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a Zhr. period. After an additional 2 hr. at this temperature 
the resulting mixture was extracted with four 150-ml. por- 
tions of ether. The ether was dried and distilled in  vacuo 
leaving a residue of 85 g. of product. The solid was recrys- 
tallized from chloroform giving 35 g. (yield 35%) of white 
2,2,4,4tetranitro-l,5pentanediol; m.p. 97-99" dec. 

Awl.  Calcd. for CIH8N401~: C, 21.13; H, 2.84; N, 19.07. 
Found: C, 21.55; H, 3.26; N, 19.02. 

Methyl potassium ac i -4 ,4 ,6 ,6 - t e t ran~t rohe~~e  (XI). 
To a solution of 100 g. of damp (20%) methanol) dipotas- 
sium acG1,1,3,3-tetranitropropane in 200 ml. of water was 
added 80 g. of methyl acrylate at room temperature. After 
2 hr. at 45-50' the mixture was refluxed (70-72') until all 
the starting material dieappeared. The mixture was allowed 
to stand overnight and the crystals which separated were 
filtered, washed with ice water, 50% methanol and methanol 
giving 47 g. (yield 49%) of salt; m.p. 140' dec. 

Anal. Calcd. for CVH~N~OIOK: C, 24.14; H, 2.61; N, 16.09. 
Found: C, 23.79; H, 2.62; N, 17.02. 

Methyl 4,4,6,6-tefranitrohezanoate (XII). To 4 g. of XI in 
50 ml. of water at 60' was added 30% sulfuric acid to a pH 
of 2. The resulting suspension was extracted with methylene 
chloride. Evaporation of the solvent gave 3.2 g. of a resinous 
residue which was crystallbed from isopropyl ether at Dry 
Ice-acetone temperature; m.p. 36-37'. 

Anal. Calcd. for C~HloN4Olo: C, 27.10; H, 3.25; N, 18.06; 
equiv. wt., 310. Found: C, 27.75; H, 3.58; N, 17.90; equiv. 
wt., 317. 

Methyl 6 ~ ~ 4 , 4 , 6 , 6 - t e t r a n i t r o h e x a n ~ ~  (XIII). Bro- 
mine was added dropwise to a suspension of 1 g. of X I  in 30 
ml. of water until the bromine color persisted. A yellow oil 
precipitated, which soon crystallized. Extraction with ether 
gave a crude product which was recrystallized from hexane 
at -70". The bromide, 0.8 g. (yield 72%), m.p. 65-66', 
exhibited a depression when mixed with authentic 1,3-di- 
bromo-1,1,3,3-tetranitropropane (m.p. 66-67') to 45'. 

Anal. Calcd. for C,HoN4010Br: C, 21.06; H, 2.31; N, 
14.04: Br, 20.60. Found: C, 21.07; H, 2.24: N, 14.35: Br, . .  , .  . .  
19.791 19.68. 

Reaction of XI with aoueous votussium hudrozide. Methvl 
potassium ak-4,4,6,6-te~anitrc1hexanoate ("10.5 9.) was di$ 
solved in 105 ml. of water, heated t o  70°, and 25 ml. of 20% 
aqueous potassium hydroxide wm added. The color changed 
from yellow to deep red and after 2.5 hr. the color turned 
orange. Upon cooling to  room temperature and acidification 
with 30% sulfuric acid, a vigorous gas evolution occurred 
(carbon dioxide, nitric oxide, nitrogen dioxide and probably 
nitrous oxide were liberated). The solution was extracted 
with ether for 7 hr. and the residue (2.6 9.) from the ether 
extract, m.p. 18&189', was sublimed in  vacuo. Succinic 
acid, 2.4 g. (yield 67%), was obtained which did not show a 
depression when mixed with authentic succinic acid, m.p. 
188-189'. 

