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Abstract

We report that ruthenium complexes effectively catalyzed the carboxylate-directed addition
of aromatic C-H bonds to aldehydes. The reactions of aromatic acids with a variety of
aromatic aldehydes including wunactivated ones proceeded efficiently to give the
corresponding isobenzofuranone derivatives in high yields. The combination of ruthenium(II)
complexes with tricyclohexylphosphine led to highly nucleophilic aryl-metal species, which
enabled versatile [3+2] cycloaddition in the absence of a Lewis acid. This paper also

demonstrates the application of supported ruthenium catalysts to the title reaction.
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1. Introduction

The addition of an organometallic reagent to a carbon electrophile is one of the most
important tools for forming new C-C bonds. Grignard and related alkaline metallic reagents
are most commonly used for the lab-scale syntheses of organic compounds due to their ease
of preparation from organohalides. However, these stoichiometric reactions form undesired
metallic wastes, which reduces their environmental compatibility. In contrast, direct
metalation of an aromatic C-H bond with the aid of chelating functionalities has recently been
regarded as a general method for the generation of aryl-metal species, and subsequent
functionalization by treatment with electrophiles and regeneration of an active metallic
reagent enables catalytic C-C bond formation." These concepts revolutionized the field of
arene functionalization since they avoid not only the formation of unwanted metallic waste
but also preactivation of the starting materials. In this context, direct aromatic C-H addition to
a carbonyl moiety by transition-metal catalysts can access step- and atom-economical
hydroxyalkylation.”® However, there are still remain some problems to be solved in this area.
The potentially low nucleophilicity of aryl-transition metal species requires highly
electrophilic coupling partners to achieve satisfactory catalytic turnover. In fact, substrates
with an electron-withdrawing substituent on the carbonyl moiety have mainly been used in
examples of catalytic C-H hydroxyalkylation,”'* which reduces the generality of this strategy
(Scheme 1(a)). Alternatively, the addition of Lewis acids to enhance the electrophilicity of the
carbonyl moiety improves the reaction efficiency and substrate scope (Scheme 1(b)).'*'
Nevertheless, the use of excess (more than 0.5 equivalents to substrate) of toxic metals would
still be undesirable from the perspective of green chemistry.

On the other hand, much attention has been focused on the use of a carboxylate as a
chelating group in C-H activation,” since this ubiquitous functionality can be introduced into
benzo-fused heterocycles by subsequent intramolecular cyclization.'*'® It can also be readily

removed from the products under transition-metal catalysis.'” However, the
3
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electron-withdrawing nature of the carboxylate group decreases the rate of electrophilic C-H
metalation and the nucleophilicity of the generated aryl-metal species. Li’s group reported a
pioneering work on the Rh-catalyzed [3+2] cycloaddition of aromatic acid with aldehyde,”®
which realized the atom- and step-economical synthesis of isobenzofuranones, which are a
ubiquitous framework in natural products showing a broad range of bioactivity.20
Unfortunately, this catalysis is still severely limited with respect to the scope of aldehyde. On
the other hand, ruthenium complexes have been used as one of the most effective catalysts for
aromatic C-H functionalization.”'** Particularly, [RuCly(p-cymene)], showed high utility in

this synthetic method with the aid of bases. Very recently, the groups of Kim'', Ding'? and

Zhou'* independently demonstrated Ru-catalyzed addition of aromatic C-H bond to aldehydes.

In these cases, however, the applicable aldehydes were limited to activated or less-hindered
ones. These facts suggest that a novel strategy should be developed to establish a method for
efficient C-H addition to C-O multiple bonds with high generality regarding the substrate and
high environmental compatibility.

Herein, we report ruthenium-catalyzed the addition of an aromatic C-H bond to aldehydes.
A series of aromatic aldehydes, including unactivated ones, could be used under Ru catalysis
in the absence of a Lewis acid to give the corresponding isobenzofuranones in high yield.
Kinetic studies revealed that the combination of Ru catalysts with tricyclohexylphosphine
generated aryl-metal species with high nucleophilicity, which promoted the insertion of a

carbonyl moiety into an aryl-metal bond (Scheme 1(c)).
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Preceding work: Increasing electrophilicity strategy
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Scheme 1. Transition metal-catalyzed C-H addition to C=0O bond.
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2. Results and discussion

Initially, the catalytic effect of a ruthenium complex toward the carboxylate-directed C-H
addition to an activated carbonyl moiety was investigated (Table 1). The combination of
o-toluic acid (1a) and an aromatic aldehyde bearing a bistrifluoromethyl group (2a) in the
presence of a catalytic amount of base underwent functionalization of an aromatic C-H bond
and subsequent intramolecular cyclization to give isobenzofuranone 3aa as a sole product in a
moderate yield (entry 1). No reaction took place in the absence of KOAc (entry 2). The
addition of AgSbF; significantly retarded the progress of the reaction (entry 3). Zinc salts as a
Lewis acid did not affect positively the present Ru catalysis (entries 4 and 5). In contrast, a
phosphine ligand enhanced the activity of Ru catalysts, and the reaction in the presence of
PPh; gave 3aa in an improved yield (entry 6). Screening of the ligand showed that PCy; was
the ligand of choice for the present Ru catalysis to provide 3aa in excellent yield (entry 7).
Air-stable HBF; salt of PCy; was also effective for the present catalytic reaction (entry 8). In
contrast, the addition of P(C¢Fs); did not result in the formation of any 3aa (entry 13),
indicating that strong electron donation from phosphine to the Ru center was crucial for the
present reaction. With the Ru/PCys catalytic system, the reaction of unactivated aldehyde (2b)
was carried out. Although the desired isobenzofuranone 3ab was obtained in only a very low
yield in the reaction under a diluted condition (entry 14), the reaction conducted under a
higher concentration of a Ru catalyst and 2b gave 3ab in an excellent yield of 96% (entry 17).
Despite the fact that organometallic reagents with high nucleophilicity generally exhibit poor
water-tolerance, Ru catalysts often exhibit the high utility even for the reaction in aqueous
media.”>* The present Ru/PCy; system also showed high activity for the catalytic C-H
hydroxyalkylation even in the presence of 0.1 mL of water (entry 18). The reaction also
proceeded at 150 °C to give 3ab in good yield (entry 19), and an improved yield was obtained

under further concentrated condition (entry 20).
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1
2
3
4

