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Copper-catalyzed synthesis of phenolic compounds with
DMSO as the methylene source

Run Luoa, Lina Guoa, Wenjie Liua,b, and Shaohua Wanga,b

aSchool of Chemistry and Chemical Engineering, Guangdong Pharmaceutical University, Guangzhou,
China; bGuangdong Cosmetics Engineering & Technology Research Center, Guangzhou, China

ABSTRACT
The application of DMSO as an ideal source of carbon is highly
attractive. A simple and novel protocol has been developed for the
synthesis of phenolic compounds via CuSO4�5H2O-catalyzed cycliza-
tion of 1,3-dicarbonyl compounds with DMSO. It was found that the
unsymmetrical 1,3-dicarbonyl compounds always gave a mixture of
two isomeric products. In addition, the deuterium-labeling experi-
ments revealed that the C2 in benzene rings resulted from DMSO.

GRAPHICAL ABSTRACT
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Introduction

Dimethyl sulfoxide (DMSO) as a cheap, relative stability, low toxicity, and common
polar solvent has been widely used in organic synthesis.[1] Chemists have developed use-
ful applications of DMSO as an oxidant, ligand, and oxygen source.[2] On the other
hand, DMSO is also an important and multipurpose building block for the construction
of organic frameworks. In the past decade, DMSO has been reported as the source of
¼CH2,

[3] ¼CH–,[4] –SMe,[3b,5] SOMe,[6] SO2Me,[3b,7] –CH2SMe,[8] –CHO,[9] –CN,[

10] –Me,[5c,11] and –CH2–
[12] fragments. Although DMSO has successfully served as a

carbon source, the application of DMSO for construction of more complex compounds
continues to attract the interest of chemists.
Phenol and its derivatives are found in numerous natural products and drugs. In par-

ticular, biologically active compounds with a phenol motif show excellent biological and
pharmaceutical activities, such as anti-inflammatory, anti-thrombotic, anti-bacterial,
anti-bleeding, antioxidant, anti-fungal, and enhanced immunity.[13] They are also
applied as fundamental raw materials for the synthesis functional materials and
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conducting polymers. Alkali melt process of aromatic sulfonate, hydrolysis of halogen-
ated benzene, diazol method, or Friedel–Crafts reaction of phenol is the most com-
monly synthetic method for construction of phenol and its derivatives.[14] Recently,
Liang et al. developed a novel protocol for the synthesis of phenolic compounds by
Pd(OAc)2-catalyzed reaction of carbonyl compound with CO2 as a carbon source
(Scheme 1a).[15] Li et al. described another procedure for the construction of substituted
phenols via 1,1-dichloro-2-nitroethene promoted condensation of carbonyl compounds
with DMF (Scheme 1b).[16] Encouraged by the results revealed in Scheme 1, we describe
a novel transformation for the synthesis of phenolic compounds catalyzed by copper
salts in one pot.

Discussion

Initially, we employed 1-phenylbutane-1,3-dione 1a as the model substrate to optimize
the reaction conditions. The reaction 1a was conducted at 130 �C in the presence of
Cu(OAc)2 in DMSO under air. A cyclization product 2a was obtained in 48% yield,
which an isomer product 2a0 was formed in 25% yield as a minor product (Table 1,
entry 1). Further studies were screened on the catalysts. Among other copper salts such
as CuF2, CuO, CuI, Cu(OTf)2, CuCl2 and CuSO4�5H2O were performed, CuSO4�5H2O
displayed the best reactivity and the yield of 2a increased to 62% yield (Table 1, entries
2–7). The replacement of CuSO4�5H2O by silver, iron, zinc, cobalt, indium and nickel
salts provided low efficiency and selectivity (Table 1, entries 8–15). The reaction did not
occur under the same reaction conditions in the absence of copper source (Table 1,
entry 16). When increasing the amount of CuSO4�5H2O to 20mol%, the yield and
selectivity was not significantly improved (Table 1, entry 17). However, the efficiency of
this cyclization reaction decreased when the reaction was carried out at 110 �C (Table 1,
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Scheme 1. Methods for the synthesis of phenolic compounds.
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entry 18). Subsequently, the effect of solvents on the reaction was also tested (Table 1,
entries 19–23). No desired product 2a or 2a0 was found in other solvents, such as DMF,
CH3CN, H2O, toluene, and 1,4-dioxane. Based on these results, it is noteworthy that
DMSO played a key role in the cyclization process for the formation of phen-
olic compounds.
With the optimized conditions in hand, we investigated the scope and limitation of

