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铑催化定位基促进芳环 C—H 键和碳酸亚乙烯酯的缩合得到异香豆素 

王  璐 a    邵  莺 a    陈  帆 b    钱鹏程*,b    成  江*,a,b 
(a常州大学石油化工学院  江苏常州 213164) 

(b温州大学化学与材料工程学院  浙江温州 325035) 

摘要  异香豆素是一种重要的药物分子, 目前已经开发了许多合成途径, 主要集中在苯甲酸或其他物质与炔烃的环化.
亚磺酰基苯甲酰胺在螯合辅助的芳烃邻位 C—H 官能化中可以轻松地制备, 碳酸亚乙烯酯可以建立无氧化剂的催化体

系, 使碳酸作为唯一的副产物. 在铑催化剂的存在下, 亚磺酰基苯甲酰胺和碳酸亚乙烯酯之间形成了环化, 通过导向

基团辅助的邻位 C—H 偶联和分子内醇解, 以中等至良好的产率获得未取代的异香豆素.  
关键词  铑; 亚磺酰基苯甲酰胺; 碳酸亚乙烯酯 

Rhodium-Catalyzed Directing Group-Assisted Annulation of Arene 
C—H Bond with Vinylene Carbonate toward Isocoumarins 

Wang, Lua    Shao, Yinga    Chen, Fanb    Qian, Pengcheng*,b    Cheng, Jiang*,a,b 
(a School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164) 

(b College of Chemistry & Materials Engineering, Wenzhou University, Wenzhou, Zhejiang 325035) 

Abstract  Isocoumarins are an important pharmaceutical compounds. Many synthetic pathways have been developed, mainly 
focusing on the cyclization of benzoic acid or other with alkynes. Sulfinylidene benzamides were facilely prepared and devel-
oped in the chelation-assisted arene ortho-C—H functionalization, and vinylene carbonate can establish an oxidant-free cata-
lytic system, giving carbonic acid as a sole side product. In the presence of rhodium catalyst, an annulation between sulfinyli-
dene benzamides and vinylene carbonate was developed, proceeding with directing group-assisted ortho-C—H coupling and 
intramolecular alcoholysis toward nonsubstituted isocoumarins in moderate to good yields.  
Keywords  rhodium; sulfinylidene benzamides; vinylene carbonate 

 
Isocoumarins are ubiquitous in pharmaceutical chemis-

try,[1] serving as antimicrobial,[2] antifungal,[3] anticancer,[4] 
anti-HIV,[5] anti-inflammatory[6] and anti-allergy[6] reagents 
(Scheme 1). As a result, many synthetic pathways have been 
developed,[7] which mainly focused on the annulation of 
benzoic acid[8] or others[9] with alkynes (Scheme 2a). In-
triguingly, the access of nonsubstituted isocoumarins was 
rarely reported, which was at least partially duing to the lack 
of catalytic system using ethyne equivalent. Recently, 
Miura et al.[10-11] reported a concise synthesis of isocouma-
rins whereby Rh-catalyzed direct vinylene annulation 
(Scheme 2b).  

Sulfinylidene benzamides were facilely prepared and 
developed in the chelation-assisted arene ortho-C—H fun- 

ctionalization.[12] Generally, further step was required for 
the transformation of sulfinylidene benzamides into useful 
functional groups. Vinylene carbonate can establish an 
oxidant-free catalytic system, giving carbonic acid as a sole 
side product. We envisaged the cyclization would take place 
between sulfinylidene benzamides and the new introduced 
functional groups. Herein, we wish to report the rhodium- 
catalyzed annulation of sulfinylidene benzamides and vi-
nylene carbonate toward isocoumarins (Scheme 2c). In this 
reaction, with the aid of a transformable sulfoximine di-
recting group, the construction of C—O and C—C bonds 
occurs in one step in the presence of rhodium catalyst. 
Compared to Miura’s work,[10] vinylene carbonate is not 
served as ethyne surrogate in this procedure, which extends 
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the application for vinylene carbonate. 

