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Abstract

2H-chromene compounds are a class of heterocyclic compounds containing oxygen atoms, widely
present in natural products. They exhibit activities such as antibacterial, anti-inflammatory, anti-
oxidant, and anticancer properties. In synthetic chemistry and chemical biology, 2H-chromene skel-
eton is also an important synthetic block. Therefore, developing efficient method for synthesizing
2H-chromenes has good research value and application prospects. Currently, methods for synthe-
sizing 2H-chromenes are divided into intramolecular cyclization reactions and intermolecular cy-
cloaddition reactions. Intermolecular cycloaddition reactions can be further subdivided into inter-
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molecular [3 + 3] and [4 + 2] reactions. This article mainly introduces recent methods for synthe-
sizing 2H-chromenes through intramolecular cyclization and intermolecular cycloaddition reac-
tions, providing a reference for the synthetic research of this class of compounds.
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Figure 1. Some examples of natural products containing 2H-chromene and related scaffolds
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SPMLFENE . B EAT ZUI RS 5 T IX M3 + PRI N . FEAR AR JERH 55 38 A AN R
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Figure 2. Possible mechanism of Fe-catalyzed [3 + 3] cycloaddition to 5H-naphthalene [1, 2c]
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Figure 3. Cu(l) catalyzes the formation of 3-alkyl-4-methyl-2H-chromene
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Figure 4. 2H-chromenes synthesized by allyl alcohol/palladium catalysis
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Figure 5. Brgnsted acid catalyzed electrocyclization to produce 2H-chromenes.
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Figure 6. Intramolecular cyclization catalyzed by Au(l) to generate 2H-chromenes.
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Figure 7. Multistep sequential reaction synthesis of 2H-chromenes
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Figure 8. P(NMez)s mediated intramolecular cyclization for the synthesis of 2H-chromenes
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Figure 9. Re-catalyzed cyclization reaction for the synthesis of 2H-chromenes
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Figure 10. Bromination of pyranocyclopentene generates brominated 2H-chromenes
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Figure 11. Ecological zinc catalyzed biomass synthesis of 2H-chromenes
B 11 ESFREEENRER 2H-8 1%
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Figure 12. Ammonium dihydrogen phosphate catalyzes multi-component reactions
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Figure 13. Knoevenagel condensation synthesis of 2H-chromenes
[&] 13. Knoevenagel fE& & X 2H-& )%
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Figure 14. Microwave-assisted synthesis of 2H-chromenes
14, HURFEBNE R 2H-8 1%

2014 £, Lanary #2284 5T T TBD (1,5,7- = &% 3 [4.4.0]1%5-5-1) A 1E R MU {L, 75
30CF, /KIS 3-FHk-2- T IRIEE TLIE R 26 AF T B, 193 3- I RE-2H- ) 2.26 (141 15). RSl
HOR, MEReMEI 2.22 5/ 2.20 KASEZIMBU N, 53] H a4k 2.23, 2.23 H TBD #J NH 1 2.21
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Figure 15. Synthesis of 2H-chromenes through the oxy-pseudo-Michaele reaction
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157 F N HWE M B, R 3,4- “HUR-2H- G4 4 7 —Fhof & g 46 (16] 16). 76 NaOH fF 9B 5%
EF, &M TR o-Br-FlXIREIRFI 48 &, 78 2 /NEFPY BL 57%~87%IUSC RS BIFT 75 10 3,4- AR
(1) 2H-E)F . ZRNIE IS —BRE B B[4 + 2P R, TETR RS IR, P RS A 2H- R A,
REGEAROCR, REETEFE, Foaairig.

