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Abstract—A novel type of coupling reaction has been developed by the palladium-catalyzed reaction of propargylic oxiranes with
arylboronic acids, in which anti-substituted 4-aryl-2,3-allenols were produced in a highly diastereoselective manner. A chiral-substi-
tuted allene has been synthesized from the reaction of a chiral propargylic oxirane without loss of the chirality.

© 2005 Elsevier Ltd. All rights reserved.

The functionalized allenes are versatile building blocks
for organic synthesis because of the inherent reactivity
for their axially chiral backbones.! Furthermore, a large
number of natural products containing an allene moiety
have been isolated, and most of these have axial chiral-
ity.? Extensive studies for the synthesis of allenes have
been undertaken from these reasons,! and Sn2'-type
reactions of propargylic oxiranes are one of the most
successful procedures to afford 2,3-allenols.? Propargylic
oxiranes generally reacted with organocopper,* magne-
sium® and metal hydride® to produce the substituted
2,3-allenols in moderate to high diastereoselectivity. It
is also known that palladium complexes catalyze the
reactions of propargylic oxiranes with organozinc,’
stannane® and carbon monooxide® yielding the corre-
sponding 2,3-allenols. These reactions are normally
required to be carried out under anhydrous conditions,
and some of the organometallic reagents are unstable,
expensive and toxic. Organoboronic acids are widely
used reagents in organic synthesis because of their
stability, commercial availability and nontoxicity.
However, to the best of our knowledge, there are no
examples about the reaction of propargylic oxiranes
with organoboronic acids.

Herein, we describe a novel type of coupling reaction of
propargylic oxiranes with arylboronic acids by palla-
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dium catalyst. The reactions can be carried out in aque-
ous media to produce the aryl-substituted 2,3-allenols
with high anti-diastereoselectivity.

The initial reactions were carried out using phenyl-
substituted propargylic oxirane 1a'® and 2-methyl-
phenylboronic acid (2a).''! When a mixture of 1a and
2a were subjected to the reaction with 10 mol%
Pd(PPh;), in dioxane at 80 °C for 2 h, the aryl-substi-
tuted 2,3-allenol 3aa having anti-geometry was obtained
in 81% yield (Table 1, entry 1). The stereochemistry of
3aa was determined unambiguously by NOESY correla-
tion of dihydrofuran 4aa, which was produced from the
reaction of 3aa with AgNO] (Scheme 1). The similar
result was obtained by using Pd,(dba);*CHCIl; with
P(o-Tol); (entry 2), but poor results were obtained in
the presence of bidentate phosphine ligands (entries 3—
5). It was found that the yields of 3aa were increased
in the presence of water (entries 6-8), and the product
was produced in 92% yield when the reaction was
employed in dioxane-H,O (2:1) (entry 7). Since the
obtained 2,3-allenol had all anti-geometry in any condi-
tions, it was ascertained that this addition reaction
proceeds in a high diastereoselective manner.

A series of substituted arylboronic acids 2b—f were then
subjected to the reaction. The corresponding products
3ab and ac were obtained in good yields by the reactions
of 1a with 2- and 4-methoxyphenylboronic acids (2b
and c) (Table 2, entries 1 and 2). 1-Naphthalene- and
phenylboronic acids (2d and e) were also efficiently
transformed to the coupled products 3ad and ae (entries
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Table 1. Palladium-catalyzed coupling of propargylic oxirane 1a with

2-methylphenylboronic acid (2a)

Ph
OH :
jor\\\// . B(OH), 10 mol % Pd(0) e

solvent, 80 °C
2h
1a 2a 3aa
Entry Palladium catalyst Solvent Yield
(%0)
1 Pd(PPhj), Dioxane 81
2% Pd,(dba);*CHCl;, P(o-Tol); Dioxane 73
3P Pd,(dba);*CHCl;, dppe Dioxane 16
4° Pd,(dba)y*CHCls, dppp Dioxane 38
5P Pd,(dba);*CHCls, dppf Dioxane 42

6 Pd(PPhy), Dioxane-H,O =9:1 91
7 Pd(PPhj), Dioxane-H,O =2:1 92
8 Pd(PPhy), Dioxane-H,O =1:2 61

#5 mol% palladium and 40 mol% ligand were used.
°5mol% palladium and 20 mol% ligand were used.

©\ (\ NOE
- H H
% AgN03, 03003 O

63% CL)\Ph

OH

Ph aqg. acetone, 60 ‘C

3aa 4aa

Scheme 1.

