RING-CHAIN TAUTOMERISM OF SUBSTITUTED
HYDRAZONES
V.* DERIVATIVES OF 2-(ARYLHYDRAZINO)ETHANOLS

B. L. Mil'man and A. A. Potekhin UDC 541.623 :547.87:543.422.25.4

The products of the condensation of 2- (N-phenylhydrazino)-, 2- (N~p-tolylhydrazino)-, and

2- (N-p-nitrophenylhydrazino)ethanols with acetaldehyde, acetone, and pinacone exist in
tetrachloroethylene solution in the form of tautomeric mixtures of N-aryl-N-(2-hydroxyethyl)-
hydrazones and 4-arylperhydro-1,3,4-oxadiazines. For the case of the pinacone derivatives,
it has been shown that the equilibrium concentration of the cyclic form rises with an increase
in the electron-accepting nature of the substituent in the para position of the aromatic radical.

The position of the equilibrium between the tautomeric 4-alkylperhydro-1,3,4~oxadiazines and the
corresponding N-alkyl-N-(2-hydroxyethyl)hydrazones depends fundamentally on the spatial requirements
of the N-alkyl substituent {2, 3]. Continuing our investigation in this field, we have turned to a study of the
structure of derivatives of g-(N-arylhydrazino) alcohols. Interest in these derivatives was due to the fact
that in this case it was possible to determine whether the position of the equilibrium was influenced by the
polar effects of substituents on the nitrogen atom, i.e., substituents not bound directly to the reaction cen-
ter. It is known that in similar ring—chain tautomeric systems — products of the condensation of substi-
tuted benzaldehydes of g- and y-amino alcohols — the equilibrium is shifted in the direction of the cyeclic
form with a rise in the electron-acceptor capacity of the substituent in the aldehyde fragment [4-6].

2- (N- Phenylhydrazino)- and 2-(N-p-tolylhydrazino)ethanols (I and II) were obtained by the nitrosa-
tion of 2- (N-arylamino)ethanols [7] followed by the reduction of the nitrosamines with lithium tetrahydro-
aluminate. The reduction of these compounds with zinc dust in acid [8, 9] or weakly alkaline [10] media

* For communication (IV) see [1].

TABLE 1. Products of the Condensation of 2-(N-Arylhydrazino)-
ethanols with Carbonyl Compounds

N, %
Com- o Empirical Yield,
R*
pound Mp, € ! formula found calen- & g
lated

v 58—60 0,17, 0,40 CioHpNO 15,5; 15,2 15,7 35
v 0Oil 0,13; 0,67 CyHigN:O 14,4; 14,7 14,6 40
VI Qil 0,14 C1aHaN:O 11,9, 116 11,9 57
Vil 44—45 0,16; 0,39 CyHgN2O 14,4; 149 14,6 58
Vil Qil 0,15; 0,66 CioHisNO 13,7; 138 13,6 29
X 0il 0,13 15H24N o 11,6; 11,7 11,3 49
X 129—130 0,09; 0,37 10H13N3O3 18,4; 18,5 18,8 30
X1 94,596 0,03; 0,38 1uHsNaOs 18,0; 18,1 17,7 67
X1t Qil 0,06; 0,64 Cy4Hg1N3Og 14,7 14,8 15,0 60

* On alumina of activity grade II with the solvent system ben-
zene—ether (1 :3); spots revealed in UV light.
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ledmainly to the initial amino alcohols, in spite of existing information [9] on the formation of the hydra-
zino alcohol (I) by the reduction of the nitrosamine in acetic acid [in this work (9], the hydrazine (I) was not
isolated in the individual state]. Reduction with lithium tetrahydroaluminate was also accompanied by
denitrosation. The reversed order of mixing the reactants recommended for the reduction of aromatic and
aliphatic-aromatic nitrosamines [11] did not lead to the desired result. 2-(N-p-Nitrophenylhydrazino)-
ethanol (III) was prepared by the arylation of 2-hydrazinoethanol with p-bromonitrobenzene.

p-XCsH,;NHCHCH,0H — p-XCsHN{NO)CH.CH,O0H ~sp-XCsHN(NH,) CH,CH.0H
I X=H; II X=CH, L il
p-0;NCsHBr+H,NNHCHCH,OH = 2-0:NCeH,N(NH;) CH:CH,OH
I

The hydrazino alcohols (I-III) were condensed with acetone, pinacone, and acetaldehyde. The charac-
teristics of the compounds obtained, the majority of which were isolated by preparative TLC are given in
Table 1.

