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5-HALOGENOPYRIMIDINES*-V’ 
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CHYDROXYPYRIMIDINES 
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(Received 22 March 1966) 

Mu&act-NMR spectra of a number of S-unsuktitutcd and bhalogcnopyrimidinas wcrc dctennincd 
in solvcnta of varying acidity. The C-S-halogen atom causes down&id shift of the resonance peak 
for the methyl group attached to the Cbposition. Mcthoxy groups at the CZ and Upoaitiom 
arc diffcnmtiatod for Malogcnc+2.4-dimcthoxy-6mcthylpyrimidinc which can not bc separated for 
S-umubstitutcd pyrimidincs. and variation for their &mica1 shii in acidic aolvcnts are didcussed. 
A attain amount of hydrogen bonding is suggatcd for Qhydroxypyrimidines on the baaii of the 
conantration cffcct for the NH rcsonaa peak. 

GRONOWITZ, el uI.~*~ investigated the NMR spectra of a number of substituted, in 
particular 2-substituted, pyrimidines and discussed the structure of several potentially 
tautomeric amino-, hydroxy-, and mcrcapto-pyrimidines. They also studied the 
substitucnt effects on the chemical shifts of the ring protons of substituted pyrimidines 
in different neutral solvents. There are also several reports@’ dealing with the NMR 
spectra of the naturally occurring pyrimidines and their corresponding nucleosides. 

In the preceding papers preparations of 5-halogenopyrimidines by N-halogcno- 
succinimides were described. In the course of this study, the NMR spectra of many 
5unsubstituted and 5-halogenopyrimidines have been obtained in solvents of varying 
acidity. Interest was especially concerned with the chemical shifts of substituents 
attached to a pyrimidine ring as well as those of the ring protons and, in addition, their 
variations caused by the C-5-halogen atom. Typical examples are illustrated in this 
paper. The methyl and methylene protons of n-butylamine, morpholine, and piperi- 
dine attached to a pyrimidine ring are not considered in the present paper. 

EXPERIMENTAL 

All rpcctra wuc obtained at 60 MC using a Nihon-Dcnshi type bigb-radution NMR sprctromctcr 
at 25’ with ThIS u an internal standard. 

l All compounda arc named as hydroxy, mercapto, and aminopyrimidinca whatcvcz tbcii keto 
forms may exist. 

I Part IV. T. Niabiwaki, Tetrakdron, 22, 2401 (1966). 
* S. Gronowitx and R. HofTmann. Arkb KemI 16,459 (1960). 
l S. Grwowitz, B. Norrman, B. Gcatblom, B. Mathsson and R. Hoff- Arkiv Kemi 22, 65 

(1%-Q 
’ 0. Jardctaky, Biopolyrners 1,501 (1964). 
a J. Kokko, L. Mandell and J. Gohktcin. /. Amw. Glum. Sot. 84.1042 (1962). 
l E. Backa. H. Mike and R. Bradky, 1. Am. Chm. Sot. 67, S575 (l%S). 
’ A. Katritiy and A. Waring, /. Chem. Sot. 3(#6 (1963). 
’ G. Roddy. R. Hobgood, Jr and A. Go&kin, 1. Amrr. Clrmr. sbc. 84,336 (1962). 
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RESULTS AND DISCUSSION 

The chemical shifts and coupling constants of the ring protons and substitucnts 
of a pyrimidinc ring listed in Tables 1 and 2, show several interesting trends. 

It has been observeda that the bromine atom of 5-bromopyrimidine causes a small 
but discernible upfield shift of tire resonance peak for the C-2-proton and downfield 

T-LIZ 1. CfIFMICAL SHltTS OF SUESTlTUE?JTS IN hNXJBSTlTUIFD AND 

hAU3GE?4OPYlUHWI? 

Substitucnts Chemical shifts 
_- .___ -..--- -- .--.- -- .-._ 

Compound 2 4 5 6 5H Me OMc OEt SMc 
----- - ~.-- - --.--- -.-.-- --- 

-1 c N MC 6.07 2.21 - - - - 1 MC H 

C N 2 Me cl MC - 2.34 -- - 

3 
7 c N 

4 

5 

6 

7 n-BuNH 
8 n-BuNH 
9 OEt 

l(Y OEt 
11 OMC 
12 OMt 
13 OMC 
14 SMC 
15 SMe 
16’,’ NH, 
17’.’ NH. 

