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无光催化剂条件下紫外光引发芳基醛或芳基酮与炔烃环化反应 
构筑茚酮化合物 

肖玉娟 a    杨  阳 a    张  凡 b    冯亚栋*,a,b    崔秀灵*,b 
(a厦门华厦学院环境与公共健康学院  检测技术和智能仪器研究所  厦门 361024) 

(b华侨大学生物医学学院  分子药物教育部工程研究中心  福建省分子医学重点实验室  福建省高校精准医学与 
分子诊断重点实验室  厦门市海洋与基因药物重点实验室  厦门 361021) 

摘要  报道了一种紫外光引发的芳基醛或芳基酮与炔烃的环化反应来构筑茚酮化合物. 该反应具有效率较高、原子经

济性高、原料简单易得、环境友好、底物适应性较强等优势, 在紫外光照射, 氧气为氧化剂, 无光催化剂的条件下可以

顺利进行. 
关键词  紫外光; 环化反应; 无光催化剂; 茚酮  

UV-Light-Initiated Construction of Indenones through Cyclization of 
Aryl Aldehydes or Aryl Ketones with Alkynes Avoiding Photocatalyst
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Abstract  The first UV-light-initiated cyclization of aryl aldehydes or aryl ketones with alkynes has been developed for the 
preparation of indenones. This reaction could proceed smoothly under UV-light with O2 as an oxidant and photocatalyst-free 
condition, which features high efficiency, high atom economy, easily available starting materials, environmental friendliness, 
and tolerance to broad functional groups. 
Keywords  UV-light; cyclization; photocatalyst-free; indenones 

 
1  Introduction 

Indenones are widely found as structural motifs in 
various pharmaceutical compounds and natural product 
family (Scheme 1a).[1] As a result, the establishment of 
easy and effective approaches for indenones starting from 
readily available materials has been continuously desired. 
With the rapid development of transition metal-catalyzed  
C—H bond functionalization in recent decades,[2] un-
doubtedly, the direct coupling cyclization of aryl aldehydes 
with alkynes via C(sp2)—H bond functionalization is the 
most straightforward and atom-economical pathway for 
substituted indenones. For example, Cheng et al.[3] 

reported the direct annulation of aryl aldehyde with 
alkynes using Rh as a catalyst via in situ directing group 
formation in NH2NHAc/AcOH system. Notably, Adhikary 
et al.[4] reported a PIDA mediated radical oxidative 
annulation of aromatic aldehydes with 1,2-diphenylethyne 
with di-t-butyl peroxide (DTBP) as an oxidant towards the 
synthesis of 2,3-diarylindenones in 2018. Recently, we[5] 
have developed a ferrocene-initiated oxidative cyclization 
of benzaldehyde with alkyne for a direct access to 
substituted indenones, in which a radical process was 
involved (Scheme 1b). 

On the other hand, much attention has recently focused 
on the photocatalysis in the field of C—H functionalization 
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Scheme 1  Selected examples of the indenone motif in pharma-
ceuticals and procedure to indenones 

due to its ability to promote bond formation under green 
and mild reaction conditions.[6] For example, MacMillan et 
al.[7] reported the first direct C(sp2)—H bond trifluoro- 
methylation of (hetero)arenes using photoredox catalysts in 
2011. Sanford et al.[8] reported the C—H bond arylation of 
phenylpyridines using dual catalysis of Pd and Ru 
photocatalysis. Since then, some strategies for C—H bond 
functionalization using transition metal-based photo-
catalysts have been developed.[9] Notably, in 2012, König 
et al.[10] developed the first intermolecular C—H bond 
arylation of heteroarenes with aryl diazonium salts under 
metal-free conditions using the organic dye eosin Y as a 
photoredox catalyst. Then, more and more organic 
photocatalysts have been employed in C—H bond func-
tionalization instead of transition metal-based photo-
catalysts, such as iodo-bodipys, rhodamine, acridine, 
porphyrins, phenothiazines, and anthraquinones.[11] As 
well-known, UV-initiated radical polymerization has been 
demonstrated to exhibit high efficiency due to the high 
initiator decomposition rate and the low activation ener-
gy.[12] Driven by developing easy and green method in C—
H bond functionalization,[13] herein, we describe the first 
successful implementation of UV-initiated cyclization of 
aryl aldehydes or aryl ketones with alkynes using O2 as a 
green oxidant for the preparation of indenones without 
photocatalyst or photoinitiator (Scheme 1c). This protocol 
features high efficiency, high atom economy, easily 
avaiable materials, environmental friendliness, and 
tolerance to broad functional groups. 

