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Abs t rac t -  Severa l  novel  r e a c t i o n s  ca ta lyzed  by i r id ium penta- 
hydr ide  complex(11 are  descr ibed,  ComFlex 1 can c a t a l y z e  t h e  
hydrogen t r a n s f e r  r eac t ion  normally and can c a t a l y z e  t h e  
dehydrogenation of secondary a l coho l s  in t h e  absence of a 
hydrogen acceptor  t o  g i v e  ketones i n  high y i e l d ,  P inane  i s  
converted t o  p-pinene ca ta lyzed  by c m p l e x  1 as a f i r s t  t r i a l  
t o  ob ta in  t h e  u s e f u l  organic  compound by t h g  a c t i v a t i o n  and 
f u n c t i o n a l i z a t i o n  of a s a t u r a t e d  hydrocarbon. The i r id ium 
pentahydride complex ca ta lyzed  formation of C-C bond by C-H 
bond a c t i v a t i o n  followed by o l e f i n  i n s e r t i o n  is observed f o r  
t h e  f i r s t  time. 

INTRODUCTION 

The chemistry of t r a n s i t i o n  meta l  p l y h y d r i d e  complexes is  an a r e a  of 
cu r ren t  interest. In  g e n e r a l ,  t h e s e  polyhydride complexes a re  n o t  e s p e c i a l l y  
r e a c t i v e  o r  u s e f u l  as organometa l l ic  r eagen t s  o r  c a t a l y s t s  ( re f .  1 ) .  The 
r ecen t  developnents  in  t h e  coordinat ion chemistry of molecular  hydrogen 
opens a new epoch in t h i s  f i e l d  ( re f .  21.  It w a s  observed t h a t  t h e r e  is an 
equi l ibr ium between t h e  metal-dihydrogen and -hydride spec ie s  ( re f .  3 ,4) .  

Crabt ree  has pointed o u t  t h a t  t h e r e  i s  an analogy between t h e s e  two binding 
modes f o r  H2 and t h e  a g o s t i c  (C-H-M) and (C-M-H) forms hown in t h e  c a s e  of 
C-H binding t o  m e t a l  conplexes ( r e f .  4 ) .  In t h i s  paper,  w e  wish t o  review 
s e v e r a l  novel  r e a c t i o n s  ca ta lyzed  by i r id ium pentahydride complex 
IrH5(&-Pr3PI2 (1) based on t h e s e  i n t e r e s t i n g  chemistry.  

REACTION OF IR IDIUM PENTAHYDRIDE COMPLEX WITH ALCOHOLS 

lsomerization of unsaturated alcohols 

The isomerizat ion of a l l y l i c  a l coho l s  ca ta lyzed  by t r a n s i t i o n  metal conplexes 
y i e l d s ,  a f t e r  tau tomer iza t ion ,  an aldehyde o r  ketone. Many c a t a l y s t  s y s t e n s  
have been s tud ied  f o r  t h i s  r e a c t i o n ,  which can b e  regarded as an i n t r a -  
molecular hydrogen t r a n s f e r  r eac t ion  (ref. 5,6). W e  found t h a t  complex 1 can 
smoothly c a t a l y z e  t h e  r eac t ion  of t ransforming a l l y l i c  secondary a l coho l s  
i n t o  ketones ( re f .  7 ) .  The r e s u l t s  a r e  shown In Table  1. 

The p l a u s i b l e  mechanism of t h e  r eac t ion  is a s  follows. F i r s t ,  complex 1 l o s e s  
one molecule  of hydrogen on hea t ing  t o  form t h e  a c t i v e  spec ie s  2 (ref.-8): 

I rH5(&-Pr3Pl2  A I r H 3  (&-Pr3PI2 + H~ 

- 1 1. 

