
R I N G - C H A I N  T A U T O M E R I S M  O F  S U B S T I T U T E D  H Y D R A Z O N E S  

III .* 2-{N-I~ROPYLHYDRAZINO)- AND 2- ( -N- ISOPROPYLHYDRAZINO)-  

ETHANOL DERIVATIVES 

A .  A .  P o t e k h i n  a n d  M .  N .  V i k u l i n a  UDC 541.623:547.875 

The f r e s h l y  d i s t i l l e d  p roduc t s  of the r e a c t i o n  of ace ta ldehyde  with 2 - ( N - p r o p y l h y d r a z i n o ) -  
mad 2 -{N- i sop ropy lhyd raz ino )e thano l s  have subs t i tu ted  p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  s t r u c -  
t u r e s  and a r e  i s o m e r i z e d  to the c o r r e s p o n d i n g  N - a l k y l - N - ( 2 - h y d r o x y e t h y l ) h y d r a z o n e s  v ia  
an e q u i l i b r i u m .  Mix tu re s  of both t a u t o m e r i c  f o r m s  w e r e  i so l a t ed  by the r eac t i on  of t h e s e  
h y d r a z i n o  a lcohols  wi th  ace tone  and p inaco lone .  

It was e s t a b l i s h e d  in [2] that  2 - h y d r o x y e t h y l - s u b s t i t u t e d  hyd ra z ine s  condense  with a l ipha t ic  ca rbony l  
compounds  to fo rm t a u t o m e r i c  m i x t u r e s  of the c o r r e s p o n d i n g  p e r h y d r o - l , 3 , 4 - o x a d i a z i n e s  and (2 -hydroxy-  
e t h y l ) h y d r a z i n e s .  The pos i t ion  of the equ i l i b r i um in this  s y s t e m  depends  m a r k e d l y  on the s t r u c t u r e  of the  
s t a r t i n g  h y d r a z i n e .  The concen t ra t ion  of the cyc l i c  t a u t o m e r  d e c r e a s e s  sha rp ly  on p a s s i n g  f rom d e r i v a -  
t ives  of 2 -hyd raz inoe thano l  i t s e l f  (only hydrazones  we re  obtained in a l l  c a s e s )  to i ts N - m e t h y l -  and N-  
e t h y l - s u b s t i t u t e d  d e r i v a t i v e s .  A s i m i l a r  s i tua t ion  was a lso  o b s e r v e d  in a n u m b e r  of (2 -hyd roxypropy l ) -  
h y d r a z i n e s  [1]. 

In th is  connect ion ,  i t  s e e m e d  of i n t e r e s t  to make  a fu r the r  s tudy of the  ef fec t  of the s t r u c t u r e  of the 
a lky l  g roup  in 2 - ( N - a l k y l h y d r a z i n o ) e t h a n o l s  on the pos i t ion  of the N - a l k y l - N - ( 2 - h y d r o x y e t h y l ) h y d r a z o n e -  
p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  e q u i l i b r i u m .  F o r  th is ,  we syn thes i zed  2-  (N-p ropy lhydraz ino ) -  {I) and 2-  (N- 
i s o p r o p y l h y d r a z i n o ) e t h a n o l s  (II) by  the r eac t ion  of e thy lene  oxide with the  a p p r o p r i a t e  a l k y l h y d r a z i n e s .  
Hydraz ino  a lcohols  I and II  were  condensed  with ace t a ldehyde  and acetone,  while II was a l so  condensed  with 
p inacolone ,  i . e . ,  with those  ca rbony l  compounds whose d e r i v a t i v e s  had m a r k e d l y  d i f fe ren t  equ i l ib r ium c o m -  
pos i t ions  in previously studied cases [1,2]. 

We found that the behavior of the reaction products was similar in many respects to the behavior of 
the derivatives of the closest homolog of I and II- 2-(N-ethylhydrazino)ethanol [2]. 

