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5-Substituted Pyrimidines, Quaternization Reactions, Kinetics, Heteroaryl Substituents
The kinetics of quaternization of a series of 5-aryl- and 5-heteroarylpyrimidines with
phenacyl bromide in acetonitrile have been studied in order to assess the electronic effects
of the 5-substituent. The observed order of reactivity is 5-(l-methylpyrrol-2-yl) > 5-panisyl >5-(2-furyl) >5-p-tolyl > 5-(2-thienyl) >phenyl > 5-(m-chlorophenyl). The reactions
are enthalpy controlled and the rate data can be accounted for in terms of the electronwithdrawing or donating ability of the 5-substituent. The substituent effects of the
2-fury 1- and 2-thienyl groups in the above reaction are significantly different from those
observed in the piperidinolysis of 2-chloro-5(2-heteroaryl)pyrimidines.
In the preceding paper [1], we have described
studies of the electronic effects of a series of heteroaryl and aryl groups at the 5-position of pyrimidine
on the rate of nucleophilic displacement of chlorine
from the 2-position in chloropyrimidines. In this
paper, we describe studies of the elfect of such
5-substituents on the rate of quaternization of the
pyrimidines (1) with phenacyl bromide, in order
that a comparison might be made of the transmission of substituent effects through the pyrimidine
ring system in reactions involving transition states
which are either negatively or positively charged.
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presented in the Table. After the reactions had
proceeded to approximately 1 5 % of completion, an
increase in rate was observed (probably due to a
salt effect since the salts (2) were isolated from the
reaction mixtures in 9 0 % yield, indicating that sidereactions were not responsible for the rate increase)
and hence kinetic data were calculated from the
results for the first 1 0 % of the reaction. In this
range, second order kinetic plots were obtained, as
are usually found in quaternization reactions of
heteroaromatic substances [2, 3].
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Results
Rate data and activation parameters for quaternization of the pyrimidines (1) with phenacyl bromide
in acetonitrile solution, to give the salts (2), are

The data presented in the Table show that the
reactions are enthalpy controlled, and that the
relative rates of reaction can be explained as a
consequence of the electron-withdrawing ability of
the 5-substituent. Thus, e.g. 5-p-anisylpyrimidine
undergoes quaternization 2.4 times faster than 5-rachlorophenylpyrimidine. However, as in our earlier

Table. Second order rate data and activation parameters for the reaction of phenacyl bromide with 5-substituted
pyrimidines in acetonitrile.
5-Substituent

10 5 k 30 3
[1 mol-i • sec-*]

105 k3i3
[1 mol-i • sec-*]

Relative
rate [303°]

AH
[kJ • mol-*]

1 -Methylpyrrol-2-yl
jo-Anisyl
2-Fury 1
jp-Tolyl
2-Thienyl
Phenyl
m - Chloropheny 1

11.2
10.9
9.2
8.5
7.7
5.8
4.5

22.9
22.7
19.3
18.4
17.1
13.5
11.1

1.93
1.88
1.58
1.47
1.33
1.00
0.78

57.0
58.7
59.4
61.5
63.2
68.0
72.2

* Reprint requests to Dr. D. W. Allen.
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127
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120
115
102
90
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study of nucleophilic displacement in 2-chloro5-heteroaryl(or aryl)-pyrimidines [1], the observed
range of rate constants is narrow.
The effect of the 5-(2-heteroaryl) substituents on
the rate of quaternization is of considerable interest.
The order of apparent electron-donating ability
relative to phenyl, is l-methylpyrrol-2-yl > 2-furyl >
2-thienyl > phenyl. This order contrasts with the
order of apparent electron-donating ability observed in our studies of the effect of such 5-(2heteroaryl) substituents on the rate of nucleophilic
displacement of chlorine from the 2-position of the
pyrimidine ring i.e. l-methylpyrrol-2-yl> phenyl>
2-thienyl > 2-furyl [1]. Clearly, the substituent effects of the heteroaryl substituents are markedly dependent on the nature of the reaction involving the
pyrimidine ring. In the quaternization reaction, the
l-methylpyrrol-2-yl and 2-furyl substituents have
similar electronic effects, which are comparable with
those of the p-anisyl group, well recognised as an
overall electron-donating system. In contrast, in
the nucleophilic displacement reactions, while the
1-methylpyrrol-2-yl group behaves in a very similar
manner to the p-anisyl group, the 2-furyl group is
very similar to m-chlorophenyl, and has a moderately strong electron-withdrawing effect. Similarly,
the 2-thienyl group is electron-donating in the
quaternization reaction, but electron-withdrawing
in the nucleophilic displacement process. Our
findings complement those of Marino et al. [4] in
their studies of the substituent effects of 2-furyl and
2-thienyl groups on the reactivity of benzenoid
compounds e.g. the ionisation of the substituted
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phenols (3) and the solvolysis of the esters (4). In
the ionisation of phenols, the above heteroaryl
groups behave as predominantly electron-withdrawing substituents whereas in the case of solvolysis of the esters which involves a positively charged transition state, these groups have an
overall electron-donating effect.
Preparation of 5-substituted pyrimidines (1)
5-Phenyl- and 5-(2-heteroaryl)-pyrimidines were
prepared by the photolysis of 5-iodopyrimidine in
solutions of the appropriate heteroarene or benzene,

as previously described [5]. The remaining 5-(substituted-aryl)pyrimidines were prepared by the
reaction of the appropriate substituted-aryltrimethinium Perchlorate (5) with formamidine acetate
in the presence of ethanolic sodium ethoxide, the
reaction proceeding via the related arylmalondialdehyde (6).
/=WCHNMe2_
V

