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2 -  A M I N O -  4 H -  1 , 3 -  T H I A Z  I N E S  

E .  M. P e r e s l e n i ,  L .  A.  I g n a t o v a ,  
P .  L .  O v e c h k i n ,  A.  P .  E n g o y a n .  
Y u .  N. S h e i n k e r ,  a n d  B.  V. U n k o v s k i i  

UDC 547.869.543.422.4.6.25 

It  is shown by  means  of the IR. UV, and PMR spec t r a  of subst i tuted 2-amino--4H-1,3- thiazines  
that they exist  p r i m a r i l y  in the amino f o r m  in the c rys ta l l ine  s ta te  and in solution. 

In a previous  communicat ion [1] it was shown that an amino s t ruc tu re  is cha rac t e r i s t i c  for  4, 4, 6 - t r ime th -  
y l -2 -a lky lamino-4H-1 ,3 - th iaz ine .  It might  have been as sumed  that the p r e s e n c e  of an e lec t ronegat ive  subs t i t -  
uent at tached to the exocyclic ni t rogen a tom would p romote  a shift  in the t au tomer ic  equilibrittm to favor  the 
imino fo rm [2]. In this connection, in the p r e s e n t  r e s e a r c h  we studied the s t ruc tu re  and t a u t o m e r i s m  of 4,4,6- 
t r i m e t h y l - 2 - a r y l a m i n o - 4 H - 1 , 3 - t h i a z i n e s  {I) [3]. 

CH 3 CH 3 

CHa/'~'NY \NH C6H4R CH3/ H N NC6H4R 
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Clt 3 CH 3 

CHa/ N ~C6H,R C H / - ~ "  N%H~R 
CHa CH a 

II Ill 

There  a r e  two dist inct  bands of approx imate ly  equal intensi ty  assoc ia ted  with the s t re tching vibrat ions  
of the NH bond in the h igh-f requency region of the IR spec t ra  of all of the invest igated compounds (I) in the 
c rys ta l l ine  state (3105-3200 cm -~) and in solution (3370-3430 era-l) .  The intensi ty of the low-f requency  band 
at ~3380 cm -1 in the spec t r a  of ve ry  dilute solutions (0.02~ in CC14) is cons iderably  reduced as compared  
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with the band at 3437 cm -~, although it does not completely vanish. This is evidently associated with the p r e s -  
ence of ra ther  s t rong in termolecnlar  hydrogen bonds. 

The bands of s t retching vibrations of the ring C = C  bonds in CHC13 solution are  s imi lar  for I (1660-1666 
cm -l)  and amino models II (1658-1661 cm -~) and differ somewhat f rom the corresponding bands of imino mod-  
els III (1668-1670 cm-i) .  These frequencies of the C = C  bonds of the thiazine ring were assigned on the basis 
of a comparison wi th the  spec t ra  of te t rahydropyr imidine-2- th iones  [3] and acyclic S-methylisothioureas,  which 
have only one band of C = C  and C = N  double bonds, respectively,  in this region. 

The vC= N frequencies* of Ia-f,  which are  capable of tautomerism,  in the crystal l ine state (1575-1623 
cm -1) and in solution (1578-1606 cm -1 in CHC13) are  ext remely  close to the analogous bands in the spectra  of 
N-methylaminothiazines with fixed amino s t ruc ture  I Ia-f  (1583-1615 cm -1 in CHC13) and are  shifted to the high- 
f requency region as compared with the corresponding C = N  band in the spect ra  of imino models III (1566-1580 
cm -1) (see Table 1). A s imi lar  difference in the C = N  frequencies was previously  observed for  alkyl [4] and 
acyl [5] derivatives of thiazoline and alkyl-substi tuted 1,3-thiazines [1]. 

These resul ts  constitute evidence for the amino s t ructure  of the aminothiazines both in the crystal l ine 
state and in solution." 

