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The cor responding  5 -b romo-6 -a lkoxyd ihyd roo ro t i c  acid de r iva t ives  w e r e  obtained by r e a c -  
t ion of orot ic  acid,  its methyl  e s t e r ,  and amide  with b romine  in methanol  and ethanol. The 
r eac t ion  of methy l  and butyl  o ro t a t e s  with methyl  and ethyl hypobromi tes  g ives  5 ,5-d i -  
b romo-6 -a lkoxyd ihyd roo ro t i c  acid e s t e r s .  I soorot ic  acid r e a c t s  with methyl  hypobromi te  
to give 5 ,5 -d i b rom o-6 -m e t hoxyd i hyd rou rac i l .  

P roduc t s  of "mixed"  addition to the 5,6 bond, among which subs tances  with ant i leukemia ,  bac te r ic ida l ,  
and herb ic ida l  p r o p e r t i e s  a r e  found, a r e  usual ly  f o r m e d  in the halogenat ion of u rac i l  de r iva t ives  in hy- 
droxyl -conta in ing  so lvents .  However ,  products  of "mixed" addition were  not obtained when there  we re  c a r -  
boxyl g roups  in the 5 o r  6 posit ion.  Depending on the reac t ion  conditions,  e i ther  rapid  decarboxyla t ion  of 
t hem [2-4] or  the f o r m a t i o n  of unsa tura ted  5-halo  de r iva t ives  [5, 6] was observed .  5 - B r o m o - 6 - h y d r o x y -  
d ihydroorot ic  acid was isolated only in the r eac t ion  of orot ic  acid Ia with b romine  in wa t e r  [4]. 

We c a r r i e d  out the b romina t ion  of orot ic  acid Ia in methanol  and ethanol and of its methyl  and butyl 
e s t e r s  (lb, c) and amide  Id in methanol  and showed that  5 -b romo-6 -a lkoxyd ihyd roo ro t i c  acids  I Ia -e  (Table 
1) a r e  p rac t i ca l ly  the only reac t ion  products  a t  0 to 25~ in the case  of a 1 : 2  ra t io  of I a -c  and b romine  
(1 : 1 in the case  of amide  Id) and a r eac t ion  t ime  of 1-2 h. As the t e m p e r a t u r e  is r a i sed ,  I I a -e  read i ly  
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spl i t  out a molecule  of a lcohol  to give 5 - b r o m o o r o t i c  acids I l ia-d ,  and admix tu res  of the la t ter  products  
w e r e  f requent ly  detected in the isolat ion of products  I I a -e  (as a r e su l t  of the effect  of mo i s tu r e  and the 
workup  t ime);  fo r  example ,  e s t e r  IId was not obtained in pure  f o r m  because  of the fo rmat ion  of admixed 
e s t e r  IIIc. 

* See [1] fo r  communica t ion  IV. 
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The reaction of orotic acid derivatives  Ia-c with methyl and 
ethyl hypobromites,  obtained by the addition of Ag2CO 3 to a solution 
of bromine in absolute methanol and ethanol [7], does not stop at 
the step involving the formation of products of the II type. Despite 
the fact that the HBr, which, according to the literature [8, 9], 
catalyzes  the regenerat ion of a double bond, was removed from the 
reaction medium, complex mixtures of compounds of the ]I-IV type 
and, in the case  of orotic acid, decarboxylation product VIII, were  
formed as the alkyl'hypobromites were added. 5 , 5 - D i b r o m o - 6 - a l -  
koxydihydroorotic acid e s ters  IVb-e (Table 1) were  isolated and 
character ized only in the reaction of es ters  lb,c, with a 2 .5-fold to 
threefold exces s  of the alkyl hypobromites.  