MC - 240 - - MC Br - 

MC H Me 6.15 2.23 - - 

Cl MC - 246 - - - 

Br MC - 2.42 - - 

Me 6.14 2.21 
Me - 2.36 
Me 6.53 2.31 
Me - 2.52 
Me 5% 2.26 
Me - 2.41 
Me - 246 
Me 6.79 2.43 
Me - 2.50 
Me 5.93 2.23 
Me - 2.42 

- - MC 
MC 
MC 
MC 
OMC 
OMC 
OMe 
cl 
Cl 
on 
OE: 

H 
Cl 
H 
Br 
H 
Cl 
Br 
H 
Br 
H 
Br 

- 
- - - 

- 1.36, 4.30’ 
- 140.4*34’ 

3.83 - 

398. 3.88 - 
3.98, 388 - 

- 

- 
- 

2.53 
2.60 

- - 
- - 
- 1.34.4.25’ 
- 1.38.440’ 

- 

l Spawa were obtained in Ccl, (10% w/v solution) unless otherwise indicated. 
b Refera to the crude compd. See Part IV of this series. 
l Spectra were obtained in CDCl,. 
‘ J = 6 c/s. 
l NH, protons arc observed at 5.38 ppm (Compd. 16) or 535 ppm (Compd. 17). 

shift for the C4 (or 6) proton. It is clear from Table 1 that this downfield shift caused 
by the C-5-bromine is further transmitted to a methyl group attached to the C-6-posi- 
tion of a pyrimidine nucleus. The C-Chlorine also causes the downfield shift. But 
the shifts are of varying magnitude and no correlation can be obtained between the 
magnitude of the dcshiclding of the C-&methyl and the kind of a halogen at the C-5. 
Inductive effect of a halogen atom is a likely cause of this downfield shift for the 
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C-6-proton or C-6-methyl, which, however, will not bt the sole cause, since if it acted 
alone, the shift of the said proton or methyl would vary in the order: Cl, Br. 
Magnetic moment anisotropy is an important cause and, in addition, a steric 
factor should not be excluded! 

This distinct downward trend caused by the C-5-halogen also affects the chemical 
shifts of other substituents. Thus the chemical shifts of mcthylthio or cthoxy groups at 

T-u 2. Crrnucx~ SIIIFTJ OF SUW OF PYRIMIDRSTS tN NEUTRAL AND ACIDfC 

SOLVENIP 

Com- Substituenls sol- Chemicat shifts - __- -. -- -_ 
pound 2 4 J 6 vent* 2H 4H 5H 

-- _, . ..-. _ _-_ __ __ ..-.. - 

B 
C 1 

Me HMe A - 

- 
- 
- 

C __ 
OMc H Me A - 

B - 

- 
- 

644 2.41 
6.65 2.55 
6.53 2.31 
7.20 2.73 
5.96 2.26 
6.33 2.38 
6.61 2.58 

- 

- - 

- 

- 
1.36.4.304 
1~52.4~W 

- 
_- 
- 

- c - 
OMe Br Me A - 

B - 
C _ - 

H HMeA - 
B - 

- 

- 
- Zt 

6-78* 2.77 2.39 
7.W 2.4s 
7.1(r 2.84 
6.33’ 2.33 
6.u) 2.40 
6.82 2.63 

- 2.36 
- 2.9 

6% 9.2 
2.u): 

2.29 
6.37 2.32 
6.68 2.94. 2.60 

3.8;- 
490 
4.33. 4.27 
3.98. 3.89 
493, 3.96 
4.37.4.33 

- 

- 
- 

- 

- 

8;W 
8.50’ 
8.8W 

- 

2% 
2.54 
2.84 
- OH 

c 
HMe D 8& 

B 8.47f 

- 

- 
C 94uf 

OH Br Me E 8.13 
B 8.36 
C 940 

OH H Me D -- 
B - 
c - 

- - 
- 
- 
- 

- 
- 
- 

- 
_- 

- 
- 
- - 

- - - 
- - - 
- - - 

l Chemical shills arc shown = ppm. 
‘A: El,: 9: HOAc: C; CF,COOH; D: CDCI,: E: Me,SO. 
’ As to the J,,,= see tie text. 
‘ J = 6.0 c/s. 

‘J, ,s 0 1-s c/I. 
’ &rung wu not well disemed. 

the C-2-position show a negligible downfield shift., but the limited number of examples 
does not warrant any comment. 

It is of interest that the spectra of Schloro- or 5-bromo-2+dimethoxy-6-methyl- 
pyrimidine in carbon tetrachloride show two nonequivalent mcthoxy groups well 
separated by @l ppm (Figs. 1, 2) whereas only a single peak is observed for 2,4- 
dimcthoxy-6-methylpyrimidine. The chemical shifts for these nonequivalent mcthoxy 
groups were of the same magnitude irresmve of the kind of halogen atom. As it is 
supposed that the downfield shift by the C&halogen will be more pronounced for the 
C-4, the signal in the lower field (3.98 ppm) may be the C-Qmethoxyl. However, in 
view of the position of the C-2-H and C4H in the spectrum of SbromopyrimidinZ 
and the spectral observations of these compounds in acidic solvents described later 
assignment of the lower field signal to the C-2-metboxyl will be reasonable. 

