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Pyrimidine Derivatives and Related Compounds. Part 372 Novel 
Nucleophilic Substitutions of 5-Bromo-6-methyluracils or 5-Bromo-6- 
bromomethyluracils with Aromatic Amines 
By Kosaku Hirota," Yoshihiro Yamada, Yukio Kitade, and Shigeo Senda, Gifu College of Pharmacy, 

Mitahora-higashi, Gifu 502, Japan 

Condensation of 1 -substituted or 1,3-disubstituted 5-bromo-6-methyluracils (4) and aromatic amines gave the 
corresponding 6-arylaminomethyluracil derivatives (5). Treatment of 5-bromo-6-bromomethyl-l,3-dimethyl- 
uracil (1 0) with primary aromatic amines gave the corresponding 6-arylidenemethyluracil derivatives (1 1 ). 
Reaction of (1 0) with N-methylaniline gave 5-bromo-l,3-dimethyl-6- (N-methylanilino)methyluracil (1 3a), which 
was further treated with primary aromatic amines to afford (1 1). 

It is well known that 5-halogenouracil derivatives 
exhibit high reactivity towards soft nucleophiles, such 
as SO,2-, cysteine, and CN-, under mild conditions.* 
When 5-bromouracils (1) are used as a starting material, 
the reaction affords the debrominated products (2) or the 
G-substituted products (3) via an initial attack of the 
nucleophile on the &position of the uracil ring. On the 
other hand, reaction with hard3 nucleophiles, such as 
aliphatic and aromatic amines, proceeds only under 
more drastic reaction conditions, and gives the ordinary 
5-subst i tuted products . 5 9  

In contrast with 6-unsubstituted 5-bromouracils (l), 
reaction of &substituted 5-bromouracils with such hard 
nucleophiles has not been much investigated. Previous- 
ly, we have reported ' the synthesis of 5-alkylamino-6- 
methyluracil derivatives, useful analgesic agents, by 
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aniline in ethylene glycol. Similar reaction of 5-bromo- 
1,3,6-trimethyluracil (4a) with aniline under such con- 
ditions was attempted, but resulted in recovery of the 
starting material. When the reaction was carried out in 
refluxing DMF, the expected 5-anilinouracil was not 
obtained, but instead 6-anilinome t hyl- 1,3-dime t hyluracil 
(5a). This compound (5a) was identical with an authen- 
tic sample prepared by condensation of 6-chloromethyl- 
uracil (6) with aniline followed by methylation of the 
resulting 6-anilinomethyluracil (7). 
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heating 5-brunio-(i-metliyluracils (4) with aliphatic 
amines in NN-dimethylformamide (DMF). We then 
investigated the reaction of (4) with aromatic amines in 
order to synthesize the corresponding 5-arylamino-6- 
methyluracils, and found a novel nucleophilic substitu- 
tion reaction.2 In this paper, we have extended this 
study and now report our results in detail. 

RESULTS AND DISCUSSION 

Hitchings et al. reported the synthesis of 5-anilino-6- 
methyluracil by refluxing 5-bromo-6-methyluracil and 

In order to clarify the mechanism for this nucleophilic 
substitution, (4a) was refluxed in deuterium oxide in the 
presence of NaOD to afford 5-bromo-6-trideuterio- 
methyl-l,3-dimethyluracil (8). The result suggests that  
5-bromo-6-methyluracils (4) have a strong possibility of 
tautomerism into methylene intermediates in basic 
media. A plausible mechanism for the nucleophilic 
substitution of (4) into (5 )  is as follows; the key inter- 
mediate shown in Scheme 2 is a tautomer of (4) and 
initial attack of the nucleophile on the exo-methylene 
group of the intermediate would occur, followed by 
elimination of hydrogen bromide to give (5) .  

