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Rates of bromination at the 5-positions of the title conipounds have been measured in aqueous 
sulfuric acid solutions. The reaction involves a rapid irreversible forniation of a 5-bronio-4,6-dihydroxy- 
hexahydro-2-oxopyrimidine which undergoes slow acid-catalyzed conversion to the corresponding 
5-bromopyrimidinone. If excess bromine is present the latter product reacts further to produce a 5,5- 
dibromo-4,6-dihydroxyhexahydropyrimidine. 

Les vitesses de bromation des positions-5 dans les composes du titre ont C t t  niesurtes dans des solutions 
aqueuses d'acide sulfiirique. La rtaction iniplique la formation rapide irreversible de la bromo-5 di- 
hydroxy-4,6 hexahydro 0x0-2 pyrimidine qui se transforme lentenient, sous une catalyse acide, en 
bromo-5 pyrimidinone correspondante. Ce dernier produit continue de rtagir en presence d'un exces 
de brome, pour donner la dibromo-5,5 dihydroxy-4,6 hexahydro pyrimidine. 

[Traduit par le journal] 
Can. J. Chem., 52,431 (1974) 

Due to  their biological and pharmacological 
I importance, pyrimidines have been extensively 

studied from a synthetic standpoint (1) but only 

1 recently have mechanistic studies been forth- 
coming (2). As part of a study of the electro- 
philic substitution of heteroaromatic c o n i p o ~ ~ n d s  
Katritzky and co-workers (3, 4) studied deutera- I tion at  the 5-position of 2(1H)-pyrimidinone 
l(R1 = H), 1-methyl-2(1 H)-pyriinidinone 1 (R1 
= Me), and the 1,2-dihydro-l,3-dimethyl-2-0x0- 
pyrimidinium ion 2 (R1 = R2 = Me). They 
concluded that these exchanges occur via the 
covalent hydrates 3 (R1 = R2 = H)  and 3(R1 = 
Me; R2 = H), and the pseudo-base 3 (R1 = R2 
= Me), respectively. A subsequent study of the 
nitration of these same derivatives (5) showed 
that l(R1 = H)  and l (R1 = Me) react as  their 
free bases but that the cation 2(R1 = R2 = Me) 
is unreactive. 

Following an earlier communication (6) ,  we 
now present more complete results of a study of 
the bromination of these pyrimidines in aqueous 
sulfuric acid solutions. Initially it was found that 
l(R1 = H), l (R1 = Me), and the cation 2(R1 = 
R2 = Me; anion = C1- or  HS0,-) react 
rapidly with bromine in aqueous solution at  

1 room temperature. Removal of the water under 
' reduced pressure followed by recrystallization 

of the solid residue gave the 5-bromo derivatives: 
I 6(R1 = H), 6(R1 = Me), 5(R1 = R2 = Me;  an- 
I 
I 'Author to whom correspondence should be addressed. 

ion = Br-). The facility with which the quater- 
nary salts reacted also suggested the intermediacy 
of the pseudo-base 3(R1 = R2 = Me)  and thus, 
by analogy, that the parent compound l (R = H) 
reacts via its covalent hydrate 3(R1 = R2 = H). 
The  changes occurring during bromination were 
then monitored spectrophotonietrically. Upon 
addition of aqueous bromine to  an  acidic solu- 
tion of the cation 2(R1 = R2 = Me), the u.v. 
absorption of the latter disappeared immediately 
but only slowly was it replaced by absorptions 
appropriate to the 5-bromo cation 5(R1 = R2 
= Me). Similar behavior is exhibited by the 
other substrates l (R1 = H or Me), namely, that 
the solution obtained from mixing eqilimolar 
quantities of solutions of these substrates and 
bromine had no significant absorption above 
220 nm. These observations suggested the initial 
formation of nonaromatic adducts o f  the type 4 
(see Scheme 1) for which there are precedents. 