. . . . ., . a
Z Table 1. Optimization of reaction conditions
7 o 0
8 O R [RuClx(p-cymene)],
9 . H KOAc o
10 OH Mesitylene
11 170°C, 24 h R

R

:g 1a 2a (R = CFy) 3aa (R = 3,5-CF5-CgHs)
It 2b (R = H) 3ab (R = Ph)
1 2 entry additive aldehyde /eq.to 1la  product Yield (%)”
17 1 - 2a/1.5 3aa 30
18
19 2¢ - 2a/1.5 3aa 0
;‘1) 34 AgSbF 2a/15 3aa 4
22 4 ZnCl, 2a/1.5 3aa 26
23
2 5 ZnBr, 2a/ 15 3aa 6
;2 6 PPh; 2a/1.5 3aa 52
27 7 PCy; 2a/1.5 3aa 99
28
29 8 PCy;*HBF, 2a/1.5 3aa 85
g? 9 P"Bu;*HBF, 2a/ 1.5 3aa 37
32 10 P'Bu;*HBF, 2a/1.5 3aa 35
gj 11 XPhos 2a/1.5 3aa 61
gg 12 SPhos 2a/15 3aa 2
37 13 P(CeFs)s 2a/1.5 3aa 0
i 14 PCy; /15 3ab 7
j? 15 PCy; 2b/2.0 3ab 31
42 16 PCys 2b/3.0 3ab 47
" 17¢ PCy; 2b /3.0 3ab 96
22 18%/ PCy; 2b /3.0 3ab 86
47 198 PCys 2b /3.0 3ab 76
P 208" PCy; /3.0 3ab 90
50 “Reaction conditions: 1a (0.50 mmol), 2 (1.5-3.0 eq. to 1la),
51 [RuCly(p-cymene)], (0.025 mmol), KOAc (0.15 mmol), additive (0.05 mmol),
52 mesitylene (1.0 mL), at 170 °C, 24 h, under Ar. "Yields were determined by
53 GLC by using o-terphenyl as internal standard. “‘Reaction without KOAc.
54 YAdditive (0.15 mmol) was used. “Mesitylene (0.5 mL) was used. /Water (0.1
55 mL) was added to the reaction mixture. *Reaction at 150 °C. "Mesitylene
56 (0.25 mL) was used.
57 7
58
59
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With the present Ru/PCy; catalytic system in hand, the scope of aromatic acid in the reaction
of unactivated aldehyde 2b was investigated (Table 2). The reactions of a series of ortho
methyl-substituted aromatic acids (1b—le) with unactivated aldehyde (2b) proceeded
efficiently to give the corresponding isoindolinones (3bb—3eb) in good to excellent yields.
1-Naphthoic acid participated as a good coupling partner to produce 3fb in a good yield. The
reactions of meta-substituted aromatic acids also took place to afford 3gb and 3hb in
excellent yields. In these cases, functionalization predominantly occurred on the less-hindered
ortho C-H bond. Both para-substituted aromatic acids and the simplest aromatic acid, benzoic
acid, were also converted efficiently to 3ib—3mb. The double-functionalization of aromatic
C-H bonds was not observed under the present Ru catalysis. Furthermore,
ortho-fluoro-substituted isobenzofuranone 3ob was obtained in a satisfactory yield. Next, the
generality of aldehyde in the Ru/PCy;s-catalyzed aromatic C-H addition was surveyed (Table
3). As demonstrated in the preceding study, aromatic aldehydes bearing electron-withdrawing
groups on benzene rings were efficiently converted to the corresponding isobenzofuranones
(3ac—3ah) in the reaction with 1a. Very recently, GooBen and coworkers reported an elegant
study on carboxylate-directed C-H arylation with aryl halide using a similar Ru catalytic
system,”® while the reactive bromo and iodo group on the arene remained intact during the
present C-H hydroxyalkylation. Isobenzofuranone with alkenyl and naphthyl group (3ai and
3aj) were obtained in high yield. The most intriguing feature of the present Ru catalysis is
reflected in the reaction of aromatic aldehydes with electron-donating groups. The reaction of
para-tolualdehyde efficiently proceeded to give 3ak in high yield. Furthermore, the present
Ru catalysis was effective even for the reaction of anisaldehydes to provide the corresponding
products (3al-3an) in high yields. Interestingly, steric hindrance by an ortho-methoxy group
of aldehyde did not affect the reaction efficiency at all. Unfortunately, the reaction of aliphatic

aldehydes such as 1-decanal could not be used in the present catalytic system.
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Table 2. Scope of aromatic acid”

o) 0] [RuCl,(p-cymene)],
o PCy3, KOAC
X OH * H
10 | Mesitylene
=

170°C, 24 h R
12 R4 2b

oNOYTULT D WN =

O

15 ?

16

17

18 Ph

20 3bb 92% 3ch: 66% 3db: 59%

21 0]

2 F O O
23 o)

24 O O

25
26 Ph Ph

57 3eb: 92% 3fb: 66%

0O

% 0 o 0

30 -

32

33 Ph Ph Ph
3gb: 88% 3hb: 93% 3ib: 84%

3 0 0

38 0
0 0

39

20 o i j )J\N’ \/: j HO
Ph H Ph

42 3jb: 89% 3kb: 42% 3lb: 38%

0]

O

Ph

44 0 0 F 0

45

46 o} 0 0
47 cl

48 Ph Ph Ph
50 3mb: 43% 3nb: 95% 30b: 37%

52 @Reaction conditions: 1 (0.50 mmol), 2b (1.5 mmol), [RuCl,(p-cymene)], (0.025
53 mmol), PCy; (0.05 mmol), KOAc (0.15 mmol), mesitylene (0.5 mL), at 170 °C,
24 h, under Ar. Isolated yields are given.
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Table 3. Scope of aldehyde”

2 R

0 O [RuCly(p-cymene)],
PCy,;, KOAC
OH + H 7 "
| Mesitylene
XX 170°C, 24 h
1a

3ad: 96%

CO,Me
3af: 73% 3ag: 34% 3ah: 87%

3ai: 47% 3aj: 77% 3ak: 74%

O\
3al: 65% 3am: 75% 3an: 74%
“Reaction conditions: 1 (0.50 mmol), 2b (1.5 mmol), [RuCly(p-cymene)], (0.025 mmol), PCy;

(0.05 mmol), KOAc (0.15 mmol), mesitylene (0.25 mL), at 170 °C, 24 h, under Ar. Isolated
yields are given.

