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BASICITIES AND STRUCTURES OF 2H,6H-2,6-DIMETHYL-4-AMINO- 

1,3,5-DITHIAZINE AND ITS N-ACYL DERIVATIVES 

T. V. Kashik, G. V. Rassolova, 
G. M. Gavrilova, V. I. Gostevskaya, 
S. V. Amosova, and B~ A. Trofimov 

UDC 543.257.1:547.876'869.1:541.623 

On the basis of a study of the basic properties of 2H,6H-2,6-dimethyl-4-amino- 
1,3,5-dithiazine and its N-acyl derivatives it was concluded that N-acyldithia- 
zincs exist primarily in the amino form in methanol and acetone, regardless of 
the type of substituent (donor or acceptor) in the acyl fragment of these mole- 
cules. The intramo!ecular interrelationships between the exocyclic substituent 
and the protonation center in the investigated compounds correspond to the cri- 
teria of the ortho effect of nitrogen-containing heteroaromatic compounds. 

A study of N-acyl derivatives of 2H,6H-2,6-dimethyl-4-amino-l,3,5-dithiazine (II-VII) in 
solution in chloroform, diethyl ether, and ethanol by IR and UV spectroscopy [i] showed that 
electron-acceptor substituents R' in the acyl fragment of these molecules (COR', where R' = 
C6H5, CHaCI, and S02C6HaMe-4) shift the tautomeric equilibrium to favor imino form b: 

N~ ~icit3)2 ~cu3 
~Hp, J! ~/~N S "Nil S '~N .~/~'N" "Gila 

CII3"''NS" GIla GIla'' " S  CIIa c113 L .l\C|l 2 . 
. . . .  Cll3 

a T-VII b VIII IX 

la R=H; IIa, b R=COCH3; IlIa, b R=COC3Fb; IVa b R=COC~Hg; V~b R=COC(CH~)a; 
VIa, b R=COPh; VIIa, b R=COCH2CI 

The e x i s t e n c e  o f  t he  i n d i c a t e d  compounds i n  s o l u t i o n s  i n  t he  form o f  a m i x t u r e  o f  two t a u t o -  
mer i c  forms a and b may e v i d e n t l y  be r e f l e c t e d  i n  t h e i r  r e a c t i v i t i e s .  Thus,  f o r  example ,  a 
s t u d y  by PMR s p e c t r o s c o p y  of  t h e  d i r e c t i o n  o f  p r o t o n a t i o n  i n  s u b s t i t u t e d  2 - a m i n o - 4 H - 1 , 3 - t h i a -  
z i n e s  [2] w i t h  f i x e d  amino ( V I I I )  and imino (IX) forms t h a t  e x c l u d e  t a u t o m e r i c  c o n v e r s i o n  i n -  
d i c a t e s  t r a n s f e r  o f  the  p r o t o n a t i o n  c e n t e r  i n  the  imino form from the  r i n g  n i t r o g e n  atom (as  
i n  the  c a s e  o f  V I I I )  to the  e x o c y c l i c  n i t r o g e n  a tom.  The h i g h e r  b a s i c i t y  o f  IX as compared 
with VIII is the result of transfer of the protonation center. It is apparent from structures 
VIII and IX that 2-amino-4H-l,3-thiazine derivatives have a structure that is similar to that 
of the N-acyl derivatives of 2H,6H-2,6-dimethyl-4-amino-l,3,5-dithiazine (a, b) that we pre- 
viously investigated. It might therefore be expected that in the protonation of I-VII, which, 
according to the IR and UV spectroscopic data, are equilibrium mixtures of the a and b forms, 
the ratios of the basic strengths of their imino and amino forms would be retained in the 
same way as for the above-indicated VIII and IX, i.e., the basicity of the imino tautomer will 
be higher than that of the amino form. In this case the experimentally determined dissocia- 
tion constants (pK a) of the investigated N-acyl derivatives in solutions will be the effective 
dissociation constants of the equilibrium mixtures, which reflect the overall basicities of 
the imino and amino forms of these compounds. In conformity with the theory of acid-base 
protolytic tautomeric equilibria [3, 4] this fact may lead to disruption of the linearity be- 

Irkutsk Institute of Organic Chemistry, Siberian Branch, Academy of Sciences of the USSR, 
Irkutsk 664033. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 3, pp. 333-337, 
March, 1983. Original article submitted July 14, 1982. 