Anal. Calcd €or C&O6: equiv. wt. 59.05. Found: equiv. 
wt. 59.01. 
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On refluxing with constant boiling hydrochloric acid, 1-nitroalkanes and 1,l-dinitroalkanes are converted to carboxylic 
acids with the same carbon skeleton. The internal gem-dinitro function is stable to these conditions aa is the terminal tri- 
nitromethyl group except when alpha to an activated methylene group. With compounds of the latter type the chain is 
degraded by one carbon atom and a carbonyl group is formed. 

Hot mineral acids convert primary nitroalkanes 
to hydroxamic acids and thence to the correspond- 
ing carboxylic acids. The transformation is known 
as the Victor Meyer reacti0n.l Secondary nitro- 
alkanes are generally stable to hot mineral acids in 
their normal-forms, but may readily be hydrolyzed 
to carbonyl compounds under substantially milder 
Conditions if first converted to the sei-forms by 
formation and neutralization of their alkali salts 
(Nef reaction2). We wish now to describe the effect 
of Victor Meyer reaction conditions on terminal and 
internal gem-dinitroalkanes and on terminal trini- 
troalkanes and their derivatives. 

We have observed that when 1-(2,4-dinitro- 
phenyl)-3-nitropropane or l,l-dinitro-3-(2,4-dini- 
tropheny1)propane was suspended in constant boil- 
ing hydrochloric acid and the mixture heated to re- 
flux, complete solution ensued within several hours. 

(1) T. W. J. Taylor and W. Baker, Sidgzvick's Organic 
Chemistry of Nitrogen, Ciarendon Press, Oxford, 1945, pp. 
230-236. 

(2) For an excellent review of the Nef reaction see W. E. 
Noland, Chem. Revs., 55, 137 (1955). 

In either case the same product, 2,4-dinitrohy&o- 
cinnamic acid precipitated in fair yield when the 
solution was cooled. 

In the former instance hydroxylamine hydrochlo- 
ride could be isolated from the mother liquor; this 
represents a typical example of the Victor Meyer 
reaction. The latter case, however, exemplifies a new 
type of chemical transformation. Although the 
eventual product is the same as with the mononitro 
compound, the hydroxamic acid is not an inter- 
mediate, and a somewhat different mechanism prob- 
ably applies. 

The reaction appears to be general for 1,l-dinitro 
compounds and their salts. Thus, in refluxing hydro- 
chloric acid, a,a,m-trinitrotoluene was converted 
to m-nitrobeQzoic acid (go%), potassium 4,4-di- 
nitrobutyramide to succinic acid (go%), potassium 
methyl 4,4-dinitrobutyrate to succinic acid (73%), 
potassium 4,4-dinitro-2-butenamide to fumaric 
acid (34%), and potassium methyl 4,4-dinitro-2- 
butenoate to fumaric acid (10%). With 1,l-dinitro- 
3-phenylpropane the anticipated hydrocinnamic 
acid was not obtained. Instead 1-indanone, which 
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may have resulted from cyclization of the latter 
compound or an intermediate, was the only product 
isolated (72%). 

The method has been useful in proof of structure.* 
A reaction product of potsasium nitroform with 
acrylamide in anhydrous methanol showed ultra- 
violet and infrared spectra characteristic of satu- 
rated dinitroalkane salts which are not substituted 
alpha to the gem-dinitro group. Conversion to 
fumaric acid suggested the presence of a substituent 
which, under these conditions, waa readily elimi- 
nated with formation of a double bond. The struc- 
ture thus indicated, potassium 4,4.-dinitro-%hy- 
droxy butyramide, was later conflmed by conver- 
sion to a known derivative. 

Less success was achieved in another instance. 
Under a variety of conditions, two salts, later identi- 
fied as potassium 1,1,3-trinitropropane and potas- 
sium 1,1,3-trinitro-%propeene,4 were both degraded 
to mixtures of not readily isolable fragments. 

The low yields encountered when fumaric acid 
was the product and the simultaneous hydrolysis of 
ester and amide linkages led us to seek milder condi- 
tions wherein degradation of the dinitromethyl 
function would be the only reaction taking place. 
Such selectivity was achieved by dinsolving the 
d t s  in a cold sulfuric acid-fluosulfonic acid mixture 
and pouring the solution over ice. In this way potas- 
sium 4,4-dinitro-%butenamide waa converted to 
fumaramic acid in 80% yield and potassium methyl 
4,4-dinitro-%butenoate to monomethyl fumarate in 
75% yield. 

