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chemistry 

Norman N. Greenwood and John D. Kennedy 

School o f  Chemistry,  The U n i v e r s i t y ,  Leeds LS2 9JT, England 

A b s t r a c t  - Some o f  t h e  more i n t r i g u i n g  r e s u l t s  s e l e c t e d  from recen t  work by t h e  
Leeds borane group w i l l  be presented. The f i r s t  s e c t i o n  cons iders  novel  chemical 
r e a c t i o n s  induced by t h e  i n t e r a c t i o n  o f  va r ious  l i g a n d s  w i t h  preformed m e t a l l a -  
boranes. T h i s  l eads  n a t u r a l l y  t o  the  second s e c t i o n  which desc r ibes  some f u r t h e r  
examples o f  unexpected and i n  some ins tances  unprecedented c l u s t e r  geomet r ies  
and t h e i r  s i g n i f i c a n c e .  The account concludes w i t h  a b r i e f  survey o f  t h e  new 
and r a p i d l y  deve lop ing  area  o f  aza- and oxa-metal laboranes and r e l a t e d  spec ies .  

INTRODUCTION 

The work o f  t h e  borane group i n  Leeds i s  concerned w i t h  two d i s t i n c t  though i n t e r r e l a t e d  
aspects o f  po l yhedra l  borane chemis t ry .  The f i r s t  concerns t h e  i n t r i c a t e  mechanisms by 
which t h e  boranes themselves r e a c t  and i n t e r c o n v e r t  under m i l d  t h e r m o l y t i c  c o n d i t i o n s ,  
o f t e n  i n  t h e  gas phase. 
and i s  a l s o  represented  by severa l  papers p resented  elsewhere i n  t h i s  Meet ing  ( r e f s .  2-4). 
The second main theme concerns the  syn thes i s ,  s t r u c t u r e ,  p r o p e r t i e s ,  and r e a c t i o n  
chemis t ry  o f  meta l laboranes  and meta l laheteroboranes .  Var ious  aspects o f  t h i s  were 
reviewed a t  IMEBORON V i n  Swansea ( r e f .  5 )  and IMEBORON VI i n  Bechyne ( r e f .  6) and have 
a l s o  been repo r ted  i n  o t h e r  summary l e c t u r e s  and comp i la t i ons  ( r e f s .  7,8). The p resen t  
l e c t u r e  dea ls  w i t h  t h i s  second main area and concent ra tes  on work completed w i t h i n  the  
l a s t  two o r  t h r e e  years ,  some o f  i t  as y e t  unpubl ished. 
grouped i n t o  t h r e e  sec t i ons  as i n d i c a t e d  i n  t h e  Abs t rac t .  

T h i s  aspec t  was l a s t  reviewed a t  IMEBORON VI i n  Bechyne ( r e f .  1) 

The s u b j e c t  ma t te r  w i l l  be 

LIGAND-INDUCED REACTIONS OF METALLABORANES 

The advent  o f  h i g h - y i e l d  syntheses o f  severa l  meta l laborane t ypes  makes the  r e a c t i o n  
chemis t ry  o f  these spec ies  amenable t o  f u r t h e r  s tudy .  One c l a s s i c  r e a c t i o n  o f  t h e  boranes 
themselves i n  t h e  ten -ve r tex  a rea  i s  t h e  use o f  l i g a n d s  t o  conver t  @-boranes i n t o  
a rachno-b is (1 igand)  adducts.  T h i s  r e a c t i o n  was d iscovered by R i l e y  Schaeffer ( r e f .  9 )  and 
i s  e x e m p l i f i e d  by t h e  r e a c t i o n  o f  methyl  cyanide w i t h  decaborane: 

- nido-B10H14 + 2MeCN -> [ a r a c h n 0 - 6 , 9 - ( M e C N ) ~ B ~ ~ H ~ ~ ]  + HZ 

The r e a c t i o n  i s  q u i t e  general  f o r  a ve ry  l a r g e  number o f  n e u t r a l  and a n i o n i c  l i g a n d s  
( r e f .  10) .  The adducts as i s o l a t e d  u s u a l l y  have t h e  exo-exo c o n f i g u r a t i o n  though r e c e n t  
work has shown t h a t  exo-endo adducts can a l s o  be made ( r e f .  11). Wi th  a meta l laborane 
t h e  outcome w i l l  c l e a r l y  depend bo th  on t h e  na tu re  o f  the  l i g a n d  used and on the  p a r t i c u l a r  
meta l laborane subs t ra te .  Several  p o s s i b i l i t i e s ,  some q u i t e  unexpected, a r e  descr ibed i n  
t h e  f o l l o w i n g  paragraphs. 

The most d i r e c t  and perhaps l e a s t  i n t e r e s t i n g  mode o f  i n t e r a c t i o n  i n v o l v e s  s imp le  l i g a n d  
replacement a t  t h e  metal  cen t re .  For example, t rea tmen t  o f  t h e  i soc loso - t ype  compound 
[l,l-(PPh3)2-2,3-(OEt)~-closo-1-RuB~oH~~ (compound 1) w i t h  the  more b a s i c  1 igand PMe3 
r e s u l t s  i n  t h e  fo rma t ion  o f  t h e  s i x t e e n - e l e c t r o n  ru then ium mixed l i g a n d  analogue 
[ ~ , ~ - ( P M ~ ~ ) ( P P ~ ~ ) - ~ , ~ - ( O E ~ ) ~ - C ~ O S O - ~ - R ~ B ~ O H ~ ]  (compound 2) which was cha rac te r i zed  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  a n a l y s i s  as shown i n  F i g .  1 ( r e f .  12 ) .  A more complex 
v a r i a n t  o f  l i g a n d  replacement occurs  when compound 1 i s  t r e a t e d  w i t h  [RuC12(PPh3)3] i n  
b o i l i n g  e thano l :  a h i g h  y i e l d  i s  ob ta ined  o f  t h e  red-brown b i n u c l e a r  complex 
[ l - ( P P h 3 ) - 2 , 3 - ( O E t ) 2 - ~ - l - R u B 1 0 H g - l - C 1  -4,5-(H )2-{RuC1 (PPh3)2)] (compound 3 )  i n  which 
one o f  t he  o r i g i n a l  PPh3 l i g a n d s  on t h e  &-rut lenaborane has been rep laced by a 
b r i d g i n g  c h l o r i n e  atom ( F i g .  1). The ru then ium atom Ru(1) i s  s t i l l  a s i x t e e n - e l e c t r o n  
cen t re  b u t  when compound 3 i s  f u r t h e r  t r e a t e d  w i t h  t h e  b i d e n t a t e  c h e l a t i n g  l i g a n d  
PhZPCHZPPhZ (dppm) t h e  remain ing  PPh3 l i g a n d  on Ru(1) i s  a l s o  rep laced  t o  g i v e  the  dark - red ,  
a i  r - s tab1  e e i  gh teen-e lec t ron  p roduc t  [I-( dppm)-2,3-(OEt)7-c1 oso-l-RuB10H~-l-C1 p-4 ,5- ( Hp)2- 
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F i g .  1. Molecu la r  s t r u c t u r e s  o f  t h e  mixed phosphine l i g a n d  compound 2, 
[ l , l - ( P M e 3 ) ( P P h 3 ) - 2 , 3 - ( 0 E t 2 ) - ~ - l - R u B l o H 8 ] ,  and the  b i n u c l e a r  compound 3, 
[l-( PPh3)-2,3-( O E ~ ) ~ - C ~ O S O - ~ - R U B ~ ~ H ~ - ~ - C ~  cl-4,5-( Hcl)2-{RuC1 (PPh3)2)] 

{RuCl (PPh3)2}] (compound 4 )  ( r e f .  13 ) .  

