem. Ber., 96, 3316 (1963); (c) C. H . 
DePuy and D . H . Froemsdorf, J. Amer. Chem. Soc., 82, 634 (1960); (d) 
J. W . Powell and M . C. Whiting, Tetrahedron, 7 , 305 (1959).

NHTs
NHTs

• /  X S N

N NHTsrf> 0  1 8

6  7

T a b le  I  g ives th e  results o f  these pyrolyses. A nalysis 
o f  T a b le  I  show s th a t th e  m a jor  p rod u cts  from  these

Table I
Conditions, Products, and Y ields for Pyrolysis of 6, 7, and 8

Run“ Salt (g) Temp, °C
Recov
ered, g

Products
(ratio of material recovered)

A 6 (1.57) 170-220 0,18 Glyme (39), 9 (39), 10 (11),

B 7 (1.5) 2 0 0 0.39
11 (trace)

Glyme (30), 12 (0), 13 (70),

C
D

7
7 (1.0)

270*
320 0.31

14 (trace)

Glyme (19), 13 (63), 12 (0)

E 8 (0.99) 160-200 0.09

Sodium sulfinate 
pyrolysis products

15 (75), 16 (25)
F 8 >320 15 +  others
“ In most cases these reactions were run several times with fair 

repeatibility. * Results same as run B.

Q  Q  Q  0c h /
9 10 12 13 15

pyrolyses are olefins w hich  can  best be  a ccou n ted  fo r  b y  
sim ple in sertion  o f th e  generated carbene in to  th e  ad ja 
cen t C - H  bon ds. T h e  g lym e fou n d  in  runs A - D  is th e  
resu lt o f  a  1 :1  a d d u ct (nm r) o f  th e  salt and g lym e, th e  
so lven t used in th e  synthesis o f  these salts. A tte m p ts  
t o  free th e  salts from  th e  glym e using a h igh  v acu u m  at 
25° fa iled  an d  h eating  th e  a d d u ct a t 70° u nder v a cu u m  
led  t o  slow  d ecom p osition  o f  th e  m aterial, y ie ld in g  a 
b row n  substance. T h e  sa lt-g ly m e  a d d u ct w as n ot 
ob serv ed  in  th e  case o f  8, perhaps becau se o f  increased 
steric fa ctors  in  th e  b icy c lo  system .

T h e  la ck  o f observed  isom erization  o f 13 t o  th e  co n 
ju g a ted  isom er 12 under th e  reaction  con d ition s  (runs 
B , C , and D ) leads us t o  believe th at th e  4 :1  ra tio  o f  
9  t o  10 in th e  pyrolysis o f th e  salt o f  6 (run  A ) is th e  
result o f  preferentia l a tta ck  o f  th e  C -H  b on d  ad ja cen t 
to  sulfur and n o t due t o  therm al isom erization  o f  10 to  
th e  con ju g ated  isom er 9.

W h ile  olefin ic sulfides 9 ,13 10 ,13 12,14 and 13ls h ave 
been  rep orted  in th e  literature, th e  ph ysica l p roperties 
g iven  d id  n o t enable us to  u nam bigu ou sly  assign stru c 
tures t o  these isom eric pairs. H en ce, these m olecu les 
w ere synthesized , several b y  u n reported  routes ow in g  
to  th e  ava ilab ility  o f  ap propria te  startin g  m aterials. 
E xam in ation  o f  th e  sp ectra  o f  these olefins in d icated  
th a t  th e  best m eth od  fo r  d istinguish ing isom ers16 and 
establishing p u rity  w as b y  analysis o f  th e  v in y l p ro to n  
absorptions in the nm r spectra  (F igure 1). H en ce ,

(13) S. F. Brich and D . T . McAllan, J. Chem. Soc., 2556 (1951).
(14) R . F. Naylor, J. Chem. Soc., 2749 (1949).
(15) W . E . Parham, L. H . Christensen, S. H . Groen, and R . M . Dodson, 

J. Org. Chem., 29, 2211 (1964).
(16) W hile analysis of the M  + and M  — 1 peaks in the mass spectra can 

be used to establish isomers (see Experimental Section), we found it difficult 
to establish purity by this method.
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H H

Figure 1.— 60-MHz proton nmr absorption in the vinyl region 
of sulfides 9, 10, 12, and 13, taken in CCI4 with TMS as internal 
reference.

in tegra tion  o f  th e  d istin ctive , n on overlapp in g  peaks 
a ttr ibu ta b le  t o  th e  v in y l p roton s o f 9  and 10 p rov id ed  
th e  best m eth od  fo r  isom er ra tio  analysis in  th e  p y ro ly 
sis o f  th e  salt o f  6. T h e  la ck  o f  12 (runs B , C , an d  D )  
was ascertained b y  th e  la ck  o f  ab sorp tion  a ttr ibu ta b le  
to  it in th e  nm r o f th e  recov ered  pyro lys is  m ixture o f 7.

T h e  b icy c lo  olefinic sulfide IS w as th e  m a jor  p rod u ct 
in th e  pyrolysis  o f  th e  salt o f  8 ; h ow ever, the y ie ld  o f  
recovered  m aterial w as n ever h igh  in  th is reaction . 
H igh -tem perature p yrolysis  (run F ) p rov id ed  sh orter 
co n ta ct tim es and appeared  t o  increase th e  y ie ld  o f  IS ; 
h ow ever, th is procedu re  also d ram atica lly  increased th e  
n u m ber o f  side p rodu cts , m aking  isolation  o f  15 im pos
sible an d  p rod u ct ra tio  analysis extrem ely  d ifficu lt 
(see be low ).

8 -T h ia b icy clo [3 .2 .1 ]o ct-2 -e n e  (15) is a  Low-m elting 
solid  w h ich  decom p osed  in  th e  presence o f  air o r  light 
bu t w h ich  w as stab le  w hen  stored  at 0 °  in  th e  dark. 
I t  w as identified  b y  its spectra l properties and b y  co m 
parison to  an  au th en tic sam ple prepared  b y  pyrolysis  
o f  acetate  17.

H

OAc

17

In teresting ly , 17, a single peak  b y  v p c , t ic , an d  nm r 
(single C H 3C = 0 ,  8 1.94), w as ob ta in ed  from  a 8 0 :2 0  
m ixture (v p c) o f  epim eric a lcoh ols ,4 b y  treatin g  th em  at 
reflux in  acetic a c id -a ce t ic  anhydride. I t  seem s clear 
th a t an R 2S-4  in term ediate  such as 3 w as in v o lv e d  at 
som e stage o f  th is  reaction , accou n tin g  for  its  stereo
se lectiv ity .4

T h e  m ass sp ectru m  o f  15 show s m a jor  ions at m /e 126 
(M + , on e sulfur in d icated  b y  th e  M  +  2 peak) and 
su pporting  ions a t  m/e 91 (trop iliu m  ion ) and 84 (th io 
phene ion ).

Figure 2.— 100-MHz proton nmr spectra of sulfide IS, taken 
in CCh with TMS as internal reference.

Since 15 w as generated b o th  tim es b y  pyrolysis 
reaction s,17 a  100-m egacycle nm r spectru m  w ith  250-cps 
sw eep w id th  expansion  o f th e  v in y l absorptions w as ob 
ta in ed  fo r  th is olefin  in order to  ensure th a t n o  therm al 
rearrangem ents com m on  to  b o th  reactions h ad  occu rred . 
E xten sive  d ecou p lin g  experim ents allow ed com p lete  
assignm ent and in terpretation  o f  th e  dow nfield  absorp 
tion s (F igure 2 ). Im p o rta n t cou p lin g  con stan ts o b 
ta in ed  from  th e  decou p lin g  experim ents are g iven  in 
T a b le  I I  and w ere fou n d  t o  be  in excellent agreem ent

T a b l e  II
C o u p l in g  C o n s t a n t s  D e t e r m i n e d  f o r  O l e f i n  15°

J H1H2 =  10 Hz1 J h,hj = 7 Hz
•7hiHj — l.o  Hz J h2hj =  2.3 Hz
J HiH9 =  2.8 Hz J h2h10 =  2.3 Hz
J H1H10 = 3.9 Hz / hjH4 =  ~ 0 .0 Hz

J h 3b ,  =  4 Hz
“ Proton numbers can be found on Figure 2. 6 All values

± 0 .2  Hz.

w ith  th ose  p red icted  from  studies o f  m odels o f  15 using 
th e  K arplus relationsh ip .18 D e cou p lin g  experim ents 
also sh ow ed  th a t allylic p roton s H 9 and H i0 were 
cen tered  at 8 2.1.

O lefin  15 w as con v erted  in to  its sulfone, 15b, in  high 
y ie ld  b y  treatin g  15 w ith  h ydrogen  peroxide in acetic 
acid , further su bstantiatin g  its structure.

15b

T h e  oth er p rod u cts observed  in th is stu d y  w ere all 
d im eric in  nature. In  th e  pyro lys is  o f  th e  salt o f  6, 
th e  carben e dim er 11 o f unkn ow n  stereoch em istry  abou t 
th e  d ou b le  b o n d  w as isolated  b y  v p c  and identified  b y  its 
m ass spectru m . In  the pyrolysis  o f  salts o f  7 and 8 th e  
d im eric p rod u cts  w ere isolated  b y  v p c  and w ere iden ti-

(17) Other standard approaches such as reaction of the alcohols with 
SOCI2 in pyridine failed to give 15 in our hands.

(18) M . K . Karplus, J. Amer. Chem. Soc., 85, 2870 (1963).
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fied as th e  correspon d in g  azines 14 an d  16 b y  com pari
son  w ith  au th en tic sam ples synthesized  b y  reaction  o f 
2 m ol o f  th e  ap propria te  k eton e  w ith  h ydrazine. 
M ech an ism s for  dim er and azine form ation  h ave  been  dis
cu ssed .19 W h ile  th ere is am ple preceden t for  carbene 
ad d ition  to  either th e  su lfur20 or th e  olefin21 p art o f 
olefin ic sulfides, w e fou n d  n o  ev iden ce for  d im eric 
p rod u cts  resulting from  y lid e -d im e r  or  c y c lo p r o p y l-  
d im er rearrangem ents.

A s  n o te d  a b ov e  (T ab le  I, runs D  and F ), w e fou n d  
th a t  th e  b icy clo tosy lh yd ra zon e  salt 8 gave  low  re co v e ry  
o f m aterial at m in im um  pyrolysis tem peratures, 1 5 0 - 
25 0°. I t  w as decided  to  use h igher tem peratures, 
w h ich  w ou ld  allow  shorter co n ta ct tim es, in hopes o f  
increasing the y ie ld  o f  15. T h is  goal w as partia lly  
realized ; h ow ever, the num ber o f  side p rod u cts  in
creased  dram atica lly  as pyrolysis tem peratu res o f  300° 
w ere approach ed . A nalysis o f  som e o f  th e  p rod u cts  led  
us t o  believe th at th ey  m ust h ave resu lted  from  p y ro ly 
sis o f  th e  sod ium  toluenesulfinate at these tem peratu res.

A  search o f th e  literature revealed th at, w hile m any 
authors h ad  n oted  “ extra”  p rod u cts  w hen  p yro lyz in g  
tosy lh ydrazon e  salts at various tem peratures, on ly  
to lu en e w as consistently  identified. In  order to  facili
ta te  th e  in terpretation  o f  tosy lh ydrazon e  pyrolyses, at 
h igher tem peratures in  particu lar, w e h ave  identified  th e  
p rod u cts  resulting from  th e  p yrolysis o f  sod ium  to luen e
su lfinate22 below .

CH3

c h 3 s h  s o h

c h 3 c h 3

19 20

ch3 +

24

c h 3 - © r - s - s - Q f -  ch3

25

W e  fou n d  th e  p rod u cts and their y ields to  be  de
pen den t on  the tem perature, experim ental cond ition s, 
an d  tim e  lapse betw een  reaction  and analysis.

T o lu en e  (18) and to lu en eth io l (1 9 )23 w ere th e  on ly  
p rod u cts observed  at pyrolysis tem peratures under

(19) See ref 8, pp 26-28 .
(20) (a) See ref 8, pp 437 -442 ; (b) W . Ando, et al., J. Org. Chem., 37, 

1721 (1972), and references cited therein.
(21) (a) W . Ando, et al., J. Amer. Chem. Soc., 94, 3870 (1972); (b) W . E . 

Parham and E . Koncos, J. Amer. Chem. Soc., 83, 4034 (1961).
(22) ‘ ‘Organic Syntneses,” Collect. Vol. I , W iley, New York, N . Y .,  1944, 

p 492.
(23) Aldrich Chemisai Co.

3 0 0 °. I f  th e  pyrolysis m ixtures w as a llow ed  t o  stan d  
in  th e  presence o f  air, 19 w ou ld  d im erize t o  25.

A t  pyrolysis  tem peratures o f  3 2 0 -3 4 0 ° , 18, 19, 21, 
24, and 25 becam e m a jor  p roducts.

Sulfenic acid  (20) w as n ot isolated  b u t w as identified  
from  m ass spectra l da ta  a fter  separation  fro m  th e  
reaction  m ixture b y  v p c  (SE -30 co lu m n ). T h is  acid  
d isappeared  w ith in  30 m in  a fter  w arm in g  th e  reaction  
m ixture t o  ro o m  tem perature.

4 ,4 '-D im eth y lb ip h en y l (2 1 )24 was identified  b y  co m 
parison  t o  an authentic sam ple. B iphen yls 22 an d  23 
w ere n ot con clu sive ly  identified  b u t are be lieved  to  be  
th e  4 ,3 '-  and 4 ,2 '-d im eth y lb ip h en yl isom ers on  th e  
basis o f  m ass spectra l sim ilarities t o  th e  4 ,4 '-b ip h e n y l 
isom er. Several oth er possibilities, such  as 1 ,2 -d i- 
ph eny lethane and ben zyl m eth y l benzenes, w ere ru led  
ou t after  com parison  o f  their m ass sp ectra25 t o  th ose  o f  
22 and 23.

T oluenesu lfide 2426 and disulfide 2527 are w hite  solids 
easily identifiab le b y  their spectra . T h e  am ou n t o f 
these h igher bo ilin g  products, w h ich  co a te d  th e  p y ro ly 
sis vessel, depen ded  on  w hether th e y  w ere  “ chased”  
in to  th e  co llection  flask w ith  a  low  flam e or  not. W e  
w ere n o t ab le to  observe  25 w hen  v p c  analysis w as per
form ed  on  a  C arbow ax  co lu m n ; h ow ever, th is  co lu m n  
gave better  separation  o f  th e  o th er  products.

T h e  identified  p rod u cts  can  generally  be  a ccou n ted  
for  b y  in term olecu lar ox id a tio n -re d u ctio n  an d  free- 
rad ical processes. T h e  form ation  o f 21, 22, an d  23 is 
less clear.

In  conclusion , in  these pyro lys is  studies th e  m ain 
p ro d u cts  isolated  seem  t o  h ave  resu lted  from  singlet 
carben e insertion  reactions. B y  con tra st, generation  o f  
carben e 7a in  eth er at 25° using alkyllith iu m s o r  b y  
ph oto lysis  o f  th e  salt 7 appears to  g ive  d ifferent 
p rodu cts , possib ly  b y  th e  desired R 2S-4 p a th w ay. A  re
p o r t on  th is  la tter  w ork  w ill be  forth com in g .

E xperim en ta l S ection

Melting points were taken on a calibrated Mel-Temp apparatus. 
Infrared spectra were taken on a Perkin-Elmer 337 spectrometer; 
nmr spectra were recorded on Varían A-60 and HA-100 spec
trometers using TM S as an internal standard. Mass spectra were 
obtained on a Hitachi RMU6D mass spectrometer. Vpc analyses 
were performed using program temperature control on a Hewlett- 
Packard 5750 gas chromatograph equipped with 8 ft X 0.25 in. 
10% Carbowax on Chromosorb P and 8 ft X 0.25 in. 10% SE-30 
on Chromosorb P stainless steel columns. Microanalyses were 
performed by Galbraith Laboratories, Knoxville, Tenn.

General Procedure for Pyrolyses.— The distilling flask of an 
evacuated (0.05 mm) short-path distillation apparatus containing 
the tosylhydrazone salt with a plug of glass wool over it was im
mersed into a preheated oil or sand bath, depending on the tem
perature required, for 15-30 min. The collection flask was cooled 
with liquid nitrogen.

Synthesis of Thiacyclohexan-4-one Tosylhydrazone (7).—  
Thiacyclohexan-4-one2 (2.3 g) was refluxed with 1 equiv (3.7 g) of 
toluenesulfonyl hydrazide for 1 hr in 50 ml of ethanol. Ben
zene, 50 ml, was added and over one half of the total solvent was 
removed by azeotrope from the reaction flask. The resulting 
mixture was cooled overnight and the tosylhydrazone crystals 
that had formed were collected by filtration. Recrystallization 
from ethanol gave 3.8 g (76%) of 7 as a white solid: mp 151— 
153°; ir (CHC13) 3005, 1510, 1430, 1390, 1280, and 1175 cm “ 1;

(24) W e wish to thank George Gurria of The Johns Hopkins University 
for providing us with spectra of this biphenyl.

(25) American Petroleum Institute, Research Project 44, Catalogue of 
Mass Spectral Data.

(26) Beilstein, “ Handbuch der Organische Chemie,”  6 ,2 395.
(27) Reference 26, 6 ,2 400.
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nmr (CDC1S) 6 2.43 (s, 3), 2.66 (m, 8), 7.56 (d, 2), 7.91 (d, 2); 
mass spectrum (70 eV) m/e (rel intensity) 284 (18, M +), 171 (5), 
157 (32), 140 (30), 139 (37), 129 (84, CsH8S=N N H +), 128 (16), 
124 (22), 100 (75), 99 (45), 92 (26), 91 (100), 85 (80).

Anal. Calcd for C12H,6N2Oi!S2: C, 50.70; H, 5.63; N, 9.86. 
Found: C, 50.85; H, 5.49; N, 10.03.

Synthesis of Thiacyclopentan-3-one Tosylhydrazone (6 ).—  
Tosylhydrazone 6  was synthesized according to the above pro
cedure from thiacyclopentan-3-one:28 mp 165° dec;25 mass 
spectrum (70 eV) important or major peaks at m/e 270 (M +), 
157, 155, 139, 115 (C4H6S=N N H +), 91

Anal. Calcd for CnHnN202S2: C, 48.87; H, 5.22; N, 10.36. 
Found: C, 48.81; H, 5.17; N, 10.33.

Synthesis of 8-Thiabicyclo[3.2.1]octan-3 one Tosylhydrazone
(8) .— Tosylhydrazone 8 was synthesized according to the above 
procedure from 8-t hiabicyclo [3.2.1] octan-3-one :2 ■4 mp 185- 
186°; mass spectrum (70 eV) important or major peaks at m/e 
310 (M+), 155 (C7H8S=N N H +), 139, 126, 97, 91.

Anal. Calcd for C i4H i8N 20 2S2: 6 ,5 4 .19 ; H, 5.81; N, 9.03. 
Found: C, 54.16; H, 5.90; N, 9.03.

General Procedure for the Synthesis of Sodium Salts of 6 , 7, 
and 8 .— Salts of 6 , 7, and 8  were obtained by adding 1 equiv of 
NaH to 1 equiv of tosylhydrazone in freshly distilled glyme. 
After stirring for 24 hr under N2 the resulting suspensions were 
filtered, washed with glyme, and dried for 24 hr under high 
vacuum. The salts, nonhydroscopic white solids, were used 
without further purification.

Synthesis of A2-Dihydrothiophene (9) and A2-Dihydrothiapyran
(12).— These olefins were synthesized in good yields from tetra- 
methylene sulfoxide30 and pentamethylene sulfoxide31 using the 
standard Pummerer32 reaction (1 hr reflux in acetic anhydride):
9— nmr, see ref 33; mass spectrum (70 eV) m/e (rel intensity)
86 (50, M +), 85 (100), 71 (7), 60 (4), 59 (6), 58 (12), 57 (6), 53
(9) , 51 (5), 47 (3), 46 (5), 45 (35), 44 (8); 12— nmr, see ref 33; 
mass spectrum (70 eV) m/e (rel intensity) 100 (96, M +), 99 (49),
87 (5), 86 (5), 85 (100), 74 (4), 73 (6), 72 (76), 71 (37), 53 (7), 
47 (6), 46 (8), 45 (37).

Synthesis of A3-Dihydrothiophene (10).— Olefin 10 was ob
tained in moderate yield by reduction of A3-sulfolene with excess 
LiAlH4 in ether: nmr, see ref 33; mass spectrum (70 eV) m/e 
(rel intensity) 86 (92, M+), 85 (100), 71 (7), 60 (3), 59 (7), 58
(11), 57 (5), 53 (12), 51 (9), 50 (7), 47 (4), 46 (5), 45 (40), 44 
(11)-

Synthesis of A3-Dihydrothiapyran (13).— 4-Acetoxytetrahy- 
drothiapyran,34 1.5 g in 25 ml of hexane, was dripped through an
8-in. glass helix packed column preheated to 500° under N2. 
Olefin 13 was isolated in moderate, but varying yields after short- 
path distillation of the pyrolysis residue: nmr, see ref 33; mass 
spectrum (70 eV) m/e (rel intensity) 100 (100, M +). 99 (95), 97
(5), 87 (3), 86 (4), 85 (47), 72 (19), 71 (9), 69 (4), 67 (23), 66 (6), 
65 (16), 59 (6), 58 (5), 55 (5), 54 (35), 53 (9), 51 (4), 50 (4), 47
(3), 46 (10), 45 (19).

Synthesis of 8-Thiabicyclo[3.2.1]-3-acetoxyoctane (17).—  
Acetate 17 was obtained from a 80:20 mixture of epimeric al
cohols which were obtained from the NaBH4 reduction of 8- 
thiabicyclo[3.2.1]octan-3-one.4 The alcohols, 0.76 g, were re
fluxed in a mixture of 0.5 g of acetic anhydride and 10 ml of acetic 
acid for 2 hr. The cooled mixture was extracted with ether- 
water and the ether was washed with aqueous K 2C 03 until no 
reaction occurred. Short-path distillation of the residue after 
evaporation of the ether gave 0.65 g of an oil which appeared to 
be a single epimer (vpc, tic, nmr), probably the endo4 5 acetate: 
ir (CCU) 2950, 2900, 2855, 1758, 1451, 1370, 1262, 1245, 1188, 
and 1085 cm -1; nmr (CC14) 5 1.5-2.5 (m, 8), 1.94 (s, 3), 3.58

(28) M . A . Giantirco, Tetrahedron, 20, 1772 (1964).
(29) No attempt was made to distinguish syn and anti isomers and data 

is given for the mixture.
(30) D . S. Tarbell and C. Weaver, J . Amer. Chem. Soc., 63, 2941 (1941).
(31) T . Cairns, G . Eglinton, and D . T. Gibson, Spectrochim. Acta, 20, 

31 (1964).
(32) For typical procedure see W . E. Parham and L. D. Edwards, J. 

Org. Chem., 33, 4150 (1968).
(33) See Figure 1 for nmr data of 9,10, 12, and 13.
(34) S. Olsen and C. Rutland, Chem. Ber., 86, 361 (1953).

(m, 2), 4.97 (m, 1); mass spectrum (70 eV) m/e (rel intensity) 186 
(22, M+), 126 (84), 98 (17), 97 (27), 93 (32), 92 (25), 85 (27), 84
(13), 79 (11), 67 (20), 45 (13), 43 (100).

Anal. Calcd for C9H140 2S: C, 58.00; H, 7.58. Found: C, 
58.20; H, 7.73.

Synthesis of 8-Thiabicyclo[3.2.1]oct-2-ene (15)— Pyrolysis of 
0.75 g of acetate 17, as noted above in the synthesis of 13, gave 
0.3 g (59%) of a yellow oil. Elution of this oil on a silicic acid 
column with hexane gave, after short-path distillation, 200 mg of 
15 as a low-melting solid: nmr, see Figure 2; ir (CCU) 3010, 
2950, 2880, 2805, 1640, 1420, 1305, 1280, 1240, 1190, 1060, and 
1010 cm -1; mass spectrum (70 eV) m/e (rel intensity) 128 (5), 
127 (8), 126 (100, Af+), 111 (8), 99 (7), 98 (23), 97 (67), 94 (5), 
93 (53), 92 (35), 91 (41), 85 (26), 84 (17), 80 (5), 79 (26), 78 (9), 
77 (39), 71 (7), 67 (23), 66 (12), 65 (18), 59 (6), 58 (7), 53 (10), 
51 (9).

Anal. Calcd for C7H,„S: C, 66.66; H, 7.99. Found: C, 
64.67; H, 7.51.

Synthesis of Sulfone 15b.— Sulfide 15 (20 mg) was stirred in 1 
ml of acetic acid containing 20 drops of 30% H20 2 for 3 days at 
25°, at which time 5 ml of H20  was added. The aqueous layer 
was extracted with methylene chloride, which was washed well 
with aqueous K 2C 03 and H20 ,  dried with K 2C 03, filtered, and 
evaporated to give 30 mg of crude solid. Recrystallization from 
hexane with a trace of benzene gave pure sulfone: mp 178-180°; 
mass spectrum (70 eV) m/e (rel intensity) 158 (8, M +), 94 (38), 93
(21), 91 (11), 79 (100), 77 (24), 66 (19), with a metastable peak at
66.4 (792/94).

Anal. Calcd for C7HI0SO2: C, 53.17; H, 6.37. Found: C, 
52.96; H, 6.31.

Identification of Dimer 1 1 .— Thiatetramethylidene dimer, 11, 
was identified via its mass spectrum (70 eV): m/e (rel intensity) 
174 (9, M +  2 peak indicates two sulfur atoms per molecule), 173
(10), 172 (100, M+), 144 (17), 139 (12), 138 (16), 126 (10), 125 
(39), 124 (22), 112 (25), 111 (47), 105 (10), 99 (12), 98 (10), 97 
(36), 93 (19), 65 (12), 61 (10), 58 (10).

Synthesis of Azines 14 and 16.— Azines 14 and 16 were syn
thesized from the appropriate ketones by the same general pro
cedure given here for 14. Thiacyclohexan-4-one, 2.55 g (2 
equiv), and 0.66 g (1 equiv) of 98% hydrazine were refluxed for 6 
hr in 50 ml of ethanol. The mixture was allowed to cool and the 
resulting crystals were collected by vacuum filtration. Recrys
tallization from ethanol gave 2.8 g (56% ) of 14: mp 139-141°; 
ir (CHCU) 3000, 2970, 2920, 2840, 1650, 1450, 1350, 1300, 1280, 
and 1215 c m '1; nmr (CDC13) S 2.77 (m, 16); mass spectrum (70 
eV) m/e (rel intensity) 228 (82, M+), 116 (32), 115 (13), 114 (49), 
113 (100).

Anal. Calcd for CioH16N 2S2: C, 52.57; H, 7.06; N, 12.27. 
Found: C, 52.85; H, 7.13; N, 12.35.

Azine 16 had mp 188° (yellows), 204-206°; mass spectrum (70 
eV) m/e (rel intensity) 280 (66, M+), 247 (29), 142 (28), 141 (25), 
140 (36), 139 (61), 106 (19), 99 (100), 98 (19), 97 (33), 85 (47), 81 
(20), 79 (25), 77 (10), 71 (28), 69 (24), 67 (36), 65 (43).

Anal. Calcd for C i4H2„N2S2: C, 59.94; H, 7.19; N, 10.00. 
Found: C, 59.96; H, 7.04; N, 9.44.

Toluenesulfenic Acid (20).— Toluenesulfenic acid was identi
fied by its lifetime and mass spectrum (70 eV, rel intensity): 
m/e 140 (5, M+), 139 (11), 138 (100), 137 (17), 123 (35), 121
(10), 92 (14), 91 (21), 79 (16), 77 (13), 65 (12), 63 (10).

A ck n o w le d g m e n t.— P . Y . Joh n son  w ishes to  thank 
the N ation a l In stitu tes o f  H ea lth  fo r  partia l su pport 
o f  th is w ork .

Registry N o — 6, 1708-23-2; 6 Na salt, 40697-90-3; 7, 40697-
91-4; 7 Na salt, 40697-92-5; 8 , 40697-93-6 ; 8 Na salt, 40697-
94-7; 9, 1120-59-8; 10, 1708-32-3; 11, 40697-97-0; 12, 13042- 
80-3; 13, 40697-99-2; 14, 40698-00-8; 15, 40698-01-9; 15b,
40697- 28-7; 16, 40697-29-8; 17, 40698-02-0; 20, 17671-92-0; 
thiacyclohexan-4-one, 1072-72-6; toluenesulfonylhydrazide, 1576- 
35-8; thiacyclopentan-3-one, 1003-04-9; 8-thiabicyclo[3.2.1]- 
octan-3-one, 16892-50-5; A3-sulfolene, 77-79-2; 4-acetoxytetra- 
hydrothiapyran, 40697-32-3; endo-8-thiabicyclo[3.2.1]octan-3-ol,
40698- 03-1; exo-8-thiabicyclo[3.2.1]octan-3-ol, 40698-04-2; hy
drazine, 302-01-2; sodium toluenesulfinate, 824-79-3.
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Studies of Acyl and Thioacyl Isocyanates. XIII. 1 The Reactions of 
Benzoyl and Thiobenzoyl Isocyanates with Hydrazobenzenes and 

Further Investigation of the Reaction of Thiobenzoyl 
Isocyanate with Phenylhydrazine

Otohiko  T su g e * and  Shuji K anem asa

Research Institute of Industrial Science, Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812, Japan

Received March 20, 1973

Benzoyl isocyanate (1) reacts exclusively with the more basic nitrogen atom in hydrazobenzenes (3) to give 
the corresponding l,2-diaryl-4-benzoylsemicarbazides (4), which on treatment with hydrochloric acid underwent 
ring closure to the triazolinones (5) by the loss of water. On the other hand, thiobenzoyl isocyanate (2) attacks 
both nitrogen atoms to afford a mixture of semicarbazides (6 and 7), which on heating was easily converted into 
two isomeric triazolinones (5 and 8) with the elimination of hydrogen sulfide. On the basis of the relative 
amounts of 5 and 8, it is clear that 2  reacts preferentially with the more basic nitrogen atom in 3. In this con
text, the reaction of 2 with phenylhydrazine (16) has been reinvestigated, and the pathway for the formation of
l,3-diphenyl-A3-l,2,4-triazolin-5-one (19) has been elucidated.

In  a previous p a p er,2 w e rep orted  th a t ben zoy l 
isocyan ate  (1) reacted  w ith  ary lhydrazine t o  y ie ld  th e  
correspon d in g  l-a ry l-4 -b en zoy lsem icarba zide , w h ich  on  
treatm en t w ith  h ydroch lor ic  acid  underw ent ring 
closure to  l-a ry l-3 -h y d ro x y -5 -p h e n y l-l,2 ,4 -triazole  (A ), 
while in  th e  sam e reaction  o f th iob en zoy l isocyan ate  
(2) l-a ry l-3 -p h e n y l-A 3-l,2 ,4 -tr ia zo lin -5 -o n e  (B ) or  A , 
or  bo th , w ere obta in ed . T h e  re lative  am oun ts o f 
tr iazo le  A  and triazolin one B  depen ded  on  th e  nature

atom s in the hydrazobenzenes. H ow ever, 1 reacted  
w ith  p -ch lo ro - (3b ), p -m eth y l- (3 c ), and p -m e th o x y - 
h ydrazoben zene (3d) t o  g ive  on ly  1 -p -ch lorop h en yl-
2 -p h en yl- (4 b ), l-p h e n y l-2 -p -to ly l- (4 c ), and 1 -phen yl-
2 -p -an isy l-4 -ben zoylsem icarbazide  (4d) in  g o o d  y ields, 
respective ly  (Schem e I ) : th is in d icates th a t 1 a ttack s 
exclu sively  th e  m ore basic n itrogen  a to m  in 3.

Scheme I

0
II

PhCNCO +  ArNHNH, 
1

ArNHNHCONHCOPh

S
II

PhCNCO +  ArNHNHj 
2

ArNHNHCONHCSPh

NH,
I

ArNCONHCSPh 

not isolated

Ar— N -N

A

-H.S |

Ai— N -N HHS A A —" 0 Ph
of the substituent of arylhydrazine. These facts 
seem to indicate that 1 reacts invariably with the /3- 
nitrogen atom, and 2 attacks competitively the a- 
and /3-nitrogen atoms in arylhydrazine.

In  order t o  ob ta in  in form ation  on  th e  difference 
betw een  th e  re a ctiv ity  o f  1 and 2 tow a rd  ary lhydrazine, 
th e  reaction s o f  1 and 2 w ith  h ydrazoben zenes (3) 
w ere studied. In  th is con text, th e  reaction  o f 2 w ith  
ph enylh ydrazin e w as also reinvestigated .

R esu lts  and D iscu ssion

R ea ction  w ith  H y d ra zo b e n ze n e s .— T h e  reaction  o f 
isocyan ate  1 w ith  h ydrazoben zene (3a) in benzene at 
room  tem perature a fforded  l,2 -d ip h en y l-4 -b en zoy l- 
sem icarbazide (4a) in an excellent y ield . In  the reac
tion  o f  1 w ith  asym m etrical hydrazoben zenes, 1 w ou ld  
be  expected  to  a tta ck  co m p e titiv e ly  the b o th  n itrogen

(1) Part X I I  of this series: O. Tsuge, K . Sakai, and M . Tashiro, Tetra
hedron, in press.

(2) O. Tsuge, S. Kanemasa, and M . Tashiro, Tetrahedron, 24, 5205 
(1968).

CONHCOPh
4

a, R1 =  R2 =  H
b, R l =  H; R2 =  Cl
c, R' =  Me; R2 =  H
d, R' = 0Me;R- =  H

T h e  structures o f  sem icarbazides 4  (T a b le  I )  w ere 
con firm ed  b y  th e  spectra l da ta  as w ell as b y  ch em ica l 
conversions.

T able I
l,2-DlARYL-4-BENZOYLSEMICARB AZIDES"

CONHCOPh
Yield, ---------------- Ir, cm >-

Compd& Ri R* % Mp, °C C J'nh rc-0
4a H H 95 209 3320, 3250 1740, 1720
4b H Cl 99 187 3320, 3260 1740, 1730
4c Me H 94 201.5-202 3320, 3250 1740, 1730
4d OMe H 94 178-179.5 3320, 3240 1740, 1720

° Satisfactory analyses (± 0 .4 %  for C, H, and N ) were reported 
for all new compounds listed in the table. b All the compounds 
are colorless prisms. c All the compounds melted with de
composition.
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Table II
l ,2 ,3 -T R IA R Y L -A 3-l,2 ,4 -T R IA ZO L IN -5-O N E Sa

■Reaction conditions-
Compd3 Ri R* Acid Temp, °C Time, hr Yield, % M p, °C Ir ( C = 0 ) ,  cm -1 M ol wt, m /e

5a H H 15% HCl 90-95 3 93 233-234 1690 313
5b H Cl 15% HCl 90-95 1 84 249-250 1710 347, 349e
5c Me H 10% HCl 95-100 1 97 222-223 1690, 1680 327e
5d OMe H 10% HCl 95-100 1 0  m in 74 217.5 1705 343

“ Satisfactory analyses (± 0 .4 %  for C, H, and N) were reported for all new compounds listed in the table. 6 All the compounds are 
colorless prisms. e Compound 5b showed fragment ions at m/e 244, 246 (M + — PhCN ) (rel intensity 3:1), 216,218 ( [ClC6H4N =N P h] • +)

(3:1), 214, 216 (ClC6H4N ^ C P h ) (3:1), and 5c exhibited fragment ions at m/e 224 (M + -  PhCN), 196 ([M eC6H4N =N P h] • +) and
+

180 (PhN =CPh) in the respective mass spectrum.

T reatm en t o f  4  w ith  h yd roch lor ic  acid  y ields 1- 
( R 1 su bstitu ted  p h e n y l)-2 -(R 2 su bstitu ted  p h e n y l)-
3 -p h en y l-A 3-l,2 ,4 -tria zo lin -5 -on es  (5 a -5 d ) in  g ood  y ields 
(T ab le  I I ) .

In  th e  reaction  w ith  3a in  xy len e  at room  tem pera 
ture, isocyan ate  2 gave  l,2 -d ip h e n y l-4 -th io b e n zo y l- 
sem icarbazide (6a ), w h ich  on  w arm in g  in  eth an ol or  
benzene w as easily co n v erted  in to  th e  triazolin one 
5a w ith  th e  e lim ination  o f  h yd rogen  sulfide. H ow 
ever, sem icarbazides fo rm ed  b y  th e  reaction  o f  2 w ith  
asym m etrica l h ydrazoben zenes w ere rather unstab le  
and con v erted  in to  th e  correspon d in g  triazolinones 
during  purifica tion . T h e  reaction  o f  2 w ith  3b or  3c 
in xylen e at 9 5 ° a fforded  tw o  isom eric triazolin ones 
5b and l-p -ch lorop h en y l-2 ,3 -d ip h en y l-A 3- l , 2 ,4 -tri-
azolin -5 -on e (8 b ), or  5c and 2 -p -to ly l-l,3 -d ip h e n y l 
d eriv a tive  (8 c ), respective ly . In  th e  reaction  w ith  3d, 
h ow ever, 2 gave  on ly  th e  triazolin on e 5d. I t  is ev i
den t th a t  tr iazolin on es 5 and 8  are form ed  via sem i
carbazides 6  an d  7 w ith  th e  elim in ation  o f  h yd rogen  
sulfide, respective ly  (Schem e I I ) .  T h us, th e  stronger

Scheme II

7

a ,  R ‘ = R 2 =  H

b, R1 =  H; R2 =  Cl
c, R1 =  Me; R2 =  H
d, R' =  OMe;R2 =  H

th e e lectron -don atin g  p rop erty  o f  su bstitu ent ( R 1) in  
3, th e  m ore  easily  th e  n itrogen  a to m  h av in g  th e  R 1-  
CeH 4 grou p  is a ttack ed .

T h e  structures o f  isom eric triazo lin ones 5 and 8 
w ere con firm ed  b y  th e  spectra l da ta  show n  in  T ab les

I I  and I I I  as w ell as b y  th e  iden tifica tion  w ith  authentic 
sam ples. T h e  ir spectra  o f  5 w ere qu ite  sim ilar to

T able III
Reaction of 2 with 3

S

8

Ir-
,—Yield, % — ( C = 0 ) , M ol wt,

B.1 B.2 6 8 Compd“ M p, °C cm -1 m /e

a H H 92b
b H C l 52.5 22.5 8b 201-202 1700 347, 349e
c Me H 59 25 8c 235.5-236 1705 327e
d OMe H 90 0
° Satisfactory analyses (± 0 .4 %  for C, H, and N) were re

ported for all new compounds listed in the table. Compounds 
8b and 8c are colorless prisms. 6 From l,2-diphenyl-4-thio- 
benzoylsemicarbazide (6a). c Compound 8b showed fragment 
ions at m/e 244, 246 (M + — PhCN) (rel intensity 3:1), 216, 218

([ClC6H4N =N Ph] •+) (3:1) and 180 (PhC=N’ Ph), and 8c 
exhibited fragment ions at m/e 224 (M + — PhCN), 196 ([Me-

C6H4N =N P h] • +), and 194 (MeC6H4N = C P h ) in the respective 
spectrum.

th ose  o f  8 , an d  th e  m ass sp ectra  su p p orted  th e  p ro 
posed  structures for  5 an d  8 , respective ly .

R e ce n tly , Sch ildk n ech t an d  H a tzm a n n 3 fou n d  th at 
h eating  o f l-p h e n y la z o -l,l-d ip h e n y lm e th y l isocyan ate , 
w h ich  w as ob ta in ed  b y  th e  o x id a tion  o f ben zoph en one 
2 -phen ylsem icarbazon e w ith  ch rom y l acetate , a fforded  
triazolin on e 5a (reported  m p 2 3 6 -2 3 8 °) in  a  g ood  y ield . 
T h e y  proposed  th e  fo llow in g  p a th w a y  via an acy ln itrene 
in term ediate .

(3) H. Schildknecht and G. Hatzmann, Angew. Chem., 80, 287 (1968);
ibid., 81, 469 (1969).
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(Ph),C=N N
Ph CrCyOAc),

(Ph).,C=NN
CONH,

Ph

CON

/ N =N P h
(Ph),C — *  5a

NCO

W e  h ad  success w ith  ou r a ttem p t t o  prepare tr i- 
azolin ones 5 and 8 from  ben zoph en on e N -a x y l-N -  
a z idocarbon y lh ydra zon es as precursors o f  acy ln itrene 
in term ediates. B en zoph enon e Ar-p -ch loroph en y l-A r- 
ch lorocarbon y lh y d ra zon e  (1 0 b ), ob ta in ed  from  ben zo 
ph enon e W -p -ch loroph en ylh ydrazon e (9b ) and ph os
gene, reacted  w ith  tetram eth y lgu an id iu m  azide to  
y ie ld  ben zoph en one W -p -ch loroph en yl-iV -azidocarbon - 
y lh y d razon e  ( l i b ) . 4 T h erm al d ecom p osition  o f a cy l- 
azide l i b  in xylen e at 135° for  2 hr a fforded  th e  ex
p e c te d  triazolin one, w h ich  w as iden tica l w ith  8b  o b 
ta in ed  from  2 and 3b (Schem e I I I ) .

Scheme III

8b. 5c
b. R =  CI
c . R =  Me

Sim ilarly, ben zoph en one iV -p -to ly l-lV -azidocarbon y l- 
h yd razon e  (11c) prepared from  th e  correspon d in g  
ca rbam oyl ch loride (10c) gave triazolin on e 5c. T h e  
structures o f  carbam oyl ch lorides 10 and acy l azides 11 
w ere confirm ed on  th e  basis o f  spectra l da ta  and m icro 
analyses. T h e  pa th w a y  fo r  th e  form ation  o f tr iazo li
n one 5 or 8  from  acy l azide 11 can  be v iew ed  as via 
a cy ln itrene and isocyan ate  in term ediates as show n in 
Schem e I I I .

T h us, th e  reaction  o f 1 or 2 w ith  3 is a  v e ry  con v e 
n ient preparative m eth od  fo r  l,2 ,3 -tr ia ry l-A 3- l ,2 ,4 -  
triazolin -5-ones.

W e  in vestigated  th e  reaction  o f ben zoy l isoth io 
cya n a te  (12) w ith  h ydrazoben zenes (3) fo r  com parison  
o f  th a t o f a cy l isocy an ate  1 or  2. Iso th io cy a n a te  12 
easily  reacted  w ith  3a at room  tem peratu re  to  y ie ld  
a 1 :1  a d d u ct 13 as y e llow  crysta ls , w h ich  on  h eating  
in  eth an ol or benzene tran sform ed  in to  an isom eric 
1 :1  a d d u ct 14 as colorless prism s. T h e  ir sp ectru m  o f 
13 exh ib ited  ab sorp tion  bands due to  >>n h  and v c -o  a t 
3280 an d  1700 c m -1 , w hile 14 sh ow ed characteristic  
bands ascribable to  i>n h  an d  v c = o  at 3400, 3240, 3140, 
an d  1680 c m -1  in its spectru m , respective ly . T h e  
nm r spectru m  o f 14 sh ow ed  a broad  signal (2 H ) ascrib-

able to  N H 2. O n th e  basis o f  th e  a b o v e  ob serv a tion s  
an d  o f th e  in spection  o f th e  m ass spectra , th e  s tru c 
tu res o f  13 and 14 w ere d edu ced  as 1 ,2 -d iph en y l- 
4 -ben zoylth iosem icarbazid e  and 1,2 -d ip h en y l-1 -b en - 
zoy lth iosem icarbazide , respective ly  (Schem e I V ) .

Scheme IV
O
11

PhCNCS +  3a
12

PhN
,NHPh

"CSNHCOPh
13

Ph.

H.NSC'

A
or

H,04 Ph

S

- N -N — Ph 

'Ph" O ' " 'TT
15

; n n ;

14
A
or
OH"

-Ph

'COPh

O n h eatin g  at 160° or  trea tm en t w ith  h yd roch lor ic  
acid , 13 w as con v erted  in to  l,2 ,3 -tr ip h e n y l-A 3- l ,2 ,4 - t r i -  
azo lin e-5 -th ion e  (15 ), w h ich  w as also ob ta in ed  from  14 
b y  h eatin g  at 220° or  action  w ith  aqueou s sod iu m  h y 
d rox id e  solu tion . T h e  stru ctu re  o f  15 w as dedu ced  
on  th e  basis o f  its spectra l da ta  and m icroanalysis.

H ow ever , a  m ixture o f  tr iazolin eth ion es o f  ty p e  15 
w as ob ta in ed  in  th e  reaction  o f  12 w ith  asym m etrica l 
h yd razoben zen es ; iso la tion  o f  pure triazolin eth ion es 
w as unsuccessfu l in all cases.

R ea ction  o f  T h iob en zoy l Isocyan ate  (2) w ith  P h e n y l- 
h ydrazin e .— P rev iou s ly ,2 w e reported  th at th e  reaction  
o f 2 w ith  ph enylh ydrazin e (16) gave  1,3 -d ip h en y l-A 3-
l,2 ,4 -tr ia zo lin -5 -on e  (19 ), and suggested  th at 2 w ou ld  
react w ith  th e  less basic a -n itrogen  a to m  in 16 to  form  
2 -p h en yl-4 -th iob en zoy lsem icarba zide  (18) w h ich  un
derw en t v e ry  rapid  ring closure.

T o  resolve th is con tra d iction , th e  reaction  o f 2 w ith  
16 w as reinvestigated . C om p ou n d  2 reacted  w ith  16 
at a low  tem peratu re ( — 5 ° )  t o  y ie ld  an unstable ye llow  
p ro d u ct 17. W h en  treated  w ith  h yd roch lor ic  acid  or 
h eated  at 14 0 -1 6 0 °, 17 tran sform ed  in to  3 -h y d ro x y -
1 ,5 -d ip h e n y l-l,2 ,4 -triazole  (20), w h ich  w as iden tica l 
w ith  an au th en tic sam ple prepared  from  l-p h e n y l-4 - 
ben zoy lsem icarbazide ,5 w ith  th e  e lim ination  o f  h y 
d rogen  sulfide. T h is fa c t  ind icates th a t  17 is 1 -p h en yl-
4 -th ioben zoylsem icarbazid e  form ed  b y  th e  reaction  
o f  2 w ith  th e  m ore basic /3-nitrogen a tom  in 16.

M a n y  experim ents w ere d on e in  order t o  ob ta in  
in form ation  on  th e  p a th w a y  for  th e  form ation  o f tr i
azolin one 19 from  sem icarbazide 17. W e  fou n d  th at, 
w hen  a benzene so lu tion  o f  sem icarbazide 17 w as re
flu xed  in th e  presence o f  sm all am ou n ts o f  16, th e  
p ro d u ct w as n o t th e  3 -h y d r o x y -l ,2 ,4 -triazole  20, bu t 
A3-l,2 ,4 -tr ia zo lin -5 -on e  19. O n th e  basis o f  th e  ab ove  
fa ct, it  is ev iden t th a t th e  presence o f  16 is ind ispens
able fo r  th e  form ation  o f tr iazo lin on e 19 from  sem i
carbazide 17. T h e  p a th w a y  fo r  th e  form ation  o f  19 
can  be  v iew ed  as show n  in  S chem e V .

T h a t is, 16 w ou ld  react w ith  th e  carbon  a to m  o f  
th iob en zoy l grou p  o f  sem icarbazide 17 t o  fo rm  an  
in term ediate  C , fo llow ed  b y  th e  e lim ination  o f h yd rogen

(4) The reaction of carbamoyl chloride 10b with sodium azide did not give
the expected acyl azide lib .

(5) O. Tsuge, T. Ito, and S. Kanemasa, Nippon Kagaku Zasshi, 89, 69
(1968).
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Scheme V

NH,
-HjS
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sulfide to  y ie ld  D . T h e  loss o f  16 from  D  w ou ld  g ive  
th e  triazolin one 19. T h is  p a th w a y  is alsc su pported  
b y  th e  fo llow in g  fa ct. A lth ou g h  h eating  o f  1-p- 
to ly l-4 -ben zoy lsem ica rb azide  (2 1 )5 at 2 1 5 -2 2 0 °  gave 
l-p -to ly l-3 -p h e n y l-A 3-l,2 ,4 -tr ia zo lin -5 -o n e  (22) in a 
g o o d  y ie ld , th e  trea tm en t o f  21 w ith  an equ im olar 
am ou n t o f  16 u nder th e  sam e con d ition s  a fforded  th e  
triazolin on e 19.

p-tolyl-NHNHCONHCOPh

21

p-tolyl-N —NH

o ^ v y ^ P h
N

22

19 +  p-tolyl-NHNH,

P rev iou sly ,5 w e rep orted  th a t th e  therm al ring c lo 
sure o f  21 and p -ch lo ro  deriva tive  gave th e  corre 
sponding  3 -h y d ro x y -1,2,4 -triazole  as a  m am  prod u ct, 
respectively . T h ese sem icarbazides used previou sly  
m igh t be  con tam in a ted  w ith  ary lhydrazm e h y d ro 
ch loride, becau se th e  th erm al ring c losu re o f  th e  sem i
carbazides in  th e  presence o f  tra ce  o f  ary lhydrazine 
h yd roch lor id e  a fforded  th e  3 -h y d r o x y -l ,2 ,4-triazole . 
W e  n ow  find  th a t  h eatin g  o f  pure sem icarbazide 
gave  th e  triazolin on e in  a  g o o d  y ie ld : 21 (255°, 
5 m in) an d  p -ch loro  der iv a tive  (2 3 5 °, 3 m in) a fforded  
th e  correspon d in g  triazolin on e in  94 and 8 6 %  y ields, 
respectively .

E xperim en ta l S ection 6

Materials.— Benzoyl isocyanate ( 1 ) was prepared by the re
ported method.7 To prepare thiobenzoyl isocyanate (2) a solu-

tion of 1.0 g of 2-phenylthiazoline-4,5-dione in 10 ml of xylene 
was heated at 120°, giving a reddish-violet solution of 2 which 
was used in situ.8 This solution is referred to as the standard 
solution of 2. Benzoyl isothiocyanate (12), bp 133-137° (18 
mm) [lit.® bp 119° (10 mm)], was obtained from benzoyl chlo
ride and lead thiocyanate in boiling benzene.

Hydrazobenzenes (3) were prepared by the reported methods, 
respectively: hydrazobenzene (3a), mp 124-125° (lit.10 mp 
126°); p-chloro- (3b), mp 91-92° (lit.11 mp 89-90°); p-methyl- 
(3c), mp 88° (lit.12 mp 86-87°); p-methoxyhydrazobenzene 
(3d), mp 75° d it.13 mp 74-75°).

Reaction of 1 with 3a.— A solution of 3a (2.8 g) in dry benzene 
(50 ml) was added dropwise to a solution of 1 (2.25 g) in dry ben
zene (10 ml) at room temperature; crystals precipitated imme
diately. Recrystallization from ethanol afforded 1,2-diphenyl- 
4-benzoylsemicarbazide (4a).

Similarly, reactions of 1 with 3b, 3c, and 3d gave the corre
sponding semicarbazides 4b, 4c, and 4d, respectively. The 
yields and physical properties of 4 are given in Table I.

Ring Closure of Semicarbazides 4.— A solution of semicarb
azide 4a (0.5 g) in 15% hydrochloric acid (30 ml) was heated at 
90-95° for 3 hr. After cooling, the reaction mixture was neu
tralized with aqueous ammonium hydroxide to give 0.44 g (93%) 
of colorless crystals. Recrystallization from ethanol afforded 
l,2,3-triphenyl-A3-l,2,4-triazolin-5-one (5a), mp 233-234°, as 
colorless prisms.

Similarly, semicarbazides 4b-4d underwent ring closure to the 
corresponding triazolinones 5b-5d. Reaction conditions, yields, 
and physical properties of 5 are summarized in Table II.

Reaction of 2 with 3. A. With 3a.— To a standard solution 
of 2 was added 0.97 g of 3a, and the reaction mixture was then 
stirred at room temperature for 30 min. Filtration gave 1.6 g 
(87%) of l,2-diphenyl-4-thiobenzoylsemicarbazide (6a), mp 
138° dec, as reddish-orange crystals, which were washed with 
benzene. The microanalysis of 6a was submitted without fur
ther purification, because 6a was rather unstable, ir (KBr) 3280 
(NH), 1700 cm“1 ( 0 = 0 ) .

Anal. Calcd for C20H17N3OS: C, 69.15; H, 4.93; N, 12.10. 
Found: C, 69.08; H, 4.81; N, 11.48.

B. With 3b.— To a standard solution of 2 was added 1.15 g of 
3b at room temperature, and the reaction mixture was heated at 
95° for 2 hr, during which time hydrogen sulfide evolved. 
After cooling, filtration gave 0.95 g (52.5%) of triazolinone 5b, 
which was identical with the product obtained from semicarb
azide 4b.

The filtrate was concentrated to leave colorless crystals, which 
on recrystallization from ethanol gave 0.4 g (22.5%) of 1-p- 
chlorophenyl-2,3-diphenyl-A3-l,2,4-triazolin-5-one (8b), mp 201- 
202°, as colorless prisms.

Similarly, the reaction of 2 with 3c and 3d gave the corre
sponding triazolinones 5 and/or 8. The results and physical 
properties of 8 are given in Table III.

Benzophenone iV-p-Chlorophenyl-iV-chlorocarbonylhydrazone 
( 10b).— To a solution of 15 g of benzophenone A-p-chlorophenyl- 
hydrazone (9b) in a mixture of pyridine (8 ml) and benzene (150 
ml) was added dropwise 30% phosgene-toluene solution (30 ml) 
at 0°. The reaction mixture was refluxed for 1.5 hr, and then it 
was poured into ice-water, which was extracted with benzene. 
The benzene extract was dried (CaCl2), and evaporated in vacuo 
to leave 14 g (78%) of solid. Recrystallization from petroleum 
ether (bp 60-80°) gave 10b, mp 103-104°, as colorless prisms, 
ir (KBr) 1740 cm -1 (C = 0 ) .

Anal. Calcd for C20H14N2OC12: C, 65.05; H, 3.82; N, 
7.59. Found: C, 65.09; H, 3.74; N, 7.64.

Similarly, the reaction of iV-p-tolylhydrazone 9c (15 g) with 
phosgene (32 ml of 30% phosgene-toluene solution) in a mixture 
of pyridine (8 ml) and benzene (150 ml) gave 16.8 g of the corre
sponding chlorocarbonylhydrazone ( 10c) as liquid, which was 
used without further purification, ir (neat) 1735 cm -1 (C==0).

Benzophenone A-p-Chlorophenyl-A-azidocarbonylhydrazone 
( l ib ) ,— To a solution of tetramethylguanidium azide14 (1.58 g) 
in dry chloroform (20 ml), a solution of carbamoyl chloride 10b 
(3.69 g) in dry chloroform (20 ml) was added, drop by drop, be-

(6) All melting points are uncorrected. The ir spectra were measured as 
K Br disks, and nmr spectra were determined at 60 M H z with a Hitachi 
R-20 nmr spectrometer with T M S  as an internal reference. The mass spec
tra were obtained on a Hitachi R M S-4  mass spectrometer with a direct inlet 
and an ionization energy of 70 eV.

(7) A . J. Speziale and L. R. Smith, J. Org. Chem., 27, 4361 (1962); ibid., 
28, 1805 (1963).

(8) J. Goerdeler and H. Schenk, Chem. Ber., 98, 2954 (1965).
(9) P. A. S. Smith and R. O. Kan, J. Org. Chem., 29, 2261 (1964).
(10) P. Jacobson and A. Hugershoff, Chem. Ber., 36, 3841 (1904).
(11) K . Heumann and E. Mentha, ibid., 19, 1686 (1886).
(12) P. Jacobson, Justus Liebigs Ann. Chem., 303, 290 (1898).
(13) E . F. Pratt and T. P. McGovern, J. Org. Chem., 29, 1540 (1964).
(14) A. J. Papa, J. Org. Chem., 31, 1426 (1966).
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low 0° over a period of 30 min. After the reaction mixture was 
stirred at room temperature for 30 min, it was poured into 50 ml 
of ice-water containing acetic acid (1 ml). The mixture was 
extracted with chloroform, and the extract was dried (MgSO,). 
The extract was evaporated in vacuo to leave 3.3 g (88%) of 
crystals. Recrystallization from petroleum ether (bp 45-70°) 
afforded lib , mp 103° as colorless prisms: ir (KBr) 2180 (N3),
1680 cm-1 (C = 0 ) ;  mass spectrum (70 eV) m/e 375 (M +), 305 
(M + — CON3, base peak).

Anal. Calcd for C2„H14N60C1: C, 63.92; H, 3.76; N,
18.64. Found: C, 64.03; H, 3.48; N, 18.90.

Similarly, the reaction of carbamoyl chloride 10c with tetra- 
methylguanidium azide in dry chloroform afforded the corre
sponding acyl azide 11c, mp 93.5°, as colorless prisms: yield 
83% ; ir (KBr) 2160 (N3), 1690 cm-1 (C = 0 ) ;  mass spectrum 
(70 eV) m/e 355 (M +), 285 (M + — CON3, base peak).

Anal. Calcd for C2iH„N60 :  C, 70.96; H, 4.82; N, 19.71. 
Found: C, 70.87; H, 4.71; N, 19.68.

Thermolysis of Acyl Azide l ib .— A solution of l ib  (0.5 g) in 
dry xylene (5 ml) was heated at 135° for 2 hr. The reaction 
mixture was evaporated in vacuo to leave an oily substance, which 
on trituration with a mixture of methanol, acetone, and diethyl 
ether afforded crystals. Recrystallization from ethanol gave 
0.18 g (39% ) of triazolinone 8b, mp 201-202°, as colorless prisms.

Similarly, thermolysis of acyl azide 11c afforded triazolinone 
5c, mp 222-223°, in 41% yield.

Reaction of Benzoyl Isothiocyanate (12) with 3a.— A solution 
of 3a (1.1 g) in dry benzene (20 ml) was added dropwise to a solu
tion of 12 (1.0 g) in dry benzene (10 ml) at room temperature. 
Filtration afforded 1.85 g (88%) of yellow crystals, which were 
washed with benzene to give l,2-diphenyl-4-benzoylthiosemi- 
carbazide (13), mp 139.5-140° dec. This compound was sub
mitted to microanalysis without further purification.

Anal. Calcd for C20H17N 3OS: C, 69.15; H, 4.93; N, 12.10. 
Found: C, 69.29; H, 4.81; N, 11.73.

1,2-Diphenyl-l-benzoylthiosemicarbazide (14).— A solution of 
13 (0.2 g) in ethanol (10 ml) was refluxed for 5 min. The solu
tion was concentrated to give 0.17 g (85%) of colorless crystals. 
Recrystallization from ethanol afforded 14, mp 210-211° dec, as

colorless prisms: nmr (CDC13) S 6.23 (broad, 2, NH8); mass 
spectrum (70 eV) m/e 347 (M +).

Anal. Calcd for C2oHnN3OS: C, 69.15; H, 4.93; N, 12.10. 
Found: C, 69.38; H, 4.83; N, 12.14.

l,2,3-Triphenyl-A3-l,2,4-triazoline-5-thione (15).— Heating of 
13 (0.5 g) at 160° for 10 min or treatment of 13 (0.5 g) with 15% 
hydrochloric acid (20 ml) at 90-95° for 30 min afforded 0.47 g 
(99%) or 0.45 g (95% ) of 15, mp 251°, as colorless needles: 
mass spectrum (70 eV) m/e 329 (M +), 297 (M + — S), 296 (M + —
SH), 180 (PhC=N Ph).

Anal. Calcd for Cs0H i6N 3S: C, 72.93; H, 4.59; N, 12.76. 
Found: C, 72.71; H, 4.37; N, 12.51.

Reaction of 2 with Phenylhydrazine (16).— A mixture of a 
standard solution of 2 and 16 (0.56 g ) was stirred at —5° for 5 
min. Dry diethyl ether was added to the reaction mixture, 
giving 1.3 g (92% ) of l-phenyl-4-thiobenzoylsemicarbazide (17) 
as yellow crystals. Compound 17 decomposed gradually under 
the evolution of hydrogen sulfide at room temperature: ir
(KBr) 3220, 3150, 3080 (NH), 1680 cm “ 1 (C = 0 ) .

Heating of 17 at 140-160° for 5 min or treatment with concen
trated hydrochloric acid at room temperature for 30 min afforded
3-hydroxy-l,5-diphenyl-l,2,4-triazole (20)6 in 91 or 86% yield, 
respectively.

Reaction of 17 with 16.— A solution of 17 (0.2 g) and 16 (0.18 
g) in benzene (10 ml) was refluxed for 5 min. After cooling, 
filtration gave 0.16 g (91%) of l,3-diphenyl-A3-l,2,4-triazolin-5- 
one (19 ),2 mp 230-231° (lit.16 mp 235°; lit.16 mp 233°).

Registry N o.— 1, 4461-33-0; 2, 3553-61-5; 3a, 122-66-7; 3b, 
949-88-2; 3c, 621-94-3; 3d, 953-12-8; 4a, 40587-77-7; 4b,
40587-78-8; 4c, 40587-79-9 ; 4d, 40587-80-2; 5a, 5378-13-2; 
5b, 40587-82-4; 5c, 40587-83-5; 5d, 40587-84-6 ; 6a, 40587-85- 
7; 8b, 40594-85-2; 8c, 40594-86-3; 9b, 40594-87-4; 9c, 40594- 
88-5; 10b, 40594-89-6; 10c, 40594-90-9; l i b ,  40594-91-0; 11c, 
40594-92-1; 12, 532-55-8; 13, 40594-93-2; 14, 40594-94-3; 15, 
40594-95-4; 16, 100-63-0; 17, 40594-96-5.

(15) J. Goerdeler and H . Schenk, Chem. Ber., 99, 782 (1966).
(16) G. Baccar and F. Mathis, C. R. Acad. Sci., 261 (1), 174 (1965).

The Reaction of Aluminum Azide with Cyano Esters. 
Preparation of Tetrazolo[l,5-e]pyrimidin-5(6i/)-one and 

Tetrazolo[l,5-c]quinazolin-5(6ff)-one
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The reaction of aluminum azide and a variety of unsaturated /3-cyano esters was studied. Both cis- and trans- 
3-cyanoaerylates gave irans-3-tetrazole-5-acrylate. irans-3-Cyanocrotonate produced irans-3-methyltetrazole-5- 
acrylate, while cis-3-cyanocrotonate gave a mixture consisting mainly of l-(2-cyanopropenyl)tetrazolin-5(4//)- 
one and tetrazolo[ 1,5-c] pyrimidin-5(6hT)-one. The reaction of aluminum azide and ethyl o-cyanobenzoate gave 
a mixture of four products: tetrazolo[l,5-c]quinazolin-5(6H)-one, l-[o-(tetrazol-5-yl)phenyl]tetrazolin-5(4H)- 
one, ethyl o-(5-tetrazolyl)benzoate, and o-(5-oxo-2-tetrazolin-l-yl)benzonitrile. An explanation for the forma
tion of the quinazolinone via a Curtius rearrangement is proposed. Alkaline hydrolysis of tetrazolo[l,5-c]- 
quinazolin-5(6H)-one produced 5-(o-aminophenyl)tetrazole, which could be reconverted to the tetrazolo- 
[1,5-c] quinazolinone by reaction with phosgene.

B ecau se th e  prev iou sly  u n reported  e th y l c is-tetra - 
zo le -5 -acry la te  (1) w as requ ired  as a sy n th etic  in ter
m ediate, an  a ttem p t w as m ade to  prepare  it fro m  th e  
read ily  availab le  eth y l m -3 -cy a n o a cry la te  (2 ) .2 Several 
excellent m ethods are k n ow n  for  con v ertin g  nitriles 
to  tetrazoles, th e  m ost con ven ien t being  th at o f  F in 
negan, H en ry , an d  L o fq u is t ,3 w h ich  em p loys a m m on iu m

(1) Chemical Biology Research, The Dow Chemical Company, Midland,
M ich. 48640.

(2) C. K . Sauers and R. J. Cotter, J. Org. Chem., 26, 6 (1961).
(3) W . G. Finnegan, R . A. Henry, and R. Lofquist, J. Amer. Chem. Soc.,

80, 3908 (1958).
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and p rod u ced  on ly  tr ia zo lecarbox y la te  3 .4 T h e  sam e 
p rod u ct w as ob ta in ed  b y  th e  reaction  o f  sod iu m  azide 
w ith  2 in  aceton itrile .

M o re  recen tly , A rn o ld  an d  T h a tch er5 h a v e  used alu 
m inum  azide, p rep ared  in  situ  in  an h ydrou s T H F , to  
ob ta in  5 -v in y lte trazo le  from  acry lon itrile . U n fortu 
n ate ly , th is  reagent a lso  fa iled  t o  p rod u ce  1 fro m  2, 
b u t  th e  su bsequ en t stu d y  o f  th e  rea ction  o : a lum in um  
azide o n  cya n o  esters u n covered  som e n ove l chem istry  
th a t is  the su b ject o f  th is d iscussion .

R esu lts  an d  D iscu ss io n

C yan oacry la tes .— W h e n  e th y l c is -3 -cy a n oa cry la te  
w as refluxed in  T H F  w ith  an  equ im olar am ou n t o f  
alum inum  azide, a crysta llin e  te tra zo lea cry la te  4  w as 
form ed  in  3 0 %  y ie ld . H ow ever , in  th e  n m r the 
cou p lin g  con sta n t for  th e  A B  qu artet o f  th e  v in y l 
p roton s  w as n ow  16.5 cps rather th an  th e  original 11.5 
cps in  2, in d icating  th a t 4 con ta in ed  a trans d ou b le  
b on d .6 T rea tm en t o f  e th y l iran s-3 -cyan oacry la te  (5)
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\
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w ith  a lum inum  azide p rod u ced  a crysta lline com p ou n d  
iden tica l w ith  th at ob ta in ed  from  th e  cfs-acry la te . 
A liqu ots  rem ov ed  at v ariou s tim es fro m  th e  reaction  
o f  th e  w s-cya n oa cry la te  clearly  sh ow ed  b y  nm r in itial 
form ation  o f  th e  ¿rans-cyan oacry la te  from  th e  c i s -  
cya n oa cry la te  fo llow ed  b y  con vers ion  to  th e  tr a n s -  
tetrazoleacry la te . N o  peaks th at cou ld  b e  ascrib ed  
to  the cfs-tetrazoleacry la te  cou ld  be  d e tected  th en  or  
in  th e  p ro d u ct a fter  w ork -u p , in d ica tin g  th a t  u nder 
these con d ition s th e  isom erization  w as preced in g  th e  
form ation  o f  th e  tetrazole .

C y a n ocro ton a tes .— In  an  e ffort to  reduce th e  rate  o f  
isom erization  in  th is system , e th y l c i s -  and tr a n s -3- 
cya n ocroton a tes7 w ere stud ied . E th y l iran s-3 -cyan o- 
croton a te  (6) beh a v ed  n orm ally  w hen  treated  w ith  
a lum inum  azide to  p rod u ce  a 6 6 %  y ie ld  o f  e th y l tra n s -  
3 -m eth y lte trazo le -5 -acry la te  (7) and a  sm all am oun t 
o f  8, d iscussed b e low . T h e  irans-tetrazolecroton ate  
7 d isp layed  ty p ica l te trazole  b eh av ior  b y  form in g  
oxad iazole  9 w hen  treated  w ith  refluxing acetic  an 
h yd r id e .5

T h e  reaction  o f  a lum in um  azide w ith  e th y l c i s -3- 
cya n ocro ton a te  (10 ), h ow ever, p rod u ced  a com p lete ly  
u n expected  result. In  th is case a  m ixture o f  tw o  cry s
ta lline p rod u cts  w as obta in ed , b u t th is on ly  am ou n ted  
to  a b o u t 1 4 %  b y  w eigh t o f  th e  startin g  m aterial. T h e  
rem ainder w as u n reacted  10 an d  p o ly m eric  o ils  w h ich  
w ere n ot characterized . O f the crysta lline p ro d u ct,

(4) Y . Shunichi, M . Tomishige, and A. Akira, Yakugaku Zasshi, 77, 452 
(1957); Chem. Abstr., 51, 14697e (1957).

(5) C. Arnold, Jr., and D . N . Thatcher, J. Org. Chem., 34, 1141 (1969).
(6) R . H . Bible, “ Interpretation of N M R  Spectra,”  Plenum Press, New  

York, N . Y .,  1965, p 38.
(7) D . T . M ow ry and A. G. Rossow, J. Amer. Chem. Soc., 67, 926 (1945). 

Although correct nomenclature would label 6 as the cis-crotonate and 10 as 
the frans-crotonate, the opposite terminology is used in this paper as in 
Mowry’s paper so that cis and trans refer to the functional groups of interest, 
the nitrile and the ester.
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detectab le , th ou gh  it cou ld  possib ly  h ave been  present 
in th e  large, noncrysta llin e fraction .

T h e  stru ctu re o f  12 w as the m ore read ily  apparent, 
since the nm r sp ectru m  show ed th at th e  e th y l p ro ton s  
o f  th e  ester had been  lost w hile th e  ir clearly  in d ica ted  
th at th e  cya n o  grou p  was still present. A p p a ren tly  
th e  azide ion  had attack ed  th e  ester instead  o f  the 
nitrile, form in g  a new' ca rb on y l fu n ction  absorb in g  at 
1740 c m -1 . S u ch  a  reaction  has n ot been  prev iou sly  
rep orted  in  th e  literature, bu t it is g iven  g ood  preceden t 
in  th e  w ork  o f  H orw itz , et a l.,s w h o  sh ow ed th at iso
cyanates, acid  ch lorides, and a -k eton itriles  are trans
form ed  b y  a lum inum  azide via a C u rtiu s rearrangem ent 
in to  1-substitu ted te tra zo lin -5 (4 //) -o n e s . T h erefore , 
th e  low -m eltin g  isom er w as assigned stru ctu re 12, 1 (2- 
cy a n o p ro p e n y l)te tra zo lin -5 (4 //)-o n e . T o  con firm  th at 
such a reaction  w ou ld  occu r  in th is system , e th y l 3 ,$ - 
d im eth y lacry la te  (13) w as treated  u nder th e  sam e

H.C^ II
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h 3c^ H
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/ C _ C \ THF c =
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(8) J. P. Horwitz, B. E . Fisher, and A. J. Tomasewski, J. Amer. Chem. 
Soc., 81, 3076 (1959).
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con d ition s w ith  alum inum  azide and form ed  a  2 4 %  
y ie ld  o f  l- (2 -m e th y lp ro p e n y l)te tra z o lin -5 (4 i/)-o n e  (14 ).

T h e  stru ctu re o f  8 was assigned b y  an a logy  on  th e  
basis o f  its  em pirica l form u la  and spectra l p roperties 
to  be  th a t o f  th e  ¿rans-tetrazolypropenyltetrazolinone.

A lth ou g h  th e  presen ce o f  the u nchan ged  nitrile  in 
12 su ggested  a possib le  isom erization  to  th e  trans iso
m er, a nuclear O verhauser e ffect d eterm in ation  sh ow ed  
a 1 9 %  increase in th e  v in y l p ro ton  in tegra l and co n 
firm ed  th e  cis form  as show n. T h a t 12 w as n o t a  p re 
cu rsor o f  11 w as in d icated  b y  th e  fa ilure o f  fu rther 
trea tm en t o f  12 w ith  alum inum  azide to  p rod u ce  an y  
11. T h e  on ly  crystalline p ro d u ct iso la ted  w as u n 
changed  12.

C o m p o u n d  11, th ou gh  it w as n o t th e  p ro d u ct  o f  
fu rther reaction  o f  the n itrile w ith  th e  tetrazolin on e, 
n or  w as it a cfs -te tra zo ly lp rop en y l te trazolin on e such 
as 8, h ad  lost b o th  th e  original ester an d  n itrile  fu n c 
tions. I ts  ir spectru m  revea led  a  com p lex  ca rb on y l 
reg ion  w ith  peaks at 1770, 1730, 1640, and 1550 c m -1 . 
T h e  h igh -frequ en cy  ab sorp tion  in  th e  1 7 70 -cm -1  reg ion  
wras su ggestive o f  1 -acy la ted  te tra zo les .9 A  C urtius 
rearrangem ent to  an  isocyan ate  resu lting  from  azide at
ta ck  on  the carboeth ox y  group, fo llow ed  b y  cycliza tion  
w ith  th e  a d jacen t tetrazole , w ou ld  fo rm  8 -m eth y l- 
te tra z o le [l,5 -c ]p y r im id in -5 (6 //) -o n e  (11 ). T h o u g h  n ot 
su pported  b y  d irect d egra dative  ev iden ce, th is assign
m ent w as corrob ora ted  an d  a  better  u nderstan d in g  
o f  the rearrangem ent was obta in ed  b y  a  stu d y  o f  the 
reaction  o f  a lum inum  azide on  th e  an alogou s o -cy a n o - 
ben zoates.

C y a n o b e n zo a te s .— E th y l o -cya n ob en zoa te  (15)
(Schem e I )  w as treated  wTith  alum inum  azide in reflux-

Scheme I

ing T H F  fo r  42 hr. O n  w ork -u p , a b ou t 5 0 %  o f  the 
startin g  ester w as recovered  unchanged . T h e  rem ain
der h ad  been  tran sform ed  in to  a m ixture o f  fou r  crysta l
line m aterials, 16, 17, 18, and 19, w h ich  separated  fa irly

(9) H. W . Thompson and R. J. L. Popplewell, Z. Electrochem., 64, 746
(1960).

w ell on  tic , and three o f  these, 16, 17, an d  19, c o u ld  b e  
obta in ed  in a pure state  b y  fraction a l crysta lliza tion .

A b o u t  2 5 %  o f  th e  p rod u ct con sisted  o f  th e  C 8H 6N 80  
com p ou n d  16, m p  2 6 2 -2 6 3 ° , w h ich  h ad  a 16 9 0 -cm -1  
carbon y l b a n d  in  the ir. T h is  da ta  p lu s a  titra tion  
w ith  sod iu m  h ydrox ide , w h ich  revea led  tw o  a c id ic  p ro 
ton s, in d icated  th at 16 w as l-[o -(te tra zo l-5 -y l)p h e n ,y l]- 
te tra z o lin -5 (4 //) -o n e  in  w hich  the ester had b een  co n 
v erted  to  the tetrazolin on e an d  th e  nitrile  to  th e  te tra 
zole.

A  secon d  crysta lline com p on en t com prisin g  1 0 %  
o f th e  p ro d u ct w as a C ioH 10N 402 m aterial, 17, m p  1 4 2 - 
M S ° . T h e  n m r sp ectru m  in d ica ted  th at it h ad  reta in ed  
th e  ca rb oeth ox y  fu n ction  and th e  ir showred  th a t it 
h ad  lost th e  nitrile. T h is  cou ld  th erefore  b e  assigned 
the structure o f  eth y l (5 -tetrazoly l) ben zoate  (17).

A lth ou g h  it  cou ld  n ot be  iso la ted  pu re from  th is 
reaction  m ixture, th e  alternate com p ou n d  18 w as also 
obta in ed . T h is  C 8H 6N 50  m aterial cou ld  b e  iso la ted  
in a pu re  form  from  the reaction  p ro d u ct o f  a lum in um  
azide on  m eth y l o -cya n ob en zoa te  (20 ). Sp ectra l da ta  
sh ow ed th at th e  nitrile  had been  reta in ed  and the ester 
con v erted  to  th e  tetrazolinone, fo rm in g  l - (o -c y a n o -  
p h e n y l)te tra zo lin -5 (4 //) -o n e  (18).

T h e  largest p ortion  (a b ou t 5 0 % ) o f  th e  crysta lline 
reaction  p ro d u ct from  eth y l cya n ob en zoa te  con sisted  
o f  19 (Schem e I I ) ,  C 8H 5N 50 ,  m p 2 7 3 -2 7 5 ° . In  the

Scheme II

ca rb on y l region  o f  its ir spectrum , 19 corresp on d ed  
c lose ly  to  th e  com p ou n d  11 obta in ed  from  th e  cis c ro to n - 
ate, h av ing  in  particu lar a  h igh -frequ en cy  ca rb o n y l 
ab sorp tion  at 1770 c m -1 . T h e  assignm ent o f  th e  
te trazolo  [ l ,5 -c ]q u in a z o lin -5 (6 //) -o n e  stru ctu re 19 was, 
h ow ever, m ade on  the basis o f  th e  resu lts o f  alkaline 
h ydrolysis . B ein g  acid ic, th e  com p ou n d  d isso lv ed  
read ily  in  1 A  aqueous sod ium  h ydroxide , and , after 
w arm ing on  the steam  bath  for  1 hr and acid ifica tion , 
a new  crystalline m aterial p recip ita ted  sim u ltaneou sly  
w ith  cop iou s ev o lu tion  o f carbon  d iox ide. A n alysis 
show ed th is new  m aterial to  be a C 7H 7N 5 com p ou n d , 
h av in g  sim p ly  lost th e  carbon y l. S ince it w as a n itro - 
geneous m aterial conta in in g  no ox yg en , y e t  still re
ta in ing  its a cid ic  properties, it u n d ou b ted ly  con ta in ed  
a tetrazole  ring. T h e  presence o f  p rim ary  N H 2 a b 
sorp tion  at 34 50 -340 0  c m -1  in  the ir in d icated  th e  co m 
pou n d  to  be  5 -(o -a m in op h en y l)te tra zo le  (21 ). T h e  
entire spectru m  correspon ded  closely  to  th a t rep orted
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b y  P o sto v sk ii,10 w ho prepared  it  b y  acid  treatm en t o f
5 ,6 -d ih y d ro -5 -m eth y l-5 -h y d rox y tetrazo lo  [1 .5 - c jqu inaz- 
oline. A u th en tic  21 was prepared  from  an th ran ilo- 
nitrile 22 w ith  am m on iu m  azide in  d im eth ylform am id e. 
I t  w as d ifficu lt to  ob ta in  th is m ateria l in  pu re fo rm  
and th e  ir  sp ectru m  an d  m eltin g  p o in t seem ed to  be  
h igh ly  v ariab le  dep en d in g  on  th e  cry sta lliza tion  so lven t 
(so lu tion  spectra  w ere iden tica l). T h ere fore , th e  ace
ton e  con den sation  p rod u cts  23 from  each  sou rce w ere 
prepared  an d  w ere fou n d  to  h ave iden tica l ir spectra  
an d  sh ovred  no depression  o f th e  m ixture m elting poin t.

O n  treatm en t o f  21 w ith  ph osgene in benzene, a 6 4 %  
y ie ld  o f  crysta lline m aterial iden tica l w ith  19 w as o b 
tained, p rov in g  th at th is com p ou n d  is te tra z o lo [ l ,5 -
c ]q u in a zo lin -5 (6 //)-o n e . I t  cou ld  also be prepared  in  
abou t 4 0 %  overa ll y ie ld  b y  treatm en t o f  21 w ith  e th y l 
ch loro form ate  in eth an ol to  g ive  24, w h ich  on  p y ro ly s is  
at 1 9 5 -2 0 0 °  p rod u ced  19.

T h e  m echan ism  o f  th is rearrangem ent and cycliza - 
tion  p ro b a b ly  in vo lves  in itial 1 ,3 -d ipolar a d d ition  o f 
azide to  th e  n itrile11 to  fo rm  th e  tetrazole  ester 17 in  
the n orm al fashion. A  secon d  m olecu le  o f  azide then  
attack s th e  ester carbon y l, elim inating eth ox ide. A  
C urtius rearrangem ent8 to  g ive  th e  isocyan ate  in ter
m ediate  is fo llow ed  b y  rap id  a tta ck  from  the ad ja cen t 
tetrazole  n itrogen  to  g ive  19, or  11 in  th e  crc to n a te  case 
(Schem e I I I ) .

S c h e m e  IV

N = N = N A 1 (N 3)2 

c — OC.H,

0
CN

N = N = N A 1 (N 3).,
r l
c = o

CN
N = N — A1(NS),

N— C = 0

N = N = N A 1(N 3)2
CN

N = N — A1(N3)2
I---------------^

r ^ V N> ^ N = N = N A l(N 3 )2

A1(N3)2
I

n - n
N H

0
CN

18

0

'-------NH

N = N = N A 1 (N 3)2

S c h e m e  III
17+

N=NA1(N3)2

I t  is presu m ably  further azide a tta ck  on  the cya n o - 
ph eny ltetrazolinon e 18 th at produ ces the fou rth  p rod 
u ct o f  th e  reaction , th e  te trazoly lph en y ltetrazolin on e 
16. T h e  high  re a ctiv ity  o f  th e  tetrazole  in  conden sa
tion  reaction s o f  ca rb on y l com p ou n d s w ith  th e  orth o  
am ino group  in 5 - (o -am in oph en yl) tetrazole  w ou ld  
in d icate  th at v e ry  little  o f  16 is form ed  from  17.

T h e  relative p rop ortion s o f  the v a r iou s  p rod u cts 
are depen den t u p on  th e  relative rate o f  p r im a ry  a tta ck  
on  the ester or the nitrile. Surprisingly, th ere appears 
to  be  little  difference, a lth ough  the n itrile seem s to  be  
preferred. A  qu an tita tive  separation  o f th e  co m p o 
nents has n ot been  attem pted , since their re la tive ly  
low  so lu b ility  in  com m on  so lven ts has d iscou raged  
qu an tita tive  ch rom atograph ic  separation .

E xperim en ta l S e c tio n 13

N=NA1(N)3

N------N

H ow ever, in  th e  cases w here the ester is the site o f  
th e  in itial azide a tta ck  (Schem e I V ) , th e  n itrile  is n ot 
capab le  o f  reactin g  w ith  th e  in term ediate isocyan ate  
w hich  is su sceptib le  to  1 ,3 -d ipolar ad d ition  o f  m ore 
azide. T h ere  is no ev iden ce  y e t t o  establish  th at a 
free isocyan ate  is form ed  in  th is reaction  nor, in  fact, 
has th e  p ossib ility  o f  th e  a lum inum  ch loride rem ov in g  
th e  ethoxide grou p  to  fo rm  a prelim inary  carbon ium  
ion  in term ed iate12 been  elim inated.

(10) I. Ya . Postovskii and N . N. Vereshchagina, Khim. Geterotsikl. 
Soedin., 3, 944 (1967).

(11) E. Wilberg and H . Michaud, Z. Naturforsch. B, 9, 496 (1954).

Ethyl i>-Triazole-4-carboxylate (3) from Sodium Azide.— To a
stirred suspension of 3.35 g of NaN3 in 100 ml of dry CH3CN was 
added, over a 10-min period, a solution of 6.26 g of ethyl cis-3- 
cyanoacrylate2 (2) in 50 ml of CH3CN. The reaction solution 
turned pink and after stirring at room temperature for 4 hr was 
refluxed for 2 days. After cooling, the reaction was filtered and 
the resulting white solid was washed with CH3C N . The solid was 
dissolved in 100 ml of 6 N  HC1 and extracted four times with 50- 
ml portions of CHC13. The CHCU solution was dried (Na2SO<) 
and evaporated to leave 0.8 g of white solid. Recrystallization 
from CC1,-CHC13 mixture gave 0.1 g of colorless crystals of 3, mp
112-113°.

From Ammonium Azide.— A mixture of 42.3 g of NaN3, 34.4 
g of NH4C1, 0.65 g of LiCl, and 56.6 g of 2 in 250 ml of D M F was 
stirred and heated at 125° for 6 hr. The reaction was filtered hot 
and the DM F in the filtrate was removed under reduced pressure. 
The residue was poured into 500 g of ice water and filtered from a

(12) P. A . S. Smith, J. Amer. Chem. Soc., 70, 320 (1948).
(13) Microanalyses were performed by Midwest Microlab, Inc., India

napolis, Ind. Nmr spectra were obtained using a Varian A-60 spectrometer; 
ir spectra were obtained using a Perkin-Elmer 337 grating infrared spec
trophotometer; all melting points were determined using a Thomas-Hoover 
Uni-melt apparatus and are uncorrected; mass spectral determinations 
were obtained using a C EC  110B high-resolution mass spectrometer, D . P.
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trace of amorphous solid. The resulting dark solution was ex
tracted four times with CHC13, and the combined extracts were 
washed twice with H20 , dried (Na2S04), and evaporated under 
reduced pressure to leave a dark oil that crystallized on cooling. 
The crystals were filtered, washed carefully with CHC13, and 
dried in air to yield 9.65 g. Recrystallization from CHC13 after 
decolorizing with charcoal gave 7.22 g of 3: mp 112-113° (lit.* 4
mp 117-118°); nmr (acetone-ds) 8 8.0 (s, 1 H, vinyl H ) and 
typical ethyl ester pattern; ir (Nujol) 3170 (NH), 1710 cm -1 
(C = 0 ) .  Material was identical with that obtained from sodium 
azide above.

Anal. Calcd for C5H7N30 2: C, 42.55; H, 5.00; N, 29.77. 
Found: C, 42.33; H, 4.89; N, 30.03.

Ethyl ira».s-5-Tetrazoleacrylate (4) from Ethyl cis-3-Cyano
acrylate (2).— Anhydrous A1C13 (200 g, 1.5 mol) was added in 
portions to 3 1. of anhydrous TH F stirred and cooled under N 2. 
To this solution was added 400 g (6.16 mol) of NaN3 and 187.5 g 
(1.5 mol) of ethyl cfs-3-cyanoacrylate and the mixture was 
warmed to reflux. After refluxing for 19 hr under N2, the reaction 
was cooled and 2 1. of 6 A  HC1 was added carefully. The result
ing mixture was filtered and the precipitated inorganic solid was 
washed with THF. The THF was removed under reduced pres
sure until about 2 1. of a brown solution remained. This was ex
tracted four times with 400-ml portions of CHC13, and the com
bined extracts were washed twice with 200-ml portions of satu
rated NaCl solution, dried (Na2S04), and evaporated to leave a 
tan solid. This residue was triturated with 900 ml of hot CHC13, 
filtered to remove the insoluble amorphous solid, concentrated 
to 300 ml, and allowed to cool. The total yield of crystalline 4 
obtained in three crops was 76 g (30% yield): mp 135-136°; 
nmr (acetone-a^) AB quartet centered at 5 7.41 (J =  16.5 cps, 2
H, vinyl H) and typical ethyl ester pattern; ir (Nujol) 3170, 3070 
(NH), 1710 (C = 0 ) ,  1660 (C = C ), 1550 cm “ 1.

Anal. Calcd for C6H8N40 2: C, 42.85; H, 4.80; N, 33.32. 
Found: C, 42.73; H, 4.86; N , 33.72.

Ethyl ira/is-5-Tetrazoleacrylate (4) from Ethyl trans-3-Cyano
acrylate (5).— Ethyl fraris-3-cyanoacrylate was prepared from 
ethyl a-chloroacrvlate according to the modified method of 
Sauers and Cotter,2 but it could not be completely separated from 
the acetone cyanohydrin also formed. The material used in this 
reaction was shown by glc to contain 67% of the desired ethyl 
ira/is-3-cyanoacrylate. A mixture of 19.9 g (0.15 mol) of A1C13 
and 43.2 g (0.665 mol) of NaN3 in 300 ml of cold, anhydrous THF 
was treated with 18.7 g of the crude trans-cyanoacrylate. After 
stirring under N2 at reflux for about 20 hr, the cooled reaction 
solution was treated with 200 ml of 6 A  HC1 and filtered, and the 
THF was removed under reduced pressure. The aqueous residue 
was extracted four times with CHC13. These extracts were 
washed twice with saturated NaCl and dried (Na2S04). Evap
oration of the solvent left 10.52 g of a viscous orange oil that pro
duced 1.48 g of crystalline 4 when cooled and scratched. This 
material was identical with that obtained from the cfs-cyano- 
acrylate above.

Ethyl lrans-3-Methyltetrazole-5-acrylate (7).— Ethyl trans-3- 
cyanocrotonate (6) was prepared by the method of Mowry and 
Rossow.7 The reaction was carried out exactly as with the cyano
acrylates above using 0.4 mol of crotonate, 0.4 mol of A1C13, and
I . 8 mol of NaN3 in 1 1. of anhydrous THF. After acidification 
with 600 ml of 6 N  HC1, the THF was evaporated and the residue 
was poured into H20  and extracted with CHC13. This CHC13 solu
tion was dried (Na2S04) and filtered. On standing a fine, crystal
line solid separated weighing 0.92 g and identical with another
1.67 g of material that slowly separated from the aqueous fraction. 
It had a melting point of 187-188° after recrystallization from 
acetone-CHCl3. It is ascribed structure 8 based on its analysis, 
ir (broad H-bonded NH, carbonyl at 1710, C = C  at 1660 cm -1), 
and nmr, which showed only a vinyl methyl at 8 1.90 (d, 3 H) and 
a single adjacent vinyl proton at 5 7.05 (m, 1 H).

Anal. Calcd for CsHeNsO: C, 30.93; C, 3.11; N , 57.72. 
Found: C, 30.63; H, 3.11; N , 56.59.

The CHCl3-soluble product from the reaction was isolated by 
evaporation. The resulting yellow oil crystallized on cooling. 
It was recrystallized from CC14-CIIC13 to produce 48.3 g of 7, 
light yellow crystals, mp 83-87°, 66% yield. Recrystallized for 
analysis from CHC13, the pure material melted at 88-89°: nmr 
(CDC13) 8 1.35 (t, 3 H, ethyl CH3), 2.80 (d, 3 H, vinyl CH3),
4.34 (q, 2 H, ethyl CH2), 7.10 (m, 1 H, vinyl H ); ir (Nujol) broad 
NH, 1740 and 1720 (C = 0 ) ,  1650 (C = C ), 1050 cm -1 (tetrazole).

Anal. Calcd for C,H,0N4O2: C, 46.15; H, 5.53; N, 30.75. 
Found: C, 45.85; H, 5.18; N, 30.76.

Ethyl cis-5-Dimethyl-1,3,4-oxadiazole-2-acrylate (9).— A mix
ture of 5 g of 7 and 0.29 g of hydroquinone in 100 ml of acetic 
anhydride was refluxed for 1 hr. The cooled reaction solution 
was poured into 500 ml of ice water and stirred until a clear solu
tion resulted. The solvents were removed on the rotary evapora
tor and the residue was extracted into CHC13. After the extract 
was dried (Na2S04) and the solvent was removed, a yellow oil re
mained that crystallized on standing. Recrystallization from 
EtOH -H 20  produced 3 g of 9, m p47-53°. Recrystallized several 
times for analysis, the pur6 compound melted at 58-59°: nmr
(CDC13) normal ethyl ester pattern, 8 2.57 (s, 3 H, oxadiazole 
CH3), 2.60 (d, 3 H, vinyl CH3), 6.70 (m, 1 H, vinyl H ); ir (Nujol) 
no NH, 1730 (C = 0 ) ,  1650 (C = C ), 1580 and 1540 cm -1 (C = N ).

Anal. Calcd for C9Hi2N20 3: C, 55.09; H, 6.16; N , 14.28. 
Found: C, 55.34; H, 6.06; N, 14.05.

Reaction of Aluminum Azide with Ethyl cfs-3-Cyanocrotonate. 
— Ethyl cfs-3-cyanocrotonate prepared with the trans compound 
above was treated on a 0.8-mol scale just as was the trans isomer 
except that it was refluxed for 42 hr. The brown oil that re
mained after removal of the THF was taken up in 300 ml of H20  
and 300 ml of CHC13. A crystalline solid separated; so the mix
ture was filtered and the solid was washed with H20  and CHC13. 
Dried in air, it weighed 13.1 g, mp 202-204°. Recrystallization 
for analysis from acetone or from EtOH gave 8-methyltetrazolo- 
[l,5-c]pyrimidin-5(6i/)-one (11): mp 210-211°; nmr (DMSO- 
de) 8 2.28 (d, 3 H, vinyl CH3), 7.55 (m, 1 H, vinyl H ); ir (Nujol) 
3260-3180 (NH), 1790 (shoulder), 1770, 1730, 1640, 1550 cm -1 
(C = 0 , C = C , C = N , N = N ); mass spectrum m/e 151 (M +), 122 
[(M -  Ns -  H)+],68 [(C3H4N2)+J; u v  (H20 )  max 252 mM(e 9050), 
shoulder at 275.

Anal. Calcd for C5H5N50 :  C, 39.73; H, 3.33; N, 46.34. 
Found: C, 39.40; H, 3.36; N, 46.26.

The two-phase filtrate layers were separated and the aqueous 
layer was washed twice with CHC13. The combined CHC13 
layers were dried (Na2S04) and filtered, and the solvent was re
moved under reduced pressure. The residue was a brown oil 
containing fine crystals which after standing several days were 
collected, washed with CHC13 and CC14, and dried to yield 2.88 g 
of l-(2-cyanopropenyl)tetrazolin-5(4//)-one (12), mp 168-170° 
dec. A sample recrystallized for analysis from acetone-CHCU 
melted at 186-187°: nmr (acetone-d6) 8 1.43 (d, 3 H, vinyl CH3),
6.48 (m, 1 H, vinyl H ); ir (Nujol) 3100 (NH), 2220 (C = N ), 1740, 
1660 cm -1 (C = 0 ,  C = C ).

Anal. Calcd for CH E N /): C, 39.73; H, 3.33; N , 46.34. 
Found: C, 39.31; H, 3.36; N, 45.79.

l-(2-Methylpropenyl)tetrazolin-5(4H)-one (14).— To a sus
pension of 66.7 g of A1C13 and 146 g of NaN3 in 1 1. of cold an
hydrous THF was added 64.1 g of ethyl (3,/3-dimethylacrylate (13) 
and the resulting mixture was heated to reflux under nitrogen for 
43 hr. To the cooled reaction was added 700 ml of 6 A  HC1 and 
the reaction solution was filtered from the inorganic salt. The 
TH F was removed from the filtrate under reduced pressure and 
the remaining solution was extracted three times with CHC13. 
The combined CHC13 layers were washed twice with saturated 
NaCl solution, dried (Na2S04), and evaporated to yield a light 
yellow oil weighing 51.6 g. Crystals formed on standing and 
were filtered, washed with hexane, and dried, yield 7.78 g. A 
second crop weighed 9.1 g. These were combined (24% yield) 
and recrystallized from 50 ml of CHCl3-hexane to give 15.3 g of
l-(2-methylpropenyl)tetrazolin-5(4H)-one (14), mp 69-71°. A 
sample recrystallized for analysis from the same solvents melted 
at 72-73°: nmr (acetone-d6) 8 1.82 and 1.88 (each d, 3 H, vinyl 
CH3), 6.29 (m, 1 H, vinyl H ); ir (Nujol) 3200-3000 (NH), 
1740 (C = 0 ) ,  1700 cm -1 (C = C ).

Anal. Calcd for C5HsN40 :  C, 42.85; H, 5.75; N, 39.98. 
Found: C, 42.79; H, 5.73; N, 40.58.

