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The s t r u c t u r e  of the p roduc t s  of the r eac t i on  of f l -hydraz inoe thy l  hydrogen sul fa te  with a ldehydes  has been 
s tudied.  In an a lka l ine  m e d i a ,  the condensa t ion  p roduc t s  a r e  conver ted  into hydrazones  of N - a m i n o e t h y l -  
ene imine  o r  the co r r e spond ing  az ines .  The s t r u c t u r e  of the cyc l i za t ion  p roduc t s  was shown by UV, IR, and 
PMR spec t ro scopy .  

P r e c e d i n g  communica t ions  of th is  s e r i e s  have been devoted to the r eac t i ons  of N-aminoe thy l ene imine  with c a r -  
bonyl compounds [1] and ac id  ch lo r ide s  [2]. The p r e s e n t  p a p e r  is devoted to a study of the s t r u c t u r e  and p r o p e r t i e s  of 
compounds with the g e n e r a l  fo rmula  RCH =N-NHCH2CH2OSO3H (D obta ined by the r eac t i on  of f l -hydroxye thy lhydraz ine  
sul fa te  (ID with a r o m a t i c  a ldehydes .  

The r e a c t i o n  of II with a ldehydes  was c a r r i e d  out a t  room t e m p e r a t u r e  in aqueous ethanol .  In view of the ac id  na -  
tu re  of l'I, i t  was u n n e c e s s a r y  to use  p ro to lyz ing  c a t a l y s t s  to a c c e l e r a t e  the condensat ion .  

The c h a r a c t e r i s t i c s  of the compounds syn thes i zed  a r e  given in Table  1. Ideas  on the s t r u c t u r e  of I have undergone 
v a r i ous  changes  in the cou r se  of the l a s t  few y e a r s .  F i s c h e r  [3], Bie l tz  [4], and, c o m p a r a t i v e l y  r ecen t ly ,  o the r  w o r k e r s  
[5-7], c o n s i d e r e d  that  the t a u t o m e r i c  t r a n s f o r m a t i o n  of the a r y l h y d r a z o n e s  in the following way 

azo form hydrazone form enehydrazine form 

was l ike ly .  

Table  1. RCH =N-NHCH2CH 2-OSO3H 

R 
E 

III C6Hs-- 

IV m-O2NC6H4-- 

V p-O2NC6H4-- 

VI p- (CHs)2NC6H4-- 

VII 3,4- (CH30)2C6Hs-- 

VIII 2-CgH6N--* 

IX 4-HOOC-2-CgHsN--* 

Color ~ Empirical 
formula 

White [150 CsHIIN2SO4 

Yellowdl9O CsHx0NsSOs 
{ 

Light 204 CsHtoN3SOs 
yellow 

Red [200 CIoHI6NzSO4 

Yellow[196 CIoHIsNuOeS 

Yellowl202 CIIHI2NsO4S 

Yellow 207 CmHIuNaSO6 

Found, % 

C H N S 

44,30 4,90 11,60 13,30 

37,273,52 14,50 11,20 

37,503,92 14,56 11,24 

45,875,85 14,50 l 1,50 

43,994,17 9,31 10,65 

48,534,79 13,98/10,34 

44,21p,07 12,02 8,76 

Calculated,% 

c H N S 

44,26 4,93111,50 13,10 

37,373,81 14,53 II,67 

37,373,81 14,53 II.07 

45,995,92 14,63 11,15 

44,303,36 8,40 10,74 

48,8114,41 [14,24 10,85 

43,7014,20 11,76 8,96 

*Quinoline d e r i v a t i v e s .  

*For part IV, see [i]. 
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At p resen t ,  it has been shown that such a type of t au tomer ic  equ i l ib r ium of the phenylhydrazones  does not in fact 
exist .  The observed t r ans fo rma t ions  of the a ry lhydrazones  a re  due not to the i r  t a u t o m e r i s m  but to the act ive in te rven-  
t ion of a tmospher ic  oxygen, leading to the format ion  of hydroperoxides with an azo s t ruc tu re  [8, 9]: 

R!\C=N_N.p " /  ,/[R'\c=N--~P" _---- R' - 1 o2  R'\ __ R,,/([--N =N. -Ph - -  R,,)C--N= N--Ph J ' ' ~  
R" , IR"-- OO" 

O--OH 

The UV, IR, and PMR spec t ra  of the compounds (D synthesized show that they a re  t rue  f l-(hydroxysulfonyloxy)hy- 
drazones .  This  is shown by the p r e sence  in the IR spect ra  of III-IX (see Table 2) of med ium- in t ens i t y  absorpt ion  bands 
in the 1630-1610 cm -1 region which must  be asc r ibed  to the s t re tching v ibra t ions  of the C ==N bond. 

