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Tin Powder-Promoted Synthesis of 1,3-Disubstituted
1,3-Dihydroisobenzofuran Compounds
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Abstract An efficient approach for the construction of 1,3-disubstituted-1,3-dihydroisobenzofuran compounds was devel-
oped through tin powder mediated tandem allylation/oxa-Michael addition reaction of o-formyl chalcones with various allyl
bromides under mild reaction conditions. This method is easy to operate and can tolerate various functional groups to give the

corresponding 1,3-disubstituted-1,3-dihydroisobenzofuran compounds in good to excellent yields.
Keywords tin powder; allyl bromide; o-formyl chalcone; 1,3-dihydroisobenzofuran

1 Introduction

As an important oxygen-containing heterocycle, 1,3-di-
hydroisobenzofuran derivatives are widely found in natural
products and drug molecules,!'! which exhibit impressive
bioactivities such as antibacterial,’?! antidepressive,[!l an-
ti-human immunodeficiency virus®®! and antihistamine ac-
tivities.*! They are also important building blocks in or-
ganic synthesis.'! Besides, 1,3-disubstituted 1,3-dihy-
droisobenzofuran skeletons are frequently found in biolog-
ically and pharmaceutically active compounds, and some
typical bioactive 1,3-disubstituted-1,3-dihydroisobenzo-
furan compounds are shown in Figure 1. Thus, the concise
and efficient methods for the synthesis of 1,3-disub-
stituted-1,3-dihydroisobenzofuran derivatives are of sig-
nificant importance. Traditionally, the tandem nucleophilic
addition/oxa-Michael addition reaction of o-formyl chal-
cones with various nucleophiles is a major, direct and
practical synthetic method with the advantages of mild

* Corresponding author. E-mail: huangdf@nwnu.edu.cn

conditions, simple operation and high product yields. For
example, o-formyl chalcones can react with nitroalkanes,
TMSCF;,[® dimethyl diazomethylphosphates,!”! malono-
nitriles,’® benzyl mercaptans!®! and allyl borate pinacol
esters!'” to produce 1,3-disubstituted-1,3-dihydroisoben-
zofurans (Scheme 1a). Other methods include nucleophilic
allylation-heterocyclization,!'! addition/cyclization of or-
tho-lithiated aryloxiranes with carbonyl compounds,?!
hydrogenation of 1-cyano-3-phenylisobenzofurans,™ tellu-
rium-triggered domino reaction,!'¥ and photoredoxmedia-
ted tandem three-component process.!'#

On the other hand, since Mukaiyama!'® successfully re-
ported the allylation reaction with the participation of tin
powder in 1981, the allylation reaction promoted by tin
powder has been extensively investigated. In our previous
works, we explored not only the allylation reaction and
allylation/cyclization reactions promoted by tin powder, !
but also the C—C coupling reaction of benzyl carbocation
promoted by tin powder,l'’l and a series of homoallylic
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Figure 1 Selected bioactive molecules containing a 1,3-disubstituted 1,3-dihydroisobenzofuran scaffold

oxygen- or nitrogen-containing heterocyclic compounds
have been synthesized. In order to further expand the tin
powder-promoted reaction in the synthesis of oxy-
gen-containing heterocyclic compounds, inspired by the
work from the Huang group,'” we herein report a
“one-pot” tandem nucleophilic addition/oxa-Michael addi-
tion reaction of o-formyl chalcones with allyl bromides in
the presence of tin powder, which provides a new method
for the synthesis of 1,3-disubstituted-1,3-dihydroisoben-
zofurans (Scheme 1b).

(a) Previous work

Nu
N CHO N
R‘—/ P +  Nu vont R‘*/ O
EWG solven
—EWG

Nu™ = nitroalkanes, CF3TMS, dimethyl (diazomethyl) phosphonates,
malononitriles, benzyl mercaptans, allylboronates, efc.

(b) This work

R RS
3, Br R5 HCIO4 o
reflux

R5
R6
Scheme 1 Methods for synthesizing derivatives of phthalans by
tandem nucleophilic addition/oxa-Michael addition reaction of
o-formyl chalcones and nucleophiles

2 Results and discussion

In our initial investigations, o-formyl chalcone 1a (0.2
mmol, 1.0 equiv.), allyl bromide 2a (0.4 mmol, 2.0 equiv.)
and tin powder (0.5 mmol, 2.5 equiv.) were refluxed in
tetrahydrofuran (THF) at 70 'C for 12 h, and the tandem
nucleophilic addition/oxa-Michael addition reaction oc-
curred to give the desired product 3a in 66% yield (Table

4228
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1, Entry 1). In our previous works, the addition of some
Lewis acids or Brensted acids into the tin powder promo-
ted reactions would be beneficial to the reaction yields.['®]
Thus, different acids were screened, and the results indi-
cated that the addition of 0.2 equiv. of Fe(OTf); or HCIO,4
improved the product yield to 69% or 70% yield, respec-
tively (Table 1, Entries 4~12). Due to the lower cost,
HClO4 was used as additive to check the other reaction
parameters. The examination of the amount of HCIO4
showed that use of 0.5 equiv. of HCIO4 increased the
product yield to 78% (Table 1, Entries 12~14). Finally,
screening of different solvents indicated that ethanol was
the most suitable solvent, which made the product yield
increase to 83% (Table 1, Entry 19). Thus, the suitable
reaction condition was determined that the reaction was
conducted in ethanol with the substrate molar ratio of
1a/2a/Sn to be 1 . 2 : 2.5 in the presence of 0.5 equiv. of
HCIO4 (Table 1, Entry 19).

With the optimal reaction condition in hand, the differ-
ent substituted o-formyl chalcones 1 were applied in the
reaction to investigate the generality of the substrates (Ta-
ble 2). When R! was a hydrogen atom and R? were aro-
matic groups, the results indicated that most of o-formyl
chalcones with both electron-rich and electron-poor aro-
matic groups gave the corresponding products in good
yields with almost equal equivalent of trans- and cis-iso-
mers (Table 2, 3a~3g). When R?> were 2-naphthyl, 2-
furanyl and 2-thienyl groups, the products 3h~3j could
also be obtained in good yields (Table 2, 3h~3j). Howev-
er, when o-formyl chalcone was (E)-2-((2-oxocyclohexyli-
dene)methyl)benzaldehyde or (E)-2-(3-oxobut-1-en-1-
yl)benzaldehyde, no desired product was generated (Table
2, 3k and 31). This may be due to the weak electrophilicity
of substrate 1k or 1l. Finally, the electronic effect of R!
groups on o-formyl chalcones 1 on the reaction was exam-
ined. As indicated in Table 2, both electron-donating and

Chin. J. Org. Chem. 2023, 43, 4227~4238
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Table 1 Optimization of the reaction conditions”

0 o}
additive Ph =

X Ph + Sn + _AUFBr

0 solvent, reflux 0

1a 2a 3a

Entry  Molar ratio of 1a : 2a : Sn Additive (equiv.) Solvent Time®/h Yield/% cis : trans™)

1 1.0:20:25 None THF 12 66 1.0:24
2 1.0:3.0:35 None THF 12 56 1.0:1.0
3 1.0:10: 1.5 None THF 9 54 1.0:1.2
4 1.0:2.0:25 In(OTH)s (0.2) THF 6 50 22:1.0
5 1.0:20:25 AgOTf(0.2) THF 12 67 1.0:2.0
6 1.0:2.0:25 Fe(OT)3 (0.2) THF 7 69 10:15
7 1.0:20:25 BF3¢Et20 (0.2) THF 8 58 1.6:1.0
8 1.0:20:25 TsOH (0.2) THF 8 63 1.1:1.0
9 1.0:20:25 TfOH (0.2) THF 8 54 1.0:1.0
10 1.0:20:25 H3PO4 (0.2) THF 9 36 1.3:1.0
11 1.0:20:25 HCI (0.2) THF 9 67 1.0:1.0
12 1.0:20:25 HCIO4 (0.2) THF 5 70 1.0:1.2
13 1.0:20:25 HCIO4 (0.5) THF 4 78 1.4:1.0
14 1.0:20:25 HCIO4 (1) THF 3 53 1.8:1.0
15 1.0:20:25 HCIO4 (0.5) Dioxane 1 58 1.2:1.0
16 1.0:20:25 HCI04(0.5) DCM 14 30 1.0: 18
17 1.0:20:25 HCIO4 (0.5) Toluene 1 — —
18 1.0:20:25 HCIO4 (0.5) CH3;CN 1 53 1.0:1.0
19 1.0:20:25 HCIO4 (0.5) EtOH 1 83 1.0:1.1

@ All reactions were carried out by using 0.2 mmol of 1a, 0.3~0.7 mmol of tin powder, 0.2~0.6 mmol of 2a, solvent (2 mL), reflux. ? 1a was completely consumed.
¢ Combined isolated yield of cis- and trans-isomers. ¢ Molar ratio of cis- and trans-isomers was determined by '"H NMR analysis.!']

electron-withdrawing groups R! could exist on the phenyl
rings of o-formyl chalcones 1, and the corresponding
products could be obtained in good yields (Table 2, 3m~
3r).

Next, various substituted allyl bromides were applied in
the reaction. As indicated in Table 3, all of f- and
y-substituted allyl bromides could be used in the reactions
to produce the corresponding products in moderate to ex-
cellent yields (Table 3). For instance, when 2-methyl allyl
bromide was used in the reaction, the product 4a was ob-
tained in 51% yield. When the allyl bromides with substit-
uents at 2-position were aromatic groups, such as phenyl,
p-methyl-phenyl, p-chloro-phenyl, p-bromo-phenyl and
I-naphthyl groups, the corresponding products were also
obtained in reasonable to good yields (Table 3, 4b~4h).
Afterwards, ethyl 2-(bromomethyl)acrylate and 2,3-dibro-
mopropene were applied in the reaction, and the reactions
occurred smoothly to produce the products 4i~4n in good
yields (Table 3, 4i~4n). Finally, y-substituted allyl bro-
mides, such as cinnamyl bromide, 3,3-dimethyl-allyl bro-
mide and 3-bromo-1-cyclohexene, were examined in the
reaction. Unfortunately, only trace amounts of the target
compounds were obtained under standard reaction condi-
tions. A brief examination of the reaction conditions found
that the target compounds could be obtained when tetrahy-
drofuran was used as solvent without the addition of
HClO4. As indicated in Table 3, the corresponding prod-
ucts 40~4q could be obtained in moderate yields.