Reaction of Aluminum Azide with Ethyl o-Cyanobenzoate (15). 
—A mixture of 0.4 mol of ethyl o-cyanobenzoate,2 0.4 mol of A1C13, 
and 1.78 mol of NaN3 in 1 1. of anhydrous TH F was refluxed for 
45 hr under N2 as before. The precipitate formed by addition of 
600 ml of 6 A  HC1 was washed with THF and then partially 
dissolved in 500 ml of H20 . The residual H20-insoluble crystal
line solid, 3.7 g, was pure 19. The THF acid filtrate was evap
orated and the solid suspended in the remaining aqueous phase 
was collected, washed with H20  and CHC13, and dried in air to 
yield 20.0 g of a mixture of 19 and 16 as shown by tic.14

The H20  layer was extracted twice more with 200-ml portions of

(14) Solvent system used was the top phase of an equilibrated mixture of
4 parts ethyl acetate, 1 part n-PrOH, and 2 parts HsO.



CHCI3 and the combined CHC13 layers were washed two times 
with 100 ml of H20 , dried (Na2S04), and evaporated to leave a 
solid residue weighing 52.4 g. Acetone (70 ml) was added and 
on refrigeration, 12.6 g of crystals formed which was a mixture of 
starting material 15, 19, and 17. The various components were 
obtained in a pure form, but were not quantitatively isolated by 
fractional crystallization. The unreacted starting material had 
the highest solubility in benzene and could be removed by tritura
tion with that solvent. Compound 19 could be recrystallized 
from large volumes of acetone or EtOH, while compound 16 could 
be purified by recrystallization from acetone or EtOH after most 
of the 19 was removed. Compound 17 was obtained by careful 
fractionation of the mother liquors and could be recrystallized 
from benzene. Compound 18 could not be obtained in a pure 
form from this mixture, but was isolated from the product result
ing when methyl o-cyanobenzoate was used as a substrate.

The following amounts of pure materials were isolated: 19,
15.8 g; 16,7.56g; and l7 ,0 .66g . Tic showed larger amounts of 
starting material and 16, 17, 18, and some 19 present as complex 
mixtures in the residues which totaled 48 g. Of this 48 g about 
35 g was unreacted starting cyanobenzoate.

Tetrazolo [ 1,5-e] quinazolin-5 (6H )-one (19) had mp 274.5-275.5 0 
dec; nmr (DMSO-di) 5 8 .3 -7 .2 (m, 4 H, aromatic H ); ir (Nujol) 
3300 and 3250 (NH), 1770, 1730 (C = 0 ) ,  1640, 16C0, 1560, 1510 
cm -1; mass spectrum m/e 187 (M +), 159 (M + — N2), 131 (M+ — 
N2 — CO), 104 (M + — C2HN30 ) ;  u v  (methanol) max 306 mu 
(c4900), max 250 (14,100), max 219 (40,300); uv (alkaline meth
anol) max 326 m/» (e 4900), max 271 (7500), max 207 (371,100).

Anal. Calcd for C8H5N50 :  C, 51.34; H, 2.69; N, 37.42. 
Found: C, 51.28; H, 2.84; N, 37.03.

l-[o-(Tetrazol-5-yl)phenyl] tetrazolin-5(4//)-one (16) had mp 
262-263° dec; nmr (DMSO-d6) 5 S.2-7.6 (m, 4 H, aromatic H ); 
ir (Nujol) 3100-2700 (NH), 1690 (C = 0 ) ,  1610, and 1555 cm "1. 
Titration with NaOH showed two acidic protons and gave mol wt
230.6 compared to the theoretical value of 230.2.

Anal. Calcd for CgHeNsO: C, 41.74; H, 2.63; N, 48.68. 
Found: C, 42.05; H, 2.82; N, 50.01.

Ethyl o-(5-tetrazolyl)benzoate (17) had mp 141-142°; nmr 
(acetone-d6) 5 1.20 (t, 3 H, ester CH3), 4.25 (q, 2 H, ester CH2),
8.1-7.5 (m, 4 H, aromatic); ir (Fluorolub/Nujol) 3000-2600 
(NH), 1725 (C = 0 ) , 1275 (C = C ), 1090, and 1070 cm -' (tetrazole).

Anal. Calcd for C ioH ioN40 2: C, 55.04; H, 4.62; N, 25.68. 
Found: C, 55.09; H, 4.63; N , 26.07.

o-(5-Oxo-2-tetrazolin-l-yl)benzonitrile (18).— This material 
was obtained pure from work-up of an exactly identical reaction 
of methyl o-cyanobenzoate with A1(N3)3. Compounds 19 and 16 
were isolated as before with identical work-up, bin no material 
corresponding to the methyl analog of the tetrazole ester 17 
could be detected. Pure 18 melted at 146-148°: ir (Nujol) 
3200-3000 (NH), 2225 (CN), 1740, 1720, 1700 (C = 0 ) ,  1610, 
1580, 1570, 1540 cm -1.

Anal. Calcd for C8H5N50 :  C, 51.34; H, 2.69; N, 37.42. 
Found: C, 51.39; H, 2.70; N, 37.94.

Alkaline Hydrolysis of 19.— A solution of 2 g of 19 dissolved in 
40 ml of 1 A  NaOH was warmed on the steam bath for 1 hr. 
The resulting yellow solution was cooled and diluted to 60 ml. 
It was carefully acidified to pH 6 with 6 N  HC1. A vigorous 
evolution of C 0 2 was observed and near pH 6 the solution 
turned cloudy and needle-like crystals of 21 began to form. The 
mixture was filtered and the crystals, washed with water and 
dried, weighed 0.6 g. Further acidification to pH 3 caused 
more crystallization and another 0.59 g of 21 was isolated. The 
combined crystals were recrystallized from CHC13. The melting 
point after 2 hr drying under reduced pressure was 143-144° 
(lit.10 mp 140-144°); ir (Nujol) 3500-3300 (NH), 1620, 1560 
cm -1; mass spectrum m/e 161 (M +). This material proved to be 
identical with that produced from anthranilonitrile below.

5,6-Dihydro-5,5-dimethyltetrazolo[l,5-e]quinazoline (23).—  
To a mixture of 2 g of 21 in 30 ml of CHC13 was added 5 ml of 
acetone and the solution was boiled until crystals formed in the 
hot solution. Filtered and dried in air, the crystals of 23 
weighed 1.48 g, mp 202-204°. Mixture melting point with 23 
prepared from 21 obtained from anthranilonitrile was unde
pressed; nmr (acetone-de) 5 1-80 (s, 6 H, CH3) 8.0-7.0 (m, 4 H, 
aromatic); ir (Fluorolub/Nujol) 3340 (NH), 1630 (C = N ), 1590, 
1540, 1500 cm -1; mass spectrum m/e 201 (M +).

Anal. Calcd for CioHnNs: C, 59.69; H, 5 .5 :; N, 34.80. 
Found: C, 59.85; H, 5.66; N, 34.92.

5-(o-Aminophenyl)tetrazole (21) from  Anthranilonitrile.— A 
mixture of 59.1 g (0.5 mol) of anthranilonitrile, 42.3 g (0.65 mol)

R e a c t io n  o f  A l u m in u m  A z id e  w it h  C y a n o  E s t e r s

of NaN3, 0.65 g (0.65 mol) of NH4C1, and 0.65 g of LiCl in 250 
ml of DMF was heated and stirred at 125° for 16 hr. The reac
tion was filtered hot, the solid was washed with a little solvent, 
and the DM F was removed under reduced pressure. The residue 
was poured into 750 ml of water, and a yellow oil separated 
which was extracted into three portions of CHC13. The aqueous 
layer was acidified to pH 3-4 and a yellow crystalline solid 
separated. It was filtered, washed with water, and dried in air 
and weighed 15 g (21). The CHC13 extracts crystallized on 
standing, yielding another 18.7 g of 21. The product could be 
recrystallized from CHC13 and proved identical with the 21 
isolated from 19.

Ethyl o-Tetrazol-5-ylcarbanilate (24).— To a solution of 10 g of
5-(o-aminophenyl)tetrazole (21) in 20 ml of absolute EtOH was 
added about 5 g of K 2C 03 and then, with stirring, 10 g of ethyl 
chloroformate. The reaction solution warmed and foamed. 
When the effervescence ended and no further warming was 
apparent (5-10 min) the reaction was filtered from the insoluble 
salt. The filtrate was diluted to 250 ml with H20  and a white, 
crystalline precipitate formed. Filtered, washed with H20  and 
partially dried, it was redissolved in 75 ml of EtOH. H20  was 
added carefully to the point of incipient precipitation and crys
tals of 24 separated. Filtered, washed with H20-E tO H , and 
dried in air, the crystals weighed 12.5 g, mp 140-141°. Re
crystallized for analysis from EtOH -H 20 , the compound lost 
solvent at 120°, melted at 147-150°, bubbled at 180°, recrystal
lized at 220°, and remelted at 265°: nmr (DMSO-d6) b 1.40 (t, 
3 H, ethyl CH3), 4.28 (q, 2 H, ethyl CH2), 8.4-7.0 (m, 4 H, 
aromatic); ir (Nujol) 3200 (NH), 1710 (shoulder), 1700 (C = 0 ) ,  
1620, 1600, 1550 cm -1.

Anal. Calcd for C10H11N 5O1!: C .51 .50; H, 4.75; N, 30.03. 
Found: C, 51.44; H, 4.93; N, 30.02.

Pyrolysis of Carbanilate 24.— Carbanilate 24 (5 g) was heated 
to 200°, by which time the resulting melt was bubbling and had 
turned brick red. The heating bath was maintained at 195° 
for about 15-20 min until the melt suddenly solidified. The 
reaction was cooled and triturated with 30 ml of EtOH. The 
insoluble solid was collected on a filter, washed with EtOH, and 
dried to leave 1.67 g (42%) of a fine yellow solid, mp 271-272°. 
Recrystallized from 900 ml of hot acetone, filtered, and concen
trated to 100 ml, the crystals that formed weighed 0.96 g and 
were identical with the previously isolated 19 from the aluminum 
azide reaction in every respect.

Synthesis of 19 via the Reaction of Phosgene with 21.— Phos
gene was bubbled through a clear solution of 3.2 g of 21 and 4.0 g 
of Et3N in 150 ml of CH2C12 for 5 min. A precipitate formed 
after 2 min but the reaction was stirred for a total of 20 min, then 
treated with excess dilute HC1 and filtered, and the solid was 
washed with H20 . The damp solid was dissolved in 900 ml of 
hot acetone, concentrated to 300 ml, diluted to 400 ml with 
H20 , and allowed to crystallize. The product 19 weighed 2.4 g 
(64%) after filtration and drying, mp 273-274°, identical with 
material obtained by other methods above.
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Interaction of Carbonyl Compounds with Organometallic Azides. V. 
Sorboyl Chloride and Its Conversion to an a-Pyridone1
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Electrocyclic ring closure of a,(3-cis-l,3-pentadienyl isocyanate affords 3-methyl-2 (1 /f )-pyridone in fair yield. 
The isocyanate is formed in good yield by treatment of sorboyl chloride with trimethylsilyl azide in refluxing 
toluene. In refluxing heptane this reaction affords tetrazolinone 6 rather than isocyanate. The sensitive penta- 
dienyl isocyanate is converted to polymer by either pyrolysis or acid treatment.

In ten se curren t interest in  e le ctrocy clic  reaction s2 
has generated n ove l syn th etic  routes to  num erous ring 
system s, particu larly  those accessible b y  th erm ally  
allow ed d isrota tory  six-electron  b o n d  reorganizations. 
T h e  apparent substituent sh ift show n b y  P irk le  to  o b 
ta in  in  th e  a -p yron e  series is an exam ple ,3 as is th e  aza- 
C op e  rearrangem ent leading to  d ih ydroazep in ones 
u n covered  b y  O h n o .4

Since th e  N = C  linkage o f th e  isocyan ate  has been 
show n t o  be  a w illing participan t in  e lectrocy cliza tion  
reactions, w e th ou gh t th at an a,/3-cis-diene isocyanate,
e.g., 1 , w ou ld  cyclize  t o  2 under th erm al con d ition s. A  
facile  1 5 suprafacial h yd rogen  sh ift2 w ou ld  th en
con v ert 2 t o  th e  th erm ally  m ore  stable ta u tom er 3.

cis-1 2 3

H ow ever, a lkenyl isocyanates are particu larly  sensi
tive  to w a rd  hydrolysis t o  aldehydes via th e  sequence
> C = C N = C = 0  —  > c = c n h c o 2h  > c = c n h 2—
> C H C H = 0 .  o-N itrocin nam ic acid  g ives o -n itro - 
ph en y laceta ldeh yde in m eager y ie ld  u p on  a ttem p ted  
S ch m idt reaction .5 6 7 P u re diene isocyan ates are un
know n.

T h e  recen tly  rep orted  isocyan ate  synthesis via silyl 
az ides1,6 offers a rou te  t o  diene isocyan ates u nder nearly  
neutra l cond ition s. T h e  ready  availab ility  o f  sorb ic  
acid  p rom p ted  us to  in vestigate  the ch em istry  o f  1,3- 
pen tad ien yl isocyan ate  (1). C om m ercia l sorb ic  acid  4 
exists as a single, sharp-m elting, all-trans isom er,7a'b 
w hile th e  a,/3-cis isom er o f  4 is requ ired  fo r  e lectro 
cycliza tion  o f  th e  correspon d in g  isocyan ate, 1 .

1. S O C h
CH3C H = C H C H = C H C 02H --------------- >

^  2. MeaSiNs

c h 3c h = c h c h = c h n = c ==o
1

(1) Part IV : W . R . Peterson, Jr., J. Radell, and S. S. Washburne, J-
Fluorine Chem., 2, 437 (1973).

(2) R . B. Woodward and R . Hoffmann, "T h e  Conservation of Orbital 
Symmetry,”  Academic Press, New York, N . Y .,  1970.

(3) W . H . Pirkle, H. Seto, and W . V . Turner, J. Amer. Chem. Soc., 92, 
6984 (1970).

(4) T . Sasaki, S. Eguchi, and M . Ohno, ibid., 92, 3192 (1970).
(5) D . R . Dalton and S. Miller, private communication.
(6) (a) S. S. Washburne and W . R . Peterson, Jr., Syn. Commun., 2, 227

(1972). (b) S. S. Washburne, W . R . Peterson, Jr., and D . A . Berman, J.
Org. Chem., 37, 1738 (1972).

(7) (a) Treatment of 4 with diazomethane gave the methyl ester whose
nmr olefinic region was simplified with the use of Eu(FO D)s. The spectra 
confirms an all-trans stereochemistry for commercial 4. Full details will 
be published later, (b) U . Eisner, J. A . Elvidge, and R . P. Linstead, J . 
Chem. Soc., 1372 (1963). (c) J. A . Elvidge and P. D . Ralph, J. Chem. Soc.
B , 241 (1966).

T h is acid  is a low -m elting, readily  po lym erizing  m a
teria l,70 and its tran sform ation  to  an  acid  ch lor id e  
seem ed rem ote. H ow ever, th e  various isom ers o f  sorb - 
aldehyde are equ ilibrated  b y  v a p or  phase th erm oly 
sis,8 and w e h oped  th at th e  various isom ers o f  1 w ou ld  
equ ilibrate, a fford in g  som e a,(3-cis m aterial w h ich  cou ld  
cyclize  rather th an  polym erize.

R esu lts

R eflu x in g  trim eth ylsily l azide and so rb o y l ch loride  
(w h ich  appeared  from  nm r t o  con ta in  at least tw o  
isom ers) in  to luen e resu lted  in a 9 0 %  y ie ld  o f  n itrogen . 
In frared  analysis show ed th e  presence o f  isocyan ate , 
tog eth er  w ith  a stron g  ban d  at 1770 c m -1 . D istilla tion  
gave  a la ch ry m a tory  liqu id  w hich  read ily  resinified. 
T h e  u v  spectru m , intense ir absorption  at 2300 c m - 1 , 
and th e  nm r sp ectru m  in d icated  th a t it w as 1 ,3 -p en ta - 
d ienyl isocyan ate  (1). H ow ever, th e  com p lex ity  o f  th e  
nm r olefin ic region  resisted a ttem pts to  decou p le  reso
nances, preclud ing  determ ining if th is sensitive m aterial 
w as a m ixture o f  isom ers.

I f  th e  a b ov e  p rod u ct m ixture w as h eated  at reflux in
o-d ich lorobenzene, a decrease in  in ten sity  o f  th e  2300- 
and 1770 -cm -1  peaks and th e  gradual g row th  o f a  new  
peak  at 1660 c m -1  occu rred . W h en  th e  in ten sity  o f  th e  
new  peak  w as m axim ized (estim ated  b y  q u a n tita tiv e  ir 
analysis t o  correspon d  t o  a  y ield  o f  3 0 % ) ,  w ork -u p  
gave a 1 7 %  y ie ld  (from  sorboy l ch loride) o f  3 -m e th y l- 
2 ( lH )-p y r id o n e  (3) w hose ph ysica l and spectra l p rop er 
ties w ere consistent w ith  literature values. T h is  c y c li-  
za tion  is su b ject t o  either a  solven t or  a  tem p eratu re  
effect, since th e  y ield  in refluxing xy len e  o r  m esity len e  
w as less th an  5 % .

In  an e ffort to  im p rove  th e  y ie ld  o f  th e  cy c liza tion  
1 3, th e  sem isolid  p rod u ct m ixture, d isso lved  in
ch loro form , w as p y ro lyzed  a t 400° in  a  n itrogen  flow  
system . T h e  p yro lysa te  conta in ed  on ly  traces o f  3, 
tog eth er  w ith  unreacted  1 an d  m odera te  quan tities o f  
carbon aceou s m aterial. U n der th e  pyrolysis  con d i
tions p y rid on e  3 w as com p lete ly  stable.

A tte m p te d  acid -cata lyzed  cycliza tion  o f  1 w ith  tr i- 
flu oroacetic  acid  gave on ly  a  b row n  polym er.

T h e  origin  o f  th e  1770-cm -1  ba n d  in th e  p ro d u ct  ir 
o f  th e  to luen e reaction  m ixture is in triguing. R eflu x in g  
h eptane solutions o f  azide and so rb o y l ch loride  gave  a 
w hite  pow er, C 12H 14N 4O 2, assigned stru ctu re  6 on  th e  
basis o f  spectra l evidence. T etrazo lin on e  6 is appar
en tly  form ed  b y  cyc loa d d ition  o f sorb oy l azide 5 (in itial 
p rod u ct o f  tr im eth yls ily l azide an d  so rb o y l ch loride) 
w ith  1. Sim ilar tetrazolin on e-y ie ld in g  reaction s o f

(8) A. Viola and J. H. MacMillan, J. Amer. Chem. Soc., 92, 2404 (1970).
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CH3CH=CHCH=CHCC1 +  Me3SiN3 — *• CH3CH=CHCH=CHCN3 - V  CH3C H = C H C H = C H N = C = 0

polymerCH3C H =CH C H =CH C. ", XH =CH CH =CH CH 3 
^ N 'u lSr

I I
N = N "TT

azides w ith  isocyan ates bearing  e lectron -w ithdraw in g  
groups are k n ow n .9

H eating  6 in refluxing o-d ich lorobenzene gave on ly  
polym eric  m aterial, in a cco rd  w ith  th e  k n ow n  cy c lo 
reversion  o f  tetrazolin on es.9a C yclorevers ion  o f  10 
w ou ld  g ive  tw o  m olecules o f  th e  read ily  polym erizin g  1.

D iscu ssion

T h e  1 3 cycliza tion  bears form al an alogy  to  th e
previously  reported  synthesis o f  oxazinedione 7 from

3

equ ilibrium  is present, resu lting in th e  fo rm a tion  of 
considerable  a,/3-cis 1. A t  low er tem peratu res, as in 
th e  a ttem p ted  triflu oroacetic  acid  isom erization  o f 1, 
th e  h igh -en ergy  e le ctrocy clic  process y ie ld in g  pyridon e  
can n ot com pete  w ith  a cid -ca ta ly zed  polym eriza tion . 
T h is  postu late  is also consistent w ith  th e  observed  low  
y ie ld  o f  pyridon e  in th e  v a p or  phase rea ction  and w ith  
th e  low  y ie ld  in  m esitylene and xylene.

E xperim en ta l S ection

0

+ Me3SiN3
benzene

reflux

o

OSiMe3

m aleic an h ydride an d  tr im eth yls ily l azide,6b w h ich  is 
n ow  seen as an e le ctrocy clic  ring closure fo llow ed  b y  a 
suprafacial 1,5 sh ift o f  trim eth ylsily l. 1 -► 3 cy c liza 
tion  requires a h igher tem peratu re, in  a ccord  w ith  the 
k n ow n  acce lera tion  o f  th e  C op e  rearrangem ent b y  
- O R  su bstitu en ts.10

A lth ou g h  sorboy l ch loride is con v erted  to  3 -m eth yl- 
2 ( l / / ) -p v r id o n e  u p on  silyl azide treatm en t, the y ie ld  
is low  and su b ject t o  tw o  restraints. A t  low  reaction  
tem peratures, unrearranged sorb oy l azide 5 accum u 
lates an d  d iverts  isocyan ate  b y  cyc loa d d ition  to  6. A t  
h igher tem peratures, isocyan ate  polym erizes. In  addi
tion , on ly  a b ou t 3 0 %  o f  1 appears to  be  in th e  cis fo rm  
capab le  o f  cycliza tion . O ptim u m  con d ition s are high 
d ilu tion  at a tem peratu re w here C urtius rearrangem ent 
o f  5 is rap id  an d  sufficient a ctiv a tion  en ergy  fo r  th e  
1 —*■ 3 cycliza tion  is availab le, bu t w here polym eriza 
tion  o f  1 is slow . T h e  toluen e reaction  ap paren tly  
m axim izes th e  y ie ld  o f  1.

S ince th e  sp ectroscop ic  y ie ld  o f  6 w as greater th an  
th e  observed  a,/3-cis p op u la tion  (1 1 % ) o f  th erm olyzed  
sorba ldeh yde,8 w e postu late  th at an  a cid -ca ta ly zed

(9) (a) J. M . Vandensavel, G . Smets, and G . L ’abbé, J. Org. Chem., 38, 
676 (1973); (b) S. S. Washburne and W . R . Peterson, Jr., unpublished re
sults.

(10) J. A. Berson and E. J. W alsh, Jr., J. Amer. Chem. Soc., 90, 4730 
(1968).

General Comments.— All reactions involving azides were car
ried out under a blanket of purified nitrogen, behind appropriate 
shielding. Sorbic acid (Fisher) and trimethylsilyl azide (Petrarch 
Systems) were used as received. Infrared spectra were deter
mined on a Perkin-Elmer Model 700 or 720 spectrophotometer, 
ultraviolet spectra on a Cary Model 14 spectrophotometer, and 
nuclear magnetic resonance spectra on a Varian XL-100-15 
spectrometer as dilute solutions in deuteriochloroform or carbon 
tetrachloride with tetramethylsilane as internal standard. Nmr 
spectra are reported in 5 units, parts per million downfield from 
tetramethylsilane.

Sorboyl Chloride (8).— Thionyl chloride (13 ml) was added 
over a 1.5-hr period to a warm (60°) solution of 5.6 g (0.05 mol) of 
sorbic acid in 160 ml of benzene. After the mixture had been 
heated at reflux for 16 hr, material boiling up to 81° was removed 
by distillation. Fractionation of the brown residue gave 5.3 g 
(81%) of 8: bp 75° (20 mm); ir 1750, 1620 cm “ 1; nmr <5 7.30 
and 7.70 (total 1 H, multiplets, H C=CC O C l), 5.8- 6.6 (3 H, 
multiplet, olefinic), and 1.9ppm (totals H, two doublets, J =  5 
Hz, CH3C H = ).

1,3-Pentadienyl Isocyanate ( 1 ) .— Trimethylsilyl azide (5 .6 g, 
0.05 mol) was added to a refluxing solution of 5.0 g (0.038 mol) 
of 8 in 70 ml of toluene. After heating for 20 hr at reflux, the 
mixture had evolved 750 ml of Nj. Ir analysis showed intense 
N = C = 0  absorption (2300 cm -1) as well as moderate absorption 
at 2150 (RCON3) and 1770 cm “ 1. Removal of the toluene by 
evaporation at reduced pressure gave highly variable quantities 
(0.1-1.5 g) of 1, bp 40° (20 mm), together with a polymeric 
brown residue. Pure 1 rapidly resinified and was handled in 
dilute CHCI3 or CCI, solution: ir (film) 3050 (m), 3020 (m), 
2960 (m), 2930 (m), 2300 (vs), 1620 (s), 1490 (m), 1440 (m), 1380 
(m), 1320 (m), 1260 (m), 980 (s), 920 (m), and 600 cm “ 1 (m); 
nmr 5 5.9 (4 H, m) and 1.7 ppm (3 H, d, J  = 5 Hz); uv max 
(heptane) 247 nm (log e 4.4).

3-M ethyl-2(lH (-pyridone (3).— The reaction described above 
for preparation of 1 was carrried out up to removal of the toluene. 
The semisolid was taken up in 190 ml of o-dichlorobenzene and 
heated at reflux. Ir analysis of periodically removed samples 
showed a steady decrease in absorption at 2300, 2150, and 1770 
cm -1 together with the growth of a new peak at 1660 cm -1. 
After 16 hr at reflux the yield of 3 was maximized at 30% (by ir 
analysis assuming « 500 at 1660 cm -1). Attempts to increase 
conversion to 3 by adding hydroquinone to inhibit polymerization 
failed, giving only hydroquinone-contaminated product. The 
yield of 3 in reactions using xylene or mesitylene as solvent was 
less than 5%  as estimated by ir.

The mixture was cooled and solvent was removed by evapora
tion at reduced pressure, resulting in loss of some 3 by codistilla
tion (distillate showed absorption at 1660 cm -1). Sublimation 
(150°, 0.025 mm) of the residue gave 0.7 g (17%) of 3, mp 130-
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140°. Recrystallization from benzene gave white crystals of 3: 
mp 140-141° (lit.11 mp 140-141.5°); picrate mp 158-160° (lit.11 
mp 157.5-159°); ir (CHC13) 2780, 1660, 1640, 1610, 1570, 1480, 
1420, 1380, 1350, 1255, 1230, 1164, 986, 885, 775, 735 cm “ 1 (in 
complete accord with literature12 ir); nmr (CDC13) 5 13.4 (broad 
s, 1, N H ), 7.25 (d, 2, J =  7 Hz), 6.1 ppm (t, 1, J  =  7 Hz) (in 
complete accord whh literature13 nmr).

Anal. Calcd for C6H,NO: C, 66.04; H, 6.47; N, 12.84. 
Found: C, 66.24; H, 6.61; N, 12.88.

Vapor-Phase Pyrolysis of 1,3-Pentadienyl Isocyanate (1).— A 
30 X 2.5 cm Pyrex column packed with glass helices and swept 
with a nitrogen stream was employed. The inlet was a septum 
cap allowing material to be syringe injected. The semisolid 
product obtained by the procedure for 1 above was taken up in 
CHC13 (20 ml). The oven was heated to 400° in a tube furnace 
and the material was injected in 1-ml portions with nitrogen 
sweeping the pyrolysate into a trap at —78°. Considerable 
carbonization was noticed in the pyrolysis zone. Ir analysis of 
the pyrolysate showed an intense band at 2300 cm -1 (1) but only 
a faint absorption at 1660 cm -1 (3). Peaks at 1770 (6) and 2150 
cm -1 (5) had totally disappeared. Tic analysis of the pyrolysate 
showed a faint spot of Ri corresponding to authentic 3 and an 
intense spot corresponding to 1 (silica gel, 10% i-PrOH in CHC13).

Pyrolysis of 3.— A solution of 50 mg of 3 in 1 ml of CHC13 was 
pyrolyzed in an identical fashion. No carbonization in the tube 
was observed, and the pyrolysate exhibited an unchanged ir 
spectrum.

Attempted Acid-Catalyzed Isomerization of 1 .•—A solution of 
ca. 250 mg of 1 in 5 ml of CHC13 exhibited an unchanged ir

(11) G . F. van Rooyen, C. Brink, and P. de Villiers, Tydskr. Natuur- 
wetensk., 4, 182 (1964); Chem. Abstr., 63, 13202d (1965).

(12) E . Spinner and J. C. B . W hite, J. Chem. Soc. B , 991 (1966).
(13) C. L. Bell, R . S. Egan, and L. Bauer, J. Heterocyd. Chem., 2 , 420 

(1965).

spectrum after being stored for 16 hr with 0.15 ml of trifluoro- 
acetic acid. An additional 0.1 ml of CF3C 03H was added and 
the mixture was heated at reflux for 36 hr. The ir of the brown 
mixture showed no absorption at 2300 or 1660 cm -1. The tic 
showed no spot of Ri corresponding to 3.

Tetrazolinone 6.— A refluxing solution of 4.9 g (0.037 mol) of 8 
in 30 ml of heptane was treated over an 0.5-hr period with 5.8 g 
(0.05 mol) of trimethylsilyl azide. After 16 hr, 600 ml of N 2 had 
been evolved and a white powder had separated from the solution. 
Cooling and filtration gave 2.5 g (55%) of 6: mp 161-162° 
(colorless crystals from benzene); ir (CHC13) 3030 (m), 1770 (s), 
1730 (s), 1610 (s), 1600 (s), 1580 (s), 1500 (m), 1400 (m), 1380 
(m), 1320 (s), 1250 (m), 1200 (s), 1140 (m), 1090 (m), 980 (m ), 
960 (s), 910 (m), 840 (m), and 640 cm -1 (s); nmr (CDC13) 5 7.6 
(m, 1, HC— C C = 0 ) , 6.0-6.9 (m, 7, olefinic), 1.8 ppm (d of d, 
6, J  =  5 Hz, CH3C H = C ); u v  max (heptane) 285 nm (log e 4.4); 
uv max (heptane, OH “ ) 265 nm (log t 4.5); mass spectrum m/e 
(rel intensity) 247 (4), 246 (27), 152 (7), 137 (6), 109 (22), 95 
(100), 81 (20), 80 (19), 67 (34), 54 (22), 41 (42), 39 (35).

Anal. Calcd for Ci2H u02: C, 58.53; H, 5.73; N , 22.75. 
Found: C, 58.01; H, 5.42; N, 22.97.

Thermolysis of 6.— A solution of 50 mg of 6 in 3 ml of o-di- 
chlorobenzene was heated at 180° for 16 hr. The solution turned 
brown and deposited a black polymeric material. Ir analysis 
showed the absence of absorption at 1770, 1730, and 1660 cm -1, 
implying that 6 had been consumed but that 3 had not been 
formed.

A ck n o w le d g m e n ts .— T h is in vestigation  w as spon 
sored u nder G ra n t N o . C A -13120-01 from  th e  N a tion a l 
C ancer In stitu te . W e  thank M r. Joh n  S im olike  for  
obta in in g  th e  m ass spectra.

Registry N o —  1, 40711-07-7; 3, 1003-56-1; 4, 110-44-1; 6, 
40711-50-0 ; 8,2614-88-2.

Diaziridines. II. The Addition of Diaziridines to Electrophilic Acetylenes1
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Addition of 3,3-dialkyl-, 1,3-dialkyl-, and 1,3,3-trialkyldiaziridines to dibenzoylacetylene, diethyl acetylenedi- 
carboxvlate, and ethyl propiolate gives, generally, adducts in which the diaziridine ring is no longer intact. For 
example, addition of 1,3-dialkyl- and 1,3,3-trialkyldiaziridines to dibenzoylacetylene forms 2-(alkylidenehy- 
drazino)-l,4-diphenyl-2-butene-l,4-diones (2). Evidence is presented that it is the alkylated nitrogen of 1- 
methyl-3,3-pentamethylenediaziridine which adds to the triple bond of dibenzoylacetylene. Stereochemical 
studies show that diaziridines add to ethyl propiolate to give trans adducts. Hydrolysis of 2-(alkylidenehy- 
drazino)-l,4-diphenyl-2-butene-l,4-diones is shown to be a useful method for the preparation of l-alkyl-3-phenyl-
5-benzoylpyrazoles.

O n ly  a few  studies h a v e  been  reported  on  th e  add i
tion  o f  N -u n su bstitu ted  or  N -m on osu b stitu ted  d i
aziridines to  alkenes. M iller  has fou n d  th at 3 -e th y l-3 - 
m ethy ld iazirid ine adds to  acry lon itrile  and to  bu ten on e  
to  form  l-(/3 -cya n oeth y l)-3 -e th y l-3 -m eth y ld ia zir id in e  
and l-(fl-a ce ty le th y l)-3 -e th y l-3 -m eth y ld ia z ir id in e , re
sp e ct iv e ly .2 1 ,3 ,3 -T ria lky ld iazirid in es h ave  been  show n  
to  react sim ilarly w ith  esters o f  ethenesu lfon ic a c id .3 
T h e  reaction  o f  3 ,3 -pentam ethy len ed iazirid in e  w ith  
d ip h en y lcy clop rop en on e  has also been  d escr ib ed .4 
B ased  on  th e  p rod u cts  o f  reaction  it w as presum ed th at 
th e  diazirid ine added  to  th e  ca rb on y l grou p  rath er th an  
th e  o lefin ic linkage

N o  investigation s h ave  y e t  been  rep orted  on  th e

(1) For the previous paper in this series, see H . W . Heine, P. G. Williard, 
and T. R . Hoye, J. Ore. Chem., 37, 2980 (1972).

(2) J. Miller, British Patent 1,081,292 (Aug 30, 1967)- Chem. Abstr., 
68, 114071h (1968).

(3) H . Dorn and K . Walter, Justus Liebigs Ann. Chem., 720, 98 (1968).
(4) J. W . Lown, J. Chem. Soc. C, 1338 (1969).

ad d ition  o f  d iaziridines to  e lectroph ilic  acety len es. 
W e  h ave  observ ed  th at, in con trast to  aziridines w h ich  
h ave been  sh ow n  to  add  to  a n um ber o f  a cety len es to  
g ive  (V -vinylazirid ines,5 d iaziridines usually react w ith  
activa ted  acety len es to  g ive  p rod u cts  in w h ich  the 
d iazirid ine ring is no longer in tact.

R esu lts

D iazirid in es l a - f  react w ith  d ib en zoy la cety len e  in 
ben zen e at am bien t tem peratures to  g ive  th e  2 -(a lk y li- 
d e n e h y d ra z in o )-l ,4 -d ip h en y l-2 -b u ten e -l ,4 -d ion es 2 a - f  
(T a b le I )  (S ch em e I ).

T h e  nm r spectra  o f  2 a - f  w ere con sisten t w ith  the 
proposed  structures. T h u s, a singlet (1 H ) correspon d 
ing  to  th e  v in y l p ro ton  appeared  in th e  reg ion  o f  8
5 .6 -6 .4  fo r  all o f  these com pou n ds. F u rtherm ore, the

(5) O. C. Dermer and G . E . Ham, “ Ethylenimine and Other Aziridines,”  
Academic Press, New York, N. Y ., 1969, p 138.
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T a b l e  I
2-(Alkylidenehydrazino)-1,4-i>iphenyl-2-butene-1,4-diones from the Reaction of 

D ibenzoylacetylene with Diaziridines“
-R*R*C=NN(Ri)C(COCtHj)=CHCOC«Hs-

Compd R 1 R J R* Crude yield, % Mp, °C
2a H c h 3 c h 3c h 2 87 97-100
2b c h 3 c h 3 c h 3 17 143-145
2c (CH3)2CH c h 3 c h 3 47 180-181
2d c h 3 c h 2c h 2c h 2c h 2c h 2 98 114-119
2e c h 3c h 2c h 2c h 2 H c h 3c h 2 68 142-143
2f c h 3c h 2c h 2c h 2 H c h 3c h 2c h 2 68 86-88

“ Satisfactory analytical data for C, H, and N were reported for all new compounds listed in the table: Ed.

S c h e m e  I

NR1 0
II

0
II/

R3C
\

i1H

+  PhC C = CCPh — -

la -f
0 0 0
II II II

NR1

0

II
PhCC=CCPh +  R2R3C =N N H R ‘ 

3a-f

N
II

A
R2 Rs

2a-f
a, R 1 =  H; R 2 =  CH3; R 3 =  CH3CH2
b, R 1 =  R 2 =  R 3 =  CHS
c, R 1 =  (CH3)2CH; R 2 =  R 3 =  CHS
d, R 1 =  CH3; R 2R 3 =  -(C H 2)5-
e, R 1 =  CH3(CH2)3; R 2 =  H; R 3 =  CH3CP:2
f, R 1 =  CH3(CH2)3; R 2 =  H; R 3 =  CH3CE 2CH2

nm r sp ectra  o f  2 e  an d  2 f ex h ib ited  tw o  trip lets centered  
a t ap prox im a te ly  8 3 .8  (2 H ) an d  7.1 (1 H ). T h e  
dow nfield  trip lets in  b o th  these cases w ere assigned to  
th e  N = C H  p ro ton s an d  th e  u pheld  trip lets w ere as
signed to  th e  m eth y len e  grou ps b on d e d  to  th e  saturated  
n itrogen  a tom .

T h e  structures o f  2 a - f  w ere u n equ ivoca lly  established 
b y  an  alternate syn th esis in v o lv in g  th e  ad d ition  o f  th e  
correspon d in g  h yd razon es 3 a - f  to  d ib en zoy la cety len e  
(S ch em e I ) .

F urther con firm ation  fo r  th e  structures assigned to  
2 a - f  w as ob ta in ed  b y  th e  acid  h yd ro ly sis  o f  these su b 
stances in to  l-a lk y l-3 -p h en y l-5 -b en zoy lp yra zo les  (4) 
(Schem e I I ) .  T h ese  pyra zoles w ere also prepared  b y

2a -f R2R3CO +
H ,0

S c h e m e  II
0  0
II II

PhCC=CHCPh
I

R'N
I

NH2
0

—H,0

0

PhC

I Ph

N '

R1

PhCC^CCPh +  R’NHNHo 

5

th e tic  im portan ce  becau se th e  p os ition  o f  th e  N  su b
stitu en t relative to  th e  o th er  su bstitu ents on  the 
p y ra zo le  ring is u n eq u ivoca l. S om e o f th e  m eth od s 
em p loyed  in th e  past to  form  N -su b stitu ted  pyrazoles 
(su ch  as th e  a lk y la tion  or  ary la tion  o f  u n sym m etrica lly  
su bstitu ted  pyrazoles) y ie ld  tw o  isom eric p rodu cts  
o fte n  d ifficu lt to  separate.6 T h e  preferred  m eth od  o f  
p reparation  o f  4, at least fo r  th e  present, is th e  ad d i
tion  o f  A -a lk y ld iaz irid in es to  d ib en zoy la cety len e  fo l
low ed  b y  th e  h yd ro lysis  o f  th e  resu lting 2. T h is  m eth od  
is m ore con ven ien t th an  th e  a d d ition  o f  5 to  d ib en zoy l
a cety len e  since m a n y  o f  th e  a lk ylh ydrazin es 5 are n ot 
read ily  availab le  excep t b y  th e  h yd ro ly sis  o f  th e  cor
respon d in g  diaziridines.

O ne diazirid ine, nam ely, 3 ,3 -p en tam eth y len ed i- 
aziridine, added  to  d ib en zoy la ce ty len e  in benzene to  
fo rm  6, a  p rod u ct in w hich  th e  d iazirid ine ring  is still 
in ta ct (Schem e I I I ) .  H ow ever , w ith  bu t m ild  h eating

S c h e m e  III

,___, NHCXI
NH

0

+  PhCC=CCPh

0  0
II II

PhCC=CHCPh
I

NCXINH

0  0
II II

PhCC=CHCPh

NH

7

in  9 5 %  ethanol, 6 rap id ly  rearranged to  7. C o m p ou n d  
6  also rearranged in to  7 in  a nm r tu b e  con ta in in g  ch loro 
fo rm  and 1 drop  o f  d eu teriu m  ox ide.

T h e  structures o f  6 and 7 w ere con firm ed  b y  nm r 
sp ectroscop y . In  particu lar, th e  sp littin g  p a ttern  o f  
th e  ring  proton s o f  6 and o f  l-m e th y l-3 ,3 -p e n ta m e th y - 
lenediazirid ine w ere qu ite  sim ilar. In  b o th  com pou n ds 
th e  ring  proton s appear as a b ro a d  b a n d  w ith  abou t 
th e  sam e chem ica l sh ift o f  8 1 .2 -1 .9 . O n  th e  o th er  hand, 
th e  a liph atic p ro ton s  o f  7 appear as tw o  b roa d  m u l- 
tip lets  at 8 1 .4 -1 .8  and 2 .0 -2 .6  w h ich  is th e  sam e pattern  
observ ed  for  th e  cycloh exy lid en e  m oie ty  in 2d , cy c lo 
hexanone m eth y lh yd razon e, an d  cycloh exa n on e  ox im e.

D iazirid in es la  and I d  w ere ad ded  to  d ie th y l a ce ty - 
len ed icarboxy late  to  y ie ld  o ily  p rod u cts  presu m ed  to  be

adding  ap propria te  a lkylh ydrazin es (5) to  d ib en zoy l
acetylene. T h e  h yd ro lysis  o f  2 a - f  is a reaction  o f  syn -

(6) L. C. Bear, R . Fusco, and C. H. Jarboe, "Pyrazoles, Pyrazolines, 
Pyrazolidines, Indazoles and Condensed Rings,” R. H . W iley, Ed., Inter
science, New York, N. Y ., 1967, pp 5 -8 .
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8a and 8d, respective ly . T h e  cru de oils w ere charac
terized  b y  h yd ro ly z in g  th em  to  th e  k n ow n  3 -carbo - 
eth oxyp yra zo lin -5 -on e  (9a) and 2 -m eth y l-3 -ca rb o - 
e th ox y -3 -p yrazo lin -5 -on e  (9d ) (Schem e I V ) . C om -

R2 NR1X
R3 NH 

la, Id

Scheme IV

+  Et02CC=CC02Et — r Et02CC=CHC02Et
H,o

NR1
I

N

C
n r 3

8a, 8d

XX Et02CC=CCO,Et +  H,NNHR‘
NEt02C i 
R1 

9a, 9d

pou n d s 9a and 9 d  w ere also ob ta in ed  b y  th e  ad d ition  o f 
h ydrazine and m ethy lh ydrazin e  to  d ie th y l acety len e- 
d icarboxy la te .

3 ,3 -P entam ethy len ed iazirid in e and l-m e th y l-3 ,3 - 
pen tam eth ylenediazirid ine w ere also trea ted  w ith  
e th y l p rop io la te  in  ben zen e to  g ive  10 and 11, respec
tiv e ly  (Schem e V ) . A ssignm ent o f  th e  trans configura-

ScHEME V
H C02Et

,— , NHCXI
NH

+  HC=CC02Et cxj
c = c
I I

N H

NCH,CXI
NH

+  HC=CCO,Et

NH 
10

H C02Et
I I
C =C

H3CN H

N

11

tion  to  10 and 11 w as m ade possib le b y  using th e  re
sults o f  earlier nm r investigation s on  ad du cts obta in ed  
from  treatin g  aziridine w ith  eth y l p rop io la te7 an d  from  
treatin g  secon dary  am ines w ith  m eth y l p rop io la te .8

T h ese  studies established  th at th e  v in y l p roton s o f  
e th y l 3-azirid in opropenoates and o f  m eth y l 3 -d ia lk y l- 
am in opropenoates apear as an A B  pattern  w ith  cou p lin g  
constan ts o f  8.0 H z for  th e  cis ad du cts and 13 .0 -13 .4  
H z for  th e  trans ad du cts .7’8 B o th  com p ou n d s 10 and 
11 in  C D C 13 gave nm r spectra  w ith  th e  expected  A B

(7) J. E . Dolfini, J. Org. Chem., 30, 1298 (1965).
(8) (a) R . Huisgen, K . Herbig, A . Siegl, and H . Huber, Ber., 99, 2526 

(1966); (b) A . N . Kurtz, W . E . Billups, R. P. Greenlee, H . F. Hamil, and 
W . T . Pace, J. Org. Chem., 30, 3141 (1965).

pattern  for  th e  v in y lic  p ro ton s  and w ith  cou p lin g  con 
stants o f  13.0 H z. H ow ever , th e  n m r sp ectru m  o f  
crude 10 revea led  th at a sm all q u a n tity  o f  th e  cis 
isom er ( ~ 1 0 % )  w as also present since a secon d  A B  
pattern  w as ju st d iscern ible w h ich  h ad  a cou p lin g  con 
stant, o f  8 .5  H z. T h a t com p ou n d  10 still h ad  th e  
d iazirid ine ring  in ta ct w as d edu ced  from  its n m r spec
tru m  (see reason ing  em p loyed  for  assign ing th e  stru c
tu re o f  6 ).

3 ,3 -P entam ethy len ed iazirid in e w as also ad d ed  to  
h exa flu oro -2 -b u tyn e  to  g ive  1 ,1 ,1 ,4 ,4 ,4 -h exa flu oro -2 - 
cyc loh exy lid en eh yd razin o -2 -bu ten e  (12 ). C o m p o u n d  
12 w as d istillab le  and m ass sp ectroscop y  con firm ed  th e  
m olecu lar ion  m/e t o  b e  274.

D iscu ssion

A  M ich a e l-ty p e  ad d ition  is u n d ou b ted ly  in v o lv e d  in  
th e  reaction  o f  diazirid ines w ith  e lectroph ilic  a ce ty 
lenes. In deed , in  th e  case o f  th e  reaction  o f  th e
1 ,2 -u n su bstitu ted  diazirid ine, 3 ,3 -p en tam eth y len ed i- 
aziridine, w ith  d iben zoy la cety len e  an d  e th y l p rop io la te , 
th e  ad d ition  p rod u cts  6 and 10 are isolab le . T h e  
d em on strated  pen ch an t o f  6 to  u ndergo facile  con v er 
sion  to  7 p ro b a b ly  a ccou n ts for  th e  M ich a e l a d d u ct n o t 
be in g  isolated  w hen  th e  o th er 1 ,2 -u n su bstitu ted  d i
azirid ine used  in  th is in vestigation , 3 -e th y l-3 -m eth y l- 
d iazirid ine, w as treated  w ith  d ib en zoy la cety len e .

T h e  p rod u cts  2 b - f  form ed  w hen  th e  1 ,3 -d ia lky l- 
diazirid ines and 1 ,3 ,3 -tria lkyldiazirid ines l b - f  reacted  
w ith  d ib en zoy la cety len e  arise b y  th e  ad d ition  o f  th e  
N -a lk y la ted  n itrogen  (th e  m ost n u cleoph ilic  n itrogen ) 
o f  th e  d iazirid ine to  th e  alkyn e lin kage (p a th w a y  a, 
Sch em e V I ) .  A n oth er  m echan ism  in  w h ich  th e  N H

Scheme VI
0  ' 0  0  “ 0
Il il II il

PhCC=C— CPh PhCC=C— CPh 
I

R2 /N R 1

t \
R3 (jJH

4
0  0  

* 1  n r * II II
X  I +  PhCC=CCPh 

R3 NH

-► NR1
I

+NH
Ï

R2 / X R3

O 0
Il II

PhCC=CHCPh

R2 - i NXR3 /N R 1

O
II

PhCC— C—
li ~
N

+NR>
Í

R2 / X R3

0 
I!

•CPh

nitrogen  o f th e  diazirid ine adds to  th e  acety len ic  carbon  
(such  as pa th w ay  b ) w as d iscou n ted  o n  th e  basis o f  th e  
m ass spectru m  o f  th e  p ro d u ct ob ta in e d  w hen  1- 
m e th y l-2 -1W -3 ,3 -p en tam eth y len ed ia zir id in e  w as a d d ed  
to  d ib en zoy la cety len e .
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T h e  m ass spectru m  o f  th e  a d d u ct 2d sh ow ed cleavage 
fragm ents fo r  th e  ions (C 6H 10N )+ , m/e 96, and (C i r

0  O
II II

PhCC=CHCPh

H i4N 0 2)+ , m /e  264. I t  is ob v io u s  th at, if  d iazirid ine 
13 (Schem e V I I )  is added  to  d ib en zoy la cety len e , one

Y - \  NHCX.L
S c h e m e  VII

0  0
Il II

+  PhCC^CCPh — i
NCH,

13

PhC0C=3HC0Ph

H3CN

14

o f  th e  tw o  cleavage peaks m ust increase b y  on e m ass 
unit a ccord in g  to  w h ich  n itrogen  o f  th e  diazirid ine is 
bon d ed  to  th e  acety lene. In crease in  th e  natural 
abun dance o f  m /e  97 w ou ld  be  ev iden ce  for  pa th w a y  a 
w hile increase in th e  natural abun dance o f m /e  265 
w ou ld  be  ev iden ce  for  pa th w ay  b  o f  Schem e V I . A d 
d ition  o f  13 gave  on ly  14 (see E xperim en ta l S ection ) 
p rov in g  u n eq u ivoca lly  th a t th e  N C H 3 m oiety  o f  the 
d iazirid ine ad ded  to  th e  trip le  b on d  d irectly .

I t  w as observ ed  th a t th e  nm r sp ectru m  o f  7 taken  
in C D C 13 slow ly  changed  o v er  several hours. In  par
ticu lar, th e  v in y l ab sorp tion  at S 5.82 and th e  N H  
ab sorp tion  at 13.3 d im in ished w hile a  new  peak  at 4.33 
appeared. T h is  is m ost p ro b a b ly  du e to  th e  isom 
erization  o f th e  enam ine 7 in to  th e  ta u tom eric  im ine
15.

PhCOC=CHCOPh — ► PhCOCCH.COPh

7 15

T h e  isom erization  o f  im in e-en am in e tau tom ers o b 
ta ined  from  th e  ad d ition  o f  ph eny lh ydrazin e  to  d i
m eth y l acety len ed icarboxy la te  has recen tly  been  
dem on stra ted .9

E xperim en ta l S ection

Compounds 2a-f (Method A).— To a solution of 2-5 mmol of 
the known diaziridines ( la - f )“  in 20 ml of dry benzene was added

(9) N . D. Heindel and P. Kennewell, J. Org. Chem., 35, 80 (1970).
(10) W e recommend the use of freshly prepared hydroxylamine-O-sulfonic 

acid rather than the commercially available product for the preparation of 
diaziridines.

in portions an equivalent quantity of dibenzoylacetylene. The 
reaction mixture was stirred for 2 hr at room temperature and 
the solvent was evaporated to give usually a colored oil. In the 
case of 2a the oil was dissolved in a minimum of hot 1:1 mixture of 
dry benzene-petroleum ether (bp 100-115°). After 2 days in the 
refrigerator, 2a precipitated and was filtered. In the cases of 
2b-f the oils solidified upon standing in a hood for a day or so. 
Alternatively, the oils were dissolved in a minimum quantity of 
warm absolute ethanol. The ethanolic solution was cooled and 
the crystals of 2b-f were filtered.

Compound 2a (Method B).— A suspension of 218 mg (2.53 
mmol) of butanone hydrazone11 in dry benzene was added drop- 
wise to a solution of 593 mg (2.53 mmol) of dibenzoylacetylene in 
15 ml of dry benzene. The reaction mixture was stirred for 1 hr 
and the solvent evaporated. A yield of 112 mg (14%) of 2a was 
obtained.

Compound 2b (Method B).— A mixture of 169 mg (3.66 mmol) 
of methylhydrazine and 20 ml of dry acetone was stirred for 1 hr. 
To this mixture was added portionwise and with stirring 856 mg 
(3.65 mmol) of dibenzoylacetylene. The solvent was evaporated 
and a few drops of absolute ethanol was added to the residual oil 
whereupon 2b crystallized quantitatively and was filtered.

Compound 2c (Method B).— A mixture of 102 mg (0.5 mmol) of 
acetone isopropylhydrazone oxalate,12 118 mg (0.5 mmol) of di
benzoylacetylene, and 10 ml of dry benzene was refluxed for 4.5 
hr. The mixture was filtered and the solvent evaporated to give 
a red oil which was slurried in a small quantity of absolute eth
anol. Crude 2c, 80 mg (46%), crystallized after a few minutes 
and was filtered.

Compound 2d (Method B).— To a solution of 937 mg (4.0 
mmol) of dibenzoylacetylene in 10 ml of dry benzene was added 
dropwise 504 mg (4.0 mmol) of cyclohexanonemethylhydrazone.13 
The mixture was stirred for 2 hr and the solvent was evaporated. 
The residual dark oil crystallized upon the addition of a small 
quantity of ether. The crude 2d (1070 mg, 74%) was filtered.

Compounds 2e-f (Method B).— A few milliliters of a concen
trated sodium hydroxide solution was slowly added to a stirred 
suspension of 359 mg (2.0 mmol) of n-butylhydrazine oxalate in 10 
ml of cold ether. The mixture was filtered and the filtrate was 
saved. The solid residue was washed with two 10-ml portions of 
ether and all of the ether filtrates were pooled. Five milliliters of 
propanal was added to the ether filtrates containing the n-Bu- 
NHNH2 and the solution was stirred for 1 hr before 314 mg (1.34 
mmol) of dibenzoylacetylene was added portionwise. After 0.5 
hr the solvent was evaporated to give 237 mg (49%) of crystalline 
2e based on the quantity of dibenzoylacetylene employed. Sub
stitution of 5 ml of butanal gave a 22% yield of 2f.

Pyrazoles 4 (Method A).— In general 2a-f were dissolved in 10 
ml of 95% ethanol containing 4 drops of concentrated hydro
chloric acid. The reaction mixtures were refluxed for 0.5 hr and 
the solvent was evaporated to give the pyrazoles. Thus, 551 mg 
(1.72 mmol) of 2a gave 360 mg (84%) of 3-phenyl-5-benzoyl- 
pyrazole,14 mp 170.5-171°; 2b (472 mg, 1.47 mmol) gave 200 mg 
(52%) of l-methyl-3-phenyl-5-benzoylpyrazole, mp 52-57°; 2c 
(680 mg, 1.95 mmol) gave 436 mg (77%) of l-isopropyl-3-phenyl-
5-benzoylpyrazole, mp 124-127°; 2d (172 mg, 0.48 mmol) gave 
76 mg (60%) of l-methyl-3-phenyl-5-benzoylpyrazole, mp 52- 
57°; both 2e (549 mg) and 2f (487 mg) gave l-n-butyl-3-phenyl-
5-benzoylpyrazole as an oil (no yields taken).

3-Phenyl-5-benzoylpyrazole (Method B).— To a solution of 400 
mg (1.71 mmol) of dibenzoylacetylene in 10 ml of absolute ethanol 
was added 55 mg of hydrazine hydrate. The reaction mixture 
darkened immediately and was stirred for 2 hr. The solvent was 
evaporated to give a quantitative yield of the pyrazole. Re
crystallization from ethanol gave 3-phenyl-5-benzoylpyrazole 
melting at 170.5-171°.

l-Methyl-3-phenyl-5-benzoylpyrazole (Method B).— Methyl
hydrazine (46 mg, 1.0 mmol) was added dropwise to a solution of 
234 mg (1.0 mmol) of dibenzoylacetylene dissolved in 10 ml of dry 
benzene. The reaction mixture was stirred for 1.5 hr and the sol
vent evaporated to give 100 mg (38%) of product. The pyrazole 
was recrystallized from absolute ethanol to give crystals melting 
at 52-57°

Anal. Calcd for CnHuNjO: C, 77.84; H, 5.38; N, 10.68. 
Found: C, 77.98; H, 5.58; N , 10.44.

(11) A . Kinnman, C. R. Acad. Sci., 217, 148 (1943).
(12) H . L. Lochte, W . A . Noyes, and J. R . Bailey, J. Amer. Chem. Soc., 

44, 2556 (1922).
(13) R. H . W iley and G. Irick, J. Org. Chem., 24, 1928 (1959).
(14) D . G. Farnum and P. Yates, J. Amer. Chem. Soc., 84, 1399 (1962).
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l-Isopropyl-3-phenyl-5-benzoylpyrazole (Method B).— To a
mixture of 116 mg (0.71 mmol) of isopropylhydrazine oxalate in 
benzene was added 165 mg (0.71 mmol) of dibenzoylacetylene. 
The mixture was heated until dissolution occurred. An equiva
lent quantity of solid potassium hydroxide was added to the reac
tion mixture, whereupon 122 mg (60%) of the pyrazole precipi
tated. Four recrystallizations from absolute ethanol gave 1-iso- 
propyl-3-phenyl-5-benzoylpyrazole, mp 125-127°.

Anal. Calcd for Ci9Hi8N20 :  C, 78.58; H, 6.24; N , 9.64. 
Found: C, 78.53; H, 6.26; N, 9.78.

1- n-Butyl-3-phenyl-5-benzoylpyrazole (Method B).— A solu
tion of 1.97 mmol of n-butylhydrazine in ether was prepared from 
n-butylhydrazine oxalate as described previously. To this solu
tion was added an equivalent quantity of dibenzoylacetylene. 
The reaction mixture darkened immediately and it was stirred for 
1 hr. Evaporation of the solvent gave a dark oil which could not 
be vacuum distilled. The ir and nmr spectra of the oil was 
identical with the spectra obtained from the hydrolysis of 2e and 
2f.

Compound 6.— To a solution of 1.49 g (13.3 mmol) of 3,3- 
pentamethylenediaziridine in 20 ml of dry benzene was added 3.09 
g (13.2 mmol) of dibenzoylacetylene. The reaction mixture was 
stirred for 1 hr and the solvent evaporated. The residual dark 
oil was dissolved in a small volume of warm, dry 1:1 benzene- 
petroleum ether (bp 100-115°). The solution after standing at 
0° overnight gave 2.68 g (59%) of 6. After four recrystalliza
tions from the mixed solvent 6 was obtained which melted at 99- 
101°.

Anal. Calcd for CMH22N ,0 2: C, 76.27; H, 6.40; N, 8.09. 
Found: C, 76.43; H, 6.58; N , 8.18.

Compound 7.— Warming 222 mg of 6 for 2-3 min in 95% eth
anol gave 209 mg of 7, mp 123-125°. A sample of 6 in CDC13 
containing 1 drop of water also rearranged into 7. Four recrys
tallizations from absolute ethanol gave 7, mp 124-125°.

Anal. Calcd for C22H22N 2O2: C, 76.28; H, 6.40; N, 8.09. 
Found: C, 76.39; H ,6.41; N .8.21.

3-Carboethoxypyrazolin-5-one (9a).— A mixture of 443 mg 
(5.14 mmol) of 3-ethyl-3-methyldiaziridine and 875 mg (5.14 
mmol) of diethyl acetylenedicarboxylate in 10 ml of dry benzene 
was refluxed for 0.5 hr. The solvent was evaporated and the 
residual oil was dissolved in 10 ml of 95% ethanol containing 3 
drops of concentrated hydrochloric acid. The mixture was re
fluxed for 1 hr and the solvent evaporated to give 687 mg (86%) of 
9a. Two recrystallizations from 95% ethanol gave 9a, mp 184- 
187° (lit.15 mp 184^185°).

2- Methyl-3-carbethoxy-3-pyrazolin-5-one (9d).— A mixture of 
395 mg (3.14 mmol) of 1-methyl-3,3-pentamethylenediaziridine 
and 534 mg (3.14 mmol) of diethyl acetylenedicarboxylate in 10 
ml of dry benzene was stirred for 0.5 hr. The solvent was evap
orated and to the residual oil was added 10 ml of 95% ethanol 
containing 3 drops of concentrated hydrochloric acid. The mix
ture was refluxed for 0.5 hr and the solvent was evaporated to 
give 56 mg (10%) of 9d. Four recrystallizations from absolute 
ethanol gave 9d, mp 151-154°.

Anal. Calcd for C7HioN20 3: C, 49.40; H, 5.92; N, 16.47. 
Found: C, 49.47; H, 5.52; N, 16.40.

irans-Ethyl 3 (3,3-Pentamethylenediaziridino)propenoate
(10) .— A mixture of 560 mg (5 mmol) of 3,3-pentamethylene- 
diaziridine and 490 mg (5 mmol) of ethyl propiolate in 10 ml of 
benzene was stirred at room temperature for 48 hr. The solvent 
was evaporated and the residual oil was placed in a refrigerator. 
After several days 835 mg (79%) of 10 precipitated (attempts to 
recrystallize 10 were unsuccessful): molecular ion m/e 210; nmr 
(CDCI3) i 7.38 (d, 1 , J =  13.0 Hz, N C H = ), 5.68 (d, 1, J  =  13.0 
Hz, CH C02), 4.17 (q, 2, CH2), 2.2-2.8 (m, 1, NH), 1.62 [s, 10, 
(CHi)sl, 1.29 (t, 3 H, CH3).

¿rans-Ethyl 3-(Cyclohexylidenemethylhydrazmo)propenoate
(11) .— A mixture of 630 mg (5 mmol) of 1-methyl-3,3-penta- 
methylenediaziridine and 490 mg (5 mmol) of ethyl propiolate in 
10 ml of benzene was stirred for 12 hr. Evaporation of the sol
vent left 1.081 g (97%) of 11 as an undistillable oil: molecular 
ion m/e 224; nmr (CDCb) S 7.38 (d, 1, /  =  13.0 Hz, NCH),
4.50 (d, 1, J  =  13.0 Hz, CH C02), 4.13 (q, 2, CH2), 3.10 (s, 3, 
NCHS), 2.17-2.60 [m, 4, CH2C (= N )C H 2] , 1.68 [s, 6, CH2(CH2)3- 
CH2] , 1.25 (t ,3 ,C H 2CH3).

(15) S. Ruhemann, J. Chem. Soc., 69, 1395 (1896).

Compound 11 can also be prepared by mixing equimolar quan
tities of cyclohexanone methylhydrazone and ethyl propiolate in 
benzene and working up the reaction mixture as described above.

1,1,1,4,4,4-Hexafluoro-2-cyclohexylidenehydrazino-2-butene
(12).— A stream of hexafluoro-2-butyne was slowly passed 
through a solution of 2.24 g (20 mmol) of 3,3-pentamethylene- 
diaziridine in 9 ml of dry methylene chloride at —70°. After a 
slight excess of the acetylene was added the reaction mixture was 
stirred for 2.5 hr. The solvent was evaporated and the residual 
oil was distilled to give 3.36 g (62%) of 12, bp 37-38° (0.15 mm), 
molecular ion m/e 274.

Anal. Calcd for Ci0Hi2F6N2: C, 43.80; H, 4.41. Found: 
C, 43.87; H ,4.58.

Preparation of 13.— A mixture of 0.5 g of hydroxylamine-16Ar 
hydrochloride (95 at. %  16N )16 and 0.5 g of unlabeled hydroxyl- 
amine hydrochloride was ground with mortar and pestle and then 
transferred to a 10-ml beaker. Three milliliters of fuming sul
furic acid (30% S03) was added dropwise over a ten minute inter
val. The reaction mixture was cooled and 5 ml of cold, dry ether 
was added with stirring. The 15N-enriched hydroxylamine-O- 
sulfonic acid was filtered immediately and washed with cold ether 
until it took on a fluffy appearance. The dry labeled hydroxyl- 
amine-O-sulfonic acid was then converted to l-methyl-3,3-pen ta
methylenediaziridine according to a published procedure.17 
Specifically 1.4 g of the hydroxylamine-O-sulfonic acid enriched 
with 16N was added to 14 ml of a cooled solution (0°) of 40% 
aqueous methylamine containing 1.47 g of cyclohexanone, over 
a time interval of 0.5 hr. The mixture was allowed to stand an 
additional hour at 0-10° and then extracted four times with 10-ml 
portions of ether. The extracts were dried over K 2C 03 and the 
mixture was filtered. The ether was evaporated and the residue 
distilled to give 1.15 g of 13 boiling at 34-37° (0.75 mm). Com
pound 13 was then added to dibenzoylacetylene to yield 14.

The labeled 14 showed a pair of molecular ion peaks, at m/e 360 
and 361, in approximately equal abundance. Loss of one ben
zoyl group yielded fragment ions at m/e 255 and 256 for the 14N 
and 15N species. Cleavage between the two nitrogen atoms oc
curred most readily with charge retention on the A'-methyldi- 
benzoylethylene moiety yielding an intense ion (base peak) at 
m/e 264. This ion was not shifted in the mass spectrum of the 
15N-labeled product, indicating that the UN atom was located on 
the “ cyclohexylimide”  moiety. Cleavage between the nitrogens 
with charge retention on this fragment also occurred although the 
ion produced at m/e 96 was not so intense as the ion at m/e 264. 
Approximately equally intense ions at m/e 96 and 97 in the “ re
labeled product confirmed the location of the label.
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can  C h em ica l S ociety , for  financial aid and P ro fessor
C . C . Sw eeley  for  the m ass spectra  and stim u latin g  
discussions.
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2b, 40711-21-5; 2c, 40711-22-6; 2d, 40711-23-7; 2e, 40711-24-8; 
2f, 40711-25-9; 3a, 29443-39-8; 3b, 5771-02-8; 3c, 7423-01-0; 
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11, 40711-36-2; 12, 40711-37-3; 13, 40711-38-4; 14, 40711-39-5; 
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oxalate, 40711-41-9; 3-phenyl-5-benzoylpyrazole, 21111-32-0; 
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boxylate, 762-21-0; ethyl propiolate, 623-47-2; hexafluoro-2- 
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(16) Isotopic Products, Merck Sharp and Dohme of Canada Ltd, M on
treal, Canada.

(17) E . Schmitz, R. Ohme, and R. D . Schmidt, Ber., 96, 2714 (1962).
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Thé Synthesis of (l/î)-[2-180] -a-Fenchoeamphoronequinone. Specific
Labeling of One Carbonyl Group in a Norbornane-2,3-dione1
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A method has been devised for the preparation of a norbomane-2,3-dione with one of the carbonyl groups 
enriched specifically in 180 , viz., oxidation of a labeled ketone with selenium dioxide in acetic anhydride. This 
method has been applied to the oxidation of labeled, optically active a-fenchocamphorone giving specifically 
labeled a-fenchocamphoronequinone. This diketone, whose optical activity is due only to 180  substitution, 
showed a small but measureable effect in the CD of both low intensity absorption bands in the region of 250- 
520 nm.

C om p ou n d s w hich  derive  o p tica l a c t iv ity  from  
iso top ic  su bstitu tion  offer in teresting  possibilities 
fo r  stu d y in g  the origin  o f  v ib ron ic  ab sorp tion  bands 
if  these bands are accessib le  to  C D  m easurem ents. 
U p  to  n ow  m u ch  w ork  has been  d on e to  synthesize 
com p ou n d s w hose o p tica l a c t iv ity  stem s from  deuter
iu m  su b stitu tion .2 In  ad d ition  a  few  exam ples have 
been  rep orted  w here o p tica l a ctiv ity  is due to  oxygen  
isotopes, viz., som e 160 - 180  su lfon es3’4 5 an d  160 - 180  
su lfonate esters.3b M easu rem en t o f  th e  op tica l ac
t iv ity  in  these com p ou n d s has usually  resu lted  in 
p la in  O R D  cu rves .6

In  v iew  o f  th is s itu ation  it  seem ed w orthw hile  to  
start a  p rogram  for  th e  synthesis o f  k eton es an d  dike
ton es w ith  op tica l a c t iv ity  du e to  iso top ic  substitu tion . 
a  d iketones w ere particu larly  in vitin g  because tw o  
low  in tensity  ab sorp tion  ban d s in  th e  region  o f  2 5 0 -  
520 nm  can  be  stud ied  b y  C D  p rov id ed  th at th e  effect 
is large enough.

O ne o f  ou r efforts w as d irected  tow ard  th e  synthesis 
o f  a  specifica lly  labeled  160 - 180  a  d ik eton e  starting  
from  op tica lly  a ctiv e  n orcam p h or or a -fen ch oca m - 
ph oron e (5). B ecau se o f  th e  ava ilab ility  an d  th e  price  
o f  startin g  m aterials (H 2180 ,  e .g .,) it  w as decided  to  
try  o u t th e  various steps in  th e  synthesis w ith  cheaper 
m aterials. T h is  resu lted  in  a  num ber o f  in teresting 
observation s w hich  w ill b e  discussed first.

M o d e l E x p erim en ts .— In itia lly  th e  synthesis o f  
specifica lly  labeled  cam p h orqu in on e w as attem pted  
from  cam phor. W ater, enriched in  180  (2.095 at. 
%  180 6), w as used fo r  labeling  th e  reagents, since an 
180  label o f  2 %  is su fficiently  h igh  to  d e tect th e  p os
sible exchange o f  ox yg en  betw een  th e  reagents and 
the reaction  m ed ium  b y  m ass sp ectroscop y .

A n  a  d ik eton e  is m ost con ven ien tly  prepared  b y  the 
ox ida tion  o f  a  k eton e  w ith  selenium  d iox ide .7 B e

(1) Taken from the thesis of the author, Leiden (1973).
(2) For references on hydrogen-deuterium asymmetry, see D . Arigoni 

and E . L. Eliel, Top. Stereochem., 4, 127 (1969); L . Verbit, Progr. Phys. 
Org. Chem., 7, 51 (1970).

(3) (a) C. J. M . Stirling, J. Chem. Soc., 5741 (1963); (b) M . A . Sabol 
and K . K . Andersen, J. Amer. Chem. Soc., 91, 3603 (1969).

(4) R. Annunziata, M . Cinquini, and C. Colonna, J. Chem. Soc., Perkin 
Trans. 1, 2057 (1972).

(5) Only two exceptions are known (H -D  asymmetry). Cf. S. Englard, 
J. S. Britten, and I. Listowsky, J. Biol. Chem., 242, 2255 (1967); L . Verbit, 
J. Amer. Chem. Soc., 89, 167 (1967).

(6) Determined by Miles Laboratories, Inc.
(7) For references to the literature on the application of selenium dioxide 

in organic chemistry, see the following. L. F. Fieser and M . Fieser, “ Re
agents for Organic Synthesis,”  Wiley-Interscience, New York, N . Y . :
Vol. 1, 1967, p 992; Vol. 2, 1969, p 360; Vol. 3, 1972, p 245. C. F . Cullis
and A . Fish, “ The Chemistry of the Carbonyl Group,”  S. Patai, Ed ., Vol.
1, Interscience, New York, N . Y ., 1966, p 159. E . N . Trachtenberg, “ Oxi
dation,”  R . L. Augustine, Ed., Vol. 1, Marcel Dekker, New York, N . Y .,
1969, p 119.

cause th e  w ater form ed  in  th is reaction  (eq  1) reacts 
w ith  selenium  d iox ide  to  fo rm  selenious acid , w h ich

m igh t ca ta lyze  in  u n favorab le  cond ition s exchange o f 
oxygen  betw een  th e  ca rb on y l grou p  and w ater,8 a  
solven t was required in  w hich  either selenious acid  
w as insoluble or the w ater form ed  cou ld  be  rem oved .

In  a first experim ent labeled  cam p h or w as ox id ized  
w ith  selenium  d iox ide  in  a cetic  a n h yd rid e9 (m olar 
ratio  o f  cam phor, selenium  diox ide, an d  a ce tic  an h y 
dride, 0 .3 3 :0 .5 4 :0 .5 3 ) , th e  in ten tion  bein g  to  b ind  
the w ater form ed  w ith  a ce tic  an h ydride. T h is  first 
experim ent was a  fa ilure: th e  cam p h orqu in on e pre
pared from  labeled  cam phor (2 .2 6 %  180 )  h ad  to o  low  
a label (1 .6 2 %  180 ;  reten tion  is 2 .4 5 %  I80 ) .

V arious possib le  reasons fo r  th is loss o f  label w ere 
system atica lly  investigated . F irst it w as verified  
th a t labeled  cam phor d oes n ot lose la b e l10 w hen  boiled  
w ith  a ce tic  an h ydride fo r  4 h r .11'12 S im ilarly  no loss 
o f  label occu rred  w hen  0.3 g o f  w ater w as ad d ed  to  a 
bo ilin g  so lu tion  o f  2.5 g  o f  labeled  cam p h or in  2.5 m l 
o f  a cetic  a n h yd r id e13 (m olar ratio  o f  cam phor, w ater, 
an d  acetic  anhydride, 0 .3 3 :0 .3 3 :0 .5 3 ) . A pp aren tly  
u nder these con d ition s th e  reaction  betw een  w ater 
an d  acetic  an h ydride is m u ch  faster th an  th e  acetic  
acid  ca ta lyzed  exchange reaction  betw een  w ater and 
cam phor.

(8) M . Byrn and M . Calvin, J. Amer. Chem. Soc., 88, 1916 (1966); 
P. Greenzaid, Z. Luz, and D. Samuel, Trans. Faraday Soc., 2787 (1968).

(9) W . C. Evans, J. M . Ridgion, and J. L. Simonsen, J. Chem. Soc., 137 
(1934).

(10) In the low label experiments the maximum absolute error in the 
determination of 180  labels was ± 0 .1 0 % . Therefore a statement such as 
“ retention of label was observed”  should read “ relative loss of label was 
5 %  or less.”

(11) Thus the mechanism responsible for the loss of 180  when a labeled 
aldehyde is treated with acetic anhydride (eq i) does not apply here; cf.

OAc

(A c)20  +  R C H 2C ; RCH2C
\

OAc
R C H — C H O Ac +  HO AC (i)

Houben-Weyl, “ Methoden der Organischen Chemie,”  Georg Thieme 
Verlag, Stuttgart, Bd 7 /1 , 1954, p 442.

(12) When camphor is treated with trichloroacetic acid anhydride (110—
120°) a geminate diester is formed, 2,2-dihydroxycamphane ditrichloro- 
acetate, which decomposes to give after a Wagner-Meerwein rearrange
ment 1-hydroxycamphene trichloroacetate as the primary product: J.
Libman, M . Sprecher, and Y . Mazur, Tetrahedron, 25, 1679 (1969).

(13) This quantity of water (0.3 g) was chosen because it would have 
been formed when selenium dioxide had been added to the reaction mixture 
and had oxidized all of the ketone and nothing else.
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R econ siderin g  in  th e  ligh t o f  these results th e  ox ida 
tion  experim ent in  w hich  loss o f  label d id  occu r, it 
w as realized th at b o th  k eton e and so lv e n t14 w ere ox i
d ized  b y  selenium  d iox ide  so th at tow ard  th e  end o f 
th e  reaction  h ard ly  an y  acetic  an h ydride w as left. T h e  
lifetim e o f  a  w ater m olecu le then  becam e lon g  enough  
to  perm it oxygen  exchange w ith  th e  carbon y l group.

In d eed  it w as fou n d  th at loss o f  180  in  th e  ox idation  
o f  labeled  cam p h or can  be p reven ted  b y  su fficiently 
reducin g  the q u an tity  o f  selenium  d iox ide  w ith  re
sp ect to  cam p h or and acetic  an h ydride. A lth ou gh  
th e  m ass spectra  o f  cam phorqu in one clearly  sh ow ed 
reten tion  o f la b e l10 and th at selective label in corpora 
tio n  h ad  been  a ch iev ed ,15 the possib ility  o f  in terchange 
o f  th e  tw o  oxygen  atom s w ith in  on e d iketone m olecu le 
cou ld  n o t b e  exclu ded  on  th e  basis o f  these resu lts .16 
O n  the o th er hand th is process seem ed to  be  v e ry  im 
p ro b a b le  so th at continu ation  o f  th e  synthesis w ith  
h igh ly  labeled  m aterials seem ed justified.

M ean w h ile  tw o  oth er routes to  the desired com pou n ds 
h ad  been  explored. I t  appeared th at th e  ox idation  
o f  labeled  cam p h or w ith  selenium  d iox ide  in  to lu en e17 
proceed s w ith  reten tion  o f  label, a lth ou gh  in p oor  
y ield . In  th is case w ater is p ro b a b ly  rem oved  b y  the 
excess o f  u nreacted  selenium  d ioxide.

F in ally  it  w as tried  to  devise an  ox ida tion  reaction  
for  th e  preparation  o f  cam p h orqu in on e w here w ater 
cou ld  n ot possib ly  be a reaction  prod u ct, so th at trou b le  
due to  exchange w ith  w ater cou ld  n o t occu r. T h e  
ox id a tion  o f  cam phor enol ben zoate  w as a ttem pted  
w ith  selenium  d iox ide  in  benzene. C am ph orqu inon e 
and b en zo ic  acid  w ere form ed  in g o o d  y ie ld . H o w 
ever, w hen  labeled  selenium  d io x id e 18 w as em p loyed , 
ran d om ly  labeled  cam phorqu in one w as obta in ed .

E xperim en ts w ith H igh  L a b e l In corporation .— T h e 
rou te  fo llow ed  to  ( l / ? ) - [ 2 - 180 ]-a -fe n ch o ca m p h o ro n e - 
qu in on e (8) is in d icated  in Schem e I  (absolu te  con fig 
urations are d e p icte d 19).

T h e  requ ired  a -fen ch ocam p h oron e  (5) w as pre
pared  via a -fen chen e (4) from  fen ch one (1 ) ;  th is 
rou te  w as chosen  becau se it was ju d g ed  to  be th e  one 
b y  w hich  a-fen chen e (4) o f  th e  h ighest chem ical 
p u rity  cou ld  be  ob ta in ed .20 T h e  a -fen ch oca m p h or-

(14) J. J. Postowsky and B. P. Lugowkin, Ber., 68, 854 (1935); L. R ap- 
pen, J. Prakt. Chem., n.F., 167, 196 (1941).

(15) A  sample of camphorquinone prepared from labeled camphor9 had a 
label of 1 .50%  180  and the fragment (M  — CO) a label of 0 .3 1 %  180  (15- 
eV spectrum). If both carbonyl groups were equivalent, or if we had a 
randomly labeled diketone, we should expect the fragment (M  — CO) to 
have a label of 0 .7 5 %  180 .

(16) Assuming that the “ chain branching rule”  (c/. F . W . McLafferty, 
“ Interpretation of Mass Spectra,”  W . A . Benjamin, New York, N . Y .,  
1967, p 82) can be used to predict that in camphorquinone the bond be
tween C -l and C-2 is broken preferentially to the bond between C-3 and 
C -4, we conclude from the labels of footnote 15 that [2-180]camphorquinone 
is the main or possibly the only reaction product. If  preference for bond 
rupture should be opposite to the “ chain branching rule,”  then [3-18OJ- 
camphorquinone is the main or the only reaction product, and interchange 
of oxygen atoms within a molecule has taken place.

(17) J. Véne, C. R. Acad. Sci., 216, 772 (1943).
(18) Labeled selenium dioxide is commercially available (Miles Labora

tories, Inc.).
(19) The absolute configurations follow from the absolute configuration 

of camphor [M . G. Northolt and J. H . Palm, Red. Trav. Chim. Pays-Bas, 
86, 143 (1966)] and the relative configurations of fenchone (1) and camphor 
[A. Fredga and J. K . Miettinen, Acta Chem. Scand., 1, 371 (1947)].

(20) For syntheses of a-fenchene (4) the reader is referred to (a) J. L.
Simonsen, “ The Terpenes,”  Voi. 2, 2nd ed, Cambridge University Press, 
New York, N . Y ., 1949, p 538; (b) E . Gildemeister and Fr. Hoffmann,
“ Die Aetherischen Oele,”  Akademie-Verlag, Berlin, 4, Aufl., Bd I lia ,  
1960, p 197; (c) V. Mattinen, Ann. Acad. Sci. Fenn., Ser. A l l ,  105, 22
(1961); Chem. Abstr., 56, 4798» (1962).

Scheme I
T he Synthesis of the T itle Compound from

(+  )-(1£)-Fenchone

il

CH. X̂nh,
Cl, ~ Ct

on e (5) thus obta in ed  d id  n ot con ta in  the m ost likely  
im pu rity  /3 -fenchocam phorone (10 ), because after 
selenium  d iox ide  ox ida tion  th e  d ik eton e  obta in ed  
w as o p tica lly  in active  (no effect in C D ),  i.e ., th e  d ike
ton e  d id  n ot con ta in  a m easurable qu an tity  o f  fi- 
fen ch ocam ph oron equ in on e (11) as an im p u rity .21

a -F en ch ocam p h oron e  (5) w as labeled  b y  regenera
tion  from  the h ydrazon e (6) w ith  w ater enriched  in 
180 .  T h is  labeled  k eton e conta in ed  6 2 .7 2 %  180 .  
A fter  ox id a tion  w ith  selenium  d iox ide  in  a cetic  an
h yd rid e  som e unreacted  k eton e w as recov ered  w ith  a 
label o f  6 0 .1 9 %  180 .  O f the d ik eton e  prepared  4 8 .0 5 %  
was specifica lly  labeled  w ith  lsO, and 0 .0 8 %  was d o u b ly  
labeled . C om p lete ly  specific labeling had been  
a ch ieved .22

M u ch  less label is m issing from  the k eton e recovered  
th an  from  the d ik eton e  form ed . O ne m igh t suppose 
th at ox yg en  exchange o f th e  d ik eton e  w ith  w ater 
form ed  during the selenium  d iox ide  ox ida tion  is faster 
than  oxygen  exchange o f th e  starting m on ok eton e. 
T h e  results o f  fo llow in g  tw o  exchange experim ents 
confirm ed th is hypothesis.

A  h om ogeneou s solution  o f a -fen ch ocam p h oron e  
(0.5754 g ), a -fen ch ocam ph oron eq u in on e (0.5063 g ), 
labeled  w ater (1.210 g, 12.062 at. %  180 6), and 0.20 
N  a cetic  acid  in d ioxan e (1.1230 g) v Tas left a t room  
tem peratu re fo r  96 hr. A fter  w ork -u p  it w as show n 
th at the k eton e had h ardly  exch an ged  oxygen  (label 
0 .3 8 %  180 ;  no label is 0 .2 %  180 ) ,  whereas 1 4 .9 0 %  o f 
th e  d ik eton e  w as labeled  w ith  on e 180 .

L abeled  a -fen ch ocam p h oron e  an d  a -fen ch oca m p h or
on equ in one w ere d issolved  in  acetic  an h ydrid e  and 
to  th e  bo ilin g  solu tion  th e  qu an tity  o f  wTater ca lcu lated  
to  h yd ro ly ze  th e  an h ydride wras gradually  added . B o th

(21) Unfortunately the C D  of /3-fenchocamphoronequinone (11) has not 
been published, but, if we assume that its strongest C D  band in the region 
of 250-520 nm has Ac 0.1, which is a rather low value, then we would have 
detected 11 by C D  if its concentration in a-fenchocamphoronequinone had 
been > 0 .3 5 % .

(22) The presence of doubly labeled diketone (0 .08% ) is due to the natural 
abundance of lsO in the oxidizing agent.
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k eton e an d  d ik eton e  lost label, b u t th e  d ik eton e  m u ch  
faster th an  th e  k e ton e .23

O ptical P u rity .— O ur starting fen ch on e ox im e (2) had 
[ « ] d  + 4 1 . 1 9 °  (absolu te  E tO H ); com parison  w ith  
a reliab le v a lu e  o f  [ « ] d  + 4 6 . 5 °  (E tO H )29 in d icates an  
op tica l p u r ity  at 8 8 .6 % .

T h e  p h ys ica l constants recorded  b y  R a ssa t30 for 
(liS )-a -fen ch oca m p h oron e  (the a n tip od e  o f  5 ), [ a ] D  

- 6 0 °  (E tO H ), Ae max 1 . 6 0  (cyc loh exa n e), are n ot
consistent w ith  our best d a ta : [ « ] d  + 6 7 . 0 5 °  (M e -
O H ),31 A im » *  + 2 . 3 0  (cyc loh exa n e). M a ttin e n 20c re
corded  [ a ] D  + 7 3 . 9 4 °  (E tO H ); if  th is is tak en  as the 
correct value, then  ou r a -fen ch oca m p h oron e  has an 
op tica l pu rity  o f  9 0 . 7 % .

A  d iscussion  o f  the op tica l p u rity  o f  th e  160 - 180  
d ik eton e  prepared accord in g  to  Schem e I  m ust in 
v o lv e  th e  m echanism  o f  th e  ox id a tion  reaction  w ith  
selenium  dioxide. C orey  and S ch aefer32 h ave postu 
la ted  a  selenite enol ester as a  reaction  interm ediate. 
I f  such a species is form ed  via a  cyc loa d d ition  o f  sele
n ium  d iox id e  to  the ketone, th en  on e w ou ld  expect 
(S ch em e I I )  in  ou r case 6 6 .6 7 %  racem iza tion  and 2 5 %

Scheme II
A M echanism Which Gives R ise to Specifically Labeled 

D iketone, but with Partial R acemization

:Se— 0

loss o f  label. T h is  m echan ism  seem s unlikely  because 
labeled  cam p h or can  be  ox id ized  w ith  reten tion  o f

la b e l,10 and ou r exchange experim ents suggest th at 
during th e  ox id a tion  o f  a -fen ch ocam p h oran e  loss o f  
label is due to  exchange w ith  w ater.

I f  w e assum e th at ox id a tion  o f  labeled  a -fen ch o - 
cam p h oron e w ith  selenium  d iox id e  g ives rise to  no 
racem iza tion  becau se o f  th e  m ech an ism  o f the ox ida 
tion  rea ction ,33 th en  ( lif? )-[2 -180 ]-a -fe n ch o ca m p h o ro n e - 
qu in on e (8) has an  op tica l p u rity  o f  9 0 .7 % .

M easu rem en t o f  the C D  o f  specifica lly  labeled  a - 
fen ch ocam ph oran equ inon e, a lth ou gh  v e ry  sm all, p roved  
to  b e  possib le. I t  is d isp la yed  in  F igure 1 togeth er 
w ith  th e  ab sorp tion  spectrum . T h ese  spectra  h ave  
been  pu blish ed  b e fo re .34'35 T h e  in fluence o f  180  sub
stitu tion  (label 6 2 .7 2 %  I80 )  on  th e  C D  o f a -fe n ch o 
cam p h oron e w’as o n ly  sm all. In  F igure 2 th e  ratio  
o f  A / B  o f  th e  va lu es o f  A« in  th e  tw o  m axim a w ou ld  
b e  1 %  low er if  th e  C D  o f  th e  labeled  k eton e  w as 
d ep icted  here instead  o f  the C D  o f  the u nlabeled  k etone. 
T h e  d o tte d  line in  F igure 2 encloses a part o f  th e  graph  
w hich  is d ifferent in  th e  case o f  th e  labeled  keton e. 
In  F igure 3 th is detail o f  th e  C D  curves o f  b o th  labeled  
and unlabeled  k eton e is en larged. T h e  in fluence o f

(23) In this context it m ay be of interest to mention some data found in 
the literature. The yellow compound dehydronorcamphorquinone (12)

gives a colorless solution in water. A  hydrate is postulated.24 Thus this 
diketone might undergo uncatalyzed oxygen exchange with water, whereas 
oxygen exchange between water and a ketone requires catalysis.25 Rassat26 
states that isofenchonequinone (13) is hydrated easily. Seme norsteroids 
with an a-diketone chromophore in the unsaturated A ring (14) can be 
isolated as monohydrates.27 Cyclobutane-1,2-dione even reacts with water 
to give a-hydroxycyclopropenecarboxylic acid.28

(24) H .-D . Scharf, W . Droste, and R. Liebig, Angew. Chem., 80, 195 
(1968).

(25) This statement does not hold at elevated temperatures; e.g., cyclo- 
pentanone recovered after heating in a sealed tube (2 hr; 150°); cyclo- 
pentanone (1 ml), T H F  (1 ml), and labeled water (0.5 g, 12.062 at. %  
180 6) had a label of 7 .36%  lsO. For a similar though less convincing experi
ment, see M . Cohn and H. C. Urey, J. Amer. Chem. Soc., 60, 679 (1938).

(26) H .-P . Gervais and A. Rassat, Bull. Soc. Chim. Fr., 743 (1961).
(27) T . Kubota and F. Hayashi, Tetrahedron, 23, 999 (1967).
(28) J .-M . Conia and J. M . Denis, Tetrahedron Lett., 2845 (1971).
(29) W . Htickel and M . Sachs, Justus Liebigs Ann. Chem., 498, 166 

(1932).
(30) C. Coulombeau and A. Rassat, Bull. Soc. Chim. Fr., 3752 (1966).
(31) The angles of rotation of a-fenchocamphorone in M eO H  and EtO H  

are identical within the experimental error.
(32) E . J. Corey and J. P. Schaefer, J. Amer. Chem. Soc., 82, 918 (1960); 

J. P. Schaefer, ibid., 84, 713, 717 (1962).

(33) It is possible to prove rigorously that oxidation of 7 is not accom
panied by racemization. To prove this 7 has to be prepared, enriched in 
13C in the 2 or 3 position. This [13C - 180 ] -7  has to be oxidized to give 8. 
Use has to be made of fragmentation reactions in the mass spectrograph: 
molecular ions of norcamphorquinones lose CO and OCCO very easily. 
W e can exclude racemization if (1) the fragment (M  — 56) is not enriched 
in 13C, (2) it follows from measurement of M  that 8 is labeled specifically,
(3) it is proved by measurement of (M  — CO) that oxidation of [2-l3C -  
2 -180 ] -7 , e.g., gives rise exclusively to [2-13C -2 -180 ] -8 . This is possible 
because scrambling of 180  (equal to inversion of the absolute configuration 
if the molecule was not enriched in 13C) means formation of [2-13C -3 -180 ] -8  
which has a structure of the multiplet (M  — CO) different from that of 
[2-13C -2 -180 ] -8 ; cf. eq ii and iii (a fragmentation reaction of 8 labeled with

— 13C = ‘*o]+ +  [ r — ,!C = '6o ] + (ii)

m/e 129 m/e 126

— '3C = ‘so ] + +  [ R — ‘-’C = !io ] + (iii) 

m/e 127 m/e 128

i3C and 180  in the chromophore (R  =  C7H 12)]. 2 -13C—2 -180 -8  gives in the
fragment (M  — CO) a relative increase of intensity of the peak for m /e  129 
compared with unlabeled 8 (eq ii). 2 - ‘ «C -3 -“ 0 -8  gives in the fragment 
(M  -  CO) a relative increase of intensity of the peaks for m /e  127 and 128 
compared with unlabeled 8 (eq iii).

(34) W . C. M . C. Kokke and L. J. Oosterhoff, J. Amer. Chem. Soc., 94, 
7583 (1972).

(35) The factor used to correct the observed C D  for optical and isotopic 
impurity was 10000/(48.05 X  90.7); 90.7 stands for the optical purity of 
the 1*0—1bO diketone and 48.05 for its isotopic purity, i.e., the percentage 
of molecules labeled with one lsO.

+ C = I90
E I
Ll’c— 'o

[H

/ J-1C = ,60
R I
< + c= ,!o
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180  su bstitu tion  on  the absorption  spectra  o f  k eton e  (7) 
and d ik eton e  (8) cou ld  n ot be  detected  w ith  a  C a ry  
14 or  a C a ry  15.

E xperim en ta l S ection

Melting points are not corrected. Angles of rotation were 
determined with a Bendix-NPL photoelectric polarimeter at 
room temperature.

Mass spectra.— Labels were calculated from peak intensities 
in spectra obtained with a MS-9 mass spectrometer. Because 
of the various methods to calculate percentage labeling from peak 
intensities, we give a numerical example of the method we have 
used. In the mass spectrum of a sample of labeled camphor- 
quinone (CioHuO,) peaks due to molecular ions are at M/e 166, 
167, and 168 with relative intensities of 100, 11.19, and 2.275. 
Correction of the peak intensities for M /e  167 and 168 for satel
lites of M /e  166 due to D and UC is done by comparison with a 
mass spectrum of CioHn. Relative peak intensities for M/e 
134, 135, and 136 in CioHu are 100, 11.03 and 0.55.36 The lsO 
label is equal to [(2.275 — 0.55)/[100 +  (11.19 — 11.03) +  
(2.275 -  0.55)] X 100% =  1.67% 180 . Note, the absolute 180  
content is calculated; no correction for natural abundance is 
applied.

Camphor Hydrazone37 was recrystallized from isooctane. 
Stored at —20° over P20 5 it did not liquefy as observed in by 
Reusch, et al.,37 and after a year the crystals had only turned 
slightly yellowish.

Camphor enol benzoate, prepared according to Lees,38 ap
peared to be very impure (glpc). The composition of the reac
tion product depends on the reaction time: when camphor is 
refluxed with benzoyl chloride during 4 hr, the enol ester is the 
main reaction product, but when refluxed overnight another 
component of the mixture (probably the benzoate of 1-hydroxy- 
camphene) becomes the main product. The enol ester was 
purified by column chromatography over silica gel. Elution with 
carbon tetrachloride then gave pure camphor enol benzoate. 
The enol ester is a liquid at room temperature. Nmr data 
(CCL) (shifts with respect to TM S) include three methyl groups 
at S 0.790, 0.986, 1.042 ppm; a triplet at 5 2.831 ppm [J = 2 X
3.50 Hz; H attached to C, (bridgehead proton)]; and a doublet 
at S 5.742 ppm [./ =  3.72 Hz; H attached to C3 (vinylic proton)].

Labeling of Camphor by Hydrolysis of Camphor Hydrazone.— 
A mixture of camphor hydrazone (8.3 g), labeled water (4.0 ml, 
2.095 at. %  I80 6), and ethylene chloride (50 ml) was placed in a 
heavy-walled, long-necked flask at a high vacuum line and de
gassed, and hydrogen bromide [1.67 1./200 (1 atm)] was then 
frozen into it. The sealed mixture wras left overnight, then 
heated whilst magnetically stirring for 8 hr at 80°. Normal 
isolation procedures then gave the labeled camphor which was 
purified twice by sublimation to give 6.0 g of camphor, label 
2.26% 180 .

(36) J. H. Beynon and A. E . Williams, “ Mass and Abundance Tables 
for Use in Mass Spectroscopy,” Elsevier, Amsterdam, 1963, p 23.

(37) W . Reusch, M . W . DiCarlo, and L. Traynor, J. Org. Chem., 26, 1711 
(1961).

(38) F. H . Lees, J. Chem. Soc., 83, 152 (1903).

Figure 3.— Detail of the CD of labeled (C) and unlabeled (D) 
a-fenchocamphorone (in cyclohexane).

Labeling of Selenium Dioxide by Exchange.— Highly labeled 
selenium dioxide was prepared by exchange between selenium 
dioxide (4.9 g) and deuterated water (1.0 g, 91.8% 180 ; a gift of 
Professor E. Heilbronner, Basel) (16 hr on a bath at 130°). 
The water was then removed with a rotatory evaporator until the 
residue crystallized. Drying was effected in an oven over P2O5 
in vacuo. Label was calculated on the basis of complete exchange 
31.25% 180 .

Oxidations of Labeled Camphor. Two Selected Experiments
(A and B). A.— A mixture of labeled camphor (3.0 g, 2.19% 
“ O), selenium dioxide (1.5 g), and acetic anhydride (3 ml) was 
heated for 3 hr at 145°. After removal of the solvent and sub
limation the crude product ( 1.8 g) was separated by preparative 
glpc to give camphor (0.8 g) and camphorquinone (0.5 g, label 
2.27% 180 ) .  Retention of label was 2.38% “ O.

B.— A mixture of labeled camphor (2.5 g, 2.19% 180 ), selenium 
dioxide (1.85 g), and dry toluene (5 ml) was refluxed for 15.5 hr, 
then the solvent was removed, and the residue sublimed. Sep
aration of the crude mixture (2.0 g) gave camphor (1.4 g) and 
camphorquinone (0.1 g) (label 2.32% 180 ) .  Retention of label 
was 2.38% 180 .

