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Abstract

Prins reactions and Prins cyclization reactions are important synthetic strategies that have re-
ceived much attention from synthetic chemists since their discovery. The Prins reaction, a con-
densation reaction of aldehydes or ketones with olefins or alkynes under acid catalysis, offers an
efficient avenue for the construction of carbon-carbon bonds and cyclic compounds. Characterized
by high atom economy and synthetic efficiency, it has been widely employed in the synthesis of
pharmaceuticals and natural product molecules. Therefore, this paper presents the progress of
research on the Prins reaction by selecting some representative examples in recent years.
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Figure 1. Mechanism of (a) classical Prins reaction and (b) Prins cyclization reaction
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2.1. Prins & M #3i2 ®IR
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Figure 2. Synthesis of alkynyl diethyl derivatives
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Figure 3. Synthesis of aminoindene derivatives
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Figure 4. Synthesis of furanotetrahydroquinoline derivatives
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Figure 5. Synthesis of eight-membered spiro-diazacyclooctanes
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Figure 6. Synthesis of hexahydro-2H-benzo [g] chromenes
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Figure 7. Synthesis of thienyl polycyclic fused indoles
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Figure 8. Synthesis of phomactin A
El 8 #EZREANAHK

TR AR T Prins S H, Rl 201 fEAL I AT LIRS S NS PR 1l 48 5 PR RA B, A
AR A A (Rt BEAN T AR o Bergman Sz [R] FH[27] [28]1E 2021 4FR A T —FhERATAE X884 T A AL,
AT BA A B R e A 0 LS B IR K PRI o AE 2 R R AL A& 1 T RS PR B, 1%
S SR B RS (77 H A LA R . (AR 4RI, MRS DL T RSB RL 1 Mk K & 1R
a0 9).

DOI: 10.12677/jocr.2024.122030 329 HHL A5


https://doi.org/10.12677/jocr.2024.122030

PHRALL %

4
¥
H._O
R
R K12Gay(Co4H14N20g)g (10 mol%) R\\O}OH . R\O_\\OH
R KoHPO,4 (50 mM) Y,

S "’//
~ pH 7.50, 60 °C, 28 h [/ [/
W N
O = Ga*? o "o
o Dy
—L— =
) o
o0
P

Figure 9. Synthesis of citronellal compounds
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Figure 10. Synthesis of azidotetrahydropyran derivatives
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Figure 11. Synthesis of tetrahydropyran derivatives
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Figure 12. lodine-catalyzed Prins reaction
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Figure 13. Synthesis of 4-aminotetrahydropyran derivatives
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Figure 14. Synthesis of tetrahydropyran derivatives
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Figure 15. Synthesis of 2,3-disubstituted tetrahydrofuran derivatives
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Figure 16. Natural products: Cordigol
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Figure 17. Synthesis of dihydropyran derivatives
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Figure 18. Re,0O;-catalyzed Prins cyclization
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Figure 19. Synthesis of 1,6-diazecaneshy
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Figure 20. Prins cyclization of alkynols
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Figure 21. Prins cyclization of chiral allenyl alcohols
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Figure 22. Prins reaction of cyclopropanecarbaldehydes
B 22. T AKEER Prins &N

3. B&

fEE3cr, AT Prins O IR FURE REEAT 1 IO S A JTE4E, Prins OB OIS T
A NBE HHERE, AOUTR TR R, b RON AR N ACKE, T HaE R (8 A =2 2% 448
PR TAZRBLI RG] . AE BB TR SR AR, Prins S M2 A 58T R R HI 5

&5k

[1] Prins, H.J. (1919) The Reciprocal Condensation of Unsaturated Organic Compounds. Chemisch Weekblad, 16,
1510-1526.

[2] Dobbs, A.P., Guesné, S.J.J., Martinovi¢, S., Coles, S.J. and Hursthouse, M.B. (2003) A Versatile Indium Trichloride
Mediated Prins-Type Reaction to Unsaturated Heterocycles. The Journal of Organic Chemistry, 68, 7880-7883.
https://doi.org/10.1021/jo034981k

[3] Ponra, S. and Majumdar, K.C. (2016) Brgnsted Acid-Promoted Synthesis of Common Heterocycles and Related
Bio-Active and Functional Molecules. RSC Advances, 6, 37784-37922. https://doi.org/10.1039/c5ra27069¢c