 

Scheme 1  Representative isocoumarins compounds. 
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Scheme 2  Annulation of benzoic acid and its derivatives toward 
isocoumarins. 

2  Results and discussion 
We began our investigation with the reaction of N- 

(4-methylbenzoyl)methylphenyl sulfoximine (1a) (0.10 
mmol) and vinylene carbonate 2a (0.40 mmol) in the 
presence of Cp*Rh(OAc)2•H2O, AgSbF6 and Cu(OAc)2• 
H2O in 1,4-dioxane (1.5 mL) at 120 ℃ under air. Disap-
pointingly, serving Cp*Rh(OAc)2•H2O or [Cp*IrCl2]2 as 
catalyst resulted in poor yields (＜5%, Table 1, Entries 1 
and 2). To our delight, the product 3a was isolated in 15% 
yield in the presence of [Cp*RhCl2]2 (Entry 3). However, no 
reaction took place in the absence of Cu(OAc)2•H2O (Entry 
4). In this reaction, Cu(OAc)2•H2O served as an important 
additive, which may enhance the reaction efficiency by 
promoting the oxidation of silver salt. Among the Ag(I) 
tested, AgNTf2 (56%, Entry 6) was superior to AgSbF6 
(15%, Entry 3) and AgBF4 (22%, Entry 5). Notably, it 
resulted in lower efficiency under either nitrogen (49%) or 
oxygen (51%) atmosphere (Entry 6). Additive 1, such as 
Cu(OTf)2 (39%, Entry 7), CuI (45%, Entry 8), Zn(OAc)2• 

2H2O (＜5%, Entry 9) and Zn(OTf)2 (58%, Entry 10) did 
not improve the reaction efficiency significantly. Next, the 
reaction efficiency was further tested by introducing 
additive 2 (HOAc, Zn(OTf)2, ZnCl2, ZnBr2 or MgCl2) 
respectively in the presence of Cu(OAc)2•H2O, and additive 
2 Zn(OTf)2 was the best (78%, Entry 12). The solvent also 
had a profound effect in the reaction efficiency. 
1,4-Dioxane (78%, Entry 12) was superior to PhCl (66%, 
Entry 14), 1,2-dichloroethane (DCE, 59%, Entry 15) and 
dichloromethane (DCM, 62%, Entry 16). 

With the optimized conditions in hand, the substrate 
scope of the sulfinylidene benzamides was examined. As 
shown in Table 2, A series of functionalities, such as 
halogens (3b, 78%; 3c, 86%; 3d, 88%; 3n, 47%; 3t, 51%; 
3s, 40%), formyl (3h, 80%), trifluoromethyl (3i, 77%), 
alkyl (3e, 74%; 3g, 66%; 3j, 56%; 3l, 52%; 3o, 46%; 3p, 
57%), methoxy (3f, 82%; 3q, 46%) and ester (3k, 68%) are 
compatible with the optimized reaction conditions. In 
addition, the electronic properties of functional groups have 
no obvious effect on reaction efficiency. The sulfinylidene 
benzamides with electron-withdrawing groups (3b～3d, 
3h, 3i, 3k) and the electron-donating groups (3e, 3f, 3g, 3j) 
at the para-position provide isocoumarin derivatives in 
good yields. Importantly, various substrates with substitu-
tents at the meta- and ortho-positions worked well. Notably, 
the naphthalene substituted substrates ran smoothly during 
this reaction (3u, 56%; 3v, 61%). The structure of 3v was 
further confirmed by X-ray crystal analysis (CCDC 
2051238). Disappointingly, heterocyclic substrates and 
substituted vinylene carbonate did not work under this 
procedure. 

To improve the practicability of the procedure, the reac-
tion was conducted in 1 mmol scale and 3a was isolated in 
an acceptable 68% yield. To gain mechanistic insight into 
this reaction, the H/D exchange experiment was conducted. 
The result shows that 20% of ortho-H is replaced with D, 
leading to 1a-d2 (Scheme 3a). However, no D was incor-
porated in 1a in the absence of [Cp*RhCl2]2 (Scheme 3b). 
Hence, the cleavage of the ortho-C—H bond is probably 
reversible. 