R" 
i 

H3~c=o + i~ c I~n'N"c]]2 

I, H IlIB -VI IB IllA-VIIA 

If| R=H, P..'=n-C3HT; IV I~=CH3, R'=n-CsFI7; V R-H,  R'=L-CsHT; 

VI I~=CH3, R'=/-%HT; VII I~=t-C4ttg, R'=t-%H 7 

The f r e s h l y  d i s t i l l e d  p roduc ts  of the condensa t ion  of hydraz ino  a lcohols  I and II with ace t a ldehyde  
w e r e  pu re  4 - a l k y l - 2 - m e t h y l p e r h y d r o - l , 3 , 4 - o x a d i a z i n e s  (IIIA and VA), judging f rom the i r  p h y s i c o c h e m i c a l  
p r o p e r t i e s  and s p e c t r a l  c h a r a c t e r i s t i c s .  These  compounds were  conve r t ed  to equ i l ib r ium m i x t u r e s  of the 
cyc l i c  (A) and chain (B) f o r m s  10-12 h a f t e r  d i s t i l l a t i on .  The a p p e a r a n c e  of the hydrazone  fo rm was ind i -  
c a t e d  by a c e r t a i n  i n c r e a s e  in the m o l e c u l a r  r e f r a c t i o n  and the deve lopmen t  of a band of the v ib ra t i ons  of 
a C ~ N  double bond in the IR s p e c t r u m  (1650-1665 c m - t ) .  Signals  of the chain t a u t o m e r ,  which were  absent  

* See [1] for communication II. 
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in the s p e c t r a  of the f r e s h l y  d i s t i l l e d  compounds ,  a r e  o b s e r v e d  in the PMR s p e c t r a  of the equ i l ib r ium p r e p -  
a r a t i o n s .  The qua r t e t  a t  weak f ie ld (~ ~ 3.5 ppm),  which c o r r e s p o n d s  to the r e s o n a n c e  of the pro ton  a t -  
t ached  to the azometh ine  ca rbon  a tom,  is p a r t i c u l a r l y  c h a r a c t e r i s t i c  in th is  r e s p e c t .  The equ i l i b r i um con-  
cen t r a t i on  of the hyd raz ine ,  which was eva lua ted  f rom the i n c r e a s e  in the m o l e c u l a r  r e f r a c t i o n  [2] and f rom 
the PMR s p e c t r a ,  was 12-13% for  IIIB and 10-12% for  VB.  

No s ingle  t a u t o m e r  w h a t s o e v e r  could  be i s o l a t e d  in any c a s e  in the condensa t ion  of I and II with ke tones .  
The r eac t i on  of 2 - ( N - i s o p r o p y l h y d r a z i n o ) e t h a n o l  with p inacolone  gave a subs tance  whose p h y s i c o c h e m i c a l  
p r o p e r t i e s  and IR s p e c t r u m  c o r r e s p o n d e d  to a g r e a t e r  d e g r e e  to those  of hyd razone  VIIB than to those  of 
cyc l i c  f o rm  VIIa.  The PMR s p e c t r u m ,  however ,  m a k e s  i t  p o s s i b l e  to d raw a c o m p l e t e l y  def in i te  conclus ion 
r e g a r d i n g  the  p r e s e n c e  of both t a u t o m e r s :  the in tense  s ing le t  at  8.23 ppm c o r r e s p o n d s  to the methy l  group 
a t t ached  to the C = N  double bond in the  N - i s o p r o p y l - N - ( 2 - h y d r o x y e t h y l ) h y d r a z o n e  of p inacolone  (VIIB), 
while  the  weak s ing le t  a t  8.65 ppm c o r r e s p o n d s  to the methyl  g roup  in the 2 posi t ion of 2 - m e t h y l - 4 - i s o p r o p y l -  
2 - t e r t - b u t y l p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  (VIIA). J u s t  as  for  o ther  p inacolone  d e r i v a t i v e s  [1,2], the equ i l i b r i um 
posi t ion is  shi f ted  to favor  the hyd razone .  (The equ i l i b r ium concen t ra t ion  of VIIA is  only about 10~ .) 

