
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Novel Properties of New Phosphatranes and Silatranes
D. Gudata; C. Lensinka; H. Schmidta; S. -K. Xia; J. G. Verkadea

a Gilman Hall, Department of Chemistry, Iowa State University, Ames, Iowa, U.S.A.

To cite this Article Gudat, D. , Lensink, C. , Schmidt, H. , Xi, S. -K. and Verkade, J. G.(1989) 'Novel Properties of New
Phosphatranes and Silatranes', Phosphorus, Sulfur, and Silicon and the Related Elements, 41: 1, 21 — 29
To link to this Article: DOI: 10.1080/10426508908039687
URL: http://dx.doi.org/10.1080/10426508908039687

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426508908039687
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur and Silica, Vol. 41, pp. 21-29 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1989 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 

NOVEL PROPERTIES OF NEW PHOSPHATRANES AND SILATRANES 

D. GUDAT, C. LENSINK, H. SCHMIDT, S.-K. X I  AND J. G. VERKADE 
Gilman H a l l ,  Department o f  Chemistry, Iowa S t a t e  U n i v e r s i t y ,  
Ames, Iowa 50010, U.S.A. 

Abs t rac t  
'YP(MeNCH,CH ) 3 N  ( Y  = l o n e  p a i r ,  0, S, Se, BH and CH3+) 
c o n t a i n i n g  t o u r - c o o r d i  na te  phosphorus, and t i e  t b p  

1 
phosphatranes Yb(MeNCH2CH2)3N ( Y  = H+, BrCH2+ and Ce') a r e  

I 
repor ted.  New a z a s i l a t r a n e s  o f  t h e  t y p e  Y t i ( R N C H 2 C H  ) 3 N  
( R  = H, Me, SiMe3; Y = H, OMe, O E t )  a r e  a l s o  r e p o r t e %  and 
t h e  r e s u l t s  o f  n u c l e o p h i l i c  s u b s t i t u t i o n  s t u d i e s  o f  t h e  
l a b i l e  hydrogen on t h e  e q u a t o r i a l  n i t r o g e n s  a r e  given. 

The syn thes i s  o f  t h e  new pro-phosphatranes 

INTRODUCTION 

Phosphatranes' (1) and s i l a t r a n e s 2  ( 2 )  are  examples o f  
t r i g o n a l - b i p y r a m i d a l l y  c h e l a t e d  non-metals ( E  = oxygen) t h a t  a r e  

a l s o  i s o - e l e c t r o n i c .  Azasi la t ranes3 ( E  = NR) have t h u s  f a r  no t  

1 2 3 

rece ived  n e a r l y  t h e  a t t e n t i o n  accorded s i l a t r a n e s ,  and 

azaphosphatranes have h e r e t o f o r e  been unreported. I n  t h e  
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l i t e r a t u r e ,  t h e  "a t rane"  nomenclature has t r a d i t i o n a l l y  been 
assoc ia ted  w i t h  s t r u c t u r e s  possessing t h e  t r a n s a n n u l a r  a x i a l  

N --* S i  bond. 

o f  t h e  azaphosphatrane p r e c u r s o r  3, such unt ransannul  a t e d  
s t r u c t u r e s  w i  11 be r e f e r r e d  t o  as pro-azaphosphatranes. A1 so 

r e p o r t e d  a r e  r e a c t i o n s  o f  a z a s i l a t r a n e s  of t y p e  2 ( E  = NH) t o  
form new a z a s i l a t r a n e s  i n  which t h e  e q u a t o r i a l  n i t r o g e n s  a r e  
s e q u e n t i a l l y  s u b s t i t u t e d  by Me and PPh, groups. 