A proposed reaction mechanism for this transformation is 
illustrated in Scheme 4.[10] Firstly, 1a coordinates to the 
[Cp*Rh]2＋  species, which facilitates the cleavage of the 
ortho-C—H bond of 1a to form a five-membered rhodacy-
cle A. Secondly, the insertion of vinylene carbonate in the 
Rh—C bond results in a seven-membered intermediate B. 
Then, complex C is generated via β-oxygen elimination and 
decarboxylation. Finally, intramolecular alcoholysis of 
complex C affords the product 3a.[11c] 

3  Conclusion 
In conclusion, we have developed a rhodium-catalyzed 

annulation of sulfinylidene benzamides with vinylene car-
bonate, whereby directing group-assisted ortho-C—H cou-
pling and intramolecular alcoholysis leading to nonsubsti-
tuted isocoumarins in moderate to good yields. 
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Table 1  Selected results for screening the optimized reaction conditionsa 
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Entry Catalyst Oxidant Additive 1 Additive 2 Yieldb 

1 Cp*Rh(OAc)2•H2O AgSbF6 Cu(OAc)2•H2O — ＜5% 
2 [Cp*IrCl2]2 AgSbF6 Cu(OAc)2•H2O — ＜5% 
3 [Cp*RhCl2]2 AgSbF6 Cu(OAc)2•H2O — 15% 
4 [Cp*RhCl2]2 AgSbF6 — — NR 
5 [Cp*RhCl2]2 AgBF4 Cu(OAc)2•H2O — 22% 
6 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O — 56%, 49%c, 51%d 
7 [Cp*RhCl2]2 AgNTf2 Cu(OTf)2 — 39% 
8 [Cp*RhCl2]2 AgNTf2 CuI — 45% 
9 [Cp*RhCl2]2 AgNTf2 Zn(OAc)2•H2O — ＜5% 
10 [Cp*RhCl2]2 AgNTf2 Zn(OTf)2 — 58% 
11 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O HOAc 49% 
12 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O Zn(OTf)2 78%, 71%e, 64%f 
13 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O ZnCl2 54%, 65%g, 20%h 
14 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O Zn(OTf)2 66%i 

15 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O Zn(OTf)2 59%j 
16 [Cp*RhCl2]2 AgNTf2 Cu(OAc)2•H2O Zn(OTf)2 62%k 

a Reaction conditions: 1a (0.10 mmol), 2a (0.40 mmol), catalyst (10 mol%), oxidant (60 mol%), additive 1 (1.5 equiv.), additive 2 (20 mol%), solvent: 
1,4-dioxane (1.5 mL), 120 ℃, under air for 20 h; b isolated yields; c under N2 for 20 h; d under O2 for 20 h; e additive 2: Zn(OTf)2 (60 mol%); f additive 2: 
Zn(OTf)2 (0.1 mmol); g additive 2: ZnBr2 (20 mol%); h additive 2: MgCl2 (20 mol %); 

i solvent: PhCl (1.5 mL); g solvent: DCE (1.5 mL); k solvent: DCM 
(1.5 mL).  

Table 2  Substrates scope of sulfinylidene benzamides 
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a Reaction conditions: 1a (0.10 mmol), 2a (0.40 mmol), [Cp*RhCl2]2 (10 mol%), AgNTf2 (60 mol%), Cu(OAc)2•H2O (1.5 equiv.), Zn(OTf)2 (20 
mol%), 1,4-dioxane (1.5 mL), 120 ℃, under air for 20 h. b Isolated yield. 
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Scheme 3  H/D exchange experiments 
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Scheme 4  A proposed reaction mechanism 

