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Abstract - Some 2-methylthio.2-merhylsulphinyl and 2-methylsulphonyl-4- - 

chloropyrmidines have been prepared. In each case uhich was studied except 

one the chloride ion was that which was preferentially displaced by 

diethylamine. The pseudo first order rare constanL for each reaction was 

determined the results showing that oxidation of the 2-methylthio group 

greatly enhances the rate of displacement of the 4-chloro group. 

\lethylthiapyrimidines are readily prepared and may be easily converted Into the corresponding 

methylsulphinyl or methylsulphanyl derivatives using g-chloroperoxybenzoic acid.1'2'3 These 

compounds, despite their potential usrfulncss as intermediates, seem to have been camparvtively 

little studied. Although methylsulphonyl derivariucs of a number oi mtrogen heterocycles have 

been to he a b o u t  40 to 100 times more reactive towards methaxide ion than the c a r r e i -  

ponding chloro compounds, in t h e  case of t h e  pyrirnidlnes the methylsulphmyl and rnethylsulphonyl 

derivatives have been reported to bc little more reactive than the corresponding chloropyrirnid~nes 

although >lo5 times more react ive  than the rnerhylthio derivatives. 
2 

A 4-chloropyrimidine usually has been considered to be more reactive then the rorreipondmg 2-isomer 

although this has been shown t o  he not always the case in amin~lysis.~ We are interested i n  the 

synthesis of sulphur substituted pyrimidines, in their use as potential intermediates, and inthclr 

reactions and wish to report our studies of the am~nolysis of some such compounds. 

The methvlthia compounds la, b, c and 2a were made by standard methods a n d  the methylsulphonyl 

derivatives L C ,  3b and 3d were made by oxidising these with more than two equivalents of m-chloro- 

pcroxybenroic acid. The rnethylsulphinyl compounds Z b ,  3a and 3c were made using 1.2 equivalents 

of the peroxy acid. The reactions were carried out in dichloromethane or chloroiorm except for the 

synthes~s of 3d which was carried out in dimethylformamide as the methylsulphinyl compound 3c 

precipitated readily from dichloromethane. 

The pseudo first order rare constants for the displacement of the 4-ihloro suhstituent of compounds 

la, c ,  Za, b ,  c ,  3a and 3h were measured by reacting them with a large excess (ten equivalents) of 

diethvlamine in deuterochloraform solution and by following the change in 'H nmr spectrum with time. 



MeS 

l ( a )  X = H 2 ( a )  X = MeS 

( b )  X = RH2 ( b )  X = MeSO 

(c) X = NHCXH3 c )  X = &SO2 

3 ( a )  X = H  , " = I  

( b )  X = H  , n = 2  

c X = NH2, n = 1 

( d )  X = NB2, n = 2 

Compounds I h ,  3 c  a n d  3d  were i n s u f f i c i e n t l y  s o l u b l e  i n  s u c h  a s o l u t i o n  a n d  t h e s e  r e a c t i o n s  were 

c a r r i e d  o u t  i n  d 6 - d i m e t h y l s u l p h o x i d e  s o l u t i o n .  I n  o r d e r  t o  c o m p a r e  t h e  e f f e c t  of c h a n g i n g  t h e  

s o l v e n t  on t h e  r e a c t i o n  r a t e .  compounds  l a  a n d  l c  were s t u d i e d  i n  b a t h  s o l v e n t s .  The r a t e s  i n  d i -  

m e t h v l s u l p h o x i d e  were a b o u t  t e n  t i m e s  t h o s e  i n  c h l o r o f o r m  s o l u t i o n .  Because of  t h e  considerable 

d i f f e r e n c e s  i n  t h e  r a t e s  o f  r e a c t i o n  a s  t h e  m e t h y l t h i o  g r o u p  was c h a n g e d  t o  t h e  a x i d i s e d  d e r i v a t i v e  

t h e  r e a c t i o n  t e m p e r a t u r e  fo r  e a c h  react ion  h a d  t o  b e  c h a n g e d  t o  g i v e  c o m p a r a b l e  a n d  c o n v e n i e n t l y  

m e a s u r a b l e  rates .  The r e s u l t s  are shown i n  t h e  T a b l e .  

