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Abstract

In recent decades, organophosphine-catalyzed reactions of allenes have been established as a pivotal
class of organocatalytic transformations for constructing diverse molecular architectures. Allenic
esters, serving as important building blocks in organic synthesis, can form zwitterionic interme-
diates under organophosphine catalysis. These intermediates function as C1, C2, C3, or C4 synthons to
undergo cycloaddition reactions with electron-deficient alkenes, imines, aldehydes, ketones, and
related compounds. This methodology offers significant advantages, including environmental
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benignity, metal-free conditions, and mild reaction parameters, rendering it a practical and power-
ful strategy for synthesizing various heterocyclic compounds. Notably, differentially substituted al-
lenes can participate in cyclizations as distinct dipoles. This review summarizes the research pro-
gress over the last decade concerning the use of phosphine-catalyzed a-substituted allenes as ver-
satile synthons in cyclization reactions.
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Figure 1. Main reaction modes of a-substituted allenes in organophosphine catalysis
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Figure 2. Organophosphine-catalyzed [4 + 2] cycloaddition reaction of a-methyl allenoates with
imines and its mechanism
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Figure 3. Chiral phosphine-catalyzed [4 + 2] cycloaddition reaction of a-substituted allenoates with imines
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Figure 4. Organophosphine-catalyzed [4 + 1] and [4 + 2] cycloaddition reactions of f'-acetoxy
allenoates and their mechanisms
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Figure 5. Chiral phosphine-catalyzed [4 + 1] cycloaddition reaction of f'-acetoxy allenoates with sulfonamides
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Figure 6. Organophosphine-catalyzed cascade cyclization reaction of ’-acetoxy allenoates
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Figure 7. Organophosphine-catalyzed [4 + 2] cycloaddition reaction of a-substituted allenes with cyclic
imines
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Figure 8. Chiral phosphine-catalyzed [4 + 4] cycloaddition reaction of a-substituted allenones with a,f-unsaturated imines
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Figure 9. Chiral phosphine-catalyzed intramolecular [3 + 2] cycloaddition reaction of a-substituted allenes with alkenes
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Figure 10. Chiral phosphine-catalyzed [3 + 2] cycloaddition reaction of a-substituted allenes with isatin derivatives
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Figure 11. Chiral phosphine-catalyzed intramolecular [3 + 2] cycloaddition reaction of chalcone with allene
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Figure 12. Chiral phosphine-catalyzed [3 + 2] cycloaddition reaction of d-acetoxy allenoates with 2-sulfonamidomalonate
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Figure 13. Organophosphine-catalyzed [3 + 3] cycloaddition reaction of a-substituted allenes with aziridines
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Figure 14. Chiral phosphine-catalyzed [4 + 2] cycloaddition reaction of allenones with f,y-unsaturated a-ketoesters

14. FHBELERBES 4,)- 71070 o-BIBE(4 + 23RN AR 2

DOI: 10.12677/hjmce.2026.142018 182 251k


https://doi.org/10.12677/hjmce.2026.142018

PRER, FRK

2015 4, f7 B4 Weijun Yao $R1E T BEAEILIHTBL[4 + 200N, PABRMRER 1N C2 & RT
By- A a-BRERVEN C4 &T, 75 L-HERATAN DN AATE TR, & A o B M A ik
3,4- TSI B4R (1A 14) [14]0 12 BL—Fri iR A 177 AER G RN C2 BT I3 =44 &) 5
AT A s I E R 2450, R TS INEE A S R T

2016 4F, FBL ML Chunhao Yuan I8 | B —FUEE L A A HE Y o- BURBUB IR I3 + 2]
WIS, A R 1,2,3,10b PUEEIE I:[2,1-a] AT 15) [15]. ik 7 — R 505k _ErTH
PIFVERMEAL TR, RAETEA XS RRAE RS 1 R 3RS T R SR Bk 8%, (FZ B SR O Je T B AL 2R
IR s B 13- R 7 2R

PPh, CF

R1_.\ N R? PMe3 (20 mol%)
8N N s Z >
or CO,Et

CN = CH,Cl,, rt CFs

Figure 15. Chiral phosphine-catalyzed [3 + 2] cycloaddition reaction of a-substituted allenes with dicyanomethyldiazaphe-
nanthrene
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Figure 16. Chiral phosphine-catalyzed [4 + 2] cycloaddition reaction of a-substituted allenes with 1-benzyl-4-alkenylpyrroli-
dine-2,3-dione

