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DERIVATIVES OF 3-AMINOPIPERIDINE-2, 6-DIONE 
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Several N-substituted 3-phthalimidopiperidine-2, 6-diones and 3-(3'- 
phthalimido-2', 5' - dioxopyrrolid- l'-yl)piperidine- 2, 6- dione have been 
synthesized. 

The  d i s c o v e r y  of t e r a t o g e n i e  p r o p e r t i e s  in 3 - p h t h a -  
l i m i d o p i p e r i d i n e - 2 ,  6 - d i o n e  ( t h a l i d o m i d e )  (IV) [1] h a s  
i n d u e e d  a n u m b e r  of w o r k e r s  to s y n t h e s i z e  s e v e r a l  

r e l a t e d  c o m p o u n d s  [ 2 - 4 ]  in  o r d e r  to s t u d y  t h e i r  b i o -  
l o g i e a l  a c t i v i t y  [3, 5 - 7 ] .  

Of s u b s t a n e e s  of t h i s  t ype  we  h a v e  o b t a i n e d :  1 -  

b e n z y l - 3 - p h t h a l i m i d o p i p e r i d i n e - 2 ,  6 - d i o n e  (III), 1 - ( 2 ' -  
h y d r o x y e t h y l ) - 3 - p h t h a l i m i d o p i p e r i d i n e - 2 ,  6 - d i o n e  (V), 
and  3 - ( 3 ' - p h t h a l i m i d o - 2  ', 5 ' - d i o x o p y r r o l i d - 1  ' - y l ) p i -  
p e r i d i n e - 2 ,  6 - d i o n e  (XII). 
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The  N - b e n z y l  d e r i v a t i v e  of t h a l i d o m i d e  (III) w a s  
o b t a i n e d  by t he  c o n d e n s a t i o n  of t he  a n h y d r i d e  of N-  
p h t h a l o y l g l u t a m i c  a c i d  (I) w i t h  b e n z y l a m i n e  in  b o i l i n g  
o - x y l e n e *  [2], but  t h i s  s u b s t a n c e  m e l t e d  a t  1 7 9 - 1 8 0  ~ C 
r a t h e r  t h a n  t h e  1 0 4 - 1 0 8  ~ C g i v e n  in the  l i t e r a t u r e .  
S i n c e  we  o b t a i n e d  1 - b e n z y l - 3 - p h t h a l i m i d o p i p e r i d i n e -  

2, 6 - d i o n e  f r o m  t h a l i d o m i d e  (I) and  b e n z y l  c h l o r i d e  and  
a l s o  by the  e y e l i z a t i o n  of c ~ - N - p h t h a l o y l - N ' - b e n z y l -  
g l u t a m i n e  (II) [81, t h e  m e l t i n g  p o i n t  f o r  I I I  of 1 0 4 -  
108 ~ C g i v e n  in  t he  l i t e r a t u r e  i s  a p p a r e n t l y  i n c o r r e c t .  

1 - (2 - H y d r o x y e t h y l  7- 3 - p h i  h a l i m i d o p i p e r i d i n e - 2 ,  6-  
d i o n e  (V) w a s  s y n t h e s i z e d  by  t he  a c t i o n  of e t h y l e n e  

ox ide  on t h a l i d o m i d e  (IV) u n d e r  t he  c o n d i t i o n s  u s e d  f o r  
t h e  h y d r o x y e t h y l a t i o n  of p h t h a l i m i d e  [91. H o w e v e r ,  
p r o b a b l y  b e c a u s e  of t h e  l e s s  a c i d i c  n a t u r e  of the  h y d r o -  
gen  of t h e  i m i d e  g r o u p  of t h a l i d o m i d e ,  in  o u r  c a s e  t he  
h y d r o x y e t h y l a t i o n  r e a c t i o n  r e q u i r e d  m o r e  s e v e r e  c o n -  
d i t i o n s  (180 ~ C i n s t e a d  of 170 ~ C, 8 h r  i n s t e a d  of 4). In 
the  p r e s e n c e  of e v e n  t r a c e s  of a l k a l i  t he  r e a c t i o n  m i x -  
t u r e  r e s i n i f i e d  c o m p l e t e l y .  

*In a d d i t i o n  to III, N - b e n z y l p h t h a l i m i d e  w a s  i s o l a t e d  
f r o m  the  r e a c t i o n  m i x t u r e ;  t he  f o r m a t i o n  of t h i s  s u b -  
s t a n c e  i s  o b v i o u s l y  the  r e s u l t  of t r a n s a c y l a t i o n .  T h i s  
r e a c t i o n  w a s  o b s e r v e d  in o - x y l e n e ,  p y r i d i n e ,  and  d i -  
m e t h y l a n i l i n e ,  bu t  no t  in  m - x y l e n e ,  d i o x a n e ,  and  n -  
d e c a n e .  

