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A simple and efficient palladium-catalyzed intramolecular carbonylative synthesis of isocoumarins and phthalides from the
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easily available starting materials by employing phenyl formate as a CO surrogate has been achieved. The approach

constructs target compounds in good to excellent yields with the advantages of lower toxicity, milder conditions, easily

operation and wide functional group tolerance.

Introduction

Isocoumarins and phthalides are an important class of lactonic
natural products widely existing in microbes and higher plants,[“
which have a lot of biological activities, including antimicrobial,m
anticancer,B] antiallergic,m antifungal,[sl and anti-HIV.© They are
also important intermediates to further build other bioactive
compounds.m Therefore, many medicinal chemists have been
focused on the synthesis of lactones. So far, various methods to
synthesize those compounds have been reported. These methods
include (a) cyclization of 2 -—alkenyl or 2-allyl benzoic acid
derivatives;[sl (b) condensation of benzoic acid derivatives with
alkenes or aIkynes;lg] (c) palladium-catalyzed carbonylative
cyclization via trapping of acylpalladium derivatives with internal
enolates;[m] (d) the reaction of phthalic acid with chloride or ester
under microwave;[n] (e) NHC catalytic oxidative cyclization of 2 -
alkynyl benzaldehyde;m] (g) the reflux cyclization of &-carbonyl
amides derivatives;m] (h) CO insertion reactions;[”] (i) copper
catalyzed 2 - halogenated benzoic acid and its derivatives with 1, 3 —
diketone to synthesize isocoumarins.™™

However, the disadvantages of these reactions are obvious;
including high toxicity, multistep reactions, difficult operation,
harsh reaction conditions, etc. Thus, we are making an effort to
investigate more simple and efficient approach for constructing this
class of valuable lactones.

In recent vyears, transition-metal-catalyzed carbonylative
transformations of aryl halides by employing CO gas as carbonyl
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source has been developed 1) and further studied, which provides

an important strategy for the synthesis of carbonyl compounds
including isocoumarins and phthalides. However, CO is a toxic and
flammable gas usually used under the conditions of high pressure.
Further, the substrate scope is limited to a small range, all above
drawbacks severely restrict its common applications. Thus,
considerable efforts have been put to find versatile CO surrogates
in carbonylation processes to circumvent the use of high toxic co.”
Phenyl formate, a kind of environmentally friendly reagent, has
emerged as a vital CO building block for various compounds. Two
groups have independently reported the use of phenyl formate as a
CO surrogate to etherify aryl halides."® Besides a wide range of
organic compounds including Iactones,[lga] phthalimides,[lgb]
indanones, [lgc]alkynones[wd]and y-Iactams[we] have been achieved
by employing phenyl formate as a CO source (Schemel). During the
last few years, our group has been involved in constructing
bioactive compounds by using CO surrogate. [19eli20] Ag part of our
ongoing interest in phenyl formate as a CO surrogate , herein, we
report an efficient one-pot synthesis of isocoumarins and
phthalides via palladium-catalyzed intramolecular carbonylative
annulation using phenyl formate as a “CO-Free” Source.

J. Name., 2013, 00, 1-3 | 1
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Schemel Synthesis of various compounds using phenyl formate as a
“CO-Free” Source

Results and Discussion

At the beginning of our study, we used 1a to react with phenyl
formate 2 in the presence of PdCl,(MeCN), and XantPhos with
K3;PQO,4 as the base and Dimethyl Sulphoxide (DMSQO) as a solvent
under nitrogen at 95°C. As we expected, desired isocoumarin 3a
was obtained in 78% vyield (table 1, entry 1). However, minor
amounts of 1a remained. Then, we changed base to optimize the
reaction conditions. In contrast with K;P0,, K,CO3;, K;HPO,, Sodium
tert-butoxide gave decreased yield (table 1, entries 1-4), only trace
of the desired compound was isolated (table 1, entry 4).When add
an organic base DBU, the desired product was isolated in 64% yield
(table 1, entry 5). To our delight, the yield was raised to 85% when
organic base Et;N was introduced (table 1, entry 6). Next, a series of
monoand and bidentate ligands were screened, none of them were
found to compete with DPPF (tablel, entries 6-11). Other
commercially available catalysts were tested, PdCl,{MeCN), was
superior to Pd(OAC),(table 1, entries 11 and 15) Afterwards,
solvents switching showed that DMSO appeared to be the best
solvent (table 1, entries 11-14). It suggested that polar solvents
conduced to the carbonylative cyclization process. When using
ethyl formate and methyl formate as CO source, only few of the
desired 3a was observed (table 1, entriesl6 and 17). Phenyl
formate is much higher active CO donor than ethyl formate and
methyl formate in this system. Further, reaction time, reaction
temperature and solvent quantity were optimized as well. Finally,
the optimal reaction condition were phenyl formate (2 equiv),
PdCl,{(MeCN), (5 mol %), DPPF (10 mol %) as the catalyst system,
with Et;N (2 equiv) as the base and DMSO (1.5 mL) as the solvent
under nitrogen atmosphere at 95 °C.

