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NEUTRAL SIX-COORDINATE FLUORO-PHOSPHORUS COMPOUNDS 

RONALD G. CAVELL AND LARRY VANDE GRIEND 
Depar tment  of Chemis t ry ,  U n i v e r s i t y  of Alberta, 
Edmonton, Alberta,  Canada T6G 2G2 

Abstract  Three  new s i x - c o o r d i n a t e  t r i f  l u o r o m e t h y l f  l u o r o -  
phosphorus  ca rhamates  F4-n (CF3 1 .P02CN (CH3 1 (n  = 1 2 , 3) h a v e  
been  prepared by r e a c t i o n  of t r i m e t h y l s i l y l c a r b a m a t e  w i t h  the 
appropriate f l uo rophosphorane .  A l l  p r o d u c t s  appear t o  be s i x -  
c o o r d i n a t e  as i n d i c a t e d  by c h a r a c t e r i s t i c  h i g h  f i e l d  3 1 ~  mr 
c h e m i c a l  s h i f t s  and i n  some cases are f l u x i o n a l .  Two isomers 
are  obse rved  i n  the nmr spectra of the compound w i t h  n = 1 .  
Only one s t r u c t u r e  is formed i n  the n = 2 and 3 cases. The 
c r y s t a l  and  m o l e c u l a r  s t r u c t u r e  of F(CF3)3P02CN(CH3)2 r e v e a l e d  a 
s i x - c o o r d i n a t e  s t r u c t u r e  w i t h  t h e  u n i q u e  F i n  t h e  p l a n e  
c o n t a i n i n g  t h e  che  l a t e d  carbama te  . 

Only a few n e u t r a l  s i x - c o o r d i n a t e  compounds o f  phosphorus  a re  

known, some of which have  been s t r u c t u r a l l y  c h a r a c t e r i z e d . " 2  

Fo l lowing  o u r  i n i t i a l  s y n t h e s i s 3  by means of " i n s e r t i o n "  of CE2 (E = 

0, S )  i n t o  t h e  P-N bond o f  cH3(CF3)3PN(CH3)24 and  f u r t h e r  s t u d y  of 

t h e  r e a c t i o n  pa thwayI5  we d e v e l o p e d  a g e n e r a l l y  u s e f u l  method for 

s y n t h e s i s  of f l u o r o p h o s p h o r u s  carbamates by means of the r e a c t i o n  of 

t r i m e t h y l s i l y l c a r b a m a t e  w i t h  a phosphorus  ( V )  h a l i d e .  I n  the case o f  

t h e  t r i f  l uo romethy l f  l u o r o p h o s p h o r a n e s  (CF3 )nPF5-n ( n  = 1 , 2 , 3) , 
1 ) ,  r e a c t i o n s  p roceeded  smoo th ly  i n  e v a c u a t e d  s e a l e d  t u b e s  a t  

modera t e  t e m p e r a t u r e s  t o  g i v e  t h r e e  new, monocarbamato d e r i v a t i v e s  

(I, n = l ) ,  (11, n=2), and (111, n=3)  i n  good y i e l d .  A l l  of  the 

(eq 

(CF3)nPF5-n + (CH3)3Si02CN(CH3)2 .. 
F4-n(CF3)nP02CN(CH3)2 + (CH3I3SiF ( 1  1 

compounds are c r y s t a l l i n e  s o l i d s  [m.p.: I (58O), I1 ( 9 7 O )  and 111 

( 6 1 ° ) ]  w i t h  h i g h - f i e l d  31P nmr c h e m i c a l  s h i f t s  ( 1 3 5  t o  149 ppm vs 

H3PO4) i n d i c a t i v e  of a s i x - c o o r d i n a t e  phosphorus  c e n t r e .  
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The "F (and 31P) nmr spectra  of (I) i nd ica t e  t h a t  it is flux- 

ional  a t  ordinary temperatures as was the f i r s t  carbamate t h a t  w e  

synthesised, C H ~ ( C F ~ ) ~ P O ~ C N ( C H ~ ) ~ . ~  

s t ruc tu res  of I are  v i s i b l e  i n  the nmr spectra i n  2:l r e l a t i v e  

proportions. 

of a six-coordinate phosphorus carbamate thus the two species are 

assigned t o  the two possible geometrical isomers A and B 

A t  250°K, two isomeric 

Each shows the c h a r a c t e r i s t i c  nmr s p e c t r a l  propert ies  

F 

F 

I - A  

Principal  nmr spec t r a l  parameters a r e  given i n  the table .  Using t h e  

c r y s t a l  s t ruc tu re  of I11 as  a guide, we can associate  high f i e l d  

f luo r ine  atom s h i f t s  with "equatorial" posit ioning and speculat ively 

propose t h a t  the dominant isomer is I - B .  

Compound 11 shows a f i r s t  order spectrum a t  a l l  temperatures 

suggesting tha t  only one isomer e x i s t s  (although here three a re  

possible) or t h a t  the compound is s t i l l  f luxional  a t  the lowest 

temperature yet 

F 

investigated (223O K). 