10
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To learn more about the reaction mechanism, several kinetic studies on the C-H addition to
aldehydes were examined (Scheme 2). When 1¢ was treated with D,0O in the presence of Ru
cat.,, KOAc and PCy;, 90% of the deuterium was incorporated at the ortho-position of 1¢
(Scheme 2, eq. (1)). This clearly indicates that the reaction involves the formation of a
ruthenacycle intermediate via carboxylate-directed electrophilic metalation of an aromatic
C-H bond. Based on this result as well as the previous literature,”® a plausible mechanism for
the reaction under Ru catalysis is depicted in Scheme 3. Initially, the treatment of
[RuCly(p-cymene)], with 2 equiv. of PCys gives mononuclear RuCl(p-cymene)(PCys3).?’
Then, ruthenium benzoate A is formed by treatment with potassium acetate. Subsequently,
carboxylate-directed ortho-ruthenation takes place to give ruthenacycle B, which undergoes
nucleophilic C-C bond formation to provide ruthenium alkoxide species D. Protonation of
two Ru-O bonds by acids completes the -catalytic cycle while generating
ortho-hydroxyalkylated aromatic acid. Finally, intramolecular dehydrative cyclization
provides isobenzofuranone as a final product. The remarkable effect of the addition of PCys;
on the catalytic activity should be reflected in the rate-limiting step. The intermolecular
kinetic isotope effect as estimated by the reaction of [D5]-benzoic acid (1k-ds) was found to
be 1.3 (Scheme 2, eq. (2)). This suggests that the formation of ruthenacycle via C-H bond
cleavage was not involved in the rate-limiting step under the present Ru catalysis,™>° which
is also supported by the reaction order of zero with respect to the benzoic acid concentration
(Figure 1(a)). In sharp contrast, the reaction orders for aldehyde and Ru catalyst were
estimated to be 0.8 and 1.3, respectively (Figures 1(b) and 1(c)). This indicates that the
nucleophilic addition of aryl-metal species to a carbonyl moiety should be the
rate-determining step in the present Ru-catalyzed reaction. In general, Lewis acids are used to
increase the electrophilicity of a carbonyl moiety, which promotes coupling with a weakly
nucleophilic aryl-metal reagent. In contrast, a highly basic phosphine ligand was helpful for

enhancing the reaction rate under the present Ru catalysis. These results therefore suggest that
11
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the coordination of PCys to a Ru center should increase the nucleophilicity of the aryl-metal
species generated during the catalytic cycle, which remarkably promote the rate-limiting C-C
bond formation step instead of activating aldehyde. Therefore, the generality of aromatic
aldehydes and environmental compatibility were improved. Preferential conversion of the
aromatic acid with an electron-donating substituent in the intermolecular competition reaction
(Scheme 4) implies that electron-rich arenes are advantageous not only for the rapid
generation of ruthenacycle via electrophilic C-H metalation, but also for enhancing the

reactivity of aryl-metal nucleophiles.

0o [RUCl,(p-cymene)], Q
OH KOAc, PCyy OH(D) ()
Mesitylene, D,O
H 170°C, 24 h H(D)~g99 p
1c (0.50 mmol) D-1c
97% recovered
[RuCl,(p-cymene)],
(0.025 mmol) o
0 KOAc (0.15 mmol) N
O
| AN OH * )J\ PCy; (0.050 mmol) | _ o @)
- H™ “Ph Mesitylene (0.5 mL) /-
ds 170 °C, 24 h, under Ar 4 Ph
1n-ds 2b 3nb-d,
(0.50 mmol) (1.5 mmol) KIE = ky/kp = 1.3

Scheme 2. Deuterium labeling experiments
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1/2 [Ru"Cly(p-cym)],

- PC}/3
y
o Q Ru''Cly(p-cym)(PCys)

0
OH
9 0~
10 ; OH -~ ©)‘\OH
+ 2KOA
11 R H0 R Ohc

1
12 3
13 4 \' 2KCI +HOAc

15 0

oNOYTULT D WN =

ORu'"XL

17
18
19 2HX
20
21

(L = PCys)
Ru''L
2 o’ . (X = AcO" or ArCO5)

2 @* )i
32
33 \\ R H
)\
C

39 Scheme 3. A plausible reaction mechanism
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In [conc. of cat. / M]

Figure 1. Effects of concentration of 1a, 2b and Ru cat. on reaction-rate

O

OH + J\

1d (R =OMe)
(0.50 mmol)
1e (R=F)
(0.50 mmol)

0]

[RuClx(p-cymene)],
(0.0125 mmol)
KOAc (0.15 mmol)
PCy; (0.025 mmol)

H Ar

2a
(Ar = 3,5-CF3-06H3)
(0.75 mmol)

Mesitylene (1.0 mL)
170 °C, 24 h, under Ar

Scheme 4. Intermolecular competition experiment

14

ACS Paragon Plus Environment

0
R
@)
Ar
(Ar = 3,5-CF3-06H3)
3da 3ea
(R =OMe) (R=F)
0.41 mmol 0.090 mmol

Page 14 of 34



Page 15 of 34

oNOYTULT D WN =

ACS Catalysis

On the other hand, considerable attention has recently focused on the use of supported metal
catalysts for organic transformations from the viewpoint of green chemistry due to the ease of
separation from the reaction mixture and recycling of the catalyst.’>* In the course of our
study on the development of supported Ru catalysts that are effective for organic synthesis,*>
3% we demonstrated that phosphine-modified Ru/CeO, catalysts efficiently promoted various
kinds of C-C bond-forming reactions involving C-H bond activation.*** Fortunately, we
found that Ru/CeO, catalysts modified with 3 equivalents of PCy; to Ru (3PCy3-Ru/CeQ5)
promoted the coupling reaction of 1a with 2a to give 3aa in a good yield (Scheme 5). Notably,
the supported Ru catalyst required no external base for the reaction to proceed thanks to the
basic surface of CeO,. Furthermore, the solid Ru catalyst could be reused for the reaction to
furnish 3aa. Even though the present supported Ru catalyst still presents some problems
concerning the activity and durability of the catalyst and substrate scope, further studies to

optimize the catalysts and reaction conditions are expected to lead to a practical synthesis of

isobenzofuranones under Ru catalysis.