Tablel. Optimization of the reaction conditions for isocoumarins
synthesis™”

2| J. Name., 2012, 00, 1-3
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O OTH Pd/L, ligand,Base

O o ’ [e] solvent95°C

Br

1a 2
entry 2 Catalyst Ligand Base solvent yield~
1 2 PdCIS(MeCN)X XantPhos KaPOv DMSO 78%
2 2 PdCIS(MeCN)X XantPhos K§CO3 DMSO 70%
3 2 PdCIS(MeCN)X XantPhos KXHPOv DMSO 60%
4 2 PdCIx(MeCN)S XantPhos NaOtBu DMSO 5%
5 2 PdCIS(MeCN)X XantPhos DBU DMSO 64%
6 2 PdCIS(MeCN)X XantPhos EtaN DMSO 85%
7 2 PdCl (MeCN)_ Dpephos EtN DMSO 55%
8 2 PdCl (MeCN)_ PCy, EtN DMSO 36%
9 2 PdCl (MeCN)_ P(t-Bu} -HBF | EtN DMSO 79%
10 2 PdCIS(MeCN)X DPPE EtaN DMSO 58%
11 2 PdCIS(MeCN)X DPPF EtaN DMSO 91%
12 2 PdCIS(MeCN)X DPPF EtaN DMF 82%
13 2 PdCIS(MeCN)X DPPF EtaN toluene 75%
14 2 PdCIS(MeCN)X DPPF EtaN THF 45%
15 2 Pd(OAC)S DPPF EtaN DMSO 43%
16¢ 2 PdCIS(MeCN)X DPPF EtaN DMSO 0%
174 2 PdCIS(MeCN)X DPPF EtaN DMSO 0%
sGeneral conditions: the reactions were run on a 0.5 mmol scale in solvent (1.5mL), 2(1
mmol), catalyst (0.025mmol), ligand (0.05 mmol), base (Immol) under nitrogen in a
sealed tube at 95 °C for 24 h. XantPhos=4,5-Bis(diphenylphosphino}-9,9-
dimethylxanthene,DPEPhos=bis[(2-diphenylphosphino)phenyl]ether,
PCyaztricycIohexylphosphine,P(t-Bu)a-HBszTri-tert-butylphosphinetetrafluoroborae,
DPPE=1,2-Bis(diphenylphosphino)ethane, DPPF= 1,1-bis(diphenylphosphino)ferrocene,
r Isolated yield by silica gel chromatography. cUsing ethyl formate as a CO surrogate. a
Using methyl formate as a CO surrogate.

With the optimized reaction conditions in hand, next, we
investigate the scope and generality of this reaction. As shown in
table 2, a wide range of functional groups in R?, including aryl (Table
2, entries 1-10), heteroaryl (Table 2, entries12 and 13) alkyl (Table
2, entries 11 and 15), naphthalene (table 2, entry 14) ,were well
tolerated in this system. Various substituents on the aryl ring, which
include electron-withdrawing and electron-donating groups could
be converted into the corresponding compounds 3 in moderate to
good vyields. Electron-rich phenyl halides (table 2, 3b, 3¢, 3d, 3i)
afforded higher yields than the electron-poor phenyl halides (table
2, 3e-3h, 3j). Additionally, other substrates in R? and Rl, such as 1p,
1q, 1r and 1s also provided desired products 3p, 3q, 3r and 3s in
moderate yields under general conditions (table 2, entries16-19).

This journal is © The Royal Society of Chemistry 20xx
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Table 2. Synthesis of isocoumarins from substrates (la-1s) via
palladium-catalyzed intramolecular carbonylative annulations™”

O O . O/OYH PdC\Q(MeCN)z,dp?f
g o] Et:N, DMSO, 95°C
Br
1a 2
Entry substrate Product
o 9 s1%
1 BrO
la
2 O O 90%
B0
1b
3 O O 89%
LY
1lc
4 O 86%
CLY
1d
5 O F 85%
(LY
le
<f
6 78%
O Bro
1f
7 O I 75%
(LY
1g
8 O CF3 779
CLS g
1h
9 O O 81%
BrO 0
1i 3i
e L
O O o <
10 51%
50 C 03' %
1j )
S
11 0 0 81%
Br o
1k 3k

This journal is © The Royal Society of Chemistry 20xx

N
12 ©\/W‘/Q 82%
BrO
1l
27
13 @(YQ 74%
E!rO
Im
14 O & OO 86%
C :
Bro o)
1in 3n
=
0,
lo 0
30
16 ! O 89%
CC
O
1p
e}
¢ §
’ LD |
Bro O 0o
6]
1
q 3q
18 F r O 58%
i CC
Br 0
o
1r 3
) L
19 O o 69%
O 0 a
F Br o
1s 3s
* General conditions: all reactions were run on a 0.5 mmol scale in
solvent(1.5mL),2(1mmol),PdCl,{MeCN)},(0.025mmol),DPPF(0.05mmol),
EtsN{1mmol) under nitrogen in a sealed tube at 95 °C for 24 h. b
Isolated yield by silica gel chromatography.

