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Fluoro Compounds, Cycles 

The kinetically stable triazatriphosphorinyl 
and tetraazatetra-phosphorocinyl azides 3 and 4 
are prepared f rom the corresponding chlorides 1, 
2 with sodium azide. 3 and 4 react with phos-
phanes to yield the 25-diphosphazenes 5 a - d . B y 
the reaction of 1 or 2 with K C N the nitriles 6 
and 7 are formed. - The new compounds are 
characterized on the basis of I R and mass 
spectra. 

A m B e i s p i e l v o n P 3 N 3 F 5 N C O [1] u n d P 3 N 3 F 5 S 3 N 3 

[2] (3, N C O b z w . S 3 N 3 s t a t t N 3 ) k o n n t e n w i r z e i g e n , 
d a ß die c y c l i s c h e P 3 N 3 F 5 - G r u p p e e i n e n k i n e t i s c h 
s t a b i l i s i e r e n d e n E f f e k t a u f d ie S u b s t i t u e n t e n Iso-
c y a n a t u n d S 3 N 3 a u s ü b t . D i e s m a c h t s i c h d a d u r c h 
b e m e r k b a r , d a ß e l e k t r o p h i l e u n d n u c l e o p h i l e R e -
a g e n z i e n d i e s e V e r b i n d u n g e n e r h e b l i c h s c h w e r e r 
a t t a c k i e r e n k ö n n e n . 

U m dies V e r h a l t e n n ä h e r z u e r f o r s c h e n , h a b e n w i r 
U n t e r s u c h u n g e n z u r D a r s t e l l u n g v o n c y c l i s c h e n 
P h o s p h a z e n e n m i t A z i d s u b s t i t u e n t e n d u r c h g e f ü h r t . 
B e k a n n t l i c h b e s t e h t e i n d i r e k t e r Z u s a m m e n h a n g 
z w i s c h e n d e r k i n e t i s c h e n S t a b i l i t ä t u n d d e r P o l a r i -
t ä t d e r B i n d u n g e n in d e r A z i d g r u p p e . 

D a r s t e l l u n g u n d E i g e n s c h a f t e n der A z i d e 3 u n d 4 

M o n o a z i d o v e r b i n d u n g e n v o n C y c l o p h o s p h a z e n e n 
w a r e n b i s h e r n i c h t b e k a n n t . 3 u n d 4 l a s s e n s i c h s e h r 
e i n f a c h d u r c h n u c l e o p h i l e S u b s t i t u t i o n a u s d e n 
M o n o c h l o r v e r b i n d u n g e n 1 , 2 m i t N a t r i u m a z i d in 
A c e t o n a l s L ö s u n g s m i t t e l g e w i n n e n [3]. 

3 u n d 4 s i n d w a s s e r k l a r e F l ü s s i g k e i t e n , d i e o h n e 
Z e r s e t z u n g i m V a k u u m d e s t i l l i e r b a r s i n d . B e i T e s t -
v e r s u c h e n m i t g e r i n g e n M e n g e n (0,1 m l ) k o n n t e n 
w i r b e i m E r h i t z e n u n t e r N o r m a l d r u c k b is z u m Siede-
p u n k t k e i n e S t i c k s t o f f a b s p a l t u n g b e o b a c h t e n . A u c h 
b e i m B e s t r a h l e n m i t e i n e r U V - L a m p e e r f o l g t e k e i n e 
Z e r s e t z u n g . D e n n o c h s o l l t e m a n b e i m U m g a n g m i t 
3 u n d 4 v o r s i c h t i g sein, d e n n e i n k a t a l y t i s c h e r Zer-
fa l l , b e i s p i e l s w e i s e d u r c h S p u r e n v o n S c h w e r m e t a l -
len . k a n n n i c h t a u s g e s c h l o s s e n w e r d e n . 

D i e b e r e i t s v o n S t a u d i n g e r et al. [4] g e f u n d e n e 
U m s e t z u n g v o n A z i d e n m i t P h o s p h a n e n f ü h r t zu 
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A 5 - P h o s p h a z e n e n . W e n d e t m a n d i e s e n R e a k t i o n s t y p 
a u f 3 u n d 4 a n , so e r h ä l t m a n i n f a s t q u a n t i t a t i v e r 
A u s b e u t e 2 5 - D i p h o s p h a z e n e (5). 

