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SYNTHETIC AND STRUCTURAL STUDIES OF PRECURSORS TO 
POLYMERS CONTAINING AN - ( R ) C N S N -  BACKBONE 

TRISTRAM C H I V E R S ,  JOHN F .  RICHARDSON,  and NIGEL R . M .  
SMITH 
Depar tment  o f  Chemis t r y ,  U n i v e r s i t y  o f  C a l g a r y ,  
C a l g a r y ,  A l b e r t a ,  Canada T2N I N 4  

A b s t r a c t  The r i n g  systems (Me,NCN),(NSCl )2 ( x = l  o r  
2 ) r e p a r e d  by  ( a )  t h e  r e a c t i o n  o f  d i m e t h y l c y a n a -  
m ide  w i t h  (NSC1)3 i n  CC14 a t  60°C and ( b )  t h e  o x i d a -  
t i v e  a d d i t i o n  o f  C l z  t o  1,5-Me2NC(NSN)2CNMe2. T r e a t -  
ment o f  (Me2NCN)(NSC1)2 w i t h  Me,SiNSNSiMe, o r  Me,SiNSO 
p roduces  t h e  b i c y c l  i c  compound b!e2NCS3N5, The l a t t e r  
r e a g e n t  a l s o  y i e l d s  1 5-Me2NC(NSN),SC1 shown by  X - ray  
c r y s t a l l o g r a p h y  t o  be a f o l d e d  e ight -membered r i n g .  
The d i c a t i o n s  (ble,NCN X(SN)22t  ( x = l  o r  2 )  a r e  r e a d i l y  
o b t a i n e d  f r o m  (Me,NCN x(NSC1)2 and SbC15. The r e d u c -  
t i o n  o f  (MezNCN)(NSC1 , w i t h  a z i d e  i o n  i s  b r i e f l y  de-  
s c r i b e d .  

INTRODUCTION 

The m e t a l 1  i c ,  s u p e r c o n d u c t i n g  p r o p e r t i e s  o f  (SN), have s p u r -  

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

mer, w h i c h  may a l s o  e x h i b i t  unusua l  c o n d u c t i n g  p r o p e r t i e s . '  

The most  p r o m i s i n g  and v e r s a t i l e  c a n d i d a t e s  f o r  such beha- 

v i o r  a r e  t h o s e  c o n t a i n i n g  t h e  r e p e a t i n g  u n i t  -(R)CMSN-, 1 .' 
However, o n l y  t h e  c y c l o c o n d e n s a t i o n  p r o d u c t s ,  2 o r  3, have 

been i s o l a t e d  i n  a t t e m p t s  t o  p r e p a r e  such po lymers  f r o m  a -  

m i d i n e s ,  RC(NH)NH2 (R = Ph ,3 '4  Me2"), and S C l Z .  

- 
- - 
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320 T. CHIVERS. 1. F. RICHARDSON AND N. R .  M. SMITH 

R 

B 
L i n e a r  po l ymers  i n  w h i c h  3 ,4 -d i cyano th iophene '  o r  p- 

phenyl  ene6 r i n g s  a r e  b r i d g e d  by -N=S=N- g roups  have been 

p r e p a r e d .  The b a s e - c a t a l y z e d  e l i m i n a t i o n  o f  SOz f r o m  b i s  

( s u l  f i n y l a m i n o )  d e r i v a t i v e s  was one o f  t h e  more s u c c e s s f u l  

s t r a t e g i e s  employed i n  t h e s e  s y n t h e s e s .  

(1) P.Yr ne> ( - A r -  N =S =N- ) 
-SO2 

OSN- A r - N S O  

C o n c u r r e n t l y  a1 t e r n a t i v e  r o u t e s  t o  (SN),, w h i c h  a v o i d  

t h e  n e c e s s i t y  t o  i s o l a t e  S 2 N 2 ,  have been d i s c o v e r e d .  These 

i n v o l v e  t h e  r e d u c t i o n  o f  t h e  c y c l o t h i a z y l  h a l i d e s ,  (NSC1)3 

o r  S3N2C12, w i t h  a z i d e s  i n  a c e t o n i t r i l e  a t  l o w  t e m p e r a t u r e s 7  

o r  t h e  e l e c t r o c h e m i c a l  r e d u c t i o n  o f  t h e  c a t i o n  S 5 N 5  . 
I n  v i e w  o f  t h e s e  advances, h i g h  y i e l d  s y n t h e s e s  o f  t h e  m i x -  

ed c y a n u r i c - t h i a z y l  r i n g s  5 - 7  have been d e v e l o p e d  and t h e  

r e a c t i o n s  o f  t h e s e  h e t e r o c y c l e s  w i t h  Me3SiNSNSiMe3, M g S i N S O ,  

SbCl 

+ 8 Y 9  

_ _  
and a z i d e s  have been i n v e s t i g a t e d .  

