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The three-d imensional  s t ructure  of some 4 ,5-dihydro- l ,3 ,5-di th iazine  derivatives was inves-  
t igated by means of dipole moments and the Ker r  effect. The presence  of equilibrium boat 
and chai r  forms in the conformational mixture is proposed for the 2,4,6- tr imethyl  and 2,4,- 
5 ,6- te t ramethyl  derivat ives.  Energy data that confirm the possibil i ty of anomalous confor-  
mations are  presented.  

The predominant conformation of cyclohexane sys tems is the chair  form with equatorial  orientation 
of the substituents.  Replacement of a methylene group of the ring by a heteroatom does not have a substan-  
tial effect on the conformational  proper t ies  of the system.  However, he terocycles  have a number of PeCU- 
l iari t ies  [1] that a re  often responsible for conformational  anomalies.  The nature of the ring may be the 
reason why the molecules  exist in flexible forms.  As noted in [2], the introduction into the ring of two hete-  
roatoms (the sulfur atom, for  example) that do not have sp 3 bonds promotes  the existence of flexible forms 
in the conformational  equilibrium. In this connection, it seemed of interest  to thoroughly analyze the 4,5- 
dihydro- 1,3,5-dithiazine system: 

R 

R ' - - % S  
R 
I-I l l  

I R=CH3, R '= H; [I R=R'=CH3; II1 R=H, R'-CH3 

We investigated the s t ruc ture  of these compounds using the method of dipole moments  (DM), the Ker r  
effect, and PMR spectroscopy.* 

The following ring conformations can be considered for 4 ,5-dihydro- l ,3 ,5-di th iaz ines :  chair  (A), 
symmet r i ca l  boat (B), and a symmet r ica l  twist form (C) with different orientations of the substituents a t-  
tached to the carbon and nitrogen atoms: 

A B C 

An analysis of the PMR spect ra  of I and II makes it possible to consider  the methyl  groups in the 4 
and 6 positions to be equivalent. In view of this, we did not examine the unsymmet r ica l  conformations of 
the boat and twist forms,  and we also excluded the case of t rans  orientation of the methyl  groups in the 4 

* The analysis  of the PMR spec t ra  will be given in a separate  communication. 
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T A B L E  1. C a l c u l a t e d  and E x p e r i m e n t a l  DM and K e r r  C o n s t a n t s  of  
2 , 4 , 6 - T r i m e t h y l -  and  2 , 4 , 5 , 6 - T e t r a m e t h y l - 4 , 5 - d i h y d r o - ] , 3 , 5 -  

d i t h i a z i n e s  (I, II) 

Com=l Calculated 
pound parameters 

cis, cis cis. trans 

chair, boat, chair, boat, 
eee eea e e a _ _  eee 

z z 

DM 
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2,59 I lf~3 
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trans-4,6- 
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2,69 ,,521 45 -31 
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TABLE 2. Calculated and Experimental DM and Kerr 
N-Methyl-4,5-dihydro- 1,3,5-dithiaz ine 

Calculated ! Chair  (a) N--CHa Boat (a) 
parameters IN--CH3 (e)i,N--CHa , (e)IN--CH~ 

DM _ 1~,~ 1,43 
.~K" 1012 -4,2 - I , 5  , 

m 1 
2,01 ] 1,4 

--30 1 9 
li52 1,60 

22 

C o n s t a n t s  of  

I 

Twist I Ex pr.l. data 

1,52 I 1,50 
-4,4 I -3,7 

T A B L E  3. Dipole  M o m e n t s  and M o l a r  K e r r  C o n s t a n t s  of  the  In -  
v e s t i g a t e d  C o m p o u n d s  

COiTI- inK. t0 I~ pound ~e0 6 v 6 ~., P 

I 
If 

III 

2,717 -0,460 
3,517 --0,4~5[ 
3,825 - 0,465 

0,1 I3 
0,119 

--0,124 

6,69'1 
16,754 

--4,167 

1,4'5 
1,60 
1,50 

9,2 
21,8 

--3,7 

and 6 p o s i t i o n s  of  c o n f o r m a t i o n s  A and B. E q u i v a l e n c y  of  t h e s e  g r o u p s  is  p o s s i b l e  fo r  a t r a n s  o r i e n t a t i o n  
in the  t w i s t  f o r m  and fo r  a c i s  o r i e n t a t i o n  in the  c h a i r  and boat  c o n f o r m a t i o n s .  The  c a s e  of a m i x t u r e  of  
c o n f o r m e r s  (A, B, and C} is  t h e r e f o r e  exc luded .  The  c a s e  with a d i a x i a l  o r i e n t a t i o n  of  the  m e t h y l  g r o u p s  
in the  4 and 6 p o s i t i o n s ,  which  we did not  c o n s i d e r ,  is  a l s o  d i s a d v a n t a g e o u s  fo r  the  c h a i r  c o n f o r m a t i o n .  