As the acidity of solvents is increased, the line width of the C-2-proton resonance 

’ C. Haigh. M. Palm and B. Sunpk. J. Gem. Sot. 6091 (l%S). 
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FK~. 1. The NMR spatrum of Schloro-2,44mcthony&ncthylpyrimidinc in carbon 
tctrachloridc 
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FKL 2. The NMR 8-m of S-bromo-2,4dimcthoxy&ncthylpyrimidinc in carbon 
tctrachloridc. 

in 4-hydroxy-&methylpyrimidine becomes narrower, which somewhat broadens in 
neutral solvents presumably by the nitrogen quadrupole broadeniog effect. A similar 
sharpening of the C4proton and less for the C-S-proton of 2-methylthk%- 
mcthylpyrimidine were also observed. For this pyrimidine the hydrogen at the C-4 
couples to the C-S (J,nc, = 4.8 c/s) with two doublets at 8.30 and 6.78 ppm in carbon 
tctrachloride, which agrees with the ortho coupling constant for pyrimidine previously 
reported.O Protonation of the ring nitrogen atom brings about a small increase in the 
coupling constant JIH,(= ( 5.7 c/s in acetic acid; 6.1 c/s in trifluoroacetic acid). This is 
a surprising but interesting observation because there is a report that the vicinal proton 
couplings in olefinic compounds CH,-CHX are reduced by electronegative substit- 
uents with the relationship: J,, = 19 - 3*3AE and J,,, = Il.7 - 4*OM, where 
AE is the difference in elcctronegativity between X and the hydrogen atom it rcplaces.10 
A similar tendency has been noted for JLH,eYe (t+de infra). 

I0 C. Banwell and N. Sheppard. D&cw. Fiuoduy Sot. 34, 115 (1962). 



5-Halogaoopyrimidinu-V 2661 

As it will be seen from Table 2 the resonance peak of the nuclear protons show 
pronounced downfield shift in solvents of increasing acidity. This tendency is more 
remarkable for the C-Zproton, which moves downward more than 1 ppm in triff uoro- 
acetic acid. This downfield shift is still observed for the C4proton and to a lesser 
extent for the C-5-proton. These phenomena arc in accord with some delocaliration 
of charge through a protonated nitrogen atom, which will be smaher for C-5. Such 
shifts are expected in view of the observations for a- or p-hydrogens in pyridine” or in 
4-substituted pyridinc” and 4hydrogen in 2-substituted thiazole,” which aredeshielded 
on protonation of the ring nitrogen atom. 

A similar trend is also seen for the C&methyl attached to a pyrimidine ring. The 
resonance peak of the C&methyl shows a small shift (-0.2 ppm) in acetic acid and a 
much larger shift j-0.3 to -@5 ppm) in triguoroacetic acid, in keeping with the 
observations for picoline, lutidine, or quinaldine.“ Two non-equivalent methyl 
signals separated by 0.17 ppm were recognized for 2,6dimethyl4hydroxypyrimidine 
in deuter~hlorofo~, both of which shifted downward in acetic acid or trifluoroacetic 
acid. Separation of two bands becomes larger in trifiuoroacetic acid (@34 ppm), 
which may be due to the much larger effect of the protonated nitrogen atom on the 
C-2-methyl. A signaS in the lower field is assigned to the C-Zmethyl on the basis of its 
spectral position. 

Coupling (J = l+Zc/s) was noticed for the C-Sproton and C&methyl for 2,6- 
dimethyl4hydrox~y~midine in trifluoroacetic acid. This value is markedly higher 
than the one (J,,,,, -I @5 c/s) determined from the P-H coupling for 6-methyl- 
py~midi~ and may be associated with a similar increase of coupling constant 
J,,s for 2-methylthio-&methylpyrimidine in acidic solvent. 