Because we r e p o r t  he re  t h e  s y n t h e s i s  and r e a c t i o n s  

PRO-AZAPHOSPHATRANES AND AZAPHOSPHATRANES 

The new t r e n  d e r i v a t i v e  4 i s  prepared i n  a s tandard manner4 
i n  two s teps acco rd ing  t o  r e a c t i o n  1. Upon t r a n s a m i n a t i n g  4 

1. CeC0,Et 

2. L i A l H ,  
N( CH2 CH2 NH, 1 3 > N( CH, CH, NHMe)3 

4 

w i t h  P(NMe,)3 by h e a t i n g  i n  xylene, new 3 l P  nmr resonances a t  
113.8, 115.2 and 120.8 ppm s l o w l y  form. When t h e  l a t t e r  peak, 

assoc ia ted  w i t h  3, ceases t o  grow p e r c e p t i b l y  (ca. 20 days) 
t h e  r e a c t i o n  m i x t u r e  i s  worked up. The peaks a t  113.8 and 115.2 
ppm may be assoc ia ted  w i t h  t h e  mono and d i s u b s t i t u t e d  
i n te rmed ia tes .  
po lymer izes unless it i s  q u i c k l y  d e r i v a t i z e d  i n  s i t u 1 ,  3 I s  a 
s t a b l e  subl imable s o l i d  which can be s t o r e d  i n d e f i n i t e l y  i n  t h e  

absence o f  moisture.  

I n  c o n t r a s t  w i t h  pro-phosphatrane 5, which 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1
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5 

I n  Scheme 1 a r e  shown t r a n s f o r m a t i o n s  o f  3 l e a d i n g  t o  
severa l  f o u r - c o o r d i  na te  pro-azaphosphat ranes. The 

f o u r - c o o r d i n a t e  n a t u r e  of phosphorus i n  a l l  of t hese  i s o l a b l e  
- 

Y 

Scheme 1 

n 

6 

7 

8 

9 

10 

n Y 

0 0 

S 0 

Se 0 

BH, 0 

CH, +1 

- - 

compounds i s  s t r o n g l y  suggested by t h e  c r y s t a l  1 o g r a p h i c a l  l y  

determined s t r u c t u r e  of 7,5 and t h e  3 l P  chemical s h i f t s  

(Table 1) which a re  t y p i c a l  f o r  a c y c l i c  t r i s -aminophosph ine  

d e r i v a t i v e s  o f  t h i s  type. 
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TABLE I 31P nmr chemical s h i f t s  o f  pro-phosphatranes and 

phosphat ranes .a 

Compound 6, l P  Sol vent Compound 631P Solvent 

3 120.8 '6 D6 10 48.6 CDCa, 

6 20.3 '6 D6 11 -9.2 CDCa, 

7 75.9 CDCk 12 -2.6 CD3CN 

8 72.2b CDCL, 13 -20.6. CD,CN 

9 104.5' C6D6 

a R e l a t i v e  t o  ex terna l  85% H3P0, 
'JPSe = 928 Hz 

'JPB = 109 Hz 

'JPH = 491 Hz 

I n  10, t h e  Me group on phosphorus apparent ly  i s  

incapable o f  induc ing  t r a n s a n n u l a t i o n  t o  form t h e  corresponding 
f i ve-coord i  nate azaphosphatrane s t ruc tu re .  

e l e c t r o n e g a t i v i t y  o f  t h e  e l e c t r o p h i l i c  s u b s t i t u e n t ,  however, t h e  
c a t i o n i c  azaphosphatranes i n  Scheme 2 can be synthesized. 

evidence f o r  t h e  f i v e - c o o r d i n a t e  s t r u c t u r e  o f  these compounds 
cons is ts  o f  t h e i r  u p f i e l d  3 1 P  chemical s h i f t s  i n  t h e  reg ion  
normal ly  assoc iated w i t h  t h e  t b p  phosphorus stereochemi s t r y .  
X-ray c r y s t a l l o g r a p h i c  s tudy o f  11 i s  c u r r e n t l y  i n  progress. 

