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The influence of the nature  of the solvent on the hydrogenation of succinimide over Raney nickel was studied. 
The grea tes t  ra tes  of reduction of the imide and of the format ion of pyrro l id inone  were found when alcohols 
and dioxane were used. An influence of the solvent on the ra t io  of the ra tes  of the var ious  stages in the 
synthesis  of pyrro l id inone  f rom the imide was found. 

One of the poss ib le  methods for obtaining pyrrol id inone is the reduct ion of succinimide.  Methods for the 
e lec t rochemical  reduct ion of succinimide [1, 2] and for reduction with nascent  hydrogen [3] have recent ly  been 
descr ibed,  but its catalyt ic  hydrogenation has so far  been studied very  l i t t le .  The information available in the l i t e ra tu re  
on the poss ib i l i ty  of pe r fo rming  this reac t ion  is most ly  f rom patents  and re la tes  mainly  to the reduct ion of 
N-subst i tu ted  succ in imides  [4, 5, 6] which takes place considerably  more readi ly  than that of the unsubst i tuted compound 
[6]. There  is also information on the reduct ion of subst i tuted succinimide and phthalimide with metal  hydrates [7, 8]. 

In the p resen t  work we have invest igated the influence of var ious  solvents  for succinimide on the rate  of its 
reduction,  and on the yield of pyrrol id inone.  This study is neces sa ry  because the hydrogenation of succinimide in the 
absence of a solvent takes place at a negligible ra te  and is accompanied by the formation of la rge  amounts of by -  
products .  As the solvent in this reac t ion  dioxane, te t rahydrofuran,  methoxyethanol,  methylcyclohexane, and water  
have been used previous ly  [4, 6, 8]. Under these conditions the yield of pyrro l id inone  was 50-80% of the theoret ical  
amount,  but the rate  of hydrogenation was low. In a discontinuous apparatus with the catalyst  in an amount of 10% of the 
weight of the raw ma te r i a l  the process  las ts  f rom 3 to 10 hr.  We studied the kinet ics  of the hydrogenation of 
succin imide  and the format ion of pyrro l id inone  on Raney nickel at elevated t empera tu res  and p r e s s u r e s  in solvents of 
var ious  c lasses :  water,  n-octane ,  cyclohexane, .diisopropyl ether,  dioxane, and normal  and iso alcohols.  The 
exper iments  were ca r r i ed  out under  s i m i l a r  conditions:  s tandard concentra t ions  of imide, catalyst ,  and solvent, and 
identical  t empera tu re  and p r e s s u r e .  

According to our resu l t s  (Table 1, Figs .  I and 2), the bes t  media for the catalytic reduction of suceinimide are  
alcohols and dioxane. In these solvents the ra te  of hydrogenation is a lmost  an order  of magnitude higher than in water,  
aliphatic or a l icycl ic  hydrocarbons,  or e thers .  The highest ra te  of absorption of hydrogen is found in the p r i m a r y  
butanols .  Conversely,  in t e r t i a ry  butanol the rate  of the reac t ion  is  the lowest among the solvents of this group. 

Table 1. Influence of the Nature of the Solvent on the Hydrogenation 
of Suceinimide over Raney Nickel at 230 ~ C and 200 Atmospheres* 

~'H~ Dioxane Methanol Ethanol Propan- 1-ol Butan- l-ol 

.-~ ~ ~ -  . 
E ~ ~ O ~r  ~H2 XH EH2 ZIX ZH2 ~IX XH~ XIX XH2 x n  

.~- ~ ~ ~ ..~ 

,8.6420.87:3 8.,23 ,2.536.01  0.8524140.5/8.1t 49.0126.941.3I 47-~ t118.~ 20 
0:; 25.2, 52,8,30.8, 57.51 16.3l 60.8, 34.3 67.5,40.8 85.8] 44.6 40 6.5 1.8 3,6 

60 9,7 4.3 5., 37.8] 66.8 t 39.3 [ 72.6] 21.6 I 76.3, 45.9 81.4 t 44.3 100.3] 48,7 
80 4.5 7.0 2.6 49.5 73.8] 45.7) 85,8 t 25.8J 89.0] 49.9 92.7}46.7 108,1J 51.3 

