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B A S I C I T I E S  AND S T R U C T U R E S  OF 4 , 4 , 6 - T R I M E T H Y L - 2 -  

A R Y L A M I N O - 5 , 6 - D I H Y D R O - 4 H - 1 , 3 - T H I A Z I N E S  AND 4 , 4 , 6 -  

T R I M E T H Y L - 2 - A  R Y L A M I N O - 5 , 6 - D I H Y D R O - 4 H - 1 , 3 - O X A  Z I N E S  

L .  A .  I g n a t o v a ,  P .  L.  O v e c h k i n ,  UDC547.867.869:541.623:543.257.1 
A. E .  G e k h m a n ,  and  B .  V. U n k o v s k i i  

The relative basicities o f  4i4, 6-tr imethyl-2-arylamino-5,  6-dihydro-4H-1, 3-thiazines and 4,4, 6- 
t r imethyl-2-arylamino-5,6-dihydro-4H- 1,3-oxazines, which are  capable of amine- imine  tautom- 
erism, and of model compounds with fixed amine and imine s tructures  were determined by poten- 
t iometric titration in methanol. Good correlation of the pK a values with the Hammett r constants 
in the investigated reaction ser ies  was found. The inapplicability of the use of the pK a values of 
model compounds for  the determination of the tautomeric equilibrium constants in the case of 
some N-heterocyelic amines of nonaromatic character  with an aryl  substituent attached to the 
exocyclic nitrogen atom of the amidine fragment of the molecule is demonstrated. 

We have previously established that  4, 4, 6-tr imethyl-2-arylamino-5,  6-dihydro-4H- 1, 3-thiazines (D and 
4,4,6-tr imethyl-2-arylamino-4,6-dihydro-4H-1,3-oxazines (11) exist ha the crystalline state in the amine form 
(A), which also predominates in solvents with different polarit ies.  This conclusion was drawn on the basis of a 
comparison of the spectral  character is t ics  of tautomoric I'and II andmodel  compounds-  4,4~-6-~rimethyl-2- 
(N-rnethyl-N-aryl) amino-5, 6-dihydro-4H- 1, 3-thiazines (lid and 4, 4, 6-tr imethyl-  2-(N-methyl-N-aryl)amino- 
5,6-dihydro-4H-1,3-oxazines (IV), which have a fixed amine structure, and 3,4,4,6-tetramethyl-2-arylimino- 
te t rahydro- l ,3- thiazines  (V) and 3,4,4,6-tetramethyl-2-aryl iminotetrahydro-l ,3-oxazines (V1), which have a 
fixed imine s tructure.  In addition, in [2] we demonstrated the inapplicability of the use Of the ionization con- 
stants of model compounds for  the determination of the tautomeric equilibrium constants (Kt) in the 4,4,6-tr i -  
methyl-2-arylamino-4H-1,3-thiazine (VII) ser ies  because of considerable s ter ic-electronic  differences in the 
models and the corresponding tautomeric compounds. 

TABLE 1. Relative Basicities of Aminothiazines and Aminooxazines 
of Reaction Series I-VI 

>, Basicity constant pK a + 0.04 Reaction 
series 

=p OCll~ =p G2tls =pCH~ ] 

Ia ,c  - g 
Ila -g 

Illa.c -g 
lVa -g 

Va. c, e 
VIb-g 

2, 
o 

7,56 
8,80 
8,11 
9,35 
6,96 

8•4 
924 

879 

7,31 
8,53 
8,02 
9.08 
6,65 
8,28 

7.07 
8.39 
7,92 
9.10 

8[-[4 

6,88 
8,30 
7,79 
8,94 
6,25 
7,97 

6,29 1 5,90 7,65 7.42 
7,25 7,05 
8,52 8,36 

779 7~0 
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TABLE 2. P a r a m e t e r s  of the Cor re la t ion  of the pKa Values of Com-  
pounds of Ser ies  I - IV and VI with the Hammet t  a Constants  