Complex 2. coord ina tes  wi th  t h e  o l e f i n  t o  form complex I t  followed by o l e f i n  
i n s e r t i o n  i n t o  t h e  I r - H  bond t o  form-4 and @-elimination t o  y i e l d  5 and 2. 
Compund 6 can t a u t m e r i z e  t o  form t h g  s a t u r a t e d  ketone. 
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OH 

I rH3L2  A R1 R2 C=CH8:R3 

R1 R2 C=CH&HR3 

- 2 I rH3L2 

3 R' R2CHCH=!:3 - 

1 c R1 R2CHCH8:R3 R1 R2CHCHyP:3 I 

6 - 

I r H 3 L 2  

5 - 

I r H 2 L 2  I 

4 
c 

TABLE 3 ,  Hydrogcm t r a n s f e r  r eac t ion  of unsa tu ra t ed  secondary 

Unsaturated T a p .  T i m e  Yield Products  

a lcoholsa  

a l coho l  ( O c i  Chl ( % I  

( 9 )  v 
OH 88  (91 )  0 w 10Q 12 OH 

y 130 12 88  r̂;vv (941 'yvv (61 
OH 0 

8 9  I(v ( 1 0 0 )  
0 

/yaJ 1 1 0  12 
OH 

1 1 0  1 6  92 ( 1 0 0 )  

a: 0.01 mmol I r H  ( i - P r 3 P j 2  and 5 mmol unsa tura ted  a l coho l  w e r e  used. 5 -  

Fran Table  1, it is shown t h a t  bes ides  t h e  s a t u r a t e d  ketone,  s a t u r a t e d  
a l coho l s  a r e  a l s o  formed. This  may b e  r e s u l t e d  from t h e  in te rmolecular  
hydrogen t r a n s f e r  reac t ion .  I t  i s  worth no t ing  t h a t  t h e  p,y-  o r y I  8- 
unsa tura ted  a l coho l  a l s o  y i e l d s  t h e  s a t u r a t e d  ketones in  high yield. 

1 - 

1 
c 

w IlOeC, 1 6  h 0 
OH 90% 

A mechanism of m u l t i s t e p  isomerizat ion of double  bond may be  suggested f o r  
t h e s e  reac t ions .  

Dehydrogenation of secondary alcohols in the absence of hydrogen acceptor 

The r eac t ion  of s a t u r a t e d  a l coho l s  wi th  1 is d i f f e r a t  from t h a t  of t h e  un- 
s a t u r a t e d  alcohols .  From s a t u r a t e d  a l coho l s ,  t h e  dehydrogaa t ion  r eac t ion  
occur under t h e  c a t a l y s i s  of 1 t o  g i v e  s a t u r a t e d  ketones. 

The c a t a l y t i c  dehydrogenation of s a t u r a t e d  canpounds i s  more d i f f i c u l t  than 
i t s  reversed  reaction---hydrogenation of unsa tura ted  compunds,  since t h e  
thermodynamic f a c t o r  favours  t h e  s a t u r a t e d  species .  A number of c a t a l y t i c  
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dehydrogenation of a l coho l s  r e l y  f o r  t h e i r  e f f ec t iveness  on t h e  con t inua l  
ranoval  of h y d r o g a  by a hydrogen acceptor  o r  on providing h igh  energy by 
photochemical method. The most widely s tud ied  r eac t ion  i s  t h e  dehydrogenation 
of secondary a l coho l s  t o  ketones using ke tone  o r  o l e f i n  as t h e  hydrogen 
acceptor .  However, t h e  homogeneous sys t ans  capable  of ca t a lyz ing  dehydroge- 
na t ion  of a l coho l s  without  a hydrogen acceptor  a r e  ra re .  Homogeneous ca t a -  
l y t i c  systems such a s  Rh(III)-SnC12/HC1 ( r e f .  9 ) ,  Ru(0OCCF ) (CO) (PR ) / - 
CF COOH ( r e f .  10) and Rh2(0Ac)4/PR ( r e f ,  1 1 )  have been fodn8 t o  dehgdgoge- 
n a s e  t h e  secondary a l coho l s  i n t o  t i e  ketones accompanied wi th  t h e  evolut+on 
of hydrogen without  an ex te rna l  h y d r o g a  accep to r ,  bu t  they  do r e q u i r e  H a s  
a hydr ide  ion acceptor .  In a d d i t i o n ,  conversion of primary a l coho l s  t o  esters 
is  achieved in  t h e  presence of R u H ~ ( P ~ ~ P ) ~  ( r e f .  1 2 ) .  The r eac t ion  involves  
two s t eps :  f i r s t ,  a l coho l  is dehydrogenated t o  a ldehyde and then t h e  r eac t ion  
product of a ldehyde and a l coho l  is dehydrogenated t o  form t h e  ester. The 
l a t t e r  s t e p  would make t h e  r eac t ion  thermodynamically favourable .  On studying 
t h e  r eac t ion  of 1 wi th  s a t u r a t e d  a l coho l s ,  w e  found t h a t  complex 1 can ca t a -  
l y z e  t h e  dehydrogenation of secondary a l coho l s  t o  ketones even in-the absence 
of a hydrogen acceptor  ( r e f .  13).  