54 85.0 59.0 98.7 26.9] 92.0 46,8 103,3 49.3 114.1~ 53.5 100 16.9 7.7 3.2 154 7 
120 20.6 3.715718 88.7 ,I0.0 26.0 I02.0 46.6 115.1 56.8 

*2~H= represents the amount of  hydrogen absorbed as a percentage of the amount theoretically 
necessary for the reduction of the imide to pyrrolidinone. ZP is the amount of pyrrolldinone formed 
as a percentage of the theoretical yield. 

Considerable  differences in the ra tes  of format ion of pyrro l id inone  (at the same ra tes  of absorption of hydrogen) 
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in the var ious  solvents must  be mentioned.  This may be due to the influence of the solvent on the select ivi ty  of 
reduct ion of succin imidc  to pyrrol id inone,  on the rate  of the fur ther  hydrogenolysis  of the pyrrol id inone,  and on the 
rat io of the ra tes  of the var ious  chemical  stages in the format ion of the lac tam from the imide.  While the existence of 
the f i r s t  two factors  is shown by the fact that the amount of hydrogen used in the react ion is g rea t e r  than that necessa ry  
for reduct ion s imply to the pyrrol id inone and by the p resence  of maxima on the curves for the change in the 
concentrat ion of pyrro l id inone  with t ime,  to i l lus t ra te  the l a s t -men t ioned  phenomenon we compare the ra tes  of 
absorpt ion of hydrogen, of consumption of succinimide,  and of format ion of the pyrrol id inone in one and the same 
solvent.  We see f rom Fig. 1 that the amount of hydrogen necessa ry  to convert  the succinimide into pyrrol id inone is 
absorbed in ~40 rain from the s ta r t  of the react ion,  and the succinimide reac ts  a lmost  completely.  The f i r s t  par ts  of 
the hydrogen-absorpt ion  curve and the curve for the change in the concentrat ion of the imide coincide. The 
accumulat ion of pyrrol id inone,  takes place by a different mechanism and its concentrat ion in the hydrogenate continues 
to r i se  even after  the disappearance of the succinimide,  reaching its max imum at the 70-th rain. The difference of 
30 rain between the disappearance of the succinimide and the t ime of maximum concentrat ion of the pyrrol id inone shows 
the existence of an in termedia te  stage. In this solvent, the l imi t ing  stage is that of pyr ro l id inone- format ion .  
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Fig. 1. Curves for (a) the absorption 
of hydrogen, (b) the consumption 
of succinimide,  and (c) the accumu-  
lat ion of pyrro l id inone  as functions 
of t ime (in 2 -me thy lp ropan - l -o l ) .  

P r ec i s e ly  the same pat tern  was observed when normal  butanol was used as the solvent.  In other alcohols (with 
the exception of ethanol) and also in dioxane where the hydrogenation of the imide takes place somewhat more  slowly 
than in the butanols,  the existence of a l imi t ing  stage is not as marked (Fig. 2). In methanol,  ethanol, and the 
propanols ,  the ra tes  of absorpt ion of hydrogen are a lmost  the same,  but the format ion  of pyrro l id inone  in methanol 
takes place considerably  more  slowly and here again the existence of a l imi t ing  stage is shown. The difference in the 
ra tes  of accumulat ion of pyrrol id inone,  although the ra tes  of absorpt ion of hydrogen are  s i m i l a r  in these alcohols, can 
be explained if we a s sume  the poss ib le  par t ic ipat ion of the solvent in the format ion of the in termediate  substance or 
complex. % t20 a 

100 ~ / "  

80 
611 

20- ~ 

20 40 60 80 ld0 120"~,. min 

Fig. 2. Curves for (a) the absorpt ion 
of hydrogen, (b) the consumption 
of succinimide,  and (c) the accumu-  
lat ion of pyrro l id inone  as functions 
of t ime (in propan-2-o l ) .  

