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A b s t r a c t  - The X-ray c r y s t a l  s t r u c t u r e  of t h e  t i t l e  compound shows 

a crown conformat ion  of t h e  r i n g  and a s t rong  1 , 3  d i a x i a l  i n t e r a c -  

t i o n  between t h e  P-BH3 group and t h e  two cor respond ing  hydrogens .  

T h i s  i n t e r a c t i o n  l e a d s  an approach between t h e  phosphorus  and n i -  

t r o g e n .  As a r e s u l t  t h e  s t r u c t u r e  of phosphorus1" changes  towards  

a p s e u d o p e n t a c o o r d i n a t e d  geometry .  The i n t r a c y c l i c  Lewis i n t e r a c -  

t i o n  between N and  P  atoms i s  d i s c a r d e d  due t o  t h e  obse rved  p l a n a -  

r i t y  o f  i n t r a c y c l i c  a n i l i c  n i t r o g e n .  

Our i n t e r e s t  i n  t h e  r e l a t i v e  r e a c t i v i t y  o f  i n t r a c y c l i c  phosphorus  (111) and  n i -  

t rogen  atoms w i t h  borane l e a d  us  t o  s y n t h e t i z e  a s e r i e s  of h e t e r o c y c l i c  compounds 

owing t o  1,3,6,2-dioxazaphasphocane d e r i v a t i v e s .  1 - 2  

We have shown t h a t  compound 1 r e a c t s  w i t h  two equivalents o f  BH3 g i v e n  (even w i t h  

d e f a u l t  o f  BH3) t h e  double  Lewis s a l t  G.l Dreiding models  of 1 show a c h a i r - c h a i r  

confo rmat ion  o f  t h e  e i g h t  member r i n g ,  a l l o w i n g  the f i x a t i o n  o f  two BH3 groups on 

t h e  two b a s i c  s i t e s  o f  t h e  molecu le  wi thou t  s t r o n g  s t e r i c  h i n d e r a n c e s .  



Concerning compounds 2 and 3, t h e  b o r a t i o n  r e a c t i o n  t a k e s  p l a c e  e x c l u s i v e l y  an  t h e  

phosphorus atom g i v i n g  t h e  mono P-BH3 a d d u c t s  & and a . 2  The a n i l i n i c  c y c l i c  n i -  

trogen d o e s  n o t  p r e s e n t  any a f f i n i t y  towards  BH 
3 '  

Independent ly  we have checked t h a t  t h e  d i e t h y l  a n i l i n e  r e a c t s  w i t h  BH t o  g i v e  a 
3  

very s t a b l e  Lewis s a l t 3  (scheme 1 ) .  The l a s t  r e a c t i o n  shows t h a t  t h e  low b a s i c i t y  

o f  t h e  i n t r a c y c l i c  n i t r o g e n  i s  n o t  r e s p o n s i b l e  f o r  i t s  l a c k  o f  r e a c t i v i t y  i n  com- 

2  pounds 2 and 3. Two h y p o t h e s i s  were p roposed  t o  e x p l a i n  t h i s  f a c t :  a s t e r i c  

h inderance  o r  a t r a n s a n n u l a r  i n t e r a c t i o n  between n i t r o g e n  and phosphorus  a s s i s t e d  

by BH c o o r d i n a t i o n .  I n  t h i s  aim we have de te rmined  t h e  c r y s t a l  s t r u c t u r e  o f  3  

by X-ray d i f f r a c t i o n .  BH- 

' 
3a 

scheme 1 
EXPERIMENTAL RESULTS 

The s y n t h e s i s  o f  a h a s  been p r e v i o u s l y  d e s c r i b e d . '  T h i s  compound c r y s t a l l i z e s  

i n  the  monocycl ic  sys tem (PZ1, a= 1 1 . 5 3 4 ( 3 ) ,  b=  6 .492(1) ,  c= 11.744(3)  A, 

8 =  113 .21(2 )0 )  R =  0 .039 .  The main a tomic  c o o r d i n a t e s ,  bond l e n g t h s  and a n g l e s  

a re  g iven  i n  Tab les  1, 2  and 3  r e s p e c t i v e l y .  F i g u r e  2  shows PLUTO drawing of t h e  

molecule.  A  f u r t h e r  d e t a i l e d  s t r u c t u r e  d e t e r m i n a t i o n  o f  g h a s  been r e p o r t e d . 4  