(3) L. A. K a p h  and M. J. Eamlet, Abatracta Papere 

(4) M. J. W e t ,  J. C. Damns, and J. C. Hoffmmer, 
Am. Chem. Soc., 137, 560 (1960). 

J .  Org. Cham., in prcss. 

No conclusive evidence is available regarding the 
mechanism, but the failure of intend g e ”  
compounds to react (vide injru), and the appear- 
ance of a transient deep blue color in several cases 
suggest that, as in the Victor Meyer reaction, the 
&form is the reactive species and that a pseudo- 
nitrole is an early intermediate. 

NO2 yo’ C O H  
2 R - C - N  

I Y o  
R-C=N 

\OH b \ O H  
1 

NOz 
I -H’ J i -  

I H+ I 
R-C-N=O V R-C-N=OH 

OH OH 

Subsequent steps may resemble either (a) the 
mechanism suggested by Hawthorne6 or @) that of 
van Tamelen and Thiede6 for the Nef reaction. 

(a) R A N A H  + H +  + HOG - + 
Nor 

NO1 OH 
bH 

2 HON + HON=NOH HzO + N P  - 
NOS OH 

I \  

2 Ha0 I / H+ 
(b) R , N=O+R--CN 4 

bH dH bH 
NO, OH NOz 

R-d-hEJ! --+ H+ + HN(OHh + R - d  

d H  b H  \ 
In contrast with the t e rm id  geminitromethyl 

group, the internal gem-dinitromethyl group ap- 
pears to be quite stable to the action of hot mineral 
acids. Hydrochloric acid hydrolyses of dimethyl 4,4- 
dinitroheptanedioate to 4,4dinitroheptanedioic 
acid7 and of methyl 4,4dinitropentanoate to 4,4- 

(5) M. F. Hawthorne, J .  Am. Chem. Soc., 79, 2510 

(6) E. E. van Tamelen and R. J. Thiede, J .  Am. CJ”. 

(7) L. Herzog, M. H. Gold, and R. D. Geckler, J .  Am. 

(1957). 

h., 74, 2615 (1952). 

Chem. Suc., 73,749 (1951). 
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dinitropentanoic acids have been reported. The 
reaction conditions described resembled quite 
closely those used in converting the 1,l-dinitro 
compounds to carboxylic acids. In both instances the 
yields were better than 95%, and there was no 
evidence that the nitro functions had been affected. 
The analogous acid hydrolysis of methyl 4 , M -  
nitrohexanoate is recorded in the experimental 
section. 

The situation regarding terminal trinitromethyl 
compounds is more involved. Methyl 4,4,4trinitro- 
butyrate was readily converted to 4,4,4trinitro- 
butyric acid (>95%) by refluxing with 18% hy- 
drochloric acid, and on prolonged refluxing the 
nitro groups remained unaffected.g Similarly, 1- 
(2,4-dinitrophenyl)-3,3,3-trinitropropane was re- 
covered 90% unchanged after twenty-four hours of 
reflux. 

With 1-(4-nitrophenyl)-2,2,2-trinitroethane, how- 
ever, only 15% of the starting material could be 
recovered after an overnight reaction. The remain- 
ing 85% had been converted quantitatively to p 
nitrobenzaldehyde. This transformation may have 
involved (a) thermal denitrosation of the trinitro 
compound to l,l-dinitro-2-(4-nitrophenyl)ethylene, 
(b) hydration of the olefin, and (c) reversal of car- 
bonyl addition yielding the aldehyde and dinitro- 
methane. The fact that the hydrogen atom alpha 
to the trinitromethyl group was also alpha to the 
ring and was further labilked by the p-nitro sub- 
stituent may have contributed to the facile thermal 
denitrosation. 

