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Alkylamides of DL-4 ,5-d ihydrooro t ic  acid were  synthesized by catalytic hydrogenation (5~c 
Rh on A1203). The react ion of the n-butyl  es te r  of DL-4 ,5-d ihydrooro t ic  acid with alkyl-  
amines and hydrazine  gave N,N'-dia lkylamides ,  the dihydrazide of DL-ureidosuccinie  acid, 
and the hydrazide of DL-4 ,5-d ihydrooro t ic  acid. The products  of the condensation of the 
lat ter  with a romat ic  aldehydes were  obtained. 

The goal of this study was the prepara t ion and investigation of the previously undescribed amides of 
DL-dihydroorot ie  acid (IIa-f), which are of in teres t  as potential antimetabolites of dihydroorot ic  acid - 
the p r e c u r s o r  in the biosynthesis  of pyrimidines de novo. The catalytic hydrogenation of amides of orotic 
acid (Ia-fl [1-4] over  5% Rh on AI203 [5] was chosen for the synthesis :  

0 0 
~l tI 

l t ~  H 2 HN 
5% Rh/AI~% 

H tl 

I a-.f Jl a-f 

I;II ,a R It; b R=CHa; C R=C2Hs; d R=n-C3HT; 6 R=n-C4Hg; f R=n-CsHI1 

The yields of hydrogenated amides I Ia - f  are  low and va ry  as a function of radical  R (see Table 1) : 
the solubility of s tar t ing  amides Ib-f  inc reases  as the size of the radical  inc reases ,  as do the yields of 
hydrogenated products .  In all cases ,  the react ion mixture af ter  hydrogenation contains a small  amount of 
the s tar t ing compounds. (The absorption maximum of low intensity at 285 nm that is charac te r i s t i c  for 
amides of orotic acid (Ia-f) is retained in the UV spec t rum of an aqueous solution.) The low yields of I Ia-  
f a re  due i n p a r t  to the difficulties involved in the separat ion of amides of orotic and dihydroorotic  acids,  
which is accomplished by repeated crys ta l l iza t ion  f rom water .  

We proposed to accomplish the al ternat ive synthesis  of amides IIb-f  f rom the n-butyl  e s t e r  of DL-  
dihydroorot ic  acid (III) [6]. We have previously  shown [6] that amide formation is not observed in the r e -  
action of equivalent rat ios of III and amines at room tempera tu re .  Transes te r i f ica t ion  of III to the ethyl 
and methyl es te r s  of dihydroorot ic  acid occurs  in ethanol and methanol. 

When III is heated with excess  p r ima r y  amines ,  the 1,6 bond is cleaved to give the previously undo- 
scr ibed N,N'-dialkylamides  of ureidosuceinic  acid (IVa-e) in high yields (see Table 2). In contras t  to 
amines ,  a slight excess  of hydrazine hydrate  readily forms the hydrazide of DL-dihydroorot ic  acid (V) 
with e s t e r  III in absolute butyl alcohol at room tempera tu re .  Cleavage of III at the 1,6 bond to form the 
dihydrazide of ure idosuccinic  acid (IVf) is observed in the p resence  of a l a rger  excess  of hydrazine hy-  
drate at higher  t empera tu res .  

The s t ruc tures  and puri t ies  of the compounds obtained were  confirmed by paper chromatography and 
UV and IR spectroscopy. The ureido and dihydro derivatives do not have the absorption bands at 285-300 nm 
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TABLE 1o Y i e l d s  and P h y s i c a l  C o n s t a n t s  of  A m i d e s  and H y d r a -  

z i d e s  o f  D i h y d r o o r o t i c  A c i d  

Com- 
pound 

IIa 

b 
c 
d 

f 
V 

Via 

H 

CH3 
C2Hs 

n-C3H7 
n-C4H9 
n-CsHn 
NH2* 

V ~ 

>247 
(dec,) 

234--236 
1/99/191 

191--192 
19~9~9D 

Rf 

a b 

0,30 0,52 

0,49 0,67 
0,61 0,73 
0,70 0,79 
0,77 0,84 
0,81 0,86 

Empirical formula 

CsHvN3Os 

C6HgN30~ 
C7HIIN303 
CsHI3N303 
C~HIsN30~ 
CIoHIvNsOz 
CsHsN4Q 

N~ctl-- , ~ ' ~  

N = C H - - ~  - N(CH3) 2 - tlCI ']" 

N=CH-- (~ - -NO 2 

2&3 

224 

290 

CI2HI2N4Os 

C14HITNsO3. HC1 

CI2HIIN~O5. 

