
 

 

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

Coordination Chemistry of the Cage P2(BNPr1
2)3

G. Lynn Wooda; E. N. Dueslera; Robert T. Painea; Heinrich Nothb

a Department of Chemistry, University of New Mexico, Albuquerque, New Mexico, U.S.A. b Institut für
Anorganische Chemie der Universität München, F.R.G.

To cite this Article Wood, G. Lynn , Duesler, E. N. , Paine, Robert T. and Noth, Heinrich(1989) 'Coordination Chemistry of
the Cage P2(BNPr1

2)3', Phosphorus, Sulfur, and Silicon and the Related Elements, 41: 3, 267 — 272
To link to this Article: DOI: 10.1080/10426508908039715
URL: http://dx.doi.org/10.1080/10426508908039715

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/10.1080/10426508908039715
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Su&r and Silica. Vol. 41, pp. 267-272 
Reprints available directly from the publisher 
Photocopying permitted by license only 

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

i C O O R D I N A T I O N  CHEMISTRY OF THE CAGE P2(BNPr2)3 

G. LYNN WOOD, E.N. DUESLER, ROBERT 1. PAINE 
Department o f  Chemistry,  U n i v e r s i t y  o f  New Mexico, 
Albuquerque, New Mexico, U.S.A. 87131 
H E I N R I C H  NOTH 
I n s t i t u t  f u r  Anorganische Chemie d e r  U n l v e r s i t a t  Munchen, 
Me ise rs t rasse  1, D-8000, Munchen 2, F.R.G. 

A b s t r a c t  The c o o r d i n a t i o n  p r o p e r t i e s  o f  t h e  cage compound 
P2(BNPr2)3 toward Fe2(C0)9, Cr(C0)5NMe3 and 
W( C0)5NMe3 were s tud ied ,  and t h e  m o l e c u l a r  s t r u c t u r e  o f  
(CO)qFeP2(BNPr2)3 was determined by s i n g l e  c r y s t a l  
X-ray d i  f f r a c t  i o n  methods. 

INTRODUCTION 
I n  recen t  years,  t h e r e  has been a g r e a t  d e a l  o f  a t t e n t i o n  g i v e n  

t o  t h e  sys temat i c  development o f  t r a n s i t i o n  meta l  c l u s t e r  

compounds and, t o  a l e s s e r  degree, main group element c l u s t e r s .  

I n  t h e  l a t t e r  case, most o f  t h e  developments have occu r red  w i t h  

polyphosphines and PN, PO and PS cages. Our groups have t u r n e d  

a t t e n t i o n  t o  t h e  p o s s i b i l i t y  o f  c o n s t r u c t i n g  cage compounds r i c h  

i n  boron and phosphorus atoms, and we have p r e v i o u s l y  r e p o r t e d  

on t h e  f o r m a t i o n  o f  a novel  t r i g o n a l  b i p y r a m i d a l  cage, 

P2(BNPr2)3. 
t h e  cage showed t h a t  t h e  two phosphorus atoms occupy t h e  two 

i a x i a l  s i t e s  w i t h  t h e  t r i g o n a l  p lane  composed o f  t h r e e  BNPr2 

groups. The i n t e r n a l  8-P-8 a n g l e  was found t o  be q u i t e  acute,  

68.9(2)'. Given t h i s  s t r u c t u r e ,  i t  was o f  i n t e r e s t  t o  determine 

i f  t h e  phosphorus atoms would d i s p l a y  Lewis b a s i c i t y  toward 

t r a n s i t i o n  meta l  f ragments.  We r e p o r t  he re  on t h e  r e a c t i o n  o f  

t h e  cage w i t h  Fe2(C0)9, Cr(C0)5NMe3 and W(C0)5NMe3. 

i The mo lecu la r  s t r u c t u r e  d e t e r m i n a t i o n  o f  

RESULTS 

The Group V I  meta l  ca rbony l  amine complexes were combined i n  
i equimolar  amounts w i t h  P2(BNPr2)3 i n  hexane and s t i r r e d  
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268 G .L  .WOOD, E .N. DUESLER,  R.T.PAINE and H .  NOTH 

f o r  48 hours. 

evaporat ion and t h e  r e s u l t i n g  y e l l o w  o i l s  were pumped on a t  45OC 

f o r  two days t o  remove any r e s i d u a l  meta l  carbonyl ,  H(C0)6. 