To further demonstrate the applicable scope of this method, a
variety of substrates 4a-4i were investigated, and the results are
summarized in table 3. Gratifyingly, this approach successfully
generates phthalides. Various electron-donating and electron-
withdrawing substituents on the aryl ring and bromobenzene ring
could be transformed into the corresponding phthalides in good to
excellent yields. Electron-rich substituents afforded higher yields
than the electron-poor ones (Table 3, entries 2-9). Substrates with
cyclohexyl group generated products 5g in moderate yields (Table 3,
entries 7).

Table3. Synthesis of Phthalides from Substrates (4a-4i)

J. Name., 2013, 00, 1-3 | 3
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o)
o)
O OTH PACIMeCN)y,dppf O o)
O ’ ©/ o EtaN, DMSO, 95°C \
Br O
4a 2 5a
Entry Substrate Product yield
2 C
Ly
1 O { 82%
Br O
4a 5a
o) O o]
2 O O o) 80%
4b
5b
o)
R | O
3 O \ 82%
Br D
4c
(e}
4 O 75%
Br
4d
(@]
5 O 78%
Br
4e
o)
E
6 O 66%
Br
4f
(0]
7 B \O 42%
4g
8 85%
g 81%

4| J. Name., 2012, 00, 1-3

®General conditions: all reactions were run on a 0.5 mmol scale
in solvent (1.5mL), 2{1 mmol), PdCI,(MeCN), (0.025mmol), DPPF
(0.05 mmol), Et;N{Immol) under nitrogen in a sealed tube at
95 °C for 24 h. " Isolated yield by silica gel chromatography.

Based on the experimental results, a plausible mechanism for
this reaction is depicted in Scheme 2. Firstly, substrate 1 is enolic
activated into 4, while the phenyl formate decomposes into one
molecule of CO and phenol in the presence of base. Then, the in
situ generated pd° species undergo an oxidative addition to 4 to
give palladium complex 5, followed by CO insertion to form acyl
palladium species 6. At last, the product 3 is achieved via an
intramolecular attack of the nucleophile on acyl palladium species 6
and eductive elimination under the presence of base (Et3N).

R2
3
Broe
4

R2

3
BrO

1

LPd®
R2 R2
2 3 3
ji 3 1 \ R 1 R R
xR R o} R o)
R* o Pdl,
PdL, Br
5
CO+PhOH
EtsN * HBr NETgV“
951
EtN Pdl_2 o]
H ©OPh

Scheme2 Plausible reaction mechanism

Conclusions

In summary, an efficient one-pot palladium-catalyzed carbonylative
synthesis of isocoumarins and phthalides from the stable and
available substrates by employing phenyl formate as a CO surrogate
has been developed, which demonstrates the utility of phenyl
formate in intermolecular C-O bond construction. Compared to the
conventional methods known for synthesizing lactones, B2 the
new procedure presented here is more convenient and
environmentally friendly. Moreover, a wide range of substrates
have been transformed into their corresponding lactones in good to
excellent yields under mild conditions with high efficiency and good
functional-group compatibility. This protocol may aid the further
development of the reactions incorporating phenyl formate and be
very attractive in synthetic bioactive compounds and medicinal
chemistry.

Experimental

General Information.

Reactants and reagents were purchased from commercial suppliers
and used without further purification. All anhydrous solvents used

This journal is © The Royal Society of Chemistry 20xx
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in the reactions were dried and freshly distilled. TLC was performed
on silica HSGF254 plates. Melting points were determined with a
digital melting-point apparatus. NMR spectra were run in a solution
of CDCI3 or DMSO-d6 with tetramethylsilane (TMS) as internal
standard and were reported in parts per million (ppm). 'y and ¢
NMR spectra were obtained at400/101 MHz (*H/*C). High-
resolution mass spectra (HRMS) analyses were carried out on a
chemical ionization (Cl) apparatus using time-of-flight (TOF) mass
spectrometry.