The r eac t ion  i s  c a r r i e d  ou t  under mild condi t ions .  Nei ther  ex te rna l  hydrogen 
acceptor  nor  H+ as  hydr ide  ion acceptor  is required.  When s a t u r a t e d  secondary 
a l coho l s  and 1-2 mole% of 1 a re  r e f luxed  in hexamethyldis i loxane under 
n i t rogen  f o r  2 4  h ,  90-100%of t h e  s a t u r a t e d  ketones a r e  obtained accompanied 
with t h e  evolut ion of hydrogen. The c a t a l y t i c  turnover  number reached 150 f o r  
t h e  dehydrogenation of t h e  cyclohexanol using 1 as  t h e  ca t a lys t .  The r e s u l t s  
of dehydrogenation of va r ious  a l coho l s  a r e  shown i n  Table  2. 

TABLE 2. Dehydrogenation of s a t u r a t e d  secondary a l coho l s  in 
(Me3Si)20 a t  100°C under n i t rogen  

Alcohol 1 T h e  Product Y i e l d  
(mole-%) (hl C% I 

0 OH 

QOH 

0" 
OH 
A0 
L 
L 

1 

1 

2 

2 4  0 0  100 

2 4  0 0  1 a0 

28 QO 
h 

28 91 

100 & 28 

34 L 100 

50 

In c o n t r a s t  t o  t h e  in t ramolecular  hydrogen t r a n s f e r  r eac t ion  of unsa tu ra t ed  
a l coho l s  promoted by 1 t o  g i v e  t h e  s a t u r a t e d  ketones ( re f .  71 t h e  s t e r o i d a l  
a l coho l s  wi th  h i n d e r a  double  bond a r e  mainly dehydrogenated t o  y i e l d  t h e  
unsa tura ted  ketones. When cholest-5-en-301 ( 7 )  i s  heated in  t h e  presence of 
a hydrogen accep to r ,  3 ,3 -dhe thy lbu tene  (8) ,-with 2 mol% of 1, 92% of 
cholest-4-en-3-one (91 is i s o l a t e d  and none of i s  detected.  

C8H17 dP 1 ( 2  mol%) - 
+ a 1 0 0 ° C ,  2 4  h '  O' 

9 - 
HO c@ - 7 l7 

92 % 
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However, when 1. and 2 mol% of 1 are  heated in  t h e  absence of a hydrogen 
acceptor  in hexamethyldis i loxane in a sea led  t u b e  a t  100°C f o r  30 h ,  55% of 
9 and 13% of cholestan-3-one (lo) are  obtained:  

‘8% 7 
- 

1 

13% 

I f  t h e  above r eac t ion  is c a r r i e d  ou t  under n i t rogen  in  an open sys t en  which 
would favour  t h e  evolut ion of hydrogen, 83% of 2 and 8 %  of lo are  formed even 
without a hydrogen acceptor ,  

- 1 ( 2  mo18) 

( M e  S i )  0 
1 0 d o C l 2 2 4  h 83% 8% 

- 7 b - 9 + E  

The p r e f e r e n t i a l  formation of 9 t o  lo i n d i c a t e s  t h a t  t h e  dehydrogenation 
r eac t ion  i s  easier t o  occur than t h e  hydrogen t r a n s f e r  r eac t ion  i n  t h e s e  
cases.  This  may be  due  t o  t h e  p r e f e r e n t i a l  coord ina t ion  of t h e  oxygen atom 
of t h e  hydroxy group t o  t h e  m e t a l  c e n t e r  than t h e  hindered double  bond in 1, 
which r e s u l t s  in  a f fo rd ing  t h e  dehydrogenated product ,  whereas cholest-1 , 4 -  
dien-3-01 (11) s t i l l  undergoes t h e  hydrogen t r a n s f e r  r eac t ion  normally t o  
g i v e  t h e  ketone 2 owing t o  t h e  f a c i l i t y  of t h e  coord ina t ion  of double  bond a t  
t h e  1-pos i t ion  t o  t h e  m e t a l  center .  

