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Abstract— An improved method for the synthesis of N1-substituted orotic acid derivatives is reported. ‘The method involves sequential
incorporation of nitrogen atoms to the pyrimidine structure from simple starting materials and thus-allows the synthesis of N1-substituted
orotic acid derivatives with single "*N label at either N-1 or N-3. © 2013 Elsevier Science. All rights reserved
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The decarboxylation of orotic acid and its analogues has
been investigated as a model for the enzymatic
decarboxylation catalyzed by orotidine-5’-monophosphate
decarboxylase (ODCase)."'> Part of the mechanistic
investigation requires N1-substituted orotic acid derivatives
(structure 1 in Scheme I) as substrates. Direct alkylation of
orotic acid, unfortunately, produces a mixture of
disubstituted and N3-substituted orotic acid <derivatives
because N3 is the more reactive site.” NI1-Substituted
orotic acid derivatives are commonly synthesized from N1-
substituted uracil 2 via 5-bromouracil 3 and 6-cyanouracil 4
as shown in Scheme 1.'"'*'° In this Letter, we report a
simplified synthetic method for such orotic acid derivatives
from readily available 5,6-dihydrouracil derivatives.
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A few methods for the synthesis of N1-substituted uracil
derivatives have been reported.””" One of the methods
involves sequential integration of the two nitrogen atoms
from simple starting materials (as shown in Scheme 2) and
thus will allow incorporation of °N at one position only."”
The reported synthesis starts with the conjugated addition

of a primary amine to acrylate that yields adduct 5."*° The
amino group is converted to the urea group via reaction
with cyanate. Cyclization as a result of the reaction of the
urea group with the ester group gives the 5,6-dihydrouracil
6. Bromination of 6 produces 7, which undergoes thermal
elimination to yield uracil 2.
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In the process of synthesizing Nl-substituted uracil
derivatives following this reported synthetic route, we
observed that the bromination of 5,6-dihydrouracil 6
yielded desired product 7 mixed with dibrominated product
8 as shown in Scheme 3. Further experiments of purified
dibromide 8 illustrated that it underwent elimination upon
heating to produce 5-bromouracil 3, analogous to the
conversion of bromide 7 to 2. We have thus thought to
shorten the synthetic route employing 5,5-dibromo-5,6-
dihydrouracil 8 as a synthetic intermediate.
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The dibromination of 6 to 8 was effected by using more
than two equivalents of bromine. Interestingly, it was
observed that a fraction of dibromide 8 underwent
elimination spontaneously to produce bromouracil 3 under
the reaction conditions (acetic acid, 100 °C). We thought
to further simplify the synthetic route by combining the
bromination and elimination steps. The bromination
reaction was thus carried out in boiling acetic acid. Under
the new reaction condition, dihydrouracil 6 was converted
to 5-bromouracil 3 in one step, in contrast to the three-step
sequence in the original synthesis. The yields for the one-
step reactions were excellent for various primary and
secondary substituting groups (tertiary groups were found
to be labile under the highly acidic reaction conditions as
expected) tested as shown in Table 1. In the case when
cyclohexyl was the substituting group, the yields for the
two synthetic routes were directly compared. The direct
conversion of 6a to 3a (R = cyclohexyl) was found to_be
quantitative (the yield is 89% if purified by
recrystallization), whereas the reported yields for the three
synthetic steps were 69% (6a to 7a), 85% (7a to 2a), and
75% (2a to 3a), respectively, giving an overall yield of
44% from 6a to 3a."*'"" Therefore, the modified one-step
procedure reported here represents< a’ significantly
simplified and improved method to synthesize NI-
substituted orotic acid derivatives.

Table 1. Yields for the one-step conversion of 5,6-
dihydrouracil 6 to 5-bromouracil 3*'

Entry  1-Substituted 5,6-  Yield (isolated)
dihydrouracils (6) (%)
1 6a, R = cyclohexyl 100 (89)*
2 6b, R = n-butyl 85
3 6¢, R = n-propyl 88
4 6d, R = isobutyl 86
5 6e, R = sec-butyl 100

*Yield in parenthesis when purified by recrystallization.