Similar treatment of l-substituted or 1,3-disubstituted 
5-bromo-6-methyluracils (4a-d) with aniline, N-methyl- 
aniline, p-toluidine, p-anisidine, and P-naphthylamine 
afforded the corresponding 6-arylaminomethyl deriva- 
tives (5b-h), whose structures were confirmed by 
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analytical and spectral data (Table 1). No reaction, 
however, occurred be tween 1 -unsubs t i t u t ed uracils (4e) 
and (4f) and aniline. This is because both (4e) and (4f) 
contain dissociable protons and in the presence of a base 
such as aniline, they are in the anionic form which in- 
hibits their reaction with nucleophiles. Subsequently, 
(4a) reacted under the same conditions with sodium 
acetate and sodium benzoate, instead of aromatic amines, 

a 5-debrominat ecl Schi ff 's base, G-  (phenylimi nomethyl) - 
1,3-dimethyluracil ( l l a ) .  The structure of ( l l a )  was as- 
signed on the basis of the lH n.m.r. spectriim. This 
Schiff's base (1 la) was also easily prepared from 6-anilino- 
methyl)-5-bromo-l,3-dimethyluracil (12a). Thus, the 
reaction of (10) with aniline (2 equiv.) in ethyl acetate 
gave the postulated intermediate (12a) which was then 
treated with triethylamine in refluxing ethanol to give 
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to form the 6-acetoxymethyl and 6-benzoyloxymethyl 
derivatives (5i) and 5(j), respectively. Heating (4b) in 
formamide at  170 "C in the absence of other nucleophiles 
gave 6-formylaminomethyl-1-methyl-3-phenyluracil(5k). 
Alternatively (4a) was heated with morpholine in DMF 
at 100 "C to give 1,3,6-trimethyl-5-morpholinouracil(9) as 
described previ~usly,~ but the same reaction at  150 "C 

( l la ) .  Under the same conditions, the reaction of (10) 
with primary aromatic amines such as 9-toluidine, 9- 
anisidine, and p-naphthylamine afforded the correspond- 
ing 6-arylidenemethyluracil derivatives (1 1 b-d) . Sim i- 
lar treatment of (10) with phenylhydrazine instead of 
aromatic amines gave the corresponding hydrazone (1 le) 
(Table 2). 

TABLE 1 

Formation of 6- (substituted methy1)uracils ( 5 )  
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M.p. Recrystallization Yield 
X ("C) solvent (%) 

P h N H  192 A4cOEt 85 
PhNMe 159 Ligroin 13 
p-MeC,H,NH 209 MeOH 64 
p-MeOC,H,NH 202 MeOH 63 

P h N H  228 AcOH 73 
P h N H  156 Benzene 58 
P h N H  273 AcOEt 64 

71 
73 

AcO 128 H2O 

33 
PhCH20 141 H2O 
OHC*NH 238 MeOH 
Morpholino 126-1 28 Ligroin 27 

(3-Naphthylamino 268 AcOH 54 

57H- 
5.91 
5.72 
5.90 
5.93 
6.62 
5.75 
6.45 
6.73 
5.84 
5.97 
5.73 
5.73 

1H N.m.r. data 
(6 from SiMe,) 

6-CH2X Solvent 
-A 1 

CDC1, 
CDC1, 
CDCl, 
CDCl, 

4.17 

4.19 
4.16 
5.09 CF,CO,H 
4.33 [2H,]DMS0 
4.96 CF,C02H 
4.52 CF,C02H 
4.93 CDCl, 
5.20 CDCl, 
4.37 [2H,]DMS0 
3.29 CDCI, 

4.28 

( i .e .  in refluxing DMF) gave 1,3-dimethy1-6-morpholino- 
methyluracil (51) besides (9). These results lead to the 
conclusion that this abnormal nucleophilic substitution 
requires more drastic conditions than the normal one. 