(0]
) CF 3PCy3-Ru/CeO,
OH H 3 (0.050 mmol as Ru)
* Mesitylene (1.0 mL)
170 °C, 24 h, under Ar
CF3
1a 2a
(0.50 mmol) (0.75 mmol)

fresh 1 64%
1streuse :64%
2nd reuse : 34%

Scheme 5. Supported Ru-catalyzed reaction

15

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Catalysis

3. Conclusion

In summary, we have demonstrated a carboxylate-directed C-H addition to aldehydes
under Ru catalysis. The reactions of a series of aromatic aldehydes including unactivated ones
in the absence of a Lewis acid proceeded to give isobenzofuranones in an atom-economical
and green manner. Moreover, we successfully applied a reusable supported Ru catalyst to C-H
hydroxyalkylation. The addition of a highly basic phosphine ligand was crucial for generating
aryl-metal species with high nucleophilicity, which promoted the rate-limiting step of the
catalytic reaction. Further investigations on the underlying mechanism and the development

of novel catalytic reactions using this strategy are underway in our laboratory.

16
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4. Experimental

4.1. Materials

All manipulations were performed under an argon atmosphere using standard Schlenk
techniques. [RuCly(p-cymene)], (Aldrich), all of the aromatic acids and aldehydes (TCI),
sodium salt, mesitylene (Wako), cerium(IIl) nitrate hexahydrate, potassium hydroxide, and
tetrahydrofuran (THF; Wako) were obtained commercially and used without further
purification. Cerium dioxide (CeO,) was prepared by treating a solution of cerium(III) nitrate
hexahydrate (12.6 g, 29 mmol) in 400 mL of deionized water with 40 mL of 3M KOH
aqueous solution with stirring for 1 h at room temperature. The resulting precipitates were
collected by centrifugation, washed thoroughly with deionized water and then air-dried
overnight at 80 °C. The product was heated in a box furnace at a rate of 10 °C min" and
maintained at 400 °C for 30 min to afford ceria in an excellent ceramic yield. 1k-d5 was

prepared from bromobenzene-d5 according to the reported literature.*

4.2. Preparation of 3PCy;-Ru/CeO; catalyst

Supported Ru catalysts were prepared through the method reported in our previous
literature.* 7 1.0 g of a support was added to a solution of [RuCly(p-cymene)]> (0.20 mmol)
in 10 mL of methanol in air at 50 °C After impregnation, the resulting powder was calcined in
air for 30 min to afford the Ru(2.0 wt%)/CeO, catalyst. The modification of Ru/CeO, catalyst
by 3 eq. of PCy; to Ru was performed as follows: 250 mg (0.050 mmol as Ru) of Ru/CeO,
and PCys (0.15 mmol) were heated at 100 °C for 20 min under hydrogen atmosphere (1 atm)

without any solvent. Thus prepared catalysts are designated as 3PCy3;-Ru/ CeO,.

4.3. Physical and analytical measurements
The products of the catalytic runs were analyzed by GC-MS (Shimadzu GCMS-QP2010,

CBP-1 capillary column, i.d. 0.25 mm, length 30 m, at 50-250 °C) and gas chromatography
17
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(Shimadzu GC-2014, CBP-10 capillary column, i.d. 0.25 mm, length 30 m at 50-250 °C).
NMR spectra were recorded on a JMN-ECS400 (FT, 400 MHz ('H), 100 MHz (**C))
instrument. Chemical shifts () of 'H and 13C{lH} NMR spectra are referenced to SiMey.
High-resolution mass spectra (FAB) were recorded on a JEOL JMS-700 spectrometer with

m-nitrobenzyl alcohol (m-NBA) as a matrix.

4.4 General Procedure for the carboxylate-directed addition of aromatic C-H bonds to
aldehydes in the presence of Ru catalysts

A 20 mL Schlenk tube was charged with aromatic carboxylic acids 1 (0.50 mmol), aldehyde
2 (0.75 mmol), [RuCly(p-cymene)], (0.025 mmol), potassium acetate (0.15 mmol),
tricyclohexylphosphine (0.050 mmol), and mesitylene (1.0 mL) under an argon atmosphere.
The reaction mixture was stirred at 170 °C for 24 h on a hot stirrer with a cooling block. After
the reaction, the reaction solution was concentrated under reduced pressure. The products

were isolated by silica-gel column chromatography (hexane/EtOAc).

4.5 Recycling of the 3PCy;-Ru/CeO; catalyst

After the reaction, the solid was separated from the reaction mixture by centrifugation and
washed with 10 mL of diethyl ether, methanol/H,O (1:1), and again by diethyl ether. The
resulting solid was dried overnight at 80 °C and calcined in air at 400 °C for 30 min to
recover the Ru/CeO; catalyst for reuse. Modification by 3 eq. of PCy; to Ru was then
performed through the aforementioned procedure to give the 3PCy;-Ru/CeQO; catalyst for

reusc.