It should be pointed out again that this synthetic route
allows the incorporation of a single "°N label at either N1 or
N3. Such labeled compounds may aid in the mechanistic
investigation of the model decarboxylation of orotic acid

derivatives or the enzymatic decarboxylation catalyzed by
ODCase.

Experimental Details

All reagents were obtained from commercial sources
and wused without further purification. Only the
experimental procedures for the conversion of
dihydrouracil 6 to 5-bromouracil 3 are described here using
1-cyclohexyl-5,6-dihydrouracil as an . example. The
products were purified through recrystallization or column
chromatography. Procedures for-other synthetic steps were
described in literature and were employed without
modification.

Typical experimental procedure:  1-Cyclohexyl-5,6-
dihydrouracil (1.00/g, 5.1 mmol) was dissolved in 12 mL
acetic acid in a round-bottomed flask. A solution of
bromine (3.24 g, 20.2 mmol) in 10 mL acetic acid was
added to the reaction flask and the reaction mixture was
refluxed. The reaction usually took five to six hours and
was followed by thin layer chromatography (TLC). Upon
completion of the reaction, the reaction mixture was
evaporated to dryness under reduced pressure. The solid
residue was purified by either column chromatography
(10% ethyl acetate/methylene chloride as solvent) or
recrystallization from ethanol to produce 5-bromo-1-
cyclohexyluracil as colorless flakes; mp 220-222 °C, lit.
mp 225 °C."”
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'H NMR data of 6 and 3 in CDCls:
1-n-Butyl-5,6-dihydrouracil 6b. 87.7 (bs, 1H, NH); 3.4 (t,
4H, CH,NCH.); 2.7 (t, 2H, CH,CO); 1.6 (quin, 2H,
NCH,CH.), 1.3 (sext, 2H, CH,CHj3); 0.9 (t, 3H, CH3).

1-n-Propyl-5,6-dihydrouracil 6c. 7.5 (bs, 1H, NH); 83.4 (m,
4H, CH,.NCH.); 2.7 (t, 2H, CH,CO); 1.6 (sext, 2H, CH,CH3);
0.9 (t, 3H, CH,).

1-Isobutyl-5,6-dihydrouracil 6d. 87.6 (s, 1H, NH); 3.4 (t, 2H,
NCH; ring; 3.2 (d, 2H, NCH; side chain); 2.7 (t, 2H, CH.CO);
2.0 (sept, 1H, CH); 0.9 (6H, CH; x 2).
1-sec-Butyl-5,6-dihydrouracil 6e. 8.1 (s, 1H, NH); 4.4 (1H,
sext, NCH); 3.3 (2H, m, NCH2); 2.6 (t, 2H, CH,CO); 1.5
(quint, 2H, CH;CH,); 1.2 (d, 3H, CHCH,); 0.9 (t, 3H,
CH,CHa).

1-n-Butyl-5-bromouracil 3b. 88.7 (bs, 1H, NH); 7.5 (s, 1H,
CH); 3.8 (t, 2H, NCH.,); 1.7 (quin, 2H, NCH,CH.), 1.4 (sext,
2H, CH,CHs); 1.0 (t, 3H, CHs).

1-n-Propyl-5-bromouracil 3¢. 88.5(bs, 1H, NH); 7.5 (s, 1H,
CH); 3.7 (t, 2H, NCH,); 1.7 (sext, 2H, CH,CH,); 1.0 (t, 3H,
CH,).

1-Isobutyl-5-bromodrouracil 3d .88.5 (bs, 1H, NH); 7.5 (s,
1H, H-6); 3.6 (d, 2H, NCH,); 2.1 (sept, 1H, CH); 1.0 (6H,
CH3 X 2)

1-sec-Butyl-5<bromodrouracil 3e. §9.0 (bs, 1H, NH); 7.5 (s,
1H, H-6); 4.6 (1H, sext, NCH); 1.7 (quint, 2H, CH;CH»); 1.3
(d, 3H, CHCH.); 1.0 (t, 3H, CH,CH,).
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