Compnund number 

l a  

l a  

3 a  

3 b  

2u  

2 b  

2' 

1 c  

I' 

I  b  

3 c  

3d  

S o l v e n t  
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3 5  

3 6  
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3 5  

- 3 0  

3 0  

3 6  

3 6  

3 6  

58 

5 8  

R o t e  (s-') 

1 . 7 4  lor4  

1 . 3 3  x lo+ 

3 . 6 0  n lo& 

I .29 

1 . 1 3  n 

1 . 8 0  

1 . 2 9  x 

9.67 n 10.' 

5 . 0 4  x 

1 .02  10.' 

2.37 x 10.') 
) "  

4.42 x 1 0 - 3  

* more t h a n  one p r o d u c t  f o r m e d  

T a b l e .  R a t e s  o f  r e a c t i o n  o f  t h e  4 - c h l o r o p y r i r n i d i n e s  w i t h  d i e t h y l a m i n e .  

I n  a l l  cases b u t  Lwo ( 3 c  a n d  3 d )  o n l y  one  p r o d u c t  was f o r m e d  which was t h a t  r e s u l t i n g  Irom d i s p l a c e -  

ment  o f  t h e  4 - c h i o r o  s u b s i t u e n t .  ?.he s t r u c t u r e s  o f  t h e  p r o d u c t s  were c o n r i m e d  hy 'H nmr and "lass 
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spectroscopy and in three cases preparative reactions were carried out, products 4a, h and 4c 

being obtained and fully characterised. 

4(a) X = MeS, Y=H 

(b) X = MeS02, Y = 8  

( c )  X = MeS02, Y=NH2 

In the case of 3d two products were formed the major product being the expected product 4r with the 

second product being the result of displacement of the 2-methylsulplronyl graup t o  give 5 (product 

ratio approximately 4:l). Iloweuer, the reaction of 3c gave 4-amino-6 -ch lo ra -2 -d ie thy laa i i ipy r i i i -  

dine 5 a s  the major product (>60%) with at least two other products being formed in the reaction 

h u t  with no evidence for the product resulting iron displacement of the 4-chloro group. 

Thus it seems that the substitution of a 4-chloro group is genervlly preferred to the substitutmn 

of a 2-methilsulphinyl or 2-methylsulphonyl group i n  the reaction of such compounds with diethvl- 

mine, and that the conversion of the mcthylthio graup t o  the oxidised derivatives greatly 

increases the ease of this substitut~on. The introduction of a 5-bromo graup further increases the 

rate of aminolysis o i  the 4-chloro group *,ithour dlrectirig attack to the 2-XeSO group, but the 
2 

presence of a 6-amino group decreases the ease of attack at the 4-chlaro group and aids displace- 

ment of the 2-HeSO group. 

This work rcprescnts part of un extensive programme which we hope will provide data such that sub- 

StituenC groups may be chosen with the view to direcrlng substitution at a required position and 

that the site oi nucleophilic attack in the pyrimidine series may be predicted. 

EXPERIMENTAL SECTION 

All mps are uncorrected. 'R nmr spectra are recorded with 6 in ppm relative to ECe Si using deutero- 
4 

chloroform as saiuent, except where stated otherwise. 

4-Ch lo ra -2 -me thy l~u lphony lpy r imid ine  (3b) 

4-Chlora-2-methylthiopyrimidine (1.0g) was dissolved in chloroform ( 5  ml) and ~chloroperoxybenroic 

acid (4.08, 2.2 equivs.) in chloroform (4.0 ml) was added sloh,ly, with stirring. The reaction 

mixture was set aside for 24 h and was then washed with saturated sodium bicarbonate solution 

(2 x 30 ml) and water. The chloroform layer was dried (magnesium sulphare) and the solvent was 

removed to yield a white crystalline solid (b7%), recrystallised from ether, of the 2-rnethyls~l- 

phonylpyrimidine, np 87-a9°~.(~ound: C.31.4; H,2.6: N, 13.7%. C5H5C1N202S requires C.31.2; H,2.b; 



N,i4.5%). ~+192(~'~1 molecukr ion). 'H nmr 3.35(~,2-NeS0~), 7.60(d,5-H), 8.85(d,6-HI. 