In a comparison  of the react ivi t ies  of 0rotic and isoorotic  
acids (V) it was found that acid V reacts  more readily with CH3OBr 
than Ia (more rapid decolorizat ion of the sl ightly yellow CH3OBr 
solution). In the case  of acid V, the only reaction product is 5 ,5-di -  
bromo-6-methoxydihydrouraci l  (VIII) in the presence of a 2 .3-fold 
to threefold excess  of CH8OBr. A mixture of V, VIII, and 5 -bromo-  
uracil  VII is formed in the case  of an equimolar ratio of the react-  
ing substances.  The formation of product VIII was proved by al -  
ternative synthesis  from 5-bromouraci l  and CH3OBr; in addition to 
this, VIII is a known compound [10]. A spot for 5 - b r o m o - 6 - m e t h -  
oxydihydroisoorotic  acid was not detected on the chromatogram. 
We propose that the formation of VIII proceeds through cation VI. 
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Isoorotic acid (2 : 1) reacts  s lowly with bromine in methanol 
at room temperature.  After 1.5 h, 40% of acid V can be isolated 
from the reaction mixture,  and the filtrate contains a mixture of V 
and VIII. Acid Ia reacts  a lmost  complete ly  (100%) under these con- 
ditions to give acid IIa. 

It is  difficult to explain our qualitative results .  The reasons  
for the greater  instability of products IIa,c,d in a reaction medium 
containing CHsOBr than in a bromine -methano l  medium are un- 
clear.  It might be assumed that the reaction of Ia with bromine 
and methanol proceeds  through the formation of a ~ complex and a 
bridge bromonium ion. The following facts constitute evidence in 
favor of this: 1) the dissolving of a suspension of acid Ia in bro-  
mine-methanol  only with subsequent formation of a precipitate of 
acid IIa; 2) the s lower reaction of bromine in methanol with i s o o r o -  
tic acid; 3) the stability of products of the II type in b r o m i n e - m e t h -  
anol (trans addition determined by the bridge brominium ion). 

The UV spectra  of  IIa-c, e and IVb-e in ac~aeous or alcohol' 
solutions do not contain the absorption maximum at 280 nm thar 
is  character i s t ics  for orotic acid derivat ives .  

The IR spectra (in mineral  old of the products of "mixed" 
addition at 1500-1800 cm -i  are shifted toward the long-frequency 
side as compared with orotic acid derivatives  (saturation of the 
double bond and introduction of halogen). The C4=O band (in bold- 
face in Table 2) was ass igned in analogy wi th the  l iterature [11]. A 
comparison with the spectra of dihydroorotic acid derivatives [12] 
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TABLE 2. IR Spectra of Some Derivat ives  of Dihydroorot ic  and 
5 -Bromo(o r  5 ,5-d ibromo)-6-methoxydihydrooro t ic  Acids 

Compound isoo-15oo cm =t 

Dihydroorotic acids* 
5-Bromo-6-methoxydihydroorotic acid (IIa) 
Methyl d~vdroorotate* 
M eth~l 5-biomo-6- methoxydihydroorotate 

(ffc) 
Methyl 5, 5-dibromo-6- methoxydihy- 

droorotate (IVb) 
Dihydroorotic acid amide* 
5 - Biomo-6- methoxydihydroorotic acid 

amide (IIe) 

* See [12]. 
t Abbreviat ions:  
b r  is broad.  

174~3s ~', 1725s 1662m 
1742sh 17305 1669m 
1743s 1715sh 1694s 
1770s 1740s 1710s 

1755sh 17{}5s, br 

1720s 1690s 1645s 
1743s 1703s 

s is strong,  m is medium, sh is shoulder, and 

(Table 2) gives some idea of the spatial  or ientat ion of the halogen atoms.  It follows f rom a compar i son  
of the C 4 = O band that the bromine  atom in 5 -bromo-6-methoxydihydrooro t i c  acid Ha is oriented axially, 
whereas  it is or iented equatorial ly in its e s te r  (IIc) and amide (lie) (the maximum at 1703 cm -1 in the 
spec t rum of He is the resul t  of overlapping of the ring C 4 = O vibrations with the acyclic amide C = O group), 

The PMR spec t ra  of IIa,c recorded  in ds-dimethyl sulfoxide (ds-DMSO) confirm the s t ruc ture  of the 
products  of "mixed" addition. The proton attached to C 5 is split into a double doublet because of the long- 
range spin-spin  coupling with the protons attached to the N 1 and N 3 atoms,  as shown by experiments  with 
double resonance.  Consequently, the bulky bromine  atom is oriented p r imar i ly  axially. 