D i e V e r b i n d u n g e n 5 a - c s ind f a r b l o s u n d u n z e r s e t z t 
i m V a k u u m d e s t i l l i e r b a r , 5 d ist e i n f a r b l o s e r F e s t -
k ö r p e r . D i e s e w e n i g e n B e i s p i e l e z e i g e n , d a ß s i c h 3 
u n d 4 z u m E i n f ü h r e n d e r A 5 - C y c l o p h o s p h a z e n g r u p -
p e n e i g n e n o d e r d a ß m a n d a m i t ä h n l i c h d e m T r i -
m e t h y l s i l y l a z i d v i e l f ä l t i g e A z i d r e a k t i o n e n d u r c h -
f ü h r e n k a n n . D e r e i n f a c h e Z u g a n g z u d e n A z i d e n 
v e r a n l a ß t e u n s , d i e S y n t h e s e v o n ^ - C y c l o p h o s p h a -
z e n e n m i t d e r P s e u d o h a l o g e n g r u p p e C y a n i d i n A n -
g r i f f z u n e h m e n . Ü b e r V e r t r e t e r d i e s e r V e r b i n d u n g s -
k l a s s e is t b i sher n i c h t s b e r i c h t e t w o r d e n . S i e s c h i e n e n 
u n s b e s o n d e r s i n t e r e s s a n t a ls p o t e n t i e l l e A u s g a n g s -
v e r b i n d u n g e n f ü r d ie S y n t h e s e n e u a r t i g e r P o l y -
m e r e r . 

W i r h a b e n die M o n o c h l o r v e r b i n d u n g e n 1 u n d 2 
m i t K a l i u m c y a n i d i n A c e t o n u m g e s e t z t u n d er-
h i e l t e n d a b e i u n t e r K a l i u m c h l o r i d a b s p a l t u n g d i e 
N i t r i l e 6 u n d 7. D i e s e s ind l e i c h t s u b l i m i e r b a r e F e s t -
k ö r p e r , die g e g e n W a s s e r w e i t g e h e n d s t a b i l s i n d . 
U n t e r s u c h u n g e n ü b e r d a s c h e m i s c h e V e r h a l t e n die-
ser V e r b i n d u n g e n s i n d i m G a n g e . 

I m I R - S p e k t r u m f i n d e t m a n f ü r 3 r a s ( N 3 ) b e i 2 1 8 5 
u n d f ü r 4 bei 2 1 8 0 c m - 1 . D i e s y m m e t r i s c h e A z i d -
s c h w i n g u n g w i r d v o n d e n P - N - S c h w i n g u n g e n ü b e r -
l a g e r t . D i e C N - V a l e n z s c h w i n g u n g i s t f ü r 6 u n d 7 
e r w a r t u n g s g e m ä ß i m I R - S p e k t r u m i n t e n s i t ä t s -
s c h w a c h , w ä h r e n d sie i m R a m a n - S p e k t r u m f ü r 6 b e i 
2230 u n d f ü r 7 be i 2220 c m " 1 l i e g t . 

E i n e n H i n w e i s a u f d i e k i n e t i s c h e S t a b i l i t ä t v o n 3 
u n d 4 w i e a u c h v o n 6 u n d 7 l i e f e r n d i e M a s s e n -
s p e k t r e n . M a n findet f ü r a l le V e r b i n d u n g e n d a s 
M o l e k ü l - I o n m i t r e l a t i v h o h e r I n t e n s i t ä t , t e i l w e i s e 
s o g a r a l s B a s i s - P e a k . 

E x p e r i m e n t e l l e s 

A l l e V e r s u c h e w u r d e n i n s o r g f ä l t i g g e t r o c k n e t e n 
u n d h e i ß z u s a m m e n g e s e t z t e n G e r ä t e n u n t e r A u s -
s c h l u ß v o n L u f t u n d F e u c h t i g k e i t i n t r o c k e n e r 
S t i c k s t o f f a t m o s p h ä r e d u r c h g e f ü h r t . 