Furthermore, we have studied the reaction of 5-bromo- 
6-bromomethyl-l,3-dimethyluracil (10) [which is readily 
available from (4a)l with aromatic amines. Treatment 
of this dibromouracil derivative (10) with aniline in 
refluxing ethanol in the presence of triethylamine yielded 

On the basis of the above conversion of (12a) into (11 a) 
under the same conditions, and the mechanism for the 
abnormal nucleophilic substitution described above, the 
mechanism for these reactions is postulated in Scheme 4. 
6-Arylaminome t hyl-5-bromouracil derivatives (1 2) would 
be formed first and then tautomerised to a methylene 
intermediate. Abstraction of the proton from the amino- 
group accompanied by elimination of hydrogen bromide 
would give (1 1). 
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6-Arylaminomethyl-5-bromouraci1 derivatives (12b- 
d) were also prepared by the reaction of (10) with $- 
toluidine, p-anisidine, and p-naphthylamine. Subse- 
quently, (10) reacted with N-methylaniline, morpholine, 
and methylhydrazine, instead of primary aromatic 
amines, under the same conditions to form the corres- 
ponding compounds (13a-c) (Table 3). 

On the other hand, the reaction of 5-bromo-1,3-di- 
methyl-6- (N-methylani1ino)me thyluracil (1 3a) with 
primary aromatic amines led to nucleophilic substitution 
on the methylene carbon. Thus, compound (13a) was 
refluxed with aniline in ethanol in the presence of 
triethylamine to give 6-( N-phenyliminomethyl)-1,3- 
dimethyluracil ( l l a ) .  Treatment of (13a) with triethyl- 
amine in the absence of aniline afforded the ethoxy- 
substituted product (14) in 30% yield. On the basis of 
these results, a plausible mechanism for the formation of 
( l l a )  is shown in Scheme 4. 

Similar treatment of (13a) with P-toluidine, $-anisi- 

TABLE 2 
Formation of 6-arylidenemethyl- 1,S-dimethyluracils ( 1 1) 

Yield (%) 
r - 7  

M.p. Recrystallization From From 'H Nm.r. data (6 from SiMe,) 
Compound R ("C) solvent (10) (13a) C-5-H C-6-€H= Solvent 

Ph 136-137 Ligroin 39 66 6.22 8.23 CDCl, 
p-MeC,H, 172-173 EtOH 20 68 6.03 8.52 ['H,]DMSO 
p-MeOCBH4 173-174 EtOH 59 62 6.04 8.58 [2H,]DMS0 
p-Naphthyl 214 EtOH 77 34 6.32 8.70 [ZHe] DMSO 

('Id) ( 1 1 4  PhNH 240 EtOH 47 41 6.04 7.72 [zHe]DMSO 

( 1 1 4  
( 1 1b) 
(1W 

TABLE 3 
Formation of 6-(substituted aminomethyl)-5-bromo-1,3-dimethyluracils (12) and (13) 

lN n.m.r. data 
Recrystallization Yield (6 from SiMe,) 

Compound RNH (or RIRZN) M.p. ("C) solvent (%) 6-CH,N Solvent 
PhNH 171-172 Pr'OH 83 4.42 [,Ha] [ DMSO DMSO 
p-MeC,H,NH 17 7-1 78 EtOH 80 4.38 
p-MeOCBH,NH 1 8 7-1 88 EtOH 65 4.35 [zHe]DMSO 
p-Naphthylamino 2 00-2 0 2 EtOH 33 4.51 [eH,]DMSO 

( 1 2 4  
(12b) 
(124 
(12d) 
(134  
(13b) 
(13c) 

PhNMe 128-1 2 9 MeOH 79 4.57 (CDClS) 
Morpholino 146- 148 Ether 94 3.60 (CDCl,) 
H ,N *NMe 104-106 Ether 83 3.88 (CDClS) 
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dine, p-naphthylamine, and phenylhydrazine gave the 
corresponding Schiff's bases (1 1 b-d) and hydrazone 
(1 le )  (Table 2). However, the 6-morpholinomethyl- 
uracil (13b) did not react with aniline under the same 
conditions. 