‘gH17 1 ( 2  mol%) 
9 - 

( M e  S i )  0 
ldO°C: 12 h 

HO 

When 2 i s  r eac t ed  under t h e  same cond i t ion ,  both hydroxy groups a re  dehydro- 
genated t o  g i v e  13: 

do OH - 1 (2 mol%) 

( M e  S i )  0 
ldO°C? 33 h 
81 % 0 

13 HO & - 12 - 

For t h e  a l l y l i c  s t e r o i d a l  a l coho l s  14 and 15, in t ramolecular  hydrogen 
t r a n s f e r  r e a c t i o n s  a l s o  occur and more s a t u r a t e d  ketones lo and 1 7  a r e  
formed a s  compared t o  t h e  homoallyl ic  a l coho l s  I and E. In  t h e  z s e  of I 
and 5, t h e  dehydrogenation r eac t ion  seens  t o  be  f a s t e r  than t h e  hydrogen 
t r a n s f e r  r eac t ion  because i n  t h e s e  cases, t h e  coord ina t ion  of double  bond 
wi th  t h e  m e t a l  would be  r a t h e r  d i f f i c u l t  ( re f .  1 4 ) .  The d i f f e r e n t  r e s u l t s  
obtained e i t h e r  from 7 and 1 4  as w e l l  a s  from 1 5  and 5 impl ies  t h a t  t h e  
dehydrogenation r eac t ion  mayoccur  be fo re  t h e  Eomer iza t ion  of t h e  double  
bond in  1 o r  2. Otherwise,  t h e  same in t e rmed ia t e  formed i n  t h e s e  r e a c t i o n s  
would g i v e  t h e  same r a t i o  of products. 
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17 - 16 - 1 5  - 
OH 4 5% 38% 

c 1 6  
HO AAJ  - 

( M e  Si),O 
1 O d o C ,  28 h 

- 18 83% 

It was repor ted  r e c e n t l y  t h a t  t h e  hydrogen l i gands  of many known Folyhydride 
complexes w e r e  proved t o  be a s soc ia t ed  with molecular  hydrogen l i gands  i n  
s o l u t i o n ,  a t  least t o  an ex ten t  of equi l ibr ium between t h e  d ihydr ide  and ’T2- 
dihydrogen l i gands  ( r e f .  4 , 1 5,16).  This  dynamic equi l ibr ium process  probably 
l eads  t o  t h e  cont inuous evolut ion of dihydrogen i n  our  c a t a l y t i c  cycle.  From 
t h e  mechanis t ic  po in t  of view, t h i s  may be the .main  d i f f e r e n c e  between t h i s  
new dehydrogenation r eac t ion  using polyhydride sys ten  and t h e  dehydrogenation 
of a lcohol  in  t h e  presence of hydr ide  acceptor.  The mechanism of t h e  dehydro- 
genat ion of t h e  a l coho l s  ca ta lyzed  by 1 i s  proposed as fo l lows:  

I r H  5L2 IrH3L2 

2 - 1 - 
f 

H 

For sa tu ra t ed  a l coho l s  and unsa tura ted  a l coho l s  wi th  a hindered double  bond, 
t h e  o x i d a t i v e  add i t ion  of hydroxy group with 1 t o  form 19 i s  p re fe rab le  t o  
t h e  coordinat ion of t h e  double  bond with t h e  metal center .  Af te r  hydrogen 
evolut ion and P-hydrogen a b s t r a c t i o n ,  2 and ketone a r e  formed t o  complete 
t h e  c a t a l y t i c  cycle .  