this process and the results are shown in Table 2. The unsymmetrical 1,3-dicarbonyl
compounds 1a–1h were examined for the reaction. When substrates 1a–1h reacted with
DMSO, the corresponding isomeric products 2a/2a0–2h/2h0 were obtained in total
77–91% yields. The ring closure isomers could be isolated by column chromatography
with an approximate ratio of 2.2–2.6:1. Notably, the isomeric products 2a0–2h0 as new
compounds were not found in previous literatures. The 1,3-dicarbonyl compounds
1b–1f substituted with methyl, chloro, bromo, and methoxy groups on the benzene
rings reacted smoothly with DMSO. 1-(Naphthalen-2-yl)butane-1,3-dione 1g and
1-(thiophen-2-yl)butane-1,3-dione 1h also worked well, generating the desired products
2g/2g0 and 2h/2h0 in total 77 and 81% yields. The reaction of symmetrical acetylacetone
2i with DMSO generated the unique products 2i in 93% yield. We attempted to extend

Table 1. Optimization of the reaction conditions.a

Ph

O O Cat.

Solvent

1a
PhHO

Ph

OO

HO

PhPh

OO

2a 2a'

+

Entry Catalyst Solvent Temp (�C) Yield (%)b

2a 2a’

1 Cu(OAc)2 DMSO 130 48 25
2 CuF2 DMSO 130 – –
3 CuO DMSO 130 – –
4 CuI DMSO 130 25 14
5 Cu(OTf)2 DMSO 130 52 22
6 CuCl2 DMSO 130 Trace –
7 CuSO4�5H2O DMSO 130 62 26
8 AgNO3 DMSO 130 12 Trace
9 FeCl3 DMSO 130 18 11
10 Fe (NO3)3�9H2O DMSO 130 – –
11 ZnCl2 DMSO 130 Trace –
12 Zn(OAc)2 DMSO 130 13 7
13 Co(OAc)2 DMSO 130 – –
14 InCl3 DMSO 130 – –
15 Ni(OAc)2 DMSO 130 20 9
16 – DMSO 130 – –
17c CuSO4�5H2O DMSO 130 62 27
18 CuSO4�5H2O DMSO 110 39 15
19 CuSO4�5H2O DMF 130 – –
20 CuSO4�5H2O CH3CN 130 – –
21 CuSO4�5H2O H2O 130 – –
22 CuSO4�5H2O Toluene 130 – –
23 CuSO4�5H2O 1,4-Dioxane 130 – –
aReaction conditions: 1a (0.5mmol) catalyst (10mol%), solvent (2mL), 130 �C, 6 h.
bIsolated yield.
cCuSO4�5H2O (20mol%) was used.
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Table 2. Substrate scope for the synthesis of phenolic products.a
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the substrate scope to acetoacetate under the standard conditions, however no desired
product 2j or 2j0 was observed.
To clarify the reaction mechanism, a few controlled experiments have been per-

formed. The product 2i was obtained in 90% yield when DMSO-d6 was used as a solv-
ent instead of DMSO for the reaction of acetylacetone 1i under the standard reaction
conditions (Scheme 2, eq 1). As shown in Figure 1, the absence of chemical shift in
8.15 ppm clearly confirms that C2 in the benzene ring comes from the DMSO.
The model reaction did not affect the yield after introducing a radical scavenger
TEMPO (Scheme 2, eq 2). The cyclization reaction of acetylacetone 1i was unreactive
when using DMF as a solvent (Scheme 2, eq 3). If formaldehyde was added, the product
2i was isolated in 67% yield (Scheme 2, eq 4). These results confirmed that the C-source
came from the CH2O generated from decomposition of DMSO.
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aConditions: 1 (0.5mmol), DMSO (2mL), CuSO4�5H2O (10mol%) 130 �C, 12 h.
bIsolated yield.
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On the basis of above experimental results and previous literature,[17] a plausible
mechanism is proposed in Scheme 3. Formaldehyde is generated via decomposition of
DMSO under heating. DMSO could be used as a formaldehyde precursor for providing
a one-carbon bridge. The enolate A could be formed after treating 1,3-dicarbonyl com-
pounds with copper salts. The intermolecular aldol condensation between enolate A
with formaldehyde generates the intermediate C. Then intermediate C proceeded the

O O Air, 130 °C C
D

HO

O O

DMSO-d6

1i 2i, 90%

CuSO4·5H2O

O O Air, 130 °C

HO

O O

DMSO
1i 2i, 91%

CuSO4·5H2O

TEMPO

O O Air, 130 °C

HO

O O

1i 2i, 0%

CuSO4·5H2O

DMF

O O Air, 130 °C

HO

O O

1i 2i, 67%

CuSO4·5H2O

DMF
HCHO

(1)

(2)

(3)

(4)

Scheme 2. Preliminary mechanism study.
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Michael addition with 1,3-dicarbonyl compounds to form the intermediate D. The cyc-
lization intermediates E/E0 were obtained through path I or path II via intramolecular
aldol condensation, which underwent oxidation reaction to generate the final phenolic
products 2/20.