Chin. J. Org. Chem. 2023, 43, 4227~4238
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On the basis of the literatures!'®?31 and our experimental
results, the reaction mechanism was tentatively proposed.
As showed in Scheme 2, the carbonyl group of aldehyde
group in o-formyl chalcones 1 is protonated by HCIOs,
making the carbonyl group more electrophilic. At the same
time, allyl bromides 2 reacted with tin powder to generate
the allyl tin bromides 6 in situ,'® which underwent
y-addition reaction with intermediates 5 to give intermedi-
ates 7. Finally, the intramolecular oxa-Michael addition
and hydrolysis of intermediates 7 afforded the target com-
pounds 3. It is well known that there are two products (on-
ly considering regioselectivity) in the allylation reaction
involving allyl organometallic reagents: a-addition prod-
ucts and p-addition products. In most cases, the reaction is
dominated by y-addition products, and it can be generally
considered that the reaction is carried out through a
six-membered ring transition state or an acyclic transition
state.[!81921] When the reaction was carried out in the
presence of additives or Lewis acids (such as transition
metal salts) or water, a-addition products were produced.
For the allylation reaction promoted by tin powder report-
ed in the literature, y-addition products were produ-
ced.['8201 When the reaction was carried out in the pres-
ence of Sn-powder/H;0,?”) nano-Sn/H,0,?*?4 and Sn/
H>O/NaBF4,?%! g-addition products were produced. In our
reaction conditions, no additional metal salt was added,
and the reaction was carried out in an organic solvent, and
the products are y-addition products.

4229
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Table 2  Substrate scope of o-formyl chalcones”

o o
2
NONRe H Sn, HCIO, R
|// _0 EtOH, reflux
R'I Br R1
1 2a 3

3a 3b 3c 3d 3e
83%, cis:trans=1:1.1 91%, cis:trans =1:1.1 60%, cis:trans =1:1 79%, cis:trans = 1:1.8 83%, cis:trans =1.1:1

3f 3g 3h 3 3
78%, cis:trans =1.1:1 75%, cis:trans =1.1:1 81%, cis:trans =1:1.1 82%, cis:trans =1.3:1 93%, cis:trans =1.1:1

~ 3o 3p 3q ~3r
60%, cis:trans =1.1:1 70%, cis-trans =1:1.1 66%, cis:trans =1:1.1 64%, cis:trans =1.3:1

4All reactions were carried out by using 0.2 mmol of 1, 0.4 mmol of 2a, 0.5 mmol of tin powder, 0.1 mmol of HC104, EtOH (2 mL), reflux. Combined isolated yield
of cis- and trans-isomers. Molar ratio of cis- and trans-isomers was determined by "H NMR analysis.['”) * N.R.=No reacion.

yaddition

R4

R5J§/\Sn3rl Ho

R® 0 2
/ 6
/2

Scheme 2 Proposed mechanistic pathway
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Table 3  Substrate scope of allyl bromides and o-formyl chalcones®

R! N
0 _Sn, HCIO, _
= RZ + R4 X
reflux
o}
1

4a 4b
51%, cis:trans = 1.1:1 47%, cis:trans = 1:1 57%, cis: trans =1.1:1 90%, cis: trans =11 72%, cis: trans =1:1.2
O~

° O

EtOOC

O._.
4f 49 4h ..
87%, cis:trans = 1:1.1 79%, cis:trans = 1:1.2 52%, cis:trans = 1:1 84%, cis:trans = 1:1.3
EtOOC
EtOOC EtOOC EtOOC
Oy 7Oy
* O © O
4 4k
60%, cis:trans = 1:1.3 71%, cis:trans = 1:1.1 76%, cis: trans =1.1:1 51%, cis: trans =111

b
4n 40P 4p® 4q
76%, cis:trans = 1:1 51%, cis:trans = 1:1.1 61% 43%, cis:trans = 1:2.6

@ All reactions were carried out by using 0.2 mmol of 1, 0.4 mmol of 2, 0.5 mmol of tin powder, 0.1 mmol of HCIO4, EtOH (2 mL), reflux. Combined isolated yield
of cis- and trans-isomers. Molar ratio of cis- and trans-isomers was determined by 'H NMR analysis.['” #0.2 mmol of 1a, 0.4 mmol of 2a, 0.5 mmol of tin powder,
THF (2 mL), reflux.

3 Conclusions 4 Experimental section

In brief, a tin-powder promoted tandem allylation/oxa- 4.1
Michael addition reaction of o-formyl chalcones with var-
ious allyl bromides is developed, which produces 1,3-di-
substituted-1,3-dihydroisobenzofuran derivatives in good
yields in one-pot process. The method features good toler-
ance to various functional groups, easy operation, short
reaction time and mild reaction conditions. It is further
expanded the application of tin-powder promoted allyla-
tion reactions in organic synthesis, especially in the syn-
thesis of heterocyclic compounds.

General information

The solvent is distilled in a standard way. Reagents were
obtained from commercial suppliers and did not require
further purification for use unless otherwise stated. Silica
gel column chromatography was performed with silica gel
60 (230~400 mesh). GF254 silica gel was used for thin
layer chromatography. Ultraviolet fluorescence display. A
Fourier transform ion cyclotron resonance mass spectrom-
eter was used to record high resolution mass spectra. 'H
NMR (400 or 600 MHz), '3C NMR (150 MHz) and "°F
NMR (376 MHz) were recorded on a Varian Mercury 400

Chin. J. Org. Chem. 2023, 43, 4227~4238 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~  http://sioc-journal.cn/ 4231
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plus or an Agilent DD2 600 using CDCl; as solvent. The
chemical shift is reported as a ¢ value relative to the inter-
nal TMS ('"H NMR 6 0.00), chloroform (‘H NMR ¢ 7.26),
and chloroform (3 C NMR ¢ 77.16). o-Formyl chalcones
1261 and allyl bromides 2b~2f{?7 were prepared according
to the procedures reported in the literature.

4.2 General procedure for the synthesis of com-
pounds 3 and 4

o-Formyl chalcones 1 (0.2 mmol, 1 equiv.), allyl bro-
mides 2 (0.4 mmol, 2 equiv.), tin powder (0.5 mmol, 2.5
equiv.), HCIO4 (0.1 mmol, 0.5 equiv.) and EtOH (2 mL)
were put into a dried round-bottom flask (50 mL). The
mixture was stirred and refluxed for 1~5 h. The reaction
was monitored by thin-layer chromatography (TLC) until
the starting material disappeared, and then cooled to room
temperature. The saturated NaHCOs solution (5 mL) was
poured into the mixture and the mixture was extracted with
EtOAc (5 mL X3). The organic phase was dried with
Na»SOs, concentrated in vacuo, and purified by column
chromatography using petroleum ether/ethyl acetate (V' :
V=15 : 1) as the eluent to obtain compounds 3 and 4

2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-phenyl-
ethan-1-one (3a)!': Colorless oil, 46.2 mg, 83% yield,
cis - trans=1 . 1.1. '"HNMR (400 MHz, CDCI3) 6 (major
isomer): 8.02~7.96 (m, 2H), 7.59~7.54 (m, 1H), 7.48~
7.43 (m, 2H), 7.32~7.19 (m, 4H), 5.87~5.76 (m, 2H),
5.36 (td, J/=5.2, 2.8 Hz, 1H), 5.14~5.06 (m, 2H), 3.53 (t,
J=17.6 Hz, 1H), 3.34 (dd, /=8.4, 5.2 Hz, 1H), 2.69~2.49
(m, 2H); 6 (minor isomer): 8.02~7.96 (m, 2H), 7.59~
7.54 (m, 1H), 7.48~7.43 (m, 2H), 7.32~7.19 (m, 4H),
5.95~5.91 (m, 2H), 5.29 (t, J=5.2 Hz, 1H), 5.14~5.06
(m, 2H), 3.58 (t, J=7.6 Hz, 1H), 3.30 (dd, /=8.4, 5.2 Hz,
1H), 2.69~2.49 (m, 2H). *C NMR (150 MHz, CDCI;) &
(major isomer): 197.89, 141.87, 141.63, 137.08, 133.84,
133.19, 128.57, 128.25, 127.70, 127.69, 121.70, 121.37,
117.77, 82.31, 79.32, 45.89, 40.83; ¢ (minor isomer):
198.00, 141.94, 141.66, 137.16, 134.05, 133.20, 128.56,
128.36, 127.74, 127.70, 121.50, 121.35, 117.71, 82.52,
79.27, 46.52, 40.98. HRMS (ESI) caled for Ci9HisNaO,
[M-+Na]" 301.1199, found 301.1194.

2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(p-tolyl)-
ethan-1-one (3b)!'Y: Colorless oil, 53.2 mg, 91% yield,
cis - trans=1 . 1.1. '"HNMR (400 MHz, CDCI3) 6 (major
isomer): 7.91 (d, J=8.0 Hz, 2H), 7.31~7.18 (m, 6H),
5.94~5.76 (m, 2H), 5.35 (td, J=5.6, 2.4 Hz, 1H), 5.14~
5.06 (m, 2H), 3.51 (dd, J=8.8, 7.2 Hz, 1H), 3.31 (dd, J=
7.2, 5.2 Hz, 1H), 2.69~2.49 (m, 2H), 2.41 (s, 3H); J (mi-
nor isomer): 7.87 (d, J=8.0 Hz, 2H), 7.31~7.18 (m, 6H),
5.94~5.76 (m, 2H), 5.28 (t, J=5.2 Hz, 1H), 5.14~5.06
(m, 2H), 3.55 (dd, J=8.8, 7.2 Hz, 1H), 3.26 (dd, J=7.2,
5.2 Hz, 1H), 2.69~2.49 (m, 2H), 2.40 (s, 3H). '3C NMR
(150 MHz, CDCl;) J (major isomer): 197.47, 143.99,
142.06, 141.65, 134.68, 133.88, 129.25, 128.50, 127.69,
127.68, 121.74, 121.35, 117.74, 82.28, 79.39, 46.43, 40.84,
21.63; ¢ (minor isomer): 197.57, 144.00, 141.99, 141.68,
134.75, 134.09, 129.24, 128.39, 127.68, 127.64, 121.54,