11 - A  11-6 11-c 

We presently favour the in t e rp re t a t ion  of the spectrum i n  terms of 

one unique s t r u c t u r e  because ( a )  there  is no evidence of l i n e  

broadening a t  the lowest temperature i n  the nmr spectra  and ( b )  the 

generally f a c i l e  resolut ion of the f luxional  behaviour of a l l  the 
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P r i n c i p a l  NMR S p e c t r a l  Pa rame te r s  f o r  the Carbamates 

1 2 

(Hz) ( H z )  

'31 pa @CF3 $Fb JPF JPCF 
b C ompou nd 

~ 

I -B  ( 2 )  145 .O 145.0 

69.7 85.1d 954.0d 

58.ge 830.7e 

I - A  ( 1 )  133.9 70.4 155.6 

84.0d 921 .gd 

59. 6e 936.3e 

I1 146.0f 70 .Og 164.3 

90.9h 1057.2 

IIIi 148.5 69.1 ( 1  ) d  97. gd 

68.8 ( 2 )e  103.7 99.74 141 .5e 

ppm VS 85% H 3 P O 4 , . y s i t i v e  v a l u e s  t o  h igh  f i e l d .  
ppm vs CFC13, p o s i t i v e  va lues  t o  h igh  f i e l d .  
NMR parameters o b t a i n e d  a t  -30' e x c e p t  where noted o t h e r w i s e .  
" e q u a t o r i a l "  ( i .e. , i n  same p l a n e  a s  t h e  carbamate l i g a n d )  . 
" a x i a l "  (i.e. , p e r p e n d i c u l a r  t o  the carbamate-phosphorus p l a n e  1. 
T r i p l e t  of s e p t e t s  a t  30°, a l s o  t r i p l e t  of s e p t e t s  a t  -50'. 
A t  +32' a d o u b l e t  of t r i p l e t s ,  same a t  -50 ' .  
A t  +32' a broad d o u b l e t ,  a d o u b l e t  of s e p t e t s  from +loo to  -50'. 
19F nmr s h i f t s  o b t a i n e d  a t  -5OOC. 
(T: 7.19, 7.211, a s i n g l e t  a t  +32O. 
g i v e s  J v a l u e s .  R e l .  i n t e n s i t y  i n  b r a c k e t s .  

' H  is a d o u b l e t  a t  -40' 
31P ( o b t a i n e d  a t  -50') 

o t h e r  compounds i n  t h e  system a t  t e m p e r a t u r e s  no lower t h a n  250'K. 

The pa rame te r s  ( t a b l e )  s u g g e s t  that  t h e  s p e c i e s  is isomer 1 1 - B  with 

F atoms c is  to  each o t h e r  i n  t h e  p l a n e  of t h e  carbamate l i g a n d .  The 

s t a t i c  spectrum of 11-C w e  t h i n k  is  l i k e l y  t o  be second o r d e r .  

The t h i r d  compound, 111, which can  form t w o  isomers ( 1 1 1 - A  and 

1 1 1 - B ) ,  i s  a l s o  f l u x i o n a l  a t  normal probe t empera tu res  b u t  a t  

t empera tu res  of the o r d e r  of -40 t o  -6OoC, t h e  f l u x i o n a l i t y  has  

ceased  and t h e  19F and 31P nmr s p e c t r a  can be i n t e r p r e t e d  on a f i r s t  

o r d e r  basis i n  terms of s t r u c t u r e  1x1-B. The p r o x i m i t y  of CF3 
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c h e m i c a l  s h i f t s  y i e l d s  an  a c c i d e n t a l  c o i n c i d e n c e  i n  the s p e c t r u m  

which is however s e p a r a b l e  a t  376.5 MHz. Although t h e  19F and  31P 

111 - A I11 ~ 6 

spectra s u g g e s t  t h a t  o n l y  one  isomer is  p r e s e n t ,  t h e  p r e s e n c e  of t w o  

p r o t o n  s i g n a l s  a t  -4OOC s u g g e s t s  t h a t  b o t h  isomers may be p r e s e n t  i n  

a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s .  An e q u a l l y  v iab le  a l t e r n a t i v e  i s  

t h e  a s s ignmen t  of the t w o  p r o t o n  s i g n a l s  i n  isomer B to  t h e  c is  and 

t r a n s  o r i e n t e d  ( w i t h  respect t o  t h e  f l u o r i n e  i n  t h e  p l a n e )  CH3 g r o u p s .  

An X-ray s t r u c t u r a l  d e t e r m i n a t i o n  of a s i n g l e  c r y s t a l  of I11 

r e v e a l e d  t h e  s i x - c o o r d i n a t e  s t r u c t u r e  w i t h  a c h e l a t e d  carbamate 

h a v i n g  the isomeric s t r u c t u r e  1 1 1 - B .  The p r i n c i p a l  bond l e n g t h s  

are:  

"Axia l "  P-C and " e q u a t o r i a l "  P-C d i s t a n c e s  ( a v .  P-C(F) ,  1 .914)  are 

n o t  s t a t i s t i c a l l y  d i s t i n g u i s h a b l e .  

n e a r l y  l i n e a r  (tCPC = 170.9O). The d i s t o r t i o n  from l i n e a r i t y  is 

j u s t  a l i t t l e  larger t h a n  i n  t h e  me thy l   arba am ate.^ 
m e t h y l  carbamate3 t h e  carbamato l i g a n d ,  P, the u n i q u e  F and t h e  

ca rbon  of one CF3 are e s s e n t i a l l y  c o p l a n a r .  T h i s  s t r u c t u r e  s u p p o r t s  

t h e  i n e q u i v a l e n t  env i ronmen t s  of 1 1 1 - B  as the s o u r c e  of the t w o  

p r o t o n  s i g n a l s .  

( i n  A )  P-F, 1.590; P-Otrans(F), 1.778; P-O,is(F), 1.832. 

The " a x i a l "  CF3 g roups  are 
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