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Abstract—(Z)-Phenol-substituted alkenes were produced by the palladium(0)-catalyzed reaction of propargylic oxiranes with phe-
nols. The regio- and stereoselective addition of phenols to alkynes occurs via the formation of n-propargyl- and w-allylpalladium
complexes. The phenoxy-substituted enones were produced simultaneously depending on the reaction conditions.

© 2005 Elsevier Ltd. All rights reserved.

The reactions of propargylic compounds with transition
metal catalysts have received considerable attention due
to their versatile and specific reactivity, and extensive
studies of these have now been undertaken.! The palla-
dium-catalyzed reaction of propargylic compounds with
soft nucleophiles is one of the most successful chemical
processes that has been developed.>3 In the course of
the reactions, various propargylic leaving groups, such
as carbonates, esters or halides, can be cleaved by a
palladium catalyst to generate the m-propargyl/allenyl-
palladium complexes, which further react with soft
nucleophiles to lead the substituted products. It is also
known that propargylic oxiranes exhibit a similar reac-
tivity against a palladium catalyst,* but only a few exam-
ples of the reactions with soft nucleophiles were
reported.*® During the course of our studies about the
reaction of propargylic carbonates with soft nucleo-
philes,®> we focused on the reactivity of oxiranes as a
propargylic leaving group. Herein, we describe a palla-
dium-catalyzed reaction of propargylic oxiranes with
phenols. The regio- and stereoselective addition of
phenols to alkynes occurs via the m-propargyl- and
n-allylpalladium intermediate affording the (Z)-phenol-
substituted alkenes.

The initial reactions were carried out using phenyl-
substituted propargylic oxirane la and p-methoxyphe-
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nol (2a) as a nucleophile.® When 1a and 2a were sub-
jected to the reaction in the presence of 5 mol% Pd,
(dba);"CHCI; and 20 mol% dppe in dioxane at 60 °C
for 2 h, the phenol-substituted alkene 3aa and enone
4aa were obtained in 12% and 52% yields (Table 1, entry
1). The structure of 3aa including the stereochemistry
was determined unambiguously using spectroscopic
methods, and the stereochemistry of 4aa was determined

Table 1. Palladium-catalyzed reaction of propargylic oxirane 1a with
p-methoxyphenol (2a)?

o HO@OMe
— 2a
——Ph

(j' 5 mol % Pdy(dba)z - CHCl3

20 mol % ligand, dioxane

1a Ph
O
o Ph P
/ + OPMP
OPMP
3aa 4aa
Entry Ligand Temp (°C) Time (h) Yield (%)
3aa 4aa

1 dppe 60 2 12 52
2 dppp 60 2 27 39
3 dppb 30 2 83 —
4 dppf 30 16 82 —
5 PPh;° 30 40 63 —
6 dppb 30 20 56 18
7 dppb 80 16 — 54

#PMP = p-methoxyphenyl.
®10 mol% Pd(PPhs)s was used as a palladium catalyst.
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Figure 1. NOESY correlation of phenol adduct 3aa and methylated
compound 5.

by NOESY correlation of 5, which was produced from
the reaction of 4aa with MeLi (Fig. 1). The yield of
3aa was improved in the presence of other phosphine
ligands (entries 2-5), and 3aa was exclusively obtained in
83% yield when the reaction was performed with dppb
at rt for 2 h (entry 3). It was found that ratios of the
resulting phenol adduct 3aa and enone 4aa can be con-
trolled by the reaction conditions. Thus, a fair amount
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of 4aa was yielded by carrying out the reaction for
20 h (entry 6), and raising the reaction temperature at
80 °C resulted in the exclusive production of 4aa (entry
7). Since the obtained phenol adduct 3aa had Z geome-
try in any conditions, it was ascertained that this addi-
tion reaction proceeds in a high anti-selective manner.

To examine the scope of the reaction, various phenols
and propargylic oxiranes were next examined. The
palladium-catalyzed reaction of the substrate 1a with
2,4,6-trimethylphenol (2b) successfully proceeded to give
the phenol-substituted alkene 3ab (70%) and enone 4ab
(27%) (Table 2, entry 1). However, the enone 4ac was
mainly obtained in 55% yield when p-cresol (2¢) was
subjected to the reaction with 1a (entry 2). After several
attempts, we found that phenol adduct 3ac was predom-
inantly yielded in 77% by employing the reaction in the

Table 2. Reaction of various propargylic oxirane 1a—f, enyne 6 and phenols 2b-d*

(endo:exo = 1.5:1)

Entry Propargylic oxirane 1 Phenol 2 Product’s yield
3f 4f
0 ¢} Ph Ph
1° “n=—Ph la / ?
HO 2b o 3ab 70% 2o 4ab 27%
0] Vi Ph 0 Ph
2° 1la HO@— 2c @—( 3ac Trace 2o 4ac 55%
O@ 3ac 77% d4ac 7%
o] Ph
3ed 1a MeQ /
4o la @ 2¢ o@ 3ad 80% —
HO
MeO
(0] 0] Bu
5 i=—Bu 1b HOOOMe 2a /" 3ba 82% —
OPMP
i
0 o ipr o
6 n=ipr 1c 2a 7 3ca 65% _ dea %
OPMP OPMP
(0} OMe o OMe
7 [:jij/ 1d 2a J 3da 73% —
OPMP
0] —OTBDPS o OTBDPS
8¢ @ le 2a 74 3ea 81% —
OPMP
o o on Ph
9° 1=—Ph 1f 2a ( 3fa 37% opup 4 37%
OPMP

10°

Q%Ph 6 2a

% All reactions were carried out in the presence of 5 mol% pd,(dba)s*CHCI;, 20 mol% dppb in dioxane for 2-12 h.