4232 http://sioc-journal.cn/
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121.34, 117.67, 82.48, 79.34, 45.78, 41.00, 21.63. HRMS
(ESI) caled for CyHyNaO, [M~+Na]® 315.1356, found
315.1367.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(m-tolyl)-
ethan-1-one (3¢): Colorless oil, 35.1 mg, 60% yield, cis :
trans=1 . 1. '"H NMR (400 MHz, CDCI;) J (major iso-
mer): 7.82~7.75 (m, 2H), 7.39~7.19 (m, 6H), 5.94~5.77
(m, 2H), 5.37~5.34 (m, 1H), 5.15~5.06 (m, 2H), 3.53 (4,
J=7.2 Hz, 1H), 3.32 (dd, /=8.4, 5.2 Hz, 1H), 2.69~2.49
(m, 2H), 2.41 (s, 3H); 0 (minor isomer): 7.82~7.75 (m,
2H), 7.39~7.19 (m, 6H), 5.94~5.77 (m, 2H), 5.28 (t, J=
4.8 Hz, 1H), 5.15~5.06 (m, 2H), 3.57 (t, J/=7.2 Hz, 1H),
3.28 (dd, J=8.4, 5.2 Hz, 1H), 2.69~2.49 (m, 2H), 2.40 (s,
3H). BC NMR (150 MHz, CDCl;) 6 (major isomer):
198.18, 142.01, 141.68, 138.36, 137.21, 133.97, 133.95,
128.85, 128.45, 127.70, 127.67, 125.61, 121.73, 121.36,
117.75, 82.50, 79.34, 46.59, 41.00, 21.33; 6 (minor iso-
mer): 198.07, 141.96, 141.65, 138.36, 137.13, 134.08,
133.89, 128.77, 128.44, 127.72, 127.70, 125.50, 121.52,
121.36, 117.68, 82.28, 79.29, 45.95, 40.83, 21.33. HRMS
(ESI) caled for CyHyNaO, [M—+Na]® 315.1356, found
315.1349.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(o-tolyl)-
ethan-1-one (3d)!'%: Colorless oil, 46.2 mg, 79% yield,
cis > trans=1 . 1.8. 'H NMR (400 MHz, CDCl;) 6 (major
isomer): 7.71~7.64 (m, 1H), 7.39~7.18 (m, 7H), 5.89~
5.76 (m, 2H), 5.32~5.26 (m, 1H), 5.14~5.06 (m, 2H),
342 (dd, J=7.2,2.0 Hz, 1H), 3.29 (dd, /=9.8, 5.2 Hz,
1H), 2.67~2.52 (m, 5H); 6 (minor isomer): 7.71~7.64
(m, 1H), 7.39~7.18 (m, 7H), 5.89~5.76 (m, 2H), 5.32~
5.26 (m, 1H), 5.14~5.06 (m, 2H), 3.46 (dd, J=7.2, 2.0
Hz, 1H), 3.25 (dd, J=9.8, 5.2 Hz, 1H), 2.67~2.52 (m,
5H). 3C NMR (150 MHz, CDCl;) 6 (major isomer):
201.87, 141.87, 141.67, 138.30, 138.01, 134.05, 131.89,
131.34, 128.80, 127.69, 127.66, 125.57, 121.52, 121.37,
117.67, 82.51, 79.55, 49.39, 41.05, 21.27; 6 (minor iso-
mer): 201.83, 141.79, 141.67, 138.25, 137.87, 133.87,
131.88, 131.33, 128.79, 127.66, 127.64, 125.56, 121.36,
121.32, 117.62, 82.24, 79.45, 48.65, 40.81, 21.27. HRMS
(ESI) caled for CaHxNaO, [M+Na]" 315.1356, found
315.1351.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(4-iso-
propylphenyl)ethan-1-one (3e): Colorless oil, 53.1 mg,
83% vyield, cis : trans=1.1 . 1. 'H NMR (600 MHz,
CDCl3) ¢ (major isomer): 7.91 (d, J=5.6 Hz, 2H), 7.32~
7.18 (m, 6H), 5.93~5.78 (m, 2H), 5.36~5.34 (m, 1H),
5.13~5.06 (m, 2H), 3.52 (dd, /=10.2, 7.2 Hz, 1H), 3.30
(dd, J=12.0, 5.4 Hz, 1H), 3.00~2.92 (m, 1H), 2.67~2.50
(m, 2H), 1.27 (d, J=4.8 Hz, 6H); 0 (minor isomer): 7.94
(d, J=5.6 Hz, 2H), 7.32~7.18 (m, 6H), 5.93~5.78 (m,
2H), 5.28 (t, J=4.8 Hz, 1H), 5.13~5.06 (m, 2H), 3.55
(dd, J/=10.2, 7.2 Hz, 1H), 3.27 (dd, J=12.0, 5.4 Hz, 1H),
3.00~2.92 (m, 1H), 2.67~2.50 (m, 2H), 1.26 (d, J=4.8
Hz, 6H). '3C NMR (150 MHz, CDCls) § (major isomer):
197.49, 154.73, 142.00, 141.63, 135.06, 134.09, 128.51,
127.68, 126.66, 121.55, 121.33, 117.74, 82.49, 79.39,
46.45, 40.84, 34.26, 3091, 23.64; 0 (minor isomer):
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197.59, 154.72, 142.05, 141.67, 135.00, 133.88, 128.63,
127.63, 126.65, 121.75, 121.33, 117.67, 82.27, 79.34,
45.80, 41.01, 34.25, 30.91, 23.65. HRMS (ESI) calcd for
C2H24NaO, [M+ Na]' 343.1669, found 343.1672.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(4-chloro-
phenyl)ethan-1-one (3% Colorless oil, 48.7 mg, 78%
yield, cis : trans=1.1 : 1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.95 (d, J/=8.8 Hz, 2H), 7.44~7.41 (m,
2H), 7.32~7.19 (m, 4H), 5.91~5.74 (m, 2H), 5.28 (t, J=
4.8 Hz, 1H), 5.13~5.05 (m, 2H), 3.48 (t, J/=7.2 Hz, 1H),
3.29 (dd, J=7.4, 4.8 Hz, 1H), 2.68~2.48 (m, 2H); J (mi-
nor isomer): 7.91 (d, J=28.8 Hz, 2H), 7.44~7.41 (m, 2H),
7.32~7.19 (m, 4H), 5.91~5.74 (m, 2H), 5.36~5.32 (m,
1H), 5.13~5.05 (m, 2H), 3.52 (t, J=7.6 Hz, 1H), 3.25
(dd, J/=17.8, 5.2 Hz, 1H), 2.68~2.48 (m, 2H). '3C NMR
(150 MHz, CDCl3) ¢ (major isomer): 196.82, 141.68,
141.58, 139.67, 135.48, 133.97, 129.69, 128.84, 127.82,
127.73, 121.39, 121.38, 117.73, 82.56, 79.28, 46.42, 40.89;
o (minor isomer): 196.68, 141.60, 141.58, 139.64, 135.39,
133.74, 129.83, 128.86, 127.76, 127.73, 121.58, 121.41,
117.81, 82.37, 79.27, 45.83, 40.80. HRMS (ESI) calcd for
CioH7CINaO, [M+Na]" 335.0809, found 335.0802.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(2,4-
dichlorophenyl)ethan-1-one (3g): Colorless oil, 51.9 mg,
75% vyield, cis : trans=1.1 : 1. 'H NMR (400 MHz,
CDCls) 6 (major isomer): 7.49 (d, /=8.0 Hz, 1H), 7.43 (d,
J=2.0 Hz, 1H), 7.33~7.17 (m, 5H), 5.86~5.70 (m, 2H),
5.30~5.25 (m, 1H), 5.13~5.03 (m, 2H), 3.46~3.31 (m,
2H), 2.64~2.45 (m, 2H); J (minor isomer): 7.55 (d, J/=8.4
Hz, 1H), 7.42 (d, J=2.0 Hz, 1H), 7.33~7.17 (m, 5H),
5.86~5.70 (m, 2H), 5.30~5.25 (m, 1H), 5.13~5.03 (m,
2H), 3.46~3.31 (m, 2H), 2.64~2.45 (m, 2H). '3C NMR
(150 MHz, CDCl3) J (major isomer): 199.58, 141.63,
141.31, 137.48, 137.40, 133.76, 132.12, 130.59, 130.34,
127.82, 127.76, 127.31, 121.44, 121.40, 117.76, 82.40,
79.39, 49.92, 40.76; 6 (minor isomer): 199.67, 141.55,
141.23, 137.60, 137.47, 133.92, 132.08, 130.62, 130.32,
127.88, 127.78, 127.33, 121.43, 121.24, 117.70, 82.69,
79.40, 50.73, 41.02. HRMS (ESI) calced for CioH6C1:NaO,
[M-+Na]™ 369.0420, found 369.0426.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(naphtha-
len-2-yl)ethan-1-one (3h): Colorless oil, 53.2 mg, 81%
yield, cis : trans=1 : 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 8.52 (s, 1H), 8.11~8.06 (m, 1H), 7.96~
7.86 (m, 3H), 7.62~7.53 (m, 2H), 7.32~7.21 (m, 4H),
6.02~5.79 (m, 2H), 5.41~5.37 (m, 1H), 5.15~5.07 (m,
2H), 3.69 (dd, J=38.8, 7.6 Hz, 1H), 3.47 (t, J=5.6 Hz,
1H), 2.74~2.52 (m, 2H); J (minor isomer): 8.48 (s, 1H),
8.11~8.06 (m, 1H), 7.96~7.86 (m, 3H), 7.62~7.53 (m,
2H), 7.32~7.21 (m, 4H), 6.02~5.79 (m, 2H), 5.31 (t, J=
8.0 Hz, 1H), 5.15~5.07 (m, 2H), 3.73 (dd, J=38.8, 7.6 Hz,
1H), 3.43 (t, J=5.6 Hz, 1H), 2.74~2.52 (m, 2H). BC
NMR (150 MHz, CDCl3) 6 (major isomer): 197.79,
141.99, 141.71, 135.64, 134.54, 133.86, 132.48, 130.18,
129.61, 128.53, 128.44, 127.78, 127.74, 126.77, 123.90,
121.75, 121.41, 117.80, 82.37, 79.46, 45.97, 40.97; 6 (mi-
nor isomer): 197.92, 141.91, 141.68, 135.66, 134.45,
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134.07, 132.50, 130.29, 129.61, 128.53, 128.44, 127.77,
127.73, 126.77, 123.98, 121.55, 121.40, 117.74, 82.55,
79.41, 46.56, 40.85. HRMS (ESI) caled for Cy3HyoNaO,
[M~+Na]" 351.1356, found 351.1363.
2-(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(furan-2-
yDethan-1-one (3i)['%): Colorless oil, 44.0 mg, 82% yield,
cis . trans=1.3 . 1. '"HNMR (400 MHz, CDCI3) 6 (major
isomer): 7.60 (s, 1H), 7.30~7.19 (m, 5H), 6.55~6.53 (m,
1H), 5.89~5.77 (m, 2H), 5.27 (t, J/=8.0 Hz, 1H), 5.13~
5.05 (m, 2H), 3.41~3.34 (m, 1H), 3.22~3.12 (m, 1H),
2.68~2.49 (m, 2H); J (minor isomer): 7.58 (s, 1H), 7.30~
7.19 (m, 5H), 6.55~6.53 (m, 1H), 5.89~5.77 (m, 2H),
5.37~5.34 (m, 1H), 5.13~5.05 (m, 2H), 3.41~3.34 (m,
1H), 3.22~3.12 (m, 1H), 2.68~2.49 (m, 2H). 3C NMR
(150 MHz, CDCl3) ¢ (major isomer): 186.66, 152.96,
146.63, 141.63, 141.59, 134.03, 127.78, 127.72, 121.53,
121.40, 117.76, 117.68, 112.30, 82.65, 79.15, 46.46, 41.06;
0 (minor isomer): 186.63, 152.90, 146.57, 141.61, 141.59,
133.79, 127.72, 127.70, 121.40, 121.39, 117.86, 117.68,
112.30, 82.33, 79.18, 45.76, 40.74. HRMS (ESI) calcd for
Ci7HsNaO; [M+Na]" 291.0992, found 291.0996.
(3-Allyl-1,3-dihydroisobenzofuran-1-yl)-1-(thiophen-2-
yDethan-1-one (3j)!'”: Colorless oil, 52.8 mg, 93% yield,
cis . trans=1.1 . 1. '"H NMR (400 MHz, CDCI3) 6 (major
isomer): 7.75~7.64 (m, 2H), 7.32~7.19 (m, 4H), 7.14~
7.10 (m, 1H), 5.90~5.76 (m, 2H), 5.28 (t, J=4.0 Hz, 1H),
5.13~5.05 (m, 2H), 3.44 (dd, J=7.6, 2.4 Hz, 1H), 3.26
(dd, J/=13.2, 5.2 Hz, 1H), 2.69~2.48 (m, 2H); J (minor
isomer): 7.75~7.64 (m, 2H), 7.32~7.19 (m, 4H), 7.14~
7.10 (m, 1H), 5.90~5.76 (m, 2H), 5.38~5.34 (m, 1H),
5.13~5.05 (m, 2H), 3.48 (dd, J=7.6, 2.4 Hz, 1H), 3.22
(dd, J=13.2, 5.2 Hz, 1H), 2.69~2.48 (m, 2H). *C NMR
(150 MHz, CDCl3) ¢ (major isomer): 190.54, 144.66,
141.63, 141.58, 134.06, 133.97, 132.46, 128.12, 127.81,
127.74,121.48,121.39, 117.74, 82.62, 79.42,47.27, 41.01;
0 (minor isomer): 190.64, 144.57, 141.60, 141.57, 134.02,
133.78, 132.68, 128.12, 127.76, 127.73, 121.65, 121.40,
117.80, 82.37, 79.40, 46.62, 40.79. HRMS (ESI) calcd for
Ci7H6Na0,S [M+Na]" 307.0763, found 307.0774.
2-(3-Allyl-5,6-dimethoxy-1,3-dihydroisobenzofuran-1-
yl)-1-(p-tolyl)ethan-1-one (3m): Yellow oil, 40.1 mg, 57%
yield, cis : trans=1 . 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.92~7.86 (m, 2H), 7.28~7.25 (m, 2H),
6.76 (d, J/=5.6 Hz, 1H), 6.69 (s, 1H), 5.89~5.75 (m, 2H),
5.33~5.29 (m, 1H), 5.15~5.07 (m, 2H), 3.87 (s, 3H),
3.83 (s, 3H), 3.51 (dd, J/=9.4, 6.8 Hz, 1H), 3.29~3.24 (m,
1H), 2.65~2.47 (m, 2H), 2.41 (s, 3H); 0 (minor isomer):
7.92~7.86 (m, 2H), 7.28~7.25 (m, 2H), 6.76 (d, J=5.6
Hz, 1H), 6.69 (s, 1H), 5.89~5.75 (m, 2H), 5.24 (t, J=
5.2Hz, 1H), 5.15~5.07 (m, 2H), 3.88 (s, 3H), 3.84 (s, 3H),
3.55(dd, J=9.8, 7.2 Hz, 1H), 3.29~3.24 (m, 1H), 2.65~
2.47 (m, 2H), 2.42 (s, 3H). *C NMR (150 MHz, CDCl;) 6
(major isomer): 197.82, 149.13, 149.06, 144.03, 134.71,
133.99, 133.64, 133.23, 129.25, 128.38, 117.69, 104.83,
104.27, 82.39, 79.72, 56.10, 56.06, 46.05, 41.10, 21.63; ¢
(minor isomer): 197.89, 149.19, 149.11, 144.05, 134.76,
134.22, 133.64, 133.25, 129.24, 128.50, 117.64, 104.65,
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104.29, 82.65, 79.66, 56.12, 56.03, 46.83, 41.40, 21.64.
HRMS (ESI) caled for C,H2sNaO4 [M+Na]' 375.1567,
found 375.1570.
2-(3-Allyl-5-methoxy-1,3-dihydroisobenzofuran- 1-yl)-
1-(p-tolyl)ethan-1-one (3n): Colorless oil, 48.3 mg, 75%
yield, cis : trans=1 : 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.87 (d, J=8.4 Hz, 2H), 7.26 (d, J=8.4
Hz, 2H), 7.12 (d, J/=6.4 Hz, 1H), 6.79 (dd, J=5.6, 2.0 Hz,
1H), 6.72 (s, 1H), 5.89~5.74 (m, 2H), 5.32~5.28 (m,
1H), 5.15~5.06 (m, 2H), 3.80 (s, 3H), 3.54~3.46 (m,
1H), 3.28~3.21 (m, 1H), 2.67~2.48 (m, 2H), 2.40 (s,
3H); J (minor isomer): 7.90 (d, J=8.4 Hz, 2H), 7.24 (d,
J=8.4 Hz, 2H), 7.14 (d, J=6.4 Hz, 1H), 6.81 (dd, J=5.6,
2.0 Hz, 1H), 6.72 (s, 1H), 5.89~5.74 (m, 2H), 5.23 (t, J=
4.0 Hz, 1H), 5.15~5.06 (m, 2H), 3.80 (s, 3H), 3.54~3.46
(m, 1H), 3.28~3.21 (m, 1H), 2.67~2.48 (m, 2H), 2.41 (s,
3H). BC NMR (150 MHz, CDCIl;) J (major isomer):
197.64, 159.69, 143.97, 143.36, 134.69, 134.08, 133.87,
129.24, 128.38, 122.55, 117.77, 113.62, 106.70, 82.10,
79.15, 55.49, 46.01, 40.79, 21.63; J (minor isomer):
197.73, 159.69, 143.98, 143.38, 134.76, 134.16, 134.08,
129.23, 128.49, 122.35, 117.70, 113.65, 106.70, 82.29,
79.10, 55.51, 46.67, 40.97, 21.63. HRMS (ESI) calcd for
C21H2oNaO; [M+Na]" 345.1461, found 345.1448.
2-(3-Allyl-5-methoxy-1,3-dihydroisobenzofuran- 1-yl)-
1-(4-chlorophenyl)ethan-1-one (30): Colorless oil, 41.1
mg, 60% yield, cis . trans=1.1 . 1. '"H NMR (400 MHz,
CDCls) 0 (major isomer): 7.94 (d, /=8.4 Hz, 2H), 7.43 (d,
J=8.4 Hz, 2H), 7.13 (d, /=8.4 Hz, 1H), 6.83~6.80 (m,
1H), 6.71 (s, 1H), 5.87~5.67 (m, 2H), 5.23 (t, J=4.0 Hz,
1H), 5.14~5.07 (m, 2H), 3.81 (s, 3H), 3.51~3.44 (m,
1H), 3.27~3.21 (m, 1H), 2.66~2.47 (m, 2H); J (minor
isomer): 7.90 (d, J=8.4 Hz, 2H), 7.42 (d, J=8.4 Hz, 2H),
7.12 (d, J=8.4 Hz, 1H), 6.83~6.80 (m, 1H), 6.71 (s, 1H),
5.87~5.67 (m, 2H), 5.30~5.27 (m, 1H), 5.14~5.07 (m,
2H), 3.80 (s, 3H), 3.51~3.44 (m, 1H), 3.27~3.21 (m,
1H), 2.66~2.47 (m, 2H); *C NMR (150 MHz, CDCl;) &
(major isomer): 197.00, 159.86, 143.32, 139.66, 135.53,
134.00, 133.75, 129.85, 128.84, 122.23, 117.76, 113.74,
106.73, 82.38, 79.07, 55.52, 46.67, 40.88; ¢ (minor iso-
mer): 196.87, 159.77, 143.33, 139.63, 135.45, 133.79,
133.70, 129.70, 128.87, 122.42, 117.84, 113.71, 106.75,
82.21, 79.07, 55.50, 46.07, 40.76. HRMS (ESI) calcd for
CH19CINaO; [M+Na]" 365.0915, found 365.0923.
2-(3-Allyl-5-chloro-1,3-dihydroisobenzofuran-1-yl)-1-
(p-tolyl)ethan-1-one (3p): Colorless oil, 45.7 mg, 70%
yield, cis : trans=1 : 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.89 (d, /=8.4 Hz, 2H), 7.27~7.16 (m,
5H), 5.88~5.74 (m, 2H), 5.32~5.29 (m, 1H), 5.15~5.09
(m, 2H), 3.57~3.49 (m, 1H), 3.30~3.23 (m, 1H), 2.66~
2.48 (m, 2H), 2.41 (s, 3H); 0 (minor isomer): 7.86 (d, J=
8.4 Hz, 2H), 7.27~7.16 (m, 5H), 5.88~5.74 (m, 2H), 5.23
(t, J=4.0 Hz, 1H), 5.15~5.09 (m, 2H), 3.57~3.49 (m,
1H), 3.30~3.23 (m, 1H), 2.66~2.48 (m, 2H), 2.40 (s,
3H). BC NMR (150 MHz, CDCl;) J (major isomer):
197.24, 144.19, 143.78, 140.57, 134.48, 133.55, 133.34,
129.31, 128.44, 127.95, 122.90, 121.66, 118.20, 82.01,
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79.12, 45.54, 40.61, 21.65; 6 (minor isomer): 197.31,
144.18, 143.74, 140.66, 134.54, 133.60, 133.54, 129.29,
128.34, 127.94, 123.10, 121.66, 118.11, 81.88, 79.02,
46.18, 40.69, 21.64. HRMS (ESI) calcd for C2H9CINaO,
[M~+Na]" 349.0966, found 349.0976.
2-(3-Allyl-6-fluoro-1,3-dihydroisobenzofuran-1-yl)-1-
(p-tolyl)ethan-1-one (3q): Colorless oil, 40.9 mg, 66%
yield, cis : trans=1 . 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.90 (d, J=28.8 Hz, 2H), 7.27 (d, J=8.0
Hz, 2H), 7.14~7.11 (m, 1H), 6.99~6.94 (m, 2H), 5.90~
5.75 (m, 2H), 5.31 (t, /=4.2 Hz, 1H), 5.13~5.07 (m, 2H),
3.53 (dd, J=8.8, 6.8 Hz, 1H), 3.29 (dd, /=6.4, 3.6 Hz,
1H), 2.66~2.47 (m, 2H), 2.42 (s, 3H); 0 (minor isomer):
7.87 (d, J=8.0 Hz, 2H), 7.26 (d, /=8.0 Hz, 2H), 7.14~
7.11 (m, 1H), 6.99~6.94 (m, 2H), 5.90~5.75 (m, 2H),
5.24 (t, J=4.2 Hz, 1H), 5.13~5.07 (m, 2H), 3.57 (dd, J=
8.8, 6.8 Hz, 1H), 3.25 (dd, J=6.4, 3.6 Hz, 1H), 2.66~2.47
(m, 2H), 2.41 (s, 3H). 3C NMR (150 MHz, CDCl3) §
(major isomer): 197.15, 162.72 (d, Jc.r=243.0 Hz), 144.35
(d, Jer=7.5 Hz), 144.16, 137.07 (d, Jc.r=3.0 Hz),
134.50, 133.55, 129.28, 128.31, 122.51, 117.96, 114.89 (d,
Jer=17.5 Hz), 109.18 (d, Jcr=24.0 Hz), 81.83, 79.02 (d,
Jcr=3.0 Hz), 45.47, 40.98, 21.62; ¢ (minor isomer):
197.21, 162.68 (d, Jcr=243.0 Hz), 144.28 (d, Jcr=9.0
Hz), 144.15, 137.11 (d, Jcr=3.0 Hz), 134.44, 133.76,
129.27, 128.41, 122.45, 117.88, 114.73 (d, Jcr=6.0 Hz),
108.99 (d, Jcr=24.0 Hz), 81.99, 78.88 (d, Jc.r=1.5 Hz),
46.11, 40.88, 21.63. ”F NMR (376 MHz, CDCl;) §: —
115.48~—115.55 (m); HRMS (ESI) caled for CyHioF-
NaO, [M+Na]" 333.1261, found 333.1265.
2-(3-Allyl-5-(trifluoromethyl)-1,3-dihydroisobenzo-
furan-1-yl)-1-phenylethan-1-one  (3r)["%:  Colorless oil,
44.3 mg, 64% yield, cis . trans=1.3 . 1. 'H NMR (400
MHz, CDCls) ¢ (major isomer): 8.01 ~7.96 (m, 2H),
7.61~7.52 (m, 2H), 7.50~7.45 (m, 3H), 7.38 (t, J=8.8
Hz, 1H), 5.98~5.75 (m, 2H), 5.31 (t, J=5.6 Hz, 1H),
5.16~5.11 (m, 2H), 3.58 (t, J=6.8 Hz, 1H), 3.38~3.30
(m, 1H), 2.71~2.52 (m, 2H); 0 (minor isomer): 8.01~
7.96 (m, 2H), 7.61~7.52 (m, 2H), 7.50~7.45 (m, 3H),
7.38 (t, J=8.8 Hz, 1H), 5.98~5.75 (m, 2H), 5.40~5.37
(m, 1H), 5.16~5.11 (m, 2H), 3.62 (t, J=6.8 Hz, 1H),
3.38~3.30 (m, 1H), 2.71~2.52 (m, 2H). *C NMR (150
MHz, CDCl3) 6 (major isomer): 197.49, 146.00 (d, Jc.r=
1.5 Hz), 142.65, 136.88, 133.42, 133.36, 130.50 (d, Jcr=
10.5 Hz), 128.65, 128.30, 125.12 (q, Jc-r=3.0 Hz), 124.12
(q, Jcr=270.0 Hz), 122.22, 118.52 (q, Jcr=7.5 Hz),
118.29, 82.18, 79.05, 46.06, 40.68; ¢ (minor isomer):
197.43, 145.92 (d, Jcr=1.5 Hz), 142.61, 136.82, 133.41,
133.15, 130.29 (d, Jcr=10.5 Hz), 128.65, 128.19, 125.12
(9, Jer=3.0 Hz), 124.12 (q, Jcr=270.0 Hz), 122.41,
118.52 (q, Jcr=7.5 Hz), 118.38, 82.06, 79.14, 45.43,
40.61. YF NMR (376 MHz, CDCl3) J: —62.10 (s), —
62.11 (s); HRMS (ESI) calcd for C20H;7F3;NaO; [M+Na]"
369.10729, found 369.10731.
2-(3-(2-Methylallyl)-1,3-dihydroisobenzofuran-1-yl)-1-
phenylethan-1-one (4a): Colorless oil, 29.8 mg, 51% yield,
cis . trans=1.1 . 1. '"HNMR (600 MHz, CDCI3) 6 (major
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isomer): 8.01~7.97 (m, 2H), 7.58~7.54 (m, 1H), 7.48~
7.44 (m, 2H), 7.30~7.18 (m, 4H), 5.83 (t, J=6.0 Hz, 1H),
5.34 (t, J=6.0 Hz, 1H), 4.80 (s, 2H), 3.56 (dd, J=11.2,
4.4 Hz, 1H), 3.35 (dd, /=10.8, 3.6 Hz, 1H), 2.57~2.45
(m, 2H), 1.81 (s, 3H); J (minor isomer): 8.01~7.97 (m,
2H), 7.58~7.54 (m, 1H), 7.48~7.44 (m, 2H), 7.30~7.18
(m, 4H), 5.94~5.92 (m, 1H), 5.44~5.42 (m, 1H), 4.87 (s,
2H), 3.58 (dd, J=11.2, 4.4 Hz, 1H), 3.32 (dd, /=10.8, 3.6
Hz, 1H), 2.57~2.45 (m, 2H), 1.82 (s, 3H). '3C NMR (150
MHz, CDCl;3) 6 (major isomer): 197.98, 142.28, 142.00,
141.83, 137.17, 133.17, 128.55, 128.33, 127.69, 127.65,
121.54, 121.46, 113.14, 81.40, 79.23, 46.73, 45.67, 23.05;
o (minor isomer): 197.94, 142.08, 141.99, 141.77, 137.11,
133.15, 128.55, 128.25, 127.67, 127.61, 121.73, 121.45,
113.13, 81.20, 79.03, 45.83, 44.75, 23.03. HRMS (ESI)
caled for CyHxNaO, [M + Na] = 315.1356, found
315.1356.