I f  secondary phosphines r a t h e r  than t e r t i a r y  phosphines a r e  used, more ex tens i ve  r e a c t i o n  
can occur which induces n o t  o n l y  l o s s  o f  a boron c l u s t e r  ve r tex  b u t  a l s o  B - H t  s u b s t i t u t i o n  
and phosphine b r i d g i n g  between the  metal  ve r tex  and a non-adjacent boron atom i n  t h e  
c l u s t e r  . Thus, t rea tmen t  o f  t h e  m - r h o d a d e c a b o r a n e  c l u s t e r  compound [6-( ~ 5 - C g M e g ) - m -  
6-RhBgH131 ( s t r u c t u r e  I )  w i t h  PHPh2 a f f o r d s  t h e  ye l l ow ,  a i r - s t a b l e ,  phosphine-br idged 
compound [2,5-( p-PPh2)-1-(PHPh2)-2-(q5-C5Meg)-arachno-2-RhB8Hg] (compound 5, s t r u c t u r e  11) 
i n  22% y i e l d  ( r e f .  1 4 ) .  

C ’zz l ’  

. .  

F ig .  2. S k e l e t a l  s t r u c t u r e s  I, 11, and 11, and the  molecu la r  s t r u c t u r e  o f  
compound 5, [2,5-( p-PPh2)-1-(PHPh2)-2-(q5-CgMerj)-arachno-2-RhB8Hg] 

The s t r u c t u r e  ( F i g .  2)  was e s t a b l i s h e d  by X-ray d i f f r a c t i o n  a n a l y s i s  and i s  a n ine -ve r tex  
arachno-system o f  t h e  m - B g H 1 5  s k e l e t a l  t ype  i n  which t h e  rhodium atom i s  on one o f  t h e  
p r o j e c t i n g  p o s i t i o n s  on t h e  open face, and i n  which t h e  PPh2 group b r idges  t h e  metal  atom 
and a (non-ad jacent )  p r o j e c t i n g  boron p o s i t i o n  a l s o  on t h e  open face. There i s , i n  a d d i t i o n , a  
PHPh2 l i g a n d  bound exo t o  t h e  c l u s t e r  a t  B ( 1 )  and two b r i d g i n g  hydrogen atoms a t  p o s i t i o n s  
(6 ,9 )  and (8,9) on t h e  open face .  I n  s p i t e  o f  t h e  arachno f o r m u l a t i o n  the  c l u s t e r  r e t a i n s  
much nido n ine -ve r tex  cha rac te r ,  as judged by geomet r ica l  and n.m.r. da ta .  The r e a c t i o n  
c o n t r a s t s  s h a r p l y  w i t h  t h a t  between the  same m - r h o d a d e c a b o r a n e  s t a r t e r  and t h e  t e r t i a r y  
phosphine PMe2Ph; t h i s  g i ves ,  i n t e r  a l i a ,  t h e  n ine -ve r tex  m - r h o d a h o r a n e  
[2-(q5-C5Me5)-5-(PMe2Ph)-*-2-RhB8H~o] ( s t r u c t u r e  111) ( r e f .  1 5 ) .  

Use o f  a p o t e n t i a l l y  r e a c t i v e  l i g a n d  such as an i s o n i t r i l e  opens up severa l  f u r t h e r  
p o s s i b i l i t i e s .  I n  t h e  s imp les t  case, we have found t h a t  d i r e c t  b i s ( 1 i g a n d )  adducts can be 
formed w i t h  t h e  l o s s  o f  d ihydrogen and concomitant c l u s t e r  m o d i f i c a t i o n  f rom m t o  
arachno bu t ,  i n s t e a d  o f  t h e  exo-exo c o n f i g u r a t i o n  as found i n  t h e  o r i g i n a l  Schaef fe r  
adducts,  LzB10H12, an endo-exo c o n f i g u r a t i o n  may r e s u l t .  For example, r e a c t i o n  between 
MeNC and t h e  nido t en -ve r tex  rhodaborane c l u s t e r  [6-(q5-CgMe5)-nido-6-RhBgH13] i n  to luene  
r e s u l t s  i n  t h e  fo rmat ion  o f  t h e  s t a b l e ,  ye l l ow ,  arachno ten -ve r tex  c l u s t e r  [6-(q5-C5Meg)- 
6,9-(MeNC)7-arachno-6-RhBgHll] (compound 6)  i n  64% y i e l d ;  t h e  endo-exo c o n f i g u r a t i o n  was 
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e s t a b l i s h e d  by t h e  d e t a i l e d  n.m.r. s i m i l a r i t y  between t h i s  compound and i t s  e - t o l y l  analogue, 
compound 1, ( F i g . 3 )  which was formed s i m i l a r l y ,  though i n  much lower  y i e l d ,  and f o r  which 
a c r y s t a l  s t r u c t u r e  was ob ta ined ( r e f .  16 ) .  

F i g .  3. Mo lecu la r  s t r u c t u r e  o f  [6-(q5-CgMeg)-6,9-endo,exo-(e-MeCgHqNC)2-6-RhBgHl1)], 
compound 7, showing ( l e f t )  an o v e r a l l  ORTEP drawing o f  t h e  s t r u c t u r e  and 
( r i g h t )  a more d e t a i l e d  p l o t  o f  t h e  c l u s t e r  i n d i c a t i n g  t h e  numbering system 
used ( r e f .  16) 

The p a r a l l e l  r e a c t i o n  o f  MeNC w i t h  t h e  ten -ve r tex  m - i r i d a b o r a n e  analogue [6-(q5 -CgMeg)- 
nido-6-1rBgHlgl  a l s o  a f f o r d e d  t h e  pa le -ye l l ow  arachno endo-exo b i s ( 1  igand)  adduct 
[6-(q5-C5Me5)-6,9-endo,exo-(MeNC)7-arachno-IrBgHll) (compound 8, F i g .  4 )  i n  62% y i e l d ,  
t oge the r  w i t h  a s m n r  amount (18% y i e l d )  o f  t h e  r e l a t e d  n ine -ve r tex  homologue 
[4-(q5-CgMeg)-4-(&-MeNC)-arachno-4-IrB~H12], compound 9, F i g .  4 ( r e f .  1 7 ) .  