Three bands, ra ther  than the two bands observed in the case of the model compounds, are  observed in the 
IR spect ra  of crys ta l l ine  p-ni trophenylaminothiazine Ig and of chloroform and dioxane solutions of Ig, for which 
a shift in the equilibrium to favor  the imino form is most  likely, in the region of s tretching vibrations of double 
bonds at 1560-1620 cm -1. It may  be assumed that this is associated with the p resence  of a small  amount of the 
imino form in the ni tro derivative.  

In connection with the different position of the C =  N bond in the amine and imine forms one should ob- 
serve  a difference in the anisotropic effect of this bond on the chemical  shifts of the ortho protons of the phenyl 
ring and the protons of the two 4-CH 3 groups. It follows f rom the PMR spect ra  that the chemical shifts of the 
ortho protons of the phenyl ring of the amino models (7.0 ppm, IIb) are  shifted to weak field as compared with 
the imino models (6.75 ppm. IIIb). In addition, the resonance signals of the ortho protons in the spec t ra  of I 
(7.12 ppm, Ib) are  found at even weaker field, and in some cases  the difference between the chemical shifts of 
the ortho protons of tautomeric  Ig and amino models IIg (AS 0.44 ppm) proves  to be g rea te r  than the difference 
in the chemical  shifts of these protons in the spec t ra  of models IIg and IIIg (A6 0.35). 

The chemical  shift of the ortho protons of the phenyl ring in the investigated compounds is apparently 
determined not only by the amino or imino s t ruc ture  of the molecule but also depends on other factors .  The 
la t ter  may include the difference in the charac te r  of the associat ion of the molecules of the dissolved substance 
and the solvent for  the model and tautomeric  compounds, the different angles of rotation of the phenyl ring for  
the tautomeric  compounds and the more  s te r ica l ly  hindered N-methyl derivatives,  etc. In this connection, the 
chemical  shift of the ortho protons of the phenyl r ing cannot be used to make a rel iable choice between the 
amino and imino s t ruc tures .  

The situation is considerably bet ter  when the chemical shifts of the signals of the protons of the 4-CH3 
gem-dimethyl  groups are  compared.  The signals of the protons of these methyl groups (1.27-1.32 ppm) in the 
PMR spect ra  of the model compounds of amine s t ruc ture  are shifted to s trong field as compared with the imino 
models (1.39-1.43 ppm) and coincide with the corresponding signals of I (1.29-1.31 ppm). These PMR spectral  
data are  in agreement  with the IR spectral  data. The resul ts  show that it was not possible to shift the tauto- 
mer ic  equilibrium to favor the imino form by introduction Of substituted phenyl res idues.  The possibil i ty of a 
cer ta in  amount of the imino form is not excluded only in the case of the nitro derivative, for which additional 
bands appear in the IR spect ra  in the double-bond region. 

In the UV spect ra  one 's  attention should be directed to the fact  that the N-methyl  model compounds with 
fixed amine and imine s t ruc tures  have less  dist inctly expressed absorption maxima than I, and the intensities 
of these maxima are  considerably lower (see Fig. 1). 

As has been observed for 2-a lkylamino-4H-1,3- thiazines  [1] and in a number  of other cases [2, 4, 5]. the 
spec t ra  of the potentially tautomeric  compounds and the N-methyl  derivatives of analogous s t ructure  are  usually 
close.  The observed anomaly in the spect ra  of the N-methyl derivatives as compared with I is evidently asso-  
ciated with s ter ie  hindrance ar is ing because of the p resence  of a methyl group, owing to which the phenyl ring 
is par t ia l ly  removed f rom conjugation with the amidine sys tem of bonds. A s imi lar  phenomenon was observed 

* The bands of the phenyl ring also lie in the same region (1600 cm-1). In a number  of cases  it is difficult to 
c lear ly  distinguish these bands f rom the frequencies.  
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T A B L E  1. I R  a n d  U V  S p e c t r a  o f  I - I I I  
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Fig. 1. UV spect ra  in dioxane: 
1) 4, 4, 6- t r imethyl-  2-phenylamino- 
4H-1,3-thiazine (Id): 2) 3,4,4.6- 
te t ramethyl -  2-phenylimino- 2,3- 
dihydro- 4H- 1,3'-thiazine (Hid): 3) 
4, 4. 6 - t r imethyl -2-  methylphenyl- 
amino- 4H- 1, 3-thiazine (IId). 

