
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 667 

THE INTRAMOLECULAR REARRANGEMENT OF SUBSTITUTED 4-HYDROXY- 
HEXAHYDROPYRIMIDINE-2-THIONES 

B. V. Unkovskii and L. A. Ignatova 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 5, No. 5, pp. 896-899, 1969 

UDC 547.854+547.869 

It has been found that, on being heated with 36~ hydrochloric or 85% 
orthophosphoric acid, substituted 4-hydroxyhexahydropyrimidine-2- 
thiones (IA) undergo an intramolecular rearrangement connected with 
the transformation of the cyclic forms IA into the linear tautomers 
IB and accompanied by dehydration with the formation of substituted 
2-alkylamino- or 2-arylamino-4H-1, 3-thiazines. 

In t h e  d e v e l o p m e n t  of o u r  p r e v i o u s  i n v e s t i g a t i o n s  
[ 1 - 2 ] ,  we  h a v e  s t u d i e d  t h e  s t a b i I i t y  of s u b s t i t u t e d  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  (IA) w i t h  r e -  
s p e c t  to  h y d r o c h l o r i c  and  p h o s p h o r i c  a c i d s .  In a c -  
c o r d a n c e  w i t h  t he  w o r k  of M a t h e s  [3] we  e x p e c t e d  t h a t  
t h i s  r e a c t i o n  w o u l d  g ive  p r o d u c t s  of t he  d e h y d r a t i o n  
of IA--substituted i, 2, 3, 6-tetrahydropyrimidine-2- 
thiones (II). 

When 3-ethyl-4-hydroxy-4, 6, 6-trimethylhexahydro- 
pyrimidine-2-thione (Ib) was heated with 36% hydro- 
chloric acid (2 hr, 90 ~ C), instead of the expected 
3-ethyl-4, 6, 6-trimethyl-l, 2, 3, 6-tetrahydropyrimi- 
dine-2-thione (IIb), which we had obtained indepen- 
dently from 2-isothiocyanato-2-methylpentan-4-one 
and ethylamine [3], we isolated a substance corre- 
sponding to lib only in its elementary composition but 
d i f f e r i n g  f r o m  i t  in  a l l  i t s  p h y s i c a l  c o n s t a n t s ,  c h e m i c a l  
b e h a v i o r ,  and  IR and  UV s p e c t r a .  

In v i ew  of t h i s ,  and  a l s o  by a n a l o g y  w i t h  e x a m p l e s  
d e s c r i b e d  in  t he  l i t e r a t u r e  [ 4 - 7 ]  we  a s s u m e d  the  p o s -  
s i b i l i t y  of the  o c c u r r e n c e  u n d e r  t he  c o n d i t i o n s  d e -  
s c r i b e d  of a n  i n t r a m o l e c u l a r  r e a r r a n g e m e n t  of IA in to  

the  2 - a l k y l a m i n o -  o r  2 - a r y I a m i n o - 6 - h y d r o x y t e t r a -  
h y d r o - l ,  3 - t h i a z i n e s  (IV) i s o m e r i c  w i th  t h e m ,  w i t h  
t h e i r  s u b s e q u e n t  d e h y d r a t i o n  to 2 - a l k y l a m i n o -  o r  2 -  
a r y l a m i n o - 4 H - 1 ,  3 - t h i a z i n e s  (VI). The  m o s t  p r o b a b l e  

m e c h a n i s m  f o r  the  r e a r r a n g e m e n t  i s  s h o w n  in  t he  

fo l Iowing  s c h e m e :  
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We h a v e  s h o w n  p r e v i o u s l y  [2, 8] t h a t  IA u n d e r g o e s  
r i n g  o p e n i n g  in s o l u t i o n s  in  c h l o r o f o r m  and  CC14 w i t h  
t r a n s f o r m a t i o n  in to  the  t a u t o m e r i c  a c y c l i c  f o r m s - -  

N - a l k y l -  o r  N - a r y l - N ' - o x o a l k y l t h i o u r e a s  (IB). In 
a g r e e m e n t  w i t h  t h i s ,  i t  m a y  b e  a s s u m e d  t h a t  the  f o r -  
m a t i o n  of t he  a c y c l i e  f o r m  ~ a l s o  t ake  s p l a e e  in h y d r o -  
c h l o r i e  ac id ,  a c o n f i r m a t i o n  of  w h i c h  i s  the  p r o d u c t i o n  

of 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  w i t h  r e s p e c t  to  t h e  
c a r b o n y l  g r o u p  [1]. 