In c o n t r a s t  to the p r e v i o u s l y  s tudied  hydraz ino  a lcohols  [1,2], m i x t u r e s  of t a n t o m e r s  wi th  c lo se  to 
e q u i l i b r i u m  compos i t i ons  w e r e  obta ined  by the  condensa t ion  of I and II with ace tone  in both c a s e s  i m m e d i -  
a t e ly  a f t e r  d i s t i l l a t i on .  This  is  c o n f i r m e d  by the r e f r a c t o m e t r i c  and s p e c t r a l  c h a r a c t e r i s t i c s  of the f r e s h l y  
d i s t i l l e d  p r e p a r a t i o n s .  T h e i r  IR s p e c t r a  do not  contain the band of the  C = N  s t r e t c h ing  v ib ra t i ons  (1650- 

�9 1670 c m - l ) .  Signals  of both f o r m s  a r e  a l so  o b s e r v e d  in the  PMR s p e c t r a :  two s ing le t s  f rom the i s o p r o p y l -  
idene grouping  in the 2 -pos i t ion  of the cyc l ic  fo rm (about 8.8 ppm).  The changes  in the dens i ty ,  r e f r a c t i v e  
index,  and, consequent ly ,  the m o l e c u l a r  r e f r a c t i o n  w e r e  ins ign i f ican t  dur ing  s t o r a ge  of these  p r e p a r a t i o n s .  
A c c o r d i n g  to the  PMR s p e c t r a ,  the  equ i l i b r ium concen t ra t ion  of the cyc l i c  t a u t o m e r  is  64~ for  IVA and 73% 
for  VIA. The compos i t ion  of a t a u t o m e r i c  mix tu re  of IV could be e s t i m a t e d  only a p p r o x i m a t e l y ,  s ince  the  
s igna l s  of the i sop ropy l idene  f r agmen t  of both f o r m s  a r e  p a r t i a l l y  ove r l apped  by the m u l t i p l e t  of the ~ - 
me thy lene  group  of the  N - p r o p y l  g roup .  The i m p o s s i b i l i t y  of s e p a r a t i n g  both f o r m s  for  the ketone d e r i v a -  
t ives  is  appa ren t ly  a s s o c i a t e d  with t h e i r  high r a t e  of i n t e r c o n v e r s i o n  under  the d i s t i l l a t i on  condi t ions .  

In [2] i t  was e s t a b l i s h e d  that  the p roduc t s  of the condensa t ion  of ace t a ldehyde  and ace tone  with  2 - (N-  
e thy lhydraz ino)e thano l  contain 9-10% and 42-45% hydrazone ,  r e s p e c t i v e l y ,  in e q u i l i b r i u m .  Thus,  w h e r e a s  
the  equ i l i b r i um posi t ion is p r a c t i c a l l y  cons tan t  for  the ace t a ldehyde  d e r i v a t i v e s  on pas s ing  f rom 2-{N- 
e thy lhyd raz ino ) -  to 2 - ( N - p r o p y l h y d r a z i n o ) -  and 2 - (N - i sop ropy lhyd ra z ino )e tha no l ,  it  is sh i f ted  a p p r e c i a b l y  to 
favor  the cyc l i c  t a u t o m e r  for  the ace tone  d e r i v a t i v e s  in this  s e r i e s .  