Barbieri et al. have isolated derivatives of the 
type 11 formed during the bromination of some 
2-sulfonamidopyrimidines (7). Likewise the bro- 
mination of 1,3-dimethyluracil has been postu- 
lated (8) to  occur via the intermediate 12(R1 = 
Me; R2  = H)  and thymine reacts with bromine 
to form the 5-bromo-5-methylhexahydropyrimi- 
dine 12(R1 = H ;  R 2  = Me) (9). Furthermore, 
with excess bromine uracils give 5,5-dibromo 
derivatives 12(R2 = Br) (1, 2). 

Attempts to  isolate and characterize the 
adducts 4 failed, giving white labile materials 
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H + 

(if  R~ = H )  

R' R' 

fast  1 Br2 
-Bi 

slow -H+ i 

H OMe which readily transform to the 5-bromo products 

FJ; x- :f- 5 or 6. However they may be  observed using 
n.m.r. spectroscopy. Upon addition of bromine 
t o  D,O solutions of l(R1 = H or Me), and 

N M e 0  NHs02Ar 2 ( ~ '  = R' = Me) signals appropriate to 4 are 
R' H observed. The 5-proton appears as a complex 
10 1 1  multiplet centered at 6 4.4 and the 4,6-protons 

o as  a multiplet a t  6 5.0 with relative integrated ;fJ; intensities of approximately 1 : 2. The N-methyl 
protons, if present, appear a t  6 2.88. Repeat 
experiments using substrates having deuterium 

HO a t  the 5-position give spectra lacking the absorp- 
R' tions a t  6 4.4 and showing much simplification 
12 of the multiplet at 6 5.0. The complexity of the 
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TEE AND BANERJEE: BROMINATION OF 2-PYRIMIDINONE 

TABLE I. Variation of the rate of appearance of the brominated prod- 
uct 5 with acidity for the substrates 10 at 30 "C 

-- -- 

[H2S041 [H30 + I* kobs x lo4t 
R' R2 X- (M) ( M )  (min-I) 

H H C1- 0.250 0.261 1.88 
0.300 0.311 2.19 
0.400 0.411 3.19 
0.500 0.511 4.12 

Me H C1- 0.250 0.261 6.10 
0.350 0.361 7.95 
0.400 0.411 9.5 
0.500 0.511 12.0 

Me Me HS0,-$ 0.050 0.059 5.91 
0.100 0.110 10.8 
0.250 0.261 28.3 
0.300 0.311 34.1 
0.430 0.441 53.3 
0.500 0.511 63.3 
0.665 0.677 80.6 
0.690 0.702 84.00 
0.500 0.511 34.51) 
0.75 - 72.611 
1 .oo - 97.1 jl 

'Calculated from the molarity of H,SOI assuming the second dissociation constant 
of HZSOI is K2 = 1.2 x (12). 

tAverage from two or more determinations. Estimated errors are less than 5%. 
$Data for this compound are shown in Fig. 1. 
§Single run. 
/ /At 25 'C. 

multiplets and the N-methyl absorptions suggest 
that the species 4 may be present in more than 
one diastereomeric form. 

With time the n.m.r. absorptions we assign 
to 4 decrease, and are replaced by those ap- 
propriate to the 5-bromo derivatives 5 and 6. 
These also react with bromine to give materials " 
with no significant u.v. absorptions and which 
are presumably the 5,5-dibromo-4,6-dihydroxy- 
hexahydropyrimidines 7. Indeed for 7(R1 = R2 
= Me) a white crystalline material was isolated 
whose elemental analysis, n.m.r., and mass 
spectra are consistent with the proposed struc- 
ture. The n.m.r. (in DMSO-d,) shows two 
singlets: 6 2.87, area 3 (N-Me); 6 5.00, area 1 
(C4,,-H). The mass spectrum has three peaks 
at m/e 316, 31 8, 320 (approximate ratio 1 : 2: 1) 
as expected for 7(R1 = R2 = Me) having two 
bromines. 