S e r i e s  pK ao - o r S S p 

I 
III 
I I  
IV 
VI 

6,88 
7 , 6 6  
8,22 
8,92 
7,91 

2,54 
1,77 
2,18 
1,15 
2,53 

0,997 
0,989 
0,987 
0.988 
0,994 

0,03 
0,07 " 
0,10 
0,06 
0,08 

0,09 
0,13 
0,16 
0,11 
0,15 

i; c. Nv, 

i l l ,  IV I,II C V, Vl 

l, l l a  I,II b Vl l  

la-C.l l l ,  V u I la-C=lV, Vl u  

In o r d e r  to ve r i f y  and c o r r e l a t e  the resu l t s ,  the poss ib i l i ty  of  the de te rmina t ion  of the K t va lues  fo r  c o m -  
pounds of the thiazine and oxazine s e r i e s  (I and II) by means  of  data  on the bas ic i t i e s  of  model  compounds EZ, V 
and IV, VI is  examined  in the p r e s en t  r e s e a r c h .  Informat ion  regard ing  the bas ic i t i e s  of  amino de r iva t ives  of  
1 ,3- th iaz ines  and 1 ,3-oxazines  is also of  independent in te res t ,  s ince the ionization constants  a r e  one of the i m -  
por tan t  quant i ta t ive c h a r a c t e r i s t i c s  of t he i r  r eac t iv i t i e s .  

The  ~miue- - !m!ne  t a u t o m e r i s m  of  the inves t iga ted  compounds ( I A ~ I B  and HA~-HB) is an a c i d - b a s e  p r o -  
tolytic equi l ibr ium that  is r ea l i zed  through a common m e s o m e r i c  cation; this is conf i rmed by the identical  c h a r -  
a c t e r  of  the e lec t ron ic  s p e c t r a  of  aminothiazines  I and mm!nooxazines I I  and the s p e c t r a  of the cor responding  
model  compounds H, V and IV, VI in 0.1 N hydrochlor ic  acid and in a 0.1 N solution of HC1 in methanol .  This  
m a k e s  it poss ib le  to use  the ionization constants  of model  compounds [3 ] to de te rmine  K t.  

The r e l a t ive  pK a values  of compounds of reac t ion  s e r i e s  I-VI,  de te rmined  by potent iometr ic  t i t ra t ion in 
methanol ,  a r e  p re sen ted  in Table  1. 

Analys is  of the da ta  on the bas ic i t i e s  of  compounds of s e r i e s  I -VI  shows that r ep l acemen t  of the su l fur  
a tom in the r ing by  an oxygen a tom i n c r e a s e s  the bas ic i t i e s  of  the oxazines  by 1-1.5 pK a units; this is evidently 
exp la ined  by the h igher  deg ree  of in teract ion of the 2p e l ec t rons  of  the oxygen a tom in the oxazines  with the 2~r 
e lec t rons  of  the C = N bond of  the amidine f r agmen t  as compared  with the analogous interact ion of the 3p e lec -  
t rons  of  the su l fu r  a tom in the thiazines ,  both in the b a s e s  and in the protonatod f o r m s  [4, 5]. 

A s i m i l a r  re la t ionsh ip  in the bas ic i t i e s  of O-  and S-he te roana logs  was p rev ious ly  es tab l i shed  in the case  
of  s o m e  s i m i l a r l y  cons t ruc ted  N-he t~rocyc l i c  amines  of nonaromat ic  c h a r a c t e r  [6]. At the s ame  t ime,  the op- 
pos i to  p r inc ip le  in the bas i c i t i e s  of S-  and O-ana logs  is  obse rved  in he te rocye I i c  compounds in which the p e l e c -  
t rons  of the oxygen o r  su l fu r  a toms additionally in te rac t  with the 7r e lec t rons  of  the C = C bond via a s cheme  of 
the m e s o m e r i c  type to f o r m  an a r o m a t i c  s y s t e m  of bonds (for example ,  in subst i tuted 2-aminothiazoles ,  2 -amino-  
oxazoles  [7], 4 , 5 - t e t r ame thy l ene -2 -amino th i azo l e s ,  and 4 , 5 - t e t r ame thy l ene -2 - aminooxazo l e s  [8]). In compounds 
of  this type the effect  of the h e t e r o a t o m  on the e l ec t ron  densi ty  of the protonat ion cen te r  of the amidine  s y s t e m  
is  apparen t ly  due tO the l a rge  contribution of the inductive component .  

The pK a va lues  of compounds of react ion  s e r i e s  I - IV and VI c o r r e l a t e  well with the H a m m e t t  q con-  
sPants (Table 2). on ly  th ree  compounds w e r e  studied in s e r i e s  V. 

The  l i nea r  dependence of the pK a va lues  on the H~mmet t  cr constants  in the s e r i e s  of  t an tomer ic  I and I I  
p rov ides  evidence  fo r  a shif t  in the A ~ - B  t au tomer ic  equi l ib r ium to f avor  one of the t a u t o m e r s  [9], which, judg- 
ing f r o m  the p a r a m e t e r s  of the IR  and UV spec t ra ,  is amine f o r m  Ia  and Ha.  

