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SUMMARY 

A range of Ssubstituted 2-chloropyrimidines. has been hydrolyscd and the rate 
constants areshown to r:arysysremaricaliy \vith para o-values. Dissociation constants 
of the corresponding 24ydrox_vpyrimidines, holvecer, 2:ary ,rith meta o-z-alues, 
confirrni,lg tautomerism to I,2-dihydro-2-osop~~rimidines. There is ecidencefor s101v 
Izydroiysis at the S-position in Ssubstituted 2-chioropyrimidines. 

1_ INTRODUCTlON 

It is well known that chlorinated heterocyclic reactive dyes can show a wide range of 
reactivity within any one reactive class. This is clearly due to the different 
chromogens and other groups substituted into the heterocyclic ring exerting 
different substituent effects on the replaceable chlorine atoms. The general 
observation is that l- x%e-strengthening substituents depress and acid-strengthening 
substituents enhance :‘I”.: .2activity of the chlorines as would be expected.’ 

It was thought to be of interest to study these effects in a simple series of 
compounds bearing substituents whose influence on reactivity in aromatic systems 
(especially benzene) was well established. This would enable the effects of the 
different substituents to be compared in terms of the Hammett (T constants and also 
allow a comparison of reactivity in a heterocyclic system with that in benzene by 
means of the p constants.* 

The compounds (I) shown were investigated. The pyrimidine system was chosen 
because substituents in the 5-position are completely symmetrically placed relative 
to the ring nitrogens and the 2-position which is the one involved in the combination 
of chloropyrimidyl reactive dyes with cellulose. 

The rates of hydroly$s of the variously‘substituted 2-chloropyrimidines, followed 
by the dissociation constants of the corresponding 2-hydroxypyrimidines, were 
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Cl 
X = -NO-,, -Cl, -Br, -H, -CH,, -OC,H,, -NH, 

I 

measured. The latter measurements also enabled a check 
existence of 2-hydroxypyrimidines as the tautomeric 
pyrimidines.3 

_?. I. S1wrhesi.s 

3 -. EXPERIMENTAL 

to be made on the 
1,2-dihydro-2-0x0- 

3-H~dJ.o_~,--5-JJirrop~.riJJlidiJlc aJld 2-chioro-5-nirrop>~ritnidiJze: Sodium nitromal- 
onic aidehyde (produced from mucrobromic acid by the action of sodium nitrites) 
was reacted with guanidine carbonate using piperidine as catalyst to yield Z-amino- 
S-nitropyrimidine.’ This in turn was hydrolysed to Zhydroxy-5-nitropyrimidine by 

heating for 3 h at 70°C with 0.5 hl sodium hydroxide in 85 y0 aqueous ethanol. 
Impurities were removed by filtering hot and the 2-hydroxy compound recovered 
from the filtrate as the sodium salt. It was converted to the acid form (m.p. 
203-205 “C) as required by treatment of a solution with a cation exchange resin (Zeo 
Karb-225). The 2-chloro derivarive (m.p. I IO-1 11 “C) was obtained in the usual way 
by treatment with phosphorus oxychloride.” 

?-C/J/or-o-.Ti-aJJJiJlop~~rir,lidine: This was prepared from 2-chloro-S-nitro- 
pyrimidine by reduction using iron dust and dilute acetic acid.6 It had m.p. 
18%190°C. 

_7-ClJioro-_i-crho_~_~p_~.riJJJidiJ~e: This was prepared from 2-ethylmercapto-5-ethoxy- 
6-hydrosypyrimidine’ by hydrolysis to the 2-hydroxy compound using dilute 
chloroacetic acid followed by chlorination to 2,6-dichloro-5-ethoxypyrimidine 
with phosphorus oxychloride. Finally, the 6-chloro substituent was removed by 
reduction using zinc in 50 p/, ethanol and recrystallisation from dilute ethanol, to 
give 2-chloro-5_ethoxypyrimidine, m-p_ 70°C. s 2-H droxy-5-ethosypyrimidine was Y 
prepared from this by hydrolysis in 0.5 hl sodium hydroxide for 6 weeks at 60 “C and 
extracted from the neutralised solution by means of ethyl acetate. Crystallisation 
from ethyl acetate yielded long needles having m.p. 145-146°C. Found ( “,‘J: C, 5 l-4: 
H, 5-7; N. 19-7 Calc. for C,H,N,O,: C, 51.42; H, 5.71; N, 20-O. 