The  DM w e r e  c a l c u l a t e d  v i a  an a d d i t i v e  s c h e m e  u s i n g  the  fo l lowing  bond m o m e n t s :  mCsp2_H = -  0.28 D, 
m c _  N =0.53  D, mN_H = -  1.35 [3], and  m C _ S = 0 . 9 5  ( f rom the  e x p e r i m e n t a l  m o m e n t  fo r  e thy l  sulf ide}.  The  
CNC and NCS v a l e n c e  a n g l e s  w e r e  a s s u m e d  to be t e t r a h e d r a l  wi th  ang le  CSC 98 ~ angle  SCS ] 12 ~ bond l eng th  
C - N  1.47 ~ ,  and bond length  C - S  1.81 ~ [4]. 

Da ta  on the  c o m p o n e n t s  of  the  p o l a r i z a b i l i t y  t e n s o r s  of the  bonds  f rom [5] w e r e  u s e d  to c a l c u l a t e  the  
K e r r  c o n s t a n t s .  The  l ong i tud ina l  (b L} and t r a n s v e r s e  (b T} bond p o l a r i z a b i l i t i e s  (in cubed  a n g s t r o m s }  w e r e  
c a l c u l a t e d  to be a s  fo l lows :  C - C  0.99, 0.27; C - S  1.88, 1.69; C -  N0.57 ,  0.69; N -  H 0.50, 0.83. The  C - H b o n d w a s  
a s  s u m e d  to be  i s o t r o p i c a l l y  p o l a r i z a b l e .  The d i agona l  (bii) and nond iagona l  (bij) c o m p o n e n t s  of the m o l e c u l a r  
e l l i p s o i d s w e r e  found by  t e n s o r  s u m m a t i o n  of t h e s e  v a l u e s .  The m o l a r  K e r r  c o n s t a n t s  w e r e  c a l c u l a t e d  f r o m  the 
equa t i ons  [5] 

P9 
" p~ 

45k2T20~ = "~d' tJi2(2bii--bjj--b'~'~)+62 ~toljbiJ' 

2~N ,.K=--~--(01+O~) 

The  c a l c u l a t e d  and e x p e r i m e n t a l  DM and  K e r r  c o n s t a n t s  of  the  t r i m e t h y l  and t e t r a m e t h y l  d e r i v a t i v e s  
(I and  II) a r e  p r e s e n t e d  in T a b l e  1. The  o a s e s  of  c i s  o r i e n t a t i o n  of  the  CH 3 g r o u p  r e l a t i v e  to the  m e t h y l  
g r o u p s  in the  4 and 6 p o s i t i o n s  (c is ,  c i s )  in the  c h a i r  (eee) and boa t  (eea) c o n f o r m a t i o n s  and of  t r a n s  o r i e n -  
t a t i o n  of  the  CH 3 g roup  r e l a t i v e  to t he  s a m e  g r o u p s  (c i s ,  t r a n s )  in the  c h a i r  (eea) and  boa t  (eee)  c o n f o r m a -  
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tions were examined. An equatorial [N-R (e)] or axial [N-R (a)] orientation of the substituent attached to 
the nitrogen atom is possible for each conformer (A and B). The values for the cis and trans orientations 
of the 2-CH 3 group relative to the 4-CH 3 group were calculated for a trans orientation of the 4-CH 3 and 6- 
CH 3 groups in the twist conformation. 

The experimental DM and mK values for I and II make it possible to exclude the twist conformation 
with a trans orientation of the methyl groups in the 4 and 6 positions. The values calculated for the B (eea) 
form with N-R (a) are closest to the experimental values. 

