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H E T E R O C Y C L I C  C O M P O U N D S  B A S E D  ON M A L E I C  

A C I D  M O N O U R E I D E  

1. STRUCTURE AND TRANSFORMATIONS OF THE PRODUCT OF 

BROMLNATION OF MALEIC ACID MONOUREIDE 

I .  K .  Y u r g e v i t s ,  ]~. L .  K u p c h e ,  
a n d  U.  Y a .  M i k s t a i s  

UDC 547.781'787'854.9'867.2:541.61 

The products of the bromination in water of maleic  acid monoureide and its methyl e s t e r  have 
the 2- imino-5-bromocarboxy(carbomethoxy)methyl -4-oxazol idone  s t ruc ture .  2 - Imino-5-b romo-  
carboxymethyl-4-oxazol idone undergoes dehydrobromination in aprot ic  polar solvents to give 2- 
imino-5-carboxymethyl idene-4-oxazol idone.  In the p resence  of dry hydrogen chloride in dimethyl-  
acetamide the oxazole ring undergoes dehydrobromination and isomerizat ion to an imidazole ring 
with the formation of 5-earboxymethyl ideaehydaatoiu.  Methyl c~-bromofumarate monoureide is 
formed when the oxazole ring of 2- imino-5-bromocarbomethoxymethyl -4-oxazol idone  is opened 
with alkali .  

Promis ing methods for the synthesis  of orotic acid (II) and its salts  have been developed on the basis of 
the halogenation of maleic  acid monoureide (I) [1-4]. 
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NH2CONHCOCH=CH--COOH 
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H 

The l i t e r a tu re  contains cont rad ic tory  data r e l a t ive  to the s t r u c t u r e  of the product  of brominat ion of 
male ic  acid monoureide  in water .  Cavall i to and Smith [5] proposed a f l -b romomale ic  acid monoure ide  s t r u c -  
tu re  for  the brominat ion product .  La te r  [4], a cyclic s t ruc tu re  was adopted for  brominat ion product  III on the 
bas i s  of the p r e sence  in the PMR s pec t rum  of the products  of brominat ion of male ic  acid monoureide  and i ts  
methyl  e s t e r  of s ignals  of C H - C H  pro tons ,  which contradic t  the f l -b romomale ic  acid monoure ide  s t ruc tu re .  

However ,  the format ion  of four i s o m e r i c  cyclic  s t r uc tu r e s  (III-VI) is poss ib le  in the case  of i n t r amo lec -  
u lar  cycl izat ion of the hypothetical  in t e rmed ia tes  in the brominat ion:  

O O 
I1 H , H H 

H N ' /~ "~  Br H N /~ ,~Br  o  Acoo, l-coo, 
H 11 l] 

0 }t H 
I11 IV V Vla ,b  

Vl aR=H;  b R=CH 3 

In the p re sen t  r e s e a r c h  a study of the dehydrobrominat ion and ring opening made it  poss ib le  to es tabl i sh  
a 2 - i m i n o - 5 - b r o m o c a r b o x y  (carbomethoxy)methyl -4-oxazol idone  s t ruc tu re  (Via, b) for  the products  of b romina -  
tion of male ic  acid monoure ide  and i ts  methyl  e s t e r .  

The brominat ion product  is conver ted to a carboxymethyl idenehydantoin (VII) in solution in d imethy l fo r -  
mamide  (DMF) in the p r e s e n c e  of dry hydrogen chloride.  2 - Imino-5 -ca rboxymethy l idene -4 -oxazo l idone  (VIII) 
[6] was isolated in the dehydrobrominat ion of VI under conditions that do not lead to i somer iza t ion  of the oxa-  
zole r ing to an imidazole  such a s ,  for  example ,  by the action of apro t ic  polar  solvents  [dimethyl sulfoxide 
(DMSO), d ime thy l fo rmamide  (DMF), and d imethylace tamide  (DMA)]. 

The format ion  of oxazolidone VIII and VII in the dehydrobrominat ion of the b romo  product  excludes the 
5 - b r o m o - 5 , 6 - d i h y d r o o r o t i c  acid s t ruc tu re  (IH). 

T r e a t m e n t  of e s t e r  VIb with an equimolar  amount of po tass ium hydroxide in water  g ives  a product  of 
opening of the oxazole r ing ,  v i z . ,  methyl  ~ - b r o m o f u m a r a t e  monoureide  (IXb). Under these  conditions f r ee  acid 
Via f o r m s  Villa.  

