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SYNTHESIS STRUCTURE A N D  CONFORMATIONAL BEHAVIOUR 

WITH O R G A N I C  FUSED SIXMEMBERED RINGS. 
OF I N O R G A N I C  PHOSPHORUS-HYDRAZINE HETEROCYCLES 

UDO ENGELHARDT A N D  B R I G I T T E  STROMBURG 
I n s t i t u t  f u r  A n o r g a n i s c h a  u n d  A n a l y t i s c h e  C h a m i a  
F r e i a  U n i v e r s i t a t  B e r l i n , F a b a c k s t r . 3 4 - 3 6 ,  D 1000 
B e r l i n  33, Germany  ( F . R . G . )  

A b s t r a c t  The  t i t l e  c o m p o u n d s  I a ,  I b  a n d  I I a  a r e  
p r e p a r e d  s t a r t i n g  w i t h  P h - O - P ( = X ) C l  a n d  h y d r a z i n e  

angler h e x a h y d r o -  

I a :  X = S I b :  X = 0 I I a  

p y r i d a z i n e .  I a  a n  
I I a  c a n  b a  s z p a -  
r a t e d  i n t o  c i s -  
a n d  t r a n s - i s o m e r  
i b  i s  o n l y  i s o l a  
ed a s  t r a n s -  
i s o m e r .  X - r a y  
s t r u c t u r a s  a n d  
N k l R - s D z d t r a  i n  

d 

S .  
t -  

s o l u t i o n  show t h a t  
b o t h  t r a n s - i s o m o r s  h a v ?  a n o r m a l  c h a i r - c o n f o r m a t i o n  
o f  a l l  f u s a d  s a t u r a t z d  s i x m e m b o r a d  r i n g s .  T h s  c i s -  
i s o n 3 r  o f  I a  a d o p t s  a t w i s t - c o n f o r m a t i o n  o f  t h 2  
c e n t r a l  i n o r g a n i c  r i n g ,  t h a  f u s o d  h a x a h y d r o p y r i d a -  
z i n .  r i n g s  h a v i n g  c h a i r - c o n f o r m a t i o n s .  T a m p z r a t u r s  
d e p e n d e n t  N M R - s p e c t r a  r o v e a l  h i n d a r z d  i n t a r c o n v s r -  
t i o n s  o f  t w i s t - f o r m s  o f  c i s - I a  a n d  c i s - I I a .  

INTRODUCTION 

I n  t h e  p a s t  s a v e r a l  r e p o r t s  o n  u n u s u a l  r i n g  c o n f o r m a -  

t i o n s  o f  c y c l i c  p h o s p h o r i c  a c i d  d e r i v a t i v s s ,  i . 3 .  

e s t e z s ,  a m i d e s  a n d  h y d r a z i d a s  h a v e  b e e n  i s s u a d  f r o m  

o u r  l a b o r a t o r y  a n d  f r o m  o t h a r  g r o u p s .  ’-’ I n t a c o s t  i n  

t h i s  f i e l d  i s  s t i m u l a t a d  b y  t h e  u s a  o f  some o f  t h e s a  

c o m p o u n d s  ( c y c l o p h o s p h a m i d e )  a s  a n t i t u m o r  d r u g s  a n d  b y  
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236 U.ENGELHARDT and  B . S T R O M B U R G  

t h e  mors  t h e o r e t i c a l  i n t e n t  t o  f i n d  r a a s o n s  and a f f a c t s  

t h a t  cause  d e v i a t i o n s  f r o m  t h e  " n o r m a l "  c h a i r - c o n f o r m a -  

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

p h o s p h o r u s - h y d r a z i n e  h a t e r o c y c l e s .  Tha t i t l e  compounds 

have been s y n t h e t i z e d  t o  e n l a r g e  o u r  k n o w l e d g e  a b o u t  

t h a  e f f e c t  o f  t o r s i o n  a n g l e s  a r r o u n d  N - N  b o n d s  o n  r i n g  

c o n f o r m a t i o n s .  

RESULTS 

H e x a h y d r o p y r i d a z i n e  u s e d  i n  e x c e s s  r e a c t s  w i t h  p h a n o x y -  

thiophosphoryldichloride or w i t h  p h s n o x y p h o s p h o r y l d i -  

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

r e s p o n d i n g  " d i h y d r a z i d e "  bis(hexahydr0-1-pyridaziny1)- 
t h i o p h o s p h o r i c  a c i d  0 - p h e n y l z s t e r  I I I a  or b i s ( h a x a -  

hydro-1-pyridaziny1)phosphoric a c i d  p h e n y l e s t e r  I I I b  

a c c o r d i n g  t o  E q .  ( 1 ) .  I I I a  i s  o b t a i n e d  i n  t w o  c r y s t a l  

m o d i f i c a t i o n s ,  t h a t  d i f f e r  i n  m e l t i n g  p o i n t  ( 3 3 6  and 

3 4 1  K )  and s l i g h t l y  i n  t h e i r  I R -  and  R a m a n - s p a c t r a .  

T H F .  293 K > + 2 C[: + 2 E t 3 N  6 h  
x 9 / c 1  

PhO' 'C1 

I I I a :  
I I I b :  

x = s  
x = o  

x, 
P 

PhO' 
+ 2 E t 3 N H C 1  

NMR-spec t ra  i n  s o l u t i o n  a r a  i d e n t i c a l .  The 'H-NMR 

i s  o f  h i g h e r  o r d e r  ( c o m p l e x  m u l t i p l e t s ) .  T a b l a  1 
g i v e s  t h a  d a t a  o f  p r o t o n - d e c o u p l a d  1 3 C -  and  31P-NMR- 

1 0  s p e c t r a .  
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I N O R G A N I C  PHOSPHORUS-HYDRAZINE HETEROCYCLES 237 

I I I b  i s  a l s o  o b t a i n a d  i n  t w o  d i f f a r a n t  c r y s t a l  

f o r m s  ( m e l t i n g  p o i n t s  3 7 9  a n d  3 6 9  K ) .  B o t h  f o r m s  g i v e  

i d a n t i c a l  mass  s p e c t r a  a n d  N M R - s p e c t r a  ( s s e  T a b l a  I). 
I n  t h e  t a b l e  t h e  NMR-da ta  o f  t w o  c o m p o u n d s  I V  a n d  V a r e  

i n c l u d e d ,  t h a t  a p p j a r  a s  i m p u r i t i e s ,  i f  t h e  h z x a h y d r o -  

p y r i d a z i n e  p r e p a r e d  

I 2  
S, ,N-NH 

P 
PhO' 'N-N\ 

I V  u 
$\\ ,N-% 

P 
PhO' 'N-t? 