Rcb2 
\S' 

N 

CB 
5 - 4 - 
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PRECURSORS TO [-(R)CNSN-]x 32 1 

6 - 7 - 
PREPARATION OF MIXED CYANURIC-THIAZYL RINGS 

The cycloaddition reaction o f  an organic nitrile with thi- 
azyl units potentially represents a versatile synthesis o f  

mixed cyanuric-thiazyl rings. Such reactions, however, 
usually produce the five-membered ring 3 . ”  We found that, - 

xRCN + yNSCl - > (RCN),(NSCl )y (2) 

in the specific case of R=Me,N, equation (2) provides an 
hetero- 
reac- 

excellent synthesis of both s i x -  and eight-membered 
cycles, 5 and 6, respectively, when the appropriate 
tion conditions are employed. 

Heterocycle 5 is prepared by dropwise addition 
o f  dimethylaminocyanamide (10.4 mmol ) in dry carbon 
chloride (80 ml) to an intensely green solution of 

- - 

- 

(15.7 mmol ) in carbon tetrachloride 
low crystals o f  5 are obtained in ca 
Me2NCN) after recrystal 1 ization from 
The product was identified by compar 

- 

(ca. 2 h )  
tetra- 
NSCl ) 

125 ml) at 65OC. Yel- 
90% yield (based on 
CC1 ,,:pentane (1 : 1). 
son of infrared and 
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322 T. CHIVERS, J .  F. RICHARDSON AND N. R. M. SMITH 

cc1 4 

(R=Me 

y i e l d  

CH 3CN s o l u t i o n  

l o s s  o f  Me2NCN 

t h a t  o f  t h e  r e  

undergoes r i n g  

(Ph2PN)2(NSC1 ) 

NMR s p e c t r a  ( i n  CDC13,  ’H, 6=3.24; 1 3 C ,  6=36.70 pm, c f .  lit. 

3.2 and 36.7 ppm, r e s p e c t i v e l y )  w i t h  t h e  l i t e r a t u r e  v a l u e s  

f o r  5 (R=Me2N) p r e p a r e d  f r o m  d i m e t h y l g u a n i d i n e  h y d r o c h l o -  

r i d e  and S3N2C12.” 

o n l y  7%. 

The r a p i d  a d d i t i o n  o f  a t e n - f o l d  excess  o f  Me2NCN i n  

c a r b o n  t e t r a c h l o r i d e  ( ca .  8M) t o  a s o l u t i o n  o f  (NSC1)3 i n  

.., 

The y i e l d  i n  t h e  l a t t e r  r e a c t i o n  i s  

ca .  0.3M) a t  65°C p roduces  t h e  e ight -membered r i n g  6 

N )  as  m o i s t u r e - s e n s i t i v e  y e l l o w  c r y s t a l s  i n  90% 

l 2  A t t e m p t s  t o  o b t a i n  NMR s p e c t r a l  d a t a  i n  CDC13 o r  

- 

r e s u l t s  i n  d e c o m p o s i t i o n  t o  5 (R=Me2N) v i a  

T h i s  b e h a v i o u r  i s  i n  d i s t i n c t  c o n t r a s t  t o  

a t e d  h e t e r o c y c l e  1 ,3- (  Ph2PN)2(NSC1 ) 2 ,  w h i c h  

c o n t r a c t i o n  v i a  loss o f  N S C l  t o  g i v e  
l 3  However, compound 6 (R=Me2N) can be r e -  

.., 

- 
c r y s t a l 1  i z e d  f r o m  C H 3 N 0 2 / d i e t h y l  e t h e r  ( 1 : 2 )  a t  -20°C w i t h -  

o u t  d e c o m p o s i t i o n .  