F i g .  4. Proposed molecu la r  s t r u c t u r e  o f  [6-(~~-CgMe5)-6,9-endo,exo-(MeNC)2-arachno-6- 
IrBgH111 (compound 8 )  based on t h e  extreme s i m i l a r i t y  o f  i t s  1H and I l B  n.m.r. 
da ta  t o  those o f  t h e  X-ray c r y s t a l l o g r a p h i c a l l y  de f i ned  compound 7 ( F i g .  3 ) ,  
and t h e  c r y s t a l  l o g r a p h i c a l l y  determined molecu la r  s t r u c t u r e  o f  [4-(  n5-C5Me5)-4- 
(&-MeNC)-arachno-4-IrBgH12], compound 9 ( r e f .  17)  

By c o n t r a s t ,  t h e  r e a c t i o n  o f  MeNC i n  to luene  a t  room temperature w i t h  t h e  o s t e n s i b l y  ve ry  
s i m i l a r  m - r u t h e n a b o r a n e  s u b s t r a t e  [6-(q6-C6Me6)-"ido-6-RuBgH13] proceeds q u i t e  d i f f e r e n t l y  
by e f f e c t i n g  t h e  f a c i l e  s tepwise  r e d u c t i o n  o f  MeNC t o  Me2NH: 

MeNC + [ (C6Me6)RuBgH13] -> MeNHCH3 + [ (CgMeg)RuBgHg] (compound 10) 

The r e a c t i o n  proceeds v i a  t h e  r a p i d  (<lo min 
an uns tab le  y e l l o w  adduct [ ( C ~ M ~ ~ ) R U B ~ H ~ ~ ( C H ~ N M ~ ) ]  (compound ll), which fea tu res  a c l u s t e r -  
bound, p a r t i a l l y - r e d u c e d ,  b r i d g i n g  u n i t  -NMeCH2- r e s u l t i n g  f rom t h e  r e d u c t i v e  capture  o f  a 
MeNC molecule.  T h i s  i n te rmed ia te  (11) r e a c t s  f u r t h e r  over a p e r i o d  o f  severa l  hours a t  
room temperature t o  complete t h e  reduc t i on  o f  MeNC w i t h  consequent e x t r u s i o n  o f  Me2NH from 
the  c l u s t e r  and t h e  h i g h - y i e l d  fo rma t ion  o f  t h e  ten -ve r tex  i soc loso  p roduc t  [1-(q6-C6Me6)- 
isocloso-1-RuBgHg] (compound 1 0 )  ( r e f .  18).  I n  an a t tempt  f u r t h e r  t o  e l u c i d a t e  the  
s t r u c t u r e  o f  t h e  i n te rmed ia te  b r i dged  compound 11, t h e  r e a c t i o n  m i x t u r e  c o n t a i n i n g  11 was 
quenched w i t h  t h e  s t ronger  l i g a n d  PMe2Ph; 

RugHio] (compound 12) ,  which was cha rac te r i zed  by n.m.r. spectroscopy and by a s i n g l e -  
c r y s t a l  X-ray a n a l y s i s  (F ig .  5 ) .  Compound 12 e x h i b i t s  severa l  i n t e r e s t i n g  fea tu res  
i n c l u d i n g  ( a )  a {p-6,9-NMe2} b r i d g i n g  mo ie ty  t h a t  i s  reasonab ly  presumed t o  rep resen t  
another o f  t he  two-e lec t ron  t r a n s f e r  s teps  i n  t h e  o v e r a l l  f o u r - e l e c t r o n  r e d u c t i o n  o f  
MeNC t o  MeNHCH3, and ( b )  an arachno ten -ve r tex  5-metal laborane s t r u c t u r e  f o r  which the re  

and e s s e n t i a l l y  q u a n t i t a t i v e  fo rma t ion  o f  

t h i s  r e s u l t e d  i n  t h e  unex ec ted  fo rma t ion  o f  t h e  
a i r - s t a b l e ,  rearranged, orange adduct [1.1-6,9-( NMez)-lO-( PMezPh)-5-(q t -C6Me6)-araChnO-5- 
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i s  l i t t l e  precedent ( r e f .  19 ) .  The s t r u c t u r e ,  shown i n  F i g .  5, c l e a r l y  a l s o  i m p l i e s  a 
c l u s t e r  rearrangement f rom the  i n i t i a l  6-ruthena- t o  t h e  f i n a l  5-ruthena-decaborane spec ies  

F i g .  5. Molecu la r  s t r u c t u r e  o f  compound 12, F i g .  6. Mo lecu la r  s t r u c t u r e  o f  compound 13, 
[ ~ - 6 , 9 -  (NMe2) -10- ( PMeePh) -5- ( q6- 
C6Me6j-arachno-5-RuBgH10] ( r e f .  18) 

[l-( q5-CgMeg)-2-Me-cl oso-l,2,3- 
RhC2B8H 91 ( r e f .  20)- 

Even more ex tens i ve  c l u s t e r  changes can be induced i f  t h e  r e a c t i o n  w i t h  a l k y l  i socyan ides  
i s  c a r r i e d  o u t  i n  b o i l i n g  to luene  ( 4 1 0  OC) r a t h e r  than a t  room temperature.  Under these 
more f o r c i n g  c o n d i t i o n s  t h e  r e a c t i o n  o f  MeNC w i t h  [6-(q5-CgMeg)-nidq-6-RhBgH13] does n o t  g i v e  
s i g n i f i c a n t  amounts o f  compound 6 b u t  r a t h e r  t h e  C-methy l -subs t i tu ted  e leven-ver tex  close- 
rhodadicarbaborane c l u s t e r  [1-(q5-C5Me5)-2-Me-*-i,2,3-RhC2B8Hg, compound 13, whose 
s t r u c t u r e  ( F i g .  6 )  was conf i rmed by X-ray d i f f r a c t i o n  a n a l y s i s  ( r e f .  20) .  Compound i3 can, 
o f  course, be syn thes ized independent ly  ( i n  64% y i e l d )  by t h e  more d i r e c t  r e a c t i o n  between 
[ { (  q5-C5Me5)RhC1 2)2] and t h e  dicarbaborane an ion  [6-Me-m-6,9-C2B8HgI2-.  The r o u t e  v i a  
MeNC rep rksen ts  an unprecedented syn thes i s  o f  a meta l lad icarbaborane which i n v o l v e s  n o t  
o n l y  t h e  e l i m i n a t i o n  o f  a boron v e r t e x  f rom t h e  c l u s t e r  b u t  a l s o  t h e  i n t r i g u i n g  
i n c o r p o r a t i o n  o f  C(2)-Me and C(3)-H w i t h  complete e l i m i n a t i o n  of t h e  n i t r o g e n  atoms f rom 
two i s o n i t r i l e  molecules.  

React ion o f  t h e  same m - r h o d a d e c a b o r a n e  s t a r t e r  w i t h  E t N C  ( r a t h e r  than MeNC) under s i m i l a r  
c o n d i t i o n s  ( b o i l i n g  to luene)  r e s u l t s  i n  t h e  i n c o r p o r a t i o n  o f  a s i n g l e  carbon atom i n t o  t h e  
c l u s t e r  w i t h o u t  loss o f  boron t o  g i v e ,  as the  predominant p roduc t ,  t h e  r e d  amine -subs t i t u ted  
e leven-ver tex  *-metal lacarbaundecaborane d e r i v a t i v e  [1- (q5-C5Me5)-2-(NHEt) -5- (CNEt) -  
*-l,Z-RhCBgHg] (compound 14, F i g .  7 )  ( r e f .  20 ) .  