~-Chloro-~-J?leJ~i~~~p~~riJJIidiJJe~ Thymine was converted to 2,6-dichloro-5-methyl- 
pyrimidine by treatment with phosphorus oxychloride.’ An attempt to remove the 
6-chloro substiiuent by the method of Gerngross” was unsuccessful but the 
required 2-chloro-5_methylpyrimidine, m-p. 9694°C (petroleum ether), was finally 
obtained by reflusing the 2.6-dichloro compound with zinc dust and water for 3 h 
and extracting with ether. Found (%): N, 27.7. Calc. for C,H,N,Cl: N. 27-79. 
Hydrolysis of 2chloro-5-methylpyrimidine for 2 weeks at 40°C in 0-4~ sodium 
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hydroxide yielded the 2-hydroxy derivative which was extracted into ethyl acetate 
and recrystallised from ethanol. M.p . 212-214°C. Found ( yO): C, 54.2; H, 5-6: N. 
25-2. Calc. for C,H,N,O: C, 54-45; H, 5-45; N. 25.45. 

2-Chloro-p1.rintidine and _?-ftydros~*pyrimiditte: These were prepared from 2- 
aminopyrimidine. Diazotisation using excess of hydrochloric acid followed by 
neutralisation with ammonia gas leads to a mixed precipitate of the 2-ch!oro 
compound and ammonium chloride,’ 1 from which 2-chloropyrimidine. m-p. 
63.4-64_4”C, can be extracted with benzene and purified from petroleum ether. 
Hydrolysis under reflus with 0.5sodium hydroxide for 6 h yielded 2-hydroxy- 
pyrimidine, which was extracted from the neutralised solution and then crystallised 
using ethyl acetate. The 2-hydroxy compound was also prepared by hydrolysing 2- 
aminopyrimidine’ 2 in 10 AI sodium hydroxide. 2-Hydroxypyrimidine exists in two 
forms having m-p. 160 “C and 180 “C. I 3 The low melting form was first obtained but 
on seeding with crystals of high melting point (supplied by D. J. Brown) the high- 
melting form was obtained then and in all subsequent preparations, even without 

seeding. 
2-Hydroxv-_i-citloropr:rintidine and 2,5-dichlorop~rit?lidL,e: These were both 

prepared f&m 2-aminopyrimidine. Direct chlorination in water at 70-80°C gave 2- 
amino-Schloropyrimidine. This in turn was diazotised in 30 7; sulphuric acid solu- 
tion and the diazo compound decomposed by heating and treatment with ammonia 
yielding the ammonium salt of 2-hydroxypyrimidine.i5 It was purified (m-p. 237°C) 
by dissolving in water and precipitatin g by adding acetic acid. It was converted to 
2,5-dichloropyrimidine in the usual way by refluxing with phosphorus oxychlor- 
ide-‘& 2$dichloropyrimidine, 1 m-p. 57”C, was recovered from the neutralised 
reaction mixture by steam distillation. 

2-H~~dros_v-5-brontop_~~rintiditte and _?-chioro-T-brontop>v-imidine: These com- 

pounds were also prepared from 2-aminopyrimidine in the same way as the 5-chloro 
derivatives except that in the conversion of 2-hydroxy to 2-chloro-5-bromo- 
pyrimidine a small amount of N,N-diethylaniline was used as catalyst. 2-hydroxy-5- 
bromopyrimidine had m.p. 241-243”C’j and 2-chloro-Sbromopyrimidine had 
m.p. 78-79°C. Found (“/)I C. 25-O; H, O-90: N, 14-2; Hal 58-97. Calc. for 
C,H2N,ClBr: C, 24.8; H, 1.03; N, 14.47; Hal, 59-68. 