( T a b l e  1 c o n t i n u e d )  

Com- Found, % Calculated, % Yield, 
pound c H N N % 

IIa 
b 
c 
d 
e 
f 

V 
Via 

b 
c 

38,32 
42,1I 
45,12 
48,45 
50,77 
52,67 
34,81 
5,5,59 
49,44 
47,07 

4,41 
5,84 
6 26 
6,67 
7,37 
7,43 
4,89 
4,34 
5,33 
3,5,9 

27,38 
24,53 
22,59 
21,09 
19,36 
18,20 
32,80 
21,97 
20,76 
23,17 

3,8,22 
41,72 
45,23 
48,26 
50,70 
52,83 
34,90 
56,37 
49,50 
47,21 

C H 

4,49 
5,4"2 
5,96 
6,58 
7,09 
7,54 
4,69 
4,64 
5,34 
3.62~ 

26,74 
24,56 
22,55 
21,10 
19,71 
I8,48 
32,56 
21,52 
20,61 
22,94 

27 
9 

31 
45 
75 
77 
79 
96 
85 
82 

* R f  0 .69  (in s o l v e n t  s y s t e m  c) .  

F o u n d :  C1 9.98~o. C a l c . :  CI 10.43%o 

that are characteristic for the amides and hydrazide of orotic acid [I] and are developed on paper by means 
of the Erlich reagent (after treatment with 1 N NaOH in the case of the dihydro derivatives) [7]. An ex- 
ception to this is the hydrazide of dihydroorotic acid V, which itself gives an orange coloration with the 
Erlich reagent without prior alkaline cleavage of the 1,6 bond. In this case, the amino group of thehydra- 

zide condenses with p-dimethylaminobenzaldehyde. To confirm the structure of hydrazide V, we isolated 
the products of the condensation of VIa-c with aromatic aldehydes, which are formed almost quantitatively 
in acid media (see Table i). To avoid the formation of side products, it is necessary to use excess aldehyde. 

O 

O~:~....N~...COOC4H9 ~--o//C[.~.N/CH--CONHR 
tl H 
III IV a - f  

I NH2NH 

O 0 

%-C0H.-.,-. 
tl It 
V VI a-a 

IV a R=CHa; b R=C2Hs; c R=n-C3HT; d R=n-C4Hg; e R=n-CsHlt; f R=NH2; 

VI a RI=H; b Rt=N(CHa)2-HCI; c RI=NO 2 
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TABLE 2. Yields and Physical  Constants of N,N'-Dialkylamides 
and the Dihydrazide of Ureidosuecinie Acid 

C0m- { 
pound R 

]Va CHa 
b C2Hs 
c n-CaHv 
d n-C4H9 
e n-CsHn 
f NH2* 

'Mp, ~ --a~L~ - 

226--228 0 62 0 76 
224--226 i 0,82 [ 0,85 
214--215 0,92 0,90 
195--197 0,94 0,94 
193--194 0,96 [ 0,96 
184--18'5 

Empirical 
formula 

CrHI4N403 
CoH,sN4Oa 
C11H==N4Oa 
CIaH26N4Oa 
CisHaoN4Oa 
CsHI2N6Oa 

C H N N 

4q,51 
47,0(~ 
51,i3 
5422 
57,32 
29,37 

7.07 
7,88 
8,61 
9,40 
9,86 
5,95 

2791J4159 6,98 27,71 66 
24128 46171 t 8,2~8 ]24,23[ 74 
21,15 50,94 8,94 ]21,64165 
19,77 54,50] 9,i5119,56171 
18,01 57,t0] 9,91 17,76 67 
41,66 29,42 5,93 41, 6 93 

*Rf 0.76 (in solvent sys tem c). 

The IR spec t ra  of the synthesized compounds are  complex, and the interpretat ion of the individual 
absorption bands is ex t remely  difficult. An intense absorption of the carbonyl groups at i640-1730 cm -1 
is cha rac te r i s t i c  for the amides of dihydroorot ic  acid (for example,  IIe) and its hydrazide (V). The ab-  
sorpt ion band above 1700 cm -I vanishes when the ring is opened (for example,  for IVd and IVfl. The band 
at ~ 1550 cm -1 can be assigned to secondary  amide band 6Nit. All of the synthesized compounds have a 
number  of absorpt ion maxima at 3000-3500 cm -1, which are related to the vibrations of both bonded and 
free NH groups.  An additional, c lear ly  expressed VNH maximum above 3400 cm -1 (for example,  3430 cm -I  
for IVd and 3428 cm -1 for IVf) i s  cha rac te r i s t i c  for the ureido derivat ives in this region. 

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

Amides I a - f  were obtained by known methods [1-4], but the methyl e s t e r  of orot ic  acid recommended 
in [2, 4] was replaced by the readily access ible  n-butyl  es te r ,  which is more  soluble. The yields of am-  
ides Ia and Ib are  raised when the n-butyl e s t e r  is used.  

The R] values were  determined by ascending chromatography on Filtrax FN-12 paper in the follow- 
ing solvent sys tems :  a) bu tano l - ace t i c  a c i d - w a t e r  (2 : 1 : 1); b) isopropyl a l c o h o l - 1  N H4OH (7:3);  
c) isopropyl a lcohol-water - (NHr 4 (128 : 70 : 2). The physical  constants and yields of the synthesized 
compounds are  presented in Tables 1 and 2. 