The IXa ,b  s t ruc tu re  was de te rmined  by a compar ison  of the exper imenta l ly  found chemical  shifts  of the 
olefin protons at tached to the Cfl a tom with the calculated value with al lowance for  the chemical  shift of the 
proton at tached to the Cfl a tom of a model (fumaric acid monoureide) and the shielding constant of b romine  
(atrans) for  olefin protons [7]. 

O,~CH--COOR DMF + Hcl DivIF 
v la ,b  

HN~NH 10H~ 

VII a ,  b 
tl \ / C O 0  R 

C=C 
NH2CONHC / \Br  

11 
O 

I X b  

V I I - I X  a R =H; b R=CH 3 

O~____~H--COOR 
HNvO 

LL NH 
VIII a, b 

The calculated value of the chemica l  shift  of the olefin proton attached to the Cfl a tom for IXb (53_Hcal c 

7.76 ppm) is in good a g r e e m e n t  with the exper imenta l ly  found value (63_Hexp 7.83 ppm). The d i f ference  in the 

exper imenta l ly  found chemical  shifts  of the protons  attached to the Cfl a tom of methyl  e s te r  IXb (5 7.83 ppm) 
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T A B L E  1. C h a r a c t e r i s t i c s  of the  Synthes ized  Compounds  

Com- 

pound mp, "C 

Via 149--150 
(dee,) 

VIb 144--145 

VIIIa 280 
(dee.) 
>360 
(sb 

VIIlb 217--219 
(_dee.) 

IXb 198--20Q 

IXa 188 

X 161--16~ 

XI 177--178 

PMR speetnlm, 6. ppm 
(ds-DM80) 

4,98 d, (I=2,6 Hz), 1H 
(C11); 5,26 d (I= 
=2,6 Hz), 1H (CH); 
8,75 s a, 3H (NHand 
COOH) 

3,80 s, 3H (CHz); 5,16d. 
(I=2,9Hz.), 1H (CH); 
5,31 d (J=2,9Hz), IH 
(CH); 8,70 s a 1H 
(NH); 8,81 s a , 1H 
(NH) 

5,74 s IH (C~CH);] 
8,38s a, 2H (NH) a 

3,77 s, 3H (CHa); 5,81 s, 
IH (C=CH); 9,50 s a 
2H (NH) 

3,88 s, 3H (CH3): 7,47 s a, 
2H (;NH2); 7,83 s 1H 
(CH=C); 10,61sa,, 1H 
(NH) 

7,52 s, 2H (NH2); 7,77s, 
tH (CH=C); 10,63s a', 
1H (NH) 

4,74 m, 2H (CH--CH); 
7,45 sa-, 2H (NH~); 
10,72s a., 1H (NH) 

7,30 s, IH (CH=C); 
7,58 s a,  2H (NH2); 
10,72 s a, IH (NH) 

IR ~t.,-'um, cm "I t~ 
V spec- 

rum in H 2- 
04, Xmax, 
m, (log ~) 

1712 (sh), 1690 (sh), 
1650. 3360, 3300, 3215-- 
2500 (several bands) 

1735 ~h), 1725, 1678 
(sh), 1650, 1550, 1540 
/sh), 3310, 310~--2500 
fmveral bands) ~ 
1766, 1744, 1725, 1700 
(sh),1656,1572 e 

1745 (sh.), 1715, 1690! 
(sh), 1680 (sh), 1580, 
1560, 3260,3100, 3000-- 
2500 (several bands) 

1748 (sh), 1715 (sh) 
t~00, 1680, 1588, 1568 
3280, 3000--2500 (se- 
veral band~ 

1752, 1722, 1704, 1676 
1586, 1576 (sh); 3405, 
3300, 3260, 3200, 3140 

1725. 1708, 1696, 1644 
1592; 3400, 3300, 3210 
3175, 3070 

1712, 1694 (sh), 1672, 
1648 (sh), 1632 (sh). 
1576, 3420, 3390, 3320 
3230, 3150 

1725 (sh). 1712, 1688 
1660, 1594. 3375, 3325, 
3175,3050 

217 (4,33) 

219 (4,28}; 
248 (3,77) 

(sh) 

250 (4,36) 

250 (4,25) 

250 (3,71) 

220 (3,88) 

214 (3,84) 

