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2 - A l k y l m e r c a p t o - 4 - h y d r o x y - 3 , 4 , 5 , 6 - t e t r a h y d r o -  and 2 - a l k y l m e r c a p t o - 3 , 6 - d i h y d r o p y r i m i -  
d ines  we re  s y n t h e s i z e d  by the r e a c t i o n  of subs t i tu ted  4 - h y d r o x y h e x a h y d r o -  and 1 ,2 ,3 ,6-  
t e t r a h y d r o p y r i m i d i n e - 2 - t h i o n e s  wi th  a lkyl  h a l i d e s .  It is  shown that  the nuc leophi l i c  c e n t e r  
in the a lkyla t ion  is the su l fur  a tom.  The capac i ty  of the s y n t h e s i z e d  compounds  for  p r o t o -  
t rop ic  r i n g - c h a i n  t a u t o m e r i s m  was e s t a b l i s h e d .  

In the deve lopmen t  of our  s tud ies  [1,2] of the syn thes i s  and inves t iga t ion  of the t a u t o m e r i s m  and r e -  
a c t i v i t i e s  of hydrogena ted  p y r i m i d i n e - 2 - t h i o n e s ,  we t u rned  to a s tudy of the nue leoph i l i c  subs t i tu t ion  r e a c -  
t ions  in the c a s e  of the a lky la t ion  of our p r e v i o u s l y  obta ined  [1,3] 1 , 2 , 3 , 6 - t e t r a h y d r o p y r i m i d i n e - 2 - t h i o n e s  
(I) and 4 - h y d r o x y h e x a h y d r o p y r i m i d i n e - 2 - t h i o n e s  (II) [3]. In Inves t iga t ing  this  r eac t i on ,  we w e r e  p r i m a r i l y  
i n t e r e s t e d  in the " s i t e "  of a lky la t ion  as a c h a r a c t e r i s t i c  of the r e l a t i v e  nuc leoph i l i c i ty  of the two r e a c t i o n  
c e n t e r s  - the n i t rogen  and su l fur  a toms  of the t h ioamide  group .  In addi t ion,  the d i v e r s e  b io log ica l  ac t iv i ty  
of a l k y l m e r c a p t o p y r i m i d i n e s  [4-6] and the high polyf imct ional  ac t iv i ty  of I [7] and II in p o l y m e r  m a t e r i a l s  
a r e  known. In th is  plan,  the d i r e c t e d  s y n t h e s i s  of hydrogena ted  2 - a l k y l m e r c a p t o p y r i m i d i n e s  is of indepen-  
dent  i n t e r e s t .  

Methyl  iodide ,  e thyl  b r o m i d e ,  benzyl  ch lo r ide ,  and c h l o r o a c e t i c  ac id  we re  used  as  a lky la t ing  agen t s .  
The r e a c t i o n  was c a r r i e d  out in ace tone ,  and the y i e lds  of the hydroha l ide  s a l t s  of the 2 - a l k y l m e r c a p t o  
d e r i v a t i v e s  (HI and IV, Tab l e s  1 and 2) were  a l m o s t  quant i ta t ive .  F r e e  b a s e s  V and VI (Table 3) w e r e  
i so l a t ed  f rom the s a l t s  at  0~ with a m m o n i u m  h y d r o x i d e .  A t t e m p t s  to obtain V and VI d i r e c t l y  f rom the 
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Fig .  1. IR spec t ra :  1) 3 , 4 , 6 , 6 - t e t r a -  
m e t h y l - 4 - h y d r  oxyhexahydr opyr imi  - 
d ine -2 - th ione ;  2) IVd; 3) Vie; 4) 4 ,6 ,6-  
t r i m e t h y l - 3 - p h e n y l - 1 , 2 , 3 , 6 - t e t r a h y d r o  - 
p y r i m i d i n e - 2 - t h i o n e ;  5) Va. 

spec t ra  of sa l t s  III and IV re f lec t  the contr ibut ion to the m e s o -  
m e r l e  s t r u c t u r e  of  both the N = C  bond (band at 1565-1600 cm -1) 

and the N H - C  = S  (thioamide) group (band at 1515-1530 cm -1) in which the la t te r  band is cons ide rab ly  less  
in tense  than in the s t a r t ing  th ioamides  (I and II). 