�9 N,N' -Di -n-bu ty l -DL-d ihydrooro tamide  (IIe). A 2-g  (9.5 mmole) sample of N,N' -d i -n-buty loro tamide  
(Ie) [2] was suspended in 300 ml of ethanol,* 2 g of 5% Rh on A1203 was added, and the mixture was hydro-  
genated at a tmospher ic  p r e s s u r e  and room tempera tu re  for 12 h with vigorous shaking. A total of 220 ml 
of hydrogen was absorbed.  (The amount calculated f rom theory is 230 ml.) The catalyst  was removed by 
filtration, and the fil trate was evaporated to dryness  in vacuo. The product was recrys ta l l ized  f rom water .  
Alkylamides lib, c, d, f were  s imi la r ly  obtained. 

DL-Dihydroorotamide  (IIa). A 2.8-g (16 mmole) sample of the ammonium salt of amide Ia [4] was 
dissolved in 550 ml of distilled water ,*  1.5 g of 5% Rh on Al203 was added, and the mixture was hydro-  
genated for 10 h at room tempera tu re  and a tmospher ic  p r e s s u r e .  A total of 380 ml of hydrogen was ab-  
sorbed.  (The amount calculated f rom theory is 385 ml.) The catalyst  forms acotloid during the hydro-  
genation, f rom which it is freed by fi l tration of the solution through a layer  of s i l ica gel. The filtrate was 
vacuum evaporated to 80 ml and slowly acidified with acetic acid. The precipi tate  was removed by f i l t ra-  
tion and recrys ta l l ized  f rom water .  

N ,N ' -Di -n-bu ty l -DL-ure idosucc inamide  (IVd). A 1-g (4.7 mmole) sample of III was suspended in 
20 ml of absolute ethanol,  2 ml (20.4 mmole )o f  n-butylamine was added, and the mixture was refluxed for 
8 h. The solution was allowed to stand overnight,  and the precipi ta te  was removed by fi l tration and washed 
with e ther  to give 0.46 g of a white, amorphous substance with mp 189 ~ The filtrate was vacuum evap-  
orated to a volume of severa l  mi l l imeters ,  and the result ing precipi ta te  was removed by fil tration and 
washed with ether  to give another 0.49 g of a substance with mp 188 ~ The product was recrys ta l l ized  
f rom water .  

Alkylamides (IVc, e) were  s imi la r ly  obtained. 

* The use of an aqueous medium for the hydrogenat ion is undesirable ,  since the amides of dihydroorotic  
and orotic acids undergo s team disti l lation, and this complicates  the isolation of the react ion products .  
t A n  aqueous medium was used,  since the ammonium salt of amide Ia does not undergo s team distillation. 
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N ' N ' - D i m e t h y l - D L - u r e i d o s u c c i n a m i d e  (IVa). A 1-g (4.7 mmole)  sample  of m and 10 ml  of 40% ab-  
solute methanol  s a tu ra t ed  with meLhylamine w e r e  sea led  in an ampul ,  and ~he mixture  was heId at room 
t e m p e r a t u r e  for 24 h. The prec ip i ta te  was removed  by f i l t rat ion and rec rys ta l l i zed  f rom wa te r .  

N ,N ' -  D ie thy l -DL-ure idosucc inamide  (IVb) was s i m i l a r l y  obtained f rom 1 g (4.7mmole) of III  and 
4 mi  (62 mmole} of e thy lamine .  

DL-Dihydrooro t ic  Acid Hydraz ide  (V). A 0.5-ml {10.3 mmole) sample  of hydrazine  hydra te  was 
added to a suspension of 0.5 g (2.3 mmole) of Ill in 25 ml of absolute butyl alcohol, and the mixture was 
stirred at room temperature for 3 h. The mixture became homogeneous, after which a white precipitate 
formed. The precipitate was removed by filtration to give 0.39 g of the hydrate of V with mp 186 ~ Re- 
crystallization from water and vacuum drying gave V. 

DL-Ureidosnccinic Acid Dihydrazide (IVf). A l-g (4.7 mmole) sample of III was suspended in 35 ml 
of  absolute bu ty la leoho l , and  4 ml (82.4 mmole)  of hydrazine  hydra te  was added. Compound III dissolved,  
and the c l e a r  solution was refluxed for  4 h until a p rec ip i t a te  appeared .  The mixture  was cooled, and the 
p rec ip i ta te  was removed  by f i l t ra t ion to give 0.9 g of IVf. The product  was c rys ta l l i zed  f r o m  the min imum 
amount  of w a t e r  containing act ivated charcoa l .  

DL-Dihydrooro t ic  Acid p-Dimethylaminobenzyl idenehydraz ide  t lydrochlor ide  (VIb) o A 0.172-g (1 
mmole)  s ample  of V was suspended in a mix ture  of 15 ml of ethanol and 7 ml of dioxane (the la t ter  was 
added to improve  the solubil i ty) ,  and 0.2I g (1.4 mmole) of p -d imethylaminobenza ldehyde  and 1 ml of 15% 
hydrochlor ic  acid w e r e  added. The mix tu re  was s t i r r ed  at room t e m p e r a t u r e  for  1 h and allowed to stand 
overnight .  The orange prec ip i ta te  was removed by f i l t ra t ion and washed with alcohol and e ther  to give 
0.29 g of VIb. 
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