R H3C\ /H 

.,c-~ s 

H 

B (eea) 

tl 3 C . - - ~ . ~  S 
cH 3 tl 

A (eta) B (eeO 

However,  this  conformat ion  is unl ikely  because  of bowspr i t  in te rac t ions .  Thus the conformat ions  p o s -  
s ib le  for  a e i s ,  e i s  o r i en ta t ion  a r e  unacceptable .  A pos i t ive  m K value is  obse rved  for  the B (eee), N - R  (e) 
form for  the e i s ,  t r ans  configurat ion,  but the absolute  values  of m K and DM ca lcu la ted  for  this  s t r u c t u r e  
cons ide rab ly  exceed the expe r imen t a l  values  of these  p a r a m e t e r s .  This  form should consequent ly  be found 
in a mix tu re  with the o ther  form with low DM and m K values .  Only A (eea), N -  R (a) can be a form of this  
so r t .  An e s t i m a t e  of the f rac t ion  of the individual  c on f o r m e r s  in an equi l ib r ium mix tu re  gives the following 
values :  0.2 B for  I (from m K and DM), and 0.4 B (from inK) and 0.3 B (from DM) for  II. However,  we sup-  
pose that  it wil l  be poss ib l e  to draw a definite conclusion regard ing  the p r e s e n c e  of the boat form in the 
conformat iona l  equi l ib r ium only a f t e r  an inves t iga t ion  of the PMR s p e c t r a  at va r ious  t e m p e r a t u r e s .  

In the case  of HI (Table 2), good ag reemen t  is  obse rved  for  both the cha i r  and twist  conformat ions .  
An ana lys i s  of the PMR s p e c t r a  r e c o r d e d  at low t e m p e r a t u r e s  makes  it poss ib le  to make  the c o r r e c t  choice.  

The following quest ion a r i s e s :  what a r e  the fac to rs  that des t ab i l i ze  the c h a i r  fo rm?  It is abso lu te ly  
c l e a r  that the reason  for  the i n c r e a s e d  f lex ib i l i ty  of these  s y s t e m s  is the p r e s e n c e  of t h r ee  he t e r oa t oms .  
An axia l  o r i en ta t ion  of the 2-CH 3 group is not en t i r e ly  favorable .  F o r  this  reason ,  us ing the Hill  equation 
[6], we de t e rmined  the sum of the van der  Waals  ene rg ie s  of the pa i r ed  in te rac t ions  of the 2-CH 3 group 
with the 4-C and 6-C a toms and with the axia l  protons a t tached to these  a toms - EV=1.84 k c a t / m o l e .  In 
addit ion,  as a r e su l t  of the s h o r t e r  C - N  dis tance  as compared  with the C - S  d i s tance  in this  r ing,  one s ide  
of the molecu le  is  more  cons t r i c t ed .  This deformat ion  leads  to an i n c r e a s e  in the syn -ax i a l  in te rac t ion  of 
the protons in the 4 and 6 pos i t ions .  An e s t ima te  of th is  in te rac t ion  by the Hill  method gives 0.47 k c a l / m o l e .  
The t r an s i t i on  of conformat ions  A and B is a s s oc i a t e d  with surmount ing the ro ta t ional  b a r r i e r ,  the magn i -  
tude of which in the sulf ides  is 2.13 k c a l / m o l e  [7]. The ove ra l l  b a r r i e r  for  two bonds is 4.26 k c a l / m o l e .  
In con t r a s t  to cyelohexane s y s t e m s ,  the poss ib i l i t y  of in te rac t ion  between the hybr id ized  unsha red  p a i r  of 
e l ec t rons  of the n i t rogen atom at the bow of the boat and the hydrogen atom in the 2 posi t ion (the a t t r ac t ion  
effect) cannot be excluded in the B conformat ion of d ihydro th iaz ines .  A compar i son  of the energy data p r e -  
sented demons t r a t e s  that the d i f ference  in ene rg ie s  between the cha i r  form (A) and the boat form (B) for  
the t r ans ,  c is  conf igurat ion of I and II is ~2 k c a l / m o l e ,  which is cons ide rab ly  lower  than for  cyelohexane 
s y s t e m s .  The p re sence  of nonehai r l ike  fo rms  in the conformat iona l  mix tu re  should t h e r e f o r e  be m o r e  
l ike ly  for  h e t e r o c y e l e s  of the d ihydrodi th iaz ine  type.  

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

Compounds I - I I I  were  syn thes ized  by the methods in [8-10] and had mel t ing  points that  were  in a g r e e -  
ment  with the l i t e r a t u r e  va lues .  The dipole moments  and m o l a r  K~r r  constants  were  m e a s u r e d  as in [11] 
in carbon t e t r a c h l o r i d e  at 25 ~ The coeff ic ients  of the computat ional  equations and the r e s u k s  a r e  p r e sen t ed  
in Table  3. 
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