
Recent Advances in the Catalytic Cyclization 

Reactions of Sulfur Ylides

Reporter: Baoli Chen

Supervisor: Prof. Huang 

Date: 2018-09-18

W.-J. Xiao, et al. Chem. Soc. Rev., 2017, 46, 4135--4149



Content
01 Introduction

02 Organocatalytic asymmetric cyclization

Aminocatalysis, nucleophilic catalysis, H-bonding catalysis

Lewis-acid-catalysed asymmetric cyclizations03
Cyclopropanation, epoxidation, [4+1] cycloadditions

Transition-metal-catalyzed cyclizations04
Metal carbenoids, alkynes and alkenes, carbamates

Photocatalytic cyclizations05
SET, ET

Conclusions06



1. Introduction

3

Conventional strategies: chiral sulfide-centric catalysis

High loading of chiral sulfides
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Summary of work beyond sulfide-centric catalysis
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2.1. Asymmetric aminocatalysis

Enantioselective cyclopropanations of sulfur ylides with aldehydes

D. W. MacMillan, et al. J. Am. Chem. Soc. 2005, 127, 3240–3241
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Improved chiral amine catalysts

P. I. Arvidsson, et al. J. Org. Chem. 2007, 72, 5874–5877

P. I. Arvidsson, et al. Tetrahedron: Asymmetry 2007, 18, 1403–1409
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Chiral diamine catalyst

X.-M. Feng, et al. J. Org. Chem. 2013, 78, 6322–6327
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Chiral NHC-catalysed enantioselective oxidative cyclopropanations of aldehydes

2.2. Asymmetric nucleophilic catalysis

A. Studer, et al. Chem. Commun. 2012, 48, 5190–5192
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DABCO-catalysed formal [3+3] annulations

X. Tong, et al. Chem. Commun. 2012, 48, 2900–2902
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DABCO-catalysed formal [3+3] annulations

X. Tong, et al. Chem. Commun. 2012, 48, 2900–2902
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2.3 Asymmetric H-bonding catalysis

W.-J. Xiao, et al. Chem. Eur. J. 2012, 18, 4073–4079
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A proposed stereo-induction mode and mechanism

W.-J. Xiao, et al. Chem. Eur. J. 2012, 18, 4073–4079
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The application in other enantioselective cyclizations of sulfur ylides

W.-J. Xiao, et al. Angew. Chem. Int. Ed. 2009, 48, 9542–9545

W.-J. Xiao, et al. J. Org. Chem. 2011, 76, 281–284

W.-J. Xiao, et al. Eur. J. Org. Chem. 2017, 52, 233–236

cascade [4+1]/[3+2] cycloadditions
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The enantiopurity of products is highly dependent on the loading of chiral Lewis acid

J. S. Madalengoitia, et al. Tetrahedron Lett. 2000, 41, 9009–9014

3.1. Lewis-acid-catalysed asymmetric cyclopropanation, epoxidation
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La-catalysed asymmetric cyclopropanation
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M. Shibasaki, et al. J. Am. Chem. Soc. 2008, 130, 10078–10079

M. Shibasaki, et al. Molecules, 2012, 17, 1617–1634  

La-catalysed asymmetric epoxidation
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Catalytic asymmetric kinetic resolution

one-pot sequential reaction
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Cu-catalysed asymmetric formal [4+1] cycloadditions

C. Bolm, et al. J. Am. Chem. Soc. 2012, 134, 6924–6927
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4.1. Through the formation of metal carbenoids

J. Rossier, et al. Helv. Chim. Acta. 1999, 82, 935–945
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I. K. Mangion, et al. Org. Lett. 2009, 11, 3566–3569

I. K. Mangion, et al. Tetrahedron Lett. 2010, 51, 5490–5492
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I. K. Mangion, et al. Org. Lett. 2009, 11, 3566–3569

I. K. Mangion, et al. Tetrahedron Lett. 2010, 51, 5490–5492

Autoprotolysis process
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The preparation of pharmaceutical agents

I. K. Mangion, et al. Org. Lett. 2011, 13, 5480–5483

P. D. O’Shea, et al. J. Org. Chem. 2012, 77, 2299–2309
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The preparation of pharmaceutical agents

I. K. Mangion, et al. Org. Lett. 2011, 13, 5480–5483

P. D. O’Shea, et al. J. Org. Chem. 2012, 77, 2299–2309
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K. H. Hopmann, et al. Angew. Chem. Int. Ed. 2017, 56, 4277–4281

Ir/acid-co-catalysed cascade reactions for indole and pyrrole synthesis
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K. H. Hopmann, et al. Angew. Chem. Int. Ed. 2017, 56, 4277–4281
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4.2. Through catalytic activation of alkynes and alkenes

T. Skrydstrup, et al. Angew. Chem. Int. Ed. 2012, 51, 4681–4684
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N. Maulide, et al. Angew. Chem. Int. Ed. 2012, 51, 8886–8890
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[3,3]-sigmatropic rearrangement
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N. Maulide, et al. Chem. Sci. 2013, 4, 1105-1110

N. Maulide, et al. J. Org. Chem. 2015, 80, 5719–5729

N. Maulide, et al. Chem. Eur. J. 2014, 20, 10636–10639.

Au-catalyzed cyclopropanation of alkenes and allenes
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Intramolecular cyclopropanations catalyzed by a bimetallic chiral gold catalyst

N. Maulide, et al. Angew. Chem. Int. Ed. 2015, 54, 10365–10369
low loading
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4.3. Through catalytic activation of allyl and propargyl carbamates

W.-J. Xiao, et al. Nat. Commun. 2014, 5, 5500-5505
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Fe-catalysed decarboxylative formal [4+1] cycloadditions

W.-J. Xiao, et al. Angew. Chem. Int. Ed. 2016, 55, 2840–2844
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Different reaction pathway from Pd catalysis
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Cu-catalysed decarboxylative formal [4+1] cycloadditions

W.-J. Xiao, et al. J. Am. Chem. Soc. 2016, 138, 8360–8363

Novel propargylic carbamate reagents
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5.1 SET pathway

G. B. Schuster, et al. J. Am. Chem. Soc. 1989, 111, 7149–7155
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W.-J. Xiao, et al. Chem. Eur. J. 2016, 22, 8432–8437

3-acyl oxindole synthesis through photocatalytic activation



5. Photocatalytic cyclizations of sulfur ylides and related transformations

48
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5.2. ET pathway- photolysis of sulfur ylides 

W. S. Jenks, et al. J. Am. Chem. Soc. 2007, 129, 15746–15747
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◆ Avoidance of stoichiometric chiral pools

◆ Extension of reaction types and reagents



Thank you
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