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H Y D R A Z O N E S  

V.* DERIVATIVES OF 2-(ARYLHYDRAZINO)ETHANOLS 

B.  L .  M i l ' m a n  a n d  A .  A .  P o t e k h i n  UDC 541.623 : 547.87 : 543.422.25.4 

The products of the condensation of 2- (N- phenylhydraz ino)-, 2- (N- p-tolylhydraz ino)-, and 
2-(N-p-ni t rophenylhydrazino)ethanols  with acetaldehyde, acetone, and pinacone exist in 
te t rachloroethylene solution in the fo rm of tautomeric  mixtures  of N-ary l -N-(2-hydroxyethyl ) -  
hydrazones and 4 -a ry lpe rhydro- l ,3 ,4 -oxad iaz ines .  For  the case of the pinacone derivat ives,  
it has been shown that the equilibrium concentrat ion of the cyclic fo rm r i ses  with an increase  
in the e lect ron-accept ing nature of the substituent in the para  position of the a romat ic  radical .  

The position of the equilibrium between the tautomeric  4 -a lky lperhydro- l ,3 ,4 -oxadiaz ines  and the 
corresponding N-alkyl-N-(2-hydroxyethyl)hydrazones  depends fundamentally on the spatial requi rements  
of the N-alkyl substituent [2, 3]. Continuing our investigation in this field, we have turned to a study of the 
s t ruc ture  of derivatives of/3-(N-arylhydrazino) alcohols.  Interest  in these derivat ives 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 direct ly  to the react ion cen- 
ter .  It is known that in s imi lar  r i n g - c h a i n  tautomeric  sys tems - products of the condensation of substi-  
tuted benzaldehydes of/3- and y - a m i n o  alcohols - the equilibrium is shifted in the direction of the cyclic 
fo rm with a r i s e  in the e l ec t ron-accep to r  capaci ty  of the substituent in the aldehyde f ragment  [4-6[. 

2- (N- Phenylhydrazino)-  and 2- (N- p-tolylhydrazino) ethanols (I and lI) were  obtained by the n i t rosa-  
tion of 2-(N-arylamino)ethanols  [7] followed by the reduction of the ni t rosamines  with lithium te t rahydro-  
aluminate. The reduction of these compounds with zinc dust in acid [8, 9] or  weakly alkaline [10] media 

* Fo r  communicat ion (IV) see [1]. 

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

Com- 
pound 

IV 
V 

VI 
VII 

VItl 
IX 
X 

XI 
Xll 

Mp, *C 

58--60 
Oil 
oil 

44--45 
Oil 
Oil 

129--130 
94,5--96 

Oil 

RI* 

0,17; 0,40 
0,13; 0,57 

0,14 
0,16; 0,39 
0,15; 0,66 

0.13 
0.09; 0.37 
0,03; 0,38 
0,06; 0,64 

Empirical 
formula 

C10HI4N20 
CuHI~N~O 
C'14H22N20 
CIIHI~N20 
C,2HxsN20 
CIsH24N20 
CIoHIzNzOs 
CuHIsN303 
CI4H2tN303 

N,% 

found 

15,5; 15,2 
14,4; 14,7 
11,9; 11,5 
14,4; 14,9 
13,7; 13,8 
11,6; 11,7 
18,4; 18,5 
18,0; 18,1 
14,7; 14,8 

�9 Yield, 
calcu- '~o 
lated 

15,7 
14,6 
11,9 
14,6 
13,6 
11,3 
18,8 
17,7 
15,0 

35 
40 
57 
58 
29 
49 
30 
67 
60 

* On alumina of act ivi ty grade II with the solvent sys tem ben- 
z e n e - e t h e r  (1:3); spots revealed in UV light. 
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led mainly to the initial amino alcohols,  in spite of existing information [9] on the format ion of the hydra-  
zinc alcohol (I) by the reduct ion of the n i t rosamine  in acet ic  acid [in this work [9], the hydrazine (I) was not 
isolated in the individual state].  Reduction with lithium te t rahydroaluminate  was also accompanied by 
denitrosation.  The r e v e r s e d  o rde r  of mixing the reactants  recommended  for  the reduct ion of a romat ic  and 
a l ipha t ic -aromat ic  n i t rosamines  [11] did not lead to the des i red  resul t .  2-(N-p-Nit rophenylhydrazino)-  
ethanol (iiI) was p repared  by the aryla t ion of 2-hydrazinoethanol  with p-bromoni t robenzene.  