The bromination of the title compounds 
seems, then, to involve a rapid reaction with 
bromine to give adducts 4 which slowly undergo 
elimination to yield the 5-bromo derivatives 5 
and 6. The kinetics of this latter process were 
measured spectrophotometrically by monitoring 
the u.v. absorption of the products as a function 
of time. At fixed acid concentrations, first-order 

kinetics were observed for all three substrates 
and the rate constants presented in Table 1 were 
obtained. Part of these data are shown in Fig. 1. 
Clearly the process being followed is acid 
catalyzed, as would be expected for the dehydra- 
tion 4 F? S 4 9 F? 5 (see Appendix). The pres- 
ence of N-methyl groups facilitates the reaction, 
presumably by increasing the proportion of 8 
relative to 4. 

Kinetics were also measured in stronger acid 
(1.0-2.19 M H,SO,) for 2(R1 = R' = Me, 
HS04-) but a minor complication arises in this 
region in that first-order plots for the increase 
of product absorbance are significantly curved 
(10). This we believe to be due to the formation 
of some 7(R1 = R2 = Me) which in a very slow 
process reverts to 5(R1 = R2 = Me) and so 
precludes accurate measurement of A,. 

As the aciditv of the medium increases. the 
2 .  

proportion of the pseudo-base 3 relative to the 
cation 2 is decreased (3, 4). Consequently at the 
hieher acid concentrations it is observed that 

u 

the time for the initial rapid disappearance of 
bromine is perceptibly longer, since the conver- 
sion 2 -t 4 is retarded. At the same time. how- 
ever, the increased acidity facilitates the process 
4 -+ 5, and at higher acidities it is quite possible 
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TABLE 2. Variation of rate of appearance of the brorninated prod- 
uct 5(R1 = R2 = Me) with the acidity function Ho for the sub- 

strate 10(R1 = R2 = Me; X = HSO,) at 30 "C 

1 .OO -0.30 1.75 - 1.7570 
1.28 -0.48 2.66 - 1.5751 
1.50 -0.61 3.68 - 1.4342 
2.00 -0.89 5.96 - 1 .2248 
2.19 -0.99 8.47 - 1.0721 

'Average of  two o r  more determinations. Estimated errors less than  5%. 
?These values are plotted against H ,  in  Fig. 2. 

that 2 (through 3) and 5 (through 9) may compete 

75 

- 
E 

-d 

0 
x 50 

'9 
a 

x 

25 

for bromine and that some of 5 be converted to 
the dibromo product 7. This would explain why 
the A, measured is less than anticipated but 
does not explain the curvature we have observed. 
The absorbance measured after 10 half-lives 
(A,) did not remain constant but gradually 
increased well after the reaction should have 

o 2 o 4 0 6  H3oC,W bromine to give 7 (via 9). However, following 

FIG. 1. Variation of the rate of appearance of the the mO1 equiv. 
product 5(R1 = R2 = Me) with acidity (30 OC). bromine during the formation of 4, one can 

-- 
1 significantly during the normal time of measure- 

1 ment of absorbance values, it influences the final 

1 absorbance value to a small extent. Hence on 

- 

'' lowering A, slightly to correct for this reaction, 
! good straight first-order plots were obtained for 

theoretically gone to completion if it was 
strictly limited to the conversion 4 -, 5. This 
observation suggests a further slow formation of 

- 

- 

the 5-bromo product 5. In a separate experiment 
it was noted that when the 5,5-dibromo adduct 
7 was dissolved in 2 M H,SO, solution absorp- 

the rate of appearance of 5. Values of A, were 
chosen to give the best least squares fit of the 
absorbance data to a first-order plot. Rate 
constants derived from such plots are shown in 
Table 2, and they exhibit a linear dependence 
upon acidity as anticipated (see Fig. 2). 

Experiments were also carried out in which 
the initial bromine concentration was more than 
twice that of the pyrimidine substrate. Under 

tion appropriate to 5 appeared very gradually 
over an extended period of time. 