U 

Fig .  7. Mo lecu la r  s t r u c t u r e  o f  compound 14, F i g .  8. Mo lecu la r  s t r u c t u r e  o f  compound 15, 
[ 1- ($-CgMeg)-2- (NHEt)-5- ( CNEt) - 
--l,Z-RhCBgHg] ( r e f .  20) RuN(Me)CfH)BgH11] ( r e f T  

[5-(q6-C Me6)-7-( 0Me)-arachno- 

A f u r t h e r  thought -p rovok ing  v a r i a t i o n  o f  t h e  r e a c t i o n  o f  an i s o n i t r i l e  w i t h  a nidq- 
metal  ladecaborane i s  i l l u s t r a t e d  by t h e  r e a c t i o n  o f  MeNC w i t h  [6-(q6-C6Me6)-nido-6-RuBgH13] 
i n  t he  presence o f  e thano l .  
t h e  r e a c t i o n  i s  c a r r i e d  o u t  i n  to luene)  a f a s c i n a t i n g  and unprecedented arachno-type 

Ins tead  o f  t h e  i soc loso  compound 10 be ing  f o r m e w s  when 
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twe lve -ve r tex  {RuNCBg} c l u s t e r  emerges whose f o r m u l a t i o n  as [5-(q6-CgMeg)-7-(OMe)-arachno-5- 
RuN(Me)C(H)BgH11] (compound 15, F i g .  8 )  was e s t a b l i s h e d  by X-ray d i f f r a c t i o n  a n a l y s i s  
( r e f .  20 ) .  Unique f e a t u r e s  o f  t h i s  s t r u c t u r e  i n c l u d e  the  presence o f  a four-membered 
(BBCN), a five-membered (BBBCN), and a six-membered (RuBBBCN) open face .  The f o u r -  and 
five-membered open faces  c a r r y  no b r i d g i n g  hydrogen atoms b u t  t h e  six-membered face  has two 
BHRu b r idges  and a BHC b r idge ,  t h i s  l a s t  f e a t u r e  being, as f a r  as we a r e  aware, p r e v i o u s l y  
unobserved i n  any known carbaborane c l u s t e r .  It i s  no tab le  t h a t  t h e  elements o f  MeNC a r e  
c l e a r l y  d i s c e r n i b l e  i n  t h e  c l u s t e r ,  t h e  ' i s o n i t r i l e '  group i t s e l f  be ing  i n t i m a t e l y  i n v o l v e d  
as a b r i d g i n g  u n i t  i n  a l l  t h r e e  open-faces. 
e x t r a o r d i n a r y  r e a c t i o n s  a re  a t  p resent  be ing  explored. 

The f i n a l  example o f  l igand- induced r e a c t i o n s  o f  meta l laboranes  concerns the  r e a c t i o n  o f  
Me$ w i t h  nido-6-metalladecaboranes i n  r e f l u x i n g  to luene ( r e f .  21) .  Wi th  [6-(q6-C6Me6)- - nido-6-RuBgH131 a c lean  r e a c t i o n  ensues which a f f o r d s  an 80% y i e l d  o f  [1-(q6-C6Meg)- 
isocloso-1-RuBgHg], i d e n t i c a l  w i t h  compound 10 above. However, use o f  t h e  analogous 
[6-(~3-C5Me5)-nido-6-RhBgH13] g i v e s  a v a r i e t y  o f  p roduc ts ,  one o f  which (20% y i e l d )  i s  t h e  
novel  , brown, a i r - s t a b l e  d i rhod ium con junc to  spec ies  [9 '  - (  q5-C5Me5)-Z1 ,3,9-( S M e 2 ) 3 - m -  
7 ' , 9 ' - d i r h o d a u n d e c a b o r a n o - ( 7 ' : 2 ) - ~ - 2 - r h o d a d e c a b o r a n e ]  (compound 16) .  The s t r u c t u r e ,  
as shown i n  F ig .  9, i s  based on a unique i son ido - t ype  e leven-ver tex  c l u s t e r  {7 ' ,9 ' -Rh289} 
con jo ined  by a common rhodium atom, =-(7':2)-Rh, t o  a close ten -ve r tex  {2-RhBg} c l u s t e r .  
T h i s  l a t t e r  i s  a s t r a i g h t f o r w a r d  ten -ve r tex  ' 22 -e lec t ron '  b icapped square a n t i p r i s m  b u t  t he  
open-faced e leven-ver tex  {RhzBg} subc lus te r  i s  nove l :  
e leven-ver tex  system f o r  which a close s t r u c t u r e  m igh t  have been a n t i c i p a t e d ,  b u t  i t  has 
an open face  w i t h  two b r i d g i n g  hydrogen atoms. 
{Rh( 7 '  )B (  8 '  )Rh( 9 '  ) B (  10' )B(  11' ) }  has a bent  c o n f i g u r a t i o n  w i t h  an unusual tr i p l  y -b r  i d g i  ng 
hydrogen atom assoc ia ted  w i t h  R h ( 7 ' ) 8 ( 8 ' ) R h ( 9 ' ) .  

t u r t h e r  d e t a i l s  and ex tens ions  o f  t hese  

i t  i s  f o r m a l l y  a ' 2 4 - e l e c t r o n '  

Moreover, t h e  five-membered open face  

F 

9. Mo lecu la r  s t r u c t u r e  o f  compound 16, 
[ 9 '  - (  715-C5Me5)-Z' ,3,9-( SMe2)3- 
- nido-7',9'-Rh2BgH10-closo- 
commo(7':2)-RhBgH7] ( r e f .  21) 

The c o n d i t i o n s  f o r  t h e  fo rma t ion  o f  t h i s  con 'unc to  compound 16 a r e  q u i t e  c r i t i c a l .  When 
t h e  r e a c t i o n  i s  c a r r i e d  o u t  a t  room tempera t i re ,  t h e  main p roduc ts  a r e  [5-($-CgMeg)-8- o r  
l o - (  SMe2)-m-5-RhBgH11] (65%) and [5-(q5-C5Me5)-7-( SMe*)-m-5-RhBgH11] (5. 25%), and 
subsequent m i l d  the rmo lys i s  o f  these i n  b o i l i n g  to luene,  e i t h e r  as i s o l a t e d  spec ies  o r  
admixed w i t h  t h e i r  coproducts,  does n o t  y i e l d  s i g n i f i c a n t  q u a r t t i t i e s  o f  t h e  con junc to  
spec ies  ( r e f .  21) .  Several o t h e r  v a r i a n t s  have been t r i e d  and l e a d  t o  f u r t h e r  i n t e r e s t i n g  
spec ies  which t i m e  (space) does n o t  p e r m i t  us t o  desc r ibe  i n  d e t a i l .  