216 (3,90}: 
250 (3,79) 

rYie!d, 
% 

83,5 

82 

77,5 

75 

100 

25 

100 

25 

a) Broad singlet, b) In mineral oi l  c) In dioxane, d) The 5COOH peaks here and for IXa 
(R = I4), X, and XI are found at 9.5-13.5 ppm. 

and f r e e  ac id  IXa (5 7.77 ppm) c o r r e s p o n d s  to  the  d i v e r g e n c e  of the  sh ie ld ing  cons tan t s  fo r  the  olef in p ro tons  

of the e s t e r  and ca rboxy  g r o u p s  [7]. The  c h e m i c a l  sh i f t s  of the  olef in  p ro tons  a t t ached ,  r e s p e c t i v e l y ,  to the  

C and C a t o m s  ca l cu l a t ed  f o r / 3 - b r o m o f u m a r i c  ac id  /3 -monoure ide  (XI) and a -  and f l - b r o m o m a l e i c  ac id  /3- 

m o n o u r e i d e s  d i f f e r  c o n s i d e r a b l y  f r o m  the  v a l u e s  fo r  I X a , b .  

The  loca t ion  of the  b r o m i n e  a t o m  a t  C a in I X a , b  was c o n f i r m e d  by a c o m p a r i s o n  of the c h e m i c a l  sh i f t s  

of the C and C a t o m s  in the  i3c NMR s p e c t r a  of I X a , b  and XI,  r e s p e c t i v e l y ,  and a l s o  by me thy l a t i on  of IXa. a 
13 The  d i f f e r e n c e  in the  C c h e m i c a l  sh i f t s  of the  Cfl a t o m s  fo r  I X a , b  (6 134.16 ppm fo r  IXa and 5 135,26 ppm for  

IXb) and C a a t o m s  fo r  XI (5 130.32 ppm) i s  in a g r e e m e n t  wi th  the  concep t  of the  d i s t r i bu t ion  of the  e l e c t r o n  

dens i ty  in the  IX and XI m o l e c u l e s .  

F r e e  a c i d s  IXa and XI w e r e  obtained by d e h y d r o b r o m i n a t i o n  of a , / 3 - d i b r o m o s u c c i n i c  ac id  m o n o u r e i d e  (X), 
which  i s  f o r m e d  in t he  b r o m i n a t i o n  of I in 1 , 2 - d i c h l o r o e t h a n e .  The  loca t ion  of b r o m i n e  a t  C a in I X a , b  e x c l u d e s  
t he  p o s s i b i l i t y  of the  2 - i m i n o - 5 - b r o m o - 5 , 6 - d i h y d r o - 6 - c a r b o x y  ( c a r b o m e t h o x y ) - i ,  3 - o x a z i n - 4 - o n e  s t r u c t u r e  fV) 
fo r  the cyc l i c  b r o m o  p roduc t .  

Br~in C2H4CI2 
, "  - - ~  NH~CO N H COCII--CII--COOH 

J 
Br Br 

--HBt 

~a- B r \ c _ c / C O O  H 
IX a § NH2CONHC/ -- \H 

It 
O 

XI 

The 5 - b r o m o c a r b o x y m e t h y l h y d a u t o i n  s t r u c t u r e  (IV) was r e j e c t e d  in [4] b e c a u s e  of the a b s e n c e  of the 

vC = O abso rp t ion  band a t  ~1780 cm - i  tha t  i s  expec ted  in the IR s p e c t r a  fo r  a hydantoin s t r u c t u r e .  A study 
of the  IR s p e c t r a  c o n f i r m s  s t r u c t u r e  u  As a c o n s e q u e n c e  of r o t a t i o n a l  i s o m e r i s m ,  two v C = O  bands a t  1766 
and 1744 cm -1 a r e  o b s e r v e d  in the  IR s p e c t r u m  of a solut ion of VIb in d ioxane .  Only one band a t  ~1735  cm - i  
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(shoulder) is observed in the IR spec t rum of the solid. The data obtained a re  in agreement  with the resul ts  
of a study of the v C = O absorption of a - h a l o  ketones and es te rs  [8]. 

Thus in the bromination of maleic  acid ureide in water Br + adds to C a of maleic acid with the subse-  
quent formation of an oxazole ring as a consequence of in t ramolecular  nucleophilic addition of the oxygen 
atom of the carbiminol  form of the ureido group at the Cfi atom. 

The authors  thankS. I. Zav 'yalov,  I. Ya. Shternberg,  and I. P. Sekatsis for their  participation in the 
discussion of this r e sea r ch .  