In a study of the influence of the initial  concentra t ion of succin imide  on the ra te  of its hydrogenation in var ious  
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solvents ,  it was found that in p ropan-2-o l  the ra te  of hydrogenation begins to d e c r e a s e  only at a mola r  ra t io  of imide to 
alcohol _ 1 (Table 2). In dioxane, however ,  reduct ion must  be c a r r i e d  out in a l a rge  excess  of solvent,  s ince even a 
smal l  i nc rease  in the init ial  concentra t ion of the d isso lved  substance has an adverse  effect  on the ra te  of the p roces s  
{Fig. 3). 

Table 2. Influence of the Initial Concentrat ion of Succinimide in 
Isopropanol on the Rate of Hydrogenation 

Amount of hydrogen absorbed (%) at various i n i t i a l  

Time, concentrations of suecinimide (mole %) 
mln 

9,1 13,0 16,7 23,0 50,0 60.0 

10 
20 
30 
40 
50 
60 
70 
80 

21.8 
32.7 
44.1 
55.5 
67.2 
76.1 
82.1 
88.0 

19,8 
31.6 
41.3 
52,7 
63.1 
76,5 
78,9 
82.3 

18.9 
28,9 
44.0 
55,3 
66,4 
72,2 
79,1 
83~2 

19.3 
32,5 
48.8 
59.5 
69.2 
76.8 
85,8 
89,1 

19,0 
30.7 
40.5 
49.0 
55.6 
59.8 
62,5 
65.6 

5.1 
9.3 

13.5 
19.0 
23.5 
28.0 
32.5 
37.2 

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

The expe r imen t s  were  c a r r i e d  out in a 0 . 5 - / a u t o c l a v e  having an e l ec t romagne t i c  dr ive  of the Vishnevski i  design 
[9] and fi t ted with a capi l la ry  sampl ing device .  Hydrogen, f reed  f r o m  t r a c e s  of mo i s tu re  and oil, was fed into the 
autoclave f r o m  a graduated measu r ing  ves se l .  During the exper iments  the p r e s s u r e  was maintained at 200 arm and the 
t e m p e r a t u r e  at 230 + 1 ~ C. In all the exper iments  (except for  those on the influence of the concentrat ion of the solute) 
the charge  was the same:  25 g of suec in imide  with mp 126 ~ C, 150 g of solvent,  and 2.5 g of catalyst .  The Raney nickel 
was p repa red  by a published method [10] and was washed with the cor responding  alcohol before  use.  The res idual  
content of a luminum in the cata lyst  was 24.1% and its speci f ic  sur face  (from the the rmal  desorpt ion of argon) was 
54 m2/g.  The catalyst  was used only once. All the solvents  were  r endered  absolute.  The contents of pyrrol id inone and 
and succin imide  in the samples  taken were  de termined .  The analyses  were  ca r r i ed  out on a UKh-1 chromatograph with 
a the rmal  conductivity de tec tor .  The conditions of the chromatographic  separa t ion  were:  column 1.7 m long and 3 mm 
internal  d iamete r ,  column t empera tu r e  190 ~ C, ra te  of flow of the c a r r i e r  gas (helium) 90 m l / m i n .  The po lyes te r  of 
bu t ane - l ,  4-diol  and succinlc  acid deposi ted on INZ-600 br ick  calcined at 1100 ~ C was used as the l iquid phase.  An 
internal  s tandard,  sulfolane, was used for quanti tat ive de te rmina t ions  of composi t ions  of mix tu res .  The e r r o r  of the 
method was +5% re l .  Since the vapor  p r e s s u r e s  of the solvents  used di f fered considerably  f rom the vapor  p r e s s u r e s  of 
succ in imide  and pyrrol id inone,  the r e su l t s  of the analyses  were  c o r r e c t e d  by compar i son  with the concentrat ions of 
pyrro l id inone  in samples  taken f rom the autoclave under normal  conditions and under the exper imenta l  conditions. 
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Fig. 3. Absorption of hydrogen (%) 
at var ious  initial concent ra t ions  of 
succ in imide  in dioxane. 

The resu l t s  obtained a re  given in Tables  1 and 2 and Figs .  1 - 3 .  
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