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NEW CAVITY-CONTAINING CYCLOPHOSPH(II1)AZANES 

ARLAN D. NORMAN*, ELIZABETH G. BENT, R. CURTIS HALTIWANGER, 
AND TIMOTHY R. PROUT 
Department of Chemistry and B iochemis t ry ,  
U n i v e r s i t y  of Colorado, Boulder ,  Colorado 80309 

A b s t r a c t  Reac t ions  of 1,2-(NH2)2CgH4 w i t h  RPC12 ( R  - Me, E t )  
or C~HI,(NH)~PM~ wi th  MePC12 and Et3N y i e l d  t h e  novel  c a v i t y -  
c o n t a i n i n g  r i n g s  [ CgHqN2( p-PR)( PR)] 2. Mechanism of f o r m a t i o n  
and t h e  r e a c t i v i t y  of t h e s e  compared t o  t h e  ana logous  
[ CgHqN2( p-PPh)( PPh) ] 2 are d e s c r i b e d .  

INTRODUCTION 

Molecules which c o n t a i n  donor atom f u n c t i o n a l i t y  w i t h i n  a c a v i t y  

or  c r e v i c e  are of c o n s i d e r a b l e  i n t e r e s t .  Such molecu le s  c o n t a i n -  

i n g  phosphorus(  111) donor s i tes  are rare. Recen t ly  w e  r e p o r t e d  

s y n t h e s i s  of a novel  c a v i t y  molecule ,  [CgHqN2( p-PR) (PR) ] 2 (1, R = 

P h ; w =  l,2-C6H4I1 i n  

R 

R 
4 

which t h e  P4N4 r i n g  is i n c o r p o r a t e d  i n t o  a he te roa tom b r i d g e d  

[ 3 . 3 ]  or thocyc lophane2  s t r u c t u r e .  

P3) s e p a r a t e d  by 3.2 8, whose e l e c t r o n  p a i r s  p o i n t  between t h e  

v e r t i c a l l y  o r i e n t e d  phenyl groups (Ph-P 1, and Ph-P3) c r e a t i n g  t h e  

molecu la r  c a v i t y .  Donor atoms P i  and P 3  are expec ted  t o  d i s p l a y  

h i g h l y  s e l e c t i v e  r e a c t i v i t y .  We now r e p o r t  f u r t h e r  s t u d i e s  i n  

1 c o n t a i n s  endo P atoms (PI and 
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which ana logs  of 1 are p r e p a r e d ,  t h e  c a v i t y  r e a c t i v i t y  is 

e x p l o r e d ,  and t h e  mechanism of r i n g  fo rma t ion  is examined. 

DISCUSSION 

Reac t ions  of 1,2-(NH2)2CgHq w i t h  RPC12 ( R  - Me, E t )  i n  t o l u e n e  i n  

t h e  p re sence  of Et3N y i e l d  ana logs  of 1, [C~HL,N~(P-PR)(PR)]~ (2 ,  R 

= Me; 3, R = Et ) .  

resonances from 2 or  3 ( 2  t: 2, 6 101.2 and 76.9, J = 19.2 Hz; 3, 

6 110.5 and 83.2, J = 18.9 Hz) a long  w i t h  broad equa l - a rea  reso-  

nances ( 6  80 - 110 and 6 52 - 80) from h i g h e r  o l igomers /po lymers ,  

5. 2 or  3 are not e a s i l y  s e p a r a t e d  from 5; however, t r e a t m e n t  of 

31P NMR s p e c t r a  of r e a c t i o n  mix tu re  e x h i b i t  

R R R 

5 6 - 9  

t h e  r e a c t i o n  mix tu re  wi th  c y c l o h e p t a t r i e n e  *Mo(CO) 3 i n s o l u b i l i z e s  

t h e  presumed polymer by Mo(CO)3 c o o r d i n a t i o n  l e a v i n g  2 o r  3 as 

major p roduc t s .  Although x-ray s t r u c t u r e s  of 2 o r  3 have not been 

o b t a i n e d ,  comparisons of 31P NMR s p e c t r a l  d a t a  w i t h  d a t a  f o r  1 

i n d i c a t e  t h a t  2 and 3, l i k e  1, are cis isomers .  No ev idence  f o r  

t r a n s  isomers (4) or h i g h e r  cyc loo l igomers  (5, n = 3, 4) i s  

ob ta ined .  

p roduc t  analogous t o  1 - 3, perhaps because of t h e  l a r g e  s i z e  of 

t h e  t-Bu groups.  