4  Experimental section 
4.1  General experimental information 

Unless otherwise noted, all the reactions were carried out 
under oxygen atmosphere using standard Schlenk tech-
nique, and all chemicals were purchased from commercial 
suppliers and used without further purification. The 1H 
NMR spectra were recorded on a 300 MHz or 400 MHz 
NMR spectrometer. The 13C NMR spectra were recorded at 
75 MHz or 100 MHz. NMR experiments are reported in δ 
units, and were referenced to CDCl3 (δ 7.26 or 77.0) as the 
internal standard. The coupling constants J are given in Hz. 
High-resolution mass spectra (HRMS) were obtained using 
a Bruker micro-TOF II focus spectrometer (ESI). Column 
chromatography was performed using EM Silica gel 60 
(300～400 mesh), and the eluent was a mixture of petro-
leum ether (PE) and ethyl acetate (EA). All melting points 
were tested after recrystallization with CH2Cl2 using 
WRS-1B digital melting point instrument. 

4.2  Experimental methods 
4.2.1  Synthesis of compounds 1a～1v 

A solution of N'-(3-dimethylaminopropyl)-N-ethylcarbo-
dimide hydrochloride salt (EDC•HCl) (2.0 equiv., 16 mmol, 
3.05 g), 4-N,N-dimethylaminopyridine (DMAP) (2.2 
equiv., 17.6 mmol, 2.15 g) and benzoic acids (1.1 equiv., 8.8 
mmol, 1.07 g) in CH2Cl2 (40.0 mL) was stirred under an 
argon atmosphere. (Methylsulfonimidoyl)benzene (1.0 
equiv., 8 mmol, 1.24 g) was introduced dropwise at 0 ℃; 
The resulting reaction mixture was stirred for about 1 h at 
0 ℃, then reacted for 12 h at room temperature. Upon 
complete consumption of (methylsulfonimidoyl)benzene, 
the reaction mixture was acidified with hydrochloric acid 
(HCl, 2 mol•L－1). The organic layer was separated, and the 
aqueous layer was extracted with CH2Cl2 (3 times). The 
combined extracts were washed with 10% aqueous Na-
HCO3 and brine. The organic layer was dried over Na2SO4. 
Solvent was filtered and evaporated under the reduced 
pressure. The crude residue was purified using column 
chromatography on silica gel using hexane/ethyl acetate 
(V/V＝＝5/1) to give compound 1a as white solid (1.7 g, 
82% yield).[12,13] 1b～1v were prepared as above. 
4.2.2  Synthesis of compounds 3a～3v 

A 20 mL of Schlenk tube equipped with a stir bar was 
charged with N-(4-methylbenzoyl)methylphenyl sul-
foximine (1a) (0.1 mmol, 1.0 equiv., 25.9 mg), vinylene 
carbonate (0.4 mmol, 4.0 equiv. 34.4 mg), [Cp*RhCl]2 (10 
mol%, 8 mg), AgNTf2 (23.3 mg, 60 mol%), Cu(OAc)2•H2O 
(29.9 mg, 1.5 equiv.), Zn(OTf)2 (7.3 mg, 20 mol%) and 
1,4-dioxane (1.5 mL). The tube was sealed with a PTFE 
cap. The reaction mixture was stirred at 120 ℃ for 20 h 
under air in an oil bath. After the completion of the reaction, 
the mixture was then allowed to cool to room temperature. 
The organic solution was concentrated, and purified 
through silica gel column chromatography using a mixture 
of ethyl acetate (EtOAc) and petroleum ether (PE) as eluent 
to afford the corresponding products 3a (11.3 mg, 78% 
yield). 3b～3v were prepared as above. 

1H-Isochromen-1-one (3a):[14] 11.3 mg, 78% yield. 
Yellow oil. 1H NMR (CDCl3, 300 MHz) δ: 8.30～8.27 (m, 
1H), 7.75～7.69 (m, 1H), 7.55～7.48 (m, 1H), 7.45～7.41 
(m, 1H), 7.28 (d, J＝5.6 Hz, 1H), 6.51～6.49 (m, 1H); 13C 
NMR (75 MHz, CDCl3) δ: 162.26, 144.69, 136.47, 134.81, 
129.67, 128.60, 125.55, 121.87, 107.03.  