2.2. Meastcrerne,tt of rate of h>,droll.sis 
Hydrolyses of the 2-chloro compounds were carried out in a 20 % dioxan-water 

mixture at 40°C. The concentration of chloropyrimidine was 2 x 10m3 AI whilst the 
concentration of sodium hydroxide was varied between 5 x 10 - ’ hi and I -ti M. The 
reactions were followed by removing aliquots into a slight excess of nitric acid, to 
quench the hydrolysis, followed by electrometric titration of the liberated chloride 
against 1 x 10mz M silver nitrate. In all cases (apart from the 5-nitro derivative, 
which reacted too rapidly to be ‘measured) plots of log ([unreacted chloro- 
pyrimidine]) against time were linear, yielding first-order rate constants (k,) in the 
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usual way and hence second-order constants (k, = k,/WaOHJ). At least five 
determinations (at different concentrations of sodium hydroxide) were made for 
each compound, each reaction being followed up to 70 o/0 completion. 

2.3. Dissociariotl constatlts 
Solutions of the 2-hydroxypyrimidines (ca. O-01 M in water) were titrated against 

sodium hydroxide (0.0 1 hl) in the normal way using a glass indicating electrode. Even 
for the most weakly acidic compounds it was possible to locate the end-point on the 
titration curve. The pH at half neutralisation was taken as pK,_ 

3 _. RESULT!% AND DISCUSSIOK 

3.1. Roles of’ Irjdroljxis 

Typical first-order log plots are shown in Fig. 1. and Table I gives Ihe derived 
second-order rate consiants for all the compounds other than 2-chloro-S-nitro- 
pyrimidine. which was completely hydrolysed within the analysis time (0.5 min) even 
in the most dilute alkali. The rate constants cover a wide range of values and are in 
the order espected for a nucleophilic reaction. Figure 2 shows the values of log k, 
plotted against the Hammett substituent constants (0) for para substituents. The 
point for the 5-nitro compound is the theoretical point using the normal G value of 
+ 0.7s. 

The experimental points are a good fit to a straight line. indicating clearly that the 
substituents are eserting exactly the same electronic influences on the 2-chlorine as 

would be the case in benzene. The point for the nitro derivative indicates a value for 
k, of 263 litre min - ’ mol - ’ which corresponds to a time of half reaction of about 3 s 

at the lowest concentration of sodium hydroxide and explains our inability to follow 
this particular hydrolysis. The slope of the line in Fig. 2 gives the reaction constant 
(p). which is found ;o be -I- 5-25. This value is much higher than is found for similar 
reactions of substituted chlorobenzenes (for the reaction of p-substituted 2-nitro- 
and 2.6-dinitro-chlorobenzencs with methoside ion + 3-9 and 4.3 respectively’“). 
showing the pronounced effect of the helerocyclic nitrogens in polarising the 71 
electrons and thus enhancing the relative effects of the suhstituent. 

TABLE 1 
SECOSD-ORDER RATE COXSTAKTS 

j-subsriruenr k x 10’ (lirremol- nzi,r-‘) 

-NH, 0.035 
-OCzH, 0.047 
-CH, 1.870 
-H 10.76 
--cl 107.00 
-Br 277-00 



REACTIVITY OF 2-CHLORO- AND 2-HYDROXY-PYRJMJDJJQ3 177 

0.05fi NaOH 

-=-XC 0-10s NaOH 

CA4 0.25ii NaOH 

O.SO’j NaOH 

100 200 300 400 500 600 700 

TIME IN MINUTES 

Fig. I. Typical first-order plots. Reactions of Schloropyrimidine. 
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Fig. 1. Plot of log k2ik, against Hnmmett o-values. x . theoretically expected point for the nitro 
compound. 
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Fig. 3. Piot of the ionisntion constants of 2-hydroxypyrimidines against Hammett c-values. 
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3.2. Dissociation constants 