S u b s t i t u t e d  2 - A l k - y l a m i n o -  and  2 - A r y l a m i n o - 4 H - Z ,  3 - t h i a z i n e s  (VI) 
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Calcu la t ed ,  % 

N 16.45: S 18.80 
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N 14.13: S 16.I3 
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*AI203 o f  act iv i ty  It, b e n z e n e - - e t h e r  ( l  : I )  s y s t e m .  
**After  sub l imat ion  at  8 0 - 9 0  ~ C (1 0  n m ) .  

*** Da ta  given for  the  h y d r o c h l o r i d e .  
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By ana logy  wi th  a l k y l - s u b s t i t u t e d  t h i o u r e a s  [9], in 
h y d r o c h l o r i c  ac id  IB f o r m  i s o t h i o u r o n i u m  s a l t s  c a -  
pab le ,  by the  i n t e r a c t i o n  of  the  C ~ O  and SH g roups ,  
of  r i n g  c l o s u r e  wi th  the  f o r m a t i o n  of the  c y c l i c  s e m i -  
m e r c a p t a l s  IV. It i s  known [10] that  the s t ab i l i t y  of 
the c y c l i c  s e m i m e r c a p t a l s  depends  s t r o n g l y  on t h e i r  
s t r u c t u r e ;  the  s p o n t a n e o u s  d e h y d r a t i o n  of s e m i m e r -  
c a p t a l s  d u r i n g  t h e i r  p r e p a r a t i o n  has  been  d e s c r i b e d  
in a n u m b e r  of c a s e s  [11, 12]. 
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Fig .  1. IR s p e c t r a :  1} 4, 4, 6 - t r i m e t h y l - 2 - m e t b -  

y l a m i n o - 4 H - l ,  3 - t h i a z i n e ;  2) 2 - e t h y l a m i n o - 4 , 4 ,  
6 - t r i m e t h y l - 4 H - 1 ,  3 - t h i a z i n e ;  3) 3 - e t h y l - 4 ,  6 , 6 -  
t r i m e t h 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 -  

th lone .  

It i s  e~ iden t  tha t  a s i m i l a r  e l i m i n a t i o n  of w a t e r  
t a k e s  p l a c e  in the  r e a r r a n g e m e n t  p r o d u c t s ,  s i nce  i t  
i s  i m p o s s i b l e  to i s o l a t e  the s e m i m e r c a p t a l s  IV. The 
r e a c t i o n  f o r m s  only the  p r o d u c t s  of the  d e h y d r a t i o n  
of I V - - h y d r o c h l o r i d e s  of 2 - a l k y l a m i n o -  o r  2 - a r y l -  
a m i n o - 4 H - 1 ,  3 - t h i a z i n e s  ( V ) - - f r o m  which  it is  e a s y  to 
i s o l a t e  the b a s e s  VI, wh ich  a r e  c a p a b l e  of e x i s t i n g  in 
two t a u t o m e r i c  f o r m s :  the  a m i n o  f o r m  VIA and the  
i m i n o  f o r m  VIB. The  p r o p e r t i e s  and y i e l d s  of  the  c o m -  
pounds  VI s y n t h e s i z e d  a r e  g i v e n  in the  t ab le .  

The  r e a r r a n g e m e n t  of IA into IV wi th  s u b s e q u e n t  
d e h y d r a t i o n  to VI a l so  t a k e s  p l a c e  when  IA i s  h e a t e d  
wi th  85% o r t h o p h o s p h o r i c  ac id .  Thus ,  the r e a c t i o n  of 
Ib, Id, and Ie wi th  H3POr (30 rain,  100 ~ C) l e a d s  to 
the  f o r m a t i o n  of, r e s p e c t i v e l y ,  Vlb, VId, and V i e - - i n  
a d m i x t u r e  wi th  the p r o d u c t  of d i r e c t  dehydra t ion ,  rib, 

in the  f i r s t  c a s e .  
A p r o o f  of the  s t r u c t u r e  of c o m p o u n d s  VI and t h e i r  

d i f f e r e n c e  f r o m  the  c o m p o u n d s  II i s o m e r i c  wi th  t h e m  
is ,  in add i t ion  to the  d i f f e r e n c e  in t h e i r  p h y s i c a l  c o n -  
s t an t s ,  the  n e g a t i v e  r e s u l t  in the  c a s e  of VI of the  
i o d i n e - a z i d e  r e a c t i o n  f o r  a C-~S g roup  [13], wh ich  is  
c l e a r l y  e x p r e s s e d  in the  c a s e  of II, and a l s o  the  i n -  
c r e a s e d  b a s i c i t y  of c o m p o u n d s  VI, wh ich  r e a d i l y  f o r m  

h y d r o c h l o r i d e s  wh i l e  the f eeb ly  b a s i c  c o m p o u n d s  II do 
not g i v e  h y d r o c h l o r i d e s  u n d e r  the  s a m e  condi t ions .  