Oxidation of Camphor Enol Benzoate with Labeled Selenium 
Dioxide.— A stirred mixture of benzene (9 ml), labeled selenium 
dioxide (3.0 g, 31.25% I80 ), and camphor enol benzoate (4.4 g) 
was heated at 150-160° in an autoclave for 3.3 hr. The reaction 
can be carried out in xylene as well (4 hr, reflux) but we chose 
benzene because it can be removed more easily. Methylene 
chloride was then added to the cooled reaction mixture which 
was filtered. Benzoic acid was removed by washing with Na- 
HCO3 solution. After sublimation the camphorquinone was 
purified by recrystallization (twice) from cyclohexane; the 
mother liquors were worked up by preparative glpc (SE-30 
column). The yield was 2.0 g; 30.95% of the molecules was 
labeled with one I80 ; 3.58% was doubly labeled; the fragment 
(M  — CO) had a label of 19.00% 180  (32.5-eV spectrum), 19.07% 
180  (15-eV spectrum). These data seem consistent with a dike
tone, label 19.14% “ O, the “ O randomly distributed over the 
carbonyl groups; viz., expected for this case were 30.95% of the 
molecules labeled with one “ O, 3.66% doubly labeled, a fragment 
(M  — CO) with a label of 19.14% 180 . We should expect a 
random distribution of 180  over the carbonyl groups only if both 
oxygen atoms of the diketone formed were provided by selenium 
dioxide, but the label of the diketone is about two-thirds of the 
value which this mechanism would suggest (19.14% instead of 
31.25% 180 ) ;  this loss of label might be due to exchange prior to 
oxidation.

According to our measurements, when optically pure camphor 
is used for the preparation of the enol benzoate, then oxidation 
of this enol benzoate gives optically pure camphorquinone.

(-f)-Fenchone oxime (2) was prepared from ( -j-)-fenchone 
(Fluka, purum) according to Wallach38 in at least 80% yield: 
[ a ]  d  +41.19° (absolute EtOH), mp 162-164° after recrystalliza
tion from heptane and dilute alcohol; lit.28 [ a ]D  +46.5° (EtOH), 
mp 167°.

Fenchylamine (3) was prepared from 2 by reduction39 40 with 
sodium and alcohol. The hydrochloride after two recrystalliza
tions from dioxane had a specific rotation of [a]n —4.53° (M e- 
OH).

( —)-a-Fenchene (4).—The amine 3 was regenerated from the 
hydrochloride and treated with nitrous acid.41 The reaction 
products were separated by fractional distillation using a Nester- 
Faust spinning band column (~ 2 0  cm). From 1.5 kg of 1 86 g

(39) O. Wallach, Justus Liebigs Ann. Chem., 263, 136 (1891).
(40) O. Wallach, Justus Liebigs Ann. Chem., 272, 105 (1893).
(41) W . Httckel, Ber., 80, 39 (1947).
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of a-fenehene fractions was obtained (purity >87 .4% ) that were 
used for the preparation of a-fenchocamphorone (5). For the 
measurements more pure 4 was obtained by careful redistillation 
(~ 2 0  cm, 2 ml/hour) of a forerun. The purest sample (99.54%) 
had [ a ]D  —42.62° (ethyl acetate).

(+)-a-Fenchocamphorone (5).— Some early terpene chem
ists42 43 have prepared 5 by ozonization of 4, but Matiinen200 failed 
to reproduce their reasonable yields. We prepared 5 by oxida
tion of 4 with ruthenium tetroxide in methylene chloride in 
65.5% yield. A sample of the crude ketone was sublimed; then 
mp 91-96°, [ a ]D  +57.93° (MeOH), was found. Another sample 
was oxidized with selenium dioxide,9 and after distillation the 
oxidation product was purified by preparative glpc (SE-30 col
umn) to remove unreacted ketone. After sublimation the a- 
fenehocamphoronequinone had mp 139.0-139.5°. No effect in 
CD could be detected. Therefore 5 was not contaminated with 
i3-fenchocamphorone (10), because it would have been possible 
to detect /3-fenchocamphoronequinone (11) by CD .21

( —)-a-Fenchocamphorone hydrazone (6) was prepared from 
5 in the manner of Reusch, et al.,37 in 74.4-82.2% yield. 6 was 
a liquid at room temperature, but crystallized on storing at 
— 15°. Different angles of rotation were recorded for two prep
arations: [cb] d —51.27° and —58.32° (MeOH).

Hydrolysis of 6. Introduction of the Label. Labeling Pro
cedure.— Into a degassed mixture of 6, labeled water, and ethyl
ene chloride, attached to a high vacuum line, HBr was intro
duced. The method used is the same as was pursued for the 
labeling of camphor by hydrolysis of its hydrazone, but it was 
found more convenient to introduce HBr in the reaction mixture 
using a break-seal vessel. A break-seal vessel with two taps 
and a ground-glass joint (Figure 4) was flushed with HBr, the 
lower part of the vessel was then immersed in liquid nitrogen, 
and the calculated quantity of HBr (2 mol of H B r:l mol of 
hydrazone) was admitted and condensed. The taps were 
melted off. Then the vessel was attached to the high vacuum 
line, the seal broken, the liquid nitrogen removed, and HBr 
frozen into the reaction mixture. As already described we used 
4 g of water for the hydrolysis of 8.3 g of camphcr hydrazone, 
and we obtained 6.0 g of camphor and 2.0 g of residue (azine). 
It might be expected that further reduction of the quantity of 
water with respect to the hydrazone would result in an increase 
of the yield of azine. In the case of 6 azine formation is sterically 
more easy than in the case of camphor hydrazone. Thus, when
8.3 g of camphor hydrazone was hydrolyzed with 2 0 g of water,
4.4 g of camphor and 3.2 g of residue were obtained, but 6 (7.6 
g), hydrolyzed with water (2.0 g) in ethylene chloride (50 ml), 
gave 4.4 g of residue and 2.65 g of 5, mp 100-105°, [a]D +65.10° 
(MeOH).

Labeling.— Water containing 0.31 at. %  170  , 62.38 at. %  180 , 
and 64.0 at. %  D 6 was used. We used deuterated water en
riched in lsO, because it is less expensive than water enriched in 
“ O where the deuterium content has been reduced to natural 
abundance. Thus 5 will be labeled with I80  and deuterated, 
but only in the 3 position. Deuteration of norbornanones is 
well documented.43 Introduction of D at the exo-3 position is 
easy, introduction of a second D is more difficult, and deutera
tion at the 6 position does not take place under our conditions.

6 (7.6 g) was hydrolyzed with labeled water (2.0 g) and HBr; 
7 (2.45 g) was obtained and 4.75 g of residue of sublimation. 
Labels were calculated in the assumption that only monodeutera- 
tion had occurred: specific 3 deuteration 3.25%, label 62.72% 
180 .

Specifically Labeled a-Fenchocamphoronequinone. High 
Label Incorporation.— 7 (2.40 g, 62.72% uO) was heated with 
selenium dioxide (1.53 g) and acetic anhydride (2.2 ml) (4 hr on a 
bath at 150°). By use of 20 ml of dry methylene chloride the 
reaction product was separated from selenium; it was washed 
with a bicarbonate solution until neutral and ther_ with a satu
rated NaCl solution. The solvent was removed with suction 
and the residue distilled. Diketone and unreacted monoketone 
were separated by preparative glpc (SE-30 column): 0.86 g of
7 was recovered, mp 108-110°, specific 3 deuteration 3.44%,

(42) G. Komppa and S. V . Hintikka, Ber., 47, 936 (1914); R . H . Roschier, 
Ann. Acad. Sci. Fenn., Ser. A , 10 (1), 56 (1917).

(43) A . F. Thomas and B. Willhalm, Tetrahedron Lett , N o. 18, 1309 
(1965); J. M . Jerkunica, S. Borcic, and D . E . Sunko, ibid., N o. 49, 4465 
(1965); A . F. Thomas, R . A . Schneider, and J. Meinwald, J. Amer. Chem. 
Soc., 89, 68 (1967); T . T . Tidwell, ibid., 92, 1448 (1970).

label 60.19% 180 ; 0.55 g of 8 was obtained, 48.05% labeled spe
cifically with 180 , 50.87% unlabeled, and 0.08% doubly labeled 
with 180 . A solution of 8 showed CD in both absorption bands 
between 250 and 520 nm. That the observed CD in the visible 
region was due to isotopic substitution could not be called to 
question because the precursor 7 does not absorb there, but it 
happens to be that the second absorption band of 8 at ~300 nm 
coincides with an absorption band of the precursor 7 and thus it 
had to be made sure that the observed CD of 8 at ~300 nm was 
indeed due to 8 and not due to the precursor. The CD band 
which we observed in this region was shaped like the CD band 
of 7, but it had a very unusual fine structure. Because of this 
band shape we suspected that traces of 7 interfered with the CD 
measurement . Indeed we showed 8 by glpc to be contaminated 
with 0.1-0.2%  of 7. This impurity was removed by preparative 
glpc to yield 8 (0.4 g), mp 140.0-140.5°. Then CD was mea
sured again; the observed CD curve is displayed in Figure 1.

The Ultimate Proof That the Observed CD of 8 Is Due Only 
to Isotopic Substitution Is an Exchange Experiment.— First CD 
and absorption were measured of a spectroscopic solution of 8 
(24.2 mg) in heptane (10 ml). Then to this solution was added 
water (4 g) and acetic acid (1 g). This mixture was magnetically 
stirred at room temperature for 15.25 hr and neutralized, the 
layers were separated, and the hydrocarbon layer was used for 
measurement of CD and absorption. No CD could be detected 
which may serve as a proof of the purity of 8 : the optical density 
in the visible region decreased by ^ 5 0 %  during this experiment. 
This might be due to formation of hydrate.26

Data of the CD Curve of 8.— The following were obtained: 
uv bands— Aemal 2.36 X  10-3 and peaks at 264.5, 268.3, 275.0,
279.8, 286.7, 292.3, 299.3, 306.6, 314.2, 322.5, 331.0, and
340.7 nm; visible band— Aemi„ —8.93 X 10-3 and peaks at 462.5 
and 484.5 nm.

Experiment with Labeled Selenium Dioxide and Unlabeled 
Ketone.— Attempted preparation of (IS)-2-[180]-a-fenchocam- 
phoronequinone, the antipode of 8, follows. Using labeled sele
nium dioxide (31.25% 180 )  and 5, and conditions as in the ex
periment with highly labeled 7, [180]-a-fenchocamphorone
quinone was obtained. Some unreacted ketone (label 0.86% 
180 )  was recovered. Of the diketone 10.62% was labeled with 
one 180  and 0.27% was doubly labeled. If no exchange between 
selenium dioxide and the reaction medium had occurred, we 
should expect 31.25% of the diketone to be specifically labeled. 
Because of the low label the effect in CD of this diketone should 
be weak, but the two highest peaks in the visible band (Figure 1) 
should have been above noise level. [The maximum pen de
flection expected in CD on the basis of the optical density of the 
solution of the diketone, its low isotopical purity (10.62%), and 
the observed CD of 8 (Figure 1) was 9 mm; the noise level of the 
CD apparatus was 3 mm.] However, no CD could be detected. 
Presumably (partial) racemization had occurred.

Exchange Experiment with 7 and 8 (Both Labeled by Ex
change) in Acetic Anhydride.— A solution of 7 (0.4329 g) and 8 
(0.4013 g) in acetic anhydride (2.1 g) was heated under reflux. 
Water was added with a syringe in 5-/xl portions at intervals of 
3 min. After addition of 30% of the calculated quantity of 
water (equal to 30% of 0.37 g), a sample of the mixture was taken 
for the determination of the labels; sampling was also done
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when 50, 70, and 90% of the water had been added. The results 
are shown in the Table I.

T able I
Diketone,

Water, labeled with
added, one Ketone,

% 180 ,  % %  » 0

0 19.24 30.2
30 13.70 29.4
50 11.25 28.9
70 7.31 27.4
90 5.84 26.3
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Cephalosporanic acids, in which the acetoxy group is displaced by sulfur nucleophiles, were reduced to 3-meth- 
ylenecephams. Esterification procedures are described for preparing both 3-methylenecepham and 3-methyl-3- 
cephem esters. 7-Amino-3-methylenecepham-4-carboxylic acid and its esters were isomerized to 7-ADCA and
7-ADCA esters, respectively.

W e  h ave h ad  considerable  interest in recent years in 
deve lop in g  n ew  syn th etic  routes to  d ea cetoxy cep h a lo - 
sporins. A  prin cip al m em ber o f  th is series o f  anti
b io tics  is ceph a lex in 1 ( 1 ). Syntheses o f  th is ora lly  
active  co m p ou n d  in clude acy la tion s o f  either 7-am in o- 
d ea cetoxy cep h a losp oran ic  acid  (7 -A D C A , 2 )2 ob ta in ed  
b y  h ydrogen olysis  o f  7 -A C A 3 4 o r  7 -a m in od ea cetoxy - 
cephalosporan ic a c id  esters ( 3 ) 4 p rod u ced  in th e  ring 
expansion  o f pen icillin  su lfox ides .5 T h is  paper reports 
th e  preparation  o f  3 -m eth yleneceph am s6 and their 
con version s to  2 and 3.

2 1

Î
■CHCON—j—

nh2 o^ _N y v CH3 
C 00R  COOR

3

(1) Cephalexin is the generic name for 7-(D-2-amino-2-phenylacetamido)- 
3-methyl-3-cephem-4-carboxylic acid; cephalexin monohydrate, Keflex, Lilly.

(2) C. W . Ryan, R . L. Simon, and E . M . Van Heyningen, J. Med. Chem., 
12, 310 (1969).

(3) R . J. Stedman, K . Severed, and J. R . E . Hoover, J. Med. Chem., 7, 
117 (1964).

(4) R . R . Chauvette, P. A . Pennington, C. W . Ryan, R . D . G . Cooper, 
F. L. Jose, I. G. Wright, E . M . Van Heyningen, and G . W . Huffman, J . Org. 
Chem., 36, 1259 (1971).

(5) R . B. Morin, B. G . Jackson, R . A . Mueller, E . R . Lavagnino, W . B. 
Scanlon, and S. L. Andrews, J. Amer. Chem. Soc., 85, 1896 (1963); 91, 1401 
(1969).

(6) (a) R. B. Morin, private communication, 1962; U . S. Patent 3,275,626  
(1966); (b) M . Ochiai, O. Aki, A . Morimoto, T . Okada, K . Shinozaki, and 
Y . Asaki, Tetrahedron Lett., 2341 (1972); (c) M . Ochiai, O. Aki, A . Mori
moto, T . Okada, and T. Kaneko, ibid., 2345 (1972); (d) M . Ochiai, O. Aki, 
A . Morimoto, and T. Okada, ibid., 3241 (1972); (e) M . Ochiai, E . Mizuto,
O. Aki, A. Morimoto, and T. Okada, ibid., 3245 (1972); (f) M . Ochiai, O. 
Aki, A . Morimoto, T . Okada, and H . Shimadzu, J. Chem. Soc., Chem. Com
mun., 800 (1972).

W e  an ticip ated  th at a se lective  desu lfu rization  o f 
cepha losporin s in w h ich  th e  a ce to x y  grou p  at C 3 
m ethylene has been  disp laced  b y  sulfur n ucleoph iles (4 ) 
w ould  lead  t o  d eacetoxyceph alosporin s (5 ). W h ile  
som e 3-m eth yl-3 -cep h em s (5) indeed  form ed  in the 
treatm en t o f  these su lfu r-derivatized  cephalosporin s 
w ith  R a n ey  nickel, 3 -m eth yleneceph am s (6 ) con stitu ted  
the m a jor  p rodu cts . O ther reducing  con d ition s, n o ta 
b ly  z in c -fo rm ic  a c id -D M F , w ere also e ffective  in  th is 
conversion .

T h e  nm r spectra  o f  3 -m eth yleneceph am s sh ow  a 
singlet at r  4 .9 fo r  the C 4 p ro to n  and a d ou b le t near r
4.7 fo r  th e  exo-m ethylene grou p in g. T h e  u v  ch rom o- 
ph ore at 268 m/i, characteristic  o f  /?-la ctam -A ^ un - 
sa tu ration  system  in cephalosporin s, is n o t seen w ith
3-m eth yleneceph am s. 3 -M eth y len ecep h am  acids are 
d ev o id  o f  a n tib io tic  a ctiv ity .

E arlier reports o f  3 -m eth yleneceph am s in clu de  an 
iso la tion  o f  m ethy l 7 -p h en oxyaceta m id o-3 -m eth y len e- 
cep h a m -4 -carbox y la te  as a m inor p ro d u ct w ith  7 - 
p h en ox y acetam id od ea cetoxy cep h a losp orin  m eth y l ester 
from  ring  expan sion  o f  pen icillin  V  su lfox ide  m eth y l 
ester .68 M o re  recen tly  O chiai, et al., pu blish ed  a 
redu ctive  c leavage o f the a ce to x y  grou p  in  cep h a lo 
sporan ic acids using ch ro m iu m (II ) sa lts th a t led  to  3- 
m ethylen ecepham s in qu ite  resp ecta b le  y ie ld .64

T h e  starting  m aterials (4 ) w ere prepared  b y  k n ow n  
procedu res .7 A  varie ty  o f  ceph a losp ora n ic  acids w ere 
treated  w ith  se lected  n ucleoph iles (such  as th iourea , 
th iob en zo ic  acid , potassiu m  eth y l xan th ate , and 
sod iu m  th iosu lfa te ) in neutral, aqueou s solu tion s at 50° 
fo r  20 hr. T w o  separate redu ctive  cleavages o f  the 
C H 2- S  b on d  at C -3  in 4  were con d u cted .

(7) (a) J. D . Cocker, B. R . Cowley, J. S. G. Cox, S. Eardley, G. I. Gregory. 
J. K . Lazenby, A . G . Long, J. C. P. Sly, and G. A . Somerfield, J. Chem. Soc., 
5015 (1965); (b) E . M . Van Heyningen and C. N. Brown, J. Med. Chem., 
8, 174 (1965); (c) Netherlands Patent 6,916,634 (1970).

COO"
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In  m eth od  A , com m ercia l R a n e y  n ickel was u sed  in 
aqueous e th an ol solutions w ith  4, u nder low  pressure, 
ro o m  tem peratu re, and overn ight h ydrogen a tion  con 
ditions.

In  m eth od  B , zin c dust in  te tra h y d ro fu ra n -form ic  
a c id  so lu tion s o f  4, conta in in g  ca ta ly tic  d im eth y lform - 
am ide, w ere stirred at ro o m  tem peratu re overn ight. 
M ixtures o f  so lven ts (som etim es in clud ing  w ater) w ere 
chosen  th a t e ffective ly  solub ilized  th e  starting  m aterial.

T h e  R a n e y  n ick el redu ction  generally  gave h igh  
y ields o f  3 -m eth yl-3 -cephem s (5) and 3 -m eth ylene- 
cepham s (6 ) in  a p ro d u ct ra tio  o f  1 :4 ^ 1 :5 s from  iso 

CÖOH
6

4a, R -  C5HsCH2CO; R ' -  S C ^
n h 2

^ nh2
b, R =  C6HjOCH2CO; R ' =  S C T

^-NH,

‘ ■R= Ç l

d' R- Ç k

CHjCO '

CH,CO ’

R’ = s c ;
^nh2
"N H ,

S
II

R' =  SCOC2H5

R - O
»  CH2CO

f, R =  O
s x h 2co

s  X H .C O

R '- S C C 6H5

0
; R ' =  SCH3

; R '= S S Q ,N a

^NH2
h, R =  C6HjCHC0; R ' - S C C

I ^NH2
OH

S
II

i, R = H ;  R '=.SCOC,H s

ch loride  re a ctio n ,10 w ith  sily la tion 11 and w ith  m ixed 
a n h yd rid e12 pro tection  o f  the C -i-carboxyl grou p , to  
a fford  6e.

COO" COO"
6e 2

/  1

6c 1

A n  in teresting  varian t o f  th e  redu ction  o f these 
su lfur-derivatized  cephalosporin s is the redu ction  o f 
th eir  C 4-esterified  analogs. W h en  treated  w ith  R a n ey  
n ickel, th e  ben zy l ester o f  th e  xan th ate  d eriv a tive  8 gave 
a p rod u ct m ixture th at w as 8 0 %  9 and 2 0 %  11 as 
determ ined  from  th e  nm r spectru m . Sim ilarly, z in c -  
fo rm ic  a c id -D M F  con v erted  th e  ben zy l ester o f  the 
th iob en zoa te  derivative  10 to  a  m ixture o f  9 and 11 in  a 
2 :3  p ro d u ct ratio , as d e tected  in  th e  n m r spectrum .

6a, R  =  C6H.,CH,CO 

b, r - c6h 5o c h 2c o

'• R- C \
b  CH.CO

6d, R  -  CjHjCHCO 

OH
e, R - H

4 g

7

th iou ron iu m  (4 a ,b ,c ,h ), x an th ate  (4 d ,i), and B u n te  
(4g) derivatives b u t w ere in com p lete  (generally  ab ou t 
5 0 -6 0 %  con version s) w ith  th iob en zoa te  (4e) and sulfide 
(4 f) derivatives.

T h e  z in c -fo rm ic  a c id -D M F  redu ction  e ffective ly  
redu ced  all startin g  m aterials excep t th e  B u n te  salt 
(4g). T h e  acid ic con d ition s o f  th is reaction  con verted  
4g  largely  to  th io la cton e  7. A lso , th e  z in c -fo rm ic  a c id -  
D M F  redu ction  o ften  y ie ld ed  a nearly  1 :1  p ro d u ct 
d istribu tion 8 o f  5 and 6 from  th iob en zoa tes such  as 
com p ou n d  4e.

I t  sh ou ld  be  n o te d  th a t  in  con tra st t o  th e  m eth od  o f 
O chiai, et al.,6 w h ich  con v erts  cepha losp oran ic  acids to
3 -m eth ylene cepham s, neither R a n e y  n ickel n or z in c -  
form ic  a c id -D M F  p rod u ced  m ore th an  m in or am oun ts 
o f  3 -m eth yleneceph am s an d  d ea cetoxy cep h a losp oran ic  
acids from  ceph a losp ora n ic  acids.

T h e  3 -m eth ylen eceph am  nucleus (6e) was obta in ed  
b y  tw o  different routes. C om p ou n d  4i, prepared  b y  a 
m od ifica tion  o f  a  reported  p roced u re ,9 was su b jected  
t o  th e  R a n e y  n ick el redu ction  con d ition s. P ro d u ct 
6e  w as precip ita ted  from  con cen tra ted  w ater solu tion s 
at its isoe lectric  po in t. A ltern a tive ly , th e  side chain  
o f  3 -m eth yleneceph am  6c  w as rem oved  in the im ino

(8) Product ratio was assessed by silica gel tic (M eaCO-H OAc, 16 :1 , 
and M e C N -H 2 0 , 7 :3 )  and by nmr analysis of crude reaction products.

(9) U . S. Patent 3,446,803 (1969).

COOCH2C6H5

10

A  carbon ium  ion  (12a) stab ilized  b y  resonance form s 
12b and 12c has been  su ggested  as a proba b le  in ter-

12a 12b 12c

m ediate in  th e  n u cleoph ilic  d isp lacem en t o f  th e  a ce tox y  
grou p  o f cepha losporan ic acids in  their free acid  form  
an d  in  aqueous solutions.7“ T h e  sam e carbon iu m  ion  
w as in vok ed  as an in itia l step in  th e  fo rm a tion  o f 3- 
m ethylen ecepham s b y  ch ro m iu m (II ) reductions o f

(10) F. M . Huber, R . R . Chauvette, and B. G . Jackson in “ Cephalo
sporins and Penicillins: Chemistry and Biology,”  E . H . Flynn, Ed., Acade
mic Press, New York, N . Y .,  1972, Chapter 2.

(11) B . Fechtig, H . Peter, H . Bickel, and E . Vischer, Helv. Chim. Actr, 
61, 1108 (1968).

(12) R . R . Chauvette, H . B. Hayes, G . L. Huff, and P. A . Pennington, 
J. Antibiot. (.Tokyo), X X V ,  248 (1972).



2996 J. Org. Chem., Vol. 38, No. 17, 1973 Chauvette and Pennington

cephalosporins, as free  acids and in  aqueou s m edia .6f 
O ur results w ith  8 an d  10 in d icate  that, if  such  a  car- 
bon iu m  ion  in term ediate  w ere in vo lved  at all, it  does 
n o t require th e  presence o f  a  free ca rb ox y l grou p  at C 4 
during  C -S  b on d  cleavage at th e  C 3 C H 2.

A s an extension  o f these redu ction  studies, w e pre
pared  iso th iou ron iu m  salt 13a and xan th ate 13b 
derivatives in  the 2-ceph em  series. T h e  redu ction  o f 
13a and 13b w ith  R a n ey  n ickel gave  exclu sively  the 
3 -m eth y l-2 -cep h em  com pou n ds 14. Z in c -fo rm ic  a c id -  
D M F  redu ction  o f these led  to  m ixtures o f  14 and the

13a, R' =  SC: 

S

;NH2

n h 2

b, R' =  SCOC,Hs

3-m eth ylen eceph am  6c in  6 :4 - 7 :3  p rod u ct ratios as 
ca lcu lated  from  their n m r spectra .

B o th  6b  and 6c, as p -m eth oxyben zy l (15a and 15c) 
and p -n itroben zy l (15b and 15d) esters, sm ooth ly  
underw ent side-chain  cleavage reaction s t o  their cor 
respon d in g  7 -am in o-3 -m eth ylen eceph am  esters 16a and 
16b.

E sters 1 5 a -d  w ere prepared  using exactly  1 equ iv  o f  
base in  cou p lin g  reactions o f  3 -m eth yleneceph am  acids

15a, R =  Cr,H3OCH,CO; R " =  CH2— 0CH;1

b, R =  C„H,0CH2C0; R " =  C H , - ( ^ ) ) - N 0 2

c, R =  ; R " =  CH, - O -  OCHj
^SX CH2CO

d, R =  ; R " =  CH, - 7 Q > -  NO,
*sx CHico ^
16 a, R " -  CH, OCH,

b, R'' =  C H , - @ - N 0 2

1

w ith  ben zy l brom ides. T h e  sam e esterification , in the 
presence o f  excess base, resu lted  in  d ou b le -b on d  isom er
ization , g iv in g  rise to  dea cetoxyceph a losporin  esters 17. 
P red ictab ly , 3 -m eth yleneceph am  esters 15, d isso lved  in 
d im eth ylacetam id e  conta in in g  a few  drops o f  tr ie th y l- 
am ine and stored  at ro o m  tem peratu re overn ight, 
con verted  to  d ea cetoxyceph alosporin  esters 17. T hus, 
6c afforded  the p -m eth ox y b en zy l ester 17a and p - 
n itroben zy l ester 17b o f  dea cetoxycep h a loth in  either 
d irectly  or  via  the 3 -m eth yleneceph am  esters 15 fo l
low ed  b y  an isom erization  step.

COOR"
15

15c, R " =  CH, OCH3 17a, R " =  CH2 ^

b, R " =  CH, - © > -  NO, b, R " =  CH2 N 02

T h is  con version  o f  3-m ethylenecepham s to  3 -m eth y l- 
3 -cephem s e ffective ly  p rov id ed  a new, efficient a lternate 
synthesis o f  cephalexin. T rim eth y lsily la tion  o f  th e  
3 -m eth yleneceph am  nucleus (6e), u nder basic con 
ditions, led  to  the iso la tion  o f  2 in nearly  qu an tita tive  
y ield . Its  p -n itroben zy l ester (16 b ), as a h ydroch loride , 
was isom erized  to  3 in  h igh  y ie ld  in d im eth ylacetam ide 
conta in in g  triethylam ine in excess o f  1 equ iv .

A ltern ate ly , hexam ethyldisilazane reacted  w ith  7 - 
(th ioph en e-2 -aceta m ido)-3 -m eth y len eceph am -4 -carbox - 
y lic  acid  (6c) to  sim ultaneously  p ro te c t th e  C4 
carboxy l grou p  and isom erize th e  dou b le  b o n d  b y  reason  
o f its  ba sicity . T h e  reaction  m ixture w as su b jected  to  
the im ino ch loride side-chain  cleavage reaction , leading  
to  the iso la tion  o f  7 -A D C A  (2) in  7 5 %  overa ll y ie ld .

N m r, ir, and u v  spectra  o f  b o th  7 -A D C A  (2) an d  7- 
A D C A  ester (3) obta in ed  from  the reaction s ju st 
described  w ere identica l w ith  th ose  o f  au th en tic m ate
rial. S ince b o th  these com p ou n d s (2 and 3 ) w ere 
in tegra l parts o f  earlier syn th eses,2’4 th is w ork  repre
sents an oth er synthesis o f  cephalexin  from  ceph a lo- 
sporan ic acids via 3 -m ethylenecepham s.

E xperim en ta l S e c tio n 13

Reduction of Compounds 4a-k, 8, 10, 13a, and 13b. Method
A.— 3-Amidinothiomethyl-7-(phenoxy-2-acetamido)-3-cephem-4- 
carboxylic acid inner salt (4b), 1 g (2.4 mmol), was dissolved 
in 50 ml of H20  and 50 ml of EtOH and hydrogenated 
at room temperature overnight in a Parr apparatus, using 45 psi 
of H2 and 6 g of Raney nickel. The catalyst was filtered and 
washed with alcohol. The filtrate and wash were combined 
and concentrated in vacuo to remove the alcohol. The aqueous 
residue was slurried with EtOAc, cooled in ice, and acidified to 
pH 2.5 with concentrated HC1. The EtOAc solution was sep
arated, washed with H20 , dried (M gS04), and concentrated to a 
smaller volume for crystallization. Yield of 7-(phenoxy-2- 
acetamido)-3-methylenecepham-4-carboxylic acid (16b) was 
650 mg (82%).

Method B.— 3-Benzoylthiomethyl-7-(thiophene-2-acetamido)-
3-cephem-4-carboxylic acid sodium salt (4e), 5 g (10 mmol), 
was dissolved in a mixture of 55 ml of THF, 15 ml of H20 ,.15  
ml of formic acid, and 15 ml of D M F. Zinc dust, 6.5 g (100 
mmol), was added and the mixture was stirred at room tem
perature overnight. The spent zinc was filtered and washed 
with THF. The filtrate and wash were combined and concen
trated in vacuo to remove lower boiling solvents. The aqueous 
residue was extracted with EtOAc. The EtOAc solution was 
washed with HC1 to remove DM F and with H20  and then dried 
(MgSO,). The EtOAc solution was either concentrated in 
vacuo to about 20 ml and cooled in ice or exchanged for CH2C12 
for fractional crystallization of 7-(thiophene-2-acetamido)-3-

(13) Whenever possible, a single exemplifying experimental description 
is given as it applies in a general way to numerous compounds. Charac
terization data for individual products appears in Table I. Satisfactory 
analytical data ( ± 0 .4 %  for C, H , N) were reported for all compounds listed 
in the table.
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C om pd

6a

6b

6c

6d

6e

7

15a

15b

Solvent o f  
crysta llization  

and m p, °C

EtOAc
158-159

EtOAc
182-183

CH2C12
178

EtOAc

H20
>144°
dec

EtOAc

MeCli-EtjO
108-109

E t0A c-E t20  
84-94 dec

T a b l e  I

Characterization data

Nmr (100 Me, DMSO-d.) r 6.65- 
6.32 (AB q, s, 4 H, C-2 H2 and 
o-CH2), 4.88 (s, 1 H. C-4 H),
4.80- 4.70 (s, d, 3 H, C-3 CH2 
and C-6 H), 4.55 (q, 1 H, C-7 
H), 2.73 (s, 5 H, aromatic H), 
and 0.92 (d, 1 H, C-7 NH).

Nmr (A60 Me, DMSO-d») r 6.49 
(s, 2 H, C-2 H2), 5.40 (s, 2 H, 
a-CHj), 4.90 (s, 1 H. C-4 H),
4.80- 4.40 (m, 4 H, C-3 CH2,
C-6 H, and C-7 H), 3.20-2.60 
(m, 5 H, aromatic H), and 0.92 
(d, 1 H, C-7 NH).

Nmr (A60 Me, DMSO-de) x 6.49 
(AB q, 2 H, C-2 H2), 6.24 (s, 2 
H), o-CHi), 4.90 (s, 1 H, C-4 
H), 4.80-4.41 (m, 4 H, C-6 H, 
C-3 CH2, and C-7 H), 3.12- 
2.55 (m, 3 H, aromatic H), and 
0.98 (d, 1 H, C-7 NH).

Nmr (A60 Me, D 20, NaHC03) r 
6.60 (AB q, 2 H, C-2 H2), 5.02 
(s, 1 H, C-4 H), 4.8-4.5 (m, 5 
H, C-3 CH2, o-CH, C-6 H, and 
C-7 H), 2.55 (s, 5 H, aromatic 
H).

Nmr (A60 Me, DMSO-d6) r 6.52 
(AB q, 2 H, C-2 H2), 5.50 (d, 1 
H, C-6 H), 5.11 (s, 1 H, C-4 
H), 4.9-48 (m, 3 H, C-3 CH2 
and C-7 H), and 4.2 (broad s, 
washed out by D 20).

Nmr (100 Me, DMSO-d6) t 6.20 
(s, 2 H, C-2 H2), 6.13 (s, 2 H, 
«-CH 2), 5.67 (s, 2 H, C-3 CH2), 
5.89 (d, 1 H, C-6 H), 4.20 (q, 1 
H, C-7 H), 3.1-2.55 (m, 3 H, 
aromatic H), and 0.83 (d, 1 H, 
C-7 NH).

Nmr (T60 Me, CDCla) r 6.66 
(AB q, 2 H, C-2 H2), 6.21 (s, 3 
H, p-OCHs), 5.50 (s. 2 H, 
a-CH2), 4.92-4.50 (m, 6 H, C-4 
H, C-3 CH2, ester CH2, and 
C-6 H), 4.35 (q, 1 H, C-7 H), 
and 3.15-2.55 (m, 10 H, 
aromatic H and C-7 NH).

Nmr (A60 Me, CDCls) r 6.58 
(AB q, 2 H, C-2 H2), 5.47 (s, 2 
H, o;-CH2), 4.80-4.50 (m, 6 H, 
C-4 H, C-3 CH2, ester CH2, 
and C-6 H), 4.25 (q, 1 H, C-7 
H), 3.20-1.65 (m, 10 H, aro
matic H and C-7 NH).

C om pd

15c

15d

16a
(tosylate)

16a
(HC1)

16b
(tosylate)

16b
(HC1)

17a

17b

Solvent of 
crystallization 

and mp, °C

EtOAc
114

EtOAc
139-141

EtOAc 
EtOH—Et20

Me2Cl2 
EtOH-EtiO 

>165 dec

EtOAc 
EtOH—Et20  

145-182 
—dec

MeCl2 
EtOH—Et20  

160-176 
dec

EtOAc
160

EtOAc
217

Characterization data

Nmr (A60 Me, CDC13) r 6.65 (q,
2 H, C-2 H2), 4.20 (s, 5 H, 
p-OCH3 and a-CH2), 4.95-4.75 
(m, 5 H, C-4 H, C-3 CH2, and 
ester CH2), 4.66 (d, 1 H, C-6 
H) 4.38 (q, 1 H, C-7 H), and 
3.3-2.6 (m, 8 H, aromatic H 
and C-7 NH).

Nmr (A60 Me, DMSO-d6) x 6.42 
(s, 2 H, C-2 H2), 6.18 (s, 2 H, 
a-CH2), 47-4.3 (m, 7 H, C-4 
H, ester CH2, C-3 CH2, C-6 H, 
and C-7 H), 3.1-1.6 (m, 7 H, 
aromatic H), and 0.82 (d, 1 H, 
C-7 NH).

Nmr (A60 Me, DMSO-ds) r 7.69 
(s, 3 H, p-CH,), 6.41 (2 d, 2 H, 
C-2 Hs), 6.23 (s, 3 H, p-OCH3), 
5.0 (d, 1 H, C-6 H), 4.85-4.55 
(m, 6, C-4 H, ester CH2, C-3 
CH2, and C-7 H), and 3.2-2.2 
(2 q, 8 H, aromatic H).

Nmr (T60 Me, DMSO-d6) r 6.47 
(s, 2 H, C-2 H2), 6.23 (s, 3 H, 
p-OCH3), 5.12 (d, 1 H, C-6 H), 
4.9-4.6 (m, 6 H, C-4 H, ester 
CH2, C-3 CH2, and C-7 H), 
and 2.86 (q, 4 H, aromatic H).

Nmr (T60 Me, DMSO-d.) x 7.70 
(s, 3 H, p-CH3), 6.39 (s, 2 H, 
C-2 Hj), 4.98 (d, 1 H, C-6 H), 
4.7-4.3 (m, 6 H, C-4 H, ester 
CH2, C-3 CH2, and C-7 H), and 
2.95-1.68 (2 q, 8 H, aromatic H).

Nmr (A60 Me, DMSO-d6) x 6.34 
(AB q, 2 H, C-2 Hs), 4.98 (d, 1 
H, C-6 H), 4.7-4.4 (m, 6 H,
C-4 H, ester CH2, C-3 CH2, 
and C-7 H), and 2.0 (q, 4 H, 
aromatic H).

Nmr (A60 Me, CDC13) x 7.92 (s,
3 H, C-3 CH3), 6.75 (AB q, 2 
H, C-2 H2), 6.21 (s, 3 H, 
p-OCH3), 6.18 (s, 2 H, o-CHi), 
5.11 (d, 1 H, C-6 H), 4.83 (s,
2 H, ester CH2), 4.29 (q, 1 H, 
C-7 H), and 3.21-2.60 (m, 8 H, 
aromatic H and C-7 NH).

Nmr (A60 Me, DMSO-d6) x 7.91 
(s, 3 H, C-3 CHj), 6.47 (AB q,
2 H, C-2 HO, 6.20 (s, 2 H, 
a-CH2), 4.89 (d, 1 H, C-6 H), 
4.60 (s, 2 H, ester CH2), 4.30 
(q, 1 H, C-7 H), 3.1-1.65 (m, 7 
H, aromatic H), and 0.88 (d, 1 
H, C-7 NH).

methylenecepham-4-carboxylic acid (6c) (Table I), 1.2-2.0 g 
(35-42% ).

7-Amino-3-ethoxythionocarbonylthiomethyl-3-cephem-4-car- 
boxylic Acid Sodium Salt (4i).— In a modification of the litera
ture preparation,8 80% pure 7-ACA, 6.9 g (20 mmol), was dis
solved in 69 ml of H20  containing sodium bicarbonate, 2.1 g (25 
mmol). Ethylxanthic acid potassium salt, 4.0 g (25 mmol), 
was added and the mixture was heated in an oil bath at 65° for 
4 hr. The product crystallized from the cooled reaction mixture, 
2.5 g. A second, equal size crop of product was obtained on 
adjusting the pH to 5.

7-Amino-3-methylenecepham-4-carboxylic Acid (6e). Method 
A.— 7-Amino-3-ethoxythionocarbonylthiomethyl-3-cephem-4-car- 
boxylic acid (4i), 11 g (31 mmol), was dissolved in 260 ml 
of N aH C03 solution and 40 ml of EtOH and hydrogenated in the 
usual way with 66 g of Raney nickel. The catalyst was filtered 
and washed with H20 . The combined filtrate and wash were 
cooled to ice temperature and adjusted to pH 3.5 with concen
trated HC1. A 2.2-g precipitate of unreacted starting material 
was separated. Concentration to near dryness in vacuo pre
cipitated the crude product. Recrystallization from H20  af
forded 4.5 g (67%) of 6e.
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Compd
6a

6b

6c

4h

6d

6e

7

8

10

13a

T a b l e  II
Solvent of

crysta llization  
and mp, °C

EtOAc
158-159

EtOAc
182-183

CH2C12
178

H20
189-200

dec

EtOAc

H20
>144
dec

EtOAc

Et0Ac-Et20
150-152

EtOAc
150-151

H20
~194
dec

A nalysis
A n a l .  Caled for Ci«Hi«N20<S: C, 

57.82; H, 4.85; N, 8.43. Found: 
C, 57.84; H, 5.04; N, 8.31.

A n a l .  Caled for CieHisNUOsS: C, 
55.17; H, 4.63; N, 8.04. Found: 
C, 55.38; H, 4.86; N, 8.09.

A n a l .  Caled for ChH«N20 <S2: C, 
49.71; H, 4.17; N, 8.28. Found: 
C, 49.58; H, 4.36; N, 8.25.

A n a l .  Caled for Ci7Hi8N10 5S2-H20 :  
C, 46.35; H, 4.57; N, 12.72. 
Found: C, 46.54; H, 4.82; N, 
12.67.

A n a l .  Caled for CieHieNüOsS: C, 
55.16; H, 4.63; N, 8.04. Found: 
C, 55.29; H, 4.91; N, 7.75.

A n a l .  Caled for CsHwNüOaS: C,
44.85; H, 4.7C; N, 13.08.
Found: C, 45.12; H, 4.73; N, 
13.11.

A n a l .  Caled for CnHi2N20 3S3: C, 
47.71; H, 3.43; N, 7.94; S,
27.29. Found: C, 47.77; H, 
3.60; N, 7.67; S, 27.05.

A n a l .  Caled for CmHmNiOsSs- 
»AEtjO: C, 53.30; H, 4.99; N, 
4.78. Found: C, 53.80; H,
4.81; N, 4.99.

A n a l .  Caled for C28H24N205S3: C, 
59.56; H, 4.28; N, 4.96. Found: 
C, 59.53; H, 4.57; N, 5.12.

A n a l .  Caled for CisH.eN^Sa: C,
43.68; H, 3.91; N, 13.58.
Found: C, 43.48; H, 3.94; N, 
13.32.

Compd

Solvent of 
crysta llization  
and mp, °C A nalys is

13b h 2o A n a l .  Caled for CiTHnNíOsStNa-
~154 HjO: C, 40.94; H, 3.84; N,
dec 5.61. Found: C, 41.30; H,

15a MeClr-EfoO
4.30; N, 5.76.

A n a l .  Caled for C2<H2/N20eS: C,
108-109 61.53; H, 5.16; N, 5.98. Found:

15b EtOAc-EtiO
C, 61.29; H, 4.94: N, 5.70. 

A n a l .  Caled for CmH^NsOíS: C,
84-94 57.14; H, 4.38; N, 8.69. Found:
dec C, 56.86; H, 4.32; N, 8.44.

15c EtOAc A n a l .  Caled fer CmH22N20 sS2: C,
114° 57.64; H, 4.84; N, 6.11. Found:

15d EtOAc
C, 57.76; H, 4.94; N, 6.02.

A n a l .  Caled for C2iH19N306S2: C,
139-141 53.27; H, 4.04; N, 8.87. Found:

16a EtOAc
C, 52.99; H, 3.98; N, 8.93.

A n a l .  Caled for C23H26N20 7S2: C,
tosylate EtOH—Et20 54.53; H, 5.17; N, 5.53. Found:

16a Me2Cl2
C, 54.33; H, 5.05; N, 5.47. 

A n a l .  Caled for CjeHi9N20<SCl:
(HC1) EtOH-EtzO C, 51.82; H, 5.16; N, 7.55.

>165 dec Found: C, 51.65; H, 5.04; N,

16b EtOAc
7.72.

A n a l .  Caled for CmHmNsOsS,: C,
tosylate EtOH-EW) 50.66; H, 4.45; N, 8.06. Found:

145-182 dec C, 50.41; H, 4.51; N, 7.86.
16b MeCl2 A n a l .  Caled for Ci;H16N30 óSC1:

(HC1) EtOH-EtjO C, 46.69; H, 4.18; N, 10.89.
160-176 Found: C, 46.40; H, 4.20; N,
dec 10.62.

17a EtOAc A n a l .  Caled for C22H22N20 3S2: C,
160° 57.64; H, 4.84; N, 6.11. Found:

C, 57.39; H, 5.11; N, 5.89.
17b EtOAc A n a l .  Caled for C2iHi9N30&S2: C,

217° 53.28; H, 4.05; N, 8.88. Found:
C, 53.01; H, 4.22; N, 8.94.

Method B.— 7-(Thiophene-2-acetamido)-3-methylenecepham-
4-carboxylic acid (6c), 1.7 g (5 mmol), was suspended in 40 ml of 
MeCl2 and treated with diethylaniline, 850 mg (5.7 mmol), 
acetyl chloride, 430 mg (5.5 mmol), and 4 drops of DMF. The 
starting material went into solution within 5 min. The 
mixture was cooled in a carbon tetrachloride-Dry Ice bath for 
addition of diethylaniline, 1.28 g (8.5 mmol), and phosphorus 
pentachloride, 1.2 g (5.8 mmol). After 1.5 hr, 12 ml of cold 
MeOH was added followed by 20 ml of H20  after another 1.5-hr 
reaction time. The cooling bath was removed and the aqueous 
layer was separated, washed with EtOAc, adjusted to pH 3.6, 
and evaporated to near dryness i n  v a c u o .  The crystalline residue 
was triturated with acetone to remove diethylaniline, leaving 700 
mg of 6e.

Esterification of 4d, 4e, 6b, and 6c with a Stoichiometric 
Amount of Base.— 7-(Thiophene-2-acetamido)-3-methylene-
cepham-4-carboxylic acid (6c) sodium salt, 700 mg (2 mmol), 
was dissolved in 7 ml of dimethylacetamideand treated with anisyl 
bromide, 600 mg (3 mmol), at room temperature overnight. 
The mixture was poured into H20-EtOAc. The EtOAc layer 
was separated, washed successively with 5% HC1, 5% NaHC03 
solution, and H20 , dried (MgSO<), concentrated to a small volume 
i n  v a c u o ,  and cooled for crystallization. The yield of p-meth- 
oxybenzyl 7-(thiophene-2-acetamido)-3-methylenecepham-4-car- 
boxylate (15c) was 570 mg (62%).

Esterification of 6c with Excess Base.— 7-(Thiophene-2- 
acetamido)-3-methvlenecepham-4-carboxylic acid (6c), 3.4 (10 
mmol), was dissolved in 34 ml of DMAc. p-Nitrobenzyl bro
mide, 2.4 g (11 mmol), and triethylamine, 2.2 g (22 mmol), were 
added and the mixture was stored at room temperature over
night. The precipitated triethylamine hydrobromide was fil
tered. The filtrate was added to cold H20-EtOAc. The EtOAc 
layer was separated, washed successively with cold 5%  HC1, 
5% NaHC03 solution, and water, and dried (MgSO,). The

EtOAc solution was concentrated i n  v a c u o  to a smaller volume for 
crystallization. Yield of p-nitrobenzyl 7-(thiophene-2-acet- 
amido)-3-methyl-3-cephem-4-carboxylate (17b) was 3.0 g (64%).

Side Chain Cleavage of 3-Methylenecepham Esters 15a-d.—• 
p-Nitrobenzyl 7-(thiophene-2-acetamido)-3-methylenecepham-4- 
carboxylate (15d), 12 g (25 mmol), was dissolved in 130 ml of 
CH2C12. Dry pyridine, 2.45 g (31 mmol), and phosphorus 
pentachloride, 6.0 g (25 mmol), were added. The mixture was 
stirred at room temperature for 2 hr. After the reaction mixture 
was cooled in an ice-H20  bath, 12.5 ml of isobutyl alcohol was 
added. The mixture was stirred in the cold for 2 hr. The 
product crystallized from the reaction mixture. Filtering and 
washing the precipitate with CH2C12 afforded 8.6 g (90%) of p- 
nitrobenzyl 7-amino-3-methylenecepham-4-carboxylate (16b) as 
a hydrochloride. Alternatively, in the place of cooling the 
reaction mixture, cold methanol was added and then H20 . Work
up then consisted in separating the aqueous layer and adjusting 
the pH to 7 in the presence of EtOAc. The EtOAc layer was 
separated, washed with H20 , dried (MgSO<), and treated with 
slightly more than 1 equiv of p-toluenesulfuric acid monohydrate. 
The product (16b) crystallized in 60% yield as a tosylatesalt.

Isomerization of 3-Methylenecephams. 7-Amino-3-methyl-
4-carboxylic Acid (2). Method A.— 7-Amino-3-methylenece- 
pham-4-carboxylic acid (6e), 215 mg (1 mmol), was suspended in 
5 ml of MeCN and treated with an excess of iV-trimethylsilyl- 
acetamide. Three drops of triethylamine was added to the clear 
solution after 45 min; 1 ml of MeOH was added after 2 hr. 
Addition of 0.1 A  HC1 to pH 3.6 precipitated 200 mg of product.

Method B.— 7-(Thiophene-2-acetamido)-3-methylenecepham-
4-carboxylic acid (6c), 2 g (5.9 mmol), was dissolved in 40 ml of 
MeCN. Hexamethyldisilazane (6 mmol) was added and the 
solution was stored at room temperature for 4 days. The solvent 
was exchanged for MeCl2, cooled to —20°, and treated with di
ethylaniline, 1.46 g (10 mmol), and phosphorus pentachloride,
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1.3 g (6.4 mmol). The mixture was stirred for 30 min; 7 ml of 
MeOH was added, followed after 45 min with 17 ml of H20 .  
The aqueous phase was separated, washed with MeClj, and ad
justed to pH 3.6 with saturated (NH,)HC03 solution. The 
precipitated 7-ADCA (2) weighed 900 mg (75% overall yield).

p-Nitrobenzyl 7-Ammo-3-methyl-3-cephem-4-carboxylate (3) 
Hydrochloride Salt.—p-Nitrobenzyl 7-amino-3-methylene- 
cepham-4-carboxylate (16b) hydrochloride salt, 386 mg (1 mmol), 
was dissolved in 5 ml of DMAc containing triethylamine, 198 mg 
(2 mmol). The mixture was stored at room temperature for 3 
hr. The reaction mixture was poured into H20-EtOAc. The 
EtOAc layer was separated, washed with H20 , dried (MgSO<), 
and concentrated i n  v a c u o  to a volume of about 10 ml; 10 ml of 
0.1 N  HC1 in EtOAc was added. A crystalline precipitate 
formed immediately. The product was filtered, washed with 
EtOAc, and vacuum dried, yield 320 mg (83%).

See Table II for analytical data.
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Polynitroalkyl Ethers1
V y tau tas  G rak au ska s  

F l u o r o c h e m  I n c . ,  A z u s a ,  C a l i f o r n i a  9 1 7 0 2  

R e c e i v e d  D e c e m b e r  1 ,  1 9 7 2

Polynitroethyl ethers were prepared by nitration of the corresponding oximes. Thus, nitration of (2-fluoro-
2.2- dinitroethoxy)acetaldoxime followed by oxidation of the nitroso intermediate yielded 2-fluoro-2,2-dinitro- 
ethyl 2,2-dinitroethyl ether (1). Fluorination and chlorination of 1 yielded bis(2-fluoro-2,2-dinitroethyl) and 
2-chloro-2,2-dinitroethyl 2-fluoro-2,2-diiiitroethyl ether, respectively. Formaldehyde and 1 yielded 3-(2-fluoro-
2.2- dinitroethoxy)-2,2-dinitropropyl formal. 2-Fluoro-2,2-dinitroethyl glycidyl ether reacted with 2-fluoro-
2.2- dinitroethanol to give l,3-bis(2-fluoro-2,2-dinitroethoxy)-2-propanol, which was oxidized with chromic acid 
to l,3-bis(2-fluoro-2,2-dinitroethoxy)acetone. Nitration of the oxime of this ketone and oxidation of the nitroso 
intermediate yielded l,3-bis(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropropane. Decomposition of 2-fluoro-2,2- 
dinitroethanol in alkaline solutions is suppressed by formaldehyde. Under these conditions propargyl bromide 
gave 2-fluoro-2,2-dinitroethyl propargyl ether. Five l-(2-fluoro-2,2-dinitroethoxy>-2-propanol derivatives, 
FC(N02)2CH20CH 2CH(0H)CH2X  [X =  Cl, Br, I, ON02, OCOC(CH3)3], were synthesized by treating 2-fluoro-
2.2- dinitroethyl glycidyl ether with HX. Three of these were oxidized to the corresponding acetone derivatives, 
FC(N02)2CH20CH2C0CH2X  [X =  Cl, ON02, OCOC(CH3)3].

Although 2-fluoro-2,2-dinitroethanol can be alkylated 
in aqueous alkaline solution by reagents such as allyl 
bromide, methyl sulfate, and simple epoxides to give 
the corresponding 2-fluoro-2,2-dinitroethyl ethers,2 
alkylating agents with nitro substituents do not yield 
polynitroalkyl ethers.3 2-2-Dinitro alcohols cannot be 
dehydrated to the corresponding ethers,4 and bis(2,2- 
dinitroalkyl) ethers, therefore, must be synthesized 
indirectly. A recent patent5 describes the synthesis of 
bis(2-fluoro-2,2-dinitroethyl) ether in low yield starting 
with bis(2-iodoethyl) ether. The ether was treated 
with silver nitrite to give bis (2-nit roethyl) ether. The 
oxidative nitration of bis(2-nitroethyl) ether with 
formaldehyde present gave a mixture cf methylol 
derivatives of trinitro- and tetranitrodiethyl ether 
which was fluorinated to give bis(2-fluoro-2,2-dinitro
ethyl) ether.

2-Fluoro-2,2-dinitroethyl 2,2-dinitropropyl ether2 was 
prepared by nitration of (2-fluoro-2,2-dimtroethoxy)- 
acetone oxime followed by oxidation of the resulting 
nitroso intermediate with hydrogen peroxide. The 
precursor ketone was obtained by oxidation of 2-fluoro-
2,2-dinitroethyl 2-hydroxyethyl ether. In the present 
paper the generality of this route to 2,2-dinitroalkyl 
ethers is explored.

(1) The  sponsor of th is w ork was A ir  Force  A rm am ent Laboratory , 
A D T C  (D L R W )  E g lin  A F B ,  F la . 32542.

(2) V . G rakauskas, J .  O rg .  C h e m ., 35, 3030 (1970).
(3) H . G . Adolph, J .  O rg .  C h e m ., 36, 806 (1971).
(4) H . G . Adolph and M . J .  K am le t, J .  O rg .  C h e m .,  34, 45 (1969).
(5) H . G . Adolph, U . S . Paten t 3,531,534 (Sept 28, 1970).

Although aryldinitromethanes can be readily ob
tained from aromatic aldoximes6 by nitration and oxida
tion, this reaction is not applicable to simple aliphatic 
aldoximes. It was of interest to determine whether 
electronegative substituents would facilitate this reac
tion.

(2,2-Dinitroalkoxy) acetaldehydes have not been de
scribed in the literature. A convenient starting material 
for their synthesis was 3-(2-fluoro-2,2-dinitroethoxy)-
1,2-propanediol ? (2-Fluoro-2,2-dinitroethoxy) acetal
dehyde was obtained by cleaving this diol with either 
periodic acid or lead tetraacetate. This aldehyde

H sIO t/H .O
FC(N02)2CH20CH2CH(0H)CH20 H ----------------------

or Pb (O A c)i/C 6H 6
FC(N02)2CH20CH2CH0 +  HCHO

reacted with hydroxylamine to give (2-fluoro-2,2- 
dinitroethoxy)acetaldoxime in 90-95% yields. The 
oxime was nitrated with 90% nitric acid in methylene 
chloride to give the deep blue nitro-nitroso derivative, 
which was not isolated. Oxidation of this intermediate

(6) W . Charlton , J .  C . E a r l ,  J .  Kenner, and A . A . Luciano , J .  C h e m . S o c .,  

30 (1932).
(7) Th e  d iol was prepared by hydro lysis of 2-fluoro-2,2 -d in itroethyl 

g lyc id y l ether b y a procedure of M . B . F ra n k e l (p rivate  com m unication) 
as modified by H . J .  M arcus, Aerojet-General C o rp ., Techn ica l Report 
A F A T L -T R -6 9 -1 4 0 , O ct 1969. A va ilab le  through the Defense Docum enta
tion Center, Cam eron Station , A lexand ria , V a .
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with hydrogen peroxide yielded 2-fluoro-2,2-dinitro- 
ethyl 2,2-dinitroethyl ether (1). The nitration of (2-

NHiOH
FC(N02)2CH20CH2CH0 — >-

HNOî
FC(N02)2CH20CH2C H =N 0H  — >

h 2o 2
FC(N02)2CH20CH2CH(N0)N02 — >•

FC(N02)2CH20CH2CH(N02)2
1

fluoro-2,2-dinitroethoxy)acetaldoxime was found to be 
very sensitive to reaction conditions, such as the order 
of addition of reagents, temperature, and reaction time. 
In experiments where yields of 1 were low, large 
amounts of (2-fhioro-2,2-dinitroethoxy)acetic acid2 were 
obtained. The ether 1 is only moderately stable and 
decomposes to (2-fluoro-2,2-dinitroethoxy)acetic acid 
and nitrogen oxides in 2-3 days at ambient temperature.

FC(N02)2CH20CH2CH(N02) — >- FC(N02)2CH20CH2C02H

The sparingly water soluble 1 dissolved in aqueous 
alkali to give orange-red solutions of the corresponding 
nitronate salts from which 1 can be recovered on acidifi
cation.

OH-
FC(N02)2CH20CH.CH(N02)2

h 2o  +

FC (N02)2CH20CH 2C (N 02)2-

The anion was found to undergo normal halogénation, 
formylation, and Michael reactions. Direct fluorina- 
tion of the aqueous sodium salt of 1, a reaction general 
for nitronate salts,8 gave bis(2-fluoro-2,2-dinitroethyl) 
ether in 50-60% yields, and reaction of 1 with sodium 
hypochlorite gave 2-chloro-2,2-dinitroethyl 2-fluoro-
2.2- dinitroethyl ether.

h 2o
FC(N02)2CH20CH.C(N02)2-Na+ +  F2 — >-

[FC(N02)2CH2]20  +  NaF 
h 2o

FC (N 0 2)2CH20CH >C (N 0 2)2H +  NaOCl — >
FC(N02)2CH20CH2C(N02)2C1

The reaction of 1 with methyl vinyl ketone was 
briefly examined and the proton nmr spectrum of the 
product was consistent with the expected 6-(2-fluoro-
2.2- dinitroethoxy)-5,5-dinitro-2-hexanone structure.

NaOH
FC(N02)2CH20CH 2C(N02)2H +  CH^CHCOCHs — >-

h 2o

FC(N02)2CH20CH2C(N02)2CH2CH2C0CH3

Difficulties were encountered with the purification of 
this ketone and a satisfactory elemental analysis was 
not obtained.

3 - (2 - Fluoro - 2,2 - dinitroethoxy) - 2,2 - dinitropropanol 
was obtained in 85-95% yields when 1 was treated with 
aqueous formaldehyde. This alcohol could be de- 
formylated on treatment with aqueous alkali. The

FC(N02)2CH20CH2C(N02)2H +  HCHO
OH-

FC(N02)2CH20CH2C(N02)2CH20H

formylation of 1 provides a practical way to stabilize 
this compound for storage.

3- (2-Fluoro-2,2-dinitroethoxy) -2,2-dinitropropanol 
reacted with s-trioxane in concentrated sulfuric acid to

(8) V . G rakauskas and K . B aum , J .  O r g . C h e m ., 33, 3080 (1968).

give bis [3-(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropro- 
pyl] formal.

h 2s o ,
FC(N02)2CH20CH2C(N02)2CH20H  +  (CH20), — >-

[FC (N02)2CH20CH2C (N02)2CH20] 2c h 2

The nitration method used to synthesize 1 was also 
applied to the preparation of l,3-bis(2-fluoro-2,2- 
dinitroethoxy)-2,2-dinitropropane (2). The starting 
material in this reaction scheme, l,3-bis(2-fluoro-2,2- 
dinitroethoxy)-2-propanol, was unknown. The rate of 
reaction of 2-fluoro-2,2-dinitroethanol with 2-fluoro-2,2- 
dinitroethyl glycidyl ether in aqueous base was so slow 
that decomposition of the alcohol occurred before a 
significant amount of addition product could be formed. 
The decomposition of 2-fluoro-2,2-dinitroethanol, how
ever, was found to be retarded by formaldehyde. In 
the presence of a base, 2-fluoro-2,2-dinitroethanol is 
known to be in equilibrium with formaldehyde and 
fluorodinitromethane anion.2’9 Excess of formaldehyde 
shifts this equilibrium to the left and reduces the con
centration of this unstable anion.

OH-
FC(N02)2CH20H  FC(N02)2CH20 -

FC(N02)2-  +  CH20

In the presence of a large excess of formaldehyde, 2- 
fluoro-2,2-dinitroethanol reacted with 2-fluoro-2,2-dini- 
troethyl glycidyl ether to give l,3-bis(2-fluoro-2,2- 
dinitroethoxy)-2-propanol in 40% yield. The alcohol 
was also obtained in 30-40% yield by treating epichloro- 
hydrin with 2 mol of 2-fluoro-2,2-dinitroethanol for 5 
days under similar reaction conditions.

l,3-Bis(2-fluoro-2,2-dinitroethoxy)-2-propanol was 
oxidized to l,3-bis(2-fluoro-2,2-dinitroethoxy)acetone 
in 95-100% yields with Jones reagent.10 This ketone 
was treated with hydroxylamine to give l,3-bis(2- 
fluoro-2,2-dinitroethoxy)acetone oxime, an oil which 
was not analyzed. Its proton nmr spectrum was con
sistent with the structure. The oxime was nitrated 
with 90% nitric acid and the blue nitro-nitroso inter
mediate was ozidized in situ with hydrogen peroxide to 
give compound 2.

O
/ \  N a O H /H 20

FC(N02)2CH20H  +  CH2CHCH20CH2CF(N02)2 —---------►
H C H O

CrO j
[FC(N02)2CH20CH2]2CH0H — >•

NHiOH
[FC(N02)2CH20CH2] C = 0 --------s-

1. H N O j
[FC(N02)2CH20CH2]2C = N 0 H -------->-2. H2O2

N 0 2

[FC (N 02)2C H2OCH2] i

The above observed formaldehyde effect was exploited 
in a number of other alkylation reactions of 2-fluoro-
2,2-dinitroethanol. Formaldehyde-stabilized solutions 
allowed higher reaction temperatures and longer reac
tion times. Higher yields of 2-fluoro-2,2-dinitroethyl 
ethers by a factor of two or more than previously re
ported2 were obtained with allyl bromide (see Experi-

(9) H . G . Adolph and M . J .  K am le t, J .  A m e r .  C h e m . S o c ., 88, 4761 
(1966).

(10) K .  Bowden, I .  M . Heilbron, E .  R .  H . Jones, and B . C . L .  W eedon, 
J .  C h e m . S o c . t 39 (1946).
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FC(N02)2CH20

¿ h 2
I
CH

CH2

A cO H
FC(N02)2CH20CH2CH(0H)CH20C0CH3

A ciO
+  •*-----

CtHiN
FC(N02)2CH20CH2CH(0C0CH3)CH20H

0CH 2CF(N02)2

¿ h 2
I

CHOH

¿ h 2o h

(1)

mental Section), propylene oxide, and epichlorohydrin 
as alkylating agents.11 In this way 2-fluoro-2,2- 
dinitroethanol reacted with propargyl bromide to give 
2-fluoro-2,2-dinitroethyl propargyl ether12 in 55% yield. 
This ether could not be synthesized without added 
formaldehyde.

NaOH/mO
FC(N02)2CH20H  +  BrCH2C = C H --------------

HCHO
FC(N02)2CH20CH2C =C H

isomeric monoacetates of 3- (2-fluoro-2,2-dinitroethoxy)-
1,2-propanediol was obtained when 2-fluoro-2,2-dinitro- 
ethyl glycidyl ether was treated with acetic acid or
3-(2-fluoro-2,2-dinitroethoxy)-l,3-propanediol was acyl- 
ated with 1 mol of acetic anhydride (eq 1). On the other 
hand, 3-(2-fluoro-2,2-dinitroethoxy)-l,2-propanediol re
acted with the more sterically hindered pivaloyl chloride 
to give only one isomer, 3-(2-fluoro-2,2-dinitroethoxy)- 
2-hydroxy-1-propyl pivalate.

Suppression of deformylation of 2-fluoro-2,2-dinitro- 
ethanol by formaldehyde was further confirmed by its 
reactions with a,|3-unsaturated carbonyl compounds. 
While 2-fluoro-2,2-dinitroethanol normally reacts with 
unsaturated carbonyl compounds in alkaline aqueous 
solution to give the corresponding Michael reaction 
adducts of fluorodinitromethane,13 no reaction takes 
place when a large excess of formaldehyde is added.

FC(N02)2CH20H  +  C H =C H 2X  
I NaOH/H20 
yHCHO

no reaction

N aO H

H,0
FC(N02)2CH2CH2X  +  HCHO

X  =  COCHs, C 0 2C2Hs, CN

Other 2-fluoro-2,2-dinitroethyl 2-hydroxyalkyl ethers 
useful in the above reaction schemes were synthesized 
by the reaction of 2-fluoro-2,2-dinitroethyl glycidyl 
ether with acids. Thus, dilute hydrochloric, hydro- 
bromic, hydriodic, and nitric acid gave l-chloro-2- 
hydroxypropyl, l-bromo-2-hydroxypropyl, l-iodo-2-hy- 
droxypropyl, and l-nitrato-2-hydroxypropyl 2-fluoro-
2,2-dinitroethyl ether, respectively, in 80-100% yields.14

O
FC(N02)2CH20CH2CHCH2 +  HX

OH

:2i tFC(N02)2CH20CH 2CHCH2X  
X  = Cl, Br, I, NOs

While in the above reaction there was no evidence of 
the isomeric primary alcohols, a mixture of the two

(11) T h e  crude reaction  p rodu cts obta in ed  in a lk y la tion  reaction  em p loy 
ing excesses o f  form aldehyde w ere contam in ated  w ith  p o lym eth ylen e oxides 
in trod uced  b y  form aldehyde solutions. These im purities presented som e 
problem s in  the purification  o f  a lk y la tion  products.

(12) 2 -F lu oro-2 ,2 -d in itroeth y l p ropargy l ether represents a new  class o f  
po lyn itro  ethers and  som e o f  its reactions w ere briefly exam ined. T h e 
ether readily  added  1 m ol o f  brom ine to  g ive 2 -fluoro-2 ,2 -d in itroeth yl 
2 ,3 -d ib rom oally l ether.

F C (N 0 2) 2C H 20 C H 2C  =  C H  +  B r2 ------>■ F C (N 0 2) 2C H 20 C H 2C B r = C H B r

C on cen trated  sulfuric acid  hydrated  the propargy l ether to  g ive (2- 
fluoro-2 ,2 -d in itroethoxy) a ceton e.2

H 2SO<
F C (N 0 2) 2C H 20 C H 2C = C H ------ >• F C (N 0 2) 2C H 20 C H 2C 0 C H 3

See E xperim enta l Section  for details.
(13) V . G rakauskas and K . B aum , J .  O r g . C h e m ., 34 , 3927 (1969).
(14) l-C h loro -2 -h y d rox y p rop y l and  l-b ro m o -2 -h y d ro x y p ro p y l 2 -fluoro-

2 .2 - d in itroeth y l ethers were isolated  as b y -p rod u cts  in the preparation  o f 
2 -flu oro-2 ,2 -d in itroeth y l g ly c id y l ether from  aqueous alkaline 2 -flu oro-
2 .2 - d in itroethan ol and ep ich loroh ydrin  and ep ibrom oh ydr.n , respectively . 
M eth an olic  potassium  hydrox ide  cyc lized  these halohydrins to  2 -fluoro-
2 .2 - d in itroethy l g ly c id y l ether (see E xperim enta l Section ).

C H 2C12
FC(N 0 2 )2CH20 CH2CH(0 H)CH20 H +  (CH3)3CC0 C1 ----- ►

CsHsN

FC (N02 )2CH2OCH2CH (OH )CH2OCOC (CH3 )>

Three of these isopropyl alcohol derivatives, 1- 
(2-fluoro-2,2-dinitroethoxy) -3-chloro-2-propanol, 1- (2- 
fluoro-2,2-dmitroethoxy)-3-nitrato-2-propanol, and 3- 
(2-fluoro-2,2-dinitroethoxy)-2-hydroxy-l-propyl pival
ate, were oxidized to the corresponding ketones in
85-95% yields with Jones reagent. The preparation of 
oximes of these ketones was not investigated.

C rO j/H jS O ,
FC(N02)2CH20CH 2CH(0H)CH2X ------------->-

C H jC O C H j

FC(N02)2CH20CH 2C0CH2X  
X  =  Cl, ONOj, OCOC(CH3)3

Experimental Section

General.—Explosive properties of the polynitro ethers de
scribed below have not been investigated. Adequate safety 
shielding should be used in all operations. 2-Fluoro-2,2-di- 
dinitroethanol is a severe skin irritant and contact should be 
avoided.

Proton and fluorine nmr spectra were recorded on a Varian 
T-60 spectrometer using tetramethylsilane and trichlorofluoro- 
methane as the respective internal standards.

(2-Fluoro-2,2-dinitroethoxy)acetaldehyde.— To a stirred solu
tion of 2.0 g (0.0132 mol) of l-(2-fluoro-2,2-dinitroethoxy )-2,3- 
propanediol7 in 10 ml of water was added dropwise over a period 
of 5 min at 25-28° a solution of 3.0 g (0.0132 mol) of periodic 
acid (H6I0 6) in 5 ml of water. The reaction was mildly exo
thermic and in a few minutes a water-insoluble liquid began to 
separate. The mixture was stirred for 30 min, saturated with 
sodium chloride, and extracted with 20 ml of methylene chlo
ride. The methylene chloride extract was distilled to give 2.15 
g (83% yield) of (2-fluoro-2,2-dinitroethoxy)acetaldehyde, bp 
83-84° (0.1 mm), nad 1.4365.

Anal. Calcd for C4H5N 2F 0 6: C, 24.5; H, 2.5; N , 14.3; 
F, 9.7. Found: C, 24.71; H, 2.34; N, 13.74; F, 9.5.

Proton nmr (CCh) 6 4.80 (d, J h f  = 18.0 Hz, 2 H, FCCH20 - ) ,
4.41 (s, 2 H, -C H 2CHO), and 9.78 (s, 1 H, -C H O ); ir 5.77 
(C = 0 ) ,  6.29 M (N 02).

(2-Fluoro-2,2-dinitroethoxy)acetaldehyde was also obtained 
in comparable yields by oxidizing the diol with lead tetraacetate 
in benzene solution at ambient temperatures.

(2-Fluoro-2,2-dinitroethoxy)acetaldoxime.— A mixture of 4.9 
g (0.025 mol) of (2-fluoro-2,2-dinitroethoxy)acetaldehyde, 5.75 
g (0.0825 mol) of hydroxylamine hydrochloride, and 11.3 g 
(0.0825 mol) of sodium acetate trihydrate in 70 ml of absolute 
ethanol was refluxed for 45 min, and then ca. 60 ml of ethanol 
was removed at 25° (25 min). The residue was added to 100 
ml of ice water and the product was extracted with 35 ml of 
methylene chloride. The extract was dried and concentrated 
to leave 5.2 g of liquid which was distilled in a molecular still
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at 100-105° (0.1 mm) to give 4.8 g, 91% yield, of (2-fluoro-2,2- 
dinitroethoxy)acetaldoxime.

Anal. Calcd for C4H6N 3F 0 6: C, 22.75; H, 2.84; N, 19.90; 
F, 9.01. Found: C, 22.46; H, 2.58; N , 19.60; F, 9.1.

Proton nmr (CDC13) 5 8.44 (s, broad, 1 H, = N 0 H ),  7.42 
(t, J =  5.8 Hz, ca. 60% anti C H = ), 6.84 (t, J =  4.0 Hz, ca. 
40%  syn C H = ), 4.62 (d, J =  19.1 Hz, FCCH2- ,  syn isomer),
4.53 (d, J = 19.0 Hz, FCCH2- ,  anti isomer), 4.50 (d, J =  4.0 
Hz, -O C H 2C = ,  syn isomer), and 4.25 (d, J =  5.8 Hz, OCH2C 
anti isomer); fluorine nmr <#> 110.9 (t, J hf =  18.7 Hz).

2-Fluoro-2,2-dinitroethyl 2,2-Dinitroethyl Ether (1).— To a 
stirred and cooled solution of 4.2 g (0.02 mol) of (2-fluoro-2,2- 
dinitroethoxy)acetaldoxime in 60 ml of methylene chloride was 
added dropwise at 3-5° over a period of 7-8 min 10 g of 90% 
nitric acid. The mixture became turbid and then turned blue in 
a moderately exothermic reaction. The deep blue solution was 
stirred for 20 min and then to it was added dropwise, over a 
period of 20 min, 6.5 ml of 30% hydrogen peroxide until the blue 
color was discharged. The mixture was stirred with 90 ml of 
ice water for a few minutes. The methylene chloride solution 
was dried over anhydrous sodium sulfate, filtered, and concen
trated to leave 3.5 g (65% yield) of crude 1, a colorless liquid. 
An analytical sample was distilled at 105-110° (50 /x) in a molecu
lar still.

Anal. Calcd for C4H5N4F 0 9: C, 17.64; H, 1.84; N, 20.59. 
Found: C, 18.2; H, 1.64; N, 19.2.

Proton nmr (CDCI3) 5 6.51 (t, J =  6.0 Hz, 1 H, CH), 4.94 
(d, Jhf = 15.8 Hz, 2 H, FCC H ,-), and 4.80 (d, J =  6.0 Hz, 
2 H, CH2).

Bis (2 -fluoro-2,2-dinitroethyl) Ether.— 2-Fluoro-2,2-dinitro- 
ethyl 2,2-dinitroethyl ether, 3.5 g (above), was added at 0° to a 
solution of 1.0 g of sodium hydroxide in 65 ml of water and the 
resulting orange-red solution was fluorinated with elementary 
fluorine (diluted fourfold with nitrogen) until the solution be
came colorless (10 min). The mixture was extracted with 35 
ml of methylene chloride to give 2.3 g of bis(2-fluoro-2,2-dinitro- 
ethyl) ether, 62% yield, bp 100° (0.4 mm), d 1.629.

Anal. Calcd for C4H4N4F20 2: C, 16.6; H, 1.4; F, 13.1. 
Found: C, 16.7; H, 1.3; F, 12.9.

Proton nmr (CDC13) S 4.84 (d, J hf =  16.0 Hz); fluorine nmr 
<f> 109.2 (poorly resolved triplet).

2- Chloro-2,2-dinitroethyl 2-Fluoro-2,2-dinitroethyl Ether.—  
To 20 ml of 5.3%  aqueous sodium hypochlorite was added 0.5 
g of 1. The mixture was stirred for 10 min and extracted with 
20 ml of carbon tetrachloride to give 0.55 g of 2-chloro-2,2-di- 
nitroethyl 2-fluoro-2,2-dinitroethyl ether, a colorless liquid, 
which was not further purified.

Anal. Calcd for C4H4N4C1F02: C, 15.66; H, 1.30; F, 6.20. 
Found: C, 16.1; H, 1.09; F, 6.3.

Proton nmr (CC14) 5 5.03 (d, J = 16 Hz, 2 H, FCCH2- )  and 
4.97 (s, 2 H, CH2CC1).

Reaction of Methyl Vinyl Ketone with 1.— To a stirred suspen
sion of 0.6 g (2.0 mmol) of 1 and 0.14 g (2.0 mmol) of methyl 
vinyl ketone in 10 ml of water at 25° was added a few drops of 
10% aqueous potassium hydroxide. After 15 min the mixture 
was extracted with 10 ml of methylene chloride and the extract 
was evaporated to give 0.5 g of crude product, a viscous oil: 
proton nmr (CDC13) 6 4.71 (d, J hf =  18.6 Hz, 2 H, FCCH2),
4.52 (s, 2 H, -O CH 2C -), 2.55-2.85 (m, 4 H, -C H 2CH2CO), and
2.20 (s, 3 H , CH3).

3- (2-Fluoro-2,2-dinitroethoxy)-2,2-dinitropropanol.— To a sus
pension of 1.0 g of 1 in 10 ml of water was added 1.0 g of 37% 
aqueous formaldehyde and a few drops of 5%  aqueous sodium 
hydroxide. The mixture was stirred for 20 min at 18-25° and 
then acidified with a few drops of 10% hydrochloric acid. The 
mixture was extracted with two 7-ml portions of methylene 
chloride. The combined methylene chloride extracts were con
centrated to leave 0.95 g (86% yield) of 3-(2-fluoro-2,2-dinitro- 
ethoxy)-2,2-dinitropropanol. An analytical sample was distilled 
at 120-125° (0.1 mm) in a molecular still.

Anal. Calcd for C5H7NYFO10: C, 19.87; H, 2.33; F, 6.28. 
Found: C, 20.12; H, 2.01; F, 6.1.

Proton nmr (CDC13) S 4.70 (d, J Hf =  16 Hz, 2 H, FCCH2- ) ,
4.63 (s, 2 H, r OCH2C C -), 4.43 (s, 2 H, CH2CCH2OH), aDd
2.72 (broad s, 1 H, OH).

Bis[3-(2-fluoro-2,2-dmitroethoxy)-2,2-dinitropropyl] Formal.—
To a stirred solution of 0.6 g (0.002 mol) of 3-(2-fluoro-2,2-di- 
nitroethoxy)-2,2-dinitropropanol and 0.03 g (0.001 equiv) of 
s-trioxane in 10 ml of methylene chloride at 5-10° was added
1.0 ml of concentrated sulfuric acid. The mixture was stirred

at 22-25° for 2 hr and phases were separated. The sulfuric acid 
phase was extracted with two 10-ml portions of methylene chlo
ride. The methylene chloride solution was combined with ex
tracts. The solution was washed with 20 ml of water and 
evaporated to give 0.4 g of a colorless, viscous oil, d 1.641, which 
was not further purified.

Anal. Calcd for Ci,H14N8F20 2o: C, 21.47; H, 2.12; F,
6.17. Found: C, 21.28; H, 1.97; F, 6.41.

Proton nmr (CDC13) 5 4.77 (s, 2 H, formal CH2), 4.75 (d, 
Thf =  16 Hz, 4 H, 2 FCCH2- ) ,  4.65 (s, 4 H, 2 FCCH2OCH2- ) ,  
and 4.37 (s, 4 H, -C C H 2OCH2OCH2C -).

1.3- Bis(2-fluoro-2,2-dinitroethoxy)-2-propanol.— To a solution 
of 4.0 g (0.026 mol) of 2-fluoro-2,2-dinitroethanol in 35 g of 37% 
aqueous formaldehyde was added 1.32 g (0.02 mol) of 85% 
potassium hydroxide in 4 ml of water, 4.2 g (0.02 mol) of 2- 
fluoro-2,2-dinitroethyl glycidyl ether, and 5.0 ml of methanol. 
The reaction mixture was stirred at 22-25° for 20 hr, diluted 
with water to 120 ml, and extracted with 50 ml of methylene 
chloride to give 3.0 g of l,3-bis(2-fluoro-2,2-dinitroethoxy)-2- 
propanol. An analytical sample was distilled in a molecular 
still at 155-160° (0.1 mm).

Anal. Calcd for C,Hi0N4F2On: C, 23.08; H, 2.76; F,
10.43. Found: C, 23.30; H, 2.61; F, 9.8.

Proton nmr (CDC13) S 4.65 (d, Jhf =  17.6Hz, 4 H, FCCH2- ) ,
2.52 (broad s, 1 H, OH), and 3.52-4.02 (superimposed multiplets, 
5 H, -C H 2CHCH2- ) ;  fluorine nmr <j> 111.2 (poorly resolved 
triplet).

1.3- Bis(2-fluoro-2,2-dinitroethoxy)acetone.— To a stirred solu
tion of 13.1 g (0.036 mol) of crude l,2-bis(2-fluoro-2,2-dinitro- 
ethoxy)-2-propanol (above), in 120 ml of acetone at 20-22° was 
added dropwise, over a period of 45 min, a solution of 10.0 g (0.1 
mol) of chromium trioxide and 8.0 g of concentrated sulfuric acid 
in 10 ml of water (Jones reagent10) until chromate color persisted. 
The unreacted chromate was destroyed with a few drops of 
isopropyl alcohol. The mixture was filtered and the filtrate was 
stirred with 10 g of sodium bicarbonate for 10 min. The mixture 
was filtered again and the filtrate was concentrated to ca. 15 ml. 
The concentrate was added to 200 ml of water and a water- 
insoluble liquid was extracted with 60 ml of methylene chloride to 
give 12.8 g (quantitative yield) of l,3-bis(2-fluoro-2,2-dinitro- 
ethoxy)acetone, a colorless liquid. An analytical sample was 
distilled in a molecular still at 140° (0.1 mm).

Anal. Calcd for C,H8N4F2On: C, 23.21; H, 2.22; F, 10.49. 
Found: C, 23.43; H, 2.06; F, 10.3.

Proton nmr (CDC13) 5 4.72 (d, Jhf =  16.4 Hz, 4 H, 2 FCCH2- )  
and 4.43 (s, 4 H, -C H 2COCH2- ) ;  fluorine nmr <t> 111.2 (poorly 
resolved triplet).

1.3- Bis(2-fluoro-2,2-dmitroethoxy)acetone Oxime.— To a solu
tion of 10.0 g (ca. 0.03 mol) of crude l,3-bis(2-fluoro-2,2-dinitro- 
ethoxy)acetone (above) in 70 ml of methanol was added 5.1 g of 
hydroxylamine hydrochloride and 10 g of sodium acetate tri
hydrate and the mixture was refluxed for 2 hr. The hot mixture 
was filtered and the filtrate was concentrated to 20 ml. The 
concentrated mixture was added to 100 ml of water and water- 
insoluble oil was extracted with 50 ml of methylene chloride. 
The methylene chloride solution was concentrated to give 10 g of 
crude l,3-bis(2-fluoro-2,2-dinitroethoxy)acetone oxime: proton
nmr (CDC13) 5 7.40 (s, broad, 1 H, = N O H ), 4.72 (d, Jhf =
16.8 Hz, 4 H, 2 FCCH2- ) ,  and 4.67 and 4.28 [s, 4 H, -C H 2C- 
(= N O H )C H H .

1.3- Bis(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropropane (2).— To 
a stirred solution of 2.0 g of crude l,3-bis(2-fluoro-2,2-dinitro- 
ethoxy)acetone oxime (above) in 30 ml of methylene chloride at 
0.5° was added dropwise, over a period of 10 min, 3.5 g of 90% 
nitric acid. The reaction mixture first turned turbid and then 
deep blue. After 20 min, 30% hydrogen peroxide was added 
dropwise (20 min) until the blue color of the solution was dis
charged. The mixture was added to 60 ml of ice water and the 
phases were separated. The methylene chloride solution was 
stripped to give 1.4 g of crude l,3-bis(2-fluoro-2,2-dinitroethoxy)-
2,2-dinitropropane. The crude material was purified by passing 
its CDC13 solution through a 0.5 X  25 mm column of basic 
alumina (Biorad, AGIO, 100-200 mesh).

Anal. Calcd for C7HsN 6F20 i4: C, 19.18; H, 1.84; F, 8.67. 
Found: C, 20.30; H .2.01; F ,8.4.

Proton nmr (CDC13) 5 4.70, (d, Jhf = 16 Hz, 4 H, 2 FCCH2- )  
and 4.55 [s, 4 H, -C H 2C (N 02)2CH2- ] ; fluorine nmr ¡f> 110.8 
(poorly resolved triplet).

Allyl 2-Fluoro-2,2-dinitroethyl Ether.— To 35 ml of 37-40% 
aqueous formaldehyde in 150 ml of water was added 30.8 g (0.2



POLYNITROALKYL ETHERS J. Org. Chem., Vol. 38, No. 17, 1973 3003

mol) of 2-fluoro-2,2-dinitroethanol and a solution of 10.8 g (0.26 
mol) of sodium hydroxide in 10 ml of water. To the solution was 
added 36.3 g (0.3 mol) of allyl bromide and the mixture was 
stirred for 45 hr at 23-25°. The mixture was extracted with 50 
ml of methylene chloride to give 25.5 g (66% yield) of allyl 2- 
fluoro-2,2-dinitroethyl ether, bp 31° (0.2 mm) [lit.2 bp 31-32° 
(0.2 mm)].

2-Fluoro-2,2-dinitroethyl Propargyl Ether.— To a mixture of
3.1 g (0.02 mol) of 2-fluoro-2,2-dinitroethanol, 20 ml of 18% 
aqueous formaldehyde, and 1.0 g (0.025 mol) of sodium hydroxide 
was added 2.4 g (0.02 mol) of propargyl bromide. The reaction 
mixture was stirred vigorously at 22-25° for 30 hr and then was 
extracted with 25 ml of methylene chloride. The methylene 
chloride extract was distilled to give 2.1 g of 2-fluoro-2,2-dinitro- 
ethyl propargyl ether (55% yield), a colorless liquid, bp 35° (0.3 
mm).

A n a l .  Calcd for C5H5N2FO5: C, 31.25; H, 2.62; N, 14.58; 
F, 9.89. Found: C, 31.56; H, 2.52; N, 14.0; F, 9.4.

Proton nmr (CC14) 8 4.59 (d, / Hf =  17.8 Hz, 2 H, FCCH2),
4.28 (d, Jhh = 3 Hz, 2 H, OCH2C = ), and 2.56 (t, 7 Hh =  3 Hz, 
1 H ,-C = C H ); fluorine nmr ¡j> 110.7 (poorly resolved triplet).

2-Fluoro-2,2-dinitroethyl 2,3-Dibromoallyl Ether.— To a stirred 
suspension of 1.92 g (0.01 mol) of 2-fluoro-2,2-dinitroethyl 
propargyl ether in 25 ml of water was added 1.6 g (0.01 mol) of 
bromine. The reaction mixture was stirred at 25° for 30 min and 
then was extracted with 20 ml of methylene chloride. The 
methylene chloride extract was fractionated to give 2.28 g of 2- 
fluoro-2,2-dinitroethyl 2,3-dibromoallyl ether, a colorless liquid, 
bp 80° (0.1 mm).

A n a l .  Calcd for C5H5N2FBr205: C, 17.05; H, 1.43; F, 5.39. 
Found: C, 17.41; H, 1.33; F, 5.54.

Proton nmr (CDCI3 ) 8 6.82 (s, 1 H, =CHBr), 4.55 id, / hf =
17.0 Hz, 2 H, FCCH2-) , and 4.57 (s, 2 H, -C H 2CBi= ) ;  fluorine 
nmr <j> 112.0 (poorly resolved triplet).

(2 -Fluoro-2 ,2 -dinitroethoxy)acetone.— 2-Fluoro-2,2-dinitro- 
ethyl propargyl ether, 0.5 g, was added dropwise at 25° to 10 ml 
of concentrated sulfuric acid. The reaction temperature in
creased to 30-32° and the mixture darkened. After 5 min, the 
reaction mixture was added to 50 ml of ice water and extracted 
with 5 ml of carbon tetrachloride. The proton nmr spectrum of 
the extract showed that it contained 80% of the starting material 
and 20% of (2-fluoro-2,2-dinitroethoxy)acetone.2

1- Chloro-3-(2-fluoro-2,2-dinitroethoxy)-2-propanol.— A suspen
sion of 2.1 g (0.01 mol) of 2-fluoro-2,2-dinitroethyl glycidyl ether 
in 30 ml of 8% hydrochloric acid was stirred at 25° for 16 hr. 
The mixture was extracted with 20 ml of methylene chloride to 
give 2.45 g (100% yield) of l-chloro-2-(2-fluoro-2,2-dinitroethoxy)- 
2-propanol. An analytical sample was distilled at 100° (0.1 
mm) in a molecular still.

A n a l .  Calcd for C5H8N2C1F06: C, 24.53; H, 3.25; N, 11.36; 
F, 7.7. Found: C, 24.57; H, 2.91; N, 10.86; F, 7.6.

Proton nmr (CDC13) 8 4.65 (d, / Hf =  17.4 Hz, 2 H, FCCH2-),
2.70 (broad s, 1 H, OH), and superimposed multiplets at 3.47-
2.17 (5 H, CH2CHCH2); fluorine nmr <j> 111.0 (poorly resolved 
triplet).

The compound was also isolated as the side reaction product 
(incomplete cyclization) in the synthesis of 2-fluoro-2,2-dinitro- 
ethyl glycidyl ether from 2-fluoro-2,2-dinitroethanol and epichlo- 
rohydrin.

2- Fluoro-2,2-dinltroethyl Glycidyl Ether.— To a stirred solution 
of 1.23 g (0.05 mol) of l-chloro-3-(2-fluoro-2,2-dinbroethoxy)-2- 
propanol in 5 ml of methanol at 22-25° was added, dropwise, a 
solution of 0.34 g (0.05 mol) of 85% potassium hydroxide in 5 ml 
of methanol. The mixture was stirred for 15 min, diluted with 50 
ml of ice water, and extracted with 25 ml of methylene chloride. 
The extract was distilled to give 2.0 g (95% yield) of 2-fluoro-2,2- 
dinitroethyl glycidyl ether, bp 71° (0.1 mm) [lit.2 bp 70-71° (0.1 
mm)].

l-Bromo-3-(2-fluoro-2,2-dmitroethoxy)-2-propanol.—The title 
compound, a colorless liquid, distilled in a molecular still at 110° 
(0.1 mm), was obtained in 90% yield by treating 2-fluoro-2,2- 
dinitroethyl glycidyl ether with 10% hydrobromic acid.

A n a l .  Calcd for C5H8N2BrF06: C, 20.62; H, 2.76; N, 9.62; 
F, 6.52. Found: C, 20.80; H, 2.31; N, 9.50; F, 6.4.

Proton nmr 8 4.65 (d, / hf =  17.2 Hz, 2 H, FCCH2-) , 2.58 (d, 
Jh- oh =  3.8 Hz, 1 H, OH), and 3.33-4.13 (superimposed multi
plets, 5 H, CH2CHCH2); fluorine nmr <t> 109.5 (poorly resolved 
triplet, / hf = 17Hz).

l-Iodo-3-(2-fluoro-2,2-dmitroethoxy)-2-propanol.— The title 
compound, a colorless liquid, distilled in a molecular still at 115-

120° (0.1 mm), was obtained in 92% yield by treating 2-fluoro-
2,2-dinitroethyl glycidyl ether with 15% hydroiodic acid follow
ing the procedure used for the synthesis of the chloro analog.

A n a l .  Calcd for C5H8N2FI06: C, 17.76; H, 2.38; N, 8.28; 
F, 5.62. Found: C, 18.08; H, 2.31; N, 7.8; F, 5.7.

Proton nmr (CDC13) 8 4.63 (d, / Hf = 17.1 Hz, 2 H, FCCH2-) ,
2.67 (broad s, 1 H, OH), 3.13—4.05 (superimposed multiplets, 5 
H, CH2CHCH2); fluorine nmr <t> 109.6 (t, / hf =  17.0 Hz).

l-(2-Fluoro-2,2-dinitroethoxy)-3-nitrato-2-propanol.—To a 
stirred solution of 7.0 ml of 70% nitric acid in 14 ml of water at 
25° was added 2.1 g (0.01 mol) of 2-fluoro-2,2-dinitroethyl 
glycidyl ether. After 20 min the solution was extracted with 15 
ml of methylene chloride. The extract was concentrated to leave
2.2 g of l-(2-fluoro-2,2-dinitroethoxy)-3-nitrato-2-propanol (80% 
yield), a colorless liquid. An analytical sample was distilled in a 
molecular still at 125° (0.1 mm).

A n a l .  Calcd for C5H8N3F09: C, 21.98; H, 2.95; F, 6.95. 
Found: C, 21.92; H, 2.68; F, 7.1.

Proton nmr (CDC13) 8 4.67 (d, / hf =  16.0 Hz, 2 H, FCCH2-) ,
2.80 (broad s, 1 H, OH), and 3.50-4.50 (superimposed multiplets, 
5 H, -CH 2CHCH2-) ;  fluorine nmr <j> 110.7 (poorly resolved trip
let).

3-(2-Fluoro-2,2-dinitroethoxy)-2-hydroxy-l-propyl Pivalate.—
To a stirred solution of 2.28 g (0.01 mol) of 3-(2-fluoro-2,2- 
dinitroethoxy)-l,2-propanediol and 0.84 g (0.01 mol) of pyridine 
in 20 ml of methylene chloride was added at 20-25° dropwise (3 
min) a solution of 1.20 g (0.01 mol) of pivaloyl chloride in 5 ml of 
methylene chloride. The mixture was stirred for 10 min, washed 
with 50 ml of 3% hydrochloric acid, dried, and concentrated to 
give 3.05 g (98% yield) of 3-(2-fluoro-2,2-dinitroethoxy )-2-hydrox- 
yl-l-propyl pivalate. An analytical sample was distilled in a 
molecular still at 135° (0.1 mm).

A n a l .  Calcd for CioHi7N2F08: C, 38.46; H, 5.48; N, 8.97; 
F, 6.08. Found: C, 38.80; H, 5.48; N, 8.69; F, 5.92.

Proton nmr (CDCI3) 8 4.72 (d, J j r  =  18.0 Hz, 2 H, FCCH2-),
3.25 (broad s, 1 H, OH), 1.22 [s, 9 H, -(CCCH3)3], and 3.25-363 
(superimposed multiplets, -CH 2CHCH2-) ;  fluorine nmr <j> 110.0 
(t, / hf =  17.8 Hz).

l-Chloro-3-(2-fluoro-2,2-dinitroethoxy)acetone.— To a stirred 
solution of 4.94 g (0.02 mol) of l-chloro-3-(2-fluoro-2,2-dinitro- 
ethoxy)-2-propanol in 75 ml of acetone was added at 20-23° drop- 
wise over a period of 45 min chromic-sulfuric acid solution (Jones 
reagent prepared by adding 1.75 ml of concentrated sulfuric acid 
to a solution of 2.0 g of chromium trioxide in 1 ml of water). The 
mixture was stirred for 45 min and the excess of chromium trioxide 
was destroyed with a few drops of isopropyl alcohol. The mix
ture was filtered and the filter cake was washed with two 5-ml 
portions of acetone. The combined filtrate and washings were 
stirred with 5 g of sodium bicarbonate for 10 min, filtered, and 
concentrated to c a .  10 ml. The concentrated solution was diluted 
with 80 ml of water and extracted with 45 ml of methylene chlo
ride to give 4.6 g (94% yield) of l-chloro-3-(2-fluoro-2,2-dinitro- 
ethoxy) acetone, a colorless liquid. An analytical sample was 
distilled in a molecular still at 125° (0.1 mm).

A n a l .  Calcd for C5HaN2ClF06: C, 24.55; H, 2.45; N, 11.45; 
F, 7.76. Found: C, 24.69; H, 2.61; N, 11.31; F, 7.98.

Proton nmr (50:50 CDCls-CCh) 5 4.66 (d, / hf =  17.0 Hz, 2 
H, FCCH,-), 4.52 (s, 2 H, OCH2CO), and 4.8 (s, 2 H, -CH 2C1); 
fluorine nmr 4> 109.7 (poorly resolved triplet,/ hf = 17 Hz).