16. FHBEN o- BREKES 1-7E-4-IGEN%1T-2,3- B[4 + 23RN AR R R

2019 4F, A WY Yannan Zhu 08 T BT F IR S p- LBHEIEBGIRER 10 SR BE 1,6-In8/
UL, o, BGER C2 BT (a-p), LAHEE AR T 17 26 G B i A Y S AT A=) 17) [17]
TESEH B SOSEA LR R, (R AT A R T S A% G A P P 8 7 P A, Bt 5 Y R SR FE ], £33 Tong’s
HraA, BT 5 TR SO B Hr A, B S 12 RMARTE A PG T S50 R R A 1,6-3E
PO R . S G R SR BUB AR IR AR & SRR I O B4

[F4E, #H R4 Qinglong Zhang I IE 1 B AL f- LB E IR IBR IR 5 2- 2k A /R B 2 18] AN 5
FR[4 + 20 R B, Fodr, BROIBIRBEIE N C2 BT, AT &8 LRAEa A O i DU S e kR AT A= (1]
18) [18]0 XX MA&AFIRAN . JRYLE VG, DLRIF R0 R = R WOE R EAR 2 H A5 =4, B
Al BT Z R AT AL AL

DOI: 10.12677/hjmce.2026.142018 183 251k


https://doi.org/10.12677/hjmce.2026.142018

TRER, FRK

R OAc 20 mol% (2-BrC¢H,)PPh,
+ \=. I

CO,R* Cs,CO3, THF, 1t

PPhs

® PR,
©
OAc VLCOZJ X o
PPh
® ° base /”\ RsP
Z

3
CO,Bn /\L@
=

Figure 17. Organophosphine-catalyzed [4 + 2] cycloaddition reaction of '-acetoxy allenoates with para-quinone methides
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Figure 18. Chiral phosphine-catalyzed [4 + 2] cycloaddition reaction of f'-acetoxy allenoates with 2-aminochalcone
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Figure 19. Organophosphine-catalyzed [4 + 1] cycloaddition reaction of a-substituted allenes with or-
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Figure 20. Chiral phosphine-catalyzed [4 + 1] cycloaddition reaction of a-substituted allenes with ortho-hydroxy para-quinone
methides

20. FHEBHEN o BUREE SRR B3 I R ERER(4 + 113F Ak R R

DOI: 10.12677/hjmce.2026.142018 185 251k


https://doi.org/10.12677/hjmce.2026.142018

TRER, FRK

6. BESRE

Zibprid, A VUSRS B A YEYE 2 0 T C BT T ERIARE, WHREER
FET TR AT T R, B AT S A IR 37, BASORI FH 3P Bl A0 S v B A X R R S
N T DRI AR R R, AR RV 2 KPR S, I, BATKE AR — L
JrmSEH E O R,

B, WEITREZ BA RN TAEBEAG . X TV 2 OB R SNE OB, 8L A
FIF PR, B IRAT AP I SL AL 2 B, XN T AR AR A AR YR B R . fildn, &3
RRATAERI TR MR LSRR TR AT A o

HR, R 2B R R R AL B r s I DR LR 1) 5 44 SO A LB A S N2 v e PR R 2
—o HTA RN A A P E B T R AR R, A S NI RE R B AR E MR, B LA R B
RIBHAT AR & B WIRIVE B, Xz IR AT 5 ERIFESIAE R . W0 Kwon BRI 1E B
o REFINHEAEHAR N C4 BTS2 5 RN, EIRIEIRAA 41 ERIS 005N LI 2 L R IR e
TN, FRAE R 7B PRI AT BAE -5 SO

e, RTAVBEEAI & BT O KBRS, (EAERR G Bom i 25 Tl b F T 26 £ i
P> T HIBEAEAL I L SE R R AEF A IR . BRI, @I B A RS R 4 TR B B 3

&5k

[1] Zhu, X., Lan, J. and Kwon, O. (2003) An Expedient Phosphine-Catalyzed [4 + 2] Annulation: Synthesis of Highly Func-
tionalized Tetrahydropyridines. Journal of the American Chemical Society, 125, 4716-4717.
https://doi.org/10.1021/ja0344009