To o b t a i n  3- (2  ', 5 ' - d i o x o - 3 ' - p h t h a l i m i d o p y r r o l i d -  
l ' - y l ) p i p e r i d i n e - 2 ,  6 - d i o n e  (XII) we u s e d  the  f o l l o w i n g  

s y n t h e t i c  s c h e m e :  
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3- B e n z o x y c a r b o n y l a m i n o p i p e r i d i n e - 2 ,  6 - d i o n e  (VII) 
[10, 11] w a s  o b t a i n e d  by  c o n d e n s i n g  N - b e n z o x y c a r -  
b o n y l g l u t a m i c  a c i d  (VI) w i t h  f o r m a m i d e .  In a d d i t i o n  to 
VII, we i s o l a t e d  p y r r o l i d - 5 - o n e - 2 - c a r b o x y a m i d e  (VIII) 

f r o m  the  r e a c t i o n  m i x t u r e .  A c y c l i z a t i o n  of t h i s  t y p e  
s t a r t i n g  f r o m  g l u t a m i e  ac id  o r  i t s  e s t e r s  o r  a n h y d r i d e  
h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  [13, 14]. 

T h e  h y d r o g e n o l y s i s  of t he  b e n z o x y c a r b o n y l a m i n e  
VII in  t he  p r e s e n c e  of P d / C  f o r m e d  3 - a m i n o p i p e r i -  
d i n e - 2 ,  6 - d i o n e  (IX) [10]. The  c o n d e n s a t i o n  of the  a m i n e  

IX w i t h  t he  a n h y d r i d e  of N - p h t h a l o y l a s p a r t i c  a c i d  (X) 
[15] in  p y r i d i n e  w i t h  s u b s e q u e n t  a c e t i c  a n h y d r i d e  t r e a t -  
m e n t  led  to c o m p o u n d  XII. 

In t he  u s u a l  m e t h o d  fo r  t he  c l o s u r e  of t he  i m i d e  

r i n g  by h e a t i n g  t h e  i n t e r m e d i a t e  c o m p o u n d  XI  w i t h  
a c e t i c  a n h y d r i d e ,  t he  r e a c t i o n  t a k e s  p l a c e  in  an  u n -  
w a n t e d  d i r e c t i o n  and  a l l  t h e  c o m p o u n d s  f o r m e d  a r e  
a c i d i c  in  n a t u r e ;  h o w e v e r ,  by t r e a t i n g  the  r e a c t i o n  
m i x t u r e  w i t h  a c e t i c  a n h y d r i d e  in t h e  co ld  we  s u c c e e d e d  
in o b t a i n i n g  the  r e q u i r e d  c o m p o u n d .  

EXPERIMENTAL 

l-Benzyl-3-phthallmidopiperidine-2, 6-dione (III). A) A mixture 
of 19 g (73.4 raM) of the anhydride I purified by crystallization from 
acetic anhydride to mp 202-203 ~ C (literature 195-196 ~ C [8]) and 
8.81 g (82 raM) of freshly-distilled benzylamine in 200 ml of dry o- 
xylene was boiled with a Dean and Stark trap and a reflux condenser 
until water ceased to separate out (4 hr) and then the solvent was dis- 
tilled off in vacuum. The residual oil was dissolved in 55 ml of meth- 
yleellosolve and the hot solution was decolorized with activated car- 
bon. The crystals that deposited (6.8 g) were separated off and washed 
with 250 ml of hot ether. The residue consisted of 3.7 g of unpurified 
III (yield 14.5%), mp 179-180 ~ C (from methylcellosolve). Found, %: 
C 68.9; H 4.7; N 8.4; tool. wt. (Rast) 373. Calculated for C20~16N204, 
%: C 69.0; H 4.6; N 8.0; mol. wt. 348. 
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On cooling, the ethereal solution deposited 0.2 g of a-N-phtha- 
loyl-N'-benzylglutamine (II), mp 200-204 ~ C (from 7C% ethanol); 
literature: 202-204 ~ C [8]. Found, 070: C 65.3; H 4.8; N 7.q. Calcu- 
lated for Cz0HlsN20~, %: C 65.6; H 4.9; N 7.6. 

Distillation of the ether yielded 2.8 g of N-benzylphthalimide, 
mp 115-117 ~ C (from ethanol); literature: 116" C [16]. Found, %: 
C 75.9; H 4.7; N 5.9. Calculated for Cl~IllNOz, 070: C 76.0; H 4.7; 
N 5.9. 

B) A suspension of 1.0 g (3.85 mM) of IV and 3 g of KzCO 3 in 6 ml 
of benzyl chloride was stirred at 100 ~ C for 14 hr. After cooling, 50 ml 
of petroleum ether (40-60 ~ C) was added. The yield of III was 1.3 g 
(96070), mp 178-179 ~ C (from methylcellosolve). A mixture with a 
sample obtained by method (A) showed no depression of the melting 
point. 