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

The 1H and 13C NMR spectra  of solutions of the compounds in DMSO were recorded with a Brucker  
Physik Four ie r  WH-90 spec t romete r  (90 and 22.63 MHz, respectively) with te t ramethyls i lane  as  the internal 
standard.  The IR spect ra  of KBr pellets ,  suspensions in mineral  oil, and solutions in dioxane were recorded 
with a P e r k i n - E l m e r  325 spec t romete r .  The UV spectra  of aqueous solutions were recorded  with a Unicam 
SP-8000 spect rophotometer .  The compositions of the synthesized compounds were confirmed by the resul ts  
of e lementary  analysis .  The yields and charac te r i s t i c s  of the synthesized compounds a r e  presented in Table 1. 

The synthesis of 2- imino-5-bromocarboxy(carbomethoxy)metho-4-oxazol idone  (Via,b) was carr ied out 
by the methods in [3, 4]. 

Dehydrobromination of Via in the P resence  of Hydrogen Chloride. A 2.37-g (0.01 mole) sample of Via 
was dissolved in 15 ml of absolute DMF saturated with dry hydrogen chloride,  and the mixture was maintained 
at 25~ for 24 h and heated at 90~ for 2 h. It was then treated with ether,  and the precipi tate,  which was sus-  
pended in the water ,  was removed by fi l trat ion,  washed with water ,  and crysta l l ized f rom water to give 0.8 g 
(51.2%) of 5-carboxymethylidenehydantoin (VIia) with mp 360"C (dec.). The product was identical to the s tan-  
dard sample obtained in [4]. IR spec t rum (KBr): 3260, 3200 (NH); 3070 (CH); 1787, 1742, 1729, 1696 (C =O); 
1682, 1655 cm -1 (C-- C, NH). PMR spect rum (d6-DMSO), 6 :5 .50  (1H, s, C = CH), 10.4 s,  11.5 s,  and 9.5- 
13.5 ppm (a total of 3H, l - H ,  3-H, and COCH). 

Dehydrobromination of Via in Dimethylacetamide {DMA). A 2.37-g (0.01 mole) sample of Via was d is -  
solved in 15 ml of absolute DMA, and the solution was maintained at 25~ for 24 h. The mixture was worked 
up as in the preparat ion of VIIa and dried in vacuo [1 mm (mercury column)] at 97~ to give 1.35 g {77.5%) of 
2- imino-5-carboxymethyl idene-4-oxazol idone  (VILIa). 2- Imino-5-carbomethoxymethyl idene-4-oxazol idone 
(VIIIb) (in 75% yield) was s imi la r ly  obtained and isolated,  except that the react ion mixture was heated at 70~ 
for  1 h. 

The r ea r r angemen t  of 2- imino-5-carboxymethyl idene-4-oxazol idone  (VEIa) to 5-carboxymethyl idene-  
hydantoin (VIIa) was carr ied  out as in the case of dehydrobromination in the presence  of hydrogen chloride.  
The yield was 70%. The product was identical to the standard sample obtained in [4]. 

Methyl a - B r o m o f u m a r a t e  Monoureide (IXb). A 2.37-g (0.01 mole) sample of VIb was suspended in water ,  
and the suspension was cooled to 0-5~ and treated with 0.01 mole of cold aqueous potassium hydroxide solu- 
tion. The mixture was maintained at 10-15~ for  15 rain, and the resul t ing precipitate was removed by f i l t ra-  
tion, washed with water ,  and dried in vacuo. The yield was quantitative. 

a , f l -Dibromosucc in ic  Acid Monoureide (X). A 15.8-g (0.1 mole) sample of I was suspended in 100 ml 
of 1 ,2-dichloroethane,  and 16 g (0.1 mole) of bromine was added with s t i r r ing at 20-25~ in the course  of 1-2 h. 
After clarif icat ion,  the mixture was f i l tered,  and the solid mater ia l  was washed with 1 ,2-dichloroethane and 
dried.  The yield was quantitative. 

a - B r o m o f u m a r i c  Acid fl-Monoureide {IXa) and f l -Bromofumaric  Acid fi-Monoureide (XI). A 6.36-g 
(0.02 mole) sample of X was suspended in 10 ml of water ,  and the suspension was heated at 90-100~ for 15 
min. The mixture was cooled, and the precipi ta te  was removed by filtration and dried to give 2.37 g (50%) of 
IXa and XI, which were separated by extraction with ethanol. 