3-(2-Fluoro-2,2-dinitroethoxy)-2-oxo-l-propyl Pivalate.—The 
title compound, a colorless oil, was prepared in 85% yield by 
oxidation of 3-(2-fluoro-2,2-dinitroethoxy)-2-hydroxy-l-propyl 
pivalate with Jones reagent following the above procedure. An 
analytical sample was distilled in a molecular still at 145° (0.1 
mm).

A n a l .  Calcd for Ci0H15N2FO8: C, 38.71; H, 4.87; N, 9.03; 
F, 6.12. Found: C, 38.73; H, 5.30; N, 9.18; F, 5.96.

Proton nmr (CDCI3) 8 4.75 (d, / hf =  16.4 Hz, 2 H, FCCH2-) ,
4.63 (s, 2 H, OCH2CO), 4.37 (s, 2 H, CH2), and 1.25 [s, 9 H, 
C(CH3)]; fluorine nmr <t> 110.6 (poorly resolved triplet, / hf =
16.5 Hz).

l-(2-Fluoro-2,2-dinitroethoxy)-3-nitratoacetone.—The title 
compound, a colorless liquid, was prepared in 90% yield by the 
oxidation of l-(2-fluoro-2,2-dinitroethoxy)-3-nitrato-2-propanol 
with Jones reagent following the procedure described above for 
the 3-chloro analog. An analytical sample was distilled in a 
molecular still at 125° (0.1mm).

A n a l .  Calcd for C sH ^FO ,: C, 22.14; H, 2.23; F, 7.0. 
Found: C, 21.93; H, 2.03; F, 7.1.
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Proton nmr (CDC13) S 5.13 (s, 2 H, CH2ONO2), 4.75 (d, Jnr =
17.0 Hz, 2 H, FCCH2-) , and 4.48 (s, 2 H, CH2); fluorine nmr 4,

109.4 (poorly resolved triplet).
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The preparation of o-monosubstituted indoles by (a) the Madelung reaction, (b) o-nitrobenzyl ketone reduc
tion, and (c) o,/S-dinitrostyrene reduction was explored. The Madelung reaction is limited to use on those tolui- 
dides which do not have double bonds or active hydrogens present. Toluidides having tertiary benzylamine 
groups can be used. o-Nitrobenzyl ketone preparations were attempted by the arylation of /3-keto esters with 
o-fluoronitrobenzene. This reaction is limited to «-unsubstituted acetoacetic esters. The dinitrostyrene route 
appears to be useful when the appropriate primary nitro compound is available for condensation with o-nitro-
benzaldehyde.

Of the many reported syntheses of indole alka
loids, most have used reaction sequences involving 
either the formation of the disubstituted indole by 
means of a Fisher indole synthesis or the preparation 
of an appropriate ^-substituted indole followed by a 
ring closure into the a position of the indole ring.1 2 
It was thought, however, that it would be advanta
geous in some cases to first prepare an «-monosubsti- 
tuted indole and then utilize the higher reactivity of 
the 8 position3 to facilitate the subsequent ring clo
sure.4 This approach would also avoid the formation 
of intermediate 3,3-disubstituted 3H-indoles, which 
could rearrange to give a mixture of products.5

While a number of methods have been reported for 
the exclusive preparation of «-substituted indoles,6 
with the exception of the triethylphosphite reduction 
of o-nitrostyrenes7 and the pyrolysis of o-azidosty-

(1) (a) N SF  G raduate Traineeship recipient, sum m er, 1971; (b ) N S F
G raduate Traineeship recipient, sum m er, 1970.

(2) F or som e exam ples see (a) R . J. Sundberg, “ The C h em istry  o f  In 
d o les,”  A cad em ic Press, N ew  Y ork , N . Y .,  1970, pp  25 1 -2 6 9 ; (b ) J . E . 
Saxton  in “ T h e A lkalo ids,”  V o l. V II , R . H . F . M anske, E d ., A cad em ic Press, 
N ew  Y ork , N . Y .,  1960, C hapter 10.

(3) R . L . H inm an and E . B . W hipple, J .  A m e r .  C h e m . S o c . ,  84, 2534 
(1962 ); R . L . H inm an and C . P . Baum ann, J .  O r g . C h e m ., 29, 2437 (1964).

(4) See, for exam ple, (a) R . B . W oodw ard , M . P . C ava, W . D . Ollis, A . 
H unger, H . U . D aeniker, and K . Schenker, J .  A m e r .  C h e m . S o c . ,  76, 4749
(1954); T e t r a h e d r o n ,  19, 247 (1963); (b ) H . P . H usson, C . Thai, P . Potier, 
and E . W enkert, C h e m . C o m m u n .,  480 (1970); (c) G . G rethe, H . L. Lee, and 
M . R .  U skokovic , S y n .  C o m m u n .,  2 , 55 (1972); (d ) R . L . Augustine and 
S. F . W anat, i b id . ,  2, 63 (1972).

(5) A . H . Jackson and A . E . Sm ith, T e tr a h e d r o n , 24, 403 (1968).
(6) (a) R eference 2a, C h apter 3 ; (b ) V . F . M a rty n ov  and G . O l’m an, 

Z h .  O b sh ch . K h i m . ,  25, 1561 (1955); C h e m . A b s t r . ,  50, 4909 (1956 ); (c) 
M . Panunzio, N . Tangari, and A . U . R on ch i, C h e m . C o m m u n .,  415 (1972); 
(d) C . D . Jones and T . Saurez, J .  O r g . C h e m ., 37, 3622 (1972); (e) C . D . 
Jones, i b i d . ,  37, 3624 (1972); (f) P . G . Gassm an and T . J. Van Bergen, 
J .  A m e r .  C h e m . S o c . ,  95, 590 (1973).

(7) R . J. Sundberg, J .  O r g . C h e m ., 30, 3604 (1965); 33, 487 (1968).

renes,8 little is known about their generality and scope. 
Thus, the following methods for the preparation of 
«-monosubstituted indoles were investigated: (1)
the Madelung reaction;9“ (2) o-nitrobenzyl ketone 
reductions;9b (3) o,d-dinitrostyrene reductions.90

The Madelung reaction,9“ which involves the heating 
of an o-toluidide with a strong base, has been used 
successfully for the preparation of a number of ar
alkyl-substituted indoles,10 as well as indoles having 
alkyl groups on the 5 or 7 positions.9“ It appears 
that nitro-11 or halogen- substituted12 indoles cannot 
be prepared by this method. This procedure has 
been used for the synthesis of 2-(Ar,Ar-dimethylamino- 
methyl)indole ( l ) .13 In a study of this reaction1315 
it was found that reasonably good yields of 1 were 
obtained if sodium amide was used as the base but 
that the use of other bases gave much poorer results. 
However, in this13b and subsequent work14 utilizing

(8) R . J. Sundberg, H . F . Russell, W . V . L igon, Jr., and Long-S u L in , 
J .  O r g . C h e m ., 37, 719 (1972).

(9) R eference  2a: (a) p  189; (b ) p  176; (c) p  182.
(10) (a) C . F . H . Allen and J. V an Allan, “ O rganic Syntheses,”  C o llect. V o l.

I l l ,  W iley , N ew  Y ork , N . Y . ,  1955, p  597; (b ) A . V erley, B u l l .  S o c .  C h im .  
F r . ,  35, 1039 (1924); 37, 189 (1925); (c) C . Cardini, F . P iozzi, and G . C a s- 
nati, G a z z . C h im . I t a l . ,  85, 263 (1955); (d ) T . Lesiak, R o c z .  C h e m ., 36, 1097 
(1962); C h e m . A b s t r . ,  58, 5615 (1964); (e) F . P iozzi and M . R . Langella, 
G a z z . C h im . I t a l . ,  93, 1382 (1963); (f)  G . G asnati, M . R . L angella , F . 
P iozzi, A . R icca , and A . U m an i-R on ch i, i b i d . ,  94, 1221 (1 964 ); (g ) E .
W alton , C . H . Stam m er, R . F . N utt, S. R . Jenkins, and F . W . H olly , J .  M e d .  
C h e m ., 8, 204 (1965).

(11) W . E . N oland, L. R . Sm ith, and K . R . R ush, J .  O r g . C h e m .,  30 , 3457 
(1965), foo tn ote  15.

(12) W . E . N olan d and C . R eich , J .  O r g . C h e m ., 32, 828 (1967).
(13) (a) E . Euler and H . Erdtm an, J u s t u s  L i e b i g s  A n n .  C h e m .,  520, 1 

(1935); (b ) E . C . K orn feld , J .  O r g . C h e m ., 16, 806 (1951); (c ) F . Y on ed a , 
T . M iyam ae, and Y . N itta , C h e m . P h a r m .  B u l l . ,  15, 8 (1967).

(14) (a) H . R . Snyder and P . L. C ook , J .  A m e r .  C h e m . S o c . ,  78 , 969 
(1956); (b ) W . Schindler, H e lv . C h im . A c t a ,  40, 1130 (1957).
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1 as a synthetic intermediate the method of choice 
for its preparation was through ethyl indole-2-car- 
boxylate (2).

1, R =  CH2N(CH3)2
2, R =C 02Et

In this present work it has also been found that the 
nature of the base used has a marked influence on the 
outcome of the reaction. In contrast to the previous 
report,13b however, it was found that the use of potas
sium ferf-butoxide gave, by far, the best yields of in
doles, especially in those reactions involving toluidides 
having a nitrogen-containing acyl group. The use 
of other bases, such as sodium methoxide, sodium 
ethoxide, sodium amide, lithium amide, or n-butyl- 
lithium, resulted in either very low yields of cyclized 
material or extensive decomposition of the product. 
It is necessary, though, that care be taken to avoid the 
complete sublimiation of the potassium terf-butoxide 
before cyclization occurred completely. The best 
results were obtained when the toluidide was refluxed 
in benzene or feri-butyl alcohol for a short time with
4-8 equiv of the base. After removal of the solvent 
the residue was then placed in a bath preheated to 
about 270° and the temperature was raised until the 
residue melted and frothing was observed. The 
temperature was held at this level until the frothing 
subsided and the reaction mixture was analyzed for 
the presence of toluidide by tic. If toluidide was pres
ent, the mixture was cooled and redissolved, addi
tional base was added, and the procedure was repeated.

The optimum temperature for cyclization is deter
mined by the nature of the substituent present on the 
toluidide. If the reaction temperature is too high ex
tensive decomposition can take place. While the 
best temperature for a given reaction can be found 
by trial and error, it is generally true that tempera
tures 5-10° above the melting point of the toluidide 
salt give satisfactory results in most cases. The supe
riority of potassium ferf-butoxide over the sodium- 
and lithium-containing bases is probably a result of 
the lower melting points of the potassium toluidide 
salts as compared to the sodium and lithium analogs. 
The indoles prepared here by this method and the 
optimum reaction temperatures are listed in Table I.

As mentioned above, this reaction is quite useful 
for the preparation of a-alkyl-substituted indoles; 
even the previously unknown a-cyclopropylindole 
(3c) is obtained in good yield by this procedure. 
However, if the toluidide contains double bonds (4c 
and 4o,15 Table II) or active hydrogens (4e), extensive 
decomposition is observed even at the lowest possible 
reaction temperature. In agreement with previous 
work13 it was found that tertiary amines are stable 
under these reaction conditions, as shown by the prepa
ration of 3d and 3g- However, in neither of these 
compounds is there available a potential secondary

(15) Sim ilar results in the a ttem pted  cyclization  o f  4o using lith ium  am ide
have also been observed : M . R . U skokovic , private com m u nication .

T a b l e  I

a r -M o N O S U B S T IT U T E D  IN D O L E S

,H

(XX
H
3

Method Reac
of tion

prep temp,6 Yield,
R aration0 °C % Mp, °C

a c h 3 A 300 86 60-61'
B 96 58-59
C 42' 59-60

b C Ä A 325 60 186-187-*
c A 300 75 58-59'

d C H I N C H , A 340 92 137-139'

e CH2— ^ N C H A H s A 300 72 112-114'

f CH,—/~NCH2C6H/ 

\

A 300 81 195-196'’'

g XP A 300 66 154-156*

h c h 2c h 3 C 55’ 40-41’
i c h 2c6h 5 C 43’ 81-83*
“ A =  Madelung reaction, B =  nitro ketone reduction, C =  

dinitrostyrene reduction. 6 For Madelung reaction. ' Lit. mp 
56-57° (ref 10a). d Lit. mp 186-188° [R. L. Shriner, W. C. Ash
ley, and E. Welch, O r g .  S y n . ,  22, 98 (1942)]. 'A ll new com
pounds gave C, H, and N analyses within ± 0 .3 %  of theoreti
cal values. f  Mixture of cis and trans isomers. 1 Melting point 
of the maleate salt. 6 Lit. mp 155-156° (ref 7b). * Overall yield 
from o-nitrobenzaldehyde. ’  Lit. mp 43° [A. Verley and J. 
Deduwe, B u l l .  S o c .  C h i m .  F r . ,  37, 190 (1925)]. k Lit. mp 86° 
[P. L. Julian and J. Pikl, J .  A m e r .  C h e m .  S o c . ,  55, 2105 (1933)].

amine which could be utilized in further reactions. 
The common amine blocking groups such as the amide 
or the urethane proved to be ineffective, since they 
are readily cleaved under the reaction conditions and 
the resulting secondary amine is decomposed on fur
ther heating. Tertiary benzylamines are, however, 
stable and the iV-benzylpiperidyl indoles 3e and 3f 
are obtained in good yields. Secondary amines are 
potentially available by hydrogenolysis of these ben
zylamines.16 The isoquinoline toluidide 4p did not 
show any sign of reaction at temperatures below 340°. 
At higher temperatures a reaction occurred but the 
product was a nonindolic material which contained 
no methoxy group as indicated by pmr spectroscopy.

The toluidides used in this reaction are generally 
prepared by the reaction of o-toluidine with an acid 
chloride or anhydride. They can also be prepared by 
the reaction of the toluidine anion with an ester (Bour- 
droux reaction).17 It has been found that anion gen
eration using alkyllithium reagents rather than Gri- 
gnard reagents gives much better yields of the toluidide. 
Some toluidides were also prepared using the modified

(16) R .  L . Augustine, “ C a ta lytic  H ydrogen ation ,”  M arcel D ekker, N ew  
Y ork , N . Y .,  1965, C hapter 6.

(17) F . B ourdoux, C . R .  A c a d .  S c i . ,  S e r .  C , 138, 1427 (1904 ); 140, 1108 
(1905); 142, 401 (1906).
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T a b l e  II 
o- T o l t t id id e s

4

a
R

CH,

M eth od  
o f  prep
aration®

A

Y ield .
%

75
Mp, "C 

1 1 0 - 1 1 2 5

b c6h s A 90 143-145°

c A 93 154-156<i

d _ A A 96 129-131“

e CHaC6Hs B 80 161-162“

f C 74 146-148“

g
__e

CH,

C 81 136-140“

h X) B 85 63-66“

i —CH,—^^NCH, C 73 139-140“

j —CH,—( NCBAHs C 83 147-149“

k — CH,—^NCO,C,H, C 74 143-1447

1 — CH.CH, —^~NCH,CeH5 O 60 128-129

m — CH, — {  NCHjCsH/r B 79 103-105“

n XX B 79 113-115“

0 XT B 40 h

P y y y “ g 75 124-125“

“ A =  from acid chloride or anhydride, B = Bourdroux reac
tion, C =  modified Wittig reaction. 6 Lit. mp 110-111° (ref 
10a). '  Lit. mp 145-146° [P. Jacobson and L. Huber, C h e m .

h e r . ,  41, 660 (1903)]. “ All new compounds gave C, H, and N
analyses within ±0 .3 %  of the theoretical values. • Mixture of 
cis and trans isomers. f  Characterized by conversion to 4e. 
» Modified procedure; details are given in the Experimental 
Section. h Material used without further characterization.

S c h e m e  I

a CH3 || CH,
BrCCH,Br (|

m  * ^ n -
N — CCH,Br

CH,

H 0
jP(OE t),

CH,

R/  RCR' ,
N— CCH=C II N— CCH2P(OEt>,
! || 'SR' 0 I I I

H O  H O 0
5

R
CH3

^  /
N— CCH2CH

II V
H 0 R'

is the intermediate commonly used in the prep
aration of l ,13b indole-2-acetic acid,19 isotrypto
phane, ish.14a,2° ancj other «-substituted indoles.Hb'21 
While this procedure has been used for the prepara
tion of a number of 4-, 5-, 6-, or 7-substituted indoles,9b 
its utility has not been extended to the direct prepa
ration of indoles having an a substituent other than 
an ester. A number of attempts have been made to 
condense o-nitrotoluene with esters other than oxa
lates22 but in no instance was the desired nitro ketone 
obtained.

The problem in the general utility of this reductive 
procedure lies mainly in the availability of the re
quired nitro ketones. A partial solution to this prob
lem has been attained with the reported condensations 
of o-nitrophenylacetyl chloride with enamines,23 malo- 
nates,24 and /3-keto esters.25 The preparation of ox- 
indoles by nucleophilic substitution of malonic acid 
ester anions on o-chloronitrobenzene followed by hy
drogenation has been reported.26 By a similar reac
tion sequence 4-aza-3-cyanooxindole is prepared from
2-chloro-3-nitropyridine and ethyl cyanoacetate.27 No 
mention could be found in the literature of the use of 
this type of reaction sequence to prepare o-nitrobenzyl 
ketones and of their subsequent reduction of «-sub
stituted indoles.

The reaction between o-fluoronitrobenzene (6a) and 
the anion of ethyl acetoacetate occurred readily in 
hexamethylphosphoric triamide (IIMPT) at room 
temperature. The product aryl /3-keto ester 8 (Scheme 
II) was hydrolyzed and decarboxylated to give the 
nitro ketone 9, which was hydrogenated to 2-methyl-

Wittig reaction shown in Scheme I. The toluidides 
prepared in this work are listed in Table II.

o-Nitrobenzyl Ketone Reduction.913—One of the more 
common reductive indole ring closure procedures is the 
Reissert sequence,18 involving the condensation of
o-nitrotoluene' with ethyl oxalate followed by reduction 
to give ethyl indole-2-carboxylate (2). This compound

(18) F. T. Tyson, "Organic Syntheses,”  Collect. Vol. I ll , Wiley, New
York, N. Y., 1955, p 479.

(19) W . Schindler, H e lv .  C h im . A c t a ,  41, 1441 (1958).
(20) S. Sw am inathan and S. Sulochana, J .  O r g . C h e m ., 23, 90 (1958).
(21) (a) J. R . Johnson, R . B . H asbrouk, J. D . D utch er, and W . F . B ruce, 

J .  A m e r .  C h e m . S o c . ,  67, 423 (1945); (b ) W . J. Brehm , i b i d . ,  71 , 3541 (1949); 
(c) J. H arley -M ason  and E . H . Parvi, J .  C h e m . S o c . ,  2565 (1963).

(22) I . C . P attison , P h .D . D issertation, Seton H a ll U niversity , South  
O range, N . J., 1972.

(23) P . R osen m u nd and W . H . H oase, C h e m . B e r . ,  99, 2504 (1966).
(24) J. R . P iper and F. J. Stevens, J .  H e t e r o c y c l .  C h e m ., 3 , 95 (1966).
(25) R . G iu liano and M . L. Stein, A n n .  C h im . { R o m e ) ,  48, 1284 (1958); 

C h e m . A b s t r . ,  53, 14084 (1959).
(26) C . A . G rob  and O. W eissbach, H e lv . C h im . A c t a ,  44, 422 (1961).
(27) N . F inch , M . M . R ob ison , and M . P . Valerico, J .  O r g . C h e m .,  37 , 

51 (1972).
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S c h e m e  II 
0

6 a, X : 
b,X =

no2
■F
Cl

/
“CH

\

CCH,

C02Et
7

N02 
0 
II

y CCH3
8 , R=CH

^C02Et
9, R = CHCCH3

II
0

10, R=CE2C02Et
h2

9 i T 3a

indole (3a) in 70% overall yield. As expected, the 
corresponding reaction on o-chloronitrobenzene (6b) 
took place only at the elevated temperatures, with 8 
being formed in 65% yield after 4 hr at 110°. After 
16 hr at this temperature a quantitative yield of ethyl-
o-nitrophenylacetate (10) was formed. Since it wras 
felt that this deacylation could have been assisted by 
the nitro group,28 the reactions were repeated using p- 
chloronitrobenzene (Scheme III). As with the ortho

compound 14 from reaction of 2,4-dinitrochloroben- 
zene (15) with ethyl acetoacetate. He has shown that 
14 could be generated by the reaction of 15 with 16 and 
has suggested that the diaryl /3-keto ester 17 thus 
formed was deacylated by reaction with the solvent. 
None of the analogous diarylacetic ester was detected 
in the o-chloronitrobenzene reactions discussed above.

The utility of our approach as a general synthesis 
of «-substituted indoles was shown to be quite limited 
when it was found that neither the isoquinoline j3- 
keto ester 18 nor the cycloalkanone carboxylic esters 
19a and 19b wmuld react with 6a under a variety of

O

18 19a. *=1
b, x = 2

reaction conditions. Condensation of these /3-keto 
esters with 2,4-dinitrochlorobenzene could be effected 
but the resulting products resisted all attempts at 
hydrolysis and decarboxylation.

In conjunction with this phase of the work several 
attempts were made to prepare /3-keto esters from the 
quinuclidine and tetrahydroisoquinoline esters 20 and 
21 by means of mixed Claisen condensations with both

S c h e m e  III
C02Et

16, R = N02

13, R=H
14, R = N02

isomer the normal product, 11, was obtained in 65% 
yield after 4 hr at 110°. After 20 hr at this tempera
ture the diarylacetic ester, 13, was formed in nearly 
quantitative yield. Borsche29 has reported the for
mation of a small amount of the corresponding dinitro

(28) J. D . L ou don  and G . Tennant, Q u a r t .  R e v . ,  C h e n ..  S o c . ,  18, 389 
(1964).

(29) W . Borsche, C h e m . B e r . ,  42, 601 (1909).

h3co .
H

"  — CO,Et 
NCH2C6H5

21

ethyl and ieri-butyl acetate. In contrast to a pre
vious report of a successful condensation of 20 with 
ethyl acetate,30 only starting amino esters were re
covered from our attempts. In order to ascertain 
the reason for this failure one of the basic reaction mix
tures was worked up using deuterioacetic acid, When 
the recovered amino ester 20 was analyzed by pmr 
spectroscopy, it was found that the C2 proton was 
completely replaced by deuterium. It appears that 
in these amino esters the a proton is quite acidic and 
that under the basic reaction conditions relatively 
facile anion formation at this carbon precludes any 
condensation.

o,/3-Dinitrostyrene Reductions.9“—The condensation
o-nitrobenzaldehyde (22) with nitromethane to give 
the dinitrostyrene 23 (Scheme IV) has been well doc
umented.31 Reduction of 23 gives indole 24.9c'32 
While this procedure has been used for the prepara
tion of a number of 4-, 5-, 6-, and 7-substituted in
doles9“ and 2-methylindoles,33 it does not appear to 
have been used for the preparation of any other a- 
or ̂ -substituted indoles.

The primary nitroalkanes 25 required for the ex
tension of this procedure are available by several

(30) L . N . Y a k h on tov  and M . V . R u b stov , Z h .  O b s h c h . K h i m . ,  27, 72 
(1957 ); C h e m . A b s t r . ,  51, 12085 (1957).

(31) L . F . Fieser and W . H . D andt, J .  A m e r .  C h e m . S o c . ,  68, 2248 (1946).
(32) T . van  der Lee, R e e l .  T r a v . C h im . P a y s - B a s ,  44, 1089 (1925).
(33) (a) H . Burton and J. A . D uffield, J .  C h e m . S o c . ,  78 (1949) ; (b ) R . J. S. 

Beer, K . Clarke, H . F . D avenport, and A . R ob ertson , ib id ., 2029 (1951 ); (c) 
R . H . H eacock , O. H utzinger, B . D . Scott, J. W . D a ly , and B. W itk op , 
J . A m e r .  C h e m . S o c . , 85, 1825 (1963).
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S c h e m e  IV
OH R
I I

CHO
1 1

CH— CH— N02

+  rch2no2 — ► | X
no2 25 ^ ^ no2

1
^  ^  m 2

H K
(XT

no2

24, R =  H 23, R=H

R C =0 +  CH3N02

I
H

R'CHCH2N02

I
OH

i
25 R'CH=CHN02 

26

routes.34 35 The method used here involved the con
densation of the appropriate aldehyde with nitrometh- 
ane followed by dehydration of the intermediate 
alcohol to give the nitro olefin 26. The double bond 
in 26 was reduced either with sodium borohydride36 
or by catalytic hydrogenation over (Ph3P)3IthCl,36 
the latter procedure being effective for aliphatic as 
well as aromatic nitro olefins. Finally, condensations 
of these nitroalkanes with 22 occurred readily with 
sodium acetate in acetic acid. By use of this proce
dure 2-alkylindoles have been prepared in fairly good 
overall yields (see Table I ) .

As an extension of this work, the benzoyldinitro- 
styrene 27 was hydrogenated to determine whether an 
indole, 29, or a quinoline, 28, would be formed. On

0

work-up of the reaction mixture only 3-amino-2-phenyl- 
quinoline (28) was found. All attempts to block the 
keto group in 27 by ketalization led to either the re
covery of starting material or the addition of the 
alcohol across the double bond.

We also felt that reducing an o-nitrostyrene oxide 
after dehydrating the anticipated hydroxyindoline 
intermediate, 31, could lead to the formation of indoles 
(Scheme V). The ketal epoxide 30 was prepared as 
shown in Scheme V and hydrogenated under a variety 
of conditions. In most instances the product mixture

S c h e m e  V

36

OH

37

1
„  n

A V
CH— CHCQHj

N02

30

was composed of a large number of compounds, none 
of which gave the characteristic indole test reactions 
or showed the characteristic d-indole proton resonance 
in the pmr spectra,330 even after acid treatment to 
attempt dehydration. When palladium on char
coal was used as the catalyst a reasonably pure sample 
of a single product was obtained. This material 
still showed the presence of the dioxolane ring by pmr 
spectroscopy but was found to be polymeric by mass 
spectral analysis. No further work was done on this 
material.

Experimental Section37
o-Toluidide Formation (Table II). A. From Acid Chlo

rides.— A dioxane solution of o-toluidine was added to a suspen
sion of 1 equiv of sodium hydride in hexane. After gas evolution 
subsided a dioxane solution of 1 equiv of the acid chloride (or 
anhydride) was added and the mixture was refluxed for 2-3 hr. 
The reaction mixture was poured into water and extracted with 
ether. The extracts were washed with a 2%  aqueous sodium 
carbonate solution, 3 N  HC1, and water, after which they were 
dried and evaporated. The solid toluidides were recrystallized 
from aqueous ethanol or benzene-pentane and were characterized 
by the presence of infrared absorption bands at 3450-3350 (NH) 
and 1680-1690 cm-1 (C = 0 ) as well as by a three-proton singlet in 
thenmrspectrumatS2.1-2.2 (ArCH3).

B. From Esters.— To 50-75 ml of hexane containing 0.05 mol 
of n-butyllithium was added, slowly and with stirring under 
nitrogen, 5.4 g (0.05 mol) of freshly distilled o-toluidine in 25 ml 
of ether. After gas evolution ceased, 0.025 mol of the ester in 
25 ml of ether was added and the solution was refluxed for 1-2 hr 
and then poured over ice water. If a solid formed it was filtered 
and recrystallized from aqueous ethanol or benzene-pentane. 
If not, the reaction mixture was extracted with ether. The ex
tracts were washed with water, dried, and evaporated. The ex
cess o-toluidine could conveniently be removed by heating at 60° 
(0.2 mm) overnight.

C. From Ketones. AT-(Diethylphosphonoaeetyl)-o-toluidine
(5).— To 500 ml of ether containing 54 g of o-toluidine and 55 g of 
triethylamine was added a solution of 125 g of bromoacetyl bro
mide in 200 ml of ether. After stirring for 1 hr the precipitate 
was removed and the ether was evaporated from the filtrate under 
reduced pressure. The residue was treated with 300 ml of pen
tane and the crystalline AT-(bromoacetyl)-o-toluidine, separated 
by filtration, was used directly in the following step.

This toluidide (57 g) was added to 83 g of triethyl phosphite and 
the mixture was heated rapidly to 120°, at which temperature a 
violent reaction began. When the initial reaction subsided, the 
mixture was heated further to 150° under reduced pressure until

(34) G . B . Bachm an and R . J. M aleski, J .  O r g . C h e m ., 37, 2810 (1972)^ 
and references c ited  therein.

(35) I. B axter and G . A . Swan, J .  C h e m . S o c . ,  468 (1968).
(36) R . E . H arm on , J. L . Parsons, D . W . C ook e, S. K . G upta , and J.

Schoolenberg, J .  O r g . C h e m ., 34, 3684 (1969).

(37) P roton  nm r spectra were determ ined on a Varian A -6 0 A  sp ectrom 
eter. Ir  spectra  were determ ined on  a B eckm an IR -1 0 . M eltin g  points 
and boiling points are uncorrected . T ic  determ inations were perform ed  
on  E astm an  #6060 silica gel thin layer chrom atogram  sheets using ch loro 
form  as the developing solvent.
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gas evolution ceased. The cooled residue was dissolved in 400 
ml of ether and the resulting solution was poured slowly into 2 1. 
of petroleum ether (bp 30-60°). The precipitated 5 (32 g, 45%) 
had mp 76-78° (recrystallization from ether-petroleum ether 
raised the melting point to 77-78°); ir (CHC13)3400,1684cm-1; 
nmr (CDClj) S 1.17 (t, 6, -OCH2CH3), 2.14 (s. 3, ArCHj), 3.00 
(d, 2, J  =  21 Hz, PCH2C = 0 ) , 4.06 (m, 4, -OCH2CH3), and 9.05 
(s, 1, NH). A n a l .  Calcd for C.sHwNOiP: C, 54.73; H, 7.07; 
N, 4.41. Found: C, 54.79; H, 7.15; N, 4.90.

A solution of 2.85 g (0.01 mol) of 5 and 1.1 g (0.02 mol) of 
sodium methoxide in 10 ml of DMF was stirred for 5 min, after 
which time 0.01 mol of the ketone was added and the slurry was 
thoroughly mixed. After standing at room temperature for 96 hr 
the slurry was poured into 50 ml of water and the resulting mix
ture was extracted with ether. The extracts were dried and 
evaporated. The residue was dissolved in 100 ml cf ethanol and 
hydrogenated over 50 mg of 5% Pd/C at room temperature and 
35 psig. Filtration and evaporation give the toluidide, which was 
purified by recrystallization from aqueous ethanol or benzene- 
pentane.

Ar-(l-Benzyl-4-piperidylpropionyl)-o-toluidine (41).— Crude N -  

(4-pyridylpropionyl)-o-toluidine (2.15 g, 0.009 mol), prepared 
from 1.1 g (0.01 mol) of 4-pyridinecarboxaldehyde by method C, 
was dissolved in 15 ml of ethanol and then treated with 1.4 g (0.11 
mol) of benzyl chloride. The solvent was removed by heating on 
a steam bath and the residue was taken up in a mixture of 30 ml of 
ethanol and 9 ml of acetic acid. This solution was hydrogenated 
over 0.5 g of platinum oxide at 35 psig. After 3 equiv of hydro
gen was absorbed (about 2 hr) the reaction mixture was filtered 
and the filtrate was evaporated. The residue was slurried with 
ether and treated with 15 ml of cold 30% aqueous NaOH. The 
ether layer was dried and evaporated and the residue was re
crystallized from aqueous acetone to give 2 g (60%) of the piperi- 
dyltoluidide,41,mp 128-129°. A n a l .  CalcdforC^II^NiO: C, 
78.53; H, 8.39; N, 8.33. Found: C, 78.46; H, 8.56; N, 8.04.

6-Methoxy-3-isoquinolinecarboxo-o-toluidide (4p), prepared 
from 6-methoxy-3-isoquinolinecarboxylic acid38 by the procedure 
of Klosa,39 had mp 124-125°; ir (Nujol) 3320,1680,1625, and 1590 
cm-1; nmr (CDC13) S 2.37 (s, 3, ArCH3), 3.83 (s, 3, -OCH3), 8.43 
(s, 1, isoquinoline C< H), 8.87 (s, 1, isoquinoline Ci H), and 10.13 
(s, 1, NH). A n a l .  Calcd for Ci8Hi6N20 2: C, 73.96; H, 5.52; 
N,9.59. Found: C, 74.21; H, 5.58; N, 9.38.

iV-Benzyl-3-ethyl-4-piperidone (32).— To a mixture of 30 g 
(0.27 mol) of potassium ierZ-butoxide, 200 ml of freshly distilled 
(ert-butyl alcohol, and 48.3 g (0.31 mol) of ethyl iodide was added 
all at once 58 g (0.22 mol) of ethyl lV-benzyl-4-oxo-3-piperidine- 
carboxylate40 followed by refluxing, with stirring, for 45 min. 
The solvent was evaporated under reduced pressure and the resi
due was taken up in water and extracted with ether. The ex
tracts were dried and evaporated to give 61 g (95% crude yield) 
of a red oil, nmr (CDClj) S 0.85 (t, 3, CCH2CH-) 1.20 (t, 3, 
OCH2CH3), 3.57 (s, 2, NCH2Ph), and 4.01 (q, 2, OCH2CH3). 
This oil was refluxed for 16 hr with 800 ml of 6 N  HC1. The 
solution was evaporated nearly to dryness under reduced pressure, 
the residue was dissolved in 200 ml of water, and the solution 
was made basic with solid sodium bicarbonate. The mixture was 
extracted with ether and the extracts were washed with water, 
dried, and evaporated to give an oil which on distillation gave
22.3 g (49%) of 32: bp 138-139° (1 mm); nmr (CDC13) 5 0.85 
(t, 3, -C H 2CH3), and 3.57 (s, 2, NCH2Ph). A n a l .  Calcd for 
CuHiaNO: C, 77.39; H 8.79; N, 6.45. Found: C, 77.08: H, 
8.74; N, 6.41.

Ethyl-JV-benzyl-3-ethyl-4-piperidyl Acetate (33).— A solution 
of 50 g (0.22 mol) of triethyl phosphonoacetate in 20 ml of dry 
benzene was added dropwise with stirring to a suspension of 5.3 g 
(0.22 mol) of sodium hydride in 300 ml of dry benzene with the 
temperature of the reaction mixture kept below 40°. After the 
addition was completed the clear solution was stirred for an addi
tional 15 min, after which time a solution of 46 g (0 21 mol) of 32 
in 20 ml of benzene was added dropwise over a period of 1.5 hr. 
After the addition was finished the reaction mixture was stirred 
for an additional 1.5 hr and then poured into water. The ben
zene layer was separated and the aqueous phase was extracted 
with ether. The combined organic solutions were washed with 
water, dried, and evaporated to give 45 g of an orange oil which 
was dissolved in 300 ml of acetic acid and hydrogenated over 1 g

(38) G . A . Swan, J .  C h e m . S o c . ,  1534 (1950).
(39) J. K losa, J .  P r a k t .  C h e m ., 19, 45 (1962).
(40) J. R . T hayer and S. M . M cE lva in , J .  A m e r .  C h e m . S o c . ,  49, 2862

(1927).

of platinum oxide at room temperature and 50 psig. After 1 equiv 
of hydrogen had been adsorbed the catalyst was removed and the 
solution was evaporated. The residue was dissolved in water, 
made basic with sodium bicarbonate, and extracted with ether. 
The extracts were washed with water, dried, and evaporated to 
give an oil which was distilled to give 21.3 g (35%) of 33: bp 
142-145° (0.3 mm); nmr (CDC13) S 0.84 (t, 3, -CH,CH3), 1.20 
(t, 3, -C H 2CH3), 3.46 (2 peaks, 2, NCH2Ph), and 4.10 (q, 2, 
-OCH2CH3). A n a l .  Calcd for C18H27N 02: C, 74.69; H, 
9.40; N, 4.84. Found: C, 74.82; H, 9.54; N, 4.97.

Madelung Reaction.— Under a slow nitrogen stream a mixture 
of 0.5-1.0 g of the o-toluidide and 4-8 equiv of potassium t e r t -  

butoxide was refluxed in 10-20 ml of dry ierf-butyl alcohol for 30 
min. The alcohol was then removed by increasing the nitrogen 
flow and removing the condenser. When most of the solvent had 
evaporated the reaction flask was transferred to a Woods metal 
bath which had been preheated to 200-250°. The temperature 
was slowly raised until the solid mixture melted with frothing 
(275-350°) and was held at this level until the reaction was com
plete. Small samples were withdrawn on a glass rod, quenched in 
water, and extracted with ether and the extracts were spotted on 
tic sheets and developed with chloroform. Detection with iodine 
vapor followed by spraying with Ehrlich’s reagent41 allowed the 
reaction to be followed until the starting material (yellow spot) 
was gone and the indole (pink-violet spot) was at a maximum or 
until decomposition began. If the presence of starting material 
persisted, the mixture was cooled, more potassium ¿erf-butoxide 
and teri-butyl alcohol were added, and the procedure was re
peated. The reaction mixture was then cooled, quenched with 
water, and extracted with ether. The extracts were washed with 
water, dried, and evaporated to give the indole, which was readily 
recrystallized from aqueous ethanol and easily characterized by 
the /3-proton peak in the nmr at 5  6.1-6.2.330 A list of compounds 
prepared in this way, their physical properties, and the optimum 
reaction temperatures is given in Table I .

When this reaction was attempted on the A'-carboethoxypiperi- 
dyl toluidide 4k, or any material containing a double bond such as 
the toluidides 4c and 4o, intractable nonindolic product mixtures 
were obtained. When the reaction on 4k was run at 260° for 5 
min a toluidide was obtained which was readily converted by 
reductive amination with formaldehyde to the A'-rnethylpiperidyl 
toluidide, 4i. Madelung reaction on the methoxyisoquinoline 
toluidide, 4p, did not take place until the reaction temperature 
was raised above 340°. The product mixture obtained for this 
reaction showed no 0-indole proton absorption or methoxy methyl 
absorption in the nmr spectrum.

Ethyl 3-(6-Methoxy-3-isoquinolyl)-3-oxopropionate (18).—
To a refluxing solution of 25.5 g (0.11 mol) of ethyl 6-methoxyiso- 
quinoline-3-carboxylate38 and 13.9 g (0.12 mol) of potassium t e r t -  

butoxide in 100 ml of toluene was added 10.99 (0.12 mol) of ethyl 
acetate over a 90-min period. The reaction mixture was refluxed 
for an additional 15 min, cooled, and filtered. The residue was 
washed with ether, slurried with water, and neutralized to pH 7 
with 1 N  HC1. The product was extracted into methylene chlo
ride and the extracts were dried and evaporated. Recrystalliza
tion of the residue from ether-petroleum ether gave 8.3 g (37%) 
of the /3-keto ester 18: mp 81-82°; ir (Nujol) 1740 and 1690 
cm-1; nmr (CDC1,) 5 1.22 (t, 3, OCH2CH3), 3.87 (s, 3, -OCH,),
4.17 (q, 2, OCH2CH3), and 4.22 (s, 2, CCH2CO). A n a l .  Calcd 
for CisHjsNO,: C, 65.92; H, 5.53; N, 5.13. Found: C,
66.17; H, 5.50; N, 5.30.

Deuterium Exchange on Ethyl Quinuclidine-2-carboxylate
(20).4d— A mixture of 90 mg of 20, 500 mg of potassium t e r t -  

butoxide, and 10 ml of dry benzene was heated at reflux for sev
eral hours. The solvent was removed under vacuum and the 
residue was treated with 0.5 ml of deuterioacetic acid. The re
sulting solution was neutralized with saturated sodium bicar
bonate solution and extracted with ether. The extracts were 
dried and evaporated. The nmr spectrum of the recovered ester 
showed no peaks between S 3.0 and 4.0, in which region the C-2 
proton of the starting material absorbed. The rest of the spec
trum was essentially the same as that of the starting amino ester.

2-Methylindole from o-Fluoronitrobenzene.— To a solution of
1.3 g (0.01 mol) of ethyl acetoacetate in 10 ml of HMPT under 
nitrogen was added 1.1 g (0.01 mol) of potassium ierf-butoxide. 
After 5-10 min all of the base had dissolved and 0.7 g (0.005 mol) 
of o-fluoronitrobenzene was added slowly, giving a dark red solu-

(41) H. W. van Urk, Pharm. Weekbl., 66, 473 (1929); F. G. Otten, ibid.,
74, 510 (1937).



3010 J. Org. Chem., Vol. 88, No. 17, 1978 A u g u s t i n e , et al.

tion almost immediately. The solution was stirred at 60-70° for 
1 hr and then poured into a mixture of 25 ml of 3 A  HC1 and 100 g 
of ice. This mixture was extracted with ether and the extracts 
were washed with water, dried, and evaporated. Hydrolysis 
and decarboxylation were effected by refluxing the residue in 3 A  
HC1. The acid mixture was extracted with ether and the ex
tracts were washed with water, dried, and evaporated to give 0 .6 6  

g (74%) of crude nitro ketone. Catalytic hydrogenation of this 
material over 5% palladium on charcoal in glacial acetic acid at 
room temperature and 40 psig gave 0.46 g (71% overall) of 2- 
methylindole, mp 58-59° (Table I). The use of o-chloronitro- 
benzene gave 2-methylindole in only 48% yield. Replacing the 
ethyl acetoacetate with feri-butyl acetoacetate and utilizing ben
zene and p-toluenesulfonic acid for the hydrolysis and decar
boxylation gave slightly better yields of indole.

Prolonged Reaction of Ethyl Acetoacetate with o-Chloronitro- 
benzene.—A solution of 26 g (0.2 mol) of ethyl acetoacetate in 
50 ml of HMPT was added to a slurry of 7.2 g (0.3 mol) of sodium 
hydride in 25 ml of HMPT. This mixture was heated to 40° 
and 31.6 g (0.2 mol) of o-chloronitrobenzene was added. The 
mixture was then heated at 1 1 0 - 1 2 0 ° overnight, cooled, and 
poured over a mixture of ice and 100 ml of 3 A  HC1. This sus
pension was extracted with benzene and the extracts were washed 
with water, dried, and evaporated, giving a nearly quantitative 
yield of ethyl o-nitrophenylacetate, mp 65-67° (lit. 42 mp 69°), 
mmp 67-68.5°.

p-Nitrophenylacetone.—A solution of 6.5 g (0.05 mol) of ethyl 
acetoacetate in 25 ml of HMPT was slowly added to a suspension 
of 1.8 g (0.07 mol) of sodium hydride in 10 ml of HMPT under a 
steady nitrogen stream. After gas evolution subsided, 7.5 g 
(0.05 mol) of p-chloronitrobenzene was added and the reaction 
mixture was heated to 110-120° for 4 hr. The cooled reaction 
mixture was poured onto ice 3 A HC1 and extracted with ben
zene. The extracts were washed with water, dried, and evapo
rated to give 7.9 g (72%) of crude /3-keto ester, which was hydro
lyzed and decarboxylated by refluxing with 3 A  HC1. Extraction 
with ether gave 3.4 g (53%) of the ketone as an oil: ir (film) 1718 
cm-1; nmr (CDC13) 5 2.22 (s, 3, OCCH3) and 3.85 (s, 2, ArCH2- 
CO). The 2,4-dinitrophenylhydrazone was recrystallized from 
aqueous ethanol, mp 180-181°. A n a l .  Calcd for C15H13N5O6: 
C, 50.14; H, 3.65. Found: C, 50.09; H, 3.62.

Ethyl Bis(p-nitrophenyl)acetate (13).—The procedure de
scribed above was repeated, only the reaction mixture was heated 
for 20 hr. On work-up 7.4 g (47%) of the ester 13 was obtained, 
which after crystallization from aqueous ethanol had mp 128- 
130°; ir (CHCI3) 1737 (C =0), 1350, and 1522 cm“ 1 (N02); nmr 
(CDClj) S 1.25 (t, 3, OCH2CH3), 4.25 (q, 2, OCH2CH3), and 5.17 
(s, l,OCCHAr2). A n a l .  Calcd for C1SH,4N20 6: C, 58.18; H, 
4.27; N, 8.48. Found: C, 58.24; H, 4.35; N, 8.35.

Ethyl l-(2,4-Dinitrophenyl)-2-oxocyclopentanecarboxylate
(34).—To 11.2 g (0.1 mol) of potassium ierf-butoxide in 100 ml of 
HMPT was added 15.6 g (0.1 mol) of ethyl 2-oxocyclopentane- 
carboxylate. After a few minutes 20.3 g (0.1 mol) of 2,4-dinitro- 
ehlorobenzene was added slowly keeping the temperature between 
20 and 25°. After the addition was complete the reaction mix
ture was poured onto ice and the resulting suspension was ex
tracted with ether. The ether extracts were washed with water, 
dried, and evaporated, giving 16 g (50%) of crude 34, mp 118— 
120°. Recrystallization from carbon tetrachloride gave 9.7 g 
(30%) of pure 34 as bright yellow crystals: mp 119-121°; ir 
(Nujol) 1755 (ester C = 0), 1720 (ketone C = 0), and 1500 cm- 1  

(N08). A n a l .  Calcd for C„H„N20 7: C, 52.17; H, 4.38; N,
8.69. Found: C, 52.11; H, 4.28; N, 8.43. Only starting 
materials were obtained on reaction of ethyl 2 -oxocyclopentane- 
carboxylate with o-chloronitrobenzene, o-fluoronitrobenzene, or
2,4-dichloronitrobenzene. A similar reaction pattern was ob
served with ethyl 2 -oxocyclohexanecarboxylate and the isoquino
line /3-keto ester 18.

Attempted Hydrolysis of 34.—A 2-g sample of 34 was refluxed 
overnight in equal parts of acetic acid and concentrated HC1. 
The solvent was then evaporated and the residue was taken up in 
ether, washed with water, dried, and evaporated. The infrared 
spectrum of the residue was identical with that of starting mate
rial. The use of 70% sulfuric acid or 20% HC1 gave the same 
results. Ethyl- l-(2,4-dinitrophenyl)-2-oxocyclohexanecarboxyl- 
ate exhibited similar unreactivity toward these hydrolysis condi
tions. Hydrolysis of the 2,4-dinitrophenylated /3-keto ester 18,

(42) R . Pshorr and G . H oppe, C h e m . B e r . ,  43, 2547 (1910).

using either 20% HC1 or 70% sulfuric acid, gave only 6 -methoxy- 
isoquinoline-2-carboxylic acid and recovered starting material.

2-Methylindole from the o,/3-Dinitrostyrene.—To 25 ml of a 
1 0 % anhydrous ammonium acetate solution in glacial acetic acid 
was added 5 g (0.03 mol) of o-nitrobenzaldehyde (22) and 10 ml of 
nitroethane. The resulting mixture was refluxed under nitrogen 
for 3 hr. After cooling, the reaction mixture was poured into 
water and extracted with chloroform. The extracts were washed 
with 1 0 % sodium bicarbonate solution and saturated sodium 
bisulfite solution, dried, and evaporated to give 4.2 g (63%) of the 
crude dinitrostyrene 23 (R = Me) as a red oil: ir (CHCI3) 1520 
and 1330 cm- 1  (N02); nmr (CDC13) 6 2.6 (s, 3, -CHj) and 8.1 (s, 
1 , C=CH). The crude dinitrostyrene was dissolved in a mixture 
of 1 0  ml of ethanol, 1 2  ml of acetic acid, and 80 ml of ethyl acetate 
and hydrogenated over 1 g of 5% palladium on charcoal at room 
temperature and 60 psig. After hydrogen uptake ceased the 
catalyst was removed by filtration and the solution was washed 
with three 1 0 0 -ml portions of saturated sodium bicarbonate solu
tion. The organic phase was dried and evaporated to give 1 . 2  g 
(42%) of 2-methylindole, mp 59-60° (Table I). 2-Benzylindole 
(3i) was prepared in a similar manner using 2-phenylnitroethane34 

in the condensation with o-nitrobenzaldehyde.
2-Ethylindole (3h).—A mixture of 5 g (0.03 mol) of 22 and 0.6 g 

of anhydrous ammonium acetate was dissolved in 2 0  ml of 1 - 
nitropropane and the solution was refluxed under nitrogen for 4 
hr. After cooling, the reaction mixture was poured onto water 
and extracted with chloroform. The extracts were washed with 
saturated sodium bisulfite solution, dried, and evaporated. The 
residue was chromatographed on silica gel. Elution with 3:1 
benzene-hexane gave 4.6 g (6 6 %) of the dinitrostyrene 23 (R = 
Et) as a light yellow oil: ir (CHC13) 1515 and 1335 cm- 1  (NO.); 
nmr (CDClj) S 1 . 1 2  (t, 3, CH2CH3), 2.25 (q, 2, -CH2CH3), and
8.15 (s, 1, C=CH). Hydrogenation under the conditions de
scribed above for the preparation of 2-methylindole gave 1.70 g 
(55%) of 2-ethylindole (3h): mp 40-41° (Table I); ir (CHC13) 
3430 cm-1; nmr (CDClj) S 1.10 (t, 3, CH2CH3), 2.25 (q, 2, 
-CH2CH3), and 6.05 (s, 1, 0  H).

2-Cyclohexylnitroethane.—To a solution of 11 g (0.1 mol) of
I, 2,5,6-tetrahydrobenzaldehyde and 6  g (0 . 1  mol) of nitro- 
methane in 100 ml of methanol was added a solution of 4 g of 
sodium hydroxide in 2 0  ml of water over a period of 2 0  min with 
cooling and rapid stirring. After 1 hr the reaction mixture was 
filtered and the residue was washed with cold methanol. The 
solid was then dissolved in 20 ml of cold water, acidified with 3 A  
HC1, and extracted with chloroform. The extracts were dried 
and evaporated to give 8.5 g (50%) of crude 2-(3-cyclohexen-l- 
yl)-2 -hydroxynitroethane as a light yellow oil: ir (CHC13) 3400 
(OH), 1550, and 1370 cm- 1  (N02); nmr (CDC13) 5 4.0-4 .6  (m, 3, 
CHOH and CH2N02) and 5.6 (s, 2 , vinyl).

This crude product was stirred overnight with 30 ml of acetyl 
chloride at room temperature. The solution was evaporated and 
the residue was treated with petroleum ether to give 10.7 g of the 
l-(3-cyclohexen-l-yl)-2-nitroethyl acetate: ir (CHCI3) 1740 
(C =0), 1545, and 1370 cm- 1  (N02); nmr (CDCI3) 5 4.5 (d, 2, 
CH2N02), 5.1-5.5 (m, 1, CHOAc), and 5.6 (s, 2, vinyl). This 
acetate was dissolved in 1 0 0  ml of benzene, 2  g of anhydrous 
sodium acetate was added, and the mixture was refluxed for 2  hr. 
The cooled reaction mixture was filtered and evaporated to give 4 
g of crude 2-(3-cyclohexen-l-yl)-l-nitroethene: ir (CHC13) 1540 
and 1355 cm- 1  (N02); nmr (CDC13) 5 5.55 (s, 2, vinyl) and 6 .8 -
7.3 (m, 2, nitrovinyl).

Hydrogenation of this material by the procedure of Harmon36 

gave the crude nitroethane, which on chromatography over neu
tral alumina with hexane as the eluent gave 3.1 g (20% overall 
yield) of the product was a light yellow oil: bp 79-80° (l-2mm);
ir (CHCI3) 1530 and 1340 cm- 1  (N02); nmr (CDCI3) 5 4.35 (t, 2, 
CH2CH2N02). A n a l .  Calcd for C8Hi5N02: C, 61.12; H, 
9.62; N, 8.91. Found: C, 60.90; H, 9.34; N, 8.90.

w-Nitroacetophenone (35).—To a solution of 1.13 g (0.16 mol) 
of sodium ethoxide in 1 0 0  ml of absolute ethanol was added 
simultaneously with cooling and stirring 18 g (0.16 mol) of benz- 
aldehyde and 15 g (0.25 mol) of nitromethane. After being 
stirred at room temperature overnight the reaction mixture was 
filtered. The residue was dissolved in a mixture of 75 ml of cold 
water and 1 1  g of glacial acetic acid and extracted with ether. 
The extracts were dried and evaporated to give the crude nitro 
alcohol, which was dissolved in 60 ml of acetic acid and oxidized 
with 125 ml of Jones reagent43 for 1 hr at 10-20°. After the addi-

(43) K . B ow den , I. M . H eilbron , E . R . H . Jones, and B. C . L . W eed on ,
J .  C h e m . S o c . ,  39 (1946).
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tion of an excess of sodium bisulfite the mixture was extracted 
with chloroform and the extracts were washed with water, dried, 
and evaporated to give 14.2 g (52%) of 35 as a while solid: mp 
105-106° (lit .«  mp 105°); ir (CHC1S) 1710 (C = 0 ) ,  1570, and 
1330 cm-> (NO,); nmr (CDC13) 6 5.85 (s, 2, -CO CH 2NO„).

a,2 -Dinitrochalcone (27).— To a solution of 0.3 g of 0-alanine in 
6  ml of acetic acid and 60 ml of benzene was added 3.3 g (0.02 
mol) of the nitroacetophenone and 3.3 g (0.022 mol) of o-nitro- 
benzaldehyde. The reaction mixture was refluxed through a 
Dean-Stark trap for 10 hr, cooled, and washed with water and 
saturated sodium bisulfite solution. The benzene solution was 
dried and evaporated to give 3.1 g (62%) of 27 which on recrystal
lization from benzene-hexane had mp 90-92°; ir (CHC13) 1680 
(C = 0 ) ,  1530, and 1345 cm - 1  (N 02); nmr (CDC13) 5 8 . 6  (s, 1, 
nitrovinyl). Anal. Calcd for C 15H 10N 2O5 : 0 ,6 0 .41 ; H, 3.38; 
N, 9.39. Found: C, 60.13; H, 3.49; N, 9.34.

Hydrogenation of 27.— A solution of 1 g (0.003 mol) of 27 in a 
mixture of 2.5 ml of absolute ethanol, 3 ml of acetic acid, and 20 
ml of ethyl acetate was hydrogenated over 0.2 g of 5%  palladium 
on carbon at room temperature and 50 psig. After 6 equiv of 
hydrogen had been absorbed (about 20 min) the catalyst was re
moved by filtration and the filtrate was washed with a saturated 
aqueous sodium bicarbonate solution, dried, and evaporated to 
give 0.9 g of a dark oil which was shown by tic to be a complex 
mixture of products. Column chromatography over silica gel 
using ether as the eluent gave as the only identifiable species 0.2 g 
of 3-amino-2-phenylquinoline, mp 116-118° (lit.44 45 46 mp 115-116°). 
No indolic material could be detected.

2-Nitrochalcone (36).—A solution of 4.8 g (0.35 mol) of aceto
phenone, 6 g (0.04 mol) of o-nitrobenazldehyde, and 2 g of am
monium acetate in 20 ml of acetic acid was refluxed under nitro
gen for 3 hr. Upon cooling, the light yellow crystals which 
formed were filtered, washed with cold water, and recrystallized 
from aqueous ethanol to give 6.5 g (64% ) of 36: mp 117-119° 
(lit.46 mp 117-121°); ir (CHC13) 1675 (C = 0 ) ,  1540, and 1355 
cm -1 (N 02).

2-Nitrochalcone Ethylene Ketal (37).— Following the estab- 
ished47 procedure, 36 was converted to the ethylene ketal in 81% 
yield. Recrystallization from 95% ethanol gave 37 as white 
crystals: mp 73-75°; ir (CHC13) 1540 and 1355 cm - 1  (NO2 ); 
nmr (CDC13) S 4.0 (m, 4, dioxolane) and 6.15 anc 7.15 (d, 2, 
vinyl). Anal. Calcd for C 1 7H 15NO4 : C, 6 8 .6 8 ; H, 5.09; N,
4.71. Found: C, 68.47; H, 5.01; N, 4.72.

2,3-Epoxy-3-(o-nitrophenyl)propiophenone Ethylene Ketal 
(30).— To a solution of 0.75 g (0.0025 mol) of 37 in 20 ml of

(44) P . W ieland, C h e m . B e r . ,  86, 2561 (1903).
(45) H . John and H . O ttow a, J .  P r a k t .  C h e m ., 131, 346 (19c 1).
(46) N . H . C rom w ell and R . A . Setterquist, J .  A m e r .  C h em . S o c . ,  76, 5752 

(1954).
(47) A . M arqu et, M . D vola itsk y , H . B . K agan, L . M anlok , C . O uannes, 

and J. Jacques, B u l l .  S o c .  C h im . F r . ,  1822 (1961).
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methylene chloride was added a solution of 1  g (0.006 mol) of m- 
chloroperbenzoic acid in 2 0  ml of methylene chloride and the re
sulting solution was stirred at room temperature for 72 hr. The 
reaction mixture was then washed with a 1 0 %  aqueous sodium 
hydroxide solution, dried, and evaporated to give 0.55 g (57%) of 
an oil which slowly crystallized: mp 73-76°; ir (CHC13) 1535 
and 1355 cm - 1  (N 02); nmr (CDC13) 5 3.2 (d, 1 , C2H), 3.8-4.4 (m,
4, dioxolane), and 4.6 (d, 1, C3 H). Anal. Calcd for C 17H 15NO5 : 
C, 65.17; H, 4.83; N, 4.47. Found: C, 65.45; H, 4.75; N,
4.33.

Hydrogenation of 30.— A solution of 1.5 g (0.005 mol) of 30 
in 90 ml of ethyl acetate was hydrogenated over 0.5 g of 5%  pal
ladium on carbon at room temperature and 40 psig. After 24 hr 3 
equiv of hydrogen was absorbed. The catalyst was removed and 
the solution was evaporated to give 1.4 g of a glassy yellow solid 
which was shown by mass spectrometry to be a polymer having 
a monomer unit with a molecular weight of 281-285.
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Cyclization of 3-(o-Hydroxyphenyl)hexahydroindole 1-Oxides and
4-(o-Hydroxyphenyl)pyrroline 1-Oxides. Preparation of Hydrobenzofuro[3,2-c]indoles

and Hydrobenzofuro[2,3-c]pyrroles
S. K lutchko,* A. C. Sonntag, M . von Strandtmann, and J. Shavel, Jr .

D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y ,  W a r n e r - L a m b e r t  R e s e a r c h  I n s t i t u t e ,  M o r r i s  P l a i n s ,  N e w  J e r s e y  0 7 9 6 0

R e c e i v e d  A p r i l  1 9 ,  1 9 7 3

A novel synthesis of the hydrobenzofuro[3,2-c]indole and hydrobenzofuro[2,3-c]pyrrole ring systems is de
scribed. Stereochemistry is presented.

In the accompanying paper we discussed the prepara
tion of various 3-(o-hydroxyphenyl)hexahydroindole 1- 
oxides and 4-(o-hydroxyphenyl)pyrroline 1-oxides by the 
reduction of 4-(nitromethyl)benzodihydropyran deriv
atives.1 The present report describes the conversion 
of these phenolic nitrones to hydrobenzofuro[3,2-c]in- 
doles (3a and 3b) and hydrobenzofuro [2,3-c]pyrroles 
(17) via a novel thermal dehydrative cyclization.

Hydrobenzofuro [3,2-c]indoles.—Heating a xylene so
lution of the phenolic nitrone 1 at reflux for a brief 
period resulted in the loss of 1 mol of water and the 
formation of a nonphenolic compound in 62% yield. 
The chemical behavior and the spectral properties of 
the dehydration product were compatible with the 
hexahydrobenzofuro[3,2-c]indole structure 3a. The ir 
indicated the presence of a C = N  moiety [1660 (base), 
1690 cm-1 (hydrochloride)] and the lack of an OH 
group. The nmr spectrum of 3a as the hydrochloride 
showed a 1 H quartet at 8 4.9 (H-6), a 2 H multiplet 
in the 8 4-4.3 region (H-6, H-4eq), a 1 H quartet at 
8 3.52 (H-6a), and a 1 H multiplet at 8 2.8 (H-4ax).2

To substantiate the structure of 3a its chemical 
properties were studied and found to be typical of such 
a cyclic imine. Treatment with strong acid or base 
failed to effect any reaction. Catalytic hydrogenation 
in the presence of acetic acid yielded the expected 
perhydroindole derivative 4a. Quaternization of 3a 
with methyl iodide gave a quaternary imine 7a [ir 
1695 cm-1 (C = N )] which could be catalytically re
duced to a tertiary amine 4b. Demethylation of 3a 
gave 3b. Acetylation of the imine gave the expected 
ene-acetamide 6, the ir and nmr spectra of which verified 
the CHsCONC=CHIl grouping. Treatment of the 
enacetamide with polyphosphoric acid gave the N- 
acetylpyrrole 8 [ir 3330 (OH), 1695 cm-1 (-C O N C = 
C -); nmr 8 7.28 (1 H singlet, H-2), 2.98 (4 H multiplet, 
H-4 and H-7 methylenes)]. The isolation of the pyr
role was important in ruling out any gross structural 
rearrangements in the formation of 3a.

The formation of 3a may be rationalized by consider
ation of the nitrone 1 in its tautomeric ene-hydroxyl- 
amine form 2. A similar tautomerism between an 
indolenine 1-oxide and an A-hydroxyindole has been 
observed.3 Protonation of the hydroxylamine func
tion in 2 by the phenol is followed by an addition- 
elimination process to give 3a.4

(1) S. K lu tch k o , A . Sonntag, M . v on  Strandtm ann , and J. Shavel, Jr. 
J .  O r g . C h e m .,  38, 3049 (1973).

(2) T h e  nm r o f  3a  base show ed n o  change in H -6 a  (J 3 .52) b u t the H -6 
and H-4eq m ov ed  upfield to  form  a 3 H  m ultip let in the 5 3 .7 -4 .3  region.

(3) M . M ou sseron -C an et an d  J. P . B oca , B u l l .  S o c .  C h im . F r . ,  1296 (1967).
(4) C y cliza tion  o f  the phen ol in  1 to  the 2 p osition  o f  the h ydroindole 

m oiety  was also considered a possib ility  i f  the so-ca lled  B ehrend rearrange
m ent o f  the keto  n itron e to  the a ldo  nitrone occurred . T h is  rearrangem ent,

S c h e m e  I

CH:10
R R. 6

4a H .-'H
4b ch3 .--H ch3
5a H c= <5b ch3 1

7 a, R =  CH3 
b, R =  H

CH,0

Stereochemistry of Octahydrobenzofuro [3,2-c Jin-
doles.—The stereochemistry of the octahydrobenzo- 
furo[3,2-c]indole ring system concerns only the con-
how ever, generally in vo lved  strong base catalysis: B ehrend, J u s t u s  L i e b i g s

A n n .  C h e m ., 265, 238 (1891 ); A . C op e  and A . H aven , J .  A m e r .  C h e m . S o c . ,  
72, 4896 (1950). Spectral data  was inconsistent w ith any  o f  the b en zo- 
furo [2,3-6 Jindole structures that m ight have arisen from  this sort o f  ring 
closure.
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figuration at the A /B  perhydroindole ring juncture, 
since the 5,5-fused ring system of the furoindole re
quires a cis fusion. The single product of catalytic 
reduction of the imine 3a (Scheme I) was designated as 
the A/B-trans isomer 4a on the basis of the expected 
preferential attack from the opposite side of the ether 
linkage. The A/B-cis isomer 5a was isolated when the 
hydrochloride of 3a was reduced with borohydride. In 
the formation of 5a some of the relatively stable borane 
complex 9 was isolated. This compound could be con
verted to 5a by acid treatment.

To confirm the above configuration assignments, the 
nmr spectra of the A-acetyl derivatives (13 and 15) 
of the déméthylation products (12 and 14) were com
pared.5 6 The spectrum of 15 displayed proton signals

0
II

5a

at 8 4.1, whereas that of the corresponding 13, except 
for aromatic resonance, did not exhibit any protons 
below 8 3.72. Consideration of the structure and 
models of these compounds indicated that in the case 
of the A/B-cis isomer (15) the proton at C-4a was in 
the equatorial conformation and in the plane of the 
amide carbonyl. This proton was therefore expected 
to resonate at lower field6 than the corresponding proton 
of an A/B-trans compound which was limited to an 
axial conformation and appeared in the spectrum of 
13 at 8 2.65.

Hydrobenzofuro [2,3-c Jpyrroles. —The hydrobenzo-
furopyrroles (17, 18, and 19) were prepared in a fashion 
similar to that for the hydrobenzofuroindoles from the
4-(o-hydroxyphenyl)pyrroline 1-oxide derivative 16 
(Scheme II).

Compound 19 was assigned the trans configura
tion at positions C-3 and C-3a by analogy to the 
octahydrobenzofuroindole stereochemistry described 
above.

(5) T h e  N -a cety la tion  and dem eth ylation  were carried ou t in  order to  sh ift 
the H -4a  farther dow nfield  and to  rem ove the m asking effect o f  the m eth oxy  
protons.

(6) F . B oh lm ann and D . Schum ann, T e t r a h e d r o n  L e t t . ,  2435 (1965), re
port a chem ical-sh ift d ifference o f  2.4 ppm  for  the gem inal protons at C -6  
o f  4 -oxoqu inolizid ine. T h e  low -field  resonance (4.63 p p m ) o f  the equatorial 
p roton  a t C -6  is attribu ted  to  its position  in the plane o f  th e  am ide car
bonyl.

S c h e m e  II

Experimental Section7
l,2,3,4,6,6a-Hexahydro-10-methoxybenzofuro[3,2-c]indole 

Hydrochloride (3a).— A mixture of 60.0 g (0.23 mol) of 1 and 400 
ml of xylene was heated with stirring to the boiling point. In a 
period of 0.5 hr, the theoretical amount of water (4.2 ml) was 
obtained. The cooled solution was diluted with 300 ml of 
ether, washed with 200 ml of 2 M  KOH, dried over anhydrous 
potassium carbonate, filtered, and treated with HC1 gas until 
complete precipitation of 48 g of the tacky salt. Recrystalliza
tion from 200 ml of absolute ethanol gave 40.9 g (62%) of 3a 
hydrochloride, mp 224-226°, base mp 94-95°.

A n a l .  Calcd for C15H „N 02 HC1: C, 64.40; H, 6.48; N,
5.01. Found: C, 64.31; H, 6.70; N, 5.17.

l,2,3,4,6,6a-Hexahydrobenzofuro[3,2-c]mdol-10-ol (3b).— A
solution of 111.9 g (0.4 mol) of 3a hydrochloride in 700 ml of 48%  
HBr was heated at reflux for 20 min. The cooled solution was 
diluted with 1.5 1. of ice water and concentrated ammonium 
hydroxide was added until pH 8.5 to precipitate 82 g (90%) of 
pure 3b, mp 203-205°.

A n a l .  Calcd for CI4Hi6N 02: C, 73.34; H, 6.59; N, 6.11. 
Found: C, 73.46; H, 6.72; N, 6.34.

l,2,3,4,4aa,5,6,6aa-Octahydro-10-methoxybenzofuro[3,2-c]- 
indole Hydrochloride (A/B-trans) (4a).— A mixture of 5.5 g 
(0.027 mol) of 3a base, 250 ml of absolute ethanol, 20 ml of 
glacial acetic acid, and 200 mg of Pt02 was hydrogenated in a 
Paar apparatus for 6 hr. After filtration and concentration to 
remove most of the alcohol, 300 ml of water and then 10 M  KOH 
was added to pH 10. The separated viscous oil was extracted 
into 600 ml of ether, and the solution was dried over K2C03, 
filtered, and treated with HC1 gas to precipitate 6.0 g (94%) of the 
salt, mp 268-270°. Recrystallization from 2-propanol gave 
pure 4a hydrochloride, mp 277-279°.

A n a l .  Calcd for C15Hi9N 0 2 HCl: C, 63.94; H, 7.15; Cl,
12.58. Found: C, 64.10; H, 7.24; Cl, 12.35.

1,2,3,4,4a<* ,5,6,6aa-Octahydro- 10-methoxy-5-methylbenzo- 
furo[3,2-c]indole Hydriodide (A/B-Trans) (4b).— A solution of
6.5 g (0.017 mol) of 7a in 250 ml of absolute ethanol was hydro
genated in a Paar apparatus for 16 hr using a mixture of 150 mg of 
Pt02 and 200 mg of 10% Pd/C as a catalyst. After filtration and 
concentration to c a .  50 ml volume, 200 ml of ether was added to 
precipitate 6.1 g (93%) of 4b hydriodide, mp 207-209°. Recrys
tallization from ethanol-ether gave pure crystals, mp 208-210°.

A n a l .  Calcd for Ci6H2iN02-HI: C, 49.62; H, 5.73; N,
3.62. Found: C, 49.86; H, 5.85; N, 3.47.

l,2,3,4,4a/3,5,6,6aa-Octahydro-10-methoxybenzofuro[3,2-c]- 
indole Hydrochloride (A/B-cis) (5a) and Borane Complex of 3a
(9).— Potassium borohydride, 5.4 g (0.1 mol), was added to a 
stirred solution of 24.3 g (0.1 mol) of 3a, 100 ml of 1 N  hydro
chloric acid, and 200 g of ice water (containing ice chips). The 
temperature gradually rose to 25° as a tacky material separated. 
(Note: This material was shown by tic to be a mixture of the 
complex 9 and the product 5a.) In one run, 9 was isolated and 
purified from ethyl acetate: mp 165-168°; ir (CHC13) 2400 
(borane complex), 1675 cm-1 (C =N ).

A n a l .  Calcd for Ci5H20BNO2: C, 70.06; H, 7.84; N, 5.45. 
Found: C, 69.70; H, 7.73; N, 5.14.

(7) M eltin g  points w ere determ ined w ith  the T h om a s-H oover  cap illary  
m elting p o in t apparatus w hich  was ca librated  against know n standards. 
In frared  spectra  w ere determ ined w ith a B a ird  M od e l 455 d ou b le  beam  in
strum ent. N m r spectra  were m easured w ith a V arian  A -60  sp ectrop h otom 
eter.



The above tacky mixture was heated on the steam bath with 
100 ml of methanol and 110 ml of 1 N  hydrochloric acid until all 
material dissolved. Ice water (300 ml) and then excess 10 M  
KOH were added and the separated oil was extracted into ether. 
Treatment with hydrogen chloride gave 16.6 g (59%) of the salt 
5a, mp 207-209°.

A n a l .  Calcd for C 15H 19N 0 2 -HC1: C, 63.94; H, 7.15; Cl,
12.58. Found: C, 64.12; H, 7.25; Cl, 12.57.

A /B -cis Isomer (5b) ( v ia  Eschweiler-Clarke Methylation of 
5a).— A solution of 4.08 g (0.0167 mol) of 5a base, 3.24 g (0.04 
mol) of 37% formaldehyde, and 40 ml of 98% formic acid was 
heated on the steam bath for 1 hr, cooled, diluted to 150 ml with 
ice water, and made strongly alkaline with 10 M  KOH. The 
separated base was extracted into ether. The dried (K 2C 03) solu
tion was treated with HC1 gas to precipitate a tacky salt. Dis
solution in 2-propanol and addition of ether yielded 4.0 g (81%) of 
pure crystalline 5b hydrochloride, mp 208-210°.

A n a l .  Calcd for C i6H 2iN 0 2 HC1: C, 64.97; H, 7.50; N,
4.74. Found; C, 64.72; H, 7.43; N , 4.91.

5-Acetyl-l,2,3,5,6,6a-hexahydro-10-methoxybenzofuro[3,2-c]- 
indole (6 ).— A quantity of 5.8 g (0.024 mol) of 3a base was dis
solved in 30 ml of acetic anhydride. After 5 min at reflux, 200 
ml of water was added and the mixture was stirred for 0.5 hr to 
precipitate 6.1 g (90%) of 6 , mp 168-170°. Recrystallization 
from absolute ethanol gave pure crystals; mp 176-178°; ir 
(Nujol) 1682 (ene-amide C = 0 ) ,  1650 cm - 1  (vinyl C = C ); nmr 
(CDC13) & 6.72 (m, 3, aromatics), 5.4 (m, 1, H-4), 3.74 (s, 3, 
OCH3), 3.3-3.75 (m, 3, H - 6  and H-6 a), 2.1 (s, 3, CH 3CO), and
1.3-2.4 (m, 6 , methylene envelope).

A n a l .  Calcd for C „H 19N 0 3: C, 71.56; H, 6.71; N, 4.91. 
Found: C, 71.51; H, 6.85; N , 5.12.

1,2,3,4,6,6a-Hexahydro-10-methoxy-5-methylbenzofuro [3,2- 
c]indolinium Iodide (7a).— A solution of 4.0 g (0.017 mol) of 3a 
base in 25 ml of methyl iodide was maintained at reflux for 1 hr. 
Most of the methyl iodide was distilled off and 50 ml of ether was 
added to give 6.0 g (95%) of yellow solid, mp 198-200°. Re
crystallization from ethanol-ether gave pure 7a: mp 200-202°; 
ir (Nujol) 1695 cm - 1  (C = N ).

A n a l .  Calcd for C15H 17N 0 2 -CH 3I: C, 49.88; H, 5.23; N
3.64. Found: C, 50.09; H, 5.30; N, 3.77.

l,2,3,4,6,6a-Hexahydro-10-hydroxy-5 methylbenzofuro[3,2- 
c]indolinium Iodide (7b).— Methyl iodide (25 ml) was added to’ a 
solution of 4.5 g (0.02 mol) of 3b in 25 ml of dimethylformamide. 
After 1.5 hr reaction time, ether (200 ml) was added to precipitate 
an oil. The supernatant was decanted and the crude product 
was recrystallized from 50 ml of 2 propanol to give 5.3 g (73% ) of 
7b: mp 2 0 0 - 2 0 2 °; ir (Nujol) 3250 (OH) and 1685 cm - 1  (C = N ).

A n a l .  Calcd for C „H 15N 0 2 -CH 3I: 0 , 48.53; H, 4.89; H,
3.77. Found: C, 48.59; H, 4.86; N, 3.52.

l-AcetyI-4,5,6,7-tetrahydro-3-(2-hydroxy-3-methoxyphenyl)- 
indole (8 ).-—A mixture of 7.3 g (0.0246 mol) of 6  and 60 g of 
polyphosphoric acid was heated with agitation at 50-60° for 15 
min. The resulting reaction solution was poured into 500 ml of 
cold water to precipitate an orange solid. Recrystallization from 
2 propanol gave 3.0 g (41%) of pure 8 , mp 121-123°.

A n a l .  Calcd for CI7H 19N 0 3: C, 71.56; H, 6.71; N, 4.90. 
Found: C, 71.35; H, 6.90; N, 4.87.

l,2,3,4,4aa,5,6,6aa-Octahydrobenzofuro[3,2-c]indol-10-ol (A / 
B-Trans) (12) (v ia  Demethylation of 4a).— A solution of 15.0 g 
(0.053 mol) of 4a hydrochloride in 100 ml of 48% hydrobromic 
acid was maintained at reflux for 1  hr. On cooling 4.5 g (14%) 
of the HBr salt of 12 separated, mp 286-288°. Recrystallization 
from methanol-ether gave constant-melting hydrobromide, mp 
292-294°. Treatment of an aqueous solution of the salt with 
ammonium hydroxide gave the pure base, mp 235-237°.

A n a l .  Calcd for C „H nN 0 2: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.62; H, 7.42; N, 6.04.

Alternate Preparation of 12 (v ia  Catalytic Reduction of 3b).-—A 
solution of 46.0 g (0.3 mol) of 3b in 150 ml of absolute ethanol and 
1 0 0  ml of glacial acetic acid was hydrogenated at low pressure

3014 J. Org. Chem., Vol. 38, No. 17, 1973

using a mixture of 1.0 g of P t0 2 and 1.0 g of 5%  P d /C . The 
catalyst was filtered, 1 1 . of ice water was added to the filtrate, 
and concentrated ammonium hydroxide was added until complete 
precipitation of 40 g (87%) of tan solid, mp 220-225°. Recrys
tallization from absolute ethanol gave pure 1 2  base, mp 235- 
237°, hydrochloride mp 301-303°.

l,2,3,4,4a(3,5,6,6aa-Octahydrobenzofuro[3,2-c]indol-10-ol (A / 
B-cis) (14).— A solution of 10.5 g (0.037 mol) of 5a hydro
chloride in 40 ml of concentrated HBr was maintained at reflux 
for 1 hr and diluted with ice water to 2 0 0 -ml volume. Concen
trated ammonium hydroxide was added to precipitate 7.4 g 
(80%) of pure base 14, mp 234-236°.

A n a l .  Calcd for C 14H „N 0 2: C, 72.70; H, 7.41; N , 6.06. 
Found: C, 72.80; H, 7.40; N ,6.31.

5-Acetyl-l,2,3,4,4aa-,5,6,6aa:-octahydrobenzofuro[3,2-c]indol-
lO-ol (A/B-trans) (13).— A quantity of 7.2 g (0.031 mol) of 12 
was dissolved in 50 ml of acetic anhydride with stirring. After 
c a . 15 min the separated product was filtered, stirred with water 
for 15 min, and filtered again to give 6.5 g (77%) of 13, mp 221- 
224°. Recrystallization from 2-propanol gave 13, mp 225-227°.

A n a l .  Calcd for C,6Hi9N 0 3: C, 70.31; H, 7.01; N, 5.13. 
Found: C, 70.23; H, 6.98; N, 5.24.

A/B-cis Isomer (15).—The 5-acetyl cis isomer 15 was prepared 
from 14 by the same procedure used to prepare 13, mp 204-205°.

A n a l .  Calcd for CieHisNCh: C, 70.31; H, 7.01; N, 5.13. 
Found: C, 70.54; H, 7.05; N, 5.33.

3-Ethyl-3a,8b-dihydro-5-methoxy-3a-methyl-l//-benzofuro- 
[2,3-c]pyrrole Hydrochloride (17).— A solution of 10.0 g (0.04 mol) 
of 2-ethyl-4-(2-hvdroxy-3-methoxyphenyl )-3-methyl-l-pyrrolirie 
1-oxide (16) in 150 ml of xylene was maintained at reflux under 
nitrogen for 45 min. The calculated amount of water was mea
sured after 15 min. Work-up was similar to that for 3a, giving
8.2 g (76.7%) of pure 17 hydrochloride, mp 193-195°.

A n a l .  Calcd for C nH „N 0 2 -HC1: C, 62.80; H, 6.78; N,
5.23. Found: C, 62.50; H, 6.81; N, 5.09.

3-Ethyl-3a,8b-dihydro-3a-methyl-l£T-benzofuro[2,3-c]pyrrol-
5-ol (18).— A solution of 5.0 g (0.019 mol) of 17 hydrochloride in 
30 ml of 48% hydrobromic acid was maintained at reflux under 
nitrogen for 15 min. Ice water (50 ml) was added and the solu
tion was basified with ammonium hydroxide to precipitate 3.9 g 
(96%) of 18, mp 171-173°.

A n a l .  Calcd for C 13H 13NO3 : C, 71.86; H, 6.96; N, 6.45. 
Found: C, 72.15; H, 6.91; N, 6.25.

3-Ethyl-2,3,3a ,8b-tetrahydro-3a-methyl-l/7-benzofuro [2 ,3-c] - 
pyrrol-5-ol (19).— A solution of 2.0 g (0.009 mol) of 18 in 150 ml 
of absolute ethanol and 3 ml of glacial acetic acid was hydro
genated in a Paar apparatus with platinum oxide, giving 1.9 g 
(95% ) of pure base, mp 239-241°.

A n a l .  Calcd for C 13H 17N 0 2: C, 71.20; H, 7.82; N, 6.39. 
Found: C, 71.38; H, 7.73; N, 6.36.
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Peri Effects in the Mass Spectra of Some 8 -Substituted 
1-Naphthoic Acids and 1-Naphthylcarbinols

P au l  H . C h e n *

P h i l i p  M o r r i s  R e s e a r c h  C e n t e r ,  R i c h m o n d ,  V i r g i n i a  2 3 2 6 1  

D onald  C. K lein felter

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  T e n n e s s e e ,  K n o x v i l l e ,  T e n n e s s e e  3 7 9 1 6  

R e c e i v e d  F e b r u a r y  1 2 ,  1 9 7 3

The mass spectra of several 8-substituted 1-naphthoic acids and 1-naphthylcarbinols have been examined 
to determine if peri interactions are involved in the fragmentation. The substituents at the C8 position include 
CH80, CH3, Br, and N 0 2. The spectrum of the 8-methoxy acid shows a strong M — CH3OH ion due to peri 
interaction whereas its isomeric 2-methoxy acid does not. The loss of water in the spectra of the 8-methyl acid 
and alcohol and of HBr from the 8-bromo alcohol are indicative of interaction between peri substituents. The 
expulsion of these neutral molecules from the molecular ion is presumably facilitated by the peri cyclization to 
form a stable product. The weak molecular ion and facile loss of the 8 substituent in the spectra of the 8-bromo 
and 8-nitro acids are interpreted as being due to peri interactions. The presence of M — H20  and M — OH — 
OH ions in the spectrum of the 8-nitro alcohol also indicates the interaction between the peri substituents.

Proximity effects in peri-substituted naphthalenes in 
solution chemistry have been reported by us in our 
previous paper1 and by a number of other workers.2 
From a geometrical consideration peri substituents are 
much closer to one another than identical ortho substit
uents. Since ortho effects in the mass spectra of 
aromatic compounds are very common,3 one should also 
observe peri effects in the mass spectra of 1,3-disubsti- 
tuted naphthalenes. However, there has been con
siderably less work published on peri effects in mass 
spectral fragmentations4-7 than on ortho effects,3 
presumably owing to the fact that the peri-substituted 
naphthalene derivatives are not so easily available as 
the ortho-substituted aromatic compounds.

The present study concerns itself with analyses of 
the mass spectra of several 8-substituted 1-naphthoic 
acids and 1-naphthylcarbinols to determine whether 
peri interactions are involved in the electron impact 
induced fragmentation. Wherever possible, the mass 
spectra of these peri-substituted naphthalenes are 
compared with those of corresponding isomers of 
naphthalene or with appropriate benzene derivatives.

Results and Discussion

8-Substituted 1-Naphthoic Acids.—The mass spec
trum of the unsubstituted parent 1-naphthoic acid 
obtained by us is similar to that reported by McLafferty 
and Gohlke8 and hence will not be reproduced here. 
Its major fragmentation processes are loss of the hy
droxyl radical and subsequent loss of carbon monoxide. 
These two processes have been substantiated by the

(1) D . C . K leinfelter and P . H . Chen, J .  O r g . C h e m .,  34 , 1741 (1969).
(2) F or an extensive review  o f  naphthalene peri interactions, see V. 

B alasubram aniyan, C h e m . R e v . ,  66, 567 (1966).
(3) F or exam ples o f  orth o  effects, see H . B u dzik iew icz, C . D jerassi, and 

D . H . W illiam s, “ M ass S pectrom etry  o f  O rganic C om p ou n d s,”  H olden - 
D a y , San Fran cisco, C alif., 1967, pp  197, 200, 220, 279, 516, 636.

(4) (a) J. H . B ow ie, P . J. H offm ann , and P . Y . W hite, T e tr a h e d r o n ,  26, 
1163 (1970); (b ) J. H . B ow ie  and P. Y . W hite, J .  C h e m . S o c .  B ,  89 (1969); 
(c) B . M . K ing, D . A . E vans, and K . B iem ann, O r g . M a s s  S p e c t r o m . ,  3 ,  
1049 (1970).

(5) (a) J. H arley -M ason , T . P . T ou b e , and D . H . W illiam s, J .  C h e m .  
S o c .  B ,  396 (1966 ); (b ) J. H . B eyn on , B . E . Job , and A . E . W illiam s, Z .  
K a t u r f o r s c h . ,  A ,  21, 210 (1966).

(6) J. L . Sm ith, J. L. B eck , and W . J. A . V andenH euvel, O r g . M a s s  

S p e c tr o m .,  6, 473 (1971).
(7) (a) D . L. Fields and T . H . R egan , J .  O r g . C h e m ., 36, 2986 (1971 ); 

(b ) R . M archelli, W . D . Jam ieson, S. H . Safe, O . H utzinger, and R . A . 
H eacock , C a n .  J .  C h e m .,  49, 1296 (1971).

(8) F. W . M cL a fferty  and R . S. G oh lke, A n a l .  C h e m .,  31, 2076 (1959).

observation of an appropriate metastable ion deter
mined by the defocusing technique.9

The mass spectrum (Figure 1) of 8-methoxy-l- 
naphthoic acid (1) shows a very strong peak at m/e 170 
owing to loss of CH3OH from the molecular ion. The 
strong loss of methanol as well as the presence of a 
strong metastable ion for this loss and of a very weak 
metastable ion for the transition from the m/e 185 ion 
to the m/e 170 ion suggest that the methanol loss is 
primarily, though not exclusively, a one-step loss from 
the molecular ion. The similar direct methanol loss is 
absent in the mass spectrum (Figure 1) of the isomeric
2-methoxy-l-naphthoic acid (2). A metastable de
focusing measurement indicates that the weak m/e 170 
ion in the 2-methoxy acid 2 is attributed to loss of the 
methyl radical from the M — OH ion (m/e 185). This 
drastic difference observed in the spectra of isomeric 1 
and 2 can be explained by the formation of a stable 
lactone ion 3 in the former through peri ring closure,10

whereas in the latter a similar 1,2 cyclization would 
lead to the unlikely formation of a very strained four- 
membered ring compound ion. The fact that a one- 
step loss of methanol from compound 2 is absent sug
gests that the methoxy methyl and the carboxyl 
hydroxy cannot interact to lose methanol even though 
a stable quinoid ion like 4 could be formed from such an

(9) (a) J. H . B eynon , R . A . Saunders, and A. E . W illiam s, N a t u r e  ( L o n 

d o n ) .  204, 67 (1964 ); (b ) P . Schulze and A . L. Burlingam e, J .  C h e m . P h y s . .  

49 , 483 (1968).
(10) R eference 2, p  593.
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Figure 1.— Mass spectra (70 eV) of 8-methoxy-l-naphthoic acid 
(1) and 2-methoxy-l-naphthoic acid (2).

Figure 2.— Mass spectrum (70 eV) of 8-methyl-l-naphthoic acid
(S).

interaction (compound 2). This is understandable 
because such a mechanism for the elimination of 
methanol would require a transfer of a methyl radical, 
a process which is much more difficult than a similar 
transfer of a hydrogen atom.

The mass spectrum (Figure 2) of 8-methyl-l- 
naphthoic acid (5) exhibits a strong M — H20  peak 
(m/e 168) owing io the interaction of the two peri 
substituents. The direct loss of water from the molecu
lar ion is substantiated by the presence of an appropri
ate metastable ion determined by the defocusing 
technique. This also indicates, at least in part, that 
the M — H20  ion is not due to thermal elimination. A 
comparison of the fragmentation pattern of the 8- 
methyl acid 5 with its isomeric 2-methyl-1-naphthoic 
acid is not possible owing to the unavailability of the 
latter compound. However, a ready comparison can 
be made with o-toluic acid, which also shows strong loss 
of water from the molecular ion.8'11 In o-toluic acid 
the water loss is facilitated by the formation of ion 6,

- h2o
ch2 0

AT

whereas in the S-methyl acid 5, the same loss is more 
than likely facilitated by the formation of the ace- 
naphthenone ion (7 in Scheme I) through peri ring

(11) T . A czel and H . E . Lum pkin , A n a l .  C h e m ., SS, 386 (1961).

Figure 3.— Mass spectra (70 eV) of 8-bromo-l-naphthoic acid 
(9) and 5-bromo-l-naphthoic acid (10).

S c h e m e  I

8

closure, assuming that no ring expansion occurs prior to 
water loss. The stabilization of the M — H20  ion in 
compound 5 by the resonance interaction between 
substituents is unlikely because peri substituents are 
separated by three carbon atoms and may therefore be 
likened to meta substituents. The major fragmenta
tion processes of compound 5 are shown in Scheme I. 
An asterisk in the scheme indicates the presence of a 
metastable ion determined by the defocusing technique.9 
The m/e 115 ion, which is strong in the spectrum of 5 as 
well as many of the other peri-substituted naphthalene 
derivatives, probably has a structure like the indenyl 
ion (8),12 the ethenyltropylium ion,13 or the phenyl- 
cyclopropenyl cation.13 The chemical composition of 
the m/e 115 ion has been established to be C9H7 by the 
exact mass measurement.

The striking differences between the mass spectra 
(Figure 3) of 8-bromo-l-naphthoic acid (9) and 5- 
bromo-l-naphthoic acid (10) are the following: (1)
while the M — Br peak (m/e 171) is extremely strong 
in compound 9, the corresponding peak is very weak14 
in compound 10; (2) while the molecular ion peaks are 
weak in 9, the corresponding peaks are strong in 10;
(3) the peaks due to the fragmentation of the carboxyl 
group, i.e., m/e 205, 207, 233, and 235, are much more

(12) R . T . A p lin  and S. Safe, C h e m . C o m m u n .,  140 (1967).
(13) H . Schw arz and F. B ohlm ann, O r g . M a s s  S p e c t r o m . ,  7 , 395 (1973).
(14) W hile  the singly  charged ion  is very  weak, the d ou b ly  charged  ion  

o f  M  — B r is m uch m ore abundant.
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prominent in the spectrum of 10 than in that of 9. 
The fragmentation behavior of the 8-bromo acid is also 
different from that of o-bromobenzoic acid15 in that the 
latter shows very strong molecular ion peaks and a very 
weak peak corresponding to the loss of bromine from 
the molecular ion. The facile loss of the bromine atom 
in the spectrum of the 8-bromo acid 9 is most likely 
assisted by the presence of the peri carboxyl group. 
This effect is analogous to that observed in naphthalene 
solution chemistry, where the presence of a carboxyl 
group peri to a nitro or halo substituent appears to 
make the substituents labile and more easily replaced 
than ones in analogous ortho-substituted compounds.16 
The interactions between the two peri substituents can 
be attributed to steric effects, electronic effects, and 
neighboring-group participation. With relation to the 
steric effect, it has been reported that large steric 
interactions in the molecule would cause the molecular 
ion to be less stable and hence to have a greater ten
dency to decompose to relieve the steric strain.17 In 
solution chemistry, in addition to steric effects, direct 
dipolar field effects have been reported to exert some 
influence on the pAa values of the 8-substituted 1- 
naphthoic acids.18 It is not known to what extent this 
field effect would influence the molecular ion intensity. 
The expulsion of the bromine atom from the molecular 
ion may not be a simple bond cleavage but may involve 
a tight transition state where the carboxyl group partic
ipates in the elimination, thereby lowering the activa
tion energy.19 The low activation energy for the 
process of bromine elimination is supported by the 
experimental observation that the relative abundance 
of the M — Br ion remains prominent at low ionizing 
voltage. The formation of stable protonated lactones 
like 1 la and/or 1 lb may be postulated to follow the loss

1 1 a  l i b

of the bromine atom. The metastable defocusing 
measurement indicates that the m / e  126 ion in both 9 
and 10 originates from the M — COOH ions (m/e 205, 
207) by the loss of a bromine atom.

The mass spectra of 8-nitro-l-naphthoic acid (12) and 
its isomeric 5-nitro-l-naphthoic acid (13) are shown in 
Figure 4. The 8-nitro acid 12 has a weak molecular ion 
and a very strong M — N 02 ion, whereas the 5-nitro 
acid 13 has a strong molecular ion and a moderate M 
— N 0 2 ion. The strong molecular ion in the spectrum 
of 13 is expected because aromatic compounds normally 
have high molecular ion intensities. The strong molec-

(15) M ass Spectra l D ata , N o . 2891, D ow  C h em ica l C o ., M id lan d , M ich .
(16) (a) H . G . R u le  and A . J . G . B arnett, J .  C h e m . S o c . ,  175, 2728 (1932); 

(b ) H . G . R u le  and H . M . Turner, i b i d . ,  317 (1935).
(17) (a) I\. B iem ann  and J. Seibl, J .  A m e r .  C h e m . S o c . ,  S I , 3149 (1959); 

(b ) P . N atalis in “ M ass S p ectrom etry ,’ ’ R . I. R eed , E d ., A cad em ic Press, 
N ew  Y ork , N . Y ., 1965, p p  379—399 ; (c ) C . E . B rion, J. S. H ayw ood -F arm er, 
R . E . P in cock , and W . B. Stew art, O r g . M a s s  S p e c t r o m . ,  4, 587 (1970).

(18) (a) M . H o jo , K . K atsurakaw a, and Z . Y osh ida , T i t r a h e d r o n  L e t t . ,  
1497 (1968 ); (b ) K . B ow den  and D . C . Parkin, C a n .  J .  C h e m .,  47, 185
(1969) .

(19) F or exam ples o f  neighboring-group  participation  reactions in the 
mass spectral fragm entation , please see (a) R . G . C ook s, N. L . W olfe , 
J. R . Curtis, H . E . P etty , and R . N . M cD on a ld , J .  O r g . C h e m ., 35, 4048
(1 9 7 0 ) ; (b ) R . H . Shapiro and K . B . T om er, O r g . M a s s  S p e c t r o m . ,  3, 333 
(1970); (c ) J. M . Pechine, i b i d . ,  5, 705 (1971).

m /e

Figure 4.— Mass spectra. (70 eV) of 8-nitro-l-naphthoic acid (12) 
and 5-nitro-l-naphthoic acid (13).

ular ion was also reported for the mass spectrum of o- 
nitrobenzoic acid.20 The weak molecular ion and the 
strong M — N 02 ion in the spectrum of 12 are likely 
due to some sort of interaction between the two peri 
substituents. This is in accord with the mass spectral 
fragmentation behavior of the 8-bromo acid (vide 
supra) and with a report published elsewhere.21 As 
shown in Figure 4, the strong m/e 115 ion in both 12 and 
13 is derived from the m/e 171 and 143 ions, presumably 
by the loss of C2O220a and CO, respectively. The ionic 
formula of the m/e 115 ion has been determined to be 
C9H7 by the accurate mass measurement.

Williams51* and Beynon5b reported independently that 
the loss of CO from the molecular ion was observed in
1-nitronaphthalene but not in nitrobenzene or 2- 
nitronaphthalene. They both proposed that the peri 
carbon (C8) atom was involved in this unique loss of 
CO. We also observed the loss of CO from the molecu
lar ion of the 5-nitro acid 13 but not from that of the
8-nitro acid (see Figure 4). This is in agreement with 
Williams and Beynon’s observations. However, in the
5-nitro acid, part of the CO loss could come from the 
carboxyl group.

8-Substituted 1-Naphthylcarbinols.—The mass spec
tral fragmentation behavior of the unsubstituted 1- 
naphthylcarbinol (14) has been described22 very recently 
with the aid of deuterium- and 13C-labeled derivatives. 
The most prominent fragmentation process is the loss 
of 29 mass units (CHO) from the molecular ion. This 
is an important decomposition pathway for most of the 
naphthylcarbinols examined in this study.