2  Results and discussion 
Initially, benzaldehyde (1a) and diphenylethyne (2a) 

were chosen as the standard substrates for the desired 
coupling cyclization reaction. The results revealed that 2,3- 
diphenyl-1H-inden-1-one (3a) was obtained in 41% yield 
in CH3CN at 120 ℃ under UV-light (λmax＝365 nm, 250 
W) in O2 for 24 h, and benzoic acid was detected in large 
amount as the by-product (Table 1, Entry 1). Only trace of 
target product 3a was detected by GC-MS when the 
reaction was carried out without UV-light or under N2, and 
23% yield of 3a was obtained under air (Table 1, Entries 
2～4). When the power of UV-light was reduced to 200 
and 150 W, the yield of 3a was decreased to 25% and 13% 
(Table 1, Entries 5 and 6). Moreover, CH3CN was proved 
to favor this reaction better than other solvents, including 
CH3OH, EtOH, 1,2-dichloroethane (DCE), N,N-dimethyl-
formamide (DMF), dimethyl sulfoxide (DMSO), and 
toluene (Table 1, Entry 3 vs Entries 7～12). In addition, 
the yield of 3a was increased to 63% when the reaction 
was carried out at 140 ℃ (Table 1, Entries 13～16). 
Fortunately, when the reaction time was prolonged to 48 h, 
the yield of 3a could be increased to 82% (Table 1, Entries 
17～21). However, when the loading of 1a was decreased 
to 0.25 and 0.10 mmol, the yield of 3a was decreased to 
28% and trace, respectively, and benzoic acid was detected  

Table 1  Optimization of reaction conditions a 

 

Entry UV-light (λmax, P) Solvent Temp./℃ t/h Yieldb/%
1 365 nm, 250 W CH3CN 120 24 41 
2 — CH3CN 120 24 Trace
3c 365 nm, 250 W CH3CN 120 24 23 
4d 365 nm, 250 W CH3CN 120 24 Trace
5 365 nm, 200 W CH3CN 120 24 25 
6 365 nm, 150 W CH3CN 120 24 13 
7 365 nm, 250 W CH3OH 120 24 Nd 
8 365 nm, 250 W EtOH 120 24 Nd 
9 365 nm, 250 W DCE 120 24 11 

10 365 nm, 250 W DMF 120 24 Trace
11 365 nm, 250 W DMSO 120 24 Nd 
12 365 nm, 250 W Toluene 120 24 20 
13 365 nm, 250 W CH3CN 110 24 30 
14 365 nm, 250 W CH3CN 130 24 57 
15 365 nm, 250 W CH3CN 140 24 63 
16 365 nm, 250 W CH3CN 150 24 60 
17 365 nm, 250 W CH3CN 140 32 69 
18 365 nm, 250 W CH3CN 140 40 75 
19 365 nm, 250 W CH3CN 140 48 82 
20 365 nm, 250 W CH3CN 140 56 73 
21 365 nm, 250 W CH3CN 140 72 74 
22e 365 nm, 250 W CH3CN 140 48 28 
23f 365 nm, 250 W CH3CN 140 48 Trace

a Reaction conditions: 1a (0.50 mmol), 2a (0.10 mmol), solvent (1.5 mL), 
reflux under O2. b Isolated yields. c Under air. d Under N2. e 1a (0.25 mmol). f 1a 
(0.10 mmol). Nd＝not detected. 
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as the main by-product (Table 1, Entries 22～23). Based 
on the results, under the optimal reaction conditions, the 
target product 3a was obtained in 82% yield in CH3CN at 
140 ℃ under O2 atmosphere and UV-light (λmax＝365 
nm, 250 W) for 48 h (Table 1, Entry 19). 