Table  2. F requenc ies  of the S t re tch-  
ing Vibrat ions  of the Azomethine Bond 
in the IR Spectra  of RCH =N-NHCH 2 �9 
CH2OSO3H 

Compound ] R VC=N' cm'l 

1II C6H5 
IV m-NO2C~H4 
V p-NO2C~H4 

VI p- (CH3)aNC~H4 
VII 3,4- (CHaO)2C6Ha 

VIII I 2-CgH6N 
IX ! 4-HOOC-2-CgHsN 

1622 
1617 
1620 
1610 
1615 
1625 
1627 

It mus t  be mentioned that the frequency of the s t re tching v ibra t ions  of the azomethine bond in III-IX is 10-30 cm -1 
lower than in compounds in which the poss ib i l i ty  of conjugation with the C = N  is absent .  Apparent ly ,  in the compounds 
cons idered  conjugation takes place between the u - e l e c t r ons  of the azomethine bond and the unshared  pa i r  of e lec t rons  
of the second n i t rogen atom, and also with the u - e l e c t r ons  of the benzene r ing (the orb i ta l s  of the u - e l e c t r o n s  of the 
azomethine bond and of the p - e l ec t rons  of the second n i t rogen atom a re  para l le l ) .  

The exis tence of an i n t r amo lecu l a r  in te rac t ion  of the u -p -u  conjugation type is also shown by the e lec t ronic  spect ra  
of these subs tances .  Charac te r i s t i c  maxima in the 260-360 nm region a re  observed in the spect ra  of all  the compounds 
containing the >C = N - N H - g r o u p i n g  [10-18]. 

With a change in the pH of solut ions of the hydrazones mentioned,  the in tens i t ies  and posi t ions of the absorpt ion  
bands in the UV spec t ra  change sharply.  Thus, in the spect ra  of VI and VII, containing e lec t ron-dona t ing  subs t i tuents  
in the a romat ic  r ing,  on pass ing  f rom pH 11 to pH 1 a bathochromic shift is found {Fig. 1). This  is obviously due to the 
fact that in acid solut ions VI and VII have the qninoid s t ruc ture :  

~ _  H+ + 
R ' - -  CH~N~NltCH2CH~O$O3H ~ R" - -  ~CH--NH--NHCH2CH~OSOaH 

OH , " 
R ' =  (CHa)2--N-- ; 3,4-(CHAO12-- 

In the case of e lec t ron-accep t ing  subst i tuents ,  a s i m i l a r  shift is observed  at pH 11 (Fig. 2). 

In o rde r  to obtain e thy len imine  der iva t ives ,  we have studied the behavior  of III-IX under  the condit ions of the 
Wenker  synthes is ,  i .e. ,  the cycl iza t ion of f l -aminoalkyl  sulfate der iva t ives  according  to the equation: 

R' 

2 NaOH �9 C \  
RCH--CH--R*  ~/NH R,R'= Alk, Ar 

[ e [ ~ --Na2SO4 
OSO 3 NH a [ 

R 

Aqueous solut ions of NaOH and Na2CO 3 and t r i e thy lamine  were used as the cycl izing agents.  When a modified Wenker 
synthes is  is pe r fo rmed ,  the main  reac t ion  leading to the format ion of a t h r e e - m e m b e r e d  n i t rogen-conta in ing  heterocycle  
is the cleavage of the C - O  bond under  the act ion of caust ic  soda with the format ion  of sodium sulfate and subsequent  
i n t r amolecu l a r  a lkylat ion at the n i t rogen  atom, which is p r e se n t  in the state of sp 3 hybridizat ion.  

X a R=CeH ~, b m.-NO2C~H4, 
RCH=N__NHCH2CH2OSOa H 2 NaOH RCH=N_NjCH2 c p-NO2C6Hs, d p.(CHa)2NC6H4, 

--NaSO~ ~CH a e3,4"(CHaO}2C6Ha, f 2-CgH6N, 
I l l - IX  Xa-g g 4" COOH-2- CgHsN 
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Fig .  1 F ig .  2 

F ig .  1. UV s p e c t r a  of RR'C6H3CH = N-NHCH2CH2OSO3H" 1) R = 
p-(CH3)2N-; R ' = H .  2) R = 3 - C H 3 0 - ; R ' = 4 - C H 3 0 ;  - - p H  1; - - -  
pH 11. 