The in t roduct ion of a p ropy l  o r  i sop ropy l  group into the 4 pos i t ion  of the cyc l i c  fo rm (VIII) a ppa ren t l y  
does  not  l e ad  to  any subs t an t i a l  de s t ab i l i z a t i on  of i t .  As for  the chain  t a u t o m e r ,  o v e r l a p  of the  p and ~r 
o r b i t a l s  of the n i t rogen  a tom and of the C = N  double bond (IX) can be r e t a i n e d  in the d i subs t i tu t ed  h y d r a z o n e s  
of a ldehydes ,  r e g a r d l e s s  of the s t r u c t u r e  of the N -a lky l  r a d i c a l .  It is  p robab le  that  these  a r e  the  r e a s o n s  
that  e thyl ,  p ropy l ,  and i s o p r o p y l  groups  in the a ldehyde  d e r i v a t i v e s  have about equiva lent  e f fec t s ,  and the 
e q u i l i b r i u m  posi t ion in the N - a l k y l - N - ( 2 - h y d r o x y e t h y l ) h y d r a z o n e - 4 - a l k y l p e r h y d r o - l , 3 , 4 - o x a d i a z i n e  s y s t e m  
is p r a c t i c a l l y  cons tan t .  

Unfavorab le  (as c o m p a r e d  with  a ldehyde  h y d r a z o n e s  IX), nonbonded i n t e r a c t i o n s b e t w e e n  the a lky l  g roup  
a t tached  to the azometh ine  carbon  a tom and the d i a lky l amino  group  develop  in ketone h y d r a z o n e s  X [3,4]: 

R' :~ . 3 c \  R . ~  /N~./CH3 H3 C=N\N/CH2CH2OH ~C~N\ 
c"3 I 3 ~ . . . c .~c .2o .  

R' l~' 

VIII IX X 

These  i n t e r ac t i ons  can,  f i r s t  of a l l ,  l ead  to d i s rup t ion  of the p,~ conjugat ion in the  > C = N - N  < s y s -  
t em and, second,  to a c e r t a i n  weakening of the i n t r a m o l e c u l a r  hydrogen bond between the hydroxyl  group 
and the azometh ine  n i t rogen  a tom.  The ro l e  of the unfavorab le  f ac to r s  appa ren t ly  i n c r e a s e s  with the s t e r i c  
demands  of the d i a lky lamino  group,  which en t a i l s  a c e r t a i n  des t ab i t i za t i on  ~f the chain t a n t o m e r  and an in -  
c r e a s e  in the e q u i l i b r i u m  concen t ra t ion  of the cyc l i c  fo rm for  the ketone d e r i v a t i v e s  in th is  s e r i e s .  

The r e a s o n s  for  the i n c r e a s e  in the e q u i l i b r i u m  concen t ra t ion  of acetone hyd ra z one s  IVB and VIB as  
c o m p a r e d  with the analogous  ace ta ldehyde  d e r i v a t i v e s  (IIIB and VB) we re  p r e v i o u s l y  examined . in  [2]. 
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E X P E R I M E N T A L  

The PMR spec t ra  were  recorded  with a YaMR 5535 spec t romete r  (40 MHz) at ~25 ~ with hexamethyl-  
disi loxane as the internal  s tandard.  The IR spec t ra  of thin layers  were recorded with a UR-10 spec t ro -  
photometer .  

2-(N-Propylhydrazino)ethanol  (I). Ethylene oxide [59 g (1.32 mole)] was bubbled into an ice-cooled  
mixture  of 101 g (1.36 mole) of propylhydrazine and 10 ml  of ethanol with vigorous s t i r r ing .  The react ion 
mixture  was allowed to stand for 12 h at room tempera tu re  and was then dis t i l led  with a column with 12 
theore t ica l  plates to give 24 g of s tar t ing propylhydrazine and 81 g (67Yc based on converted hydrazine) of 
alcohol I with bp 113-114 ~ (32 ram), d~ ~ 0.9557, n~ 1.4609, n~ 1.4583, AFC 90.2, and ~FCD 19.2. IR spec-  
t rum:  1608 cm -1 (NH 2 deformation vibrat ions) ,  3100-3470 cm -1 (OH and NH 2 s tretching vibrat ions) .  
Found %: N 23.3, 23.3; equiv, wt. 115,119; MRD33.92. CsH14N20. Calculated %: N 23.6 ; equiv, wt. 118; MR D 34.18. 

