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Since the discovery of N-bromosuccinimide (NBS) as an allylic brominating reagent
by Ziegler and his associates,” ample evidence has been presented that this type of reac-
tion proceeds through a radical chain mechanism.** However, some cases have been
known where aromatic compounds were ring-brominated by this reagent, mechanism of
which has been considered to be an jonic one on the basis of their experimental condi-
tions.>®

In heterocyclic compounds, the case is somewhat complicated due to the presence of a
heteroatom and competition is observed between the side-chain and the ring bromin-
ation, even in the presence of benzoyl peroxide, on methyl-substituted thiophenes and
benzofurans.”™?

In pyrimidine series, while 1,3-arrangement of the nitrogen atoms produces effect
which reinforces each other and causes reduced electron availability in the 2-, 4-, and 6~
positions, and to a small extent in the 5-position, and hydroxyl, amino, or mercapto group in the
2-, 4-, and 6-positions tends to increase electron availability at the 5-position. The resonance
forms having a negative charge at the 5-position in 2-hydroxypyrimidine are shown below.
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Previously, the author reported that 6-methyluracil (I) and its 2-mercapto- and 2-
amino homologs (Il and 1) were brominated to give the corresponding 5-bromo compound by
NBS in carbon tetrachloride in the absence, and further in the presence, of benzoyl per-
oxide.'® If these reactions proceed through electrophilic attack of the 5-position by NBS,
it is assumed that polar environmental factors would further facilitate these reactions.
To prove this, bromination of an assortment of pyrimidines (I~XXIV) by NBS was under-
taken in glacial acetic acid, sometimes in the presence of catalysts, such as aluminium
chloride, stannic chloride, ferric chloride, or picric acid. The result showed that pyrimi-
dines having one or two potentially tautomeric groups were all preferentially brominated
at the 5-position, although in some mercaptopyrimidines, complicated results were ob-
served.
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For example, in the case of 2-mercapto-6-methyluracil (II), 2-mercaptouracil (VI), and
2,4-dimercapto-6-methylpyrimidine (XVI), none of the bromo compounds was isolated, though
(Ir) gave its 5-bromo compound in 5% vyield in carbon tetrachloride.!® As immediate reac-
tion took place invariably with separation of free bromine on adding NBS to the hot sus-
pension of these mercaptopyrimidines in glacial acetic acid, oxidation products, such as
sulfides or disulfides, might partly be produced, separation of reaction mixtures being
difficult because of their extremely insoluble properties in organic solvents. Such an
oxidation of mercapto compound with NBS was observed on 2-mercapto-5-methylimidazole
by Heath, Lawson, and Rimington.!?
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However, in 2~amino-4-mercapto-6-methylpyrimidine (XV), corresponding 5~bromo com-
pound was obtained in 19% yield, the structure of which was established by comparison
with authentic sample prepared by reaction of 2-amino-4-chloro-5-bromo-6-methylpyri-
midine and thiourea.

Reaction of halo compound with thiourea is considerably influenced by experimental
condition. Thus, generally, mercapto compound is isolable in absolute ethanol, while aque-
ous ethanol is favorable for the formation of sulfide. In extensive invesigation on the
synthesis of mercaptopyrimidines, Polonovski and Schmitt!'® reported that bis(2-amino-6-
methyl-4-pyrimidinyl) sulfide (XXV) was the only isolable product on the reaction of 2-amino-
4~chloro-6-methylpyrimidine with thiourea in ethanol.'® This may be probably due to the
latter solvent system, because (XXV) was obtained in 809 ethanol and 2-amino—4-mercapto—-
6-methylpyrimidine (XV) in absolute ethanol in the present investigation. The latter com-
pound was further characterized as 2-amino-4-benzylmercapto-6-methylpyrimidine (XXVI).
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According to Schmid, bromination of benzene and toluene with NBS was catalytically
accelerated by 1 mole of aluminium chloride, zinc chloride, ferric chloride, or concentrated
sulfuric acid.” Such a tendency was also observed in the present work. Though 2-
methylthio-6-methyluracil (IV) gave its 5-bromo compound in 219 yield and no catalytic
action was observed even when 0.1 mole of aluminium chloride, ferric chloride, or stannic
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chloride was used, 1 mole of these catalysts slightly raised the yield. Further curiously,
0.1 mole of picric acid was sufficient to facilitate this reaction.  These results are indi-
cated in Table I, which further support an ionic mechanism.