Subsequent p u r i f i c a t i o n s  r e s u l t e d  i n  y e l l o w  o i l s :  

C23H42N305B3P2Cr: 
Found: C, 47.47; H, 7.35; N, 7.02. Y i e l d  

a parent  i o n  i n  t h e  mass spect ra:  

w i t h  a n t i c i p a t e d  fragment ions .  

The s o l v e n t  was then removed by vacuum 

Y i e l d  

Cr(CO)5[P2( BNPr2)3] i 

W(CO)5[P2(BNPr2)3] i 

(3) 85%. Anal. Calc f o r  

C, 47.07; H, 7.16; N, 7.16. 

(2) 48%. Both compounds d isp layed 

&/g 587; 2 m_/g 718, a long 

The i n f r a r e d  spec t ra  o f  t h e  

o i l s  i n  cyclohexane showed t h r e e  bands i n  t h e  carbonyl  

expected f o r  M(CO)5L complexes: L 2 0 5 3 ,  1956 and 1933 

and 2 2064, 1954 and 1931 c m - l .  These MY be compared 

t h e  r e l a t e d  bands i n  t h e  amine complexes Cr(C0)5NHe3 

(hexane)2 2070, 1933 and 1915 cm-l and W(C0)5NHe3 

r e g i o n  as 

cm-l 

w i t h  

(cyclohexane)J 2073 and 1944. 

frequency f o r  t h e  h i g h  frequency al mode i n  L and 2 suggests 

t h a t  P2(BNPr2)3 may be o n l y  a s l i g h t l y  b e t t e r  u donor 

than NMe toward t h e  H(C0)5 fragments. 

respect  t o  t h e  c o o r d i n a t i o n  chemist ry .  

s i n g l e  resonance a t  6 -13.0 w h i l e  s o l u t i o n s  o f  t h e  complexes 

i n  C6D6 show two I n e q u i v a l e n t  phosphorus environments: 

6 -45.8(d), -6l.O(d) Jpp = 49.0 Hz; 2 6 -82.9(br), 

-67.2(d) Jpp = 54.1 Hz. 

f o r  P(OCH2)3P and i t s  metal carbonyl  c o m p l e ~ e s . ~  The 
resonances a t  6 -45.8 i n  1 and 6 -82.9 i n  

than t h e  doublets  i n  

the  broader resonances a r e  asslgned t o  t h e  meta l  coord inated 

phosphorus s i t e .  

show s i n g l e  resonances a t  6 36.0 and 6 34.4 ( r e 1  

8F3.0Et2), r e s p e c t i v e l y .  

The smal l  s h i f t s  t o  lower  

i 

The "P NHR spect ra f o r  1 and 2 a r e  I n f o r m a t i v e  w i th  
The l i g a n d  d i s p l a y s  a 

; 
N 

S i m i l a r  A8 p a t t e r n s  have been noted 

a r e  much broader 

a t  8 -61.0 and i n  & a t  6 -67.2, and 

1 The "B ( H) NHR spec t ra  f o r  1 and 2 
ry 

These a r e  s h i f t e d  o n l y  s l i g h t l y  
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COORDINATION CHEMISTRY OF THE CAGE 269 

f r om t h e  va lue  f o r  t h e  f r e e  l i g a n d ,  6 40.5. The i n e q u i v a l e n t  

phosphorus atoms a l s o  impose i n e q u i v a l e n c y  i n  t h e  i s o p r o p y l  

groups as i n d i c a t e d  by t h e  13C{1H) and 'H NNR s p e c t r a  

which a r e  l i s t e d  here:  1, 13C{H) 6 56.8 ( d  o f  d, 

Jcp = 10.6 Hz,  Jcpl = 3.7 H z ,  CH(CH3)2), 46.4 (d, 

Jcp = 3.9 H z ,  CH(CH3)2),  25.5 (d ,  Jcp = 8.7 Hz CH3) 

21.9 ( 5 ,  ctt;), 'H 6 4.9 (mu l t ;  C H ( C H ~ ) ~ ) ,  3.3 

(mu l t ,  CH(CH3)2! 1 .4  (d ,  J 
JHH = 6.7 Hz CH3); z, 13C{';) 6 56.5 ( d  o f  d, 