® Reactions were carried out at 60 °C.
“Reactions were carried out at 30 °C.
4200 equiv of K,COj; was added.

¢ Reactions were carried out at 50 °C.

TThe stereochemistries of the products were tentatively assigned by comparisons with the NMR spectra of 3aa and 4aa.
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presence of K,CO;3 at 30 °C (entry 3).” 2-Methoxyphe-
nol (2d) also successfully reacted with 1a under the con-
ditions producing alkene 3ad as a sole product (entry 4).
The reactions of propargylic oxirane 1b and 1¢, having a
butyl and an isopropyl group at the terminal alkynyl po-
sition, with p-methoxyphenol (2a) gave the correspond-
ing products 3ba (82%) and 3ca (65%), respectively
(entries 5 and 6). The substrate 1d and 1e containing a
methoxy and a siloxy group on the inside of the alkyl
side chain were uneventfully transformed to 3da and
3ea in 73% and 81% yields (entries 7 and 8). When the
seven-membered compound 1f was subjected to the
reaction, the corresponding phenol adduct 3fa was
obtained in 37% yield with a fair amount of enone 4fa
(37%, isomeric mixture) (entry 9). On the other hand,
no reaction occurred on the enyne 6, which has no oxi-
rane ring (entry 10). From this result, it has been made
clear that the oxirane moiety is necessary for the
reaction.

Plausible mechanisms for the formation of phenol-
substituted alkene 3 and enone 4 were shown in Scheme
1. In the first step, regio- and stereoselective anti SN2’ at-
tack of palladium catalyst® on the propargylic oxirane
1 takes place to yield the allenylpalladium complex 7.
Transformation of 7 to m-propargylpalladium complex
8 (an equilibrium process)® is followed by selective addi-
tion of phenol to the central carbon of n-propargyl moi-
ety to form the palladacyclobutene 9. Complex 9 is then
converted to the allylpalladium complex 10 by proton

ArOH
2
0 H HO
Pd” Pd*
T R
s/ BY/ R
OAr 3 KiOAr
10 8
HO
Pd R
4
= OAr
9
O R O R
H”-@ R l —
3 A . AN OAr OAr
OAr
12 exo-4 4

Scheme 1. Proposed reaction mechanism.
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Scheme 2. Conversion of dihydrofuran 3aa to enone 4aa.

HOOOMe
y — Ph 2a ‘A
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(1R,2R)-1a (1R,2R)-3aa

20 mol % dppb, dioxane
92% ee 83%, 92% ee

30°C,2h

Scheme 3. Reaction of chiral propargylic oxirane (1R,2R)-1a.

transfer.”® The complex 10 is delocalized to afford
n-allylpalladium complexes 11 stereoselectively,>® which
is subjected to the intramolecular nucleophilic attack
in 3-exo mode to produce the (Z)-phenol-substituted al-
kene 3. The results in Table 1 imply that enone 4 would
be produced from 3, not directly from the propargylic
oxirane 1. Thus, 1,2-hydrogen rearrangement!? (12) is
caused under thermal conditions to yield 1,4-enone
exo-4, which further isomerizes to thermodynamically
stable 1,3-enone 4.

To confirm the reaction mechanism for the formation of
enone 4, we tried the conversion of 3aa to 4aa (Scheme
2). When 3aa was heated in dioxane at 60 °C for 20 h,
the expected reaction proceeded to give 4aa in 63%
yield. The result clearly proved that enone 4 was pro-
duced from 3.

We further attempted the reaction of enantiomerically
enriched, chiral propargylic oxirane (1R,2R)-1a (Scheme
3). When (1R,2R)-1a'' (92% ee) was subjected to the
reaction with p-methoxyphenol (2a), the corresponding
chiral adduct (1R,2R)-3aa'> was provided. The enantio-
meric excess of (1 R,2R)-3aa was determined as 92%, and
the result showed that the addition reaction did not
affect the chirality of the oxirane ring.

In conclusion, the effort described above had led to
the discovery of the palladium-catalyzed addition of
phenols to propargylic oxiranes. The process yields
phenol-substituted alkene in highly regio- and stereo-
selective manner.!*> It is known that the substituted
oxiranes having oxygen functional groups on the side
chain exhibit various biological activities.!* Our
methodology would provide a new and meaningful pro-
tocol for the synthesis of various alkenyl-substituted
oxiranes in high efficiency.
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