TasLe I. Yield of 2-Methylthio-5-bromo-6-methyluracil in the Presence
of Equimolar Weight of Catalyst to (IV)

Catalyst Yield (%)
AICl; 42
FeCl; 31
SnCl, 30
Picric acid 42
None 21

Of course it must be taken into consideration that succinimide radical attacks point
of high electron availability.'’® However, bromination of 2-amino—4,6-dimethylpyrimidine
(XIV) by NBS was not inhibited or retarded at all by picric acid, sym-trinitrobenzene, hydro-
quinone, or iodine, which are typical inhibitors or retarders for the radical chain reac-
tion. The reason why (XIV) was selected for this purpose consisted in the view that as
this pyrimidine was brominated in quantitative yield in chloroform,*? retarding or inhibit-
ing action, if any, would clearly been seen. These results are shown in Table 1I.

TasLe H. Yield of 2-Amino-5-bromo-4,6-dimethylpyrimidine in the Presence
of 0.1 Mole of Radical Retarder or Inhibitor to 1 Mole of (XIV)

Retarder or Inhibitor Yield (%
Picric acid 96
sym-Trinitrobenzene 100
Hydroquinone 96
Todine 97
None 100

In aromatic series, presence of single alkoxyl, alkylthio, or dialkylamino group be-
comes driving force for the ring-bromination by NBS.'*™!®  On nitrosation or diazo-
coupling reaction of pyrimidines, Lythogoe, ef a/. demonstrated that the presense of one
or two potentially tautomeric substituents was a pre-requisite for this type of reaction.'”
That potentially tautomeric substituents also played a dominant réle in the bromination of
pyrimidines by NBS was further proved by unsuccessful bromination of O- or S-alkyl-
pyrimidines (XIX~XXI), 1,3,4-trimethyluracil (XX1V), and 2,4-dichloro-6-methylpyrimidine
(XVI).

From these observations, the author would like to suggest that electrophilic attack by
NBS took place at the 5-position of pyrimidines, although kinetic investigation would be
required to prove this.

Experimental*s

Bromination of Pyrimidines (I~XIV, XVI~XXIV) by NBS; General Method—0.01 mole of the pyri-
midine (and 0.01 mole of catalyst when used) was dissolved in 20cc. of AcOH on a steam bath and
to this solution equimolar weight of NBS was added (in the case of 6-methyluracil and uracil, NBS

*2 Yield of 2-amino-5-bromo-4,6-dimethylpyrimidine was lower in glacial acetic acid than in chlo-
roform. This may be due to partial protonation of (XIV), for electron availability at the 5-
position decreases appreciably in protonated pyrimidine.

¥ Melting points are uncorrected.
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was added to the hot suspension). Reaction took place immediately, with disappearance of NBS in
1 or 2min. After heating for 1 hr. on a steam bath, precipitate was collected, washed with water,
dried, and crystallized from appropriate solvents (when no precipitate was obtained, hot solution was
poured into 100 cc. of water and precipitate was treated as before). Yield,** melting point, and ana-
lytical data are listed in Table I1I.