[4] Olier, C., Kaafarani, M., Gastaldi, S. and Bertrand, M.P. (2010) Synthesis of Tetrahydropyrans and Related Hetero-
cycles via Prins Cyclization; Extension to Aza-Prins Cyclization. Tetrahedron, 66, 413-445.
https://doi.org/10.1016/j.tet.2009.10.069

DOI: 10.12677/jocr.2024.122030 334 HHL A5


https://doi.org/10.12677/jocr.2024.122030
https://doi.org/10.1021/jo034981k
https://doi.org/10.1039/c5ra27069c
https://doi.org/10.1016/j.tet.2009.10.069

(5]

(6]
[7]

(8]

[°]
[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]
[21]
[22]

[23]

[24]

[25]

[26]

Bondalapati, S., Gogoi, P., Indukuri, K. and Saikia, A.K. (2012) Diastereoselective Synthesis of Substituted Tetrahy-
drothiopyrans via (3,5)-Thionium-Ene Cyclization Reaction. The Journal of Organic Chemistry, 77, 2508-2512.
https://doi.org/10.1021/j02023944

Cloninger, M.J. and Overman, L.E. (1999) Stereocontrolled Synthesis of Trisubstituted Tetrahydropyrans. Journal of
the American Chemical Society, 121, 1092-1093. https://doi.org/10.1021/ja9838007

Chan, K.-P. and Loh, T.-P. (2005) Prins Cyclizations in Silyl Additives with Suppression of Epimerization: Versatile
Tool in the Synthesis of the Tetrahydropyran Backbone of Natural Products. Organic Letters, 7, 4491-4494,
https://doi.org/10.1021/01051951q

Chan, K.-P., Seow, A.-H. and Loh, T.-P. (2007) Stereochemical Prins Cyclization: Electronic versus Steric Effects on
the Synthesis of 2,4,6-Trisubstituted Tetrahydropyran Rings. Tetrahedron Letters, 48, 37-41.
https://doi.org/10.1016/j.tetlet.2006.11.023

Saikia, A. and Reddy, U. (2010) One-Pot, Three-Component Synthesis of 4-Aryl-5,6-Dihydropyran via Prins-Friedel-Crafts
Reaction. Synlett, 2010, 1027-1032. https://doi.org/10.1055/s-0029-1219779

Dobbs, A.P. and Martinovi¢, S. (2002) The Silyl-Prins Reaction: A Novel Method for the Synthesis of Dihydropyrans.
Tetrahedron Letters, 43, 7055-7057. https://doi.org/10.1016/s0040-4039(02)01558-7

Cossey, K.N. and Funk, R.L. (2004) Diastereoselective Synthesis of 2,3,6-Trisubstituted Tetrahydropyran-4-Ones via
Prins Cyclizations of Enecarbamates: A Formal Synthesis of (+)-Ratjadone A. Journal of the American Chemical So-
ciety, 126, 12216-12217. https://doi.org/10.1021/ja046940r

Reddy, B.V.S., Anjum, S.R. and Sridhar, B. (2016) A Novel Self-Terminated Prins Strategy for the Synthesis of Te-
trahydropyran-4-One Derivatives and Their Behaviour in Fisher Indole Synthesis. RSC Advances, 6, 75133-75137.
https://doi.org/10.1039/c6ral1218h

Carballo, R.M., Ramirez, M.A., Rodriguez, M.L., Martin, V.S. and Padron, J.I. (2006) Iron(lll)-Promoted
Aza-Prins-Cyclization: Direct Synthesis of Six-Membered Azacycles. Organic Letters, 8, 3837-3840.
https://doi.org/10.1021/01061448t

Yadav, J.S., Subba Reddy, B.V., Chaya, D.N., Narayana Kumar, G.G.K.S., Aravind, S., Kunwar, A.C., et al. (2008)
Gallium lodide/lodine as a Versatile Reagent for the Aza-Prins Cyclization: An Expeditious Synthesis of 4-lodopiperidines.
Tetrahedron Letters, 49, 3330-3334. https://doi.org/10.1016/j.tetlet.2008.03.006

Kishi, Y., Nagura, H., Inagi, S. and Fuchigami, T. (2008) Facile and Highly Efficient Synthesis of Fluorinated Hetero-
cycles via Prins Cyclization in lonic Liquid Hydrogen Fluoride Salts. Chemical Communications, No. 33, 3876-3878.
https://doi.org/10.1039/b806389c