p-XC6H.~NHCHICH2OH "~p-XCsH,N(NO)CH2CH2OH "~p-XC6H4N(NH2)CH2CH~OH 
I X=H; II XfCH3 I, II 

p-O2NCoH~Br + H2NNHCH2C H~OH -r ;;-O2NC~H4N(N H~)CH2C H2OH 
IlI 

The hydrazino alcohols (I-III) were  condensed with acetone,  pinacone, and acetaldehyde.  The charac-  
t e r i s t i c s  of the compounds obtained, the major i ty  of which were  isolated by prepara t ive  TLC a re  given in 
Table 1. 

I~ 6 H 4 X ' p  ~C=N__N_CH2CH20 H '/'N~'N H s + NI.I=NCI-I~CII2OH - -  ~ L _ ~ / |  CH3/ 

l - I l l  IvB -XIIB IV A-XII A 

IV R=X=H; V R=CH.~, XffiH; VI Rffi/-C4H~, X=H; VII R=H, XfCH3; VIII R=X=CH3; IX R~t-C4Hg, 
'X=CH3; X R=H, X~NO2, XI R=CH3,X=NO2; XII R=t-C4Hg, X~NO2. 

The s t ruc tu res  of the c rys ta l l ine  condensation products were  shown by IR spectroscopy.  The spec-  
t r a  of the p-ni t rophenyl  der ivat ives  (X) and (XI) showed the bands of s t re tching vibrat ions of the N - H  bonds 
(3230-3300 cm-1),and the bands of VC= N and VO_ H were  absent. Consequently, compounds (X) and (XI) in 
the crys ta l l ine  state  have the cycl ic  s t ruc tu res  (XA) and (XIA). In the crys ta l l ine  products  of the reac t ion  
of acetaldehyde with the phenyl- and p- to ly l -subs t i tu ted  hydrazines  [compounds (IV) and (VII)I, in addition 
to a band of medium intensity of VN_ H (3180 cm -1) a v e r y  weak band of r e _  H (3440-3650 cm -1) is observed  
which shows the p resence  in these  mate r ia l s  of smal l  amounts of the hydrazones (IVB) and (VIIB). 

In solutions,  all the condensation products  (VI-VII) exist  in the fo rm of tau tomer ic  mixtures .  This 
was deduced even during the i r  chromatographic  separat ion:  on the chromatograms  two spots were  usually 
found with considerably  different  R f  values,  and the rechromatography  of the substances corresponding to 
each of these  two spots,  separa ted  prepara t ively ,  led to chrornatograms complete ly  identical with the or ig -  
inal ones.  

The assumption of the p resence  of t au tomer ic  mixtures  was conf i rmed complete ly  by a considerat ion 
of the PMR spec t ra  of solutions of these  substances in te t rachloroethylene  (Table 2). With the exception of 
the products of the reac t ion  with pinacone (VI, IX, and XII), the main component of the mixture  is the cyclic 
tau tomer .  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 spec t ra  of the acetaldehyde der ivat ives  (IV, VII, and X) have doublet signals (6 1.2 0-1.35 
ppm) of the 2-CH 3 groups and quadruplet  signals of the 2-H protons (4.45-4.7 ppm) of the cyclic form.  The 
equil ibr ium concentrat ion 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 VC= N and VO_ H bands charac te r i s t i c  fo r  
hydroxyethylhydrazones a re  not observed  in the IR spec t ra  of solutions of these  compounds. 

