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corresponds to a normal C-0 double bond whereas the 
endocyclic C(9)-0(2) distance (1.407 (9) A) is close to that 
of a single bond. The P(3)-0(2) distance (1.632 (5) A) is 
comparable to analogous distances in phosphite ligands.12 
Both Ir-C bonds are normal ( I d ( 1 )  = 2.093 (7) A, M ( 8 )  
= 2.046 (9) A) and the Ir-C1 bond (2.475 (2) A), which is 
almost identical with that in compound 1, reflects the high 
trans influence of C(8). The geometry about P(3) shows 
the strain imposed by the metallocycle. Thus, the Ir- 
P(3)-0(2) angle (100.6 (2) A) is small, and the two Ir- 
P(3)-Ph angles (124.6 ( 2 ) O  and 129.7 (2)') are significantly 
larger than those involving the normal PPh3 groups (av- 
erage 116.0'). All other angles within the metallocycles 
are close to their expected values of 120'. 

Both compounds 1 and 3 display the well-known tend- 
ency of Ir(1) compounds to undergo intramolecular C-H 
bond activation in the form of ortho-metalation reactions. 
In neither case, however, is the initial iridium hydride 
species observed; instead hydrogen transfer in 1 occurs, 
yielding the P-diketonate group, and in 3 metal activation 
of a P-Ph bond has resulted in reductive elimination of 
benzene and the formation of the P-0 bond to give a 
diphenyl phosphinite group. 

On the basis of similarities in spectral parameters be- 
tween l and 2 and on the conversion of l to 2, it is assumed 
at  this stage that 2 is a geometrical isomer of 1. Further 
studies are underway on these systems in attempts to 
obtain further information about these unusual di- 
benzoyldiazomethane activations. 
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Summary: [($-C,H,)Pd(CD3N02)2](BFa) is a catalyst for 
the dimerization and the isomerization of olefins. The allyl 
group is retained in the course of these catalytic reac- 
tions. A carbonium ion mechanism which does not in- 
volve the participation of the allyl group is proposed. 

We report a series of dimerization and isomerization of 
olefins catalyzed by [ (s3-C3H5)Pd(CD3N02)2] (BF,), la ,  
where t h e  allyl group is retained in the  course of t he  
reaction. Cationic, v3-allyl complexes of Pd(I1) prepared 
either in situ,1*2 or ~eparately,~ have been reported to 
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catalyze the oligomerization and cooligomerization of 
monoolefins,l the cooligomerization of monoolefins with 
dienes: and the telomerization of dienes with  alcohol^.^ 
While the mechanism of these reactions is not well un- 
derstood, it has been postulated2d that the active catalyst 
is a palladium(I1) hydride formed initially by the insertion 
of an olefin into a a-allyl-palladium followed by a 0-hy- 
drogen abstraction step, eq 1. However, to our knowledge, 

e (1) 
such a mechanism involving an initial loss of the allyl 
ligand has never been verified experimentally. On the 
other hand, our observations clearly indicate that this 
mechanism is inoperative, at least for the systems that we 
have studied. 

The cationic q3-allyl complexes [ (q3-C,H5)Pd(sol- 
~ e n t ) ~ ] ( B F ~ )  (solvents CD3N02, la? and CH3CN, lb5) were 
generated by the addition of 2 equiv of AgBF, to [(v3-  
C3H5)PdC1]2,6 2, in an appropriate solvent system. The 
catalytic properties of la are summarized in Table I. In 
every case, following the completion of the catalytic re- 
action, la was recovered in near-quantitative yields? thus 
ruling out eq 1, at  least as the major mechanistic pathway. 
In order to further confirm this observation, the dimeri- 
zation of PhCH=CH2 was followed by 'H NMR using a 
PhCH=CH2/la ratio of 1. Again, no species other than 
1,3-diphenyl-1-butene' and la was observed at  the end of 
the reaction. I t  may be pointed out that our observations 
are fully consistent with that of Kurosowa and Asada,lo 
who have observed the complete retention of the allyl 
fragment in the catalytic isomerization of olefins by 
[ (v3-CH,CMeCH2)Pt(PPh3)(CH2=CHR)]C10,(R = alkyl). 