in the UV spect ra  of 2-phenylamino-4=oxazolidone [6] and its amino 
model, as well as in severa l  other cases  [7]. In addition, if one con- 
s iders  the positions of the absorption maxima ra ther  than their  inten- 
sities, the spect ra  of tautomeric  I a re  close to those of their  amino 
models (II) with respect  to this pa r ame te r  and differ f rom those of 
imino models III (see Table 1). TMs also provides evidence in favor 
of the amino s t ruc ture  of arylaminotMazines L 

The anomalous effect of the methyl group in the N-methyl models 
is also in agreement  with data on the basici t ies  of these compounds. 
Thus, proceeding f rom the spectral  data on the shift of the tautomeric  
equilibrium to favor the amino form. one might have expected that the 
basici t ies  of amino models II would be close to the basicit ies of tauto- 
mer ic  compounds I and lower than the basici t ies  of the corresponding 
imino models (IH), as in the case of alkylaminothiazines [1]. In fact, 
different relationships in the basici t ies are  observed (for example, pK a 
5.88 for  IId, 5.10 for Id, and 4.42 for IIId in CH3OH). 

The decrease  in the basic proper t ies  of III as compared with I 
and H is due to the existence of a p-~r interaction of the pro ton-acceptor  
c e n t e r -  the exocyclic ni trogen a t o m -  with the phenyl ring. Derivative 
IId has the maximum basicity,  apparently due to the s ter ic  interaction 
of the CH 3 group with the phenyl ring, as a resul t  of which the lat ter  is 
removed f rom conjugation with the amidine sys tem of bonds. This s o r t  
of s ter ic  effect is absent in I that have a hydrogen attached to the exo- 

cycl ic  nitrogen atom, and the conjugation of the phenyl ring with the amidine sys tem of bonds reduces the 
basic i ty  somewhat. 

In the UV spect ra  of I one 's  attentions should also be directed to the sys temat ic  decrease  in the intensities 
of the maxima (and, in some cases,  to the change in the form of the absorption bands) on passing f rom nonpolar 
solvents (hexane and dioxane) to alcohol and aqueous alcohol mixtures .*  A sharp change in the spec t ra  of all of 
the compounds is observed in mixtures  with a high percentage of water  (95%), and they become s imi lar  to the 
spec t ra  in 0.1 N HC1. 

These changes in the UV spect ra  of I may be due to several  reasons:  a) ionization (protonation) of the 
molecules to give the corresponding cations: b) a shift in the tautomeric  equilibrium to favor the imino form 
on pass ing to hydroxyl-containing solvents: c) solvation of I molecules with the formation of in termolecular  
hydrogen bonds with water  molecules.  

On the basis  of the identical charac te r  of the spec t ra  of I in alkaline and aqueous alcohol mixtures con- 
raining up to 50% water, protonation is prac t ica l ly  excluded (for If even in 75~ aqueous alcohol). However, it 
may be one of the reasons for  the observed phenomena in solutions with a high water  content (~95~), inasmuch 
as the charac te r  of the spectra  in such media approaches the charac te r  of the spec t ra  obtained from 0.1 N HC1 
solutions. 

Insofar  as t au tomer i sm is considered as the reason for the changes in the spectra,  it is extremely difficult 
to a r r ive  at an unambiguous conclusion f rom UV spectral  data here  (see above). However, as we have shown 
above, according to the IR and PMR spect ra l  data. compounds I exist  in the amino form, and the indicated 
changes in the UV spect ra  apparently cannot be associated with tau tomer ism.  

Thus one is left with the assumption that the principal  reason for the changes in the spect ra  is specific 
solvation of the molecules  due to the formation of in termolecular  hydrogen bonds of the A type with hydroxyl- 
containing solvents. 

H..-N-.E/S 
I I RI/O"H/N~? 

