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Alkylation of carbonyl compounds at the-position and at the
carbonyl carbon is among the most important methods to elaborate
molecules. Especially, Pd(0)-catalyzeehllylation of active me-
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thylene compounds that proceeds viar-allylpalladium species
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(the Tsuji-Trost reaction) has been studied extensive@n the allytation R

other hand, among many nucleophilic alkylation methods, allylation HO. |
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of the carbonyl carbon with allyl alcohols via the samallylpal-

ladium species is unique, since the reaction is not only electronically “;'T.'ﬁ‘;ﬁ?.’ﬂ“ R

opposite from the TsujiTrost reaction (umpolung) but is also
capable of utilizing allyl alcohols as an allyl anion equivalént.
Recently, we demonstrated that under Pe@}B catalysis
2-hydroxymethyl-2-propen-1-ol served as a zwitterionic trimeth-
ylenemethane equivalemt(Scheme 1¥. Here we would like to

:>.=

5 |-
o

=

.\

disclose that vinyl epoxide is also capable of undergoing am- Scheme 2. Pd(0)-Catalyzed a-Allylation of Aldehydes with Vinyl

phiphilic allylation of aldehydes where, under Pd(0) catalysis, the

Epoxides?

allylic ether moiety serves as an allyl cation and reacts with MH oHO  OH GHO  OH
aldehydes at the-position, giving 6-hydroxy-4-hexenald)(in PRy Ph7 o PR e S
good yields! The allyl alcohol moiety ofl in turn serves as an 1a:91% (1 h, 3:1) 1b: 82% (5 h) 1¢:82% (1 h, 3:1)
allyl anion under the catalysis of Pd(0Et:B and furnishes CHO OH CHO OH CHO OH
2-vinylcyclobutanols2 in good-to-modest yields.Thus, vinyl A'W P TN AT
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epoxide works as a synthetic equivalent of a zwitterionic 3-butenyl
2-anion-I-cationll (Scheme 1). The second step is worth noting;

1d: 90% (2 h, 2:1)

1e:70% (4 h, 2:1)

1:70% (3 h, 1.5:1)

Ar = p-(i-Bu)CeHy Ar = p-CICgH,
there are many precedents on the palladium-catalyzed ring-opening CHO OH CHO OH c-Hexyl
reaction of cyclobutandl;however, no report has appeared, to the F’“W F’“W oo
best of our knowledge, on the reverse cyclobutanol syntHesis. Ph 2-Furyl -
Aldehydes with ar-proton of relatively high acidity can provide 19:74% (3 h, 5:1) 1h: 73% (9 h, 20:1) 3:66% (1 h)
2 in one flask without isolation of. CHO  OH g CHO  OH CHO  OH

It is well documented that the allylic ether<© bond of vinyl O\/\f} NG A

epoxide is subject to the Pd-catalyzed substitution with active
methylene compoundshowever, a literature survey revealed that

1i: 81 (5 min,1:1)°

1j: 68 (5 min, 3:1)?

1k: 72 (2 h, 8:1)P

a2 An aldehyde (1 mmol) or its trimethylsilyl enol ether (fai—k), a

no report appeared on the allylic substitution with aldehydes. This Vinyl epoxide (1.2 mmol), Pd(PRJa (5 mol %) in DMSO (2.5 mL) at rt;

is probably because aldehyde enolates are supposed to cause maré‘)t

side reactions. To our pleasant surprise, however, under neutral
conditions aldehydes smoothly reacted with vinyl epoxide at room

Table 1.

isolated. In parentheses are shown figures in order of reaction time and
0 Z ratio. bSilyl enol ether of aldehyde is used.

Pd(0)-Catalyzed Cyclization of 1a Forming 2a?

temperature in the presence of Pd(BPt6 mol %) and provided CHO OH pyacac), HO = g 0L -oH
la—h in good yields (Scheme 2). Ph ~ Tma Phj,E(\* /\<—'7:F'h U
Aldehydes with a relatively less acidicproton failed to provide Ph 1a Ph 2a Ph 4
1 and instead furnished an acefakelectively (Scheme 2¥.In % isolated yield [trans:cis]
such cases, their trimethylsilyl enol ethiéraiorked to providel un ligand time (n) 72 4
in acceptable yieldsl{—k, footnote b in Scheme 2). 1 " BUP 8 82 [6:1] 0
Nucleophilic allylation via umpolung of the allyl alcohol moiety 2 n-BusP 1 52 [1:10] 0
of 1a under Pd(0)-Et;B catalysis largely depends on the kind of 3 PhP 7 25[1>30] 0
phosphine ligands, amuBugP is the ligand of choice (runs 1 and g (EI)EFI,(F),)EP 13 5%[1?30] 28
2, Table 1). With bidentate ligands, no umpolung took place; 6 DPPF 4 0 71

instead, 1,3-transposition of hydroxy group occurred, providing a
lactol 4 selectively. Interestingly, thigans-2a/cis-2aratio changed

a Conditions: 1a (1 mmol), Pd(acag)(10 mol %), a phosphine ligand
(20 mol % for a monodentate ligand, 10 mol % for a bidentate ligand),

dramatically from cis selective to trans selective during heating at EtB (300 mol % 1 M in hexane) in THF (5 mL) under Mat 50°C. DPPE