Table  1. Atom P o s i t i o n a l  Pa ramete r s .  
4  ( F r a c t i o n a l  Coord ina tes  x 1 0  ) of  t h e  Main Atoms 

~. 
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Table  2 .  Main Bond Length and In te ra tomic  D i s t a n c e s .  (i) 
B a n d  L e n g t h s  Atomic D i s t a n c e s  

Table  3 .  Main Bond and Dihedra l  Angles.  ( O )  

B o n d  A n g l e s  Dihedral Angles 

Figure 2 1 H(C6) DISCUSSION 

The 1,3,6,2-dioxazaphosphocane 2 a d o p t s  a c rown conformat ion (C2 symmetry) which 

i s  t h e  more s t a b l e  conformat ion  o f  ~ ~ c l o o c t a n e . ~  The t o r s i o n  a n g l e s  around t h e  

two i n t r a c y c l i c  ca rbon-ca rbon  atoms 0 (3 ) -C(6) -C(7) -N(5)  and O(2)-C(8)-C(9)-N(5)  

are r e s p e c t i v e l y  74.9'  and 69.8' .  These two v a l u e s  a r e  q u i t e  d i f f e r e n t  from t h o s e  

c a l c u l a t e d  f o r  crown conformat ion  o f  c y c l ~ o c t a n e . ~  (Minimun c o n f o r m a t i o n a l  energy. 

97 ' ) .  D r e i d i n g  models show t h a t  t h e  obse rved  t o r s i o n  a n g l e s  c a n  o n l y  be  o b t a i n e d  

t o  r e l i e v e  t h e  s t e r i c  i n t e r a c t i o n s  of t h e  hydrogen atoms H(C8) and H '  (C6) 

( f i g u r e  2 ) .  These two atoms are i n  a x i a l  and * p o s ~ t i o n  r e l a t e d  t o  t h e  BH3 

group which is  i t s e l f  a l s o  i n  a x i a l  p o s i t i o n .  Therefore ,  t h e s e  t h r e e  s u b s t i t u e n t s  

[ H ( c ~ ) ,  H '  (C6) and B H 3 7  a re  between them i n  1 .3  d i a x i a l  i n t e r a c t i o n .  

Another  r emarkab le  r e s u l t  i s  t h a t  t h e  hydrogen H'(B4) atom bonded t o  t h e  boron 

atom is  d i r e c t l y  o r i e n t e d  t o  t h e  carbon C(16) atom of t h e  phenyl  group bonded 



to nitrogen N(5) atom, this fact reflects the least hinderance position with res- 

pect to the axial atoms, (vide infra). 

Distances between these different atoms are the following: 

The three first distances are very short, as a result of a strong steric interac- 

tion between the two cis hydrogens Ht(C6) and H(C8). The P-0 band lengths 

(1.573 and 1.579 A) are found very close to those obtained from several 1,3,2-dig 

xaphosphorinanes6 (P-0 average value 1,565 i). On the other hand the intracyclic 

C-0-P angle average value for the same compounds6 (eight values) is significative 

ly smaller than those obtained for compound & (vide supra). The literature 

average value6 for angle C-0-P is 119.2'. while the average value for & is 

On inspecting the extremely hindered cyclic phosphanate: cis -4,6-dimethyl-2-0x0- 

2-triphenylmethyl-1.3.2-dioxaphosphorina a similar angle average value has been 

found7 figure 3a. For this compound the strong steric interaction between the 

triphenylmethyl group (position 2) and the two axial methyl groups (position 4 

and 6 )  flatten the cycle to the half chair conformation. energetically unfavora- 

ble. In this case the C-0-P angles showed an average value of 127.S0, similar to 

that found for 2. This last paint confirms the existence of strong 1,3 diaxial 

interactions discussed before. Dreiding models show that the main effect 

of these interactions is to put away the two cis hydrogens held by carbon 

atoms C(6) and C(8). this motion draws together the phosphorus and borane group 

towards the nitrogen and N-phenyl group, ( s e e  figure 3bj. The distances H'(B41- 

C(161; H' (B4)-N(5) and P(1j-N(5j are respectively 2.85, 3.13 and 3.29 A. 