SOME UNEXPECTED CLUSTER GEOMETRIES 

The geometry o f  m - B l o H 1 4  i s  such t h a t  f o u r  d i s t i n c t  m - m e t a l l a d e c a b o r a n e s  a r e  
a n t i c i p a t e d  as a r e s u l t  o f  i s o l o b a l  subrogat ion  o f  a BH v e r t e x  a t  p o s i t i o n s  6, 5, 2, o r  1, 
as i n d i c a t e d  i n  F ig .  10 s t r u c t u r e s  I, 11, 111, and I V .  Examples o f  t h e  f i r s t  two 
s t r u c t u r e  t ypes  a r e  well-documented ( r e f .  8)  and occas iona l  examples o f  I 1 1  have been 
r e p o r t e d  e.g.  [2-(q5-C5Me5)-nido-2-CoBgH13] ( r e f .  22) and ~ 2 - ( ~ 6 - ~ g ~ e g ) - n i d o - 2 - ~ u ~ g ~ i 3 1  
(compound 17, r e f .  23).  However, when t h e  f i r s t  example o f  t h e  o s t e n s i b l y  analogous @-1- 
subrogated d e r i v a t i v e  (F ig .  10, s t r u c t u r e  I V )  was r e c e n t l y  thought  p o t e n t i a l l y  t o  have 
been prepared i t  tu rned  o u t  unexpectedly t o  have the  p r e v i o u s l y  unknown isoarachno-type 
s t r u c t u r e  v ( r e f .  23 ) .  Thus, t rea tmen t  o f  [arachno-BgH11]- w i t h  [{(q6-C6Me6)RUC12}2] i n  
thf-CH2C12 a t  -25 O C  a f f o r d e d  [1-(q6-CgMe6)-' isoarachno1-l-RuBgH13] (compound 18) as a 
ye l l ow ,  a i r - s t a b l e  s o l i d  i n  5% y i e l d ,  t oge the r  w i t h  the  m - 2 - m e t a l l a  d e r i v a t i v e  
(compound 17) i n  9% y i e l d .  The s t r u c t u r e  o f  18,shown i n  F ig .  10, f e a t u r e s  t h e  expected 
f o u r  BHB b r idges  bu t ,  s u r p r i s i n g l y ,  t h e  B(5) . . .8 (10)  d i s tance  has inc reased t o  a non- 
bonding va lue  o f  249.7 pm [compared w i t h  183.5 pm f o r  B (7 ) -8 (8 ) ] ,  thereby  genera t i ng  a 
novel  7-membered RuB6 open face. Cons is ten t  w i t h  t h e  isoarachno-type geometry o f  
compound 18, i t s  116 n.m.r s h i e l d i n g  behaviour dev ia tes  w i d e l y  f rom t h a t  o f  m - B i o H 1 4  
and i t s  s t r a i g h t f o r w a r d  6-, 5-, and 2 -me ta l l a  d e r i v a t i v e s .  I t  i s  tempt ing  t o  specu la te  
t h a t  t h e  r u p t u r e  of t h e  B(5)-B(10) l i n k a g e  i n  compound 18 r e f l e c t s  an inc reased e l e c t r o n  
c o n t r i b u t i o n  f rom t h e  ru then ium t o  t h e  c l u s t e r  e l e c t r o n  count,  though a t  p resen t  t h e r e  i s  
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F i g .  10. Ske le ta l  s t r u c t u r e s  f o r  metal la-m-decaboranes ( I - I V )  and f o r  t h e  
isoarachno-1-subrogated c l u s t e r  (V), t oge the r  w i t h  t h e  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  [I-( q6-C6Me6)-i soarachno-RuBgHlg], compound 15 

no ex e r imen ta l  evidence as t o  whether t h e  compound is more a c c u r a t e l y  descr ibed as a R u I I  
o r  RuBV d e r i v a t i v e .  
be de r i ved  by removal o f  two ad jacent  v e r t i c e s  f rom t h e  known i soc loso  twe lve -ve r tex  c l u s t e r  
geometry observed f o r  {WCzBg} i n  [Pt(PEt3)2(C0)2kC2BgHgMe2(Ch2CgHqMe)] ( r e f .  24).  

A second recen t  example o f  an unexpected c l u s t e r  geometry i s  p rov ided  by t h e  orange-yel low, 
a i  r - s tab1  e metal  1 ad i  carbaborane c l u s t e r  [2.4-Me2-1-(n6-MeCgHqPr1 )-1,2,4-RuC2EgHa], 
compound 19. I n  the  absence o f  d i r e c t  exper imenta l  evidence, such e leven-ver tex ,  
' 2 4 - e l e c t r o n '  spec ies  had p r e v i o u s l y  been assumed t o  have a symmetr ical  close de l tahedra l  
c l u s t e r  s t r u c t u r e  ( r e f s .  25-27) bu t ,  i n  f a c t ,  as shown i n  F i g .  l l a ,  compound 19 has a 
q u a d r i l a t e r a l  open face  Ru( l )C(Z)C(4)E(5)  w i t h  an e s s e n t i a l l y  non-bonding Ru( l ) . . .C(4)  
d i s tance  o f  268.3(7) pin ( r e f .  2 8 ) ;  
Ru( 1 ) -C(2 ) .  
and [5,6-Me7-nido-5,6-C2B~Hlo] i n  t h e  presence o f  ' p r o t o n  sponge' ( N , N , N '  , " - te t ramethy l  - 
naphthalene-1,8-diamine) i n  dichloromethane s o l u t i o n  f o r  2 hours,  and use o f  
[{~~-c6Mef,)RuC12}2] gave t h e  cor respond ing  open-faced hexamethyl benzene d e r i v a t i v e  
( r e f .  29 . ) .  Thermolysis o f  com ound 19 a t  400 O C  gave a q u a n t i t a t i v e  y i e l d  o f  t h e  y e l l o w  

r e f .  29);  here  t h e  ' d i s t o r t i o n '  i s  man i fes t  as a s u b s t a n t i a l  l eng then ing  o f  Ru(1) t o  each 
o f  the f o u r  d i r e c t l y  bonded boron atoms i n  t h e  q6-dicarbaborane l i g a n d .  Overa l l  fo rmal  
p o l a r  C z V  symmetry i s  thereby  main ta ined and the  c l u s t e r  d i s t o r t i o n  can be cha rac te r i zed  
as a ' symmet r ica l  e l o n g a t i o n '  r a t h e r  than a ' s l i p p a g e ' .  Fu r the r  i n s i g h t  i n t o  s t r u c t u r e /  
e lec t ron -coun t  r e l a t i o n s h i p s  i n  t h e  e leven-ver tex  system i s  p rov ided  by t h e  non-carbon- 
con ta in ing  c l u s t e r  [ ~ - ( Q ~ - M ~ C ~ H ~ P ~ ~ ) - C ~ O ~ O - ~ - R U B ~ ~ H ~ ~ ] ,  compound 21, which was made i n  87% 
y i e l d  by d i r e c t  i n s e r t i o n  of {(q6- pcym)Ru) i n t o  --B10H102- us ing  [ { ( q 6 - p  cym)RuC12}2]. 
Here t h e r e  i s  a fo rmal  22 -e lec t ron  count  ( r a t h e r  than a 24 -e lec t ron  count  as i n  t h e  d i ca rba  
d e r i v a t i v e s  19 and 2 0 )  and, as seen i n  F i g .  l l c ,  t h e r e  i s  a compact symmetr ical  s t r u c t u r e  
o f  C z V  c l u s t e r  symmetry, t h e  d i s tance  o f  Ru(1) f rom the  mean B(4 )8 (5 )8 (6 )8 (7 )  p lane oe ing  
some 11 pin l e s s  than f o r  t h e  d i ca rba  analogue, compound 2 0 .  
o the r  dimensional  d i f f e r e n c e s  a re  f u l l y  d iscussed i n  r e f .  29. 