50 °C, suggesting isomerization under the conditions. Other
monodentate phosphine ligands showed high cis selectivity; un-
fortunately, however, they recorded poorer yields.
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and DPPF stand for bis(diphenylphosphino)ethane, and bis(diphenylphos-
phino)ferrocene, respectively.

Under the conditions thus optimized, the umpoltiegclization
of other 6-hydroxy-4-hexenalkwas examined. Table 2 indicates
that the reaction is general for a variety Bf providing trans-2

10.1021/ja0687320 CCC: $37.00 © 2007 American Chemical Society
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Table 2. Palladium-Catalyzed Cyclization of 1 Forming 22

run 1 time (h) % isolated yield of 2 [trans:cis]
1 1b 9 HO \% 2b: 50 [>30:1]%9
2 1b 24 Ph 2b: 35 [>30:1]2¢
Ho_ &b
3 1c 6 Mej:] 2¢: 60 [>30:1]
Ph HO, B
4 1e 7 Etj:] 2e: 71 [14:5:4:1]°
Ph
HO, S
5 Af 7 I-Pr 2f: 80 [5:2:1:1]¢
p-CICH,™ HO_ .=
6 1h 12 W 2h: 61 [9:1]°
HO. ~ Ph
7 1 6 2i: 51 [2:1]°
HO, =S
) 2j: 55 [8:1]°
8 1 2 Et‘;j
HO,
9 1k 8
2k: 38 [1:>30]°

Scheme 3. Cyclization/Fragmentation of Allylborane Intermediates
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aL and S Stand for large and small substituents, respectively.

a mixture oftrans-2c andcis-2¢ (2:1) in 50% combined isolated
yield.*
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aConditions: 1 (1 mmol), Pd(acag)(10 mol %),n-BusP (20 mol %),
EtsB (300 mol % 1 M in hexane) in THF (5 mL) at 56C under N. P Trans
to cis ratio regarding hydroxy and vinyl substituert,2trans 1,4trans
1,2<cis, 1,44rans1,24rans 1,4<is:1,2cis, 1,4<is. ¢ In addition to2b, o,o.-
diphenylacetaldehyde was obtained in 5% (run 1) and 52% yield (run 2).

selectively, being trans with respect to OH and the vinyl group.
Although the reason is not clear at the moment, the reactidik of
is one exception, which providess-2k exclusively. Interestingly,
the productcis-2k readily underwent the retro-ene reaction to
cleanly provideb with t;, = ~30 h at room temperature (CD4El
For aldehydes bearing different substituents (arge,S: small)

on theo-carbon, hydroxy and. groups are placed trans to each
other in high preference: e.g.30:1 forL = Ph,S= Me (run 3),

18 =14 + 4):6 (=5 + 1) for L = Ph,S = Et (run 4).

Based on the isomerization frogis-2 to trans2 (e.g. runs 1
and 2, Table 1, with the exception of run 9, Table 2) and high
preference of OH to be aligned with small substituer8f the
most likely reaction mechanism is proposed in Scheme 3. Allylbo-
rané? would form 8-membered-ring intermediatés and IV,
which have anti conformation with respectt@and G=0 and hence
are responsible for the formation ois-2-BEt, andtrans-2-BEt,,
respectively, both OBEtand S being cis!® Formation of oo
diphenylacetaldehyde in as much as 52% yield during long heating
at 50 °C (footnote d in runs 1 and 2, Table 2) suggests that
fragmentation through an intermediatemight be accompanied
as a serious side reaction that renders the yiel@sgthin a range
of good to modest.

One-pot sequential amphiphilic allylation with vinyl epoxide can
be achieved (eq 2);

1) 5 mol% Pd(acac) HO,
CHO 0 10 mol% n-BugP 2 —
+ R (2
R”>Ph | 2) 300 mol% Et;B ph

RT,72-84h
2a: R = Ph, 55% [trans:cis = 1:10]
2c¢: R = Me, 50% [trans:cis = 2:1]

a solution ofa-phenylpropionaldehyde, vinyl epoxide (1.2 equiv),
Pd(acac) (0.1 equiv), anch-BugP (0.2 equiv) in THF was stirred

at room temperature f& h under N. Then, E{B (3 equiy, 1 M in
THF) was added into the mixture, and the solution was stirred for
84 h at room temperature. Usual workup and purification provided
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