2-(N-Isopropylhydrazino)ethanol  (II). This was s imi l a r ly  obtained in 73~c yield with bp 108-110 ~ (25 
ram), d24 ~ 0.9587, n~ 1.4642, n~ 1.4616, AFC 90.2, and WFC D 19.1. IR spectrum: 1604 cm -1 (NH 2 deforma-  
tion vibrat ions) ,  3100-3400 cm -1 (OH and NH 2 str tching vibrat ions) .  Found %: N 23.3, 23.5; equiv, wt~ 119, 
119; MR D 34.02~ CsH14N20. Calculated %: N 23.6; equiv, wt. 118; MR D 34.18. 

2 ,2-Dimethyl -4-propylperhydro-1 ,3 ,4-oxadiaz ine  (IVA) and Acetone N - P r o p y l - N -  (2-hydroxyethyl)-  
hydrazone (IVB). Acetone [21 g (0.37 mole)] was added with shaking to 32 g (0.27 mole) of alcohol I. The 
react ion mixture  was heated at 80 ~ for 2.5 h, cooled, and potassium carbonate was added until l aye rs  formed. 
The organic l ayer  was dr ied  with potassium carbonate and vacuum dis t i l led  with a column to give 35 g (83%) 
of a mixture  of IVA and IVB with bp 99 ~ (50 ram), d~ ~ 0.9180, n~ 1.4471, and MR D 46.06. The re f rac t ive  
index inc reased  and reached a constant value after  1 h. The physical  constants of the equi l ibr ium p r e p a r a -  
tion were  as follows: d 2~ 0.9180, n~ 1.4483, n~ 1.4458, AFC 88.9, and WFC D 19.8. IR spect rum:  1653 cm -1 
(C ~-~N), 3300-3500 cm -1 (NH, OH). Signals from both IVA (8.77 singlet ,  2-CH3) and from IVB [8.12 singlet,  
8.17 singlet ,  (CH3)2C = N ]  could be identified in the PMR spectrum.* Found ~ N 18.1, 17.7; mol.  wt. 153, 
157; MRD 46.11. CsH18N20. Calculated ~c: N 17.7; mol.  wt. 158; MR D 46.35 (IVA), 47.12 {IVB). 

2 ,2 -Dimethy l -4 - i sopropy lpe rhydro- l ,3 ,4 -oxad iaz ine  (VIA) and Acetone N-Isopropyl -N-  (2-hydroxy- 
ethyl)hydrazone (VIB). These were s imi l a r l y  obtained in 75% yield and had bp 73-74 ~ (18 mm), d 2~ 0.9178, 
n~ 1.4446, n~ 1.4423, AFC 84.4, and ~FCD 19.0. IR spect rum:  1670 cm -1 (C ~-~N), 3250-3500 cm -1 (NH,OH). 
The PMR spect rum contained a signal from both methyl groups in the 2-position of the cycl ic  form (VIA) 
(8.79 s) and two singlets  (8.12 and 8.75) from the isopropyl idene fragment of hydrazone VIB. Found % : N 
17.9, 18.1; tool.  wt. 157, 161; MR D 45.86. CsH18N20. Calculated %: N 17.7; tool.  wt. 158; MR D 46.35 (VIA), 
47.12 (VIB). 

2 -Methy l -4 -p ropy lpe rhydro - l ,3 ,4 -oxad iaz ine  (IIIA). F re sh ly  d is t i l led  acetaldehyde [11 g (0.27 mole)] 
was added with ice cooling and s t i r r i ng  to 29.5 g (0.25 mole) of alcohol I. The react ion mixture  was s t i r r e d  
at room tempera tu re  for 1 h and at 50 ~ for 1 h, and worked up as descr ibed  above for the acetone de r i v a -  
t ives to give 20 g (59%) of IIIA with bp 68-69 ~ (16 mm), d~ ~ 0.9306, n~ 1.4464, n~ 1.4444, AFC 86.5, wFC D 
19.4, and MR D 41.37. The equi l ibr ium preparat ion had the following physical  constants (after 10-12 h): 
20 2~ 20 A eak d 4 0.9314, n D 1.4487, n C 1.4462, AFC 88.8, and r D 19.7. w band from hydrazone IIIB appeared at 