! H - u n d 1 9 F - N M R - S p e k t r e n : V a r i a n - G e r ä t 
X L - 1 0 0 , (CH 3 ) 4 Si b z w . C F C 1 3 a ls i n n e r e r S t a n d a r d . -
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I R - S p e k t r e n : P e r k i n - E l m e r - S p e k t r o g r a p h 1 5 7 (Flüs-
s i g k e i t e n a l s k a p i l l a r e r F i l m , F e s t s t o f f e a l s N u j o l -
V e r r e i b u n g z w i s c h e n N a C l - P l a t t e n ) . — R a m a n -
S p e k t r e n : C o d e r g L R T 800 m i t S p e c t r a p h y s i c s 
A r g o n - L a s e r T y p 1 6 5 u n d E M I P h o t o m u l t i p l i e r 
9 7 8 9 O B ( C H 2 C 1 2 - L ö s u n g ) . - M a s s e n s p e k t r e n : 
V a r i a n - G e r ä t C H 7 (nur c h a r a k t e r i s t i s c h e F r a g m e n t -
I o n e n w e r d e n a n g e g e b e n ) . 

Darstellung der Verbindungen 3 und 4 
Z u e i n e r S u s p e n s i o n v o n N a N 3 i n A c e t o n w i r d die 

L ö s u n g d e r ä q u i m o l a r e n M e n g e d e s C h l o r i d s 1 o d e r 2 
i n A c e t o n g e t r o p f t u n d 1 6 h b e i R a u m t e m p . ge-
r ü h r t . N a c h A b f i l t r i e r e n d e s g e b i l d e t e n N a C l w i r d 
d a s L ö s u n g s m i t t e l u n t e r r e d u z i e r t e m D r u c k a b g e -
z o g e n u n d d e r R ü c k s t a n d ü b e r e i n e 3 0 - c m - F ü l l -
k ö r p e r k o l o n n e d e s t i l l i e r t . 

2.4.4.6.6-Pentafluor-1.3.5.2X^.4 -
triazatriphosphorin-2-ylazid 

3 : W a s s e r k l a r e F l ü s s i g k e i t , S d p . 5 3 °C/77 T o r r , 
A u s b e u t e 9 5 % . - I R ( k a p i l l a r ) : r N 3 2 1 8 5 , v ( P - N - P ) 
1280 cm-i. - MS: m/e = 272 (M+, 79%), 230 (P3N3F5, 
100). - 1 9 F - N M R (in S u b s t a n z ) : 6 = — 7 0 , 3 ( P F 2 ) , 

— 5 5 , 5 ( P F ) , J P , F ( P F 2 ) = 9 2 5 , J P < F ( P F ) = 880 H z . 

F 5 N 6 P 3 ( 2 7 1 , 9 ) 
B e r . F 3 4 , 9 2 N 30,90, 
G e f . F 3 4 , 9 N 30,9 . 

2.4.4.6.6.8.6-Heptafluor-1.3.5.7.2tf.4tf.6tf.8tf-
tetraazatetraphosphorocin-2-ylazid (4) 

W a s s e r k l a r e F l ü s s i g k e i t , S d p . 64 °C/40 T o r r , A u s -
b e u t e 6 5 % . - I R ( k a p i l l a r ) : V N S 2 1 8 0 v ( P - N - P ) 
1 4 5 0 c m - 1 . - M S : m / e = 3 5 5 ( M + , 4 8 % ) 3 1 3 P 4 N 4 F 7 , 

100). - 1 9 F - N M R ( C H 2 C 1 2 ) : <5 = — 6 9 , 3 ( P F 2 ) , — 5 3 , 5 
( P F ) , J P , F ( P F 2 ) = 8 5 0 J P , F ( P F ) = 8 7 0 H z . 

F 7 N 7 P 4 (354,9) 

B e r . F 3 7 , 4 7 N 2 7 , 6 2 . 
G e f . F 3 7 , 8 N 2 7 , 8 . 