With the optimized reaction conditions in hand, the 
scope of the substrates was examined (Table 2). 1,2-Di-
phenylethyne (2a) reacted smoothly with benzaldehyde 
(1a) and its derivatives (1b～1i) to give the substituted 
indenones (3a～3i) in moderate to good yields (57%～
84%). Methyl group at 2-, 3-, and 4- position of 
benzaldehyde provided the corresponding products 3b, 3c, 
and 3d in 57%, 63%, and 84% yields, which indicated that 
steric effect of groups slightly impacted on this 
transformation. When 3-methylbenzaldehyde (1c) was 
introduced in the reaction, only 6-methyl-2,3-diphenyl-1H- 
inden-1-onethe (3c) was obtained with 63% yield at the 
less steric hindrance. Halogen groups, including F, Cl, and 
Br at 4-position of benzaldehydes provided the 
corresponding products 3e～3g in 70%, 68%, and 72% 
yields, respectively. Other substituents, such as CH3O and 
CF3, could be well tolerated and gave the corresponding 
products in satisfactory yields (3h, 3i) (80%, 77%), which 
indicated that electron density on the moiety of the 
benzaldehydes did not significantly influence on the 
efficiency of the C — H functionalization cyclization. 
Benzaldehyde (1a) could also react smoothly with 
substituted alkynes (2b～2d) to give the desired products 
3j～3l in 71%～78% yields. Chloro group at 2- and 
4-position of diarylacetylenes (2b, 2c) provided the 
corresponding products 3j and 3k in 71% and 74% yields. 
Moreover, CF3 group at 4-position of diarylacetylene could 

also react with benzaldehyde (1a) smoothly under the 
standard reaction conditions to give the corresponding 
product 3l in 78% yield. 

To demonstrate the reaction pathway, some control 
experiments were carried out (Scheme 2). Firstly, when 
2-oxo-2-phenylacetic acid (4) and benzoyl chloride (5), 
being common photochemical reagents affording acyl 
radical,[14] reacted with 1,2-diphenylethyne (2a) under the 
standard conditions, only trace of target product 3a was 
detected by GC-MS and 2a was recovered in 97% and 
96% yields (Schemes 2a and 2b). When 2-hydroxy 1,2- 
diphenylethanone (6) and 2,2-diethoxy-1-phenylethanone 
(7), also being common photoinitiators, were introduced 
into the reaction, 3a was obtained in moderate yields (55% 
and 62%) (Schemes 2c and 2d). It could be shown that 6 
and 7 have good ability to generate acyl radical under 
UV-light at 365 nm in this reaction system. On the other 
hand, when alkyl alkynes and unsymmetric alkynes, such 
as oct-4-yne (8) and ethynylbenzene (9), were introduced 
into the reaction, the corresponding products 3m or 3n (or 
3n') were not detected, and the coupling product 
(E)-chalcone (10) was detected by GC-MS (Schemes 2e 
and 2f). In addition, when olefins were introduced into the 
reaction, such as (E)-1,2-diphenylethene (11) and styrene 
(13), the corresponding products 3o and 3p (or 3p') were 
detected in trace yields, and the coupling products 
(E)-1,2,3- triphenylprop-2-en-1-one (12) and (E)-chalcone 
(10) were detected by GC-MS, respectively (Schemes 2g 
and 2h). 

When the reaction was carried out at room temperature 
or with a photoinitiator at room temperature, such as 
benzophenone (BP), the target product 3a was detcted in  

Table 2  Scope of substratesa 

 

a Reaction conditions: 1 (0.50 mmol), 2 (0.10 mmol), solvent (1.5 mL), reflux under O2; isolated yield.  
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Scheme 2  Control experiments with other substrates 

trace amount, and benzoic acid (14) was detected in large 

amount as expected, which indicated that the acyl radical 
was generated from the dissociation of benzaldehyde with 
the assitance of UV-light and high temperature (Schemes 
3a, 3b and Table 1, Entry 2). On the other hand, when the 
reaction was carried out under N2, 3a was detected in trace 
amount and the coupling product (E)-1,2,3-triphenylprop- 
2-en-1-one (12) was detected by GC-MS, which indicated 
that O2 was crucial in the final cyclization step (Scheme 
3c). When a radical scavenger, 2,2,6,6-tetramethyl- 
piperidinooxy (TEMPO), was introduced into the reaction 
(Scheme 3d), only trace of 3a was detected, and compound 
15 was generated as the by-product, which was detected by 
HRMS. It was suggested that the acyl radical might be the 
key intermediate in this reaction. 
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Scheme 3  Control experiments with other conditions 

