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It is shown that, in contras t  to model s t ruc tures  with fixed amine and imine forms ,  the fo rm 
and position of some of the s ignals in the PMR spec t ra  of 4 ,4 ,6- t r imethyl -2-phenylamino-  
4H-1,3-thiazine derivatives depend on the tempera ture ;  this is associa ted with rotational 
i s o m e r i s m  about the n i t r o g e n - h e t e r o r i n g  bond, which is rea l i zed  at a higher ra te  in the 
model derivative with an amine s t ruc ture  and is slowed down in the tautomeric  derivatives 
owing to the formation of hydrogen bonds with solvent molecules (in deuteroacetone) or in 
d imer ic  associa tes  (in deuterochloroform).  According to data f rom the low-tempera ture  
spec t ra ,  the percentages  of the syn and anti forms in acetone solutions are  comparable.  In 
ch loroform solution, the equil ibrium between the two rotat ional  forms is shifted markedly  to 
favor the anti i somer  as the tempera ture  is lowered because of the format ion of cyclic di- 
mer ic  s t ruc tu res .  

The problem of a m i n e - i m i n e  t au tomer i sm in 2-phenylaminothiazines and thiazolines has been ex-  
amined in a number of papers  [1, 2]. In an investigation of 4 ,4 ,6- t r imethyl -2-phenylamino-4H-1,3- th iaz ine  
derivatives we showed that these compounds exist  p r imar i l y  in the amino form. In par t icu lar ,  this con- 
clusion was drawn on the basis of a comparison of the chemical  shifts of the signals of the methyl groups 
of tautomeric  derivative I and of a model compound (II) with an amine s t ructure .  It was also found that a 
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cer ta in  broadening of the doublet signal of the ortho protons of the phenyl r ing occurs  in the PMR spec t ra  
of the NH derivative, in acetone solutions,  the signal of the ortho protons of the benzene ring is broadened 
even more  as the tempera ture  is lowered,  a stage involving coalescence occurs ,  and at t empera tures  below 
-TO~ in the region of slow-exchange ra tes  it is split into two doublets (Fig. la). Moreover ,  the intensity 
of the weak-field doublet is g rea te r  by a factor  of two to three than the s t rong-f ie ld  doublet. Nonequiva- 
lence of the meta protons of the phenyl ring also appears over the same tempera ture  interval. 

A pronounced dependence of the position and fo rm of the signal on the tempera ture  is also observed 
for the proton of the NH group. This signal does not appear at room tempera ture .  As the tempera ture  is 
lowered, a broad signal, which is split into two singlets at t empera tures  below - 70 ~ appears at 8.0-8.5 
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Fig. 1. Signals of the aromatic protons in the 
spectra of: a) 4,4,6-trimethyl-2-(p-methyl- 
phenylamino)- 4H- 1,3-thiaz ine in de uteroacetone; 
b) 4,4,6-tr imethyl-2- (p-nitr ophenylamino)-4H- 
1,3-thlazine in deuterochloroform. 
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Fig. 2. Cyclic dimers in 
chloroform solutions. 

ppm. The intensity of the weak-field signals is less  than that of the s t rong-  
field signal by a factor  of two to three.  The chemical shifts of the signals 
of the other protons remain  prac t ica l ly  unchanged. 

The changes in the fo rm and posit ion of the signals of the phenyl p ro -  
tons and the proton of the NH group of I as the tempera ture  changes are  
evidently due to the p resence  in solution of at least  two molecular  s ta tes ,  
between which exchange occurs .  The presence  of these states in the in- 
vest igated case may be due to a m i n e - i m i n e  t au tomer i sm and re ta rded  
rotat ion of the phenyl r ing about the N - P h  bond or of the he teror ing  about 
the C -  N bond. 

At r o o m  tempera ture ,  the signals of the 4-CH~ groups of tautomeric  
derivative I and model amine s t ruc ture  II coincide. The conversion of 

tautomer  I to the imine fo rm should have been accompanied by a weak-field shift, inasmuch as the c o r r e -  
sponding signals in the spec t ra  of [mine model HI are found at weaker field (by 0.15-0.20 ppm) at all t em-  
pera tures  than in the spec t ra  of II. Inasmuch as no change is observed in the position of the signal of the 
4-CH 3 groups of the NH derivative as the tempera ture  is lowered,  the spect ra l  changes cannot be explained 
by tautomer ism. 