Py r imid ine th iones  I and II a re  weak bases  and a re  not t i t ra ted  in methanol  by perch lor ic  acid.  We 
were  able to obtain the hydrochlor ide  sa l t s  IXa (R 1 = R 2 = CH3, R 3 = H, R 4 = C6H4CH3-P) and IXb (R 1 = R ~ = 
CHa, R 3 = H, R 4 = C6H4OCIIa-p) by t r e a t m e n t  of the co r respond ing  I with concen t ra ted  hydrochlor ic  acid at 
20 ~ Hydration of the double bond of I occu r r ed  s imul taneous ly  to form IIA as the molecu le  was protonated.  

s t a r t ing  I and II in a lkal ine  media  us ing var ious  basic  reagents  
were  unsuccess fu l  because  of the side p roces se s  that occur  
under  these  condi t ions .  The a lky lmercapto  group is hydrolyzed 
to form the cor respond ing  1 ,2 ,3 ,6 - t e t r a hyd r opy r i mi d i n - 2 - ones  
(VII) and 4 .hyd roxyhexahydropyr imid in -2 -ones  (VIII) when sal ts  
III and IV are  heated with aqueous a lka l i s .  

In analogy with th ioureas  [8-10] and he te rocyc l ic  th io-  
amides  [11-14], it  might  be expected that the nucleophi l ic  cen te r  
of the thioureido group of I and II in alkylat ion reac t ions  would 
be the su l fur  atom. A study of the IR and UV absorpt ion  spec t ra  
of the bases  of a lky lmercap topy r imid ines  V and VI conf i rmed  
this  a s sumpt ion .  The absorpt ion  bands at 1520-1540 cm -1 c h a r -  
ac t e r i s t i c  for the th ioamide group [15] vanish  in the IR spec t ra  
of V and VI, and in tense  bands  of the s t re tch ing  v ibra t ions  of the 
N : C  group appear  at 1585-1600 cm -t  (Fig. 1). The IR spec t ra  
of V also contain a band at 1700 cm -1 that is re la ted  to the v i b r a -  
t ions of the C = C  bond in analogy with the absorpt ion  of this  
group in the s t a r t ing  I [2, 16]. 

The UV spec t ra  of the products  of alkylat ion (V and VI), i n  
which a s t rong hypsochromic  shift of the absorpt ion  band is ob-  
se rved  (Fig. 2), a re  also proof of the S-alkyla t ion of I and II. 

The s t ruc tu re  of the cat ions of hydrohal ide sa l t s  111 and IV 
apparent ly  should be r e p r e s e n t e d  as m c s o m e r i c  s t r u c t u r e s  with 
a fixed posi t ion of the proton and a posi t ive charge delocal ized 
between the th ree  he te roa toms  and the carbon  atom. The IR 
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Fig.  2. UV spec t ra :  1) 4 , 6 , 6 - t r i m e t h y l -  
3-  (p- to ly l ) -1 ,2 ,3 ,6- te t rahydr  opyr imidin  e -  
2- thione;  2) IIId; 3) IXa; 4) Vb (in alcohol, 
c �9 I0 -4 M). 

The IR spec t ra  of IXa and IXb indicate that the su l fur  atom is 
also protonated:  the bands at 1575 and 1535 cm - i  r e f l ec t  the 
f rac t ion of par t ic ipat ion in the m e s o m e r i c  e lec t ron ic  s t r u c t u r e  
of cation IX of both the N~---C bond and the C = S  bond. The UV 
spec t ra  of I and II in 1 N hydrochlor ic  acid, in which a hypso-  
chromic  shift of the band by 40-50 nm as compared  with the 
s ta r t ing  I and II, which is s i m i l a r  to the shift in S-a lkyla ted  
compounds V and VI and the i r  sa l t s  (III and IV), is observed  
a re  also evidence in favor of protonat ion at the su l fur  atom. 

Apprec iable  at tention has been d i rec ted  to the p rob lem 
of the r e l a t ive  bas ic i t i es  of the n i t rogen and su l fur  a toms in 
thioamides in recen t  ye a r s  [17-21]. Our data r ega rd ing  the 
cen te r  of protonat ion and alkylat ion of p y r i m i d i n e - 2 - t h i o n e s  
a re  in good ag reemen t  with the r e su l t s  in the l i t e r a t u r e .  