General procedure for the Synthesis of lactones. Substrate 1
or 4 (0.5 mmol), PdCl,(MeCN), (0.05 equiv, 6 mg, 0.025mmol),
DPPF(0.1 equiv, 28 mg, 0.05mmol), HCO,Ph (2 equiv, 112ulL, 1
mmol), EtzN (2 equiv, 101mg, 1 mmol) and anhydrous DMSO(1.5mL)
were add added into a 15 mL sealed tube, The tube was purged
with nitrogen gas and stirred at 95°C for 24 h. After completion of
the reaction (confirmed by TLC analysis), the reaction mixture was
diluted with water (20mL) and extracted with EtOAc (3x10mL). The
combined organic layers were dried over Na,SO, and evaporated.
The residue was purified on a silica gel column using petroleum
ether/EtOAC as the eluent to give the pure target product.
3-Phenyl-1H-isochromen-1-one (3a). White solid, mp: 86-87°C, 101
mg, yield 91%. 'H NMR (400 MHz, CDCl5) & 8.29 (d, J = 8.2 Hz, 1H),
7.92 —7.81 (m, 2H), 7.75 — 7.64 (m, 1H), 7.53 — 7.37 (m, 5H), 6.93 (s,
1H).C NMR (101 MHz, CDCl;) 5161.9, 153.1, 137.0, 134.4, 131.4,
129.5,129.1, 128.3,127.7, 125.5,124.8,120.0, 101.4, 76.9,76.6,76.3.
LRMS (ESI): m/z calcd for C15H140, [M + H]",223.1; found: 223.0.
3-p-Tolyl-1H-isochromen-1-one (3b). White solid, mp: 108-110°C,
106 mg, yield 90%. 'H NMR (400 MHz, CDCl) & 8.28 (d, J = 8.2 Hz,
1H), 7.76 (d, J = 8.2 Hz, 2H), 7.69 (t, J = 7.6 Hz, 1H), 7.49 — 7.44 (m,
2H), 7.25 (d, J = 8.0 Hz, 2H), 6.89 (s, 1H), 2.39 (s, 3H). *C NMR (101
MHz, CDCl3) 6 162.0, 153.4, 139.8, 137.2, 134.4, 129.1, 129.1, 128.7,
127.4,125.4, 124.7, 119.9, 100.6, 76.9, 76.6, 76.3, 20.9. LRMS (ESI):
m/z calcd for CyH3,0, [M + H]', 237.1; found: 237.0.
3-(4-Methoxyphenyl)-1H-isochromen-1-one (3c). White solid, mp:
114-116°C, 112 mg, Yield 89%. ‘H NMR (400 MHz, CDCl3) & 8.26 (d,
J=8.1Hz, 1H), 7.79 (d, J = 8.9 Hz, 2H), 7.67 (t, J = 7.2 Hz, 1H), 7.46 —
7.40 (m, 2H), 6.94 (d, J = 8.9 Hz, 2H), 6.80 (s, 1H), 3.84 (s, 3H).*C
NMR (101 MHz, CDCl;) 6 162.1, 160.6, 153.2, 137.4, 134.4 129.2,
127.2, 126.4, 125.2, 124.1, 119.7, 113.8, 99.8, 76.9, 76.6, 76.2,
54.9.LRMS (ESI): m/z calcd for CgH;,05 [M + H]*,253.1;found: 253.1.
3-(4-(tert-butyl)phenyl)-1H-isochromen-1-one (3d). Yellow solid, mp:
64-66 °C, 120mg, Yield 86%. 'H NMR (400 MHz, CDCl5) & 8.31 (d, J =
7.8 Hz, 1H), 7.83 (d, J = 7.3 Hz, 2H), 7.71 (d, J/ = 6.4 Hz, 1H), 7.48 s,
4H), 6.93 (s, 1H), 1.36 (s, 9H). 3¢ NMR (101 MHz, CDCl;) & 162.0,
153.4, 153.0, 137.3, 134.4, 129.2, 128.7, 127.5, 125.4(d, J = 4.9 Hz),
124.6, 120.0, 100.7, 76.8, 76.5, 76.2, 34.4, 30.7. HRMS (Cl): m/z
calcd for CyoH4130, [M +H]', 279.1385; found: 279.1376.
3-(4-Fluorophenyl)-1H-isochromen-1-one (3e). Yellow solid, mp:
130-132°C, 102mg, Yield 85%. '"H NMR (400 MHz, CDCl3) 6 8.29 (d,
J=8.0Hz, 1H), 7.88 — 7.83 (m, 2H), 7.71 (t,J = 7.6 Hz, 1H), 7.49 (t, J
=7.6 Hz, 2H), 7.14 (t, J = 8.6 Hz, 2H), 6.88 (s, 1H). BCNMR (101 MHz,
CDCl;) 6 164.5, 162.0, 161.7, 152.3, 136.9, 134.5, 129.2, 127.8,
126.8 (d, /= 8.5 Hz), 125.5, 119.9, 115.6, 115.4, 101.1 (d, / = 1.6 Hz),
76.9, 76.6, 76.3.LRMS (ESI): m/z calcd for CisHoFO, [M + HI', 241.1;
found: 241.0.
3-(4-chlorophenyl)-1H-isochromen-1-on (3f). White solid, mp: 144-
146°C, 100mg, Yield 78%."H NMR (400 MHz, CDCl;) & 8.27 (d, J =
7.8 Hz, 1H), 7.78 (d, J = 8.6 Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.48 (t, J