EXPERIMENTAL 

The UV spectra of the compounds were recorded with a Specord UV-vis automatic spectrophotometer. 

The IR spec t ra  of mineral -oi l  suspensions were  r eco rded  with a UR-20 spec t romete r .  The PMR spect ra  
of d6-DMSO solutions were  r eco rded  with a P e r k i n ' E l m e r  R-12A spec t romete r  (60 MHz} with hexamethyl-  
disiloxane as the internal s tandard.  Ascending chromatography  on FILTRAK FN-1 paper was used with a 
b u t a n o l - a c e t i c  a c i d - w a t e r  sys tem (2 - 1 : 1) and development of the ch roma tog rams  of Ha-e, IVa-e, and 
VIII under a UV chemiscope.  

5 -Bromo-6-methoxyd ihydrooro t i c  Acid (Ha}. A 1.56-g (10 mmole) sample of acid Ia was suspended 
in 20 ml of absolute methanol,  1 ml {20 mmole) of Br  2 was added, and the mixture was s t i r red  at room tem-  
pera tu re  for  1.5 h. Af ter  20 min, acid Ia had dissolved completely,  and a new precipitate appeared only 
a f te r  this. The precipi tate  was removed  by fi l tration, washed with 8 ml of methanol and twice with 10 ml 
of d ry  ether  to give 1.5 g of ac id  IIa. PMR spectrum,  m': 6.82 (OCH3), 5.64 (5-H, J1,5 = 1.2 Hz; J3,5 = 0.8 Hz), 
1.32 (l-H), and - 0 . 7 8  (3-H) ppm. 

Acid rib was s imi la r ly  obtained in 30 ml of ethanol. 

Methyl 5 -Bromo-6-methoxyd ihydrooro ta te  (IIc). A mixture  of 3.4 g (20 mmole) of e s t e r  ib and 2 ml 
(40 mmole) of Br  2 in 50 ml of absolute methanol was s t i r red  at 0 to 5 ~ for  1 h to give 4.7 g of es te r  IIc with 
mp 249 ~ (mixed-melting point with lb 200-210~ PMR spect rum,  T: 6.83 (OCH3), 6.21 (COOCH3) , 5.59 
(5-H, J1,5 = 1.2 Hz, J3,5 = 0.9 Hz), 1.00 (l-H), and - 0 . 8 3  (3-H) ppm. 

5 -Bromo-6-methoxyd ihydrooro t i c  Acid Amide (Tie). This compound was prepared  as in the case  of 
IIa f rom 0.62 g (4 mmole) of amide Id and 0.2 ml (4 mmole) of Br  2 in 15 ml of absolute methanol. The r e -  
act ion t ime was 2 h. 

Solution of Methyl Hypobromite in Methanol [7]. A solution of 2.55 ml (50 mmole) and Br2 in 150 ml 
of absolute methanol was cooled to 0 to 15 ~ and 32 g (110 mmole) of Ag2CO a was added with vigorous s t i r -  
r i ng .  Stirr ing and cooling were  continued for  30 min, a f t e r  which the slightly yellow solution was fi l tered.  
A solution of ethyl hypobromite  was s imi la r ly  obtained in ethanol. The react ions were  ca r r i ed  out with 
f resh ly  prepared  solutions.* 