18
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4.6 Characterization data of the products

3-(3,5-bis(trifluoromethyl)phenyl)-7-methylisobenzofuran-1(3H)-one (3aa): white solid; yield
94 %, 161 mg (0.50 mmol scale); hexane/EtOAc = 10/1; IR (Zn/Se-ATR, neat) 1745 cem ' 'H
NMR (400 MHz, CDCl3, ppm) & 7.90 (s, 1H), 7.78 (s, 2H), 7.56 (t,J = 7.8 Hz, 1H), 7.37 (d, J
= 8.0 Hz, 1H), 7.15 (d, J = 8.0 Hz, 1H), 6.44 (s, 1H), 2.77 (s, 3H); >C NMR (100 MHz,
CDCls, ppm) & 167.1. 145.6, 137.3 (d, Jc.r = 80 Hz), 131.8, 129.7 (d, Jcr = 43.4 Hz), 128.9,
124.1, 121.4, 120.3, 119.8, 118.7, 117.0, 77.0, 14.6; HRMS (FAB) m/z [M + H]" calcd for

C17H11F602 3610663, found 361.0670.

7-methyl-3-phenylisobenzofuran-1(3H)-one (3ab): white solid; yield 67 %, 147 mg (1.0
mmol scale); hexane/EtOAc = 10/1; IR (Zn/Se-ATR, neat) 1756 cm 'y 'H NMR (400 MHz,
CDCls, ppm) 6 7.49 (t, J= 7.4 Hz, 1H), 7.36-7.37 (m, 3H), 7.26-7.29 (m, 3H), 7.11 (d, J=7.6
Hz, 1H), 6.32 (s, 1H), 2.75 (s, 3H); >C NMR (100 MHz, CDCls, ppm) & 170.7, 150.2, 139.6,
136.8, 134.0, 130.9, 129.1, 128.9, 126.9, 123.0, 120.2, 81.8, 17.4; HRMS (FAB) m/z [M +

H]+ calcd for C5sH 30, 225.0916, found 225.0918.

6,7-dimethyl-3-phenylisobenzofuran-1(3H)-one (3bb) : white solid; yield 92 %, 108 mg (0.50
mmol scale); hexane/EtOAc = 10/1; IR (Zn/Se-ATR, neat) 1742 cm ' 'H NMR (400 MHz,
CDCls, ppm) 8 7.35-7.39 (m, 4H), 7.26-7.28 (m, 2H), 7.01 (d, J = 7.6 Hz, 1H), 6.27 (s, 1H),
2.69 (s, 3H), 2.36 (s, 3H) ; °C NMR (100 MHz, CDCls;, ppm) & 171.0, 148.0, 138.5, 138.1,
137.1, 135.6, 129.0, 128.8, 126.9, 122.9, 119.6, 81.1, 19.2, 13.3; HRMS (FAB) m/z [M + H]"

calcd for C16H;50, 239.1072, found 239.1067.

5,7-dimethyl-3-phenylisobenzofuran-1(3H)-one (3cb) :yellow oil ; yield 66 %, 78.5 mg (0.50
mmol scale); hexane/EtOAc = 10/1; IR (Zn/Se-ATR, neat) 1734 cm™'; "H NMR (400 MHz,

CDCls, ppm) & 7.36-7.38 (m, 3H), 7.26-7.29 (m, 2H), 7.09 (s, 1H), 6.89 (s, 1H), 6.26 (s, 1H),
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2.69 (s, 3H), 2.37 (s, 3H) ; *C NMR (100 MHz, CDCls, ppm) & 170.7, 150.8, 145.2, 139.2,
137.0, 132.0, 129.0, 128.8, 126.9, 120.5, 120.4, 81.6, 21.9, 17.3; HRMS (FAB) m/z [M - HJ

calcd for C1H 30, 237.0921, found 237.0931.

6-methoxy-7-methyl-3-phenylisobenzofuran-1(3H)-one (3db) : white solid ; yield 59 %, 74.7
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1745 cm '; "H NMR (400
MHz, CDCl3, ppm) 6 7.35-7.36 (m, 3H), 7.26-7.28 (m, 2H), 7.04-7.10 (m, 2H), 6.26 (s, 1H),
3.87 (s, 3H), 2.61 (s, 3H); °C NMR (100 MHz, CDCl;, ppm) & 170.7, 158.3, 141.4, 137.3,
129.0, 128.8, 127.9, 126.9, 124.0, 120.3, 116.1, 81.2, 56.2. 9.9; HRMS (FAB) m/z [M + H]"

calcd for C16H;505255.1021, found 255.1022.

6-fluoro-7-methyl-3-phenylisobenzofuran-1(3H)-one (3eb) : yellow solid ; yield 92 %, 111
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1749 cm '; "H NMR (400
MHz, CDCls, ppm) 6 7.36-7.38 (m, 3H), 7.25-7.29 (m, 3H), 7.08 (dd, Jc.r = 4.2 Hz, 1H), 6.30
(s, 1H), 2.66 (d, Jy.r = 2.0 Hz, 3H); *C NMR (100 MHz, CDCls, ppm) & 169.7, 161.4 (d, Je.r
= 246 Hz), 145.4, 136.4, 129.3, 1289.0, 126.9, 126.0 (d, Jc.r = 20 Hz), 124.9 (d, Jcr = 6.5
Hz), 121.4 (d, Jcr = 25 Hz), 121.1 (d, Jcr = 8.7 Hz), 81.4, 9.1 (d, Jor = 3.7 Hz) ; HRMS

(FAB) m/z [M + H]+ calcd for C1sHo,FO, 243.0821, found 243.0810.

3-phenylnaphtho[1,2-c]furan-1(3H)-one (3fb) : white solid ; yield 66 %, 84.5 mg (0.50 mmol
scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1749 cm '; '"H NMR (400 MHz, CDCl3,
ppm) 6 9.07 (d, J = 8.0 Hz, 1H), 8.09 (d, /= 8.4 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.76 (t, J =
7.2 Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.30-7.39 (m, 6H), 6.46 (s, 1H); >*C NMR (100 MHz,
CDCls, ppm) 8170.8, 151.3, 136.0, 135.7, 133.4, 129.3, 129.2, 129.0, 128.5, 127.5, 127.2,
127.0, 123.7, 119.7, 119.3, 82.1; HRMS (FAB) m/z [M + H]" calcd for C;3H;30,261.0916,
found 261.0925.
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6-methyl-3-phenylisobenzofuran-1(3H)-one (3gb) : white solid ; yield 88 %, 95.8 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1755 cm '; '"H NMR (400 MHz,
CDCls, ppm) 8 7.75 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.36-7.37 (m, 3H), 7.26-7.28 (m, 2H),
721 (d, J = 7.6 Hz, 1H), 6.37 (s, 1H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl;, ppm) &
170.7, 147.1, 139.6, 136.6, 135.5, 129.2, 128.9, 126.9, 125.7, 125.5, 122.8, 122.5, 82.6, 21.3;

HRMS (FAB) m/z [M + H]" calcd for C,sH 30, 225.0916, found 225.0907.