This journal is © The Royal Society of Chemistry 20xx
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= 8.7 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 6.90 (s, 1H). B¢ NMR (101
MHz, CDCl3) 6 161.9, 153.1, 137.0, 134.4, 131.4, 129.5, 129.1, 128.3,
127.7, 125.5, 124.8, 120.0, 101.4, 76.9, 76.6, 76.3. LRMS (ESI): m/z
caled for Cy5HoCIO, [M +H]', 257.0; found: 257.0.
3-(3-chlorophenyl)-1H-isochromen-1-one (3g). White solid, mp:
161-163°C, 96mg, Yield75% “H NMR (400 MHz, CDCl5) & 8.32 (d, J =
7.9 Hz, 1H), 7.88 (s, 1H), 7.75 (dd, J = 14.9, 6.0 Hz, 2H), 7.53 (t, J =
8.7 Hz, 2H), 7.40 (d, J = 5.0 Hz, 2H), 6.97 (s, 1H).*C NMR (101 MHz,
CDCl;) 6 151.7, 136.6, 134.6, 129.6, 129.5, 129.3, 128.1, 125.7,
124.9, 122.8, 102.2, 76.9, 76.5, 76.2. LRMS (ESI): m/z calcd for
C15HgCl0, [M + HY, 257.0; found: 257.0.
3-(3-(trifluoromethyl)phenyl)-1H-isochromen-1-one(3h).White solid,
mp: 100-102°C, 112mg, Yield 77%. "H NMR (400 MHz, CDCl,) & 8.34
(d,J=7.9 Hz, 1H), 8.13 (s, 1H), 8.08 (d, J = 7.9 Hz, 1H), 7.76 (t, J = 7.6
Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.63 — 7.53 (m, 3H), 7.04 (s, 1H). C
NMR (101 MHz, CDCl;) & 161.4, 151.6, 136.5, 134.6, 132.4, 129.4,
129.0, 128.3, 127.9, 126.0(d, J = 3.7 Hz), 125.8, 121.6 (d, J = 3.9 Hz),
120.3, 102.5, 76.9, 76.5, 76.2. LRMS (ESI): m/z calcd for CygHgF50,
[M +H]", 291.1; found: 290.8.

3-(o-tolyl)-1H-isochromen-1-one (3i). White solid, mp: 92-94°C,
96mg, Yield 81%. "H NMR (400 MHz, CDCl;) 6 8.32 (d, J = 8.2 Hz, 1H),
7.75—7.66 (m, 3H), 7.54 — 7.47 (m, 2H), 7.35 (t, J = 7.7 Hz, 1H), 7.24
(s, 1H), 6.95 (s, 1H), 2.43 (s, 3H). >C NMR (101 MHz, CDCls) & 162.0,
153.4, 138.2, 137.2, 134.4, 131.4, 130.3, 129.2, 128.3, 127.6, 125.5
(d, J=2.6 Hz), 121.9, 120.1, 101.3, 76.9, 76.5, 76.2, 21.0. HRMS (Cl):
m/z calcd forCygH;,0, [M + H]", 237.0916; found: 237.0899.
3-(2-chlorophenyl)-1H-isochromen-1-one (3j). White solid, mp: 113-
115°C, 65mg, Yield51%. 'H NMR (400 MHz, CDCl;) & 8.33 (d, J =
7.9 Hz, 1H), 7.77 — 7.70 (m, 2H), 7.57 = 7.47 (m, 3H), 7.36 (dd, / = 5.6,
3.8 Hz, 2H), 6.99 (s, 1H). °C NMR (101 MHz, CDCl;) 6 161.9, 151.0,
136.5,134.5131.9, 131.1, 130.45-129.95 (m), 129.1, 128.2, 126.54
125.8, 120.2, 107.2, 76.9, 76.6, 76.3. LRMS (ESI): m/z calcd for
C15HgClO,[M + HIY, 257.0; found: 256.9.
3-(tert-butyl)-1H-isochromen-1-one (3k). Colorless oil, 82mg, Yield
81%. 'H NMR (400 MHz, CDCl;) 6 8.12 (dd, J = 8.0, 0.5 Hz, 1H), 7.58
—7.52(m, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 7.9 Hz, 1H), 6.20 (s,
1H), 1.21 (s, 9H). *C NMR (101 MHz, CDCl;) & 164.6, 162.5, 137.2,
134.2, 128.8, 127.1, 125.1, 119.5, 99.3, 77.0, 76.7, 76.4, 35.1,
27.4.LRMS (ESI): m/z caled for Cy3Hi,0, [M + H]Y, 203.1; found:
203.2.