We have shown that when III and IV a re  heated br ie f ly  
in aqueous acids they a re  in te rconver ted  (monitoring by means  
of t h in - l aye r  chromatography) .  Start ing pyr imid ine th iones  I 
and II behave s i m i l a r l y  in ac ids .  

In the c rys t a l l i ne  state IV and VI exist  as cyclic  s t r u c t u r e s .  It was demons t r a t ed  by means  of the IR 
spec t ra  that the r ing  undergoes  par t ia l  opening in s HC1 a or s solut ions ,  and equ i l ib r ium is es tab l i shed  
between two tau tomer ic  forms - a cycl ic  form (A) and a chain form (B). The prototropic  r i ng -cha in  tauto-  
m e r i s m  was prev ious ly  studied by us for compounds II [1]. The r e su l t s  of the inves t igat ion of the r i ng -  
chain t a u t o m e r i s m  of IV and VI wil l  be descr ibed  in a separa te  communica t ion ,  

E X P E R I M E N T A L  

The IR spec t ra  of m i n e r a l  oil suspens ions  were  recorded  with a UR-10 spec t rophotometer .  The UV 
spec t ra  of alcohol solut ions (10 -5 M) were  m e a s u r e d  with an SF-4  s p e c t r o m e t e r .  

4 , 6 , 6 - T r i m e t h y l - 3 - p h e n y l - 2 - m e t h y l m e  rcap to -3 ,6 -d ihydropyr imid ine  Hydriodide (IIIc). A mix tu re  of 
8 g (0.035 mole) of 4 , 6 , 6 - t r i m e t h y l - 3 - p h e n y l - l , 2 , 3 , 6 - t e t r a h y d r o p y r i m i d i n e - 2 - t h i o n e  and 5.4 g (0.038 mole) 
of methyl  iodide in 70 ml  of acetone was allowed to stand at room t e m p e r a t u r e  for 6-8 h. The solvent  was 
removed by vacuum dis t i l la t ion ,  and the res idue  was r e c r y s t a l l i z e d  from acetone.  

Compounds IIIa-j  were  s i m i l a r l y  obtained. 

3 , 4 , 6 , 6 - T e t r a m e t h y l - 2 - b e n z y l m e r c a p t o - 4 - h y d r o x y - 3 , 4 , 5 , 6 - t e t r a h y d r  opyr imidine  Hydrochlor  ide (IV f). 
A mix tu re  of 5 g (0.029 mole) of 3 ,4 ,6 ,6 - t e t r ame thy l -4 -hydroxyhexahydropyr imid ine -2 - th ione  and 4.46 g 
(0.035 mole) of benzyl  chlor ide  in 90 ml  of acetone was ref luxed for 3 h. The solvent  was removed  by 
vacuum dis t i l la t ion ,  and the res idue  was r e c r y s t a l l i z e d  from acetone.  

Compounds IVe and IIIk were  s i m i l a r l y  p repa red .  

4,6,6-Trimethyl-2-carboxymethylmercapto-3,6-dihydropyrimidine Hydrochlor ide  (III1). A mix tu re  of 
3.5 g (0.022 mole) of 4,6,6-trimethyl-l,2,3,6-tetrahydropyrimidine-2-thione and 3.18 g (0.034 mole) of 
cMoroacet ic  acid in 50 ml  of acetone was ref luxed for 3 h. The reac t ion  m a s s  was cooled, and the p r e -  
cipi tate  was removed by f i l t ra t ion ,  washed with a c e t o n e - e t h e r  (1: 1), and r e c r y s t a l l i z e d  f rom acetone.  

3,4,6,6-Tetramethyl-l,2,3,6-tetrahydropyrimidin-2-one (VIIa). A solution of 6 g (0.019 mole) of IIIb 
in 250 ml  of 0.2 N po tass ium hydroxide (0.05 mole) was heated at 125 ~ for 2 h with vigorous s t i r r i ng .  The 
reac t ion  m a s s  was cooled and ext rac ted  with six 35-ml  por t ions  of o ther .  The e ther  ex t rac t  was dr ied with 
magnes ium sulfate ,  and the e ther  was removed  by d is t i l la t ion  to give 1.82 g (61%) of VIIa with mp 130.5- 
131.5 ~ (from ethanol) .  Found %: N 18.0. CsH14N20. Calcula ted %: N 18.2. 