C H = NMe2

cio;
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Experimental
XH NMR spectra were recorded at 60 MHz using
a Jeol spectrometer, with tetramethylsilane as
internal standard. Mass spectra were recorded at
70 eV using an AEI MS 30 instrument.

2- (Substituted aryl)trimethinium Perchlorates (5,
X = p-Me, p-OMe or m-Cl). These were prepared as
previously described [1, 6].
5- (Substituted-aryl) pyrimidines (1, Ar = p-Me,
p-OMe or m-Cl). A mixture of the Perchlorate (5)
(0.02 mole) and formamidine acetate (0.022 mole)
was dissolved in boiling ethanol (70 cm3), sodium
ethoxide (0.048 mole) was added, and the resulting
mixture heated under reflux for 3 h. The solution
was then filtered hot, the filtrate evaporated to
dryness under pressure and the product isolated by
vacuum sublimation (0.1 mm Hg, 60°) to give:
5-(m-chlorophenyl)pyrimidine,
72-73 °C.

2.35 g (61%), m.p.

c10h7cin2
Found
Calcd

C 63.2
C 63.0

H 3.8
H 3.7

N 14.55,
N 14.7.

Ö(CDC13) ppm: 9.1 (1H, s); 8.8 (2H, s) and
7.4 (4H, m); m/e 190 (M+).
5-(p-tolyl)pyrimidine,

1.35 g (40%), m.p. 74 °C.

C11H10N2
Found
Calcd

H 6.0
H 5.9

C 71.5
C 77.6

N 16.5,
N 16.45.

d(CDCls) ppm: 9.1 (1H, s); 8.8 (2H,s); 7.3
(4H, q) and 2.25 (3H, s); m/e 170 (M+).
5-(p-anisyl)pyrimidine,

1.25 g (34%); m.p. 140 °C.

C11H10O2
Found
Calcd

C 70.8
C 70.95

H 5.45
H 5.4

N 14.85,
N 15.05.

<5(CDC13) ppm: 9.0 (1H, s); 8.8 (2H, s) and
3.8 (3H, s); m/e 186 (M+).
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Kinetic studies
Equimolar solutions (usually 0.02 mol • d m - 3 ) of
the 5-substituted pyrimidine and phenacyl bromide
in acetonitrile were thermostatted at 30 °C, mixed
and conductance readings taken at 15 min intervals
over an 8 h period. The reaction mixtures were then
allowed to stand for ca. 7 days, the solvent evaporated, and the salt isolated and characterised. The
reactions were then repeated with solutions thermostatted at 40 °C. Rate constants were evaluted from
the data for the first 10% of the reaction, using a
standard second-order rate law approach. The
solvent was dried over Molecular Sieve 4 A and
then distilled through a spinning band column.
Phenacyl bromide was recrystallised twice from
petroleum spirit before use. The following pyrimidinium salts were isolated as the sole products of the
above reactions:
5-Phenyl-N-phenacylpyrimidinium,
m.p. 146 °C.

bromide,

Ci 8 Hi 5 BrN 2 0
Found C 60.85 H 4.20 N 8.05,
Calcd
C 60.85 H 4.25 N 7.90.
<3(D6-DMSO) ppm: 10.2 (s, 1 H ) ; 9.9 (s, 1 H ) ;
9.3 (s, 1 H ) ; 8.6 (m, 10H) and 2.3 (s, 2H).
5-(2-Furyl)-N-phenacylpyrimidinium
m.p. 156 °C.

bromide,

Ci6Hi 3 BrN 2 02
Found C 55.8
H 4.05 N 8.0,
Calcd
C 55.65 H 3.80 N 8 . 1 .
<5(D6-DMSO) ppm: 10.6 (s, 1 H ) ; 9.7 (s, 1 H ) ;
9.5 (s, 1 H ) ; 8.6-7.1 (m, 8 H ) and 8.2 (s, 2H).
5-(2-Thienyl)-N-phenacylpyrimidinium
m.p. 214 °C decomp.
Ci 6 Hi 3 BrN 2 OS
Found C 52.85
Calcd
C 53.2

H 3.75
H 3.65

bromide,

N 7.75,
N 7.75.
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Calcd
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H 4.2
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H 4.75
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H 4.6
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bromide,

N 7.35,
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9.6 (s, 1 H ) ; 8.2-6.6 (m, 9 H ) ; 3.8 (s, 3 H ) and
2.3 (s, 2H).
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