By i n c r e a s i n g  t h e  

The 
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n Y 

11 H +1 

CH,Br t1 

13 Ck +1 

- - 
H+ 

Scheme 2 

AZASILATRANES 
The o n l y  a z a s i l a t r a n e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  a r e  t h o s e  o f  

t y p e  14 where R' i s  hydrogen (15 ) ,  methyl  (16 )  o r  a 

R 1  

15 H H 

16 H Me 

17 H OMe 

18 H O E t  

19 Me H 

20 Me O E t  

21 Me3Si H 

- R - 

14 

v a r i e t y  o f  o t h e r  hydrocarbon groups.3 Using a r o u t e  s i m i l a r  t o  

t h a t  r e p o r t e d  e a r l i e r 3  ( r e a c t i o n  2) we have syn thes i zed  t h e  new 

a z a s i l a t r a n e s  17 - 21. For t h e  s y n t h e s i s  o f  21, t h e  new 

N(CH,CH,NHR), + R'Si(NMe,)3-> 17 - 21 ( 2 )  

t r e n  d e r i v a t i v e  22 made by r e a c t i o n  ( 3 )  was u t i l i z e d .  

25 
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1. l - B u L i  
N(CH,CH,NH, 1 3  > N(CH,CH,NHSiMe,), ( 3 )  

2. Me,sica 
22 

Evidence f o r  t h e  t b p  s tereochemist ry  around s i l i c o n  i n  t h e  

a z a s i l a t r a n e s  stems from our  X-ray c r y s t a l l o g r a p h i c a l l y  

determined s t r u c t u r e  o f  206 and t h e  u p f i e l d  2 9 S i  nmr s h i f t s  

o f  such compounds (Table 11) which f a l l  i n  t h e  range t y p i c a l l y  

observed f o r  s i  l a t r a n e ~ . ~  

a TABLE I 1  2 9 S i  nmr chemical s h i f t s  o f  azas i la t ranes .  

Compound 6 S i  Sol vent Compound 6 2 9 S i  Sol vent  

15 -82.3 CDCa , 20 -87.7 CDCi, 

16 -68.07b CDCa, 21 -70.1b CDCa, 

17 -82.5 CDCa, 25 -64.7 CD2CL, 

18 -82.9 CDCa , 27 -83.0 CD2Ck2 

19 -62.2 CDCL, 

a R e l a t i v e  t o  e x t e r n a l  TMS 
6 2 9 S i  f o r  t h e  Me,Si group i s  3.2 ppm. 

Since azas i la t ranes  such as 15 - 18 possess t h r e e  N-H groups, 

it was o f  i n t e r e s t  t o  i n i t i a t e  an i n v e s t i g a t i o n  o f  t h e  
p o s s i b i l i t y  f o r  n u c l e o p h i l i c  s u b s t i t u t i o n  o f  t h e  l a b i l e  hydrogen 
on t h i s  f u n c t i o n a l i t y ,  d e s p i t e  t h e  presence o f  s t e r i c  crowding 
around t h e  s i l i c o n .  Treatment o f  16 w i t h  one equ iva len t  each 
o f  - n-BuLi and Me1 gives r i s e  t o  a m i x t u r e  o f  23 and 24 
( p l u s  unreacted 16) i n  Scheme 3. Treatment o f  15 o r  18 
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Me 
H 

R R '  \ 
1. - n-BuLi 

2. Me1 24 Me Me 
16 

Scheme 3 

w i th  one equiva lent  each of CaPPh, and NEt, provided a mix tu re  o f  

the phosphino-substi tuted azas i la t ranes  25 - 28. With excess 

reagents t h e  d i s u b s t i t u t e d  compounds 26 and 28 shown i n  

Scheme 4 were obtained. 

de r i va t i ves  was not observed under the  cond i t ions  employed. 
Formation o f  t r i s u b s t i t u t e d  phosphino 

Y 
Y " - R - R' - 

- Y \ R 25 PPh, H H 
H 

15 H CaPPh, 26 PPh, PPh, H 

27 PPh, H O E t  

28 PPh, PPh, O E t  

18 O E t  CkPPh, 

Scheme 4 

Compounds 25 - 28 are p o t e n t i a l l y  i n t e r e s t i n g  metal 

l igands. 

28 by t h e i r  reac t ion  w i t h  Ni(CO), t o  form 29 and 30 

i n  Scheme 5. 

We have demonstrated the  b identa te  nature o f  26 and 
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