F ig .  2. UV s p e c t r u m  of p-O2NC6H4CH =N-NHCH2CH2OSO3H: 1) 
pH 1; 2) pH 11. 

We established that the main cycl ization reaction is accompanied by a number of side reactions complicating the 
preparation of individual substances.  Thus, for example,  we observed the intramolecular rearrangement of compounds 
Xa-g with opening of the ethylenimine ring and the formation of a mixed azine,  which is in harmony with the results  
given in our previous papers [19]. 

/ C H  2 
R C H = N - - N ~  I ~ RCH=N--N =CHCH~ 

~CH~ X! 

In view of the capac i ty  of such az ine s  with s t r u c t u r e  XI for  fu r the r  conve r s ions ,  it  may be expec ted  that  the d i s -  
p r opo r t i ona t i on  of XI could fo rm the s y m m e t r i c a l  az ines  XII and XIII in the following way: 

CHaCH~N--N=CHCH 3 
_ _ ~  x II 

RCH=N--N=CHCH~ 
X! ~ RCH = N - - N = C H R  

X]II 

A study of the s t r u c t u r e  of the subs t ances  f o r m e d  toge the r  with X in the cyc l i za t ion  of I I I - IX by means  of modern  
p h y s i c a l  methods  con f i rms  the c o r r e c t n e s s  of th is  s cheme .  

) Thus,  when an aqueous solut ion of the ini t ia l  N - b e n z y l i d e n e - N  - (hydroxysu l fony loxye thy l )hydraz ine  (III) was added 
to a boil ing solut ion of caus t i c  soda with the s imul t aneous  d i s t i l l a t i on  of wa t e r ,  the d i s t i l l a t e  contained a w a t e r - i m m i s -  

T ~CH2 
cib le  l iquid.  Its IR s p e c t r u m  had the c h a r a c t e r i s t i c  f r equenc ies  of the vCH 2 s t r e t ch ing  v ib ra t i ons  of N ~/ [ a t  3007 

\ C H 2  .CH2 
and 3080 cm -1 and the 5sCH2 de fo rma t ion  v ib ra t i ons  of N ~ C  f at  1295 cm - t ,  which may indicate  the s t r u c t u r e  of ben -  

H2 
za ldehyde  e thy lenehydrazone  (Xa). 

However ,  a f t e r  a s tudy of the PMR s p e c t r u m  of the l iquid under  a n a l y s i s ,  the conclus ion that  it  was an individual  c o m -  
pound with the  s t r u c t u r e  Xa p roved  to be e r r o n e o u s .  The PMR s p e c t r u m  conta ins  s igna l s  showing not only the p r e s e n c e  
of methylene  p ro tons  of an az i r i d ine  r ing  (mul t ip le t  with T =8.0 ppm) but a l so  a doublet  with T = 8.03 ppm due to the 
p ro tons  of a methyl  group (Fig.  3). This  shows that  the l iquid ana lyzed  is a mix ture  of compounds with s t r u c t u r e s  Xa 
and XIa. 

A p a r t i c u l a r  f ea tu re  of the PMR s p e c t r u m  of th is  s a m p l e  is the i n c r e a s e  in the abso rp t ion  of the az ine  XIa with 
t ime ,  while  the p r o p o r t i o n  of abso rp t ion  due to the hydrazone  Xa fa l l s .  This  r i s e ,  moni to red  f rom the change in the r a t io  
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N / CH~ 
Fig .  3. PMR s p e c t r u m  of C~HsCH=N-- \ I �9 

\ CH2 

of the in tens i t i e s  of abso rp t ion  of the co r r e spond ing  s ing le t s  a t  ~ = 1.38 ppm and T = 1.55 ppm is c h a r a c t e r i z e d  by a 
change in the h y d r a z o n e - a z i n e  r a t i o ,  equal  a t  f i r s t  to 1 : 1, to 1 : 3 a f t e r  the mix ture  had been hea ted  for  1.5 hr  a t  80~ 
This  is a good i l l u s t r a t i on  of the ea se  of i s o m e r i z a t i o n  of benzaldehyde e thy lenehydrazone  Xa. 

The p r e p a r a t i v e  i so la t ion  of the main  cyc l i za t ion  p roduc t  Xa encounte rs  g r e a t  d i f f icu l t ies  because  of i ts  t h e r m a l  
ins tab i l i ty .  It p roved  to be p o s s i b l e  only when us ing a high vacuum (0.01 mm).  