As in the cases  investigated previously  [2, 3], the products  of condensation with acetone (V, VIII, and 
XI) a re  enr iched with the hydrazone fo rm  as compared  with the acetaldehyde der ivat ives .  A compar i son  of 
the intensit ies of the signals of the gem-dimethyl  grouping of the cyclic fo rm (singlet in the 6 1.3-1.4-ppm 
region) and the chain fo rm  (two singlets in the 1.9-2.2-ppm region) shows that in these cases  the equil ibri-  
um concentrat ion of the hydrazone is 15-25%. 

As was expected, the g rea t e s t  tendency to the format ion  of the chain t au tomer  is observed  for  the 
pinacone der ivat ives  (VI, IX, and XII). The product  of the condensation of pinacone with 2- (N-p-ni t ro-  
phenylhydrazino)ethanol proved to be par t icu la r ly  interest ing.  In the PMR spec t rum of a f resh ly  p repared  
sample of (XII) there  a re  the singlets of the methyl group (1.78 ppm) and of the t e r t -bu ty l  group (1.05 ppm) 
of the cycl ic  form,  and also the signals of these  groups in the syn and anti s t e r eo i somer i c  hydrazones 
(1.22, 1.82 and 1.12, 2.06 ppm, respect ive ly) .  In the spec t rum of the equil ibrium condensation product  
(XII) the signals of the anti fo rm of the hydrazone have disappeared and the re la t ive  intensit ies of the 
signals corresponding to the perhydrooxadiazine  (XIIA) have increased.  In the IR spec t rum of (XII) on 
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pass ing f r o m  the liquid to the equi l ibr ium solution in t e t rach loroe thy lene  the ~C=N band (1616 cm -1) 
weakens cons iderably ,  while the v O - H  band shifts  in the sho r t -wave  direct ion (from 3400 to 3485 cm -1) 
and becomes  na r rower .  Obviously, in this case  the equi l ibr ium concentra t ion of the hydrazone in the con- 
densed phase  is cons ide rab ly  higher than in solution, and the equi l ibr ium is es tabl ished compara t ive ly  
slowly. In the two other  pinacone der iva t ives  (X) and (XI) it was poss ib le  to obse rve  only the syn s t e r e o -  
i s o m e r  of the chain fo rm.  

As can be seen  f r o m  Table  2, a va r ia t ion  in the subst i tuents  in the benzene r ing does not lead to 
any apprec iab le  change in the composi t ion  of the equi l ibr ium mix tu res  whatever  for  the acetaldehyde de-  
r i va t ives .  F o r  the acetone de r iva t ives ,  a s l ight  r i s e  in the equi l ibr ium concentra t ion of the hydrazone is 
found with an inc rease  in the e lec t ron-donat ing nature  of the subst i tuent ,  but this inc rease  only sl ightly ex- 
ceeds  the exper imen ta l  e r r o r .  However,  for  products  of the condensation of subst i tuted hydrazines  with 
pinacone, in which the equi l ibr ium concentra t ions  of the two f o r m s  a re  compa ra t i ve ly  close,  this de- 
pendence becomes  quite c lea r :  the ra t io  of the equi l ibr ium concentra t ions  of the chain and cyclic f o r m s  is 
60 : 40 for  the p-n i t rophenyl  der iva t ive  and 85 : 15 for  the p- to ly l  der ivat ive .  