5-Br0mo-4-chloro-2-methy1~~1phhny1~rimidine(2c)(9O%) 

rnp 1C2-106°C(from dich1aromethane:light petroleum) was obtained similarly b u t  using dichloromethane 

1 
as solvent. (Found: C,22.2; a,l.5: N,10.3%.C5H4BrClN2O2S requires C.22.2; H.1.5, N,i0.3%). H nmr 

3.35(s,2-MeS02), 9.00(s,6-HI. 

Using the above method but using 1.2 equivalents of p?-chloroperoxybenzoic acid gave: 

5-Bromo-4-chloro-2-methy1~~1phinylpyrimidine(2b)(92%) 

mp 95-97? (iromether).(Found:C,23.5; ll,1.5; N,10.9P. C5H4BrClN20S requires C.23.4; H,1.6: N,10.9%) 

'H nmr 2.99(s,Z-MeSO), 8.98(s,b-H). 

4-Chlara-2-methvlsulphiiy1pyriiidine(3a)95 (oil at room temp). 

~ + i 7 6 ( ~ ~ ~ 1  molecular ion). 'H nmr 2.95(s,2-MeSO) , 7.45(d,5-H) , 8.80(d,b-H) . 

4 - A m i n u - 6 - c h l a r o - Z - m e t h y 1 ~ ~ 1 p h i n y 1 ~ r i r n i d i  (3c)(90%) 

mp 255-257°~(iromethanol).(Found:C,31.5; H,3.2; N.21.7%. C H C1N30S requires C,31.3;H,3.1;N,21.9%) 5 6 

~~l91(~~molecular 10"). 'H nmr 3.30(s,2-MeSO), 6.50(s,5-H). 

4-Amino-b-chloro-2-methvlsu1ph0nylpyrimidine (3d) 

4-Amino-6-chloro-2-mechylthylthiopyrimidine (1.0g) was d~ssalved in dimethylformamide (5 nl) and 

m-chloroperoxybenzoic acid (2.5g) in dimethylfarmamide (5 ml) was added with stirring. The - 

reaction mixture was allowed to stir for two days then a further portion of the peraxy acid 

(1.258) in dimethyl£ormamide (5 ml) was added. After a further two days the reaction mixture was 

poured into ice-water (508) and the precipitate was collected. The solid was triturated with 

saturated sodium bicarbonate solution, was collected, and was then recrystallised from e thanol  to 

pive the methylsulphonylpyrimidine (50%) mp 235-237'C. (Found: C.28.8;H,2.8; N,20.4%.C H ClN 0 S 
5 6  3 2  

35 requires C,28.9:H,2.9;N,Z0.2%). ~+207( molecular ion). 'H nmr(d6DMS0)3.25(s.MeS0),6.65(s,5-H). 

4-AceLylamino-b-chl0r0~2~methy1thi0p~rimidine(lc) 

I -Amino-6 -ch lo ro -Zae thy l th i apyr imid ine  (1.0g) and sodium acetate trihydrate (0.8g) were re- 

fluxed in acetic anhydride (10 ml) for lt h. The reaction mixture was cooled and saturated 

sodium bicarbonate solution was added to give PH 7. The reaction mixture was extracted with di- 

chloromethane (3 x 20 ml) and this extract was then washed with water and dried (magnesium 

sulphate). Removal of the solvent gave the acetylaminopyrimidine (52%) as pale yellow crystals 

mp 193-194°~(£rom dich1oromethane:hexaae). (Found: C,38.7;8,3.6;N, 19.3%. C6H8ClN30S requires 

35 C,38.6;11,3.7;N,l9.3%). Mt217( C1 molecular ion). 'H nmr 2.20(s,4-MeCONH),Z.50(s,Z-MeS),7.85 

(s.5-H), 

4-Diethylamino-2-methylthiopyrimidine(4a) 

4-Chloro-2-methylthiopyriiidine (0.5g) and diethylamine (2.3g) were dissolved in chloroform 

(15 ml) and allowed to stand at room temperature for two weeks. The reaction mixture was washed 
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with water (3 x 20 ml), dried, and then evaporated to leave a solid residue which was recrystal- 

lised from ether:pentane to give colourless crystals (72%) rnp 61-63%. (Found: C,55.6;N,7.9;N,21.7%. 