p-NOtC&CHtC(NO*)t 8_ 
b 

pNOtCsH,CH=C( NO*), + 
OH 

I 
pNOGH&H-C(NO&H & 

pNO&H,CH=O + CHANOr)i 

2-Phenyl-l,1,1,3-tetranitropropane resembles the 
previous compound in that the hydrogen atom 
alpha to the trinitromethyl group is also alpha to 
the ring, but the inductive activating effect of a 
neighboring nitromethyl group is weaker than was 
the electromeric effect of the pnitro substituent. 
The neighboring nitromethyl group is, of course, it- 
self potentially capable of undergoing the Victor 
Meyer reaction. When this compound was refluxed 
for twenty-two hours with hydrochloric acid, 65% 
of the starting material was recovered unchanged 
together with traces of benzoic acid. After an addi- 
tional twenty-four hours the yield of benzoic acid 
had risen to 46%. 
This degradation cannot easily be explained on 
(8) H. Shechter and L. Zeldin, J.  Am. Chem. Soc., 73, 

1276 (1951). 
(9) Trinitrobutyric acid may be converted to succinic 

acid by simply heating a neutral aqueous solution, how- 
ever. Other soluble trinitromethyl compounds act analo- 
gously. H. Feuer, E. H. White, and 5. M. Pier, J.  Org. Chem., 
26, 1639 (1961). 

the basis of a Victor Meyer reaction on the primary 
nitro group, but is readily rationalized if one as- 
sumes that the reaction took the same course as in 
the previous instance with the product, a-nitro- 
acetophenone, cleaving further to benzoic acid. 

+ c a r  dcHao* + 
'CW",, \C(NOsh 

OH 

The cleavage involved in the last step has been re- 
ported as occurring quite readily under similar 
conditions of acidity with a-nitroacetophenone lo 

and a,pdinitroacetophenone.ll 
The structure of the mixed-acid nitration product 

of 2-phenyl-l,l,13-tetranitropropane was estab- 
lished by a similar degradation. The product was 
m-nitrobenzoic acid (65%) indicating that sub- 
stitution had occurred in the meta position. 

The action of hot mineral acids on mono- and 
polynitroalkanes may be summarized as follows: 

Nitroalkane Product 
RCHSNG RCOOH 
RR'CHNG No reaction 
RR'C=NGH RR'C-0 
RR'C( N W  a No reaction1% 

RCOOH R C H W "  
RR%HC(NG),, CH not activated No reaction* 
RR'CHC( NO&, CH activated RR'C=O 

The stability of nonactivated l,l,l-trinitroal- 
kanes to strong acid conditions does not preclude the 
use of the reactions discussed above in their proof of 
structure. They may first be reduced to the cor- 
responding 1, l-dinitroalkane salts with potassium 
iodidela or alkaline hydrogen peroxide14 and thence 
converted to the carboxylic acids. This method may 
be exemplified by the sequence: 4,4,4-trinitrobutyr- 
amide to potassium 4,4dinitrob~tyramide~~ to 
succinic acid. 

EXPERIMENTAL16 (CAUTION16) 

Materials. The following compounds, first synthesized 
by Dr. Charles Plummer," were kindly supplied to us by 

(10) J. Thiele and S. €heckel, Ann., 325, 1 (1902). 
(11) A. I. Yacubovich, J .  prakt. Ch., 142, 37 (1935). 
(12) No examplea were available of compounds with 

internal gem-dinitm groups alpha to activated methylene 
groupe, so we cannot exclude the possibility that they react 
d o g o u a l y  to the terminal trinitro compound. 

(13) D. J. Glover and M. J. Kamlet, J .  0rg. Chem., 26, 
4734 (1961). 

(14) D. J. Glover, Tetrddron, in press. 
(15) Melting points are uncorrected. Microanalytw by 

Prof. Mary H. Aldridge, Dept. of Chem., American Uni- 
versity, Washington, D. C. 

(16) Many of the compounds herein described are ex- 
plosive in nature. Appropriate precautiona should be taken 
in their handling. 