1-Phenyl-2-(3-(2-phenylallyl)-1,3-dihydroisobenzo-
furan-1-yl)ethan-1-one (4b): Colorless oil, 33.3 mg, 47%
yield, cis : trans=1 : 1. 'H NMR (400 MHz, CDCl;)
(major isomer): 7.96~7.93 (m, 2H), 7.59~7.35 (m, 6H),
7.29~7.13 (m, 6H), 5.91~5.87 (m, 1H), 5.38 (d, J=2.8
Hz, 2H), 5.36~5.29 (m, 1H), 3.52~3.40 (m, 1H), 3.29~
3.23 (m, 1H), 2.99~2.85 (m, 2H); ¢ (minor isomer):
7.96~7.93 (m, 2H), 7.59~7.35 (m, 6H), 7.29~7.13 (m,
6H), 5.79 (t, J=6.0 Hz, 1H), 5.36~5.29 (m, 1H), 5.16 (d,
J=5.6 Hz, 2H), 3.52~3.40 (m, 1H), 3.29~3.23 (m, 1H),
2.99~2.85 (m, 2H); *C NMR (150 MHz, CDCI;) 6 (major
isomer): 197.87, 143.34, 141.75, 141.64, 139.50, 137.02,
133.26, 133.20, 128.57, 128.37, 128.24, 127.78, 127.64,
127.60, 121.64, 121.50, 115.96, 81.45, 79.12, 46.42, 42.87;
o (minor isomer): 197.73, 143.33, 141.83, 141.60, 139.43,
137.03, 133.24, 133.17, 128.54, 128.44, 128.23, 127.77,
127.60, 127.57, 121.67, 121.63, 116.00, 81.00, 79.10,
45.83, 42.48. HRMS (ESI) caled for CysH30, [M+H]"
355.16926, found 355.16956.