Figure 3b 

This approach yields a new interaction between the BH3 and phenyl groups which 
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induce a s t r o n g d e f o r m a t i o n  of t h e  a n g l e s  a round  phosphorus atom, ( f i g u r e  4 ) .  

~ 4 / -  

F i g u r e  4 

I t  i s  c l e a r  t h a t  t h e  two a n g l e s  O(2) -P(1 ) -B(4)  and O(3)-P(1)-B(4)  a re  wide ly  open:  

115.4'  and 115 .9"  r e s p e c t i v e l y ,  whereas  t h e  C(10)-P(1)-O(2)  and C(10)-P(1)-O(3)  

are r e l a t i v e l y  c l o s e d :  101.4'  and 98.0 '  r e s p e c t i v e l y .  I t  i s  p o s s i b l e  t o  c a l c u l a t e  

t h e  de fo rmat ion  o f  t h e  t e t r a h e d r a l  geometry o f  the  phosphorus  atom towards  a t r i -  

gonal  b ipyramid  assuming t h a t  t h e  s t e r i c  h inderance ,  shown i n  f i g u r e  4 ,  p l a y s  t h e  

r o l e  o f  an  e n t e r i n g  group p e r p e n d i c u l a r l y  t o  t h e  B(4)-O(2)-O(3)  p l a n e .  Th i s  de-  

fo rmat ion  can be c a l c u l a t e d  knowing t h a t  i )  t h e  sum o f  t h e  t h r e e  a n g l e s  d e f i n e d  

by t h e  t h r e e  e q u a t o r i a l  bonds i n  a t r i g o n a l  bipyramid are 360°,  i i )  t h e  sum o f  

t h e  t h r e e  e q u i v a l e n t  a n g l e s  i n  t e t r a h e d r i c  geometry is  327', i i i )  t h e  sum of  t h e  

t h r e e  e q u i v a l e n t  a n g l e s  i n  s t r u c t u r e  3 i s  338.S9.  According t o  t h a t ,  t h e  d e f o r -  

mat ion i s  33% from t h e  t e t r a h e d r i c  geometry towards t h e  p s e u d o p e n t a c o o r d i n a t i o n .  

Th i s  r e l a t i v e l y  l a r g e  v a l u e  c o u l d  l e a d  t o  a mis lead ing  i n t e r p r e t a t i o n  l l k e  a 

t r a n s a n n u l a r  Lewis interaction. A few models ,  c a r r y i n g  a t e t r a h e d r i c  phosphorus  

8  which X-ray s t r u c t u r e  a r e  known, have been r e p o r t e d  f o r  compound 5 and compound 

6'. f o r  which t h e  t r a n s a n n u l a r  P-N d i s t a n c e s  a r e  3.22 and 3.098 i r e s p e c t i v e l y .  - 

The d i s t a n c e  between P(1)-N(5) i n  t h e  c a s e  o f  i s  3 .24  A. These t h r e e  d i s t a n c e  

v a l u e s  a r e  s m a l l e r  than t h e  sum o f  t h e  Van d e r  Waals r a d i i  (3 .4  A) ,  which i s  

o b v i o u s l y  l a r g e r  t h a n  a P-N a x i a l  band i n  a p e n t a c o o r d i n a t e d  m o l e c u l e l o  (1 .75 

1 . 7 8  i )  or a P-N bond i n  a b i s  (borane)  amino phosphorme adduct' '  1 (1 .757 i ) .  

H3B, 
N-P 

/BH3 

Other i n t e r e s t i n g  f e a t u r e s  a r e  t h e  p l a n a r i t y  o f  t h e  a n i l i n i c  n i t r o g e n  atom N(5) 

and t h e  v e r y  s h o r t  d i s t a n c e  (1.38 A) found between t h i s  N atom and t h e  C(16) 

a r o m a t i c  ca rbon  compared t o  C(7)-N(5) : 1.455 and  C(9)-N(S) : 1 .447  A r e s p e c t i v e l y .  