C) A suspension of 1 g (2.73 mM) of a-N-phthaloyl-N'benzylglu- 
tamine (II) [8] in 10 ml of acetic anhydride was heated at 100 ~ C for 
2 hr. The acetic anhydride was distilled off in vacuum and the residual 
oil was triturated with 20 rnl of dry ether. Yield 0.67 g (70.5%), mp 
177-179 ~ C (from methylcellosolve). A mixture with the samples ob- 
tained by methods (A) and (B) gave no depression of the melting point. 

1-(2'-Hydroxyethyl)-3-phthalimidopiperidine-2, 6-dione (V). A 
mixture of 5 g of thalidomide (IV) and 3 ml of ethylene oxide was 
heated in a sealed tube of neutral glass at 180 ~ C for 8 hr. The oil 
formed was triturated with ethanol The yieId of V was 3.9 g (67~ 
mp 171.5-173.5 ~ C (from ethanol). Found, %: C 59.3; H 4.7; N 9.7. 
Calculated for ClsH14N20 a %: C 59.6; H 4.7; N 9.3. 

3-Berayloxycarbonylaminopiperidine-2,B-dione (VII). A mixture 
of 50 g (0.18 mole) of N-benzyloxycarbonylglutamic acid (VI) [12] 
(rap 115-116 ~ C) and 9.5 ml (0.24 mole) of freshly-distilled forma- 
mide was heated at 170 ~ C in vacuum (200 ram) under a reflux air 
condenser for 4 hr. The reaction mixture was dissolved in 170 ml of 
boning isopropanol and the solution was decolorized with activated 
carbon and cooled to give 10.3 g (22070) of VII, mp 130-132 ~ C (from 
ethyl acetate), literature: 129-131 ~ C [10], 122-124 ~ C [11]. Found, 
%: C 59.5; H 5.3; N 11.1. Calculated for CI3H14N204, %: C 59.5; tt 5.4; 
N 10.7. 

A~ter the separation of the VII, the isopropanol solution deposited 

2.5 g of pyrrolid-5-oue-2-carboxyamide (VIII), tup 217-219 ~ C (de- 

comp., from isopropanol), literature: 220-221 ~ C [17]. Found, % 

C 47.1; H 6.3; N 21.6. Calculated for C~HsN202, %: C 46.9; H 6.3; 

N 21.8. 

3-Aminopiperidine-2, 6-dfone (IX). A solution of 2.01 g (78 mM) 
of the 3-benzyloxyearbonylamine VII in 50 ml of absolute isopropanol 

was hydrogenated at room temperature and atmospheric pressure in the 

presence of 1 g of 5% Pd/C for 4 hr. The solution was heated and the 
catalyst was filtered off. After cooling, the filtrate deposited 0.79 g of 
the amine IX with a faint bluish color, mp 132-134 ~ C (decomp). An 
additional 0.07 g of the amine was obtained from the mother solution, 
giving a total yield of 0.86 g (8q.6%). After two recrystallizations 
from isopropanol the product was still colored, mp 139-140 ~ C (liter- 
ature: 142-143 ~ C [10]). Found, %: C 46.7; H 6.2; N 22.1. Calculated 
for CsHsNzO2, %: C 46.9; H 6.3; N 21.8. Hydroehloride. Mp 270* C 
(decomp., from 80~ ethanol), literature: 200 ~ C [18], 225* C [19], 
265 ~ C [10]. Found, %: C 36.3; H 5.2; C1 21.4; N 17.2. Calculated for 

CsHsN2Oz.HC1 , %: C 36.51 H 5.5; C1 21.6; N 17.0. 
Pie.rate. Yellow-green prisms, mp 205-207~ (from ethanol). Found, 

%: C 36.9; H 3.1; N 19.7. Calculated for CsHsN202 �9 Ce, Hs(NO2)sOH , %: 
C 37.0; H 3.1; N 19.6. 

3-(2', 5'-Dioxo- 3'- phthalimfdopyrrolid- l '-yl)piperidtne-2, 6-dione 
(XlI). A mixture of 0.56 g (2.28 mM) of the anhydride X [16] and 

0.29 g (2.27 mM) of the amine IX in 7.5 ml of dry pyridine was boiled 
for 2 hr, and then the pyridine was distilled off, the residue was treated 
with 50 ml of acetic anhydride, and the mixture was left at room tem- 
perature for a day. The oil that separated out after the acetic anhy- 
dride had been distNled off in vacuum was triturated with absolute 
ether, giving 0.8 g (31.5%) of XII, mp 248.5-250 ~ C (decomp., from 
methyleelluinse). Found, %: C 5%0; H 4.0; N 11.3. Calculated for 
CI-~I13N~O6, %: C 57.5; H 3.7; N 11.8. 
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