3-(thiophen-2-yl)-1H-isochromen-1-one (3l). Yellow solid, mp: 110-
112°C, 94mg, Yield 82%. "H NMR (400 MHz, CDCl;) 6 8.27 (d, J=7.9
Hz, 1H), 7.68 (td, J = 7.8, 1.1 Hz, 1H), 7.59 (dd, J = 3.7, 0.9 Hz, 1H),
7.45 (dd, J = 12.3, 7.6 Hz, 2H), 7.39 (dd, J = 5.0, 0.9 Hz, 1H), 7.10 (dd,
J=4.9,3.8Hz, 1H), 6.77 (s, 1H). °C NMR (101 MHz, CDCl) 6 161.2,
149.0, 137.0, 135.2, 134.5, 129.3, 127.7, 127.5, 126.9, 125.7, 125.3,
119. 8, 100.4, 76.9, 76.6, 76.3.LRMS (ESI): m/z calcd for C;3Hg0,S [M
+HJ", 229.0; found: 229.1.

3-(furan-2-yl)-1H-isochromen-1-one (3m). White solid, mp: 114-
116°C, 79mg, Yield 74%. 'H NMR (400 MHz, CDCl;) & 8.25 (d, J = 8.2
Hz, 1H), 7.68 (t, J = 7.5 Hz, 1H), 7.50 — 7.42 (m, 3H), 6.92 (d, J = 3.3
Hz, 1H), 6.84 (s, 1H), 6.53 — 6.50 (m, 1H). *C NMR (101 MHz, CDCl3)
6 161.2, 146.4, 145.6, 143.6, 136.9, 134.5, 129.4, 127.5, 125.5,
120.0, 111.7, 109.7, 99.6, 76.9, 76.6, 76.2.LRMS (ESI): m/z calcd for
C13Hs03 [M + H]Y, 213.1; found: 213.1.
3-(naphthalen-2-yl)-1H-isochromen-1-one (3n). White solid, mp:
157-159°C, 117mg, Yield 86%."H NMR (400 MHz, CDCl;) & 8.48 (s,
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1H), 8.35(d, /= 7.9 Hz, 1H),7.91 (m, 4H), 7.75 (t, / = 7.4 Hz, 1H), 7.55
(d, J = 6.6 Hz, 4H), 7.11 (s, 1H). *C NMR (101 MHz, CDCl;) 6 161.9,
153.1, 137.1, 134.5, 133.4, 132.7, 129.3, 128.5, 128.4, 128.1, 127.7,
127.2, 126.8, 126.4, 125.6, 124.8, 121.5, 120.1, 101.8, 76.9, 76.6,
76.23. LRMS (ESI): m/z caled for [M + H], 273.1; found: 272.9.
3-cyclohexyl-1H-isochromen-1-one (30). White solid mp: 92-94°C,
74mg, Yield 65%."H NMR (400 MHz, CDCl5) & 8.25 (d, J = 8.0 Hz, 1H),
7.67 (t,J=7.6 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 7.9 Hz, 1H),
6.23 (s, 1H), 2.49 — 2.36 (m, 1H), 2.04 (d, J = 12.7 Hz, 2H), 1.86 (d, J =
12.7 Hz, 2H), 1.74 (d, J = 12.3 Hz, 1H), 1.48-1.26 (m,6H). °C NMR
(101 MHz, CDCl3) 6 162.7, 161.9, 137.3, 134.2, 129.0, 127.0, 124.8,
119.8, 100.4, 76.9, 76.5, 76.2, 41.4, 30.1, 25.5, 25.4. LRMS (ESI): m/z
caled for Cy5H160, [M + H], 229.1; found: 229.3.
3,4-diphenyl-1H-isochromen-1-one (3p). White solid mp: 168-170°C,
133mg,Yield 89%. 'H NMR (400 MHz, CDCl) & 8.40 (d, J = 7.8 Hz,
1H), 7.63 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 5.1 Hz,
3H), 7.33 (d, J = 7.5 Hz, 2H), 7.25 — 7.15 (m, 5H). >*C NMR (101 MHz,
CDCl;) 6 161.8, 150.5, 138.4, 134.2, 133.8, 132.4, 130.8, 129.1,
128.7, 128.6, 128.5, 127.6 (d, J = 3.3 Hz), 127.4, 124.9, 120.0, 116.4,
76.9, 76.6, 76.3. LRMS (ESI): m/z calcd for CpH140, [M + H]*, 299.1;
found: 299.1.