(17) C. Plummer, PLD. thesis, University of Maryland, 
1953. 
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Prof. Nathan L. Drake, University of Maryland: 1-(2,4 
dinitrophenyl) - 3 - nitropropane, 1,l - dinitro - 3 - (2,4- 
dinitrophenyl)propane, 1 - (2,4 - dinitrophenyl) - 3,3,3- 
trinitropropane, 1,l-dinitro-3-phenylpropane1 and CY,  CY,^ 
trinitrotoluene. 

The reactions leading to  potassium methyl 4,4dinitro- 
2-butenoate, potassium 4,4-dinitro-%butenamide, and po- 
tassium 4,P-dinitro-2-hydroxybutyramide have been re- 
ported in a preliminary fashion.' Details regarding their 
synthesis and physical properties will appear in a forth- 
coming paper. Potassium methyl 4,4dinitrobutyrate and 
potassium 4,4dinitrobutyramide were derived by potassium 
iodide reduction of the corresponding 4,4,4-trinitro com- 
pounds.13 

The preparation of %phenyl-1,1,1,3-tetranitropropane 
from nitroform and B-nitrostyrene has been described by 
Hine and Kaplan.ls Nitration of 4.0 g. of this material in 
25 ml. of 15% oleum with 15 ml. of 100% nitric acid added 
dropwise a t  5-15' gave 2.60 g. (57%) of a crude product, m.p. 
86-105'. On recrystallization from ether-hexane there was 
obtained 1.78 g. (39%) of B(S-nitrophenyE)-l,l,l13-tetrani- 
tropropane, m.p. 102.5-103'. 

Anal. Calcd. for CBH7NNsOlo: C, 31.50; H, 2.03; N, 20.30. 
Found: C, 32.22, 32.24; H, 2.15, 2.17; N, 20.09, 20.38. 
l-(4-Nitrophenyl)-2,2,2-trinitroethane1 m.p. 133.5-134.5' 

was prepared in 38% yield by the procedure of Reich, Rose, 
and Wilson.19 An attempt to  recover additional product by 
concentrating the deep red mother liquor resulted in a 
violent fume-off. 

The procedure described by Shechter and Zeldin for 
methyl 4,4-dinitropentanoate* was followed in the prepara- 
tion of methyl 4,4-dinitrohexanoate from 1,l-dinitropropane 
and methyl acrylate. The product boiled at 107-108.5" 
(35 mm.). 

Standard procedure. In the preferred procedure about 1 g. 
of the nitroaliphatic compound was suspended in 25 ml. of 
constant boiling hydrochloric acid and the mixture refluxed 
for 16-24 hr. The solution was cooled to  room temperature 
and, if necessary, concentrated and extracted with two 
100-ml. portions of ether. The combined ether extracts 
were washed with water, dried over Drierite, and concen- 
trated in vacuo. Variations from the standard procedure, 
yields and melting points of crude products, recrystalliza- 
tion solvents, and melting points of purified products are 
given below. 

Action of hot hydrochloric acid on (a) I-( I,&%itrophenyZ)- 
$nitropropane. Charcoal was added and the reaction 
mixture filtered hot. 2,P-Dinitrohydrocinnamic acid (55%) 
precipitated directly on cooling. The product had a m.p. 
of 125.5-126.5' (lit.,2o m.p. 126.5'). 

(b) 1 ,l-Dinitro-S-(B,4-dinitrophenyl)propane. The reaction 
mixture, treated as in (a), yielded 77% of 2,4-dinitrohydro- 
cinnamic acid, m.p. 123-125', no depression in melting point 
on admixture with product.from (a). 

( c )  Lu,Lu-m-Trinitrotoluene. On cooling the reaction mixture, 
m-nitrobenzoic acid (SOY0) precipitated directly; m.p. 
139-140°, no depression with authentic sample, m.p. 142". 

(d) I,l-Dinitro-3-phenylpropane. After 3 hr. of reflux char- 
coal was added and the mixture filtered hot. The charcoal 
was washed with ether, and the standard procedure was 
then followed to  yield 72y0 of 1-indanone, m.p. 35-37'. 
Recrystallization from carbon tetrachloride raised the m.p. 
to 39-41' (lit.,*l m.p., 40"). 