Darstellung der Verbindungen 5 a-c 
B e i m Z u t r o p f e n v o n P [ N ( C H 3 ) 2 ] 3 b z w . P ( O C H 3 ) 3 

i n E t h e r z u e i n e r ä q u i m o l a r e n L ö s u n g v o n 3 b z w . 4 
i n E t h e r w i r d a n e i n e m B l a s e n z ä h l e r l e b h a f t e G a s -
e n t w i c k l u n g b e o b a c h t e t . N a c h B e e n d i g u n g d e r 
R e a k t i o n w i r d d a s L ö s u n g s m i t t e l a b g e z o g e n u n d 
d e r f a r b l o s e , flüssige R ü c k s t a n d i . V a k . d e s t i l l i e r t . 

2.4.4.6.6-Pentafluor-N-[ tris( dimethylamino ) -
phosphoranylidenf- 1.3.5.2 Xb.4X5.6X5-triazatriphos -
phorin-2-amin (3 a) 

K l a r e F l ü s s i g k e i t , S d p . 98 °C,/0,01 T o r r , A u s b e u t e 
9 3 % . - M S : m/e = 407 (M+. 2 7 % ) , 3 1 9 ( M + - 2 N ( C H 3 ) 2 

100). - i H - N M R : ( C H 2 C 1 2 ) : <5 = 2 ,67 , J P , H = 10 H z . 
- 1 9 F - N M R ( C H 2 C 1 2 ) : d = — 7 0 , 0 ( P F 2 ) , — 4 4 , 7 ( P F ) , 

P , F ( P F 2 ) = 7 7 0 , J P , F ( P F ) = 8 3 0 H z . 

C 6 H 1 8 F 5 N 7 P 4 ( 4 0 7 , 1 ) 

B e r . C 1 7 , 7 0 H 4 , 4 5 F 23 ,33 N 24,08, 
G e f . C 1 7 , 7 H 4 , 3 F 23 ,4 N 23,9. 

2.4.4.6.6-Pentafluor-N- (trimethoxyphosphor -
anyl iden ) -1.3.5.2 ?.5.4 .6 /ß-triazatriphosphorin -
2-amin (5 b) 

K l a r e F l ü s s i g k e i t , S d p . 7 0 - 7 2 °C/0,01 T o r r , A u s -
b e u t e 9 6 % . - M S : m/e = 368 (M+, 9 5 % ) , 3 2 2 
( M + - O C H 3 C H 3 , 1 0 0 ) . - i H - N M R ( C H 2 C 1 2 ) : <5 = 3 ,83, 
J P H = 1 2 H z . - 1 9 F - N M R ( C H 2 C 1 2 ) : ö = — 6 9 , 8 
( P F 2 ) , — 4 7 , 1 ( P F ) , J P , F ( P F 2 ) = 860. J P , F ( P F ) = 
890 H z . 

C 3 H 9 F 5 N 4 0 3 P 4 ( 3 6 8 , 0 ) 

B e r . C 9 , 7 9 H 2 , 4 6 F 2 5 . 8 1 N 1 5 , 2 2 P 3 3 , 6 6 , 
G e f . C 9 , 8 H 2 , 4 F 2 6 , 0 N 1 5 , 2 P 3 3 , 6 . 

2.4.4.6.6.8.8-Heptafluor-N- (tr imethoxyphosphor-
anyliden )-1.3.5.7.2 X5.4 X5.6X5.8 X5-tetraazatetra-
phosphorocin-2-amin (5 c) 

K l a r e F l ü s s i g k e i t , S d p . 9 7 - 9 8 °C/0,01 T o r r , A u s -
b e u t e 9 5 % . - M S : m/e = 4 5 1 (M+, 1 0 0 % ) . -
i H - N M R ( C H 2 C 1 2 ) : <5 = 3.38, JF H 1 2 H z . -
1 9 F - N M R ( C H 2 C 1 2 ) : <5 = — 6 9 , 4 ( P F 2 ) , — 4 6 , 8 ( P F ) , 

J P , F ( P F 2 ) = 8 4 0 , J P . F ( P F ) = 8 1 0 H z . 

C 3 H 9 F 7 N 5 0 3 P 5 (450,9) 
B e r . C 7 . 9 9 H 2 , 0 1 F 2 9 , 4 9 N 1 5 , 5 3 P 3 4 . 3 4 , 
G e f . C 8 , l H 2 , 0 F 2 9 , 5 N 1 5 , 5 P 3 4 , 5 . 