Since in ac id - -ba se  t a u t o m e r i c  s y s t e m s  the equ i l ib r ium is  a lways  shifted to favor  the l e s s  bas ic  tau to-  
m e r i c  f o r m  [9], whe rea s  t rans i t ion  f r o m  tau tomer ic  compounds to the i r  N-me thy l - subs t i t u t ed  models ,  as is sup-  
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�9 posed,  changes the bas ic i ty  only sl ightly (with al lowance for  the + I  ef fec t  of the methyl  group) [3], one might  
have  expected  lower  bas ic i t i e s  fo r  amine  models  I l l  and IV as compa red  with the bas ic i t i e s  of  imine  models  
V and VI. 

A c o m p a r i s o n  of the pK a va lues  of the amine and imine  models  shows that imine models  V and VI a re  
l e s s  bas ic ,  i .e. ,  t he re  is a " r e v e r s a l  ~ of  the re la t ive  bas ic i t i e s  of the models  s i m i l a r  to  that which we p r e v i -  
ously  es tab l i shed  [2] during a study of bas ic i ty  and t a u t o m e r i s m  in the 2 -amino-4H-1 ,3 - th iaz ine  s e r i e s  (VID. 
The s a m e  re la t ionsh ips  in the pKa  values  of  models  has  been noted [6] for  some  s i m i l a r l y  cons t ruc ted  nonaro-  
m a t i c  N-he t e rocyc l i c  amines ,  for  example ,  for  the  t a u t o m e r i s m - c a p a b l e  mode l s  2-phenylamino-2- th iazol ine ,  
2-phenylirn.ino-5, 6 -d ihydro -4H-  1, 3-thiazine,  and 2-phenylamino-5 ,6 -  d ihydro-4H-  1, 3-oxaz  ine, although a shift 
in the equi l ib r ium to f avor  the amine  f o r m  has  been es tab l i shed  fo r  t au tomer ic  compounds by means  of spec t r a l  
data .  

The r ea son  for  the obse rved  anomaly  in the bas ic i t i e s  of the mode l  s t r u c t u r e s  for  compounds of this type 
is evidently,  as we have  p rev ious ly  d i scussed  in detai l  [2], the substant ia l  d i f ference  in the conformat ions  of the 
molecu le s  of  the t au tomer ic  fo rms  and the cor responding  model  compounds,  which cons is t s  of a different  mu-  
tual or ienta t ion  of the a r o m a t i c  r ing of the a ry lamino  group re la t ive  to the amidine f r agmen t  of the molecule .  
This t h r ee -d imens iona l  d i f ference  r e su l t s  in a change in the c h a r a c t e r  and degree  of e lec t ronic  in teract ion in 
the molecu les  of  the model  compounds,  and, as a consequence,  the amine  models  become  m o r e  bas ic  than the 
imine models .  This c i r c u m s t a n c e  does not just i fy the use of the ionization constants  of model  s t r u c t u r e s  for  
de te rmina t ion  of the t au tomer ic  equi l ibr ium constants  in nonaromat ic  he t e rocyc l i c  compounds of the I and II  
type with an a ry l  subst i tuent  a t tached to the exocycl ic  ni trogen atom. 

The n o r m a l  re la t ionship  of the PKa values  of the model  compounds cor responding  to that obse rved  fo r  the 
individual t a u t o m e r s  evidently holds only in the case  of those N - a r y l - N - h e t e r o c y c l i c  amines  in which the tauto-  
m e r i c  equi l ibr ium is shifted marked ly  (K t > 103) to favor  the f o r m  that has  an a roma t i c  s y s t e m  of bonds, for  
example ,  in subst i tu ted 2 -a ry laminooxad iazo les  [10, 11]. In this case  the absolute values  of the ionization con-  
s tants  of the model  compounds may  change substant ia l ly  as compared  with the ionization constants  of the tau-  
t o m e r s  because  of confo rma t iona l - e l ec t ron ic  fac tors ,  but no " r e v e r s a l "  of them occurs .  