Nannei, R., Dallavalle, S., Merlini, L., Bava, A. and Nasini, G. (2006) Synthesis of (+)-Spirolaxine Methyl Ether. The
Journal of Organic Chemistry, 71, 6277-6280. https://doi.org/10.1021/jo060839i

Clarke, P.A. and Santos, S. (2006) Strategies for the Formation of Tetrahydropyran Rings in the Synthesis of Natural
Products. European Journal of Organic Chemistry, 2006, 2045-2053. https://doi.org/10.1002/ejoc.200500964

Crosby, S.R., Harding, J.R., King, C.D., Parker, G.D. and Willis, C.L. (2002) Prins Cyclizations: Labeling Studies and
Application to Natural Product Synthesis. Organic Letters, 4, 3407-3410. https://doi.org/10.1021/010201270

Subba Reddy, B.V., Nair, P.N., Antony, A., Lalli, C. and Grée, R. (2017) The Aza-Prins Reaction in the Synthesis of
Natural Products and Analogues. European Journal of Organic Chemistry, 2017, 1805-1819.
https://doi.org/10.1002/ejoc.201601411

Xu, T., Yu, Z. and Wang, L. (2009) Iron-Promoted Cyclization/Halogenation of Alkynyl Diethyl Acetals. Organic
Letters, 11, 2113-2116. https://doi.org/10.1021/019005689

Bai, J., Yasumoto, K., Kano, T. and Maruoka, K. (2018) Synthesis of 1-Aminoindenes through Aza-Prins-Type Cycli-
zation. Chemistry: A European Journal, 24, 10320-10323. https://doi.org/10.1002/chem.201802448
Sun, H.-R., Zhao, Q., Yang, H., Yang, S., Gou, B.-B., Chen, J,, et al. (2019) Chiral Phosphoric-Acid-Catalyzed Cas-
cade Prins Cyclization. Organic Letters, 21, 7143-7148. https://doi.org/10.1021/acs.orglett.9b02714
Rapelli, C., Sridhar, B. and Subba Reddy, B.V. (2020) Tandem Prins Cyclization for the Synthesis of Indole Fused

Spiro-1,4-Diazocane Scaffolds. Organic & Biomolecular Chemistry, 18, 6710-6715.
https://doi.org/10.1039/d00b01384f

Meng, S., Guo, W., Liu, J., Zheng, J. and Wang, Q. (2022) A Tandem Prins/Friedel-Crafts Cyclization Strategy for the
Stereoselective Synthesis of Hexahydro-2H-Benzo[g]chromenes. ChemistrySelect, 7, e202202760.
https://doi.org/10.1002/slct.202202760

Huang, Z.-B., Zhao, M.-H., Liu, X. and Wang, L. (2023) Synthesis of Thienyl Polycyclic Fused Indoles Based on the
Indium Catalyzed Prins/Friedel-Crafts Tandem Reaction. Asian Journal of Organic Chemistry, 12, €202300147.
https://doi.org/10.1002/ajoc.202300147

Sun, L., Huang, J., Wang, B., Du, G. and Lee, C. (2023) Formal Synthesis of (+)-Phomactin A via a Prins/Conia-Ene
Cascade and y-Hydroxylation Strategy. ChemistrySelect, 8, €202304204. https://doi.org/10.1002/slct.202304204

DOI: 10.12677/jocr.2024.122030 335 HHL A5


https://doi.org/10.12677/jocr.2024.122030
https://doi.org/10.1021/jo2023944
https://doi.org/10.1021/ja9838007
https://doi.org/10.1021/ol051951q
https://doi.org/10.1016/j.tetlet.2006.11.023
https://doi.org/10.1055/s-0029-1219779
https://doi.org/10.1016/s0040-4039(02)01558-7
https://doi.org/10.1021/ja046940r
https://doi.org/10.1039/c6ra11218h
https://doi.org/10.1021/ol061448t
https://doi.org/10.1016/j.tetlet.2008.03.006
https://doi.org/10.1039/b806389c
https://doi.org/10.1021/jo060839i
https://doi.org/10.1002/ejoc.200500964
https://doi.org/10.1021/ol020127o
https://doi.org/10.1002/ejoc.201601411
https://doi.org/10.1021/ol9005689
https://doi.org/10.1002/chem.201802448
https://doi.org/10.1021/acs.orglett.9b02714
https://doi.org/10.1039/d0ob01384f
https://doi.org/10.1002/slct.202202760
https://doi.org/10.1002/ajoc.202300147
https://doi.org/10.1002/slct.202304204