Three o the r  examples o f  d i s t o r t i o n s  f rom expected close geometry i n  e leven-ver tex ,  
' 24 -e lec t ron '  c l u s t e r s  have r e c e n t l y  come t o  l i g h t .  
[l,l-(PPh3)2-l-H-isonido-1,2,4-IrC~8~H~o], compound 22, which had p r e v i o u s l y  been assumed 
t o  have a r e g u l a r  close s t r u c t u r e ,  ( r e f .  30) has been found 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  a n a l y s i s  t o  have a c l e a r l y  d e f i n e d  q u a d r i l a t e r a l  open face  I r ( l ) C ( Z ) C ( 4 ) B ( 7 )  
as shown i n  F ig .  12a ( r e f .  31 ) :  t h e  d i s tance  I r ( l ) . . . C ( 4 )  i s  277.9(8) ,  as compared t o  
219.2(7) f o r  I r ( l ) - C ( 2 ) .  A r e l a t e d  d i s t o r t i o n  has been found i n  t h e  p u t a t i v e  ' 2 4 - e l e c t r o n ' ,  
e l  even-vertex d i m e t a l l  a c l u s t e r  [1,4-( q5-C5Me5)2-p-1 ,4-H-i son! do-l,4-RhIrBgH10], compound 23, 
( r e f .  32).  
CH2C1210f [{(q5-C5Mes)RhC12}2] w i t h  [6-(~l5-C5Meg)-"ido-6-IrBgH13] i n  t h e  presence o f  ' p r o t o n  
sponge . 
and fea tu res  a R h ( l ) I r ( 4 ) B ( 7 ) B ( 3 )  q u a d r i l a t e r a l  face d e s p i t e  t h e  presumed close e l e c t r o n  
count.  
t h i s  compound: 
B ( Z ) B ( g ) B ( l l )  p lane, a second w i t h  respec t  t o  in te rchange o f  C5Meg rotamers across the  p lane,  
and a t h i r d  w i t h  rega rd  t o  exchange i n  t h e  pseudo m i r r o r  p lane o f  t h e  B H ( 2 )  group between 
t h e  p o s i t i o n  shown i n  F i g .  12b and t h e  ' vacan t '  s i t e  above the  q u a d r i l a t e r a l  open face .  
As a r e s u l t ,  t h e  hydrogen atoms were n o t  l o c a t e d  i n  t h e  X-ray a n a l y s i s  b u t  were apparent 
f rom n.m.r. spectroscopy which revea led  t h e  expected n i n e  BHexo groups, t h e  R h ( l ) - H - I r ( 4 )  
b r i dge ,  and the  B(3)-H-B(7) b r i dge .  

It i s  no tewor thy  t h a t  t he  isoarachno geometry ( F i g .  10) can n o t i o n a l l y  

t h i s  compares w i t h  a d i s tance  o f  212.4(6) p m - f o r  
Compound 19 was ob ta ined  i n  30% y i e l d  by r e a c t i o n  o f  [{(q6-MeC6H4Pr1)RuC12}2] 

symmetr ical  isomer,[2,3-Me2-l-(q E -MeCgHqPr1)-cioso-l,2,3-Ruc2B8H8], (compound 20, F i g .  l l b ,  

The s i g n i f i c a n c e  o f  these and 

Thus, t h e  molecu la r  s t r u c t u r e  o f  

T h i s  s t a b l e  y e l l o w  compound was ob ta ined i n  6% y i e l d  f rom the  r e a c t i o n  i n  

The s t r u c t u r e ,  as determined by X-ray d i f f r a c t i o n  ana lys i s ,  i s  shown i n  F i g .  12b 

I n  f a c t ,  t h e  X-ray evidence r e v e a l s  t h r e e  types  o f  d i s o r d e r  i n  t h e  c r y s t a l s  o f  
one w i t h  respec t  t o  in te rchange o f  t h e  two metal  t ypes  across t h e  

- 
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F i g .  11. (a )  Mo lecu la r  s t r u c t u r e  o f  compound 19, [2,4-Me2-1-(r16-MeC6H4Pri)- 

k 1,2,4-RuC2B8H8], showing t h e  q u a d r i l a t e r a l  open face  Ru( l )C(2)C(4)B(5  
( r e f s .  28,29); 
closo-1,2,3-RuC2BgHg], showing t h e  s l i g h t l y  s t r e t c h e d  C2" c l u s t e r  geometry 
( r e f .  29);  
l-RuB10H101, showing t h e  compact symmetr ical  C2" c l u s t e r  geometry ( r e f .  29) 

( b )  mo lecu la r  s t r u c t u r e  o f  compound 20, [2,3-Me2-1-(~ -MeC6HqPri)- 

( c )  mo lecu la r  s t r u c t u r e  o f  compound 21, [1-(q6-MeC6H4Pr1)-closo- 

F i g .  12.  ( a )  Mo lecu la r  s t r u c t u r e  o f  compound 22 [1,1-(PPh3)2-1-H-1,2,4-isonido-IrC2B~H~o], 
showing t h e  q u a d r i l a t e r a l  open face  I r ( l ) C ( 2 ) C ( 4 ) B ( 7 )  ( r e f .  31) ;  
( b )  mo lecu la r  s t r u c t u r e  o f  compound 23, [1,4-(q5-CgMeg)2-p-1,4-H-isonido- 
1,4-RhIrBgH10], showing t h e  p o s i t i o n  o f  non-hydrogen atoms o n l y  (see t e x t )  ( r e f .  32) 

The f i n a l  example concerns t h e  unexpected s t r u c t u r e  o f  t h e  orange, a i r - s t a b l e  spec ies  
[2-(~6-C6Meg)-8,10-Me?-nido-2,8,10-OsC2B~H8], compound 24, which i s  ob ta ined  q u a n t i t a t i v e l y  
by thermal rearrangement (14 min a t  400 "C) o f  i t s  isomer, t h e  presumed close spec ies  
[1-!q6-CgMeg)-2,4-Me2-1,2,4-osc2B8H8] ( r e f .  33) .  As seen i n  F i g .  13a, compound 24 
e x h i b i t s  a five-membered BCBCB open face and i s  t hus  fundamenta l l y  d i f f e r e n t  f rom t h e  
close c o n f i g u r a t i o n  p r e v i o u s l y  assumed and g e n e r a l l y  accepted f o r  a ' 2 4 - e l e c t r o n ' ,  e leven- 
ve r tex  c l u s t e r .  The s t r u c t u r e  c l e a r l y  resembles t h a t  o f  t h e  ' 2 6 - e l e c t r o n '  spec ies  
[*-B11H14]-, F ig .13b ( r e f .  34) ,  d e s p i t e  hav ing  two l e s s  c l u s t e r  e l e c t r o n s  (as  s u p p l i e d  
by t h e  unique Hendo and t h e  s i n g l e  nega t i ve  charge i n  [Bl lH14]- .  I t  i s  a l s o  no tewor thy  
t h a t  t h e  Os(2) ZtZiifi i s  n o t  i n  t h e  open-face o f  t h e  c l u s t e r ,  so t h a t  a r a t i o n a l e  analogous 
t o  t h a t  invoked ( r e f .  35) t o  account f o r  t h e  ' s l i p p e d '  s t r u c t u r e s  o f  c e r t a i n  p l a t i n a -  
dicarbaboranes does n o t  app ly  i n  t h i s  case. Such s t r u c t u r a l  behaviour i s  w i t h o u t  precedent,  
and s ince  t h e r e  i s  no obvious a p r i o r i  reason f o r  expec t i ng  any th ing  o t h e r  than a s t r a i g h t -  
fo rward  c losed  s t r u c t u r e ,  i t  re-emphasizes t h e  importance o f  back ing  t h e o r e t i c a l  
d e l i b e r a t i o n s  i n  t h i s  a rea  w i t h  d e f i n i t i v e  exper imental  evidence ( r e f .  36 ) .  