In contrast to the mass spectrum of the S-methoxy 
acid 1 , which shows distinguished peri interaction by 
the loss of methanol from the molecular ion, the spec
trum (Figure 5) of 8-methoxy-l-naphthylcarbinol (15) 
shows little or no loss of either CH3OH or I TO from 
interaction of the peri substituents.23 The metastable 
defocusing measurement suggests that the weak m/e

(20) (a) F. B en oit and J. L. H olm es, O r g . M a s s  S p e c t r o m . ,  3 , 993 (1970); 
(b ) K . B . T om er, T . G ebreyesus, and C . D jerassi, i b i d . ,  7 , 383 (1973).

(21) E . F . H . B rittain , C . H . J. W ells, H . M . Paisley, and D . J. Stickley, 
J .  C h e m . S o c .  B ,  1714 (1970).

(22) H . Schw arz and F . B oh lm ann , O r g . M a s s  S p e c t r o m . ,  7 , 29 (1973).
(23) W h ile  there is little  or no peri interaction  in the e lectron  im p act 

induced fragm entation , the sam e 8 -m eth oxy  a lcohol exhibits a strong intra
m olecular H  bond ing in  so lu tion  chem istry  (see ref 1 and P . H . Chen, 
P h .D . Thesis, T h e U niversity  o f  Tennessee, K n oxville , T en n ., 1967).
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Figure 5.— Mass spectra (70 eV) of 8-methoxy-1-naphthyl- 
carbinol (15) and 2-methoxy-l-naphthylcarbinol (16).

J i i i i i i 1 i — , Y"—j---- 1-----1
60  80  100 120 140 160 180 200

m/e

Figure 6.— Mass spectrum (70 eV) of 8-methyl-l-naphthyl- 
carbinol (18).

Figure 7.-—Mass spectrum (70 eV) of 8-bromo-l-naphthyl- 
carbinol (21).

losses of water and the hydrogen radical, respectively. 
As shown in Scheme II, the M — H20  ion presumably

S c h e m e  I I

CUH„+ CnH9+

m/e 128 m/e 115

156 ion is primarily due to two-step elimination from 
the molecular ion. The absence of significant water 
loss from the molecular ion is understandable because 
its formation would require an unfavorable eight- 
membered cyclic transition state. The reason for little 
or no direct methanol loss from the 8-methoxy alcohol 
15 molecular ion is obscure. It may be related to 
competing reaction such as the loss of CHO or other 
fragment (s), or to the possible ring expansion which 
occurs prior tc or during the fragmentation of the 
molecular ion. Fragmentations are directed by either 
the hydroxymethyl or methoxy functions. The peaks 
at m/e 115, 126, 127, 128, and 141 are characteristic of 
naphthalene derivatives. The mass spectrum (Figure 
5) of 2-methoxy-l-naphthylcarbinol (16) is similar to 
that of its 8-methoxy isomer 15 except that the M — 
OH ion (m/e 171) and M — OH — CH3 ion (m/e 156) 
are more prominent for the 2-methoxy isomer 16. The 
driving force for the production of the strong m/e 156 
ion in the spectrum of the 2-methoxy isomer may be 
due to the formation of a resonance-stabilized structure 
like 17.

The mass spectrum (Figure 6) of 8-methyl-l- 
naphthylcarbinol (18) exhibits two strong peaks at 
m/e 154 and 153 owing to loss of water and successive

bears the structure of acenaphthene (19), which elimi
nates a hydrogen atom to form an acenaphthenyl ion
(20). The proposed structures of 19 and 20 are based 
on the assumption that no ring expansion occurs prior 
to or during water loss. The other major fragmenta
tion processes are also shown in Scheme II.

Loss of HBr from the molecular ion is also observed 
in the spectrum (Figure 7) of 8-bromo-l-naphthylcar- 
binol (21), which is indicative of interaction between 
the two peri substituents. A deuterium-labeling ex
periment confirms that the hydroxyl hydrogen is lost 
with the bromine atom in the HBr elimination. The 
M — HBr ion may have a structure like 22. The

22

relatively weak molecular ion peaks (m/e 236 and 238) 
are in line with the mass spectra of the 8-bromo and 8- 
nitro acids (see Figures 3 and 4). The metastable 
defocusing measurement indicates that the base peak 
ion (m/e 128) originates from the m/e 207 and 209 ions 
by loss of a bromine atom. The ionic formula of the 
m/e 128 ion has been determined to be Ci0H8 by the 
accurate mass measurement. Presumably it has the 
structure of naphthalene.

The mass spectrum (Figure 8) of 8-nitro-l-naphthyl- 
carbinol (23) shows a weak molecular ion and strong 
fragment ions at m/e 127, 128, 115, and 141 which are 
characteristic peaks of naphthalene derivatives. The
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weak molecular ion and the presence of the M — H20  
ion (ra/e 185) and the M — OH — OH ior. (m/e 169) 
are indicative of the interaction between the peri sub
stituents. Similar water elimination from the molecu
lar ion has been reported in the mass spectrum of o- 
nitrobenzyl alcohol.20a The loss of water and the 
expulsion of hydroxyl radical from the M — OH ion 
have been substantiated by the observation of an 
appropriate metastable ion determined by the defocus- 
ing technique. The elimination of water can be postu
lated by a transfer of a naphthylcarbinyl hydrogen to 
the neighboring nitro group; the two peri substituents 
in the rearranged molecular ion (with or without ring 
expansion) then interact to lose water. Examination 
of the spectrum of compound 23 with a deuterium 
replacing the hydroxyl hydrogen revealed that, in 
addition to a loss of 18 mass units (OD) from the 
deuterated molecular ion, a loss of 17 mass units (OH) 
was also observed. Corrections have been made for 
the hydroxyl loss from the undeuterated molecular ion 
and also for the 13C contribution. This indicates that 
either the hydroxyl group formed by a hydrogen trans
fer to the nitro group is responsible for the OH loss 
from the deuterated molecular ion or the deuterium in 
CH2OD moiety undergoes deuterium-hydrogen ex
change prior to hydroxyl loss. The strong m/e 141 ion 
is derived from the m/e 169 and 185 ions by the loss of 
28 and 44 mass units,24 respectively. The former loss is 
presumably due to elimination of CO, which is fre
quently observed in the mass spectra of aromatic nitro 
compounds.25 The m/e 141 ion loses a molecule of 
HCN to the m/e 114 ion. The loss of CO and HCN are 
also observed in the decomposition of m/e 155 to m/e 
127 and of m/e 142 to m/e 115, respectively.

Experimental Section
Preparation of Naphthoic Acids and Naphthylcarbinols.—

Methods or literature references for preparation of most of these

(24) T h e  assignm ent o f  the loss o f  44 mass units has som e degree o f 
uncertainty because o f  the presence o f a broad flat-topped  m etastable peak 
indicating a large kinetic energy release in the fragm entation  process.

(25) (a) S. M eyerson , I. Puskas, and E. K . Fields, J .  A m e r .  C h e m . S o c . ,

B8, 4974 (1966); (b ) J. H . B eyn on , R . A . Saunders, and A. E . W illiam s,
T n d . C h im . B d g . ,  29, 311 (1964).

OaN CH2OH

m/e

Figure 8.— Mass spectrum (70 eV) of 8-nitro-l-naphthylcarbinol
(23).

compounds have been given in our previous paper1 except for 
the compounds described below. The 5-nitro-l-naphthoic acid 
was prepared by the method of Ekstrand.26 The 2-methoxy-l- 
naphthoic acid was prepared by the method of Werner and Sey- 
bold,27 and its corresponding alcohol was synthesized by lithium 
aluminum hydride reduction of the acid. The o-bromo-1-naph
thoic acid was prepared by the procedure of Short and Wang.28 
The compounds had melting points in agreement with the values 
reported in the literature.

Mass Spectra.— Mass spectra were obtained on a CEC 21-104 
mass spectrometer except for the data on the metastable ion and 
accurate mass measurements. Samples were introduced v i a  

the direct insertion probe at ambient temperature with a source 
thermocouple reading of 250°. The metastable ion measure
ments were obtained with a CEC 21-110B double-focusing mass 
spectrometer by the defocusing technique similar to the method 
used by Schulze and Burlingame.91" The accurate mass measure
ments were also done on a CEC 21-110B with a resolution of 
about 10,000. Deuterium labeling of the hydroxyl hydrogen 
was done by dissolving the alcohol in chloroform, then adding 
D20 , and subsequent evaporating of solvent and D20  to obtain 
the deuterated alcohol.
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Arylation of Several Carbanions by the SrnI Mechanism1
R oberto A. Rossi2 and J. F. Bunnett*

U n i v e r s i t y  o f  C a l i f o r n i a ,  S a n t a  C r u z ,  C a l i f o r n i a  9 5 0 6 4  

R e c e i v e d  F e b r u a r y  S 3 ,  1 9 7 3

The carbanions derived from 1,3-pentadiene, l-(p-anisyl)propene, indene, fluorene, 2-butanone, and 3-methyl- 
2-butanone are phenylated by treating them with bromobenzene and sodium or potassium metal in liquid am
monia. The enolate ions of the two ketones are also phenylated by photostimulated reaction with bromo- or 
iodobenzene. By either method, 2-butanone is phenylated principally at the 3 position and 3-methyl-2-butanone 
mainly at the 1 position. In general, the carbanions derived from hydrocarbons give mixtures of mono-, di-, and 
triphenylated products. These reactions are believed to occur by the S r n  1 mechanism.

Nucleophilic displacement of halogen in unactivated 
aryl halides by the familiar SxAr mechanism3 tends 
to occur sluggishly, if at all. On the other hand, 
substitution reactions involving the very same halo- 
benzenes and nucleophiles often take place with great 
facility if the novel Sr n I mechanism4 can be brought 
into play.

An essential feature of the Sr n I mechanism for 
substitution at aromatic carbon is the high affinity 
of aryl radicals for certain strong nucleophiles such as 
amide ion,4-6 the cyanomethyl anion,5’7 and the acetone 
enolate ion.8 The mechanism as a whole, depicted 
in eq 1-4, is initiated by electron transfer to substrate

electron donor +  ArX — >■ [ArX] • +  residue (1)

[ArX] • -  - Ar- +  X - (2)

Ar- +  I t :“ — >- [ArR] • - (3)

[ArR] ■ -  +  A rX ---- >- ArR +  [ArX] • - (4)

ArX from a suitable electron donor. The radical 
anion thus formed then splits (eq 2) to form an aryl 
radical, releasing the nucleofugic substituent as an 
anion (if initially neutral). The aryl radical com
bines (eq 3) with carbanion or other nucleophile to 
form an adduct, which then must dispose of an excess 
electron or otherwise react to form a stable product. 
If the excess electron is transferred to another substrate 
molecule, as in eq 4, a cycle is completed comprising 
eq 2, 3, and 4. A more complete description of the 
system would show termination steps as well as alter
native reaction pathways available to some of the inter
mediates.

The solvated electron in liquid ammonia is very 
effective for the purpose of getting the mechanism 
started (eq 1). In other studies, SrnI reactions stimu
lated by solvated electrons have afforded high yields 
of substitution products.5'6'8 Alternatively, an initiat
ing electron transfer in the sense of eq 1 can be stimu
lated photochemically.9

We now report reactions of bromobenzene with 
some previously uninvestigated carbanions, induced by

(1) R esearch  supported  in part by  the N ationa l Science Foundation .
(2) G rateful recipient o f  a fellow sh ip from  the C on sejo  N aciona l de 

Investigaciones Científicas y  T écnicas, Argentina.
(3) J. F . B u nnett and R . E . Zahler, C h e m . R e v . ,  49, 273 (1951); J. F. 

B u nnett, Q u a r t .  R e v . ,  C h e m . S o c ., 12, 1 (1958).
(4) J. K . K im  and J. F. B unnett, J .  A m e r .  C h e m . S o c . ,  92, 7463 (1970).
(5) J. K . K im  and J. F. B u nnett, i b i d . ,  92, 7464 (1970).
(6) R . A . R ossi and J. F. B unnett, J . O r g . C h e m ., 37, 3570 (1972).
(7) J. F. B unnett and B . F . G loor, A bstracts, 164th N ational M eeting 

o f  the Am erican C hem ical S ociety , N ew  Y ork , N . Y . ,  A u g  1972, O R G N  45.
(8) R . A . R ossi and J. F. B unnett, J . A m e r .  C h e m . S o c . ,  94, 683 (1972).
(9) R . A . R ossi and J. F. B unnett, J. O r g . C h e m ., 38, 1407 (1973).

sodium or potassium metal in liquid ammonia, as well 
as photochemical and electron-stimulated reactions 
of bromo- and iodobenzenes with the enolate ions of
2-butanone and 3-methyl-2-butanone.

Results and Discussion

Phenylation of Carbanions from Hydrocarbons.—
Reactions were conducted by (1) preparing KNH2 in 
liquid ammonia, (2) adding the hydrocarbon and allow
ing the carbanion to be formed, (3) adding bromo
benzene, (4) adding potassium (or sodium) metal in 
small pieces until electrons were in excess, and (5) 
acidifying with NH4C1. One set of experiments, sum
marized in Table I, involved the carbanions derived 
from 1,3-pentadiene, l-(p-anisyl)propene (also known 
as anethole), indene, and fluorene.10

The carbanion from 1,3-pentadiene did not react 
with bromobenzene in ammonia at —78°. However, 
when potassium metal was also added, reaction oc
curred to form a complex mixture of products (eq 5).

K
C H 2— C H — C H — C H — C H 2-  -I- C 6H 5B i '  — >-

N H ,
PhCH2CH2CH2C H =CH 2 +  PhCH2CH=CHCH2CH3 +

PhCH2CH=CHCH— CH2 +  PhCH=CHCH=CHCH3 +
other products (5)

A small portion of the mixture was examined by glpc, 
and several components were isolated. These in
cluded 5-phenyl-l-pentene (20%), l-phenyl-2-pentene 
(6%), 5-phenyl-1,3-pentadiene (18%), and 1-phenyl-
1,3-pentadiene (13%), as well as products representing 
attachment of two or three phenyl groups to the 
five-carbon chain. The rest of the mixture was sub
jected to catalytic hydrogenation, and the resulting 
melange was found, by glpc, to contain 1-phenyl- 
pentane (57% yield), 1,1-diphenylpentane (9%), 1,5- 
diphenylpentane (7%), and a triphenylpentane fraction 
(9%). In another run, the yield of 1-phenylpentane 
after hydrogenation was 74%.

This reaction has both preparative and mechanistic 
interest. It provides a way of establishing a five- 
carbon straight chain on a benzene ring in place of a

(10) Inasm uch as the estim ated piCa o f  am m onia is 35 and those o f indene 
and fluorene are respectively  abou t 20 and 23, K N H a clearly w ill con vert 
these h ydrocarbons in to their anions. T h e p K & o f  a lly lic  hydrogen  in 
propene is estim ated to  be 35.5, and con ju gation  o f  a v in y l or p -an isyl group 
w ith the propen ide system  w ould cause 1 ,3-pentadiene or anethole, respec
tively , to  have low er pifTa’s. I t  is therefore expected  th at K N H i w ill also 
con vert these com pounds to  their anions. T h is  expectation  is su pported  b y  
ou r observation  o f a strong co lor  change (colorless to  red) on  add ing either 
com p ou n d  to  K N H 2 in am m onia. C f .  D . J. C ram , "F u n dam en ta ls  o f 
C arban ion  C h em istry ,”  A cad em ic Press, N ew  Y ork , N . Y ., 1965, C h apter I .
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T a b l e  I
R e a c t i o n s  o p  B r o m o b e n z e n e  w i t h  C a r b a n i o n s  a n d  A l k a l i  M e t a l s  i n  L i q u i d  A m m o n i a  

[C arban ion ], [CeHsBr],
R eg istry  no. C arban ion  from M M [K ] ,°  M T em p, °C P rodu cts (y ield , % ) 4 R eg istry  no.

40719-28-6 1,3-Pentadiene 0.28 0.063 Nil -7 8 Nonec
0.48 0.23 0.25 -7 8 1-Phenylpentane (57)/-e (40y 538-68-1

1,1-Diphenylpentane (9)d 1726-12-1
1,5-Diphenylpentane ( 7 ) d 1718-50-9
Triphenylpentanes (9)* 40719-26-4

0.33 0.063 0.15 -7 8 1-Phenylpentane (74)“* 
Diphenylpentanes ( 7 ) d 
Triphenylpentanes (3)“*

40719-29-7 Anethole 0.37 0.19 0.28 -7 8 l-Phenyl-l-(p-anisyl)propane ( 1 3 )d 27238-93-3
3-Phenyl-l-(p-anisyl )propane (31 ) d 40715-68-2
Diphenyl-l-(p-anisyl)propanes ( 3 7 )d 40715-69-3
Triphenyl-l-(p-anisyl)propanes (9)* 40715-70-6

0.27 0.14 0.57 -3 3 1-Phenyl-1-(p-anisyl)propane (13)4 
3-Phenyl-1- (p-anisyl )propane (36 ) d 

Diphenyl-l-(p-anisyl )propanes (33 ) d 

Triphenyl-l-(p-anisyl )propanes (5 ) d 40715-71-7
40719-30-0 Indene 0.16 0.27 0.28 -7 8 1-Phenylindan (3) 26461-03-0

3-Phenylindene (32) 1961-97-3
Diphenylindenes' (11) 
Triphenylindenes4 (4)

40719-27-5

0.31 0.20 0.45 -7 8 1-Phenylindan (9) 
3-Phenylindene (32) 
Diphenylindenes' (12) 
Triphenylindenes4 (6)

35782-20-8 Fluorene 0.14 0.14 0.18' -3 3 9-Phenylfluorene (44) 789-24-2
9,9-Diphenylfluorene (5) 20302-14-1

0.037 0.18 0.23 -7 8 9-Phenylfluorene (57) (40)/
9,9-Diphenylfluorene (23)

“ Concentration if no reaction had occurred. 6 Yields based on reactant in deficiency. c Recovered Cr.H:,Br, 91%. d Product and 
yield after catalytic hydrogenation of crude product mixture. e For products before hydrogenation, see text. 1 Yield of isolated 
product. '  Two isomers in approximately equal amounts. 4 Several isomers; composition tentative. ' Sodium.

halogen atom or, we presume from experience with 
related reactions,8 in place of a trimethylammonio, 
diethyl phosphate, or phenylthio group. The un
saturation in the immediate product would be useful 
in some syntheses for purposes of further elaboration, 
but in others hydrogenation to an n-pentyl group would 
be preferable. No doubt similar reactions could be 
carried out with carbanions from higher 1,3-alkadienes, 
but some complication would enter from the likeli
hood that arylation would occur at both the 1 and 5 
positions, which in those cases would not be equivalent. 
It is anticipated that the carbanion from 1,3,5-hepta- 
triene would be arylated at the ends of *he seven- 
carbon chain.

As to mechanism, the immediate consequence of the 
combination of phenyl radical with pentacienide ion 
is a radical anion 1 (eq 6). In part, this probably

Ph- +  CH2—  CH^CH — CH— CH2-  — >
[PhCH2CH =C H C H =C H 2] • ~ (6) 

1

transfers an electron to a bromobenzene molecule in 
the sense of eq 4, and the resulting 5-phenyl-l,3- 
pentadiene is quickly converted to the 1-phenyl- 
pentadienide ion in the strongly basic environment. 
Upon ultimate acidification, protonation occurs at 
both the 1 and 5 positions, forming the two isomeric 
phenylpentadienes obtained. However, during the 
reaction proper the 1-phenylpentadienide ion may be 
further arylated, apparently to about equal extents

at the positions a and «  to the aromatic ring. Similar 
events may lead to triphenyl and perhaps some more 
highly phenylated derivatives.

Radical anion 1 is evidently partially reduced in the 
reacting system, leading ultimately to the phenyl- 
pentenes detected as products.

The possibility that radical anion 1 may persist 
in the reaction mixture needs also to be considered. 
It ought to be able to couple with phenyl radical as 
shown in eq 7. The resulting allylic carbanions might

1 +  Ph- — >  PhCHîCH—CH— CHCH2Ph +
2

PhCHiCHCH—CH—CH2-  (7)
I
Ph

3

then be further phenylated by phenyl radicals. No 
product with the carbon skeleton of 3 has been iden
tified, however. If radical anion 1 persisted until 
quenching with NH4C1, disproportionation, protona
tion, and isomerization might occur during quench
ing to furnish some of the products that were obtained.

The crude products of phénylation of the carbanion 
4 from l-(p-anisyl) propone were catalytically hydro
genated. About three times as much 3-phenyl- as
1-phenyl-l-(p-anisyl) propane was obtained, indicating 
that phenyl radical combines with carbanion 4 prefer
entially at the allylic position remote from the p- 
anisyl group (eq 8). There were also products of 
further phénylation.
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R e a c t i o n s  o f  B r o m o -  a n d  I o d o b e n z e n e s  w i t h  K e t o n e  E n o l a t e  I o n s  i n  L i q u i d  A m m o n i a  a t  — 3 3 °
--------— -------------------Y ie ld , % —

T able II

K eton e
M eth od  o f enolate 

ion prepna X  o f C .H sX Stimulus CeHt
P h C R (C H j)-

C O C H j
P h C H 2C O C H -

(R )C H .

2-Butanone K I hv , 12 min 25 41 23
K I K metal 30 31” 236
K Br hv , 20 min 20 43 26
k n h 2 Br hv , 50 min' 3 61 19

3-Methyl-2-fc utanone K Br hv , 20 min d 5 56
k n h 2 Br hv , 120 min d 9 81
k n h 2 Br K metal d 7b 55b

° Reaction of ketone with K metal or KNH2. h After oxidation with K2Cr20 7 and H2S04. e Recovered C6H5Br, 7%. d Not measured.

The carbanion from indene afforded 3-phenylindene
(5) in substantial amount. The fact that the yield

of 1-phenylindan was much lower suggests that elec
tron transfer in the sense of eq 4 occurred to a sig
nificant extent. It is noteworthy and surprising that 
the product distribution in the run with excess bromo- 
benzene was nearly the same as in the run with excess 
carbanion. Some di- and triphenylindenes were also 
formed.

One run with the anion from fluorene was conducted 
with sodium metal and another with potassium metal. 
Both afforded mainly 9-phenylfluorene together with 
a lesser amount of 9,9-diphenylfluorene (eq 10). When

bromobenzene was used in great excess over the carb
anion, the yield of diphenylfluorene was somewhat 
higher than when those two reactants were employed 
in equal amounts.

With respect to application in synthesis, these reac
tions require comparison especially with couplings 
between organocopper reagents and alkyl or aryl ha
lides.11 We are not aware that any of the products ob
tained by us have been made by organocopper coupling, 
but we expect that most could be. We believe also 
that carbanion arylation via aryne intermediates12 could 
be performed in many of these cases. Which method

(11) C . E . C astro E . J. G aughan, and D . C . O w sley, J .  O r g . C h e m ., 31, 
4071 (1966); E . J. C orey  and G . H . Posner, J .  A m e r .  C h e m . S o c . ,  89, 3911 
(1967); 90, 5615 (1968 ); G . M . W hitesid es ,. W . F . Fischer, Jr., J. San 
F ilippo, Jr., R . W . Bashe, and H . O. H ouse, i b i d . ,  91, 4871 (1969).

(12) J. F . B unnett, J . C h e m . E d u c . ,  38, 278 (1961).

is best for a particular synthetic objective depends 
on many factors, upon which we choose not to dwell.

Phenylation of Ketone Enolate Ions.—Two methods 
for converting ketones to their enolate ions in liquid 
ammonia were employed: reaction with KNH2 and 
reaction with potassium metal. The latter method 
also reduces a considerable fraction of a ketone to the 
corresponding sec-alkoxide ion.9 Most reactions were 
photochemically stimulated, but one run with each 
ketone was provoked by potassium metal. Results are 
summarized in Table II.

In reactions with the enolate ions from 2-butanone, 
arylation occurred preferentially at the more substi
tuted a carbon, giving about twice as much 3-phenyl-
2-butanone as l-phenyl-2-butanone (eq 11). How-

O 0
II c 6h sx  II

CH3CCH2CH3 — >- enolate ions------- >- PhCH2CCH2CH3 +
O Ph
II I

CH3C-CHCH3 (11)

ever, there was some variation in the product ratio 
between runs, for reasons unclear. A good deal of 
benzene (20-30%) was formed as a by-product when 
the enolate ions were generated by the potassium 
metal method, but the benzene yield was much lower 
when they were generated by reaction with KNH2. 
The higher yields of benzene in the former case are 
attributed to hydrogen atom abstraction from sec- 
butoxide ions by phenyl radicals. A parallel depen
dence of benzene yields on the method of enolate ion 
generation has been observed in reactions with acetone 
enolate ion.9

Reactions stimulated by potassium metal afford 
some of the secondary alcohol corresponding to the 
phenylated ketone, as was previously observed in 
reactions with acetone enolate ion.8 For purposes 
of quantification, the crude product mixtures were 
treated with K2Cr20 7 in acidic medium to oxidize 
the seondary alcohols to ketones; however, some de
hydration to olefins also occurred during chromic acid 
treatment.

The first and third runs ivith 2-butanone were sub
stantially the same except that one used iodobenzene 
and the other bromobenzene as phenyl radical source. 
They gave similar results. The first and second runs 
both used iodobenzene, but one was stimulated by 
photons and the other by solvated electrons. The 
results were again fairly similar. These observations 
give assurance that essentially the same phenomena 
are involved regardless of the identity of the halogen 
in the halobenzene, the method of stimulation, or
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(except for the competing reaction of hydrogen atom 
abstraction) the method used to prepare the enolate 
ions.

Reactions with the enolate ions from 3-methyl-2- 
butanone occurred to give predominantly 1-phenyl-
3-methyl-2-butanone and relatively little 3-phenyl-
3-methyl-2-butanone (eq 12). Thus the less sub-

0 0 
II C .H sX  ||

CH3CCHCH3 — >- enolate ions-------->- PhCH2CCHCH3 +

CH3 CH3
O Ph
II I

CHaC-CCHa (12)
I
CH3

stituted a carbon is preferentially phenylated, in 
contrast to the situation with 2-butanone. The 
product ratio was much the same regardless of which 
method of stimulation or of enolate ion generation 
was employed.

Interpretation of the shift from predominant phenyl- 
ation at the 3 position with 2-butanone to predominant 
phenylation at the 1 position with 3-methyl-2-buta- 
none must take into account several factors. From 
2-butanone, three enolate ions can be formed (eq 13)

O
CH3â cH 2CH3 +  base — ■>

o -  o -  CH3
/  \  /CH2=C  +  c = c  +
\  /  \

c 2h 5 c h 3 h
6 7

O- H
\  /C=%

CHs^ XCH3
8

(13)

and from 3-methyl-2-butanone, two can be formed (eq 
14). If the enolate ions from any ketone attain equi-

0  CH3
II /

CH3CCH +  base ■
\

CH3
o -  0 -  c h 3

/  \  /
CH2= C  +  C = C  (14)

\  /  \
CH(CH3)2 c h 3 c h 3
9 10

ions from several ketones roughly resemble the pro
portions of the enolate ions at equilibrium,13 the 
outcome should be somewhat the same whether the 
populations of isomeric enolate ions are kinetically 
or thermodynamically determined. Moreover, rates 
of alkylation of enolate ions are not markedly dependent 
on the number of alkyl substituents on the a carbon,14 
and this is likely to be true also for rates of combina
tion with phenyl radical. Therefore it is not surpris
ing that the proportions of phenylation at the alter
native a positions reported in Table II are approxi
mately parallel to the proportions of enolate ion 9 
vs. 10, or of 6 vs. 7 plus 8 , that one would expect from 
the data of House and Kramar13 concerning somewhat 
analogous ketones.

Photochemically stimulated reactions were slower 
when enolate ions were generated by the KNH2 
than by the potassium metal method. The analogous 
phenomenon has been observed for reactions with 
acetone enolate ion,9 but the effect is not fully under
stood.

Comparison is now made with two other methods 
for the phenylation of ketones. One is reaction of 
ketone enolate ions with benzyne derived from reaction 
of bromo- or chlorobenzene with NaNH2 or KNHo in 
liquid ammonia.15 On the basis of evidence now avail
able, that method and the method explored in the 
present work are roughly equivalent in yields and in 
preparative convenience. 2-Butanone was phenylated 
in 75% yield exclusively at the 3 position by the ben
zyne method, whereas we observed, in the fourth run 
of Table II, 61% of phenylation at that position and 
19% at the 1 position. On the other hand, acetone 
afforded only 35% of phenylacetone by the benzyne 
method, far less than yields as high as 85% in photo
chemical Sr n I reactions with bromobenzene that we 
have described elsewhere.9

Ketones have also been phenylated through reaction 
of their enolate ions with diphenyliodonium chloride 
in feri-butyl or ierf-pentyl alcohol.16 «-Phenylation 
of isobutyrophenone in yields as high as 81% and of 
isovalerophenone in 23% yield were reported. In 
another study,17 quite high yields were obtained in the 
y-phenylation of dicarbanions from 0 diketones by 
diphenyliodonium chloride in liquid ammonia. For 
these reactions, an electron transfer, radical pair 
mechanism has been proposed;18 it resembles the SrnI 
mechanism in some respects, but is not a chain mech
anism.

For general preparative application, the method 
investigated in the present work is superior to both 
of these alternatives. The aryne method is expected 
to give mixtures of aromatic positional isomers in 
many cases when substituted halobenzenes are used

librium with the ketone, and therefore with each 
other, before they are arylated, the relative rates 
of phenylation at the two a positions will depend on 
their equilibrium proportions and also on the reac
tivities of the enolate ions toward phenyl radical. 
On the other hand, if equilibrium is not established 
before arylation, the relative rates of formation of 
the enolate ions will determine their relative popula
tions, but their relative reactivities will also be a factor 
when the enolate ion are in excess, as in our experiments.

Inasmuch as relative rates of formation of enolate

(13) H . O. H ouse and V . K ram ar, J .  O r g . C h e m .,  28 , 3362 (1963); H . O. 
H ouse and B . T rost, i b i d . ,  30, 1341 (1965).

(14) H . O . H ouse, “ M od ern  Syn th etic R ea ction s ,”  W . A . B en jam in, 
N ew  Y ork , N. Y .,  1965, p  193.

(15) W . W . Leake and R . Levine, J .  A m e r .  C h e m . S o c . ,  81, 1169 (1959). 
See also P . C aubere, N . D erozier, and B . L ou b in ou x , B u l l .  S o c .  C h im . F r . ,  
302 (1 9 7 1 ); P . C aubere and  G . G u illau m et, C . R  A c a d .  Set., S e r .  C ., 278, 
463 (19771.

(16) F . M . Beringer, W . J. D aniel, S. A . G alton , and G . R u b in , J .  O r g .  

C h e m ., 31, 4315 (1966).
(17) K . G . H am pton , T . M . H arris, and C. R . H auser, J . O r g . C h e m ., 29, 

3511 (1964).
(18) F . M . Beringer, S. A . G alton , and S. J. H uang, J . A m e r .  C h e m . S o c . ,  

84, 2819 (1962).
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as aryne precursors, whereas the present m ethod is 
not com plicated b y  cine substitution.8 Arylation  
by means of diaryliodonium  salts suffers from  the  
expense of these reagents or the extra work needed  
to prepare them .

Attempted Phénylation of Other Nucleophiles.— The
potassium m etal stim ulated reaction of iodobenzene  
with anilide ion in am m onia affords diphenylam ine and  
2 - and 4-am inobiphenyl, products which represent both  
X -  and C -ary lation .5 H oping to  find analogous be
havior, we studied the reaction of potassium  m etal 
with brom obenzene in the presence of thiophenoxide  
or phenoxide ion in am m onia solution. In  the former 
case, we obtained in each of tw o runs about 0 .5 %  of 
a product w ith the sam e glpc retention tim e as di
phenyl sulfide, as well as benzene and som e aniline. 
X o  diphenyl ether was obtained as a product from  the  
phenoxide ion reaction, nor were any hydroxybiphcnyls  
found, bu t benzene and a little aniline were detected.

T h e im m ediate product of the com bination of phenyl 
radical w ith the sulfur atom  of thiophenoxide ion would  
be the radical anion of diphenyl sulfide, a species 
indicated b y  other studies to  have a propensity to  
dissociate into phenyl radical and thiophenoxide ion.8 
Our inability to  get much diphenyl sulfide as a product 
is therefore understandable. T h e reasons for our failure 
to obtain well-defined products from  reaction w ith  
phenoxide ion are unclear.

Experimental Section
Reactions Stimulated by Alkali Metals.— A procedure for 

phénylation of fluorene anion is representative. The reaction 
was performed in a three-neck, round-bottom flask fitted with 
a solid CO.-isopropyl alcohol condenser, stirred by a magnetic 
stirrer and constantly swept by a slow stream of dry nitrogen. 
To liquid ammonia (3.50 ml) from a commercial cylinder, sodium 
metal (0.060 mol) was added and a little powdered ferric nitrate 
was added to catalyze formation of NaNH2. After the blue 
color of the alkali metal had disappeared, 0.0.10 mol of solid 
fluorene was added, forming a deep red solution. After 10-15 
min, bromobenzene (0.050 mol) was added and then sodium 
metal (0.065 mol), slowly and in small bits, until the color had 
changed to deep green. Excess sodium benzoate was added, 
causing the mixture to turn red. Ammonium chloride was 
then added in excess, followed by 250 ml of diethyl ether, and 
the ammonia was allowed to evaporate. An internal standard 
(anthracene) was added to a portion of the resulting ether solu
tion, and it was analyzed by glpc on a column of 5% silicone 
rubber SE-30 on Chromosorb W. The ether was evaporated 
from the rest of the ether layer, and the residue was crystallized 
from a benzene-pentane mixture. 9-Phenylfluorene, mp 145- 
146°, was thereby isolated. 9,9-Diphenylfluorene, mp 220.5- 
221.5°, was isolated by preparative glpc. These products 
were further characterized by their nmr and mass spectra.

Phénylation of Indene Anion.— By a similar procedure, a 
product mixture was obtained whose glpc spectrum (on the same 
column, but with biphenyl as internal standard) showed major- 
peaks for indene, 3-phenylindene, and two isomers of diphenyl- 
indene, as well as a minor peak for a phenylindan and a cluster 
of four small peaks at long retention times presumed to be for 
triphenylindenes. The compositions of the phenylindan, 3- 
phenylindene, and each of the two diphenylindenes were de
termined by the mass spectra of samples isolated by glpc, and 
the structure of 3-phenylindene was verified by its nmr spectrum.

Phénylation of 1,3-Pentadiene Anion.— By a similar procedure, 
a product mixture was obtained whose glpc spectrum (on the 
same column, with biphenyl as internal standard) showed a 
major phenylpentenes peak, substantial and well-separated 
peaks for two phenylpentadienes, a group of four small peaks 
for diphenylpentenes and/or diphenylpentadienes, and a few 
tiny peaks at long retention times presumed to be for triphenyla- 
tion products. By distillation and then preparative glpc on a

column of 10% silicone rubber SE-54 on Chromosorb P, three 
fractions were isolated. The nmr and mass spectra of the first 
were appropriate for a mixture of about 75% of 5-phenyl-l- 
pentene and 25% of l-phenyl-2-pentene; attempts to separate 
these isomers on three different glpc columns were fruitless. 
The nmr and mass spectra of the second and third fractions 
indicated 5-phenyl-l,3-pentadiene and l-phenyl-l,3-pentadiene, 
respectively.

The combined distillate fractions from distillation of the crude 
product mixture were hydrogenated (Pd/C, 1 atm) and the 
product was distilled. 1-Phenylpentane, bp 84-86° (15 Torr), 
characterized by /id, nmr, and mass spectra and by the identity 
of its infrared spectrum with that of an authentic sample, was 
isolated. The residue from distillation of the crude product 
mixture was similarly hydrogenated; by preparative glpc on a 
column of 10% silicone rubber SE-54 on Chromosorb P, three 
fractions were isolated. The first two fractions had mass spec
tra appropriate to diphenylpentanes; the majer fraction (55%) 
had an nmr spectrum indicative of 1,1-diphenylpentane and in 
agreement with that reported by Jung and Brin:,19 and the minor 
fraction (45%) had an nmr spectrum indicative of 1,5-diphenyl- 
pentane. The third fraction had a mass spectrum indicative of 
triphenylpentanes.

In glpc quantification of the products from fluorene, indene, 
and 1,3-pentadiene, it was assumed that the response of all hy
drocarbons was proportional to molecular mass.

Phénylation of Anethole Anion.— By a similar procedure, 
with potassium metal being used in excess because of the dark 
red color of the reaction mixture throughout the reaction, was 
obtained a mixture of phénylation and/or reduction products. 
The mixture was hydrogenated (10% Pd/C, 1 atm, 5 hr), and 
the resulting material was separated into several fractions by 
distillation and then preparative glpc (column of 10% SE-30 
silicone rubber on Chromosorb P). In order of increasing re
tention time, these were as follows: l-phenyl-l-(p-anisyl)pro- 
pane, identified by nmr and mass spectrum; 3-phenyl-l-(p- 
anisyl)propane, identified by nmr and mass spectrum; a mixture 
of l,3-diphenyl-l-(p-anisyl(propane and 3,3-diphenyl-l-(p-ani- 
syl(propane, inseparable by glpc and not separately recognizable 
by nmr, but recognized both to be present by the mass spectrum 
[ m / e  (rel intensity) 302 (molecular ion, 19), 198 (20), 197 (100), 
182 (5), 181 (5), 168 (11), 167 (29), 166 (11), 165 (19), 154 (7), 
153 (12), 152 (11), 136 (5), 135 (31), 134 (5), 122 (8), 121 (24), 
105 (6), 104 (5), 103 (8), 91 (19) and 77 (12)], of which the peaks 
at m / e  197 (p-methoxybenzhydryl cation) and 91 (benzyl cation) 
are characteristic of the 1,3-diphenyl isomer, those at 167 
(benzhydryl cation) and 121 (p-methoxybenzyl cation) are 
characteristic of the 3,3-diphenyl isomer, and the absence of a 
peak at 273 (¡»-anisyldiphenylmethyl cation) speaks against the 
possibility of l,l-diphenyl-l-(p-anisyl)propane; and a triphenyl- 
l-(p-anisyl)propane, recognized by its mass spectrum, which 
indicated it probably to be the 1,3,3-triphenyl isomer.

Phénylation of Ketone Enolate Ions.— Solutions of the enolate 
ions in liquid ammonia were prepared by techniques described 
elsewhere.9 The photochemically stimulated reactions were 
conducted, in a Rayonet photochemical reactor equipped with 
350-nm lamps, as described elsewhere,9 the progress of the re
actions being monitored by withdrawing c a .  1-ml samples from 
time to time by means of a piece of 8-mm glass tubing J-shaped 
at the bottom, quenching them with water, extracting with 
ether, and analyzing the extracts by glpc. The potassium 
metal stimulated reactions were conducted much as described 
above for reaction with fluorene anion. The enolate ions were 
about 0.3 M  and the halobenzene about 0.08 M  in the reaction 
mixtures.

To the crude product mixtures, p-dichlorobenzene was added 
as internal standard, and analysis was conducted by glpc, using 
a column of 20% Carbowax M on Chromosorb P. Then, by 
preparative glpc on a similar column, phenyl derivatives of the 
starting ketones were isolated.

3-Phenyl-2-butanone was identified by its infrared, nmr, and 
mass spectra. l-Phenyl-2-butanone was identified by its nmr 
and mass spectra, and by the identity of its infrared spectrum 
with that of an authentic sample.

3-Phenyl-3-methyl-2-butanone was identified by its infrared 
and nmr spectra; its mass spectrum did not display a molecular

(19) M . Jung and M . Brini, B u l l .  S o c .  C h im . F r . ,  55, 587 (1965).
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ion peak, but rather a prominent peak at m / e  119, attributed to 
the 2-phenyl-2-propyl cation. l-Phenyl-3-methyl-2-butanone 
was characterized by its infrared, nmr, and mass spectra; the 
mass spectrum showed a molecular ion peak at m / e  162 but no 
peak at m / e  119.

Registry N o— Bromobenzene, 108-86-1; 5-phenyl-l-pentene, 
1075-74-7; l-phenyl-2-pentene, 27911-12-2; 5-phenyl-l,3-penta- 
diene, 1007-52-9; l-phenyl-l,3-pentadiene, 1608-27-1; 3-phenyl-
2-butanone, 769-59-5; l-phenyl-2-butanone, 1007-32-5; 3-phe- 
nyl-3-methyl-2-butanone, 770-85-4.

The Preparation of Highly Fluorinated Ethers
R alph  J. D e  P asquale  

P C R ,  I n c . ,  G a i n e s v i l l e ,  F l o r i d a  3 2 6 0 1  

R e c e i v e d  M a r c h  2 1 ,  1 9 7 3

Highly fluorinated ethers are prepared by reducing their corresponding esters in HF at elevated temperature. 
Under the appropriate conditions the isolated yields of ethers exceed 80%; acyl-oxygen cleavage is negligible. 
The relative rates of reduction of a series of esters are reported and discussed.

Sulfur tetrafluoride1 is a useful reagent for converting, 
among others, carbonyl to difluoromethylene and 
hydroxyl to fluoro groups. Our interest in this area 
stems from reports based on the attempted sulfur 
tetrafluoride reduction of esters to a,a-difluoro ethers. 
Pioneering investigations2 dealing with reactions be
tween sulfur tetrafluoride and various functional 
groups indicate that hydrocarbon aliphatic esters are 
reduced with predominant concomitance of acyl- 
oxygen cleavage. A subsequent study,3 however,

O O
I! II

RCOR' -(- SF4 — >- [RCF +  R'OH] — >  ItCF3 +  R'F

demonstrates the conversion of aryl fluoroformates 
and trifluoroacetates to ethers by treatment with this 
reagent. Along these lines highly fluorinated ali-

O

XArOCY +  SF4 — >- XArOCFjY 
X  =  N 0 2 
Y  =  F, CF,

phatic esters conceivably could be reduced to their 
corresponding ethers, a class of compound that would 
be difficult to prepare by alternate routes. The 
sulfur tetrafluoride reductions of this latter and re
lated systems are described in this report.

Results and Discussion

Preparation of Esters and a Carbonate.—Esters of 
perfluoroalkyl acids were prepared by the reaction 
between acid chlorides and C2F6CH20H, (CF3)2CHOH, 
and (CF3)3COH. In the presence of DA IF, the reaction 
between acid chlorides and C2F5CH2OH proceeds at 
25°; however, higher reaction temperatures (50-60°) 
were required for esters derived from (CF3)2CHOH. 
The yields of the fluorinated propyl esters range from 
70 to 90%. A side product, the corresponding acid,

(1) F or recent review's on  this reagent, see W . C . Sm ith, A n g e w  C h e m .,  
I n t .  E d .  E n g l ,  1, 467 (1962); D . G . M artin , A n n .  N .  Y .  A c a d .  S c i . ,  145, 
161 (1967); P . B oissin and M . Carles, C c m m i s .  E n e r g .  A t .  [F r.] S e r v .  D o c . ,  
S e r .  B i b l i o g r . ,  98, 29 (1967); J. V . U ren ovitch , “ Sulfur T etra flu oride ,”  
T ech n ica l Bulletin , A ir  P rodu cts and Chem icals, Inc.

(2) W . R . H asek, W . C. Sm ith, and V. A . E ngelhardt, J .  A m e r .  C h e m .  
S o c . ,  82, 543 (1960), and references stated  therein.

(3) W . A . Sheppard, J .  O r g . C h e m ., 29, 1 (1964); J . A . W ebster, Seventh  
Q uarterly Progress R ep ort, C on tra ct N A S8-21401, “ T h erm ally  R esistant
P olym ers for Fuel T ank  Sealants,”  O ct 1970.

is suspected to have resulted from the presence of 
adventitious moisture which hydrolyzed the ester 
during distillation.

The reaction between perfluorooctanoyl chloride 
and perfluoro-ferf-butyl alcohol afforded the corre
sponding ester languidly at 50° (17% conversion after 
90 hr). However, the addition of a stoichiometric 
amount of Et3N 4 effected complete alcohol to ester 
conversion under mild conditions. When reactions 
between acid fluorides and C2F6CH2OH or (CF3)2- 
CHOH were run in glass vessels, water was inevitably 
introduced into the reaction. A good yield of ester 
can be obtained by running acid fluoride esterifica
tions in stainless steel vessels. The esters prepared
by the reactions between acid chlorides or fluorides 
are presented in Table I; yields, reaction conditions, 
and by-products are included for convenience.

Perfluoro-terf-butyl carbonate was prepared by the 
reaction between sodium perfluoro-ierf-butoxide (pre
pared in situ) and phosgene.

O
1. N aH  II

(CF3)3COH---------->- (CF3)3COCOC(CF3)3
2. COC1. 35%

The yield obtained is not representative of the 
reaction. The reaction proceeded smoothly; however, 
the unexpected physical properties of the carbonate 
led to losses during work-up.

Reductions of Esters and Related Compounds with 
SF4.—The literature1 indicates that Lewis and Br0nsted 
acids, BF3 and HF being the most popular, catalyze the 
SF4 reduction of carbonyl compounds. However, to 
the best of our knowledge, there has been no reported 
comparative study concerning the relative effectiveness 
of these catalysts on the reduction of carbonyl com
pounds by SF4. T o this end, preliminary experiments 
were run under similar conditions using several pre
selected catalysts. The results are summarized in 
Table II.

Apparently, HF is the most effective catalyst in 
this group, and the rate of reduction of the ester is 
faster when HF is used as solvent rather than in cata
lytic amounts.

For each ester small-scale experiments were run to 
determine the temperature and reaction time neces-

(4) For an alternate preparation of a perfluoro-ieri-butyl ester, see F. J.
Pavlik and P. E. Toren, J. Org. Chem., 35, 2054 (1970).
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E ster ( %  yie ld“ )

C7F15C02CH2C2F5 (71) 

C7F15C02CH(CF3)2 (77)

C7F15C02C(CF3)3 (17) 

C-FI6C02C(CF3)3 (83)

T able  I
S y n t h e s i s  o f  E s t e r s

A cid  ( %  yield“ )

C7Fi5C02H (16)

C7F15C 02H (6)

R ea ctan ts (g, m ol)

C7FI5C0C1 (41.5, 0.096) 
C2F5CH2OH (23.5, 0.156) 
C7F15C0C1 (25, 0.058) 
(CF3)2CHOH (12.6, 0.075) 
C7F15C0C1 (20.0, 0.0462) 
(CF3)3COH (14.1, 0.0597)

R eg istry  no.

335-64-8
422-05-9
920-66-1

2378-02-1

[(CF3)2CH02CCF2CF2]2 (92)

CF3 c f 3
C3F70(CCF20 )2CC02CH(CF3)2 (58) Corresponding 

F F acid (20)

C2F50  (CF2CF20  )2CF2C02CH2C2F5 Corresponding
(76) acid (13)

+ C (= 0 )(C F 2)3C02CH2(CF2)3CH20 + „
(98)

° Yield of isolated product. 4 Reaction run in glass flask.

(C10CCF2CF2)2 (15.0, 0.046) 336-06-1
(CF3)2CHOH (20.0, 0.119)

CF3 c f 3
C3F70(CCF20 )2C C (=0)F  27639-98-1

F F
(20.5, 0.037)

(CF3)2CHOH (10.4, 0.062)
C2F50  (CF2C F20  )2C F2C ( = 0  )F 13071-66-4

(15.0, 0.324)
C2F6CH2OH (6.0, 0.040)
C1C ( = 0  ) (CF2)3C ( = 0  )C1 678-77-3

(28.9, 0.10)
HOCH2(CF2)3CH2OH 376-90-9

(22.4, 0.10)
' Reaction run in stainless steel autoclave.

C on ditions

1 drop of DMF, reflux 
5 hr

5 drops of DMF, 60°,
24 hr

DMF (0.5 ml), 50°,
90 hr

Et3N (7.Og, 0.046mol), 
— 100° —► room 
temperature

DMF (0.1 ml), 60°,
18 hr

2 drops of DMF, NaF 
(anhydrous, 5.2 g), 
60°, 60 hr4

DMF (0.1 ml), 65°,
16 hr“

DMF (0.5 ml), 140°,
5 hr

T a b l e  I I

C a t a l y s t  S c r e e n i n g “

C on version  of
C ata lyst (m ol) ester S electiv ity  to  ether

< i
HF (0.01) 25 >98
HF (0.35) 56 >98
BF3 (0.01) <1
SbF5 (0.01) <1
AsF3 (0.01) <1

“ C7Fi5C02CH2C2Fr, (1.0 g, 1.83 mmol), Freon E4 standard 
(0.5 g), and SF4 (2.16 g, 20.0 mmol) were charged with or with
out added catalyst into a 30-ml stainless steel autoclave and 
heated with shaking at 85° for 20 hr.

sary to give the highest conversion of the ester and 
selectivity to the ether. To minimize a competing 
cleavage reaction, the lowest reaction temperature 
was chosen which would afford essentially complete 
conversion of the ester in a reasonable time interval. 
Once these conditions were found, the reaction was 
scaled up roughly by a factor of ten (see Table III). 
From examination of glc results obtained in these 
experiments, it was noted that ester to ether conver
sions were essentially quantitative under the given 
conditions. The yields of ethers shown in Table III 
presumably reflect losses due to handling.

In all of the runs, ca. a tenfold excess of SF4 is used 
along with anhydrous HF as the solvent. No at
tempts were made to determine the minimum amount 
of SF4 needed to effect complete conversion of esters 
to ethers at a given temperature.

It has been reported2 that anhydrides can be con
verted to acid fluorides and under extreme conditions 
to trifluoromethyl groups. In several instances2 an 
ether can be obtained from an anhydride.

Since these reactions were not run in HF solvent, 
an attempt was made to convert a linear anhydride 
to the homologous ether with SF4/H F. The results 
are shown schematically in eq 1. Under the reaction

0 0
|| || 100°/40 hr

C;F15COCC-FI5 +  SF4 ------ X-----► (C7F15CF2)20  (1)

0

------ ■>- CjF15CF

conditions essentially complete consumption of the 
anhydride was observed while no other appreciable 
products were detected in the crude reaction mixture. 
In another experiment run under milder conditions, 
the acid fluoride was the only identifiable product with 
unreacted acid accounting for the remainder of the 
reaction.

It is interesting that in our SF4/H F  reactions the 
anhydride, [C7FioC(==0)]20, undergoes acyl-oxygen 
cleavage while the ester, C7Fi5C (= 0 )0 CH2C2F5, gives 
carbonyl reduction without cleavage. This could 
be attributed to the cleavage of the anhydride by HF 
to an acid fluoride-acid mixture, folowed by the reduc
tion of the acid to the acid fluoride by SF4. The 
HF cleavage reaction has previously been reported6 
as a method for the preparation of CF3COF from 
(CF3C 0)20 .

However, we have observed that under more severe 
reaction conditions perfluoro cyclic anhydrides and 
certain perfluoro diacid fluorides are converted to 
cyclic ethers by SF4/H F  treatment. In separate
experiments perfluoroglutaric anhydride and perfluoro-

°ty°
FlS s f 4/ h f

or ------------------
0  O  150” , 15 hr

II II
FC(CF2)3CF

(5) G . A . O lah and S. J. K uhn, J .  O r g . C h e m ., 46, 237 (1961).



P r e p a r a t io n  o f  H ig h l y  F l u o r in a t e d  E t h e r s J. Org. Chem., Voi. 88, No. 17, 1973 3027

T able  III
R e d u c t i o n  o f  E s t e r s  t o  E t h e r s  b y  SF4 i n  IIP“

E ster (m ol) SF,, m ol E ther, %  yield6
R ea ction  conditions, 

°C , hr
A cid  fluoride 

(y ie ld )0
C7F16C02CH2C2F5 (0.0183) 0.22 92 150, 15 < 1
C7F15C02CH(CF3)2 (0.0177) 0.21 81 185, 15 < 1

C7F15CO2C(CF3)3 (0.0136) 0.29 83 180, 100 1

(CF3)2CH02C(CF2)4C02CH(CF3)2 0.42 89 185, 16 < 1

(0.017)
C2F50(CF2CF20 )2CF2C 02CH2C2F5 0.252 83 150, 15 < 1

(0.0168)
-f-C ( = 0  ) (CF2 )3C02CH2 (CF2 )3CH20 + „ 0.36 89 (polyether) 150, 16

(0.024)
“ Reactions run in 300-ml stainless steel autoclave with 50 ml of anhydrous HF. 6 Isolated yield of distilled product. c Estimated 

by glc of the crude reaction mixture.

glutaryl fluoride are converted to perfluoropenta- 
methylene oxide. A common intermediate (possibly 
a perfluorolactone) is suspected to be involved in these 
reactions.

Perfluoro di-iert-butyl carbonate is unaffected by 
SF4/H F  treatment at 85° for 20 hr. Similar experi
ments run at 200° for 24 hr and 250° for 48 hr afforded 
7 and 27% conversions, respectively, of the carbonate 
to a sole product (>95%  selectivity). The product 
was tentatively assigned the structure [(CF3)3CO]2CF2 
from glc mass spectra and 19F nmr data.

O
II H F /S F .

(CF3)3OCO(CF3)3----------------- >- [(CF3)3CO]2CF2
2 5 0 ° /4 8  hr 27%  conversion 

>95%  selectivity

To test the applicability of these reactions for poly
mers, the polyester-K)C(CF2)3C0 0 CH2(CF2)3CH20 + ,! 
was prepared from perfluoroglutaryl chloride and 
hexafluoro-l,5-pentanediol. When the polyester was 
treated with excess SF4 in HF at 150° for 16 hr, a 
poly ether was isolated iiy89% yield.

D M F  catalyst
C10C(CF2)3C0C1 +  HOCH2(CF2)3CH2O H ----------------- 2-

140°

o  o
II II

-fC(CF2)3C0CH2(CF2)3CH20 -K
97.5%

o  o
II II H F , SF 4

+C (C F 2)3C0CH2(CF2)3CH20 + „ ------------ >- + C 10H4F16O2+ n
150°, 16 hr 89%

Relative Rate Data.— As a supplement to estimating 
the ease of reaction of an ester with SF4 by comparing 
reaction conditions, semiquantitative data were ob
tained from a relative rate study. From these and 
our previously collected data, reasonable predictions 
could be made as to the feasibility of completely reduc
ing a certain highly fluorinated ester with SF4.

The relative rates of reaction between four pairs 
of esters were measured. In these experiments roughly 
a tenfold excess of SF4 was employed to approach 
psuedo-first-order kinetics. The following rate ex
pression was used to calculate the realtive rates.

, _  log A  /do 
log B / B „

The rates were measured at 80 ±  2° (Chart I). The 
reported values are essentially the rates of consump
tion of the parent esters.

Mechanistic Implication.—The mechanism pro
posed16 for the reduction of ketones with SF4 seems 
consistent with the data accumulated on the reduction 
of the fluorinated esters.

OH
step 1

step II osf3
SF,, - H F  I

Rr

; +  HF = = = = = —  RfC 
1
1
F

/ 2
, 0 - S

f  '
^"•c F 
/ ¿ F - H  

1

step III

1
R

-  RfC0R
HF, - S F ,  I

F

RfCF20R +  SOF2

The facts that our reactions do not proceed at moder
ate temperatures in the absence of HF and that the 
reactions proceed faster when HF is used as a solvent 
rather than in catalytic amounts suggest the incor
poration of HF in the actual rate expression. This is 
consistent with an equilibrium involving HF in step I 
or (and) the HF facilitation of step III in the reaction 
as depicted in the mechanism.7

Our relative rate data indicate that sterie effects 
influence the rates of these reactions more than elec
tronic effects. The ester carbonyl absorption occurs 
at higher energy when a CF3 is substituted for an H 
in the alkoxy substituent. This is in keeping with the 
intuitive expectation that such substitution reduces 
the electron density at the carbonyl group; i.e., the 
ester stabilizing contribution9 a becomes less important

o -
-C = O R

a

(6 ) W . A . Sheppard and C. M . Sharts, “ O rganic F luorine C h em istry ,”  
W . A . B en jam in, In c., N ew  Y ork , N . Y .,  1969, p 126.

(7) W ith  regard to  the SF 4 reduction  o f hydrocarbon , carbon yl-con ta in in g  
com pounds, the authors in ref 2  m ake the reasonable suggestion  th at step  I 
rather than step I I I  is rate determ ining. H ow ever, the p a u city  o f  data 
dem onstrating the ease o f  an SNi or Sn2 process at a h igh ly  F  or R f substi
tu ted , four-coord inate carbon  atom  lim its our assignm ent o f the slow  step 
from  the available data. R ea ction s analogous to  step  I I I  do n o t  appear to  
proceed 8 under m ild conditions.

(8) F or exam ple, the conversion  o f i to  ii is effected by  SF 4 at 150°; see 
W . A. Sheppard, J .  A m e r .  C h e m . S o c . ,  87, 2410 (1965).

c f3 CFj

f- C H - oh F̂ O ^ i~ F
c f3 c f3

i ii

(9) L. J. B ellam y, “ T h e Infrared  Spectra o f  C om plex  M olecu les ,”  W iley. 
N ew  Y ork , N . Y ., 1958, p 182.
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P r o p e r t i e s  o f  E s t e r s , E t h e r s , a n d  C a r b o n a t e

R eg istry  no. C om p d B p , °C  (m m ) M ass spectra

40719-59-3 C7FI5C02CH2C2F5“ 81-84 (25)
40719-60-0 C7Fi5CF2OCH2C2F5“ 75-78 (28) M - 19, 549
40719-61-7 C7F15C02CH(CF3)2» 73-75 (28)
40719-62-8 C7Fi5CF2OCH(CF3)2“ 82-84 (41)
40719-63-9 C7F15C 02C(CF3)3“ 60-62 (1) M - 19, 613
40691-16-5 C7F16CF2OC(CF3)3- 93 (41) M - 19, 635
40719-64-0 C3F70[CF(CF3)CF20 ]2CF(CF3)C02CH(CF3)2» 103 (27)
40719-65-1 C2F50  (CF2CF20  )2CF2C02CH2C2F5“ 88-91 (41)
40719-66-2 C2F60(CF2CF20 )2CF2CF20CH2C2F5“ 87-88 (41)
40719-67-3 [(CF3)2H C02CCF2CF2]2o 93-95 (41)
40719-68-4 [ (CF3 )2HCOCF2CF2CF2] 2» 99-101 (40)

355-79-3 J Z
M - 19, 247

40719-69-5 (CF3)3C 0C (=0)0C (C F 3)3- (40-42f

40719-70-8 (CF3)3COCF2OC(CF3)3 M - 19, 501
26546-05-4 [C(=0)(CF2)3C02CH2(CF2)3CH20]„“ (~45)6
40719-25-3 (C10H4F16O2)„»

(polymer)
“  Satisfactory combustion data for C and H (± 0 .7 % ) were provided for these compounds: Ed. b Melting point.

C h a r t  I

CiĤ CChCHsCsFs 0 
C7FI5C 02CH(CF3)2 

C7H15C02CH2C2F5
C3F70  [CF (CF3 )CF2OJ 2CF (CF3 )C02CH (CF3 )2

,C 7F16C02CH(CF3)2
C7F15C02C(CF3)3

C2F50(CF2CF20 )2CF2C02CH2C2F5
c 7f 16c o 2c h 2c 2f 5 11

R ela tive
Substrate rate

C2F50(CF2CF20 )2CF2C02CH2C2F3 230
C7Hi5C02CH2C2F5 21
C7FI5C 02CH(CF3)2 12
C7F15C 02C(CF3)3 2
C3F70[CF(CF3)CF20 ]2CF(CF3)C02CH(CF3)2 1

as the electron-withdrawing power of the R group 
increases. Consequently, the rate of step I and from 
a related argument step III (mechanism) would be 
expected to increase in the series R fC02C(Rf)3 >  
R fC02CH(Rf)2 >  R fC02CH2R f. Substitution of a 
CF3 for an F or an RfO for an F group a to the car
bonyl, e.g., R fCF2C 02R, R ,CF(Rf)C 02R, and R f0CF2- 
C 02R, does not appreciably change the carbonyl 
frequency of the esters. In this series F, R f, and R (0  
exert similar electronic effects.10 Since the data ac
cumulated from the relative rate study is not inter
pretable from arguments based on the above electronic 
effects, steric factors must govern the rates of these 
reactions.

To summarize the rate data, as the bulk of the sub
stituent is increased at sites 1 or 2 (below) of a fluor-

R„ CR2 C 02 CR3 
1 2

inated ester, the rate decreases. Rate decline is more 
pronounced by substitution at site 1 rather than site 2.

It is notable that C2F50(C F 2CF20 )2CF2C 02CH2C2F5 
(TFEO ester) is reduced by an order of magnitude

(10) Sim ilar conclusions can be arrived at from  the sim ilarity  o f  the ion iza
tion  constants o f  perfluoroalkyl acids; see also W . A . Sheppard, J .  A m e r .  
C h e m . S o c . ,  92, 5419 (1970).

faster than CtFisCOsCHíA F s. While most, if not 
all, of this rate enhancement may be attributed to the 
smaller steric bulk at site 1 of the ether ester, the 
possibility of a change in mechanism cannot be dis
missed. In the ether ester step III may involve a 
prior ionization (HF assisted) of the C-OSF3 bond. 
The resulting carbocation could be partially stabilized 
by the neighboring oxygen atoms in the fluorocarbon 
ether backbone. If this were the case, it might 
be anticipated that Rf0CF(CF3)CF20CF(CF3)C 0 2R 
(HFPO ester) would undergo reduction via the normal 
route since substitution of a CF3 for an F at site 1 
would destabilize11 the incipient carbocation. This 
could account partially for the difference in the rates 
of reduction of the TFEO and HFPO esters.

Experimental Section
The highly fluorinated alcohols, acid chlorides, anhydrides, 

and hexafluoroglutaryl fluoride used in this work are supplied 
commercially by PCR, Inc. The acid fluorides derived from 
HFPO12 and TFEO13 * were prepared by published procedures.

Vapor phase chromatographic analysis was performed on a 
Hewlett-Packard Model 700 instrument using an 8 ft X 0.25 in. 
15 or 35% PFO-XR on Gas-Chrom R 60-80 mesh column. In
frared spectra were recorded on a Perkin-Elmer Infracord 
spectrometer. 1SF nmr spectra were recorded on a Varían XL- 
100 spectrometer at 94.1 MHz. The mass spectra were recorded 
on Model 14-107 Bendix time of flight spectrometer.

Preparation of Partially Fluorinated Esters. General Pro
cedure.—The esters were prepared from the appropriate alcohols 
and acid chlorides or fluorides. The lower boiling component 
was added to the higher boiling component dropwise at room 
temperature. Several drops of DMF were added to catalyze the 
reactions. The esterifications with C2F5CH2OH proceeded at 
25°; however, the reactions were run at reflux. It was necessary 
to heat the reaction mixture to 50-60° to observe appreciable 
reaction when (CF3)2CHOH was used as reactant. Esters were 
isolated by distilling the crude reaction mixtures. Table I gives 
the stoichiometries, yields, etc., of these runs. Table IV and V 
give the properties of these materials.

(11) G . A . O lah, R . D . C ham bers, and M . B . C om isarow , J .  A m e r .  C h e m .  
S o c . ,  89, 1268 (1967); G . A . O lah and C . U . P ittm a n , Jr., i b i d . ,  88, 3310 
(1966).

(12) C . G . Fritz, E . P . M oore , and S. Selm an, U . S. P a ten t 3,114,778 
(1963); C h e m . A b s t r . ,  60, 6750B (1964).

(13) J. C . W arnell, U . S. P aten t 3,250,806 (1966 ); C h e m . A b s t r . ,  65,
15230F (1966).
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Preparation of Perfluoro Di-tert-Butyl Carbonate.— Sodium 
hydride (6.12 g, 0.255 mol, 50% mineral oil dispersion) was 
added to a flask equipped with an acetone-Dry Ice condenser. 
This material was slurried with 200 ml of anhydrous THF. Then 
periluoro-ierf-butyl alcohol (20.0 g, 0.085 mol) was added drop- 
wise maintaining 20° in the flask by external cooling. The re
action mixture was allowed to stir overnight at 25°. The vessel 
was cooled to 5° and then phosgene (4.2 g, 0.0425 mol) was con
densed into the flask rapidly. The reaction was exothermic and 
the temperature rose to 18°. The reaction was stirred at 5° for 
1 hr and then at 25° for 24 hr. The solution was filtered under 
N2 and the salts were dried with a N2 flow. The salts were then 
washed with Freon-113 (2 X 100 ml). Distillation of the THF 
solution gave an azeotrope which was collected; on cooling, a 
solid crystallized from the distillate and was filtered cold under 
N2 leaving 3.5 g of a white solid, mp 40-42°. Careful fractiona
tion of the Freon wash solution gave a material (bp 84-87°, 3.0 g) 
which solidified on standing (mp 40-42°). These materials had 
identical ir spectra (C = 0  at 5.32 n) and were found to be the 
carbonate (7.5 g, theory 21.1 g, 35% yield). Properties are 
reported in Tables IV and V.

SF4 Reductions. General Procedure.— The ester was charged 
into a 300-ml, 316 stainless steel autoclave equipped with a 3000- 
psi bursting disk. The vessel was cooled to —183° and evacuated, 
and the appropriate amount of HF, then SF4, was introduced by 
vacuum techniques. The autoclave was heated in a rocker for 
a given period; then the clave was removed, cooled, and vented 
at atmospheric or slightly reduced pressure through a steel trap 
packed with NaF. The SF4 and SOF2 were collected in a trap 
cooled at —183°. After the removal of the HF and SF4 had been 
effected, the clave was opened and the contents were diluted with 
Freon-113 and transferred to a flask containing NaF to scavenge 
residual HF. This solution is referred to in the text as crude 
product. Concentration of the solution and distillation afforded 
the product. Yields are reported in Table III, properties in 
Table IV and V.

Reaction between Perfluorooctanoic Anhydride and SF4.—■ 
Perfluorooctanoic anhydride (10.0 g, 0.0123 mol), HF (50.0 g,
2.5 mol), and SF4 (70 g, 0.65 mol) were charged to a 300-ml 
stainless steel autoclave and heated at 100° for 40 hr. The 
autoclave was vented at 25° (720 mm) through NaF into traps 
cooled by ice and liquid 0 2 consecutively. The autoclave was 
removed after the vapors were vented. By applying vacuum 
(0.1 mm) to the NaF and ice trap, C7FijC (=0)F  (6.0 g, > 95% ) 
was collected and identified by comparison of glc retention time 
and ir with those of an authentic sample. The autoclave was 
opened and Freon-113 (15 ml) was added. Glc of this solution 
showed that a trace (< 1 % ) of perfluorooctanoic anhydride re
mained; perfluorooctanoyl fluoride was the only product detec
ted. Distillation afforded 1.5 g of the acid fluoride, bp 105-107° 
(total 7.5 g, theory 10.2 g, 74% ). The bottoms from the dis
tillation (1.7 g) consisted of ~ 60 :4 0  mixture of C7F i5C (= 0 )F  
and C7Fi5C ( = 0 )0 H, respectively, by ir analysis.

The reaction was repeated under milder conditions, i.e., 60° 
for 24 hr, and gave the same product with perfluorooctanoic acid 
accounting for ~ 3 0 %  of the mixture. No appreciable amounts 
of products assignable to a perfluoroether or ester were de
tected.

Reaction between Perfluoroglutaric Anhydride and SF4.—
Perfluoroglutaric anhydride (5.0 g, 0.0225 mol), SF4 (48.5 g, 
0.45 mol), and HF (50 ml) were charged to a 300-ml stainless 
steel autoclave and heated at 150° for 15 hr with rocking. The 
autoclave was cooled and the contents were passed through a 
steel trap containing NaF to remove the HF. The volatiles 
were collected at liquid oxygen temperature and weighed 53.2 g. 
Analysis by glc showed SF4, SOF2, and an unknown product in a 
50:6:6 ratio, respectively. The unknown product was shown 
to be perfluoropentamethylene oxide (see Tables IV and V). 
When the reaction was repeated using perfluoroglutaryl fluoride 
as starting material, the same results were obtained under 
analogous reaction conditions.

The SF4 Reduction of Perfluoro-ierf-butyl Carbonate.— The
carbonate (1.3 g, 2.6 mmol), CeF6 (0.6 g, internal standard), 
HF (5 ml), and SF< (5.4 g, 50 mmol) were charged and heated 
with shaking in a 30-ml stainless steel autoclave at 250° for 48 
hr. The contents were cooled and vented through a NaF trap 
at atmospheric pressure. Then vacuum was applied and the 
remainder of the material was collected in a trap cooled at 
— 183°. Glc showed a 63:27 ratio of carbonate to product. 
Tables IV and V recorded the spectral properties of the product.

Competitive Experiments.— Pairs of esters were charged into 
30-ml stainless steel autoclaves with 7.0 ml of HF, SF4, and 
Freon E4 as a standard. The vessels were heated at 85 ±  2° 
with shaking for the appropriate time intervals, then cooled to 
room temperature, and vented. The contents were dissolved in 
Freon-113 (15 ml), and the resulting solution stored over NaF 
and then analyzed by glc. The details of these experiments are 
shown in Table VI.
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Potassium hydroxide catalyzed condensation of glycine with benzaldehyde in ethanol at 25° to afford phenyl- 
serine has been studied kinetically by means of spectrophotometry of remaining benzaldehyde, giving a rate 
law: v =  ^[glycine] [benzaldehyde] 2([KOH] total — [glycine] ¡,,^¡„1). An ir spectrum of the reaction solution 
indicates the presence of C = N  bond, but the expected intermediate PhCH =N CH 2COOH could not be isolated 
because of its easy decarboxylation. Ethyl glycinate can form the Schiff base with benzaldehyde, but the meth
ylene compounds without primary a-amino group such as acetic acid, methoxyacetic acid or its ester, and N- 
methylglycine of the similar carbon acidity do not react practically with benzaldehyde. These results suggest 
a mechanism involving an attack of the carbanion of ¿V-benzylideneiminoacetic acid on benzaldehyde, implying 
the activation of the methylene by an electron-withdrawing benzylideneimino group (PhC H =N ).

Condensation of glycine with benzaldehyde in 
ethanolic potassium hydroxide gives the anil of phenyl- 
serine in a good yield.1'2 The base-catalyzed condensa
tions of activated methylenes with carbonyl compounds 
have been established to involve the carbanions.3-5 In 
most cases, two electron-withdrawing groups such as 
cyano, acyl, carboxy, or amide are favorable to provide 
sufficient activation of methylene groups for condensa
tion with carbonyl compounds. However, in some 
cases, a single nitro or carbonyl group is sufficient to 
effect condensation with carbonyl compounds, when its 
acidity is fairly high, e.g., pA a = 13 for nitromethane,6 
but a single carboxylate, cyano, or amide group does 
not seem to be sufficient for the condensation under 
moderately basic conditions such as in alcoholic potas
sium hydroxide, e.g., pKa = 24-25 for acetic acid or 
acetonitrile.6 a-Amino group may act as a deactivator 
like a-alkoxy groups which act as deactivators in the 
carbanion formation.7 The Schiff base is a possible 
intermediate in the condensation of glycine with car
bonyl compounds, but the example for the activation of 
the methylene by a N = C  group is unknown. The 
acidity of the methylene in glycine may be increased 
sufficiently by the complex formation with cobalt ion to 
effect the condensation with acetaldehyde.8-10

To obtain some informations on the mechanism of the 
condensation and the activation of the methylene by a 
benzylideneimino group, the potassium hydroxide 
catalyzed condensation of glycine with benzaldehyde in 
absolute ethanol at 25° has been studied kinetically by 
means of uv spectrophotometry.

Results and Discussion

Rate Law.—Glycine exists mainly as a zwitterion in a 
neutral solution, but in a potassium hydroxide solution 
it forms the potassium salt; hence excess potassium 
hydroxide (i.e., [KOH]cxcess =  [KOH]total — [NH2CH2- 1 2 3 4 5 6 7 8 9 10

(1) W . A . Bolhofer, J. Amer. Chem. Soc., 76, 1322 (1954).
(2) K . N . F. Slaw and S. W . Fox, J. Amer. Chem. Soc., 75, 3421 (1953).
(3) G . Jones, Org. React., 15, 204 (1967).
(4) A . T . Nielsen and W . J. Houliham, Org. React., 16, 1 (1968).
(5) R. L. Reeves in “ The Chemistry of the Carbonyl Group,”  S. Patai, 

Ed., Interscience, New York, N . Y .,  1966, p 580.
(6) D . J. Cram, “ Fundamentals of Carbanion Chemistry,”  Academic 

Press, New York, N . Y ., 1965, p 1.
(7) J. Hine, L. G. Mahone, and C. L. Liotta, J. Amer. Chem. Soc., 91, 

104 (1969).
(8) D . C. Berndt, J. Org. Chem., 35, 1129 (1970).
(9) D . H . Williams and D . H . Bush, J. Amer. Chem. Soc., 87, 4644 

(1965).
(10) D . A . Buckingham, L. G. Marzilli, and A. M . Sargeson, J. Amer. 

Chem. Soc., 89, 5133 (1967).

C0 2H]initial) may be the effective concentration of base. 
The apparent second-order rate coefficient, fca, in a rate 
expression

V = UPhCH O] [NH2CH2C O r] (1)

was found to increase linearly with the initial concen
tration of benzaldehyde, while the third-order one, k j , 
in a rate expression

V =  k j  [PhCHO]2 [NH2CH2C 02- ] (2)

was nearly constant, independent of the initial concen
tration of benzaldehyde, as shown in Table I. The 
value of k j  is (0.76 ±  0.04) X 10-3 4 f-2 sec-1 at 25°.

Figure 1 indicates the first-order dependence of the 
third-order coefficient on the concentration of excess 
potassium hydroxide. Hence, the rate of the reaction 
in absolute ethanol is expressed as

^  = k [K 0H W ss[P h C H 0]2[NH2CH2C 0 2-] (3)at

where P denotes phenylserine.
In the reaction of benzaldehyde with ethyl glycinate 

instead of free glycine, the second-order rate coefficient 
increases with the initial concentration of benzaldehyde, 
but it does not show exactly the first-order dependence 
of the rate on added potassium hydroxide ([KOH]t), 
since ethyl glycinate is partly hydrolyzed by potassium 
hydroxide.

Condensation of the Other Methylene Compounds. —
If the carbanions can be produced sufficiently under 
basic conditions, the condensation with aldehyde should 
occur. Under the same conditions as for glycine- 
benzaldehyde condensation, acetic acid, methoxyacetic 
acid or its ethyl ester, and Y-methylglycine underwent 
attempts to condense them with benzaldehyde in etha
nolic potassium hydroxide (0.60 M ) ; virtually none of 
them reacted. A little (below 5%) consumption of 
benzaldehyde in 2.5 hr may be ascribed to the Canniz
zaro or the Tischenko reaction, while for the reaction of 
glycine the conversion to phenylserine was over 70%. 
Phenylacetonitrile reacted with benzaldehyde in etha
nolic potassium hydroxide at 25° to give a-cyanostil- 
bene with second-order rate constant of 2.3 X 10-3 M ~ l 
sec-1 at [IvOHjt =  0.30 M ,  which is larger than that for 
glycine (fc2 =  0.38 X 10-3 M ~ l sec-1). Phenylacetic 
acid did not react with benzaldehyde under the same 
conditions. The methylene group of phenylacetonitrile 
appears to be activated sufficiently by the presence of 
phenyl and cyano groups.
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T able I
A pparent Second-  and T hird-O rder R ate C oefficients for the 

R eaction of G lycine with  B enzaldehyde in E thanol at 25°“
-Initial concn-

[NH2CH.C02H], [PhCHO], [KOH]added, [KOH]exceas, 10‘ fca., 10*fca', [KOH]excesa,
M M M M M  ~l sec-1 M "2 sec-1 M -l sec - 1

0.15 0.10 0.30 0.15 0.85 0.82 5 .5
0.15 0 .20 0.30 0.15 1.4 0.84 5 .6
0.15 0.30 0 .30 0.15 1.9 0.80 5 .3
0.15 0.40 0 .30 0.15 2 .3 0.64 4 .3
0 .15 0.51 0.30 0.15 3 .0 0.71 4 .7
0.15 0.30 0.20 0.05 0.12 2 .5
0.15 0.30 0 .30 0.15 0.62 4 .2
0.15 0 .30 0.45 0.30 3 .8 1.3 4 .5
0.15 0 .30 0.60 0 .45 2.1 4 .6
0.15 0 .30 0.75 0 .60 3 .0 4 .9

“ See eq 1 and 2.

Figure 1.— Effect of excess KOH concentration on the third- 
order rate constant, k j ,  for the condensation of glycine with 
benzaldehyde in ethanol at 25°: [ N H 2C H 2C 0 2H ] i n i t i ai  =  0.15 
M;  [ P h C H O ]  ¡ n it i a i  =  0.30 M.

Confirmation of the Schiff Base.—Condensation of 
ethyl glycinate with benzaldehyde in a benzene solution 
containing anhydrous magnesium sulfate as a dehydrat
ing agent gives the Schiff base, fV-benzylideneglycine 
ethyl ester, almost quantitatively. Reaction of the 
Schiff base with benzaldehyde in ethanolic potassium 
hydroxide at 25° gives phenylserine ethyl ester and its 
hydrolysis product, phenylserine.

On the other hand, we could not isolate the Schiff 
base, iV-benzylideneglycino, from the condensation of 
glycine with benzaldehyde in a benzene or ethanolic 
solution containing anhydrous magnesium sulfate. The 
evaporated solution gave IV-benzylidenemethylamine

PhCHO +  NH2CH2C 0 2H — >
-H .0

[PhCH =N CH 2C 02H] — PhCH =N CH 3

j - h  PhCHO j  +  PhCHO

[PhCH =N CH C 02H]  PhCH =N CH 2CH(OH)Ph
-CO.

PhCHOH

and lV-benzylidene-(2-phenyl-2-hydroxylethyl)amine, 
which are decarboxylation products of IV-benzylidene- 
glycine and IV-benzylidenephenylserine, respectively.

Further, an infrared spectrum of the ethanolic mix
ture of benzaldehyde, glycine, and potassium hydroxide 
at an early stage of reaction indicates C = N  absorption 
at 1640 cm-1. Hence the formation of the Schiff base 
is above suspicion.

Mechanism.—Following evidences support the inter
mediacy of the Schiff base for the condensation of gly
cine with benzaldehyde. (1) The second-order de
pendence of the rate on benzaldehyde precludes a simple 
reaction of one molecule of glycine with one molecule of 
the aldehyde or a nucleophilic catalysis involving a 
reaction of glycine with the Schiff base, but is explicable 
by a reaction between M-benzylideneglycine and benzal
dehyde. (2) Ethyl IV-benzylideneglycinate is obtained 
almost quantitatively from a reaction between ethyl 
glycinate and benzaldehyde, and its reaction with 
benzaldehyde gives phenylserine ethyl ester and its 
hydrolysis product, phenylserine. Though iV-benzyl- 
ideneglycine could not be isolated, IV-benzylidene- 
methylamine and Af-benzylidene(2-phenyl-2-hydroxy- 
ethyl)amine were obtained, which suggests the forma
tion of IV-benzylideneglycine. Further, an infrared 
spectrum of the reaction mixture of glycine with benz
aldehyde in ethanolic potassium hydroxide indicates 
the presence of IV-benzylideneglycine. (3) Since the 
electron-releasing a-amino group in glycine suppresses 
the carbanion formation as the a-methoxy group7 does, 
the acidity of glycine as a carbon acid would be slightly 
lower than that of acetic acid (pKa = 24)6 and com
parable with those of methoxyacetic acid and N -  
methylglycine. Such methylene compounds of similar 
carbon acidity that cannot form Schiff bases did not 
condense with benzaldehyde. This fact suggests that 
the above methylenes cannot dissociate in ethanolic 
potassium hydroxide sufficiently to effect the condensa
tion and this may be true for the methylene in glycine 
of similar carbon acidity. However, glycine can easily 
be converted under the reaction conditions into the 
Schiff base, i.e., IV-benzylideneiminoacetate ion, Ph- 
CH=NCH>CO>~ (I), whose methylene may be acti
vated sufficiently by both benzylideneimino and car- 
boxylate groups, though no report on the activation by 
a -N = C R 2 group instead of -C R = N R  group is 
available. The acidity (pKa) of p-benzylideneimino- 
benzoic acid (II) as a carboxylic acid is reported to be
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almost equal to that of p-aminobenzoic acid (III),11 but 
the inductive effects of amino and imino substituents

PhCH =N= N — $ CO,H

II

would be small because of the longer distance between 
the substituent and the acidic proton compared with 
glycine, and the extent of n -x  conjugation in II would 
be comparable with that in III, since II has a double 
planar configuration with a dihedral angle of ca. 
60 °. 12,13

In V-benzylideneiminoacetate ion (I), however, a 
considerable increase of methylene acidity by the 
adjacent benzylideneimino group is expected. The 
acidity of I may be close to that of phenylacetonitrile 
(pfia <  24) in view of the rate constant for the condensa
tion of glycine with benzaldehyde, which is ca. 1/ 6 of 
that of phenylacetonitrile, while acidity of I is lower 
than that of acetophenone (pAa = 19),6 which can 
easily condense with benzaldehyde.14 It is higher than 
that of acetic acid (pXa = 24)6 which does not condense 
with benzaldehyde. Hence, the pK a value of I may be 
20-23.

A probable mechanism involving the Schiff base (I) 
is as follows.

PhCHO +  NH2CH2C 02-  4 = ^  PhCHNHCH2C 0 2-  (4)
TV V  t - 1 I

PhCHNHCH2C 02-  P hC H =N C H 2C 0 2-  +  H20  (5)

Ah  * "  1
VI

PhC H =N C H 2C 0 2-  +  B -  PhC H =N C H C 02-  +  BH (6)
I VII

PhC H =N C H C 02-  +  PhCHO — >
VII IV

PhCHCHC02-  (slow) (7)
I I

- 0  N = C H P h
VIII

PhCHCHC02-  +  BH PhCHCHC02-  +  B~ (fast) (8)

-A ll= C H P h  hA N =C H P h
VIII IX

If the concentrations of VI, I, and VII are low, the 
steady-state approximation leads to the following rate 
equation, where k and K  are rate and equilibrium 
constants of subscripted steps, respectively.

» =  =  **[VII] [IV] =
f c i fe fe fc d I V H V H B -]

(fc_. +  fca)fcsfc4[I V ]  [ B - ]  +  (fc_3[B H ]  +  fc4[IV])fc_1fc_2[ H ,0 ]

As an extreme case, if k - 1 »  k2 and fc-3[BH] »  k.r
[IV], the equation is simplified to

v = -------= ------------- ^ ---------- [IV]»[V]
I V ]  +  k  _2[H 20 ]

(11) E. Imoto, presented at the 19th Annual Meeting of the Chemical 
Society of Japan, Kyoto, April 1959.

(12) V. I . Minkin, Yu. A . Zhdanov, E . A . Medyantzeva, and Y u . A. 
Ostroumov, Tetrahedron, 23, 3651 (1967).

(13) E . Haselbach and E. Heilbronner, Helv. Chim. Acta, 51, 16 (1968).
(14) E . Coombs and D . P. Evans, J. Chem. Soc., 1295 (1940).

where K 3 =  h / k - h K 3 =  k3/ k - 3, and K BH =  [H + ] - 
[B“ ]/[BH ]. This assumption seems to be rational, 
since the dehydration (eq 5) is a slower step than the 
condensation (eq 4) under alkaline conditions in the 
Schiff base formation,15 and generally the protonation of 
carbanion (reverse of eq 6, k - 3) is very rapid compared 
with the carbonyl addition (eq 7).6

The dissociation constant or K 3K BH of benzylidene- 
iminoacetate ion may be small (<  10“ 20), then K 3k4 
_(Abh/ [H +])[IV] «  /c- 2[H20 ]; hence the rate equation 
is expressed as

1 =  ™ 3*4îiJ H ^ [IV]2[V]

Here K 2 =  k2/k ~ 2. This is consistent with our observa
tion.15 16

Experimental Section

Materials.— Commercial benzaldehyde was distilled under 
reduced N2 flow. Glycine was of commercial guaranteed grade 
and used without further purification. Methoxyacetic acid17 and 
its ethyl ester,17 iV-methylglycine,18 ethyl glycinate,19 phenylace
tonitrile,20 and phenylacetic acid20 were prepared according to the 
literature.

Kinetics.— Absolute ethanol wras used as a solvent. Glycine 
in ethanolic potassium hydroxide and benzaldehyde in ethanol 
(each 10 ml) were mixed after a thermal equilibrium had been 
attained. Aliquots were taken out and diluted with a 0.1 N  HC1 
solution in 50% (v /v ) aqueous methanol to hydrolyze the Schiff 
base of phenylserine, and the absorbance of benzaldehyde at 248 
m/n in the solution was determined. The decrease of absorbance 
is ascribed to the phenylserine formation. The apparent second-

(15) E . H . Cordes and W . P. Jencks, J. Amer. Chem. Soc., 85, 2843 
(1963).

(16) As a referee pointed out, the literature [K. F. Bonhoeffer, K . H. 
Gerib, and O. Reitz, J. Chem. Phys., 7, 664 (1939)] shows that the C H 3 

group of the acid molecule m ay ionize 104 times as fast as that of the nega
tively charged acetate ion. However, the observed condensation of glycine 
or its ester with p-nitrobenzaldehyde to p-nitrophenylserine without base 
[E. D . Bergmann, H. Bendas, and W . Taub, J. Chem. Soc., 2673 (1951); 
G. Ehrhart, Ber., 483 (1953)], in spite of no condensation of unsubstituted 
acetic acid, should be ascribed to the enhancement of deprotonation by 
introducing the p -N 02C eH 4C H =N  group to acetate ion. Hence, the exis
tence of V II in the presence of base may be probable.

Alternative schemes (A  and B) suggested by the referee are considered.

PhCH =N C H 2C07 PhCH=NCHC02H

PhCH=NCHC02H PhCH=NCHCO_: (A)

PhCH=NCH:,C07

PhCHO"

O 0

Ei0H- ^ 0  j x  - ^ 0
El° '  HN— C, BH HN— 1\

^Ph Ph
X  XI

I
PhCHOH

0

PhCH— ( O (B) 
I HN— C 

0 ” Ph
XII

The rate equation derived from scheme A  does not show the first-order 
dependence on the excess concentration of K O H , which is not the case.

Scheme B agrees with the rate equation and is not distinguishable from 
our mechanism (eq 4 -8 ) . However, the methylene in X  does not seem to 
be active enough to effect the condensation, since (1) ethyl methoxyacetate 
of an acidity similar to that of X  did not react with benzaldehyde, and
(2) the carbanion formation from X  may be suppressed by the neighboring 
electron-releasing N H  group, which is contrasted to the P h C H = N  group. 
No detection of X  and also the facile reaction of benzaldehyde with ethyl 
IV-benzylideneglycinate, probably in which cyclic X  forms with difficulty, 
are unfavorable to scheme B.

(17) R. C. Fuson and B. H . W ojcik, “ Organic Syntheses,” Collect. Vol. 
II , W iley, New York, N . Y ., 1943, p 260.

(18) W . Cocker and A. Lapworth, J. Chem. Soc., 1894 (1931).
(19) G . Hillman, Z. Naturforsch, 1, 682 (1946).
(20) R. Adams and A. F. Thai, “ Organic Syntheses,”  Collect. Vol. I, 

W iley, New York, N . Y ., 1941, pp 107, 436.
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order rate coefficient was calculated according to the following 
stoichiometry.

2PhCHO +  NH2CH2C 02-  — >- PhCH— CH C02-  +  H20

¿ H  N = C H P h

A blank reaction under the reaction conditions without glycine 
shows a decrease in benzaldehyde below 4%  in 2.5 hr which is 
negligibly small compared with the phenylserine formation (over 
70% conversion in 2.5 hr). Phenylserine was isolated from the 
reaction solution in a yield of 44% : mp 187-189° (lit. mp 192- 
194°); (KBr) 3500-2500 (NH3+, OH), 1630 (C 02- ) ,  760 and 
710 cm -1 (monosubstituted phenyl).

Formation of the Schiff Base.—Condensation of ethyl glyeinate 
with benzaldehyde in benzene containing anhydrous MgSO, as a 
dehydrating agent at room temperature gives iV-benzylidenegly- 
cine ethyl ester almost quantitatively. This product was con
firmed by ir and nmr: vm (KBr) 1740 (C = 0 ) ,  1640 (C = N ), 
1180 [C C (= 0 )0 )] ,  750 and 686 cm -1 (monosubstituted phenyl); 
t  (CC14) 1.81 (s, C H = N , 1 H), 2.27-2.63 (m, aromatic H, 5 H ),
5.73 [s, (C = N )C H 2-  2 H], 5.85 [q, -C H 2(CH3)] 2 H], 8.75 (t, 
CH3, 3 H).

Condensation of glycine with benzaldehyde in benzene or 
ethanol containing anhydrous MgSO< gives N-benzylidenemethyl- 
amine and iV-benzylidene(2-phenyl-2-hydroxyethyl)amine, but 
TV-benzylideneglycine could not be isolated. The infrared spec
trum of the former was consistent with that of the authentic 
sample and the latter was identified by ir and nmr: mp 106- 
108°; (KBr) 3350-3000 (NH, OH), 1650 (C = N ), 750 and

690 cm -1 (monosubstituted phenyl); r (DMSO) 1.74 (s, C H = N , 
1 H), 2.24-2.57 (m, aromatic H, 10 H ), 4.59 (b, OH, 1 H ), 5.06 
(q, CH, 1 H), 6.20 (d, CH2, 2 H).

The infrared spectrum of the ethanolic mixture of benzalde
hyde, glycine, and potassium hydroxide at an early stage of 
reaction had C = N  absorption at 1640 cm -1.

Reaction of Ethyl Ar-Benzylideneglycinate.— To a solution of 
KOH (5.61 g, 0.1 mol) and ethyl iV-benzylideneglycinate (9.56 g, 
0.05 mol) in absolute ethanol (75 ml), there was added a solution 
of benzaldehyde (5.31 g, 0.05 mol) in absolute ethanol (25 ml). 
The mixture was allowed to stand at room temperature. A 
crystalline product was separated. Ethanol was decanted and 
the residual crystals were dissolved in a mixture of 2 N  hydro
chloric acid (20 ml) and benzene (20 ml). The solution was 
concentrated under vacuum until all ethanol was removed. 
After neutralization with concentrated ammonia, crystalline 
phenylserine (2.52 g, 27% ) was obtained, which was identified by 
ir and melting point with the authentic specimen. Phenylserine 
ethyl ester was separated from ethanol solution by means of tic: 
Pmax (KBr) 3450-3300 (NH2, OH), 1730 (C = 0 ) ,  1210-1190 
[C C (= 0 )0 ] ,  750 and 700 cm -1 (monosubstituted phenyl); t 
(CDCI3) 2.70 (m, aromatic H ), 4.97 (s, OH, 1 H), 5.35 (d, CH,
1 H), 5.73 (d, CH, 1 H), 6.06 (q, CH2, 2 H), 7.24 (s, NH2, 2 H),
9.24 (t, CH3, 3 H).

Registry No.— Glycine, 56-40-6; benzaldehyde, 100-52-7; 
phenylserine, 1078-17-7; ethyl glyeinate, 459-73-4; ¿V-benzyl- 
ideneglycine ethyl ester, 40682-54-0; JV-benzylidenemethylamine, 
622-29-7; iV-benzylidene(2-phenyl-2-hydroxyethyl)amine, 25558-
12-7; phenylserine ethyl ester, 40682-56-2.

Amino Group Protection in Peptide Synthesis.
The 4,5-Diphenyl-4-oxazolin-2-one Group1
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Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
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The preparation and properties of 4,5-diphenyl-4-oxazolin-2-one (Ox) derivatives (1) of amino acids are 
described and these derivatives evaluated as protected intermediates in peptide synthesis. The Ox group —one 
of the few protecting groups which mask both hydrogens of a primary amino function—is unreactive under the 
usual conditions used to remove protecting groups, but may be cleaved under mild reductive or oxidative condi
tions. The use of Ox protection for the «-amino group of lysine is described.

The previously described properties of the 4,5- 
diphenyl-4-oxazolin-2-ones2 (1) have indicated the

Ph Phw
0  NR
T
0
1

potential of this heterocyclic system3 as a protecting 
group for primary amines, one of the few protecting 
groups which mask both hydrogens of a primary amine 
function.

Compounds of this type are extremely stable and 
unreactive under a variety of rigorous conditions. 
Methods existed for the preparation of this cyclic 
system through the easily prepared benzoin urethanes. 
The oxazolinones are highly crystalline, yet reasonably 
soluble in organic solvents; because of the cis-stil- 
bene moiety present in the system, they are also 
highly fluorescent. Finally, possibilities existed for

(1) Dedicated to Professor Dr. Theodor Wieland on the occasion of his 
60th birthday, June 5, 1973.

(2) J. C. Sheehan and F. Guziec, Jr., J. Amer. Chem. Soc., 94, 6561 (1972).
(3) Reviewed by R . Filler, “ Advances in Heterocyclic Chemistry,” Vol.

IV , Academic Press, New York, N . Y ., 1965, p 103.

the removal of the protecting group under mild oxida. 
tive or reductive conditions.

The proposed preparation of the 4,5-diphenyl-4- 
oxazolin-2-one (Ox) derivatives involved a two-step 
reaction sequence: the preparation of benzoin ure
thanes, followed by cyclization and simultaneous 
dehydration of the urethanes to oxazolinones in an 
acid medium.

RNH,

0  Ph O
I! | II

PhC —  CHOCNHR 
2

Ph Ph
V < ^ O H
‘  NR

O 
3

1

In contrast to the usual methods of preparing ure
thanes, a novel method is available for the preparation 
of the benzoin urethanes. Treatment of benzoin 
with phosgene in the presence of !V,iV-dimethylaniline, 
followed by thermal cyclization of the intermediate, 
unstable chloroformate affords a cyclic unsaturated 
carbonate (4 ) in good yield.4 Treatment of this

(4) A  minor by-product is desyl chloride, formed in a reaction analogous 
to the thionyl chloride-pyridine chlorination of alcohols. This compound 
becomes the major product of the reaction unless iV‘,Ar-dimethylaniline 
hydrochloride is removed prior to the chloroformate cyclization.
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T able I
O x  A m i n o  A c id  D e r i v a t i v e s 0

Registry no. Amino acid Registry no.0 Yield,6 % M p,c °C Optical rotation, deg (c, M eOH)
56-40-6 Gly 40691-13-2 79 178-179*
56-41-7 L-Ala 37628-69-2 77 202-204* (subi) [a] 26D -3 1 .5  (1.02)
63-91-2 L -P h e 37628-66-3 84 196-197* (subi) [a] 25D -1 7 6  (1.02)
72-18-4 L-Val 37628-67-4 75 234-236* (subi) M 24D - 6 9 .3  (0.99)
61-90-5 L-Leu 40719-38-8 85 203-204* H 26d - 2 4 .6  (1.02)
73-32-5 i^Ile 40719-39-9 74 225-226* (subi) H 26d - 4 4 .8  (1.08)
60-18-4 L-Tyr 40719-40-2 70 198-202* dec [a] 25d  -1 5 0  (1.00)
63-68-3 L-Met 40719-41-3 82 168-169* [a]25d  - 5 1 .6  (1.01)

40719-34-4 L-Ser (DCHA salt) 40719-42-4 73 196-198®dec M 24d - 4 . 3  (0.97)
56-85-9 L-Gln 50719-43-5 67 163.5-165/ [<*]26d  - 3 2 .4  (1.04)

40719-35-5 a-Z-L-Lys (DCHA 40719-44-6 82 147-149« [a]26d  + 4 .5  (1.03)
salt)

° All compounds gave satisfactory elemental analyses. 6 Based on a single recrystallization. e All melting points are uncorrected. 
d Recrystallized from ethyl acetate-pentane. * Recrystallized from absolute ethanol-ether. 1 Recrystallized from acetone-water. 
’  Of Ox derivative.

