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Synthesis of Arylacetaldehydes by Iridium-Catalyzed Arylation of
Vinylene Carbonate with Arylboronic Acids”~

Zhe Wang, Fei Xue, and Tamio Hayashi*

Abstract: One-step synthesis of arylacetaldehydes by carbon-
carbon bond formation between formylmethyl and aryl groups has
been realized by the reaction of vinylene carbonate with arylboronic
acids in the presence of an iridium/bisphosphine catalyst and a
catalytic amount of tetrahydroxydiboron.

There has been a considerable interest in synthesis of
arylacetaldehydes (ArCH,CHO) because of their valuable
synthetic utility.™ Approaches to the arylacetaldehydes® are
classified into two reaction types: One is functional group
transformation of compounds bearing Ar-C-C carbon skeleton
(Type 1, Scheme 1a), and the other is carbon-carbon bond
formation by introduction of a formyl group into arylmethyl unit or
that of a formylmethyl group (or its synthetic equivalent) into aryl
unit constructing the Ar-C-C skeleton (Type 2, Scheme 1b).
Selective partial oxidation of alcohols™ and partial reduction of
carboxylic acids™ are common routes to arylacetaldehydes in
Type 1. Oxidation of styrene derivatives®™® and hydration of
arylacetylenes,”® which are catalyzed by late transition metals,
have been also reported to produce arylacetaldehydes. Of Type
2 reactions, one-carbon homologation of aromatic aldehydes™
and formylation of benzylic halides'” are typical example
one-carbon extension route. As for their synthesis th
extension of two carbons, Mizoroki-Heck type reaction of aryl

and screening the solvents." Palladium-c
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(c) By iridium-catalyzed arylation of vinylene carbonate with arylboronic acids
(This work)

o Ir/bisphosphine catalyst
Ar—B(OH OJ\O +H.O B,(OH), catalyst 0]
—|
2 . 2 Ar\)kH
2 1

nthesis of arylacetaldehydes.

r studies on the rhodium- and iridium-catalyzed
addition of aromatic metal reagents to carbon—carbon multiple
bonds,"*"™ we envisioned that vinylene carbonate (1) is an
integesting compound which would participate in the arylation
n as a two-carbon extension unit with high functionality.!"
extensive screening it was found that the vinylene
onate realizes formylmethylation of arylboronic acids giving
lacetaldehydes in the presence of an iridium catalyst. Thus,
the reaction of vinylene carbonate (1) with 5 equiv of 3,4-
(OCH,0)CsH3B(OH). (2a) in the presence of
tetrahydroxydiboron (B2(OH)s, 5.5 mol%) and an iridium catalyst
generated in situ from [IrOMe(cod)l. (5.0 mol% Ir) and an
electron-rich bisphosphine ligand dppp-OMe (5.5 mol%) in
CICH,CH.CI/H,O (10:1) at 90 °C for 1 h gave the
arylacetaldehyde 3a in 75% yield (entry 1 in Table 1).

Table 1 summarizes the results obtained at optimization of
the reaction conditions. The presence of By(OH),"®'" in the
catalytic amount (5.5 mol%) is essential for the production of
arylacetaldehyde. Without B,(OH),; under otherwise the same
conditions, the yield of 3a is merely 19% with a low conversion
of vinylene carbonate (1) (entry 2). The role of B2(OH), in the
present reaction is proposed to accelerate the transmetalation of
aryl group from boron to iridium in the catalytic cycle (vide infra).
A more amount (25 mol%) of B,(OH)4 did not improve the yield
of 3a (entry 3). Bis(pinacolato)diboron (Bz(pin);) was not
effective for the present reaction, the yield of 3a being
essentially the same as that without B;(OH), (entry 4). The
phosphine ligand on iridium is crucial for the high yield of
aldehyde 3a. The highest yield was obtained with the electron-
rich dppp ligand (dppp-OMe) (entry 1). Although the difference is
not very large, the yield is lower with regular dppp and with the
electron-poor dppp ligand (dppp-CF3) (entries 5 and 6). The
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dppp skeleton where two phosphino groups are connected
through trimethylene backbone is better than other bisphosphine
ligands. For examples, the yields of 3a were much lower with
dppe, dppb, and PPh; (entries 7, 8 and 9). The solvent system
consisting of 1,2-dichloroethane and a protic solvent is important
for the present reaction. Use of toluene or 1,4-dioxane as a main
component of solvent greatly lowered the yields of 3a. (entries
10 and 11). Water or methanol is a protic solvent of choice, a
mix solvent of 1,2-dichloroethane/methanol giving 3a in the
same yield as the standard condition using water (entry 12). The
yield was lower with t-butyl alcohol as a protic solvent (entry 13).
The difference between conversion of 1 (>99%) and yield of 3a
(75%) is ascribed to self decomposition of 1 giving a mixture of
polymeric compounds under the reaction conditions. The
reaction at a lower temperature (70 °C), which was performed to
retard the decomposition, did not improve the yield (entry 14).
The use of a large excess (5 equiv) of arylboronic acid under the
standard condition is due to its hydrolysis which is a main side
reaction also catalyzed by the iridium complex. The amount of
arylboronic acid 2a can be decreased to 3 or 2 equiv with a
slight loss of the yield of 3a (entries 15 and 16). The yield was
much lower with ArBF;K (entry 17). Interestingly, the present
reaction is not catalyzed by a rhodium complex which is
analogous to the iridium complex used here. In the presence or
absence of B3(OH)s;, a rhodium complex generated from
[Rh(OH)(coe).]. and dppp-OMe did not produce 3a at all (entries
18 and 19).