S imi la r ly  obtained were  4 ,6 ,6 - t r ime thy l -3  - p h e n y l - l , 2 , 3 , 6 - t e t r a h y d r o p y r i m i d i n - 2 - o n e  (VIIb) [in 9% 
yield  w i t h m p  167-168 ~ (from ethanol).  Found%:  N 12.6. C13HI6N20. Ca lcu la ted%:  N 13.0] and 4 ,5 -d i -  
me thy l -3 - e thy l -4 -hyd roxyhexahydropy r imid in -2 -one  (VIIIa) [in 57% yield with mp 91.5-92 ~ (from hexane)]. 
Found %: C 55.7; H 9.3; N 16.2. CsHI6N202. Calculated %: C 55.7; H 9.4; N 16.3. 
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4 ,6 ,6 -T r im e t hy l -3 -phe ny l -2 -m e t hy l m e rcap to -3 ,6 -d ihyd ropy r imid ine  (Va). Compound IIIc [6 g (0.016 
mole)] was t r ea ted  with 15 ml  of 10~c ammonium hydroxide at 0 ~ and ext rac ted  with e ther .  The ether  ex t rac t  
was dr ied with magnes ium sulfate,  and the e ther  was r emoved  by dis t i l la t ion to give 3.21 g (8!~c) of Va with 
mp 39.5-40.5 ~ (from hexane).  Found%:  C 68.7; H 7,4; N 11.4. C14H18N2S. Calculated ~c: C 68.3; H 7.4; N 
11.4. IR spec t rum,  v , c m - t :  1685 (C- -C) ,  1600 (C ----N). UV spec t rum;  ; tma  x < 215 nm, loge2204.10.  

Compounds Vb-c  and VIa- f  were  s imi l a r ly  obtained. 

4 , 6 , 6 -T r ime t hy l -3 - (p - t o l y l ) -2 -m e t hy l mercap to -3 ,6 -d ihyd ropy r imid ine  (Vb). This compound was ob-  
tained in 790/c yield and had mp 100.5-101.5 ~ (from acetone).  Found ~c: N 10.6; S 12.1. C15H20N2S. Calcu-  
lated %: N 10.8; S 12.3. IR spec t rum,  v , cm-~: 1680 (C = C ) ,  1600 (C ~ N ) .  UV s p e c t r u m : ) ~ m a  x < 215 nm,  
log e 2204.14. 

4 ,6 ,6 -Tr ime thy l -3 - (p -me thoxypheny l ) -2 -me thy lmercap to -3 ,6 -d ihyd ropyr imid ine  (Vc). This compound 
was obtained in 80% yield and had mp 58.5-59 ~ (from hexane).  Found %: N 10.2; S 11.4. C15H20N2OS. Cal -  
culated %: N 10.1; S 11.6. Ill spec t rum,  ~, c m - l :  1680 (C-~C), 1600 (C ~-N). UV spec t rum:  Xmax < 215 
rim, log ~2204.25. 

4 ,6 ,6 -Tr ime thy l -3 - (p - to ly l )  -4 -hydroxyhydropyr imid ine -2 - th ione  (IXa). 4 , 6 ,6 -T r ime thy l -3 - (p -  
t o ly l ) - l , 2 ,3 ,6 - t e t r ahydropyr imid Ine -2 - th ione  [2 g (0.008 mole)] was t rea ted  with 20 ml of concent ra ted  hyd ro -  
ch lor ic  acid.  The acid was r emoved  by vacuum disti l lat ion at 30-40 ~ and the c rys t a I s  were  washed with a 
la rge  amount of e ther  to give 1.91 g (78~c) of IXa with rap 167.5-168 ~ . Found %: C 55.9; H 7.0; N 9.3. 
C14H19N2OS �9 HC1. Calculated ~ :  C 55.7; H 7.1; N 9.3. IR spec t rum,  v , c m - l :  1575 (C ~ N ) ,  1530 (NH-C ----~S). 

4 ,6 ,6 -Tr ime thy l -3 - (p -me thoxypheny l ) -4 -hydroxyhexahydropyr imid ine -2 - th ione  Hydroehlor ide  (IXb). 
This compound was s imi l a r ly  obtained in 82~c yield and had mp 172-173 ~ Found ~ :  C111.5.  CI4H19N202S �9 
HC1. Calcula ted %: C111.2 .  IR spec t rum,  ~ , e ra- l :  1578 (C-~--N), 1530 (NH-C ---~S). 
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