Based on our previous work and literatures,[15] a 
plausible reaction mechanism for the UV-initiated radical 
C—H cyclization of aryl aldehydes or aryl ketones with 
alkynes is proposed and shown in Scheme 4. Firstly, the 
the acyl radical A could be generated from the dissociation 
of aryl aldehydes or aryl ketones (1) under UV-light. Then, 
the acyl radical A attacked at 1,2-diphenylethyne (2a) to 
give the alkenyl radical intermediate B. Subsequently, this 
radical B attacked at the benzene ring via ortho-C—H 
bond activation to form the cyclohexadienyl radical C, 
which was oxidized by O2

[16] from air to yield the product 
3a. 
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Scheme 4  Proposed reaction mechanism 

3  Conclusions 
In summary, the first UV-initiated radical C—H func-

tionalization cyclization of aryl aldehydes or aryl ketones 
with alkynes for the preparation of indenones to avoid 
photocatalyst or photoinitiator has been demonstrated. This 
transformation could proceed smoothly featuring high effi-
ciency, high atom economy, cheap reactants, environmen-
tal friendliness, easy operation, and tolerance to broad 
functional groups. Moreover, this work might not only 
broaden the research in constructing indenones, but also 
provide a fast-track strategy for atom/step economical 
synthesis of useful pharmaceutical molecules. 

4  Experimental section 
4.1  General experimental information 

All manipulations were conducted under O2 atmosphere. 
All commercial materials and solvents were used directly 
without further purification. UV-light (250 W, λmax＝365 
nm) was used for the light irradiation. NMR spectra (1H, 
13C, 19F) were recorded with a Bruker spectrometer (400 
MHz), using CDCl3 as the solvent and tetramethylsilane 
(TMS) as the internal standard at 298 K. Chemical shifts 
for 1H NMR were relative to the signal of CHCl3 at δ 7.26. 
Chemical shifts for 13C NMR were relative to the signal of 
CHCl3 at δ 77.2. Column chromatography was performed 
on silica gel (70～230 mesh ASTM) using the reported 
eluents. Thin-layer chromatography (TLC) was carried out 
on 15 cm×4 plates with a layer thickness of 0.2 mm (sili-
ca gel 60 F254). 
4.2  Experimental method 

To a 20 mL tube were added 1 (0.50 mmol) and 2 (0.10 
mmol) and followed by addition of CH3CN (1.5 mL). The 
formed mixture was stirred in 140 ℃  oil bath under 
UV-light (λmax＝365 nm, 250 W) in O2 for 48 h. The reac-
tion was monitored by TLC. The solution was then 
quenched with H2O (10 mL), extracted with ethyl acetate 
(10 mL×3). The combined organic phases were washed 
with saturated sodium bicarbonate solution, dried over 
sodium sulfate, filtered, and evaporated under vacuum. 
The crude product was purified by column chromatog-
raphy on silica gel [eluent: V(petroleum ether)∶V(ethyl 
acetate)＝200∶1 to 100∶1] to afford the desired products 
3. 

4.3  Characterization of the product 
2,3-Diphenyl-1H-inden-1-one (3a): Eluent: petroleum 

ether/ethyl acetate (V∶V＝200∶1), red solid, yield 82% 
(23.0 mg). m.p. 150～154 ℃ (.[17] 151～153 ℃); 1H 
NMR (400 MHz, CDCl3) δ: 7.59 (d, J＝7.0 Hz, 1H), 
7.46～7.34 (m, 6H), 7.32～7.24 (m, 6H), 7.15 (d, J＝7.2 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 196.7, 155.5, 
145.4, 133.6, 132.9, 132.6, 130.9, 130.9, 130.2, 129.5, 
129.2, 129.0, 128.7, 128.3, 127.9, 123.2, 121.5. 

7-Methyl-2,3-diphenyl-1H-inden-1-one (3b):[18] Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1), red oil, 
yield 57% (17.0 mg). 1H NMR (400 MHz, CDCl3) δ: 
7.43～7.33 (m, 5H), 7.29～7.22 (m, 6H), 7.05 (d, J＝7.8 
Hz, 1H), 6.96 (d, J＝7.2 Hz, 1H), 2.61 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 197.8, 154.5, 145.8, 138.1, 133.1, 
132.8, 132.6, 132.4, 131.1, 130.2, 129.2, 128.9, 128.8, 
128.1, 127.7, 127.2, 119.4, 17.5. 