Table 1. Iridium-catalyzed arylation of vinylene carbonate (1) wi
(methylenedioxy)phenylboronic acid (2a).”
CICH,CH,CIH,0 (10/1)

)OJ\ 0
o o+ <
\—/ c B(OH),
1 2a 90°C, 1 h

<:PAr2 dppp-OMe: Ar = 4-MeOC/4
PAr,

dppp: Ar = Ph
Entry  Variations from standard conditions

[IrOMe(cod)] (5.0 mol% Ir)
dppp-OMe (5.5 mol%) <0

B,(OH), (5.5 mol%)

dppp-CF3: Ar = 4-CF3CgH,4

Conv (%)™ of  Yield (%) of
1 3a

1 None
without By(OH),

B2(OH),s (25 mol%)

B,pin, (5.5 mol%)

dppp,

coor il
dppe“\

N o o A~ W N

8 dppb™ \ 60 23
9 PRL. (0.044 mmol) \ 80 <2

1 dioxane/HN§ co0ZmT s 6
12 EICHZCHZCI/MeM.O/O.Z mL)

B T TR o
14 "

15 ArB(OH), (3 equiv) >99 68
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16 ArB(OH), (2 equiv) 92 62
17 ArBF;K (5 equiv) 85 7

18 [Rh(OH)(coe),]./dppp-OMe <1
with B, )4
19 [Rh(OH)(coe),]./dppp-OMe

without By(OH),

mmol), Bo(OH), (0.022 mmol,
0l% of Ir), dppp-OMe (0.022

zene as an in
, bis(pl
ane. [e] dppb, 1,4-b!

mixture using hexameth
shown in parenthese:
bis(diphenylphosphino

al standard. Isolated yields are
lato)diboron. [d] dppe, 1,2-
iphenylphosphino)butane.

2 for the iridium-catalyzed
onate (1) is summarized in
of several arylboronic acids with para- or
ups (2a-2k) all gave the corresponding
yields higher than 70% with a few
The yields are not obviously
dependent on the electronic properties of the substituents. The
present reactign is also applicable to 1-naphthylboronic acid (2I),
dfrically hindered ortho-substituted aryl group
the reaction (entry 12). It is noted that the yield
ower for unsubstituted phenylboronic acid (2m), although it
proved to some extent by use of dppp ligand in place of
e in this particular case (entry 13)."®

atalyzed arylation of vinylene carbonate (1) with arylboronic

acids (2) prod¥Eing arylacetaldehydes 3.

Q [IrOMe(cod)l, (5.0 mol% Ir)
dppp-OMe (5.5 mol%

oo + ABoH), JpPr-OMe (55 mol%) -
_ B2(OH), (5.5 mol%) d
1 2 CICH,CH,CIH,0 (10/1) s

90°C, 1h

2: Ar Yield [%]™ of 3

2a: 3,4-(OCH,0)CeHs 76 (75)
2 2b: 4-MeOCqH, 75 (72)
3 2c: 4-MeCgH, 75 (72)
4 2d: 4-BrCgH, 73 (70)
5 2e: 3-MeOC¢H, 73 (70)

6 2f: 3-MeCgH, 74 (72)

7 2g: 3,5-Me,CeHs 73 (73)
8 2h: 3-Me;SiCqH, 83 (80)
9 2i: 3-FCqH, 74 (70)
10 2j: 3-BrCH, 65 (64)

11 2k: 2-naphthyl 73 (72)

128 21: 1-naphthyl 68 (68)

13 2m: Ph 57(53), 66 (63)!