Table 2. Palladium-catalyzed coupling of propargylic oxirane 1a with
arylboronic acids 2b—f

Ph Ar
o = o :
R + ArB(OH), 10 mol % Pd(PPhg)4 -/‘Ph
dioxane/H,0 (2: 1)
80°C,1-3h
1a 2b-2f 3ab-3af

Product®  Yield
(%)

Entry  Boronic acid

1 2-Methoxyphenylboronic acid (2b)  3ab® 77
2 4-Methoxyphenylboronic acid (2¢)  3ac® 81
3 1-Naphthaleneboronic acid (2d) 3ad® 86
4 Phenylboronic acid (2e) 3ae? 55
5 3-Nitrophenylboronic acid (2f) 3af® 38

#The stereochemistry of each product was tentatively assigned by
comparison of its NMR spectra with 3aa and af.

®The stereochemistry was determined unambiguously by NOESY
correlation of dihydrofuran 4af, which was produced from the
reaction of 3af with AgNO3 and CaCO;.

3 and 4). When 3-nitrophenylboronic acid (2f) having an
electron-withdrawing group was subjected to the reac-
tion, the yield of the resulting product 3af was slightly
lowered (entry 95).

Results of reactions of various propargylic oxiranes 1b—
g with 2-methylphenylboronic acid (2a) are summarized
in Table 3. When the reactions of substrates 1b and ¢

Table 3. Reactions of various propargylic oxiranes 1b-g with
2-methylphenylboronic acid (2a)*

Entry  Substrate Product® Yield (%)
(o) / Ph OH Ar
= N
1 = A 64
Ph
1b 3bhac
Ph AL
.Z T A~en
2 ‘ 83
1c c

Ar
Bu OH &
0 ~ :
’ @Aﬁ/ A By 77

3da®
on &
0 oz ome I~ OMe
4 @ 85
le 3ea®
T™MS Ar
(o) // OH =
- J7 e
1f 3fad
Ph
Ar
// OH 2
6 AT A ph 50
AN Ph™
Phi H .
1g 3ga

#Reactions were carried not with 2-methylphenylboronic acid (2a) in
the presence of 10 mol% Pd(PPh;)4 in dioxane-H,O (2:1) at 80 °C.

® Ar = 2-methylphenyl.

“The stereochemistry of each product was tentatively assigned by
comparison of its NMR spectra with 3aa, af and fa.

9The stereochemistry was determined unambiguously by NOESY
correlation of dihydrofuran 4fa, which was produced from the
reaction of 3fa with AgNO; and CaCOs.

possessing a five- and a seven-membered ring were
carried out, the coupled 2,3-allenols 3ba and ca were
obtained in 64% and 83% yields, respectively (entries |
and 2). Substrates 1d and e, having a butyl and a
methoxymethyl group at the terminal position, were
uneventfully reacted with 2a to afford the corresponding
products 3da and 3ea in good yields (entries 3 and 4).
When TMS-substituted propargylic oxirane 1f was
subjected to the reaction, the desilylated 2,3-allenol 3fa
was predominantly produced (entry 5). The reaction of
acyclic substrate 1g also uneventfully proceeded to yield
the corresponding coupled product 3ga in moderate
yield (entry 6).

We further attempted the reaction of enantiomerically
enriched propargylic oxirane (1R,2R)-la (Scheme 2).
When (1R,2R)-1a'? (92% ee) was reacted with 2-meth-
ylphenylboronic acid (2a), the corresponding chiral cou-
pled product (1R,2R)-3aa'® was provided in 92% yield.
The enantiomeric excess of (1 R,2R)-3aa was determined
as 92%, and the result showed that the reaction pro-
ceeded with complete transferring chirality.
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b

Ph 10 mol % OH
0z B(OH)z _Pd(PPha), n
. + — Z Pn
solvent, 80 °C
2h
(1R,2R)-1a 2a (1R,2R)-3aa
92% ee 92%, 92% ee
Scheme 2.
on & Ph

Ar .
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OH : ) :
i _Z Ph i _ZpPh
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oH ¢
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7

Scheme 3.

Plausible mechanism for the formation of aryl-substi-
tuted 2,3-allenols 3 is shown in Scheme 3. In the first
step, regio- and stereoselective anti-Sn2' attack of palla-
dium catalyst'* on the propargylic oxirane 1 takes place
to yield the twitter ionic allenylpalladium species 5,
which was further hydrated in the presence of H,O to
form the allenylpalladium hydroxide 6.!> Transmetalla-
tion of 6 with arylborate 7,'° derived from arylboronic
acid 2 and H,O, and then reductive elimination of
palladium from the resulting intermediate 8 diastereo-
selectively produces anti-coupled 4-aryl-2,3-allenol 3.

In conclusion, the effort described above has led to the
discovery of a palladium-catalyzed coupling reaction
occurring between propargylic oxiranes and arylboronic
acids. The process can be carried out in aqueous condi-
tions to yield anti-substituted 4-aryl-2,3-allenols in a
highly diastercoselective manner. Furthermore, the
chiral-substituted allene has been synthesized from the
chiral propargylic oxirane without loss of the chirality.
Continuing studies probing the scope and synthetic
applications of this reaction are now in progress.
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