V W 

f r o m  p y r i d a z i n e  b y  

c a t a l y t i c  h y d r a t i o n  

c o n t a i n s  some 2 - T e t r a  

h y d 1-0 p y r i d a z i n e a s 

i m p u r i t y .  Compound V 

c a n n o t  r e a c t  f u r t h a r  

i n  t h e  f o l l o w i n g  

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

a c i d  a n d  t h u s  a c c u m u l a t e s  i n  t h e  r e a c t i o n  m i x t u r e s .  T h e  

' H - N M R - s p e c t r a  o f  a l l  f o u r  h y d r o p y r i d a z i n e  d e r i v a t i v e s  

c o n s i s t  o f  h i h g e r  o r d s r  m u 1 i ; i p l e t s  for t h a  a l i p h a t i c  

r i n g  p r o t o n s  a s  w e l l  a s  t h e  u s u a l  p a t t e r n  for t h a  p h e n y l -  

p r o t o n s .  

T h e  t r i c y c l i c  compound  I a  was p r a p a r e d  f r o m  t h e  

c o r r e s p o n d i n g  " d i h y d r a z i d e "  I I I a  u s i n g  a p r o c e d u r e  a l -  

r a a d y  e s t a b l i s h a d  w i t h  N , N ' - d i m e t h y l h y d r a z i d e s  i n  o u r  
l a b o r a t o r y  a c c o r d i n g  t o  E q .  ( 2 ) .  ' 9 "  T ~ O  c r y s t a l  f o r m s  

I I I a  + P h O - P ( = S ) C 1 2  + 2 E t 3 N  + A 1 2 C 1 6  

T H F 1  3 2 3  K t  48 > I a  + 2 [Et3NH]A1C14 ( 2 )  

a r e  o b t a i n e d  f r o m  n - h a x a n e :  h e x a g o n s  m . p .  4 5 7  K a n d  

s m a l l  n e a d l a s  m . p .  4 3 6  K .  S i n c e  a s z p a r a t i o n  o f  t h e  t w o  

compounds  assumed  t o  b e  t h e  e x p e c t e d  t r a n s -  a n d  c i s -  

i s o m e r s  o f  I a  c o u l d  n o t  b e  a c h i e v e d  b y  c h r o m a t o g r a p h i c  

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

m i c r o s c o p e  a n d  t h s n  r e c r y s t a l l i z e d  f r o m  n - h s x a n z .  
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3 

1 1 3  TABLE I C -  a n d  31P-NMR data of hexahydropyridazinyl- a n d  tetrahydro- 
pyridazinyl-derivatives of phosphoric acid phenylester a n d  of hexahydro- a n d  
tetrahydropyridazine: d ( p p m )  , J (Hz) ; standards TMS resp. 85% H3P04 , 
solvent C D C 1 3 ;  * tetrahydropyridazine ring, u. = unresolved. 

{ H I  

compound 6 :  c 3  c 4  c 5  C6 2 3 3 
JPC6 JPc5 JPc3 

4 
JPc4 l P  

IIIa 
IIIb 

IV 

47 .7  2 5 . 8  2 4 . 1  4 8 . 0  7 . 3  7 . 3  7 . 3  - - -  70 .7  

6 . 5  4 7 . 3  2 5 . 8  2 4 . 2  4 7 . 6  5 . 3  4 . 8  6 . 6  - - -  

- - -  
68 .7  4 7 . 6  2 5 . 4  2 4 . 3  4 7 . 9  7 . 3  7 . 3  7 . 3  

* 1 4 3 . 2  1 7 . 3  2 3 . 1  4 2 . 3  6 . 1  U. 1 4 . 7  6 . 1  

V 1 4 3 . 3  1 7 . 8  2 3 . 4  4 3 . 0  6 . 9  1 . 9  1 3 . 8  5 . 7  6 6 . 7  

hexahydro- 
pyridazine 
tetrahydro- 
pyridazine 

4 7 . 7  24 .5  2 4 . 5  4 7 . 7  - - -  - - -  - - -  - - -  - - -  

1 3 7 . 7  1 8 . 4  2 1 . 9  4 0 . 8  - - -  - - -  - - -  - _ -  - - -  

{'HI 13C-data for the phenoxy-rings: C 1  1 5 0 . 6 + 0 . 3 ,  C2/C6 1 2 1 . 3 + 0 . 4  - (IIIb 1 2 0 . 2 ) ,  
2 C3/C5 1 2 9 . 1 + 0 . 1 ,  - C4 1 2 4 . 6 + 0 . 2  - (IIIb 1 2 3 . 8 ) ,  3Jpc 4 . 9  ( V  4 . 4 ) ,  Jpc 6 . 1  ( V  6 . 9 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



INORGANIC PHOSPHORUS-HYDRAZINE HETEROCYCLES 239 

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

a n d  snow t h e  m o l o  p a a k  i n  h i g h  i n t s n s i t y .  ' H - N M R -  

s p a c t r a  a r a  o f  h i g h e r  o r d a r .  C o n s i d a z a b l e  b r o a d a n i n g  i s  

o b s e r v e r d  w i t h  t h e  l o w e r  m e l t i n g  i s o m e r .  I n  t h a {  Hf C -  
NMR o f  t h e  o t h e r  i s o m e r  a s h a r p  s i n g l e t  a n d  d o u b l e t  

a r e  s e e n  f o r  m e t h y l e n e  C - a t o m s o l r e s p .  I3 t o  N .  I n  

c o n t r a s t  t o  t h i s  t h e  s p e c t r u m  o f  t h e  2 n d  i s o m j r  c o n -  

s i s t s  o f  f o u r  b r o a d  s i g n a l s .  C o u p l i n g  t o  p h o s p h o r u s  i s  

n o t  r e s o l v a d .  S h i f t s  a n d  J - v a l u e s  a r e  g i v e n  i n  TABLE 11. 