C,H,X-p

CH X-p R (‘:5H,x-p y‘{\NH

CH,COR + NH,NCH,CH,OH — CHS/C=N—-N—-CH2CH20H = J<R
CH,

- tvB -xnB IVA-XIA

IV R=X=H; V R=CH;, X=H; VI R={-C,H,, X=H; VII R=H, X=CHj; VIII R=X=CH,; IX R=¢-C,H,,
'X=CHjs; X R=H, X~NO;, XI R=CH;, X=NQ,; XII R=¢CHs, X=NO,.

The structures of the crystalline condensation products were shown by IR spectroscopy. The spec-
tra of the p-nitrophenyl derivatives (X) and (XI) showed the bands of stretching vibrations of the N—H bonds
(3230-3300 cm~1),and the bands of Vo=N and ¥q_y were absent. Consequently, compounds (X) and (XI) in
the crystalline state have the cyclic structures (XA) and (XIA). In the crystalline products of the reaction
of acetaldehyde with the phenyl- and p-tolyl-substituted hydrazines [compounds (IV) and (VII)], in addition
to a band of medium intensity of UN-H (3180 cm™) a very weak band of Vo .p (3440-3650 cml) is observed
which shows the presence in these materials of small amounts of the hydrazones (IVB) and (VIIB).

In solutions, all the condensation products (VI-VII) exist in the form of tautomeric mixtures. This
was deduced even during their chromatographic separation: on the chromatograms two spots were usually
found with considerably different R ¢ values, and the rechromatography of the substances corresponding to
each of these two spots, separated preparatively, led to chromatograms completely identical with the orig-
inal ones.

The assumption of the presence of tautomeric mixtures was confirmed completely by a consideration
of the PMR spectra of solutions of these substances in tetrachloroethylene (Table 2). With the exception of
the products of the reaction with pinacone (VI, IX, and XII), the main component of the mixture is the cyclic
tautomer. Evidence in favor of this is the position and, in some cases, the shape of the signals of the pro-
tons of the alkylidene grouping.

Thus, the spectra of the acetaldehyde derivatives (IV, VII, and X) havedoublet signals (§ 1.20-1.35
ppm) of the 2-CH; groups and quadruplet signals of the 2-H protons (4.45-4.7 ppm) of the cyclic form. The
equilibrium concentration of the hydrazones is low, so that it is possible to detect only the doublet of the
methyl group on the azomethine carbon atom (1.95-2.05 ppm). The vn-y and YOo-H bands characteristic for
hydroxyethylhydrazones are not observed in the IR spectra of solutions of these compounds.

As in the cases investigated previously [2, 3], the products of condensation with acetone (V, VII, and
XI) are enriched with the hydrazone form as compared with the acetaldehyde derivatives. A comparison of
the intensities of the signals of the gem~-dimethyl grouping of the cyclic form (singlet in the 6 1.3~1.4-ppm
region) and the chain form (two singlets in the 1.9-2.2-ppm region) shows that in these cases the equilibri-
um concentration of the hydrazone is 15-25%.

As was expected, the greatest tendency to the formation of the chain tautomer is observed for the
pinacone derivatives (VI, IX, and XII). The product of the condensation of pinacone with 2- (N-p-nitro-
phenylhydrazino)ethanol proved to be particularly interesting. In the PMR spectrum of a freshly prepared
sample of (XII) there are the singlets of the methyl group (1.78 ppm) and of the tert-butyl group (1.05 ppm)
of the cyclic form, and also the signals of these groups in the syn and anti stereoisomeric hydrazones
(1.22, 1,82 and 1.12, 2,06 ppm, respectively). In the spectrum of the equilibrium condensation product
(XT) the signals of the anti form of the hydrazone have disappeared and the relative intensities of the
signals corresponding to the perhydrooxadiazine (XIIA) have increased. In the IR spectrum of (XII) on
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passing from the liquid to the equilibrium solution in tetrachloroethylene the ¥-y band (1616 cm™Y)
weakens considerably, while the v _g band shifts in the short-wave direction (from 3400 to 3485 cm™1)
and becomes narrower. Obviously, in this case the equilibrium concentration of the hydrazone in the con-
densed phase is considerably higher than in solution, and the equilibrium is established comparatively
slowly. In the two other pinacone derivatives (X) and (XI) it was possible to observe only the syn stereo-
isomer of the chain form.

As can be seen from Table 2, a variation in the substituents in the benzene ring does not lead to
any appreciable change in the composition of the equilibrium mixtures whatever for the acetaldehyde de-
rivatives. For the acetone derivatives, a slight rise in the equilibrium concentration of the hydrazone is
found with an increase in the electron-donating nature of the substituent, but this increase only slightly ex-
ceeds the experimental error. However, for products of the condensation of substituted hydrazines with
pinacone, in which the equilibrium concentrations of the two forms are comparatively close, this de-
pendence becomes quite clear: the ratio of the equilibrium concentrations of the chain and cyclic forms is
60 :40 for the p-nitrophenyl derivative and 85:15 for the p-tolyl derivative.