6-methoxy-3-phenylisobenzofuran-1(3H)-one (3hb) : white solid ; yield 93 %, 108 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1748 cm '; '"H NMR (400 MHz,
CDCls, ppm) & 7.36-7.38 (m, 4H), 7.25-7.27 (m, 2H), 7.20 (d, J = 1.6 Hz, 2H), 6.35 (s, 1H),
3.88 (s, 3H); °C NMR (100 MHz, CDCls, ppm) §170.6, 160.8, 142.1, 136.6, 134.3, 129.2,
128.9, 1267.0, 123.7, 123.3, 107.2, 82.6, 55.8 ; HRMS (FAB) m/z [M + H]" caled for

Ci5H1303241.0865, found 241.0867.

5-methyl-3-phenylisobenzofuran-1(3H)-one (3ib) : white solid ; yield 84 %, 94.6 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1742 cm'; '"H NMR (400 MHz,
CDCls, ppm) & 7.83 (d, J = 7.6 Hz, 1H), 7.34-7.39 (m, 4H), 7.26-7.29 (m, 2H), 7.11 (s, 1H),
6.34 (s, 1H), 2.44 (s, 3H); >C NMR (100 MHz, CDCls, ppm) & 170.6, 150.2, 145.6, 136.6,
130.5, 129.2, 128.9, 126.9, 125.4, 123.1, 122.9, 82.4, 22.1; HRMS (FAB) m/z [M + H]" calcd

for Ci5sH30,225.0916, found 225.0911.

5-methoxy-3-phenylisobenzofuran-1(3H)-one (3jb) : white solid ; yield 89 %, 109 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1739 cm™'; '"H NMR (400 MHz,
CDCls, ppm) 6 7.85 (d, J = 8.4 Hz, 1H), 7.37-7.39 (m, 3H), 7.26-7.29 (m, 2H), 7.04 (d, J =
8.4 Hz, 1H), 6.72 (s, 1H), 6.31 (s, 1H), 3.83 (s, 3H); °C NMR (100 MHz, CDCls;, ppm) &
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170.2, 164.9, 152.5, 136.5, 129.2, 129.0, 127.1, 127.0, 117.8, 116.9, 106.6, 82.1, 55.8; HRMS

(FAB) m/z [M + H]+ calcd for C15sH 305 241.0865, found 241.0868.

N-(1-0x0-3-phenyl-1,3-dihydroisobenzofuran-5-yl)acetamide (3kb) : yellow solid ; yield 42%,
50.3 mg (0.50 mmol scale); hexane/EtOAc = 1/1; IR (Zn/Se-ATR, neat) 1760 cm '; "H NMR
(400 MHz, DMSO, ppm) & 7.45 (t, J = 7.6 Hz, 1H), 7.29-7.33 (m, 1H), 7.22-7.26 (m, 2H),
7.06-7.08 (m, 1H), 6.96 (d, J= 8.4 Hz, 1H), 6.89 (t, J= 7.4 Hz, 1H), 6.80 (s, 1H), 3.92 (s, 3H),
2.73 (s, 3H); >C NMR (100 MHz, DMSO, ppm) & 169.6, 169.3, 151.8, 145.0, 137.1, 129.1,
129.0, 126.9, 126.0, 119.9, 118.6, 111.7, 81.5, 24.3; HRMS (FAB) m/z [M + H]" calcd for

Ci6H14NO3268.0974, found 268.0984.

5-hydroxy-3-phenylisobenzofuran-1(3H)-one (31b) : brown solid ; yield 38%, 44.4 mg (0.50
mmol scale); hexane/EtOAc = 2/1; IR (Zn/Se-ATR, neat) 1760 cm'; '"H NMR (400 MHz,
DMSO, ppm) & 10.77 (s (br), 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.41-7.45 (m, 3H), 7.33-7.35 (m,
2H), 7.01 (dd, J = 8.4 and 2.0 Hz,1H), 6.72 (s, 1H), 6.60 (s, 1H); >C NMR (100 MHz, DMSO,
ppm) & 1169.7, 163.5, 153.0, 137.4, 129.0, 127.0, 126.7, 117.7, 115.2, 108.7, 80.9; HRMS

(FAB) m/z [M + H]" calcd for C4H;;05227.0708, found 227.0705.

5-chloro-3-phenylisobenzofuran-1(3H)-one (3mb) : brown solid ; yield 43 %, 53.4 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1760 cm'; '"H NMR (400 MHz,
CDCls, ppm) & 7.80 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.30-7.32 (m, 3H),
7.22-7.23 (m, 1H), 7.17-7.20 (m, 2H), 6.29 (s, 1H); °C NMR (100 MHz, CDCls, ppm) &
169.3, 151.2, 141.0, 135.6, 130.1, 129.5, 129.1, 126.8, 126.7, 124.0, 123.2, 82.1; HRMS

(FAB) m/z [M + H]" calcd for C14H,0C10,245.0369, found 245.0378.

3-phenylisobenzofuran-1(3H)-one (3nb) : white solid ; yield 95 %, 102 mg (0.50 mmol
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scale); hexane/EtOAc = 10/1; IR (Zn/Se-ATR, neat) 1742 cm™'; '"H NMR (400 MHz, CDCl;,
ppm) & 7.96 (d, J = 7.6 Hz, 1H), 7.65 (t, J = 7.4 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.37-7.39
(m, 3H), 7.34 (d, J = 8.0 Hz, 1H), 7.26-7.29 (m, 2H), 6.41 (s, 1H); *C NMR (100 MHz,
CDCls, ppm) & 170.5, 149.6, 136.4, 134.3, 129.3, 129.3, 129.0, 127.0, 125.6, 125.5, 122.8,

82.7; HRMS (FAB) m/z [M + H]" caled for C14H;;0,211.0759, found 211.0749.