S p e c t r a  a t  d i f f a r z n t  t z m p e r a t u r e s  a r e  d i s p l a y s d  i n  

FIGURE I a n d  a r e  d i s c u s s e d  b e l o w .  

1 13 

A n a l o g o u s  r e a c t i o n s  o f  I - I I b  w i t h  p h e n o x y p h o s p h o r y l -  

d i c h l o r i d e  g a v ?  o n l y  o n e  compound  I b .  An X - r a y  s t r u c t u i - s  

a n a l y s i s  s h o w e d  t h i s  t o  b e  t h e  t r a n s - i s o m e r .  l1 R e l e v a n t  

NMR-da ta  a r e  i n c l u d e d  i n  TABEL 11. 

If t h e  r e a c t i o n  a c c o r d i n g  t o  E q .  (1) w i t h  t h e  t h i o -  

d i c h l o r i d e  a n d  p y r i d a z i n e  i s  c a r r i e d  o u t  i n  a 1:l m o l a r  

r a t j . 0  a n d  a t  l o w  t e m p e r a t u r e  o r  w i t h  a n  e x c e s s  o f  t h e  

d i c h l o r i d ?  f o r  o n l y  a f e w  h o u r s  a t  rOom t z n p s r a t u r 2 ,  a 

m o n o s u b s t i t u t i o n  p r o d u c t  V I  i s  o b t a i n s d  b i s i d e s  some 

I I I a .  V I  r e a c t s  w i t h  a b s o l u t e  h y d r a z i n s  t o  t h e  n i x a d  

" d i h y d r a z i d e "  V I I  t h a t  c a n  b e  i s o l a t e d  a s  a c o l o u r l a s s  

o i l .  S i n c e  s e p a r a t i o n  f r o m  i m p u r i t i z s ,  m a i n l y  I I I a  a n d  

some P h O - P ( = S ) ( N H - N H 2 ) 2 ,  c o u l d  n o t  b-. e a s i l y  a c h i a v e d ,  

r a w  V I I  was r e a c t e d  d i r e c t l y ' w i t h  p h e n o x y t h i o p h o s p h D r y 1 -  

d i c h l o r i d z  a c c o r d i n g  t o  E q .  ( 2 )  b u t  w i t h o u t  A 1 2 C 1 6  t o  

g i v e  t h e  p a r t l y  N -  

s u b s t i t u t o d  r i n g  I I a  

I I a  was p u r i f i e d  b y  

i i >  a b o u t  1 4 %  y i a l d .  

p r e p a r a t i v e  t h i n l a y e r  

0 
\ , N - N H  

P 

0 
S, ,N-NH 

P 
PhO' 'C1 PhO' 'NH-NH2 

V I  V I I  c h r o m a t o g r a p h y  o n  

s i l i c a g e l  p l a t e s  w i t h  a m i x t u r a  THF:CC14 1:9. Two cam- 
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240 U.ENGELHARDT a n d  B . S T R O M B U R G  

p o u n d s  w i t h  R f - v a l u e s  o f  0 . 4 9  a n d  0 . 4 2  g i v e  i d e n t i c a l  

mass s p e c t r a  w i t h  c o r r e c t  mole p e a k s  f o r  I I a .  The H -  

NMR s p e c t r a  o f  b o t h  compounds show b r o a d  u n d i s s o l v e d  

m u l t i p l e t s  f o r  t h e  m e t h y l e n a  p r o t o n s .  O t h e r  NMR-data 

a r e  i n c l u d e d  i n  TABLE I1  a n d  w i l l  b e  d i s c u s s e d  b s l o w .  

1 

1 1 3  TABLE I1 { H i  C -  a n d  31P-NMR d a t a  o f  t h e  t r a n s -  

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

I b  a n d  o f  t h e  b i c y c l i c  compound I I a  : 6 (ppm)  , 
J ( H z ) ;  s t a n d a r d s  a n d  s o l v e n t  a s  i n  T a b l e  1 ; 

u .  = u n r e s o l v e d ,  D d o u b l e t  a n d  Q q u a d r u p l e t  c o l l a p s  

t o  s i n g l e t s  o n  d e c o u p l i n g  o f  p r o t o n s .  

compound 6: C 7 / 1 4  C 4 / 1 1  C 5 / 1 2  C 6 / 1 3  2 Jpc 6 31P 
_ _ _ _ _ _ _ ~ ~  

t r a n s - I a  4 5 . 3  2 3 . 8  7 . 3  6 2 . 6  

c i s - I a  4 5 . 2  4 4 . 8  2 5 . 1  2 1 . 7  u .  D :  7 1 . 1  

t r a n s - I b  4 4 . 6  2 3 . 7  6 . 1  1 . 7  
- 

6 :  c 7 / 1 0  C 8 / 9  

t r a n s - I l a  4 4 . 9  2 3 . 7  U .  6 2 . 5  

c i s - I I a  
D :  7 2 . 9  
Q :  6 8 . 5  4 5 . 3  4 4 . 4  2 4 . 8  2 2 . 3  U .  

