
S P E C T R A L  A N D  P O L A R O G R A P H I C  C H A R A C T E R I S T I C S  

C E R T A I N  N - ( 2 - H Y D R O X Y E T H Y L )  A L K Y L I D E N A M I N E S  

Z.  T .  D m i t r i e v a ,  T .  S. S k o r o k h o d o v a ,  
L .  G.  P o l y a k o v a ,  T .  M.  V e l i k o v a ,  
a n d  I .  F .  B e l ' s k i i  

OF  

UDC 543.422.4:543.422.25:543. 
253:547.333:547.83 

Azomethine compounds a r e  c h a r a c t e r i z e d  by rapid conformat iona l  and configurat ional  t rans i t ions  
[1, 2]. The ease  of t r a n s f e r  of cha rge  in the C =N group d e t e r m i n e s  a number  of specif ic  p r o p e r t i e s  of 
azometh ines ,  for  example ,  the abil i ty for  oxidation [2] and the f o r m a t i o n o f c o m p l e x e s w i t h m e t a l s  [3, 4]. As 
a r e su l t  of this ,  they a r e  finding use  in ca ta lys i s  [5, 6], in b iochemica l  invest igat ions [7], and in the syn-  
thes i s  of  h e a t - s t a b l e  p o l y m e r s  of the chela te  type [8]. Examples  a r e  known of the p rac t i ca l  appl icat ion of 
azometh ines  as  s t ab i l i ze r s  of oils  [9] and ex t rac t ion  reagen t s  fo r  r a r e  m e t a l s  [10]. 

In this work  we obtained some s pec t r a l  02~, PMR) and po la rographic  c h a r a c t e r i s t i c s  of N - ( 2 - h y d r o x y -  
ethyl) a lkyl idenamines .  The N-(2-hydroxyethyl )  a lkyl idenamines  (I-IEA) w e r e  produced by the reac t ion  of 
condensat ion of e thanolamine with ketones.  

IR Spectra .  The values  of the absorp t ion  f requencies  of the bas ic  groups  of HEA and ce r t a in  cycl ic  
azometh ines  a r e  cited in Table  1. As it follows f rom Table  1, the valence  v ibra t ion  of the C =N group in 
HEA, with the except ion of compound (VII), v a r i e s  lit t le with the nature  of the subst i tut ion,  both on the par t  
of the ca rbon  a tom and on the p a r t  of the ni t rogen atom. In HEA there  is an i n t r amolecu l a r  H-bond. Ac-  
cord ing  to the data of the s pec t r a  for  the compounds (III), (IV), and (VII) in CCI 4 solution (C = 2 . 1 0  -s M), 
the H-bond leads to only a sma l l  i nc rease  in the f requency vN=C (by 3-6 c m  -i) when the valence  vibra t ion of 
the OH group is changed by 100-200 cm -1. 

The bands of the valence  v ibra t ion  of the azomethine  group in compounds (I)-(VI), {VIII), and (IX) lie 
in the in te rva l  1600-1668 cm -1, for  the compound (VII) vC= N is in the region of 1605 cm -1 and vC=CH in 
the region of 1550 cm -1 (in CCI 4 and THF solution 1615 and 1584 cm -1, respec t ive ly) .  The low frequency 
shif t  of the band of the valence v ibra t ion  by 50 cm -1 in c o m p a r i s o n  with the usual value for  vC= N [12, 13] 
is  evidently due to keto - e n o l  t au tomer i sm.  It  will  be shown below that  the azomethine  (VII) ex i s t s  in an 
enol fo rm,  which is  s tabi l ized by the fo rmat ion  of a conjugated s i x - m e m b e r e d  ring on account of a hydrogen 
bond: 

H3C CH~CH20H 
\ / 

C=N 

HC H 
% / 

C--O 
/ 

H~C 

The value of vC= N in the s e r i e s  of cyclic  azometh ines  (X)-(XIII) a l so  v a r i e s  l i t t le with the nature  of 
the substi tution.  As can be seen  f rom Table  1, the f requency of the valence  v ibra t ions  of the C =N bonds,  
involved in the chain of conjugation [compound (X)-(XI)] and standing next to the e l ec t ron -donor  group I-IN 