6-Fluoro-1H-isochromen-1-one (3b):[15] 12.7 mg, 78% 
yield. White solid, m.p. 157～161 ℃; 1H NMR (CDCl3, 
300 MHz) δ: 8.32～8.27 (m, 1H), 7.29 (d, J＝5.6 Hz, 1H), 
7.23～7.16 (m, 1H), 7.10～7.04 (m, 1H), 6.46 (d, J＝5.6 
Hz, 1H); 13C NMR (75 MHz, CDCl3) δ: 168.28, 163.09 (d, 
JC—F＝269.5 Hz), 145.95, 139.15 (d, JC—F＝10.8 Hz), 
133.11 (d, JC—F＝10.2 Hz), 118.32 (d, JC—F＝2.4 Hz), 
116.90 (d, JC—F＝22.9 Hz), 111.36 (d, JC—F＝22.5 Hz), 
106.54 (d, JC—F＝2.8 Hz); 19F NMR (75 MHz, CDCl3) δ: 
101.59. 

6-Bromo-1H-isochromen-1-one (3c): 19.3 mg, 86% 
yield. Yellow solid, sublimation at 201 ℃ (lit.[10] 
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sublimation at 207 ℃); 1H NMR (CDCl3, 300 MHz) δ: 
8.16～8.11 (m, 1H), 7.66～7.62 (m, 1H), 7.62～7.60 (m, 
1H), 7.30 (d, J＝5.6 Hz, 1H), 6.44～6.42 (m, 1H); 13C 
NMR (75 MHz, CDCl3) δ: 161.55, 145.94, 137.88, 131.99, 
131.37, 130.26, 128.26, 120.55, 106.00. 

6-Chloro-1H-isochromen-1-one (3d): 15.8 mg, 88% 
yield. White solid, m.p. 190 ～ 193 ℃ (lit.[16] 192 ～
193 ℃); 1H NMR (d6-DMSO, 300 MHz) δ: 8.11 (d, J＝8.4 
Hz, 1H), 7.73 (d, J＝8.0 Hz, 1H), 7.62～7.61 (m, 1H), 7.59 
(d, J＝8.0 Hz, 1H), 6.76 (d, J＝5.6 Hz, 1H); 13C NMR (75 
MHz, DMSO-d6) δ: 161.29, 147.37, 140.62, 138.50, 
131.51, 129.35, 125.86, 120.14, 106.37. 

6-Methyl-1H-isochromen-1-one (3e): 11.8 mg, 74% 
yield. White solid, m.p. 191 ～ 194 ℃ (lit.[16] 191 ～
193 ℃); 1H NMR (CDCl3, 300 MHz) δ: 8.09 (d, J＝8.0 Hz, 
1H), 7.26～7.23 (m, 1H), 7.18～7.14 (m, 1H), 7.14～7.13 
(m, 1H), 6.36～6.34 (m, 1H), 2.39 (s, 3H); 13C NMR (75 
MHz, CDCl3) δ: 162.36, 145.94, 144.76, 136.56, 129.94, 
129.64, 125.58, 119.43, 106.98, 21.97.  

6-Methoxy-1H-isochromen-1-one (3f): 14.4 mg, 82% 
yield. Yellow solid, m.p. 92～94 ℃ (lit.[10] 89～91 ℃); 
1H NMR (CDCl3, 400 MHz) δ: 8.18 (d, J＝8.8 Hz, 1H), 
7.23 (d, J＝5.6 Hz, 1H), 7.04～7.01 (m, 1H), 6.79 (d,  J＝
9.6 Hz, 1H), 6.41 (d, J＝5.6 Hz, 1H), 3.90 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 164.66, 162.05, 145.31, 138.81, 
131.89, 116.81, 114.92, 107.73, 107.04, 55.71. 

