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SUMMARY 

Migration of hydrogen from the metal to the coordinated n-ally1 group has been 

demonstrated for n-allylrhodium(II1) hydrides, which are shown to be stable at low 
temperatures. 

Several mechanisms have been considered for the transition metal-catalysed 

isomerisation of olefms*’ . Metal-alky18, metal-carbeneg , and n-allylmetal hydride”-‘a 
complexes have been postulated as reaction intermediates. 

Although there is indirect evidence for participation of a rr-allylmetal hydride in 

certain systemP-” only in one case has an equilibrium been established between a n-allyl- 

metal hydride complex and the corresponding olefm metal(O) complex’g. Liz. 
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In transition metal hydride complexes containing a symmetric n-ally1 group, 

migration of hydrogen from the metal atom to either terminal carbon atom can afford 

only one olefm, and the isomerisation process requires that the hydrogen atom move to 

both ends of an asymmetrically coordinated n-zllylic group, e.g.: 
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We have tested the feasibility of such a migration by studying the addition of 
hydrogen chloride to a series of a-allylic -rhodium trifluorophosphine complexes20yz. 
The overall reactions (which are complete in several hours at room temperature) are 
represented by eqn.1 (see Table 1). 

TABLEI- 

ADDITION 0% HCl to vALLYLIC Rh@F,), COMF’LE=S 

-PF, 
Iratiyfic-RWF,), + HC1 w olefm +- H[W, ),RhW 2 (1) 

0 (u) 

Allylie group okfizz products 

(a) C,H, CH, CH=CH, 

$1 1,3_dimethyIallyl CH, CH=CHEt 

(C) 

0 f cyclohexene 

Cdl (i) CH, CH=CHCH, 

(ii) EtCH=CH, 

CH3 
te) --c (i) CH,CH=CHPr .’ 

( (ii) EtCH=CHEt 

Et 

CH,CH=C(C& )z 

and/or Et(CH,)C=CH, ’ 

C’-‘3 

(91 

--cH’ 

6) (CH,),C’-=CH(CH,l 

( 
(ii) (CH,),CHCH=CH, 

’ See text_ 

when (I) (allylic = C& ) reacts with IX1 at -75” in CCIBF solution the I91 
NMR spectrum shows an additional resonance centred at 13.9 ppm (rel. CCI, F) 
[Fig. I(a)] to those known for compounds (I) and (II) zclru. The rzew resonance consists 
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Fig.1. “F MMR spectrum of the protiuct obtained from n-C, H, Rh(PF,), and (a) HCl, (b) DC1 at 
-75” (see text). 

of eight lines of equal intensity and is attributed to the ir$ermediate n-alIylrhodium(II1) 

hydrido complex (III) (R’ = R2 = R3 = H) (x is probably 2)formed by oxidative addition 
to the rhodium(I) compound. The eight line pattern arises from spin coupling between 

fluorine and phosphorus (‘J(J?F) x 139 1 Hz), rhodium (2.7(RbF) 20.0 Hz), and hydrogen 
(‘J(FH) 8.0 Hz). A sirniIar resonance is observed for (III) (R’ = Me, R2 = R3 = H)_ 
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Confirmation of the assignment of (III), (R’ = R2 = R3 = H), comes from the 

observation of a broad resonance at 7 28.8 in the ‘H NMR spectrum, furthermore when 

DC1 is added to (I) (alIylic = C,Hs) at -75O the eight line pattern in the ‘*F NMR 
spectrum as expected sbplifies to four lines of equal intensity [Fig. l(b)]. When the , 

sobtion of (I) and HCl is warmed from -X0 to room temperature, the “F resonance 

of (III) diminishes in intensity as olefm formation occurs while the “F resonance of (II) 

increases in intensity. ‘H Nh4R studies show that when DC1 reacts with (I], (alIyl.ic = C,&j, 
the C-l and C-3 atoms of the resulting propene are deuterated exclusively. 

In systems containing symmetkally bonded z-allylic groups e.g., (allylic = allyl, 
I,3-&methyIallyl, cyclohexenyl) as expected only one olefin product is obtained in each 
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case (see Table I). in the asymmetrically bonded aUylic rhodium complexes (allylic = 
I-methylallyi and l-methyl-3-ethylallyl) an almost l/l mixture of isomeric olefms is 
formed, indicating hydrogen migration from rhodium to both term&al carbon atoms 
has occurred about equally. The I Jdimethylallyl compound affords 2-methyl-2-butene 
and 3-methyl-l-butene in an approximately 2/l ratio, indicating some preference for 
hydrogen migration to the least hindered carbon atom. In the 1,2dimethylallyl complex 
the direction of hydrogen migration is not certain at present since the observed product 
Et(CH,), CCi could arise from rapid Ma&own&off addition of HCI to either of the 
possible olefms. 

Although it has not yet been possible to identify intermediates of type (III) 
from the reaction between ohfms and [(PF& JXhCl] 2 , (II) does act as a catalyst for 
the isomerisation of I-decene to ci.v and trans-2decene utider mild conditions_ 

We thank Messrs. Johnson-Matthey and Co. for the loan of the rhodium salts 
and S.RC. foi a research studentship (for B-W.). 
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