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The development of efficient methods for the selective forma-
tion* and cleavage® of C—C bonds catalyzed by transition-metal

complexes is a central and challenging subject of modern organic
synthesis. Among various processes catalyzed by transition-metal

complexes, alkene insertion into metalkyl bonds is recognized

as a fundamental model reaction of alkene polymerization (eq 1
forward). The reverse reaction, i.e..-C cleavage vig-alkyl
elimination (eq 1 reverse), has recently received growing attention,
especially in the field of polymer chemistfySince Watson and
Roe reported the first example gfmethyl elimination in the
decomposition of (€Mes),LUCH,CHMe,,> several examples of
reversible-alkyl insertion-elimination at both early and late
transition metal centers have been repofted.
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On the other hand, the addition of metalkyls to carbonyl
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generally irreversible, neither stoichiometric nor catalytie ©
cleavage vigs-alkyl elimination from an (alkoxy)metal intermedi-
ate has yet been reported (eq 2 reverse). On the basis of our
recent study of ruthenium-catalyzed-C bond activatioff as
well as allylruthenium chemistrywe assume that successful
catalytic C-C cleavage vig-alkyl elimination from an (alkoxy)-
metal intermediate can be attained by using tertiary homoallyl
alcohols as a substrate, since the formation of a stable allylru-
thenium species bg-allyl elimination should contribute signifi-
cantly to the driving force of this catalytic reaction. After many
trials, we finally found the first example of catalytic deallylation
of tertiary homoallyl alcohols via selective cleavage of a@©
bond. We report here the development of this new catalyst system
and a synthetic application @Fallyl elimination.

The treatment of tertiary homoallyl alcohba with an excess
of allyl acetate in the presence of 5 mol % R(@Ph)z in THF
Iunder 10 atm of carbon monoxide at 180 for 15 h gave a
deallylated product, acetophendee in an isolated yield of 91%
(eq 3). General tertiary homoallyl alcohols bearing either an aryl

RuCly(PPh3)3

RT R2 R3 R1 Rz
CO 10 atm, ~~OAc \n/ (©
HO R3 o)
180°C, 15 h, - A
1a: R'=Ph, R?=Me, R%=H 2a: 91%
1b: R'=R2=Ph, R%=H 2b: 87%
1c: R'=R%=Bu, R%=H 2¢c: 71%
1d: R'=Ph, R?=Me, R%=Me 2d: 85%

or alkyl substituent Xb—d) were smoothly deallylated by the
present catalyst system to give the corresponding ketdties (

d) in high isolated yields. Gas analysis showed the generation
of propene (54% vyield) in the reaction @& and of isobutene
(42% vyield) in the reaction ofd.® The presence of both carbon
monoxide and allyl acetate was crucial. Carbon monoxide
operates as an effectiveacid!® While the role of allyl acetate

is not yet clear, we believe that it is required for the generation

compounds is another excellent method for the selective formationand stabilization of a catalytically active ruthenium speéles.

of C—C bonds (eq 2 forward). However, since this reaction is
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Attempts to effect the reaction at temperatures lower than 150
°C resulted in drastically diminished yield.

Several transition-metal complexes as well as ruthenium
complexes were examined with regard to their ability to catalyze
the deallylation oflato 2a. The results are summarized in Table
1. All of the ruthenium complexes showed catalytic activity, and
among them, RuG{PPh); showed the highest activity. Besides
ruthenium complexes, only RhCI(Pfh showed a moderate
catalytic activity.