This f a c t  i n d i c a t e s  a s p 2  h y b r i d i z a t i o n  of t h e  N(5) atom and a s t r o n g  c o n j u g a t i o n  

between t h e  p  o r b i t a l  o f  t h i s  atom and n sys tem of  t h e  phenyl  group bonded t o  i t .  

This a l l o w s  us  t o  deduce t h a t  t h e  N(5) atom must have a v e r y  low b a s i c i t y  and  i n  

these  c o n d i t i o n s  t h e  Lewis t r a n s a n n u l a r  i n t e r a c t i o n  i s  u n l i k e l y .  

A l a s t  r emarkab le  f e a t u r e  o f  s t r u c t u r e  & i s  t h e  v a l u e  o f  C-0-P a n g l e s ,  P ( 1 ) - O ( 3 ) -  

C(6) and P(1 ) -O(2) -C(8) :  124.3'  and 128.3O r e s p e c t i v e l y ,  which l e t  u s  t o  assume a 

sp2  h y b r i d i z a t i o n  o f  t h e  two oxygen bonded t o  phqsphorus  and c o n s e q u e n t l y  a r e t r a  

c o - o r d i n a t i o n  pn-dn from oxygen t o  phosphorus .  T h i s  bonding c a n  be  ev idenced  con-  

s i d e r i n g  t h e  P-B l e n g t h s  of Lewis s a l t s  between t h r e e  c o o r d i n a t e d  phosphorus  and  

BH, ( t a b l e  4 ) .  

The P-B bond l e n g t h  i s  i n v e r s e l y  r e l a t e d  t o  t h e  n donnor c h a r a c t e r  o f  phosphorus ,  

s o  t h i s  l e n g t h  a l l o w  u s  t o  d e t e c t  t h e  r e t r o  c o - o r d i n a t i o n  pn-dn from oxygen t o  

phosphorus .  

Two i m p o r t a n t  c o n c l u s i o n s  a re  o b t a i n e d  from t h i s  work: 

& Explana t ion  o f  t h e  l a c k  o f  r e a c t i v i t y  of i n t r a c y c l i c  n l t r o g e n  atom w i t h  a 

borane molecu le .  

The i n t r a c y c l i c  Lewis i n t e r a c t i o n  i n  e i g h t  membered r i n g  h a s  been w e l l  demans t ra -  

2  t e d  i n  t h e  case of compound !.I3 According t o  t h a t ,  we had been assumed t h a t  

t h i s  k i n d  o f  i n t e r a c t i o n  would e x i s t  i n  t h e  case of compound g based  on t h e  l a c k  

o f  r e a c t i v i t y  o f  n i t r o g e n  w i t h  borane ,  (scheme 1 )  

( C H ~ ) ~ P - B ~ ~ ( C ~ H ~ ) ~ P - ~  I %P-BH3 
/ 

\ v 

1.93 

The X-ray c r y s t a l  s t r u c t u r e  a l l o w  t o  d i s c a r d e d  t h e  l a s t  i d e a  showing t h a t  t h e  

second e n t e r i n g  molecule  a £  borane  would be  s t r o n g l y  h i n d e r e d  approach ing  by t h e  

i n t e r n a l  s i d e  o f  t h e  r i n g ,  t h e  o n l y  p o s s i b i l i t y  i s  by t h e  e x t e r n a l  s i d e .  I n  t h i s  

Table  4 

r"P-~~3 
d A ~ ~ 3  
1.88 

Ref.11 

P - B ( ~ )  
- 

case t h e  n i t r o g e n  would move t o  t h e  s p 3  t e t r a h e d r a l  geometry .  The o b s e r v a t i o n  

of t h i s  change i n  t h e  D r e i d i n g  models i n d i c a t e s  t h a t  t h e  phenyl  group would 

approach c l o s e r  t o  borane .  T h i s  mot ion seems t o  be  u n l i k e l y  a c c o r d i n g  t o  s t e r i c  

e f f e c t s  and accoun t s  t o  t h e  l a c k  o f  r e a c t i v i t y  p o i n t e d  o u t  b e f o r e .  