6-Ethyl-1H-isochromen-1-one (3g): 11.4 mg, 66% yield. 
White solid, m.p. 61～64 ℃; 1H NMR (CDCl3, 300 MHz) 
δ: 8.18 (d, J＝8.0 Hz, 1H), 7.36～7.33 (m, 1H), 7.26～7.23 
(m, 1H), 7.23～7.22 (m, 1H), 6.46～6.42 (m, 1H), 2.79～
2.71 (m, 2H), 1.30～1.22 (m, 3H); 13C NMR (75 MHz, 
CDCl3) δ: 162.36, 152.04, 144.70, 136.67, 129.73, 128.85, 
124.39, 119.61, 107.11, 29.19, 15.07. HRMS (APCI) calcd 
for C11H11O2 [M＋H]＋ 175.0754, found 175.0748. 

1-Oxo-1H-isochromene-6-carbaldehyde 3h): 13.9 mg, 
80% yield. White solid, m.p. 175～177 ℃(lit.[10] 178～
179 ℃); 1H NMR (CDCl3, 300 MHz) δ: 10.16 (s, 1H), 8.46 
(d, J＝8.0 Hz, 1H), 8.02～7.98 (m, 1H), 7.94 (d, J＝5.6 Hz, 
1H), 7.36 (d, J＝5.6 Hz ,1H), 6.63～6.61 (m, 1H); 13C 
NMR (75 MHz, CDCl3) δ: 191.16, 161.24, 145.79, 140.32, 
136.99, 130.80, 128.24, 127.22, 125.75, 106.69. 

6-(Trifluoromethyl)-1H-isochromen-1-one (3i): 16.4 mg, 
77% yield. White solid, m.p. 152～155 ℃ (lit.[10] 149～
151 ℃); 1H NMR (CDCl3, 300 MHz) δ: 8.44～8.40 (m, 
1H), 7.76～7.73 (m, 1H), 7.72～7.71 (m, 1H), 7.36 (d, J＝
5.6 Hz, 1H), 6.59～6.56 (m, 1H); 13C NMR (75 MHz, 
CDCl3) δ: 160.98, 146.05, 136.79, 136.28 (d, JC—F＝33.0 
Hz), 130.74, 124.92 (d, JC—F＝10.7 Hz), 124.91 (d, JC—F＝
3.4 Hz), 124.33 (d, JC—F＝2.9 Hz), 122.78 (d, JC—F＝3.9 
Hz), 106.48; 19F NMR (75 MHz, CDCl3) δ: 63.45. 

6-(tert-Butyl)-1H-isochromen-1-one (3j): 11.3 mg, 56% 
yield. Yellow oil. 1H NMR (CDCl3, 400 MHz) δ: 8.19 (d,   
J＝8.4 Hz, 1H), 7.58～7.55 (m, 1H), 7.38 (d, J＝5.6 Hz, 
1H), 7.26～7.23 (m, 1H), 6.48 (d, J＝5.6 Hz, 1H), 1.36 (s, 
9H); 13C NMR (75 MHz, CDCl3) δ: 162.31, 158.85, 144.63, 
136.45, 129.49, 126.52, 121.92, 119.42, 107.44, 35.43, 
31.01. HRMS (APCI) calcd for C13H15O2 [M ＋ H] ＋ 

203.1067, found 203.1063. 
Methyl 1-oxo-1H-isochromene-6-carboxylate (3k): 13.9 

mg, 68% yield. White solid, m.p. 165～166 ℃ (lit.[10] 
167～169 ℃); 1H NMR (CDCl3, 300 MHz) δ: 8.32～8.28 
(m, 1H), 8.09～8.06 (m, 2H), 7.29 (d, J＝5.6 Hz, 1H), 
6.55～6.53 (m, 1H), 3.95 (s, 3H); 13C NMR (75 MHz, 
CDCl3) δ: 165.66, 161.37, 145.40, 136.40, 135.57, 129.94, 
128.77, 127.07, 124.74, 106.80, 52.75. 