2.4.4.6,6.8.8-Heptafluor-N- (triphenylphosphor-
anyliden J-l.3.5.7.2 a5.4 A5. 6\5.8 Xb-tetraazatetra-
phosphorocin-2-amin (5d) 

E i n e L ö s u n g v o n 4 i n E t h e r w i r d z u e i n e r ä q u i -
m o l a r e n L ö s u n g v o n P(CeH5)3 i n E t h e r g e t r o p f t . 
N a c h B e e n d i g u n g d e r G a s e n t w i c k l u n g w i r d d a s 
L ö s u n g s m i t t e l i . V a k . a b g e z o g e n u n d d e r f a r b l o s e , 
f e s t e R ü c k s t a n d a u s P e t r o l e t h e r u m k r i s t a l l i s i e r t . 
S c h m p . 104 °C, A u s b e u t e 8 7 % . - M S : m/e = 5 8 9 
(M+, 1 0 0 % ) . - i H - N M R ( C H 2 C 1 2 ) : «5 = 7 ,60. -
1 9 F - N M R ( C H 2 C 1 2 ) : d = — 6 9 , 0 ( P F 2 ) , — 4 2 , 8 ( P F ) , 

< / P , F ( P F 2 ) = 8 5 0 , J ( P , F P F ) = 8 1 0 H z . 

C 1 8 H I 5 F 7 N 5 P 5 (589,2) 
B e r . C 3 6 , 6 9 H 2 , 5 7 N 1 1 , 8 8 P 26,28, 
G e f . C 3 7 , 0 H 2 ,6 N 1 1 , 8 P 26,0. 

Darstellung der Verbindung 6 und 7 
Z u e i n e r S u s p e n s i o n v o n K C N i n A c e t o n w i r d d i e 

L ö s u n g d e r ä q u i m o l a r e n M e n g e d e s C h l o r i d s 1 o d e r 2 
i n A c e t o n g e t r o p f t u n d 1 6 h b e i R a u m t e m p . g e r ü h r t . 
D a n a c h w e r d e n d i e flüchtigen B e s t a n d t e i l e i . Öl-
p u m p e n v a k . i n e i n e K ü h l f a l l e g e z o g e n . V o m F a l l e n -
i n h a l t w i r d d a s L ö s u n g s m i t t e l b e i N o r m a l d r u c k 
l a n g s a m ü b e r e i n e K o l o n n e a b d e s t i l l i e r t u n d d e r 
R ü c k s t a n d b e i r e d u z i e r t e m D r u c k (200 T o r r ) u n d 
R a u m t e m p . s u b l i m i e r t . 

2.4.4.6.6-Pentafluor-l .3.5.2 A5.4 X5.6 ?.5-triazatri-
phosphorin-2-carbonitril (6) 

F a r b l o s e K r i s t a l l e , S c h m p . 6 5 °C, A u s b e u t e 2 0 % . 
- I R ( N u j o l ) : r C N 2230, i > ( P - N - P ) 1 2 8 0 c m - i . _ 
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R a m a n (CH2C12): f C N = 2230 cm-i . - MS : m/e = 256 
(M+ 100%). - 1 9 F - N M R (CH2C12): ö = —68,7 (PF2) 
—46 ,3 (PF), J P ,F (PF 2 ) = 910, J P , F ( P F ) = 910 Hz. 

CF5N4P3 (255,9) 
Ber. C 4,69 F 37,11 N 21.89, 
Gef. C 4,7 F 36,8 N 2 1 , 9 . 

2.4.4.6.6.8.8-Heptafluor-l .3.5.7.2 X5.4 .6 ?£.8 
tetraazatetraphosphorocin-2-carbonitril (7) 

Farblose Kristal le , Schmp. 43 °C, Ausbeute 5 5 % . 
- I R (Nujol) : vCN 2220, v ( P - N - P ) 1425 cm-i . -

MS: m/e = 339 (M+, 100%). - 1 9 F - N M R (CH2C12): 
D = —69,7 (PF2), —48,7 (PF), J P . F (PF 2 ) = 850. 
JP.F(PF) = 880 Hz. 

CF7N5P4 (338,9) 
Ber. C 3,54 F 39,24 N 20,66, 
Gef. C 3,5 F 39,6 N 20,7. 
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