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The kinetics of bromination of 5-bromo-2(1H)-pyrimidinone, 5-bromo-1-methyl-2-pyrimidinone, and 5-bromo-
1,2-dihydro-1,3-dimethyl-2-oxopyrimidinium bromide have been measured in 2-13 N aqueous sulfuric acid. In
these media all three substrates exist (>99%) as cations. The order of reaction, the acidity dependence of the rates,
and the reactivities of the substrates are all consistent with a mechanism in which the rate-determining step in-
volves attack by molecular bromine upon the covalent hydrate (or pseudobase) of the substrates.

We have previously presented evidence that the bromina-
tion of simple 2(1H)-pyrimidinones carried out in aqueous
acidic media proceeds in several discrete steps,! as shown in
Scheme I. In the first step, the covalent hydrates (or pseudo-
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base) 3, in equilibrium with substrates 1 (or 2), react rapidly
with bromine to give 4 and hence the observable! intermedi-
ates 5. These nonaromatic intermediates undergo slow acid-
catalyzed! dehydration via 4 to give the isolable 5-bromo de-
rivatives 8 (or 7). In the presence of a sufficiency of bromine
a further reaction takes place, presumably via the covalent
hydrates (or pseudobase) 6, to give 5,5-dibromo derivatives!
10.
We hoped that by using more concentrated acidic media we
would be able to study the first steps of the reaction (2 = 3 —
= §), and thus obtain more direct evidence of the inter-
medlacy of the covalent hydrate 3. For the cation 2 (R; = R,
= Me) the equilibrium constant? Kroy = [3][H*]/[2] = 10-7.
Thus, in strong acid the concentration of 3 should be very low,
and hence the rate of bromine consumption might be reduced
to a measurable quantity. However, the conversion 5 — 6 =
7 is acid catalyzed,! and in strong acid it seems that its rate is

sufficiently fast that 6 can compete with 3 for bromine. Con-
sequently, in strong acid the rate of disappearance of bromine
follows complex kinetics which we have not pursued. We were,
however, able to study the bromination 7 — 10 (R, Ro = H
or Me) for which the covalent hydrates (or pseudobase) 6 were
previously proposed! as the actual intermediates undergoing
electrophilic attack.

Results and Discussion

We have studied the kinetics of the reaction between bro-
mine and the substrates 5-bromo-2(1H)-pyrimidinone (8, Ry
= H), 5-bromo-1-methyl-2-pyrimidinone (8, R = Me), and
5-bromo-1,2-dihydro-1,3-dimethyl-2-oxopyrimidinium (7,
R; = Ry = Me) bromide in 2-13 N aqueous sulfuric acid, in
which all three substrates largely (>99%) exist as cations.? In
media of acidity greater than 15 N sulfuric acid, a quantitative
reaction between bromine and the substrates was not ob-
served. At these acidities, bromine could be detected even in
the presence of a tenfold excess of substrate. This we presume
to be due to the onset of the acid-catalyzed reverse reaction*
10 — 9 — 6 — 7 which we observed earlier.! However, at aci-
dities less than 15 N sulfuric acid the reaction with bromine
proceeds to completion, and the decrease in UV absorbance
due to bromine (or substrate) follows first-order kinetics if the
substrate is present in excess (about tenfold).

Substrate Dependence. In the presence of an excess of
substrates, good pseudo-first-order rate constants (k;°bsd)
were obtained for the bromination of all three substrates. By
varying the substrate concentration it was shown that the
reactions are in fact second order (see Table I).

The conditions of our experiments were not truly pseudo-
first-order in that the excess of substrate over bromine was
not very large (5- to 13-fold). However, one can still obtain
useful results under these circumstances. For a second-order
reactionIn [(b — x)/(a — x)] = In (b/a) — (a — b)kat. If b <a
> x, this may be simplified toln (b —x) = In b — (@ — b)kqt.
Thus, during the earlier stages of the reaction, when a > x is
most valid, the disappearance of the component b follows a
first-order law for which the apparent pseudo-first-order rate
constant k;°Psd = (@ — b)ko. In the present work, therefore,
second-order rate constants were calculated from kyobsd =
k1°b8d/([7] — [Bra]o). This approach has been used previously
by Bell, 52 and by us.5b-c

Acidity Dependence. Table II shows the second-order rate
constants that were obtained for reactions carried out in
various concentrations of sulfuric acid. For all three substrates
the rate of bromination decreases markedly with increasing
acidity, and presumably this reflects the diminishing con-
centration of the covalent hydrates (or pseudobase) 6.