8-Methyl-1H-isochromen-1-one (3l): 8.3 mg, 52% yield. 
m.p. 116～118 ℃ (lit.[10] 113～114 ℃); 1H NMR (CDCl3, 
300 MHz) δ: 7.57～7.52 (m, 1H), 7.31～7.28 (m, 1H), 
7.26～7.22 (m, 1H), 7.22～7.21 (m, 1H), 6.42 (d, J＝4.6 
Hz, 1H), 2.82(s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
161.64, 144.39, 143.66, 138.06, 134.00, 131.47, 123.74, 
120.30, 107.47, 23.38. 

8-Chloro-1H-isochromen-1-one (3n): 8.2 mg, 47% yield. 
Pale white solid, m.p. 140～143 ℃; 1H NMR (CDCl3, 300 
MHz) δ: 7.59～7.53 (m, 1H), 7.53～7.50 (m, 1H), 7.31～
7.28 (m, 1H), 7.26～7.24 (m, 1H), 6.44 (d, J＝5.6 Hz, 1H); 
13C NMR (75 MHz, CDCl3) δ: 158.73, 145.35, 139.44, 
137.09, 134.59, 131.52, 124.59, 118.87, 106.89. HRMS 
(APCI) calcd for C9H6ClO2 [M＋H]＋  181.0051, found 
181.0051. 

5,8-Dimethyl-1H-isochromen-1-one (3o):[17] 8.0 mg, 
46% yield. White solid, m.p. 149～150 ℃ ; 1H NMR 
(CDCl3, 300 MHz) δ: 7.18 (d, J＝5.6 Hz, 1H), 7.10～7.09 
(m, 1H), 7.01 (d, J＝5.6 Hz, 1H), 6.34 (d, J＝5.6 Hz, 1H), 
2.76 (s, 3H), 2.39 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 
161.72, 144.92, 144.44, 143.43, 138.14, 132.71, 123.87, 
117.83, 107.40, 23.22, 21.64. 

7-Methyl-1H-isochromen-1-one (3p): 9.1 mg, 57% yield. 
White solid, m.p. 99～101 ℃ (lit.[18] 95 ℃); 1H NMR 
(CDCl3, 300 MHz) δ: 8.02～8.01 (m, 1H), 8.49～8.45 (m, 
1H), 7.27 (d, J＝8.0 Hz, 1H), 7.17 (d, J＝5.6 Hz, 1H), 
6.43～6.40 (m, 1H), 2.40 (s, 3H); 13C NMR (75 MHz, 
CDCl3) δ: 162.47, 143.88, 138.88, 136.04, 133.95, 129.30, 
125.49, 121.68, 106.92, 21.42. 

7-Methoxy-1H-isochromen-1-one (3q):[15] 8.1 mg, 46% 
yield. White solid, m.p. 132～135 ℃; 1H NMR (CDCl3, 
300 MHz) δ: 7.86～7.82 (m, 1H), 7.45～7.40 (m, 1H), 7.23 
(d, J＝5.7 Hz, 1H), 7.15～7.12 (m, 1H), 6.85～6.83 (m, 
1H), 3.91 (s, 3H); 13C NMR (75 MHz, CDCl3) δ: 162.16, 
153.99, 143.91, 128.90, 126.99, 122.67, 120.88, 114.51, 
101.49, 55.93. 

7-Fluoro-1H-isochromen-1-one (3s):[15] 6.6 mg, 40% 
yield. White solid, m.p. 147～149 ℃; 1H NMR (CDCl3, 
300 MHz) δ: 7.94～7.90 (m, 1H),7.45～7.42 (m, 2H), 7.25 
(d, J＝5.7 Hz, 1H), 6.50 (d, J＝5.6 Hz, 1H); 13C NMR (75 
MHz, CDCl3) δ: 162.03 (d, JC—F＝248.6 Hz), 161.35 (d, 
JC—F＝3.6 Hz), 144.02 (d, JC—F＝2.8 Hz), 132.94 (d, JC—F＝
2.7 Hz), 127.92 (d, JC—F＝7.7 Hz), 123.52 (d, JC—F＝8.1 
Hz), 123.18 (d, JC—F＝22.9 Hz), 115.22 (d, JC—F＝23.2 Hz), 
106.26 (d, JC—F＝1.3 Hz). 