It seems likely, therefore, that the inaccurate 

' these conditions one cannot directly observe the 
1 I I , 1 appearance of 5 since it reacts rapidly with 

value of A,, which leads to the curvature of the 
first-order plots, is due to a slow conversion of 
7 to 5. Although this reaction does not occur 

FIG. 2. Variation of the rate of appearance of the 
product 5(R1 = R2 = Me) with the acidity function Ho 
(30 "C). 
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T E E  AND BANERJEE: BROMIN 

observe a slow decrease in bromine absorbance 
as the remaining bromine is consumed by 5 as 
rapidly as the latter is formed. Consistent with 
this interpretation, rate constants obtained by 
measuring the decreasing bromine absorption 
are, within experimental error, identical t o  those 
measured for the appearance of 5 in the absence 
of excess bromine.' 

In the dehydration of the intermediate 4 it is 
envisaged that the slow step is the removal of 
the proton a t  the 5-position of 8. T o  test 
this hypothesis 5-deuterio-2 (R1 = R2 = Me, 
HS0,-) was prepared by isotopicexchange (3,4), 
and the rate of its bromination was measured. 
In 0.5 M H'SO, it gave k,,, = 10.8 x lo- ,  
min-' from which k, ,~/kObsD = 5.9. Such a 
large isotope effect is entirely consistent with 
the rate-determining rupture of C,-H bond of 
the intermediate 8 (1 

Work in progress also implicates covalent ad- 
ducts similar t o  4 in the bromination of other 
pyrimidine substrates. 

Experimental 
The melting points given below are uncorrected. 

Ultraviolet determinations were made on a Cary 14 
instrument, n.m.r. spectra werc obtained from a Varian 
A-60 spectrometer, and the mass spectrum was run on a 
Perkin-Elmer-Hitachi RMU-6E mass spectrometer. 
Elemental analyses were performed by Galbraith Labs. 
Inc., Knoxville, Tennessee, and by A. B. Gygli, Toronto, 
Ontario. 

2-Pyrin~idinor~e Hydrochloride (10, R' = R2 = H; 
X = Cl) 

This compound from Aldrich was recrystallized from 
ethanol-water before use. 

l-Metl1yl-2-pyrin1irlino,1e Hydrochloride (10, R1 = Me;  
R 2 = H ; X =  CI) 

This compound was prepared by literature methods 
(4, 13). 

I ,2- Dihydro-l,3-dimetI1yl-2-o.uopyrir,lin1 Hydrogen 
Sulfate (10, R' = R2 = Me; X = H S 0 4 )  

Previously (4) this compound was made from the 
corresponding chloride by treatment with silver sulfate. 
It is more conveniently made by direct condensation. 

1,3-Dimethylurea (8.8 g, 0.1 mol) in 40 ml absolute 

2For example, in 0.5 M H2S04  at 25 "C the rate con- 
stant obtained by monitoring product increase in the 
absence of excess bromine was 3.45 x lo-, min-I 
(average of 10 runs). That obtained by monitoring 
bromine decrease was 3.62 x lo- ,  min-' (average of 
three runs), when initial bromine exceeded that of 
pyrimidine substrate. 

,It should be noted that of the species 1-9 and 1 3  
only 8 and 1 3  have not been directly observed. 

ethanol was added t o  1 ,I ,3,3-tetraethoxypropane (22 g, 
0.1 mol) and the resulting solution was cooled in ice water. 
Upon dropwise addition of 9 5 2  sulfuric acid (20 g, 0.2 
mol) the stirred solution became yellow and deposited an 
orange-yellow precipitate. The mixture was then heated 
at 50" for 30 min. Cooling to room temperature and 
filtration gave 21 g (95Y,) of pale yellow crystals. Re- 
crystallization from ethanol-methanol-water afforded 
18.3 g (832) long colorless needles, m.p. 204-206", 
reported (4) m.p. 200-205". The n.ni.r. spectrum agreed 
with literature values (4). 

Anal. Calcd. for C6HION2O5S: C, 32.43; H ,  4.54; N ,  
12.61. Found: C, 32.54; H,  4.59; N ,  12.72. 

