
DERIVATIVES OF 2, 6-DIHYDROXY-4, 

II*. ESTERS OF DL-DIHYDROOROTIC ACID 

D. Ya. Sniker, l~. I. Stankevich, 
and G. Ya. Dubur 

5-DIHYDROPYRIMIDINES. 

UDC 547.853.5.854 : 542.941.7 

E s t e r s  of DL-d ihydrooro t ic  acid have been obtained by catalyt ic  hydrogenat ion of e s t e r s  of 
orot ic  acid (using PtO 2 and 5% Rh on A1203 as cata lys ts) ,  and by es te r i fy ing  DL-d ihydro -  
orot ic  acid. T ranses t e r i f i c a t i on  is obse rved  with butyl d ihydroorota te  in the p r e s e n c e  of 
secondary  amines ,  and this e s t e r  is hydrolyzed in acid and alkaline media  to d ihydroorot ic  
and ure idosuccin ic  acid, r e spec t ive ly .  

We have desc r ibed  in a p rev ious  communica t ion  [1] a new synthes is  of DL-dihydrooro t ic  acid (I). We 
now descr ibe  the synthes is  and examinat ion of the hi therto unknown e s t e r s  of DL-d ihydrooro t ic  acid (IIIa-  
d). We have obtained these  e s t e r s  by es te r i fy ing  DL-dihydrooro t ic  acid, by cata ly t ic  hydrogenat ion of the 
e s t e r s  of orot ic  acid (IIa-d), and by t r anses t e r i f i ca t i on  of butyl d ihydroorota te  (Hid). 
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C R =  g H T ; d  R = C4H 9 IV 

As a r e su l t  of the poor  solubili ty of orot ic  acid in methanol  and ethanol, the p repa ra t ion  of IIa and b 
is  attended with cons iderable  difficulty [2]. This method is suitable for  the p r epa ra t i on  of n -p ropy l  and 
n-butyl  o ro ta tes  [3, 4] (IIc and d). I Ia  and b were  obtained f rom orotyl  chlor ide [4, 5]. Apparent ly  as a r e -  
sult of the higher  solubil i ty of d ihydroorot ic  acid in alcohols,  i ts  veloci ty of es te r i f i ca t ion  is much  higher 
than that  of orot ic  acid. On boiling I in alcoholic solution in the p r e sence  of concent ra ted  sulfur ic  acid 
(method A see Table 1), r eac t ion  was comple te  in one h. 

The ca ta lys t s  used  in the p repa ra t ion  of I I Ia -d  f rom I Ia -d  by hydrogenat ion were  PrO2 (method B, 
see  Table 1), and 5% rhodium on a luminum oxide [6] (method C) [7]. The r e su l t s  showed that, f i r s t ly ,  the 
y ie lds  in the sa tura t ion  of the 4-5  bond with hydrogen in p r e s e n c e  of PtO 2 were lower  than when rhodium 
was used, and secondly,  that  the y ie lds  of hydrogenat ion products  i nc reased  with inc reas ing  size of R. 
The la t t e r  effect  is probably  due to the inc reased  solubil i t ies  of e s t e r s  of orot ic  and dihydroorot ic  acid 
with inc reas ing  size of the alkyl  group.  

It  is in te res t ing  that  when ethanolic and methanolic solutions of Kid were  t r ea t ed  with p r i m a r y  or 
secondary  amines  (morpholine or  n -amylamine) ,  ins tead of the expected amides ,  t r anse s t e r i f i c a t i on  
o c c u r r e d  rapidly  to give the methy l  and ethyl e s t e r s ,  I IIa  and b, in ve ry  high yie lds  (method D). 

* For Part I, see [i]. 
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TABLE 1. E s t e r s  of Dihydroorot ic  Acid 

Coil'l- 
pound R 

IIl:a. CH3 

IIld ] n-C4H9 

20~  0,64 0.49 C6HsN204 

177 ]0,74] 0,52 ICTHIoN204 
141 10,8110,55t CsHI2N204 

__ 0,50 CgHI4N204 141  0s4 

Found, % 

c l . I .  
Ca~:ulated, Yield, % * 

. A t  tc ID 
I / 

42,0 4,7 16,4 41,8/4,6] 16,2 81 9 40 76 

45'515'4~15'0/ 45'215'4' I15'017~ ]10 ~0 71 
48,116,0J 14,1] 48,0 ~ 14,0]--] 

*Methods of synthesis :  A) Es te r i f i ca t ion  of d ihydroorot ic  acid; 
13) Hydrogenation with PtO2; C) Hydrogenation with 5% rhodium 
on A1203; D) Transes t e r i f i ca t ion  of IIId (a - y i e l d  a f te r  r e c r y s -  
ta l l izat ion f r o m  water) .  

1 and 2 a r e  the s y s t e m s  desc r ibed  in the Exper imenta l .  