7-fluoro-3-phenylisobenzofuran-1(3H)-one (3o0b) : yellow solid ; yield 37 %, 43.3 mg (0.50
mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1738 cm'; '"H NMR (400 MHz,
CDCls, ppm) 6 7.61-7.66 (m, 1H), 7.38-7.40 (m, 3H), 7.27-7.29 (m, 2H), 7.18 (t, J = 8.4 Hz,
1H), 7.11 (d, J = 7.6 Hz, 1H), 6.39 (s, 1H); >C NMR (100 MHz, CDCl;, ppm) & 166.5, 159.4
(d, Jcr =264 Hz), 152.2, 136.9 (d, Jcr = 7.8 Hz), 135.8, 129.5, 129.0, 126.9, 118.8 (d, Jc.r =
4.2 Hz), 116.3(d, Jcr = 18.5 Hz), 113.4 (d, Jc.r = 14.3 Hz), 82.3 ; HRMS (FAB) m/z [M +

H]" caled for C14H,0F0,229.0655, found 229.0661.

3-(4-fluorophenyl)-7-methylisobenzofuran-1(3H)-one (3ac) : yellow solid ; yield 87 %, 100
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1746 cm™'; "H NMR (400
MHz, CDCls, ppm) 6 7.51 (t, J = 7.6 Hz, 1H), 7.30 (d, /= 7.2 Hz, 1H), 7.24-7.27 (m, 2H),
7.03-7.11 (m, 3H), 6.31 (s, 1H), 2.74 (s, 3H); °C NMR (100 MHz, CDCls, ppm) & 170.4,
163.1 (d, Jc.r = 271 Hz), 149.9, 139.7, 134.1, 132.6 (d, Jcr = 3.1 Hz), 131.0, 129.0 (d, Jcr =
8.5 Hz), 123.0, 120.1, 115.9 (d, Jc.r = 21.8 Hz), 81.1, 17.4; HRMS (FAB) m/z [M + H]" calcd

for Ci5sH2FO, 243.0821, found 243.0810.

3-(4-bromophenyl)-7-methylisobenzofuran-1(3H)-one (3ad) : yellow solid ; yield 96 %, 142
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1750 cm™'; "H NMR (400
MHz, CDCl;, ppm) & 7.49-7.52 (m, 3H), 7.30 (d, J = 8.0 Hz, 1H), 7.16 (d, J = 8.4 Hz, 2H),

7.09 (d, J = 7.6 Hz, 1H), 6.28 (s, 1H), 2.74 (s, 3H); *C NMR (100 MHz, CDCls, ppm) &
23

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Catalysis

170.4, 149.6, 139.8, 135.9, 134.1, 132.1, 131.1, 128.6, 123.2, 122.8, 120.0, 80.9, 17.4; HRMS

(FAB) m/z [M + H]+ calcd for C15sH,BrO, 303.0021, found 303.0022.

3-(4-iodophenyl)-7-methylisobenzofuran-1(3H)-one (3ae) : brown solid ; yield 63 %, 118.5
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1760 cm '; "H NMR (400
MHz, CDCl;, ppm) 87.70 (d, J = 8.0 Hz, 1H), 7.49 (t, J= 7.6 Hz, 1H), 7.29 (d, J = 7.2 Hz,
1H), 7.09 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 6.26 (s, 1H), 2.74 (s, 3H); °C NMR
(100 MHz, CDCls, ppm) & 170.4, 149.6, 139.8, 138.0, 136.5, 134.1, 131.1, 128.7, 122.8,
120.0, 95.0, 81.0, 17.4; HRMS (FAB) m/z [M + H]" caled for C;sH;,10, 350.9882, found

350.9897.

methyl 4-(4-methyl-3-0x0-1,3-dihydroisobenzofuran-1-yl)benzoate (3af) : white solid ; yield
73 %, 101 mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1753 cm™'; 'H
NMR (400 MHz, CDCls, ppm) 6 8.05 (d, J = 8.4 Hz, 2H), 7.50 (t, /= 7.6 Hz, 1H), 7.38 (d, J
= 8.4 Hz, 2H), 7.31 (d, J = 7.6 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 6.37 (s, 1H), 3.92 (s, 3H),
2.75 (s, 3H); °C NMR (100 MHz, CDCls, ppm) & 170.4, 166.4, 149.6, 141.7, 139.9, 134.2,
131.2, 130.8, 130.2, 126.6, 122.7, 120.0, 80.9, 52.3, 17.4; HRMS (FAB) m/z [M - H] calcd

for C17H 304 281.0819, found 281.0813.

4-(4-methyl-3-oxo0-1,3-dihydroisobenzofuran-1-yl)benzonitrile (3ag) : yellow solid ; yield
34 %, 43.8 mg (0.50 mmol scale); hexane/EtOAc = 3/1; IR (Zn/Se-ATR, neat) 1760 cm™'; 'H
NMR (400 MHz, CDCls, ppm) 6 7.69 (d, J = 8.4 Hz, 1H), 7.52 (t, J= 7.6 Hz, 1H), 7.45 (d, J
= 8.4 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.12 (d, J = 7.6 Hz, 1H), 6.38 (s, 1H), 2.75 (s, 3H);
C NMR (100 MHz, CDCls, ppm) & 170.1, 149.0, 142.0, 140.1, 134.3, 132.7, 131.4, 127.3,
122.5, 119.9, 118.2, 112.9, 80.3, 17.4; HRMS (FAB) m/z [M + H]" caled for CisHi,NO,

250.0868, found 250.0860.
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7-methyl-3-(3-(trifluoromethyl)phenyl)isobenzofuran-1(3H)-one (3ah) : yellow solid ; yield
97 %, 141.6 mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1748 cm '
'H NMR (400 MHz, CDCls, ppm)  7.63 (d, J = 7.6 Hz, 1H), 7.57 (s, 1H), 7.50-7.54 (m, 3H),
7.33 (d, J = 7.2 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 6.38 (s, 1H), 2.76 (s, 3H); >*C NMR (100
MHz, CDCIls, ppm) 6 170.3, 149.3, 140.0, 138.0, 134.3, 131.5, 131.3, 131.2, 130.2, 129.5,
126.0 (d, Jcr = 3.5 Hz), 123.7 (q, Jc.r = 3.7 Hz), 122.8, 120.0, 80.8, 17.4 ; HRMS (FAB) m/z

[M + H]" caled for Ci6H;505 293.0789, found 293.0778.