The 5-deuterated material was prepared by heating a 
sealed glass tube containing 2.2 g (0.01 mol) of the above 
crystals in 10 ml deuterium oxide at 100" for 10 days. The 
tube was cooled to O", opened, and the contents were 
decolorized by filtration through "Norite". Solvent 
removal and recrystallization from ethanol-water gave 
1.82 g (81%) of longcolorless needles.The n.m.r. spectrum 
in D 2 0  showed less than 3% protii~m at the 5-position of 
the pyrimidine ring. 

5-Brott10-2-py,i11icli,1011e (6, R' = H )  
This was made in 84% yield by the method of Crosby 

and Berthold (14) but using 2-pyrimidinone hydrochloride 
in place of the free base. 

5-Bron1o-I-n1etl1yl-2-pyri1~1idinone (6, R1 = Me) 
T o  1-methyl-2-pyrimidinone hydrochloride (0.5 g, 

3.4 mmol) in 5 ml water was added saturated bromine 
water until color persisted. Removal of the solvent under 
reduced pressure gave a yellow material, which was 
recrystallized from ethanol to give white flakes, m.p; 
237-239" (darkens at 180"), reported (15) m.p. 210-211 
(darkens at  170"); n.m.r. (D,O), F 3.97 (s, 3, CH,), 9.49 
and 9.33 (AB "quartet" J4,6 = 3 HZ. 1 and 1. H4 and 
Hs). 

Anal. Calcd. for C5H5N20Br:  C, 31.78; H, 2.65; N .  
14.83; Br, 42.28. Found: C, 31.80; H, 2.75; N, 14.85; 
Br, 42.17. 

5-Brotno-I ,2-dil1ydro-l,3-ditt1etl1yl-2-oxopyrimidit1i111t1 
Brornide (5 ,  R' = R2 = Me; utrior~ = Br-) 

To 1,2-dihydro-1,3-dimethyl-2-oxopyrirnidinium chlo- 
ride (4) or sulfate (1 rnmol) was added 1 0  ml of 0.1 M 
bromine water. The resulting solution was reduced t o  
dryness, and the pale yellow residue was recrystallized 
from ethanol to give 0.189 g (67%) bright yellow crystals, 
m.p. 267-268" (dec); n.m.r. (D20),  F 3.88 (s, 6, N,,,- 
CH,), 9.05 (s, 2, H4.6); U.V. spectrum (9.52 H2S04), 
h,,, (log E) 222 (4.10), 346 (3.85). 

Anal. Calcd, for CsHsN20Br2: C, 25.38; H, 2.84; N, 
9.87; Br, 56.28. Found: C, 25.59; H, 2.82; N, 9.76; Br, 
56.06. 

5,5- Dibromo-4,6-di/1ydroxy-1,3-dimethy/l1exul1ydro-2- 
oxopyrit7ziditle (7, R 1 , =  R2  = M e) 

T o  1 g (3.5 mmol) of the product o f  the previous 
preparation was added saturated bromine water until 
color persisted. A white material (0.97 g, 87%) immediately 
precipitated from solution, m.p. 135" (dec); n.m.r. 
(DMSO-ds), 6 2.87 (s, 6, N1,3-CH3), 5.00 (s, 2, 
3.40 (broad, 2, 04,6-H); mass spectrum mle, 316, 318, 
320 (approximate ratio 1 :2 : 1). 

Anal. Calcd. for C6HloNZO3Br2: C, 22.67; H, 3.15; 
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TABLE 3. Ultraviolet spectral data and protonation pK,'s of the pyrimidine substrates 
and their 5-bromo derivatives 

-- 

Pyrimidine PK, p H  or H, L a x  (log E )  Reference 

1,2-Dihydro-1,3-dimethyl-2-0x0- 
pyrimidinium hydrogen sulfate 

5-Bromo-2-pyrimidinone 

5-Bromo-l,2-dihydro-l,3-dimethyl-2- 
oxopyrimidinium bromide 

*For the equilibrium 2 ri 3, K = [31[Ht1/[2] = (4). 
?This work. 
f For the equilibrium 5 e 9, K = [9] [H' 1/15 1. 