[compound (XII)] d i f fe rs  by 2-5 cm -1, but the e l ec t ron -donor  group "~ N /  in fXIII) shif ts  the valence 

v ibra t ion  by 5 cm -1 into the h igh- f requency  region of the spec t rum and i n c r e a s e s  the absorpt ion  intensity.  
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TABLE 2. 
ethyl) A lkyl idenamines  

Com- 
pound 

([) 

(n) 

(IiI) 

0v) 

(v) 
{vD 

(vii) 

Chemical  Shifts (5, ppm) of the Protons of N-(2-Hydroxy- 

t,25 

t,i4 

t,20 

t,30 
1,23 

2,20 
1,55 
1,85 

In CC14 solution 

t ,25 

0,76; t,30 

0,93; i ,45 

4,95 
5,69 

CH~=CH 
1,48 
7,27 
7,50 

t,91; 4,81 

t,39 
t,16 
1,35 
t,10 
t,35 
t,16 
t,26 
1,10 

1,67 
t ,47 
t ,45 

In C6H 6 solution 

~ 

lJ D 

2,75 3,45 
3,i6 3,82 
2,65 3,36 
3,t0 3,75 
2,69 3,39 
3,tt 3,80 
2,6t 3,43 
3,05 3,69 

2,65 3,37 
2,55 3,39 
3,22 3,85 
2,90 3,45 

1,39 
1,i6 

0,82; t,45 

0,86; t,75 

4,90 
5,55 

CH~=CH 
1,45 

1,90; 4,75 
4,94 

I 

o 

]i I 

3,2i 3,62 

2,95 3,56 

2.85 3,25 
3,21 3,60 
2,64 3,26 
3,0t 3,60 

3,02 3,60 

3,50 3,75 
3,36 3,64 

o~o 
,o, 'r 

2 ,3  : 1 

5 : t  

i,2 : t 

3,5 : 0,8, 

1:0 

t,5: 
! : 0  

F r o m  the IR s p e c t r a o f c o m p o u n d s  (I)-(XIII) it follows that the f requency of the C =N valence vibra t ion is  
r e l a t ive ly  insens i t ive  to e l ec t ron -donor  subst i tuents ,  to conjugation both on the pa r t  of the ca rbon  a tom and 
on the p a r t  of  the ni t rogen a tom,  as  well  as  to the par t ic ipa t ion  of the azomethine  group in the fo rmat ion  
of an i n t r a m o l e c u l a r  H-bond. 

PMR Spectra .  The values  of the chemica l  shif ts  for  solutions of HEA in CC14 and benzene a r e  cited 
in Table  2. In the compounds (II)-(IV) and (VI), two groups  of s ignals  f rom the protons  of NCH2CH20 and 
alkyl  r ad i ca l s  a r e  obse rved ,  which is  evidence of the exis tence  of azomethines  in two conf igurat ions  (syn- 
and a n t i - i s o m e r s )  [14, 15]. In the t rans i t ion  f rom CCI 4 to benzene,  as a r e su l t  of the s t e reospec i f i c  p - ~- 
in te rac t ion  of the azomethine  molecu le s  with the a romat i c  solvent ,  the s ignals  of the protons  of the an t i -  
i s o m e r  a r e  shifted into a s t rong  field, while those of the s y n - i s o m e r  a r e  shifted into a weak field [15]. 
On the bas i s  of the fact  that hydrazones  i s o m e r i z e  into a the rmodynamica l ly  unstable  s y n - f o r m  in acid 
med ia  [15], we can a s s u m e  that the i n t r a m o l e c u l a r  H-bond should s tabi l ize  the s y n - i s o m e r  to a g r e a t e r  
deg ree  and shift  the equi l ibr ium in the d i rec t ion  of the syn - fo rm.  According to the data of the PMR s p e c -  
t r a  (see Table  2), azometh ines  with alkyl  subst i tuents  a re  m o r e  read i ly  conver ted  to the syn - fo rm.  The 
compound (VID ex is t s  in one i s om er i c  form.  According to the change in the chemica l  shif ts  of the protons  
of the molecu le  in benzene [15], it has  an exclus ive ly  ant i -confignrat ion.  