It is interesting to note that the corresponding neutral 
wh lo ro  dimer 2 was ineffective for the dimerization of 
PhCH=CH2 and Ph2C=CH2 under conditions identical 
with those employed in case of la .  The poor catalytic 
activity of 2 for the dimerization of C2H4 has also been 
demonstrated.ls We have also shown that a higher tem- 
perature (80 vs. 25 'C for la) was required for the di- 
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Table I 
cat. 

olefin/ teomp, yield, recovered,b 
cat.a olefin cat. C time product % % 

l a  CH,=CH, C 25 1 day butenes e f 

l a  PhCH=CH, 100 25 1 day APh7 94 9 1  
Ph 

l a  + PPh,g PhCH =CH, 100  80 l h  Ah' 93 88' 
Pi. 

l a  Ph,C=CH, 50 100  6 h  6 1  92  

C Y 3  Ph 

1 0  25 l h  H 90h 8 3  
l a  H 

-1 x lo - ,  M solution of the catalyst in a 2 : l  mixture of CH,NO, and CHCl, was used. Analyzed by 'H NMR by 

Ratio of l-butene/cis-2-butene/trans-2-butene = 37:36:27. e The yield of butenes could not be quantified due to their 
using an olefin/catalyst ratio of 5 ;  no other Pd-containing species was observed. 

high volatility. f Although l a  was observed, no quantitative analysis was possible due to technical problems. g One equiv- 
alent of PPh, was added to a solution of l a  prior to the addition of PhCH=CH, . 

500 psi pressure of C,H, was used 

At equilibrium, ratio of 2,3-dimethyl-1- 
butene/2,3-dimethyl-2-butene = 10:90.  

Scheme I 

CHz=C ( R (Ph)  t (~7~-C3H5) Pdt 

1 

J CHZ=C < ," 
R 

I ' / R  R Z P h  
(q3-C3H5) PdCH2-C-CH2C, 

I 
Ph , .. 

H 

I NH 
(4-C 1H 5 )PdC Hz-C -C H =C 

I 'P h 
I 

Ph 

J 
H 

merization of PhCH=CHp when 1 equiv of PPh3 was 
added to la (see Table I). These observations indicate that 
the catalytic activity is decreased significantly when the 
electrophilicity of the Pd(I1) center and its accessibility 
to organic substrates is decreased. The latter effect was 
also demonstrated through the following experiment. The 
addition of 5 equiv (relative to la) of CH3CN to a CD3N- 
02-CDC13 solution of la caused its complete conversion 
to lb.  This solution was then found to be totally inactive 
(for olefin/catalyst ratio of 5 )  for either the dimerization 
of PhCH=CH2 or the isomerization of 2,3-dimethyl-1- 
butene under conditions identical with those employed for 

la (Table I). This was consistent with our previous ob- 
servation" that the catalytic activity of CH3CN-coordi- 
nated transition-metal cations vis-84s olefins were in- 
variably decreased on changing the solvent from CH3N02 
to CH,CN, due to the better coordinating ability of 
CH3CN.12 

We had earlier observedI3 a dramatic increase in cata- 
lytic activity when Pd(I1) compounds of the type PdXz (X 
= coordinating anion, e.g., OAc or C1) were converted to 
the corresponding dication, e.g., Pd(CH3CN)42+. Since the 
principal interaction of the Pd(I1) center with olefins in- 
volves the formation of incipient carbonium ions (I),I3* we 

R 

M-I CR - -M$ 
I 

ascribed this increased activity to an increase in electro- 
philicity on going from the neutral to the corresponding 
cationic compound. The head-to-tail arrangement in the 
dimers of Ph(R)C=CH2 (R = H, Ph) (Table I) is con- 
sistent with a cationic mechanism and also supports the 
formation of incipient carbonium ions when la interacts 
with olefins. Thus the formation of the dimers may be 
rationalized through the following mechanism, which does 
not involve the participation of the allyl group, Scheme 
I. The catalytic isomerization of olefins may also be 
rationalized through a mechanism involving incipient 
carbonium ions.13b 
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