1657 cm -1 (C = N )  in the Ill spec t rum of the equi l ibr ium prepara t ion .  PMR spectrum: 9.18 t (J 6.5 Hz, 
CH 3 propyl  group), 8.90 d (J 5 Hz, 2-CH 3 in IIIA), 5.82 q (J 5 Hz, 2-H in IIIA), 8.27 d (J 4.5 Hz, CH3C= N), 
3.52 q ( J4 .5  Hz, CH=N). Found: N 19.0, 19.4; tool. wt. 141, 146; MR D 41.51. C?H16N20. Calculated: N 
19.4~; tool. wt. 144; MR D 41.70 (IIIA), 42.41 (IIIB)o 

2 -Methy l -4 - i sopropy lpe rhydro - l ,3 ,4 -oxad iaz ine  (VA). This was s imi l a r l y  obtained in 63~c yield with 
o 20 20 20 bp 85 (48 ram), d 4 0.9367, n D 1.4478, n C 1.4454, AFC 86.0 and wFC D 19.2. The equil ibr ium prepara t ion  

had the following physical  con~stants: d2~ n~ 1.4501, n~ 1.4475, AFC 86.0, and w FCD 19.7. A weak 
band at 1652 cm -I (C ----N in VB) appears  in the IR spec t rum.  PMR spectrum: 9.03 d (J 7 Hz, CH 3 of the 
isopropyl  group), 8.90 d (J 5 Hz, 2-CH 3 in VA), 5.82 q (J 5 Hz, 2-H in VA), 8.27 d (J 4.5 Hz, CH3C ~ N ) ,  
3.46 q (J 4.5 Hz, C H I N ) .  Found %: N 19.0, 19.1; mol.  wt. 141, 143; MR D 41.36. CTH16N20. Calculated ~c: 
N 19.4; tool.  wt. 144; MR D 41.70 (VA); 42.41 (VB). 

* Here and e lsewhere ,  the chemical  shifts are  presented  in par ts  per  mill ion on the �9 sca le .  The abbrev ia -  
tions used are  as follows: s, singlet;  d, doublet; t, t r ip le t ;  q, quartet;  m, mult iplet .  
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Pinacolone N-Isopropyl-N-(2-hydroxyethyl)hydrazone (VIIB) and 2-Methyl -4- i sopropyl -2- te r t -bu ty l -  
perhydro- l ,3 ,4-oxadiazine  (VIIA). A mixture of 27.5 g (0.23 mole) of alcohol II, 30 g (0.30 mole) of pinacol-  
one, and 100 ml of benzene was refluxed in a flask equipped with a D e a n - S t a r k  t rap until azeotropic r e -  
moval of water  ceased.  The reaction product was isolated by column fractionation to give 30 g (64%) of a 
product with bp i14 ~ (16 ram), d~ ~ 0.8921, n~  1.4529, n~ 1.4503, AFC 91.6, and wFC D 20.2. Im spectrum: 
1663 cm -1 (strong, ~C = N), 3250-3500 cm -1 (strong, ~ OH and ~NH). P1VIR spectrum: 9.00d[JTHz,  (CH3)2C], 
8.91 s [(CH3)3C], 8.23 s (CH3C = N), 7.2-7.5 m ( C H - N  and CH 2 -N) ,  6.79 t (J 5 Hz, CH 2 -  O), 8.65 s (2-CH~ in VIIA). 
Found %: N 13.7, 13.8; tool. wt. 198, 202; MR D 60.69. CliH24N20. Calculated %: N 14.0; mol.  wt. 200; 
MR D 61.01 (VIIB); 60.30 (VIIA). 
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