(e) I-(  2,~-Dinitrophenyl)-8,,S,S-lrinitropropane. Ninety per 
cent of starting material was recovered by filtering the 

cooled reaction mixture; m.p. 106-107', no depression with 
original material, m.p. 108-108.5". 

(f) l-(~-Nilrophenyl)-~,~,~-trinitroethane. After 20 hr. of 
reflux there was still some insoluble material in the hot 
mixture. On filtering hot, 15% of impure starting material, 
m.p. 115-125' was recovered. Recrystallization from carbon 
tetrachloride raised the m.p. to 131-132', and there was no 
depression with the original sample, m.p. 133.5-134.5'. 

On cooling the mother liquor, pnitrobenzaldehyde, m.p. 
102-104O, precipitated (85% conversion, 100% yield). 
After one recrystallization from carbon tetrachloride the 
melting point was raked to  103.5-104.5', and there was no 
depression with an authentic sample, m.p. 104-106'. 
pNitrobenzaniline, obtained by treating the aldehyde with 
aniline in ethanol containing a drop of sulfuric acid, melted 
at 90-92" (lit. m.p., 93') after two recrystallizations from 
hexane. 

(9) bPheny&1,1,1,~-tetranitropropane. After 24 hr. of 
reflux 64% of the starting material and only traces of benzoic 
acid were recovered. When reflux was continued for 46 hr., 
benzoic acid (46%), m.p. 114-118' precipitated directly on 
cooling. A single recrystallization from water raised the 
m.p. to  121-122', no depression with authentic sample. 

(h) &(S-Nitropheny1)-l,I,l,S-tetranitropropane. The stand- 
ard procedure gave 65% of m-nitrobenzoic acid, m.p. 
139-141', no depression with sample from (c). 

(i) Potassium 4,4-dinitro-&hydroxyb~tyramide. One gram 
in 7.5 ml. of hydrochloric acid, refluxed for 18 hr., concen- 
trated, and cooled in ice gave 24% of fumaric acid, m.p. 
(sealed tube) 295-300' (lit. m.p., 293-295'). On refluxing 
with methanolic hydrogen chloride the latter product was 
converted to  the dimethyl ester, m.p. 100.6-102", no de- 
pression with authentic sample of dimethyl fumarate, m.p. 

(j ) Potassium &$-dinitro-&butenamide. Procedure as in (i) 
gave 34% of fumaric acid, m.p. (sealed tube) 285-290'; 
dimethyl ester, m.p. 101-102.5". 
(k) Potassium methyl 4,4-dinilro-8-buteno~4e. Procedure 

as in (i) gave 10% of fumaric acid, m.p. (sealed tube) 

(1) Potassium 4,4-dinitrobutyramide. Procedure as in (i) 
gave 73% of succinic acid, m.p. 180-183', no depression 
with authentic sample, m.p. 185'. 

(m) Potassium methyl 4,Q-dinitrobutyrate. Procedure as in 
(i) gave 80% of succinic acid, m.p. 183-185', no depression 
with sample from (1). 

(n) Methyl 4,4,4-trinitrobutyrate. By separatillg the prod- 
uct which precipitated on cooling and working up mother 
liquor as in the standard procedure, 4,4,4trinitrobutyric 
acid, m.p. 62-64', was obtained in 98% yield. 

( 0 )  Mefhyl 4,4-dinitrohexanoate. One gram refluxed for 4 
hr. with 7.5 ml. of hydrochloric acid, the mixture cooled 
and the product filtered and recrystallized twice from chloro- 
form-hexane gave 77% of 4,4-dinitrohexanoic acid, m p. 

Anal. Calcd. for CeHlsN20e: N, 13.60. Found: N, 13.34, 
13.18. 