* The amount of the alcohol solutions of alkyl hypobromites  used in each react ion was var ied  somewhat, 
inasmuch as  the concentra t ions  of the alkyl hypobromites  var ied  with each new prepara t ion  because of their  
volati l i ty.  The reac t ion  was c a r r i e d  out until the slightly yellow color  of the solution disappeared.  
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Methyl 5 ,5 -D ib romo-6 -me thoxyd ihyd roo ro t a t e  (IVb). A 0.86-g (5 mmole)  sample  of e s t e r  Ib was 
suspended in 50 ml  of absolute  methanol ,  and 36 ml  of a solution of CH3OBr in methanol  was  added g radua l -  
ly. The mix tu re  was s t i r r e d  a t  r o o m  t e m p e r a t u r e  for  1 h, a f t e r  which it was  f i l te red.  The f i l t r a te  was 
evapora ted  to d rynes s  a t  r oom t e m p e r a t u r e ,  and the d r y  r e s idue  was washed with 10 ml  of absolute  me th -  
anol  and 5 ml  of d ry  e ther  to give 1.43 g of e s t e r  IVb. Compound IVc was s i m i l a r l y  obtained f r o m  0.86 g 
(5 mmole)  of Ib, 50 ml  of ethanol, and 45 ml  of C2H5OBr in ethanol, and IVd and IVe, r espec t ive ly ,  we re  ob- 
tained f r o m  1 g (4.7 mmole)  of Ie ,  100 ml  of absolute  methanol  (or ethanol), and 40 ml  of a solution of 
CH3OBr inmethano l  (or 50 ml  of a solution of C2HsOBr in ethanol). Splitting out of CH3OBr o r  C2H5OBr to 
give de r iva t ives  of 5 - b r o m o o r o t i c  acid was obse rved  dur ing ' a t t empts  to r e c r y s t a l l i z e  IVb-e f r o m  ethyl 
ace ta te .  

5 , 5 -D ib romo-6 -me thoxyd ihyd rou rac i l  (VIII). A total  of 1.7 g (90%) of VIII was  obtained (by the me th -  
od used to p r e p a r e  IIa) f r o m  1 g (6.4 mmole)  of ac id  V in 200 ml  of methanol  and 40 ml  of CH3OBr in me th -  
anol  a f t e r  a r eac t i on  t ime  of 2 h. IR spec t rum,  c m - l :  1732 sh, 1720 s, 1708 sh, 1495 m, 1242 m, 1199 w, 
1151 w, t087  m, 1070 sh, 3225 w, and 3064 w. The product  had mp 203-205 ~ (rap 203 ~ [10]) and R f  0.81- 
0.84. Found, %: C 19.9; H 1.9; Br  52.6; N 9.5. CsHGBr2N203. Calculated,  %: C 19.9; H 2.0; Br  52.9; N 9.3. 

Compound VIII  was a lso  Obtained by a l t e rna t ive  synthes is  f r o m  1 g (5.2 mmole)  of 5 - b r o m o u r a c i l  VII 
in 100 ml  of methanol  with the addit ion of 22 ml  of a CH3OBr solution a f t e r  a reac t ion  t ime of 1.5 h. 

Butyl 5 - B r o m o o r o t a t e  (IIIc). A 0 .41-ml  (8 mmole)  sample  of Br~ was added to 1.7 g (8 mmole)  of 
e s t e r  Ic in 35 ml  of absolute  methanol ,  and the mix tu re  was refluxed for  2 h. The solution was cooled, and 
the resulting precipitate was removed by filtration and washed with ether to give 1.95 g of ester IIIc with 
mp 229-231 ~ The product was recrystallized from water. UV spectrum (ethanol): kmax 292 am (e 5900). 
IR spectrum, cm-l: 1738 m, 1706 s, 1660 s, 1624 sh, 1303 m, 1248 m, 1229 sh, 1196 w, 1081 m, 1064 w, 
3200 sh, 3156 m, 3112 m, and 3026 s. 

5-Bromoorotic Acid Amide (IIId). This compound was obtained by the method used to prepare ester 
IIIc. UV spectrum (water, pH 6): kma x 285 am (~ 7000). IR spectrum, cm-l: 1715 s, 1680 s, 1611 w, 
1289 w, 1094 w, 1042 vs, 3420 m, 3320 m, 3189 s, and 3035 s. 
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