Conclusion

In conclusion, a convenient and novel method has been developed for the preparation
of phenol derivatives by CuSO4�5H2O-catalyzed cyclization of 1,3-dicarbonyl com-
pounds with DMSO. DMSO is used not only as an effective solvent, but also as the
source of C2 for the construction of phenol under this reaction system. It is noteworthy
that a mixture of two isomer products is found when unsymmetrical 1,3-dicarbonyl
compounds are used as substrates. The present work provides a new route to synthesis
highly functionalized phenol derivatives.

Experimental section

NMR spectra were recorded using a Bruker Avance 400MHz NMR spectrometer
(100M Hz for carbon). CDCl3 or DMSO-d6 were used as solvents and tetramethylsilane
(TMS) as an internal standard. ESI-MS spectra were measured on Finnigan Mat TSQ
7000 instruments. Elemental analyses were performed on a Heraeus elemental analyzer.
TLC was performed using commercially prepared 200–300 mesh silica gel plates
(GF254), and visualization was effected at 254 nm. Melting points were measured with a
Tektronix X4 apparatus and were uncorrected.

General procedure for the synthesis of phenol compounds

A 25mL of dried round-bottom flask was charged with 1,3-dicarbonyl compounds 1
(0.5mmol), CuSO4�5H2O (10mol%), and DMSO (2mL) at 130 �C for 6 h. After comple-
tion of the reaction (monitored by TLC), the water (10mL) was added. The aqueous
solution was extracted with ethyl acetate (3� 10mL). The combined organic layer was
washed with brine (2� 10mL) and dried with anhydrous MgSO4. The solvent was
removed and the crude product was separated by column chromatography (eluted with
petroleum ether/ethyl acetate ¼ 15:1) to give a pure sample of 2 and 20.

(4-Hydroxy-6-methyl-1,3-phenylene)bis(phenylmethanone)(2a)
White solid, m.p. 84–85 �C. Yield: 62% (98mg). 1H NMR (400MHz, CDCl3) d 12.31 (s,
1H), 7.75 (d, J¼ 6.8Hz, 2H), 7.66 (s, 1H), 7.66–7.62 (m, 2H), 7.58–7.56 (m, 1H),
7.57–7.51 (m, 1H), 7.49–7.39 (m, 4H), 7.01 (s, 1H), 2.44 (s, 3H). 13C NMR (100MHz,
CDCl3) d 200.7, 196.6, 164.7, 147.9, 138.0, 137.3, 135.6, 133.1, 132.3, 129.9, 129.5, 129.2,
128.48, 128.45, 120.8, 116.2, 21.2. ESI-MS (m/z) 317 [MþH]þ. Anal. calcd. C, 79.73; H,
5.10; Found: C, 79.58; H, 5.07.
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(4-Hydroxy-6-phenyl-1,3-phenylene)-1-ethanone-3-phenylmethanone(2a0)
Pale yellow oil. Yield: 26% (41mg). 1H NMR (400MHz, CDCl3) d 12.36 (s, 1H), 7.97
(s, 1H), 7.73 (d, J¼ 7.2Hz, 2H), 7.64–7.61 (m, 1H), 7.56–7.52 (m, 2H), 7.46–7.45 (m,
3H), 7.38–7.35 (m, 2H), 7.08 (s, 1H), 1.92 (s, 3H). 13C NMR (100MHz, CDCl3) d 201.9,
201.1, 164.7, 149.1, 139.7, 137.3, 134.9, 132.5, 131.9, 129.2, 128.92, 128.90, 128.7, 128.5,
120.0, 117.7, 30.3. ESI-MS (m/z) 317 [MþH]þ. Anal. calcd. C, 79.73; H, 5.10; Found:
C, 79.60; H, 5.06.
Full experimental details, 1H and 13C NMR spectra are accessible via the

“Supplementary content” section of this article’s webpage.

