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By the ca t a ly t i c  hydrogena t ion  (5% of Rh on A12Oa) of o ro t i c  ac id  and its d e r i v a t i v e s ,  D L - 4 , 5 - d i h y d r o o r o t i c  and 
D L - l - m e t h y l -  and D L - 1 , 3 - d i m e t h y l d i h y d r o o r o t i c  ac ids  have been obtained.  A number  of sa l t s  of D L - 4 , 5 -  
d ihyd roo ro t i c  ac id  with a m i n e s  have  been syn thes ized .  

D ihydrooro t i c  a c i d s  have been obta ined by the cyc l i za t ion  of L - ,  D- ,  and D L - N ~ - e t h o x y c a r b o n y l a s p a r a g i n e s  [1], 
and a l so  by the reduc t ion  of o ro t i c  ac id  (Ia) in the p r e s e n c e  of A d a m s  c a t a l y s t  a t  e leva ted  p r e s s u r e  and t e m p e r a t u r e  [2], 
o r  with 3% sodium a m a l g a m  [3]. In the l a s t  method,  the  r e a c t i o n  is c a r r i e d  out in an a mmon ia c a l  medium,  and during 
the r e a c t i o n  the mix tu re  becomes  m o r e  a lka l ine  and the r i s k  a r i s e s  of decompos i t ion  of the d ihydrooro t i c  ac id  at  the 
1 ,6-  bond with the fo rma t ion  of u r e i d o s u c c i n i c  ac id .  
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In o r d e r  to obtain D L - 4 , 5 - d i h y d r o o r o t i c  ac id  (IIa) we have developed a method for  the ca ta ly t i c  hydrogenat ion  of 
o ro t i c  ac id  ove r  5% Rh on A12Oa, which select ix(ely hydrogena tes  the 4 ,5-  double bond of 2 ,6-dih~cdropyr imidines  at  a t -  
m o s p h e r i c  p r e s s u r e  and room t e m p e r a t u r e  [4]. Because  of the poor  so lub i l i ty  of Ia, i ts  s a l t  with n -bu ty l amine  was 
used  as  the s t a r t i ng  m a t e r i a l .  Af t e r  the r eac t ion ,  the IIa was i so la ted  by ac id i f i ca t ion  with HC1. 1 -Methy ld ihydrooro t i c  
ac id  (]Xb) was obtained s i m i l a r l y .  1 , 3 ' D i m e t h y l d i h y d r o o r o t i c  ac id  (IIe) was obtained by the d i r e c t  hydrogena t ion  of  I c .  

Table  1. Sa l t s  of D L - D i h y d r o o r o t ! c  Acid  with Amines  

IIIa 
nIb 
IIIc 
IIId 

IIIe 

IIIf 

IIIg 
IIIh 

IIIi 

Amine 

[ a-alanine 
Inj i Allylamine 

n-Propylamine A 
n-Butylamine A 
Diethylamine A 
Di-n-propylamine A 

Di-n-butylamine A 

Morpholine A 
B 

L-Arginine B 
Methyl ester of 

DL-methionine B 

DL-methionine 
Methyl ester of 
DL-fl-phenyl- 

B 
B 

Found, % 

Mp, ~ Empirical formula 
C 

a I 
183--185 [ CsH6N,~O4" CsHgN 44,64 
184--186b[ CsH~N204" C4H.N 46,58 
195--196 c CsH6N20," C4HI,N 46,29 
189--193 d CsH6N~O4" C6HIsN 51,47 

181--186a / CsH6N204" CsHmN 54,14 

225e /CsH6N204"C4HgNO 44,02 

247 e JCsH6N204'C~HI~N40:39.65 
151--154c/CsH6N~O4"C6HgNO~S 41,38 

188b /CsH6N204'CI~ 53,60 

183--185bj CsH~NeOg �9 C3H7N !44,65 

Calculated, % 

H N C H N 

7,11 19,71 44,241 6,96 19,34 
7,2618,58 46;73 7,41 18,17 

7'09 16,70 50,94 / 8,16116,20 
17,9346,737,41118,17 

8,14 

8,90 14,96 54,31 8,77 14,62 

6,44 16,97p4,08 / 6,16 17,13 

6,17 25,29 39,64 6,31 25,26 
5,99 13,4041,11 5,96 13,08 

5,62 12,55/53,39 / 5,68 12,46 

5.15 19,54/44.66 j 6,09 19,53 

a F r o m  methanol ,  b F r o m  ethanol .  CFrom a mix tu re  of ethanol  and e the r .  
d F r o m  a mix tu re  of ethanol  and e the r ,  e F r o m  aqueous ethanol .  
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In o r d e r  to s tudy t h e i r  phys io log i ca l  ac t iv i ty ,  we have syn thes i zed  a number  of s a l t s  of D L - d i h y d r o o r o t i c  ac id  with 
amines  (IIIa-j)  (see Table  1). Some of the sa l t s  were  obtained by hydrogena t ing  the c o r r e spond ing  sa l t s  of the ac id  Ia 
(method A), and o the r s  were  syn thes i zed  by the r eac t i on  of the ac id  IIa with amines  in wa te r  (method B). 