AZA- A N D  OXA-METALLABORANES A N D  RELATED SPECIES 

Main-group-element atoms can be i nco rpo ra ted  on to  o r  i n t o  meta l laborane c l u s t e r s  w i t h  
va ry ing  degrees o f  i n t imacy .  S u b s t i t u t i o n  o f  one o r  more te rm ina l  hydrogen atoms on t h e  
c l u s t e r  a f f o r d s  amine, amino, a l koxy  e t c .  d e r i v a t i v e s  i n  which the  heteroatom can be exo 
t o  t h e  c l u s t e r ,  endo t o  t h e  c l u s t e r ,  o r  i n  a b r i d g i n g  p o s i t i o n  between two ( o f t e n  non- 
ad jacen t )  c l u s t e r  v e r t i c e s ,  and severa l  examples o f  such spec ies  and t h e i r  phosphine and 
su lph ide  analogues have a l ready  been mentioned i n  p reced ing  sec t i ons .  
o f  t h e  heteroatom as a c l u s t e r  v e r t e x  i s  a l s o  w e l l  documented f o r  bo th  l i g h t  and heavy 
heteroatoms, t h e  c l a s s i c  examples o f  t h e  former be ing  t h e  m u l t i t u d i n o u s  m e t a l l a  d e r i v a t i v e s  

D i r e c t  invo lvement  
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F i g .  13. ( a )  Mo lecu la r  s t r u c t u r e  o f  compound 24, [2-(t16-C6Me6)-8,10-Me?-nido-2,8,10- 

(b )  t h e  c l o s e l y  r e l a t e d  s t r u c t u r e  o f  t h e  nido an ion  
O S C ~ B ~ H ~ ] ,  showing t h e  5-membered BCBCB open face  which does n o t  i n v o l v e  t h e  
osmium atom ( r e f .  33); 
Bl lH14- ( r e f .  34) 

o f  t h e  dicarbaboranes. 
heteroatoms N and 0 as c l u s t e r  v e r t i c e s  i n  meta l laboranes  has been much l e s s  e x t e n s i v e l y  
s tud ied ,  though a smal l  number o f  such spec ies  i s  now beg inn ing  t o  emerge. These, and 
some r e l a t e d  meta l laborane compounds hav ing  8-N o r  B-0 l i nkages ,  fo rm the  s u b j e c t  o f  t h i s  
conc lud ing  s e c t i o n .  

An example, which i s  so - fa r  unique, o f  a mu l t ip ly -bonded n i t r o g e n - s u b s t i t u t e d  m e t a l l a -  
borane i n v o l v i n g  NtB n dona t ion  i n t o  a po l yhedra l  c l u s t e r  i s  a f f o r d e d  by [1-(~5-CgMeg)-4- 
(NEt2)- isocloso- l -RhB~,-~Hg],  compound 25; t h i s  i s  ob ta ined  i n  66% y i e l d  as p u r p l e  a i r -  
s t a b l e  c r y s t a l s  by t h e  r e a c t i o n  o f  Et2NH w i t h  t h e  orange-ye l low i s o c l o s o  e leven-ver tex  
meta l laborane [ 1 - ( ~ 5 - C 5 M e 5 ) - 1 - R h B 1 ~ H l o ]  i n  CH2C12 s o l u t i o n  a t  room temperature ( r e f .  37 ) .  
The d e t a i l e d  molecu la r  s t r u c t u r e  ( F i g .  14a) revea ls  a p lana r  n i t r o g e n  atom and a s h o r t  
N(4)-B(4) d i s tance  [142.7(8) pm, compared w i t h  t h e  usual  ' s i ng le -bond '  N-B d i s tance  o f  
about 158 pm]. These a r e  bo th  i n d i c a t i v e  o f  p a r t i a l  double bonding, N*B, and t h i s  i s  
conf i rmed by va r iab le - tempera tu re  p r o t o n  n.m.r. spectroscopy which shows t h a t  t h e  b a r r i e r  t o  
r o t a t i o n  about t h e  N*B l i n k a g e  i s  53.8 2 0 .5  kJ  mol -1  a t  272 K. 
these t h r e e  obse rva t i ons  a re  t h e  f i r s t  d i r e c t  evidence f o r  9 - e l e m e n t - t o - b o r o n  n-donat ion  
i n  a borane c l u s t e r  compound o f  any type .  
bonding a re  ( a )  t h e  lengthen ing ,  towards an i s o n i d o  s t r u c t u r e ,  o f  t h e  Rh(1)-B(4) d i s tance  
[ t o  246.1(7) pm compared t o  227.6(8) and 227.7(8) f o r  t h e  Rh 1 ) -B (5 )  and Rh(1)-B(6) 

t h e  d i h e d r a l  ang le  between q5-C5 and B(4 )8 (5 )6 (6 )8 (7 )  be ing  5O ( r e f .  37 ) .  
a l s o  revea ls  a b a r r i e r  t o  r o t a t i o n  f o r  t h e  6-NEt2 group i n  t h e  d i s u b s t i t u t e d  ten -ve r tex  
i soc loso  analogue [l-(q5-C5Me5)-2,6-(NEt2)2-1-Rh8gH7] w i t h  AG'278 ca. 56 k J  m o l - l ,  b u t  we 
have y e t  t o  c o n f i r m  by X-ray d i f f r a c t i o n  a n a l y s i s  whether t h i s  i s  a l s o  accompanied by 
N-atom p l a n a r i t y  and/or p a r t i a l  c l u s t e r  opening. 

I n c o r p o r a t i o n  o f  t h e  apprec iab l y  more e l e c t r o n e g a t i v e  f i r s t  row 

So f a r  as we a r e  aware, 

Fu r the r  i n d i r e c t  m a n i f e s t a t i o n s  o f  t h e  N t B  

d is tances ,  respec t i ve l y ] ,  and ( b )  t h e  s l i g h t  t i l t i n g  o f  t h e  Q i -C5 p lane away f rom B(4),  
Pro ton  n.m.r. 