Funding

The work was financially supported by the Error! Hyperlink reference not valid.
[2017A030313297] and special funds of key disciplines construction from Guangdong and
Zhongshan cooperating.The work was financially supported by the Foundation for Natural
Science Foundation of Guangdong Province (2017A030313297) and special funds of key disci-
plines construction from Guangdong and Zhongshan cooperating.

References

[1] (a) Jones-Mensah, E.; Karki, M.; Magolan, J. Synthesis. 2016, 48, 1421–1436. DOI: 10.
1055/s-0035-1560429. (b) Wu, X.-F.; Natte, K. Adv. Synth. Catal. 2016, 358, 336–352.
DOI: 10.1002/adsc.201501007.(c) Wu, X.-F. Solvents as Reagents in Organic Synthesis:
Reactions and Applications; Wiley-VCH Verlag GmbH & Co. KGaA: New York, NY,
2017.(d) Tashrifi, Z.; Khanaposhtani, M. M.; Larijani, B.; Mahdavi, M. Adv. Synth. Catal.
2020, 362, 65–86. DOI: 10.1002/adsc.201901021.

[2] (a) Chan, C.-K.; Tsai, Y.-L.; Chang, M.-Y. Org. Lett. 2017, 19, 1870–1873. DOI: 10.1021/
acs.orglett.7b00630. (b) Kalmode, H. P.; Vadagaonkar, K. S.; Shinde, S. L.; Chaskar, A. C.
J. Org. Chem. 2017, 82, 3781–3786. DOI: 10.1021/acs.joc.7b00242.(c) Li, L.; Luo, H.; Zhao,
Z.; Li, Y.; Zhou, Q.; Xu, J.; Li, J.; Ma, Y.-N. Org. Lett. 2019, 21, 9228–9231. DOI: 10.1021/
acs.orglett.9b03594.(d) Liang, Y.-F.; Li, X.; Wang, X.; Zou, M.; Tang, C.; Liang, Y.; Song,
S.; Jiao, N. J. Am. Chem. Soc. 2016, 138, 12271–12277. DOI: 10.1021/jacs.6b07269.(e)
Zhang, Z.-W.; Li, H.-B.; Li, J.; Wang, C.-C.; Feng, J.; Yang, Y.-H.; Liu, S. J. Org. Chem.
2020, 85, 537–547. DOI: 10.1021/acs.joc.9b02621.(f) Xiang, J.-C.; Cheng, Y.; Wang, M.;
Wu, Y.-D.; Wu, A.-X. Org. Lett. 2016, 18, 4360–4363. DOI: 10.1021/acs.orglett.6b02118.(g)
Tlahuext-Aca, A.; Garza-Sanchez, R. A.; Sch€afer, M.; Glorius, F. Org. Lett. 2018, 20,
1546–1549. DOI: 10.1021/acs.orglett.8b00272.

[3] (a) Pothikumar, R.; Sujatha, C.; Namitharan, K. ACS Catal. 2017, 7, 7783–7787. DOI: 10.
1021/acscatal.7b02819. (b) Wen, Z.-K.; Liu, X.-H.; Liu, Y.-F.; Chao, J.-B. Org. Lett. 2017,
19, 5798–5801. DOI: 10.1021/acs.orglett.7b02753.

[4] (a) Xue, L.; Cheng, G.; Zhu, R.; Cui, X. RSC Adv. 2017, 7, 44009–44012. DOI: 10.1039/
c7ra07442e. (b) Lee, S.; Sim, J.; Jo, H.; Viji, M.; Srinu, L.; Lee, K.; Lee, H.; Manjunatha, V.;
Jung, J.-K. Org. Biomol. Chem. 2019, 17, 8067–8070. DOI: 10.1039/C9OB01629E.(c)
Jadhav, S. D.; Singh, A. Org. Lett. 2017, 19, 5673–5676. DOI: 10.1021/acs.orglett.7b02838.
(d) Jiang, T.-S.; Zhou, Y.; Dai, L.; Liu, X.; Zhang, X. Tetrahedron Lett. 2019, 60,
2078–2083. DOI: 10.1016/j.tetlet.2019.07.010.(e) Shu, W.-M.; He, J.-X.; Zhang, X.-F.;
Wang, S.; Wu, A.-X. J. Org. Chem. 2019, 84, 2962–2968. DOI: 10.1021/acs.joc.8b02755.(f)
Wakade, S. B.; Tiwari, D. K.; Ganesh, P. S. K. P.; Phanindrudu, M.; Likhar, P. R.; Tiwari,
D. K. Org. Lett. 2017, 19, 4948–4951. DOI: 10.1021/acs.orglett.7b02429.(g) Wang, H.; Sun,
S.; Cheng, J. Tetrahedron Lett. 2017, 58, 3875–3878. DOI: 10.1016/j.tetlet.2017.08.066.(h)

