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Abstract

In the presence of Pd(OAc)0.05 equiv.) and PRh(0.1 equiv.), triethylborane promotes a variety of allyl
alcohols to undergo allylation of benzaldehyde to provide homoallyl alcohols in good yield. © 2000 Elsevier
Science Ltd. All rights reserved.
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Nucleophilic allylation of carbonyl compounds with allyl metal reagents is among the most useful
methods for the construction of desired molecules and has been studied exténsiaaly.of the
allyl metals have been prepared from allylic halides, acetates, carbonates, or ethers, which are in turn
derived from allylic alcohols. Therefore, if allylic alcohols themselves could be utilized directly as an
allylating agent, the synthetic efficiency might be enormously improved. Masuyam# eichleved
for the first time the palladium-catalyzed allylation of carbonyl compounds with allylic alcohols, where
SnCb reduced a -allylpalladium intermediate and bestowed it nucleophilic ability (umpolung).
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Here we would like to report that triethylborane is also capable of promoting palladium-catalyzed
direct allylation of benzaldehyde with allylic alcohols via the umpolung édllylpalladium (Eq. (1)).
Thus, when a mixture of allyl alcohol& 1 mmol), benzaldehyde (1.2 mmol), Pd(OA¢).05 mmol),

PPHh (0.1 mmol), and BB (2.4 mmol, 1 M hexane) in THF was stirred for 28 h at room temperature
under N, 1-phenyl-3-buten-1-0l2@) was produced in 64% isolated yield (run 1, Table 1). The ratio
PPh/Pd(OAc»=2 turned out to be the best; a higher (runs 3 and 4) or a lower ratio (run 2) was
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less efficient. With this catalytic system, other allylic alcohdlb-f) underwent allylation with similar
efficiency (Table 1).

Table 1
Palladium-catalyzed allylation of benzaldehyde with allylic alcohols promoted by triethylforane

run allylic alcohol  Pd salt PPh; PhOH temp (°C); product (% isolated yield)
1 (mmol) (mmol) time (h)
1 A~OH Pd(OAc), .10 0 25; 28 /\i"
1a Z Ph 2a (64)
2 Pd(OAc)2 0 0 25; 22 2a (0): no reaction
3 Pd(OAc)2  0.15 0 25,19 2a (52)
4 Pd(OAc)2  0.20 0 25; 22 2a(l7)
5 PdCI2 0.10 0 25,28 2a (0); no reaction
6 Pd(OAc)2  0.10 0 . 25;35 2a (73)b
7 Pd(OAc)2 .10 0 25,16 H
)\/OH b - )\iph 2b (69)
8 __Pd(OAcx  0.10 1.0 25,27 1b (78)
9 Pho~_on  PdOAcR (0 0 25; 15 H
1c 7 Ph PK\/\FL/\
_Ph 2¢(58) h_3d8)
A~ Pd(OAc)2 .
10 I 14 (OAc2 .10 0 25; 7 2¢(42),3 (5)
11 Pd(OAc)2  0.10 0 25; 23 2¢(81),3(18)
OH
12 AY™ PdOA, o0 0 40: 20 oH
z Ph \/\/k
le N 2d (42) Ph 2e (14)
13 Pd(OAc)2  0.10 0 35: 50 ‘ 2d(73)
14 Pd(OAc)2  0.10 1.0 25,24 2d@4)
A Pd(OA ‘ §
15 e, T4OAR 010 0 25; 21 A
CON(i-P0 \% _CON(-Pr),
1f 26 (57) 4(27)

a) Reaction conditions: 1 (1.0 mmol), benzaldehyde (1.2 mmol), Et3B (2.4 mmol, IM in hexane), PdI) salt (0.05 mmol), PPh,
(indicated amount), with or without phenol (1.0 mmol) in dry THF under N,.  In the runs shown in italics (runs 6, 11, and 13), i
(2.0 mmol) and benzaldehyde (1.0 mmol) were used under otherwise the same conditions. b) In addition to 2a, 1-phenyl-2-buten-1-
ol was isolated in 8% yield.

In accord with our previous observation of the BERd promoted allylation with allylic benzoatés,
the chloride ion was detrimental (run 5) and phenol (1 equiv.) significantly helped improve the yeld of
(runs 8 and 14). Apparently, side reactions, giving rise to 1,5-hexadiene8,(rug.9) or alkene (e.dt,
run 15), reduced the yield & Indeed, the use of an excess amount @ equiv., relative to aldehyde)
brought about a significant improvement of the yiel®@g¢funs 6, 11 and 13).

In Scheme 1 is outlined our working hypothesis, which invokes an allyl-ethyl exchange between
allylpalladiuml and EtB as the key step, producing allylborane and ethylpalladium. Allylborane would
readily react with aldehyde to give homoallyl diethylborttg? and ethylpalladium might undergo
hydrogen elimination thereby regenerating a Pd(0) species. The facile generatiowas evidenced
by quantitative formation of 5,5-bis(cinnamyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (82% isolated yield)
on replacing aldehyde with Meldrum’s acid: cinnamyl alcohol (2.2 mmol), Meldrum’s acid (1.0 mmol),
EtsB (2.4 mmol), Pd(OAG) (0.1 mmol), and PPH0.2 mmol) in THF at room temperature for 2A.



3629

Pd(0) <7._ EtPdOH M

CH2=CH2 + Hgo
Scheme 1. A plausible catalytic cycle for allylation of benzaldehyde via umpolungaidlylpalladium with EtB
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