2020 4, Harris B [30]#k1E T HBF4-EtO LI 6-TREL 6-F /K8 5 WIER (1 o BRAG SEAL A
N, AR GF Z AL T AR SR & Bl 2- 05 B4k 2H- A (18] 17). TERRMESRME N, BRI T, AR5 S
ERECAL, A lrp ik 2.27. o0 T WA NIEE I MR Sha6f8 1) 2.27 MpEs, 1930 2.28, SAJ5 R
L1 B(OH)2, 1931 2.29. M 2.29 R ZIGHEIIER B, 7322088 3640 2.30, BEJSHEAT EML, 733 2-
75 3L 2H-10 ) . AKAHEE RO ER S 3E F 1 R A o ANRIBUREE KIS, naa s, HAE. xR T
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Figure 16. Alkali-catalyzed synthesis of 2H-chromenes.
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Figure 17. HBF4-Et20 catalyzes the generation of 2-arylated alkenes and the possible mechanism
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Figure 18. 2H-chromenes is co-catalyzed by p-TsOH and pyrrolidine.
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Figure 19. Synthesis of 2H-chromenes from alkynyl sulfate and ortho-hydroxybenzyl alcohol
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Figure 20. 2H-chromenes synthesized through L-proline amide mediation
20. L-FERBREARR T S A B 2H-B 1%

DOI: 10.12677/jocr.2025.132025 263 H WA


https://doi.org/10.12677/jocr.2025.132025

HRTF E

WEWAETGE, R AR, BRARSEI ARG . A LI BRG], s
PR A RREIERR, RAMRENE. SRR, Bl bR e, 32700 RRgett. KmEn p-
TR LG AT R A 5 2 AU (T 2 L s 3R WHARESR), BRI R iR, R R0
TR0 A7 FELTR 32 A o

3. ZitE5RE

2H-tIGELE 2 REEI T AN, KR A TR - 2SR SR s
Wi aity, RO FEWEENE, SFEIE. IR, SRR RIUESZMEEIER, £2YL2
A EER B AME S N 1. 2H-C)8 & RTT75 7 0§ WML S 70 T IR NSO S R S, o i <
JE~ TR THEMEALT S AR R AR 2H- 0 B S B 2 BT, B0 A 2R S BIB9S
RTF T xRt A m . KA I8 1 SN BAT IR G VR, IS 2RI L BRI, AT
FAAE DT R AT A R . SARAEAL TR IO HE . PRI BEPEAR . B 2% AR 20 A B . JREE AR, 2H-f
W (5 Bt ZETT R T BT . & SR B AR AR, DU e X R FR 0 1 15 SR, JF
Honsm iz 2R & VR AL VS LR SO R TE,  HESH AR 25 Wi A AN T RERARL A LA o

e HE

AW AR HA AR RITH (W H %5 : 25YFWAO0LE) AT E X H AR B3 & 15 H (W H 44 5
22161026) (1) % Bl

SE

[1] Brimble, M.A,, Gibson, J.S. and Sperry, J. (2008) Pyrans and Their Benzo Derivatives: Synthesis. Comprehensive Het-
erocyclic Chemistry 11, 7, 419-699. https://doi.org/10.1016/b978-008044992-0.00608-8

[2] Zeni, G. and Larock, R.C. (2004) Synthesis of Heterocycles via Palladium TT-Olefin and TT-Alkyne Chemistry. Chemical
Reviews, 104, 2285-2310. https://doi.org/10.1021/cr020085h

[3] Hussain, M.K., Ansari, M., Yadav, N., Gupta, P.K., Gupta, A.K., Saxena, R., et al. (2014) Design and Synthesis of
ERa/ERS Selective Coumarin and Chromene Derivatives as Potential Anti-Breast Cancer and Anti-Osteoporotic Agents.
RSC Advances, 4, 8828-8845. https://doi.org/10.1039/c3ra45749d

[4] Majumdar, N., Paul, N.D., Mandal, S., de Bruin, B. and Wulff, W.D. (2015) Catalytic Synthesis of 2H-Chromenes. ACS
Catalysis, 5, 2329-2366. https://doi.org/10.1021/acscatal.5b00026

[5] Azizmohammadi, M., Khoobi, M., Ramazani, A., Emami, S., Zarrin, A., Firuzi, O., et al. (2013) 2H-Chromene Deriva-
tives Bearing Thiazolidine-2,4-Dione, Rhodanine or Hydantoin Moieties as Potential Anticancer Agents. European Jour-
nal of Medicinal Chemistry, 59, 15-22. https://doi.org/10.1016/j.ejmech.2012.10.044

[6] Bamfield, P.(2010) Chromic Phenomena: Technological Applications of Colour Chemistry. Royal Society of Chemistry.