1720 R. LUO ET AL.

https://doi.org/10.1080/00397911.2021.1902536
https://doi.org/10.1055/s-0035-1560429
https://doi.org/10.1055/s-0035-1560429
https://doi.org/10.1002/adsc.201501007
https://doi.org/10.1002/adsc.201901021
https://doi.org/10.1021/acs.orglett.7b00630
https://doi.org/10.1021/acs.orglett.7b00630
https://doi.org/10.1021/acs.joc.7b00242
https://doi.org/10.1021/acs.orglett.9b03594
https://doi.org/10.1021/acs.orglett.9b03594
https://doi.org/10.1021/jacs.6b07269
https://doi.org/10.1021/acs.joc.9b02621
https://doi.org/10.1021/acs.orglett.6b02118
https://doi.org/10.1021/acs.orglett.8b00272
https://doi.org/10.1021/acscatal.7b02819
https://doi.org/10.1021/acscatal.7b02819
https://doi.org/10.1021/acs.orglett.7b02753
https://doi.org/10.1039/c7ra07442e
https://doi.org/10.1039/c7ra07442e
https://doi.org/10.1039/C9OB01629E
https://doi.org/10.1021/acs.orglett.7b02838
https://doi.org/10.1016/j.tetlet.2019.07.010
https://doi.org/10.1021/acs.joc.8b02755
https://doi.org/10.1021/acs.orglett.7b02429
https://doi.org/10.1016/j.tetlet.2017.08.066


Xie, C.; Zhang, Z.; Li, D.; Gong, J.; Han, X.; Liu, X.; Ma, C. J. Org. Chem. 2017, 82,
3491–3499. DOI: 10.1021/acs.joc.6b02977.(i) Yuan, J.; Li, J.; Wang, B.; Sun, S.; Cheng, J.
Tetrahedron Lett. 2017, 58, 4783–4785. DOI: 10.1016/j.tetlet.2017.11.020.(j) Wu, X.;
Zhang, J.; Liu, S.; Gao, Q.; Wu, A. Adv. Synth. Catal. 2016, 358, 218–225. DOI: 10.1002/
adsc.201500683.

[5] (a) Xiao, Y.; Wang, S.; Liu, J.; Zhang, H.; Xu, Y. Tetrahedron Lett. 2019, 60, 1317–1320.
DOI: 10.1016/j.tetlet.2019.03.067. (b) Cao, L.; Luo, S.-H.; Wu, H.-Q.; Chen, L.-Q.; Jiang,
K.; Hao, Z.-F.; Wang, Z.-Y. Adv. Synth. Catal. 2017, 359, 2961–2971. DOI: 10.1002/adsc.
201700600.(c) Zhang, R.; Shi, X.; Yan, Q.; Li, Z.; Wang, Z.; Yu, H.; Wang, X.; Qi, J.; Jiang,
M. RSC Adv. 2017, 7, 38830–38833. DOI: 10.1039/c7ra08484f. (d) Wang, M.; Tang, B.-C.;
Ma, J.-T.; Wang, Z.-X.; Xiang, J.-C.; Wu, Y.-D.; Wang, J.-G.; Wu, A.-X. Org. Biomol.
Chem. 2019, 17, 1535–1541. DOI: 10.1039/c8ob02994f.(e) Samanta, S. K.; Bera, M. K. Org.
Biomol. Chem. 2019, 17, 6441–6449. DOI: 10.1039/c9ob00812h.(f) He, R.; Chen, X.; Li, Y.;
Liu, Q.; Liao, C.; Chen, L.; Huang, Y. J. Org. Chem. 2019, 84, 8750–8758. DOI: 10.1021/
acs.joc.9b01047.(g) An, Z.; She, Y.; Yang, X.; Pang, X.; Yan, R. Org. Chem. Front. 2016, 3,
1746–1749. DOI: 10.1039/c6qo00462h.(h) Li, J.; Liu, G.; Shi, L.; Xing, Q.; Li, F. Green
Chem. 2017, 19, 5782–5788. DOI: 10.1039/C7GC02335A.