0  Ph

PhC— CHOH +  COC1, +  PhNMe,
PhH

0  Ph 0
I! I I!

PhC— CH0CC1

/P bH +

Ph Ph

WY
o

4 +  RNH,

carbonate with a primary amine affords the benzoin 
urethane in high yield.

Although urethanes of simple primary amines could 
be prepared without difficulty using the cyclic carbonate 
in organic solvents, the normal conditions of amino 
acid acylation in aqueous solvents led to significant 
hydrolysis of the cyclic carbonate. The catalytic 
nature of this hydrolysis resulted in poor yields in the 
acylation reaction. The use of tétraméthylammonium 
or 1,1,3,3-tetramethylguanidine salts of amino acids 
in anhydrous dimethylformamide, however, offered 
a reasonable alternative to aqueous systems.

The tétraméthylammonium salts of amino acids 
react with the cyclic carbonate to afford the benzoin 
urethanes in consistently high yields (70-85%). The 
use of tetramethylguanidine as a base in the acylation, 
however, led to high yields of the urethanes only when 
the amino acid salts were very soluble in dimethylform
amide. In those cases where the amino acid salts were 
only moderately soluble, low yields of the urethanes were 
obtained due to the acylation of tetramethylguanidine 
by the cyclic carbonate.

hydroxyoxazolidinone form, or as the desyl urethanes 
(2) [ir 1735-1725 cm -1; nmr 5 8.1-7.8 (m, 2H), S 7 .7 -6 .7

0  Ph 0
Il I II

PhC— CHOCNHR 
2

Ph Ph

V - ^ - O H

* V NRT
0
3

(m, 8 H) ], depending on the conditions of the acylation 
and work-up. Acylation or work-up conditions in
volving aqueous base led to the predominant formation 
of the desyl urethanes, while immediate acidification 
of an anhydrous acylation mixture led to the isolation 
of the urethane in the hydroxyoxazolidinone form. 
Because the dehydration of the hydroxyoxazolidinones 
to oxazolinones occurs under conditions (trifluoro- 
acetic acid, 1-2 hr, quantitative yield) much milder 
than those required for the cyclization and dehydra
tion of desyl urethanes,5 the conditions favoring hy
droxyoxazolidinone formation were used in a general 
procedure for the preparation of oxazolinone derivatives 
of amino acids. The most convenient procedure for 
the synthesis of 4,5-diphenyl-4-oxazolin-2-one (Ox) 
derivatives of amino acids therefore involved the treat
ment of an amino acid tétraméthylammonium salt 
in dimethylformamide at room temperature with 1 
equiv of the cyclic carbonate, acidification and iso
lation of the resulting hydroxyoxazolidinone mixture, 
and dehydration of this mixture to the desired oxazo
linone in trifluoroacetic acid. Pure Ox derivatives 
of a variety of amino acids could be obtained in con
sistently high yields using this procedure (Table I). 
A single recrystallization in each case afforded ana
lytically pure derivatives.

Me2N O Ph O NMei
\  Il I II /

C = N H  +  4 — PhC— CH C O N =C
/  \  ,

Me2N NM e2

The benzoin urethanes prepared in the acylation 
reaction were obtained in two major isomeric forms. 
While the urethanes of glycine, L-alanine, and l -  

phenylalanine were always obtained as hydroxyoxa
zolidinone mixtures (3) [ir 1770-1750 cm-1 ; nmr S 7.7-7.0 
(m, 10 H)], the urethanes of L-valine, L-leucine, 
L-isoleucine, and L-serine were obtained in either the

O O +  NH,CHC0CT
Y
O

DMF

Ph Ph 
''') (~O H  
O. N— CHCCOCTY I

0  R
Ph Ph

TFA

0

N—  CHCOOH
I
R

(5) M . Sarttone, J. Org. Chem., 31, 1959 (1966); K . Auwers and H. 
Mauss, Biochem. Z., 192, 200 (1928).
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The Ox amino acids are generally high melting crys
talline solids. The infrared spectra of Ox deriva
tives typically exhibit an extremely intense band 
near 1750 cm -1 and a band of moderate intensity 
near 1370 cm-1, characteristic of the oxazolinone car
bonyl.611 The nmr spectrum exhibits a characteristic 
pattern in the aromatic region, a broad singlet or mul- 
tiplet (5 H) near S 7.4 and a singlet (5 H) near 5 7.2. 
The compounds show an intense absorption (e 1.5 X 
104) in the ultraviolet near 287 nm (EtOH) and are 
extremely fluorescent upon irradiation with ultraviolet 
light [excitation (max) 312 nm, emission (max) 395 
nm], also characteristic of the 4,5-diphenyl-4-oxazolin- 
2-ones.6b

In an investigation of the stability of Ox derivatives 
under the normal conditions used in peptide synthesis, 
Ox-L-Ala was used as a model compound. This de
rivative was stable to aqueous sodium hydroxide (48 
hr at room temperature), hydrazine (2 hr in refluxing 
ethanol), hydrogen bromide in acetic acid (24 hr at 
room temperature), trifluoroacetic acid (3 hr at re
flux), and anhydrous hydrogen fluoride (3 hr at 20°). 
In each case recovered yields were greater than 95%, 
the compounds were homogeneous on thin layer chro
matography, and melting point, spectra, and optical 
rotation remained unchanged.

Although the Ox amino acid derivatives were found 
to be extremely stable and unreactive under the normal 
conditions used to remove peptide protecting groups, 
two possible methods of removal of the Ox protecting 
group were evident from the oxazolinone structure. 
The 4,5-diphenyl-4-oxazolin-2-ones could be con
sidered “ protected” iV-carbobenzoxy-A'-bcnzylamine 
derivatives; saturation of the double bond followed 
by cleavage of the benzyl urethane and benzylamine 
bonds would free the protected amine. Alternatively, 
the vinyl oxygen, vinyl nitrogen moieties of the ox
azolinone system could be considered as potential 
carbonyl functions. Oxidation of the oxazolinone to 
a species equivalent to a dihydroxyoxazolidinone fol
lowed by solvolytic cleavage would also remove the 
protecting group.

r e d u c t i o n  
i ------------1

RNH. +  CO. +  PhGH.CH.Ph

o x i d a t i o n
i -----------

RNH, +  CO. +  [PhCOCOPh]

Low-pressure catalytic hydrogenation using 10% 
palladium-on-charcoal catalyst was found to be the 
most convenient method of removing the Ox group. 
Quantitative yields were obtained in the cleavage 
reaction when the hydrogenations were carried out 
in ethanol or dimethylformamide containing an equi
valent of aqueous acid. In no case could any inter-

(6) (a) R. Gompper and H. Herlinger, Chem. Ber., 89, 2825 (1956); (b)
R. Gompper and H. Herlinger, ibid., 89, 2816 (1956).

Ph Ph 
HO—)— ( —OH

°Y™
O
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Ph P h '

hA - 4 h

Y E
o

r e d u c t i o n

mediate hydrogenation product be detected under 
these conditions, even when the hydrogenation was 
interrupted prior to completion, suggesting that the 
slow step in the hydrogenation reaction is the satura
tion of the oxazolinone double bond. Bibenzyl, the 
by-product from the reaction, did not interfere with 
the isolation or characterization of hydrogenation prod
ucts. When anhydrous solvents were used for the 
hydrogenation reaction, the cleavage was relatively 
slow, and small amounts of by-products presumed 
to be 1,2-diphenylethyl derivatives could be detected 
by thin layer chromatography during the course of 
the hydrogenation.

In an alternative reductive procedure the Ox group 
could be removed from amino acids using sodium in 
liquid ammonia. Crude products were homogeneous 
on thin layer chromatography; ion exchange desalt
ing afforded pure amino acids in greater than 70% 
isolated yield. The main by-product in the reduction 
was not bibenzyl, but an ether-insoluble material 
presumed to be a bibenzyl polymer.

Although oxidative removal of amine protecting 
groups has been limited due to the ready oxidation 
of a number of amino acids, an amine protecting group 
removed under very mild oxidative conditions would 
be very useful in peptide synthesis.7 Oxidation of 
the Ox group with 2 equiv of m-chloroperbenzoic 
acid in trifluoroacetic acid cleaves the protecting group 
in 85% yield. When 1 equiv of the oxidizing agent 
was used, 52% cleavage of the protecting group was 
observed along with 40% recovered starting material. 
Although these oxidative conditions are too vigorous 
for general use with sensitive amino acids, it is possible 
that appropriately substituted oxazolinone groups 
will allow oxidative cleavage under conditions suffi
ciently mild to be generally useful in peptide synthesis.

Model Ox peptide derivatives could be prepared in 
good yield using the water-soluble carbodiimide, 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro
chloride. In contrast to the Ox amino acids which 
are generally highly crystalline compounds, the Ox 
peptide derivatives often are difficult to crystallize 
even when pure. Cleavage of the protecting group 
followed by hydrolysis afforded pure peptides in good 
yield. No racemization in peptide couplings could 
be observed at the 1%  level using the “ two-spot” 
chromatographic method for determination of peptide 
diastereomers.8

Alkaline hydrolysis of a-Ox dipeptide esters was 
hampered by simultaneous hydantoin formation. Al
though hydantoin formation has been noted in the 
alkaline hydrolysis of other protected peptide esters,9 
the catalytic nature of the formation of the desyl 
hydantoin limits the usefulness of Ox protection

Ph Ph

V Y
(t  NCHCNHCHCOEt
Y I II I II
O R O R 0

R

OH~ PhCCH— N -4— ]

Ph 0

H

' N ^ O

c h r c o ;

(7) M . Bodanszky and M . Ondetti, “ Peptide Synthesis,” Interscience, 
New York, N . Y ., 1966, p 32.

(8) E . Taschner, A . Chimiak, J. Biernat, T . Solokowska, Cz. Wasielewski, 
and B. Rzeszotarksa, "Proceedings of the Fifth European Peptide Sympo
sium, Oxford, 1962,”  Pergamon Press, Oxford, 1963, p 109.

(9) J. MacLaren, Aust. J. Chem., 11, 360 (1968).
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for a-amino groups in conjunction with protecting 
groups cleaved with aqueous alkali.

Because the Ox group is extremely stable under 
conditions used to remove most protecting groups, and 
because of its fluorescent properties, the protecting 
group was potentially useful for the protection of the 
e-amino function of L-lysine. To investigate this 
possibility the a-carbobenzoxy-e-(4,5-diphenyl-4-oxa- 
zolin-2-one) derivative of L-lysine (6 ) was prepared from 
a-carbobenzoxy-L-lysine in good yield according to the 
general procedure. This compound could be selectively 
hydrogenated to e-(4,5-diphenyl-4-oxazolin-2-one)-L- 
lysine (7), a potentially useful intermediate for the

a-Z-L-Lys — >• a-Z-L-LysO DCH A+ ----------- e-Ox-L-Lys
6 7

\G ly O E tH C l
water-soluble carbodiimide 

e-Ox e-Ox
I I 1. NaOH, H +

L-Lys-GlyOEt-HBr < —  a-Z-L-Lys-GlyOEt------------------------- >■
o 2. dicyclohexylarnine

8 .O x
I

a-Z-L-Lys-GlyO 'DCIIA+ 
Z =  carbobenzoxy

preparation of e-Ox peptide derivatives. The di- 
protected lysine derivatives could be coupled with
out difficulty and either the carbobenzoxy or ester 
groups removed in excellent yield in the presence of 
Ox protection. Cleavage of the protecting groups 
under the usual conditions afforded L-lysylglycine 
hydrochloride in excellent yield.

Experimental Section

General.— Melting points were determined on a Fisher-Johns 
apparatus and are uncorrected. Infrared spectra were recorded 
on a Perkin-Elmer 237 spectrophotometer. Nuclear magnetic 
resonance spectra were recorded on a Varian T-60 instrument 
using tetramethylsilane or sodium 2,2-dimethyl-2-silapentane-5- 
sulfonate as an internal standard. Ultraviolet spectra were de
termined on a Cary Model 14 spectrophotometer. Optical 
rotations were measured at 546 and 578 nm on a Zeiss photoelec
tric precision polarimeter and [a]n calculated in the usual man
ner. Elemental analyses were performed by Galbraith Labora
tories.

Water-immiscible extracts were washed with saturated NaCl 
and dried over Na2SO( . Benzene was dried over sodium wire. 
A.iV-Dimethylaniline was distilled at reduced pressure from a 
mixture with 2%  acetic anhydride, and triethylamine distilled 
from a mixture with 2%  phenyl isocyanate. Thin layer chroma
tography was performed on fluorescent Baker-Flex silica gel 
1B-F plates using the following solvent system: (A) absolute 
ether; (B) 95% ethanol; (C) 1-butanol-acetic acid-water 
(3 :1 :1  v /v ) ;  (D ) pyridine-l-butanol-water (1 :2 :2  v /v  upper 
phase). Reduced pressure evaporations were performed on a 
rotary evaporator. Reactions were run at 25° unless other
wise stated. Typical spectra are reported; all compounds gave 
satisfactory spectral data.

l,2-Diphenyl-l,2-ethenediol Cyclic Carbonate (4).— Into a 
cooled (5°) 200-ml three-necked flask, equipped with Dry Ice- 
acetone condenser, gas-inlet tube, pressure-equalizing dropping 
funnel, and magnetic stirrer, and charged with a well-stirred 
suspension of 17.0 g (80 mmol) of benzoin in 100 ml of dry ben
zene, was distilled 6.4 ml (88 mmol) of liquefied phosgene. To 
the resulting mixture was added dropwise, over 30 min, 10.2 ml 
(80 mmol) of distilled Ar,A’ -dimethylaniline. The mixture 
slowly was allowed to come to room temperature, stcppered, and 
stirred in a room temperature water bath overnight. After 
cooling for a short time in an ice bath, the mixture was filtered 
from A’ ,iV-dimethylaniIine hydrochloride and the hydrochloride

washed with 20 ml of cold benzene. The combined benzene 
solutions were refluxed 3 hr, cooled to room temperature, con
secutively washed with 60 ml 0.5 N  HC1 and 60 ml water, and 
dried. Removal of solvent under reduced pressure gave a pale 
yellow oil which crystallized from a minimum of warm 95% 
ethanol upon scratching. The crude carbonate was recrystal
lized from ethanol, affording 12.5 g (66%) of the cyclic carbonate: 
mp 75-76°; ir (CC14) 1870, 1840 (sh), 1820 c m '1; nmr (CC14) 
S 7.45 (m); mass spectrum molecular ion m/e 238. A 0.5-mol 
scale reaction required mechanical stirring; 400 ml of dry 
benzene was used and Ar,Ar-dimethylaniline added over 1 hr. 
The per cent yield was comparable to the small-scale reaction. 
The pure cyclic carbonate is stable indefinitely at room tempera
ture.

Anal. Calcd. for Ci3Hi0O3: C, 75.62; H, 4.23. Found: 
C, 75.62; H, 4.09.

A small amount of desyl chloride generally contaminates the 
crude isolated carbonate: mp 66-67° [lit.10 66-67°] ; ir (CC14) 
1705, 1690 cm "1; nmr (CC14) d 8.07 (d, 1 H ), 7.94 (d, 1 H),
7.61-7.24 (m, 8 H ), 6.14 (s, 1 H ). This by-product occasionally 
becomes the main product of the reaction unless A%Y-dimethyl- 
aniline hydrochloride is removed from the mixture prior to re
fluxing.

4.5- Diphenyl-4-oxazolin-2-one Derivative of L-Phenylalanine,11 
Ox-L-Phe. General Procedure.— A mixture of 3.30 g (20 mmol) 
of L-phenylalanine and 6.52 g (20 mmol) of tétraméthylam
monium hydroxide solution (Aldrich, 27.9% in methanol, by 
titration) was evaporated on a rotary evaporator under reduced 
pressure. The residual oil was twice taken up in absolute 
ethanol (20 ml) and solvent removed under reduced pressure, 
yielding the amino acid tétraméthylammonium salt as a colorless 
solid. The salt was taken up in 20 ml of dimethylformamide 
and the stirred suspension treated with 4.76 (20 mmol) of 1,2- 
diphenyl-l,2-ethenediol cyclic carbonate, giving an intense 
yellow color which rapidly faded. At 30 min the mixture was 
acidified with 20 ml 2 N  HC1, diluted with 100 ml of ethyl 
acetate, washed with water (3 X 75 ml), and dried. Removal of 
solvent under reduced pressure afforded the hydroxyoxazoli- 
dinone as a pale yellow foam.

The foam was taken up in 20 ml of trifluoroacetic acid and 
allowed to stand 2 hr at room temperature, at which time most 
of the trifluoroacetic acid was removed at room temperature 
under reduced pressure. The residue was taken up in 75 ml of 
methylene chloride, washed with water (3 X 30 ml), and dried. 
Removal of solvent under reduced pressure afforded a colorless 
fluorescent solid which was recrystallized from ethyl acetate- 
pentane, yielding 6.45 g (84%) of the oxazolinone derivative as 
colorless crystals: mp 196-197° (sublimes); ir (KBr) 1755, 
1710, 1380 cm "1; nmr (CDC14) S 11.05 (s, 1 H), 7.46-6.59 (m, 
15 H), 4.33-3.14 (m, 3 H ); [«]s d -1 7 6 °  (c 1.02, MeOH); 
uv (95% EtOH) Am„  286 nm (e 1.5 X 10); fluorescence spectrum 
(absolute EtOH) excitation (max) 312 nm, emission (max) 
392 nm (at 312 nm).

Anal. Calcd. for C24Hi9N 0 4: C, 74.79; H, 4.97; N, 3.63. 
Found: C, 75.07; H, 5.06; N, 3.40.a-Phenylphenacyl [Bis(dimethylamino)methylene] carbamate 
(5).— To a stirred solution of 2.4 g (10 mmol) of 1,2-diphenyl-
1,2-ethenediol cyclic carbonate (4) in 30 ml of dimethyl sulfoxide 
was added 1.2 g (10 mmol) of distilled 1,1,3,3-tetramethyl- 
guanidine. After stirring for 1 hr, the reaction mixture was 
diluted with 70 ml of ethyl acetate, washed with water (3 X 
35 ml), and dried. Removal of solvent under reduced pressure 
and recrystallization of the colorless solid residue from carbon 
tetrachloride afforded 2.2 g (61%) of 5 as colorless crystals: 
mp 117-119°; ir (KBr) 1690, 1685 (sh), 1650, 1640 (sh) cm “ 1; 
nmr (CDC13) S 8.13 (d, 1 H ), 8.02 (d, 1 H), 7.72-7.23 (m, 8 H),
6.73 (s, 1 H), 2.84 (s, 12 H). An analytical sample melted at
118-119°. The yield of 5 was 50% using dimethylformamide 
as a solvent.

Anal. Calcd for C20H23N3O3: C, 6 7 .9 7 ;  H, 6.56; N, 11.89.
Found: C, 68.05; H, 6.59; N, 12.00.4 .5- Diphenyl-4-oxazolin-2 -one Derivative of 2-Phenethyl- 
amine.— To a stirred solution of 6.1 g (50 mmol) of 2-phenethyl- 
amine in 40 ml of dimethylformamide was added 11.9 g (50 mmol) 
of l,2-diphenyl-l,2-ethenediol cyclic carbonate (4). After 1 hr

(10) A . Ward, “ Organic Syntheses,”  Collect. Vol. II, W iley, New York, 
N. Y ., 1959, p 159.

(11) Alternatively, Y-carboxy-lV-(2 -hydroxy-l,2 -diphenylvinyl)-l.-phenyl-

alanine 7 -lactone.
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the solution was diluted with 75 ml of ethyl acetate, consecu
tively washed with 40 ml of 0.5 N  HC1 and 80 ml of distilled 
water, and dried. After removal of solvent under reduced pres
sure, the residual yellow oil was taken up in 50 ml of trifluoro- 
acetic acid and allowed to stand 2 hr. After removal of most 
of the solvent under reduced pressure at room temperature, the 
residue was taken up in 125 ml of methylene chloride, consecu
tively washed with water (2 X 50 ml) and 0.5 N  NaOH (30 ml), 
and dried. Removal of solvent under reduced pressure and 
trituration of the residual oil with petroleum ether afforded a 
slightly yellow solid which was recrystallized from 95% ethanol, 
affording 13.5 g (79%) of the oxazolinone as colorless plates: 
mp 121-122°; ir (CHC1,) 1735, 1355 cm “ 1; nmr (CDC13) 5 
7.55-6.83 (m, 15 H), 3.64 (m, 2 H), 2.78 (m, 2 H ); uv (95% 
EtOH) Xmax 288 nm (e 1.5 X 104); fluorescence spectrum 
(absolute EtOH) excitation (max) 316 nm, emission (max) 399 
nm (at 316 nm). An analytical sample melted at 123.5-124.5°.

Anal. Calcd for CBHI9N 0 2: C, 80.91; H, 5.61; N, 4.10. 
Found: C, 81.16; H, 5.61; N, 3.92.

Investigation of the Stability of 4,5-Diphenyl-4-oxazolin-2-one 
Derivatives. A. In 1 N  NaOH.— A solution of 618 mg of 
(2 mmol) Ox-L-Ala was dissolved in 10 ml of 1 N  NaOH and 
allowed to stand at room temperature for 48 hr. The mixture 
was acidified with 8 ml of 2 N  HC1 and extracted with ethyl 
acetate (3 X 10 ml); the combined extracts were dried. Re
moval of solvent under reduced pressure afforded 610 mg (99%) 
of the starting oxazolinone, mp 201-202°, [a]26D —31.6° (c
1.03, MeOH). The infrared spectrum was identical with the 
starting material’s, spectrum and a single spot was observed on 
thin layer chromatography' (B, C, D).

B. Upon Treatment with Hydrazine.— A solution of 618 mg 
(2 mmol) of Ox-L-Ala and 400 mg (8 mmol) of hydrazine hydrate 
in 20 ml of 95%, ethanol was refluxed for 2 hr. The colorless 
mixture was cooled to room temperature, most of the ethanol 
removed under reduced pressure, the residue taken up in a 
mixture of 25 ml of ether and 20 ml of 1 N  HC1, and the ether 
layer washed with 20 ml of 0.5 N  HC1 and dried. Removal of 
the solvent under reduced pressure afforded 589 mg (95%) of 
the starting oxazolinone as a colorless solid which turned slightly 
yellow on standing, mp 201-203°, [a]26D —30.0° (c0.88, MeOH). 
The material was homogeneous on tic and had an infrared spec
trum identical with that of the starting material.

C. Upon Treatment with Mineral Acids.— A solution of 
618 mg (2 mmol) of Ox-L-Ala in 15 g of 45% HBr in acetic acid 
was stirred overnight at room temperature, protected by a cal
cium chloride drying tube. The mixture was diluted with 150 
ml of absolute ether and cooled to 0° for 1 hr. When no cloudi
ness appeared, the mixture was washed with water (3 X 100 ml) 
and dried; the solvent was removed under reduced pressure, 
yielding 583 mg (94%) of the starting oxazolinone as a slightly 
yellow solid, mp 202-203°, [« ]27d —31.9° (c 0.97, MeOH), 
homogeneous on tic, and with unchanged infrared spectrum.

D. In Refluxing Trifluoroacetic Acid.— A solution of 618 mg 
(2 mmol) of Ox-L-Ala in 5 ml of trifluoroacetic acid was refluxed 
3 hr, protected by a drying tube. The colorless solution was 
cooled, the solvent removed under reduced pressure, and the 
residual oil triturated with ethyl acetate-petroleum ether afford
ing 607 mg (98%) of the oxazolinone as colorless crystals, mp 
202-203°, [a] 26d —31.6° (c 0.97, MeOH), homogeneous on tic, 
and w'ith unchanged infrared spectrum.

E. In Anhydrous Liquid Hydrogen Fluoride.— A solution of 
309 mg (1 mmol) of Ox-L-Ala in 15 ml of liquid hydrogen fluoride 
was stirred for 2 hr at 20° in a polypropylene reaction vessel, 
at which time the colorless solution was allowed to evaporate at 
room temperature, affording colorless crystals of the oxazolinone. 
This residue was taken up in 20 ml of ether, washed with water 
(2 X 20 ml), and dried. Removal of the solvent under reduced 
pressure afforded 294 mg (95%) of the starting oxazolinone, mp 
201-203°, [a] 26d —31.7° (c 0.91, MeOH), homogeneous on tic, 
and with unchanged infrared spectrum.

Removal of the 4,5-Diphenyl-4-oxazolin-2-one Group. A. 
By Hydrogenation.— A mixture of 100 mg of 10% palladium on 
charcoal moistened with 1.00 ml of 2 N  HC1 and 618 mg (2 
mmol) of Ox-L-Ala in 20 ml of absolute ethanol was hydro
genated overnight in a low-pressure hydrogenation apparatus 
(reaction vessel thoroughly cleaned with warm nitric acid) at 
35 psi. When no fluorescent material was noted on thin layer 
chromatography (B ,C ,D ), the mixture was filtered through 
Celite, the Celite washed with a small amount of 95% ethanol, 
and the filtrate evaporated under reduced pressure. The residue

was taken up in a minimum of absolute ethanol and absolute 
ether added to precipitate L-alanine hydrochloride: 238 mg 
(95% ); ir (KBr) 1730 (sh), 1720; nmr (D 20 )  8 4.17 (q, 2 H),
1.58 (d, 3 H ). The hydrochloride was converted into the free 
amino acid either by ion-exchange desalting on a 50W-X8 
column or by treating a warm solution of the hydrochloride in 
absolute ethanol with excess pyridine and cooling. The result
ing amino acid was chromatographically pure (B ,C ,D ) and was 
identical with authentic L-alanine (ir, nmr, optical rotation).

Evaporation of the ethanol-ether filtrate, trituration of the 
residual oil with a small amount of warm 95% ethanol, and cool
ing afforded 336 mg (92%) of bibenzyl as colorless crystals: 
mp 51.5-52° [lit.12 52°]; ir (CHC13) 1600 cm “ 1; nmr (CCh) 
8 7.09 (s, 10 H ), 2.82 (s, 4 H ). Hydrogenations also proceeded 
without difficulty using purified dimethylformamide with a 
slight excess of aqueous acid as a solvent.

B. By Sodium in Liquid Ammonia Reduction.— To a solution 
of 927 mg (3 mmol) of Ox-L-Ala in 100 ml of liquid ammonia 
(redistilled from sodium) was added, in small portions, metallic 
sodium (ca. 520 mg, 23 mmol) until a distinct blue color persisted 
for 1 min. The excess sodium was destroyed by addition of 
solid NHiCl, and the ammonia allowed to evaporate at room 
temperature. The solid residue was taken up in a mixture of 
30 ml of ether and 30 ml of 0.5 A  HC1; a slightly yellow residue 
remained. The aqueous extract was separated and exhibited a 
single ninhydrin active spot on tic (B ,C ,D ). Ion-exchange de
salting afforded 201 mg (75%) of L-alanine as a colorless solid, 
identical with authentic L-alanine (ir, optical rotation, homo
geneous on tic). The yellow residue from the reduction ex
hibited an intense, very broad, infrared absorption near 1590 
cm -1 (film deposited with CHC13).

C. By Oxidation.— To a solution of 1.36 g (4.0 mmol) of the 
Ox derivative of 2-phenethylamine in a mixture of 1.00 g (8.8 
mmol) of trifluoroacetic acid and 10 ml of methylene chloride 
was added dropwise over 10 min 0.75 g (4.0 mmol) of m-chloro- 
perbenzoic acid (92% by titration)13 in 20 ml of methylene chlo
ride, and the reaction was allowed to proceed overnight. The 
mixture, negative to Kl-starch, was evaporated to dryness 
under reduced pressure, and the residue taken up in 8 ml of 1 N  
ethanolic HC1. Upon addition of absolute ether a colorless solid 
separated. Filtration afforded 0.25 g (52%) of phenethylamine 
hydrochloride, ir (KBr) 1600, 1480 (sh), 1415, 1455 cm -1 (identi
cal with the authentic hydrochloride). The filtrate was evapo
rated to dryness under reduced pressure, the residue taken up 
in 25 ml of ether, washed with 0.5 N  N aH C03, and dried, and 
the solvent removed under reduced pressure. Crystallization 
of the residue from ethanol-water with seeding afforded 0.54 
g (40%) of the starting oxazolinone, mp 120-122°.

Oxidation of Ox-L-Ala (1.54 g, 5 mmol) with a twofold excess 
of the peracid in 10 ml of trifluoroacetic acid and similar work-up 
afforded 0.54 g (85%) of the amino acid, isolated as the hydro
chloride.

Attempted oxidations without added trifluoroacetic acid led 
to mixtures of amine oxidation products.

The Coupling of 4,5-Diphenyl-4-oxazolin-2-one Derivatives of 
Amino Acids, Ox-L-Ala-Gly-OEt.— To a cooled (0°) stirred 
mixture of Ox-L-Ala (2.78 g, 10 mmol), glycine ethyl ester hydro
chloride (1.40 g, 10 mmol), and purified triethylamine (1.40 g, 
10 mmol) in 30 ml of methylene chloride was added l-ethyl-3- 
(3-dimethylaminopropyl) carbodiimide hydrochloride14 (1.92 g, 
10 mmol). The mixture was stirred at 0° for 1 hr and allowed 
to come to room temperature over 2 hr. The solvent was re
moved under reduced pressure, and the residue taken up in a 
mixture of 30 ml of ethyl acetate and 30 ml of water. The or
ganic layer was consecutively washed with excess, 1 N  HC1, 
water, 0.5 N  NaH C03, and water, and dried. Removal of 
solvent under reduced pressure yielded a colorless oil which was 
crystallized from ethyl acetate-pentane, affording the protected 
dipeptide as colorless plates: 3.17 g (81%), mp 129.5-130°; 
ir (CHC13) 1750, 1735 (sh), 1680, 1385 cm “ 1; nmr (CDC13) 
S 7.52 (s, 5 H), 7.47 (br s, 1 H), 7.23 (s, 5 H), 4.51-4.02 (m, 
5 H), 1.58 (d, 3 H ), 1.24 (t, 3 H ); M ^ d + 3 .4 ° (c0.99, MeOH).

Anal. Calcd for C22H22N20 3: C, 66.99; H, 5.62; N, 7.10. 
Found: C, 67.16; H, 5.66; N, 6.92.

(12) R. Shriner and R. Fuson, “ The Systematic Identification of Organic 
Compounds,”  Wiley, New York, N . Y ., 1964, p358.

(13) D . Swern, “ Organic Peroxides,” Vol. 1, Wiley-Interscience, New  
York, N . Y ., 1970, p 498.

(14) J. C. Sheehan and P. Cruickshank, Org. Syn., 48, 83 (1968).
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The following were prepared analogously.
!• Ox-Val-L-Val-OMe.— Recrystallization from ether-pen

tane (seeded with material which spontaneously crystallized) 
afforded the protected compound as colorless crystals in 75%  
yield: mp 67-68°; ir (KBr) 1735, 1715 (sh), 1675, 1360 cm "1; 
the nmr was consistent with the proposed structure.

Anal. Calcd for C28H30N 2O5: C, 69.31; H, 6.71; N, 6.22. 
Found: C, 69.14; H, 6.77; N, 5.97.

2 . Ox-L-Phe-Gly-OEt.— The compound was obtained as a 
colorless foam in 82% yield: ir (CC14) 1755, 1730 (sh), 1680, 
1375, 1365 cm -1; the nmr was consistent with the proposed 
structure; the compound was homogeneous on tic (A,B).

3. Ox-L-Phe-L-Val-OMe.— The compound was obtained as 
a colorless foam in 84% yield: ir (CC14) 1760, 1740, 1680, 1360 
cm -1; the nmr was consistent with the proposed structure; 
the compound was homogeneous on tic (A,B).

4. Ox-L-Ser-L-Ser-OMe.— The compound was obtained as 
a colorless oil in 80% yield: ir (CHC13) 1745, 1725 (sh), 1690, 
1370 cm -1; the nmr was consistent with the proposed structure; 
the compound was homogeneous on tic (A ,B,C).

Alkaline Hydrolysis of Ox Dipeptide Derivatives.— To a solu
tion of 1.97 g (5 mmol) of Ox-L-Ala-Gly-OEt in 25 ml of dioxane 
(distilled from LiAlH4) was added 5.5 ml of 1.0 A  NaOH. The 
solution immediately turned bright yellow. After 1 hr the 
mixture was diluted with 100 ml of water and extracted with 
ether (3 X 25 ml); the aqueous solution was acidified to pH 1 
with 2 A  HC1. Extraction with ether (3 X 30 ml), drying, and 
solvent removal afforded a yellow oil: ir (CHC13) 1770, 1745, 
1720 cm “ 1; nmr (CDC13) b 8.2-7.8 (m, 2 H ), 7.6-7.2 (m, 8 H), 
6.9 (d, 1 H ), 4.7-4.3 (m, 2 H ), 1.8-0.7 (m, 3 H ); consistent 
with a desyl hydantoin structure.

Removal of the Protecting Group from Peptide Esters, l- 
Valyl-L-valine.— A mixture of 1.8 g (4 mmol) of Ox-L-Val-L- 
Val-OMe in 45 ml of absolute methanol, and 400 mg of 10% 
palladium on charcoal moistened with 2.0 ml of 2.0 A  HC1 was 
hydrogenated at 30 psi overnight. The mixture was filtered 
through Celite, 10 ml of 1 A  NaOH added, and the solution 
allowed to stand 30 min at room temperature. Removal of 
methanol under reduced pressure, extraction with ether (3 X 
5 ml), and desalting of the aqueous solution on IRC-50 (NH4+) 
and 50 W -X 8 (H+) columns followed by removal of water under 
reduced pressure afforded the crude peptide as a colorless solid. 
Recrystallization from aqueous acetone afforded 0.71 g (82%) 
of the peptide as colorless crystals: mp 271-274° dec [lit.15 
250-260°]; [a]25D +14 .9° (c 0.98, 1 A  HC1) [lit.15 [ « [ » d + 15 .1 °  
(c 1.0, I N  HC1)]; homogeneous on tic (C ,D ).

The following were prepared analogously.
1 . L-Alanylglycine.-—Recrystallization from water-ethanol 

afforded colorless crystals of the peptide in 86%  yield mp 230- 
231° dec [lit.16 17 * 230-231.5° dec]; [<*]24d +50 .7° (c 2.03, H20 )  
[lit.16 [a] 2Id +50 .9° (c2 .0 , H20 ) ] ; homogeneous on tic (C ,D).

2. L-Phenylalanylglycine.-—Recrystallization from water- 
acetone afforded slightly yellow crystals of the peptide in 76% 
yield: mp 259-261° [lit.15 258-262°]; [a]26D +99 .2° (c 2.0, 
H20 )  [lit.15 [a]»D +99 .8° (c 2.0, H20 )] .

3. L-Phenylalanyl-L-valine.— Recrystallization from water- 
acetone afforded colorless crystals of the peptide in 83% yield: 
mp 260-262° dec [lit.11 256-258°]; [« ]bd +16 .8° (c 1.0, 1 N  
HC1) [lit.11 [apD  +16 .8° (c 1.0, 1 A H C 1)].

Test for Racemization. The “Two-Spot M ethod.”8— Two 
samples of i,-phenylalanyl- L-vali ne, prepared in the usual 
manner using the water-soluble carbodiimide and either Ox or 
carbobenzoxy amine protection, and a sample consisting of the 
ll and dl peptides prepared from DL-carbobenzoxyphenylalanine 
in the usual manner were chromatographed on Whatman No. 1 
chromatography paper using two solvent systems: Si, ethyl 
acetate-pyridine-acetic acid-water (5 :5 :1 :3 ), and S2, pyridine- 
water (4:1). The spots were visualized with ninhydrin. The 
LL-dipeptides gave single spots in each solvent system (Si, lit 
0.87; S2, Rt 0.68) even when 100-Mg samples were chromato
graphed (slight tailing). A 2-yug sample of the diastereomeric 
mixture exhibited a double spot (Si, Rt 0.87, 0.75; S2, Rt 0.68, 
0.57) suggesting that less than 1% racemization occurred upon 
coupling of the Ox group using water-soluble carbodiimide.

(15) D. Stevenson and G. Young, J. Chem. Soc. C, 2389 (1969).
(16) F. Stewart, Aust. J. Chem., 19, 1067 (1966).
(17) E . Schnabel, H. Klustermeyer, J. Dahlmans, and H . Zahn, Justus

Liebigs Ann. Chem., 707, 227 (1967).

£-(4,5-Diphenyl-4-oxazolin-2-one) Derivative of a-Carbobenz- 
oxy-L-lysine Dicyclohexylammonium Salt, c-Ox-a-Z-i.-Lys-
DCHA (6).— The compound was prepared according to the gen
eral procedure on a 30-mmol scale from a-carbobenzoxy-L-lysine,18 
yielding a colorless oil which could not be crystallized. The oil 
was taken up in 10 ml of warm absolute ethanol and treated 
with 5.43 g (30 mmol) of dicyclohexylamine in 20 ml of absolute 
ether. Absolute ether was added until the solution grew cloudy, 
and the mixture was scratched until the salt crystallized. Cry
stallization in two crops afforded 16.7 g (81.6%) as colorless 
fluorescent rosettes: mp 147-149°; ir (KBr) 1745, 1700, 1625, 
1370 cm “ 1; nmr (CDC13) 5 7.57 (m, 5 H), 7.40 (s, 5 H), 7.27 
(s, 5 H), 5.75 (d, 1 H), 5.13 (s, 2 H), 4.09-3.68 (m, 1 H), 3.58-
2.57 (m, 4 H), 2.15-0.76 (m, 28 H ); [<*]26d + 4 .5 °  (c 1.08, 
MeOH). An analytical sample melted at 151-152°, [a] 26d  + 4 .5 ° 
(c 1.03, MeOH).

Anal. Calcd for C4,H51N20 6: C, 75.22; H. 7.54; N , 6.16. 
Found: C, 72.31; H, 7.60; N, 6.20.

e-(4,5-Diphenyl-4-oxazolin-2-one) Derivative of L-Lysine 
Hydrate, e-Ox-L-Lys-H20  (7).— A solution of 1.366 g (2 mmol) 
of t-Ox-a-Z-L-Lys• DCHA (6) was hydrogenated at atmospheric 
pressure in 50 ml of 95% ethanol containing 1 ml of acetic acid 
using 137 mg of 10% palladium-on-charcoal catalyst. At 1.5 
hr tic (B,C) indicated a single fluorescent spot, which was nin
hydrin active. The mixture was filtered through Celite (Celite 
washed with small amount of 95% ethanol) and the solvent re
moved under reduced pressure yielding a colorless oil which 
crystallized under trituration with ethanol-water. The solid 
was dissolved in 20 ml of 2 A  NH4OH and extracted with ethyl 
acetate (3 X 10 ml), the aqueous solution evaporated under re
duced pressure, and the colorless residue recrystallized from 
ethanol-water in two crops, affording 707 mg (92.5%) e-Ox-L- 
L ys■ H20  (7): mp 172-174° dec; ir (KBr) 1745, 1730 (sh), 
1630 cm -1; nmr (TFA) b 7.62 (m, 5 H), 7.49 (br s, 5 H), 7.33 
(s, 5 H), 4.68-4.21 (m, 1 H ), 4.02-3.44 (m, 2 H ), 2.46-2.0 (m, 
2 H), 2.0-1.36 (m, 4 H ); [o ] “ d  +11 .8° (c 0.96, 1 A  HC1).

Anal. Calcd for C21H24N 20 5: C, 65.61; H, 6.29; N , 7.29. 
Found: C, 65.71; H, 6.08; N, 7.14.

a-Carbobenzoxy-c-(4,5-diphenyl-4-oxazolin-2-one)-L-lysylgly 
cine Ethyl Ester, a-Z-e-Ox-n-Lys-Gly-OEt (8).— A mixture of 
finely powdered a-carbobenzoxy-£-(4,5-diphenyl-4-oxazolin-2- 
one)-L-lysine dicyclohexylammonium salt (6) (6.82 g, 10 mmol), 
30 ml 4 A  HC1, and 30 ml of ethyl acetate was vigorously shaken 
in a separatory funnel until homogeneous. The organic phase 
was dried and evaporated under reduced pressure and the cou
pling performed as usual using the water-soluble carbodiimide. 
Recrystallization of the oily residue from ethyl acetate-pentane 
in two crops afforded 4.7 g (80%) of the protected peptide ester 
as colorless crystals: mp 112-113°; ir (KBr) 1740, 1725 (sh), 
1715 (sh), 1680, 1640 cm “ 1; nmr (CDCU) b 7.44 (m, 5 H), 7.33 
(s, 5 H ), 7.23 (s, 5 H), 6.82 (t, 1 H), 5.62 (d, 1 H), 5.08 (s, 2 H), 
4.35-3.87 (m, 5 H), 3.43 (m, 2 H ), 2.00-1.08 (m, 9 H ); [ « ] 25d  
- 9 .1 °  (c 0.99, MeOH).

Anal. Calcd for C J B U m : C, 67.68; H, 6.02; N, 7.18. 
Found: C, 67.48; H, 6.03; N, 7.08.

a-Carbobenzoxy-£-(4,5-diphenyl-4-oxazolin-2-one)-L-lysylgly- 
cine Dicyclohexylammonium Salt.— Hydrolysis of crude 8  

in dioxane with 1 A  NaOH in the usual manner afforded a color
less oil which could not be crystallized. The oil was taken up in 
a minimum of warm absolute ethanol and treated with 1.6 g 
of dicyclohexylamine in 20 ml of absolute ether; ether was 
added until the mixture turned cloudy. The salt crystallized 
in two crops totaling 2.5 g (68% overall), as colorless crystals: 
mp 146-148°; ir (KBr) 1745, 1715, 1665 (sh), 1630 cm “ 1; 
nmr consistent with proposed structure; [« [“ d —8.2° (c 1.02, 
MeOH).

Anal. Calcd for CuHaNiO,: C, 69.90; H, 7.37; N , 7.58. 
Found: C, 69.76; H, 7.29; N, 7.42.

£-Ox-L-Lys-Gly-OEt-HBr.— Treatment of 1.17 g (2 mmol) of 
8 with 5 ml of 45% hydrogen bromide in acetic acid over 2 hr 
followed by addition of absolute ether (60 ml) afforded the crude 
hydrobromide as a hygroscopic, slightly yellow gum: ir (CHCh) 
1740, 1690, 1375 cm "1; nmr consistent with the proposed struc
ture

L-Lysylglycine Hydrochloride.— Hydrogenation of a crude
a-carbobenzoxy-£-(4,5-diphenyl-4-oxazolin-2-one)- n-lysylglycine

(18) B. Bezas and L. Zervas, J. Amer. Chem. Soc., 83, 719 (1961).
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(551 mg, 1 mmol) in 20 ml of dimethylformamide containing
1.1 ml of 2 N  HC1 over 100 mg of 10% palladium-on-charcoal 
catalyst, filtration through Celite, and removal of solvent under 
reduced pressure afforded a colorless solid which was treated 
with 3 ml of 1 N  ethanolic HC1, and filtered. The filtrate was 
immediately treated with 5 ml of pyridine and cooled. The crude 
peptide hydrochloride separated as an amorphous solid which 
crystallized from water-methanol in two crops totaling 201 mg 
(88% ): homogeneous on tic (C ,D ); [a]25d  +69.1° (c 1.06,
H.O) [lit.15 [ a ] “ D +69.5° (c 1.0, EM »].
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The preparation of the 15-oxa steroid 29 is described, using the half-ester 3+acetoxy-15,17-seco-Z)-nor-5a- 
androstane-15,17-dioic acid 17-nrethyl ester (5b) as starting material. Treatment of 5b with lead tetraacetate 
affords the diacetate 9 which upon hydrolysis and reacetylation gave the acid 26. Conversion to the diazo ketone 
28 followed by treatment with boron trifluoride causes spontaneous ring closure to give 3j3-hydroxy-15-oxa-5a- 
androstan-17-one (29). Its conversion to 15-oxaestrone (1) is described.

The steroid nucleus has over the past number of 
years undergone numerous structural modifications 
in an attempt to bring about an increase in biological 
activity as well as attempting to control or minimize 
undesirable side effects. One such modification is the 
insertion of an oxygen atom in place of a methylene 
group. This type of transformation has in several 
cases produced derivatives possessing interesting bio
logical properties.1 2 A review of the publications in 
this field reveals that the introduction of an oxygen 
atom into the steroid nucleus has produced synthetic 
modifications which can be generally classified into two 
main categories. The first of these is the formation 
of a lactone via an oxygen insertion a to a koto group.2-4 
This type of transformation would be expected to alter 
considerably the chemical nature of the original car
bonyl function.

In the second category, the oxa steroid takes the form 
of a cyclic ether. In this class of compounds the hetero
atom takes the place of a carbon atom in a position 
which is known to effect greatly the biological activity 
of the parent steroid, e.g., C -ll, C-17A6

The aim therefore of this present work was to pre
pare an oxa steroid in such a manner so as to (1) not 
compromise the functionality of the original carbonyl 
groups, and (2) replace a methylene for an oxygen 
atom while at the same time not affecting those posi
tions which are known to be essential for biological

(1) (a) S. D. Levine, J. Med. Chem., 8, 537 (1965); (b) R. Pappo and 
C. J. Jung, Tetrahedron Lett., 365 (1962); (c) H. D. Lennon and F. J. Saun
ders, Steroids, 4 (1964).

(2) R . W. Kierstead and A. Farone, J. Org. Chem., 32, 704 (1967).
(3) A. K. Banerjee and M . Gut, J . Org. Chem., 34, 1614 (1969).
(4) C. C. Bolt, Reel. Trav. Chim. Pays-Bas, 70, 940 (1957).
(5) S. Rakhit and M. Gut, J. Org. Chem., 29, 229 (1964).
(6) Ch. R. Engel and M . V. R. Chowdhury, Tetrahedron Lett., 2107

(1968).

activity. Such a compound is represented by struc
ture 1.

0

The starting material in our synthesis was 3/3- 
hydroxy-16,17-seco-16-nor-5a-androstan-15- (2'-indox- 
yliden)-17-oic acid (3) which was obtained from 
the reaction of 3/3-hydroxy-5a-androstan-17-one (2) 
with o-nitrobenzaldehyde.7 Esterification and ace
tylation of 3 afforded 4b which has been reported to 
give 3d-acctoxy-15,17-seco-D-nor-5a-androstane-15,17- 
dioic acid 17-methyl ester (5b) when oxidized with 
chromium trioxide in acetic acid3 8 (Scheme I).

We have found that the chromium trioxide oxida
tion of 4b produced an acid whose melting point of 
152-158° differed sharply from the reported figure 
of 204°3 4 5 but was in fact consistent with a second re
ported value of 158-160°.8 As a means of verifying 
structure 4, and the acid ester obtained from its oxida
tion with chromium trioxide, a reductive ozonization 
was carried out which produced the aldehyde 6 in 
high yield. The nmr confirmed both the secondary 
nature of the aldehydic group and the axial confor- 
fomation of the C-14 proton: 8 9.72 (d, 1, J  =  3.5 Hz, 
CHO), 2.58 (d of d, 1, J  =  3.5, 11 Hz, C-14 H). Fur
thermore, chromium trioxide oxidation of the aide-

(7) A . Hassner, M . J. Haddadin, and P. Catsoulaces, J. Org. Chem., 31, 
1363 (1966).

(8) M . Fetizon and N. Moreau, Bull. Soc. Chim. F t., 4385 (1969).
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S c h e m e  I

o-nitrobenzaldehyde

0

i
H

2

hyde 6 afforded the same acid ester 5b (mp 160°)8 
which we had obtained directly from the oxidation of 
4b: 8 3.65 (s, 3, COOCH3). Esterification of 5b 
with the dimethyl acetal of dimethylformamide pro
duced the dimethyl ester 7 which, after partial hydroly
sis and reacetylation of the 3/3-hydroxyl group, gave 
a monoester derivative with a melting point (204°) 
corresponding to that previously reported3 for 5b: 
8 3.60 (s, 3, =CO O CH 3). This material was found 
to be identical with a sample previously assigned struc
ture 5b.9 The nmr spectrum of a mixture of the two 
acid esters showed two distinct methoxyl peaks: 
5 3.59, 3.65. Since it would be generally safe to assume 
that the hydrolysis of a secondary ester should take 
place with greater facility than a tertiary ester, the

COOH

5b
H

>NC(-OCH3),

partial hydrolysis of 7 would have been expected to 
give rise to 5a rather than the isomeric derivative 
8a.
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0  0

RCOOH — >■ RCC1 — >- RCCHNZ — >

0  °  o
#  S  /•

RCCHjBr — >■ RCCH3 — >• ROCCH3 (1 )

Using a multistep sequence of reactions (1), the 
degradation of the acid ester (mp 204°) has previously 
been carried out and reported to give a diacetate 
represented by formula 9 .10

9

This procedure was repeated using the acid ester 
which we had obtained from the partial hydrolysis 
of dimethyl ester 7, and the physical properties of the 
product obtained were found to be identical with those 
of a sample previously assigned structure 9.9 In
spection of the nmr, however, reveals a broad multiplet 
at 8 4.8 (1, C-3 H) and a doublet at 2.85 (1, J  =  10 
Hz, C-14 H). Although the coupling constant is 
consistent with a C-14 axial hydrogen, the observed 
chemical shift presumably due to the presence of an 
acetoxy group at C-14 is much further upheld than 
one would have anticipated. The nmr would, however, 
be consistent with the isomeric diacetoxy compound 10a.

b, R =  C0CH3; R, =  H
c, R =  R, =  H

Since the conversion to the diacetate was a multi- 
step process, we attempted to degrade the same acid 
chloride to the acetate by a carboxy-inversion re
action.11 It has been found that mixed peroxides 
derived from m-chloroperbenzoic acid rearrange to 
the mixed carbonate which can then be hydrolyzed 
to the alcohol.

Using this procedure we were able to obtain (after 
acetylation) a 55% yield of a monoalcohol whose nmr 
reveals a broad multiplet at 8 4.66 (1, C-3 H) and a 
doublet at 2.2 (1, J  =  11 Hz, C-14 H). This result 
would indicate that the structure of the monoalcohol 
is in fact 10b and is therefore derived from the acid 
chloride 11 via the peranhydride 12 and the mixed 
carbonate 13 (Scheme II).

In addition a by-product was obtained which had an 
observed m/e 334 molecular ion peak and an nmr 
spectrum which reveals a broad multiplet at 5 4.68 and 
two broad singlets at 4.43 and 4.74. From this data

(9) Kindly supplied by Dr. M . Gut, The Worcester Foundation for E x - (10) A . K . Banerjee and M . Gut, Tetrahedron Lett., 51 (1969).
perimental Biology, Shrewsbury, Mass. G D  D . B. Denney and N . Sherman, J . Org. Chem., SO, 3760 (1965).
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S c h e m e  II

4
o  o  
Il II

1 0 b
1. OH“

2. Ac20 a
H

,OCOCC6H4C1-to

/ j ! ' C O O C H 3

13

we are able to deduce the structure of this compound 
to be 14.

H

14

Since the carboxy-inversion reaction is depicted 
as proceeding through a carbonium-ion-type inter
mediate,11 one could simply envisage that the forma
tion of 14 takes place via a tertiary carbonium ion 15 
derived from the mixed peroxide 12.

A mechanism which is better identified with a con
certed E2 elimination may, however, have greater 
justification than an E l intermediate which is de
picted by formula 15. If, in fact, 15 is a true intermedi
ate, it is difficult to see why the product of the reaction 
is not the tetrasubstituted olefin 16. An E2-type elim

ination on 12 would require the loss of a proton 
from the methyl group since loss of the C-14 H to give 
14 would constitute a cis elimination.

The isolation of the methylene derivative 14 to
gether with the previously discussed anomalous nmr 
data for the diacetoxy and the monoacetoxy compounds 
clearly suggests that the acid ester (mp 204°) de
scribed in the literature3 was erroneously reported 
to be compound 5b and is in fact the isomer 8b. Fur
thermore, the diacetoxy compound which was ob

tained from the degradation of 8b must have struc
ture 10a which would be consistent with the observed 
nmr.

When the conversion of 5b (mp 163°) to the diace
toxy compound 9 was attempted, it was found that 
the acid chloride 17 did not react with diazomethane 
to form the diazo ketone 18.

Since the formation of the diazo ketone must take 
place by an initial attack at the carbonyl carbon of 
the acid chloride, the unreactivity of 17 is quite con
sistent with the result obtained from the partial 
hydrolysis of 7 to give 8. Here then is an example of 
a carbonyl function of a tertiary ester showing a 
greater degree of reactivity than the carbonyl function 
of a less substituted secondary ester.12 Based on 
these results it was apparent, therefore, that the degra
dation of 5 to the diacetate 9 could not be accomplished 
by an initial reaction which would require a reagent 
addition to the carbonyl carbon of the acid.

The oxidation of an acid with lead tetraacetate 
has been shown to give rise to an olefin, an acetoxy 
compound, or a combination of both. The initial 
step is an attack at the hydroxyl oxygen atom which 
derivative 19 then purportedly breaks down to a 
carbonium-ion intermediate 20.13 When this reaction 
was applied to 5b, all of the anticipated products which 
could arise from a carbonium-ion intermediate 20 
were indeed found (Scheme III).

The total crude reaction mixture (9, 21, and 22) 
was partially hydrolyzed, to give the desired 3/8- 
hydroxy derivate 23 in 60% yield as well as a small 
amount of its isomer 24.

23 24

Reacetylation of 23 afforded the diacetate 9. The 
nmr of 23, 5 4.98 (d, 1, J  =  10 Hz), is consistent with 
the position of the acetoxy group (C-14) and its equi- 
torial conformation. The nmr of 24, 8 5.14 (d, 1, 
J  — 2 Hz), clearly indicates the axial conformation 
of the acetoxy group. Compound 22 (obtained by 
column chromatography before hydrolysis) is believed 
to be a 1:1 mixture of the As(11) and A7(8> olefins.

(12) A  similar selectivity has previously been postulated for the dialdehyde 
i [R. B. WooRward, et al., J. Amer. Chem. Soc., 74, 4223 (1962)]. Based on

H

model studies, it was concluded that the upper activated methylene group 
was relatively less crowded compared with the lower.

(13) E . J. Corey and J. Casanova, Jr., J. Amer. Chem. Soc., 85, 165 
(1963).
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The nmr spectra of 22 reveals two equal singlets for 
each of the C-10 and C-13 methyl groups as well as 
weak absorption in the olefinic region.

Compound 23 was hydrolyzed to the dihydroxy acid 
25 which was reacetylated to give the diacetate 26.14 
Compound 26 was converted to the diazo ketone 27 
via the acid chloride and then hydrolyzed to the hy
droxy derivative 28 (both 26 and 27 were used as 
crude intermediates). Treatment of a suspension 
of 28 in benzene with boron trifluoride etherate afforded 
29 in excellent yield15 (Scheme IY ).

S c h e m e  IV

We next turned our attention to the conversion of 
29 to the estrone derivative 1. Oxidation of 29 
afforded the diketone 30 which with 2 equiv of phenyl-

(14) The ability to acetylate the highly hindered C -14 hydroxyl group 
of compound 26 is most likely due to an intramolecular trans-acetylation 
via the mixed anhydride ii.

0 0

ii

(15) This reaction is an intramolecular version of the general route to 
a-alkoxy ketones from diazo ketones and alcohol in the presence of a cat
alytic amount of boron trifluoride etherate: M . S. Newman and P. F.
Beal, J. Amer. Chem. Soc., 72, 5161 (1952).

trimethylammonium perbromide gave the diequa- 
torial dibromide 31. Dehydrobromination afforded 
the dienone 32 which was then ketalized to give 33. 
Aromatization of 33 was accomplished by treatment 
with lithium biphenyl16 and the crude estrone deriva
tive 34 was deketalized to give the 15-oxaestrone 1 
(Scheme Y). The biological activity of 1 and the

CrOj
29 ----- *■

S c h e m e  V

various analogs derived from 1 will be reported else
where.

Experimental Section17 *
3/3-Hydroxy-16,17-seco-16-nor-5a-androstan-15-(2'-indoxy-

liden)-17-oic acid (3) was obtained from isoandrosterone as pre
viously described (59%), mp 272-274° (lit.7 mp 258-260° dec).

(16) H . L. Dryden, Jr., G. M . Webber, and J. J. Wieczorek, J. Amer. 
Chem. Soc., 86, 742 (1964).

(17) All melting points were taken in glass capillaries and are corrected.
The nmr spectra were determined using a Varian A-60 spectrometer with 
tetramethylsilane as the internal standard. The high-resolution mass 
spectra were obtained with a Consolidated Electrodynamics Corporation 
21-110 mass spectrometer.
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3/3-Hy droxy-16,17-seco-16-nor-Sa-androstan-15-(2 '-indoxy- 
liden)-17-oic Acid 17-Methyl Ester (4a).— To a mixture of 356 g 
of 3 in 3 1. of methanol was added drop wise 40 ml of acetyl 
chloride. After the mixture refluxed for 4 hr, the methanol was 
removed under reduced pressure and 21. of water was added to the 
residue. The resulting precipitate was filtered, washed with 
water, and dried. The product was then dissolved in a minimum 
of methylene chloride and treated with Norit and dried (M gS04). 
The mixture was filtered and the methylene chloride removed 
under reduced pressure. Trituration of the residue with ether 
afforded 325 g (87%) of 4a, mp 258-261° (lit.7 mp 263-265°).

3/3-Acetoxy-16,17-seco-16-nor-5a-androstan-15-(2'-indoxy- 
liden)-17-oic Acid 17-Methyl Ester (4b).— A solution of 325 g 
of 4a, 325 ml of acetic anhydride, and 1300 ml of pyridine was 
stirred overnight. The mixture was divided into three portions 
and each then was added to 3 1. of cold (0°) 3 A  hydrochloric 
acid. The resulting precipitates were filtered and the combined 
product was washed with water and dried to give 350 g (93%) of 
4b, mp 260-262° (lit.7 mp 261-262°).

3/3-Acetoxy-15,17-seco-D-nor-5a-androstane-15,17-dioic Acid 
17-Methyl Ester (5b).— To a suspension of 350 g of 4b in 
5 1. of glacial acetic acid was added dropwise 290 ml of a 90% 
aqueous chromium trioxide solution.18 Solution soon occurred 
with the evolution of heat (the temperature was kept below 70° 
with external cooling). After the solution was stirred overnight, 
the acetic acid was removed under high vacuum and the residue 
treated with 4 1. of water. The precipitate was filtered, washed 
thoroughly with water, and dried. The product was then dis
solved in benzene and the solution treated with Norit and an
hydrous magnesium sulfate. The mixture was filtered and the 
benzene removed under reduced pressure. Trituration of the 
residue with hexane afforded 250 g (98%) of 5b, mp 152-158° 
(lit.8mp 158-160°).

3/3-Acetoxy-15,17-seco-D-nor-5a-androstane-l 5-formyl-17-oic 
Acid Methyl Ester (6).— A solution of 5 g of 4b in 500 ml of 
methylene chloride was cooled to —70° and ozonized until the 
appearance of a blue-green coloration. The solution was then 
purged with a nitrogen stream and the resulting yellow solution 
added dropwise at 0° to a suspension of 12.5 g of zinc in 50 ml of 
glacial acetic acid. After stirring for 3 hr at 0°, the mixture was 
filtered and most of the solvent removed under reduced pressure. 
Water was added to the residue and the mixture extracted with 
methylene chloride. The solution was dried (M gS04) and the 
solvent removed under reduced pressure. Trituration of the 
residue with ether gave 3.4 g (92% ) of 6, mp 148-151°. Crystal
lization from methanol afforded an analytical sample, mp 152- 
154°, [a] 25d  +12.49° (c 0.9927, CHC13).

Anal. Calcd for C21H32O5: C, 69.20; H, 8.85. Found:
C, 68.96; H, 8.90.

3/3-Acetoxy-15,17-seco-D-nor-5a-androstane-15,17-dioic Acid 
Dimethyl Ester (7).— A solution of 500 mg of 5b and 470 
mg of dimethylformamide dimethyl acetal in 5 ml of dry benzene 
was refluxed for 15 min. The solution was cooled, diluted with 
ether, and washed successively with 0.1 A  hydrochloric acid, 
water, and saturated sodium chloride solution. The ether solu
tion was dried (M gS04) and the solvent removed under reduced 
pressure. Crystallization from petroleum ether (30-60°) af
forded 400 mg (83% ) of 7, mp 119-121° (lit.3 mp 120-121°).

3/3-Acetoxy-15,17-seco-D-nor-5a-androstane-l 5,17-dioic Acid 
15-Methyl Ester (8b).— To a solution of 600 ml of methanol 
and 600 ml of 6%  aqueous potassium hydroxide was added 75 
g of 7. The resulting mixture was refluxed for 4.5 hr, 
followed by removal of the methanol under reduced pressure. 
The remaining aqueous solution was then cooled (0°) and acidified 
(pH ~ 3 )  with 1 A  hydrochloric acid. The product was filtered 
and air dried to give 64.5 g (99%) of the 3/3-hydroxy derivative 
8a, mp 230-232° [lit.3 (incorrectly assigned as 5a) mp 234-235°].

To a solution of 97.5 ml of acetic anhydride and 97.5 ml of 
pyridine was added 64.5 g of the above alcohol 8a. The mixture 
was stirred for 6 hr and then diluted at 0° with 130 ml of methanol 
and 97.5 ml of 2 A  hydrochloric acid. After stirring for 30 min 
at 0°, the mixture was then poured into 4 1. of water. The 
precipitate was filtered, washed thoroughly with water, and 
dried. Crystallization from ether-hexane afforded three crops 
of product 8b: 45.2 g ,  mp 209-211°; 15.1 g, mp 209-211°; 
and 4.8 g, mp 208-210°. The total yield of 8b was 65.1 g (90%) 
[lit.3 (incorrectly assigned as 5b) mp 205-207°].

(18) This solution is prepared by dissolving 90 g of chromium trioxide in
100 ml of water.

Reaction of the Acid Chloride 11 with m-Chloroperbenzoic Acid. 
Formation of 10b, 10c, and 14.—To 1 ml of oxalyl chloride was 
added 1 g of 8b. The solution was stirred at room temperature 
for 4 hr and the excess oxalyl chloride then removed under re
duced pressure. Hexane was added to the residue and the solvent 
again removed under reduced pressure to give 500 mg of the acid 
chloride 11, mp 99-101° [lit.10 (incorrectly assigned as 17) mp 
94°]. The acid chloride was then dissolved in 25 ml of dry 
ether to which was added at 0° 474 mg of m-chloroperbenzoic 
acid (98% purity) and 0.22 ml of pyridine. After the mixture was 
stirred overnight at 0°, the precipitated pyridine hydrochloride 
was filtered off and washed with ether. The combined filtrate 
was washed with 1 A  hydrochloric acid followed by 5%  sodium 
bicarbonate solution. The solution was dried (M gS04) and the 
solvent removed under reduced pressure. The residue was then 
dissolved in 13 ml of 1 A  methanolic potassium hydroxide and 
was stirred at room temperature for 0.5 hr. To the solution was 
added 50 ml of water and the resulting mixture extracted with 
methylene chloride and dried (M gS04). The solvent was removed 
under reduced pressure and the residue triturated with ether to 
give 370 mg of 3/3,13a-dihydroxy-13,15-seco-Z)-bisnor-5a-andro- 
stan-15-oic acid methyl ester (10c), mp 168-172°, contaminated 
with a small amount of 14. Acetylation afforded 10b, mp 133- 
134°, [a]26D -2 9 .1 8 °  (c 1.0966, CHC13).

Anal. Calcd for C+H.+h,: C, 68.15; H, 9.15. Found: 
0 ,68.06; H, 8.89.

The solvent from the above mother liquor was removed under 
reduced pressure and the residue acetylated with 0.45 ml of 
pyridine and 0.45 ml of acetic anhydride. To the solution was 
added 10 ml of water and 0.5 ml of 2 A  hydrochloric acid and 
the resulting mixture was extracted with ether. The ether solu
tion was washed with water and dried (M gS04). Removal of the 
solvent under reduced pressure afforded 310 mg of material which 
was chromatographed on 15 g of silica gel. Elution with benzene 
gave a product which when triturated with pentane afforded 
110 mg of 3/3-acetoxy-13,15-seco-D-bisnor-5a-androst-A13(18>-en- 
15-oic acid methyl ester (14), mp 122-125°, [a]25D —16.9° (c 
0.2120, CHCU).

Anal. Calcd for C20II30O4: C, 71.82; H, 9.03. Found:
C, 71.99; H, 9.17.

Reaction of 5 with Lead Tetraacetate. Preparation of 9, 22,
23, and 24.— A mixture of 255 g of 5b, 745 g of lead tetraacetate,19 * 
108 ml of pyridine, and 3.8 1. of dry benzene was stirred and re
fluxed for 7 hr. The mixture was cooled and the lead salts were 
filtered and thoroughly washed with ether. The filtrate was 
washed with a 10%  solution of sodium thiosulfate, 1 A  hydro
chloric acid, and then a saturated sodium chloride solution. 
The solution was dried (M gS04) and the solvent removed under 
reduced pressure to give 270 g of crude product. One gram of 
material was chromatographed on 25 g of silica gel. Elution 
with benzene afforded a small amount of 22. The remaining 
material was then dissolved in a minimum of benzene and washed 
through 1300 g of neutral alumina (grade I). Elution with 3 1. 
of benzene followed by 1 1. of a 1%  ethyl acetate benzene solu
tion afforded 215 g of crude material. This product was then 
dissolved in 1.23 1. of 3%  methanolic potassium hydroxide and 
stirred at 0° for 1 hr. The mixture was acidified with 700 ml of 
1 A  hydrochloric acid at 0° and the precipitate filtered and dried 
to give 108 g of 3/3-hydroxy- 14/3-acetoxy-14,17-seeo-Z)-bisnor-5a- 
androstan-17-oic acid methyl ester (23), mp 127-130°. The 
methanol was removed from the filtrate under reduced pressure, 
the mixture extracted with methylene chloride, and the resulting 
solution dried (M gS04). The solvent was removed under reduced 
pressure and the residue triturated with methanol to give 2 g of 
23, mp 126-130°. A third crop of 3 g, mp 124-128°, of 23 was 
obtained by removing a portion of the methanol under reduced 
pressure. The total yield of 23 was 113 g (49% ). Crystal
lization from methnaol afforded an analytical sample containing 
1 mol of methanol, mp 134-136°, M 25d -164 .76° (c 1.1113, 
C H C I3 ).

Anal. Calcd for C21H36O6: C, 65.59; H, 9.44. Found:
C, 65.85; H, 10.09.

Acetylation with pyridine-acetic anhydride afforded the 3/3- 
acetoxy derivate 9, mp 105-106°, [<*]25d —16.23° (c  0.7579, 
C H C I3 ).

Anal. Calcd for C22H340 6: C, 66.98; H, 8.69. Found:
C, 67.11; H, 8.93.

(19) The lead tetraacetate was placed under high vacuum over phos
phorus pentoxide for 24 hr prior to use.



15-Oxa Steroids

The mother liquor obtained from the above trituration was 
treated with cyclohexane to give 60 g of crude 24 contaminated 
with 22. Crystallization from hexane afforded 23 g ( 10% ) of 
3/3-hydroxy-14a-acetoxy-14,17-seco-D-bisnor-5a-androstan-17-oic 
acid methyl ester (24), mp 140-147°.

A second crystallization from cyclohexane afforded an ana
lytical sample, mp 152-153°, [al^D —22.82° (c 0.5390, CHC1S).

Anal. Calcd for C20H32O5: C, 68.15; H, 9.15. Found: 
C, 68.45; H, 8.99.

3/3,14/3-Dihydroxy-14,17-seco-D-bisnor-5a-androstan-17-oic 
Acid (25).— A solution of 86 g of 23 in 2.74 1. of 3%  methanolic 
potassium hydroxide was refluxed for 6 hr. The methanol was 
removed under reduced pressure and 200 ml of water added to 
the residue. The solution was cooled to 0° and acidified with 
concentrated hydrochloric acid. The precipitate was filtered and 
dried to give 72.2 g (98% ) of 25, mp 285-287°. Crystallization 
from methanol afforded an analytical sample, mp 285-287°, 
W “ d +11.94° ( c 0.9047, CH3OH).

Anal. Calcd for C17H28O4: C, 68.88; H, 9.52. Found: 
C, 69.16; H, 9.71.

3 + 14+Dihydroxy-l 6-diazo-17-oxo-14,16-seco-Z)-nor-5a-an-
drostane (28).— To a solution of 350 ml of acetic anhydride in 
350 ml of pyridine was added 70 g of 25. The solution was stirred 
at room temperature overnight and then poured into 6 1. of ice 
water. The mixture was stirred for 2 hr and then extracted with 
ether. The ether solution was washed with 1 N  hydrochloric 
acid and then water to neutrality. The solution was dried 
(M gS04) and the solvent removed under reduced pressure to 
give 83 g of crude 26 as an oil.

The crude diacetate 26 (83 g) was treated with 90 ml of oxalyl 
chloride and stirred at room temperature overnight. The excess 
oxalyl chloride was then removed under reduced pressure, the 
residue diluted with hexane, and the solvent again removed 
under reduced pressure to give 85 g of crude acid chloride.

To an ethereal solution of diazomethane prepared from 150 g 
of n-methylnitrosourea was added dropwise with stirring at 0° a 
solution of 85 g of the crude acid chloride in 200 ml of ether. 
The solution was stirred at 0° for 2 hr and the solvent and ex
cess diazomethane were then evaporated under a stream of 
nitrogen. The crude diazo ketone 27 was then added to 790 
ml of a 6%  methanolic potassium hydroxide solution and stirred 
at room temperature for 5 hr. The reaction mixture was then 
cooled to 5° and the precipitate filtered to give 63 g (83% ) of
28, mp 145-150°. Crystallization from ether-methylene chloride 
afforded an anaytical sample, mp 154-156°, [a]md —8.46° (c 
0.9697, CHCU).

Anal. Calcd for C18H28N2O3: C, 67.47; H, 8.81. Found: 
C, 67.22; H, 8.91.

3/3-Hydroxy-15-oxa-5a-androstan-17-one (29).— To a suspen
sion of 63 g of 28 in 1.21. of dry benzene was added dropwise with 
stirring a solution of 15 ml of boron trifluoride etherate in 20 ml 
of benzene. The evolution of nitrogen began immediately, and 
after the addition was completed (~ 1 5  min) the reaction was 
stirred for an additional 10 min. The benzene soluton was then 
washed with 5%  sodium bicarbonate solution and the aqueous 
extracts were back-washed with ether. The organic layers 
were then combined, dried (MgSOi), heated with Norit, and 
then filtered. The solvent was removed under reduced pressure 
and the residue triturated with hexane to give 54.5 g (92% ) of
29, mp 145-150°. Crystallization from ether-methylene chlo
ride afforded an analytical sample, mp 152-154°, [a]25n +54.07° 
(c 0.5049, CHCU).

Anal. Calcd for C18H28O3: C, 73.93; H, 9.65. Found:
C, 73.90; H, 9.82.

Acetylation with pyridine-acetic anhydride followed by crystal
lization from methanol afforded the 30-acetoxy derivative, mp 
164-167°, [ a ] “ D +45.19° (c 0.9249, CHCU).

Anal. Calcd fof C20H30O4: C, 71.82; H, 9.04. Found:
C, 71.56; H, 8.86.

15-Oxa-5a-androstane-3,17-dione (30).— To a cooled (0°) 
solution of 10 g of 29 in 100 ml of acetone was added dropwise 
with stirring 10 ml of Jones reagent. After the addition was com
plete, the mixture was stirred at 0° for 10 min. The solvent was 
then removed under reduced pressure and the residue treated 
with 300 ml of ice water. The precipitate was filtered and washed 
thoroughly with water and dried. The product was then dis
solved in a minimum of methylene chloride and the solution was 
treated with Norit and filtered. The solvent was removed under 
reduced pressure to give 9.2 g (93% ) of 30, mp 176-180°. 
Crystallization from ether-methylene chloride afforded an
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analytical sample, mp 182-185°, [o] md +77.39° (c 1 1798 
C H C U ) .

Anal. Calcd for C18H26O3: C, 74.44; H, 9.03. Found: 
C, 74.18; H, 9.01.

2a,4a-Dibromo-15-oxa-5a-androstane-3,17-dione (31).— To a 
solution of 16.5 g of 30 in 160 ml of dry tetrahydrofuran was 
added 216 g of phenyltrimethylammonium perbromide. The 
brominating agent quickly dissolved and after a short time 
phenyltrimethylammonium bromide began to precipitate. The 
mixture was stirred for 4.5 hr and the precipitate was filtered and 
washed with benzene. An additional 100 ml of benzene was 
added to the filtrate and the resulting solution was then washed 
with a 5%  solution of sodium sulfite and water and then dried 
(MgSCU). The solvent was removed under reduced pressure and 
the residue triturated with cold ether to give 14.2 g (55% ) of 31, 
mp 212-214°. Crystallization from methylene chloride-ether 
afforded an analytical sample, mp 213-215° dec, [a]26D +18.05° 
(c0.9861, CHCU).

Anal. Calcd for CiaHuB^CU: C, 48.24; H, 5.40. Found: 
C, 48.20; H, 5.50.

15-Oxaandrosta-l,4-diene-3,17-dione (32).— To a solution of
19.6 g of lithium bromide and 19.6 g of lithium carbonate in 200 
ml of dry dimethylformamide at 95° was added dropwise a 
solution of 14.7 g of 31 in 150 ml of the same solvent. The mix
ture was stirred and maintained at 95° for 18 hr and most of the 
dimethylformamide was then removed under high vacuum. To 
the residue was then added 200 ml of ice water followed by 50 ml 
of 1 N hydrochloric acid. The precipitated semisolid was then 
extracted with methylene chloride and the organic layer washed 
thoroughly with water and dried (MgSO»). The solvent was 
then removed under reduced pressure and the residue was dis
solved in a minimum of methylene chloride and passed through 
50 g of neutral alumina (grade I). Elution with methylene 
chloride gave 9.5 g of crude product which when triturated with 
ether afforded 7 g (74% ) of 32, mp 181-185°. Crystallization 
from methylene chloride-ether afforded an analytical sample, 
mp 185-187°, [«] “ d +70.50° (c 0.9050, CHC13).

Anal. Calcd for C18H22O3: C, 75.49; H, 7.74. Found: 
C, 75.77; H, 7.97.

15-Oxaandrosta-l,4-diene-3,17-dione 17-Ethylene Ketal (33). 
—A mixture of 7 g of 32, 14 ml of ethylene glycol, 0.28 g 
of p-toluenesulfonie acid, and 350 ml of benzene was placed in a 
500-ml flask fitted with a Soxhlet extractor which was charged 
with Linde 3A Molecular Sieves. After refluxing for 6 hr, the 
reaction was cooled and washed with a 5%  sodium bicarbonate 
solution and water and dried (Na2S04). The solvent was re
moved under reduced pressure and the residue triturated with 
ether to give 6.5 g (78% ) of 33, mp 147-150°. Crystallization 
from methylene chloride-ether afforded an analytical sample, 
mp 147-150°, [aj^D +6 .50° ( c 0.9545, CHCI3).

Anal. Calcd for C2oH260 4: C, 72.70, H, 7.93. Found: 
C, 72.76; H, 7.89.

15-Oxaestrone 17-Ethylene Ketal (34).—To a solution of
86.2 g of biphenyl in 1.5 1. of dry tetrahydrofuran was added
4.35 g of lithium wire. The mixture was stirred at room tem
perature for 4 hr after which time the lithium had completely 
dissolved. The dark blue solution was then warmed to 50° and 
a solution of 25.4 g of 33 and 38.8 g of diphenylmethane in 100 
ml of tetrahydrofuran was added dropwise over a period of 
30 min. The temperature was maintained at 50-52° and the 
mixture was stirred for an additional hour. The reaction was 
then cooled to 0° and 45 g of ammonium chloride was added in 
small portions (color changed from dark green to light brown). 
Small pieces of ice were then cautiously added causing the re
action to become colorless, followed by the addition of 100 ml of 
ice water. The resulting two layers were separated and the 
aqueous solution was extracted with methylene chloride. The 
organic layers were combined and dried (MgSO<), and the sol
vent was removed under reduced pressure to give an oily residue. 
Hexane (800 ml) was added and the mixture stirred until pre
cipitation took place. The crude precipitate (25 g) was dissolved 
in a minimum of methylene chloride and passed through 250 g 
of silica gel. Elution with 2 1. of methylene chloride gave 0.9 g 
of a green-tinted by-product, 4 1. of 1% ethyl acetate-benzene 
gave 7 g of crude product, and 5 1. of a 5%  ethyl acetate-ben
zene gave an additional 8.5 g of material. The combined product 
(15.5 g) was triturated with hexane-ether to give 12.5 g (54% ) 
of 34, mp 212-215°. Crystallization from methylene chloride- 
ether afforded an analytical sample, mp 214-216°, [a] 25d +18.99° 
(c 0.8900, CHClj).
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Anal. Calcd for Ci9H240 4: C, 72.12; H, 7.65. Found: 
C, 71.98; H, 7.53.

15-Oxaestrone (1).— A solution of 12 g of 34, 250 ml of dioxane, 
and 20 ml of an 8%  aqueous sulfuric acid solution was stirred and 
refluxed for 4 hr. The solution was cooled and poured into 2 1. 
of ice water, and the precipitate was filtered. The product was 
washed thoroughly with water and air dried. The crude ma
terial was then dissolved in a minimum of 1:1 methylene chloride- 
tetrahydrofuran solution, dried (MgSO<), and heated with 
charcoal. The mixture was filtered and the solvent removed 
under reduced pressure. The resulting residue was triturated 
with ether to give 9.2 g of crude product. Crystallization from 
methanol afforded two crops of product: 7.0 g, mp 254-256°;
and 1.4 g, mp 252-254°. The total yield of 1 was 8.4 g (81%). 
Crystallization from methanol of the first crop afforded an ana
lytical sample, mp 255-256°, [a] 15d  +108.45° (c 0.8760, CHCh).

Anal. Calcd for CnH2„0;.: C, 74.97; H, 7.40. Found: C, 
75.28; H, 7.84.
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The 1- and 3-N-oxide isomers of adenine,2’3 4 5 hypo- 
xanthine,3,4 and xanthine5,6 are available, but only the 
3 isomer of guanine.6 By an adaptation of the syn
thetic route which led via substituted imidazoles to a 
series of 9-hydroxypurines,7’8 it has now been possible 
to obtain 1-hydroxyguanine. 1-Hydroxyinosine (1), 
obtained by the nitrosation of adenosine l-N-oxide,9“ 
was converted to l-benzyloxyinosine9a (2) by reaction 
with benzyl bromide in DMF in the presence of K2C 03. 
By refluxing 2 in ethanol containing 0.2 volumes of 6 
N  NaOFI, the pyrimidine ring was opened to yield 5- 
amino-l-/3-D-ribofuranosylimidazole-4-]V-benzyloxycar- 
boxamide (3 ) .  Refluxing 3 with 1 equiv of benzoyl 
isothiocyanate in acetone yielded 5-(-/V'-benzoylthio- 
carbamoyl)amino - 1 -/3-D-ribofuranosylimidazole-4-lV- 
benzyloxycarboxamide (4 ) .  Treatment of this with

(1) This investigation was supported in part by funds from the National 
Cancer Institute (Grant No. CA 08748).

(2) M . A. Stevens, D . I. Magrath, H. W . Smith, and G. B. Brown, 
J. Amer. Chem. Soc., 80, 2755 (1958).

(3) I. Scheinfeld, J. C. Parham, S. Murphy, and G. B. Brown, J. Org. 
Chem., 34, 2153 (1969).

(4) J. C. Parham, J. Fissekis, and G. B. Brown, ibid., 31, 966 (1966).
(5) J. C. Parham, J. Fissekis, and G. B. Brown, ibid., 32, 1151 (1967).
(6) G. B. Brown, K . Sugiura, and R . M . Cresswell, Cancer Res., 25, 986 

(1965); T. J. Delia and G. B. Brown, J. Org. Chem., 31, 178 (1966); U. 
W olcke and G. B. Brown, ibid., 34, 978 (1969).

(7) A. A. Watson and G. B. Brown, ibid., 37, 1867 (1972).
(8) A. A. Watson, unpublished work.
(9) (a) J. A. M ontgomery and H. J. Thomas, J. Med. Chem., 15, 1334

(1972) (personal communication prior to publication), (b) H. Sigel and 
H. Britziner, Helv, Chim. Acta, 48, 433 (1965). (c) Pure 1-hydroxyinosine
can be obtained by recrystallization from methanol to  separate it from 
some salts, and chromatography over Dowex-50 (H +) with water to eliminate 
a fluorescent impurity. F. L. Lam, private communication.

methyl iodide in 0.1 N  NaOH at room temperature did 
not give the expected methylmercapto derivative, but 
the odor of methylmercaptan was observed when the 
solution was acidified. The white, crystalline product 
obtained was assigned the structure 5 from its nmr and 
its subsequent hydrolysis products. In 32% HBr in 
glacial acetic acid 5 was hydrolyzed to 1-hydroxy- 
guanine (7), and was hydrolyzed to 1-benzyloxyguanine
(6) in refluxing 1 N  HCl. Débenzylation of 6 with 
32% HBr in glacial acetic acid gave 1-hydroxyguanine 
(Table I). Further proof of the structure of 7 was ob-
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T a b l e  I
S p e c t r a l  D a t a  a n d  p K  V a l l e s  f o r  1 -H y d r o x y g u a n i n e “

xm„ ,
p* . nm Í X 10-> pH Charge

275 7.20 ±  0.02
248 9.8 ±  0.1 1 + i
208 (sh) 16.1 ±  0.2

3.49 ±  0.11*
273 7.29 ±  0.01 5.23 0
247 9.47 ±  0.02

6.73 ±  0.076
278 (sh) 5.96 ±  0.10
257 7.51 ±  0.10 9 - i
227 30.4 ±  0.5

11.51 ±  0.07°
278 7.4  ±  0.1
267 (sh) 7.2 ±  0.1 14 - 2

~225 ~ 3 1 .5  ±  0.1
° Comparable pK  values for 3-hydroxyguanine are 3.45, 5.97, 

and 10.67. From the 227-nm absorption band of the mono
anion, it is apparent that the first ionization involves the N- 
hydroxy group, and the second the imidazole. Unlike 3- 
hydroxyguanine there is only one tautomeric form of the neutral 
species: J. C. Parham, T. G. Winn, and G. B. Brown, J. Org. 
Chem., 36, 2639 (1971). b By electrometric titration. c Spec- 
trophotometrically, by methods described: A. Albert and E. P. 
Serjeant, “ Ionization Constants of Acids and Bases,”  Wiley, 
New York, N. Y ., 1962; D. D. Perrin, Aust. J. Chem., 16, 572 
(1963).

tained by reduction to guanine in refluxing HI, and 
also by nitrosation to the known 1-hydroxyxanthine 
(8 ).

Experimental Section
The uv spectra were determined with a Unicam SP800 spec

trophotometer, and the nmr spectra were determined in DMSO- 
dt (TM S) with a Varian A-60 spectrometer. Melting points 
were taken in a Mel-Temp apparatus. For thin layer chromat
ograms (tic) Eastman chromatograph sheets with a silica gel 
layer containing a fluorescent indicator were used. The micro- 
analyses were carried out by Spang Microanalytical Laboratory, 
Ann Arbor, Mich.

1-Hydroxyinosine (1).— This was prepared according to the 
method of Montgomery,9“ which avoids the requirement of 
D M F as a solvent.4’9b Adenosine l-A'-oxide (33.9" g) and Na- 
N 0 2 (82.8) were added to 11. of 29% aqueous acetic acid and the 
mixture was stirred for 1 or 2 days at room temperature. The 
acetic acid was removed by repeated extractions (300 ml each) 
with ether and the aqueous layer was evaporated at a bath tem
perature below 40°. The pH of the solution was adjusted from 
3 to 4 with 1 N  HC1 and the resulting solution was evaporated to 
dryness. The residue was extracted with 300 ml of water. 
The product was collected, washed with water, and dried in 
vacuo over P20 5 to yield 11-17 g (33-54% ) of off-white 1-hydroxy- 
inosine, containing no adenosine 1-iV-oxide, and of sufficient 
purity to be used in the next step.90

Synthesis of 1-Benzyloxyinosine (2).— 1-Hydroxyinosine (4.70 
g, 0.013 mol) was stirred with benzyl bromide (3.81 g, 0.025 
mol) and finely powdered K 2C 03 (2.26 g) in 100 ml of dimethyl- 
formamide for 20 hr at 75°. The reaction mixture was cooled 
to room temperature and filtered, and the filtrate was evaporated 
to a yellow oil. The oil was triturated with 250 ml of hot aceto
nitrile and filtered to remove unreacted starting material. The 
filtrate was evaporated and the resulting residue was recrys
tallized from ethyl acetate and methanol to yield 3.06 g (50%) 
of colorless crystals, mp 189-191°, of 1-benzyloxyinosine: uv 
X9“ ,1 sh 244 nm (c 9.74 X 103), 251 (10.9 X 103), sh 267 (6.08 X 
103); X£L13 sh 244 nm (« 9.83 X 103), 251 (10.7 X 103), sh 267 
(6.0 X 103); nmr 8 8.53 (s, 1, 2-CH), 8.47 (s, 1, 8-CH), 7.52 
(m, 5, C6H6), 5.95 (d, 1, H -l ') ,  5.33 (s, 2, C6H6CH2), 5.30 (b, 
3, OH), 4.3 (m, 3, H-2', H-3', H -4'), 3-17 (broad s, 2, CH2-5').

Anal. Calcd for Ci7Hi8N,i06-H20 :  C, 52.19; H, 5.13; N,
14.27. Found: C, 52.19; H, 4.68; N, 14.22.

5-Amino-l-/3-D-ribofuranosylimidazole-4-V-benzyloxycarbox- 
amide (3).— The hydrolysis of 1-benzyloxyinosine was accom

plished by refluxing 2 (3.06 g, 0.0082 mol) in 300 ml of ethanol 
and 75 ml of 6 N  NaOH for 1.5 hr. The reaction mixture was 
evaporated at a bath temperature below 40° to 100 ml and care
fully acidified to not less than pH 3 with 2 N  HC1. The solution 
was cooled and filtered. The crystalline precipitate was washed 
with 50 ml of hot water and dried to yield 2.1 g (70%) of colorless 
cubes, mp 180-182°, of 3: uv X ^ 1 275, sh 250 nm; Xj“ ,13 252 
nm; nmr 8 10.70 (s, 1, CONH), 7.39 (m, 5, C6H5CH2, 1,2-CH),
6.03 (broad s, 2, NH2), 5.53 (d, H -l ') , 5.30 (broad m, 3, OH),
4.90 (s, 2, CH2), 4.12 (m, 3, H-2', H-3', H -4'), 3.63 (broad s, 2, 
CH2-5 ').

Anal. Calcd for Ci6H2oN40 6: C, 52.74; H, 5.53; N, 15.37. 
Found: C, 52.76; H, 5.57; N, 15.22.

5-(A'-Benzoylthiocarbamoyl)amino-l-/3-D-ribofuranosylimidaz- 
ole-4-V-benzyloxycarboxamide (4).— 5-Amino-l-/S-D-ribofurano- 
syl-4-JV-benzyloxycarboxamide (3.64 g, 0.01 mol) was dis
solved in 100 ml of boiling acetone; then 100 ml of acetone solu
tion containing 1.1 equiv of benzoyl isothiocyanate10 was added.7’11 
The mixture was refluxed for ~ 3  hr, or until tic run in 4:1 
CHCl3-M eOH and development in iodine showed no appreciable 
change in the reaction mixture.

The reaction mixture was evaporated in vacuo to an oil that 
was chromatographed over silica gel. Eluting with chloroform 
removed the unreacted benzoyl isothiocyanate and 9:1 CHC13-  
EtOH elution removed the starting material. CHCl3-ethanol, 
4:1, eluted the benzoylthioureido derivative 4, which was ob
tained as a glass after the removal of the solvent: yield 2.16 g 
(41%); froths between 88 and 93°; uv X̂ ‘°H 239, sh 277 nm; 
nmr 5 8.1 (s, 1, 2-CH), 8.01 (m, 2, C6H5CO), 7.6 (m, 3, C6H5CO),
7.30 (s, 5, CeHsCHj), 5.62 (d, 1, H -l ') , 4.70 (m, 3, OH), 4.89 
(s, 2, C6H5CH2), 4.13 (m, 3, H-2', H-3', H-4'), 3.69 (broad s, 2, 
CH2-5 '), 11.21 (1, CONH), 11.99 (d, 2, NH CSNH -).

l-Benzyloxy-2-benzoylguanosine (5).—4 (1.06 g, 0.002 mol) 
was stirred in 100 ml of 0.1 N  NaOH until dissolved, then methyl 
iodide (0.5 ml) was added and stirring was continued for 18 hr. 
The solution was then acidified with acetic acid and the white 
precipitate was collected and washed with water. The white 
solid (5) recrystallized as white prisms from acetone-petroleum 
ether (bp 30-60°): yield 703 mg (71% ); mp 174-175°; uv 
X2.1 sh 235 nm (e 14.0 X 103), 263 (11.2 X  103), 285 (11.3 X 
103); X °l13 248 nm (« 12.7 X 103), 263 (13.2 X  103), 268 (13.1 X 
103); nmr 8 8.04 (s, 1, 8-CH), 7.9 (m, 2, C6H5CO), 7.6 (m, 3, 
C 6H6CO), 7.31 (s, 5, C6H5CH2), 5.85 (d, 1, H -l ') ,  5.30 (b, 3, 
OH), 5.20 (s, 2, CeHsCHO, 4.2 (m, 3, H -2', H-3', H -4'), 3.60 
(broad, 2, CHj-5'), 11.00 (s, 1, CONH).

Anal. Calcd for C2,H23N 50 7 • H20 : C, 56.25; H, 5.07; N, 
13.67. Found: C, 56.65; H, 4.80; N , 13.34.

1-Benzyloxyguanine (6).— 5 (205 mg, 4 X 10-4 mol) was re
fluxed in 20 ml of 1 A  HC1 for 1 hr. The solution was evaporated 
to dryness in vacuo. The residue was dissolved in 2 ml of meth
anol and chromatographed over Dowex-50. Benzoic acid was 
eluted with water, then a trace of 1-hydroxyguanine with 1 N 
HC1, and the main fraction with 2 N  HC1. Recrystallization 
of the residue from the 2 N  HC1 fraction from methanol afforded 
white plates of 1-benzyloxyguanine hydrochloride: 95 mg
(81% ); uv X^L1 249 nm (e 11.5 X 103), 278 (7.33 X  103); X ^ 13 
257 nm (e 7.81 X 103), 278 (8.4 X 103); nmr 8 9.0 (s, 1, 8-CH),
7.50 (m, 5, C6H6CH2), 9.66 (m, 3, N H 3+), 5.20 (s, 2, C6H5CH2).

Anal. Calcd for C12H i,N50 2-HC1: C, 49.07; H, 4.12; N,
23.84. Found: C, 49.19; H, 4.15; N , 23.73.

1-Hydroxyguanine (7). A.— l-Benzyloxy-2-benzoylguanosine 
(205 mg, 4 X  10~4 mol) was dissolved in 5 ml of warm glacial 
acetic acid, and 5 ml of 32% HBr in glacial acetic acid was added. 
The mixture was heated on a steam bath for 3.5 hr. The reac
tion mixture was then evaporated in vacuo and the residue was 
dissolved in a few milliliters of very dilute ammonia and chro
matographed over Dowex-50. Elution with 1 N  HC1 gave the
1-hydroxyguanine, which was obtained as the hydrochloride on 
recrystallization from methanol and dried in vacuo over P20 3 at 
78°, 63 mg (77%).

Anal. Calcd for C5H»N50 2 HC1: C, 29.50; H, 2.97; N, 
34.40; Cl, 17.41. Found: C, 29.63; H, 3.14; N , 34.23; Cl,
17.39.

B.— The debenzylation of 6 (50 mg) was carried out as in A 
and the free base 7 was obtained from the hydrobromide salt by 
dissolving in hot dilute ammonia, treated with charcoal, and

(10) R. L. Frank and P. V . Smith, Org. Syn., 28, 89 (1948).
(11) A . Yamazaki, I. Kumashiro, and T. Takenishi, J. Org. Chem.. 32,

1825 (1967).
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precipitated by the addition of glacial acetic acid. The white 
crystals were collected, washed with water, and dried in vacuo 
over P ,0 ; at 78°, 30 mg (74%).

] -Hydroxyxanthine.— To a cooled, stirred solution of 1-hy- 
droxyguanine (10 mg) in 5 ml of 2 N HC1 was added 1 ml of a 2 
M  solution of N aN 02. After 8 hr the solution was evaporated to 
dryness and the residue was chromatographed over Dowex-50. 
The uv spectrum of the main fraction, eluted first with 1 N  
HC1, was identical with that of authentic 1-hydroxyxanthine.1 2 3 4 5 6 
Traces of 1-hydroxyguanine and an unidentified product were 
eluted with further 1 N  HC1.

Guanine.— 1-Hydroxyguanine (10 mg) was suspended in 1 
ml of concentrated HI, wanned on a steam bath for 1 hr, and 
evaporated to dryness. The residue was chromatographed over 
Dowex-50. Elution with 1 Ar HC1 removed a trace of unreduced 
1-hydroxyguanine, and guanine, identified by its uv spectrum, 
was eluted with 2 N  HC1.
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J o h n  E .  M c C a s k i e , T h o m a s  It. N k l s e n , 
a n d  D o n a l d  C .  D i t t m e r *

Department of Chemistry, Syracuse University,
Syracuse, New York 13210

Received April 5, 1973

Thiete 1,1-dioxide (thiete sulfone)2 behaves errat
ically in cycloaddition reactions. On the one hand it 
undergoes, in a normal fashion, additions of butadiene,3 
furans,3 4 anthracene,5 dienamines,6 enamines,6 ynam- 
ines,6 and diazoalkanes.7 On the other hand, the at
tempted Diels-Alder cycloaddition of tetraphenylcyclo- 
pentadienone to thiete sulfone resulted in evolution of 
sulfur dioxide and formation of a tetraphenylcyclo- 
heptatriene and a bicyclic octadienone in yields of 65 
and 15%, respectively.3

a-Pyrone8 is a reactive diene in Diels-Alder reactions 
and is a useful reagent for introducing the C4H4 moiety.9 
Treatment of thiete sulfone, 1 (10 mmol), with a- 
pyrone, 2 (10 mmol), under nitrogen in refluxing m -

(1) W e are grateful to the National Institutes of Health for support of this 
work (Grant C A 08250).