D I S C U S S I O N  

As e x p e c t e d  t h e  t r i c y c l i c  s y s t e m  I a  is f o r m e d  a s  a p a i r  

o f  c i s l t r a n s - i s o m e r s .  The a t t r i b u t i o n  c a n  b e  made 

u s i n g  t h e  3 1 P - N M R - s h i f t s ,  s i n c e  i n  a l l  known '  c a s e s  o f  
s i m i l a r  m o l e c u l e s  t h e  t r a n s - i s o m e r  h a s  t h e  u p f i e l d  s h i f t  

v a l u e .  12-14 

c o n f i r i ; l e d  b y  X - r a y  s t r u c t u r e  d z t s r m i n a t i o n s .  l5 T r a n s - I a  

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

T h i s  c l a s s i f i c a t i o n  o f  i s o m e r s  c o u l d  b e  
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I N O R G A N I C  PHOSPHORUS-HYDRAZINE HETEROCYCLES 24 1 

c e n t r a l  p h o s p h o r u s - h y d r a z i n e  r i n g  i n  t h z  c r y s t a l .  T h e  

!!Hj 1 3 C - N M R  d a t a  a r 8  c o n s i s t e n t  w i t h  t h e  a s s u m p t i o n  o f  a 

s i m i l a r  s t r u c t u r e  o f  t h e  m o l e c u l e  i n  s o l u t i o n :  s h a r p  , 

s i g n a l s  a r e  o b s e r v e d  f o r  o n l y  t w o  t y p e s  o f  m e t h y l e n e  C -  

a t o m s  d t o  n i t r o g e n  ( d o u b l e t  b y  c o u p l i n g  t o  P )  a n d  0 t o  

n i t r o g e n  ( s i n g l e t ) .  T h e s e  f e a t u r e s  o f  t h e  s p e c t r u m  do  

n o t  c h a n g e  i n  a t e m p e r a t u r e  r a n g e  f r o m  1 9 3  - 3 2 3  K .  T h i s  

a n d  t h c  o b s e r v e d  s i n g l e t  i n  t h e  3 1 P - s p e c t r u ~ ; l  s u p p o r t  t h e  

c o n c l u s i o n ,  t h a t  m a i n l y  o h 2  c . 2 n t r o s y m m e t r i c  c h a i r - c o n -  

f u r m a t i o n  ( w i t h  S E q u a t o r i a l  a s  i n  t h e  c r y s t a l )  i s  p r e -  

s e n t  i n  s o l u t i o n ,  w h i c h  d o 2 s  n o t  i n t e r c o n v s r t  q u i c k l y  t o  

o t h e r  l e s s  f a v o u r a b l e  f o r m s .  I r i  c i s - I a  t h e  c e n t r a l  r i n g  

h a s  a t w i s t - c o n f o r m a t i o n ,  w h a r e a s  t h e  f u s e d  h e x a h y d r o -  

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

t h e  c r y s t a l .  T h e  m o l e c u l e  h a s  a t w o f o l d  a x i s  o f  s y m m e t r y ,  

l e a v i n g  o n l y  t h e  6 - C - a t o m s  C4 .and  C 1 1  r e s p e c t i v e l y  t h e  

d’ -C-a.toi;ls C7 a n d  C1J s y m l r i o t r y - e q u i v a l a n t  . A n a l o g o u s l y  

t h e  same i s  t r u e  € o r  t h a  c o r r e s p o n d i n g  0-  a n d  0 ’ - C -  

a t o m s  (FIGURE 1). I n  a c c a r d a n c c  t h e  s p e k , t r u m  i n  s o l u t i o n  

s h u w s  s i g n a l s  f o r  f o u f  d i f z e r e n t  C - a t o m s ,  a - , & ’ ,  0 

a n d  0 ’ .  C o u p l i n g  t o  t h z  p h o s p h o r u s  i s  n o t  r a s o l v e d  d u o  

t o  a r e m a r k a b l e  b r o a d c o i n y  o f  t h e  l i n e s  a t  2 9 3  K .  

A p p a r e n t l y  t h e  i n t e r c o n v e r s i o n  o f  t h e  t w o  2 n d n t i o m e r i c  

t l : r i s t - c o n f o r n a , t i o n s  i s  c o n p a r a b l z  t o  t h o  N M R - t i n e  s c a l e  

a t  a m b i e n t  t e n p j r a t u r e .  On h e a t i i i g  t o  3 2 3  I< t h u  t w o  

p e a k s  f o r  t h e  a - C - a t o m s  a l m o s t  c o l l a p s  t o  o n 2  s i g n a l ,  

w h s r z a s  s t i l l  t w o  v e z y  b i o a d  p 3 a l t s  a r a  o b s z r v e d  f o r  t h s  

0 - C - a t o m s .  By l o w e r i n g  t h e  t e i a p e r a t u r e  t.3 1 9 3  K ,  o n  t h ?  

o t h e r  s i d e ,  a l l  f o u r  s i g n a l s  become n a r r o w  l i n e s .  T h e  

h i n d e r e d  i n t a r c o n v z r s i o n  is i iow s low3;  t h a n  t ’ n j  N M R -  

t i m e  s c a l e .  The  f r e e  e n e r g y  oC a c t i v o t i a n  c a n  b? r o u g h -  

l y  e s t i m a t e d  a s  6 8 + 5  - k J m o l  , w h i c h  i s  3 r e n a z k a b l z  

h i g h  v a l u e  f o r  a n  i n t a r c o n v e r s i u n  o i  e n o n t i o n e r i c  t w i s t -  

-1 
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242 U.ENGELHARDT and  B.STROMBURG 

- c o n f o r m a t i o n s .  Bu- i  i t  h a s  t o  be t a k c n  i n t o  c o n s i d e r a -  
t i o n  t h a t  t h a  c 3 n t r 3 1  r i n g  is h i g h l y  s u b s t i t u t e d  a n d  

1 1 3  F i G U R E  1 { H j  C-NMR-spec t ra  o f  c i s - I a ,  r a g i o n  o f  
m a t h y l a n e  C - a t o m s ,  a t  : a 3 2 3 ,  b 2 9 3 ,  c 2 3 3 ,  d 2 1 3 ,  
e 1 9 3  K ;  * i m p u r i t y  o f  t r a n s - l a .  
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t h e  u s u a l  i n t e r c o n v e r s i o n  o v e r  b o a t - c o n f o r m a t i o n s  i n  