The IR s p e c t r a  of I and the  d e h y d r a t i o n  p r o d u c t s  II 
have  a c h a r a c t e r i s t i c  a b s o r p t i o n b a n d  at 1530-1560  c m  -1 
r e l a t i n g  to a t h i o a m i d e  g roup ing  ( amide  II) [14], and 
c o m p o u n d s  II a l so  h a v e  a band at 1690 c m  - l  ( C ~ C b o n d  
con juga t ed  wi th  the  p - e l e c t r o n s  of the  h e t e r o  a t o m s )  
[15]. In the  s p e c t r a  of VI, on the  o the r  hand,  t h e r e  a r e  
no bands  of the  t h i o a m i d e  g r o u p  but  s t r o n g b a n d s  a p p e a r  

at  1620-1635  c m  -1 ( C ~ N )  and the  bands  at 1670 c m  -~ 
(C-~C) a r e  r e t a i n e d  (F ig .  1). 

The d i f f e r e n c e  in  the  UV s p e c t r a  of I, II, and VI 
is  i l l u s t r a t e d  in F ig .  2. Whi le  the in i t i a l  c o m p o u n d s  
I h a v e  an a b s o r p t i o n  m a x i m u m  at 245 -248  nm, and c o m -  
pound II at 270 nm (% p con juga t ion  )C~C--N--C~-~-S) ,  
in the  UV s p e c t r a  of  VI  t h e r e  i s  a m a r k e d  h y p s o c h r o -  

m i c  sh i f t  (Xma x 220 nm) due to the  p a s s a g e  of the 
e x o c y c l i c  s u l f u r  a t o m  into the  r ing .  

The a s s i g n m e n t  of the  p r o d u c t s  of the r e a r r a n g e -  
m e n t  of VI  to one of the  two p o s s i b l e  t a u t o m e r i c  f o r m s ,  
n a m e l y  the  a m i n o  f r o m  VIA, was  m a d e  s o l e l y  on the  
b a s i s  of l i t e r a t u r e  a n a l o g i e s  in o t h e r  c l a s s e s  of h e t -  
e r o c y c l i c  c o m p o u n d s  wi th  a s i m i l a r  s t r u c t u r e  [16-18]  

and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

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

5, 6-Dimethyi-2-methylamino-4H-1, 3-thiazinr (VId). A) A mix- 
ture of 6 g (0.034 mole) of Id and 30 ml of 36% HC1 was heated at 
90 = C for 2 hr. The excess of acid was distilled off in vacuum, and 
5.4 g (76%) of the hydmchloride Yd was obtained in the form of snow- 
white crystals readily soluble in water and ethanol with mp 251- 
251.5 ~ C (from isopropanoI). Found, %: C 43.59; H 6.78; C1 18.84; 
S 16.57. Calculated for CTHt~q2C1S, %: C 43.63; H 6.81; C1 18.42. A 
S 16.61. A solution of 3 g of Vd in 15 mt of water was saturated at 3-5 ~ C 
withsolid caustic soda. The oil separated out was extracted with 
acetone, the extract was dried with magnesium sulfate, and the ace- 
tone was distilled off to give 1.8 g of rid in the form of snow-white 
needles soluble in the majority of organic solvents. The passage of 
dry hydrogen chloride into an ethereal solution of the base VId yielded 
the hydrochloride of Vd with mp 251-252 ~ C giving no depression with 
the hydrochioride obtained directly from the reaction. 
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Fig .  2. UV s p e c t r a :  1) 3 - e t h y l -  
4 - h y d r o x y - 4 ,  6, 6 - t r i m e t h y l 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 ;  2) 3-  
e t h y l - 4 ,  6, 6 - t r i m e t h 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 ;  
3) 2 - e t h y l a m i n o - 4 ,  4, 6 - t r i m e t h y l -  

4 H - l ,  3 - t h i a z i n e .  

B) A mixture of 4 g (0.023 mole) of Id and ~0 g of 85% orthophos- 
phoric acid was heated at 100~ for 30 rnin. Then the solution, 



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 669 

cooled to 0 ~ C, was treated with 20 ml of ice water and the mixture 
was decomposed with potassium carbonate. The crystals that floated 
to the top were extracted with ether, the extract was dried with mag- 
nesium sulfate, and the ether was distilled off to give 3.2 g (65_6%) of 
VId, showing no depression with a sampie obtained by method (A). 
Rf 0.67 [benzene--ether (1 �9 1), A1203, activity II]. 
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