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A b s t r a c t  T h i s  communication r e p o r t s  ou r  s t u d i e s  on 

4-ethoxy-2-phenyl-l,3-thiazin-6-one 1 w i t h  vapor o f  
N, N-dimethylamine. The a n i s o t r o p i c  bshav iou r  o f  t h e  
r e a c t i o n  process i s  r a t i o n a l i z e d  by atom-atom 
p o t e n t i a l  energy c a l c u l a t i o n s .  

t h e  s o l i d  s t a t e  r e a c t i v i t y  o f  

INTRODUCTION 
1 

I n  a preceeding communication we desc r ibed  t h e  gaseous 

a m i n o l y s i s  by N,N-dimethylamine o f  s i n g l e  c r y s t a l s  o f  

4-ethoxy-2-phenyl-l,3-thiazin-6-one 1 t o  y i e l d  

d ias te reo isomers  2 . The s o l i d  s t a t e  r e a c t i o n  was 

observed t o  be a n i s o t r o p i c ,  t h e  r e a c t i o n  s t a r t i n g  a t  b o t h  

ends o f  s i n g l e  c r y s t a l s  o f  1 and proceeding a l o n g  t h e  

l o n g  a x i s  o f  1 . T h i s  process was rat ional ized,based on 

molecu la r  packing,by a s o l i d  s t a t e  mechanism i n v o l v i n g  a 

n u c l e o p h i l i c  a t t a c k  o f  N,N-dimethylamine p e r p e n d i c u l a r  t o  
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I10/[370] C .  D E C O R E T  e t  al. 

ca rbony l  f u n c t i o n s  o f  1 i n  t h e  c r y s t a l s .  

0 

1 

2 

I n  t h i s  communication we present  ou r  r e s u l t s  from 

i n v e s t i g a t i n g  t h e  molecular  pack ing o f  1 by t h e o r e t i c a l  

means . Such i n v e s t i g a t i o n  has been proved t o  be u s e f u l  i n  

showing evidence o f  r e l a t i o n s h i p s  between t h e  mo lecu la r  

f o rces  m a i n t a i n i n g  t h e  c r y s t a l  l a t t i c e  and t h e  observed 

r e a c t i o n  events . 233 

RESULTS AND DISCUSSION 

Before stating t h e  main p o i n t  o f  t h e  communication we 

ment ion t h a t  t h e  X-Ray c r y s t a l  s t r u c t u r e  o f  1 has been re- 

determined a t  l ow  temperature.  1 i s  m o n o c l i n i c  w i t h  g = 
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SOLID PHASE AMINOLYSIS [371]/111 

8.760(4) ,  = 19.553(5),  = 7.081(4)A , = 97.180, 2 = 
3 4 

4 and d = 1.44 g.cm , R = 0.035 . T h i s  c r y s t a l l i n e  

s t r u c t u r e  s l i g h t l y  resembles t h e  one a l r e a d y  p u b l i s h e d  

a t  room temperature and t h e  conc lus ions  remain t h e  same 
1 

w i t h  respec t  t o  t h e  geometry o f  t h e  i s o l a t e d  molecule and 

t h e  molecular  pack ing . 
4 

I n  o r d e r  t o  understand t h e  a n i s o t r o p i c  d e s t r u c t i o n  o f  

c r y s t a l  1 we have s t u d i e d  t h e  mo lecu la r  arrangement 

and t h e  c r y s t a l  morphology w i t h  G a v e z z o t t i ' s  

program and by a n a l y z i n g  t h e  mo lecu la r  i n t e r a c t i o n s  a t  

t h e  s u r f a c e  o f  t h e  u n i t  c e l l  by an atom-atom p o t e n t i a l  

method developed by C a i l l e t  and C l a v e r i e  

5 

6 

Free Space C a l c u l a t i o n  w i t h  G a v e z z o t t i ' s  Program 

The r e s u l t s  o f  t h e  c a l c u l a t i o n  f o r  1 a r e  shown i n  F i g u r e  