6-methyl-2,3-diphenyl-1H-inden-1-one (3c):[18] Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1), red oil, 
yield 63% (18.6 mg). 1H NMR (400 MHz, CDCl3) δ: 7.41 
(ddd, J＝10.0, 8.1, 5.8 Hz, 4H), 7.33～7.28 (m, 2H), 
7.22～7.13 (m, 6H), 7.09 (d, J＝7.5 Hz, 1H), 1.79 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ: 197.1, 158.4, 142.2, 138.0, 
138.0, 136.1, 133.8, 133.2, 131.0, 130.9, 130.0, 129.0, 
128.6, 128.0, 128.0, 127.7, 121.1, 19.6.  

5-Methyl-2,3-diphenyl-1H-inden-1-one (3d): Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1), red solid, 
Yield 84% (25.0 mg). m.p. 180～184 ℃ (Lit.[19] 178～
180 ℃); 13C NMR (100 MHz, CDCl3) δ: 196.4, 155.1, 
145.9, 144.6, 133.1, 133.0, 131.1, 130.2, 129.3, 129.1, 
129.0, 128.7, 128.6, 128.2, 127.8, 123.2, 122.7, 22.3; 1H 
NMR (400 MHz, CDCl3) δ: 7.47 (d, J＝7.3 Hz, 1H), 
7.44～7.34 (m, 5H), 7.24 (d, J＝6.1 Hz, 5H), 7.07 (d, J＝
7.3 Hz, 1H), 6.93 (s, 1H), 2.34 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 196.4, 155.1, 145.9, 144.6, 133.0, 133.0, 
131.0, 130.1, 129.3, 129.1, 129.0, 128.7, 128.5, 128.2, 
127.8, 123.2, 122.7, 22.3. 

5-Fluoro-2,3-diphenyl-1H-inden-1-one (3e):[20] Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1), red oil, 
yield 70% (21.0 mg). 1H NMR (400 MHz, CDCl3) δ: 7.57 
(dd, J＝7.9, 5.2 Hz, 1H), 7.45～7.33 (m, 5H), 7.26 (d, J＝
2.3 Hz, 5H), 6.93 (ddd, J＝8.9, 8.0, 2.2 Hz, 1H), 6.87 (dd, 
J＝8.5, 2.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
195.0, 166.7 (d, J＝254.2 Hz), 153.3 (d, J＝2.3 Hz), 148.8 
(d, J＝9.4 Hz), 133.9, 132.4, 130.6, 130.2, 129.7, 129.2, 
128.6, 128.3, 128.2, 126.7 (d, J＝3.1 Hz), 125.0 (d, J＝9.8 
Hz), 114.6 (d, J＝23.1 Hz), 110.4 (d, J＝25.8 Hz); 19F 
NMR (376 MHz, CDCl3) δ: －104.0. 

5-Chloro-2,3-diphenyl-1H-inden-1-one (3f): Eluent: pe-
troleum ether/ethyl acetate (V∶V＝200∶1), red solid, 
yield 68% (21.5 mg). m.p. 192～194 ℃ (Lit.[21] 190～
192 ℃). 1H NMR (400 MHz, CDCl3) δ: 7.51 (d, J＝7.6 
Hz, 1H), 7.43 (dd, J＝6.5, 3.7 Hz, 3H), 7.39～7.33 (m, 
2H), 7.29～7.24 (m, 6H), 7.12 (d, J＝1.6 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ: 195.2, 154.2, 147.4, 139.9, 
133.7, 132.3, 130.5, 130.2, 129.8, 129.2, 129.1, 128.7, 
128.6, 128.3, 128.3, 124.1, 122.2. 
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5-Bromo-2,3-diphenyl-1H-inden-1-one (3g): Eluent: pe-
troleum ether/ethyl acetate (V∶V＝200∶1), red solid, 
yield 72% (26.0 mg). m.p. 168～174 ℃ (Lit.[18] 167～
168 ℃). 1H NMR (400 MHz, CDCl3) δ: 7.51～7.40 (m, 
5H), 7.39～7.33 (m, 2H), 7.27 (d, J＝4.6 Hz, 6H); 13C 
NMR (100 MHz, CDCl3) δ: 195.4, 154.4, 147.4, 133.6, 
132.3, 131.8, 130.4, 130.2, 129.8, 129.5, 129.2, 128.6, 
128.5, 128.3, 128.3, 124.9, 124.3. 