Although the s t ruc tu re  of compounds (I)-(V) excludes conf ignrat ional  i s o m e r i s m ,  however ,  in the 
PMR spec t rum of the azomethine  (I) for  benzene solution two groups  of s ignals  f rom the pro tons  of NCH 2 �9 
CH2OH and CH 3 appea r  (Fig. 1), while in the spec t rum of the azomethine  (V) the s ignals  of the pro tons  of 
NCH2CH2OH a r e  shifted in the s t rong- f ie ld  direct ion.  Two s y m m e t r i c a l  t r ip le t s  (Fig. l a ) ,  3.21 and 3.62 
ppm,  belong to the NCH2CH20 group; the broad signal  in the region of 1.9 ppm belongs to the proton of the 
bound hydroxyl ,  while the s inglet  1.25 ppm belongs to the pro tons  of the methy l  groups.  In benzene so lu -  
tion (Fig. lb) ,  each  signal  is separa ted  into two. The signals  in a low field 3.16 and 3.82 ppm (NCH2CH20), 
2.11 (OH), and 1.39 ppm (CH3) evidently belong to one i somer ;  the s ignals  2.75 and 3.45 ppm (NCH2CH20), 
1.9 ppm (OH), and 1.16 ppm (CH3) belong to the o ther  i somer .  The ra t io  of the i s o m e r s  is ~ 1 : 2 . 3 .  The 
separa t ion  of the s ignals  f rom the protons  of compound (I) into two groups  in benzene solution may  be 
caused by ro ta t ional  i s o m e r i s m  and the exis tence  of the azomethine  (I) in two s table  configurat ion at room 
t empera tu r e :  

0 -- CH2 CH~ CHs--CH~ 

\ �9 / c m  / = , . I o 
C=N 

CH3 

The azomethine  (VII) ex i s t s  in an enol fo rm:  the signal  f rom the methine  proton of the HOC = CH 
group for  a solution in CC14 has  a chemica l  shift  of 4.81 ppm; the s ignal  of the hydroxyl  proton in CDCl3 
solution a p p e a r s  as a broad singlet  (4.94 ppm); upon dilution it is  shifted in the s t rong-f ie ld  d i rec t ion  on 
account  of the fo rmat ion  of a H-bond. In the spec t r a  of {VI) and (VII), the s ignal  f rom the hydroxyl  proton 
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TABLE 3. Po la rograph ic  Cha rac t e r i s t i c s  of N - ( 2 - H y d r o x y -  
ethyl) Alk qidenamines  

Compound 

,tli 
tllI) 
(IV) 

pH of sup- 
-E~/,, V porting elec- 

trolyte 

i,87 t0,5 
1,85 t0,5 
1,89 10,5 
t,83 t0,5 
1,80 t1,1 
t,54 10,5 

Compound 

(viii) 
(IX) 
(x) 

(xi) 
(xH) 

--EIh, V 

t ,77 
t ,68 
t ,66 
1,65 
t ,37 

pH of sup- 
porting emc- 
trolyte 

t0,5 
7,7 
9,0 
9,0 
9,0 

for  solutions of CC14 does  not appear .  The signal  f rom the bound hydroxyl  proton for  solutions of the azo -  
me th ines  (I)-(V) in CCI 4 l ies  in the region of 2.0-2.2 ppm; in CDCI 3 the signal f rom the OH proton in the 
spec t rum of compound (V) a p p e a r s  at 1.93 ppm; when the concentra t ion  is  i nc reased ,  the signal is shifted 
in the weak-f ie ld  direct ion.  