7-Chloro-1H-isochromen-1-one (3t): 9.1 mg, 51% yield. 
Pale white solid, m.p. 110～116 ℃ (lit.[16] 114～115 ℃); 
1H NMR (CDCl3, 400 MHz) δ: 8.26 (d, J＝8.0 Hz, 1H), 
7.68～7.65 (m, 1H), 7.39 (d, J＝8.4 Hz, 1H), 7.28 (d, J＝
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5.6 Hz, 1H), 6.50～6.48 (m, 1 H); 13C NMR (75 MHz, 
CDCl3) δ: 161.05, 144.96, 135.17, 134.81, 134.40, 129.20, 
127.11, 123.09, 106.32. 

1H-Benzo[g]isochromen-1-one (3u):[19] 10.9 mg, 56% 
yield. White solid, m.p. 148～149 ℃; 1H NMR (CDCl3, 
300 MHz) δ: 8.91 (s, 1H), 8.04～8.00 (m, 1H), 7.93～7.88 
(m, 1H), 7.85 (s, 1H), 7.67～7.61 (m, 1H), 7.59～7.53 (m, 
1H), 7.22 (d, J＝5.6 Hz, 1H), 6.61～6.58(m, 1H); 13C NMR 
(75 MHz, CDCl3) δ:162.52, 143.22, 136.37, 132.52, 132.06, 
131.22, 129.73, 129.46, 127.75, 126.83, 123.97, 120.07, 
107.14. 

1H-Benzo[h]isochromen-1-one (3v):[10] 11.9 mg, 61% 
yield. White solid, m.p. 148 ～ 150 ℃ (lit.[10] 145 ～
146 ℃); 1H NMR (d6-DMSO, 300 MHz) δ: 9.55～9.51 (m, 
1H), 8.33～8.30 (m, 1H), 8.07～8.04 (m, 1H), 7.81～7.80 
(m, 1H), 7.78～7.75 (m, 1H), 7.69～7.67 (m, 1H), 7.67～
7.64 (m, 1H), 6.96 (d, J＝11.2 Hz, 1H); 13C NMR (75 MHz, 
DMSO-d6) δ: 161.35, 147.91, 139.85, 136.99, 133.13, 
131.12, 129.81, 129.53, 127.35, 126.00, 124.41, 114.54, 
108.04. 

3m, 3r in trace yield. 
4.2.3  Synthesis of compounds 1a and 1a-d2 (the H/D 
exchange experiment) 

A 20 mL of Schlenk tube equipped with a stir bar was 
charged with N-(4-methylbenzoyl)methylphenyl sulfoxi-
mine (0.1 mmol, 1.0 equiv., 25.9 mg), [Cp*RhCl]2 (10 
mol%, 8 mg), AgNTf2 (23.3 mg, 60 mol%), Cu(OAc)2•H2O 
(29.9 mg, 1.5 equiv., 0.15 mmol), Zn(OTf)2 (7.3 mg, 20 
mol%) and 1,4-dioxane (1.5 mL). The tube was sealed with 
a PTFE cap. The reaction mixture was stirred at 120 ℃ for 
2 h under air in an oil bath. After the completion of the 
reaction, the mixture was then allowed to cool to room 
temperature and quenched with 1.0 mL of D2O. Ethyl ace-
tate (2.0 mL) were added, the layers were separated and the 
aqueous layer was washed with ethyl acetate (30 mL×2). 
The organic layers were combined, washed with brine (5 
mL) and dried over Na2SO4. The residue was purified by 
flash column chromatography on silica gel with petroleum 
ether-EtOAc (V∶V＝8∶1) as the eluent to give the prod-
uct 1a and 1a-d2 (see Supporting Information). 
 
Supporting Information  X-Ray structure of 3v, and 1H 
NMR and 13C NMR spectra of compounds 3a～3v. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn. 
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