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A study of the rules for the catalytic hydrogenation of the C = N bond in azomethines is of interest 
from the standpoint of ascertaining the relation between the reactivity of the hydrogenated compound and 
its structure. Only a small amount of data exists in the literature that relates to this problem. The hydro- 
genation of some azomethines in the presence of PtO 2 [i], [Co(CN)5] -3 [2], and bis(dimethylglyoximato) co- 
balt(If) [3] is described. In the last two cases a correlation was observed between the reaction rate and 

the basicity of the azomethines. 

In the present paper we studied the hydrogenation of some azomethines of the benzylidene series with 
different substituents in the aniline portion of the molecule. The reaction was run in ethanol at atmospheric 
pressure and 20~ in the presence of 5% Pd/C. 

As the hydrogenation objects we used azomethines of general  formula  C~HsCH=N-C6H4R, where R = 
H, o-, m- ,  p-CH 3, o-,  p-OCH3. The react ions that can proceed during the catalytic hydrogenation of azo-  
methines are  shown in the following scheme.  

C~H~CH=N--C6H~R Hr C~H~CH~--NH--C6H4R 

(I) n,o H, 
(--2) H~(r 

[CsHsCHOH--NH--CeH4R] C~H~CH3 -~ H~N--C6H~R 
(III) (VII) (V) 

(~) [] (-5, 

C~HsC}I0 + H~N--CnH4R 

(IV) I (e)I-I' (V) 

C~H~CH~OH (Vl) 

The change in the composit ion of the react ion mixture during the hydrogenation of (I) (R=H, o-) m- ,  
p-CH3, o-,  p-OCH3) is given in Table 1. The curves  for the change in the composit ion of the mixture (I, 
R = H) are  plotted in Fig. 1; the curves  for the o-,  m- ,  and p-methyl -subs t i tu ted  azomethines have a s imi -  
lar shape. F rom Table 1 and Fig. 1 it can be seen that the hydrogenation of the C= N bond proceeds se lec-  
tively under the studied conditions. In the initial moments of react ion the main eomponent of the mixture 
is the azomethine (I), the amount of which decreases  and reaches  zero  toward the end of absorbing 1 mole 
of H 2. The predominant  component becomes the secondary  amine (II). Its amount reaches  a maximum at 
the point of absorbing the f i rs t  mole of H2, which corresponds  to the formation of (I1) via the hydrogenation 
of the C = N bond [reaction (1)1. Then the amount of (II) drops to zero  due to hydrogenolysis  of the secon-  
dary amine [reaction (3)1. The obtained data show that equimolar  amounts of amine (V) and aldehyde (IV) 
are  formed up to the absorption of 0.5-0.6 mole of H 2. Their  concentrat ion decreases  somewhat up to the 
point of absorbing the f i rs t  mole of H2, and then the amount of (V) increases  sharply af ter  the hydrogenoly-  
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T A B L E  1. Hydrogena t ion  of Azome th ines  C6HsCH=N-C6H4R [1.5 
m m o l e s  of (I}, 0.15 g of 5% P d / C ,  15 ml  of absolu te  ethanol ,  20 ~ 

R in starting 
azomethine 

o-CHa 

m-CHs 

p-CI-Ia 

o-OCHa 

p-OCH8 

Hydrogenation Hz ab- 
rate �9 I0 4, sorption, 
mole/rain" g moles 
of eat. 

5,2• 

4,7• 

3,7• 

3,8=1:0,4 

7,2• 

4,0• 

Reaction products, mole % 
azo- secondar~ . 
methine amine "laldehyae 
(I) (II) l(W) 

2~,9 5,9 
5,8 

45 7,35 
54 4,95 
83 3,2 
77 3,4 
34,5 1,9 

32,2 
65 

64 
62 
23,5 

2,855 
t9,5 
45,5 
70,5 
69 
9,8 

amine 
(V) 

7 
5,72 
7,9 
6,6 
8,8 

11,6 
32 

- -  3,6 

-- 4,64 
- -  31 
- -  5 0  

- -  50 

12,8 13,2 
12 13,8 
9 t4,8 
7,2 17 
3,85 36 

13,8 13 
t3,3 t3,3 
9,3 tl 
5,5 12,2 
4,5 16 
2,8 45,5 

Traces 

IspresentlIspresem 

t o l u e n e *  
(vii) 

r,6 
8,2 

30,t 

3i- 
50 
50 

%- 
5:8 
9,8 

32,2 

tl,5 
42,7 

* The ca lcu la t ion  is based  on the e x c e s s  amount  of amine  (V) 
to a ldehyde (IV), which shows the extent  of hyd rogeno ly s i s  of 

Taking  the th resho ld  c a t a l y s t  concen t r a t i on  into account .  
$ Calcula ted  f r o m  the amoun t  of abso rbed  H 2. 