C9H15N3S requires C,54.8;H,7.7;N,Zi.3%). Ht197. 'H nnr 1.20(t,CH3CH2N), 2.5O(s,2-MeS),3.50 
- 

(q,CH Cti N),6.05(d,5-H),7.95(d,6H). 
3 2  

4-Diethylanino-2-methylsu1phony1pyrimidin (4b) 

4-Chloro-2-Methylsylphonylpyrimidine (200 mg) and diethylamine (800 mg) were dissolved in chloro- 

form (10 rnl) and stirred at room temperature for 5 mi". The reaction mixture was then 

washed with water (3 x 20 nl), dried (magnesium sulphare), and evaporated to give a light brown 

oil which was chromatographed (silica, ether) to give a colourless oil (65%). (Found: C,46.6; 

H,6.8;N,17.8%. C9H15,U302S requires C,47.1; l l ,6 .6; '1 ,18.3%).  11'229. 'H nnr I.20(t,CH3CH2N),3.25(s, 
- 

2-:. leS02) ,3 .55(q .CH3~Y) ,  6.45(d,5-ll), 8.20(d,6-H). 

A similar reaction gave 4-diethylanino-2-methy1~~1phiny1p~rimidie (25%) as a colourless oil 

purified by chromatography (silica, ethyl acetate). ~'213. 'H n m r  i.20(t,CH3CH2N),2.85(sS2- 
- 

LleSO), 3.55(q,CH CB N), 6.40(d,5-ti), 8,20(d,6-H). 
3 2  

4-Amino-b-dierhylanino-2-merhylsulphonylpyrl~idine(~) 

4-Amino-6-chloro-2-methy1sulphhhylpyiinidine (103 mg) and diethylamine (370 mg) were dissolved i n  

dinethylsulphoxide (2 ml) and were heated in a sealed bottle at 65'~ for 16 h. The reaction 

mixture was coaled and was then poured into water. The yellow crystals (76%) were collected and 

recrystallised i ron aqueous dimethylsulphoxide. mp 176-178%. (Found: C,44.4: H,6.6; !J,22.9%. 

C H \r 0 S requires C,44.3; ti.6.6; 11,22.9%). ~'244. 'H nmr (d6-DMS0)l.10(t,CH3CHp), 3.20(s,2- 9 10'4 2 - 
MeS02), 3.40(q,CH CH N), 5.55(s,5-H). 

3 2  
(The minor product, about 10%. was shown by TLC, '9 nmr and mass spectrum, to be compound 5). 

A similar reaction using 4-amino-6-ihlaro-2-methylsulphinylpyrimidi (101 mg) and diethylaoine 

(390 mg) in dimethylsulphoxide (4 ml) gave white needles of 4-amino-6-chloro-2-diethylamino- 

6 pyrimidine (5)(30%, isolated yield), mp 112-114% (from aqueous dimethylsulphoxide)(lit. 124-125'~. 

from benzene). (Found: C,48.0; 11,6.5;, 11.27.5%. C H C1N requires C,47.9; ii.6.5;. N.27.91). 8 13 4 

~'200 (35~1 molecular ion). 'H nmr l.i5(t,CH3CH2H), 3,55(q,CH CH N), 5.70(4,5-H). 
- 3 2  

(Extraction of the filtrate with dichloromethane and TLC examination of the extract showed at 

1 
least two other compounds in addition to the major product but H nmr and mass spectra showed no 

evidence for the presence of 4-am~no-6-diethylamino-2-methylsulphinylpyrimidine~ 

Kinetic experiments 

All kinetic experiments were carried out using a Jeol R32 n m r  spectrometer with variable temper 

ature probe. 

The pyrimidine, together with diethylamine (10 equivalents), were dissolved in deuterochloroform 

or deuterodioethylsulphoxide and the rates of reaction were Idlowed by measuring the integrals 



o i  the 5 m d / o r  6 hydrogens of the pyrimidine ring of the starting materials and producfs as a 

function of time. The temperature of the experimenrs were chosen to give rates which could be 

easily measured in a reasonable time. The pseudo first order rate constant was obtained From rhe 

slope of the plot o i  log + 1 versus time where Shand P are the integrated areas of the 
(SMtP) 

appropriate hydrogens in the starting material and product respectively. Each reaction gave good 

straight line plots and the identity of each produc t  was confirmed by 'H nmr and by mass spectra. 
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