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Among allylic alcohols, but-3-en-2-ol is most rapidly isomerized to give butan-2-one in the
presence of Ir(ClO,)(CO)PPh;), while 2-methylprop-2-en-1-ol most rapidly undergoes the
isomerization to give 2-methylpropanal in the presence of Rh(ClO,)YCO)(PPh,), at room
temperature under hydrogen.

Only a few catalytic systems are known to be active for the isomerization of
allylic alcohols to the corresponding carbonyl compounds at room temperature
[1,2], although search for the effective catalysts for the isomerization has been
carried out for some years [1-11]. During the investigation for the catalytic
reactions of unsaturated alcohols, we found a striking difference between the
catalytic activities of Ir(ClO,)(CO)(PPh;), (1) and Rh(ClO,)(CO)(PPh,), (2) for
the isomerization of allylic alcohols.

Among allylic alcohols, but-3-en-2-ol (3) is most rap1dly isomerized in the
presence of 1 whereas 2-methylprop-2-en-1-ol (4) most rapidly undergoes the
isomerization in the presence of 2 at room temperature under hydrogen (see table
1). This observation prompted us to look into the reaction pathways of the
isomerization. The isomerization seems to occur according to egs. (1) and (2)
since (i) complex 1 and 2 are known to react immediately with H, to produce
M(H),(ClO,)(CO)PPh;), (M = Ir, Rh) [12], (i) the isomerization is faster under
hydrogen than under nitrogen, and (iii) an intermediate, 2-methylprop-1-en-1-ol
[13] was actually detected during the isomerization of 4 in the presence of 2 [14].
Then, the rate data with 1 and 2 in table 1 are explained as follows.

The dihydridoiridium complex, Ir(H),(ClO,)(CO)}PPh;), (5) is very stable
both in solution and in the solid state while the rhodium analogue,
Rh(H),(CIO,)(CO)(PPh,), (6) is much less stable (complex 6 has never been
isolated). Accordingly, the second step (k, and k) would be more facile with the
iridium complex than with the rhodium complex, and the first step (k; and k)
might be the rate determining step for the isomerization with 5. Then, the faster
isomerization of 3 than that of 4 in the presence of 1 is readily understood by a
steric reason, the relative ease of the formation of 7 and 8.
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Table 1

Isomerization of allylic alcohols (6.0 mmole) with Ir(ClO4)(CO)PPh;), (1) (0.2 mmole) and
Rh(CIO, (CO)PP;), (2) 0.2 mmole) in CDCl; (5.0 ml) at 30°C under hydrogen ( Py, + vapor
pressure of the solution =1 atm).

catalyst substrate product (%) time (hr)
1 CH,=CHCH(OH)CH, CH,CH,COCH, (100) 0.5
CH,=C(CH,)CH,OH (CH,),CHCHO (100) 7.0
2 CH,=CHCH(OH)CH, CH,CH,COCHj, (88) 20.0
CH,CH,CH(OH)CH, (12)
CH,=C(CH,)CH,O0H (CH,),CHCHO (100) 0.5

Catalysts were added into the hydrogen-saturated allylic alcohols in CDCl; in a 25 ml round
bottom flask under hydrogen, and the resulting solution was stirred. A part of the reaction
mixture (ca. 0.5 ml) was transferred into an NMR tube under hydrogen and analyzed by 'H
NMR measurements at intervals until all of the reactants disappeared.

On the other hand, the second step (k, and k) could be the rate determining
step for the isomerization with 6 since the second step would not be so facile due
to the low formation constant of 6. Now the faster isomerization of 4 than that of
3 in the presence of 2 is readily understood since (i) the rhodium complex with
tertiary alkyl group (8) would be more reactive than the one with secondary alkyl
group (7) and (ii) the rhodium in § has two S-hydrogens to produce 6 while there
is only one B-hydrogen for the rhodium in 7 to produce 5.

OH
____)\ M(H) -M(H) > fast 0
= e Yy e o (K M
kq ko OH
M-H
3 i

M(H)z \k\ —M(H)z _ O gaer Q
= = e @

A g

M(H), : M(H),(C10,)(CO)(PPh;), (M = Ir, Rh)

Finally, it may be mentioned that the isomerization of allylic alcohols with
[Ir(CO)(PPh,),]ClO, (9) is much slower than that with 1 whereas the isomeriza-
tion with [Rh(CO)(PPh;),]CIO, (10) is comparable to that with 2. This observa-
tion is understood by the fact that the dissociation of PPh, from 10 to give 2 is
significant in the solution in the absence of excess PPh, while the dissociation of
PPh, from 9 is negligible.
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