r e l a t ive  
(ID. 

s is  of (I1) s t a r t s .  This  ind ica tes  that  h y d r o l y s i s  of the C = N bond o c c u r s  in the ini t ial  momen t s  of reac t ion .  
The p r e s e n c e  of hyd ro ly s i s  p r o d u c t s  in the r e a c t i o n  mix tu r e  indica tes  that  the C = N bond is v e r y  sens i t ive  
to wate r .  It should be ment ioned  that  the r e a c t i o n  was run  in absolu te  a lcohol ,  but the condi t ions  of p r e p a r -  
ing the e x p e r i m e n t  did not exclude contac t  of the s u b s t r a t e  and so lvent  with a t m o s p h e r i c  mo i s tu r e .  Ca lcu-  
lat ion shows that  even 0.25% of w a t e r  in the a lcoho l  is suf f ic ien t  to comple t e ly  hyd ro lyze  the 1.5 m m o l e s  
of (I) taken for  r eac t ion .  If judged by the amount  of a ldehyde (IV), then the d e g r e e  of hyd ro lys i s  is 7-13 
mole  %. A c o m p a r i s o n  of the r e l a t ive  amounts  of h y d r o l y s i s  p roduc t s  in the ca t a lyza t e s  with the co n t ro l  
a lcohol  solut ions  of (1) shows that  the h y d r o l y s i s  is a c c e l e r a t e d  by the c a t a l y s t  [ reac t ions  (2) and (5)]. This 
f inds c o n f i r m a t i o n  in the fac t  that  the d e g r e e  of h y d r o l y s i s  of (I) does  not c o r r e l a t e  with the hydro lys i s  r a t e  
cons tan t s  (k) and the r e c i p r o c a l  va lues  of the f o r m a t i o n  equ i l ib r ium cons tan t s  ( l /K) ,  which w e r e  de t e rmined  
in aqueous  a lcohol  m i x t u r e s  [4]. 

A c o m p a r i s o n  of the c h a r a c t e r  of the hydrogena t ion  of va r ious  azome th ines  r e v e a l s  that  the c l eanes t  
hydrogena t ion  o c c u r s  in the case  of (I, R = o-CH3), where  ha rd ly  any hydro lys i s  is obse rved .  Hydro lys i s  is 
obse rved  fo r  the  unsubs t i tu ted  azome th ine  and to a s o m e w h a t  g r e a t e r  d e g r e e  for  the p-  and m - m e t h y l  de -  
r i va t i ve s .  

Since the c o r r e s p o n d i n g  a z o m e t h i n e s  d e c o m p o s e d  at the t e m p e r a t u r e s  needed to run the GLC ana lys i s  
of the r e a c t i o n  mix tu re  (I, R = o- ,  p-OCH3), we w e r e  unable  to obtain quant i ta t ive  data on the ini t ial  h y d r o l y -  
s is .  A n a l y s i s  of the r e a c t i o n  mix tu re  (I, R = o-OCH 3) at a lower  t e m p e r a t u r e  (150 ~ r e v e a l s  the p r e s e n c e  
of only t r a c e s  of (IV) and (V), which sugges t s  a v e r y  s l ight  d e g r e e  of hyd ro ly s i s .  The c h r o m a t o g r a m s  (I, 
R=p-OCH~) show the p r e s e n c e  of (IV) and (V), which t e s t i f i e s  that  h y d r o l y s i s  occu r s  in the ini t ia l  s t ages  
of the r eac t i on .  The a bse nc e  of to luene (VII) in the s amp le s  up to the abso rp t i on  of I mole  of H 2 tes t i f ies  
to the fac t  that  a l so  in {I, R = o- ,  p-OCH~) the hyd rogeno lys i s  of the b e n z y i - N  bond begins only a f te r  the ab-  
so rp t ion  of the f i r s t  mo le  of H 2. 

F r o m  Table  1 it fo l lows that  up to the abso rp t i on  of 0 .6-0 .8  mole  of H 2 the hydrogena t ion  of the C=N 
bond is not compl i ca t ed  by o ther  p r o c e s s e s  that  a r e  a s s o c i a t e d  with the consumpt ion  of H 2. Actual ly ,  the 
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Fig. i. Composition of reaction mixture as a function of amount of ab- 
sorbed H 2 [1.5 mmoles of (I), 15 ml of alcohol, 0.15 g of 5% Pd/C, 20~ 

I) C6HsCH=N-CGHs; 2) C~HsCH2-NH-C6Hs; 3) C6Hs-CHO; 4) C6H 5- 
NH2; 5) C6Hs-CH 3. 