EXPERIMENTAL 

M.p.s were determined on a Yanagimoto melting-point 
apparatus and are uncorrected. 1.r. spectra were recorded 
with a Hitachi Model 215 spectrometer using KBr pellets; 
lH n.m.r. spectra were determined with a Hitachi Perkin- 
Elmer R-20B 60-hlHz instrument using tetramethylsilane as 
internal standard; mass spectra were taken on a JEOL 
JMS-D3OO machine operating a t  70 eV. Elemental analyses 

heated a t  1 7 0  "C for 5 h. The reaction mixture was allowed 
to stand overnight and the precipitate was filtered off 
(Table 1 ) .  

6-Anilinometlzyluvacil (7) .-A mixture of 6-chloromethyl- 
uracil (6) (3.2 g, 0.04 mol) and aniline (3.6 g, 0.04 mol) in 
DMF (10 ml) was heated on a steani-bath for 30 min. The 
solvent was removed in vaczto and the residue was treated 
with water to give a precipitate. Recrystallization from 
water gave compound (7) (1.15 g, 35%),  m.p. 228 "C (Found: 
C, 60.75; €-I, 5.15; N, 19.1. CllHllN302 requires C, 60.82; 
H, 5.10; N, 19.35%). 

Alte~natave Preparation of 6-Analinomethyl- 1,3-dimetliy1- 
uracil (5a).-Compound (7) (0.8 g) was dissolved in aqueous 
NaOH [NaOH (0.45 g) dissolved in water (5  ml)], dimethyl 
sulphate 

TABLE 4 

Analytical data 
Found (yo) 

c H N Formula 
63.56 
64.74 
65.11 
60.88 
69.10 
70.28 
65.91 
69.40 
51.00 
61.24 
60.14 
63.88 
65.12 
61.32 
69.41 
60.37 
48.19 
49.69 
47.36 
54.72 
49.78 
41.68 
34.50 

6.12 
6.54 
6.44 
5.72 
5.74 
5.61 
6.91 
5.15 
5.84 
5.12 
4.78 
5.25 
5.91 
5.46 
5.09 
5.49 
4.32 
4.65 
4.39 
4.34 
4.65 
5.13 
4.66 

17.10 
16.44 
16.06 
15.28 
14.16 
13.58 
15.11 
14.34 
12.94 
10.16 
15.99 
17.13 
16.22 
15.40 
14.21 
21.53 
12.91 
12.34 
11.91 
11.09 
12.56 
13.21 
20.14 

were carried out at the Microanalytical Laboratory of our 
college. 

l-Substituted or 1,3-Disubstituted 6-A rylaminornethylu~a- 
cils (5a-h) .-General proceduve , 5-Bromo-6-methyluracils 
(4a-d) (0.02 mol) and aromatic amines (0.04 mol) were 
mixed with DMF (50 ml), and the mixture was refluxed for 
5 h. The solvent was removed in vacuo, and the residue was 
dissolved in ether. The resulting precipitates were collected 
by filtration. Recrystallization from an  appropriate 
solvent gave the corresponding l-substituted or 1,3-di- 
substituted 6-arylaminomethyluracils (Table 1). Analytical 
data are in Table 4. 

6-A cetoxymethyl- 1,3-dirnethyluracil (54. A mixture of 
(4a) (4.6 g, 0.02 mol) and sodium acetate (1.64 g, 0.02 mol) 
was refluxed in DMF (30 ml) for 2 h. The solvent was 
removed i n  vacuo, and the residue was treated with water. 
The precipitate was filtered off and recrystallized from water 
(Table 1). 

6-Benzoyloxymethyl-l,3-dimethyluracil (5j). A mixture of 
(4a) (4.6 g, 0.02 mol) and sodium benzoate (2.88 g, 0.02 
mol) was treated as described above to give the product 
(Table 1). 
6-Formylaminomethyl-l-methyl-3-~henyluracil (5k). A 

solution of (4b) (5.9 g, 0.02 mol) in formamide (30 ml) was 

(1.4 g) was added dropwise with stirring, and the 

Required (yo) 