1 . From these representat ions we concluded t h a t  pockets  

and gaps do n o t  communicate w i t h  each other  in  an 

a n i s o t r o p i c  way. T h i s  o b s e r v a t i o n  was a lmost  g e n e r a l  f o r  

any s e c t i o n  of c r y s t a l  1 . T h i s  i s  i n  c o n t r a s t  w i t h  

p rev ious  s t u d i e s  on c r y s t a l s  o f  benzoxazinones and 

naphtoxazinones by t h e  same means . We t h e r e f o r e  

decided t o  use atom-atom p o t e n t i a l  energy c a l c u l a t i o n s  t o  

293 

eva lua te  ene rg ies  needed t o  e x t r a c t  molecules f rom t h e  

su r faces  o f  c r y s t a l  1 . 
Atom-atom P o t e n t i a l  Energy C a l c u l a t i o n s .  

Using C a i l l e t  and C l a v e r i e ' s  program we c a l c u l a t e d  

t h e  i n t e r a c t i o n  energ ies  o f  a mo lecu leo f  I , s i t u a t e d  a t  

t h e  s u r f a c e  o f  u n i t  c e l l  A,wi th  a l l  o t h e r  molecules 
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S O L I D  PHASE AMINOLYSIS [373]/113 

be long ing  t o  t h e  u n i t  c e l l s  su r round ing  A. T h i s  method has 

a l ready  been desc r ibed  by us . These c a l c u l a t i o n s  were r u n  
3 

f o r  each s u r f a c e  p e r p e n d i c u l a r  t o  [ l o o ]  

d i r e c t i o n s .  They a r e  presented i n  Table 

t h e  energ ies f o r  t h e  concerned molecules 

c l o s e s t  t o  t h e  s u r f a c e  p e r p e n d i c u l a r  t o  

, [ O l O l  and [ O O l I  

. Under l i ned  a r e  

which l i e  

he chosen 

d i r e c t i o n .  The va lues  show t h a t  molecules numbered 1 and 4 

p resen t  t h e  l owes t  energy o f  i n t e r a c t i o n  w i t h  o t h e r  

molecules i n  c r y s t a l  1 . They a r e  on t h e  s u r f a c e  

pe rpend icu la r  t o  [ O O l ] ,  which i s  t h e  d i r e c t i o n  o f  t h e  

r e a c t i o n  . S i m i l a r  f i n d i n g s  have been made f o r  

benzoxazinones and naphtoxazinones . 
3 

-- CONCLUSION. 

T h e o r e t i c a l  c a l c u l a t i o n s  seem t o  be,up t o  now,one o f  t h e  

more r e l i a b l e  meansto eva lua te  and c h a r a c t e r i z e  s p e c i f i c  

energ ies i n v o l v e d  i n  chemical  process o c c u r i n g  i n  t h e  s o l i d  

s t a t e  o r  i n  c r y s t a l l i n e  assembl ies . The r e s u l t s  presented 

here w i t h , o t h e r s a l r e a d y  pub l i shed  , i n d i c a t e  t h a t  t h e  

mo lecu la r  f o r c e s  s t e e r i n g  t h e  mo lecu la r  arrangement o f  

molecules i n  a c r y s t a l  have t o  be takon i n t o  account f o r  

e x p l a i n i n g  observable phenomena c h a r a c t e r i s t i c  o f  t h e  s o l i d  

s t a t e  processes. I n  ou r  examples t h e  mo lecu la r  f o r c e s  

7 

3 

i n d u c i n g  t h e  c r y s t a l  t o  grow i n  one p r e f e r r e d  d i r e c t i o n  

a l s o  i nduce  t h e  a n i s o t r o p i c  d e s t r u c t i o n  o f  t h e  c r y s t a l s  

a long  t h e  same d i r e c t i o n  d u r i n g  t h e  so l i d -gas  r e a c t i o n s .  
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114/[374] C .  D E C O R E T  et al. 

TABLE I C a l c u l a t e d  energ ies  o f  e x t r a c t i o n  o f  
molecules f rom t h e  s u r f a c e  o f  u n i t  c e l l  A 

( i n  k c a l l  mole) 

D i r e c t  ion 1 2 3 4 

[loo1 -23.809 -20.939 -24.449 -1 9.535 

[0101 -- -24.227 -27.437 -- -23.180 -27.208 

I001 I -1 6.81 8 -26.333 -26.298 Ti 6.51 3 
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