We have examined the hydrolyt ic  s tabi l i ty  of IIId in acid and alkaline media .  The l i t e ra tu re  r e c o r d s  
[8] that  dihydroorot ic  acid is  degraded in acid media  to ure idosucein ic  acid. We have c a r r i e d  out the hydro-  
lys i s  of ]lid in ~0.6 N IIC1 by boiling for  3 h, when the main  product  was dihydroorot ic  acid, with only 
t r a c e s  of ure idosuccin ic  acid (IV), detected by chromatography .  This is in a g r e e m e n t  with l i t e ra tu re  r e -  
sul ts  [9] on the acid hydro lys i s  of the d ihydrouraci l  ring, in which the equi l ibr ium between the open-chain 
and r ing f o r m s  is  shifted in the d i rec t ion of the open-chain  fo rm in 5 N HC1 (and s t ronge r  acid). Alkaline 
hydro lys i s  of IIId r e su l t s  in rapid  f i ss ion of the 1-6  bond to give ure idosuccin ic  acid. 

EXPERIMENTAL 

Saturation of the double bond was determined by disappearance of the absorption maximum (kmax 
284 nm, pH 7) eharaeteristie of esters of dihydroorotic acid, and by ascending paper chromatography in 
systems I (CH3COOH : n-C4HgOH : H20 , 1:2:1); 2 (i-C3HTOII : 1 N NH4OH , 7:3); 3 (CH3COOII : n-C4HgOII : 
H20, 1:4 : i). The paper used was FILTRAK FN-12, and the spots of Ilia-d, IV, and I were developed with 
Erlieh's reagent [10]. 

Elementary analyses were obtained on IIIa-d obtained by catalytic hydrogenation over 5% Rh on AlzO 3. 
The identity of the esters obtained by the other methods were established by the absence of depression of 
the i r  m p ' s ,  and by p a p e r  ch romatography .  

nyButyl Dihydroorota te  (IIId). A_J A port ion of I monohydra te  0.42 g [(2.4 mmole)]  was suspended in 
2 5 m l  of n-butanol,  0.1 ml  of cone. H2SO 4 was added, and the mix tu re  was boiled fo r  0.5 h. The mix tu re  
was cooled and f i l te red  to give 0.29 g of IIId. Addition of e the r  to the mothe r  l iquors  p rec ip i ta ted  a fu r ther  
0.1 g of IIId. Overa l l  yield 0.39 g (76.5%), mp 141 ~ (from water) .  

B). A por t ion of lid [0.5 g (2.4 mmole)] and 0.5 g of P r o  2 were  suspended in 100 ml of water ,  
and hydrogen was introduced at a tmospher i c  t e m p e r a t u r e  and p r e s s u r e  until  no m o r e  hydrogen was taken 
up. The ca ta lys t  was f i l te red  off, and the res idue  a f te r  evaporat ion to d rynes s  was c rys ta l l i zed  twice f r o m  
the min imum amount of water  (the solid should p r e f e r a b l y  not be d isso lved  comple te ly  in the water,  since 
IId r e m a i n s  in the res idue  on account of i ts  low solubility) to give 0.15 g of IIId. 

C_~) A port ion of IIId [0.5 g (2.4 mmole)]  and 0.2 g of 5% Rh on A1203 were  suspended in 100 ml  of 
water ,  and hydrogenated at 20 ~ and 778 m m  p r e s s u r e  until  absorpt ion of hydrogen was comple te  (76 m l  
a f te r  15 h). The ca ta lys t  was f i l te red  off, and the f i l t ra te  was evapora ted  to d rynes s  in vacuo. R e c r y s t a l l i -  
zation f r o m  wate r  gave 0.35 g of tIId. 

Methyl Dihydroorotate  (IIIa). To a suspension of 1.07 g (5 mmole)  of IIId in 25 ml  of methanol  was 
added 0,82 ml  (~10 mmole)  of morphol ine,  and the mix tu re  was  s t i r r ed  fo r  2 h. While s t i r r ing ,  IIId d i s -  
solved, and a new prec ip i ta te  separa ted .  This was f i l t e red  off and washed with e ther  to give 0.67 g of IIIa.  

Hydrolys is  of I~d. At A port ion of ]lid [0.3 g (1.4 mmole)]  was suspended in 20 ml  of water,  1 ml  of 
cone. HC1 was added, and the mix tu re  was boiled for  3 h. The solution was evapora ted  in vacuo to 7 ml, 
and cooled. The solid was f i l te red  off to give 0.13 g (59%7 of I, mp  258 ~ [8], Rf 0.42 ( sys tem 1); Rf 0.22 
(sys tem 3). Ureidosuccinio acid, Rf  0.45 ( sys tem 3) was detected in the f i l t rg te  [11]. 
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B) An amount of NaOH [0.16 g (4 mmole)] was dissolved in 20 ml of water, 0.4 g (~2 mmole) of IIId 
was added, and the mixture was boiled for 3 h. After keeping overnight, it was acidified to pH 2, concen- 
trated to 5 ml, and cooled. The solid was filtered off, washed with 5 ml of water, and reerystall ized from 
water to give 0.1 g (30%) of ureidosuccinic acid, mp 180 ~ [12], Rf 0.45 (system 3) [11]. 
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