Jcp = 11.9 H z ,  Jcpl = 3.6 Hz,  CH(CH3)2),  46.6 (d, 

Jcp = 4.4 H z ,  CH(CH3)2) ,  25.5 (d ,  Jcp = 8.3 Hz cH3), 

I 

= 6.8 Hz CH3) 1.1 (d, 

21.8 ( 5 ,  $), 'H 6 4.8 ( m u l t ,  C t i (CH3)2 ) ,  3.2 
(mu l t ,  CH(CH3)2),  1 . 3  (d,JHH = 6.8 Hz, CH3, 1.1 (d,  

J~~ 

I 

I 

= 6.7 Hz, CH3). A l though inequ iva lence  i s  e v i d e n t ,  

an assignment o f  t h e  s tereochemical  arrangement o f  t h e  s p e c i f i c  
i P r  groups, w i t h  r e s p e c t  t o  t h e  me ta l  s u b s t i t u t e d  

atom, has n o t  been made. 

The equimolar  r e a c t i o n  o f  t h e  Group V I I I  meta 
i Fe2(C0)9 w i t h  P2(BNPr2)3 i n  hexane was a l s o  

examined. A f t e r  s t i r r i n g  f o r  one day, t h e  r e s u l t  

phosphorus 

c a r b o n y l  

ng r e d  

s o l u t i o n  was f i l t e r e d ,  t h e  f i l t r a t e  evaporated t o  dryness and 

pumped on t o  remove Fe(CO)5. 

f rom c o l d  hexane. 

The r e s i d u e  was r e c r y s t a l l i z e d  
i 

Y i e l d  Fe(C0)4[P2(BNPr2)3] (2) 
65%. The mass spect  

seve ra l  a n t i c i p a t e d  
i 

( Fe( CO) 2C P2( 8NPr2) 31 
451 Fe[ P2(  8NPr2)3]. i 

showed t h r e e  carbony 

um o f  3 showed a p a r e n t  i o n  m-/g = 563 and 

ragment i o n s :  m_/g = 506 

478 Fe( CO) [ P2( BNPr2) I ; 
The i n f r a r e d  spectrum (hexane) 

bands, 2038, 1965 and 1931 cm-l, as 

u 

i 

expected f o r  an a x i a l l y  s u b s t i t u t e d  Fe(C0)4L complex. 

data compare f a v o r a b l y  w i t h  i n f r a r e d  da ta  f o r  

Fe(C0)4[P(NMe2)3] 
Fe(CO)4[P(Cl)(NR2)2]6. The 31P NNR spectrum 1s 

These 

5 and a s e r i e s  o f  complexes 
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270 G.L.WOOD, E.N.DUESLER, R.T.PAINE and H.NOTH 

s l m i l a r  t o  t h a t  desc r ibed  above f o r  t h e  M(CO)5L complexes: 

b -59.8 (broad, c o u p l i n g  unresolved) ,  -99.0 (d,  Jpp = 39 

H z ) .  

u p f i e l d  o f  those found I n  t h e  Cr(C0)5L complex. The "6 
1 { H )  NMR spectrum c o n t a i n s  a s i n g l e  s i g n a l  a t  b 32.5. 

The 13C{1H) and ' H  NMR s p e c t r a  a l s o  show i n e q u i v a l e n t  

P r  groups: 2, 13C{1H) b 55.2 (d, Jcp = 8.5 Hz 

- CH(CH3)2 ) ,  46.2 (d ,  Jcp = 5.6 H z ,  CH(CH3)2), 25.6 (d, 

Jcp = 8.1 Hz cH3) ,  22.1(s cH3);  'H b 5.0 (broad 

Ctl(CH3)2), 3.1 (broad C l i ( C H 3 ) 2 ) ,  1.2 (d,  JHH = 7.5 Hz, 

CH3) 1.1 (d ,  JHH = 7.5 H z ,  CH3). 

s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  techniques,  and a v iew o f  t h e  

molecule i s  shown i n  F i g u r e  1. The mo lecu le  d i s p l a y s  a m i r r o r  

p lane  which con ta ins  t h e  Fe-C(l -0(1) v e c t o r  and t h e  

P(l)-P(2)-B(l)-N(l)-C(5) plane.  The Fe(C0)4 fragment has an 

approximate t r i g o n a l  b ipyramida geometry w i t h  

P2(BNPr2)3 occupying an a x i a l  s t e .  

l i g a n d s  i n  t h e  Fe(C0)4 t r i g o n a l  p l a n e  a r e  s l i g h t l y  d i s t o r t e d  

toward t h e  coo rd ina ted  a x i a l  phosphorus atom as i n d i c a t e d  by t h e  

average in -p lane  a n g l e  Fe-C-0 (178.2)'. 