[2] Qiao, Y. and Han, K. (2012) Elucidation of the Reaction Mechanisms and Diastereoselectivities of Phosphine-Catalyzed
[4 + 2] Annulations between Allenoates and Ketones or Aldimines. Organic & Biomolecular Chemistry, 10, 7689-7706.
https://doi.org/10.1039/c20b25965f

[3] Wurz, R.P. and Fu, G.C. (2005) Catalytic Asymmetric Synthesis of Piperidine Derivatives through the [4 + 2] Annulation
of Imines with Allenes. Journal of the American Chemical Society, 127, 12234-12235. https://doi.org/10.1021/ja053277d

[4] Zhang, Q., Yang, L. and Tong, X. (2010) 2-(Acetoxymethyl)buta-2,3-Dienoate, a Versatile 1,4-Biselectrophile for Phos-
phine-Catalyzed (4 + n) Annulations with 1,n-BISNUCLEOPHILES (n = 1, 2). Journal of the American Chemical So-
ciety, 132, 2550-2551. https://doi.org/10.1021/ja100432m

[5] Kramer, S. and Fu, G.C. (2015) Use of a New Spirophosphine to Achieve Catalytic Enantioselective [4 + 1] Annulations
of Amines with Allenes to Generate Dihydropyrroles. Journal of the American Chemical Society, 137, 3803-3806.
https://doi.org/10.1021/jacs.5b01944

[6] Gu,Y., Hu, P, Ni, C. and Tong, X. (2015) Phosphine-Catalyzed Addition/Cycloaddition Domino Reactions of B’-Ace-
toxy Allenoate: Highly Stereoselective Access to 2-Oxabicyclo[3.3.1]Nonane and Cyclopenta[a]Pyrrolizine. Journal of
the American Chemical Society, 137, 6400-6406. https://doi.org/10.1021/jacs.5b03273

[7] Mao, B., Shi, W, Liao, J., Liu, H., Zhang, C. and Guo, H. (2017) Phosphine-catalyzed [4 + 2] Annulation of Allenoate
with Sulfamate-Derived Cyclic Imines: A Reaction Mode Involving I'-Carbon of A-Substituted Allenoate. Organic
Letters, 19, 6340-6343. https://doi.org/10.1021/acs.orglett.7b03175

[8] Ni, H., Tang, X., Zheng, W., Yao, W., Ullah, N. and Lu, Y. (2017) Enantioselective Phosphine-Catalyzed Formal [4+4]
Annulation of A,B-Unsaturated Imines and Allene Ketones: Construction of Eight-membered Rings. Angewandte
Chemie International Edition, 56, 14222-14226. https://doi.org/10.1002/anie.201707183

[9] Lee, S.Y., Fujiwara, Y., Nishiguchi, A., Kalek, M. and Fu, G.C. (2015) Phosphine-Catalyzed Enantioselective Intramo-
lecular [3+2] Annulations to Generate Fused Ring Systems. Journal of the American Chemical Society, 137, 4587-4591.
https://doi.org/10.1021/jacs.5b01985

[10] Sankar, M.G., Garcia-Castro, M., Golz, C., Strohmann, C. and Kumar, K. (2016) Engaging Allene-Derived Zwitterions
in an Unprecedented Mode of Asymmetric [3+2]-Annulation Reaction. Angewandte Chemie International Edition, 55,
9709-9713. https://doi.org/10.1002/anie.201603936

[11] Yao, W., Yu, Z., Wen, S., Ni, H., Ullah, N., Lan, Y., ef al. (2017) Chiral Phosphine-Mediated Intramolecular [3 + 2]
Annulation: Enhanced Enantioselectivity by Achiral Brensted Acid. Chemical Science, 8, 5196-5200.

DOI: 10.12677/hjmce.2026.142018 186 251k


https://doi.org/10.12677/hjmce.2026.142018
https://doi.org/10.1021/ja0344009
https://doi.org/10.1039/c2ob25965f
https://doi.org/10.1021/ja053277d
https://doi.org/10.1021/ja100432m
https://doi.org/10.1021/jacs.5b01944
https://doi.org/10.1021/jacs.5b03273
https://doi.org/10.1021/acs.orglett.7b03175
https://doi.org/10.1002/anie.201707183
https://doi.org/10.1021/jacs.5b01985
https://doi.org/10.1002/anie.201603936