4-methyl-3-phenyl-1H-isochromen-1-one (3q). White solid, mp:
113-115°C, 65mg, Yield 55%. 'H NMR (400 MHz, CDCl;) & 8.40 —
8.36 (m, 1H), 7.83 —7.78 (m, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.61 —7.52
(m, 3H), 7.46 (q, J = 6.0 Hz, 3H), 2.32 (s, 3H). >C NMR (101 MHz,
CDCl;) 6 162.0, 150.7, 138.3, 134.3, 132.8, 129.3, 129.0 128.9, 127.8,
127.5,122.9, 120.3, 76.9, 76.6, 76.2, 13.1. HRMS (Cl): m/z calcd for
Ci6H120, [M + HI', 237.0916; found: 237.0900.
6-fluoro-3-phenyl-1H-isochromen-1-one (3r). White solid, mp: 154-
156°C, 70mg, Yield 58%. 'H NMR (400 MHz, CDCl;) 6 7.98 (d, J = 8.5
Hz, 1H), 7.88 (d, J = 6.5 Hz, 2H), 7.55 — 7.42 (m, 5H), 6.96 (d, J = 2.1
Hz, 1H).13C NMR (101 MHz, CDCl;) 6 162.6, 161.0 (d, J = 3.6 Hz),
160.1, 152.7 (d, J = 2.9 Hz), 133.6 (d, J = 2.6 Hz), 131.2, 129.6, 128.4,
127.8, 127.7, 124.7, 123.0, 122.8, 121.7, 121.6, 114.8, 114.6, 100.5
(d, J = 1.2 Hz), 76.9, 76.6), 76.2. LRMS (ESI): m/z calcd for CysHoFO,
[M +HJ, 241.1 ; found: 240.9.
7-fluoro-3-phenyl-1H-isochromen-1-one(3s). White solid, mp: 153-
155°C, 83mg, Yield 69%. 1H NMR (400 MHz, CDCI3) 6§ 7.96 (d, ) = 8.1
Hz, 1H), 7.86 (d, ) = 7.0 Hz, 2H), 7.58 — 7.38 (m, 5H), 6.95 (s, 1H). Bc
NMR (101 MHz, CDCI3) & 160.1, 152.6, 133.54, 131.2, 129.6, 128.4,
127.8, 124.7, 122.9, 114.6, 100.5, 76.9, 76.6, 76.3. HRMS (Cl): m/z
caled for Ci5HgFO, [M +H]", 241.0665; found: 241.0663.
(2)-3-benzylideneisobenzofuran-1(3H)-one (5a). White solid, mp:
83-85°C, 91mg, Yield 82%.'H NMR (400 MHz, CDCl;) & 7.93 (d, J =
7.7 Hz, 1H), 7.84 (d, J = 7.8 Hz, 2H), 7.79 — 7.69 (m, 2H), 7.54 (t, J =
7.4 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.4 Hz, 1H), 6.42 (s,
1H). B3¢ NMR (101 MHz, CDCl3) 6 166.7, 144.1, 140.1, 134.1, 132.6,
129.7, 129.3, 129.1, 128.3, 128.0, 125.1, 122.9, 119.4, 114.9, 106.7,
76.9, 76.6, 76.3. LRMS (ESI): m/z caled for CisHq00, [M + H]+,
223.1;found: 223,1.
(2)-3-(4-methylbenzylidene)isobenzofuran-1(3H)-one(5b).White
solid, mp: 146-148°C, 95mg, Yield 80%. *H NMR (400 MHz, CDCl;) &
7.94 (d, J = 7.7 Hz, 1H), 7.78 — 7.69 (m, 4H), 7.54 (t, J = 7.4 Hz, 1H),
7.23 (d, /= 8.0 Hz, 2H), 6.41 (s, 1H), 2.39 (s, 3H).13C NMR (101 MHz,
CDCl;) 6 166.7, 143.5, 140.3, 138.2, 133.9, 129.8, 129.6, 129.07 (s),
125.1, 122.9, 119.2, 106.7, 76.9, 76.5, 76.2, 21.0. LRMS (ESI): m/z
caled for CigH1,0, [M + H]%,237.1; found: 236.9.
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(2)-3-(3,5-dimethylbenzylidene)isobenzofuran-1(3H)-one(5c). White
solid, mp: 143-145°C, 102mg, Yield 82%. *H NMR (400 MHz, CDCl,)
§7.94 (d, J=7.7 Hz, 1H), 7.79 — 7.68 (m, 2H), 7.54 (t, J = 7.3 Hz, 1H),
7.48 (s, 2H), 6.97 (s, 1H), 6.37 (s, 1H), 2.37 (s, 6H). >C NMR (101
MHz, CDCl;) 6 166.8, 143.8, 140.3, 137.8, 133.9, 132.4, 129.9, 129.1,
127.5,125.1, 122.9, 119.2, 107.0, 76.9, 76.6, 76.2, 20.9. LRMS (ESI):
m/z calcd for C;7H140, [M + H]', 251.1; found: 251.1.
(2)-3-(4-fluorobenzylidene) isobenzofuran-1(3H)-one (5d). White
solid, mp: 138-140°C, 90mg, Yield 75%. "H NMR (400 MHz, CDCls) &
7.95 (d, J = 7.7 Hz, 1H), 7.84 (dd, J = 8.7, 5.5 Hz, 2H), 7.75 (dt, J =
14.7, 7.4 Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 7.11 (t, J = 8.7 Hz, 2H), 6.39
(s, 1H). *C NMR (101 MHz, CDCl5) & 166.5, 163.3, 160.8, 143.7,
140.0, 134.1, 134.1, 131.4 (d, J = 8.2 Hz), 129.4, 125.2 122.9, 119.3,
115.5, 115.3, 105.4, 76.9, 76.5, 76.2.LRMS (ESI): m/z calcd for
C15HgFO, [M + H]',241.1; found: 240.9.
(2)-3-(2-chlorobenzylidene)isobenzofuran-1(3H)-one (5e). White
solid, mp: 153-155°C, 100mg, Yield 78%. 'H NMR (400 MHz, CDCls)
58.32 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 7.7 Hz, 1H), 7.87 (d, J = 7.8 Hz,
1H), 7.76 (t, J = 7.6 Hz, 1H), 7.59 (t, J = 7.5 Hz, 1H), 7.43 (d, J = 8.0 Hz,
1H), 7.35 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H), 6.91 (s, 1H). C
NMR (101 MHz, CDCl;) 6 166.4, 145.3, 140.0, 134.2, 133.3, 131.3,
130.5, 129.8, 129.1, 128.8, 126.7, 125.2, 123.0, 119.8, 101.8, 76.9,
76.5, 76.2. LRMS (ESI): m/z calcd for CisHoCIO, [M + HI', 257.0;
found: 256.7