Since the equilibrium 7 = 6 is a type of carbenium ion—
carbinol interconversion, we have chosen to use the acidity
function Hg, (derived from the ionization of carbinols)® as the
measure of acidity. Plots of log &50%%d vs, Hy give good straight
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Table 1. Substrate Dependence of the Rates of Bromination of 7 at 30 °C
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7 [7] X 104, [Br2]0 X 105, kIObSd X 102, kQObSda, Av kgObSd,
R, M M s~! M-1g-1 M-15-1
H 2.0 49 5.19 344
4.1 5.00 314 332 4+ 18¢
4.0 5.6 11.7 340
54 114 329
Me 2.0 4.0 791 494
2.0 8.72 484
3.0 3.0 13.2 489
3.0 13.0 481 488 + 12¢
3.0 134 496
4.0 3.0 17.6 476
3.0 184 497
Me 2.0 2.7 2.91 168
2.7 2.86 165
3.0 4.5 4.08 160
4.5 4.14 162 162 + 6¢
4.0 5.5 5.50 159
5.5 5.55 161
5.5 5.39 156
a pgobsd = k,0bsd/([7] — [Brg|o). ® In 7.4 N Hy80,. ¢ Maximum deviation from average. ¢ In 5.55 N H,SO,.
Table II. Acidity Dependence of the Rates of Bromination® of 7 at 30 °C
7 [H2S04], kpobsd,
R, N —-Hg M-1571 log koobsd No. of runs
H 5.90 1.99 1210 3.083 2
7.01 2.58 492 2.692 4
7.40 2.75 332 2.521 4
8.64 3.44 103 2.013 5
10.0 4.14 24.6 1.391 3
Me 5.55 1.79 488 2.688 7
6.50 2.30 197 2.294 4
8.05 3.10 46.4 1.667 3
9.95 4.14 7.25 0.860 2
Me 2.00 0.11 3830 3.583 4
2.76 0.45 1890 3.276 3
4.00 1.02 622 2.794 8
5.55 1.79 162 2.210 7
9.50 3.90 4.10 0.6128 6
114 4.93 0.610 —-0.2147 2
13.3 5.94 0.120 —0.9208 2

a Each kq0bsd is the average of the number of runs indicated in the last column.

Table II1. Least-Squares Analysis of log k,°bsd vs, Hp for

7—10
Intercept Slope No.
7 = log koK =m Corr of
R, Ro (SD) (SD) coeff pts
H H 4.69 0.79 0.9984 5
(0.02) (0.03)
Me H 4.08 0.78 0.9999 4
(0.001) (0.001)
Me Me 3.62 0.77 0.9998 7
(0.01) (0.007)

lines with slopes about 0.78 (see Table III). These observa-
tions, we believe, are completely compatible with the inter-
mediacy of the species 6.

Electrophilic attack upon the cations 7 is unlikely,” and
would not result in the observed inverse dependence of rate
upon acidity. The cation 7 (R; = Ry; = Me) almost certainly
reacts via the observable!® pseudobase 6 (R; = Ry = Me), this
being an enamine and thus highly susceptible to electrophilic
attack. In view of the similarity in their rates of bromination,
and in the acidity dependences, it is reasonable to propose that

the other two substrates 7 (R; = Ry = H) and 7 (R; = Me, Ry
= H) react via their covalent hydrates 6 (R; = R, = H) and 6
(R; = Me, Ry = H),1% respectively.

For the proposed mechanism

K ko
HO+7T—H*+6—>9—-10

Bro
we should have
koobsd = koK /h, (1)
and
log ko°bsd = log koK + H, (2)

where K = [6}h,/[7], and Hy = —log h, is the acidity function,
defined like Hg,® governing the equilibrium. Equations 1 and
2 are derived assuming [7] > [6] (or A, > K) which is justifi-
able, since for 7 (R; = Ry = Me) we have previously measur-
edld K = 10-398,

The observed data in Table II can be expressed in the form
log ko°Psd = intercept + mHR (see Table III) which is in accord
with eq 2 in view of the known linear relationship between
acidity functions.!! Accordingly, the data also support the
proposed mechanism.,
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Relative Reactivities. Finally, we consider the reactivities
of the substrates 7 in terms of the mechanism proposed above.
Assuming that H, = mHpy, we can equate the intercepts in
Table III with the term log koK from eq 2. Except for the di-
methyl cation 7 (R = Ry = Me) the term k9K is not separable,
and so we compare these terms for the three substrate cat-
ions.