A methoxy group is reported to show a negligible shift (+093 to -0-l 1 ppm) on 
changing from deuterochIoroform to perdeuteroacetic acid and only a small (-0-08 
to -0+37 ppm) further downfield in trifiuoroacetic acid.‘. This downfield shift with 
increasing acidity of solvents is also observed for the C-2- or C-Qmethoxyls. It is 
notewo~hy that the methoxy signal of 2,~imethoxy~me~yIpy~dine appears as a 
singlet in carbon tetrachloride (3.83 ppm) or in acetic acid (400 ppm) while two 
distinct bands (4.33 and 4.27 ppm) were seen for this pyrimidine in trifluoroacetic 
acid (Fig. 3). The signal in the lower field may be the C-2-methoxyl because this 
signal is likely to be affected more extensively by the protonated nitrogen atom. For 
5-bromo-2,4dimethoxy-6-methylpyrimidine two bands were seen for the methoxyls 
even in carbon tetrachloridc (Table I), both of which shifted downward in acetic acid 
or trifluoroaatic acid. But the distance between the two bands becomes narrowerwith 
increasing acidity of solvent (O-09 ppm in carbon tetrachloride; O-07 ppm in acetic 
acid; OG8 ppm in trifluoroacetic acid). Combined effects on the C4methoxyi of the 
C-5-bromine and the protonated nitogen atom are greater than in the case of the 
C-2-methoxyl and have brought the C4methoxyl further downward than they have 
the C-Zmethoxyl, so that the chemical shift will now be very close. 

2,~~imethoxy~me~yipy~midine. when scanned at the reduced sweep rate of 
O-36 c/s&c, showed its methyl group as a doublet (JIH.dYc = I.2 c/s) in trifluoroacetic 

ii V. Gil and J, Murrcll, 7ionr. Furadby SW. 60,248 (iP64). 
I* A. Katritzky and J. Lagowski, 1. Ckm. Sot. 43 (l%l). 
I8 G, Clarke and 11. Williams, J. C/tern. Sue. 4597 (l%S). 
I* J. Ma and E. Warnhoff, Canad. /. Chcm. 43,1849 (1965). 
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TABLE 3. EFFWT OF CONCEN’I~~A-TK~N ON WE NMR ,WKTM OP 

Compound Conxntration (%I 2H 5H Me SEt --.-.- “--- - -___._._, - -- 
19 1 8.126 63i’ 2.35 - 

19 
19 
21 
21 
21 
21 
21 
21 
22* 
22 
22 
22 

3 
5 
3 
5 
7 

10 
1s 
20 
3 
5 

10 
I5 

8.13’ 6.33’ 
8*13@ 6.33” 
- 6.15 

6.15 
- 6.15 
_I 6.15 
_* 614 
- 6.15 

4H 7%’ 6~23~ 
4H f.88’ 623’ 
4H 790’ 6.274 
4H 7+9W 6.266 

2.33 
2.33 
2.30, 2.47 
2.29, 2.46 
2.29, 246 
2.29.2.46 
2.29, 2.45 
2.30,248 

- 
- 
- 
- 
- 
- 
- 

- 
- 

1.39,3*X?* 
1.36, 3.20’ 
1*41,3*22* 
1.41. 3.22’ - 

22 20 4H 7+8” 6~24~ . - 1.38; 3.20’ 

* NH signal; 1323 ppm itt 3%; 1248 ppm at 5%. The NH peak was not obscrvcd at the mtt- 
centration of 1%. 

) J,p,*e T- 1 *s c/s. 
* Compound 22 is ~hydrox~2~yit~iop~imidinc‘ 
1 JIA,,B z- 54cls. 
’ J - 6.3 c/s. 

I 
0 

I 
s IO 15 20 

ConcenIraIion , Y. 

FKI. 4. Co~t~tion dependence of the NH proton signal for ~~i~thyl~ 
~y~x~y~rnidjNe. 

I.-.._..-_!. : 
0 3 30 ii---+ 

CQoContrOr~On, r. 
ha. 5. ~~~ti~ dcpcndcncc of the NH proton signal for 2&yithio4hydroxy- 

pyrimidk 
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by 1 ppm. A shift to lower field with increase of concentration from 3 to 5% was also 
observed for 4-hydroxy-6-methylpyrimidine. 

Although it is unadvisable to discuss the fine structures of these pyrimidines from 
insufficient data now available, the very appearance of a discernible NH signal suggests 
the presence in organic solvents of the 0x0 forms for these pyrimidines. It is of interest 
to note that recently Nakanishi ef al. 11) have disclosed from NMR spectral observations 
that the main species present in aqueous solution of Chydroxypyrimidine is the 3,4- 
dihydro4oxo form. In addition, such pronounced downfield shift of the NH signal 
with the increase of concentration suggests a certain amount of solute-solute hydrogen 
bonding through either or both of NH-N and NH-O, which is usually reduced on 
dilution with concomitant shifts to higher field.” 

l* Y. Inow, N. Furutachi and IC. Nakanishi, J. Org. Ckm. 31, 175 (1966). 
I9 J. Em&y, J. Fancy and U. Sutchiffe, H&h Resolurion Nuclear Magnetic Rmmance Specrroscopy 

p. 537. Pcrgamon Prcs, Oxford (l%S). 