1-Phenyl-2-(3-(2-(p-tolyl)allyl)-1,3-dihydroisobenzo-
furan-1-yl)ethan-1-one (4¢): Colorless oil, 42.0 mg, 57%
yield, cis : trans=1.1 . 1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.98~7.93 (m, 2H), 7.59~7.53 (m, 1H),
7.48~7.42 (m, 2H), 7.39~7.35 (m, 2H), 7.27~7.09 (m,
6H), 5.79 (t, J=6.0 Hz, 1H), 5.39~5.30 (m, 2H), 5.10 (s,
1H), 3.53~3.44 (m, 1H), 3.32~3.23 (m, 1H), 3.09~2.82
(m, 2H), 2.30 (s, 3H); J (minor isomer): 7.98~7.93 (m,
2H), 7.59~7.53 (m, 1H), 7.48~7.42 (m, 2H), 7.39~7.35
(m, 2H), 7.27~7.09 (m, 6H), 5.94~5.90 (m, 1H), 5.39~
5.30 (m, 2H), 5.10 (s, 1H), 3.53~3.44 (m, 1H), 3.32~
3.23 (m, 1H), 3.09~2.82 (m, 2H), 2.35 (s, 3H). *C NMR
(150 MHz, CDCl;) J (major isomer): 197.96, 144.09,
141.93, 141.85, 137.94, 137.27, 137.12, 133.14, 129.01,
128.54, 128.25, 127.65, 127.54, 126.17, 121.81, 121.47,
114.69, 81.36, 79.09, 46.68, 43.31, 21.05; ¢ (minor iso-
mer): 197.89, 144.05, 141.99, 141.79, 137.91, 137.27,
137.09, 133.14, 129.07, 128.54, 128.31, 127.66, 127.48,
126.13, 121.82, 121.63, 114.62, 80.89, 78.97, 45.92, 42.69,
21.10. HRMS (ESI) caled for CyHNaO, [M~+Na]"
391.16685, found 391.16654.
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2-(3-(2-(4-Chlorophenyl)allyl)-1,3-dihydroisobenzofura
n-1-yl)-1-phenylethan-1-one (4d): Colorless oil, 69.8 mg,
90% vyield, cis : trans=1 : 1. 'H NMR (600 MHz,
CDCls) 6 (major isomer): 7.95~7.93 (m, 2H), 7.58~7.55
(m, 1H), 7.46~7.42 (m, 2H), 7.38~7.34 (m, 2H), 7.29~
7.12 (m, 5H), 5.89~5.87 (m, 1H), 5.38~5.28 (m, 2H),
5.16 (d, J=6.6 Hz, 1H), 3.48 (dd, J=16.2, 6.6 Hz, 1H),
3.27 (dd, J/=6.0, 4.2 Hz, 1H), 3.02~2.86 (m, 2H); minor
isomer: 7.95~7.93 (m, 2H), 7.58~7.55 (m, 1H), 7.46~
7.42 (m, 2H), 7.38~7.34 (m, 2H), 7.29~7.12 (m, 5H),
5.78 (t, J=6.6 Hz, 1H), 5.38~5.28 (m, 2H), 5.16 (d, J=
6.6 Hz, 1H), 3.42 (dd, J=16.8, 6.6 Hz, 1H), 3.24 (dd, J=
6.0, 4.2 Hz, 1H), 3.02~2.86 (m, 2H). '*C NMR (150
MHz, CDCl3) J (major isomer): 197.87, 143.34, 141.76,
141.61, 139.52, 137.03, 133.25, 133.21, 128.58, 128.45,
128.23, 127.79, 127.61, 127.58, 121.65, 121.64, 116.01,
81.46, 79.13, 45.84, 42.49; 6 (minor isomer): 197.74,
143.35, 141.84, 141.65, 139.44, 137.04, 133.27, 133.18,
128.55, 128.38, 128.25, 127.78, 127.65, 127.61, 121.68,
121.51, 115.97, 81.01, 79.11, 46.43, 42.88. HRMS (ESI)
caled for CysH»ClO, [M — H] = 387.11463, found
387.11468.