268 0009-3122/83/1903-0268507.50 �9 1983 Plenum Publishing Corporation 



TABLE i. pK a of I-VII in Water, Methane, 
and Acetone 

COl'P,~ 

pound 

l 
II 

1II 
IV 
V 

VI 
VII 

PKa 

H~,O* 

7,00 

CH~OIt 

8,30 
4,37 
4,41 
4,40 
4,67 
3,89 
3,20 

CHaCOCH3 

8,32 
4,46 
4,47 
4,66 
4,70 
3,93 
3,22 

for NHR 

-0,16 
0,2! 

0,22 
O,30:J 

*The pK a values in water were determined for 
compounds that display basicities in this 
solvent during potentiometric titration. 
tThe oI value calculated from the equation 
[7] aI(NRIRa) = 0.ii + 0.46[~I(RI) + 
oI(R=)], where oI(COCHaCI) = 0.4 [8], was 
used for the NHCOCHaCI group. 

tween the measured basicities of the investigated compounds and the polar constants of the 
corresponding substituents in them. In this case the dependence of the effective basicity 
constants of a I is expressed by a curve, the asymptotes to which will be straight lines for 
compounds with electron-donor and electron-acceptor substituents. 

In the hope of detecting these disruptions we determined the basicity constants of 
2H,6H-2,6-dimethyl-4-amino-l,3,5-dithiazine and its N-acyl derivatives I-VII in methanol and 
acetone (see Table i) and thoroughly analyzed their dependence on the polar effects of the 
corresponding substituents. In selecting such different solvents as the media for studying 
the basicities we were guided not only by their definite analytical advantages over aqueous 
solutions (acyl derivatives are usually weak bases, and media with higher autoprotolysis con- 
stants than that of water are therefore necessary to study their basicities [5]) but also 
proceeded from the fact that the position of the tautomeric equilibrium of the investigated 
bases may depend on the properties of the solvent [6]. If such a dependence exists, it may 
be manifested in the nonidentical character of the change in the pK a values on passing from 
methanol to acetone for potentially tautomeric bases VI and VII (which have an electron-ac- 
ceptor substituent in the acyl fragment of the molecules) and bases that exist primarily in 
the amino form (I-V). However, the data in Table 1 constitute evidence that on passing from 
methanol to acetone the basicities of compounds with both donor (I-V) and acceptor (VI, VII) 
substituents in the acyl fragment of the molecules are subject to the same principle -- the 
pK a values for each of the compounds presented in Table 1 remain virtually unchanged in both 
solvents. For this reason, it is sufficient to examine the data obtained in any one solvent 
in order to ascertain the quantitative expressions that relate the basicities of the inves- 
tigated series of compounds to their structures. Acetone was selected as the solvent to ful- 
fill this role. 

It follows from the data presented above that replacement of one of the hydrogen atoms 
of the amino group in I by an acetyl substituent (II, III) decreases the basicity of this 
compound by 3.86 pK a units. The successive change in the pK a values in the examined IV-VII 
series indicates the primarily inductive character of the effect of substituent R' on the 
basicities of these compounds. Thus for III-V the pK a value increases as the electron-donor 
character of the alkyl groups increases and decreases as the electron-acceptor properties of 
substituent R' increase on passing from VI to VII. On the basis of this, as the structUral 
parameters that characterize the polar effect of R', we used inductive constants oI in es- 
tablishing the quantitative expression that relates the basicities of the investigated series 
of N-acyl-substituted II-VII to their structures. 

Figure 1 (line i) illustrates the linear relationship between the pK a values of the in- 
dicated compounds and inductive constants a I. The correlation equation for this case has 
the form 

PKaCH~COCH~= ( 4 , 3 5 •  (6 ,47•  r=0 ,991 ,  So=0,09, n = 6  (i) 
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Fig. i. Correlation of 
the pK a values (CH3COCH3) 
of 2H,6H-2,6-dimethyl-4- 
amino-l,3,5-dithiazine 
derivatives with the polar 
constants of the substitu- 
ents: I) pKa = f(o I) (a); 
2) pK a = f(o m) (b) (the 
numbers of the points cor- 
respond to the numbers of 
the compounds in Table I). 