F ig .  14. ( a )  Mo lecu la r  s t r u c t u r e  o f  compound 25, [1-(~5-C~Me~)-4-(NEt2)-isocloso-l-RhB~oHg] 
( r e f .  37); 
[ 1 - ( q 6 - M e C 6 H 4 P r 1 ) - ~ - l , 2 - R u N B g H 1 0 ) ( r e f .  38). 

(b ) .mo lecu la r  s t r u c t u r e  o f  t h e  azametal laborane compound 26, 

Ac tua l  i n c o r p o r a t i o n  o f  a n i t r o g e n  atom as a f u l l y  con t iguous  c l u s t e r  ve r tex  i n  a y e t a l l a -  
borane was f i r s t  achieved i n  work we have done i n  c o l l a b o r a t i o n  w i t h  t h e  group a t  Re:. 
The r e a c t i o n  of [ {  (q6-MeCsHqPri)RuC12}~] w i t h  m - 6 - N B g H 1 2  i n  t h e  presence o f  p r o t o n  sponge 
i n  t h f  gave, as one o f  t h e  p roduc ts  ( i s o l a t e d  i n  15% y i e l d ) ,  t h e  orange-red, a i r - s t a b l e  
c r y s t a l 1  i n e  compound 26, [l-(q6-MeC6H4Pr1)-*-l,2-RuNBgH10], o f  which t h e  s t r u c t u r e  i s  
shown i n  F ig .  14b ( r e f .  38). The o n l y  o t h e r  azametal laborane p r e v i o u s l y  r e p o r t e d  i s  t h e  
ten -ve r tex  p l a t i n u m  spec ies  [6,6-(PPh3)3-arachn0-6,9-PtMBgHll[ (compound 27) i n  which t h e  
n i t r o g e n  ve r tex  i s  an NH group, f o r m a l l y  e q u i v a l e n t  t o  a BH2- u n i t  i n  an open-face arachno 
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p o s i t i o n  ( r e f .  39) .  A subsequent example o f  a meta l laheteroborane c o n t a i n i n g  a n i t r o g e n  
atom as a cont iguous  c l u s t e r  v e r t e x  has a l ready  been mentioned as compound 15 ( F i g .  8)  i n  
t h e  preced ing  sec t i on .  A close s t r u c t u r e  i s  t o  be a n t i c i p a t e d  f o r  t h e  new compound 26 as 
i t  i s  ' i s o e l e c t r o n i c '  w i t h  closo-B11H112-, b u t  it shou ld  be no ted  t h a t  t h e  Ru(1)-N(2) 
d i s tance  o f  208.8(6) pm i s  r a t h e r  l o n g  and suggests some ' s l i p p a g e '  f rom t r u e  close 
geometry, rem in i scen t  o f  t h e  more prominent s l i ppage  a l ready  discussed i n  t h e  r e l a t e d  
compound 19 i n  F i g .  l l a .  

Oxametallaboranes a r e  a l s o  r a r e  commodities a t  p resent .  
- n i d o  ten -ve r tex  compound 28, [2-(q5-CgMeg)-"ido-2,6-FeOB$l1o], which was r e p o r t e d  i n  1984 
and has t h e  c l u s t e r  s t r u c t u r e  I shown i n  F i g .  15 ( r e f .  40) .  A second example, f rom our  own 
l a b o r a t o r y  i n  t h e  f o l l o w i n g  year ,  was t h e  r e d  c r y s t a l 1  i n e  compound 29, [7-(q5-CsMe5)-8- 
C l - l l - ( P M e 2 P h ) - ~ - 7 , 1 2 - R h O B ~ o H g ]  ( r e f .  41 ) .  Compound 29, which has t h e  s k e l e t a l  
s t r u c t u r e  I 1  ( F i g .  15) i s  o f  p a r t i c u l a r  i n t e r e s t  i n  be ing  t h e  f i r s t  example o f  a c l u s t e r  
t h a t  i nco rpo ra tes  a cont iguous  oxygen atom ve r tex  bound s o l e l y  t o  boron atoms, and t h e  
f i r s t  open-faced twe lve -ve r tex  meta l laborane c l u s t e r  r e p o r t e d  t h a t  does n o t  a l s o  c o n t a i n  
carbon atoms as c l u s t e r  v e r t i c e s .  

Perhaps t h e  f i r s t  example was t h e  

1 I I  I V  

F i g .  15. S k e l e t a l  s t r u c t u r e  t ypes  o f  va r ious  oxametal laboranes (see t e x t )  

Other examples o f  oxametal laboranes a re  now beg inn ing  t o  emerge as a r e s u l t  o f  m i l d  a i r  
o x i d a t i o n  o f  rhodaboranes. 
v e r t e x  spec ies  [7-(q5-CgMeg)-9-Cl-nido-7-RhB10H13], compound 30, w i t h  NEt3 f o l l o w e d  by 
chromatography on s i l i c a  i n  a i r  y i e l d s  v i a b l e  amounts o f  a new orange compound 3 1  o f  
s k e l e t a l  t ype  I 1 1  ( F i g .  15) ( r e f .  42) .  D e t a i l e d  X-ray d i f f r a c t i o n  a n a l y s i s  and o t h e r  
evidence leads  t o  t h e  f o r m u l a t i o n  o f  compound 31 as [7-(q5-CgMeg)-lO-(NEt3)-"ido- 
7,12-RhOB10H10] hav ing  t h e  s i n g l e  hydrogen-br idged open twe lve-ver tex  s t r u c t u r e  shown i n  
F ig .  16a. 
m i x t u r e  o f  0x0- and hyd roxo -subs t i t u ted  rhodaboranes amongst which the  9 ,9 ' -oxo-br idged 
compound 32, [{5-(r15-C5Me5)-"ido-5-RhBgH12}20] o f  s k e i e t a l  t ype  I V  ( F i g .  :5), has been 
i d e n t i f i e d  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  a n a l y s i s  ( F i g .  1 6 b ) ( r e f .  42) .  

Thus, t rea tmen t  o f  t he  quadrup ly  hydrogen-br idged fi eleven- 

It shou ld  be no ted  t h a t ,  i n  t h e  absence o f  NEt3, compound 30 o x i d i z e s  t o  a 

F ig .  16. ( a )  Mo lecu la r  s t r u c t u r e  o f  compound 31, [i-(q5-CgMeg)-10-(NEt3)-"ido- 
7, ~ Z - R ~ O B ~ O H ~ O ]  ; 
[{5-(q5-C5Meg)-"ido-5-RhBgH12}20] ( r e f .  42) 

and ( b )  mo lecu la r  s t r u c t u r e  o f  compound 32, 

The aza- and oxa-metal laborane compounds 15, 26-29, 31, and 32 can be regarded as the  
ha rb inge rs  o f  a much more ex tens i ve  meta l laheteroborane chemis t ry  where t h e  main-group 
heteroatom i s  a p o l y v a l e n t  e l e c t r o n e g a t i v e  f i r s t - r o w  element o the r  than carbon, and we 
a r e  a t  p resen t  seeking t o  exp lo re  Fur ther  t h i s  p o t e n t i a l l y  r i c h  area o f  c l u s t e r  chemis t ry .  
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