Fig. 2. Hydrogenation rate of azomethine (i) as a function of amount of 
catalyst when R is: i) o-OCH3; 2) H; 3) o-CH3; 4) p-OCH3; 5) p-CH3; 

6) m-CH 3. 
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F ig .  3. H y d r o g e n a t i o n  r a t e  of a z o m e t h i n e s  a s  
a func t ion  of a m o u n t  of a b s o r b e d  H 2 [1.5 m m o l e s  
of (I), 15 m l  of a l coho l ,  0.15 g of 5% P d / C ,  20 ~ ] 
when tl  i s :  1) o-OCH3; 2) H; 3) p -OCHa;  4) p -CHa;  
5) m-CH3;  6) o -CH 3. 

H 2 a b s o r p t i o n  due to the h y d r o g e n a t i o n  of b e n z a l d e h y d e  to b e n z y l  a l c o h o l  [ r e a c t i o n  (6)] in th i s  r a n g e  does  
not e x c e e d  1-2%. Consequen t l y ,  the  r a t e  of H 2 a b s o r p t i o n  in the r a n g e  up to  0.6 m o l e  of H 2 can  be  c o n s i d -  
e r e d  to be  a m e a s u r e  of the  h y d r o g e n a t i o n  r a t e  of the  C = N bond, a l l  the m o r e  so s i n c e  the  amoun t  of (II) 
in the  c a t a l y z a t e ,  d e t e r m i n e d  by GLC, c o r r e s p o n d s  to the  d e g r e e  of c o n v e r s i o n  tha t  was  c a l c u l a t e d  f r o m  
the amoun t  of a b s o r b e d  H 2. 

The  h y d r o g e n a t i o n  r a t e  (I, R = o-OCH~) is i ndependen t  of the i n i t i a l  s u b s t r a t e  c o n c e n t r a t i o n  in the  s t u d -  
ied e o n c e n t r a t i o n  r a n g e  of 0.79 �9 10-2-2 .11  �9 1 0 - 2 g / m l .  Th is  m a k e s  i t  p o s s i b l e  to  a s s u m e  tha t  the  h y d r o g e n a -  
t ion up to the  c o n v e r s i o n  of 0 .6 -0 .8  m o l e  of H 2 obeys  the  z e r o  o r d e r  in h y d r o g e n a t e d  compound  (1). The  e l -  
f ee t  of the  c a t a l y s t  a m o u n t  on the h y d r o g e n a t i o n  r a t e  is  p r o p o r t i o n a l  to  the amoun t  of c a t a l y s t  t a k e n  fo r  r e -  
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action (Fig. 2). It should be mentioned that a threshold catalyst  concentration (0.04-0.05 g of 5% Pd/C) was 
observed for the o compounds (I; R = o-CH 3, o-OCH3). 

The hydrogenation curves  in the p resence  of 0.15 g of 5% Pd/C (Fig. 3) show that the hydrogenation 
goes at a constant ra te  in the range up to 0.6-0.8 mole of H2, and only after  this does the H 2 absorption rate  
decrease .  This last section of the curve  cor responds  to hydrogenolysis.  In the case of (I, R = H) the r eac -  
tion becomes much slower (b ~ 50 times) af ter  the absorption of 1 mole of H 2. For  (I, R = p-OCH2) the ra tes  
for hydrogenation of the C = N bond and hydrogenolysis  of the b e n z y l - N  bond are  pract ical ly  equal. At the 
same time, hydrogenolysis  is not observed until the hydrogenation of (I) is nearly complete. This can be 
explained by the fact  that the hydrogenolysis  of (I1) cannot begin as long as the catalyst  surface is occupied 
by (1). The picture observed for  the other azomethines lies intermediate between these two cases.  The 
sequence of the hydrogenation (1) and hydrogenolysis  (3) react ions is found to be in harmony with the values 
of the energy b a r r i e r s  of these react ions ,  r e s p e c t i v e l y - 2 3  and -31 .4  kcal, which were calculated on the 
basis of the multiplet theory [5]. 

A compar i son  of the hydrogenation ra tes  of various azomethines (see Table 1) reveals  that the inser -  
tion of e lec t ron-donor  substituents into the amino r ing of (1) has very  little effect on the hydrogenation rate,  
and causes  a slight dec rease  in the rate  in the case of the m-CH3, p-CH3, and p-OCH 3 groups. The presence  
of substituents in the o position causes some increase  in the hydrogenation rate when comparied with the m 
and p substi tuents.  