cation 7 R;=R,=H R; = Me Ry =Ry=Me
RQ =H

koK, st 4.9 X 104 1.2 X 104 4.2 X 103

(30 °C)

rel 11.7 2.86 1.00

Methyl substitution should increase k9, but decrease K for
steric and electronic reasons.? It appears that the second effect
is dominant.1? This is not unreasonable, since it is known that
steric factors play a significant role in the equilibria 2 = 3,2
and the presence of the 5-bromo substituent in 7 should en-
hance the hindrance to hydroxyl attachment resulting from
methyl substitution.?

A similar order of reactivity was observed earlier in the H-D
exchange of the cations 2 in aqueous acid.13 For this reaction
we proposed that the rate-determining step involved elec-
trophilic attack by D* upon 3.13

cation 2 Ri=Ry=D Ri=Ro=Me
koK,s™1(107 °C) 4.7 X 1075 7.2 X 10~
rel 6.5 1.0

For the dimethyl cation 7 (R; = Rz = Me) the equilibrium
constant!® K =~ 103, and so ko =~ 4 X 106 M~1s~1, This value
for the attack of bromine upon the pseudobase 6 (R; =Ry =
Me) seems to us quite reasonable. The enol of acetone reacts
with bromine with ky ~ 107 M~1s-1 at 25 °C.1¢ A simple
enamine should be more reactive than this,!5 but in 6 the
enamine moiety would be deactivated by the presence of the
5-bromo substituent and by the carbonyl group in conjugation
with the N lone pair.

It is, perhaps, noteworthy that similarly substituted 5-
bromouracils (11), which have a carbonyl group at position
4, are much less reactive.16

(0]
Br
[
N’Ko
R,
11

Ri=R,=H, k,=64 M5~
Ri=R,=Me, k,~19 M %s™"

In summary, we feel that the relative and the absolute
reactivities of the substrates 7 are understandable in terms
of the proposed mechanism involving 6. It may be noted that
of the species 1--10 in Scheme I only 4 and 9 have not been
directly observed.!

Experimental Section

The origin of the compounds used in this study, their UV spectral
data, and their pK values can be found elsewhere.’P UV measure-
lrgents were made on a Cary 14 instrument and on an Aminco

W-2.

Sulfuric acid solutions were either commercial standard volumetric
solutions, or were made by dilution of concentrated sulfuric acid (38
N) and were checked by titration against a standard sodium hydroxide
solution.
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Values of Hg were obtained by interpolation from the data (at 30
°C) of Arnett and Bushick® using “Wt % H,S0,” calculated from
“normality” ana the known densities of sulfuric acid-water mix-
tures.l”

Constant temperature was maintained by circulation of water at
30.00 £ 0.05 °C through the cell holders of the spectrophotometer.
Reagent solutions were equilibrated at 30 °C prior to their use in ki-
netic experiments.

The rate of the reaction between the substrates 7 and bromine was
measured by monitoring the decrease in absorbance due to bromine
or the substrate!8 at a convenient UV wavelength. A solution of the
final product mixture with an absorbance approximately equal to A
was used as a reference to largely offset the absorbance due to the
unreacted excess of substrate.

Reactions were initiated by adding 50 or 100 gL of bromine solution
to a 1-cm cell and then adding 3 mL of substrate solution. Between
10 and 15 absorbance values were taken over 2 half-lives, and
pseudo-first-order rate constants (k;°°*d) were obtained from least-
squares analysis of In (A — A.) vs. time. Only those data which gave
correlation coefficients 20.9995 were accepted. The rate constants
reported in the text are the averages of two to eight individual
runs.

Second-order rate constants (k»°b5d) were obtained from? kgobsd
= k,°sd/({7] - [Brg)o) as explained in the text. Since the loss of bro-
mine from aqueous solutions is appreciable over extended periods of
time, the actual bromine concentration for a given kinetic run was
estimated from the total change in absorbance due to the decrease
in the substrate concentration assuming [Brz)o = [7]o — [7]=.

Up to 0.01 M KBr had a negligible effect upon the rates. Since {Br-}
did not exceed 103 M during any of the kinetic experiments, its effect
upon the rate constants (due to tribromide ion formation) was ig-
nored.
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