F3P-BH3 

1.836 

(H2N)P-BH3 

1.887 
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The p o ~ n t s  which have been d i s c u s s e d :  

a) 1 .3  S t e r i c  i n t e r a c t l o n  between a x i a l  hydrogens and BH3 group 

b) Weak b a s i c l t y  o f  t h e  n i t r o g e n .  

c )  Weaker a c i d i t y  o f  phosphorus  by oxygen c o n j u g a t i o n .  

d) D i s t a n c e s  between P-N atom. 

Allow us t o  conc lude  t h e  absence o f  Lewis t r a n s a n n u l a r  i n t e r a c t l o n  between P and 

N .  The approach  o f  t h i s  two atoms i s  on ly  due t o  a s t e r i c  i n t e r a c t i o n  between 

t h e  s u b s t i t u e n t s  i n  t h e  c y c l e .  Th i s  i s  a l s o  i n  agreement w i t h  some p u b l i s h e d  

r e s u l t s  r e l a t e d  t o  t h e  h y d r o l y s i s  o f  c y c l i c  phosphates  f o r  which t h e  r o l e  p layed  

by a t r a n s a n n u l a r  n u c l e o p h i l i c  catalysis remains  very poor.'' 

ACKNOWLEDGMENT 

We thank Conacyt Mexico f a r  a s c h o l a r s h i p  (A.M.] and Conacyt  Mexico and  DCRI 

France f o r  f i n a n c i a l  s u p p o r t .  

REFERENCES 

1. R. C o n t r e r a s ,  D.  H o u a l l a ,  A .  Kla6b6 and R. Wolf. T e t r a h e d r o n  L e t t .  E, (40) 

3953 (1981) .  

2 .  A .  M u r i l l o ,  R .  C o n t r e r a s ,  A .  Kladb6 and R. Wolf, H e t e r o c y c l e s  2 0 ,  1487 (1983).  

3 .  This  compound 1s mentioned i n  Aldr i ch imia  Acta 6, 51 (1973) .  The s y n t h e s i s  

and t h e  s p e c t r o s c o p i c  d a t a  a r e  g iven  i n :  A .  Mur i l lo  V i l l a g r a n a ,  Tesis P r o f e -  

s i o n a l .  Un ive r s idad  de San L u i s  P o t o s l  (M6xlco) (1982) p .  29. 

4 .  Submited t o  Acta C r y s t .  (1984) .  

5. J . B .  Hendrickson.  J .  Am. Chem. Soc .  86, 4854 (1964) .  

6 .  M.V. Haque, C . N .  Caughlan,  J . H .  H a r g i s  and  W .  G .  Ben t rude ,  J .  Chem. Soc. ( A ) ,  

1786 (1970) .  

7.  M . G . B .  Drew. J .  Roger s .  D . W .  White a n d  J . G .  Verkade. J.  Chem. Soc. Chem. Corn. 

227 (1971) .  

8 .  A.E. K a l i n i n ,  V . G .  Amodrianov and Yu.  T .  S t ruchkov,  Zh. S t r u k t .  Khim. 16, 

1041  ( 1 9 7 5 ) .  

9 .  J . C .  C l a r d y ,  D.S. M i l b r a t h  and J . G .  Verkade, in or^. Chem. 16, 2135 (1977) .  

1 0 .  G .  Hoard and A .  J acobson ,  J. Chem. Sac.  (A_1,1203 (1966) ;  V.M. F i e l d ,  W.S. 

S h e l d r i c k  and R .  S t a n k i e w i c r ,  Z .  AnorE. A l l ~ .  Chemie, 415, 23 (1975) .  

1 1 .  D. Grec, L . G .  H u b e r t - P f a l z g r a f ,  J. Riess and A. Grand, J. Am. Chem. Soc. 102, 7133(1980). 

12.  R . K .  Sharma and R .  Vaidyanathaswamy, J. Org. Chem. 47, 1741  (1982) .  

1 3 .  R.  Contreras, C. Garcia, T. Mancilla and B. Wraclaneyer, J. Orpnmeta l .  Chem. 216, 213 (1983). 

Received,  2 7 t h  J a n u a r y ,  1984 