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

The 5% Rh on A1203 c a t a l y s t  [5] and the 1 - m e t h y l -  and 1 ,3 -d ime thy lo ro t i c  ac ids  (Ib, c) [6] were  obta ined by pub-  
l i shed  methods .  The s a tu r a t i on  of the double bond was d e t e r m i n e d  by the d i s a p p e a r a n c e  of the abso rp t ion  max imum at 
278 nm (pH 7) which is c h a r a c t e r i s t i c  for  o ro t i c  ac id  and its methyl  d e r i v a t i v e s ,  and by ascending  p a p e r  c h r o m a t o g r a p h y  
on FILTRAK FN-1  p a p e r  in the following s y s t e m s :  n-C4H9OH--CH3 COOH-H20  (2 : 1 : 1) ( sys t em 1) and i-C~HTOH-1N 
NH4OH (7 : 3) ( sys t em 2). In s y s t e m  1 and 2 the Rf va lues  of IIa were  ident ica l  with the Rf va lues  of I I Ia - j  (yellow spots  
a f t e r  t r e a t m e n t  with 1 N NaOH and E h r l i c h ' s  r e agen t  [7]). Compounds IIb and c did not give a co lo r  with E h r l i c h ' s  r e -  
agent  and t h e r e f o r e  t h e i r  Rf va lues  were  not d e t e r m i n e d .  

D L - 4 , 5 - D i h y d r o o r o t i c  ac id  (lIa). A suspens ion  of 4 g of Ia in 250 ml of w a t e r  was t r e a t e d  with 2.5 ml of n - b u t y l -  
amine  and was then heated until  the Ia had d i s so lved ,  a f t e r  which the solut ion was cooled to room t e m p e r a t u r e  and 2 g 
of 5% Rh on A1203 was added.  With v igorous  shaking,  hydrogena t ion  was c a r r i e d  out at  r oom t e m p e r a t u r e  and a t m o s p h e r -  
ic p r e s s u r e  for  8 hr .  The amount  of hydrogen  a b s o r b e d  was 665 ml (ca lcula ted  t h e o r e t i c a l l y  620 ml).  The ca t a ly s t  was 
f i l t e r e d  off, and the solut ion was evapora t ed  in vacuum to a volume of 85 ml and was s lowly,  d ropwise ,  ac id i f i ed  with 
HC1 until  the fo rma t ion  of a p r e c i p i t a t e  was f i l t e r e d  off to give  3.95 g of IIa.  It was r e c r y s t a l l i z e d  f rom wa te r .  The 
y ie ld  of the monohydra te  of IIa was 3.4 g (75%). It was d r i e d  in vacuum over  P205 at  70~ Mp 260~ (accord ing  to the  
l i t e r a t u r e  [1], mp 259~ Rf 0.42 ( sys tem 1) (accord ing  to the l i t e r a t u r e  [7], Rf 0.43); Rf 0.55 ( sy s t e m 2). Found %: 
C 38.04; H 3.77; N 17.48. ChH6N204. Ca lcu la ted  %: C 37.98; H 3.80; N 17.72. 

D L - 1 - M e t h y l - 4 , 5 - d i h y d r o o r o t i c  ac id  (IIb)~ In a s i m i l a r  manner  to the syn thes i s  of Ha, f rom 1.09 g of Ib arid 0.63 
ml of n -bu ty l amine  in 100 ml of w a t e r  in the p r e s e n c e  of 1 g of 5% Rh on A1203 was obta ined 0.9 g (81%) of l ib.  Mp 217- 
218~ A f t e r  c r y s t a l l i z a t i o n  f rom ethanol ,  it  was d r i e d  in vacuum ove r  P205. Mp 227-228~ Found %: C 42.10; H4.75;  
N 15.98. C6HsN204. Ca lcu la ted  %: C 41.85; N 4.68; N 16.28. 

D L - 1 , 3 - D i m e t h y l - 4 , 5 - d i h y d r o o r o t i c  ac id  (IIc). A solut ion of 2.5 g of Ic in 100 ml of w a t e r  was t r e a t e d  with 2 g 
of 5% Rh on A1203 and hydrogena t ion  was c a r r i e d  out with v igorous  shaking for  8 hr .  The c a t a l y s t  was f i l t e r ed  off and 
the solut ion was evapo ra t ed  in vacuum at  40~ to d r y n e s s .  The r e s i d u e  was d i s so lved  in 20 ml of absolu te  methanol ,  
and the solut ion was again  evapo ra t ed  to d r y n e s s  with the fo rma t ion  of an o i ly  r e s i d u e  which p a r t i a l l y  c r y s t a l l i z e d  on 
s tanding for  two days  in the r e f r i g e r a t o r .  The c r y s t a l s  we re  s e p a r a t e d  off and washed with e ther  and were  then d r i e d  
in vacuum over  P205 . This  gave 0.9 g (35%) of IIc. Mp 115-117~ Found %: C 44.86; H 5.69; N 15.12. CTH10N204. Ca l -  
cu la ted  %: C 45.15; H 5.79; N 15.05. 

Sal t  of D L - 4 , 5 - d i h y d r o o r o t i c  ac id  with m0rphol ine  (IIIf)~ A) A mix ture  of 1 g (6.4 raM) of Ia and 0.50 ml  (6.4 raM) of 
morpho l ine  in 100 ml of w a t e r  was hydrogena ted  in the p r e s e n c e  of i g of 5% Rh on A1203 for  8-10 hr.  Then the mix tu r e  
was f i l t e r e d  and evapora t ed  under  vacuum to the min imum volume,  a f t e r  which ethanol  p r e c i p i t a t e d  1.2 g (77%) of IIIf. 
Mp 225~ (decomp.) .  

B) A suspens ion  of 0.72 g (4.1miVi) of the monohydra te  of IIa in 30 ml of w a t e r  was t r e a t e d  with 0.32 ml (4.1 mM) of 
morphol ine  and shaken unt i l  the so l id  m a t t e r  d i s so lved ,  and then it was f i l t e red ,  evapo ra t ed  to the min imum volume,  and 
p r e c i p i t a t e d  with ethanol .  Yield 0.77 g (71%). Mp 225~ (decomp.) .  
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