[6] (a) Dai, P.; Luo, K.; Yu, X.; Yang, W.-C.; Wu, L.; Zhang, W.-H. Adv. Synth. Catal. 2018,
360, 468–473. DOI: 10.1002/adsc.201701364. (b) Chen, Z.; Liu, B.; Liang, P.; Luo, H.;
Zheng, J.; Wen, X.; Liu, T.; Luo, G.; Ye, M. ACS Omega. 2019, 4, 281–291. DOI: 10.1021/
acsomega.8b03353.(c) Fu, D.; Dong, J.; Du, H.; Xu, J. J. Org. Chem. 2020, 85, 2752–2758.
DOI: 10.1021/acs.joc.9b03041.(d) Pramanik, M. M. D.; Rastogi, N. Chem. Commun. 2016,
52, 8557–8560. DOI: 10.1039/c6cc04142f.(e) Zhao, P.; Wu, X.; Geng, X.; Wang, C.; Zhou,
Y.; Wu, Y.-D.; Wu, A.-X. J. Org. Chem. 2019, 84, 8322–8329. DOI: 10.1021/acs.joc.
9b01160.

[7] (a) Zhang, J.; Cheng, S.; Cai, Z.; Liu, P.; Sun, P. J. Org. Chem. 2018, 83, 9344–9352. DOI:
10.1021/acs.joc.8b01265. (b) Chang, M.-Y.; Chen, H.-Y.; Tsai, Y.-L. Org. Lett. 2019, 21,
1832–1836. DOI: 10.1021/acs.orglett.9b00422.(c) Fan, J.; Zhao, Y.; Zhang, J.; Xie, M.;
Zhang, Y. J. Org. Chem. 2020, 85, 691–701. DOI: 10.1021/acs.joc.9b02766.(d) Xu, N.;
Zhang, Y.; Chen, W.; Li, P.; Wang, L. Adv. Synth. Catal. 2018, 360, 1199–1208. DOI: 10.
1002/adsc.201701548.

[8] (a) Liu, Y.; Zhan, X.; Ji, P.; Xu, J.; Liu, Q.; Luo, W.; Chen, T.; Guo, C. Chem. Commun.
2017, 53, 5346–5349. DOI: 10.1039/C7CC01309D. (b) Shen, T.; Huang, X.; Liang, Y.-F.;
Jiao, N. Org. Lett. 2015, 17, 6186–6189. DOI: 10.1021/acs.orglett.5b03179.(c) Hu, G.; Xu, J.
; Li, P. Org. Lett. 2014, 16, 6036–6039. DOI: 10.1021/ol5031348.

[9] (a) Qian, J.; Zhang, Z.; Liu, Q.; Liu, T.; Zhang, G. Adv. Synth. Catal. 2014, 356,
3119–3124. DOI: 10.1002/adsc.201400332. (b) Zhang, Z.; Tian, Q.; Qian, J.; Liu, Q.; Liu,
T.; Shi, L.; Zhang, G. J. Org. Chem. 2014, 79, 8182–8188. DOI: 10.1021/jo501385w.(c)
Cao, H.; Lei, S.; Li, N.; Chen, L.; Liu, J.; Cai, H.; Qiu, S.; Tan, J. Chem. Commun. 2015,
51, 1823–1825. DOI: 10.1039/c4cc09134e.

[10] (a) Ren, X.; Chen, J.; Chen, F.; Cheng, J. Chem. Commun. 2011, 47, 6725–6727. DOI: 10.
1039/c1cc11603g. (b) Zheng, K.; Liu, B.; Chen, S.; Chen, F. Tetrahedron Lett. 2013, 54,
5250–5252. DOI: 10.1016/j.tetlet.2013.07.090.

[11] (a) Xie, Z.; Li, P.; Hu, Y.; Xu, N.; Wang, L. Org. Biomol. Chem. 2017, 15, 4205–4211.
DOI: 10.1039/c7ob00779e. (b) Yang, P.; Xu, W.; Wang, R.; Zhang, M.; Xie, C.; Zeng, X.;
Wang, M. Org. Lett. 2019, 21, 3658–3662. DOI: 10.1021/acs.orglett.9b01093.(c) Jiang, S.;
Yang, Z.; Guo, Z.; Li, Y.; Chen, L.; Zhu, Z.; Chen, X. Org. Biomol. Chem. 2019, 17,
7416–7424. DOI: 10.1039/C9OB01490J.(d) Xu, C.; Jiang, S.-F.; Wen, X.-H.; Zhang, Q.;
Zhou, Z.-W.; Wu, Y.-D.; Jia, F.-C.; Wu, A.-X. Adv. Synth. Catal. 2018, 360, 2267–2271.
DOI: 10.1002/adsc.201800180.(e) Zhang, R.; Yu, H.; Li, Z.; Yan, Q.; Li, P.; Wu, J.; Qi, J.;
Jiang, M.; Sun, L. Adv. Synth. Catal. 2018, 360, 1384–1388. DOI: 10.1002/adsc.201800078.
(f) Caporaso, R.; Manna, S.; Zinken, S.; Kochnev, A. R.; Lukyanenko, E. R.; Kurkin, A. V.;
Antonchick, A. P. Chem. Commun. 2016, 52, 12486–12489. DOI: 10.1039/c6cc07196a.

