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NEW DIALKYLAMINO DERIVATIVES OF TRIVALENT PHOSPHORUS 

R .  B .  K I N G ,  N .  D .  SADANANI, P.M. SUNDARAM 
Depar tmen t  o f  C h e m i s t r y ,  U n i v e r s i t y  of  G e o r g i a ,  A t h e n s ,  

G e o r g i a  30602,  U. S .  A .  

A b s t r a c t  Recen t  d e v e l o p m e n t s  i n  t h e  c h e m i s t r y  o f  
(R2N)2PH, (R2N)(R'O)PH, (R2N)4Ph1 and R2NP(Cl)-P(Cl)NR2 
d e r i v a t i v e s  a r e  d i s c u s s e d .  

P r p v i o u s  s t u d i e s 1  on c y c l i c  d e r i v a t i v e s  of  t h e  type  (R2N)2PH 

h a v r  u s e d  t h e  r e a c t i o n  o f  nBu3SnH w i t h  t h e  c o r r e s p o n d i n g  (R2N)2PC1 

d e r i v a t i v e  f o r  t h e i r  s y n t h e s i s .  We h a v e  now found t h a t  t r e a t m e n t  

o f  (R2N)2PC1 d e r i v a t i v e s  w i t h  LiAlHqin  d i e  t h y l  e t h e r  i n  some cases  

can  y i e l d  the  C o r r e s p o n d i n g  (R2N)2PH d e r i v a t i v e s  and w e  have  u s e d  

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

(R2N)zPH d e r i v a t i v e s .  The c o u r s e  o f  t h i s  r e a c t i o n  a p p e a r s  t o  be 

v e r y  d e p c n d e n t  upon t h e  s i z e  o f  t h e  R2N g r o u p .  Thus  t h e  r e d u c t i o n  

o f  ( iPr2N)2PC1 w i t h  LiAlH4 i n  d i e t h y l  e t h e r  g i v e s  a 60-70% y i e l d  

o f  ( iPr2N)2PH,  m.p. 24-25OC, b . p .  58-59°C/0.2mm., I R W ( P H ) :  

2225cm.-l; 31P NMR:642.1 

G C / M S  f o r  t h e  f o r m a t i o n  o f  any ( i P r 2 N l 3 P .  An a n a l o g o u s  r e a c t i o n  o f  

(EtZN)2PCl w i t h  LiAlH4 g i v e s  a m i x t u r e  o f  (Et2N)3P and (Et2Nl2PH 

from which  p u r e  (Et2N)zPH can  be  s e p a r a t e d  i n  30% y i e l d  by vacuum 

d i s t i l l a t i o n  a s  a v e r y  a i r - s e n s i t i v e  l i q u i d ,  b . p .  50-55°C/1.2mm., 

( I J p ~ = 2 5 4  H z . ) ,  w i t h  n o  e v i d e n c e  by  

I R W  ( P H I :  2272cm.-1; 3 1 ~  N M R :  6 7 6 . 3  ( 1 J p ~ = 2 5 9  ~ 2 . 1 .  ~n a n a l o g o u s  

r e a c t i o n  o f  (Me2NI2PC1 w i t h  LiAlHh g i v e s  o n l y  (Me2N)3P i n  n e a r l y  

q u a n t i t a t i v e  y i e l d  w i t h  no  e v i d e n c p  ( e v e n  by GC/MS) f o r  t h e  forma- 

t i o n  o f  any (Me2N)2PH a s  an  i s o l a b l e  p r o d u c t .  

T h i s  s y n t h e t i c  a p p r o a c h  can  a l s o  be  u s e d  t o  p r e p a r e  c y c l i c  

(R2N)2PH d e r i v a t i v e s  s i m i l a r  t o  t h e  p r e v i o u s l y 1  r e p o r t e d  compounds.  

Thus r e d u c t i o n  o f  (CH2)n(NCMe3)2PC1 w i t h  LiAlH4 i n  d i e  t h y l  e t h e r  

o r  t e  t r a h y d r o f u r a n  g i v e s  50-60% y i e l d s  o f  t h e  c o r r e s p o n d i n g  P-H 
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compounds ( C H Z ) ~ ( N C M ~ ~ ) ~ P H ( T : ~ = ~  and 3 ;  R = t e r t - b u t y l ) .  However ,  

t h i s  r e a c t i o n  R 

I 

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

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

(CH2)2(NMe)2PC1 w i t h  LiAlH4 unde r  s i m i l a r  c o n d i t i o n s  f a i l e d  t o  

g i v e  any e v i d e n c e  by 31P NMR f o r  t h e  f o r m a t i o n  o f  t h e  c o r r e s p o n d -  

i n g  P-H d e r i v a t i v e  I ( n = 2 ,  R-methyl ) .  

The d i i s o p r o p y l a m i n o  g r o u p s  i n  ( iPrzN)2PH a p p e a r  t o  b e  s u s -  

c e p t i b l e  towards  a l c o h o l y s i s  w i t h o u t  d e s t r u c t i o n  o f  t h e  P-H bond .  