(2)-3-benzylidene-5-fluoroisobenzofuran-1(3H)-one (5f). White solid,
mp: 156-158°C, 79mg, Yield 66%. 'H NMR (400 MHz, CDCl3) & 7.95
(d,/=7.7Hz, 1H), 7.84 (dd, J = 8.7, 5.5 Hz, 2H), 7.75 (dt, /= 14.7, 7.4
Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 7.11 (t, J = 8.7 Hz, 2H), 6.39 (s,
1H)."C NMR (101 MHz, CDCl;) & 167.7, 165.4, 165.2, 143.1 (d, J =
4.2 Hz), 142.8,142.7,132.2,129.8, 128.4, 127.7, 127.6, 119.1, 117.9,
117.6, 107.8, 106.3, 106.0, 76.9, 76.6, 76.2.LRMS (ESI): m/z calcd for
C1sHoClO, [M + HI', 241.1; found: 240.9.
3-cyclohexylideneisobenzofuran-1(3H)-one (5g). White solid, mp:
71-74°C, 45mg, Yield 42%. 'H NMR (400 MHz, CDCl3) 6 7.93 (d, J =
7.7 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.66 (t, J = 7.7 Hz, 1H), 7.46 (t, J
= 7.4 Hz, 1H), 2.73 — 2.69 (m, 2H), 2.65 — 2.61 (m, 2H), 1.68 (s, 6H).
BCNMR (101 MHz, CDCl;) 6 166.7, 138.5, 138.2,133.6, 127.9, 127.8,
125.5, 125.1, 122.4, 76.9, 76.5, 76.2, 29.0, 28.1, 27.2, 26.8,
25.6.LRMS (ESI): m/z calcd for C14H140, [M + H],215.1; found: 215.0.
(2)-3-benzylidene-6-methylisobenzofuran-1(3H)-one (5h) .White
solid, mp: 136-138 °C ,100mg, Yield 85%. *H NMR (400 MHz, CDCl5)
67.83(d,J=8.2 Hz, 2H), 7.70 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.52 (d,
J=7.9Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 2.48 (s,
3H). ®C NMR (101 MHz, CDCls) & 166.9, 144.2, 140.0, 137.8, 135.4,
132.8, 129.5, 129.2, 128.3, 127.7, 124.9, 119.2, 76.9, 76.6, 76.3,
21.1. HRMS(CI): m/z calcd for CigH1,0, [M +H], 237.0916; found:
237.0903.

(2)-3-benzylidene-5-methoxyisobenzofuran-1(3H)-one (5i) .White
solid, mp: 141-143 °C, 102mg, Yield 81%. 'H NMR (400 MHz, CDCls)
6 7.82 (dd, J = 12.8, 8.0 Hz, 3H), 7.40 (t, J = 7.5 Hz, 2H), 7.31 (t, J =
7.4 Hz, 1H), 7.13 (d, J = 1.6 Hz, 1H), 7.05 (dd, J = 8.5, 2.0 Hz, 1H),
6.36 (s, 1H), 3.95 (s, 3H). *C NMR (101 MHz, CDCl5) & 166.3, 164.6,
144.0, 142.7, 132.7, 129.6, 128.3, 127.9, 126.6, 117.8, 115.6, 106.3,
102.2, 76.9, 76.6, 76.3, 55.5. HRMS (Cl): m/z calcd for CyH1,03 [M
+H]+, 253.0865; found: 253.0858.
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