N, 8.81; Br, 50.27. Found: C, 22.63; H, 3.05; N, 8.86; Appendix4 - - 
Br, 50.13. I t  is proposed that rates we have measured are 
Kinetic Procedures (10) for the reaction 

Sulfuric acid and sodium thiosulfate solutions were 
prepared from commercial standard volumetric con- K k 4 +  H f S 8 - 9 S 5  
centrates. Solutions of bromine in aqueous sulfuric acid slow 
were estimated by titration against sodium thiosulfate. 
This must be done frequently since bromine loss to the For this scheme rate = k,,,[5] = k[8], since 
air is considerable. 

The concentration of hydronium ion in dilute acid [5] >> [9] .  However, the rate of appearance of 5 
solutions was calculated assuming the second dissociation the rate the stOichiOmetric dis- 
constant of sulfuric acid to be 1.2 x (12). For appearance of 4 ,  and thus . , - 
stronger acid solutions values of H, were obtained from 
Johnson et al. (16) using "wt HzS04" calculated from rate = k,,, [4],, = k[8], 
"molarity" and the known density of sulfuric acid -water and 
mixtures (17). 

Rates of product formation were measured by moni- 
toring a suitable wavelength in the region 365-375 nm 
using a Cary 14 spectrophotometer. Temperature control 
was maintained by circulating water through the cell 
holders from a Neslab TE9 constant temperature bath 
kept at  30.00 + 0.02 "C. Solutions were kept at 30 O C  
prior to  mixing and the start of kinetic measurements. 
Normally (> 15) absorbance values were measured over 
at least 2 half-lives, and A, values measured after at 
least 10 half-lives. Plots of In  (A, - A )  us. time gave 
good straight lines but only those having correlation 
coefficients > 0.9998 were used to calculate rate con- 
stants. Such rate constants were independent of the initial 
concentrations of either bromine or pyrimidine substrates. 

The rate data for the 5-deuterio substrate show initial 
curvature due to the preferential consumption of the 
small amount of protio material ( i  373. Rate constants 
were obtained by the method of Brown and Fletcher (18) 
which utilizes the latter portions of the rate data which 
are very linear. The initial curvature corresponded to 
< 3 z  protio material in agreement with the estimate from 
n.m.r. spectra. The rate constant for 5-deuterio substrate 
given in the text is the average of three determinations 
(1.05, 1.08, and 1.10 x min-I). 

Ultraviolet spectral data for the pyrimidine substrates 
and their 5-bromo derivatives are presented in Table 3. 

where [4 l , t  = (PI + [81) 
For the equilibrium between 4 and  8, 

and so 

Therefore, 

a familiar result. 
Also as long as  the equilibrium lies in favor of 

4, i.e. K >> [H'], then 

and acid catalysis should be observed. 

4The development of these equations was requested by 
a referee. 
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TEE AND BANERJEE: BROMIN.4TION OF 2-PYRIMIDINONE 457 

Our results require,  therefore, tha t  even in the  
strongest acid (2 M H,SO,), tha t  4 predominates  
over  8. One might expect  tha t  t h e  equi l ibr ium 
fo rmat ion  o f  a n  iminiuni  i o n  f r o m  a carbinola- 
mine would be relatively complete  in  such a 
medium.  I n  the  present  case, howevcr,  the  
iminium system o f  8 is conjugated t o  a carbonyl  
a n d  its equi l ibr i~ini  fo rmat ion  should be  less 
facile. Fur the rmore ,  t h e  observation of 4 (by 
n.m.r.), bu t  n o t  8, in solutions o f  1-2 M acid is 
consistent with a value of K >> 1. 

The authors thank the National Research Council of 
Canada for financial support. Some of the preliminary 
experiments in this study were carried out in the labora- 
tory of Prof. Keith Yates a t  the University of Toronto. 
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