PRER, FRK

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

https://doi.org/10.1039/c7sc00952f

Wang, D., Liu, W., Hong, Y. and Tong, X. (2018) Phosphine-Catalyzed (3 + 2) Annulation of 5-Acetoxy Allenoates
with 2-Sulfonamidomalonate: Synthesis of Highly Substituted 3-Pyrrolines and Mechanistic Insight. Organic Letters,
20, 5002-5005. https://doi.org/10.1021/acs.orglett.8b02156

Guo, H., Xu, Q. and Kwon, O. (2009) Phosphine-Promoted [3 + 3] Annulations of Aziridines with Allenoates: Facile
Entry into Highly Functionalized Tetrahydropyridines. Journal of the American Chemical Society, 131, 6318-6319.
https://doi.org/10.1021/ja8097349

Yao, W., Dou, X. and Lu, Y. (2015) Highly Enantioselective Synthesis of 3,4-Dihydropyrans through a Phosphine-
Catalyzed [4+2] Annulation of Allenones and B,y-Unsaturated A-Keto Esters. Journal of the American Chemical Society,
137, 54-57. https://doi.org/10.1021/ja5109358

Yuan, C., Zhou, L., Sun, Z. and Guo, H. (2016) Phosphine-Catalyzed [3 + 2] Cycloaddition of Phthalazinium Dicyano-
methanides with Allenoates: Highly Efficient Synthesis of 1,2,3,10b-Tetrahydropyrrolo[2,1-A]phthalazine Derivatives.
RSC Advances, 6, 77931-77936. https://doi.org/10.1039/c6ral3643¢

Wang, C., Jia, H., Zhang, C., Gao, Z., Zhou, L., Yuan, C., et al. (2017) Phosphine-Catalyzed Enantioselective [2+4]
Cycloaddition to Synthesize Pyrrolidin-2-One Fused Dihydropyrans Using a-Substituted Allenoates as C2 Synthons. The
Journal of Organic Chemistry, 82, 633-641. https://doi.org/10.1021/acs.joc.6b02659

Zhu, Y., Wang, D. and Huang, Y. (2019) Phosphine Sequentially Catalyzed Domino 1,6-Addition/Annulation: Access
to Functionalized Chromans and Tetrahydroquinolines with an Ethynyl-Substituted All-Carbon Quaternary Center. Or-
ganic Letters, 21, 908-912. https://doi.org/10.1021/acs.orglett.8b03819

Zhang, Q., Jin, H., Feng, J., Zhu, Y., Jia, P., Wu, C., et al. (2019) Sequential Phosphine-Catalyzed [4 + 2] Annulation of
B’-Acetoxy Allenoates: Enantioselective Synthesis of 3-Ethynyl-Substituted Tetrahydroquinolines. Organic Letters, 21,
1407-1411. https://doi.org/10.1021/acs.orglett.9b00130

Zielke, K. and Waser, M. (2018) Formal (4 + 1)-Addition of Allenoates to o-Quinone Methides. Organic Letters, 20,
768-771. https://doi.org/10.1021/acs.orglett. 7603906

Zielke, K., Kova¢, O., Winter, M., Pospisil, J. and Waser, M. (2019) Enantioselective Catalytic [4+1]-Cyclization of
Ortho-Hydroxy-Para-Quinone Methides with Allenoates. Chemistry—A European Journal, 25, 8163-8168.
https://doi.org/10.1002/chem.201901784

DOI: 10.12677/hjmce.2026.142018 187 251k


https://doi.org/10.12677/hjmce.2026.142018
https://doi.org/10.1039/c7sc00952f
https://doi.org/10.1021/acs.orglett.8b02156
https://doi.org/10.1021/ja8097349
https://doi.org/10.1021/ja5109358
https://doi.org/10.1039/c6ra13643e
https://doi.org/10.1021/acs.joc.6b02659
https://doi.org/10.1021/acs.orglett.8b03819
https://doi.org/10.1021/acs.orglett.9b00130
https://doi.org/10.1021/acs.orglett.7b03906
https://doi.org/10.1002/chem.201901784

	有机膦催化α-取代联烯反应进展
	摘  要
	关键词
	Advances in Phosphine-Organocatalyzed Reactions of α-Substituted Allenes
	Abstract
	Keywords
	1. 前言
	2. 有机膦催化α-取代联烯作为C4合成子
	3. 有机膦催化α-取代联烯作为C3合成子
	4. 有机膦催化α-取代联烯作为C2合成子
	5. 有机膦催化α-取代联烯作为C1合成子
	6. 总结与展望
	参考文献