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

e r z d  b y  s t e r i c  i n t o r a c t i g n s  o f  t h j  s u b s t i t u ? n t s  a t  P -  

a n d  N - a t o t n s .  A s i g n i f i c a n t l y  l o w e r  v a l u e  o f  5 3 + 2  - k J n o l - '  

was f o u n d  i n  1,2,4,5-tctrenethyl-3-phenoxy-G16-diph~iiyl- 
1 , 2 , 4 , 5 - t e t r a e z a - 3 - p h o s p h a - 6 - s i l a c y c l o h a ~ ~ n ~ - 3 - s u l f i d e ,  

a r i n g  c o m p o u n d ,  \ r h ~ r e  a i l 2  P h O - P ( = S ) < -  u n i t  i s  r e p l a c e d  

b y  a P h 2 S i < - u n i t  a i i d  t h ?  o u t e r  r i n g s  b y  f o u r  m e t h y l -  

g r o u p s  a t  t h e  f o u r  N - a t o m s . '  T h e  c o r r e s p o n d i n g  r i n g s  

s i r n i l a i ?  t o  I a  b u t  w i t h  f o u r  m e t h y l g r o u p s  i n s t c d  o f  t h s  

o u t . ? r  r i n g s  h a v e  A G  - v a l u e s  b ? t w ? e n  4 7 + 1  - ( t r a n s - )  a i l d  

6 3 + 1  - k J m o l - '  ( c i s - i s o i n s r )  . l2 C o n s i d a r a b l y  l o w a r  v a l u a s  

b Y t w ? J n  40 a n d  5 0  k J m o l  a z 2  o b s 2 i v e d  f o r  a n a l o g o u s  
1 6  compounds  w i t h  o n l y  t w o  n ~ t h y l g r o u p s  a t  i i n g  N - a t o m s .  

T h e  o n l y  i s o l a . t e d  i s o n e r  o f  I b  h a s  t h e  t r a n s - . c o n f i -  

g u r a t i o n  ( X - r a y  s t r u c t u r e  d e t e r m i n a t i o n ) .  l 1  I n  s o l u -  

t i o n  tn,: f e a t u r e s  o f  t h d  N M R - s p e c t r a  a r , ?  v e r y  s i i , i i l d T  

t o  t h o s e  o f  t r a n s  I a  (TABLE 1 1 ) ,  s o  t h a t  a g a i n  a r a t h e r  

r i g i d  c h a i r - c o n f o r m a t i o n  i s  assumed  i n  s o l u t i a n .  

tt 

-1 

T h s  t w o  i s o m e r s  o f  t h e  b i c y c l i c  compound  IIa s e p a -  

r a t ? d  b y  t h i n - l a y s r  c h r o m a t o g r a p h y  c a n  b e  a t t r i b u t e d  t o  

t r a n s -  a n d  c i s - c o n f i g u r a t i o n  f r d m  R f - v a l u ? s ,  t h e  more 
p o l a r  c i s - i s o r n e :  h a v i n g  t h e  l e s s e r  R f ,  a n d  i n  c t d d i t i o t i  

f r o m  3 1 P - s h i f t s  (TABLE 1 1 ) .  O n l y  one  s i g n a l  f o r  B-C- 
a t o l n s  a n d  o n e  s i g n a l  f o r  8 - C - a t o m s  i n  t h e  p y r i d a z i n c  

r i n g  (13C-NMR) a n d  on? b i -oad  s i n g l ? t  f o r  p h o s p h o r u s  

(3'P-NMR) a g a i r i  l e a d  t o  t h e  c o n c l u s i o n  t h a t  o n l y  o n e  d i s -  

t i n g u i s h a b l e  c o n f o r ~ n a t i o n  z x i s t s  i n  t h e  s o l u t i o n  o f  

t r a n s - I I a ,  t h a t  s h o u l d  h o v e  C 2 - s p n n > t r y  a s  c h a i r -  

( o r  t w i s t - )  - c o n f o r n a t i o n  w i t h  r n a ~ ~ ~ l z t i c a l l y  c q u i v o l z n t  

p a i z s  o f  P -  a n d  r i n g - C - a t o m s .  B e t w e e n  t h e  h i g h 2 7  o r d z r  

m u l t i p l e t s  f o r  p h z n y l -  a n d  p y r i d 3 z i n e  m e t h y l ? n a p r o t o n s  

a d i s t i n c t  d o u b l e t  i s  ' f o u n d  f o r  t h e  N H - p r o t o n s  i n  t h e  
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244 U.ENGELHARDT a n d  B.STROMBURG 

2 'H-NMR a t  5 . 0 6  ppm, JpNH = 3 2  H z .  T h o u g h  n o  s u i t a b l a  

c r y s t a l s  f o r  an X - r a y  s t r u c t u r e  a n a l y s i s  c o u l d  b e  o b -  

t a i n e d  s o  f a r ,  we assume a c h a i r - c o n f o r m a t i o n  a n a l o g -  

o u s  t o  t r a n s - I a .  Due t o  t h e  l o w e r  s y m ! n e t r y  o f  I I a  a 

r a c e m a t e  o f  t w o  c o n f i g u r a t i o n a l  e n a n t i o n e r s  - P ( R ) P ' ( R )  

a n d  P ( S ) P ' ( S )  i s  e x p e c t e d .  B o t h  z n a n t i o m e r s  g i v e .  

i d z n t i c a l  N M R - s p e c t r a  o f  c o u r s e .  

a p p a r e n t l y  h a v e  n o  s y m m a t r y - e q u i v a l e n t  p a i r s  of e i t h e r  