Po la rog raph ic  Reduction. The re la t ionship  between the s t ruc tu re  of the compounds with an azomethine  
group in the molecu le  and the i r  po la rographic  p r o p e r t i e s  has  been invest igated chiefly for  the examples  of 
reduct ion of a rom a t i c  azomethine  bases  [16, 17]. The following reduct ion scheme is  a ssumed  for  them 

PhC=NPh q-2e + 2H + ~_~ PhCHNHPh 
I I 

R R 

We conducted a po la rographic  reduct ion of HEA in 50% CH3CN* with a buffer  solution (0.05 M Na2B40~. 
10H20-NaOH;  pH 9.18) as  the support ing e lec t ro ly te .  F o r  compar i son ,  the reduct ion of the compounds 
(IX)-(XII), the C=N group of which is  included in a chain of conjugation, was  conducted under  the s ame  
conditions.  As can be seen  f rom Table  3, in the in te rva l  of pH 7-12 al l  the azomethine  bases  fo rm one 
wave.  The value of the ha l f -wave  potent ia ls  ( - E  1/2) depends on the s t ruc tu ra l  p r o p e r t i e s  of the a z o m e -  

thines.  The i nc rea se  in e l ec t ron  densi ty of the ) C  =N bond in the azometh ines  (I)-(V) p roduces  a shift  

of the reduct ion potent ia ls  in the d i rec t ion  of m o r e  negative values .  

I t  is known that at pH 10-11 ce r t a in  a r o m a t i c  azometh ines  with a sy s t em of conjugation a r e  reduced 
through the s tage of e l ec t ron  t r a n s f e r  and in a lmos t  the same  region of potent ia ls  ( - E  1/2 = 1.65-1.80 V 
[16]). This  leads to the idea that in the region of pH 7-12 the reduct ion of HEA evidently p roceeds  through 
the s tage of t r a n s f e r  of  an e lec t ron  to a nonprotonated molecu le ,  but r equ i r e s  m o r e  negative potentials .  

The a lkyl idenamine {II) is  reduced with substant ia l ly  g r e a t e r  difficulty than isopropyl idenebutylamine 
(VIII) [AE 1/2 for  (II) and (VIII) is  80 mV]. According to the induction cons tants ,  for  the 2-hydroxyethyl  and 
butyl groups  we should have expected the r e v e r s e  effect  in e lec t roreduct ion .  The cause  of the m o r e  diff i -  
cult reduct ion of the azomethine  (II) on the cathode,  which p lays  the role  of a nucleophilic reagent  under 

these  condit ions,  is  an i nc rea se  in the e lec t ron  densi ty of the C=N group on account of the fo rmat ion  
of an i n t r amolecu l a r  H-bond [16]. / 

The introduction of the azomethine  bond into the chain of conjugation [compounds (IX)-(XI)] and the 
lengthening of the chain  of conjugation [compound (VI)] i nc rease  the polarographic  act ivi ty of the compounds 
by 150-300 mV. The azomethine  (VII) and the v iny lamines  (XIV) and (XV) (see Table 1) a r e  not p o l a r o -  
g raph ica l ly  ac t ive  under  these  conditions. 

It  should be noted that the value of the ha l f -wave  potent ia l  e x p r e s s e s  the s u m m a r y  e lec t ronic  effect  
of the molecu le ,  and the re fo re ,  in the case  of reduct ion on the cathode,  no configurat ional  d i f fe rences  
of the HEA a re  mani fes ted .  

E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  we re  taken on a UR-20 spec t ropho tome te r  in a thin l aye r  and in a solution of CCI 4 
a t  a concentra t ion  of (2-5) �9 10 -3 M. 

*In DM15A and methanol  solution, a pronounced wave of azomethine could not be obtained. 
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TABLE 4. Phys i cochemica l  C h a r a c t e r i s t i c s  of N-(2-Hydroxyethyl )  
A lky l idenamines  

Corh~ Yield, 
poun~ 

(I) 83,0 
(If) 93,0 

.95,0 
94,7 

98,7 
(VlI) 72,2 

Bp, ~ ( p, 
mm Hg) 

36--37(17) 
54--56(22) 
90--93(t6) 

99(26) 
88--89(15) 