C13H 3O 2 

C14H 1 .IN 3O 2 

C14H17N302 

C14H17N302 

C17H17N302 

C18H17N302 

C15H19N302 

C17H1tiN302 

C9H12N204 

C14H14N204 

C13H13N303 

C13H13N302 

C14H15N302 

C14H15N303 

C17H15N302 

C13H14N402 
C13H14BrN302 48.19 4.36 12.97 
C14H16BrN302 49.70 4.73 12.43 
C14H16BrN303 47.46 4.52 11.86 
C17H16BrN302 54.55 4.28 11.23 
C14H16BrN302 49.63 4.76 12.41 
C11H16BrN303 41.54 5.07 13.22 
C8H13BrN402 34.69 4.73 20.23 

C 
63.66 
64.84 
64.84 
61.08 
69.13 
70.34 
65.91 
69.61 
50.94 
61.31 
60.22 
64.18 
65.35 
61.53 
69.61 
60.15 

H 
6.16 
6.61 
6.61 
6.22 
5.80 
5.84 
7.01 
5.15 
5.70 
6.15 
5.05 
5.39 
5.88 
5.53 
5.15 
5.46 

N 
17.13 
16.21 
16.21 
15.26 
14.23 
13.67 
15.37 
14.33 
13.20 
10.21 
16.21 
17.18 
16.33 
15.38 
14.33 
21.70 

precipitate was filtered off. Recrystallization from ethyl 
acetate gave needles (0.43 g), identical with the sample of 
(5a) prepared by reaction of (4a) with aniline. 

5-Brorno-6-trideute~iornethyl- 1,3-dimethyluracil (8) .-5- 
Bromo-1,3,6-trimethyluraci1 ( la )  (0.500 g, 0.002 mol) was 
dissolved in D,O in the presence of a catalytic amount of 
NaOD, and the mixture was refluxed for 7 min. After 
cooling, the precipitates were filtered off (0.488 g, 980,&), m.p. 
137 "C; m/e  237 (M+,  94%) and 235 (100); 6 (CDCl,) 
3.50 (3 H, s) and 3.39 (3 H, s). 

A mixture 
of (4a) (1.17 g, 0.005 mol) and morpholine (2.175 g. 0,025 
mol) in DMF (15 ml) was heated for 8 h a t  100 "C. After 
evaporation of the solvent, the residue was treated with ice- 
cold water to give 1 , 3 , 6 - t ~ i ~ e t l i y l - 5 - m o ~ ~ ~ l ~ o l i n o a ~ r a c i l  (I)) 

(0.788 g, 6676), m.p. 183-186 "C. liecrystallization from 
ethanol gave an analytically pure sample of (9),  n1.p. 184- 
187 "C (Found: C, 55.0; H, 7.15; N, 17.3. CllH1703N3 
requires C, 55.23; H, 7.11; N, 17.57%); 6 ([2H,]DMSO) 
3.70-3.20 (4  H ,  br), 3.32 ( 3  H, s), 3.15 (3 H, s), 2.80-2.00 
(4  H, br), and 2.38 (3 H, s). 

Compound (4a) (2.34 g, 0.010 mol) was dis- 
solved in DMF (30 ml). Morpholine (1.74 g, 0.02 mol) was 
added dropwise to the mixture pre-heated a t  150 "C for 1 h. 

Reaction of (4a) with ~~ovpl~ol ine.-Method A .  

iwethod B. 



After evaporation of the solvent, the residue was treated 
with ice-cold water and the precipitate was collected. Re- 
crystallization from ethanol gave a mixture (0.48 g) of (9) 
and (4a). The aqueous filtrate was extracted with chloro- 
form and the extract was dried over MgSO,. After evapor- 
ation of the solvent, the residue was subjected to column 
chromatography (silica gel, chloroform) to afford 1,3- 
dirnethyZ-6-morpholinometltylu~acil (51) (0.636 g, 27%), 
n1.p. 120 O C ,  along with unreacted (4a) (0.262 g, 11%). 
Recrystallization from ligroin gave analytically pure (51), 
m.p. 126-128 "C (Found: C, 55.25; H, 7.15; N, 17.6. 
CllH,,N,O, requires C, 56.23; H,  7.11; N, 17.57%); 6 
(CDCl,) 5.73 (1 M, s), 3.85-3.62 (4 H,  ni), 3.51 (3 H, s), 
3.33 (3 H, s), 3.29 (2 H, s), and 2.63-2.42 (4 H, m). 