The values of pK, are given in Table 2, ranging from 6-O for the nitro derivative to 
9.35 for methyl. 2-Hydroxypyrimidines tautomerise to the corresponding 0x0 
forms (11) and p.m.r. measurements for a number of naturally occurring 2- and 4- 
hydroxypyrimidines indicate that the equilibrium is almost exclusively in favour of 
the 0x0 form.3 

H 
HO 

_ II 

X 

/ 
The values in Table 2 are in the expected range for ionisation of HN rather than 

\ 
an activated phenolic -OH (e.g. picric acid has pKA 0.38) and the supposition that 
the compounds exist virtually entirely in the 0x0 form is supported by the plot of 
pKA versus G in Fig. 3, which shows a good linear relationship for meta o-values(oxo 
form) but not for para G-Values. The value for p is again high at +4.5. 

TABLE 2 
VALUES OF pit. 

_%subsrimenr PK 

-OC2H, 8.50 
--CH, 9-35 
-H 9.05 
--cl 7.35 
-Br 7.35 
-NO, 6-00 

3.3. Absorption spectra 

The spectra of all the fully hydrolysed solutions from the kinetic runs were 
measured and compared with those of solutions of the authentic 2-hydroxy 
compounds. Good agreement was observed except for a slightly. increased 
absorption of the hydrolysed solutions in the 270-280 nm region. Figure 4 gives the 
spectra for the 5-bromo compound and shows that the increased absorption is 
enhanced with increasing concentration of sodium hydroxide in the hydrolysing 
solution. Two possible reasons for this behaviour may be put fonvard; either 2- 
hydroxy-5-bromopyrimidine decomposes slowly in sodium hydroxide, presumably 
to yield 2,5_dihydroxypyrimidine, or alternatively 2-chloro-5-bromopyrimidine is 
slowly hydrolysed to 2-chloro-5-hydroxypyrimidine which then hydrolyses to 2,5- 
dihydroxypyrimidine. 

The first ~alternative was quickly disproved by treating authentic 2-hydroxy-5- 
bromopyrimidine with sodium.hydroxide solutions under the conditions used for 
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From 2-Chlorc-5-Bramopyrimidinc I 
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Fig. 4. Ultraviolet spectra of 2-hydroxy-S-bromopyrimidine. 

the hydrolysis experiments. No change was observed even after several hours and no 
bromide ions could be detected. However, it has been reported that Sbromouracil 
(S-bromo-2,4_dihydroxypyrimidine) is hydrolysed to 2,4,Strihydroxypyrimidine in 
sodium bicarbonate, but not in sodium carbonate or sodium hydroxide.” 2- 
Hydroxy-Sbromopyrimidine was therefore refluxed with O-1 hr sodium bicarbonate 
solution for 12 h and showed the same increased absorption at 270-280 nm (see 
Fig. 5). At the same time branched ions could be detected in the solution as 
could development of phenolic -OH reactivity (colour with ferric chloride). 
Presumably in sodium bicarbonate solution 2-hydroxy-Sbromopyrimidine re- 
mains largely unionised (pK, 7-35; Table 2) but is fully ionised in sodium hydroxide 
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Fig. 5. Ulrnviolet spectra of 2-hydroxy-Sbromopyrimidine. 

so that the Sposition is strongly deactivated against hydrolysis with hydroxide ion. 
In Z-chloro-Sbromopyrimidine no such deactivation occurs and slow hydrolysis at 
the S-position is possible. The spectra in Fig. 4 show that this hydrolysis is only 
slight and not sufficient to have any significant effect in the kinetic experiments. 
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