- Tert-BuPC12/1,2-(NH2)CgHq r e a c t i o n  does not  y i e l d  a 

Phosphadiazoles  u s e f u l  i n  a l t e r n a t e  s y n t h e s e s  of 1 - 3 and 

r e a c t i o n  mechanism s t u d i e s  have been p repa red .  

( N H ~ ) ~ C ~ H I ,  ( 1 : l . Z  m/m) r e a c t i o n s  ( R :  Me, 4 h r ,  55 "C; E t ,  3 h r ,  

70 "C;  Ph; 50 h r ,  80 "C; t-Buy 22 h r ,  80 "C) y i e l d  C ~ H I + ( N H ) ~ P R  [R 

= Me (6). E t  (71, Ph (81, t-Bu (911 n e a r l y  q u a n t i t a t i v e l y .  Of 

p a r t i c u l a r  i n t e r e s t ,  r e a c t i o n s  of 6 w i t h  MePC12 and Et3N produce a 

mix tu re  whose 31P NMR s p e c t r a  is v i r t u a l l y  superimposable  w i t h  

those  from 1 ,2-(NH2)2C6Hq/MePC12 r e a c t i o n s  above. 

RP( N E t  2) 2/ 1 , 2- 
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Higher  cyc loo l igomers  of 5 (e.g. n = 3, 4) are of i n t e r e s t ;  

however, t h e i r  e x i s t e n c e  as p r o d u c t s  i n  r e a c t i o n s  which form 1 - 3 

was not  appa ren t .  Consequent ly  , a l t e r n a t e  s y n t h e t i c  r o u t e s  espe-  

c i a l l y  d i r e c t e d  toward c y c l o t r i m e r s  [ C ~ H I + N ~ (  p-PR)( PR)] 3 were 

examined. Two Mo( CO)3 metal- templated r e a c t i o n s  were s t u d i e d .  

React ion of t h e  new complex - fac-[CgH4(NH)2PMe] 3Mo(CO) 3 [ 31P NMR 

(CH3CN), 6 132.61 w i t h  MePC12 and Et3N y i e l d e d  p roduc t  t e n t a t i v e l y  

c h a r a c t e r i z e d  as [ C ~ H I + N ~ (  p-PMe)( PMe)] 3Mo(CO) 3. Isomer compos i t ion  

remains t o  be e s t a b l i s h e d .  

w i t h  t h r e e  e q u i v a l e n t s  of C~HI+(NH) 2PMe and E t  3N showed l i t t l e  

r e a c t i o n ,  p o s s i b l y  because of t h e  h igh  degree  of s t e r i c  crowding 

r e q u i r e d  f o r  (MePC12)3Mo(CO) 3/C6H4(NH) 2PMe r e a c t i o n .  

- Fac-(MePC12) 3Mo(CO) 3 when combined 

Details of t h e  mechanism by which 1 - 3 form have been 

sough t .  F i r s t l y ,  t h e  p o i n t  a t  which c l o s u r e  t o  d i a z o l e  r i n g s  

occur s  is of i n t e r e s t  s i n c e  t h e s e  r i n g s  are t h e  a p p a r e n t  major 

s o u r c e  of s t r u c t u r a l  r i g i d i t y  and s t a b i l i t y  i n  t h e  c a v i t y  mole- 

c u l e s .  D iazo le  r i n g s  could form e a r l y  ( a ,  below) and s u b s e q u e n t l y  

cyclocondense ( b , c ) ,  or l a t e  ( e )  i n  r e a c t i o n s  between RPC12 and an  

i n i t i a l l y - f o r m e d  ( d )  u n s t a b i l i z e d  P4N4 r i n g  (10). 