In those ca se s  where hydrogen a toms  o r  an alkyl  o r  a ra lky l  substi tuent  a re  at tached to the exocycl ic  n i t ro -  
gen a tom of the amidine f r agm en t  in place of an a ry l  group, which in te rac t s  d i rec t ly  with the amidine sys tem,  
the re  is no subs tant ia l  change in the c h a r a c t e r  of the e lec t ron ic  in terac t ions  on pass ing  f r o m  the t au tomer ic  
f o r m s  to the i r  N - m e t h y l - d e r i v a t i v e  models ,  and the bas ic i t i e s  of the l a t t e r  change only slightly; this is  due p r i -  
m a r / l y  only to the inductive effect  of the methyl  group, and the ra t ios  of the pK a values  of the models  suffi-  
cient ly accu ra t e ly  co r r e spond  to the ra t ios  of the pK a values  of the t au tomer ic  f o rms .  As applied to such c o m -  
pounds, the method of de te rmina t ion  of the Kt values  by means  of the ionization constants  of model  compounds 
is  c o r r e c t  and gives  good resu l t s ,  pa r t i cu l a r ly  for  N - h e t e r o a r o m a t i c  t au tomer ic  s y s t e m s  with a marked ly  shifted 
equi l ib r ium [3, 8, 12-15]. 

E X P E  R I M E N  TA L 

The compounds of s e r i e s  I -VI  were  synthes ized  p rev ious ly  in [16-18], and the i r  pur i ty  was conf i rmed  by 
TLC data and also by the r e su l t s  of po ten t iomet r ic  t i t ra t ion,  the e r r o r  in which did not exceed 2~. The ioniza-  
tion constants  we re  de te rmined  by po ten t iomet r ic  t i t ra t ion with 0.1 N pe rch lo r i c  acid of (5-7) �9 10 -3 M solutions 
of the compounds in anhydrous methanol  at 20 ~ by means  of an LPU-01 pH mete r ,  an I~SL-41G-04 g lass  e l ec -  
t rode,  and a sma l l  ca lomel  e lec t rode  fil led with a sa tu ra ted  solution of po t a s s ium chlor ide  in methanol .  The 
e l ec t rodes  were  ca l ib ra ted  with r e s p e c t  to a 0.05 N p o t a s s i u m  biphthalate solution (pH 4.00), a phosphate buffer  
(pH 6.88), and 0.01 M sodium t e t r a b o r a t e  solution (pH 9.22). The po ten t iomete r  was adjusted according  to the 
method in [19]. The e r r o r  in the determinat ion of the PKa values did not exceed 0.04 PKa units.  The c o r r e l a -  
tion p a r a m e t e r s  were  obtained by s ta t i s t i ca l  t r e a t m e n t  of the resu l t s  by the method of leas t  squares .  
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S Y N T H E S I S  OF THE fl I S O M E R S  OF 2 , 4 , 6 - T R I S U B S T I T U T E D  

1 , 3 , 5 - T R I T H I A N E S  

E.  N. K l i m o v i t s k i i ,  L .  K. Y u l d a s h e v a ,  
a n d  B~ A. A r b u z o v  

UDC 547.871.07 : 541.63 

The condensation of bis(~-hydroxy-fl,fl, fl-trichloroethyl) sulfide with aldehydes under acid catal- 
ysis conditions gives 2,4, 6-trisubstituted 1,3, 5-trithianes. The latter are realized only in the ther- 
modynamically more favorable fl forms. 

It is known [1] that the addition of H2S to carbonyI compounds frequently gives 1": 2 adducts. When we car-  
ried out the condensation of the CC13CHO-H2S adduct (l) with aldehydes we obtained derivatives of the 1,3,5-tri- 
thiane series (IEa-d) instead of the expected 1,3,5-dioxathiane systems (H). 

o,,.(o o. o. s.,,~sl 
R R 

II I I l l a - d  

Ill  aR=CtI~; b R = C6H5; C R=p-C1C6H4; d R=p-NO2C6H 4 

A sufficiently large number of methods for the synthesis of 1,3,5-trithianes are presented in the literature, 
and the most widely used method is the reaction of H2S with aldehydes [2]. The formation of polymeric impuri- 
ties should be considered to be the only disadvantage of the ~hydrogen sulfide n method. In accordance with our 
synthetic method, the yields of 1,3,5-trithianes in the case of aromatic aldehydes are close to quantitative, and 
practically pure substances are obtained. There is a reference in [3] that the introduction of a strong acceptor 
group in the aromatic ring does not promote the formation of thioaldehyde in the reaction of aldehydes with B2S 3 
and SiS 2. We were able to obtain trithiane Hid from sulfide I and p-nitrobenzaldehyde, but, because of its ex- 
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