H e t e r o c y c l e  7 (R=Me2N), t h e  s t r u c t u r a l  i somer  o f  6 ,  i s  
.., - 

o b t a i n e d  as t h e r m a l l y  s t a b l e ,  o r a n g e  c r y s t a l s  i n  a l m o s t  

q u a n t i t a t i v e  y i e l d  by  t h e  o x i d a t i v e  a d d i t i o n  o f  C12 (as;  

S O 2 C l 2 )  a c r o s s  t h e  S-S  bond o f  2 (R=Me2N).12 

o f  2 w i t h  b romine  y i e l d s  1,5-(Me2NCN)2(NSBr)(NS)tBr3- as  

d a r k  r e d   crystal^.'^ 

The r e a c t i o n  - 
.., 

MECHANISM OF THE CYCLOADDITION REACTION 

A1 though  t h e  r e a c t i o n  between d ime thy l cyanamide  and (NSC1 ) 3  

i n  ca rbon  t e t r a c h l o r i d e  a t  60°C was c o n d u c t e d  u s i n g  a w i d e  

range  o f  r e a g e n t  s t o i c h i o m e t r i e s  and c o n c e n t r a t i o n s ,  we 

were u n a b l e  t o  d e t e c t  s i g n i f i c a n t  amounts o f  4 o r  7 (R=M@N) 

among t h e  p r o d u c t s .  The f o r m e r  r i n g  sys tem i s  w e l l  known’“ 
5 - D
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PRECURSORS TO [-(R)CNSN-]x 323 

and t h e  pheny l  d e r i v a t i v e ,  4 (R=Ph), has been p r e p a r e d  r e -  

c e n t l y  by  t h e  r e a c t i o n  between benzamid ine  and (NSC1 ) 3 .  l 5  
- 

RCN - I 

dimerization - 7- RC+=N-S=N- - 4 

1 RCN 

cs 

NSCf 

I I I 
C l  R CB 

ce Cb 

P a l e  y e l l o w  s o l u t i o n s  o f  (NSC1)3 become m i n t  g r e e n  a- 

bove 55OC.I6 A l t h o u g h  N S C l  monomer i s  a  andi id ate,'^ t h e  

s p e c i e s  r e s p o n s i b l e  f o r  t h i s  g r e e n  c o l o r  has n o t  been con-  

c l u s i v e l y  i d e n t i f i e d .  The p redominan t  f o r m a t i o n  o f  5 and 

6 i n  t h e  c y c l o a d d i t i o n  r e a c t i o n  s t r o n g l y  s u g g e s t s  t h e  i n -  

vo l vemen t  o f  a 1 i n e a r  i n t e r m e d i a t e  (Me2NCN) (NSC1 )2 i n  w h i c h  

t h e  t h i a z y l  groups a r e  j u x t a p o s e d .  The Scheme shows t h a t  

t h e  i n t e r a c t i o n  o f  Me2NCN w i t h  N S C I  monomer i s  e x p e c t e d  t o  

g i v e  r i s e  t o  4 and 7, i n  a d d i t i o n  t o  5 and 6.  We p ropose ,  

- 
- 

- - - - 
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324 T. CHIVERS, I .  F. RICHARDSON AND N. R .  M. SMITH 

t h e r e f o r e ,  t h a t  l i n e a r  (MezNCN)(NSC1)z i s  formed f r o m  t h e  

n i t r i l e  and a d i m e r i c  s p e c i e s  (NSC1)z. 

REACTIONS OF (MezNCN)(NSC1)z WITH Me3SiNSNSiMe3 OR Me3SiNS0 

The r e a c t i o n  o f  5 (R=MezN) w i t h  Me3SiNSNSiMe3 i n  CC14 i s  

c o n v e n i e n t l y  m o n i t o r e d  by 'H NMR s p e c t r o s c o p y ,  w h i c h  shows 

t h a t  t h e  r e a c t i o n  i s  c o m p l e t e  a f t e r  15h a t  23OC. Theorange  

b i c y c l i c  compound 8 (R=MezN) was i s o l a t e d  i n c a .  6 0 % y i e l d . 1 2  

- 

... 