The c a t a l y t i c  dehydrogenation of a lcoho l s  in t h e  absence of a hydrogen 
acceptor  is n o t  only u s e f u l  in organic  syn thes i s  owing t o  i t s  s i m p l i c i t y  
and convenience,  bu t  a l s o  very  important i n  t h e  fu tu re .  This  r eac t ion  can 
be regarded a s  t h e  c a t a l y t i c  production of hydrogen from a lcoho l s  which 
has  been t h e  s u b j e c t  of s u b s t a n t i a l  r e sea rch  i n t e r e s t  in recen t  yea r s  s i n c e  
it o f f e r s  a means of ob ta in ing  a u s e f u l  f u e l  from i n d u s t r i a l  waste a l coho l ,  
o r  of producing hydrogen from biomass-derived m a t e r i a l s  ( r e f .  17). 

REACTION OF IRIDIUM PENTAHYDRIDE COMPLEX WITH C-H BOND 

Alkane a c t i v a t i o n  i s  an a rea  of g r e a t  cu r ren t  i n t e r e s t  ( r e f .  1 8 ) ;  s e l e c t i v e  
c a t a l y t i c  f u n c t i o n a l i z a t i o n  of a lkanes  i s  one i m p r t a n t  goa l  in t h i s  a r ea  
( re f .  39.l. Considerable  a t t e n t i o n  has  been inc reas ing ly  devoted t o  t h e  
s tudy of chemistry subsecpmt  t o  t h e  a c t i v a t i o n  of carbon-hydrogen bond 
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( r e f .  2 0 , 2 1 ) .  The f a t e  of an a l k y l  metal hydr ide  complex r e s u l t i n g  from t h e  
o x i d a t i v e  addi t ion  of carbon-hydrogen bond t o  t r a n s i t i o n  metal complexes 
involves ,  i n  p r i n c i p l e ,  t h r e e  poss ib l e  pathways: (1)  t h e  r e d u c t i v e  elimina- 
t i o n  of t h e  a l k y l  meta l  hydr ide ,  ( 2 )  t h e  p-hydrogen e l imina t ion  of t h e  
a l k y l  group and (3)  t h e  i n s e r t i o n  of an o l e f i n  o r  o t h e r  small  molecules.  
The f i r s t  pathway is t h e  r e v e r s e  process  of t h e  o x i d a t i v e  add i t ion  of t h e  
carbon-hydrogen bond. The conversion of a lkanes  i n t o  a lkenes  by Crab t r ee  
( r e f .  2 2 )  and Fe lk in  ( r e f .  23) r ep resen t s  t h e  success  of t h e  second route .  
Felkin et  al. ( r e f .  2 4 )  r e c e n t l y  repor ted  t h a t  t h e  s e l e c t i v e  c a t a l y t i c  con- 
vers ion  of methylcyclohexane i n t o  methylenecyclohexane has  been e f f ec t ed  
using complex 1 as t h e  c a t a l y s t  and an o l e f i n  8 as t h e  hydrogen acceptor .  
This  c a t a l y t i c - s e l e c t i v e  r eac t ion  , which has  been proved p r e f e r e n t i a l l y  t o  
a t t a c k  t h e  methyl group i n  s a t u r a t e d  hydrocarbons,  might have some u s e f u l  
app l i ca t ions  in t h e  s e l e c t i v e  f u n c t i o n a l i z a t i o n  of methyl group i n  s p e c i a l  
o rganic  compounds. 

Selective conversion of pinana into p-pinene 

A s  an example of t h e  aFp l i ca t ion  of F e l k i n ' s  work ( r e f .  2 4 )  , t h e  s e l e c t i v e  
c a t a l y t i c  conversion of pinane ( 2 0 )  i n t o  p-pinene (2J) by means of 1 i n  t h e  
presence of 8 was tried (ref. 2 5 r  When pinane, which is  e a s i l y  obta ined  from 
a-pinene (227 by hydrogenation, was t r e a t e d  wi th  1 a t  100-llO°C in t h e  pre- 
sence of 8,  t h e  products  obtained are shown as fo l lows:  