P -  or C - a t o m s  i n  s o l u t i o n  (TABLE 11). P e a k s  i n  i h e  

I H I  

t o  p h o s p h o r u s  is u n r e s o l v e d .  31P-NMR s p a c t r a  show t v o  

g r o u p s  o f  s i g n a l s  a t  2 9 3  K :  a d o u b l e t  a n d  a d o u b l t t  o f  
d o u b l e t s .  The  l i n e s  c o l l a p s  t o  t w o  s i n g l e t s  o i l  d e c o u p -  

l i n g  o f  p r o t o n s .  T h e  r a t h e r  b r o a d  l i n e s  a t  a m b i e n t  

t e e p s r a t u r e  grow s h a r p  a t  2 3 3  K .  T h r j s e  f e a t u r e s  o f  t n c  

s p e c t r a  o b v i o u s l y  a r e  d u 8  t o  a b e g i n n i n g ,  s t y a o g l y  

h i n d a r e d  i n t e r c o n v e r s i o n  p r o c e s s .  T h e  m o s t  p r o b a b l e  

r , i o d z l  i s  t h e  e x i s t e n c e  of ttwo c n a n t i o n e r i c  t w i s t - c o n -  

f o r m a t i o n s .  O n l y  f a s t  i n t e r c o n v e r s i o n s ,  t h a t  o b v i o u s l y  

do n o t  o c c u r ,  w o u l d  r e n d z r  b o t h  p a i r s  t o  a t i J e - a v a r a g d d  

m e s o - f o r m  w i t h  a p l a n 3  o f  s y n n a t r y  a n d  ~ a g n c t i c a l l y  

e q u i v a l e n t  p a i r s  of P ( R ) P ' ( S )  a n d  6 - a n d  O - C - a t o m s .  

C o a l e s c e n c e  of s i g n a l s  i s  i n d i c a t e d  b u t  n o t  q u i t 3  c o n -  

p l e t e  a t  3 2 3  K ( c x p e r i n z n t a l  l i m i t ) .  

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

1 1 3  C - N M R  a r z  b r o a d  a t  a m b i e n t  t z m p e r a t u r e .  C o u p l i n g  

EXPERIMENTAL 

Bis(hexahydro-l-pyridaziny1)thiophosphoric a c i d - O - p h e n -  

y l e s t e r ,  C14H23N40PS :. h e x a h y d r o p y r i d a z i n e  was p r e p a r e d  

from h y d r a z o d i c a r b o n i c  a c i d  d i e t h y l e s t e r  v i a  t h e  c o r r e s -  

p o n d i n g  a z o  c o m p o u n d ,  D i e l s - A l d e r  a d d i t i o n  o f  b u t a d i e n ,  

d e c a r b o x y l a t i o n  a n d  c a t a l y t i c  h y d r a t i o n  a c c o r d i n q  t o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



INORGANIC PHOSPHORUS-HYDRAZINE HETEROCYCLES 245 

the literature. 17-19 A solution of 11.35 g (0.05 mole) 
p h e n o x y t h i o p h o s p h o r y l d i c h l o r i d e  in 100 mL abs. THF 
was given dropwise to a stirred solution of 10 g 
(0.116 mole) hexahydropyridazine and 30 mL triethyl- 
amine in 400 mL abs. THF during a period of 3 h. After 
additional 3 h stirring the solution was filtered from 
triethylammoniumhydrochloride under dry nitrogen. 
Solvent and excess triethylamine were removed under re- 
duced pressure. The residue was agitated with 100mL 
n-hexane. The decanted solution was cooled to 248 K ,  
colourless cristals, m.p. 341 K (form A ) .  A 2nd extract 
with 200 mL n-hexane gave crystals, m.p. 336 K (form 8 )  

combined yield 76%. Recrystallisation from n-hexane 
of both forms in most cases gives crystals of form A .  

Form 8 transforms slowly to A under the mother solution. 
MS of A and B :  m/z 326(30%) M + ,  327(16%) M++1, 149(20%) 
M+-177 (C6H50, C4H9N2) , 148 (18%) M+-178, 86 (30%) 
C4H10N;, 85 (100%) C4HgN;; Anal. : form A C 51.76%(theor. 
51.52%), H 7.11%(7.10), N 17.14%(17.16); form B 51.43%, 
H 7.0956, N 17.14%. IR (cm-')(only some characteristi- 
cally different bands) form A :  3235w, 3202w, 3055m, 
2945vs, 2864s; form B :  3235m, 3080w, 3055w, 2 9 5 8 ~ s ~  
2935vs, 2850s. Raman form A: 3 2 2 2 ~ s ~  3 1 8 9 ~ s ~  639m; 
form B :  3223vs, 3180vw, 639m. 

Bis(hexahydr0-1-pyridaziny1)phosphoric acid phenyl- 
ester, C14H23N402P I IIIb : A solution of 4.22 g (0.02 
mole) p h e n o x y p h o s p h o r y l d i c h l o r i d e  in 100 mL abs. THF 
was dropped to a solution of 3.44 g (0.04 mole) hexa- 
hydropyridazine and 6 mL triethylamine in 300 mL THF 
under stirring in a period of 6 h. The filtered solu- 
tion was evaporated under reduced pressure. The resi- 
due was extracted with n-hexane/toluene mixtures 1:l in 
several 100 mL portions. On cooling to 248 K the 1st 
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t h r e e  e x t r a c t s  g a v e  c r y s t a l  f o r m  A ,  m . p .  3 7 9  K ,  t h e  

n e x t  t w o  e x t r a c t s  c r y s t a l  f o r m  B ,  m . p .  3 6 9  K ,  com- 

b i n e d  y i e l d  66%.  MS o f  A a n d  B : m / z  3 1 0 ( 1 0 0 % )  M + ,  

3 1 1  ( 1 8 % )  M++1 

( 5 7 % )  C 4 H g N 2  , 5 6 ( 1 8 % )  C 4 H 8 + ;  A n a l .  : f o r m  A C 5 4 . 0 5 %  