(2) D . C. Dittmer and M . E . Christy, J. Org. Chem., 26, 1324 (1961);
P. L. Chang and D . C . Dittmer, ibid., 34, 2791 (1969); D . C . Dittmer, M . E. 
Christy, N . Takashina, R. S. Henion, and J. M . Balquist, ibid., 36, 1324 
(1971).

(3) D . C. Dittmer, K . Ikura, J. M . Balquist, and N. Takashina, ibid., 
37, 225 (1972).

(4) D . C. Dittmer and N. Takashina, Tetrahedron Lett., 3809 (1964);
L. A . Paquette, J. Org. Chem., 30, 629 (1965); L. A . Paquette and T. R. 
Phillips, ibid., 30, 3883 (1965).

(5) D . C. Dittmer and M . E . Christy, J. Amer. Chem. Soc., 84, 399 
(1962).

(6) L. A. Paquette, R. M . Houser, and M . Rosen, J. Org. Chem., 36, 
905 (1970).

(7) D . C. Dittmer and R. Glassman, ibid., 36, 999 (1970).
(8) H . E . Zimmerman, G. L. Grunwald, and R. M . Paufler, Org. Syn., 

46. 101 (1966).
(9) For examples, see H. E . Zimmerman and R. M . Paufler, J. Amer.

Chem. Soc., 82, 1514 (1960); L. F . Fieser and M . J. Haddadin, Can. J.
Chem., 43, 1599 (1965); A . B. Evnin and D . Seyferth, J. Amer. Chem. Soc.,
89, 952 (1967).

xylene for 24 hr gave benzyl a-toluenethiosulfonate, 5 
(2.59 mmol), and benzylsulfonic acid, 6 (1.05 mmol),

instead of the expected product of the Diels-Alder 
cycloaddition. The properties of the a-toluene thio- 
sulfonate were identical with those of an authentic 
sample prepared by oxidation of dibenzyl disulfide with 
hydrogen peroxide in acetic acid.10 The benzylsulfonic 
acid was identified by conversion to benzyl sulfonyl 
chloride, whose properties were identical with those of 
an authentic sample.11 No reaction of thiete sulfone 
and a-pyrone was observed at 50° or 100°.

No reaction was observed between thiete sulfone and
6-methyl-2-pyrone12 (2, R  =  CH3) under the same 
conditions.

A possible scheme for the formation of benzyl a- 
toluenethiosulfonate involves the disproportionation of 
benzvlsulfinic acid derived from the Diels-Alder adduct 
of a-pyrone and thiete sulfone. Although there are 
conflicting reports in the literature concerning the ease 
of disproportionation of benzvlsulfinic acid, the condi
tions under which those disproportionation reactions 
were attempted were different from our condi
tions.10’13'14 We have found that both benzyl a- 
toluenethiosulfonate (65.4%) and benzylsulfonic acid 
(40.8%) are formed when benzylsulfinic acid is refluxed 
in ?n-xylene for 30 hr. Disproportionation of sulfinic 
acids to thiosulfonates and sulfonic acids is well known 
and the mechanism has been established by Ivice and 
his coworkers.15 The possible involvement of free 
radicals in thermolysis of sulfones has been noted 
previously.16

The attempt to distinguish between possible inter-

(10) B. G. Boldyrev and L. M . Khovalko, J. Gen. Chem. USSR, 31, 
3843 (1961).

(11) T. B. Johnson and J. A . Ambler, J. Amer. Chem. Soc., 36, 372 (1914).
(12) M . Rey, E. Dunkelblum, R. Allain, and A. S. Dreiding, Hdv. Chim. 

Acta, 63, 2159 (1970); E . Dunkelblum, M . Rey, and A. S. Dreiding, ibid., 
64, 6 (1971).

(13) T . B. Johnson and I. B. Douglass, J. Amer. Chem. Soc., 61, 2548 
(1939).

(14) C. J. M . Stirling, J. Chem. Soc., 3597 (1957).
(15) J. L . Kice and N. E. Pawlowski, J. Org. Chem., 28, 1162 (1963);

J. L. Kice, G . Guaraldi, and C. G. Venier, ibid., 31, 3561 (1966).
(16) E . M . LaCombe and B. Stewart, J. Amer. Chem. Soc., 83, 3457  

(1961); W . Davies, D . C. Ennis, and Q. N . Porter, Aust. J. Chem., 21, 
1571 (1968); C. L. M cIntosh and P. de M ayo, Chem. Commun., 32 (1969); 
D . C. Dittmer, R . S. Henion, and N . Takashina, J. Org. Chem., 34, 1310 
(1969).
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mediates 3 and 4 by use of 6-methyl-2-pyrone was un
successful. No reaction was observed with thiete 
sulfone under the same conditions used with a-pyrone. 
Although the result was negative, one might, as a 
consequence, favor the stereochemistry of 3 over 4 
because steric hindrance between the methyl group and 
the oxygens of the sulfone would inhibit reaction. The 
regiospecificity implied in the formation of 3 also may 
result from minimization of the opposition of the strong 
dipoles of the sulfone and carbonyl groups (i.e., they 
tend to be as far apart as possible). For this reason, an 
endo configuration of the initial adduct would be 
expected.

The reaction of a-pyrone with 3-phenyl-2-thiete 1,1- 
dioxide17 also failed even after 10 days at 140°. The 
phenyl group would have blocked aromatization and the 
adducts corresponding to 3 or 4 perhaps could have 
been isolated.

Experimental Section18

Reaction of a-Pyrone and Thiete Sulfone.— Thiete sulfone2 
(1.04 g, 10 mmol) was added to a-pyrone8 (0.960 g, 10 mmol, 
distilled prior to its use) in m-xylene (30 ml). The mixture was 
refluxed and stirred for 24 hr under nitrogen. The m-xylene was 
removed in vacuo and the mixture was chromatographed on 
Florisil (60-100 mesh). Benzyl a-toluenethiosulfonate (0.720 g,
2.59 mmol) was eluted with hexane and with hexane-benzene. 
The toluene thiosulfonate was recrystallized from ether: mp
106-107.5° (lit.10 mp 107-108°); ir (KBr) 1320 (s), 1120 cm “ 1 
(s); nmr”  (CDCfi) S 4.01 (s, 1), 4.21 (s, 1), 7.35 (s, 5); mass 
spectrum (70 eV) m/e 278 (parent), 214 (parent — S02), 91 
(C7H7). A mixture of starting materials (0.420 g) was eluted 
with ether. Benzylsulfonic acid (0.180 g, 1.05 mmol) was eluted 
with ether-ethanol (1 : 2), dissolved in water, and neutralized 
with 30% sodium hydroxide. Most of the water was removed 
in vacuo and a white solid (0.130 g) was obtained: mp 250°; ir 
(KBr) 1200 (b, s), 1130 (s), 1050 (s), 1020 cm -1 (s). This solid 
was treated at 70° with phosphorus pentachloride (0.130 g) in 2 
ml of phosphorus oxychloride. Benzylsulfonyl chloride (0.084 g) 
separated when the reaction mixture was added to water: mp
89.5-90.5°, undepressed by admixture with an authentic sample 
(lit.20 mp 91-93°); ir (KBr) 1340 (s), 1250 (s), 1190 (s), 1150 (s), 
1120 cm -1 (s); nmr (CDCfi) 8 4.88 (s, 2), 7.54 (s, 5); mass 
spectrum (70 eV) m/e 192, 190 (parent), 128, 126 (parent — 
SO,), 101 (S0232C1), 99 (SOj*Cl), 91 (C,H,). Finally, a water- 
soluble acidic tarry fraction (0.400 g) was eluted with ethanol.

Benzyl a-Toluenethiosulfonate.— Benzyl a-toluenethiosulfo
nate was prepared in 52% yield by the method of Boldyrev and 
Khovalko,10 mp 106-107.5°. The ir, nmr, and mass spectra were 
identical with those cited above for this compound.

Benzylsulfonyl Chloride.— Benzylsulfonyl chloride was pre
pared by the method of Johnson and Ambler,11 mp 89-91° (lit.11 
mp 92-93°). Its nmr, ir, and mass spectra were identical with 
those given above for this compound.

Disproportionation of Benzylsulfinic Acid.— Benzylsulfinic 
acid14 (0.800 g, 5.13 mmol) was dissolved in m-xylene (25 ml); 
the solution was brought to reflux and stirred 30 hr under nitro
gen. Benzyl a-toluenethiosulfonate (0.312 g, 1.12 mmol, 65.5%) 
and benzylsulfonic acid (0.120 g, 0.70 mmol, 40.8%) were iso
lated and identified as described above for the reaction of thiete 
sulfone with a-pyrone.

Registry No.— a-Pyrone, 504-31-4; thiete sulfone, 7285-32-7; 
benzyl a-toluenethiosulfonate, 16601-40-4; benzylsulfonic acid, 
100-87-8; phosphorus pentachloride, 10026-13-8; benzylsul
fonyl chloride, 1939-99-7.

(17) W . O. Siegl and C. R. Johnson, J. Org. Chem., 35, 3657 (1970).
(18) Infrared spectra were recorded on a Perkin-Elmer 137 spectrometer. 

Nuclear magnetic resonance spectra were recorded on a Varian Associates 
A-60 spectrometer. Mass spectra were recorded on a Hitachi Perkin-Elmer 
R M U  6E spectrometer. Melting points are uncorrected. wi-Xylene was 
distilled from calcium hydride just prior to its use.

(19) 8 4.02, 4.19 reported by P. Allen, Jr., P. J. Berner, and E. R . M ali
nowski, Chem. Ind. {London), 208 (1963).

(20) E. Fromm and J. Palma, Ber., 39, 3308 (1936).

The Reaction o f  Enamines with
o-Hydroxy-co-nitrostyrenes. Preparation o f  

Benzodihydropyrans and Hexahydroxanthenes 
and Their Rearrangem ent to Pyrroline 1-Oxides 

and Hexahydroindole 1-Oxides

S. K l u t c h k o , *  A. C. S o n n t a g , M. v o n  S t r a n d t m a n n , 
a n d  J. S h a v e d , Jr.
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The reaction of enamines with phenolic Mannich 
basesla b and o-hydroxybenzaldehydes2 has resulted in 
the formation of benzodihydropyrans. The present 
report describes the development of a third method of 
preparing benzodihydropyrans (2) which involves the 
reaction of enamines with o-hydroxy-co-nitrostyrenes. 
A useful feature of this approach was the incorporation 
of a nitromethyl function in the 4 position. The reac
tion of enamines with nitro olefins has been reported to 
give good yields of nitrocyclobutanes or nitro ketones.3-4 
In our case the postulated zwitterion intermediate 
collapsed to a benzodihydropyran 2c or a hexahydro- 
xanthene 2a,b, through the intervention of the o-hy-

CHNCfi

la, X = 3-OCH3 
b, X = 5-OCH;,

2a, R, and R, = (CK,)4; X = 8-0CH.
b, R, and R,«(CH.,)4; X = 6-0CH:
c, R, = Clfi; R, = CH;; X = S-0CH.

droxyl, rather than to a nitrocyclobutane or a simple 
substituted enamine.

Both aliphatic and alicyclic enamines were utilized 
in this reaction; thus, the morpholine enamine of di
ethyl ketone yielded a 2-morpholino-4-(nitromethyl)- 
benzodihydropyran (2 c) and the morpholine enamine 
of cyclohexanone gave 4a-morpholino-9-(nitromethyl)- 
hexahydroxanthenes (2 a,b).

In spite of the presence of three asymmetric centers,

(1) (a) M . von Strandtmann, M . P. Cohen, and J. Shavel, Jr., Tetra
hedron Lett., 3101 (1965); (b) J. Heterocyd. Chem., 7, 1311 (1970).

(2) L. A . Paquette, Tetrahedron Lett., 1291 (1965).
(3) M . Kuehne and L. Foley, J. Org. Chem., 30, 4280 (1965).
(4) A . Risaliti, M . Forchiassin, and E. Valentin [Tetrahedron, 24, 1889 

(1968)] have shown that the product of reaction of /3-nitrostyrenes and 
morpholine cyclohexanone enamine has the erythro configuration.
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only one compound was generally isolated from the 
reaction mixture. This is, in part, due to the ability 
of these cyclic 0,N  ketals to epimerizelb at C-2 and, 
in part, because of the stereospecificity of the addition 
reaction which restricts the spatial arrangement at 
C-3 and C-4 to a cis configuration.4

The reactions were effected by heating equimolar 
amounts of the enamine and nitrostyrene in dioxane 
at reflux for 1-2 hr, giving generally a 50% yield of the 
product. The cyclic nature of the compounds was 
confirmed by the absence of a phenolic OH, C = 0 , or 
C = C  or C = C N  stretching frequency in the ir. The 
nmr was in agreement with the assigned structures. 
The spectrum of the xanthene 2a consisted of a multi- 
plet at 8 6.85 (3 H, phenyl aromatics), octet at 4.8 
(2 H, CH2N 02), quartet at 4.18 (1 H, benzylic proton), 
singlet at 3.9 (3, H, OCH3), 3.62 (4 H, morpholine 
CH20 ), 2.68 (4, H, morpholine CH2N) and 1-2.4 
(9 H, the methylene envelope). The nmr spectrum 
of the benzodihydropyran 2c was analogous.

Reductive Rearrangement of Benzodihydropyrans. 
The pyrans 2a-c are formally 0,N  ketals of y-nitro 
ketones. The reduction of y-nitro ketones has been 
utilized in the formation of pyrroline and pyrroline
1-oxides.6 We have now determined that analogous 
transformations could be achieved with cyclic 0,N  
ketals such as the benzodihydropyran derivatives 
2a-c.

Hydrogenation of 2a with palladium in ethanol- 
acetic acid gave the pyrroline 1-oxide derivative 5a. 
Assignment of this phenolic nitrone structure rather 
than the anticipated product of simple reduction, a
4-(aminomethyl)benzodihydropyran, was made on the 
basis of physical properties, i.e., water solubility, and 
spectral data: ir (CH2C12) 3500 (OH), 1620 cm-1 
(C = N ); nmr 2 H multiplet at 5 4.18-4.5 [CH2N- 
(0 )= C ],

The nitrone 5a could arise through partial reduction 
of the nitro group to the hydroxylamine followed by 
cyclization and rearrangement of the hydroxylamine 
group to the nitrone with elimination of morpholine. 
The cyclization step probably occurs in the ring-opened 
form (3) (Scheme I), which exists in equilibrium with 
the closed form.lb Consideration of Dreiding models 
reveals that a direct displacement of morpholine in 
the presence of the intact pyran ring is unlikely be
cause of severe steric hindrance to the approach of the 
hydroxylamine moiety. An alternate mechanism would 
involve hydrolysis of 3 to a ketone with ring closure to 
5.

The configuration at C-3 and C-4, which has been 
shown above to be cis in 2, is trans for the two chiral 
centers in 5. This change in the spatial arrangement is 
a consequence of the rotation around the C-4, C-3 axis 
in the course of the pyrroline ring formation.

A chemical reduction of 2 using aqueous zinc-am
monium chloride6a’b also gave 5 in good yield. The 
pyrroline 1-oxide 5c was prepared by this method from 
2c. A more complete reduction of 2a to the 3-(o-

(5) J. Hammer and A. Macaluso, Chem. Rev., 64, 473 (1964); F. R. Del- 
pierre and M . Lamchen, Quart. Rev., Chem. Soc., 329 (1965).

(6) The use of aqueous zinc ammonium chloride in the reduction of y -
nitro ketones to A^pyrroline 1-oxides has been reported: (a) R. Bonnett,
R. F. C. Brown, V . M . Clark, I . O. Sutherland, and A. Todd, J. Chem. Soc., 
2094 (1959); (b) M . C. Kloetzel, F. L . Chubb, R. Gobran, and J. L. Pinkus, 
J. Amer. Chem. Soc., 83, 1128 (1961).

S c h e m e  I
2 a— c

l

5a, R, and R, = (CH„)4; X = 3'-OCH3
b, R, and R, = (CH,)4; X=5'-OCH3
c, R, = C,H3; R, = CH3; X= 3'-0CH3

hydroxyphenyl)hexahydroindole 6 was obtained cata- 
lytically with Raney nickel and methanol solvent.

Experimental Section7
l,2,3,4,4a,9a-Hexahydro-5-methoxy-4a-morpholino-9-(nitro- 

methyl)xanthene (2a).— A solution of 145 g (0.74 mol) of 2- 
hydroxy-3-methoxy-w-nitrostyrene,8 800 ml of dioxane, and
69.6 g (0.8 mol) of cyclohexanone morpholine enamine9 was 
heated on the steam bath for 2 hr. About 500 ml of dioxane was 
removed at reduced pressure and 200 ml of 2-propanol was 
added to the thick residue. The separated orange crystals were 
filtered and washed with 2-propanol and then with petroleum 
ether (bp 30-60°) to give 85 g (32% ) of 2a, mp 198-200°. A 
total yield of 40-50%  of 2a was isolated by addition of water to 
the filtrate to precipitate additional crude. Pure material was 
obtained by recrystallization from tetrahydrofuran-petroleum 
either, mp 199-201°.

Anal. Calcd for Ci9H26N20 5: C, 62.96; H, 7.23; N , 7.73. 
Found: C, 63.15; H , 7.28; N , 7.48.

7-Methoxy Isomer of 2a (2b).— This compound was prepared 
from 2-hydroxy-5-methoxy-u-nitrostyrene by the same procedure 
used for 2a: yield 50% ; recrystallization from tetrahydrofuran- 
petroleum ether gave mp 165-167°.

Anal. Calcd for Ci9H26N20 5: C, 62.96; H, 7.23; N, 7.73. 
Found: C, 63.00; H, 7.20; N, 7.59.

2-Ethyl-3,4-dihydro-8-methoxy-3-methyl-2-morpholino-4-(ni- 
tromethyl)-2if- 1-benzopyran (2c).— This compound was pre
pared from 2-hydroxy-3-methoxy-w-nitrostyrene and the mor
pholine enamine of diethyl ketone10 by a procedure similar to that 
used for 2a: yield 50%; recrystallization from tetrahydro
furan-petroleum ether gave mp 176-178°.

Anal. Calcd for C isH26N205: C, 61.70; H, 7.48; N , 8.00. 
Found: C, 61.81; H, 7.46; N, 7.91.

3,3a,4,5,6,7-Hexahydro-3-(2-hydroxy-3-methoxyphenyl)-2if- 
indole 1-Oxide (5a).— A solution of 271.5 g (0.75 mol) of 2a, 
750 ml of glacial acetic acid, and 31. of ethanol was hydrogenated 
for 16 hr at low pressure using 15 g of 10% P d/C . The catalyst 
was filtered and the filtrate was concentrated at reduced pressure

(7) Melting points were determined with the Thomas-Hoover capillary 
melting point apparatus which was calibrated against known standards. 
Infrared spectra were determined with a Baird Model 544 double-beam in
strument. Nmr spectra were measured with a Varian A -60 spectrophotom
eter.

(8) C. B. Gairaud and G . R. Lappin, J. Org. Chem., 18, 1 (1953).
(9) G. Stork, A . Brizzolava, H. Landesman, J. Szmuskovicz, and R. 

Terrell, J. Amer. Chem. Soc., 85, 207 (1963).
(10) R. Jacquier, C. Petrus, and F. Petrus, Bull. See. Chim. Fr., 9, 2845 

(1966).
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to remove most of the solvent. The residue was dissolved in 
water (750 ml) and enough potassium carbonate was added to 
neutralize and saturate the solution. The separated material was 
dissolved in 1.51. of methylene chloride and the solution was dried 
over potassium carbonate, filtered, and concentrated. Ether 
(300 ml) was added to generate 130 g (66% ) of solid 5a, mp 110- 
115°. Recrystallization was effected by dissolution in a mini
mum volume of hot methylene chloride, concentration to about 
*/« volume, and addition of an equal volume of ethyl acetate: 
mp 120-122°; nmr S 6.82 (m, 3, aromatics), 4.18-4.5 (m, 2), 
3.9 (s, 3, OCH3), 2.9-3.7 (m, 3), 1-2.3 (m, 8, methylene en
velope).

Anal. Calcd for Ci6H19N 0 3: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 68.69; H, 7.35; N , 5.36.

Alternate Preparation of 5a.— A solution of 0.54 g (0.01 mol) 
of ammonium chloride in 15 ml of water was added to a solution 
of 3.6 g (0.01 mol) in 2a in 75 ml of TH F. With vigorous stir
ring, under nitrogen, zinc powder (7 g) was added over a 2-min 
period. The mixture was stirred for 45 min and filtered and the 
filtrate was treated with 50 ml of 1 N  hydrochloric acid. After 
15 min this solution was neutralized with solid potassium car
bonate excess and the THF phase was dried further with anhy
drous potassium carbonate, filtered, and concentrated. Upon 
addition of ether to the viscous residue, 2.2 g (85%) of solid 5a 
developed, mp 105-110°. Recrystallization was effected as 
above, mp 118-121°.

2-Hydroxy-5-methoxyphenyl Isomer of 5a (5b).—This com
pound was prepared from 2b by the above alternate zinc-NH<Cl 
method: yield 78%, mp 180-182°.

Anal. Calcd for C15Hi9N 0 3: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 69.19; H , 7.44; N, 5.24.

2-Ethyl-4-(2-hydroxy-3-methoxyphenyl)-3-methyl-l-pyrroline
1- Oxide (5c).— A solution of 5.4 g of ammonium chloride in 150 
ml of water was added to a warm solution (35°) of 35 g (0.1 mol) 
of 2c in 750 mol of tetrahydrofuran. The vigorously stirred 
mixture was treated with 70 g of zinc powder over the next several 
minutes. In 15 min, the zinc paste developed into a suspended 
solid. After */j hr the reaction was worked up in a fashion 
similar to that for the alternate preparation of 5a to give 20.5 g 
(82.3%) of crude 5c, mp 101-103°. Recrystallization from 
EtOAc gave pure nitrone, mp 107-109°.

Anal. Calcd for C»H i9N 0 3: C, 67.44; H, 7.68; N, 5.62. 
Found: C, 67.30; H, 7.82; N, 5.57.

3,3a,4,5,6,7-Hexahydro-3-(2-hydroxy-3-methoxyphenyl)-2fl- 
indole (6).— A mixture of 108.6 g (0.3 mol) of 2a, 31. of methanol, 
and 30 g of Raney nickel was hydrogenated at low pressure at a 
temperature of 50° for 16 hr. After filtration of the catalyst, the 
solution was concentrated to 1-1. volume. A volume of 350 
ml of 2 A  hydrochloric acid was added and the solution was 
heated on the steam bath for 10 min. Ice water was added to 
precipitate some red solid. After filtration, concentrated am
monium hydroxide was added to precipitate the tacky base. 
Recrystallization was effected by dissolution in 200 ml of hot 
methanol and addition of 100 ml of water to give 25 g (34%) of 6, 
mp 135-140°. Recrystallization from absolute ethanol gave pure 
6: mp 140-145°; ir (Nujol) 1655 (C = N ), 2500 cm "1 (C =N H +); 
ir (CHCla) 1650 (C = N ), 3550 cm “ 1 (OH).

Anal. Calcd for CisHigNCh: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.46; H, 7.77; N, 5.89.
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The dihydrobenzo[l,2:4,5]dicycloheptenos (e.g., 3 
and 4) are molecules of considerable synthetic interest, 
since, in principle, these compounds can act as precur
sors to a variety of novel conjugated systems. Thus, 
removal of hydride could provide the monocation 5 and 
the 14-7r-electron dication, proton removal the 18-w- 
electron dianion, and loss of hydrogen the 16-ir- 
electron hydrocarbon 1. We now report the synthesis

1

of 1,7- (3) and l,ll-dihydrobenzo[l,2:4,5]dicyclohep- 
tene (4), and the conversion of these isomers into 1H -  
benzo [1,2:4,5]dicycloheptenium tetrafiuoroborate(l —)
(5).1

l,2,3,4,5,7,8,9,10,ll-Decahydrobenzo[l,2:4,5]dicy- 
cloheptene (2), prepared by a known route,2'3 was 
treated with 4 molar equiv of iV-bromosuecinimide, and 
a complex mixture of bromides was formed. The total 
mixture was dehydrobrominated with 1,5-diazabicyclo- 
[5.4.0 ]undec-5-ene in dimethylformamide, and the 
resulting mixture was chromatographed on silica, 
eluting with petroleum ether (bp 40-60“). A crystal
line material was obtained, which on fractional crystal
lization or chromatography gave mixtures of varying 
composition of the isomers 3 and 4 (see Experimental 
Section). Attempts to separate these isomers com
pletely proved unsuccessful, but the mixtures gave 
satisfactory mass spectral and analytical data. The 
nmr spectrum of the mixtures shovred a singlet in the 
aromatic region at r 2.92, assigned to the equivalent 
aromatic protons of 3, and singlets at r 2.75 and 3.06, 
assigned to the nonidentical aromatic protons of 4. 
The allylic protons of 3 and 4 appeared as a doublet 
(r 6.97) and the chemical shifts and coupling pattern of 
the olefinic protons was consistent with structures 3 
and 4.

A mixture (1:2) of the isomers 3 and 4 was treated 
with trityl fluoroborate in dry acetonitrile under nitro
gen, and lif-benzo[l,2:4,5]dicycloheptenium tetra- 
fluoroborate(l—) (5) was formed as dark red needles. 
The nmr spectrum (CD3CN) was complex [r 6.49 
(HA, d, J  «  6 Hz), 3.97 (dd, HB, J  «  6, 10 Hz), 3.68 
(Hc, dd, J  «  6, 10 Hz) 3.07 (HD, dd, J  «  6, 12 Hz), 
2.52 (HE, d, J  »  12 Hz), 1.18-1.46 (HH, HH', HF, HJ, 
m), 0.92 (H1, dd, J  «  10 Hz), 0.47 (HG, HG', d, J  «  10

(1) W e thank Dr. K . L. Loening, Director of Nomenclature, Chemical 
Abstracts Service, for helpful discussions concerning the correct name for 
the cation.

(2) R. Legros and P. Cagniant, C. R. Acad. Set., 252, 2733 (1961).
(3) For a second method of preparation, see R. H . W ightman, R. J. 

Wain, and D . H. Lake, Can. J. Chem., 49, 1360 (1971).
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Hz) ] but entirely consistent with the assigned structure. 
The electronic spectrum [XmSCN 228 nm (e 14,000), 256 
(13,700), 261 (12,900), 293 (11,100), 317 (8800), 550 
(1800)] resembled that of other annelated tropylium 
ions.4

Attempts to convert 5 into 1 by treatment with 
trimethylamine according to the method of Dauben 
and Bertelli5 gave a complex mixture of products, but 
no evidence for the production of 1 could be adduced. 
Reaction of 5 with a second mole of trityl fluoroborate 
did not lead to the dication, the nmr spectrum remain
ing virtually unchanged.

Experimental Section

The nmr spectra were run on a Yarian HA-100 spectrometer 
with TMS as internal standard and are reported in r units. Elec
tronic spectra were recorded on a Unicam SP 800 spectrophotom
eter. Ir spectra were recorded on a Unicam SP 200 spectrom
eter. Mass spectra were taken with an AEI MS12 spectrom
eter at 70 eV.

Preparation of Mixtures of 1,7- (3) and 1,11-Dihydrobenzo- 
[l,2:4,5]dicycloheptene (4).— The hydrocarbon 2 (4.28 g, 20 
mmol) and V-bromosuceinimide (12.24 g, 80 mmol) were sus
pended in CCh (300 ml), benzoyl peroxide (20 mg) was added, 
and the mixture heated under reflux until all of the Y-bromo- 
succinimide had reacted (~ 3  hr). The resulting mixture was 
filtered to remove the succinimide, and evaporation of the solvent 
from the filtrate gave a glass (13.4 g). The nmr spectrum 
(CCh) showed signals at r 2.4-2.6 (m, aromatic), 4.3-4.7 (b, s, 
benzylic), and 7.2-8.4 (aliphatic). The glass was dissolved in 
dimethylformamide (40 ml), l,5-diazabicyclo[5.4.0]undeca-5-ene 
(10 ml), was added, and the mixture stirred at 80° for 3 hr. The 
mixture was then poured into water, 50 ml of 5 Y  HC1 was added, 
and the mixture was extracted with ether (3 X 100 ml). The 
ethereal extracts were washed with water (3 X  50 ml), saturated 
NaCl solution (1 X 50 ml), and dried (Na2S04). The solvent was 
removed by evaporation and the resulting dark solid was chroma
tographed on silica gel (90 g), eluting with petroleum ether. A 
white crystalline material was obtained (1.75 g) which slowly 
turned yellow on standing. A  number of purification procedures 
were investigated. Six recrystallizations of the material from 
ethanol gave white plates (45 mg) which consisted of a 4:1 mix
ture of 3 and 4: mass spectra m/e 206; ir (KBr) 1500, 1430, 
1370, 910, 800, 690 cm “ 1; nmr (CDC13) 6.98 (d, J ~  7 Hz), 4.25 
(m, /  «  7, 9.5 Hz), 3.96 (dd, J  =  5.5, 9.5 Hz), 3.58 (dd, J  =
5.5, 12 Hz), 3.06 (s), 2.96 (d, J  «  12 Hz), 2.92 (s), 2.15 (s); 
X“ °H 240 nm (e 8000), 311 (14,000).

Anal. Calcd for C16Hi4: C, 93.16; H, 6.84. Found: C, 
93.09; H, 6.83.

(4) See G . Naville, H . Strauss, and E. Heilbronner, Hdv. Chim. Acta, 
43, 1221 (1960).

(5) H . J. Dauben and D . J. Bertelli, J. Amer. Chem. Soc., 83, 4659 (1961).

Glc (Carbowax 20M, 256°) of the crystalline material (500 mg) 
gave a 1:1 mixture (55 mg) of 3 and 4. Column chromatog
raphy on 20% AgN03-impregnated alumina (80 g)6 of the crys
talline material (800 mg), eluting with ether-benzene, gave a 1 :2 
mixture (85 mg) of 3 and 4. A crystalline tetrahydrobenzo- 
[l,2:3,4]dicycloheptene fraction (180 mg) was also isolated in 
this separation.

Preparation of 1 Y-Benzo [ 1,2:4,5] dicycloheptenium Tetra- 
fluoroborate (1 —) (5).— A mixture (1:2) of the olefins 3 and 4 (25 
mg, 0.12 mmol) was added to a solution of trityl fluoroborate (40 
mg) in dry acetonitrile (10 ml) under dry N2. The mixture was 
stirred until all of the olefin had dissolved (~ 1  hr), the solvent 
was removed in vacuo, and the residue was washed with dry ether 
(3 X 5 ml) to give 5 (30 mg, 0.10 mmol, 83% ) as dark red 
needles, which decomposed on attempted mp determination: 
for nmr see discussion; for electronic spectrum, see discussion; 
ir (KBr), 1500,1060,920, 700 cm "1.

Anal. Calcd for CisHuBF,: C, 65.75; H, 4.78. Found: 
C, 65.77; H ,4.48.

Registry No.— 2, 14314-88-6; 3, 40682-46-0; 4, 40682-47-1; 
5, 40674-83-7; Y-bromosuccinimide, 128-08-5; trityl tetra- 
fluoroborate, 340-02-6.

(6) See R. Wolovsky, J. Amer. Chem. Soc., 87, 3638 (1965).
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A number of organic molecules undergo rearrange
ments, by a variety of mechanistic pathways in which a 
group migrates from a side chain in an aromatic system 
to a ring position.1 These migrations may be thermally 
induced, or acid1 or base catalyzed.2

ZY ZH

Z = N, 0 , C

The purpose of this report is to call attention to the 
rather general existence of this kind of thermally in
duced migration which arises during the high-tem
perature pyrolyses of appropriately substituted aro
matic compounds. The recently reported conversion 
of phenylacetonitrile to o-tolunitrile by our laboratories3 
and by Wentrup and Crow4 is an example of such a 
migration (see Table I). The relatively high yield 
of ortho isomer relative to meta and para isomers (tolu- 
nitrile) suggests the participation of an intramolecular 
migration.1 On the other hand, competitive cleavage 
also occurs, as shown from the formation of benzene, 
toluene, and the isomeric cyanophenylacetonitriles.

Many of these side chain to ring migrations are ob
scured because the initially formed rearrangement

(1) M . J. S. Dewar in “ Molecular Rearrangements,”  Vol. 1, P. de M ayo, 
Ed., Interscience, New York, N . Y ., 1963, Chapter 5.

(2) W . von E . Doering and R . A . Bragole, Tetrahedron, 22, 385 (1966).
(3) N . F. Haidar, Ph.D . Thesis, University of Kentucky, Lexington, K y ., 

1970.
(4) C. Wentrup and W . D . Crow, Tetrahedron, 26, 3965 (1970).
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T a b l e  I
R e l a t i v e  C o n c e n t r a t i o n s “ o f  P y r o l y s a t e  C o m p o n e n t s  

O b t a i n e d  f r o m  P h e n y l a c e t o n i t r i l e  a t  850°

Compd
Conen,

%
Benzene 3.1
Benzonitrile 0.6
or-Cyano-m-tolunitrile 0.4
a-Cyano-o-tolunitrile 1.1
a-Cyano-p-tolunitrile 1.1
Diphenylacetonitrile 0 .86
Fluorene 0 .86
Indole-cinnamonitrile 0.4
Phenanthrene-anthracene 0.1
Phenylacetonitrile 80.4
2-Phenylindole 0.2
p-Phenylphenylacetonitrile 0.3
trans-Stilbene 0.6
Toluene 7.6
o-Tolunitrile 3.0
Wt of pyrolysate, g 8.8
Wt pyrolyzed, g 10.2

0 Relative concentrations are area per cent as determined by 
glpc analysis. 5 6 Unseparated mixture of diphenylacetonitrile 
and fluorene.

products undergo ring closure. Thus, the results of 
experiments reported in Tables II and III show that

T a b l e  II
R e l a t i v e  C o n c e n t r a t i o n s '* o f  P y r o l y s a t e  C o m p o n e n t s  

O b t a i n e d  f r o m  D i p h e n y l m e t h a n e  a n d  
o- M e t h y l b i p h e n y l  a t  850°

/-----Substance pyrolyzed----- »
Diphenyl o-M ethyl-

Component methane biphenyl
Anthracene 0 .5
Benzene 9 .7 6 .7
Biphenyl 0 .4
Diphenylmethane 64.6
Fluorene 7 .6 45.1
Indene 0.2
o-Methylbiphenyl 39.6
m-Methylbiphenvl 0 .5 0 .7
p-Methylbiphenyl 0 .7b 1.0
Naphthalene 0.1 0.1
trans-Stilbene 1 .2 '
Styrene 0.1
Toluene 8.6 3 .7
T riphenylmethane 0 .7
Wt of pyrolysate, g 3.80 5.70
Wt of substance pyrolyzed, g 4.02 6.16

“ Relative concentrations are area per cent as determined by 
glpc analysis. b Fraction also contained acenaphthylene. 
c Identification based upon glpc retention time and uv spectrum.

the formation of fluorene from diphenylmethane’ and 
of dibenzofuran from phenyl ether probably arises 
from the rearrangement products o-methylbiphenyl 
and o-hydroxybiphenyl, respectively. Likewise the 
formation of acridine from iV-benzylaniline6 undoubt
edly involves the proposed side chain to ring migration. 
Carbazole formation from diphenylamine7 and phen- 
anthrene formation from bibenzyl5 are further examples 
of the rearrangement.

(5) J. W . Sweeting and J. F. K . Wilshire, Aust. J . Chem., 15, 89 (1962).
(6) H . Meyer and A. Hofmann, Monatsh., 37, 698 (1916).
(7) C. Graebe, Justus Liebigs Ann. Chem., 167, 125 (1873).

T a b l e  III
R e l a t i v e  C o n c e n t r a t i o n s '* o f  P y r o l y s a t e  C o m p o n e n t s  

O b t a i n e d  f r o m  o- H y d r o x y b i p h e n y l  a n d  
P h e n y l  E t h e r  a t  700°

.—-Substance pyrolyzed— .
o-Hydroxy- Phenyl

Component biphenyl ether

A. Neutral Fraction
Benzene 4.0 0.4
Biphenyl 4.6
Dibenzofuran 10.7 2.0
Naphthalene 0.05 0.4
Phenyl ether 96.7
Wt of neutral fraction, g 20 .16 5.4

B. Acid Fraction
o-Hvdroxybiphenyl 76.3
Phenol 4.1 94.0
Wt of acid fraction, g 2 0 .15 0.3
Wt of substance pyrolyzed, g 20.2 6.0

“ Relative concentrations are area per cent as determined by 
glpc analysis. 5 Combined weight of acid and neutral fractions.

Experimental Section

Ultraviolet spectra were measured in cyclohexane using a 
Perkin-Elmer Model 202 spectrophotometer, infrared spectra 
were measured in chloroform or carbon tetrachloride using a 
Beckman IR-8 spectrophotometer equipped with a mirror beam 
condenser, and nmr spectra were measured in deuteriochloro- 
form or carbon tetrachloride (TMS internal standard) using a 
Varian T-60 spectrometer. Mass spectra were determined on a 
Hitachi RMU-6E double focusing mass spectrometer using 70 
eV ionizing energy with the inlet system at 200°. Glpc analyses 
and preparative separations of the pyrolysate constituents were 
carried out on an F & M Model 810 gas chromatograph using a 
thermal conductivity detector.

Materials.—The substances pyrolyzed were commercially 
available samples and were used as received. Purities were 
checked prior to use by glpc analysis.

Pyrolyses.— The pyrolyses were carried out in the apparatus 
previously described9 using 20-30 ml of Berl saddles or Vycor 
beads, and a syringe driven by a Troemer monodrum for the 
introduction of liquid samples (or a rotating screw device for 
solid samples) into the pyrolysis tube. Addition rates were ca.
4.5 g/hr. Nitrogen gas flow rates were 60 ml/min in the phenyl
acetonitrile, diphenylmethane, and o-methylbiphenyl pyrolyses 
and 100 ml/min in the o-hydroxybiphenyl and phenyl ether 
pyrolyses. The liquid products were collected in two traps, 
each of which was cooled in a Dry Ice-chloroform-carbon tetra
chloride mixture, and dissolved in ether. The o-hydroxybi
phenyl pyrolysate was separated into neutral and acidic fractions 
by extraction with 5%  NaOH.

Separation and Identification of Components.— Components 
of the neutral and acidic fractions were separated by glpc using 
a 25 ft X 0.375 in. 20% Apiezon L (Anakrom 50/60 U) column 
heated isothermally at 90° for 8 min and then programmed at 
2°/m in or4°/m in to 280°.

Identifications of components are based on comparisons of 
glpc retention times, ultraviolet spectra, and infrared spectra 
with those obtained from authentic samples with the following 
exceptions. The identifications of diphenylacetonitrile and 
p-phenylphenylacetonitrile were based upon comparisons of 
glpc retention times, infrared spectra, mass spectra, and nmr 
spectra with those obtained from authentic compounds. Bi
phenyl and dibenzofuran were identified from comparisons of 
glpc retention times and ultraviolet and nmr spectra. Estima
tion of relative abundances of constituents are based on area 
per cent values obtained from glpc analyses. The results are 
reported in the tables.
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Contract No. 12-14-100-9476-(73) and 12-14-100-9575-

(8) J. M. Patterson, A. Tsamasfyros, and W . T. Smith, Jr., J. Heterocyd.
Chem., 5, 727 (1968).
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Williamsburg, Virginia 23185

Received April 2, 1973

Earlier work1-3 has established the mechanism of 
solvolysis of trisubstituted haloallenes in aqueous ace
tone and aqueous ethanol solutions as a unimolecular 
C -X  bond heterolysis yielding the resonance-stabilized 
cation, 1. The solvolysis reaction of the haloallenes

Kk  b+ V  
^ C — C = C — R3

R2
1

studied parallels the SnI reaction of saturated systems 
in every respect. First-order rate laws are obeyed, 
a large excess of added nucleophile has no effect on the 
rate of solvolysis, a common ion rate depression is ob
served, the substituent effects and temperature and 
solvent dependence of the reaction rate are consistent 
with a carbonium ion mechanism, and products derived 
from reaction at each end of 1 are observed.

It was noted, however, that an aromatic ring at C-l 
had a much larger effect on the rate of solvolysis than 
one placed at C-3. For example, 1-chloro-l-phenyl-
3-totobuty 1-4,4-dim ethyl-1,2-pen tadiene (R3 =  C6H5; 
Ri =  R2 =  ter t-butyl) solvolyzes eight times as rapidly 
as 3-chloro-2,2,6,6-tetramethyl-5-phenyl-3,4-heptadiene 
(Ri =  R3 =  tot-butyl; R2 =  CeHs) in 50:50 (v/v) 
acetone-water at 35°. This is apparently due to the 
inability of an aromatic ring in the 3 position to achieve 
the coplanarity necessary for overlap with the develop
ing electron-deficient it MO of the cation. A similar 
situation obtains in the solvolysis of aralkyl chlorides 
where l-chloro-2,2-dimethylindane is reported to sol- 
volyze 104 times as fast as l-chloro-l-phenyl-2,2-di- 
methylpropane in 80% ethanol at 45°.4 5

To test this hypothesis in our system the allenyl 
halide 2 was prepared. Treatment of the propargyl 
alcohol obtained upon nucleophilic addition of tert- 
butylethynyllithium to 2,2-dimethylindan-l-one with 1 2 3 4 5

(1) M . D . Schiavelli, S. C. Hixon, and H . W . Moran, J. Amer. Chem. 
Soc., 92, 1082 (1970).

(2) M . D . Schiavelli, S. C. Hixon, H . W . Moran, and C. J. Boswell, 
J. Amer. Chem. Soc., 93, 6989 (1971).

(3) M . D . Schiavelli, H. P. Gilbert, W . A. Boynton, and C. J. Boswell, 
J. Amer. Chem. Soc., 94, 5061 (1972).

(4) G. Baddeley and J. Chadwick, J. Chem. Soc., 368 (1951).
(5) G. Baddeley, J. W . Rasburn, and R. Rose, J. Chem. Soc., 3168 (1958).

SOCl2 afforded the desired chloroallene. The data 
in Table I support the conclusion that 2 reacts by a

T a b l e  I
R a t e s  o p  S o l v o l y s is  o p  2  i n  A q u e o u s  A c e t o n e  S o l v e n t

Acetone-water
(v /v )

70:30
80:20
90:10
90:10
90:10

T, °C

24.62 ±  0.01
24.62 ±  0.01
24.62 ± 0 . 0 1  
34.68 ±  0.02 
45.30 ±  0.02

104&, sec-1

13.0 ±  0.3
2.89 ±  0.03 
0.463 ±  0.004
1.68 ±  0.03
4.47 ±  0.03

mechanism identical with that of other trisubstituted 
haloallenes. A plot of these data vs. Y  yields m =
0.73. The temperature dependence of the rate con
stant yields AH *  =  20.0 kcal/mol and AS* = —11.0 
eu at 25°. These data also point up the remarkable 
rate enhancement over the structurally similar com
pound 3 (Ri =  R3 =  teri-butyl; R 2 =  CeH5). The

C6H5 Cl
/ C = C = C

t-C4H9 i-C4H9
3

indanyl derivative, 2, reacts 6800 times as fast as the 
open-chain analog, 3, in 90:10 acetone-water at 35°.

It is likely that some of this rate acceleration is due 
to the presence of an ortho alkyl substituent in the 
fused-ring compound which is not present in the open- 
chain compound. However, for this rate acceleration 
to be accounted for solely by the substituent effect, 
p must equal —12, a value at least twice as large as 
that observed for any other solvolysis reaction. Fur
thermore, since no hybridization changes occur at C-3, 
any strain introduced by the five-membered ring re
mains the same in the ground state and transition state. 
Thus, no change in rate due to the introduction of 
strain in the ground state is to be expected. It seems 
likely therefore that a major portion of the rate en
hancement is associated with the constrained coplanar
ity of the aromatic ring and vacant it MO and the 
attendant stabilization of 1. We have attempted 
unsuccessfully thus far to prepare analogs of 2 and 3 
having substituents in the aromatic ring in an attempt 
to assess the magnitude of substituent effects on this 
system.

Experimental Section

All melting points and boiling points are uncorrected. Ir 
spectra were obtained using a Perkin-Elmer Model 457 spectro
photometer or a Bausch and Lomb Model 250 spectrophotometer. 
Nmr spectra were obtained using a Perkin-Elmer Model R-20B 
spectrometer. Microanalyses were performed by Atlantic 
Microlabs, Atlanta, Ga.

2,2-Dimethyl- 1-indanone was prepared by dialkylation of
1-indanone with methyl iodide and potassium ierf-butoxide in 
(erf-butyl alcohol according to Woodward, et al.6 Distillation 
at reduced pressure (80-81° at 0.7 mm) afforded the ketone in

(6) R. B. Woodward, A. A. Patchett, D. H. R. Barton, D. A. J. Ives,
and R. B. Kelly, J. Chem. Soc., 1131 (1957).
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55% yield: mp 42-43° (lit.6 mp 42-43°); ir (CCh) 1710 cm -1 
(C = 0 ) ;  nmr (CC14) 5 1.15 (s, 6), 2.9 (s, 2), 7.3 (m, 4).

l-tert-Butylethynyl-2,2-dimethylindan-l-ol was prepared as 
described earlier3 for the general synthesis of tertiary propargyl 
alcohols by addition of ierf-butylethynyllithium to 2,2-dimethyl-
1-indanone. Distillation afforded the alcohol in 82% yield (99— 
100° at 0.5 mm): ir (neat) 3460 cm -1 (O— H), 2250 cm -1 
(C = C ); nmr (CCh) 5 1.0 (s, 3), 1.15 (s, 3), 1.23 (s, 9), 2.02 
(s, 1), 2.55 (s, 1), 2.78 (s, 1), 7.05 (m, 4).

l-(tert-Butylchlorovinylidene)-2,2-dimethyIindan (2) was pre
pared according to the general procedure for the preparation of 
chloroallenes by Jacobs and Fenton.7 After three successive 
distillations from a small amount of sodium borohydride to re
move unreacted alcohol, the desired chloroallene was obtained 
in 23% yield: bp 96-100° at 0.3 mm; ir (neat) 1945 cm -1 (C =  
C = C ); nmr (CCh) S 1.22 (s, 9), 1.29 (s, 6), 2.86 (s, 2), 7.08 
(m, 4).

Anal. Calcd for CI7H21C1: C, 78.31; H, 8.06; Cl, 13.63. 
Found: C, 78.40; H, 8.12; Cl, 13.46.

Kinetic Procedure.— The rate of appearance of HC1 was mea
sured conductometrically as described earlier.2'3 All rates are 
the average of triplicate determinations. Acetone was purified 
according to Denoon.8 Kinetic solvent solutions exhibited ini
tial measured conductances of less than 2 ¿imho.

Acknowledgments. —Acknowledgment is made to the 
donors of the Petroleum Research Fund, administered 
by the American Chemical Society, for partial support 
of this research. The senior author acknowledges the 
support of the College of William and Mary Faculty 
Research Fellowship Program.

Registry No.— 2, 40548-49-0 ; 2,2-dimethyl-l-indanone, 10489- 
28-8; l-ierf-butylethynyl-2,2-dimethylindanol, 40548-50-3; tert- 
butylethynyllithium, 37892-71-0.

(7) T . L. Jacobs and D . M . Fenton, J. Org. Chem., 30, 1808 (1965).
(8) C. E . Denoon, “ Organic Syntheses,” Coliect. Voi. I l l ,  Wiley, New  

York, N . Y .,  1955, p 16.

A New Synthesis o f  Benzocyclobutene1
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In connection with current studies of transition 
metal complexes of strained cyclic olefins, we required 
a supply of benzocyclobutene. The preparations 
of benzocyclobutene (2) previously reported in the 
literature are inconvenient for large-scale synthesis. 
Hydrogenation of 1,2-diiodobenzocyclobutene with 
palladium on carbon3 requires a specially aged sodium 
ethoxide catalyst and involves lengthy purifications. 
High temperature pyrolyses in  vacuo (without or with 
uv irradiation) of 1,3-dihydroisothianaphthene 2,2- 
dioxide4’5 require special apparatus. A recent syn
thetic route to 2 involves the dissolving metal reduc
tion of benzocyclobutenyl acetate6 which is prepared

(1) W e gratefully acknowledge support from the donors of the Petroleum 
Research Fund, administered by the American Chemical Society, and the 
Graduate School of Boston University.

(2) An E P D A , Part E Fellowship from the Office of Education is grate
fully acknowledged.

(3) (a) M . P. Cava and D . R . Napier, J. Amer. Chem. Soc., 80, 2255 (1958). 
(b) M . P. Cava and D . R . Napier, J. Amer. Chem. Soc., 79, 1701 (1957).

(4) (a) M . P. Cava and A. A . Deana, J. Amer. Chem. Soc., 81, 4266 (1959). 
(b) J. A . Oliver and P. A . Ongley, Chem.lnd. {London), 1024, (1965).

(5) Y . Odaira, K . Yam aji, and S. Tsutsumi, Bull. Chem. Soc. Jap., 37, 
1410 (1964).

(6) J. H . Markgraf, S. J. Basta, and P. M . Wege, J. Org. Chem., 37, 2361 
(1972).

by the cycloaddition of vinyl acetate to bcnzcnc- 
diazonium-2-carboxylate, an explosive benzyne7 pre
cursor requiring special handling.

We devised a convenient reduction of the mixture 
of 1,2-dibromo- and l ,2-diiodobenzocylobuteno3b (1) 
which is readily prepared in 90% yields from the com
mercially available a,a,a',a'-tetrabromo-o-xylcno (Co
lumbia Organic Chemicals, Co., Inc.). Reduction 
of 1 with lithium aluminum hydride in refluxing tetra- 
hydrofuran gave 2 in 20% yields. This method was 
inconvenient since large quantities of lithium alu
minum hydride were required and much polymeric 
material was formed, thus making purification tedious. 
A more expedious method involved the reduction of 1 
with tri(n-butyl)tin hydride generated in  situ from 
tri(n-butyl)tin chloride with lithium aluminum hy
dride. Since the reduction of 1 with the hydride gives

X

X
1, X =  B r o r I  2

2 and tri(n-butyl)tin halide (which can be reduced 
to the hydride), only a limited amount of tri(?i-buty])- 
tin chloride is needed. Thus this route is convenient 
for a large-scale synthesis since the reaction is carried 
out in one reaction vessel with no special apparatus 
required, the course of the reaction is readily monitored 
by nmr spectroscopy, and the purification procedures 
are straightforward. Assuming the reactants to be 
pure 1,2-dibromobenzocyclobutene, yields of >50% 
of 2 have been realized.

Experimental Section

Benzocyclobutene (2).— To a 1000-ml round-bottom flask 
fitted with a magnetic stirrer, heating mantle, and reflux con
denser was added tetrahydrofuran (200 ml), tri(n-butyl)tin 
chloride (70 g, 0.22 mol), and 100 g of a mixture of 1,2-dibromo- 
and 1,2-diiodobenzocyclobutene.3b Lithium aluminum hydride 
(10 g, 0.26 mol) was added in 0.5-g portions over a period of 6 hr. 
while a gentle reflux was maintained. The mixture was allowed 
to cool to room temperature, transferred to a 1000-ml erlenmeyer 
flask, treated sequentially with 10 ml of H2O, 10 ml of 15% 
NaOH, and 30 ml of H20 , and shaken after each addition. The 
resulting mixture was filtered through a large sintered-glass filter, 
and the residue was washed with two 50-ml portions of THF. 
The filtrate was rapidly distilled under reduced pressure (12 mm) 
into a trap cooled in liquid nitrogen until 202 ml of volatile 
material had been collected and the pot temperature reached 60°. 
While at 60°, theresidue was placed under high vacuum (10~2 mm) 
and an additional 6 ml of volatile material collected. The nmr 
spectrum of the residue showed no remaining benzocyclobutene. 
The volatile fractions were combined (208 ml) and poured into 
1250 ml of water in a large separatory funnel. The lighter or
ganic layer was separated from the aqueous layer and then ex
tracted three times with 50-ml portions of water, dried over Mg- 
SO<, and filtered through a sintered-glass funnel. The remaining 
solvent was removed by distillation through a 25-cm Vigreux 
column until the head temperature reached 80°. The product
(2) was collected via short-path distillation of the residue: 20 g,
~ 5 0 %  yield; bp 143°; uv max (95% EtOH) 260, 265.5, 271.5 
nm; nmr (CCh) r 6.88 (s, 4), 3.03 (m, 4).

Registry No.— 1 (X = Br), 22250-72-2; 1 (X  =  I), 6639-21-0; 
2,694-87-1; tri(n-butyl)tin chloride, 1461-22-9.

(7) M . Stiles, R. G. Miller, and V. Burckhardt, J. Amer. Chem. Soc., 
88, 1795 (1963).
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We recently attempted to prepare the vinylogous 
urea 1 (Chart I) by reaction of 3,3-dichloropropenal

C1,C=CHCH0
2

C h a r t  I

S u m m a r y  o f  R e a c t i o n s “

(pip)2C=CHCHO 
5, major product

- <  *
x  pip— C H =C H C 0— pip 

1, minor product 
frans-ClCH=CHCOCl — ► 1 

CH3

CH.
I

Cl2C=CCHO
3

- <

c l c = c h c o c h 3

“ pip =  CsHioN.

pip— C H = C C 0— pip 
4a

ch3
I

(pip),C=CCHO
4b

( pip )3C = CHCOCHj 
6

(2) with piperidine. Our hope for success lay in the 
claim by Kundiger and Morris,1 later mentioned in 
passing somewhat less definitely,2 that 3,3-dichloro-
2-methylpropenal (3) gives the 2-methyl homolog 
(4a) of 1 with piperidine. The authors1 suggested 
initial attack of the amine on the carbonyl group as a 
mechanism. Since the aldehyde 2 is less hindered at 
the carbonyl than its homolog 3, we anticipated the 
formation of the desired urea 1.

We found that reaction of 2 gave a mixture of two 
olefins (nmr) in 70-80% crude yield. The first, 5, 
85-90% of the mixture, had absorptions at 8 4.18 (d, 
J  =  7 Hz) and 9.03 (d, J  =  7 Hz). The other, 10-15% 
of the mixture, absorbed at 5 4.91 (d, J  — 13 Hz) and 
7.14 (d, J  =  13 Hz). Only the absorptions of the 
minor product are consistent with those of 1. An 
authentic sample of 1 prepared from frans-3-chloro- 
propenoyl chloride has the same absorptions (con
firmed by peak enhancement) and coupling constant, 
and two distinct envelopes for the a-piperidino pro
tons centered at 8 3.10 and 3.37.

The spectrum of the major product 5 is consistent

(1) D . G . Kundiger and G. F. Morris, J. Amer. Chem. Soc., 80, 5988 
(1958). A  referee has pointed out that the structure assignment for the 
title product 4 was corrected in the Ph.D . Thesis of G . F. Morris [Kansas 
State University, 1961; Diss. Abstr., 21, 3273 (1961)]. Examination of 
the thesis shows that Morris also prepared authentic 4a and proved it dif
ferent from the title reaction product 4b. However, the result first alleged 
by Kundiger and Morris is not in general incorrect. Theinhalopropenals 
reportedly give 2,3-dihalopropenamides with piperidine [C. Raulet and 
E. Levas, Bull. Soc. Chim. F t., 2139 (1963)].

(2) R. L. Soulen, D. G. Kundiger, S. Searles, Jr., and R. A . Sanchez, 
J. Org. Chem., 32, 2661 (1967).

with that expected for the formyl ketenaminal 3,3- 
bis(piperidino)propenal. The 5 values and coupling 
constant are reasonable for =CH CH O  in this com
pound. The a-piperidino protons are in a single 
envelope for this compound.3

We therefore duplicated the preparation of Kundiger 
and Morris.1 To avoid possible loss of a minor or more 
soluble isomer, we initially assayed the crude material. 
There was no absorption near 5 7 but a singlet at 8
9.0 and one envelope for the a-piperidino protons, 
centered at 5 3.12. Work-up gave ~ 4 0 %  yield of a 
bright yellow solid with the properties reported by 
the above workers. The nmr spectrum of this purified 
material was the same as that of the crude, allowing 
for medium differences and minor impurities. Com
parison of this spectrum with those of the aminal 5 
and the vinylogous urea 1 strongly suggests that 
compound 4 is the formyl ketenaminal 4b rather than 
the vinylogous urea 4a.

Support for our structure assignment for 4 is found 
in the nmr spectrum of the isomeric acetyl ketenaminal
6. This aminal 6 has a-piperidino proton absorptions 
in a single envelope, like 4 and 5 and unlike 1.

We conclude therefore that the title product is in 
fact 3,3-bis(piperidino)-2-methylpropenal (4b). None 
of the evidence cited by the original workers1 excludes 
this structure. Thus, 4b as a vinylidenolog4 of a form- 
amide can base hydrolyze to give 2 equiv of piperi
dine; the other hydrolysis product, 2-formylpropionic 
acid, would be the same from 4a or 4b. The low car
bonyl stretching frequency is consistent with cither 
structure; our comparative data in dilute CC14 give 
bands at 1616 cm-1 for 4b, 1627 cm-1 for the isomeric 
acetyl ketenaminal 6, and 1640 cm-1 for 1.

The small amount of 1 formed from 2 may be from 
initial attack at the carbonyl1 or by the rearrangement 
of the possible intermediate 3-chloro-3-(piperidino)- 
propenal to l-(3-chloropropenoyl) piperidine5 and am- 
inolysis of this vinylogous carbamyl chloride.

Experimental Section

Caution.— (3-Chloro vinyl carbonyl compounds exhibit mustard 
gas-like vesicatory action. The aldehyde 2 and 4,4-diehloro-3- 
buten-2-one are cleaved by concentrated aqueous alkali to ex
plosive chloroacetylene. All the dihalides can be safely destroyed 
by slow addition to excess aqueous ammonia.

General Synthetic Procedure.— Essentially the procedure of 
Kundiger and Morris was followed.1 The dihalides were added 
dropwise with stirring at 0-5° to 6-8 molar equiv of piperidine 
in ether or benzene and stirred at room temperature for 1-2 
days. The piperidine hydrochloride was filtered off and washed 
thoroughly with ether (90-100% yield), and the ether solution 
was stripped on a rotary evaporator [50-60° (13 mm)]. If any 
solid appeared and then redissolved (piperidine hydrochloride) or 
an amine odor remained, the material was taken up in hot 
methylcyclohexane, filtered, and restripped.

(3) Acyl ketenaminals typically have low barriers to rotation about the 
carbon-carbon double bond and have their a-amino proton absorption iso- 
synchronous or nearly so: J. Sandstrom and I. Wennerbeck, Chem. Commun., 
1088 (1971), and E. Ericsson, J. Sandstrom, and I. Wennerbeck, Acta Chem. 
Scand., 24, 3102 (1970), and references cited therein. W e have found 4 ,4 -  
bis(dimethylamino)-3-buten-2-one to have a single sharp absorption for all 
four A-m ethyls at 38° with only slight broadening at —70° in ether.

(4) Name adopted to describe the relationship between, e.g., R C O X  and
I I I

R C O C = C X 2, as does vinylog for R C O C = C X , and ethynylog for R C O C = C X  
[latter due to K . Hafner and M . Neuenschwander, Angew. Chem., Int. Ed. 
Engl., 7, 459 (1968)]. A referee has noted that vinylidenolog does not dis
tinguish X C H = C (C H O )2 from X 2C = C H C H O .

(5) M . Neuenschwander and A. Niederhauser, Chimia, 25, 122 (1971).
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When stored in sealed vials, compounds 1, 4b, and 6 discolor 
slowly. However, decomposition was very slow when these 
compounds were stored in open vessels over KOH|H2SO,| 
paraffin shavings in a desiccator protected from light at room 
temperature.

Reaction of 3,3-Dichloropropenal (2).— The starting material 
was prepared as reported.6

Following the general procedure, 2.50 g (20 mmol) of 2 in 50 
ml of ether was allowed to react with 15 ml (~ 150  mmol) of 
piperidine in 100 ml of ether. Work-up afforded 3.37 g (76%) 
of an orange oil, which was a ~ 7 :1  mixture of 5 and 1: nmr
(CC1() 5 1.62 (broad and unresolved, all 12 0- and y-piperidino 
H ’s in both products), ~ 3 .18  (broad and distorted multiplet, 
all eight a-piperidino H ’s in both products), 4.18 (d, J  =  7 
Hz, a-vinyl H in S), 4.91 (d, /  =  13 Hz, a-vinyl H in 1), 7.14 (d, 
J  = 13 Hz, /3-vinyl H in 1), 9.03 (d, J =  7 Hz, formyl H in 5). 
The absorptions at S 4.91 and 7.14 were enhanced on addition of 
authentic 1 to the mixture.

l-[3-(Piperidino)propenoyl]piperidine (1).— Distillation of 48.0 
g (450 mmol) of irans-3-chloropropenoic acid7“ with 82 ml (710 
mmol) of benzoyl chloride through a 30-cm Vigreux column 
keeping the head temperature below 116°7b afforded 32.6 g 
(58%) of irans-3-chloropropenoyl chloride: bp 107-116° (748 
mm) [lit.7“ bp 115-115.5° (1 atm)]; nmr (neat) b 6.22 (d, 1, 
J  =  13 Hz, a-H ), 7.32 (d, 1, J  =  13 Hz, /3-H). This material 
contained some dissolved HC1 and a little benzoyl chloride but 
was not further purified.

Following the general procedure, 12.5 g (100 mmol) of the 
acid chloride in 30 ml of ether was allowed to react with 60 ml 
(600 mmol) of piperidine in 350 ml of ether. Work-up gave
19.3 g (87%) of crude yellow product. Two recrystallizations 
from ethyl acetate afforded slightly stained material, mp 98.5- 
99.5°. Two further recrvstallizations gave near-white needles: 
mp 99-100°; ir (CC14) 1640 (s, C = 0 ) ,  1572 cm “ 1 (s, C = C ); 
nmr (CC14) S 1.57 (broad, 12, 0- and y-piperidino H ’s), 3.10 and
3.37 (two distorted multiplets cleanly separated, 4 each, a- 
piperidino H ’s), 4.89 (d, 1, J =  13 Hz, a-vinyl H), 7.11 (d, 
1, /  = 13 Hz,/3-vinyl H).

Anal. Calcd for CuH22N20 : C, 70.23; H, 9.97; N, 12.60. 
Found: C, 70.06; H, 10.01; N, 12.44.

3.3- Bis(piperidmo)-2-methylpropenal (4b).— In 40 ml of
ether 7.0 g (50 mmol) of the aldehyde 3' was allowed to react 
with 35 ml (350 mmol) of piperidine in 200 ml of ether in the 
usual way to give 8.71 g (74% ) of crude yellow-orange solid. 
The reported work-up* and repeated recrystallization from ethyl 
acetate and cyclohexane gave yellow needles of 4b: mp 127-
129° (lit.* mp 129-131°); nmr (CCh) S 1.47 (s, CH3), 1.59 
(broad, 0- and y-piperidino H ’s, base overlaps 5 1.47, total both 
15), 3.12 (distorted poorly resolved multiplet but one envelope, 
8, a-piperidino H ’s), 8.97 (s, 1, CHO); ir (CC14) 2853 (m), 2819 
(m, sh), 2727 (w, sh) (possibly formyl CH),8 9 1616 (s, C = 0 ) ,  
1541 cm - * (vs, C = C ); ir (Nujol) 1604, 1535-1520 cm - * (lit., 
1608, 1527 cm - *).

4.4- Bis(piperidino)-3-buten-2-one (6).—4,4-Dichloro-3-buten-2- 
one was prepared as previously described (Darzens-Friedel- 
Crafts acetylation of l,l-dichloroethene)9ab except that sub
stitution of dichloromethane for carbon tetrachloride as solvent 
facilitates stirring.

The general procedure, using 13.9 g (100 mmol) of the dichloro- 
vinyl ketone in 25 ml of benzene and 65 ml (650 mmol) of amine 
in 180 ml of the same solvent, gave 21.8 g (92% ) of crude yellow
ish product.10 Two recrystallizations from ethyl acetate gave

(6) M . Levas, Ann. Chim. (Paris), [12] 7, 719 (1952).
(7) (a) E . Gryszkiewicz-Trochimowski, W . Schmidt, and O. Gryszckewicz- 

Trochimowski, Bull. Soc. Chim. Fr. 593 (1948); (b) H . C. Brown, J. Amer. 
Chem. Soc., 60, 1325 (1938). This method was chosen for its convenience 
rather than yield.

(8) L. J. Bellamy, “ The Infra-Red Spectra of Complex Molecules,”  2nd 
ed, W iley, New York, N . Y .,  1958, p 157.

(9) (a) S. Searles, Jr., R . A . Sanchez, R. L. Soulen, and D . G. Kundiger, 
/ .  Org. Chem., 32, 2655 (1967); (b) J. B. Ellern and H . B. Gray, J. Org. 
Chem., 37, 4485 (1972).

(10) The acetylene, 4-(piperidino)-3-butyn-2-one is an intermediate (ir). 
Use of too little piperidine permits this intermediate to decompose to red- 
brown polymeric material. If diethylamine is substituted for piperidine, 
addition of excess amine to the corresponding acetylene is so slow that it can 
be isolated in > 7 5 %  yield. These results will be presented in detail in a 
future article.

14.5 g (61% ) of near-white crystals: mp 79.5-80.5° (lit." mp 
80-81°) [rework of the mother liquors ultimately gave a total 
of 19.3 g (82%) of material of mp > 78°]; ir (CCh) 1627 (s, 0 = 0 ) ,  
1501 cm -1 (s, C = C ); ir (Nujol) 1617, 1508 cm -1 (lit.** 1623, 
1517 cm -1); nmr (CCh) S 1.56 (broad, 12, 0 -  and y-piperidino 
H ’s), 1.80 (s, 3, methyl), 3.07 (broad and distorted but one 
envelope, 8, a-piperidino H ’s), 4.23 (s, 1, vinyl H); nmr (CD- 
Cl3) 5 1.60, 1.96, 3.17, 4.40 (lit.** 5 1.60, 1.98, 3.19, 4.41). 
This compound has an anise odor not abolished when stored 
for several months as described above.
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Registry No.— 1, 6162-62-5; 2, 2648-51-3; 3, 1561-34-8; 4b, 
40428-93-1; 5, 40428-94-2 ; 6, 10099-09-9; piperidine, 110-89-4; 
iraras-3-chloropropenoic acid, 2345-61-1; ¿rans-3-chloropropenoyl 
chloride, 3721-36-6 ; 4,4-dichloro-3-buten-2-one, 5780-61-0.

(11) W . E. Truce, D . J. Abraham, and P. Son, J. Org. Chem., 32, 990
(1967).
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Successful results with L-3-(3,4-dihvdroxyphenyl)- 
alanine (L-dopa) in the treatment of Parkinson’s 
disease2 have stimulated efforts in both the synthesis 
and resolution of DL-dopa. Ring-hydroxylated a -  
amino acids have usually been prepared3 by condensa
tion of an appropriate aromatic aldehyde with an ac
tive methylene compound, such as an azlactone in the 
Erlenmeyer synthesis. Low to moderate yields (30 
60%) of DL-dopa have been reported by these methods.

We wish to report the synthesis of DL-3-(3,4-di- 
hydroxyphenyl) alanine methyl ester, which was car
ried out v ia  a single-vessel process in 83% yield. 
Methyl isocyanoacetate4 (1), a material known5 to 
undergo a wide variety of carbanion condensation 
reactions, was used as a starting material.6 The 
isocyano group, in addition to activating the a-carbon 
atom for proton abstraction, affords an ideal protective 
group for a primary amine easily regenerated by acid 
hydrolysis. Condensation of 1 with 3,4-dibenzyl- 
dioxybenzaldehyde (2) in methyl alcohol with potas
sium terf-butoxide as the catalyst yielded the alkoxide

(1) Summer Research Associate, Procter & Gamble.
(2) A. Barbeau, Can. Med. Ass. J., 101 (13), 59 (1959); D. B. Caine 

and M . Sandler, Nature (London), 226, 21 (1970); J. D . Parkes, K . J. Zilka, 
D . M . Calver, and R. P. Knill-Jones, Lancet, 1, 259 (1970).

(3) J. P. Greenstein and M . Winitz, Ed ., “ Chemistry of the Amino 
Acids,” W iley, New York, N. Y ., 1961, pp 2713-2723.

(4) W e have used methyl isocyanoacetate to prepare several amino acids; 
U . S. patent application filed December 19, 1969, serial no. 886,748.

(5) U . Schoellkopf, Angew. Chem., Ini. Ed. Engl., 9, 763 (1970), and 
references cited therein.

(6) Recently, Schoellkopf and coworkers and Suzuki, et al., have used
isocyano and isocyanopropionic esters to prepare alkyl amino acids and a- 
methyl-dopa by alkylation of the isocyano ester carbanions: U . Schoellkopf,
D . Hoppe, and R . Jentsch, Angew. Chem., Ini. Ed. Engl., 10, 331 (1971); M . 
Suzuki, K . Matsumoto, T . Iwasaki, and K . Okumura, Chem. Ind. 
(London), 687 (1972).
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3. Hydrochloric acid was added and the solution was 
heated at reflux for 17 hr to give the amine hydro
chloride 4. Catalytic hydrogenation of the mixture 
with 5% Pd/C  at 50 psi reduced the olefinic linkage 
of 4. It was critical at this step to keep the solution 
acidic. Neutralization of 4 before hydrogenation 
caused loss of the amino and ester groups, probably 
through condensation reactions. Vacuum evapora
tion of the solvent and recrystallization of the product 
from methanol-ether gave an 83% yield of the hydro
chloride of methyl 3-(3,4-dihydroxyphenyl)alanate 
(5). Acid hydrolysis of 5 produced DL-dopa in es
sentially quantitative yield.

0

Me02CCH2NC +  PhCH,0
II
CH MeOH

¡■BuOK

OCH,Ph
2

HCl-HoNCC02Me,
'  II

CH

CO,Me

CO.Me

Pd/C,
H,

HCl-HjNv. -CO,Me

CH,

OH
5

HCOH

If the acidic hydrolysis of 3 is carried out for 1 hr 
instead of 17 hr the alcohol 6 is the predominant prod
uct. This intermediate may prove valuable for the 
synthesis of norepinephrine or dopamine derivatives.

The synthesis also works smoothly for other aromatic 
aldehydes. For example, 3,4-methylenedioxybenz- 
aldehyde and 3,4-dimethoxybenzaldehyde were con
verted to 5; however, an additional hydrolysis using 
boron tribromide in methylene chloride7 was needed 
to remove the methylene or methyl ether groups.

Experimental Section

Methyl Isocyanoacetate (1 ).— The phosgene method of Ugi8 
was used for the synthesis of 1. Methyl AT-formylglycinate 
(41 g, 0.31 mol) was dissolved in a mixture of 600 ml of methylene

chloride and freshly distilled triethylamine (79.2 g, 0.78 mol). 
Phosgene mixed with argon was then slowly bubbled through the 
mixture for 1- 1.2 hr to maintain a temperature of 40°. The 
triethylamine hydrochloride was filtered and the methylene 
chloride was evaporated. The residue was treated with ben
zene and refiltered. Methyl isocyanoacetate (18 g, 0.18 mol, 
58% yield) was obtained after distillation at 77.0-79.0° (2.5 
mm).

Reaction of Methyl Isocyanoacetate (1) with 3,4-Dibenzyl- 
dioxybenzaldehyde (2).—Potassium iert-butoxide (2.5 g, 0.022 
mol) was added to a methanolic solution of 1 (2 g, 0.02 mol) and 
the mixture was heated to 60°, at which time 3,4-dibenzyldi- 
oxybenzaldehyde (6.36 g, 0.02 mol) was added. The resulting 
solution was heated for 3 hr and cooled to room temperature 
and 10 ml of concentrated hydrochloric acid and 10 ml of water 
were added. This solution was refluxed for 17 hr, cooled to 
room temperature, and hydrogenated at 50 psi (Parr apparatus) 
for 4 hr with palladium on charcoal (5% ) as a catalyst. Evapora
tion of the solution to dryness yielded a tan solid which on re
crystallization from methanol-ether gave 4.1 g (0.017 mol, 
83% yield) of the methyl ester hydrochloride of dopa (5). A 
proton nmr spectrum of 5 in DMSO-d« showed signals at 5 6.66 
(m, 3, HAr), 4.08 [t, 1, HC(NH2-HC1)C02CH3] , 3.70 (s, 3, 
H3C C 02- ) ,  3.00 (d, 2, CH2Ar). This nmr spectrum and an ir 
spectrum of 5 are identical with spectra of an authentic sample 
prepared by refluxing dopa with a methanolic solution of hydro
chloric acid for 1 hr. Compound 5 can be hydrolyzed to dopa 
by refluxing in 6 A  hydrochloric acid for 4 hr.

Reaction of Methyl Isocyanoacetate with 3,4-Methylenedioxy- 
benzaldehyde.— A similar procedure was used with 3,4-methyl- 
enedioxybenzaldehyde (3.0 g, 0.02 mol) except that hydrolysis 
was carried out for 1 hr. The solvent was evaporated under 
vacuum and the residue was washed with ether to remove residual 
piperonal. The benzylic alcohol (type 6) was the major product 
as evidenced by its infrared spectrum (plates), ~ 3500 (OH), 
1725 cm -1 (-CO 2CH3), and nmr spectrum (DMSO-d6), 5 4.45 
(HCOH). This material was hydrolyzed further with HC1- 
H20-M eO H  and evaporated to give 4.5 g (81% ) of olefinic ma
terial (type 4): ir (KBr) 1695 cm -1 (ester C = 0 ) ;  nmr (DMSO- 
d,) a 7.12 (m, 3, HAr), 6.42 (s, 1, H C = C ), 6.01 (s, 2, OCH20 ),
3.80 (s, 3, C 0 2CH3). This material was hydrogenated using 
platinum oxide in acetic acid to give 4.1 g (0.016 mol, 80% yield) 
of 3,4-methylenedioxyphenylalanine methyl ester after re
crystallization from methanol-ether: mp 276-279° (lit.9 mp 
278-280°); nmr (DMSO-d6) a 6.90 (m, 3, HAr), 6.00 (s, 2, 
OCH20 ) , 4.14 [t, 1, HC(NH2 HC1)C0,CH3], 3.65 (s, 3, C 0 2- 
CH3), 2.85 (d, 2, CH2Ar). The product was further identified 
by conversion to its A'-acetyl derivative, mp 107-108° (lit.10 
mp 107-108°). The 3,4-methylenedioxyphenylalanine methyl 
ester was converted to 5 by boron tribromide using the method 
of McOmie, el al.7 To 1 g of this product was added 4 ml of 
boron tribromide in 50 ml of methylene chloride and the reaction 
mixture was refluxed for 6 hr. At the end of this period excess 
acetic anhydride was added and the reaction mixture was stirred 
for 1 hr, at which time the mixture was poured into water and 
hydrolyzed for 0.5 hr. The mixture was evaporated and then 
treated with M eOH -H Cl-H 20  at reflux for 2 hr. After evapora
tion and recrystallization from methanol-ether, 0.3 g (35% 
yield) of S was obtained.

These experiments to produce type 4 can also be efficiently 
accomplished in a single-vessel process in 80% yield.

Reaction of Methyl Isocyanoacetate with 3,4-Dimethoxybenz- 
aldehyde.— When a procedure identical with reaction of 1 
with 3,4-methylenedioxybenzaldehyde was used with 3,4-di- 
methoxybenzaldehyde (3.3 g, 0.02 mol), methyl 3,4-dimethoxy- 
phenylalanate hydrochloride (4.4 g, 0.016 mol, 80% yield) was 
obtained. Treatment of this product with excess boron tri
bromide in methylene chloride and acidification with hydro
chloric acid in methanol gave 3.9 g (78% yield) of 5 after re
crystallization from methanol-ether.

Registry No.— 1, 39687-95-1; 2, 5447-02-9; 4, 40635-70-9; 
5, 40611-00-5; 6, 40635-71-0; 3,4-methylenedioxybenzaldehyde, 
120-57-0; 3,4-dimethoxybenzaldehyde, 120-14-9.

(7) J. F. W . McOmie, M . L. W atts, and D . E. W est, Tetrahedron, 24, 2289
(1968).

(8) I. Ugi, U. Fetzer, U . Eholzer, H . Knüpfer, and K . Offermann, Angew. 
Chem., Int. Ed. Engl., 4, 472 (1965).

(9) K . S. Narang, N. Ray, and T. D . Sachdeva, J. Indian Chem. Soc., 13, 
260 (1936).

(10) M . Ohraa. J. Pharm. Soc. Japan, 72, 145 (1952).
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The Form ation o f  c is -  and
tr a n s -1 ,2-Dim ethoxyethylene in the Potassium 

tert-Butoxide Initiated Elim ination on  Substrate
1,1,2-Trimethoxyethane

J a m e s  T. W a l d r o n  a n d  W i l l i a m  H. S n y d e r *

Department of Chemical Engineering and Chemistry,
Newark College of Engineering, Newark, New Jersey 07102

Received October 3, 1972

There is very little information in the literature on 
alkoxide initiated eliminations on substrates bearing 
poor leaving groups, such as RO-  where R = Me, 
Et, etc.1 We report here on the potassium tert- 
butoxide initiated elimination on 1,1,2-trimethoxy- 
ethane (1) as substrate to produce c is -  and tr a n s -

1,2-dimethoxyethylene (2 and 3, respectively), tert-

butyl alcohol, and potassium methoxide (eq 1). Com-

MeO OMe
KO-f-Bu \  /

MeOCH2CH(OMe)2 --------->- C = C  +
1 /  \

H H
2

H OMe
\  /

C = C  +  ferf-BuOH +  KOMe (1)

MeO^
3

pounds 2 and 3 have been previously obtained by the 
dechlorination of l ,2-dimethoxy-l,2-dichloroethane.2'3 
Earlier attempts to prepare 2 and 3 via  the dehydro
chlorination of l-ehloro-l,2-dimethoxyethane have been 
reported by Scheibler4 and Baganz, but in the present 
authors opinion these compounds were not unambig
uously identified. Similarly McElvain and Stammer5 * 
failed to duplicate the olefin preparation as described 
by Scheibler.

Results and Discussion

The results from two elimination runs performed in 
a bomb reactor at 165 ±  5° are shown in Table I. 
These data were obtained after a number of runs were 
made to determine the optimum conditions for car
rying out the eliminations. The reaction was much 
too slow at 126° (the boiling point of 1) and at 200° 
extensive amounts of dark-colored products were 
formed. Since the cis:trans ratio was -—-2 : 1 , the cis 
formation probably proceeds by a lower energy mech
anism with one conformation of the substrate (1) 
reacting preferentially over the other. The elimina
tions could also proceed by a cis-syn departure of the 
leaving group and the /3 hydrogen, but our results 
cannot distinguish this possibility. Evidence in the 
literature for many E2 eliminations favors the anti

(1) W . H . Snyder, J. Parascandola, and M . Wolfinger, J. Org. Chem., 31, 
2037 (1966).

(2) H . Baganz, K . Praefcke, and J. Rost, Chem. Ber., 96 (10), 2657 (1963).
(3) S. Iwatsuki, S. Iquchi, and Y . Yamashita, Kogyo Kagaku Zasshi, 68

(12), 2463 (1965); Chem. Abstr., 66, 3979e (1965).
(4) H . Scheibler and H . Baganz, Justtis Liebigs Ann. Chem., 566, 157 

(1949).
(5) S. M . McElvain and C. H . Stammer, J. Amer. Chem. Soc., 73, 915

(1951).

elimination for the present case.6-9 More recent 
investigations10-12 on the “ syn anti dichotomy”  re
veal an intriguing pattern of results in which cis olefins 
are formed by anti elimination, but trans olefins by 
syn elimination. In support of the high cis:trans 
ratio found for reaction 1, anti elimination on con- 
former la seems reasonable. In addition, the dealco-

holation of 1 by a continuous pyrolysis over alumina 
yields the cis olefin (2) almost exclusively with no 
evidence for extensive side reactions.13

The formation of methyl ferf-butyl ether (4) as a 
reaction product (Table I) indicates that nucleophilic 
substitution was also taking place. In the reaction 
of diglyme with potassium ferf-butoxide, no evidence 
for substitution was found.1 Compound 4 can be 
produced by attack of the ierf-butoxide on the starting 
substrate 1 and on the dimethoxyethylenes 2 and 3. 
However, the most likely route to 4 was via the reac
tion of 2 and 3 with potassium ferf-butoxide since the 
electron-delocalized enolate ion (5) of methoxyacet- 
aldehyde would be the leaving group in this case 
(eq 2). Since the total number of moles of 2, 3,
M eOCH=CHOM e +  KO-i-Bu — >- 

2 and 3
MeO-i-Bu +  M eOCH =CH — OK (2) 

4 5

and 4 produced almost equals the amount of ferf- 
butyl alcohol formed (Table I), substitution v ia  the 
olefins 2 and 3 appears reasonable.

An independent experiment was carried out similar 
to reaction 2. The major product from the reaction 
of the olefins with potassium ierf-butoxide was methyl 
ferf-butyl ether (4). Compound 4 was observed in a 
41% yield. If the total amount of both cis and trans 
olefins 2 and 3 that formed in reaction 1 equalled the 
amount of ferf-butyl alcohol produced exclusively, 
a conversion of 44% (Sn2 substitution of potassium 
ferf-butoxide on products 2 and 3) would give the 
amount of 4 that formed (Table I). This appears to 
be confirming evidence for assigning the substrate 
undergoing substitution to the cis and trans olefins 
2 and 3 and not methoxy acetal 1. The product 5 
was not isolated. The above reaction was carried 
out at 120° and not 165° to control the extent of re
action 2. Higher temperature would have led to too 
rapid reaction with the alcohol-free ferf-butoxide that 
we employed.14

(6) D . V. Banthorpe, “ Elimination Reactions,”  Elsevier, New York, 
N . Y ., 1963, p 11.

(7) J. F. Bunnett, Angew. Chem., Int. Ed. Engl., 1, 225 (1962).
(8) J. Hine, “ Physical Organic Chemistry,”  2nd ed, M cGraw-Hill, New  

York, N . Y ., 1962, Chapter 8.
(9) W . H . Saunders, Jr, in “ The Chemistry of Alkenes,”  S. Patai, Ed., 

Wiley-Interscience, London, 1964, Chapter 2.
(10) D . S. Bailey and W . H. Saunders, J. Amer. Chem. Soc., 92, 6904, 

6911 (1970).
(11) J. Sicher, J. Zavada, and J. Krupicka, Tetrahedron Lett., 1619 (1966).
(12) J. Sicher and J. Zavada, Collect. Czech. Chem. Commun., 32, 3701 

(1967).
(13) J. Waldron, Ph.D. Thesis, Newark College of Engineering, 1972.
(14) C. C. Price and W . H . Snyder, J . Amer. Chem. Soc., 83, 1773 (1961).
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T a b l e  I

P o t a s s i u m  (erf-B u T o x iD E  I n it i a t e d  E l i m i n a t i o n  o n  1 ,1 ,2 -T r i m e t h o x y e t h a n e  ( 1 )

•Reactants, mmol-----s /•---------------------------------------------- Products, mmol-
Run0 T i m e ,  h r KO-i-Bu l f-BuOH 2 3 4 l 6 X a ,% '

1 3 0 6 3 . 5 1 9 6 1 4 . 8 4 . 3 9 2 . 0 9 5 . 9 0 1 7 9 1 9 . 6

2 3 3 6 4 . 3 2 0 9 1 5 . 6 4 . 8 3 2 . 3 4 6 . 3 9 1 8 9 2 1 . 1

° The reaction was carried out in a Parr bomb reactor at 165 ±  5°. The products were separated on a 10-ft, 0.25-in. column con
taining 20% Carbowax 20M on Chromosorb W. The recovery of solid and liquid products was 96% in both runs. b Unreacted. 
c The conversion of limiting reactant, potassium (erf-butoxide, to form products 2, 3, and 4.

Although the presence of ketene dimethyl acetal
(6) was never observed in reaction 1, it could be argued 
that 6 was formed as in shown reaction 3 and under-

OMe

1 +  KO-i-Bu — >  CH2= C  +  i-BuOH +  KOCH3 (3)
\

OMe

went substitution with potassium ferf-butoxide yield
ing methyl ieri-butyl ether (4). If that were the case, 
6 (a reaction intermediate) would not be observed. 
The fact that we observe 1 —► 2 +  3 and not 6 is prob
ably due to the decrease in acidity of the proton bound 
to the carbon atom bearing the two methoxy groups16-17 
in compound 1.

To support this argument 6 was prepared i n  s itu  
in a bomb reactor (reaction 4) and allowed to be in
BrCH2CII(OMe)2 +  KO-i-Bu — >- 6 +  i-BuOH +  KBr (4) 

7

the presence of excess potassium ferf-butoxide at 120° 
for 8 hr. No methyl terf-butyl ether (4) was observed. 
This was confirmed by gas chromatography using an 
authentic sample of 4. McElvain, etal., has used this 
procedure to produce a series of ketene acetals.15 16 17’18'19 
He also observed that ketene dimethyl acetal remains 
unaffected if heated alone for 6 hr at 200°.20 The 
above results are reasonable in light of the work19 
that was done recycling 6 through a strong base, 
NaOC(CH3) ’Ph, at 175-180°. No substitution or 
elimination products were observed.

Elementary analysis, ir absorption (see Experimental 
Section) and nmr spectroscopy are in accord with the 
assigned structures 2 and 3. The r values (CC14) 
relative to TMS for 2 and 3 (3 values in parenthesis) 
are 4.28 (3.85) for the vinyl protons and 6.48 (6.60) 
for the methoxy protons. The absorptions appeared 
as sharp singlets and the peak areas were in the ex
pected ratio of 1:3.

Details on the thermodynamics of cis-trans isomer
ization of the 1,2-dimethoxyethylenes are being re
ported elsewhere.21

Experimental Section
Methoxyacetaldehyde Dimethyl Acetal (1).— Methoxy acetal 

1 was prepared from bromoacetaldehyde dimethyl acetal (7) and 
sodium methoxide via a Williamson ether synthesis employing a

(15) J. Hine, L. G. Mahone, and C. L. Liotta, J. Amer. Chem. Soc., 89, 
5911 (1967).

(16) S. M . M cElvain, Chem. Rev., 45, 455 (1949).
(17) S. M. McElvain, R. L. Clarke, and G. D . Jones, J. Amer. Chem. Soc., 

64, 1966 (1942).
(18) S. M . McElvain and D . Kundiger, “ Organic Syntheses,” Collect. 

Vol. I l l ,  W iley, New York, N . Y ., 1943, p 506.
(19) S. M . McElvain and G. R. M cK ay, J. Amer. Chem. Soc., 77, 5601

(1955).
(20) S. M . McElvain, H . I. Anthes, and S. H. Shapiro, J. Amer. Chem. 

Soc., 64, 2525 (1942).
(21) Paper accepted for publication in the J. Amer. Chem. Soc.

modification of that used by McElvain5 for the ethoxy derivative. 
Compound 7 was either prepared by the addition of bromine to 
vinyl acetate in methanol22 23 or purchased from Columbia 
Organic Inc.

Potassium (erf-Butoxide.—This base was prepared by cleavage 
of di-ierf-butyl peroxide with potassium metal in 1,2-dimethoxy- 
ethane solvent.24 The solvent was removed under vacuum in a 
rotary evaporating apparatus. All transfers were made under 
purified nitrogen. The purity of KO-i-Bu was established as 
better than 98% by titration with standard HC1.

Elimination Reactions on Methoxy Acetal 1.— A number of 
exploratory runs were made with solid potassium (erf-butoxide 
both at atmospheric and elevated pressures to determine the 
optimum conditions necessary for reaction to occur. The reac
tions under atmospheric pressure were much too slow and no 
appreciable amounts of products were formed at the boiling point 
of the acetal (126°) for periods of up to 48 hr. A number of runs 
were then made in a closed bomb reactor at 150-200°. It was 
found that reasonable reaction rates could be obtained at 165°. 
A typical quantitative run at 165 ±  5° was carried out as follows. 
Solid KO-ierf-Bu (7.10 g, 0.0635 mol) and 23.5 g (0.196 mol) of 1 
was weighed into the monel bomb reactor under a dry N2 atmo
sphere. The bomb was sealed and immersed in an oil bath at 
165 ±  5° for 30 hr. Final pressure at this temperature was 200 
psig. The bomb was removed from the bath and cooled to room 
temperature. After cooling to 0°, the contents were transferred 
quantitatively to a small standard taper flask under N2. The 
liquid (23.4 g) was removed under vacuum in a rotary evaporat
ing apparatus and collected in a cooled receiver ( — 40°). A 
0.6991-g sample of the solid residue (6.00 g) was titrated with
1.007 N HoSO, (5.65 ml) to pH 7 (Beckman Zeromatic pH meter). 
Thus, the solid residue contained 48.4 mequiv of base.

The liquid products were subjected to analytical and prepara
tive gas chromatography (vpc) on Carbowax 20M on Chromosorb
W. Five peaks were found which were in order of increasing 
retention time: (erf-butyl methyl ether (4), (erf-butyl alcohol,
(raus-l,2-dimethoxyethylene (3), cfs-1 ,2-dimethoxyethylene (2), 
and methoxy acetal 1. The peaks were collected, identified by 
their ir absorption, and compared with authentic samples, 
except for 2 and 3. The reaction mixture was analyzed by 
quantitative gas chromatography using a synthetic mixture of 
reaction products prepared gravimetrically. The results for two 
runs are shown in Table I. The ratio of cis:trans isomer (2:3) 
for both runs was 2.1:1.0. After removal of most of the methyl 
(erf-butyl ether and some of the (erf-butyl alcohol on a Todd dis
tillation column, preparative vpc on the pot residue gave sufficient 
quantities of 2 and 3 for running elementary analyses and for 
determining the nmr spectra.

Anal, for 2. Calcd for G,H80 2: C, 54.00; H, 9.10. Found: 
C, 53.97; H ,9.10.

Anal, for 3. Calcd for C,H80 2: Same as above. Found:
C, 54.08; H, 9.46.

The average ir vibrational frequencies found (5%  in CCU) for 
2 and 3 (3 values in parenthesis) were vinyl C -H  stretching at 
3031 (3084), double-bond stretching at 1693 (1661), C -0  stretch
ing at 1116 (1084), and C -H  out of-plane bending at 718 (960) 
cm -1. Nmr absorption relative to tetramethylsilane (TAIS) is 
covered in the main section.

Reaction of cfs-l,2-Dimethoxyethylene (2) with Potassium  
(erf-Butoxide.— A small Parr bomb reaction, fitted with a pres
sure gauge, was charged with 1.5032 g (0.01342 mol) of potassium 
(erf-butoxide and 5.0325 g (0.05188 mol) of 2. The reaction was 
placed in a 120 ±  0.1° constant-temperature oil bath for 8 hr. 
The final pressure was 100 psig. The reactor was cooled to room

(22) E . M . Filachione, J. Amer. Chem. Soc., 61, 1705 (1939).
(23) S. M . M cElvain and D . Kundiger, “ Organic Syntheses,”  Collect. 

Vol. I l l ,  Wiley, New York, N . Y ., 1951, p 123.
(24) W . H . Snyder, Ph.D. Thesis, University of Pennsylvania, 1961.
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temperature and vented. The reaction mixture was transferred 
to a 25-ml flask and the liquid portion transferred on a high 
vacuum system. The total recovery of solids and liquids was 
95% (6.2096 g). The liquid portion was analyzed by quantita
tive gas chromatography. Methyl iert-butyl ether (4) was 
observed in 41% yield. The solid products (1.7989 g) were 
dissolved in water and titrated with standard HC1 (14.5 ml of
1.00 N  HC1). This represented 14.5 mequiv of base from the 
solid products.

Reaction of Bromo Acetal 7 with Potassium tert-Butoxide.— A
Parr reaction bomb was charged with 1.1256 g (0.0101 mol) of 
potassium fert-butoxide, 6.4422 g (0.0871 mol) of iert-butyl 
alcohol, and 0.8623 g (0.0051 mol) of 7. The reactor was heated 
at 120 ±  0.1° for 8 hr. The final pressure reading was 30 psig. 
The reactor was cooled to room temperature and vented. The 
product mixture was transferred on a high vacuum system and 
the liquid products were collected in a cooled ( — 60°) receiver at 
0.1 mm pressures. The liquid portion was analyzed by quanti
tative gas chromatography. The yield of ketene dimethyl 
acetal (6) was 52%. The total recovery of solid and liquid was 
8.1359 g (97% recovery). No 4 was observed.

Registry No.— 1, 24332-20-5; 2, 7062-96-6; 3, 7062-97-7; 
4,1634-04-4; 6,922-69-0; 7,7252-83-7; potassium ferf-butoxide, 
865-47-4; ferf-butyl alcohol, 75-65-0.

A Convenient Synthesis o f  
Adam antylideneadam antane1

A. Paul Schaap* and Gary R. Faler

Department of Chemistry, Wayne State University,
Detroit, Michigan 48202

Received April 11, 1973

Recent investigations in this laboratory of the photo
oxidation of adamantylideneadamantane (5) in pina- 
colone solvent have provided the first direct evidence 
for the intermediacy of perepoxides in the addition 
of singlet oxygen to alkenes to form 1,2-dioxetanes.2 
Adamantylideneadamantane (5) has also been the 
subject of considerable interest because of the unusual 
stability of the 1,2-dioxetane3 and the bromonium 
ion4 5 obtained from this alkene.

We have found the synthesis of 5 8 via  the carbenoid 
dimerization with r/em-dibromoadamantane and zinc- 
copper couple to be very sensitive to the surface area 
and activity of the Zn-Cu couple. Reduction of 
the dibromide to adamantane is often the predominant 
reaction. We are therefore prompted to report a 
convenient, high-yield synthesis of 5 based on the 
extrusion of nitrogen and sulfur from an azo sulfide 4.6 *

Condensation of adamantanone (1) with hydrazine 
hydrate gives the azine 2. Addition of hydrogen sul
fide to 2 yields the thiadiazolidine 3. Oxidation of 3 
with lead tetraacetate affords the thiadiazine 4. 
Adamantylideneadamantane (5) is obtained by heat

(1) This work was supported by the U . S. Army Research Office— Dur
ham, and the donors of the Petroleum Research Fund, administered by the 
American Chemical Society.

(2) A . P. Schaap and G. R . Faler, J. Amer. Chem. Soc., 95, 3381 (1973).
(3) J. H . Wieringa, J. Strating, H . Wynberg, and W . Adam, Tetrahedron 

Lett., 169 (1972).
(4) J. Strating, J. H . Wieringa, and H . Wynberg, Chem. Commun., 907

(1969) .
(5) H. W . Geluk, Synthesis, 652 (1970).
(6) (a) D . H. R . Barton and B. J. Willis, J. Chem. Soc., Perkin Trans. 1,

305 (1972). (b) R . M . Kellogg and S. Wasenaar, Tetrahedron Lett., 1987
(1970) .

ing a melt of 4 and triphenylphosphine at 125°. The 
overall yield of 5 from 1 is 65%.