Fe-CO bond d i s t a n c e  i s  1.765(15)A, and t h e  a x i a l  Fe-C(2)O 

d i s t a n c e  i s  1.749(13)A. 

ranges o f  d i s tances  found i n  Ph3PFe(C0)4 
5 1 .792( 2)  -1 .796( 4) A7 and ( Me2N) 3PFe( CO)4 

1.781(5)-1.793(6)A. The Fe-P( l )  bond d i s tance ,  2.260(3)R, i s  

l o n g e r  than those found i n  Ph3PFe(CO)4, 2.244(1)1, and I n  
(Me2N)3PFe(CO)q, 2.245(1)4. 

u donor /n accep to r  p r o p e r t i e s  would j u s t i f y  t h e  l o n g e r  

d i s t a n c e  found i n  2. 
de te rm ina t ion ,  t h e  s t r u c t u r a l  parameters o f  t h e  l l g a n d  fragment 

a r e  l i t t l e  changed by complexat ion.  Fo r  example, P(1)-B( l )  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  both resonances a r e  s h i f t e d  

i 

The mo lecu la r  s t r u c t u r e  o f  2 was unambiguously conf i rmed b y  

i The ca rbony l  

The average e q u a t o r i a l  

These d i s tances  a r e  comparable w i t h  t h e  

E i t h e r  s t e r i c  e f f e c t s  o r  poo r  

W i t h i n  t h e  accuracy o f  t h e  s t r u c t u r e  
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COORDINATION CHEMISTRY OF THE CAGE 27 1 

1 .972 (11 )A ,  P (1 ) -8 (2 )  1 .938(11)A,  P(2) -8 (1)  1 .949(17)A and 

P(2) -8 (2)  1 .955(9)A compare w i t h  1 .969(8)A i n  t h e  l i g a n d .  The 

8 ( 1 ) - N ( l )  and 8 (2 ) -N(2 )  d is tances  1 .349(19)A and 1 .376(11)A a r e  

s i m i l a r  t o  8-N, 1 .339(16)A i n  t h e  f r e e  l i g a n d .  The i n t e r n a l  

l i g a n d  cage angles 

F igure  1 .  

Fe(C0)4[P2(BNPr2)3].  Orthorhombic, space group Cmca 

(no. 6 4 ) ,  = 15.949(5)A,  = 15 .473(4 )A ,  2. = 27.207(9)A,  2 = 8,  

= 9.1%,  RwF = 8.1% on 1637 = 1 . 2 4  g cm . 'ca 1 cd 
unique data  w i t h  F,3.5u(F). 

View o f  t h e  s t r u c t u r e  o f  
i 

-3 
RF 

P S - B  
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8( 1)-P( 1)-8( 2) 71.9( 5) '  , 8( 2)-P( 1)-8( 2 ' )  75.3( 5)', 

B( l ) -P(2)-8(2 ' )  72.1(4)' and 8(2)-P(2)-8(2') 74.5' a r e  s l i g h t l y  

l a r g e r  than t h a t  i n  t h e  f r e e  l i g a n d ,  68.9(2)". Th is  t r e n d  would 

be expected i n  response t o  metal-phosphorus b ind ing .  S i m i l a r l y ,  
t h e  i n t e r n a l  angles about boron c l o s e  down s l i g h t l y  as i n d i c a t e d  

by P(  1)-8( 1)-P( 2) 92.7( 6)' and P( 1)-8( 2)-P( 2) 93.5(4)' compared 

t o  t h e  f r e e  l igand,  98.5(5)'. 

s i t e s  w i t h  metal carbonyl  fragments; however, even i n  t h e  

presence o f  l a r g e  excesses o f  metal carbonyl ,  no evidence f o r  

b i m e t a l l i c  c o o r d i n a t i o n  was found. F u r t h e r  s t u d i e s  o f  t h i s  and 

r e l a t e d  P8 c l u s t e r s  a r e  i n  progress, and i t  appears t h a t  severa l  

new f a m i l i e s  o f  cage l igands  may evolve. 

Several a t tempts were made t o  coord ina te  b o t h  phosphorus 
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