[a] Reaction conditions: 1 (0.40 mmol), arylboronic acids 2 (2.0 mmol),
B,(OH), (0.022 mmol), [{IrOMe(cod)},] (0.010 mmol, 5.0 mol% of Ir), dppp-
OMe (0.022 mmol), CICH,CH,CI (2.0 mL), and H,O (0.2 mL) at 90 °C for 1 h.
[b] Yields were determined by '"H NMR of the crude reaction mixture using
hexamethylbenzene as an internal standard. Isolated yields are shown in
parentheses. [c] B,(OH), (0.044 mmol). [d] At 80 °C, By(OH), (0.044 mmol).
[e] At 80 °C, B,(OH)4 (0.10 mmol). [f] Ligand is dppp instead of dppp-OMe.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

The catalytic cycle of the present iridium-catalyzed arylation
of vinylene carbonate (1) with arylboronic acid 2 giving
arylacetaldehyde 3 is proposed as shown in Scheme 2. Thus, an
aryl-iridium species [Irf]-Ar A, which is generated by
transmetalation of Ar group from boron to iridium,""**'*? adds to
vinylene carbonate (1) to give an alkyl-iridium intermediate B.
Under the present conditions, B undergoes B-oxygen elimination
to form iridium carbonate of 2-arylethenyl alcohol C. Subsequent
hydrolysis and decarboxylation followed by the keto-enol
tautomerization produces arylacetaldehyde 3 and regenerates
[Ir]-OH species D.

PN

B(OH)3

[Ir]-Ar

aryliridation

o)
H,0 e

hydrolysis o 0

transmetalation

[Il—OH WoAr
D " g Ar
o docarboyiaion imination
Coz + P\ o)ko—ur]
H 3 Ar o
H,0 C Ar

Scheme 2. Proposed catalytic cycle for the reaction of vinylene carbonate (1)
with arylboronic acid 2 giving arylacetaldehyde 3.

Several experiments were conducted to gain an insight into
the role of B,(OH),"®'""9?% a5 an additive in a catalyti
in the present iridium-catalyzed reaction (Schem
reaction of vinylene carbonate (1) with arylboronic
repeated both with and without B,(OH)4 at 70 °C fo,
lower temperature and shorter reaction time
standard condition is to make their difference

results obtained at screening of the reaction conditions (entri
vs 2, Table 1). In the absence of ginylene carbonate

ith or without
H), promotes

nd/or hydrolysis steps in the
in Scheme 2) are promoted

with B2(OH)4, the p
likely. It would be

ecomposition of 1 giving a mixture
e with or without B,(OH), issue,
which was shown by the rea s where 1 was exposed to the
reaction conditions in the absence of arylboronic acid 2a

H). giving Ar—H.
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(Scheme 3c). The recovery yield of 1 is the same with and
without B2(OH)a.

ji [IrOMe(cod
dppp-OMe (0.0
(@ 070 + ArB(OH), il ( —
\—/ Ar
1 2a 3a
(0.20 mmol) (1.0 mmol) 62%
Ar = 3,4-(OCH,0)CeH 8%
(b) Ar-H

H), (0.011 mmol): 99%
38%

same as above recovery

of 1

with Bo(OH),4 (0.011 mmol):  67%
without B(OH)4: 67%

Scheme 3. Effects of B,(OH), as an additive on the present iridium-catalyzed
arylation of vinylene carbonate (1) with arylboronic acid 2a.

In concl@ion, we have developed a new synthetic route to
cetaldehydes, which was realized by the arylation of
e carbonate with arylboronic acids in the presence of an
bisphosphine catalyst. In addition to its synthetic utility,
reaction is interesting as a new type of iridium-
bon-carbon bond forming reaction which is
promoted bYtetrahydroxydiboron as a cocatalyst.

Keywords: arylation * arylacetaldehyde- iridium catalysis *
e carbonate ¢ arylboronic acid
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