143--144(t6) 
Bp. 69-- 70 

1,4500 
t,4415 
t,4585 
t,4640 
1,4835 
t,5542 

0,9600 
0,9308 
0,9008 
0,9216 
1,0124 
t,0691 

M R  

found 

13,72 
12,02 
10,30 
9,95 

t0,t0 
8,54 

10,38 

calcu- 
found lated 

29,10 28,90 
33,75 33,53 
43,03 43,85 
39,99 39,24 
40,97 40,70 
48,85 48,86 

N,% 

calcu- 
lated 

13,80 
12,20 
9,80 
9,90 
9,9t 
8,60 
9,79 

~' 3 z ! 
6, ppm 

Fig. 1. PMR spec t rum of N - ( 2 - h y d r o x y -  
ethyl) i sopropyl idenamine  (I): a) in CCl4; 
b) in C6H 6. 

The PMR spec t r a  were  r eco rded  for  5-10% solutions 
in CC14 and C6H 6 on a Tes la  BS 487C ins t rumen t  at 80 MHz 
re la t ive  to HMDS. The ra t io  of the an t i -  and s y n - i s o m e r s  
was  de te rmined  by a compar i son  of the in tegra l  in tensi t ies  
of the s ignals  f rom the CH 3 and NCH2CH20 protons.  The 
spin - s p i n  in terac t ion  constant  of the vicinal  protons  of 
NCH2CH2 O is equal  to 5-6 Hz. 

The po la rographic  m e a s u r e m e n t s  of Et /2  were  
conducted on an ON-101/1  polarograph.  The c h a r a c t e r -  
i s t ics  of the e lec t rode  with forced b reakof f  of the  drops  
were :  m = 3.0 m g / s e c ,  T = 2.8 sec [at E = 2.0 V in 50% 
CH3CN agains t  a background of 0.05 M Na2B407 �9 10H20 
or  0.05 M (C2Hs)4NI]. The potent ia l  pe r t a ins  to a sa tura ted  
ca lome l  e lec t rode .  Oxygen was  r emoved  f rom the ce l l  
and solution by purging with argon.  The invest igated so lu -  
tions w e r e  p r e p a r e d  by diluting a 10 -1 M solution of the 
azomethine  in abs.  CH3CN with a solution of the support ing 
e lec t ro ly te .  The concentra t ion  of the d e p o l a r i z e r  was  
(1-2)- 10 -3 M. 

The a lkyl idenamines  (I)-WII) w e r e  produced for  the 
f i r s t  t ime ,  by condensat ion of e thanolamine with ketones.  
The reac t ion  mix tu re ,  cons is t ing  of 2 mo le s  of the ketone 
and 1.5 m o l e s  of monoethanolamine  and 120 ml  of benzene 
was  heated to the boiling point of benzene with mixing.  
Wate r  was dis t i l led off in the fo rm of an azeo t rope  with 
benzene into a w a t e r - c l a r i f y i n g  tank. The end of the con-  

densat ion reac t ion  was  judged according  to the volume of the wa te r  l iberated.  The phys icochemica l  c h a r -  
a c t e r i s t i c s  a r e  cited in Table  4. Compounds (IX)-(XV) (see Table  1) were  produced accord ing  to the method 
of [11]. The pur i ty  of the azometh ines  was  moni to red  by the method of gas  - l i q u i d  ch roma tog raphy  (LKhM- 
7A ch roma tog raph ,  column 300 x 0.4 cm,  15% apiezon L on chromaton ,  c a r r i e r  gas  hel ium,  210~ 

C O N C L U S I O N S  

1. A s e r i e s  of N-(2-hydroxyethyl )  a lkyl idenamines  (HEA) was produced by the condensat ion of 
e thanolamine with ketones .  

2. The f requency of the C =N valence  v ibra t ion  in the IR spec t r a  of HEA depends li t t le on the e l e c -  
t ronic  s t ruc tu re  of C ,N-subs t i tuen t s .  

3. According to the data of the PMR spec t r a ,  HEA ex i s t s  in two configurat ions (syn-  and a n t i - i s o -  
m e r s ) .  

4. The po la rograph ic  reduct ion of HEA was  studied; a dependence of the ha l f -wave  potent ial  on the 
ex is tence  of an i n t r a m o l e e u l a r  hydrogen bond is observed .  
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