1. 

2. 
3. 
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S Y N T H E S I S  A N D  S T R U C T U R E  OF 6 - S U B S T I T U T E D  

9 -  ( 2 - E  T H O X Y -  1 , 3 - D I O X A N -  5 - Y  L) PU R I N E  S 

A .  F .  M i s h n e v ,  Y a .  Y a .  B l e i d e l i s ,  
t~. l~. L i e p i n ' s h ,  N .  P .  R a m z a e v a ,  
a n d  I .  N .  G o n c h a r o v a  

UDC 548.737:547.841'857.07:543.422.25.4 

The react ion  of 4 - c h l o r o - 5 - a m i n o - 6 - ( 1 , 3 - d i h y d r o x y - 2 - p r o p y l ) a m i n o p y r i m i d i n e  with excess  
ethyl o r thoformate  gave  a cycl ic  ace ta l ,  v i z . ,  6 - ch lo ro -9 - (2 -e thoxy-1 ,3 -d ioxan -5 -y l )pu r ine ,  
aminat ion of which yielded 6 - a m i n o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e .  The p re sence  of 
two configurat ional  i s o m e r s  with a diaxial  orientat ion of the purine ring and the ethoxy group 
in the t r ans  i s o m e r  and an equator ia l  orientat ion of the ethoxy group in the cis i s o m e r  was 
es tabl ished for  these  compounds by 1H and 13C NMR and IR spec t roscopy .  The t h r e e - d i m e n -  
sional s t ruc tu re  of t r a n s - 6 - c h l o r o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e  was de te rmined  by an 
x - r a y  difract ion study, and the t r ans -d i ax i a l  orientat ion of the purine ring and the ethoxy 
group was conf i rmed;  it is  shown that  the dioxane r ing is in an anti conformation re la t ive  to 
the pur ine  r ing.  

It has been previous ly  shown [1, 2] that an imidazo le  r ing is formed in the react ion of 4 - c h l o r o - 5 - a m i n o -  
6 - (1 ,3 -d ihydroxy-2-propy lamino)pyr imid ine  (I) with ethyl o r thoformate  under acid cata lys is  conditions. How- 
ever ,  under the s a m e  conditions,  I ,  which contains a 1 ,3-d ihydroxypropyl  res idue ,  undergoes  t r a n s e s t e r i f i c a -  
tion with excess  o r thoes te r  to give a cyclic de r iva t ive ,  v i z . ,  6-chlor  o- 9- (2 -e thoxy-1 ,3 -d ioxan-5-y l )pur ine  (II), 
the react ion of which with an alcohol solution of ammonia  gave  6 - a m i n o - 9 -  (2 -e thoxy-1 ,3-d ioxan-5-y l )pur ine  
(In). 

Cl / 
N ~  N H2 1. (C~/HsO)3CH 
L~N ~/J~,NHII 2. NH3,C2HsOH 

l HOCH2CHgH20H 

R R 

NX~ + 

I la ,  I l i a  {~c2fl~ I , I 

II R~Ck III R=NH~ 

The in te res t  in II and III,  which contain a sa tura ted  s i x - m e m b e r e d  heteror ing in the 9 position of the 
purine r ing,  is due to the fact  that ,  with r e s pe c t  to thei r  b iochemical  p rope r t i e s ,  they may be class i f ied as 
analogs of n u c l e o s i d e s / s i n c e  some de r iva t ives  of this type a r e  capable  of forming complexes  with enzymes 
that use  natural  nucleosides as  subs t r a t e s  [3, 4] and display high physiological  act iv i ty ,  including an t i tumor i -  
genic act ivi ty [5]. In addition II and HI a l so  proved to be of in teres t  in a s t e r e ,  chemical  r e spec t .  

It is known that a chair  conformation with an axia l  orientation of the alkoxy group (the anomer ic  effect) 
is p r e f e r r e d  for  2 - a l k o x y - l , 3 - d i o x a n e  molecules  [6]. At the s a m e  t ime ,  depending on the nature  of the 

Insti tute of Organic Synthesis,  Academy of Sciences of the Latvian SSR, Riga 226006. Trans la ted  f rom 
Khimiya Geterots ik l icheskikh Soedinenii, No. 7, pp. 976-983, Ju ly ,  1979. Original a r t i c l e  submitted August 
8, 1978. 

798 0009-3122/79/1507-0798507.50 �9 1980 Plenum Publishing Corpora t ion  