[7] Moorthy, J.N., Mandal, S., Mukhopadhyay, A. and Samanta, S. (2013) Helicity as a Steric Force: Stabilization and
Helicity-Dependent Reversion of Colored 0-Quinonoid Intermediates of Helical Chromenes. Journal of the American
Chemical Society, 135, 6872-6884. https://doi.org/10.1021/ja312027¢

[8] Balabani, A., Hadjipavlou-Litina, D.J., Litinas, K.E., Mainou, M., Tsironi, C. and Vronteli, A. (2011) Synthesis and
Biological Evaluation of (2,5-Dihydro-1h-Pyrrol-1-Y1)-2h-Chromen-2-Ones as Free Radical Scavengers. European
Journal of Medicinal Chemistry, 46, 5894-5901. https://doi.org/10.1016/j.ejmech.2011.09.053

[9] Reddy, C.S., Devi, M.V., Kumar, G.R., Rao, L.S. and Nagaraj, A. (2010) Synthesis and Antimicrobial Activity of Novel
2-(Aryl)-3-[5-(2-Ox0-2h-3-Chromenyl)-1,3-Oxazol-2-yl]-1,3-Thiazolan-4-Ones. Journal of Heterocyclic Chemistry, 48,
176-182. https://doi.org/10.1002/jhet.505

[10] Dong, Y., Nakagawa-Goto, K., Lai, C., Morris-Natschke, S.L., Bastow, K.F., Kim, Y., et al. (2012) Antitumor Agents.
289. Design, Synthesis, and Anti-Breast Cancer Activity in Vivo of 4-Amino-2h-Benzo[h]Chromen-2-One and 4-Amino-
7,8,9,10-Tetrahydro-2h-Benzo[h]Chromen-2-One Analogues with Improved Water Solubility. Journal of Natural Prod-
ucts, 75, 370-377. https://doi.org/10.1021/np2007878

[11] Horton, D.A,, Bourne, G.T. and Smythe, M.L. (2003) The Combinatorial Synthesis of Bicyclic Privileged Structures or

DOI: 10.12677/jocr.2025.132025 264 H WA


https://doi.org/10.12677/jocr.2025.132025
https://doi.org/10.1016/b978-008044992-0.00608-8
https://doi.org/10.1021/cr020085h
https://doi.org/10.1039/c3ra45749d
https://doi.org/10.1021/acscatal.5b00026
https://doi.org/10.1016/j.ejmech.2012.10.044
https://doi.org/10.1021/ja312027c
https://doi.org/10.1016/j.ejmech.2011.09.053
https://doi.org/10.1002/jhet.505
https://doi.org/10.1021/np2007878

HRTF E

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

Privileged Substructures. Chemical Reviews, 103, 893-930. https://doi.org/10.1021/cr020033s

Kogan, N.M., Rabinowitz, R., Levi, P., Gibson, D., Sandor, P., Schlesinger, M., et al. (2004) Synthesis and Antitumor
Activity of Quinonoid Derivatives of Cannabinoids. Journal of Medicinal Chemistry, 47, 3800-3806.
https://doi.org/10.1021/jm0400420

Siyang, H.X., Wu, X.R., Ji, X.Y., Wu, X.Y. and Liu, P.N. (2014) A Copper(ll) Perchlorate-Promoted Tandem Reaction
of Internal Alkynol and Salicyl N-Tosylhydrazone: Direct Access to Isochromeno[3,4-b]JChromene. Chemical Commu-
nications, 50, 8514-8517. https://doi.org/10.1039/c4cc02862g

Sun, J., Zhao, J., Guo, H. and Wu, W. (2012) Visible-Light Harvesting Iridium Complexes as Singlet Oxygen Sensitizers
for Photooxidation of 1,5-Dihydroxynaphthalene. Chemical Communications, 48, 4169-4171.
https://doi.org/10.1039/c2cc16690a

Wang, Z., Lei, Y., Zhou, M., Chen, G., Song, R., Xie, Y., etal. (2010) Iron-Mediated [3 + 2] or [3 + 3] Annulation of 2-
(2-(Ethynyl)Phenoxy)-1-Arylethanones: Selective Synthesis of Indeno[1,2-c]Chromenes and 5h-Naphtho[1,2-c]Chromenes.
Organic Letters, 13, 14-17. https://doi.org/10.1021/01102761m