2-(3-(2-(4-Bromophenyl)allyl)-1,3-dihydroisobenzo-
furan-1-yl)-1-phenylethan-1-one (4e): Colorless oil, 62.2
mg, 72% yield, cis . trans=1 . 1.2. "H NMR (600 MHz,
CDCl3) 6 (major isomer): 7.96~7.93 (m, 2H), 7.59~7.54
(m, 1H), 7.49~7.38 (m, 4H), 7.32~7.09 (m, 6H), 5.78 (t,
J=6.4 Hz, 1H), 5.38~5.29 (m, 2H), 5.17 (dd, J/=7.8, 1.2
Hz, 1H), 3.52~3.40 (m, 1H), 3.28 (dd, J=238.4, 5.4 Hz,
1H), 3.03~2.85 (m, 2H); ¢ (minor isomer): 7.96~7.93
(m, 2H), 7.59~7.54 (m, 1H), 7.49~7.38 (m, 4H), 7.32~
7.09 (m, 6H), 5.90~5.86 (m, 1H), 5.38~5.29 (m, 2H),
5.17 (dd, J=7.8, 1.2 Hz, 1H), 3.52~3.40 (m, 1H), 3.24
(dd, J/=8.4, 6.0 Hz, 1H), 3.03~2.85 (m, 2H). '3*C NMR
(150 MHz, CDCl3) ¢ (major isomer): 197.88, 143.41,
141.84, 141.63, 140.00, 137.02, 133.21, 131.33, 128.55,
128.25, 127.99, 127.78, 127.62, 121.64, 121.63, 121.44,
116.03, 81.46, 79.13, 46.42, 42.82; J (minor isomer):
197.74, 143.39, 141.75, 141.59, 139.91, 137.03, 133.18,
131.41, 128.60, 128.23, 127.93, 127.80, 127.58, 121.68,
121.52, 121.42, 116.08, 81.00, 79.11, 45.83, 42.44. HRMS
(ESI) caled for CpsHy BrNaO, [M+Na]" 455.0617, found
455.06190.

2-(3-(2-(Naphthalen-1-yl)allyl)-1,3-dihydroisobenzo-
furan-1-yl)-1-phenylethan-1-one (4f): Colorless oil, 70.3
mg, 87% yield, cis . trans=1 . 1.1. "H NMR (400 MHz,
CDCl3) 6 (major isomer): 8.07~7.93 (m, 3H), 7.84~7.71
(m, 2H), 7.60~7.09 (m, 11H), 5.93~5.89 (m, 1H), 5.55~
5.53 (m, 1H), 5.29~5.21 (m, 2H), 3.50 (dd, J=16.4, 6.4
Hz, 1H), 3.23 (dd, J=15.2, 6.0 Hz, 1H), 3.13~2.91 (m,
2H); ¢ (minor isomer): 8.07~7.93 (m, 3H), 7.84~7.71
(m, 2H), 7.60~7.09 (m, 11H), 5.75 (t, J=8.4 Hz, 1H),
5.55~5.53 (m, 1H), 5.29~5.21 (m, 2H), 3.38 (dd, J=
16.4, 6.8 Hz, 1H), 3.19 (dd, J=14.8, 5.6 Hz, 1H), 3.13~
2.91 (m, 2H). *C NMR (150 MHz, CDCl3) é (major iso-
mer): 198.05, 144.75, 142.04, 141.84, 140.81, 137.17,
133.68, 133.10, 131.25, 128.51, 128.34, 128.18, 127.64,
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127.57, 127.27, 125.86, 125.79, 125.61, 125.38, 125.18,
121.70, 121.37, 118.48, 80.76, 79.19, 46.46, 45.77; 6 (mi-
nor isomer): 197.95, 144.83, 141.94, 141.89, 140.72,
137.15, 133.68, 133.13, 131.19, 128.52, 128.27, 128.22,
127.65, 127.60, 127.27, 125.80, 125.76, 125.58, 125.46,
125.21,121.53, 121.34, 118.33, 81.24, 79.08, 46.12, 45.40.
HRMS (ESI) caled for CaoH2sNaO, [M+Na]' 427.1669,
found 427.1651.
2-(5-Methoxy-3-(2-(naphthalen-1-yl)allyl)-1,3-dihydro-
isobenzofuran-1-yl)-1-(p-tolyl)ethan-1-one (4g): Colorless
oil, 70.8 mg, 79% yield, cis : trans=1: 1.2. 'H NMR
(400 MHz, CDCls) ¢ (major isomer): 8.07~7.99 (m, 1H),
7.86~7.81 (m, 3H), 7.75~7.71 (m, 1H), 7.46~7.36 (m,
3H), 7.30~7.20 (m, 3H), 7.09 (t, J/=8.0 Hz, 1H), 6.77~
6.72 (m, 1H), 6.55 (d, J/=2.0 Hz, 1H), 5.86~5.83 (m,
1H), 5.56 (s, 1H), 5.25~5.18 (m, 2H), 3.67 (s, 3H), 3.45
(dd, J=16.0, 6.0 Hz, 1H), 3.19 (dd, /=28.8, 6.4 Hz, 1H),
3.09~2.92 (m, 2H), 2.39 (s, 3H); ¢ (minor isomer): 8.07~
7.99 (m, 1H), 7.86~7.81 (m, 3H), 7.75~7.71 (m, 1H),
7.46~7.36 (m, 3H), 7.30~7.20 (m, 3H), 7.09 (t, J=8.0
Hz, 1H), 6.77~6.72 (m, 1H), 6.60 (d, J=2.0 Hz, 1H),
5.69 (t, J=6.4 Hz, 1H), 5.54 (s, 1H), 5.25~5.18 (m, 2H),
3.69 (s, 3H), 3.38 (dd, /=16.4, 6.4 Hz, 1H), 3.15 (dd, J=
8.8, 6.4 Hz, 1H), 3.09~2.92 (m, 2H), 2.41 (s, 3H). 13C
NMR (150 MHz, CDCl3) 6 (major isomer): 197.79,
159.55, 144.69, 143.85, 143.43, 140.74, 134.74, 134.02,
133.67, 131.14, 129.18, 128.39, 128.18, 127.24, 125.85,
125.78, 125.59, 125.38, 125.17, 122.51, 118.60, 113.86,
106.44, 80.70, 79.04, 55.39, 46.63, 45.90, 21.61; 6 (minor
isomer): 197.70, 159.61, 144.80, 143.90, 143.65, 140.83,
134.74, 134.06, 133.68, 131.18, 129.18, 128.46, 128.22,
127.26, 125.79, 125.77, 125.59, 125.48, 125.21, 122.34,
118.41, 113.86, 106.48, 81.12, 78.92, 55.42, 45.99, 45.23,
21.63. HRMS (ESI) caled for C3HysNaO; [M+Na]®
471.1931, found 471.1925.
2-(5-Chloro-3-(2-(naphthalen-1-yl)allyl)-1,3-dihydroiso-
benzofuran-1-yl)-1-(p-tolyl)ethan-1-one (4h): Colorless
oil, 47.0 mg, 52% yield, cis : trans=1 : 1. 'H NMR (400
MHz, CDCl3) 6 (major isomer): 7.97 (d, J=8.0 Hz, 1H),
7.83~7.80 (m, 3H), 7.73 (t, J=7.6 Hz, 1H), 7.46~7.35
(m, 3H), 7.28~7.08 (m, 5H), 7.00 (s, 1H), 5.86~5.82 (m,
1H), 5.55 (s, 1H), 5.23~5.15 (m, 2H), 3.46 (dd, J=16.4,
6.0 Hz, 1H), 3.20~3.07 (m, 1H), 3.05~2.89 (m, 2H), 2.38
(s, 3H); 6 (minor isomer): 8.05~8.02 (m, 1H), 7.83~7.80
(m, 3H), 7.73 (t, J=7.6 Hz, 1H), 7.46~7.35 (m, 3H),
7.28~7.08 (m, 5H), 7.06 (s, 1H), 5.68 (t, J=6.0 Hz, 1H),
5.52 (s, 1H), 5.23~5.15 (m, 2H), 3.36 (dd, J/=16.8, 6.0
Hz, 1H), 3.20~3.07 (m, 1H), 3.05~2.89 (m, 2H), 2.40 (s,
3H). BC NMR (150 MHz, CDCIl;) J (major isomer):
197.33, 144.31, 144.06, 144.01, 140.58, 140.49, 133.66,
133.39, 131.07, 129.20, 128.38, 128.20, 127.81, 127.38,
125.83, 125.65, 125.61, 125.44, 125.16, 122.85, 121.65,
118.75, 80.75, 78.80, 46.03, 45.38, 21.60; ¢ (minor iso-
mer): 197.23, 144.42, 144.03, 143.78, 140.51, 140.37,
134.48, 133.34, 131.11, 129.21, 128.30, 128.25, 127.79,
127.38, 125.81, 125.70, 125.61, 125.33, 125.12, 123.02,
121.61, 118.57, 80.38, 78.93, 45.73, 45.10, 21.62. HRMS
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(ESI) caled for C30HasCINaO; [M+Na]™ 475.1435, found
475.1433.