The bulk of the d i s t i l l a t e  co l l ec ted  p roved  to be benzaldehyde  e thy lenehydrazone  (Xa), as  was shown by de t e rmin ing  
its e l e m e n t a r y  compos i t ion  and by the p h y s i c a l  methods ment ioned above.  Compound XHIa was i so la ted  f rom the s t i l l  
r e s i d u e  by c r y s t a l l i z a t i o n .  Its UV and IR s p e c t r a  p roved  to be ident ica l  with the s p e c t r a  of benzaldehyde  az ine  obta ined 
by independent  syn thes i s .  The l i gh te s t  f r ac t ion  cons i s t ed  of ace ta ldehyde ,  the fo rma t ion  of which we envisage  by the 
i s o m e r i z a t i o n  of Xa in the manner  s h o w n o n  p. 431. The ident i ty  of this  f r ac t ion  with XII was shown by g a s - l i q u i d  c h r o -  
ma tography  and by spec t ro scopy .  

The eyc l i za t ion  of p -n t t r obenza ldehyde  hydroxysu l fonyloxye thy lhydrazone  (V) gave a r e d - b r o w n  subs tance  with a 
high mel t ing  point  having the compos i t ion  CgHsN30. However ,  i ts  p h y s i c o c h e m i c a l  cons tants  d i f fe red  s h a r p l y  f rom those  
of p - n i t r o b e n z a l d e h y d e  e thy lenehydrazone ,  which has the s ame  compos i t ion ,  obta ined by independent  syn thes i s  in the 
fol lowing way: 

+ :>c_�9 No _ !::> �9 

The IR s p e c t r a  of Xc showed that  i ts  molecu le  does not contain  an a z i r i d i n e  r ing.  The compound underwent  no 
change on p ro longed  boi l ing in hyd roch lo r i c  acid .  These  r e s u l t s  p e r m i t  the a s sumpt ion  that  the end -p roduc t  of the con-  
v e r s i o n  of V under  the condi t ions  of the Wenker  r eac t i on  is a p roduc t  of the fu r the r  condensa t ion  of Xc. The e x t r e m e l y  
low so lub i l i ty  of th is  compound in o rgan ic  so lvents  does  not p e r m i t  its s t r u c t u r e  to be e s t a b l i s h e d  def in i t ive ly .  

In c o n t r a s t  to HI-V, the o the r  in i t ia l  hydrazones  l i s t ed  in Table  2 do not give compounds of the type of benza ldehyde  
e thy lenehydrazone  under  the condi t ions  of the Wenker  r e a c t i o n  but the co r r e spond ing  s y m m e t r i c a l  az ines .  The s t r u c -  
t u r e s  of XIIId-g we re  shown by the a g r e e m e n t  of t he i r  phys i ca l  and s p e c t r o s c o p i c  c h a r a c t e r i s t i c s  with those  of the p r o d -  
uc t s  of independent  syn these s .  

The fo rma t ion  of t he se  compounds appa ren t ly  t akes  p lace  through the i n t e rme d ia t e  s tage  of the ini t ia l  f o rma t ion  
of X. In f avor  of th is  s t a t e m e n t  is  the de tec t ion  of ace ta ldehyde  az ine  in the p roduc t s  of cyc l i za t ion  of V-IX under  the 
condi t ions of the Wenker  syn thes i s .  It can be fo rmed  only if the i s o m e r i z a t i o n  of X into a mix tu re  of s y m m e t r i c a l  az ines  
t akes  p lace .  

E X P E  R I M E N T A L  

A r o m a t i c  a ldehyde  (hydroxysu l fonyloxy)e thy lhydrazones .  With s t i r r i n g ,  0.1 mole of the a p p r o p r i a t e  a r o m a t i c  a l -  
dehyde was added to a solut ion of 16 g (0.1 mole) of f l -hydroxye thy lhydraz ine  sulfate  in 50 ml of wa te r  and 10 ml of 
e thanol .  A f t e r  some t ime ,  a p r e c i p i t a t e  s e p a r a t e d  out which was f i l t e r e d  off. Compounds HI-IX were  r e c r y s t a l l i z e d  
f rom ethanol .  
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The p h y s i c o c h e m i c a l  cons tan t s  of the compounds syn thes i zed  a r e  given in Table  2. 