2 0  - 2 2  - 
Condit ions C a t a l y t i c  Mole % 

tu rnovers  

1 0 0 ° C ,  10 min 8 . 5  97.6 2 . 4  
30 m i n  10.0 93.8 6.2 

I h  12.0 89.7 10.3 
4 h  11.8 77.2 22.8 

The dehydrogenation of pinane i s  r a p i d  and almost completed wi th in  one  hour 
under t h e  above condi t ion.  A t  t h e  i n i t i a l  10 m i n .  , 4. 0 m o l %  of p p i n e n e  and 
0.1 mol% of a-pinene compared t o  pinane were formed (8 .5  c a t a l y t i c  t u rnove r s )  
with high r e g i o s e l e c t i v i t y  of p-pinene(>95%). Af t e r  1 h ,  t h e  mix tu re  of pro- 
duc t s  formed contained 5.2 mole% of p-pinene (12.0 c a t a l y t i c  tu rnovers )  and 
0.6 mol% of U-pinene. The l a t t e r  was formed from t h e  i somer iza t ion  of g-pinene 
i n  t h e  same c a t a l y t i c  sys t en  and proved by a c o n t r o l  experiment. N o  r i ng -  
opened product was de t ec t ed ,  even though t h e  r eac t ion  w a s  c a r r i e d  o u t  in t h e  
presence of a mal l  amount of acid.  

I t  is suggested t h a t  t h e  c a t a l y t i c  dehydrogenation may proceed through t h e  
mechanism proposed by Fe lk in  ( r e f .  8 )  in which t h e  key s t e p  involves  t h e  
i n s e r t i o n  of a l i gand-de f i c i en t  i n t e rmed ia t e  i n t o  a C-H bond of methyl group 
of pinane. Radical  and ca rboca t ion ic  in te rmedia tes  are excluded because 
n e i t h e r  r e h g  opened product nor  Wagner-Meerwein rearrangement product i s  
d e t  ect ed. 

The dehydrogenation of pinane could a l s o  c a r r i e d  ou t  in s u i t a b l e  so lven t s  
l i k e  hexamethyldis i loxane t o  g i v e  t h e  a-pinene wi th  lower conversion (2-3 
turnovers ) .  Unlike t h e  i r id ium sys t en ,  t h e  selective conversion t o  p-pinene 
i s  n o t  e f f ec t ed  by o t h e r  t r a n s i t i o n  m e t a l  systems. Nearly no r eac t ion  t a k e s  
p l ace  using RhH (Ph3P) 4 ,  ReH7 (Ph3P) 

To our  knowledge, t h e  conversion of pinane t o  p-pinene by s o l u b l e  t r a n s i t i o n  
meta l  c a t a l y s t  is t h e  f i r s t  t r i a l  t o  ob ta in  t h e  u s e f u l  o rgan ic  compounds by 
t h e  a c t i v a t i o n  and func t iona l i za t ion  of a s a t u r a t e d  hydrocarbon. Although 
t h e  number of c a t a l y t i c  turnover  is n o t  l a r g e  enough, t h e  r eac t ion  does show 
t h e  p o t e n t i a l i t y  of t h e  app l i ca t ion  of t h e  a c t i v a t i o n  and f u n c t i o n a l i z a t i o n  
of t h e  C-H bond i n  s a t u r a t e d  hydrocarbons in t h e  fu ture .  

and ReH7 (L-Pr3P) as t h e  c a t a l y s t .  
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Formation of C-C bond by C-H bond activation followed by olefin insertion 

On studying t h e  s u b s t i t u e n t  e f f e c t  of t h e  dehydrogenation r eac t ion  of t h e  
s u b s t i t u t e d  methylcyclohexanes , w e  observed t h e  complex 1 catalyzed carbon- 
carbon bond f o n t i o n  by f irst  carbon-hydrogen bond ac t ivg t ion  followed by 
o l e f i n  in se r t ion  j n t o  t h e  carbon-metal  bond ( r e f .  2 6 )  , which may b e  regarded 
a s  t h e  thi’rd r o u t e  of t h e  r eac t ion  pathway of an a l k y l  metal  hydr ide  complex 
formed from t h e  a c t i v a t i o n  of carbon-hydrogen bond, 

Whm 1 cO.035 m o l l  was heated with methyl e t h e r s  (232(9.63 m o l )  a t  5OoC in  
t h e  pFesence of S (7 .76  m o l l ,  t h e  products 24 ,  25 z d  2 a r e  obtained a s  
shown below: 