Conversion of potassium methyl 4,4-dinitro-bbutenoate to 
monomethyl fumarate. Four milliliters of fluosulfonic acid 
was added dropwise to a cooled solution of 1.0 g. of potas- 
sium methyl 4,4-dinitro-2-butenoate in 4 ml. of coned. 
sulfuric acid. The resulting solution was allowed to stand 
overnight a t  room temperature then added dropwise to 
40 g. of cracked ice with cooling so that the temperature 
did not exceed 20'. The mixture was extracted with two 
"1. portions of ether, the combined ether extracts washed 
with water and dried, and the solvent stripped in vacuo 

101-102.4°. 

286-287'. 

72.5-73.4 ". 

(18) J. Hine and L. A. Iiaplan, J. Am. Chem. Soc., 82, 

(19) W. S. Reich, C. G. Rose, and W. Wilson, J .  Chem. 
2915 (1960). 

Soc., 1234 (1047). 

(20) S. Gabriel and W. Zimmermann, Ber., 13, 1680 

(21) S. Gabriel and J. Hausmann, Rer., 22, 2017 (1889). 
( 1880). 
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to yield 0.43 g. (75%) of crude monomethyl fumarate, m.p. mide was converted in 85% yield to fumaric acid, m.p. 
133-138’. A single recrystallization from ether-hexane 214.5-216’ dec. (lit., m.p., 217” dec.), neutral equivalent 
afforded 0.37 g. (65%) as white prisms melting a t  144-146’ 112 (calcd. 115). 
(lit., m.p., 144.5’)) neutral equivalent 128 (calcd. 130). 

By a similar procedure potassium 4,4aiitro-2-butena- SILVER SPRING, MD. 
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Tautomerism in Phenylhydrazonesl 
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A study of the infrared, visible, ultraviolet, and NMR spectra of a series of phenylhydrazones, methylphenylhydrazones, 
and benseneasoalkanes has been made. It is found that freshly prepared phenylhydrazones of aliphatic aldehydes and ketones 
exist as the hydrazone tautomer. These phenylhydrasones tautomerize rapidly in solution to benzeneazoalkanes. No detect- 
able concentration of the ene-hydrazine tautomer is found in solutions of phenylhydrazones in neutral nonpolar organic 
solvents. 

The problem of isomerism of phenylhydrazones 
among the hydrazone (I), azo (11), and ene- 
hydrazine (111) forms has been the subject of 
considerable investigation during the past half 
century. In addition to the general interest in this 
tautomerism, with the added potential of cis-trans 
isomers for each tautomer, further interest has been 
stimulated by the use of phenylhydrazones as 
analytical derivatives of carbonyl compounds and 
by considerations of the mechanism of the Fischer 
indole synthesis, for which phenylhydrazones are 
starting materials. 

H @-y-~=y -~ t  @-N=N-~-R~ I 

H R  R 
I I1 

n 

I11 

Tautomerism in phenylhydrazones was first 
investigated by Freer3 in 1893. For the next forty 
years, there was considerable controversy concern- 
ing attempts to determine the structures of various 
phenylhydrazone tautomers and their relative 
~tabilities.~-* By the late 1930’s it was generally 

(1) The work described in this paper was included in the 
Ph.D. thesis of the author a t  the University of California, 
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agreed9 that, the hydrazone tautomer was the most 
stable form and that it was resistant to tautomeric 
change. In 1947, Grammaticakislo recognized a 
serious flaw in all the earlier work on this problem. 
There had, as yet, been no study using any one 
tautomer which might not contain equilibrium 
amounts of other forms. Grammaticakis prepared 
the azo compound (IV) to  he used as a standard 
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for the ultraviolet and visible spectrum of a ben- 
zeneazoalkane. From a comparison of the ultra- 
violet and visible spectra of phcnylhydrazones 
with that of compound IV, he concluded that 
phenylhydrazones in solution exist in equilibrium 
with small quantities of the azo 
He did not report any study of spectra as a func- 
tion of time and thus failed to establish that equi- 
librium had been reached (if, indeed, an equilibrium 
were involved). No serious attempt was made to 
verify Grammaticakis’ conclusions until 1957. 
At  that time, Arbuzov and Kitayev12 concluded 
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