Ethyl 2-((3-(2-o0x0-2-phenylethyl)-1,3-dihydroisobenzo-
furan-1-yl)methyl) acrylate (4i): Colorless oil, 58.8 mg,
84% vyield, cis . trans=1 : 1.3. 'H NMR (600 MHz,
CDCl3) 6 (major isomer): 8.00~7.95 (m, 2H), 7.58~7.54
(m, 1H), 7.48~7.43 (m, 2H), 7.30~7.19 (m, 4H), 6.25 (d,
J=1.2 Hz, 1H), 5.92~5.90 (m, 1H), 5.67 (d, J/=1.2 Hz,
1H), 5.47~5.44 (m, 1H), 4.20~4.12 (m, 2H), 3.52 (dd,
J=6.6, 2.4 Hz, 1H), 3.30 (dd, J=16.8, 6.0 Hz, 1H),
2.98~2.81 (m, 1H), 2.69~2.62 (m, 1H), 1.27 (t, J=6.6
Hz, 3H); 6 (minor isomer): 8.00~7.95 (m, 2H), 7.58~
7.54 (m, 1H), 7.48~7.43 (m, 2H), 7.30~7.19 (m, 4H),
6.21 (d, J/=1.2 Hz, 1H), 5.83 (t, J=6.0 Hz, 1H), 5.58 (d,
J=1.2 Hz, 1H), 5.39~5.37 (m, 1H), 4.20~4.12 (m, 2H),
3.55 (dd, J=6.6, 2.4 Hz, 1H), 3.35 (dd, J=16.8, 6.0 Hz,
1H), 2.98~2.81 (m, 1H), 2.69~2.62 (m, 1H), 1.26 (t, J=
6.6 Hz, 3H). 3C NMR (150 MHz, CDCl;) 6 (major iso-
mer): 196.85, 166.10, 140.76, 140.46, 136.06, 135.64,
132.16, 127.55, 127.22, 126.80, 126.70, 126.63, 120.57,
120.51, 80.37, 78.07, 59.70, 44.84, 37.95, 13.18; 6 (minor
isomer): 196.82, 166.11, 140.77, 140.52, 136.13, 135.66,
132.18, 127.57, 127.29, 126.83, 126.74, 126.53, 120.68,
120.53, 80.64, 78.41, 59.70, 45.64, 38.48, 13.17. HRMS
(ESI) caled for CyHyNaO; [M+Na]' 373.1410, found
373.1402.

Ethyl 2-((3-(2-ox0-2-(p-tolyl)ethyl)-1,3-dihydroisoben-
zofuran-1-yl)methyl)acrylate (4j): Colorless oil, 43.7 mg,
60% yield, cis . trans=1 : 1.3. 'H NMR (400 MHz,
CDCls) 6 (major isomer): 7.91~7.85 (m, 2H), 7.29~7.19
(m, 6H), 6.26 (t, J=4.0 Hz, 1H), 5.91 (t, J=8.0 Hz, 1H),
5.68 (s, 1H), 5.48~5.45 (m, 1H), 4.22~4.13 (m, 2H),
3.54~3.48 (m, 1H), 3.35~3.25 (m, 1H), 2.99~2.81 (m,
1H), 2.71~2.63 (m, 1H), 2.41 (s, 3H), 1.30~1.25 (m,
3H); 0 (minor isomer): 7.91~7.85 (m, 2H), 7.29~7.19
(m, 6H), 6.22 (t, J=4.0 Hz, 1H), 5.83 (t, J=8.0 Hz, 1H),
5.60 (s, 1H), 5.40~5.37 (m, 1H), 4.22~4.13 (m, 2H),
3.54~3.48 (m, 1H), 3.35~3.25 (m, 1H), 2.99~2.81 (m,
1H), 2.71~2.63 (m, 1H), 2.40 (s, 3H), 1.30~1.25 (m,
3H). BC NMR (150 MHz, CDCl;) 6 (major isomer):
197.43, 167.08, 143.96, 141.86, 141.45, 136.65, 134.69,
129.21, 128.33, 127.79, 127.76, 127.73, 121.70, 121.53,
81.32, 79.11, 60.68, 45.71, 38.93, 21.60, 14.17; § (minor
isomer): 197.39, 167.10, 143.99, 141.84, 141.51, 136.65,
134.63, 129.23, 128.41, 127.64, 127.57, 127.53, 121.53,
121.49, 81.58, 79.44, 60.68, 46.53, 39.48, 21.61, 14.16.
HRMS (ESI) caled for C»3H2NaO4 [M~+Na]™ 387.1567,
found 387.1568.

Ethyl 2-((3-(2-(4-isopropylphenyl)-2-oxoethyl)-1,3-
dihydroisobenzofuran-1-yl)methyl)acrylate (4k): Colorless
oil, 55.7 mg, 71% yield, cis . trans=1 . 1.1. 'H NMR
(400 MHz, CDCl3) 6 (major isomer): 7.95~7.89 (m, 2H),
7.33~7.19 (m, 6H), 6.22 (s, 1H), 5.84~5.82 (m, 1H),
5.59 (s, 1H), 5.40~5.37 (m, 1H), 4.22~4.13 (m, 2H),
3.55~3.49 (m, 1H), 3.35~3.25 (m, 1H), 3.00~2.81 (m,
2H), 2.71~2.62 (m, 1H), 1.30~1.25 (m, 9H); J (minor
isomer): 7.95~7.89 (m, 2H), 7.33~7.19 (m, 6H), 6.26 (s,
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1H), 5.93~5.90 (m, 1H), 5.68 (s, 1H), 5.48~5.45 (m,
1H), 4.22~4.13 (m, 2H), 3.55~3.49 (m, 1H), 3.35~3.25
(m, 1H), 3.00~2.81 (m, 2H), 2.71~2.62 (m, 1H), 1.30~
1.25 (m, 9H). *C NMR (150 MHz, CDCls) 6 (major iso-
mer): 197.48, 167.12, 154.72, 141.91, 141.55, 136.68,
135.07, 128.49, 127.79, 127.66, 127.59, 126.67, 121.57,
121.55, 81.61, 79.49, 60.69, 45.75, 38.95, 34.23, 23.64,
14.17; 6 (minor isomer): 197.44, 167.12, 154.74, 141.91,
141.49, 136.68, 135.01, 128.58, 127.82, 127.74, 127.55,
126.65, 121.75, 121.51, 81.34, 79.14, 60.69, 46.56, 39.50,
34.25, 23.63, 14.18. HRMS (ESI) calcd for CysHasNaOy
[M-+Na]" 415.1880, found 415.1875.

Ethyl 2-((3-(2-ox0-2-(thiophen-2-yl)ethyl)-1,3-dihydro-
isobenzofuran-1-yl)methyl)acrylate (41): Yellow oil, 54.1
mg, 76% yield, cis . trans=1.1 . 1. '"H NMR (400 MHz,
CDCl;3) 0 (major isomer): 7.75~7.69 (m, 1H), 7.67~7.64
(m, 1H), 7.32~7.19 (m, 4H), 7.14~7.10 (m, 1H), 6.22 (d,
J=1.6 Hz, 1H), 5.79 (t, J=6.4 Hz, 1H), 5.60 (d, J=1.2
Hz, 1H), 5.39~5.37 (m, 1H), 4.21~4.13 (m, 2H), 3.43
(dd, J=7.2, 3.2 Hz, 1H), 3.29 (dd, J=15.6, 5.2 Hz, 1H),
2.99~2.80 (m, 1H), 2.70~2.63 (m, 1H), 1.27 (t, J=6.8
Hz, 3H); 0 (minor isomer): 7.75~7.69 (m, 1H), 7.67~
7.64 (m, 1H), 7.32~7.19 (m, 4H), 7.14~7.10 (m, 1H),
6.25 (d, J=1.6 Hz, 1H), 5.89~5.85 (m, 1H), 5.67 (d, J=
1.2 Hz, 1H), 5.49~5.45 (m, 1H), 4.21~4.13 (m, 2H), 3.47
(dd, J=7.2,3.2 Hz, 1H), 3.22 (dd, /=16.0, 6.0 Hz, 1H),
2.99~2.80 (m, 1H), 2.70~2.63 (m, 1H), 1.28 (t, J=6.8
Hz, 3H). *C NMR (150 MHz, CDCl;) § (major isomer):
190.48, 167.08, 144.60, 141.46, 141.45, 136.62, 133.99,
132.55, 128.10, 127.85, 127.76, 127.69, 121.61, 121.54,
81.70, 79.49, 60.70, 47.31, 39.48, 14.17; 6 (minor isomer):
190.43, 167.08, 144.51, 141.45, 141.41, 136.60, 133.93,
132.43, 128.10, 127.81, 127.73, 127.54, 121.59, 121.47,
81.43, 79.12, 60.70, 46.53, 38.89, 14.17. HRMS (ESI)
caled for CaHxNaOsS [M + Na] " 379.0975, found
379.0977.