The causes of the change in the equilibrium composition must undoubtedly be sought in the polar
effects of the substituents, since the steric requirements of the p—substituted aryl groupings are similar.
One of the factors stabilizing the hydrazone form is the existence of p,m conjugation in the C=N-N bond
system. This conjugation is particularly characteristic for aldehyde hydrazones [13-15]; it is feebler but,
nevertheless, apparently still exists in disubstituted ketone hydrazones. With the introduction of an aro-
matic substituent, the p,7 conjugation is disturbed because of the delocalization of the free electron pair
of the amine nitrogen atom in the nucleus, the degree of delocalization being the greater the greater the
electron-accepting nature of the substituent. Another consequence of this type of delocalization is the
weakening or complete destruction of the intramolecular hydrogen bond between the alcoholic group and the
amine nitrogen atom in the hydroxyalkylhydrazones. In actual fact, the short-wave displacement of the
Vo-p Pand in the IR spectra of the hydrazone (XIIB) mentioned above on passage into dilute solutions
shows the intermolecular nature of the hydrogen bond.

Apparently, these two factors destabilizing the chain tautomeric form also lead mainly to an increase
in the equilibrium concentration of the cyclic tautomer with a strengthening of the electron-accepting nature
of the substituent in the para position of the aromatic radical.

EXPERIMENTAL

The PMR spectra were obtained on an HA~100-D-15 instrument using ~10% solutions in tetrachloro-
ethylene with HMDS as internal standard. The IR spectra of 1-5% solutions in tetrachloroethylene were
taken on UR-10 and UR-20 instruments. Alumina of activity grade II was used for chromatographic analy-
sis and separation.

2- (N-Nitroso-p-toluidino)ethanol. With stirring and cooling to —10 to —15°C, a saturated aqueous
solution of 10.3 g (0.15 mole) of sodium nitrite was added dropwise to a solution of 21,5 g (0.14 mole) of
p-toluidinoethanol in 21.5 ml of concentrated hydrochloric acid. The mixture was stirred for another 1 h,
the temperature being raised to that of the room. The nitrosamine was extracted with ether, and the ex-
tract was dried with sodium sulfate and the ether was distilled off. This gave 25 g (98%) of the nitrosamine
in the form of an oil crystallizing on cooling. For analysis, it was chromatographed on a column of alumi-
na and was eluted with benzene—ether—methanol (5:3:1). Mp 39-40°C. IR spectrum, cm™!: 1647 ("N=0»
3635 (V.g). Found, %: N 15.3; 156.1. CyH;pN; Oy, Calculated, %: N 15.5.

2-(N-Nitrosoanilino)ethanol {9] was obtained similarly in the form of a noncrystallizing oily liquid.
These nitrosamines were used for subsequent reduction without additional purification.

2-(N-Phenylhydrazino)ethanol (I). A solution of 53 g (0.3 mole) of N-nitroanilinoethanol in 50 ml of
ether was added to a solution of 0.43 mole of lithium tetrahydroaluminate in 300 ml of ether. The mixture
was boiled with stirring for 2 h and was left at room temperature for 12 h. Then, with cooling to —25°C,
300 ml of a 25% solution of caustic soda was slowly added. The ethereal layer was separated off and the
aqueous layer was extracted with ether (4 X 50 ml). After drying and the evaporation of the ether, 35 g of -
an oily residue was obtained from which by means of preparative TLC [benzene— ether—methanol 25:25:3)]
the liquid hydrazine (I) was isolated with a yield of 18%; Ry 0.28, Found, %: N 18.3; 18.5. C4H;3N,O. Cal-
culated, %: N 18.4,
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2-(N-p-Tolylhydrazino)ethanol (II) was obtained by the same method. It was purified on a column of
alumina using as eluent cyclohexane— ether—methanol (12 :35:1). Yield, 23%. Picrate, mp 148.5-149°C
(decomp., from ethanol). Found, %: N 17.4; 17.8. CgHyN,O - C¢HzN;O;. Calculated, %: N 17.7.