Two doublets f rom the ortho protons of the benzene r ing with identical intensities should have been 
observed in the case of re ta rded  rotat ion of the phenyl r ing  about the N - P h  bond at the low tempera tures  
to which slow exchange corresponds .  In addition, two doublets with different intensities are present  in the 
PMR spec t ra  of acetone solutions of tautomeric  derivatives I at low tempera tures .  This sor t  of pat tern 
cannot be consistent with r e t a rded  rotat ion of the phenyl group. 

The observed effects find their  explanation under the assumption of r e t a rded  rotat ion o f thehe te ror ing  
about the C - N  bond. Inasmuch as the C - N  bond in the investigated compounds is par t ia l ly  an amide s y s -  
tem,  its o rder  should be increased,  and the increase  in the ba r r i e r  to t ransi t ion between the two planar 
states is natural.  In analogy with i s o m e r i s m  involving the C =N double bond, We will subsequently call 

these s tates  syn and anti i somers .  

The interconvers ion of the syn and anti forms at room tempera ture  proceeds at a sufficiently high 
ra te ,  as a consequence of which only one averaged doublet f rom the other protons of the benzene r ing is ob- 
served.  As the t empera tu re  is lowered,  the ra te  of convers ion f rom one fo rm to the other is slowed down, 
and signals f rom the syn and anti i somers  appear in the P1VIR spec t ra  in the range of low exchange ra tes .  
In the anti s t ruc ture  the deshielding effect of the cyclic double bond on the ortho protons of the phenyl r ing 
is weaker  than in the syn fo rm because of its remoteness .  The more intense weak-field doublet can the re -  
fore be assigned to the syn i somer ,  and the less intense s t rong-f ie ld  doublet can be assigned to the anti 
i somer .  This ass ignment  is in good agreement  with the concept that the syn fo rm is s te r ica l ly  more  favor-  
able, inasmuch as the s te r ic  interaction of the phenyl r ing with the r ing nitrogen atom is smal le r  in this 
s t ruc ture  than the interaction with the bulky sulfur a tom in the anti i somer .  
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The charac te r  of the change in the signal of the NH proton makes it possible to assume that at ordin-  
a ry  tempera tures  the signals of these protons are  markedly broadened due to proton exchange and do not 
appear.  As the tempera ture  is lowered and exchange is slowed down, the signals of the protons of the NH 
groups of the two forms are  seen sufficiently distinctly, and their intensity rat io corresponds to the inten- 
si ty ra t io  of the doublets of the phenyl ring ortho protons.  

It should be noted that the presence  in the spec t ra  of one doublet f rom the ortho protons of the phenyl 
r ing in each of the i somers  constitutes evidence that the a romat ic  r ing is either perpendicular  to the plane 
of the r ing C =N double bond or ,  over the entire tempera ture  range,  accomplishes rapid (on the NMR time 
scale) t ransi t ions between the possible conformations,  among which the planar  conformations are  less likely 
because of s t e r i c  hindrance. On the basis of the l i te ra ture  data [3] it may be assumed that the second a s -  
sumption is preferable .  

There are  cer tain differences in the spec t ra  of ch loroform solutions of the I derivatives.  As the t em-  
pera ture  is lowered, the broad doublet of the ortho protons of the benzene ring,  after passing through a 
coalescence stage,  is shifted to s trong field and takes on the s t ruc ture  of a single doublet (Fig. lb). The 
signal of the NH proton appears in the spec t ra  as a broad singlet at 7.5-8.0 ppm only as the tempera ture  is 
lowered. It then undergoes contract ion and is shifted to weak field (8.0-8.5 ppm). A decrease  in the t em-  
pera ture  leads to a s t rong-f ie ld  shift of 0.1-0.15 ppm of the singlet of the 4-CH 3 groups. 