T h u s  t r e a t m e n t  o f  ( iPrZN)2PN w i t h  me thano l  i n  t o l u e n e  o r  p e n t a n e  

s o l u t i o n  a p p e a r s  t o  form s u c c e s s i v e l y  (iPrzN)(MeO)PH (31P NMR: 

6 1 0 6 . 5 ,  ' J p ~ ' 2 4 4  H z . )  and (Me0)ZPH (31P NMR: 6 1 7 2 . 0 ,  l J p ~ = 1 9 5  Hz.) 

as  i n d i c a t e d  by t h e  31P NMR s p e c t r u m  o f  t h e  c r u d e  r e a c t i o n  mix-  

t u r e .  D i s t i l l a t i o n  of  t h e  r e a c t i o n  m i x t u r e  r e s u l t s  i n  decomposi -  

t i o n  o f  t he  (Me0)2PH b u t  a l l o w s  i s o l a t i o n  of  t h e  (iPrZN)(MeO)PH 

a s  a v e r y  a i r - s e n s i t i v e  l i q u i d ,  b . p .  34-36OC/2.5-2.6mm., which  

g i v e s  a c o r r e c t  GC/MS. Analogous  r e a c t i o n s  o f  ( iPr2N)ZPH w i t h  

e t h a n o l ,  i s o p r o p a n o l ,  and ter t - b u t a n o l  a l s o  g i v e  t h e  c o r r e s p o n d i n g  

( iP r2N) (R 'O)PH and (R '0 )2PH d e r i v a t i v e s  ( R '  = e t h y l ,  i s o p r o p y l ,  

t e r t - b u t y l )  i d e n t i f i e d  by t h e i r  31P NMR s p e c t r a .  I n  e a c h  c a s e  t h e  

( iPr2N)(R 'O)PH d e r i v a t i v e  c a n  be i s o l a t e d  by vacuum d i s t i l l a t i o n  

a s  a l i q u i d  which  r a p i d l y  t u r n s  brown upon e x p o s u r e  t o  a i r  and  

which  g i v e s  the  c o r r e c t  mass  s p e c t r u m .  

P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e  t h a t  i n  some c a s e s  t h e  

(R2N)zPH d e r i v a t i v e s  are  u s e f u l  r e a g e n t s  f o r  t h e  p r e p a r a t i o n  o f  

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

a c t i o n  o f  (Et2N)zPH w i t h  (Et2N)2PCH=CH2 i n  b o i l i n g  t e t r a h y d r o f u r a n  

fo r  9 d a y s  i n  t h e  p r e s e n c e  of  p o t a s s i u m  h y d r i d e  g i v e s  a 75% y i e l d  
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o f  l i q u i d  (Et2N)2PCH2CH2P(NEt2)2, b . p .  135-140°C/0.005-O.O25mm., 

31P NMR: 6 9 1 . 1 .  However, a c o r r e s p o n d i n g  r e a c t i o n  of  t h e  more 

s t e r i c a l l y  h i n d e r e d  ( iPr2N)zPH w i t h  (iPr2N)ZPCH=CH2 u s i n g  e i t h e r  

KH a t  t e m p e r a t u r e s  up  t o  100°C o r  azobis(isobutyronitri1e) a t  

t e m p e r a t u r e s  u p  t o  1 6 O O C  d o e s  n o t  g i v e  t h e  c o r r e s p o n d i n g  a d d u c t  

( i P r 2 N ) 2 P C H 2 C H 2 P ( N - - i P r 2 ) 2  t h e r e b y  i n d i c a t i n g  t h e  s i g n i f i c a n c e  o f  

s t e r i c  f a c t o r s  i n  t h i s  r e a c t i o n .  

O t h e r  c h e m i s t r y  o f  ( iPr2N)zPH r e l a t e s  t o  t h e  a p p a r e n t  d i f f i -  

c u l t y  o f  i t s  d e p r o t o n a t i o n  t o  form t h e  ( iP r2N)2P-  a n i o n .  Thus  

a t t e m p t e d  m e t a l l a t i o n  o f  ( iPr2Nl2PH w i t h  n - b u t y l l i t h i u m  i n  t e t r a -  

h y d r o f u r a n  f o l l o w e d  by a d d i t i o n  o f  m e t h y l  i o d i d e  f a i l e d  t o  g i v e  

any e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  ( iPr2Nl2PMe t h e r e b y  s u g g e s t i n g  

t h a t  t h e  l i t h i u m  d e r i v a t i v e  ( i P r 2 N l 2 P L i  i s  n o t  formed f rom t h e  

r e a c t i o n  o f  ( iPr2N)ZPH w i t h  b u t y l l i t h i u m .  Al so  r e a c t i o n  of 

( iP r2N)zPCl  w i t h  p o t a s s i u m  m e t a l  i n  b o i l i n g  te t r a h y d r o f u r a n  f a i l e d  

t o  g i v e  any ( iPrZNl2PK a s  i n d i c a t e d  by  t h e  f a i l u r e  t o  o b t a i n  any 

(iPr2N)2PMe a f t e r  q u e n c h i n g  t h e  r e a c t i o n  m i x t u r e  w i t h  e x c e s s  

m e  t h y 1  i o d i d e .  

