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Entry Variation from standard conditions Yield (%)a 

1 none 94 

2 CpTiCl3 instead of Cp*TiCl3 20 b 

3 Cp2TiCl2 instead of Cp*TiCl3 <5 b 

4 TiCl4 instead of Cp*TiCl3 <5 b (11% 4) 

5 without  Zn dust <5 b (>99% 4) 

6 Mn dust instead of Zn dust 82 

7 ZnCl2 instead of Cp*TiCl3 and Zn dust <5 b 

8 DCM instead of toluene 82 

9 THF or MeCN instead of toluene <5 b 

10 1.0 equiv 2a 92 

11 4 or 5 instead of 1a <5 b 

a Determined with 1H NMR . b Unreacted starting material observed. 

Reaction Optimization 
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Plausible Reaction Mechanism 
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Ti(III)-Catalyzed Enantioselective Cyclization  

Entrya Variation from standard conditions Yield (%)b Trans/cisb Ee (%)c 

1 Zn instead of Mn 95 >19:1 90 

2 50 mol% Et3N
.HCl 80 >19:1 --d 

3 50 mol% Mn 31 >19:1 --d 

4 THF instead of EtOAc 63 4:1 81 

5 MeCN instead of EtOAc 34 1.4:1 73 

a Reactions were carried out on 0.05 mmol scale. b Determined with 1H NMR. c  

Dertermined with HPLC. d Not determined. 
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Spin Trapping with DMPO 
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Owing to the high reactivity and unique selectivity of organic 

radicals, the discovery of new reactions mediated by these open-

shell intermediates continues to provide solutions to challenging 

synthetic problems in traditional two electron chemistry. In this 

context, new catalyst-controlled stereoselective reactions involving 

free radical intermediates remain highly desirable. Since early 

reports of the use of Lewis acids, transition metals, and 

organocatalysts, innovative catalytic strategies that regulate the 

absolute stereochemistry of radical addition reactions have provided 

powerful synthetic methods and accelerated understanding of open-

shell reaction pathways. 

The First Paragraph 



24 

In summary, we developed a stereoselective formal [3+2] 

cycloaddition of cyclopropyl ketones and alkenes using our 

previous reported radical redox relay strategy. With a Ti 

catalyst supported by a salen ligand, the reaction yielded 

highly substituted cyclopentanes in generally excellent 

diastereo- and enantioselectivity from readily accessible 

starting materials. We expect this radical redox catalysis to 

provide solutions to other challenging synthetic problems. 

The Last Paragraph 
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