Benza ldehyde  e thy lenehydrazone .  An aqueous solut ion of 12 g (0.05 mole) of HI was added to a boi l ing solut ion of 
caus t i c  soda.  The r a t e  of addi t ion  of the solut ion of HI was d e t e r m i n e d  by the r a t e  of co l lec t ion  of d i s t i l l a t e .  The o r g a n -  
ic l a y e r  f o r m e d  in the aqueous solut ion was s e p a r a t e d  off and d r i e d  o v e r  sod ium sulfa te .  The pur i ty  of the r eac t i on  
p roduc t  was d e t e r m i n e d  by g a s - l i q u i d  c h r o m a t o g r a p h y  ( " T s v e t - l "  chromatograph)  with a k a t h a r o m e t e r  as  the d e t e c t o r  
and 10% of PEG-1500 and 0.1% of KOH on C h r o m o s o r b  W as the s t a t i ona ry  phase  with a column 6 m long, a t h e r m o s t a t  
t e m p e r a t u r e  of 180~ and an e v a p o r a t o r  t e m p e r a t u r e  of 220~ J =150 mA and he l ium as  the c a r r i e r  gas  at  a r a t e o f f e e d  
of 46.6 cm3/min. Bp 172-173~ n}~ 1.5920; d 20 0.9648. Found %: C 73.90; H 6.79; N 19.19. CgHIoN 2. Calculated %: 
C 73.97; H 6.37; N 19.16. 

m-Ni t robenza ldehyde  e thy lenehydrazone .  To 14 g (0.05 mole) of IV d i s so lved  in 100 ml of w a t e r  was added 50 ml 
of 14% caus t i c  soda so lu t ion  and the mix tu re  was heated at  60~ for  2 hr .  The p r e c i p i t a t e  was f i l t e r e d  off and r e c r y s t a l -  

l i zed  f rom ethanol .  Mp 194-196~ IR s p e c t r u m :  YCH 2 N ( ~  H2 3040 cm -1, 5sCH 2 N ( ~  H2 1295 cm -1. Found %: C 56.30; 
\CH2 \CH~ 

H 5.04; N 21.89. CgHgN30. Calculated %: C 56.51; H 4.70; N 22.04. 

The eye l i za t ion  of p - n i t r o b e n z a l d e h y d e  (hydroxysul fonyloxy)e thy lhydrazone  was c a r r i e d  out under  s i m i l a r  condi -  

t ions .  Mp 420~ (decomp.) .  

The e n d - p r o d u c t s  obta ined in the analogous  r e a c t i o n s  of the hydrazones  VI- IX were  the s y m m e t r i c a l  az ines  of the 
co r r e s pond ing  a ldehydes  and ace t a ldehyde  az ine  (Table 3). 

Table  3. RCH = N - N  =CHR 

Com- 
pound 

Xllld 
XlIle 
XIII f 

:XIII g 

p-(CH3)~NC6H4 
3,4-(CH30)~C~Hz 
2-CgH6N 
4-HOOCgHsN 

Mp, ~  

264221266 
273--275 
249--250 

Empirical 
formula 

C~8H~N4 
C,sH2oN2 
C2oHI4N4 
C22HI4N402 

Found, % Calculated, % 

I ~ I ~ ~-T ~ 
73.71 7.71 / 19.21 73.50 7.50 19.00 
6540 6,34 / 8.48 6600 6.10 8.40 
77.96 5.58 18.32 77.41 9.51 18.08 

14.21 64.24 3.64 64.37 3.52 14.07 

p - N i t r o b e n z a l d e h y d e  e thy lenehydrazone .  With s t i r r i n g ,  3 g (0.05 mole) of N-aminoe thy l ene imine  was added to a 
solut ion of 7.6 g (0.05 mole) of p - n i t r o b e n z a l d e h y d e  in 50 ml of ethanol .  The mix ture  was kept  a t  80~ for  4 hr .  The 
c r y s t a l s  that  s e p a r a t e d  out when it was cooled  were  r e c r y s t a l l i z e d  f rom ethanol .  Mp 152-154~ PMR spec t rum:  CH2, 
7.78 ppm (broadened singlet) ;  CH = N ,  1.50 ppm; CGH4, 3 ,5-H,  2.21 ppm,  2,6-H 1.81 ppm (AA'BB'  mul t ip le t ) .  Found %: 
C 56.42; H 4.86; N 21.88. C9HgN302. Calcu la ted  %: C 56.52; H 4.70; N 22.04. 
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