In accordance with the existing concepts [4, 9], the existence of this sort of correla- 
tion dependence [the linear character of the function pK a = ~(oi) ] for potentially tautomeric 

systems constitutes evidence that the tautomeric equilibrium is shifted to favor one of the 
forms or is totally absent. 

Hence it may be concluded that the acyldithiazines that we investigated (regardless of 
the type of R' substituent in the acyl fragment of the molecules) exist virtually only in one 
tautomeric form under the experimental conditions. The PMR [i0] and IR [i] spectroscopic 
data consistently indicate that the acyldithiazines with donor substituents exist primarily 
in amino form a in the crystalline state and in solutions. Consequently, the established 
possibility of the simultaneous description of the basic properties of acyldithiazines with 
donor (which exist in the amino form) and acceptor substituents within the framework of a 
single pK a = ~(o I) dependence can be regarded as evidence that acyldithiazines with acceptor 
substituents exist in the same tautomeric form as the compounds with donor substituents, viz., 
in the amino form. This conclusion regarding the structure of the acyldithiazans finds con- 
firmation in the elucidation of their protonation centers. 

It is known that the protonation of amino derivatives of nitrogen-containing heteroaro- 
matic compounds takes place at the ring nitrogen atom Ill]. 2-Amino-4H,l,3-thiazines (VIII), 
the structure of which is similar to that of the investigated dithiazines, are also no ex- 
ception to this rule. Their protonation in the fixed amino form also takes place at the en- 
docyclic nitrogen atoms [2]. On the basis of these data it may be assumed that in the inves- 
tigated series of acyldithiazines (if they exist primarily in the amino form) the protonation 
center is also the "pyridine" ring nitrogen atom. In this case aminodithiazine I and its 
acyl derivatives II-VII should constitute a single reaction series, viz., compounds of the o- 
substituted nitrogen-containing heterocyclic type, and in protonation should display those 
features of the "anomalous" ortho effect that are peculiar to nitrogen-containing hetero- 
cyclic compounds, the center of basicity in which is separated from the variable substituent 
by only one bond in addition to the bond between the substituent and the ring [12]. The 
ortho effect in the indicated compounds essentially reduces to the following principles. 

i) The ortho substituent has primarily an inductive effect on the basicity of the "py- 
ridine" nitrogen atom. The dependence of the pK a values on the structural parameters of the 
substituent is satisfied when these values are compared with the o m (oi) constants. 

2) The sensitivity of the center of hasicity to the electronic effect of the ortho 
substituent is characterized by high numerical values (Pm ranges from i0 to 12 PKa units) and 
is only slightly dependent on the type of heteroring~ For example, the numerical values of 
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the Pm parameter for 2-substituted pyridine (Pm = 11.8) and 2-substituted imidazoles (Pm = 
ii.i) are very close to one another [12]. The numerical value of this parameter increases 
somewhat on passing from water to nonaqueous media [12, 13]. 

Turning to the problem of the protonation center in the dithiazine molecules and taking 
into account the information set forth above we examined the dependence of the pK a values 
of these compounds (I-III, VI, and VII) on the Om constants of the NHR substituents pK a = 
f(~m), which is represented by Eq. (2) 

pKa CH~COCH~ = (6,56--+0,13) -- (11,07--+ 0,59) ~m, 

r=0,997, so=O,21, n = 5  (2 )  