J  PWOAcb

Experimental Section

Methods.— Melting points were determined with a Thomas- 
Hoover capillary melting point apparatus and are uncorrected. 
The infrared spectra were measured on a Perkin-Elmer Model 257 
grating infrared spectrophotometer. Nuclear magnetic reso
nance spectra were obtained on a Varian Associates Model T-60 
spectrometer with tetramethylsilane as internal standard. Mi
croanalyses were performed by Midwest Microlabs, Inc., India
napolis, Ind.

Adamantanone Azine (2).— A solution of hydrazine hydrate 
(98%, 1.30 g, 26 mmol) in 15 ml of ¿ert-butyl alcohol was added 
dropwise under nitrogen over a period of 45 min to a stirred 
refluxing solution of adamantanone (5.22 g, 35 mmol) in 60 ml 
of tert-butyl alcohol. After the addition was complete, the 
solution was refluxed for an additional 12 hr and subsequently 
allowed to stand at ambient temperature for 24 hr. The solvent 
was removed on a rotary evaporator to give an off-white crystal
line mass to which was added 200 ml of water. The aqueous 
mixture was extracted with ether (4 X 100 ml). The combined 
ether extracts were washed with brine, dried (M gS04), and 
concentrated to give following recrystallization from hexane 5.10 
g (98%) of 2: mp 313-315°; ir (KBr) 2885, 1622, and 1430 
cm -1; nmr (CDC13) 8 3.28 (m, 1 H ), 2.62 (m, 1 H) and 1.93 (m, 
12H).

Anal. Calcd for C2„HaN2: C, 81.03; H, 9.52; N, 9.54. 
Found: C, 80.86; H, 9.51; N, 9.30.

Adamantanespiro-2'-(1 ',3',4'-thiadiazolidine )-5 '-spiroadaman- 
tane (3).— Hydrogen sulfide was bubbled through a solution of 
the azine 2 (12.2 g, 41.1 mmol), and 5 mg of p-toluenesulfonic 
acid in 300 ml of 1:3 acetone-benzene at ambient temperature. 
Thin layer chromatography (silica gel, ethyl ether) indicated 
complete consumption of 2 after 12 hr. The solvent was re
moved on a rotary evaporator to give 12.8 g (95%) of the thia
diazolidine 3. This material was used in the subsequent step 
without further purification. Recrystallization from hexane 
afforded colorless crystals of 3: mp 300-307° dec; ir (KBr) 2880, 
1705, and 1620 cm -1; nmr (CDC13) S 3.62 (br, 1 H) and 2.25-
1.26 (m, 14 H).

2 ' ,5 '-Dihydroadamantanespiro-2'- (1' ,3' ,4 '-thiadiazine )-5 '-spi- 
roadamantane (4).— To a suspension of CaCOs (20.7 g, 0.21 
mol) in 300 ml of benzene at 0° was added in several portions lead 
tetraacetate (20.7 g, 46.7 mmol); the mixture was stirred for 20 
min. A mixture of thiadiazolidine 3 (11.85 g, 35.9 mmol) and 
300 ml of benzene was added dropwise with stirring over a period 
of 1.5 hr. After the addition was complete, the mixture was 
stirred at ambient temperature for 8 hr. Thin layer chromatog
raphy (silica gel, ether) indicated complete consumption of 3. 
Upon addition of 400 ml of water, a brown precipitate formed 
which was removed by filtration. The aqueous layer was 
separated, saturated with NaCl, and extracted with ether. The 
organic portions were combined, washed with brine, dried (M g- 
S04), and concentrated to give 10.94 g (94%) of a yellow residue 
4, mp 140-145°. This material was used in the subsequent step
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without further purification. Column chromatography over 
silica gel with 70:30 ether-hexane afforded colorless crystals of 4: 
mp 145-140° dec; ir (KBr) 2870, 1710, 1570, and 1440 cm “ 1; 
nmr (CDC13) $ 2.9S (m, 1 H ), 2.78 (m, 1 H), and 1.95 (m, 12 H ).

Anal. Calcd for CnHaNiS: C, 73.12; H, 8.59. Found:
C .73.06; H, 8.98.

Adamantylideneadamantane (5).— An intimate mixture of 
thiadiazine 4 (1.092 g, 3.32 mmol) and triphenylphosphine (2.04 
g, 7.79 mmol) was heated at 125-130° for 12 hr under an atmo
sphere of nitrogen. Column chromatography of the residue over 
silica gel with hexane gave 0.668 g (74%) of 5, mp 184-185° 
(lit.5 mp 184-187°).

Registry No.— 1, 700-58-3; 2, 39555-34-5; 3, 40682-51-7; 
4,40682-52-8; 5,30541-56-1; hydrazine, 302-01-2.

R e d u c t io n  o f

m e s o - l ,2 - D ib r o m o - l ,2 - d ip h e n y le t h a n e  t o

1 ,2 -D ip h e n y le t h a n e  b y  H y d r a z in e

J o h n  E. G o r d o n * a n d  V i c t o r  S. K. C h a n g

Department of Chemistry, Kent State University,
Kent, Ohio 4424%
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Many reagents dehalogenate vicinal dihalides to 
yield alkcnes:1 I - , SH _ , ArS- . ArSO.- , AlHyy  
R C H C O R -, ArXHo, ArN H N H 2, C,H5X , Ar,Hg, (CH3- 
0 ) 3P, Ar3P, Zn, -Mg, Cr(II), BusSnH, C l“ , Br“ , Ph2-  
CCH3- ,  Ph2C H -, CroHs-% R C H C 02CH3- ,  (CH30 )3- 
B H -, 2-C i0H 7OH, (Me3Si)2Hg, (C2H 50 ) 3P, Cu, 
Cu(I), Sn(II), Co(II), Fe(II), and T i(III). These 
reactions all involve attack on halogen, leading either 
to an E2 transition state or a halonium ion intermediate 
(two-electron reductants) or to radical intermediates 
(one-electron reductants).lk|1

On the other hand only a single, inadvertent in
stance (below) of reduction to the alkane has been 
reported in systems of this type.2 (The reduction 
of vicinal dibromide to alkane by X aB H 4 is apparently 
a pair of independent displacements by hydride.3)

W e have found that hydrazine reduces meso-stilbene 
dibromide (STBr2) to bibenzyl (BB).

Results and Discussion

The Reaction with Hydrazine Alone.—Variable 
quantities of czs-l-bromo-l,2-diphenylethene are pro
duced (Table I). The anti stereochemistry and the in
creasing proportion of this product (Table II) ac-

(1) (a) J. F. King and R. G. Pews, Can. J . Chem., 42, 1294 (1964); (b) 
R . Stroh in “ Methoden der Organischen Chemie,” E. Mtlller, Ed., Georg 
Thieme Verlag, Stuttgart, 1960, v. 5 /4 ,  p 718; (c) W . C. Kray, Jr., and C. E . 
Castro, J. Amer. Chem. Soc., 86, 4603 (1964); (d) J. K . Kochi and D . M . 
Singleton, ibid., 90, 1582 (1968); (e) R . J. Strunk, P. M . DiGiacomo, K . Aso, 
and H. G. Kuivila, ibid., 92, 2849 (1970); (0  E . Baciocchi and E. Schiroli, 
J. Chem. Soc. B, 554 (1969); (g) W . G. Kofron and C. R. Hauser, J. Amer. 
Chem. Soc., 90, 4126 (1968); (h) C. G .  Scouten, et al., Chem. Commun., 78
(1969) ; (i) W. Adam and J. Arce, J. Org. Chem., 37, 507 (1972); (j) D . G . 
Korzan, F. Chen, and C. Ainsworth, Chem. Commun., 1053 (1971); (k) J. F. 
King, A . D . Allbutt, and R. G. Pews, Can. J. Chem., 46, 805 (1968); (1) 
I. M . Mathai, K . Schug, and S. I . Miller, J. Org. Chem., 35, 1733 (1970); 
(m) J. P. Schroeder, L. B. Tew, and V. M . Peters, J. Org. Chem., 35, 3181
(1970) ; (n) R. E. Buckles, J. M . Bader, and R. J. Thurmaier, ibid., 27, 
4523 (1962); (o) H . Nozaki, T . Shirafuji, and Y . Yamamoto, Tetrahedron, 
25, 3461 (1969); (p) IV. K . Kwok and S. I. Miller, J. Amer. Chem. Soc., 92, 
4599 (1970); (q) J. Halpern and J. P. Maher, ibid., 87, 5361 (1965).

(2) D. D. Davis and G. G. Ansari, J. Org. Chem., 35, 4285 (1970).
(3) R . O. Hutchins, D. Hoke, J. Keogh, and D. Koharski, Tetrahedron 

Lett., 3495 (1969).

T a b l e  I
P r o d u c t s "  f r o m  w pso -S t i l b e n e  D ib r o m i d e 6 a n d  H y d r a z i n e 6

% CIS-
Temp, % cis- a-Bromo-

Solvent °C Vo BB Vo ST stilbene stilbene

(CH2OH )2 110 33 24 24
c h 3o h 65 39 27 Trace 28
(CH3)2CHOH 83 38 22 Trace 25
c h 3c o o h 120 18 22
(CH3)2SO 110 18 7 66
HCON(CH3)2 110 Trace 4 56
c h 3c n 80 6 10 79
1,4-Dioxane 101 7 8 87
Pyridine 116 4 6 85
1 Time, 24 hr. 6 0.2 M. <= 4.2 M .

T a b l e  II
P r o d u c t  D e p e n d e n c e  o n  H y d r a z i n e  C o n c e n t r a t i o n "

M ol N 2H 4

molarity mol S T B n  %  BB
%  cts-a-Bromo- 

%  ST stilbene

21
4.2
0.84

105 8 ±  1
21 38 d= 2

4.1 56 d= 2

26 dz 1 72 d= 1 
22 ±  2 25 db 2 
26 dr 1 4 dr 1

0 In refluxing 2-propanol under N2; STBr2 concentration, 
0.2 M. Results are mean values for 2-3 runs.

com panying increasing concentration o f N 2H 4 (a good  
base, p X aBH+ 8 .11) are consistent w ith straightfor
ward E 2  dehydrobrom ination of S T B r2 (cq 1). T h e

PhCHBrCHBrPh +  N2H4 — >- 
meso

PhCH =CBrPh +  N2H5 +Br -  (1 )
cis

more basic solvents also dehydrobrom inate S T B r 2 
in parallel w ith  X 2H 4 (T able I ) .

trans-Stilbene (S T ) form ation (T ab le  I) results 
from  stereospecific anti dehalogenation, im plying  
nucleophilic att ack on brom ine b y  a two-electron donor,11 
either N 2H 4, the B r -  present as a result of reaction 1, 
or solvent. T h e production of B B  as well as S T  can 
then be rationalized by paths 2 -4  or 5 -7 .  B oth  paths

N2H4 +  >CBrCBr< = > C = C <  +  NH2NH2Br B r" (2)

NHsNHsBr B r“  +  2N2H„ =  N H = N H  +  2NH2NH3 B r" (3) 

N H = N H  +  > C = C <  =  >C H C H < +  N2 (4)

B r - (or S) +  >CBrCBr< =
> C = C <  +  Br2 (or BrS+ +  B r") (5)

Br2 (or BrS+ +  B r” ) +  3N2H4 =
N H = N H  +  2N2H5+B r - (6 )

N H = N H  +  > C = C <  =  >C H C H < +  N2 (7)

involve the potentially interceptible interm ediate di- 
im ide, N H = N H .  W e  dem onstrated the presence of 
N H = N H  by the reduction of cyclohexene added to  
the S T B r2- N 2H 4 reaction; cyclohexane is form ed at 
the expense of B B  (T able I I I ) .

T a b l e  III
E f f e c t  o f  A d d e d  C v c l o h e x e n e “

%  cts-a-Bromo-
Additive %  BB %  ST stilbene %  CiHia

Xone 38 ±  2 22 ±  2 25 ±  2
C6H,o 17 ±  1 39 ±  1 43 ±  1 17 ±  1

0 Equimolar C6Hi0 and STBr2 in refluxing 2-propanol; mol 
of N2H4:mol of STBr2 =  21; time, 24 hr.
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Consider the choice between paths 2 -4  and 5-7. 
Analogies for the former path are provided by nucleo
philic displacements by N 2H 4 on bromine in the sys
tems B rC H X Y  (X , Y  =  COOR, COR, CN, N 0 2) 
according to eq 8 ,4 by the demonstrated intermediacy

BrCH
\

X

Y
+

N,

of diimide in the oxidation of hydrazine by CCh5 and by 
the protodebromination of hexabromobenzene.6 With  
respect to the second path, debromination by Br~ 
(eq 5) is known (at least in aprotic solvents; see below); 
the oxidation of N 2H 4 by halogen (eq 6) is rapid,7 
and by analogy with oxidation by V-chloramines is 
expected to give diimide;8 the reduction of alkenes by 
diimide (eq 11) is well known. Thus both paths 
appear plausible and several tests can be designed to 
distinguish between them. If N 2H 4 is the nucleo
phile (as well as the dehydrohalogenating base in eq 1) 
then the ratio (BB +  S T ): a-bromostilbene should be 
independent of the hydrazine concentration. If Br~ 
or solvent is the nucleophile this ratio should decrease 
with increasing N 2H 4 concentration. Table II shows 
that a 25-fold increase in N 2H 4 concentration produces 
a ca. 44-fold depression, favoring path 5-7. Addi
tion of Br_  increases (BB +  ST) at the expense of 
dehydrobromination (below) in a 2-propanol solvent, 
which further implies that eq 5 is operative. The 
more nucleophilic solvents may dominate Br_  in eq 
5, however. The above indications of dehalogena- 
tion by Br~ in 2-propanol contrast with the report 
that Br_ , though reactive in D M F , is unreactive toward 
STBr2 in methanol (conditions unspecified).9 The 
explanation may be that the unreactivity derives from 
an unfavorable equilibrium position and is overcome 
in the present system by the reduction of product 
Br2 (eq 6).

An excess of diimide is generally employed in allcene 
reductions in order to achieve good yields in the face 
of competitive disproportionation of diimide. Based 
on the behavior of similar systems, the 1:1 N H =  
N H /S T  ratio characteristic of the present system 
should result in a ca. 25%  yield of BB.8 Reduction 
of ST with 1.0 molar equiv of I2 +  N 2H 4 gives in fact 
only 4 %  of BB. In contrast, the STBr£-N 2H 4 reac
tion gives reduction yields [100 B B /(B B  +  ST)] 
as high as 84% . That the increased efficiency is not 
due to consumption of N H = N H  in the original sol
vent cage is shown by two pieces of evidence. (1)

(4) A . K . Macbeth and D . Traill, J. Chem. Soc., 892, 1118 (1925).
(5) J. Wolinsky and T. Schultz, J. Org. Chem., 30, 3980 (1965).
(6) I. Collins and H . Suschitzky, J. Chem. Soc. C, 2337 (1969). See also 

J. F. Bunnett and R . R . Victor, J. Amer. Chem. Soc., 90, 81C (1968).
(7) “ Gmelins Handbuch der Organischen Chemie,”  4 /2 , 8th ed, Verlag 

Chemie, Weinheim, 1935, p 318; L. F. Audrieth and B. A . Ogg, “ The Chem
istry of Hydrazine,”  W iley, New York, N . Y .,  1951, p 160.

(8) S. Httnig, H . R . Müller, and W . Thier, Angew. Chem., Int. Ed. Engl., 
4, 271 (1965).

(9) W . K . Kwok, I. M . Mathai, and S. I. Miller, J. Org. Chem., 35, 3420
(1970).

Added cyclohexene is able to compete for the diimide. 
(2) The B B /S T  ratio increases from ca. 0.2 to 2 
during the reaction, i.e., the efficiency of ST reduc
tion increases with increasing ST concentration, im
plying that N H = N H  survives long enough to encounter 
ST diffusing up from bulk solution. The efficient BB 
formation thus appears to result from generation of 
N H = N H a t  high dilution, favoring reduction of alkene 
over second-order disproportionation of diimide.

The Effect of Added Nucleophiles.— An added 
nucleophile, X “ , which is more reactive in dehalo- 
genation than Br~ or N 2H 4 should increase (BB +  ST) 
at the expense of a-bromostilbene. If the oxidized 
form, XBr, is also capable of oxidizing N 2Eu rapidly, 
BB formation should be maintained, though perhaps 
in altered proportions. Table IV  contains results for 
several nucleophiles.

T a b l e  IV
P r o d u c t s  f r o m  raeso-STiLBENE D i b r o m i d e , 

H y d r a z i n e , a n d  A d d i t i v e s “

Additive0

M ol N2H< 
mol STBr2 %  b b

%
ST

%  cis-ct-Bromo- 
stilbene

None 4 .2 56 26 4
None' 21.0 39 27 28
KI 4 .2 70 13 Trace
K I‘ 21 .0 55 29 9
KBr 21.0 Trace 70 Trace
KBr' 21.0 37 42 16
NaSCN 4 .2 57 24 9
NaSCN 6 .0 65 25 5
CîHsSChNa 4 .2 27 17 20
C2HiiS02Na 6 .0 30 20 21
CeHeSK8 4 .2 24 67 0
CtHsSK8 6 .0 21 68 0
KNCOd 4 .2 19 14 38
KNCO8 6 .0 22 16 50
KCN 4 .2 6 7 28
KCN 6 .0 4 9 29
NaOCH3 4 .2 10 18 80
NaOCH3 6 .0 10 21 67
Zn' 21 13 81 0
A r « 21 32 64 0
None/ 21 5 13 71
C u(I)''» 21 9 83 0

“ Solvent 2-propanol, except as noted. Reaction time 24 hr, 
at reflux in nitrogen atmosphere. b 0.2 M. '  In CH3OH. 
d Additional, unidentified peak in gas chromatogram. « From 
AgNO, in the presence of excess N2H4. 1 In CH3CN. » From
CuCl2 in the presence of excess N2H4.

I - , which is known to be a superior dehalogenating 
nucleophile, when added at low N 2H 4 concentration 
eliminates dehydrohalogenation altogether. The re
action is visualized as eq 9 +  10 +  11 =  12.10 The

>CBrCBr< +  21" =  > C = C <  +  I2 +  2B r- (9) 
I2 +  3N2H4 =  N H = N H  +  2N2H5+I -  (10)

N H = N H  +  > C = C <  =  >C H C H <  +  N2 (11) 

>CBrCBr< +  3N2H4 = >C H C H <  +  2N2H5+Br~ +  N 2 (12)

B B /S T  ratio is also increased. The other highly 
polarizable nucleophiles (SCN~ and PhS- ) increase

(10) The possible involvement of P h C H I-C H B rP h is apparently elim
inated by evidence that I -  attacks STBrj more rapidly at Br than at C, 
both in methanol and D M F .11' 12

(11) C. S. T . Lee, I. M . Mathai, and S. I. Miller, J. Amer. Chem. Soc., 
9 2 ,4602  (1970).

(12) I. M . Mathai and S. I. Miller, J. Org. Chem., 36, 3416 (1970).
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(BB +  ST) and depress a-bromostilbene strongly, 
as expected for attack on bromine.13 In the case of 
PhS-  the B B /S T  ratio is also depressed, apparently 
owing to reaction 13 (known14 to accompany dehalo-

PhSBr +  PhS”  — ► PhSSPh +  Br~ (13)

genation by PhS- ) which competes with oxidation 
of N ,H 4.

The more basic nucleophiles attack H, and the pro
portion of a-bromostilbene increases.

The remaining dehalogenating agents [Zn, Ag, and 
Cu(I)] are efficient at suppressing dehydrobromina- 
tion and generally depress the B B /S T  ratio as ex
pected for one-electron reductants, since their oxidized 
states do not oxidize hydrazine to diimide.15

Davis and Ansari,2 attempting to dehydrobrominate 
RCHBrCHBrPh with NH>~ in liquid ammonia, ob
served the formation of R C H = C H P h  and R C H 2-  
CHoPh (ca. 2 :1 ), which they attribute to eq 14-17.16

RCHBrCHBrPh +  N H r  — >-
RC H =C H Ph +  NH2Br +  B r" (14)

NH2Br +  2NH2-  — >- NH2NH~ +  NH3 +  B r" (15)

NH2N H " +  RC H =C H Ph +  NH3 — >-
NH2NHCHRCH,Ph +  NH2_ (16)

NH2NHCHRCH2Ph — 4-
RCH2CH2Ph +  >/2N2 +  V*N,H4 (17)

Our results open the possibility that diimide is also 
an intermediate in this reaction, production of hy
drazine in eq 15 being followed by either reactions 
2 -4  or 5-7.

Other Substrates.— In preliminary experiments we 
failed to observe reduction of 1 ,2-dibromoheptane, 
irans-l,2-dibromocyclohexane, or 2 ,3-dibromopropanol 
by N2H 4 under the conditions applied to STBr2. This 
is consistent with the reported formation of only prod
ucts of nucleophilic displacement on carbon in the 
reaction of 1 ,2-dihaloethanes with hydrazine.17

Experimental Section

General.—cfs-l-Bromo-l,2-diphenylethene was prepared by 
the method of Wislicenus and Seeler18 and purified by trapping a 
center cut from the gas chromatographic peak. The 'H nmr 
spectrum (CC14) displayed a broad singlet (6 7.4 ppm) due to one 
phenyl group and the a proton, and a multiplet (S 7.0 ppm) due 
to the other phenyl group, with area ratio 6:5 .

Anal. Calcd for Ci4HnBr: C, 64.89; H, 4.28; Br, 30.83. 
Found: C, 64.68; H, 4.30; Br, 31.09.

meso-1,2-Dibromo-l ,2-diphenylethane (Aldrich) was recrys
tallized from xylene: mp 237-238° (lit.19 mp 240-241°). Bi
benzyl (Distillation Products Industries) was recrystallized from 
ethanol: mp51.4° (lit.20 mp 51.8°). All other chemicals were the 
highest quality commercial materials, used without purification.

Nmr spectra were obtained with a Varian A-60 instrument. 
Melting points were measured by hot-stage microscopy, and are 
corrected. Analyses were performed by Galbraith Laboratories, 
Inc.

Analytical Procedure.—Product solutions (containing 100 mg
(13) J. O. Edwards, J. Amer. Chem. Soc., 76, 1540 (1954).
(14) R. Otto, J. Prakt. Chem., [2] 63, 1 (1896).
(15) C. E. Miller, J. Chem. Educ., 42, 254 (1965).
(16) T. Kauffmann, H . Henkler, and H. Zengel, Angew. Chem., 74, 248

(1962) ; T . Kauffmann, K . Lotzsch, E . Rauch, and W . Schoeneck, Chem. 
Ber.,98, 904 (1965).

(17) R. F. Evans, J. I. Jones, and W . Kynaston, J. Chem. Soc., 4023
(1963) .

(18) J. Wislicenus and F. Seeler, Ber., 28, 2693 (1895).
(19) W . K. Kwok and S. I. Miller, J. Org. Chem., 36, 4034 (1970).
(20) J. Timmermans, "Physico-Chemical Constants of Pure Organic Com 

pounds,” Elsevier, Amsterdam, 1950.

of diphenylaeetylene per 25 ml as an internal standard) were gas 
chromatographed at 150° through 5-ft columns of 3%  SE-30 on 
Varapost 30, 100/120 mesh, using a Varian Aerograph 600-D 
chromatograph with flame ionization detection. The sample size 
was 0.4-0.6 pi; the carrier gas was N 2. For those runs to which 
cyclohexene was added the stationary phase was 12% Carbowax 
1500 on Chromosorb W, 60/80 mesh, at 50°, and ethylbenzene was 
the internal standard. Response coefficients were determined 
on standard solutions and peak areas were measured by planim
etry. Analyses were carried out in duplicate; precision ca. 
3% . The precision of typical duplicate runs (standard devia
tion) is shown in Table II.

Reaction of Hydrazine with meso-Stilbene Dibromide.— 340
mg (1.0 mmol) of STBr2 and 4.0 ml of solvent were placed in a 
one-piece glass apparatus consisting of round-bottom flask, con
denser, and port with Teflon stopcock (this apparatus served as a 
separatory funnel for the work-up, avoiding transfer of the con
tents). The condenser was capped with a mercury bubbler and 
oxygen was purged with a stream of nitrogen while the solution 
was heated to reflux (or 105° for solvents with bp >105°) for 5 
min. The hydrazine and any additives were added through the 
condenser and the mixture was heated with magnetic stirring 
under nitrogen, usually for 24 hr. To the cooled mixture were 
added 7 ml of CHC13 and at least 25 ml of water. The aqueous 
layer was extracted twice more with 6-7 ml of CHC13 and the 
combined extracts were made up to 25.0 ml. This solution was 
dried by adding a few pieces of molecular sieve. In the runs to 
which cyclohexene was added toluene was used as extracting 
solvent.

The identity of bibenzyl was confirmed by isolation. We ex
perienced difficulty with the liquid chromatographic separation of 
bibenzyl and frans-stilbene and resorted to destruction of the 
latter by aqueous permanganate. The product of a 1.0-mmol 
run in presence of KI, so treated, gave on elution from silicic acid 
with benzene-hexane (1 :2) 0.128 g (0.70 mmol, 70% ) of colorless 
crystals, melting point and mixture melting point identical with 
those of bibenzyl.

Extent of Reduction of Stilbene Due to Adventitious Oxidation 
of Hydrazine.— A solution of 180 mg (1.00 mmol) of trans- 
stilbene, 0.7 ml (21 mmol) of hydrazine, and 119 mg (1.00 mmol) 
of KBr in 4.0 ml of 2-propanol was refluxed for 24 hr under N 2. 
Work-up and analysis as above gave the following results for 
duplicate runs: bibenzyl, 3 and < 1 % ; ¿rans-stilbene, 100 and
97.8%.

Reduction of ira/is-Stilbene by Diimide Generated from N2H4
and I2.— To a refluxing solution of 180 mg (1.00 mmol) of trans- 
stilbene and 0.35 ml (10 mmol) of hydrazine in 7 ml of methanol 
was added 254 mg (1.00 mmol) of iodine in 10 ml of methanol and 
the solution was refluxed for 35 min. Work-up and analysis as 
above revealed the presence of 0.038 mmol (3.8% ) of bibenzyl 
and 0.930 mmol (93%) of irans-stilbene.
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In the young chemistry of the triafulvenes,2 a lead
ing role has been played by diphenylcyclopropenone

(1) Fulvenes and Thermochromic Ethylenes. Part 80. For part 79, 
see M . Rabinovitz and A. Gazit, Tetrahedron Lett., 3523 (1972).

(2) B. S. Thyagarajan, Intra-Sci. Chem. Rep., 4, 1 (1970).
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( l ) ,3'4 the readily available prototype of the “ aro
matic” [3]annulenone series. During a study of the 
electron impact behavior of triafulvenes derived from
l ,5 it was deemed necessary to prepare di(phenyl-d5)- 
cyclopropenone (2). W c wish to report a straight
forward synthesis of 2 and its application in the prepa
ration of a deuterated triapentafulvalenequinone and 
di (phenyl-d5) acetylene.

Of the numerous methods available for the syn
thesis of 1, the electrophilic substitution of aromatic

respectively. The pmr spectrum of 3 (in CDBr3) 
exhibited only the symmetrical A A 'B B ' pattern of 
the indandione protons centered at 7.85 (2 H, ortho 
to CO) and 7.65 ppm (2 H, meta to CO). The struc
ture of 3 was confirmed by the molecular ion at m/e 
344 in the mass spectrum and the absence of any signal 
in the region m/e 334-340.5

Finally, the photolytic decarbonylation of 2 in 
2-propanol solution proceeded smoothly, providing 
a simple and efficient synthesis of di(phenyl-d5) acety
lene (4).u>11 12 The molecular ion at m/e 188 was the 
strongest signal in the mass spectrum of 4, while the 
signals due to undeuterated and partially deuterated 
diphenylacetylene at the m/e 176-182 region were 
completely absent. The facile synthesis of 4 may 
lead to practical syntheses of deuterated compounds 
derived from 4, e. g., phenanthrene-efio.

Experimental Section
C sD 5C = C C 6D 5

4

substrates by trichlorocyclopropenium salts (the 
method of Tobey and West6) seemed promising. 
Indeed, treatment of trichlorocyclopropenium tetra- 
chloroaluminate with benzene-ds in carbon disulfide 
solution7 afforded the desired 2 in 70%  yield. The 
structure of 2 was established by the elemental analy
sis and spectroscopic observations. The infrared 
spectrum of 2 showed characteristic cyclopropenone 
frequencies at 1840 and 1615 cm- 1 ,8 a C -D  stretch
ing absorption at 2240 cm-1 , and C -D  out-of-plane 
bending bands at 560 and 540 cm -1  (five adjacent 
phenyl deuterium atoms). No absorption appeared 
in the pmr spectrum. The strongest signal in the 
mass spectrum of 2 (rel intensity 100% ) was due to 
[C14D 10] ■ + ([M  — CO] - +, m/e 188), while the intensity 
of the molecular ion at m/e 216 was only 0 .4% . No 
signals appeared at m/e 178 and 206, ruling out the 
presence of 1 as a significant impurity. The relatively 
high abundance (6.1% ) of the [M — CO]2+ signal 
(at m/e 99) is noteworthy.

The use of 2 as a starting material for the synthesis 
of deuterated 1 ,2-diphenyltriafulvenes may be il
lustrated in the preparation of l ,2-di(phenyl-<i5)-
4,5-benzotriapentafulvalene-3,6-quinone (3). Conden
sation of 2 with 1,3-indandione in boiling acetic 
anhydride in the presence of boron trifluoride ether- 
ate9 gave 3 in 64%  yield. The properties of 3 closely 
resemble those of its undeuterated analog.10 The 
infrared spectrum of 3 shows a C -D  stretching ab
sorption at 2040 cm-1 , characteristic triafulvene 
frequencies at 1840 and 1485 cm-1 , a carbonyl stretch
ing absorption at 1655 cm-1 , and a C -H  and C -D  
out-of-plane bending band at 730 and 550 cm-1 ,

(3) R . Breslow, T. Eicher, A . Krebs, R . A . Peterson, and J. Posner, J. 
Amer. Chem. Soc., 87, 1320 (1965).

(4) R . Breslow and J. Posner, Org. Syn., 47, 62 (1967).
(5) I. Agranat, Org. M ass Spectrom., in press.
(6) (a) S. W . Tobey and R. West, J . Amer. Chem. Soc., 86, 4215 (1964); 

(b) R. W est, D . C. Zecher, and S. W . Tobey, ibid., 92, 161 (1970).
(7) Cf. T . Eicher and A. Hansen, Chem. Ber., 102, 319 (1969).
(8) A . Krebs, B. Schrader, and F. Hofler, Tetrahedron Lett., 5935 (1968).
(9) Cf. P. O ’Brien, Ph.D . Thesis, University of Florida, 1967; Diss. Abstr. 

B, 29, 114 (1968).
(10) I. Agranat, R. M . J. Loewenstein, and E. D . Bergmann, J. Amer. 

Chem. Soc., 90, 3278 (1968).

Melting points were taken on a Unimelt Thomas-Hoover 
capillary melting point apparatus and are uncorrected. Infra
red spectra were recorded on a Perkin-Elmer Model 457 spectro
photometer in Nujol and in KBr disks. Ultraviolet spectra were 
recorded on a Unicam Model SP800 spectrophotometer. Nmr 
spectra were taken on a Varian HA-100 spectrometer (TMS as 
internal standard). Mass spectra were measured on a Varian 
M AT CH-5 instrument operating at 70 eV, employing the direct 
insertion technique. Tetrachlorocyclopropene was obtained 
from Aldrich Chemical Co., Inc.

Di(phenyl-ds)cyclopropenone (2).— A solution of 2.0 g (11 
mmol) of tetrachlorocyclopropene in 2.5 ml of carbon disulfide 
was added dropwise, at 5°, under anhydrous conditions to a 
magnetically stirred suspension of 2.80 g (21 mmol) of anhy
drous aluminum chloride in 6 ml of carbon disulfide and left for 
15 min at room temperature. The resulting mixture containing 
trichlorocyclopropenium tetrachloroaluminate was treated drop- 
wise with a solution of 5 ml of benzene-d6 in 5 ml of carbon di
sulfide. After 16 hr at room temperature, the dark red complex 
was diluted with 200 ml of methylene chloride, cooled to 0°, and 
poured into 200 ml of hydrochloric acid (2 N ). The organic 
fraction was washed with water, dried over magnesium sulfate, 
and evaporated to dryness under vacuum. Recrystallization 
of the remaining solid from cyclohexane gave 1.44 g (70% yield) 
of 2 as colorless needles: mp 119-120°; uv max (cyclohexane) 
222 nm (log £ 4.24), 229 (4.23), 284 s (4.20), 291 (4.27), 300 
(4.32), 316 (4.10), and 363 (3.00).

Anal. Calcd for C15D i0O: C, 83.3; D, 9.3. Found: C, 
83.2; D, 9.4.

1,2-Di(phenyl-do)-4,5-benzotriapentafulvalene-3,6-quinone (3). 
— A solution of 1.08 g (5 mmol) of 2 and 0.73 g (5 mmol) of
1,3-indandione in 30 ml of freshly distilled acetic anhydride con
taining 1 drop of boron trifluoride etherate was refluxed with 
magnetic stirring under anhydrous conditions for 2.5 hr and left 
at room temperature for 16 hr. The slightly red crystalline pre
cipitate was filtered off and washed with methanol to give 1.1 g 
(64%) of crude 3. Recrystallization from benzene afforded 3 
as pale yellowish needles: mp 226°; uv max fCHjCN) 232 nm 
(log e 4.64), 250 s (4.46), 265 s (4.20), 287 (4.02), 297 (4.28), and 
342 (4.66).

Anal. Calcd for CmD ioH40 2: C, 83.7; D +  H, 7.0. Found: 
C, 83.9; D +  H, 7.1.

Di(phenyl-d,)acetylene (4).— A solution of 0.108 g (0.5 mmol) 
of 2 in 200 ml of 2-propanol was irradiated for 2 hr at room tem
perature under argon with a 70-W uv lamp. Removal of the sol
vent in vacuo yielded 4, mp 57° (0.085 g, 90% ). Sublimation 
at 45-65° (0.6 mm) afforded 4 as colorless crystals, mp 59°.

Anal. Calcd for C „D « : C, 89.4; 1), 10.6. Found: C, 
89.5; D, 11.0.

Registry No.— 2, 40736-43-4; 3, 40682-48-2; 4, 19339-46-9; 
tetrachlorocyclopropene, 6262-42-6; benzene-iA, 1076-43-3; 1,3- 
indandione, 606-23-5.

(11) C. Pecile and B. Lunelli, Can. J . Chem., 47, 235 (1969).
(12) N . P. Buu-Hoi and G. Saint-Ruf, Bull. Soc. Chim. Ft., 661 (1968).
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Isolation of the individual components of a reaction 
mixture in pure form by gas chromatography prior to 
examination by ir, uv, nmr, and mass spectroscopy is 
an important and recurring problem for organic chem
ists. The fraction collection techniques presently 
available, are not so convenient as might be desired. 
The most popular devices are cold traps.1-4 These, 
however, require coolants and some means of pre
venting aerosol formation, which lowers the collec
tion efficiency. Other fraction collectors have been 
proposed in which a sample is sorbed on an inert sup
port5-8 or is partitioned on a chromatographic liquid 
phase.9-11

Some of these devices require relatively complicated 
equipment, which makes the technique inconvenient. 
Many require heat and/or vacuum equipment to 
transfer a sample from the collection device, and some 
cause chemical transformation of the collected com
ponents. This report will describe a simple procedure 
which circumvents these difficulties and is easily adapt
able for use in uv, ir, nmr, and mass spectral analyses of 
the separated components.

A  supply of collection tubes is made by loosely 
packing 4-12 mg of 80-100 mesh Rohm and Haas 
X A D -4  resin into 1.6-1.8 X  70 mm borosilicate glass 
capillary tubes. The resin is held in the tubes with 
small plugs of clean glass wool on either side. The 
ends of the tubes are lightly fire polished and the tubes 
are stored in a sealed container until ready for use.

The method of attaching the tubes to the exhaust 
port of the gas chromatograph will depend on the 
instrument used. When a Yarian Autoprep A700 
chromatograph is used, this is accomplished by drilling 
a Vi6-in. hole, tapered on one side, into a 9 mm di
ameter X  3 mm thick Teflon disk. The disk is placed, 
taper out, inside the nut on the exhaust port of the 
chromatograph. The nut is tightened so that the 
Teflon disk holds the capillary collection tube snugly in 
place but loose enough that the tube can be easily 1 2 3 4 5 6 7 8 9 10 11

(1) H . T . Badings and J. G. Wassink, J. Chromatogr., 18, 159 (1965).
(2) J. T . Ballinger, T . T . Bartels, and J. H . Taylor, J. Chromatogr. Sci.,

6, 295 (1968).
(3) K . R . Burson and C. T. Kenner, J. Chromatogr. Sci., 7, 63 (1969).
(4) R . K . Odland, E . Glock, and N . L. Bodenhamer, J. Chromatogr. Sci.,

7, 187 (1969).
(5) M . Cartwright and A. Hey wood, Analyst, 91, 337 (1965).
(6) J. N . Damico, N. P. Wong, and J. A. Sphon, Anal. Chem., 39, 1045

(1967) .
(7) F. W . Karasek and R. J. Smythe, Anal. Chem., 43, 2008 (1971).
(8) D . M . Kane and F. W . Karasek, J. Chromatogr. Sci., 10, 501 (1972).
(9) J. W . Am y, E . M . Chait, W . E . Baitinger, and F. W . McLafferty, 

Anal. Chem., 37, 1265 (1965).
(10) M . D . D . Howlett and D . Welti, Analyst, 91, 291 (1966).
(11) B. A . Bierl, M . Beroza, and R. M . Ruth, J. Chromatogr. Sci., 6, 286

(1968) .

inserted or removed. With other chromatographs, 
similar designs can be easily adapted.

For fraction collection, a packed tube is inserted 
into the modified exhaust port at the beginning of the 
gas chromatographic run and the instrument recorder 
zeroed. At the onset of the desired fraction, as in
dicated by the recording of a peak, this tube is removed 
and a new collection tube inserted. When the gc 
peak has returned to base line, the collection tube is 
removed and another tube is inserted to collect the 
next fraction. There is generally only a slight de
flection of the recorder pen as one tube is removed 
and another tube is inserted. The time required to 
change tubes is less than 1 sec, so that multiple col
lections across a single gc peak are possible.

The efficiency of sample collection for several model 
compounds was tested. Typical recoveries, based on 
repeating the chromatography of the collected material, 
were between 60 and 95%  for a-methylstyrene, n- 
hexyl alcohol, n-pentyl alcohol, benzyl chloride, ben- 
zaldehyde, toluene, anisole, and acetophenone. In 
view of the simplicity of the device and the ease of 
fraction collection and transfer, these recoveries are 
considered satisfactory for auxilary instrumental qua
litative analysis, such as ir, uv nmr, and mass spec
troscopy.

Infrared Spectra.—For infrared analyses, the sample 
component is eluted directly from the collection tube 
into the ir cell using a suitable solvent such as carbon 
tetrachloride. The plunger and needle are removed 
from a 1-ml disposable syringe which is fitted into the 
opening on one end of the ir cell. With the other open
ing of the ir cell plugged, the collection tube is eluted into 
the syringe until the syringe barrel contains ~ 0 .1  ml of 
a carbon tetrachloride solution. The plug is then re
moved from the ir cell allowing the solution to fill the 
cell. Using this technique, well-resolved and easily 
interpretable ir spectra were obtained using a Beckman 
IR-33 for '•''1.0 mg of each of the following compounds: 
a-methylstyrene, acetophenone, aniline, n-hcxyl alcohol, 
toluene, and hexyl acetate.

Nmr Spectra.—For nmr analyses, the sample com
ponent is transferred from the collection tube directly 
into an nmr tube by elution with ~ 1 .0  ml of carbon 
tetrachloride. Good quality nmr spectra were ob
tained using a Hitachi R20-B, 60-M Hz instrument for 
~ 4  mg of each of the following compounds: n-hexyl 
acetate, 2-methylcyclohexanol, a-methylstyrene, and 
toluene.

Uv Spectra.— For uv analyses, the sample component 
is eluted from the resin with ~ 0 .2  ml of an appropriate 
solvent such as hexane or 95%  ethanol. The eluate is 
then diluted to 25 ml and an aliquot of this solution is 
transferred to the uv cell. With this technique, 
quality uv spectra were obtained using a Cary Model 
14 spectrophotometer for 0.5-mg fraction-collected 
samples of a-methylstyrene, toluene, acetophenone, 
benzaldehyde, and anisole.

Mass Spectra.—It is unnecessary to transfer the 
sample by elution from the collection tube to obtain a 
mass spectrum. The resin containing the sorbed 
sample is simply transferred to the direct insertion 
probe of the mass spectrometer for mass spectral anal
ysis. This technique is particularly convenient for a 
Du Pont 21-490 series mass spectrometer, since the
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borosilicate 1.6 X  1.8 mm collection tubes are easily 
converted into direct insertion sample containers. 
After fraction collection, one end of the collection tube 
is sealed and the resin containing the sorbed sample is 
pushed to the sealed end. The unsealed end is then 
cut off, leaving an 18-20 mm long sample container 
which is identical with those supplied by Du Pont. 
Using this technique high-quality mass spectra were 
obtained for samples as volatile as toluene as well 
as for benzaldehyde, o-xylene, benzyl chloride, 1- 
methylnaphthalene, acenaphthylene, a-methylstyrene. 
2-ethyl-l-hexanol, acetophenone, and mcthvl octano- 
ate, with quantities as low as 10-8 g. The background 
spectra caused by the X A D -4  resin as it is received is 
significantly reduced by vacuum degassing the resin 
used in preparing the collection tubes at 10 ~6 Torr 
and ~ 2 0 0 °  for 1 hr.
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In connection with an investigation into steric effects 
on the McLafferty rearrangement,2 we were interested 
in obtaining a sample of bicjrclo[6.2.1]undecan-ll-one 
(1). This compound has not previously been prepared, 
but both bicyclo[5.2.1]decan-10-one (2) and bicyclo- 
[4.2.1 ]nonan-9-one (3) have been obtained by reaction 
of 1,4-bisdiazobutane (4) with cyclopentanone and 
cyclohexanone respectively,3 and also by intramolecular 
diazoinsertion of the side chain diazoalkyl ketones 6 and 
7, respectively.4 In the original report describing the 
reactions of 4, it was stated that reaction with cyclo
heptanone (8), which would have been expected to 
yield the desired ketone 1, yielded complex mixtures, 
and it was inferred from a study of the vapor phase 
chromatographic behavior of these mixtures that the 
bridged ring ketones could be no more than minor 
constituents.3 No information was available on the 
alternate route to 1 via the side chain diazoalkyl ketone

1, n =  3 5. n =  3
Z n  =  2 6. n =  2
3, n =  1 7, n =  1

(1) Author to whom inquiries should be directed: Virginia Polytechnic
Institute and State University.

(2) J. D . Henion and D. G. I. Kingston, unpublished work.
(3) C. D . Gutsche and T. D . Smith, J. Amer. Chem. Soc., 82, 4067 (1960).
(4) C. D . Gutsche and D . M . Bailey, J. Org. Chem., 28, 607 (1963).

5, but a recent paper by Wiseman and Chan showed 
that the structures of the two major product ketones 
produced by reaction of 1,3-bisdiazopropane with 
cyclohexanone differed from those previously assigned 
on the assumption of double expansion of the six- 
membered ring.5 It thus seemed likely that the reac
tion of 4 with cycloheptanone would not prove to be a 
good synthetic route to the ketone 1.

In spite of this discouraging situation, we decided to 
investigate the reaction of 4 with 8 in order to determine 
whether any of the desired product at all was produced. 
Since our need was for only a small quantity of 1, it was 
believed that sufficient material could be obtained even 
from a low-yield reaction. Reaction of bis-.V,.V'-di- 
nitroso-l,4-butancdiamine with cycloheptanone by the 
method of Gutsche and Smith yielded a mixture of six 
major products, as detected by vapor phase chroma
tography (vpc). Tn contradistinction to the findings of 
Gutsche and Smith, however, one of these products 
(and only one), representing about 20%  of the total 
product mixture, had a vpc retention time in the region 
expected for the desired ketone 1. Examination of this 
product by high-resolution mass spectrometry showed 
that it had the composition CnHisO. The presence of 
a cyclopentanone ring was confirmed by its infrared 
absorption maximum of 1731 c m "1, and the bicyclic 
nature of the material was shown by the absence of low- 
field resonances in the nmr spectrum due to vinyl 
protons.

In spite of the similarity of the isolated product to the 
ketone 1, there were some features in its mass spectrum 
which were not consistent with its formulation as 1; 
in particular, the compound showed a moderately in
tense ion at m/e 148 [M — H.O] • + which was absent in 
the spectra of compounds 2 and 3. The location of the 
carbonyl group in the compound was deduced by deu- 
teration followed by mass spectral analysis of deuterium 
incorporation. This showed clearly that it possessed 
three exchangeable hydrogens, and it must, therefore, 
have the bicyclic structure of bicyclo[6.3.0]undecan-2- 
one (13). Other structures are incompatible with 
the requirement of a cyclopentanone ring in the product, 
the nature of the starting materials, and the absence of 
olefinic protons in the nmr spectrum.

A  plausible rationalization for the formation of 13 
from the reagents used is given in Scheme I.

Monodiazo insertion into cycloheptanone would yield 
the intermediate 9, which could react to form the inter
mediate 10. Rearrangement of 10 by the pinacol 
route (pathway A) would yield the cyclononanone 11, 
while rearrangement via the epoxide 12 (pathway B) 
would yield the observed product 13. The structure 11 
is, of course, excluded for the product by the observed 
infrared adsorption of the latter; presumably, the 
angular strain in the transition state leading to a 
cyclobutane is sufficient to make pathway A energeti
cally unfavorable as compared with pathway B. The 
latter pathway must also be favored over the bis inser
tion to give 1, presumably also because of conforma
tional restrictions when forming a medium-ring ketone 
bv ring expansion.6 It is well known that the forma
tion of medium-ring alicyclic ketones by ring expan
sion of the lower homologs with diazomethane is

(5) J. R. Wiseman and H . F. Chan, J. Amer. Chem. Soc.. 92, 4749 (1970).
(6) C. D . Gutsche, Org. React., 8, 364 (1954).
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S c h e m e  I

difficult unless Lewis acid catalysts are used.' Forma
tion of the epoxide is an important side reaction of 
diazomethane ring expansions,6 and collapse of the 
epoxide to give 13 is analogous to the formation of 
spiro [3.5]nonan-l-one (IS) from 10-oxadispiro [2.0.5.1]-

0

14 15

decane (14) ,5 In this connection, it should be noted 
that the ketone 13 may be an artifact of the work-up 
procedure, with the epoxide 12 being the initial product 
rather than a reaction intermediate. Wiseman and 
Chan showed that the epoxide 14 was, indeed, the 
initial product of the reaction of cyclohexanone and
1,3-bisdiazopropane and that rearrangement of 15 
occurred on injection into the vpc.5 It did not prove 
practicable to separate our crude reaction mixture 
without recourse to vpc, however; so it was not possi
ble to confirm this point.

Many attempts under a variety of conditions were 
made to prepare the desired ketone 1 by the bisdiazo 
insertion route, but all such attempts were uniformly 
unsuccessful. Similarly, attempts to prepare 1 by 
the alternate route of Gutsche and Bailey4 were also 
unsuccessful. Base-catalyzed decomposition of N- 
nitroso-W-acetyl-3-(2'-ketocyclooct}d) propylamine (16)

yielded a similar mixture to that obtained from 4 and 
8, and the ketone 13 was again isolated as the only 
product having a retention time close to that expected 
for 1. This formation of 13 from the diazo ketone 9

generated from 16 lends support to the mechanistic 
pathway outlined in the scheme.

Experimental Section8
Bicyclo[6.3.0]undecan-2-one (13). Method A .— A25-ml three 

necked round-bottomed flask equipped with a magnetic stirrer, 
thermometer, addition funnel, and gas bubbler was flame dried 
in a stream of dry nitrogen and charged with a solution of cyclo- 
heptanone (1 g, 8.9 mol), anhydrous (3A molecular sieve) 
methanol (3.2 ml), and anhydrous pulverized potassium carbonate 
(1.2 g, 8.9 m ol).9 This mixture was cooled to 5° in an ice bath 
and a solution of bis-Ar,Ai '-dicarbethoxy-Ar,A’ '-dinitroso-l,4- 
butanediamine10 (2.6 g, 8.9 mol) in 6.4 ml of reagent chloro
form added dropwise with stirring at a rate slow enough to keep 
the temperature below 10°. The resulting yellow reaction mix
ture was stirred for an additional hour at 5° and then allowed to 
warm to room temperature. The crude product was diluted with 
20 ml of chloroform, filtered, and concentrated in vacuo. Pre
parative gas chromatography (inlet temperature 250°; column 
temperature 175°) yielded 13 (20% yield estimated from peak 
area): mp 49-50°; rmax 1731 cm -1; nmr 1.17-2.26 ppm (multi- 
plet); parent ion at m/e 166.1357 (ealed for CiiHisO: 166.1358);
mass spectrum major peaks observed at m/e (rel intensity) 166 
(80), 148 (12), 139 (11), 123 (22), 112 (36), 109 (40), 97 (80), 84 
(100), 67 (60), 55 (64), 41 (62).

Method B .—A 10-ml, one-necked flask fitted with an addition 
funnel and magnetic stirrer was charged with anhydrous methanol 
and cooled to 5° in an ice bath. A solution of Ar-nitroso-N- 
acetyl-3-(2'-ketocyclooctyl)propylamine4 (0.5 g, 2.1 mmol) in 
methylene chloride was added dropwise over a 45-min period to 
produce a yellow reaction mixture which was stirred for 1 hr at 5° 
and then allowed to warm to room temperature.

The crude product was steam distilled to give an aqueous dis
tillate which was extracted with ether, dried over anhydrous 
magnesium sulfate, and concentrated by careful fractionation. 
The pleasant-smelling yellow pot residue on purification by 
preparative gas chromatography yielded a product identical in 
all respects with that obtained by method A.

Deuterium Exchange.— Deuterium exchange of 13 was carried 
out most efficiently by a modification of the on-column exchange 
procedure of Burlingame.10 11 An 8  ft X  0.25 in. stainless steel 
column was packed with 5%  phosphoric acid and 10% Apiezon L 
on 60-80 mesh Chromosorb W. Immediately prior to use, the 
column was equilibrated by injection of several hundred micro
liters of 99.7% deuterium oxide, followed by injection of the sam
ple to be exchanged. The exchanged sample was collected, the 
column was reequilibrated with deuterium oxide, and the cycle 
was repeated twice. It was found that these conditions gave 
good deuterium incorporations even in some cases where base- 
catalyzed exchange in solution gave poor results. Application of 
this procedure to 13 yielded a compound having parent ion peak 
m/e 169.

Registry No.— 13, 40696-12-6; cycloheptanone, 502-42-1; 
bis-.V,Ar,-dicarbethoxy-Ar,A’ '-dinitroso-l,4-butanediamine, 19935-
89-8; Ar-nitroso - N  - acetyl - 3 - (2' - ketocyclooctyl)propylamine,
40752-89-4.

(8) M eltin g  points are uncorrected. In frared spectra  were ta k en  in 
carbon  tetrach loride solu tion , nm r spectra  were determ ined  in  deuterio- 
ch loroform  using tetram ethylsilane as internal standard, a n d  m ass spectra  
were ob ta in ed  on  an A . E . I . M S -902  mass spectrom eter using a heated  in let 
system . E xa ct  mass m easurem ents were m ade at a resolution  o f  on e  part in 
10,000, using heptacosafluorotri-n -bu ty lam ine as internal standard . V apor 
phase chrom atogram s were run on  a H ew lett-P ack ard  M o d e l 5750 gas 
ch rom atograph  equipped  with a therm al con d u ctiv ity  detector, using a 6 
ft  X  0.125 in . 10%  C arbow ax 20M  on 60-80  m esh C h rom osorb  W  co lu m n  
for analytica l studies and a 6 ft  X  0.25 in. co lum n p a ck ed  w ith  the sam e 
m aterial for preparative work.

(9) T he second  insertion step appears to  be  quite slow , and in  the pres
ence o f traces o f  w ater the interm ediate diazo ketone 9 appears to  be in ter
cepted  to  form  a keto  alcohol such as 17.

O

17

(7) H. O. House, E. J. Grubbs, and G. F. Gannon, J. Amer. Chem. Soc.,
82, 4099 (1960); E. Muller, B. Zeeh, R. Heischkeil, F. Fricke, and H. Suhr,
Justus Liebigs Ann. Chem., 662, 38 (1963).

(10) C. M . Samour and J. P. Mason, J. Amer. Chem. Soc., 76, 441 (1954).
(11) M . Senn, W . J. Richter, and A . L. Burlingame, J. Amer. Chem. Soc., 

87, 680 (1965).
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In previous papers1’2 the preparation and reactions 
of 5-aryl- and 5-alkyl-substituted 2-pyrazolin-3-yltri- 
phenylphosphonium salts (3) from vinyltriphenyl-

+ -  +
CH2= C H P (C 6H5)3Br-  + ^C— N2 — ►

1 R'
2

R' ^

H
-F(C6H5)3Br-

phosphonium bromide (1) and substituted diazo
methanes (2) were reported.

Spontaneous decomposition was observed1 only 
where the 2-pyrazolinyl structure could not be formed 
owing to substitution a to the phosphonium moiety. 
The 1-pyrazolinyl species obtained from isopropenyl- 
triphenylphosphonium bromide and diazomethane, 
or diphenyldiazomethane, decomposed to give 3- 
methylpyrazole hydrobromide and 3,3-diphenyl-l- 
methylallyltriphenylphosphonium bromide, respec
tively.1

In the present work, we wish to report that attempted 
preparation of 5-carbonyl-substituted 2-pyrazolinyl- 
triphenylphosphonium bromides (9) from 1 and sub
stituted diazoacetophenones, 4a-d, using identical 
conditions with those previously reported,1 only 
resulted in the isolation of pyrazol-3-yl ketones 7 
and disait 8. The yields of 7a-e were improved using 
2 mol of vinyl salt 1 to 1 mol of 4a-e.

The greater acidity of the 5 proton of compounds 
5 compared to that of compounds 3 (where R = H, 
R' =  aromatic, alkyl, or H) evidently makes the rate 
fc2 »  k3 and none of 9 was observed. Support for 
this proposition is found in the fact that the lowering 
of the acidity of the 5 proton in compound 5e obtained 
by treating ethyl diazoacetate (4e) with 1 allows for 
the conversion of 5e to the 5-carbethoxy-2-pyrazolinyl- 
triphenylphosphonium bromide (9e) in 90%  yield.

Attempts to phosphonioethylate 9e, under more 
vigorous conditions as described previously2 for com
pounds 3, proved to be unsuccessful, yielding only 
the corresponding pyrazole 7e and disait 8. It has 
been shown2 that phosphonioethylation of 5-substi- 
tuted pyrazolines 3 is accomplished only under forc
ing conditions which must be greater than the con
ditions needed to decompose 9e to 6e (and thence

(1) E . E . Schw eizer and C . S. K im , J . O rg. C hem ., 36, 4033 (1971).
(2) E . E . Schweizer and C .S . K im , J .O rg . C hem ., 36, 4041 (1971).

o

111 +  r c c h n 2 A

4a, R =  p-CH3OC6H4
b , R =  pEH3C6H4
c,  R = C 6H5
4 R = p -n o 2c6h 4_
e, R =  EtO

( CeH5)3PCH2CH2P( C6H5)3 ■ 2Br~ 
8

to 7e). Decomposition of 9e, by heating in the ab
sence of 1, also gave the expected2 3-carbethoxypyra- 
zole hydrobromide 6e.

The relative rates of addition of the substituted 
benzoyldiazomethanes 4a-d to the vinyl salt 1 were 
followed by observing the disappearance of the diazo 
peak (2100 cm-1) in the ir. The relative rates were 
found by measuring the slope of the curve obtained 
by plotting (absorbance)-1 vs. time. The relative 
rates (fci) for the addition were p-MeO >  p-CH3 >  
H >  p -N 0 2 (see Table I), i.e., inversely proportional 
to the expected stabilities of the carbanion of the 1,3 
dipole. As 5d would be expected to decompose faster 
than 5a, because of the greater acidity of the a proton, 
the rate-determining step must be the initial forma
tion of the 1-pyrazoline 5 from 1 and 4a-d (fcj).

In the decomposition of the intermediate 5, it is 
proposed that the bromide ion, acting as a base, re
moves the proton a to the carbonyl and triphenyl- 
phosphine is eliminated forming the pyrazole and 
triphenylphosphine hydrobromide. The triphenyl- 
phosphine hydrobromide then reacts with vinyl salt 
1 to form l,2-ethylenebis(triphenylphosphonium bro
mide) (8).3

Thus, it was shown that the nature of the substituent 
on the diazomethane dipolarophile has a profound 
influence on the course of the reaction.

Experimental Section
Infrared spectra were obtained on a Perkin-Elmer 137 spectro

photometer. Pmr spectra were taken on a Varian A-60A and a 
Perkin-Elmer R12B. The para-substituted diazoacetophenones 
(4a-d) were made by adding the appropriate acid chloride to an 
ether solution of diazomethane. Ethyl diazoacetate was pur
chased from Aldrich Chemical Co. All melting points are un
corrected .

Preparation of 3-Substituted Pyrazoles (7).— In a 100-ml flask 
fitted with a drying tube were placed 0.02 mol of vinyl salt, 0.01

(3) E . E . Schweizer and R . B ach , J . O rg. C hem ., 29, 1746 (1964).
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Table I
P r e p a r a t i o n  o p  3 -S u b s t i t u t e d  P y r a z o l e s  (7a-e) f r o m  V i n y l  S a l t  1 a n d  S u b s t i t u t e d  D i a z o m e t h a n e s

Yield of Anal, sample 7, Analysis, % --'
Product Ratio of 1 :4 Time, days Yield, % 8, % mp, °C c H Rei rate

7a 2:1 2 56 93-94 Caled 65.34 4.98 50
7a 1:1 2 34 Found 64.94 5.00
7b 2:1 2 67 130-132 Caled 70.95 5.41 47

Found 70.85 5.41
7c 2:1 3 64 96 94-95“ 26
7c 1:1 3 24 54
7d 2:1 4 58 85 190-191 Caled 55.30 3.25 1

Found 55.24 3.18
7e 2:1 1 (15) 20 (51) 55 155-157*
9e 1:1 0.5 90e c

° Lit. mp 95-96°: J. Elguero and R . Jaquier, Bull. Soc. Chim. Fr., 2832 (1966). b Lit. mp 155-157° : J. Elguero, G. Guirand, and
R. Jaquier, ibid., 619 (1966). c See Experimental Section.

T a b l e  II
S p e c t r a  o p  P y r a z o l e s  

0  
II

RC

------------ Nmr-------------------------------- -------- Ir---------
Product C-4 C-5 Phenyl Other N H C = 0 C = N

7a 6.85 (d) 7.65 
J  =  2 .4 Hz

6.95 (d), 8.15 (d) 
J  = 8 .5 Hz

3200 1630 1600

7b 6 .9 2 (d ) 7.91 
J =  2.7 Hz

7.26 (d), 7.84 (d) 
J  =  9 .5 Hz

CH30 , 2.40 (s ) 3150 1640 1600

7d 7.26(d )
/  =  2.3 Hz

8.0 -8 .65 (m) 3250 1660 1600

mol of the diazo compound, and 10 ml of dried chloroform. The 
reaction mixture was stirred for the required amount of time at 
room temperature, concentrated to half volume, filtered to re
move l,2-ethvlenebis(triphenylphosphonium bromide), mp 285- 
290° (lit.3 in A mp 297-300°), and further concentrated to an oil. 
This material was placed on a Florisil column (4 X 25 cm) and 
eluted with ethyl acetate. The first fraction (200 ml) was con
centrated, petroleum ether (bp 30-60°) was added to precipitate 
the product, and the pyrazole was filtered and collected. The 
product was recrystallized from benzene-petroleum ether. The 
physical data are given in Tables I and II. The results of experi
ments run with equimolar quantities of the species 1 and 4 are 
also listed in Table I. Examination of the crude reaction mixture 
from the equimolar experiments, by nmr, shows none of the 
expected peaks for the intermediate 9. The nmr shows only 
pyrazole 7, disalt 8, and some starting material 4.

5-Carbethoxy-2-pyrazolin-3-yltriphenylphosphonium Bromide 
(9e).— In a three-necked 100-ml flask with a drying tube and 
addition funnel was placed ethyl diazoacetate (0.57 g, 0.005 mol) 
in 5 ml of methylene chloride. Vinyl salt (1.85 g, 0.005 mol) 
in 5 ml of methylene chloride was added slowly over a 12-hr 
period and the solution was allowed to stir for an additional 2 hr. 
The reaction mixture was poured into ethyl acetate and the 
residue was recovered by filtration. The salt was recrystallized 
from methylene chloride-ethyl acetate at room temperature. An 
analytical sample could not be obtained owing to ready decom
position. The nmr was consistent with the assigned structure: 
nmr (CDCL) 5 1.25 (t, 3, CH3, J  = 7 Hz), 3.25 (2 d, 2, C-4, 
/  =  9, 12 Hz), 4.15 (q, 2, OCH2, J =  7.0 Hz), 5.1 (dd, 1, 
C-5, /  =  9, 12 Hz), 7.6-8.1 ppm (m, 15, phenyl).

Attempted Phosphonioethylation of 5-Carbethoxy-2-pyrazolin- 
3-yltriphenylphosphonium Bromide (9e).— Vinyltriphenylphos- 
phonium bromide (0.001 mol), 9e (0.001 mol), and 10 ml of 
chloroform were refluxed for 24 hr, concentrated to half volume, 
and filtered. The white solid collected was disalt 8 in a 73% 
yield. There was no phosphonioethylated product found.

Kinetic Data.—The sample for the kinetics was obtained 
from the reaction mixture as soon as the chloroform had been 
added and the mixture was homogeneous. The sample was 
placed in a liquid cell and the change in absorbance of the diazo

peak was followed with time on a Perkin-Elmer 421 spectro
photometer. A plot of the reciprocal of the absorbance vs. time 
in minutes gave the straight-line plot. The relative rates re
ported are the slopes of these plots.

Pyrolysis of 5-Carbethoxy-2-pyrazolin-3-yltriphenylphospho- 
nium Bromide (9e).— In an nmr tube some of 9e was heated to 
a melt for 5 min. CDCL was added and an nmr was taken. 
The pyrazole hydrobromide could not be isolated pure but the 
nmr was consistent with that of a sample prepared from 7e 
(Table I): nmr (CDCh) S 1.35 (t, 3, CH3) J =  7 Hz), 4.4 
(q, 2, DCH3 J  = 7 Hz), 6.95 (d, 1, C-4, J  =  2.8 Hz), 8.05 
(d, 1, C-3, J  =  2.8 Hz), 10 ppm (s, 2, NH solvent dependent, 
exchanges with D 20 ).
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U. S. Public Health Service Grant (CA 11000) for which 
we are most grateful.

Registry No.— 1, 5044-52-0; 4a, 6832-17-3 ; 4b, 4250-01-5; 
4c, 3282-32-4; 4d, 4203-31-0; 4e, 623-73-4; 7a, 19854-93-4; 
7b, 40711-94-2; 7c, 19854-92-3; 7d, 40711-96-4 ; 7e, 5932-27-4; 
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Recently we presented experimental evidence for 
the rearrangement of a proposed 1,4 dipole (1), gen-



N o t e s J. Org. Chem., Vol. 38, No. 17, 1973 3071

Registry no.

108-22-5
108-05-4

2424-98-8
3377-92-2
2549-51-1
769-78-8

Vinyl ester

Isopropenyl acetate 
Vinyl acetate 
Vinyl isobutyrate 
Vinyl pivalate 
Vinyl chloroacetate 
Vinyl benzoate

Table I
Ri R. k, l./mol sec AR.ct, kcal/mol (c of .

CH, CH, 2.7 X  IO“ 1 7.4 (0.977)
H CH, 4 .2  X  10“ 2 12
H CH(CH3)2 5.9 X  IO '2 12 (0.997)
H C(CH3)a 4 .0  X IO"2 12
H CHaCl 8.1 X 10-4i 14 (0.997)
H CsH6 4.3 X 10~2i 11 (0.988)

“ c of c refers to the coefficient of correlation, calculated for each set of data, reflecting the accuracy of the results. The closer the 
value is to unity, the better the straight-line fit. If no value is shown in the table, the c of c is 0.999 or better. b These values were 
obtained from an Arrhenius plot of second-order rate constants measured at four other temperatures.

erated by reaction of 4-phenyl-l,2,4-triazoline-3,5- 
dione (PhTD) and vinyl esters (Scheme I), and sug-

0
II

/ C^N 
C6H5— N II

V N
II
0

PhTD

S c h e m e  I

/ l
+  ch2= c^  r * 

0 — c

0

c 6H5

1

0 0

Hi
y C ----CH2 c

/ \
/ N~ NV Rz°<>°

1
c 6H5

gested that the apparent rate of reaction was a func
tion of the vinyl ester employed.1 These reactions 
have been studied spectroscopically2 and the results 
lend additional support for the existence of the 1,4 
dipole.

Assuming irreversibility, the reactions have been 
found to be second order overall— first order in each 
reactant— as might be expected in the formation of 
an adduct. Table I lists the second-order rate con
stants at 60° along with the energies of activation for 
each vinyl ester.

The size of R 2 has no effect on the energy of activa
tion, as shown by the R2 =  alkyl series. This is in
dicative of an intermediate being formed, followed by 
nucleophilic attack by the dipole effecting rearrange
ment. Since the relative yield of 2 decreases as the 
size of R2 increases,1 the product ratios must be deter
mined by the activation energies in the second step. 
This is exemplified in the energy diagram (Figure 1) 
for the vinyl isobutyrate reaction, which has a prod
uct ratio of 10 :2 :1  for l-formylmethyl-2- (2-methyl- 
propionyl) -  4 - phenyl - 1,2,4 - triazoline - 3,5 - dione: co
polymer : 3-phenyl-6-(2-methylpropionyloxy)-1,3,5 - tri-

(1) K . B. Wagener, S. R. Turner, and G. B. Butler, J. Org. Chem., 37, 
1454 (1972).

(2) Visible spectra were recorded on a Beckman D K -2 A  Ratio recording 
spectrophotometer. All straight-line slopes were calculated by the least 
squares method.

R eaction  C oord in ate .v in y l is o b u ty r a te 4- PhTD

Figure 1.— Probable energy pathways: ................, 1-formyl-
methyl-2-(2-methylpropionyl)-4-phenyl-l,2,4-triazoline-3,5-dione
(2 in Scheme I); ................ , copo lym er;------------ , 3-phenyl-6-
(2-methylpropionyloxy)-l,3,5-triazabieyclo[3.2.0]hepta-2,4-dione. 
The second step is not necessarily lower in energy than the first 
step.

azabicyclo [3.2.0 jhepta^d-dione.1 The possibility of 
product formation occurring from other than a com
mon intermediate was considered, i.e., formation of 
rearranged product and polymer via ring opening of 
the corresponding l,3,5-triazabicyclo[3.2.0]hepta-2,4- 
dione. This pathway was eliminated by heating to 
60° a solution of the three products resulting from the 
vinyl pivalate reaction for 16 hr to determine if the 
product ratio would change. No change was observed.

The stability of the 1,4 dipole is directly affected 
by the inductive effects of Ri and R 2. Changing Ri 
from methyl to hydrogen increases the activation 
energy ca. 4.5 kcal/mol, demonstrating the importance 
of cation stabilization. The dipole is destabilized 
further by placing a chloromethyl group at R 2, a 
phenomenon analogous in the opposite sense to the 
increase of the acidity of chloroacetic over acetic acid. 
The activation energy for the vinyl benzoate reaction 
is slightly lower than for the R2 =  alkyl series, pos
sibly owing to conjugation of the ester carbonyl with 
the aromatic ring allowing increased lone-pair sharing 
by the ester oxygen.

Experimental Section
Kinetics Procedure.— Portions (1 ml) of equimolar solutions of 

vinyl ester and PhTD in 1,1,2,2-tetrachloroethane were pipetted 
into a pressure-resistant uv cell. Visible spectra were recorded and 
the PhTD absorbance at 545 nm was measured vs. time. A mini
mum of seven readings were taken during each run. The reaction 
was determined to be second order overall by fitting the data 
in the second-order rate expression (eq 1), which assumes forma
tion of the 1,4 di pole to be irreversible.

A , (1)



3072 J. Org. Chem., Vol. 38, No. 17, 1973

T a b l e  11“

k, l./m ol sec Af?act.
Vinyl eater Tem p, °C (c of c)6 kcal/mol

Isopropenyl acetate 34.8 1.0 X  10 -1 7.44
40.6 1.5 X  10 -1
48.1 2 .0  X  10 -1

Vinyl acetate 44.5 1.7 X  10"2 11.9
(0.998)

68.3 6.1 X  10 -2
74.9 9.1 X 10 -2

Vinyl isobutyrate 69.7 9.9 X 10"2 11.6
78.8 1.8 X 1 0 -’
90.0 2.5 X  10 -'

(0.998)
Vinyl pivalate 51.1 2.6 X  10"2 12.1

73.1 8.5 X  10 -2
80.2 1.2 X  10->

Vinyl ehloroacetate 71.3 1.8 X 10~2 13.6
78.3 2.7 X 10“ 2
90.0 5.0 X  10~2

101.5 9.0 X 1 0 -2
Vinyl benzoate 62.5 3.8 X 10~2 10.7

69.0 5.7 X 1 0 '2
75.7 7.2 X 10~2
80.0 8 .4  X 1 0 '2

“ Since the third decimal place in the absorbance readings was 
estimated, these values are accurate to two decimal places only, 
as reported in Table I. 6 Coefficient of correlation, as in Table I.

In eq 1, At = absorbance at time t, a =  PhTD absorptivity 
coefficient X cell path length, k = second-order rate constant, 
andAo =  initial absorbance.

The reaction was determined to be first order in each reactant 
by first noting a tenfold increase in rate when using a 10:1 molar

ratio of vinyl ester: PhTD, indicating the reaction to be first order 
in vinyl ester. The results were double checked by fitting the 
10:1 molar ratio data in the first-order rate expression (eq 2),

In — — kt -f- Ao (2)

demonstrating the reaction to be pseudo first order in PhTD 
under these conditions.

Energies of activation, calculated by the Arrhenius method, 
are listed to three significant figures in Table II. • Second-order 
rate constants measured at temperatures other than 60° are 
reported also.

Check of Triazabicycloheptadiene Stability.— A sample of the 
solid resulting from reaction of 4-phenyl-l,2,4-triazoline-3,5- 
dione and vinyl pivalate was dissolved in chloroform-di and its 
nmr taken. The nmr appeared as a superimposition of the nmr 
spectra of the three pure products. Of special note was the ratio 
(1 :2) of the £ erf-butyl singlets of the monomeric products, one 
at S 1.37 corresponding to the ierf-butyl group of the rearranged 
product, the other at S 1.20 caused by the ierf-butyl of the tri- 
azabicycloheptadione. The nmr tube was heated to 60° for 
16 hr, followed by nmr analysis. No change in the ierf-butyl ratio 
occurred, and there was no noticeable increase in polymer; thus, 
the triazabicycloheptadiene did not ring open.
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C y c lo h e p t a t r ie n e  D e r iv a t iv e s  f r o m  a

2 ,2 -D io x id o - 2 - t h ia b ic y c lo [ 2 .2 .2 ] - o c t a - 5 ,7 - d i e n e

Summary: Thermolysis of dimethyl 2,2-dioxido-2- 
thiabicyclo [2.2.2]octa-5,7-diene-5,6-dicarboxylate at 
220° provides in a sulfur dioxide extrusion-rearrange
ment reaction a mixture of dimethyl cycloheptatriene-
1,2-, -2,3-, -1,7-dicarboxylates and, in a retro Diels- 
Alder reaction under the loss of sulfene, dimethyl 
phthalate.

Sir: The generation of sulfene (C H 2=S 02) by dehy- 
drohalogenation of methanesulfonyl chloride with ter
tiary amines has the disadvantage that, in the absence 
of reactive partners such as strongly nucleophilic ole
fins1,2 or diazoalkanes,1 2’3,4 the components form sul- 
fonyl chloride-amine adducts5’6 or sulfene-trialkyl- 
amine adducts.7 W e considered as a possible route for 
the formation of a nonstabilized sulfene thermolysis of 
dimethyl 2,2-dioxjdo-2-thiabicyclo [2.2.2 ]octa-5,7-diene-
5,6-dicarboxylate (2) which in a retro Diels-Alder reac
tion was expected to liberate sulfene and dimethyl 
phthalate as the only coproduct.

* [1,5] [1,5]
.CO,Me hydrogen CO.Me hydrogen CO Me

‘ shift P  shift f

C0,Me ^ = 4 / ' " C 0 ,M e  V j / ^ C 0 , M e

6 7 8

Recently, King and Lewars8 reported the thermol
ysis of the 4-phenyl derivative of 2 to give dimethyl 
biphenyl-2,3-dicarboxylate and sulfene which was de
tected by trapping experiments with an enamine and

(1) G. Opitz, A n g ew . C h em ., 79, 161 (1967); A n g ew ., C h em ., I n t .  E d . 
E n g l.,  6, 107 (1967).

(2) G. Opitz and H . Adolph, A n g e w . C h em ., 74, 77 (1962); A n g ew  Chem . 
I n t .  E d . E n g l.,  1, 113 (1962).

(3) G. Opitz and K . Fischer, A n g ew . C hem ., 7 7 ,4 1  (1965); A n g ew . Chem . 
I n t .  E d . E n g l.,  4 , 70 (1965).

(4) N . H . Fischer, S y n th es is , 393 (1970).
(5) N . Fischer, Dissertation, Universität Tübingen, 1965.
(6) G. Opitz and K . Fischer, Z . N a tu r fo rsch . B ,  186, 775 (1963).
(7) G. Opitz, M . Kleemann, D . Bücher, G. W alz, and K. Rieth, A n g ew . 

Ch em ., 78, 604 (1966); A n g ew . Chem . I n t .  E d . E n g l.,  5, 594 (1966).
(8) J. F. King and E. G. Lewars, J . C h em . S o c ., C h em . C om m u n ., 700

(1972).

amine. Thermolysis of the bicyclic sulfone without a 
reaction partner also gave high yields of dimethyl bi
phenyl-2,3-dicarboxylate and sulfur dioxide. The au
thors discussed as a possible route initial formation of 
sulfene and subsequent reactions leading to sulfur di
oxide and unidentified methylene fragments. The 
present communication describes preliminary results 
on the thermolysis of sulfone 2 which undergoes a sulfur 
dioxide extrusion-rearrangement. The reaction repre
sents a useful extension of the thermal rearrangement 
of allylic sulfones9 to bicyclic analogs.

Heating of a-thiopyran 1,1-dioxide ( l ) 10 with di
methyl acetylenedicarboxylate at 100° for 60 hr gave 
60%  2: mp 108-110°; X“ *>H 239 nm (e 3.86 X  103 4) ; 
m/e 272 (M +), 149 (base peak); g™r 1755) m 2 , 1656, 
1305, 1155 c m -1; 8™ch 2jq  (mj 2 H, CH2S 0 2), 3.85 
(s, 6 H, C 0 2Me), 4.32 (br dq, 1 H, J =  3.0, 5.5 Hz, 
CH CH2S 0 2), 5.06 (dd, 1 H, J =  2.0, 5.5 Hz, C H S02), 
6.67 (m, 2 H, C H = C H ). Thermolysis of 2 at 230° for 
10 min with 1-morpholinocyclohexene gave < 5 %  sul
fene cycloaddition product,1,8 Thermolysis of 2, neat 
or in TH F, for 10 min at 220-225° resulted in a mixture 
of several compounds. Samples from the gas phase of 
the thermolysis tube showed on gas chromatographic- 
mass spectral (gc-ms) analysis (8-ft Porapak S column) 
only one component with major peaks at m/e (rel in
tensity) 66 (4.9), 64, (100), 48 (49), and 38 (11); the 
mass spectrum was identical with that of sulfur dioxide. 
The gc-ms analysis of the crude oil on a 12-ft SE-30 
column isothermal at 200° gave one well-resolved peak 
followed by a minor and a major broad peak. The 
mass spectrum (70 eV) [m/e (rel intensity) 194 (10), 
77 (100)] of the first eluted component was identical 
with that of dimethyl phthalate (3). The other two 
gc bands exhibited highly similar mass spectral patterns 
showing parent peaks at m/e 208 (CuHii04+) and in
tense peaks at m/e 149 (base peak) and 91. The mass 
spectral fragments at m/e 149 and 91 indicated methyl- 
tropylium carboxylate ions (C g H ^ "1") and tropylium 
ions (C7H 7+), respectively.

Column chromatography (silica gel-benzene) of the 
crude mixture resulted in a partial separation and an 
enrichment of the different components. Purified 
samples11 which were essentially free of 3 showed uv 
absorptions at 211 and 275 nm and ir bands at
2945 (m), 1725 (s), 1620 (m), 1440 (s), 1260 (s), 1125 
(s), and 1060 (s) c m -1. The above uv and ir spectral 
parameters are in good agreement with data reported 
in the literature12,13 for cycloheptatrienecarboxylates, 
strongly suggesting dimethyl cycloheptatrienedicar- 
boxylates in the thermolysis mixture obtained from 2.

(9) E . M . LaCombe and B. Stewart, J . Amer. Chem. S oc. 88, 3457 (1961).
(10) E . Molenaar and J. Strating, Reel. Trav. Chim. Pays-Bas., 86, 

1047 (1967).
(11) A mixture of 6, 7, and 8 gave elemental analyses satisfactory for 

CnHnO*.
(12) H . Prinzbach and R. Schwesinger, Angew. Chem.Int. Ed. Engl.. 11, 

940 (1972).
(13) R . Darm, T. Threlfall, M . Pesaro, and A. Eschenmoser. Helv. Chim. 

A d a ,  46 , 2893 (1963).
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Structural assignments and compositional analyses of 
the components were made by inspection of increasing 
and decreasing nmr signals in spectra obtained from 
different column chromatography fractions. The nmr 
structural assignments14 were verified by double irradia
tion experiments. Initial fractions contained a mix
ture of dimethyl phthalate (3) and dimethyl cyclo- 
heptatriene-l,2-dicarboxylate (6): ¿t m s3 2.52 (d, 2
H, J =  7.0 Hz, C-7 protons), 3.79 (s, 3 H, C 0 2Me),
3.81 (s, 3 H, CO.Me), 5.48 (dt, 1 H, J  =  8.8, 7.0 Hz, 
C-6 proton), 6.33 (dt, 1 H, J =  8.8, 3.0 Hz, C-5 pro
ton), 6.82 (br d, 2 H, J =  3.0 Hz, C-3 and C-4 protons). 
Subsequent fractions provided increasing amounts 
of dimethyl cycloheptatriene-l,7-dicarboxylate (7)

3.61 (s, 3 H, C 0 2Me), 3.81 (s, 3 H, COOMe), 
4.18 (d, 1 H, J =  8.0 Hz, C-7 proton), 5.91 (br dd, 1 H, 
J =  8.0, 10 Hz, C-6 proton), 6.42 (br dd, 1 H, J =  10, 
6 Hz, C-5 proton), 6.64 (br dd, 1 H, J =  10, 6.0 Hz, 
C-3 proton), 6.84 (dd, 1 H, J =  10, 6 Hz, C-4 proton),
7.38 (br d, 1 H, J = 6.0 Hz, C-2 proton) ] and dimethyl 
cycloheptatriene-2,3-dicarboxylate (8) [¿¡tms'1 2.45 (dd, 
2 H , /  =  6.5, 7.5 Hz, C-7 protons), 3.74 (s, 3 H, C 0 2Me), 
3.82" (s, 3 H, C 0 2Me), 5.86 (dt, 1 H, J =  9.5, 7 Hz, 
C-6 proton), 6.35 (dd, 1 H, J =  9.5, 5.5 Hz, C-5 pro
ton), 6.52 (t, 1 H , J — 7.5 Hz, C -l proton), 7.65 (d, 1 
H, J =  5.5 Hz, C-4 proton)]. The fourth possible 
isomer, dimethyl cycloheptatriene-3,4-dicarboxylate,12 
was not detected. Integration of the carbomethoxy 
region in the nmr spectrum of the crude thermolysis 
mixture of 2 showed the following composition: 3 
(24% ), 6 (18% ), 7 (27% ), and 8 (31% ). Thermolysis 
of a mixture of 3 (28% ), 6 (33% ), 7 (29% ), and 8 (10% ) 
at 220-225° for 1 hr resulted in an increase of 8 (33%) 
at the expense of compound 6 (7% ) whereas the amount 
of 7 (30%) and 3 (30%) remained practically constant. 
Heating of a mixture of 3 (11% ), 6 (19% ), 7 (29% ), and 
8 (44%) gave a similar relative ratio of cycloheptatriene 
derivatives as in the previous reaction, indicating that 
the 6, 7, and 8 readily interconvert at 220°. In all 
cases, equilibrium was already established after 20 min 
at 220°.

The formation of compounds 3, 6, 7, and 8 from 2 is 
of considerable mechanistic interest. A  possible for
mation of the cycloheptatriene derivatives 6 -8  from 2 
could proceed under extrustion of sulfur dioxide to give 
first diradical 9 followed by a collapse to the norcara- 
diene derivatives 4 and 5. The reaction could also 
involve initial formation of dimethyl norborna-2,5- 
diene-2,3-dicarboxylate. When the latter was ther- 
molyzed under the same conditions as described for 2, 
the starting material was recovered exclusively, thus 
excluding dimethyl norborna-2,5-diene-2,3-dicarbox- 
ylate as an intermediate in the formation of com
pounds 6 to 8. Another attractive mechanism would 
be a linear [„2» +  „2a +  a2s] or nonlinear [r2s +  ff2a +  
ff2a] cheletropic sulfur dioxide extrusion-rearrangement 
reaction (shown for conversion of 2 to 5) also leading to 
the norcaradiene intermediates 4 and 5. From the 
latter, cycloheptatriene derivatives 6 and 8 would be 
derived by skeletal rearrangements followed by [1,5]- 
hydrogen shifts to give 7.

The formation of 3 may be formulated either as a

(14) The chemical shifts for compounds 7 and 8 which were determined
in CDCh differ by 0.05 to 0.15 ppm from the reported parameters12 which
were obtained in CCh.

sulfene extrusion reaction from 2 or possibly as a car- 
bene extrusion reaction of intermediates 4  and 5. 
Examples for the loss of carbene from cycloheptatriene 
derivatives via norcaradienes have been described in 
the literature.15 Thermolysis of 2 in the presence of 
cyclododecene as a carbene acceptor as well as prolonged 
heating of a mixture of 3, 6, 7, and 8 did not result in an 
increase of 3. Thus, formation of 3 from intermediates 
4  and 5 by a carbene transfer reaction seems to be an 
unlikely route. The experimental data indicate that 
in the thermolysis of 2 two independent processes are 
competing: sulfur dioxide extrusion leading to cyclo- 
heptatrienes 6, 7, and 8 represents the predominant 
route, whereas retro Diels-Alder reaction which lib
erates sulfene from 2 is energetically less favored at 
220°. The presence of a phenyl group at C-4 in the 
thermolysis of the bicyclic sulfone can essentially sup
press norcaradiene formation and force the reaction to 
proceed via the sulfene route exclusively.8 The fate 
of methylene fragments, possibly derived from sulfene, 
is not clear. Minor nmr signals typical for cyclopro
pane ring protons at about 5 0.5 were observed in a 
short-time thermolysis of 2 at 220°, but were not de
tected in the 10-min reactions. These signals could 
be due to thermally labile, sulfene-derived, methylene 
transfer products. Present investigations are oriented 
toward the study of the electronic and/or steric in
fluence of different substituents on the two competing 
processes as well as synthetic aspects of the previously 
described sulfur dioxide extrustion-rearrangement re
action.

Acknowledgment.— W e wish to thank Dr. J. 
Strating for valuable information on the synthesis of 
a-thiopyran 1,1-dioxide.16 W e are also grateful for 
helpful discussions with Dr. K. N . Houle, G. R. New- 
kome, and J. G. Traynham.

(15) A . P. Ter Borg, E . Razenberg, and H . Kloosterziel, Red. Trav. 
Chim. Pays-Bas., 85, 774 (1966).

(16) Detailed experimental data on the synthesis of a-thiopyran 1,1- 
dioxide will be described in a coauthored full paper.
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Summary: The reaction of A,A-dialkylformamides
with alkylmagnesium bromides, unlike the corre
sponding reaction with lithium alkyls, gives a primary 
addition product which undergoes spontaneous elim
ination forming an enamine in preparatively useful 
yield.

Sir: W e have found that the reaction of Grignard re
agents with readily available A,A-dialkylformamides 
affords a method of wide applicability for the prepara
tion of aldehyde enamines (Scheme I). The reaction 
is particularly suited for the preparation of enamines 
4  where R ' =  alkyl, R "  =  H, and R  is a bulky sub
stituent such as secondary alkyl. Enamines of this
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^CH M gB r +  R2NCHO — >
/

R '
1 2

R "  OM R "
\  I - ( M O H ) \

c h c h n r 2---------->  c = c h n r 2
/  /

R ' R '
3 4

type may be of value as synthetic intermediates, as 
indicated by promising alkylations of enamines pre
pared from A-butylisobutylamine,1 but they are not 
readily synthesized by direct condensation o: aldehydes 
with hindered secondary amines.2'3 A  similar addi
tion of Grignard reagents to N-alkylated five- and 
six-ring lactams has previously been used to prepare 
heterocyclic enamines.4

When primary alkylmagnesium bromides (ether 
solution) are added to tertiary formamides in tetrahy- 
drofuran (THF) at — 15° and the mixture is allowed 
to reach room temperature, the reaction solution soon 
shows the characteristic downfield vinyl proton signal 
(5 5.5-6.5 ppm) of an enamine. No spectral evidence 
was found for the accumulation in significant quantities 
of a-amino alcoholates of type 3 which are presumed 
to be intermediates in the Bouveault and similar alde
hyde syntheses. Pure enamines can be isolated by 
precipitating inorganic material with hexane and dis
tilling the supernatant (Table I). These sterically

T a b l e  I
Enamines (4) from Tertiary Formamides (2, 1.3 mol) and 

Grignard Reagents (1, 1.0 mol) in THF-Et20°
R' R " R Yield, %'

Me H sec-Bu 63
1-Pr H sec-Bu 62
1-Pentyl H sec-Bu 63
I-C hHm H sec-Bu 52
Ph H sec-Bu 59
C H ^ C H H sec-Bu 30
1-Pr H rc-Bu 80
1-Pr H ¿-Bu 62
1-Pentyl H sec-Bu 55'
1-Pentyl H Me 81'
Cyclohexyl Me 66
Cyclohexyl sec-Bu 22 3

“ Satisfactory analytical data (± 0 .4 %  for C, H, and N) were 
reported for all new compounds listed unless otherwise stated. 
1 Distilled product. Yields were based upon 1. c Solvent: 
pure Et20 . d See footnote 6, Scheme II.

hindered enamines may be alkylated, e.g., with ethyl 
iodide in acetonitrile, in high yield without prior isola
tion of the enamine.

Preliminary experiments had indicated that yields 
were generally better and the work-up more convenient

(1) T . J. Curphey and J. Chao-Yu Hung, Chem. Commun., 510 (1967).
(2) G . Opitz, Justus Liebigs Ann. Chem., 650, 122 (1961).
(3) P. L. deBenneville and J. H . Macartney, J. Amer. Chem. Soc., 72, 

3073 (1950).
(4) L. W . Haynes in “ Enamines: Synthesis, Structure, and Reactions,”

A. G . Cook, Ed., Marcel Dekker, New York, N . Y ., 1969, p 83.

using T H F -E t20  as solvent instead of pure Et20 , 
which is less basic (see Table I ) . It was found essential 
to employ a moderate excess of the formamide but the 
mode of addition and the reaction temperature were 
less critical. Inverse addition of the Grignard reagent 
at a low temperature was found to be favorable. It is 
of interest in this connection that the yield of aldehyde 
in the related Bouveault syntheses has very recently 
been reported to be significantly improved when the 
reaction is run in an ether-hexamethylphosphoric tri- 
amide solvent.5

Not unexpectedly, reactions with secondary alkyl 
Grignard reagents were quite sensitive to the steric 
bulk of the formamide component, particularly in the 
addition step. With increasing bulk the yields of 
enamines were lower and the side reactions more pro
nounced. The reaction of cyclohexylmagnesium bro
mide with NjiV-dimethylformamide (D M F) and N,N- 
di-sec-butylformamide was investigated in some detail 
to obtain information about the major side reactions 
(Scheme II). After adding the Grignard reagent as 
before, the temperature was allowed to rise to 25° over 
~ 4  hr and held there for the remainder of the experi
ment. The reaction was monitored by nmr spectra, 
vpc, and vpc-ms of the reaction mixture and of samples 
quenched with water. With R =  Me, the by-products 
cyclohexane and cyclohexene were formed at about the 
same rate during the first phase of the reaction. After 
4 hr their concentrations were constant (quenched 
samples) indicating that all Grignard reagent had been 
consumed. Enamine formation progressed much more 
slowly with secondary Grignard reagents than with 
primary and was complete only after ~ 1 2 0  hr. No 
nitrogenous products which could be associated with hy
drocarbon formation were identified.

Cyclohexylmagnesium bromide and 2 (R =  sec- 
butyl) gave cyclohexane and cyclohexene as before, 
but in larger quantities (Scheme II). Consumption 
of the Grignard reagent was complete only after ~ 4 0  
hr when the enamine signals (5 5.5 ppm) had just begun 
to appear. Enamine formation was complete after a 
further 120 hr, but the yield was low. Our present 
results indicate that cyclohexene and 6 (R =  sec-Bu) 
are formed mainly in a reduction of the formamide 2 
by the Grignard reagent with subsequent elimination 
to form an electrophile, such as 8, which then adds

C H ^ N R ,
8

Grignard reagent. (Similar reductions of carbox
amides6 and immonium salts7 have been observed 
before.) Cyclohexane and the glyoxylic amide 7 (R =  
sec-Bu) are presumably formed by abstraction of a pro
ton from the formamide 2 by the Grignard reagent. 
The resulting carbamoylmagnesium intermediate either 
adds to a second molecule of 2 or dimerizes like a car- 
bene. No evolution of carbon monoxide could be

(5) J. Fauvarque, J. Ducom, and J. F. Fauvarque, C. R. Acad. Sci., 
Ser. C, 275, 511 (1972).

(6) M . S. Kharasch and O. Reinmuth, “ Grignard Reactions of Non- 
metallic Substances,” Prentice-Hali, New York, N. Y ., 1954, p 872.

(7) D . Cabaret, G. Chauvidre, and Z. Welvart, Bull. Soc. Chim. Fr., 4457 
(1969), and references cited therein.
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Scheme IIa
0

MgBr +  R,NCHO < ^ ^ = C H N R 2  +  o o  c h 2n b , +  O

s
R  = Me 66%
R = sec-Bu 22%b

6
5%c Not found T%‘

28%c 2 7 %6 24%c

+  OCH— C— NR2 

7

Not found 
10% (2,4-DNP)

<* Yields were based on cyclohexylmagnesium bromide. b 5 and 6 (R  =  sec-Bu) were isolated by distillation as a mixture and 
analyzed by vapor phase chromatography (vpc)-mass spectrometry (ms). Hydrolysis afforded pure 6 and cyclohexanecarboxalde- 
hyde. c By vpc of the reaction mixture.

detected by vpc. Analogous cases have been re
ported.89

When alkyllithium reagents in hexane were added 
to iV,AT-dialkylformamides, the amino alcoholates 3 
(M =  Li) formed rapidly but did not undergo spon
taneous elimination to form enamines. The product 
3 (M =  Li; R =  methyl; R ' =  n-propyl; R "  =  H) 
was isolated in an amorphous but reasonably pure 
state by stripping the solvent (30° at 0.3 mm). It 8 9 *

(8) H . Bredereck, F. Effenberger, and R. Gleiter, Angew. Chem., 77, 964 
(1965).

(9) G. H . Whitfield, British Patent 793,807 (1958); Chem. Abstr., 53,
2276 (1959).

was surprisingly soluble in nonpolar solvents but gave 
consistent ‘H (CDCL) and 13C (C6D 6) nmr spectra. 
Elimination forming an enamine occurred readily when 
the amino alcohólate 3 was treated in situ with Lewis 
acids (MgBr2, BF3, and A1C13) or with alkylating or 
acylating reagents (M el, Ac20 , and also M e3SiCl). 
However, the overall yields were lower (40-50% ) than 
with the procedure employing Grignard reagents.

Organic C hemistry 2 C hrister  H ansson
C hemical C enter  B órje W ick berg*
T he Lund I nstitute of T echnology 
B ox  740, S-220 07 Lund 7, Sweden
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SELECTRIDES"
N e w  f r o m  A l d r i c h :  E f f e c t i v e  r e a g e n t s  f o r  t h e  

s t e r e o s e l e c t i v e  r e d u c t io n  o f  k e t o n e s

^  L - S E L E C T R I D E ' "

^  K - S E L E C T R I D E ™

’“Trademark of Aldrich Chemical Company. Inc.

Ketone Alcohol
epimer

Selectrides NaBH4 LÌAIH4 L iA lH (0 /B u )3
I K

2-Methylcyclohexanone cis 99.3% 99+% 3I% 24% 30%

3-Methylcyclohexanone trans 85 17 I6 IO

4-Methylcyclohexanone cis 80.5 88 18 17 17

4-im-Butylcyclohexanone cis 96.5 20 II IO

3,3,5-T rimethylcyclohexanone trans 99.8 86 82 88

L i B H ( C H C H 2 C H 3) 3

c h 3
f  1 s

K  B H ( C H C H 2 C H 3) 3

The Selectrides (lithium and potassium tri-iw -butylboro- 
hydride) quantitatively reduce ketones to alcohols in ex
cellent stereochemical purity.1 >2

The bulky trialkyl groups o f these reagents control the 
stereochemistry o f the reduction so effectively that the 
selectivity o f L-Selectride has been compared to that o f  an 
enzyme. Enzymatic reduction o f  4-te/v-butylcyclohexanone 
gives 95% i7.v-4-tert-butylcyclohexanol, whereas, L-Selec- 
tride gives 96.5% cis alcohol.

The Selectrides and other bulky trialkylborohydrides have 
been used in the synthesis o f  prostaglandins where other 
known reducing agents failed.’ ■4 Selectride cleanly 
reduced the 15-keto group to an 89/11 ratio o f  15S/15R 
alcohols.

REFERENCES

1) H. C. Brown and S. Krishnamurthy, J. Amer. Chem. 
Soc., 94, 7159 (1972).

2) C. A. Brown, ibid, 95, 4100 (1973).
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