Zheng, Y., Qiu, L., Hong, K., Dong, S. and Xu, X. (2017) Copper- or Thermally Induced Divergent Outcomes: Synthesis
of 4-Methyl 2H-Chromenes and Spiro-4H-Pyrazoles. Chemistry—A European Journal, 24, 6705-6711.
https://doi.org/10.1002/chem.201704759

Fallbender, S.I., Metternich, J.B. and Gilmour, R. (2018) Spatiotemporal Control of Pre-Existing Alkene Geometry: A
Bio-Inspired Route to 4-Trifluoromethyl-2H-Chromenes. Organic Letters, 20, 724-727.
https://doi.org/10.1021/acs.orglett. 7b03859

Tu, M., Mei, G., Shi, F., Liu, S., Jiang, X. and Wu, S. (2018) Efficient Synthesis of Chromenes from Vinyl O-Quinone
Methides via a Bransted Acid Catalyzed Electrocyclization Process. Synthesis, 50, 2416-2422.
https://doi.org/10.1055/s-0037-1609483

Cervi, A., Vo, Y., Chai, C.L.L., Banwell, M.G., Lan, P. and Willis, A.C. (2020) Gold(l)-Catalyzed Intramolecular Hy-
droarylation of Phenol-Derived Propiolates and Certain Related Ethers as a Route to Selectively Functionalized Couma-
rins and 2H-Chromenes. The Journal of Organic Chemistry, 86, 178-198. https://doi.org/10.1021/acs.joc.0c02011

Song, L., Su, Q., Lin, X., Du, Z., Xu, H., Ouyang, M., et al. (2020) Cascade Claisen and Meinwald Rearrangement for
One-Pot Divergent Synthesis of Benzofurans and 2H-Chromenes. Organic Letters, 22, 3004-3009.
https://doi.org/10.1021/acs.orglett.0c00770

Zhang, J., Qiu, Y., Zhang, B., Huang, Z. and He, Z. (2021) P(NMez)s-Mediated Reductive Intramolecular Annulation of
Benzoylformates Tethered with a Trisubstituted Alkene Unit and Synthesis of 2,2-Disubstituted 2H-Chromenes. Organic
Letters, 23, 1880-1885. https://doi.org/10.1021/acs.orglett.1c00286

Zeng, H., Ju, J. and Hua, R. (2011) ReCI(CO)s-Catalyzed Cyclocondensation of Phenols with 2-Methyl-3-Butyn-2-Ol to
Afford 2,2-Dimethyl-2H-Chromenes. Tetrahedron Letters, 52, 3926-3928. https://doi.org/10.1016/j.tetlet.2011.05.093

Bohmdorfer, S., Kloser, E., Patel, A., Gille, L., Mereiter, K. and Rosenau, T. (2011) Novel Tocopherol Derivatives. Part
32: On the Bromination of Pyrano[3,2-flchromenes Related to y-Tocopherol. Tetrahedron, 67, 6181-6185.
https://doi.org/10.1016/j.tet.2011.06.070

Escande, V., Velati, A. and Grison, C. (2014) Ecocatalysis for 2H-Chromenes Synthesis: An Integrated Approach for
Phytomanagement of Polluted Ecosystems. Environmental Science and Pollution Research, 22, 5677-5685.
https://doi.org/10.1007/s11356-014-3433-3

Khodabakhshi, S., Karami, B., Eskandari, K. and Farahi, M. (2014) Synthesis of New 4-Aroyl-Pyrano[c]Chromenes via
a One-Pot, Three-Component Reaction Based on Aryl Glyoxals. Tetrahedron Letters, 55, 3753-3755.
https://doi.org/10.1016/j.tetlet.2014.05.072

Raju, B.C., Saidachary, G., Kumar, J.A. and Sridhar, B. (2011) Facile Synthesis of Substituted Ethyl 2-(Chloromethyl)-
2-Hydroxy-2H-1-Benzopyran-3-Carboxylates. Helvetica Chimica Acta, 94, 248-253.
https://doi.org/10.1002/hlca.201000181

Xu, C., Yang, G., Wang, C,, Fan, S., Xie, L. and Gao, Y. (2013) An Efficient Solvent-Free Synthesis of 2-Hydroxy-2-
(Trifluoromethyl)-2H-Chromenes Using Silica-Immobilized L-Proline. Molecules, 18, 11964-11977.
https://doi.org/10.3390/molecules181011964