Bromination of 2-Amino-4,6-dimethylpyrimidine in Chloroform—Equimolar weight (0.01 mole) of
2-amino-4,6-dimethylpyrimidine, NBS, and 0.001 mole of radical retarder or inhibitor, were refluxed
in CHCI3(20 cc.) on a steam bath. Solvent was distilled off, the residue was heated in water (20 cc.)
on a steam bath for 10 min., and warm insoluble product was collected, dried, and recrystallized from
a large volume of water. :

2-Amino-4-mercapto-6-methylpyrimidine (XV)—2-Amino-4-chloro-6-methylpyrimidine!® (7.15g.)
and thiourea (3.80 g.) were heated in dehyd. EtOH (150 cc.) on a steam bath for 1.5 hr., and after cool
the solid was collected (7.72 g.), which was taken in N NaOH (200 cc.), boiled for 1 hr., filtered, and
acidified with AcOH. Precipitate was collected, washed with water (3.83 g., 54%), and recrystallized
from water to 2-amino-4-mercapto-6-methylpyrimidine as light yellow rods. It began to redden at
ca. 240°, but did not melt. Amnal. Calcd. for C;H;N,;S: C, 42.53; H, 5.00. Found: C, 42.40; H,
4.84. Gabriel, et al. gave no m.p. for this compound, which they prepared by the action of KSH.!®

2-Amino-4-benzylthio-6-methylpyrimidine(XXVI)—2-Amino-4-mercapto-6-methylpyrimidine (0.42
g.) was dissolved in N NaOH (5cc.) and to this solution, EtOH (10 cc.) and BzCl (1 cc.) were added.
After heating for 1 hr., mixture was diluted with water (20 cc.) and precipitate was collected,
washed with water (0.41 g., 61%) and crystallized from petr. ether (b.p. 30~60°) to 2-amino-4-benzyl-
thio-6-methylpyrimidine as colorless needles, m.p. 118~120°, Anal. Calcd. for C;uH;3N,S : C, €2.30; H,
5.66. Found: C, 62.07; H, 5.34.

Bis(2-amino-6-methyl-4-pyrimidinyl) Sulfide (XXV)-2-Amino-4-chloro-6-methylpyrimidine (1.43g.)
and thiourea (0.76 g.) were heated in 80% EtOH under reflux for 5 hr. The solvent was evaporated
and yellow residue (0.70 g.) was crystallized twice from water to bis(2-amino-6-methyl-4-pyrimidinyl)
sulfide hydrate as bright yellow prisms, m.p. 226°(decomp.). Polonovski, ef al. gave m.p. 224° (decomp.).'®
Anal. Caled. for C,(H{3NgS-H,O: C, 45.09; H, 5.30. Found: C, 44.69; H, 5.00.

2-Amino-4-mercapto-5-bromo-6-methylpyrimidine—a) To a hot mixture of 2-amino-4-mercapto-
6-methylpyrimidine (1.41 g.) and AcOH (20 cc.), NBS (1.78g.) was added and heated for 10 min. on a
steam bath with occasional shaking and cooled in an ice bath. Solid was collected (0.46 g., 19%),
which was dissolved in warm 2N NaOH (30 cc.), filtered, and acidified with AcOH. After initially
precipitated amorphous solid was removed, yellow needles were obtained, which were crystallized
from water to 2-amino-4-mercapto-5-bromo-6-methylpyrimidine. It reddened at ca. 195> and de-
composed at 202~204°. Melting point did not depress on admixture with authentic sample prepared
as in (b). Anal. Calcd. for C;HgN;BrS : Br, 36.31. Found : Br, 35.95.

b) 2-Amino-4-chloro-5-bromo-6-methylpyrimidine!? (1.11 g.) and thiourea (0.38 g.) were heated in
dehyd. EtOH (20 cc.) under reflux for 3hr. The solid was collected, which was boiled in N NaOH
(30 cc.) for 1 hr., filtered, and acidified with AcOH. The precipitate (0.60g, 55%) was crystallized
twice from water to 2-amino-4-mercapto-5-bromo-6-methylpyrimidine, m.p. 205°(decomp.).

The author is indebted to Mr. Haruo Homma of the Scientific Research Institute for microana-
lysis.

Summary

Pyrimidines having one or two potentially tautomeric groups at the 2-, 4-, or 6-posi-
tion were brominated preferentially at the 5-position with N-bromosuccinimide in acetic
acid. Mechanism for these reactions was considered to be ionic one on the ground of
their experimental conditions.

(Received May 4, 1960)
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