PHRALL %

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Hart-Cooper, W.M., Clary, K.N., Toste, F.D., Bergman, R.G. and Raymond, K.N. (2012) Selective Monoterpene-Like
Cyclization Reactions Achieved by Water Exclusion from Reactive Intermediates in a Supramolecular Catalyst. Jour-
nal of the American Chemical Society, 134, 17873-17876. https://doi.org/10.1021/ja308254k

Hart-Cooper, W.M., Zhao, C., Triano, R.M., Yaghoubi, P., Ozores, H.L., Burford, K.N., et al. (2015) The Effect of
Host Structure on the Selectivity and Mechanism of Supramolecular Catalysis of Prins Cyclizations. Chemical Science,
6, 1383-1393. https://doi.org/10.1039/c4sc02735¢

Yadav, J.S., Subba Reddy, B.V., Maity, T. and Narayana Kumar, G.G.K.S. (2007) A Diastereoselective Synthesis of
4-Azidotetrahydropyrans via the Prins-Cyclization. Tetrahedron Letters, 48, 7155-7159.
https://doi.org/10.1016/j.tetlet.2007.07.195

Tian, G.-Q. and Shi, M. (2007) Bransted Acid-Mediated Stereoselective Cascade Construction of Functionalized Te-
trahydropyrans from 2-(Arylmethylene)Cyclopropylcarbinols and Aldehydes. Organic Letters, 9, 2405-2408.
https://doi.org/10.1021/010709026

Yadav, J.S., Subba Reddy, B.V., Narayana Kumar, G.G.K.S. and Swamy, T. (2007) lodine as a Versatile Reagent for
the Prins-Cyclization: An Expeditious Synthesis of 4-lodotetrahydropyran Derivatives. Tetrahedron Letters, 48,
2205-2208. https://doi.org/10.1016/j.tetlet.2007.01.076

Yadav, J.S., Subba Reddy, B.V., Singh, A.P., Chaya, D.N., Chatterjee, D. and Kunwar, A.C. (2010) First Example of
Carbohydrate-Based Prins Cyclization: A Novel Class of Sugar-Annulated Tetrahydropyrans. Tetrahedron Letters, 51,
1475-1478. https://doi.org/10.1016/]j.tetlet.2010.01.028

Yadav, J.S., Thrimurtulu, N., Lakshmi, K.A., Prasad, A.R. and Reddy, B.V.S. (2010) The Silylalkyne-Prins Cycliza-
tion: A Novel Synthesis of 4-lododihydropyrans. Tetrahedron Letters, 51, 661-663.
https://doi.org/10.1016/j.tetlet.2009.11.103

Silva, L.F. and Quintiliano, S.A. (2009) An Expeditious Synthesis of Hexahydrobenzo[f]lisochromenes and of Hexahy-
drobenzo[f]isoquinoline via lodine-Catalyzed Prins and Aza-Prins Cyclization. Tetrahedron Letters, 50, 2256-2260.
https://doi.org/10.1016/].tetlet.2009.02.202

Yadav, J.S., Reddy, B.V.S., Kumar, G.G.K.S.N. and Reddy, G.M. (2007) CeCl;-7H,0/AcCl-Catalyzed Prins-Ritter
Reaction Sequence: A Novel Synthesis of 4-Amido Tetrahydropyran Derivatives. Tetrahedron Letters, 48, 4903-4906.
https://doi.org/10.1016/j.tetlet.2007.05.056

Yadav, J.S., Reddy, B.V.S., Aravind, S., Kumar, G.G.K.S.N., et al. (2008) Three-Component, One-Pot Diastereoselec-
tive Synthesis of 4-Amidotetrahydropyrans via the Prins-Ritter Reaction Sequence. Tetrahedron, 64, 3025-3031.
https://doi.org/10.1016/j.tet.2008.01.038

Pham, M., Allatabakhsh, A. and Minehan, T.G. (2007) An Environmentally Benign Synthesis of Cis-2,6-Disubstituted
Tetrahydropyrans via Indium-Mediated Tandem Allylation/Prins Cyclization Reaction. The Journal of Organic Che-
mistry, 73, 741-744. https://doi.org/10.1021/jo7016857