1 - 
CH30R t CHj=CHC(.CH3)3 .-> \=( t 

5OoC RO’ CH2C(CH313  

23 - 8 - 2 4  - 25 - 
- a: R: -CH2CH20CH3 

Heating t h e  r eac t ion  mixture  f o r  3 0  m i n .  , t h e  mixture  of o l e f i n s  formed from 
- 23a and S conta ins  *-olefin *(31%) , t r ans -o le f in  25a(54%) and t r a n s -  
o l e f i n  =(15%) in turnover  number of 7. Af te r  2 4  h ,  the maximum turnover  
number reaches 12,  and t h e  f i n a l  c o n s t i t u t i o n  of t h e  products i s  24a 45%, 
- 25a 4 4 %  and 26a 1 1 % .  The turnover  numbers of t h e  products from 23b and 23c 
a r e  nea r ly  thesame wi th  t h a t  of 23a. The product a n a l y s i s  d i s c x e d  t h e  
p r e f e r e n t i a l  i n s e r t i o n  of 1 on C - H o n d s  of t h e  methoxy group over o the r  C-H 
bonds. 

The mechanism of t h e  c a t a l y t i c  dehydrogenation of a lkane  using t r a n s i t i o n  
metal  p l y h y d r i d e  has been suggested by Felkin ( r e f .  8 )  t o  proceed through 
t h e  h ighly  unsa tura ted  four teen-e lec t ron  spec ie s ,  a f t e r  o x i d a t i v e  add i t ion ,  
t h e  a l k y l  metal  hydr ide  undergoes p-hydrogen el iminat ion t o  g i v e  t h e  
corresponding o l e f in .  However, f o r  t h e  a l k y l  metal  spec ie s  without a p- 
hydrogen atom, t h e  o l e f i n  i n s e r t i o n  reac t ion  occurs  instead.  Thus, t h e  
poss ib le  pathway i s  shown below: 

* x \  
CH2 OR 

IrH5L2 - I r H 3 L 2 u I r H L 2  -L2HIr CH30R 0 

‘H 
28 - 2 1  - 2 - 1 - 

t 

I J 
C ( C H 3 )  L I 

L~ H~ I > C H ~  OR 
I 

L2H21r-CHCH2CH20R 4 

3 0  - 2 9  - 

In c a s e  of lacking a p-hydrogen atom, t h e  s ix t een  e lec t ron  spec ie s  28 formed 
by t h e  o x i d a t i v e  addi t ion  of carbon-hydrogen bond ,can f u r t h e r  c o o r d E a t e  wi th  
t h e  o l e f i n  S t o  y i e l d  29. Then, t h e  i n s e r t i o n  of t h e  o l e f i n  i n t o  t h e  carbon- 
metal  bond followed by t h e  p-hydrogen el iminat ion of 30 l eads  t o  t h e  formation 
of t h e  t r ans -o le f in  g. The migrat ion of t h e  double  bond and c i s / t r a n s  i so -  
m e r i z a t G f  a lkene  occur in t h e  same c a t a l y t i c  s y s t m .  Thus ,Aisapid ly  
isomerized t o  t h e  en01 e the r s  24 and 25, and only about 1 0 %  o r  a very  small  



1306 X. Y. LU, Y. G. Llk AND D. W. MA 

amount of o l e f i n  2 6  r ena ins  unchanged. With regard  t o  t h e  r e g i o s e l e c t i v i t y  of 
t h e  o l e f i n  i n s e r t i o n ,  it is  found t h a t  t h e  ROCH2 group adds exc lus ive ly  t o  
t h e  least s u b s t i t u t e d  carbon atcnn of Che double  bond. Nei ther  t e rmina l  o l e f i n  
nor  i t s  isomeric  product was detected.  

To t h e  b e s t  of our  knowledge, t h i s  s e a s  t o  be  t h e  f i r s t  example of t h e  
i n s e r t i o n  of an olefin i n tq  carbon-metal  bond formed i n  s i t u  by t h e  i n t e r -  
molecular  a c t i v a t i o n  of s p  carbon-hydrogen bond. 
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