I t  i s  a p p a r e n t  f r o m  t h e  p a r a m e t e r s  o f  Eq.  (2 )  and  l i n e  2 i n  F i g .  1 t h a t  t h e  c h a r a c t e r  o f  t h e  
PKa = f(~m) dependence corresponds completely to the above-indicated criteria of the ortho 
effect in nitrogen-containing heterocyclic compounds. Thus the basicities of the dithiazines 
in acetone (the same also pertains to the basic properties in methanol) are described by the 
Om constants with high correlation quality (r> 0.99). The basicity of 2H,6H-2,6-dimethyl-4- 
amino-l,3,5-dithiazine (I) also is subject to this dependence (calculated pK a = 8.33). Final- 
ly, the reaction constant of the investigated series of compounds (Pm = 11.07) fits into the 
range of numerical values of this parameter established in the case of traditional series of 
2-substituted nitrogen-containing heteroaromatic compounds. The display by dithiazines I-VII 
of the ortho effect peculiar to 2-substituted nitrogen-containing heterocyclic compounds con- 
stitutes unambiguous evidence that the investigated compounds upon protonation exist pri- 
marily in the amino form and that their protonation center is the "pyridine" ring nitrogen 
atom. 

Having established the character of the intramolecular interrelationships between the 
center of basicity and the exocyclic substituent in the dithiazine molecules we also made an 
attempt to ascertain how the structure of the heteroring itself affects the basicity of the 
"pyridine" nitrogen atom. For this, we compared the basicities in water of 4-amino-l,3,5-di- 
thiazine (I) (pK a = 7.00) and S-methylisothiourea (X) (pK a = 9.83) [14]. In selecting X as a 
model compound we were guided by the fact that 4-amino-l,3,5-dithiazine can be regarded as a 
cyclic derivative of S-methylisothiourea, the hydrogen atom of the imino group inwhich is re- 
placed by the heteroatomic --CH(CHa)SCH(CHa)-- fragment, which closes to form a six-membered 
ring. A comparison of the indicated pK a values shows that the basicity of the heterocyclic 
derivative of S-methylisothiourea is much lower than the basicity of S-methylisothiourea 
(ApK a = 2.83). The observed difference in the basicities of I and X is most likely associated 
with the fact that the cyclic thioalkyl group in I displays the electron-acceptor effect that 
is peculiar to it with respect to the center of basicity. One can evaluate the magnitude of 
this effect under the assumption that an identical orientation of the substituents (the exo- 
cyclic and heteroatomic groupings included in a ring) with respect to the reaction center (in 
this case ortho substitution) should cause additivity of the contributions of the effects of 
the indicated substituents to the electronic density of the nitrogen atom undergoing pro- 
tonation. In this case using the value Pm = 11.08 obtained above and the am = 0.15 constant 
of the CHaS group, which models the cyclic thioalkyl fragment of the dithiazine molecule, we 
obtain the contribution of the electron-acceptor effect (~'pK a) of the indicated fragment. 
The contribution of this effect to the basicity of 4-amino-l,3,5-dithiazine is A'pK a = 11.08. 
0.15 = 1.66 pK a units. It is apparent that the A'pK a values obtained does not compensate 
the established difference between the basicities of 4-amino-l,3,5-dithiazine and S-methyl- 
isothiourea (ApK a = 2.83). This fact constitutes evidence that an additional structural 
effect, which we did not take into account and which plays a definite role in the formation of 
the basicity of dithiazine I and is responsible for its decreased basicity (by 1.17 pK a units) 
as compared with the hypothetical value (8.17 pK a units), is operative in dithiazine I mole- 
cules. Intramolecular electron interaction between the nitrogen and sulfur atoms in the 5 
and 1 positions of the heteroring may be a structural effect of this sort in 4-amino-l,3,5- 
dithiazine molecules. If the incompensable difference between the ApKa and A'pK a values, 
which is 1.17 pK a units, is ascribed only to the effect of the intramolecular electron in- 
teraction in the ~N-+S cyclic system, the energy of this interaction is 1o5 kcal/mole 

\/ 
C 

[(2.83 -- 1.66)2.3RT]. 
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EXPERIMENTAL 

The N-acyl derivatives of 2H,6H-2,6-dimethyl-4-amino-l,3,5-dithiazine were obtained by 
the method in [i]. 

The ionization constants of I-VII were determined potentiometrically in absolute acetone 
and methanol by the method in [15, 16]. Codeine, the pK a of which is 9.62 in acetone [17] 
and 8.6 in methanol [16], was used as the standard. 
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