2- (N-p-Nitrophenylhydrazino)ethanol (IlN). A mixture of 29 g (0.39 mole) of 2-hydrazinoethanol and
27 g (0.13 mole) of p-bromonitrobenzene in 70 ml of ethanol was boiled for 9 h, The unchanged bromoni-
trobenzene was distilled off with steam., With stirring, 7 g of caustic soda was added to the residue and
the still hot aqueous layer was decanted from the dark resinous residue. On cooling, the aqueous solution
deposited 17 g (61%) of the hydrazine (Iil). After two recrystallizations from a large volume of water, the
hydrazine (IIl) was obtained in the form of thin bright-yellow needles with mp 85.5°C. Found, %: N 21.,5;
21.6. CgHyyN30;. Calculated, %: N 21.4,

2~Methyl-4-phenylperhydro-1,3,4-oxadiazine (IVA). A solution of 0.55 g (0.013 mole) of acetalde-
hyde in 15 ml of ethanol was added to a solution of 1.9 g (0.013 mole) of the hydrazino alcohol (I) in 20 ml
of ethanol. The mixture was heated at 40-45°C for 1 h, and the ethanol was distilled off in vacuum. The
yield of the crude oxadiazine (IVA) was 2 g. It was purified by preparative TLC [cyclohexane—ether—
methanol (5:2 :1) system], the zone with Rf 0.5-0.9 being isolated,

2-Methyl~4- (p-tolyl)perhydro-1,3,4-oxadiazine (VIIA) and 2-methyl-4-(p-nitrophenyl)perhydro-~
1,3,4-oxadiazine (XIIA) were obtained similarly, the first being chromotographed in the cyclohexane—
ether—methanol (7:7:1) system with collection of the zone with Rf 0.4-0.85, and the second being purified
by crystallization from 30% ethanol.

2,2~Dimethyl-4- (p-nitrophenyl) perhydro-1,3,4-oxadiazine (XIA). A mixture of 2.1 g (0.11 mole) of
the hydrazino alcohol (II), 0.7 g (0.012 mole) of acetone, and 50 ml of ethanol with the addition of a few
drops of acetic acid was heated at 50°C. Then the ethanol was distilled off in vacuum and the residue was
crystallized from 25% ethanol. The yield of (XIA) was 1.7 g.

The other products of condensation with acetone (V and VIII) were prepared similarly. They were
isolated by means of preparative TLC [for (V) using the cyclohexane—ether—methanol (4:2:1) system, Rf
0.6-0.85, and for (VIII) the ether—benzene (3 :2) system with the addition of 0.5% for ethanol, Rf 0.55-
0.75)1.

Condensation of the Hydrazino Alcohols (I-I) with Pinacone. A mixture of 0.004 mole of a hydra-
zino alcohol and 0.012 mole of pinacone was boiled in 20 ml of benzene in the presence of 20 mg of p-
toluenesulfonic acid in flask fitted with a Dean— Stark trap. After the end of the reaction {monitoring by
the TLC method), the benzene was distilled off and the residue was separated by preparative TLC [for (VI)
the eluent was benzene—ether—ethanol (25:25:2), Rf 0.65-0,9; for (IX) ether—-benzene (3 :1) with the
addition of 0.5% of ethanol, Rf 0.65-0.85; and for (XII) cyclohexane—ether—methanol (8:8:1), Rf 0.55-0.9].

LITERATURE CITED

1. A.A. Potekhin and V. M. Karel'skii, Zh. Organ. Khim., 7, 2100 (1971),

2. A. A, Potekhin, Zh, Organ. Khim., 7, 16 (1971).

3. A, A. Potekhin and M. N. Vikulina, Khim. Geterotsikl, Soedin., 1167 (1971).

4, H. F.McDonagh and H. E. Smith, J. Org. Chem., 33, 8 (1968).

5. H. E. Smith and N. E. Cooper, J. Org. Chem., 35, 2213 (1970).

6. J.V. Paukstelis and L. L. Lambing, Tetrahedron Lett., 29 (1970).

7.  Yu. K. Yur'ev, K. Yu. Novitskii, and L. G. Liberov, Izv. Akad. Nauk 8SSR, Otd. Khim. Nauk, 317
(1951).

8. Organic Syntheses [Russian translation], IL, Moscow, 2, 337 (1949).

9. G. R. Clemo and W. H. Perkin, J. Chem. Soc., 125, 1807 (1922).
10, B. T. Hayes and T. S. Stevens, J. Chem. Soc., C, 1088 (1970).
11. A. Hajos, Komplexe Hydride und Ihre Anwendung in der Organischen Chemie, Deutscher Verlag der
Wissenschaften, Berlin (1966).
12. L. C. Dorman, J. Org. Chem., 32, 255 (1967).
13. B. V. Ioffe, O. V. Sverdlova, and L. M. Korzhikova, Teoret. Eksperim. Khim., 119 (1967).
14. B. A. Arbuzov, Yu. Yu. Samitov, and Yu. P. Kitaev, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 55 (1966).
15. J. C. Iffland, M. P. McAreny, and D. J. Weber, J, Chem. Soc., C, 1703 (1969).

834