A 

* Changes are  also observed in the spect ra  of N-methyl  derivatives II and III. but they are  considerably weaker 
and less  distinct than in the case of I. 
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The cha rac t e r  of the conjugation of the phenyl ring with the amidine sys tem of bonds changes in this sor t  of 
solvated molecule, and this may  lead to a dec rease  in the intensit ies in the maxima in the UV spec t ra  [8, 9]. 
The formation of the indicated hydrogen bonds can be considered to be a p roces s  that p recedes  complete 
protonation.  

EXPERIMENTAL 

The IR spec t ra  of minera l  oil pas tes  and solutions (CHC13, CC14, dioxane, and C2H5OD ) of the compounds 
were  recorded  with a P e r k i n - E l m e r  recording spec t romete r .  The UV spec t ra  of solutions of the compounds in 
dioxane, hexane. 95~ hexane + 5~ dioxane, alcohol, aqueous alcohol mixtures ,  and aqueous and alcoholic 0.1 N 
HC1 and 0.1 N NaOH were  obtained with an EPS-3 spect rophotometer .  The PMR spec t ra  of CD3OD solutions 
were  recorded  with a JNM-C-60HL spec t rome te r  with te t ramethyls i lane  as the internal  standard. 

1. 
2. 

3. 

4. 
5. 

6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

P. L. Ovechkin, L. A. Ignatova, and B. V. Unkovskii, Khim. Geterots ikl .  Soedin., 946 (1971). 
Yu. N. Sheinker, E. M. Peres leni ,  N. P. Zosimova, and Yu. I. Pomerantsev ,  Zh. Fiz. Khim., 3_~3, 2096 
(1959). 
B. V. Unkovskii, L. A. Ignatova, P. L. Ovechkin, and A. I. Vinogradova, Khim. Geterotsikl .  Soedin., 1690 
(1970). 
E. M. Peres len i  and Yu. N. Sheinker, Zh. Fiz. Khim., 38, 2152 (1964). 
E. M. Peres leni ,  Yu. N. Sheinker, N. P. Zosimova, and Yu. I. Pomerantsev ,  Zh. Fiz. Khim., 3_~7. 2713 
(1963). 
C. F. Howell, N. Q. Quinonor, and R. S. Hardy, J. Org. Chem., 2_~7, 1686 (1962). 
H. Najer,  R. Giudicelli. and J. Menin, Bull. Soe. Chim. France ,  2120 (1965). 
A. E. Lutskii. A. S. Gol 'berkova, and P. M. Bugai, Zh. Obsheh. Khim., 33, 1624 (1963). 
O. V. Sverdlova, Electronic  Spectra in Organic Chemis t ry  [in Russian], Khimiya, Moscow (1973), p. 225. 

B E N Z O X A Z I N E S  AND R E L A T E D  C O M P O U N D S  

V. * SYNTHESIS OF 2,4, 4- TRISUBSTITUTED 4H- 1,3-BENZ OTHIAZ INES 

V. A.  Z a g o r e v s k i i .  K.  I~ L o p a t i n a ,  
T .  V. S o k o l o v a ,  a n d  S. M. K l y u e v  

UDC 547.869.1 + 547.895 

The react ion of 2 -mercapto  (and benzylthio)-c~, a-dia lkylbenzyl  alcohols with n i t r f les  under the 
influence of acids se rves  as a method for  the synthesis of 2,4. 4- t r isubst i tuted 4H-1.3-benzothiazines.  

It has been shown that the react ion of 2 -hydroxy-a .a -d ia lky lbenzy l  alcohols with n i t r i les  in the p re sence  
of acids leads to substituted 4H-1, 3-benzoxazines [1, 2]. 

We have found that rep lacement  of the 2-hydroxy group by a 2-mercapto(and benzylthio) grouping (alco- 
hols IIa-d) leads to the previous ly  unknown 2-substi tuted 4,4-dialkyl-4H-1,3-benzothiazines {IIIa-e) under s imi-  
l a r  conditions. 

* See [11] for  communication IV. 
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