A synthetic application of the present reaction is demonstrated
in the following ring-opening reaction of cyclic homoallyl alcohols
(eq 4). The treatment dfeunder the present reaction conditions
gave the ring-opening product, unsaturated ke®ees a mixture
of olefinic isomers (8-en:7-en= 26:74, total 76% yield).
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Table 1. Catalytic Activity of Several Transition-Metal Complexes
in Deallylation oflato 2&

. Ph M
L MY
H X CO, ~~0OAc o)
1a 2a
catalyst yield oR2a (%)°
RuCh(PPh)s (91)
Cis-RUCKL(COY(PPh), 65
Cp*RuCl(cod) 64
Ru(CO) 45
RhCI(PPh)s 53
NiBI’z(PPI})z 0
PdCL(PPh), 0
Cis-PtChL(PPh), 0

a Compoundla (4.0 mmol), catalyst (0.20 mmol), allyl acetate (30
mmol), THF (8.0 mL), CO (10 atm), 18, 15 h.° GLC yield (isolated
yield). ¢ Rus(CO);2 (0.067 mmol).

HO

, K RuCla(PPhg)s

CO 10 atm, ~~_OAc

200 °C, 60 h 3 (8-en:7-en=26:74)
e (total 76% yield)
PO M
(4)
Ho (1 atm), rt,, 2 h 4

(overall 73% isolated yield )

Hydrogenation oB8 by PtO, catalyst gave the saturated ketghe

in an overall isolated yield of 73%. Thus, the present reaction
may offer a novel method for the catalytic ring-opening reaction

of general 2-vinylcycloalkanol¥.
The following reactions usin®a, 6a, and 7a, illustrated in

egs 57, provided insight into the mechanism. First, treatment

of 5adid not give2a at all, which indicates that the first step of
the reaction is oxidative addition of a hydroxy group 1 to
ruthenium. Second, the failure of the depropylatiorbato 2a

Ph Me RuCly(PPhg)s Ph Me
Ac
+ N~ 6
AcO N co, A OAc \J)r N @
5a
Ph Me RuCly(PPhg) Ph Me
2 o' \ﬂ/ + N\ (6)
HO co, ~~0Ac lo)
6a

Ph
Ph H RuCl,(PPhg)3

co, ~~0Ac
7a 8a
65% (E 100%)
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Considering all of our findings, the most plausible mechanism
is illustrated in Scheme 1. The initial step might consist of
oxidative addition of the hydroxy group ib to an active ru-
thenium center. Subsequetllyl elimination from an (alkoxy)-
ruthenium intermediate gives ketoAd¢ogether with a (hydrido)-
(allyl)ruthenium intermediate, which undergoes reductive
elimination to give propene. Carbon monoxide may promote the
final reductive elimination of propene as an effectiracid (vide
supra).

In summary, we have developed the first and practical
ruthenium-catalyzed deallylation of tertiary homoallyl alcohols
via selective cleavage of a-@ bond. The mechanistic aspects
and scope of the transfeallylation reactiof?® are currently under
investigation, but we believe that this—C bond cleavage
involves the firstg-alkyl (8-allyl) elimination from an (alkoxy)-
ruthenium intermediate in its catalytic cycle.
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(13) The following novel ruthenium-catalyzed transfetlylation of al-
dehydes withla or 1d also supports the formation of an allylruthenium
intermediate. For example, the treatment of benzaldehyde with an equimolar
amount ofla or 1d in the presence of RugPPh); catalyst and an excess
amount of allyl acetate in THF gave the transfer-allylated produgt1¢
phenyl-2-buten-1-one3g) and 3-methyl-1-phenylbut-2-en-1-or@g] in yields

Suggests that the nglng force of this reaction is the formation of 68 and 35%, respectively (eq 8). Of course, no reaction occurred in the

of an allylruthenium species. Furthermore, substia@ewhich
has both ap-hydrogen and g3-allyl group, gave theo,f-
unsaturated keton8a exclusively viaS-hydrogen elimination.

(12) The thermal ring-opening reaction (retro-ene reaction) of 2-vinyl-
cyclohexanols is generally carried out in the vapor phase at cd&G0darvell,
E. N.; Rusay, RJ. Org. Chem1977, 42, 3336.

absence ofla or 1d, even in the presence of allyl acetate.

la RUCly(PPhg) P R
uClz 3)3
PhCHO + or _ o F (8)
1d CcO, ~~OAc
- Ph_Me 8a:R=H :68%
E 9a: Me : 35%