SYNTHETIC COMMUNICATIONSVR 1721

https://doi.org/10.1021/acs.joc.6b02977
https://doi.org/10.1016/j.tetlet.2017.11.020
https://doi.org/10.1002/adsc.201500683
https://doi.org/10.1002/adsc.201500683
https://doi.org/10.1016/j.tetlet.2019.03.067
https://doi.org/10.1002/adsc.201700600
https://doi.org/10.1002/adsc.201700600
https://doi.org/10.1039/c7ra08484f
https://doi.org/10.1039/c8ob02994f
https://doi.org/10.1039/c9ob00812h
https://doi.org/10.1021/acs.joc.9b01047
https://doi.org/10.1021/acs.joc.9b01047
https://doi.org/10.1039/c6qo00462h
https://doi.org/10.1039/C7GC02335A
https://doi.org/10.1002/adsc.201701364
https://doi.org/10.1021/acsomega.8b03353
https://doi.org/10.1021/acsomega.8b03353
https://doi.org/10.1021/acs.joc.9b03041
https://doi.org/10.1039/c6cc04142f
https://doi.org/10.1021/acs.joc.9b01160
https://doi.org/10.1021/acs.joc.9b01160
https://doi.org/10.1021/acs.joc.8b01265
https://doi.org/10.1021/acs.orglett.9b00422
https://doi.org/10.1021/acs.joc.9b02766
https://doi.org/10.1002/adsc.201701548
https://doi.org/10.1002/adsc.201701548
https://doi.org/10.1039/C7CC01309D
https://doi.org/10.1021/acs.orglett.5b03179
https://doi.org/10.1021/ol5031348
https://doi.org/10.1002/adsc.201400332
https://doi.org/10.1021/jo501385w
https://doi.org/10.1039/c4cc09134e
https://doi.org/10.1039/c1cc11603g
https://doi.org/10.1039/c1cc11603g
https://doi.org/10.1016/j.tetlet.2013.07.090
https://doi.org/10.1039/c7ob00779e
https://doi.org/10.1021/acs.orglett.9b01093
https://doi.org/10.1039/C9OB01490J
https://doi.org/10.1002/adsc.201800180
https://doi.org/10.1002/adsc.201800078
https://doi.org/10.1039/c6cc07196a


[12] (a) Liu, P.; Shen, Z.; Yuan, Y.; Sun, P. Org. Biomol. Chem. 2016, 14, 6523–6530. DOI: 10.
1039/C6OB00977H. (b) Ebule, R.; Mudshinge, S.; Nantz, M. H.; Mashuta, M. S.;
Hammond, G. B.; Xu, B. J. Org. Chem. 2019, 84, 3249–3259. DOI: 10.1021/acs.joc.
8b03162.(c) Moghaddam, F. M.; Tavakoli, G.; Saeednia, B. ChemistrySelect 2017, 2,
1316–1322. DOI: 10.1002/slct.201601639.(d) Patel, O. P. S.; Anand, D.; Maurya, R. K.;
Yadav, P. P. J. Org. Chem. 2016, 81, 7626–7634. DOI: 10.1021/acs.joc.6b01355.(e) Yan, M.;
Zhou, D.; Gao, Y.; Ma, Y. ChemistrySelect. 2018, 3, 13006–13009. DOI: 10.1002/slct.
201802450.(f) Zhang, X.; Zhou, Z.; Xu, H.; Xu, X.; Yu, X.; Yi, W. Org. Lett. 2019, 21,
7248–7253. DOI: 10.1021/acs.orglett.9b02462.