The r e a c t i o n s  o f  R2NPC12 w i t h  magnesium c a n  b e  u s e d  f o r  syn-  

t h e s e s  o f  t h e  c y c l o t e  t r a p h o s p h i n e s  (R2N)qPq and t h e  b i p h o s p h i n e s  

R2NP(Cl)-P(Cl)NR2. Again t h i s  c h e m i s t r y  a p p e a r s  t o  r e q u i r e  a r e l -  

a t i v e l y  l a r g e  R2N g r o u p  s u c h  a s  d i i s o p r o p y l a m i n o . 2  Thus  b o i l i n g  a 

m i x t u r e  o f  iPr2NPC12 and magnesium m e t a l  i n  a 1 : 1 . 5  mole r a t i o  i n  

b o i l i n g  te t r a h y d r o f u r a n  f o l l o w e d  by  h y d r o l y s i s  w i t h  c o n c e n t r a t e d  

aqueous  t e t r a s o d i u m  EDTA g i v e s  a 40-57% y i e l d  o f  w h i t e  v o l a t i l e  

( i P r 2 N ) q P q ,  m.p.  197-198OC, s u b l i m e s  140°C/0.025mm., NMR: 

6 1 8 . 7 .  For  t h e  p r e p a r a t i o n  o f  iP rzNP(Cl ) -P (Cl )N- iP r2  a l o w e r  

Mg/iPr2NPC12 r a t i o  i s  u s e d  and h y d r o l y s i s  i s  a v o i d e d .  Thus re -  

a c t i o n  o f  iPrZNPC12 w i t h  magnesium i n  a 2:l mole  r a t i o  i n  b o i l i n g  

t e t r a h y d r o f u r a n  f o r  24 h r .  f o l l o w e d  by  removal  o f  t h e  s o l v e n t  and 

low t e m p e r a t u r e  c r y s t a l l i z a t i o n  from p e n t a n e  g i v e s  u p  t o  40% o f  

w h i t e  iPrZNP(Cl) -P(Cl)N- ;Pr2 ,  m.p.  9O-9l0C, 31P NMR: 6 1 2 7 . 7 .  Simi-  
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l a r  r e a c t i o n s  of  Me2NPCl2 and EtzNl’C12 w i t h  magnesium f a i l e d  to 

g i v e  the co r re spond ing  (R2N)qPq o r  R2NP(Cl)-P(Cl)NR2 d e r i v a t i v e s  

and i n s t e a d  gave o n l y  i l l - d e f i n e d  a i r - s e n s i t i v e  y e l l o w  polymeric  

s o l i d s  and the c o r r e s p o n d i n g  (R2N)3P d e r i v a t i v e s .  

R. B. KING. N. D .  SADANANI. P. M. SUNDARAM 

The l a r g e  d i i s o p r o p y l a m i n o  groups i n  (iPr2N)qPq appea r  t o  

s h i e l d  the  P4 r i n g  from many chemical  r e a c t i o n s  t h a t  are cha rac -  

t e r i s  t i c  of  R4P4 cyc lopo l  yphosphines  c o n t a i n i n g  phosphorus-c arbon 

bonds .3  Thus (iPr2N)4P4 i s  u n r e a c t i v e  towards oxygen and i s  n o t  

conve r t ed  to  a n i o n i c  d e r i v a t i v e s  w i t h  po ta s s ium m e t a l  i n  b o i l i n g  

te t r a h y d r o f u r a n  a s  i n d i c a t e d  by thc: 31P NMR spec  trum. Fur the rmore ,  

( iPr2N)qPq appea r s  t o  be r e l a t i v e l y  un rcac  t i v e  towards me ta l  c a r -  

bony l s  a l though  t h e r e  i s  some i n f r a r e d  v(C0) s p e c t r o s c o p i c  e v i -  

dence f o r  the fo rma t ion  of  cis-L2Mo(CO)4 and LFe(C0)b d e r i v a t i v e s  

from i t s  r e a c t i o n s  w i t h  Mo(C0)6 ( b o i l i n g  me thy lcyc lohexane )  and 

FeZ(C0)g ( b o i l i n g  d i e t h y l  e t h e r ) ,  r e s p e c t i v e l y .  Reac t ion  o f  

( iPr2N)qPq w i t h  e x c e s s  s u l f u r  i n  b o i l i n g  benzene g i v e s  w h i t e  

c r y s t a l l i n e  (iPrzNPS2)2, m.p.  l18-120°C, s i m i l a r  t o  the r e p o r t e d 4  

r e a c t i o n  o f  (Mc3C)4P4 wi th  s u l f u r  to  g i v e  Lhe co r re spond ing  

(Me3CPS2)z. Hydrogen c h l o r i d e ,  b rominr ,  and i o d i n e  appear  t o  

c l e a v e  the P4 r i n g  i n  (iPr2N)qPq a t  room t empera tu re  o r  below 

form the  co r re spond ing  iPr2NPX2 (X=Cl, B r ,  and I> d e r i v a t i v e s  
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