9 
I 

8 
I 

The s l o w  r e a c t i o n  o f  5 (R=MezN) w i t h  Me,SiNSO a t  23°C ... 
was a l s o  f o l l o w e d  by  'H NMR s p e c t r o s c o p y .  

t o  5 a t  3.25 ppm d i s a p p e a r e d  g r a d u a l l y  w h i l e  t h a t  f o r  8 a t  

3.03 ppm i n c r e a s e d  s t e a d i l y  o v e r  a p e r i o d  o f  24 days .  Dur-  

i n g  t h e  l a t t e r  s t a g e s  o f  t h e  r e a c t i o n  t h e  f o r m a t i o n  o f  an 

a d d i t i o n a l  p r o d u c t  was i n d i c a t e d  by  t h e  appearance o f  a 

s m a l l  s i g n a l  a t  3.17 ppm. Y e l l o w  c r y s t a l s  o f  t h i s  compound 

were i s o l a t e d  by  r e c r y s t a l l i z a t i o n  f r o m  a c e t o n i t r i l e  and 

i d e n t i f i e d  as t h e  b i c y c l  i c ,  e ight -membered r i n g  9 (R=MezN) 

by  X - ray  c r y s t a l l o g r a p h y .  

accomp l i shed  a s i x -  t o  e ight -membered r i n g  e x p a n s i o n .  

The s i g n a l  due 

- ... 

- 
Thus t h e  r e a g e n t  Me3SiNS0 has 

X - R A Y  STRUCTURE OF 1,5-MezNC(NSN)zSC1, 9 (R=MezN) ... 
The h e t e r o c y c l e  9 can be c o n s i d e r e d  as a h y b r i d  o f  1,5- ... 
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Me,NC[NSN 

has a s i m  

t h e  c h l o r  

PRECURSORS TO [-(R)CNSN-]x 325 

I t  

4 ) 1  and 

2 3 3 ( 4 ) i .  

The g e o m e t r i e s  a t  C (1 )  and N ( 5 )  a r e  e s s e n t i a l l y  p l a n a r  b u t  

t h e  f ive-membered r i n g s ,  CS2N2 and S 3 N 2 ,  d e v i a t e  s i g n i f i -  

c a n t l y  f r o m  p l a n a r i t y .  

2CNMe2, 2 (R=Me2N) and 1,5-C1S(NSN)2SC1. 

l a r  f o l d e d  s t r u c t u r e  w i t h  d(S-S)  = 2.434 

n e  atom i n  an endo p o s i t i o n ,  d(S-C1)  = 2 

- 

FIGURE 1 ORTEP p l o t  (50% p r o b a b i l i t y  e l l i p s o i d s )  f o r  

1 ,5-Me2NC(NSN)2SC1 

REACTIONS OF (Me2NCN),(NSC1 ), WITH SbCl 

The d i c a t i o n s  (Me2NCN)x(SN)22t ( x = l  o r  2 )  a r e  r e a d i l y  p r e -  

pa red  by  t r e a t m e n t  o f  t h e  h e t e r o c y c l e s  5 o r  7 w i t h  a s l i g h t  

excess o f  SbCl i n  c a r b o n  t e t r a c h l o r i d e . "  
- - D
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326 T. CHIVERS, 1. F. RICHARDSON AND N. R.  M. SMITH 

REACTIONS OF (Me,NCN),(NSCl ), WITH A Z I D E S  

The r e a c t i o n  o f  (Me,NCN)(NSCl), w i t h  sodium a z i d e  i n  a c e t o -  

n i t r i l e  a t  23°C p roduces  an i n t e n s e  r e d d i s h - p u r p l e  s o l u t i o n  

( A m a x  520 nm), b u t  no t r a c t a b l e  p r o d u c t s  were  i s o l a t e d .  

SUMMARY AND CONCLUSIONS 

High  y i e l d  s y n t h e s e s  o f  t h e  m ixed  c y a n u r i c - t h i a z y l  r i n g s  

(Me2NCN),(NSC1 ), ( x = l  o r  2 )  and t h e  c o r r e s p o n d i n g  d i c a t i o n s  

(MezNCN)x(SN)22t have been deve loped .  

a r e  p o t e n t i a l  p r e c u r s o r s  t o  po l ymers  c o n t a i n i n g  a - ( R ) C N S N -  

backbone v i a  chemica l  o r  e l e c t r o c h e m i c a l  r e d u c t i o n .  The 

h e t e r o c y c l e  (Me2NCN)(NSC1 ), undergoes an unusua l  s i x -  t o  

eight-membered r i n g  expans ion  r e a c t i o n  w i t h  Me,SiNSO t o  g i v e  

1,5-Ne,NC(NSN)2SC1. 

These r i n g  systems 
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