r R  
RPCl 1-3 

J R 
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Based on t h e  co inc idence  of product  composi t ion between t h e  61- 

MePC12 and ~ , ~ - ( N H ~ ) ~ C ~ H I , / R P C ~ ~  r e a c t i o n s ,  e a r l y  f o r m a t i o n  of t h e  

d i a z o l e  r i n g  ( a )  fo l lowed  by d i a s t e r e o s e l e c t i v e  c y c l o c o n d e n s a t i o n  

( b  and c )  appea r s  l i k e l y .  Secondly,  a t e r e o c h e m i c a l  f e a t u r e s  of 

t h e  r e a c t i o n s  have been cons ide red .  Although d i r e c t  o b s e r v a t i o n  

of i n t e r m e d i a t e s  p receed ing  fo rma t ion  of 1 - 3 (e.g. 11) has no t  

y e t  been p o s s i b l e ,  i n f o r m a t i o n  from r e l a t e d  model systems proves 

u s e f u l .  S t u d i e s  of t h e  i-PrNH2/PhPC12 r e a c t i o n  show t h a t  

diphosphinoamine 12 is the key i n t e r m e d i a t e  p receed ing  d i a s t e r e o -  

s e l e c t i v e  fo rma t ion  of t h e  product  meso-[ PhP(i-PrNH) 12Ni-Pr (13, 

R = i -P r ) .  

i-Pr i - P r  
Ph ,N, ,Ph Ph\ /N, .Ph 

'P P p-. 
i -Pr NH" 'NHR 

/ 
i -PrNH 

12 13 

I n  g e n e r a l ,  12 wi th  RNH2 ( R  = E t ,  t-Bu) y i e l d s  s e l e c t i v e l y  meso 

p r o d u c t s  13, R = E t ,  t-Bu). I f  similar s t e r e o  p r e f e r e n c e  is  

e x h i b i t e d  i n  t h e  fo rma t ion  of 11 and i n  subsequent  r e a c t i o n ( s )  

of 11 t o  1 - 3, t h e  c is- isomer s p e c i f i c  fo rma t ion  of 1 - 3 can be 

r a t i o n a l i z e d .  

Compounds 1 - 3 are unique when compared t o  P4N4 r i n g s  r epor -  
- 6  t e d  ear l ier .  

have & f o l d  molecu la r  symmetry and are "crown" shaped w i t h  on ly  

one type  of P-atom environment.  1 - 3 are s t a b l e  i n  s o l u t i o n ;  no 

ev idence  f o r  c i s - t r a n s  isomerism o r  d i s s o c i a t i o n  t o  monomers o r  

dimers6 is  seen.  

i n g  molecules  i n t o  which h i g h l y  s e l e c t i v e  c o o r d i n a t i o n  of o t h e r  

atoms, small molecules ,  o r  metal m o i e t i e s  a t  t h e  endo P atoms ( P i  

and Pg)  can be expected.  The exo P atoms (P2  and PI,) are c l e a n l y  

ox id ized  by Sg ( 2  h r ,  84 "C), y i e l d i n g  [ C ~ H I + N ~ (  p-PR)(RPS)] 2 ( R  - 
Me, 14; E t ,  15; Ph, 16). Norbornadiene*Mo(CO)~+ does  not  react 

w i t h  16 t o  form a Mo(CO)4 complex. S8 reacts on ly  s lowly  w i t h  

(RNPR)4 ( R  - Me, E t ) 4 s 5  and [ ( ~ - P ~ ) N C H ~ C H ~ N P ) ] I +  

The r i g i d i t y  of 1 - 3 make them cav i ty -con ta in -  
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16 ( 7  d a y s ,  110 "C) t o  form a t r i s u l f i d e .  I n  c o n t r a s t ,  14 wi th  Sg 

(36  h r ,  98 "C) forms a t e t r a s u l f i d e  p r o d u c t ,  i n d i c a t i n g  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  c a v i t y  r e a c t i o n  s e l e c t i v i t y  between 14 

and 16. 
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