(E)-7-methyl-3-(4-styrylphenyl)isobenzofuran-1(3H)-one (3ai) : yellow; yield 47 %, 77.0 mg
(0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1740 cm '; "H NMR (400
MHz, CDCl;, ppm) 67.48-7.52 (m, 5H), 7.36 (t, J = 8.0 Hz, 2H), 7.23-7.30 (m, 4H), 7.08-7.14
(m, 3H), 6.32 (s, 1H), 2.75 (s, 3H); *C NMR (100 MHz, CDCls, ppm) & 170.7, 150.1, 139.7,
138.2, 136.9, 135.8, 134.0, 130.9, 129.6, 128.7, 127.9, 127.7, 127.4, 126.9, 126.6, 123.0,

120.5, 81.6, 17.4; HRMS (FAB) m/z [M]" calcd for C»3H;30,326.1307, found 326.1311.

7-methyl-3-(naphthalen-2-yl)isobenzofuran-1(3H)-one (3aj) : yellow solid ; yield 77 %, 100
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1750 cm '; "H NMR (400
MHz, CDCls;, ppm) & 7.81-7.84 (m, 4H), 7.46-7.52 (m, 3H), 7.29 (d, J = 7.6 Hz, 1H),
7.24-7.25 (m, 1H), 7.12 (d, J = 7.6 Hz, 1H), 6.48 (s, 1H), 2.77 (s, 3H); *C NMR (100 MHz,
CDCls, ppm) & 170.8, 150.2, 139.7, 134.1, 134.0, 133.5, 133.0, 131.0, 129.0, 128.0, 127.8,
126.7, 126.6, 123.8, 123.0, 120.2, 82.0, 17.5; HRMS (FAB) m/z [M + H]" calcd for C;oH;50,

275.1072, found 275.1063.

7-methyl-3-(p-tolyl)isobenzofuran-1(3H)-one (3ak) : yellow oil ; yield 74 %, 85.0 mg (0.50

mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1755 cm '; '"H NMR (400 MHz,
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CDCls, ppm) 8 7.48 (t, J = 7.6 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.14-7.19 (m, 4H), 7.10 (d, J
= 7.6 Hz, 1H), 6.30 (s, 1H), 2.74 (s, 3H), 2.35 (s, 3H); °C NMR (100 MHz, CDCls, ppm) &
170.7, 150.3, 139.5, 139.1, 133.9, 133.8, 130.8, 129.5, 127.0, 123.1, 120.2, 81.8, 21.2, 17.4;

HRMS (FAB) m/z [M - H] caled for C;6H;30,237.0921, found 237.0931.

3-(4-methoxyphenyl)-7-methylisobenzofuran-1(3H)-one (3al) : white solid ; yield 65 %, 80.0
mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1748 cm '; "H NMR (400
MHz, CDCls, ppm) 6 7.49 (t, J = 7.6 Hz, 1H), 7.28 (d, /= 8.0 Hz, 1H), 7.16-7.18 (m, 2H),
7.09 (d, J = 7.6 Hz, 1H), 6.87-6.89 (m, 2H), 6.29 (s, 1H), 3.80 (s, 3H), 2.74 (s, 3H); °C NMR
(100 MHz, CDCl3, ppm) & 170.7, 160.2, 153.5, 150.2, 139.5, 133.9, 130.8, 128.7, 123.2,
120.2, 114.2, 81.7, 55.2, 17.4; HRMS (FAB) m/z [M + H]" calcd for C;¢H;50; 255.1021,

found 255.1022.

3-(3-methoxyphenyl)-7-methylisobenzofuran-1(3H)-one (3am) : white solid ; yield 75 %,
91.0 mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1748 cm '; '"H NMR
(400 MHz, CDCl3, ppm) 6 7.49 (t, J= 7.6 Hz, 1H), 7.29 (t,J=7.8 Hz, 2H), 7.13 (d,J=28.0
Hz, 1H), 6.87-6.89 (m, 2H), 6.79 (s, 1H), 6.29 (s, 1H), 3.78 (s, 3H), 2.74 (s, 3H); °C NMR
(100 MHz, CDCls, ppm) 6 170.7,159.9, 150.1, 139.6, 138.3, 134.0, 130.9, 130.0, 122.8, 120.1,
119.1, 114.5, 112.3, 81.6, 55.3, 17.4; HRMS (FAB) m/z [M] caled for CisH1403254.0943,

found 254.0942.

3-(2-methoxyphenyl)-7-methylisobenzofuran-1(3H)-one (3an) : yellow solid ; yield 74 %,
87.4 mg (0.50 mmol scale); hexane/EtOAc = 5/1; IR (Zn/Se-ATR, neat) 1760 cm '; '"H NMR
(400 MHz, CDCls, ppm) 6 7.45 (t, J = 7.6 Hz, 1H), 7.29-7.33 (m, 1H), 7.22-7.26 (m, 2H),
7.06-7.08 (m, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.89 (t,J= 7.4 Hz, 1H), 6.80 (s, 1H), 3.92 (s, 3H),

2.73 (s, 3H); °C NMR (100 MHz, CDCls, ppm) & 171.1, 156.9, 150.9, 139.4, 133.8, 130.6,
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129.9, 126.8, 125.4, 123.0, 120.8, 120.2, 110.9, 77.3, 55.6, 17.4; HRMS (FAB) m/z [M + H]"

calcd for C16H;505255.1021, found 255.1026.
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Graphical Abstract
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High nucleophilicity

+ high atom-efficiency ¢ high generality of aldehyde
¢ without Lewis acid ¢ reusable Ru catalyst can be applied
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