5-Bromo-6-bro~nometl~yl- 1,3-dirnetltyluraciZ ( 10) .-A mix- 
ture of (4a) (1.2 g, 0.005 niol) and bromine (1.2 g, 0.0075 
mol) in acetic acid (15 ml) was refluxed for 30 min. After 
evaporation of the solvent, the residue was treated with 
ice-cold water and recrystallized from PriOH to give (10) 
(1.24 g, 80y0), m.p. 160-162 "C (Found: C, 27.0; H, 2.6; 
N, 0.0. C,H,Br,N,O, requires C, 26.95; H, 2.58; N, 
8.98%); 6 (CDC1,) 4.52 (2 H, s), 3.62 (3 H, s), and 3.41 

6-A rylidenemetlayl- 1,3-ditnetl~yluvaciZs (1 l).-General 
procedure A .  A mixture of (10) (0.624 g, 0.002 mol), an 
aromatic aniine or phenylhydrazine (0.0022 rnol), and tri- 
ethylamine (1.5 ml) in ethanol (15 ml) was refluxed for 24 h. 
After evaporation of the solvent, the residue was treated 
with ether and recrystallized from an appropriate solvent to 
give the corresponding G-arylidenemethyl- 1,3-dirnethylura- 
cils (1 1) (Table 2). 

A mixture of (13a) (0.680 g, 0.002 
mol), an aromatic amine or phenylhydrazine (0.0022 mol), 
and triethylamine (1.5 nil) in ethanol (15 ml) was treated as 
described in General Procedure A (Table 2). 

Treatment of Ci-anilinomethyZ-5-bromo- 1,3-damethyluracil 
(12a) with triethylamine. A mixture of (12a) (0.323 g, 
0.001 mol) and triethylamine (1.5 ml) in ethanol (15 ml) was 
refluxed for 24 h. After evaporation of the solvent, the 
residue was treated with ether and recrystallized from 
ligroin to give 6- (N-phenyliminomethyl) - 1,3-dimethylura- 
cil (lla) (0.159 g, 65%). 

6- (N-Substituted-aminomethyl) -5-bromo- 1,3-dimethyluvaciZs 
(12) and (13) .-General pYocedu9.e. To a solution of (10) 

( 3  H, s). 

General procedwe B. 

(0.624 g, 0.002 mol) in ethyl acetate (15 ml) were added 
dropwise an amine or methylhydrazine (0.004 mol) with 
stirring in an ice-cold water bath. The solution was stirred 
at room temperature for 7 h and then evaporated in vacuo. 
The residue was treated with water, and the resulting 
precipitate was collected by filtration. Recrystallization 
from an  appropriate solvent gave the corresponding (12) 
and (13) (Table 3). 
6-[Etlzoxy-(N-metlzyZaniZino)melhyl]-l,3-dimetl~yZuvaciZ (1 4). 

-A mixture of (13a) (0.340 g, 0.001 mol) and triethyl- 
amine (2 ml) in ethanol (15 ml) was refluxed for 8 h. After 
evaporation of the solvent, the residue was treated with 
ether and recrystallized from PriOH to give compound (14) 
(0.100 g, 33%), m.p. 136-138 "C (Found: C, 63.15; H, 
6.85;  N, 13.85. Cl,H21N,0, requires C, 63.35; H, 6.98; 
N, 13.85%); 6 (CDC1,) 7.05 (5  H, ni), G.08 (1 H,  s), 5.60 
(1 H, s), 3.52 (2 H,  q, J 7 Hz) 3.37 (3 H, s), 3.32 (3 H, s), 
2.85 (3 H, s), and 1.23 (3 H, t, J 7 Hz). 
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