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

The azomethines were obtained as described in [6], and the melting points, as well as the IR and UV 
spectra ,  coincided with the l i te ra ture  data. As the hydrogenation catalyst  we used 5% Pd/C [7]. The hydro-  
genation was run in a thermostat ted duck (hydrogenation vessel) at 20 ~ in absolute ethanol. The H 2 absorbed 
during react ion was measured via a gas buret  (0.5-ml graduations), while the catalyzate samples were ana- 
lyzed by GLC. The limiting ra te  was reached at 600-700 turns /min .  The hydrogenation experiments were 
per formed mainly at an azomethine concentrat ion of 10 -4 mole /ml ,  and the amount of catalyst  ranged f rom 
0.05 to 0.5 g in 15 ml of solvent. The products  were analyzed on LCM-5 and LCM-SMD chromatographs ,  
using a ca tha romete r  as the detector ,  a helium flow rate  of 40 ml /min,  and a 3m • 3 mm-column (azometh- 
ines I, R=H,  o-,  m- ,  p-CH~), and a f lame-ionizat ion detector,  nitrogen flow rate  of 43 ml /min,  and pro-  
g rammed heating in the range 150-200 ~ at a ra te  of 8 deg/min  (azomethines I, R = o- and p-OCH3). Com- 
pounds (I), (ID, (IV), and (V) (R=H, o-, m-CH3), were separated on a column packed with QF l deposited on 
Celite 545. The separat ion of (1) f rom (II), and (IV) from (VI), could not be achieved when R=p-CH3 . The 
ra t ios  of (I) and (I1) were  calculated f rom the amount of H 2 absorbed during hydrogenation. The separat ion 
of (IV) and (VI) was accomplished on a column packed with Carbowax deposited on silanized Chromatone. 
The separat ion of (D and (II) failed to occur  in the case of (I, R-o - ,  p-OCH 3) and, in addition, the ch roma-  
tographing of (I) was accompanied by decompos i t ionof the  compound. For  this reason only a _qualitative 
check was made. The hydrogenolysis  and hydrolysis  p rocesses  were judged by the presence  of toluene (VII), 
aldehyde (IV), and amine (V) on the ch romatograms  that were obtained at low tempera tures ,  where (1) and 
(I1) remain  in the column. The retention t imes (min) of the azomethines and their t ransformat ion  products 
on QF I are as follows. R=H: (If) 17.1, (I) 14.5, (V1) 2.0, (IV) 1.95, (V) 1.7 (142 ~ 50 ml/min). R=o-CH3: 
(II) 19.9, (1) 18.8 (V) 2.3 (147 ~ 43 ml/min) .  R =m-CH3:  (I1) 22.5, (i) 21.6, (V) 2.15 (143.5 o 50 ml/min).  R = 
p-CH3: (I1) 23.6 (1) 23.2, (V) 2.15 (142 ~ 50 ml/min) .  R=o-OCH3: (II) 9.3, (1) 9.0 (V) 2.3. R=p-OCH~: (II) 
10.2, (I) 9.6 (V) 1.6 (150-200 ~ 8 deg/min,  43 ml/min).  On Carbowax/Chromatone:  (IV) 6.8, (VI) 22.8 (159 ~ 
42 ml/min) .  For  (I, R = H) and its hydrogenation products  the cal ibrat ion was done using dodecyl alcohol 
as the internal  s tandard.  The cor rec t ion  fac tors  for all of the compounds are  close to one. Analysis  of the 
ca ta lyzates  using an internal  standard gives a total yield of the products that is close to 100%, and for this 
reason  a quantitative analysis  of the separa te  samples of the entire ser ies  of azomethines was done by the 

internal  normal iza t ion method. 

CONCLUSIONS 

1. The hydrogenolysis of benzylideneaniline, and of its methyl and methoxy derivatives, in the pres- 
ence of Pd/C proceeds selectively: the hydrogenolysis of the benzyl-N bond begins only after the absorp- 

tion of the first mole of hydrogen. 

2. Partial hydrolysis of the C = N double bond occurs under the hydrogenation conditions due to traces 

of water in the solvent. 
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3. The insertion of electron-donor substituents into the benzene ring, attached to the nitrogen, has 

little effect on the hydrogenation rate of the azomethine. The o-substituted azomethines hydrogenate some- 
what faster than do the m- and p-substituted derivatives. 

1. 

2. 

3. 

4. 

5. 

7. 

LITERATURE C I T E D  

A. Roe and J. A. Montgomery, J. Am. Chem. Soc., 75, 910 (1953). 
T. Yamaguchi, K. Toujima, and T. Tsumura, J. Catalysis, 26, 274 (1972). 
T. Yamaguchi, M. Makayama, and T. Tsumura, Chem. Letters, 1231 (1972). 
v. N. Dmitrieva, L. V. Kononenko, and V. D. Bezuglyi, in: Azomethines [in Russian], Izd. Rostov. 
Univ. (1967), p. 212. 
A. A. Balandin, Multiplet Theory of Catalysis, Part II [in Russian], Izd. Moskov. Univ. (1964), pp. 19, 
121. 
D. Pitea, D. Grasso, and G. Favini, Gazz. Chim. Ital., I00, No. 6, 519 (1970). 
R. Mozingo, Organic Syntheses [Russian translation], Vol. 4 (1953), p. 409. 

1681 