( t h e o r .  5 4 . 1 8 % ) ,  H 7 . 2 2 % ( 7 . 4 7 ) ,  N 1 7 . 5 9 % ( 1 8 . 0 5 ) ;  

f o r m  B C 5 4 . 0 3 % ,  H 7 . 2 6 % ,  N 1 7 . 6 9 % .  I R  ( c m - l )  A a n d  

B 3 2 1 4 s ;  Raman A :  3 2 8 3 w ,  3218m, 3 2 0 9  s h o u l d e r ,  

B 3 2 1 8 v s .  

t r i c y c l o [ 8 . 4 . 0  . 0 3 ' 8 J t e t r a d e c a n e - 2  , 9 - d i s u l f i d e I  

I a  : 4 . 7 7  g ( 0 . 0 2 1  m o l e )  p h e n o x y -  C20H26N402P2S2 
thiophosphoryldichloride i n  1 0 0  mL THF w e r e  d r o p p e d  

t o  a s t i r r e d  s o l u t i o n  o f  6 . 5 3  g ( 0 . 0 2  m o l e )  of t h e  

" d i h y d r a z i d e "  I I I a ,  6 . 6 7  g (0 .05  m o l e )  a n h y d r o u s  

A 1 C 1 3  a n d  8 . 3  mL ( 0 . 0 6  m o l e )  t r i e t h y l a m i n e  i n  300 mL 

THF h e l d  a t  3 2 3  K .  T h e  s o l u t i o n  was h e a t e d  a n d  s t i r r e d  

f o r  t w o  d a y s .  The p r e c i p i t a t e  o f  t r i e t h y l a m m o n i u m t e t r a -  

c h l o r o a l u m i n a t e  was f i l t e r e d  f r o m  t h e  b r o w n  s o l u t i o n .  

S o l v e n t  a n d  o t h e r  v o l a t i l e  p r o d u k t s  w e r e  r e m o v e d  u n d e r  

vacuum.  The b r o w n  o i l y  r e s i d u e  was e x t r a c t e d  w i t h  300 
mL d r y  n - h e x a n e  a t  3 0 3  K .  T h i s  p r o c e d u r e  w a s  r e p e a t e d  

s e v e r a l  t i m e s .  C r y s t a l l i s a t i o n  a t  2 4 8  K g a v e  t w o  d i f f e -  

r e n t  c r y s t a l  f o r m s ,  y i e l d  9 % .  C r y s t a l s  o f  b o t h  f o r m s  

w e r e  s e l e c t e d  s e p a r a t e l y  u n d e r  a m i c r o s c o p e  a n d  t h e n  

r e c r y s t a l l i z e d  f r o m  n - h e x a n e :  c i s  I a  m . p .  4 3 6  K ,  

t r a n s - I a  m.p .  457 K .  MS ( c i s -  a n d  t r a n s - I a  i d e n t i c a l )  

m / z  4 8 0 ( 1 0 0 % )  M + ,  4 8 1 ( 2 7 % )  M + + l ,  4 8 2 ( 1 2 % )  M++2, 4 1 1  

( 2 2 % )  M+-69(C4H7N) 3 1 8 ( 2 0 % )  M + - 9 3 - 6 9  (C6H50,  C 4 H 7 N )  , 
3 0 3 ( 2 4 % )  M+-93-84 (C H 0 ,  C4H8N2) I 1 4 7 ( 6 1 % )  ? ,  8 5 ( 5 6 % )  

C 4 H g N 2  I 7 0 ( 5 1 % )  C4H8N , 5 6 ( 4 1 % )  C4H8 . A n a l . :  t r a n s - I a  

C 4 9 . 8 9 % ( t h e o r .  4 9 . 9 9 % ) ,  H 5 . 4 2 % ( 5 . 4 5 ) ,  N 1 1 . 6 0 % ( 1 1 . 6 5 )  

c i s - I a  C 4 9 . 9 5 ,  H 5 . 5 6 ,  N 1 1 . 6 4 ,  S 1 3 . 3 0 % ( 1 3 . 3 4 ) ;  

3 0 8  ( 1 2 % )  Mt-2H , 8 6  ( 4 4 % )  C4Hl0N2+ , 85 
+ 

5 2 , 9 - D i p h e n o x y - 1  , 3 , 8  , 1 0 - t e t r a a z a - 2 h 5  , 9 h  - d i p h o s p h a -  

+ + 
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INORGANIC PHOSPHORUS-HYDRAZINE HETEROCYCLES 241 

IR (cm-l, solid in K B r )  trans-Ia (cis-Ia) : 2938s (2948~) 
2855w(2905w, 2855w), 1588s(1596s), 1488vs(1495vs) 
1198vs, 1190shoulder (1225shoulder, 1212vs), 1140s 
(1142s), 1965s(1098m), 1058s(1025s), 1005s, 939s, 921vs 
904s (934s, 916vs, 898s), 798vs, 773vs (791vs, 780vs), 
690m, 650s (745m, 690s, 638s). 

trans-2,9-0ioxo-2,9diphenoxy-1,3,8,10-tetraaza-2~ 5 , 
9h 5 -diphosphatricyclo[B .4 .0.03 '81tetradecane, 

C20H26N404P2 , trans-Ib : 7.60 g (0.036 mole) phenoxy- 
phosphoryldichloride in 200 mL abs. THF were given to a 
solution o f  11.16 g (0.036 mole) of the "dihydrazide" 
IIIb, 13.34 g (0.10 mole) anhydrous A1C13 and 16.6 g 
(0.12 mole) triehtylamine in 600 mL THF. The mixture 
was boiled under reflux for two days. After filtration 
under vacuum the solvent was removed together with 
excess triethylamine and other volatile products and 
th4esidue extracted with several portions o f  n-hexane 
and n-hexaneltoluene mixtures 1:l. Evaporation o f  the 
extraction solvent and recrystallisation from n-hexane 
gave colourless crystals m.p. 504 K ;  yield ca. 8 % .  