5-Methoxy-2,3-diphenyl-1H-inden-1-one (3h): Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1). Orange-red 
solid, yield 80% (25.0 mg). m.p. 158～162 ℃ (Lit.[18] 
157～159 ℃). 1H NMR (400 MHz, CDCl3) δ: 7.55 (d, J＝
7.8 Hz, 1H), 7.44～7.32 (m, 5H), 7.28～7.22 (m, 5H), 6.68 
(dt, J＝7.9, 2.1 Hz, 2H), 3.84 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ: 195.3, 164.6, 153.4, 148.1, 134.1, 132.9, 
131.1, 130.2, 129.3, 129.0, 128.7, 128.2, 127.9, 125.1, 
123.7, 110.7, 110.5, 55.9. 

2,3-Diphenyl-5-(trifluoromethyl)-1H-inden-1-one 
(3i):[20] Eluent: petroleum ether/ethyl acetate (V∶V＝
200∶1), red oil, yield 77% (27.0 mg). 1H NMR (400 
MHz, CDCl3) δ: 7.68 (d, J＝7.4 Hz, 1H), 7.61 (s, 1H), 
7.46 (dd, J＝4.1, 2.4 Hz, 3H), 7.42～7.32 (m, 3H), 7.31～
7.25 (m, 5H); 13C NMR (100 MHz, CDCl3) δ: 195.3, 
154.9, 146.3, 135.3 (d, J＝32.3 Hz), 133.9, 133.6, 132.1, 
130.3, 130.2, 130.0, 129.3, 128.5, 128.4, 128.4, 126.7 (q,  
J＝4.2 Hz), 123.8 (d, J＝272.9 Hz), 123.0, 117.9 (d, J＝
3.6 Hz); 19F NMR (376 MHz, CDCl3) δ: －63.1. 

2,3-Bis(2-chlorophenyl)-1H-inden-1-one (3j):[18] Eluent: 
petroleum ether/ethyl acetate (V∶V＝200∶1), red oil, 
yield 71% (25.0 mg). 1H NMR (400 MHz, CDCl3) δ: 7.60 
(d, J＝6.6 Hz, 1H), 7.44 (d, J＝8.0 Hz, 1H), 7.34 (ddd, J＝
26.2, 11.7, 4.5 Hz, 4H), 7.25～7.05 (m, 5H), 6.93 (d, J＝
5.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 194.8, 156.4, 
144.7, 134.4, 133.8, 133.8, 132.1, 131.7, 130.5, 130.5, 
130.2, 130.1, 130.1, 129.7, 129.4, 129.4, 127.2, 126.6, 
123.4, 123.4, 122.2. 

2,3-Bis(4-chlorophenyl)-1H-inden-1-one (3k):[18] Elu-
ent: petroleum ether/ethyl acetate (V∶V＝200∶1), red 
oil, yield 74% (26.0 mg). 1H NMR (400 MHz, CDCl3) δ: 
7.62～7.57 (m, 1H), 7.45～7.37 (m, 3H), 7.35～7.29 (m, 
3H), 7.25 (dd, J＝4.4, 2.3 Hz, 2H), 7.22～7.16 (m, 2H), 
7.12 (d, J＝7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
196.0, 154.5, 144.8, 135.7, 134.2, 133.9, 133.9, 131.7, 
131.4, 131.0, 130.7, 130.0, 129.6, 129.1, 128.8, 123.5, 
121.4. 

2,3-Bis(4-(trifluoromethyl)phenyl)-1H-inden-1-one 
(3l):[18] Eluent: petroleum ether/ethyl acetate (V∶V＝
200∶1), red oil, yield 78% (32.6 mg). 1H NMR (400 
MHz, CDCl3) δ: 7.72 (d, J＝8.1 Hz, 2H), 7.64 (d, J＝6.6 
Hz, 1H), 7.52 (dd, J＝17.0, 8.1 Hz, 4H), 7.43 (td, J＝7.7, 
1.2 Hz, 1H), 7.39～7.33 (m, 3H), 7.12 (d, J＝7.2 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ: 195.5, 155.2, 144.5, 136.2, 
134.1, 134.0, 131.7 (q, J＝32.0 Hz), 130.4, 130.4, 130.0, 
129.0, 126.3 (q, J＝3.7 Hz), 125.4(q, J＝3.8 Hz), 124.2 (q, 
J＝269.0 Hz), 123.9 (q, J＝271.0 Hz), 123.8, 121.7; 19F 
NMR (376 MHz, CDCl3) δ: －62.8, －62.8.  

 

Supporting Information  1H NMR and 13C NMR spectra 
of compounds 3a～3l. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn. 
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