The causes  of the change in the equi l ibr ium composi t ion mus t  undoubtedly be  sought in the polar  
effects  of the subst i tuents ,  s ince the s t e r i c  r equ i r emen t s  of the p-subs t i tu ted  a ry l  groupings a r e  s im i l a r .  
One of the fac to r s  stabil izing the hydrazone f o r m  is the exis tence of p j r  conjugation in the C----N-N bond 
sys t em.  This  conjugation is pa r t i cu l a r ly  cha r ac t e r i s t i c  for  aldehyde hydrazones  [13-15]; it is f eeb le r  but, 
neve r the l e s s ,  apparen t ly  st i l l  exis ts  in disubst i tuted ketone hydrazones .  With the introduction of an a r o -  
mat ic  substi tuent ,  the p,~ conjugation is d is turbed because  of the delocal izat ion of the f r ee  e lec t ron  pa i r  
of the amine  ni t rogen a tom in the nucleus,  the degree  of delocal izat ion being the g r e a t e r  the g r e a t e r  the 
e l ec t ron-accep t ing  nature  of the subst i tuent .  Another  consequence of this type of delocal izat ion is the 
weakening or  comple te  des t ruc t ion  of the in t r amolecu la r  hydrogen bond between the alcoholic group and the 
amine  n i t rogen a tom in the hydroxyalkylhydrazones .  In actual  fact ,  the sho r t -wave  d isp lacement  of the 
v O - H  band in the IR s p e c t r a  of the hydrazone (XIIB) mentioned above on pa s sage  into dilute solutions 
shows the in te rmolecu la r  na ture  of the hydrogen bond. 

Apparent ly ,  these  two fac to r s  destabi l iz ing the chain t au tomer ic  f o r m  also lead mainly  to an inc rease  
in the equi l ibr ium concentra t ion of the cycl ic  t au tomer  with a s trengthening of the e lec t ron-accep t ing  nature  
of the subst i tuent  in the pa ra  posit ion of the a roma t i c  rad ica l .  

EXPERIMENTAL 

The PMR spectra were obtained on an HA-100-D-15 instrument using ~i0% solutions in tetraehloro- 
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 -i0 to -15~ 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 :i). Mp 39-40~ IR spectrum, cm-l: 1647 (VN=(~ , 

3635 (vO_H). Found, %: N15.3; 15.1. CgHi2N202. Calculated, %: N15.5. 

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

2-(N-iVhenylhydrazino)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~ 
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 • 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%, Rf 0.28. Found, %: N 18.3; 18.5. CsHI2N20. 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- e t h e r -  methanol (12:35:1).  YieId, 23%. Picrate,  mp 148.5-149~ 
(decomp., from ethanol). Found,%: N17.4; 17.8. C)H14N~O. C6H3N307. Calculated, %: N17.7. 

2-(N-p-Nitrophenylhydrazino)ethanol (HI). 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 (HI). After two recrystall izations from a large volume of water, the 
hydrazine (III) was obtained in the form of thinbright-yellow needles with mp 85.5~ Found, %: N 21.5; 
21.6. CsHIiN303. Calculated, %: N21.4. 

2-Methyl-4-phenylperhydro-l ,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~ 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 [cyc lohexane-e ther -  
methanol (5 :2 :1)  system], the zone with Rf  0.5-0.9 being isolated. 

2-Methyl-4- (p-tolyl)perhydro-l,3,4-oxadiazine (VHA) and 2-methyl-4-(p-nitrophenyl)perhydro- 
1,3,4-oxadiazine {XIIA) were obtained similarly,  the f i rs t  being chromotographed in the cyclohexane- 
e ther -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-DLmethyl-4-(p-nitrophenyl)perhydro-l,3,4-oxadiazine (XIA). A mixture of 2.1 g (0.11 mole) of 
the hydrazino alcohol (III), 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~ Then the ethanol was distilled off in vacuum and the residue was 
crystal l ized 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- e t h e r -  methanol (4 :2 :1)  system, Rf  
0.6-0.85, and for (VIII) the e the r -benzene  (3:2) system with the addition of 0.5% for ethanol, Rf  0.55- 
0.75)]. 

Condensation of the Hydrazino Alcohols (I-Ill) 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 -e the r - e thano l  (25:25:2) ,  l~f 0.65-0.9; for (IX) e ther -benzene  (3:1) with the 
addition of 0.5% of ethanol, Rf  0.65-0.85; and for (XII) cyclohexane- e t h e r -  methanol (8: 8:1),  R f  0.55-0.9]. 
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