The changes in the chemical shifts of the signals in the spec t ra  of I (in CDC13) become even more no- 
ticeable when they are compared with the model compounds. Thus the chemical  shift of the two 4-CH 3 
groups of amine model IId increases  by 0.07 ppm as the tempera ture  is lowered,* while the signal of these 
same groups of the NH derivative is shifted to s t rong field by 0.15 ppm. Consequently, the shift of the s ig-  
nal relat ive to the amine model will be 0.22 ppm. 

Inasmuch as only one doublet is observed in the spec t ra  of chloroform solutions for the ortho protons 
of the phenyl r ing after the coalesccnce stage,  whereas the signal of the proton of the NH group remains  a 
s inglet at all t empera tu res ,  the observed change in the form of the spec t rum is apparently associa ted  with 
a shift, under these conditions, of the equil ibrium to favor only one of the forms.  Judging f rom the s t rong-  
field shift of the signal of the ortho protons,  this form is the anti s t ructure .  In addition, the chemical  shift 
of the signal pract ica l ly  coincides with the chemical  shift of the doublet of the ortho protons of the phenyl 
r ing of the anti i somer  observed in acetone solution. The shift of the conformational equilibrium in CDC1 a 
to favor the anti fo rm as the tempera ture  is lowered is due, in our opinion, to associat ion of the molecules 
due to the formation of hydrogen bonds. 

In fact. two absorption bands of the N - H  bond (3440 and 3380 cm -l) are  observed in the IR spec t ra  
of I, "rod the intensity of thc low-frcquency band increases  as the concentration increases  [3]. The change 
in the PMI~ spec t ra  of the form and position of the signal of the NH proton with tempera ture  also indicates 
the formation of s t rong hydrogen bonds. The appearance of both l inear hydrogen bonds of the N . . . H - N  type 
and of hydrogen bonds ar is ing in cyclic dimeric  s t ruc tures  [2] is possible in CDC1 a solutions (Fig. 2). The 
s t rong-f ie ld  shift of the signal of the 4-CH 3 groups constitutes evidence in favor of the la t ter ,  inasmuch as 
the indicated groups fall into the region of anisotropic shielding of the phenyl r ing  because of the nonplanar 
orientation of the phenyl rings in the cyclic dimers (Fig. 2). Concentration measurements  conf i rm these 
conclusions. Thus. for example, when the concentrat ion of p-methyl  derivative Id in chloroform changes 
from 4 to 20~'~ at -5" .  the change in the chemical shift of the signal of the 4-CH 3 groups is 0.13 ppm and 
corresponds to the s t rong-f ie ld  shift of the signal of these groups when a 4% solution is cooled f rom - 5  to 
- 4 5  ~ Thus a decrease  in the tempera ture  promotes  an increase  in the percentages  of the cyclic d imers ,  
and, consequently, conversion of the syn form to the anti f o r m .  
* The signals of all of the protons of the model compounds with amine and imine s t ruc tures  undergo a weak- 
field shift of 0.05-0.075 ppm as the tempera ture  is lowered to - 6 0  ~ and this is evidently associa ted with a 
change in the proper t ies  of the solutions. 
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Similar  t e m p e r a t u r e  and concentrat ion measu re s  were  also made for  solutions of the model compound 
pounds with an amine s t ruc tu re  (II) in CDC13 and deuteroacetone.  However ,  no change in the f o r m  and posE- 
tion of the s ignals  of the or tho protons  of the phenyl r ing and the protons of the N - C H  3 group was obse rved  
over  the ent i re  t e m p e r a t u r e  range.  This is apparent ly  due to the fac t tha t  the molecules  of the amino model 
cannot f o r m  d imer ic  s t r uc tu r e s  (in CDC13) or a s soc ia t e s  with the solvent  (in acetone) through hydrogen 
bonds. For  this r ea son ,  the s y n - a n t i  convers ion  in them Es accompl ished  with a low energy  b a r r i e r .  

I t  follows f r o m  the data p re sen ted  above that  the dependence of the  f o r m  and posi t ion of some of the s ig -  
nals on the t e m p e r a t u r e  in the PMR s p e c t r a  of the t au tomer i c  der iva t ives  is due to ro ta t ional  i s o m e r i s m  in 
conjunction with Entermolecular  assoc ia t ion  p r o c e s s e s .  
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