MS m/z 448(100%) M + ,  449(26%) M++1, 450(4%) p?++2, 85 
(5.8%), 77(4.9%), 43(5.6%). Anal.: C 53.29%(theor. 
53.57%), H 5.87%(5.85), N 12.30%(12.49). IR (cm-l, 
solid in K B r )  2968m, 2944s, 2924s, 2871m, 2854m, 1593s, 
1588s, 1488vs, 1441s, 1317s, 1273vs, 1220s, 1197vs, 
1162vs, 1144vs, 1101s, 1067vs, 1026vs, 923vs, 781vs, 
766s, 693vs, 586s, 520s, 490s, 470s. 

2,5-Diphenoxy-1,3,4,6-tetraaza-2h5,5A 5 -diphospha bi- 

c y c l o ~ 4 . 4 ~ d e c a n e - 2 , 5 - d i s u l f i d e ,  C16H20N402S2, IIa : 

1.73 g (0.02 mole) hexahydropyridazine in 100 mL THF 
and 4.54 g (0.02 mole) t h i o p h o s p h o r y l d i c h l o r i d e  in 
another 100 mL THF were dropped simultanously to a 
solution o f  4.1 mL ( 0 . 0 3  mole) triethylamine in 400 mL 
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248 U.ENGELHARDT and  B.STROMBURG 

a b s .  T H f  h e l d  a t  238 K .  A f t e r  5 h t r i e t h y l a m m o n i u m h y d r o -  

c h l o r i d e  was f i l t e r e d  and t h e  r e s u l t i n g  c l e a r  s o l u t i o n  

was d r o p p e d  t o  a s o l u t i o n  o f  1 . 5  g ( 0 . 0 4 7  m o l e )  o f  a b s .  

h y d r a z i n e  i n  200 mL THF d u r i n g  a p e r i o d  o f  5 h a t  

293 K .  A f t e r  f i l t r a t i o n  a n d  r e m o v a l  o f  v o l a t i l e s  a n d  

s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  a c o l o u r l e s s  o i l  r e m a i n e d  

t h a t  m a i n l y  c o n t a i n e d  t h e  m i x e d  " d i h y d r a z i d e "  : 

0 
S*p/N-NH 

and some I I I a  and  t r a c e s  o f  b i s ( h y d r a -  

z i d o )  t h i o p h o s p h o r i c  a c i d  p h e n y l e s t e r  . 
/ \  T h i s  o i l  was m i x e d  w i t h  400  mL THF and  PhO NH-NH2 

8 . 3  mL ( 0 . 0 5  m o l e )  t r i e t h y l a m i n e  and  

t h e n  r e a c t e d  d i r e c t l y  w i t h  4 .77  g ( 0 . 0 2 1  m o l e )  p h e n o x y -  

thiophosphoryldichloride i n  1 0 0  mL THF a t  328K f o r  t w o  

d a y s .  A f t e r  f i l t r a t i o n  and e v a p o r a t i o n  o f  t h e  s o l v e n t  

u n d e r  vacuum t h e  r e s i d u e  was e x t r a c t e d  w i t h  s e v e r a l  

100  m L  p o r t i o n s  o f  n - h e x a n e  and n - h e x a n e / t o l u e n e  1 : l  . 
The s o l v e n t  f r o m  t h e  comb ined  e x t r a c t s  was removed  

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

p r o d u t t s  w e r e  s e p a r a t e d  on  p r e p a r a t i v e  S i l i c a g e l -  

p l a t e s  ( S c h l e i c h e r & S c h u l l  DC G 1510 /LS254 ,  l m m  l a y e r )  

w i t h  a m i x t u r e  o f  T H F / C C 1 4  1 : 9  a s  e l u e n t .  Zones w i t h  

R f  0 .49 and  0 . 4 2  c o n t a i n i n g  t r a n s -  a n d  c i s - I I a  w e r e  

s m p p e d  o f f  t h e  p l a t e s  and  e x t r a c t e d  w i t h  C H C 1 3  

s e p a r a t e l y :  t r a n s - I I a  m.p. 364 K ,  y i e l d  860  mg = 8%; 

c i s - I I a  m.p .  352 K ,  y i e l d  500 mg = 5 . 9 % .  MS m / z  ( t r a n s -  

and c i s - I I a  i d e n t i c a l )  426 (100%)  M + ,  427 (23%)  M + + l ,  

428 (13%)  M++2, 85  (54%)  C4HgN2 . A n a l .  : t r a n s - I I a  

C 4 6 . 0 2 % ( t h e o r .  4 5 . 0 7 % ) ,  H 5 . 0 9 % ( 4 . 7 3 ) ,  N 1 2 . 0 4 % ( 1 3 . 1 4 )  

c i s - I I a  C 45.90%,H 5 .03%,  N 11 .92%.  I R  ( c m - l ,  s o l i d  i n  

KBr )  t r a n s - I I a  ( c i s - I I a ) :  3420 s h o u l d e r ,  3360m, 3250111 

(3420m, 3350111, 3250m) ,  3050w ( 3 0 5 0 ~ ) ~  2905m (2905m) ,  

2850111 (2850m) ,  1 5 9 0 v s  ( 1 5 8 8 ~ s ) ~  1 4 8 8 v s  ( 1 4 8 5  v s ) ,  

1 4 5 5 ~ ~  1442w, 1438  sh. (1450w,  1440w, 1438 s h . ) , 1 1 9 8 v s  

+ 
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( 1 1 9 8 v s ) ,  1 1 5 9 s  ( 1 1 5 8 s ) ,  102Dm,  1006w (1020m, 1002  s h . )  

9 3 8 v s ,  9 2 2 v s ,  8 9 8 s  ( 9 3 6 v s ,  9 2 1 v s ,  8 9 4 s ) ,  7 8 5 v s ,  7 6 6 v s  

( 7 8 0 v s ,  770 s h . ,  742 s h . ) ,  6 8 6 s ,  6 6 8 s  (705w,  6 8 6 s ,  

6 5 8 m ) .  
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