Lanari, D., Rosati, O. and Curini, M. (2014) A Solvent-Free Protocol for the Synthesis of 3-Formyl-2h-Chromenes via
Domino Oxa Michael/Aldol Reaction. Tetrahedron Letters, 55, 1752-1755. https://doi.org/10.1016/j.tetlet.2014.01.110
Prasad, S.S., Joshi, D.R. and Kim, I. (2020) Facile Access to 3,4-Disubstituted 2h-Chromenes via Domino [4 + 2] An-
nulation. Synthesis, 53, 1503-1512. https://doi.org/10.1055/s-0040-1706089

Harris, D.H., Barichello, R.O. and Bolshan, Y. (2020) Metal-free Alkenylation of Salicylaldehydes with Boronic Acids:
Synthesis of Skipped Dienes and 2H-Chromenes. European Journal of Organic Chemistry, 2020, 6000-6003.
https://doi.org/10.1002/ejoc.202001019

DOI: 10.12677/jocr.2025.132025 265 H WA


https://doi.org/10.12677/jocr.2025.132025
https://doi.org/10.1021/cr020033s
https://doi.org/10.1021/jm040042o
https://doi.org/10.1039/c4cc02862g
https://doi.org/10.1039/c2cc16690a
https://doi.org/10.1021/ol102761m
https://doi.org/10.1002/chem.201704759
https://doi.org/10.1021/acs.orglett.7b03859
https://doi.org/10.1055/s-0037-1609483
https://doi.org/10.1021/acs.joc.0c02011
https://doi.org/10.1021/acs.orglett.0c00770
https://doi.org/10.1021/acs.orglett.1c00286
https://doi.org/10.1016/j.tetlet.2011.05.093
https://doi.org/10.1016/j.tet.2011.06.070
https://doi.org/10.1007/s11356-014-3433-3
https://doi.org/10.1016/j.tetlet.2014.05.072
https://doi.org/10.1002/hlca.201000181
https://doi.org/10.3390/molecules181011964
https://doi.org/10.1016/j.tetlet.2014.01.110
https://doi.org/10.1055/s-0040-1706089
https://doi.org/10.1002/ejoc.202001019

HRTF E

[31] Somprasong, S., Prasitwatcharakorn, W. and Luanphaisarnnont, T. (2020) Efficient Synthesis of 2H-Chromene Deriva-
tives via a Dual-Organocatalytic Reaction. Tetrahedron Letters, 61, Article ID: 152402.
https://doi.org/10.1016/j.tetlet.2020.152402

[32] Ma, Y., He, X, Yang, Q., Boucherif, A. and Xuan, J. (2021) Recent Advances in Organocatalytic Asymmetric Cycload-
dition Reactions through Ortho-Quinone Methide Scaffolds. Asian Journal of Organic Chemistry, 10, 1233-1250.
https://doi.org/10.1002/ajoc.202100141

[33] Rani, D., Gulati, V., Guleria, M., Singh, S.P. and Agarwal, J. (2022) Aqueous Synthesis of 2-Aryl-3-Nitro-2H Chrome-
nes via L-Prolinamide Mediated Tandem OXA-Michael Henry Reactions. Journal of Molecular Structure, 1265, Article
ID: 133341. https://doi.org/10.1016/j.molstruc.2022.133341

DOI: 10.12677/jocr.2025.132025 266 HHL A5


https://doi.org/10.12677/jocr.2025.132025
https://doi.org/10.1016/j.tetlet.2020.152402
https://doi.org/10.1002/ajoc.202100141
https://doi.org/10.1016/j.molstruc.2022.133341

	2H-色烯化合物的合成研究进展
	摘  要
	关键词
	Research Progress on the Synthesis of 2H-Chromene Compounds
	Abstract
	Keywords
	1. 引言
	2. 2H-色烯的合成方法
	2.1. 分子内环化合成2H-色烯
	2.2. 分子间环加成反应合成2H-色烯
	2.2.1. 分子间[3 + 3]环加成反应合成C2取代色烯
	2.2.2. 分子间[4 + 2]环加成反应合成C2取代色烯


	3. 结论与展望
	基金项目
	参考文献