Spivey, A.C., Laraia, L., Bayly, A.R., Rzepa, H.S. and White, A.J.P. (2010) Stereoselective Synthesis of Cis- and
Trans-2,3-Disubstituted Tetrahydrofurans via Oxonium-Prins Cyclization: Access to the Cordigol Ring System. Or-
ganic Letters, 12, 900-903. https://doi.org/10.1021/019024259

Pérez, S.J., Purino, M., Miranda, P.O., Martin, V.S., Fernandez, I. and Padrén, J.I. (2015) Prins Cyclization Catalyzed
by a Fe'/Trimethylsilyl Halide System: The Oxocarbenium lon Pathway versus the [2+2] Cycloaddition. Chemistry: A
European Journal, 21, 15211-15217. https://doi.org/10.1002/chem.201502488

Afeke, C., Xie, Y. and Floreancig, P.E. (2019) Re,O,-Catalyzed Approach to Spirocyclic Ether Formation from Acyc-
lic Precursors: Observation of Remote Stereoinduction. Organic Letters, 21, 5064-5067.
https://doi.org/10.1021/acs.orglett.9b01660

Kim, G.U., Cho, H., Lee, J.K,, Lee, J.Y., Tae, J., Min, S., et al. (2023) Stereoselective Synthesis of 1,6-Diazecanes by
a Tandem Aza-Prins Type Dimerization and Cyclization Process. Chemical Communications, 59, 82-85.
https://doi.org/10.1039/d2cc05133h

Miranda, P.O., Diaz, D.D., Padron, J.l., Bermejo, J. and Martin, V.S. (2003) Iron(l11)-Catalyzed Prins-Type Cycliza-
tion Using Homopropargylic Alcohol: A Method for the Synthesis of 2-Alkyl-4-Halo-5,6-Dihydro-2H-Pyrans. Organic
Letters, 5, 1979-1982. https://doi.org/10.1021/01034568z

Kato, M. and Saito, A. (2018) Domino Synthesis of 2,3-Dialkylidenetetrahydrofurans via Tandem Prins Cycliza-
tion-Skeletal Reorganization. Organic Letters, 20, 4709-4712. https://doi.org/10.1021/acs.orglett.8002114

Cho, Y.S., Karupaiyan, K., Kang, H.J., Pae, A.N., Cha, J.H., Koh, H.Y. and Chang, M.-H. (2003) Synthesis of Novel
2,6-Disubstituted-3,4-Dimethylidene Tetrahydropyrans via Prins-Type Cyclization. Chemical Communications, No. 18,
2346-2347. https://doi.org/10.1002/chin.200403113

Kumar, P., Dey, R. and Banerjee, P. (2018) Exploitation of Cyclopropane Carbaldehydes to Prins Cyclization: Quick
Access to (E)-Hexahydrooxonine and Octahydrocyclopenta[b]pyran. Organic Letters, 20, 5163-5166.
https://doi.org/10.1021/acs.orglett.8002094

DOI: 10.12677/jocr.2024.122030 336 HHL A5


https://doi.org/10.12677/jocr.2024.122030
https://doi.org/10.1021/ja308254k
https://doi.org/10.1039/c4sc02735c
https://doi.org/10.1016/j.tetlet.2007.07.195
https://doi.org/10.1021/ol0709026
https://doi.org/10.1016/j.tetlet.2007.01.076
https://doi.org/10.1016/j.tetlet.2010.01.028
https://doi.org/10.1016/j.tetlet.2009.11.103
https://doi.org/10.1016/j.tetlet.2009.02.202
https://doi.org/10.1016/j.tetlet.2007.05.056
https://doi.org/10.1016/j.tet.2008.01.038
https://doi.org/10.1021/jo7016857
https://doi.org/10.1021/ol9024259
https://doi.org/10.1002/chem.201502488
https://doi.org/10.1021/acs.orglett.9b01660
https://doi.org/10.1039/d2cc05133h
https://doi.org/10.1021/ol034568z
https://doi.org/10.1021/acs.orglett.8b02114
https://doi.org/10.1002/chin.200403113
https://doi.org/10.1021/acs.orglett.8b02094

	Prins反应与Prins环化反应的研究进展
	摘  要
	关键词
	Advances in the Study of the Prins Reaction and the Prins Cyclization Reaction
	Abstract
	Keywords
	1. 引言
	2. Prins反应的研究进展
	2.1. Prins反应构建碳环
	2.2. Prins反应构建杂环
	2.3. 特殊底物的Prins反应

	3. 总结
	参考文献