Ethyl-((3-(2-(4-chlorophenyl)-2-oxoethyl)-5-methoxy-
1,3-dihydroisobenzofuran-1-yl)methyl)acrylate (4m): Col-
orless oil, 42.2 mg, 51% yield, cis : trans=1 . 1.1. 'H
NMR (400 MHz, CDCls) J (major isomer): 7.94~7.89 (m,
2H), 7.4~7.41 (m, 2H), 7.13~7.10 (m, 1H), 6.84~6.79
(m, 1H), 6.73~6.72 (m, 1H), 6.26 (d, J=0.8 Hz, 1H),
5.83~5.80 (m, 1H), 5.69 (s, 1H), 5.42~5.38 (m, 1H),
4.22~4.13 (m, 2H), 3.80 (s, 3H), 3.49~3.43 (m, 1H),
331~3.21 (m, 1H), 2.82 (dd, J=14.4, 4.0 Hz, 1H),
2.67~2.59 (m, 1H), 1.30~1.26 (m, 3H); ¢ (minor iso-
mer): 7.94~7.89 (m, 2H), 7.4~7.41 (m, 2H), 7.13~7.10
(m, 1H), 6.84~6.79 (m, 1H), 6.73~6.72 (m, 1H), 6.22 (d,
J=0.8 Hz, 1H), 5.74 (t, J=6.0 Hz, 1H), 5.60 (s, 1H),
5.35~5.32 (m, 1H), 4.22~4.13 (m, 2H), 3.81 (s, 3H),
3.49~3.43 (m, 1H), 3.31~3.21 (m, 1H), 2.95 (dd, J=
14.4, 4.0 Hz, 1H), 2.67~2.59 (m, 1H), 1.30~1.26 (m,
3H). BC NMR (150 MHz, CDCIl;) J (major isomer):
196.83, 167.08, 159.73, 143.22, 139.61, 136.61, 135.42,
133.53, 129.75, 128.84, 127.70, 122.42, 114.05, 106.72,
81.29, 78.79, 60.72, 55.50, 46.02, 38.90, 14.17; ¢ (minor
isomer): 196.80, 167.08, 159.81, 143.14, 139.63, 136.67,
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135.49, 133.55, 129.67, 128.86, 127.38, 122.25, 114.09,
106.69, 81.53, 79.15, 60.74, 55.52, 46.78, 39.40, 14.16.
HRMS (ESI) caled for Cy;3HasCINaOs [M + Naj *
437.1126, found 437.1140.
2-(3-(2-Bromoallyl)-1,3-dihydroisobenzofuran-1-yl)-1-
phenylethan-1-one (4n): Yellow oil, 54.1 mg, 76% yield,
cis - trans=1 . 1. "H NMR (400 MHz, CDCl;) & (major
isomer): 7.98 (t, J=7.2 Hz, 2H), 7.59~7.54 (m, 1H),
7.48~7.44 (m, 2H), 7.31~7.21 (m, 4H), 5.96~5.93 (m,
1H), 5.67 (s, 1H), 5.59~5.47 (m, 2H), 3.60~3.53 (m,
1H), 3.40~3.29 (m, 1H), 2.91~2.75 (m, 2H); J (minor
isomer): 7.98 (t, J=7.2 Hz, 2H), 7.59~7.54 (m, 1H),
7.48~7.44 (m, 2H), 7.31~7.21 (m, 4H), 5.85 (t, J=6.0
Hz, 1H), 5.62 (s, 1H), 5.59~5.47 (m, 2H), 3.60~3.53 (m,
1H), 3.40~3.29 (m, 1H), 2.91~2.75 (m, 2H). '3C NMR
(150 MHz, CDCl3) ¢ (major isomer): 197.78, 141.72,
140.82, 136.98, 133.21, 129.33, 128.56, 128.21, 128.03,
127.81, 121.79, 121.56, 119.59, 80.28, 79.20, 48.25, 45.79;
0 (major isomer): 197.69, 141.69, 140.76, 137.09, 133.21,
129.20, 128.56, 128.28, 128.03, 127.75, 121.65, 121.47,
119.45, 80.50, 79.58, 49.09, 46.51. HRMS (ESI) caled for
CioH;7BrNaO, [M+Na]" 379.0304, found 379.0289.
1-Phenyl-2-(3-(1-phenylallyl)-1,3-dihydroisobenzo-
furan-1-yl)ethan-1-one (40): Colorless oil, 36.1 mg, 51%
yield, cis : trans=1 . 1.1. '"H NMR (400 MHz, CDCl;) §
(major isomer): 7.96~7.91 (m, 2H), 7.57~7.52 (m, 1H),
7.46~7.41 (m, 2H), 7.29~7.11 (m, 8H), 6.69 (d, J=7.6
Hz, 1H), 6.20~6.10 (m, 1H), 5.83~5.76 (m, 1H), 5.56~
5.53 (m, 1H), 5.12~5.05 (m, 1H), 4.99~4.93 (m, 1H),
3.61 (t, J=6.8 Hz, 1H), 3.56~3.03 (m, 2H); J (minor
isomer): 7.96~7.91 (m, 2H), 7.57~7.52 (m, 1H), 7.46~
7.41 (m, 2H), 7.29~7.11 (m, 8H), 6.82 (d, J=8.0 Hz,
1H), 6.20~6.10 (m, 1H), 5.83~5.76 (m, 1H), 5.56~5.53
(m, 1H), 5.12~5.05 (m, 1H), 4.99~4.93 (m, 1H), 3.71 (t,
J=6.8 Hz, 1H), 3.56~3.03 (m, 2H). '3C NMR (150 MHz,
CDCls) 0 (major isomer): 197.92, 142.34, 140.73, 140.51,
137.65, 137.11, 133.14, 128.91, 128.54, 128.34, 128.24,
127.79, 127.32, 126.71, 122.09, 121.49, 117.02, 86.03,
79.55, 56.24, 46.02; 6 (minor isomer): 198.01, 142.24,
140.49, 140.14, 137.88, 137.10, 133.14, 129.25, 128.49,
128.32, 128.30, 127.87, 127.46, 126.76, 122.21, 121.47,
117.06, 86.48, 79.55, 56.20, 46.26. HRMS (ESI) calcd for
CsH2NaO, [M+Na]™ 377.15120, found 377.15118.
2-(3-(2-Methylbut-3-en-2-yl)-1,3-dihydroisobenzofuran-
1-yl)-1-phenylethan-1-one (4p): Colorless oil, 37.4 mg,
61%). 'H NMR (400 MHz, CDCls) §: 7.97~7.95 (m, 2H),
7.54 (t, J=17.6 Hz, 1H), 7.44 (t, J=8.0 Hz, 2H), 7.27~
7.18 (m, 4H), 5.95~5.87 (m, 2H), 5.06~4.97 (m, 3H),
3.54~3.49 (dd, J/=18.4, 6.0 Hz, 1H), 3.28~3.22 (dd, J=
16.4, 6.0 Hz, 1H), 1.11 (s, 3H), 0.97 (s, 3H); '*C NMR
(150 MHz, CDCl3) ¢: 198.06, 144.68, 142.91, 139.66,
137.17, 133.12, 128.53, 128.24, 127.68, 127.03, 123.03,
121.44, 112.98, 90.09, 79.71, 46.50, 43.09, 24.34, 21.15;
HRMS (ESI) caled for C2H»NaO, [M+Na]" 329.15120,
found 329.15123.
2-(3-(Cyclohex-2-en-1-yl)-1,3-dihydroisobenzofuran-1-
yl)-1-phenylethan-1-one (4q): Colorless oil, 27.4 mg, 43%
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yield, cis : trans=1 : 2.6. '"H NMR (400 MHz, CDCls) §
(major isomer): 8.01~7.94 (m, 2H), 7.57~7.52 (m, 1H),
7.47~7.42 (m, 2H), 7.28~7.18 (m, 4H), 5.92~5.68 (m,
3H), 5.27 (t, J=3.6 Hz, 1H), 3.63~3.54 (m, 1H), 3.34~
3.27 (m, 1H), 2.59~2.53 (m, 1H), 2.00 (s, 2H), 1.79~
1.68 (m, 1H), 1.58~1.41 (m, 3H); 6 (minor isomer):
8.01~7.94 (m, 2H), 7.57~7.52 (m, 1H), 7.47~7.42 (m,
2H), 7.28~7.18 (m, 4H), 5.92~5.68 (m, 3H), 5.21~5.20
(m, 1H), 3.63~3.54 (m, 1H), 3.34~3.27 (m, 1H), 2.59~
2.53 (m, 1H), 2.00 (s, 2H), 1.79~1.68 (m, 1H), 1.58~
1.41 (m, 3H). *C NMR (150 MHz, CDCls) 6 (major iso-
mer): 197.95, 142.42, 140.61, 137.09, 133.15, 129.62,
128.55, 128.46, 128.21, 127.62, 127.57, 121.83, 121.58,
86.05, 79.68, 46.18, 41.65, 25.15, 23.15, 21.33; ¢ (minor
isomer): 198.10, 142.46, 140.70, 137.18, 133.18, 129.38,
128.55, 128.39, 128.36, 127.63, 127.61, 121.65, 121.63,
86.02, 79.23, 46.32, 40.97, 25.20, 23.55, 21.35. HRMS
(ESI) caled for C2,H2»NaO, [M+Na]" 341.15120, found
341.15129.

Supporting Information Copies of 'H NMR, 3C NMR,
9F NMR spectra and the HRMS data of compounds 3 and
4. The Supporting Information is available free of charge
via the Internet at http://sioc-journal.cn/.
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