[13] (a) Aplsarlyakul, A.; Vanittanakom, N.; Buddhasukh, D. J. Ethnopharmacol. 1995, 49,
163–169. DOI: 10.1016/0378-8741(95)01320-2. (b) Dykes . Cereal Foods World. 2007, 52,
105–111. DOI: 10.1094/cfw-52-3-0105.(c) Fardet, A.; Rock, E.; R�em�esy, C. J. Cereal Sci.
2008, 48, 258–276. DOI: 10.1016/j.jcs.2008.01.002.(d) Liu, R. H. J. Cereal Sci. 2007, 46,
207–219. DOI: 10.1016/j.jcs.2007.06.010.(e) Molinari, R.; Poerio, T.; Argurio, P. Catal.
Today. 2006, 118, 52–56. DOI: 10.1016/j.cattod.2005.11.089.(f) Okarter, N.; Liu, R. H. Crit.
Rev. Food Sci. Nutr. 2010, 50, 193–208. DOI: 10.1080/10408390802248734.(g) P�erez-
Jim�enez, J.; Torres, J. L. J. Agric. Food Chem. 2011, 59, 12713–12724. DOI: 10.1021/
jf203372w.(h) Prats, E.; Galindo, J. C.; Bazzalo, M. E.; Le�on, A.; Mac�ıas, F. A.; Rubiales, D.
; Jorr�ın, J. V. J. Chem. Ecol. 2007, 33, 2245–2253. DOI: 10.1007/s10886-007-9388-9.(i)
Wang, B.-G.; Zhang, W.-W.; Duan, X.-J.; Li, X.-M. Food Chem. 2009, 113, 1101–1105.
DOI: 10.1016/j.foodchem.2008.08.078.

[14] (a) Bensari, A.; Zaveri, N. T. Synthesis. 2003, 2, 267–271. DOI: 10.1055/s-2003-36822. (b)
Su, W.; Jin, C. Synth. Commun. 2004, 34, 4199–4205. DOI: 10.1081/scc-200036628.

[15] Gao, Q.; Tan, X-C.; Pan, Y-M.; Wang, H-S.; Liang, Y. Chem. Commun. 2012, 48,
12080–12081. DOI: 10.1039/c2cc37194d.

[16] Wang, F.; Wu, W.; Xu, X.; Shao, X.; Li, Z. Tetrahedron Lett. 2018, 59, 2506–2510. DOI:
10.1016/j.tetlet.2018.04.076.

[17] (a) Traynelis, V. J.; Hergenrother, W. L. J. Org. Chem. 1964, 29, 221–222. DOI: 10.1021/
jo01024a505. (b) Sharma, P.; Rohilla, S.; Jain, N. J. Org. Chem. 2015, 80, 4116–4122. DOI:
10.1021/acs.joc.5b00443.

1722 R. LUO ET AL.

https://doi.org/10.1039/C6OB00977H
https://doi.org/10.1039/C6OB00977H
https://doi.org/10.1021/acs.joc.8b03162
https://doi.org/10.1021/acs.joc.8b03162
https://doi.org/10.1002/slct.201601639
https://doi.org/10.1021/acs.joc.6b01355
https://doi.org/10.1002/slct.201802450
https://doi.org/10.1002/slct.201802450
https://doi.org/10.1021/acs.orglett.9b02462
https://doi.org/10.1016/0378-8741(95)01320-2
https://doi.org/10.1094/cfw-52-3-0105
https://doi.org/10.1016/j.jcs.2008.01.002
https://doi.org/10.1016/j.jcs.2007.06.010
https://doi.org/10.1016/j.cattod.2005.11.089
https://doi.org/10.1080/10408390802248734
https://doi.org/10.1021/jf203372w
https://doi.org/10.1021/jf203372w
https://doi.org/10.1007/s10886-007-9388-9
https://doi.org/10.1016/j.foodchem.2008.08.078
https://doi.org/10.1055/s-2003-36822
https://doi.org/10.1081/scc-200036628
https://doi.org/10.1039/c2cc37194d
https://doi.org/10.1016/j.tetlet.2018.04.076
https://doi.org/10.1021/jo01024a505
https://doi.org/10.1021/jo01024a505
https://doi.org/10.1021/acs.joc.5b00443

	Abstract
	Introduction
	Discussion
	Conclusion
	Experimental section
	General procedure for the synthesis of phenol compounds
	(4-Hydroxy-6-methyl-1,3-phenylene)bis(phenylmethanone)(2a)
	(4-Hydroxy-6-phenyl-1,3-phenylene)-1-ethanone-3-phenylmethanone(2a′)


	Funding
	References


