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Introduction

.
Ring Opening of Aziridines:

€ Acid and/or base catalysis
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Introduction

.
Ring Opening of Aziridines:

€ Transition-metal catalysis
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€ Redox-relay catalysis
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Introduction

Acid catalysis:

O,N
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NO,
Cat., 4 AMS g ] Ph
+  TMSN, > g N P

NO,
N acetone, -30 °C :
/ \ HN N | 07N,
R —

R R
up to 95% yield
94% ee

Jacobsen, E. N. et al. Org. Lett. 1999, 1, 1611.
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up to 94% vyield ;
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Shibasaki, M. et al. J. Am. Chem. Soc. 2005, 127, 11252.




Introduction

R L (5.5 mol%) R ‘\\\NHOMP
Nb(O'Pr)s (5 mol%) 3
N—OMP + ArNH, >
(o]
toluene
up to 95% vyield
84% ee

Kobayashi, S. et al. J. Am. Chem. Soc. 2007, 129, 8103.
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Antilla, J. C. et al. J. Am. Chem. Soc. 2007, 129, 12084.
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/Ts
s R*  AgSbF (5 mol%) N ,
N + / DCM > / R
Ph—<| R o
R1

up to 82% yield

Wender, P. A. et al. 3. Am. Chem. Soc. 2009, 131, 7528.
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Ghorai, M. K. et al. J. Org. Chem. 2013, 78, 7121.
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Base catalysis: PhCOF ROH
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2

Doyle, A. G. et al. J. Org. Chem. 2012, 77, 4177.

Transition-metal catalysis:

L (10 mol%)
Ts

/ NiCl,-glyme (5 mol%
N + RzZnBr /J\\//NHTS:
Ar—<| dioxane/DMA, 23 °C Ar :

up to 90% vyield

Doyle, A. G. et al. J. Am. Chem. Soc. 2012, 134, 9541.

10



Introduction
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Introduction

RN + R2znBr
Ar><I

Ni(acac), (5 mol%) SO, 0
Fro-Do (10 mol%) : \
/{\/NHTS ; Ny
DMA ' ‘
0 0,8

up to 86% yield

Doyle, A. G. et al. J. Am. Chem. Soc. 2015, 137, 5638.
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T8 NiCl,-glyme (10 mol%) Ar?
v
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* A
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DMA .
up to 88% yield

Doyle, A. G. et al. 3. Am. Chem. Soc. 2017, 139, 5688.
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Introduction

[ Radical Redox-Relay Catalysis }

Lin, S. et al. J. Am. Chem. Soc. 2017, 139, 12141.
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Reaction Optimization

Ph Cp*TiCls (5 mol%) Pz

>=o O Zn dust (10 mol%) N
+ ? Iy
Me N \)I\otBu toluene, 22+ 1 °C, 12 h MeprOz Bu

1a 2a (1.5 equiv) Me 3a
Entry Variation from standard conditions Yield (%)
1 none 94
p ) 2 CpTiCl; instead of Cp*TiCl, 20°P
N\Bz 3 Cp,TiCl, instead of Cp*TiCl, <5b
/Q 4 TiCl, instead of Cp*TiCl, <55 (11% 4)
4 5 without Zn dust <5b(>99% 4)
Ts 6 Mn dust instead of Zn dust 82
Me N/ 7 ZnCl, instead of Cp*TiCl; and Zn dust <5b
J\Ae><l 5 8 DCM instead of toluene 82
9 THF or MeCN instead of toluene <5b
10 1.0 equiv 2a 92
11 4 or 5 instead of 1a <5b

a Determined with IH NMR . P Unreacted starting material observed.
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Substrate Scope

R3
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Cp*TiCl3 (5 mol%)
Zn dust (10 mol%)

4
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2 ¥ )\
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1 2
Bz Q
/
N /
CO,Bu CO-By CO,Ph
Me e 2
Me
3a 86% 3b 82%, dr = 2.3:1 3c 86% 3d 75%, dr =1:1
Bz C Bz NMe, z Bz
/ / / /
N O—/_ N O N N
Me
MGMO MeMO MeW MGMCOQMG
Me Me Me o Me
3e 93% 3f 78% 39 71% 3h 78%
Bz Bz Bz
/ / /
N N N
CN SO,Ph Ph s
Me Me Me
Me Me Me COzMe
3i 69% 3j 95% 3k 76% 31 71%, dr =1:1
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Plausible Reaction Mechanism
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Ti(ll)-Catalyzed Enantioselective Cyclization

0O (R,R)-1a (10 mol%) ) :
/A\ Zn (2 equiv) §
L R TMSCI (3 equiv)  x-L OH o
\/CN HCI-NEt; (2 equiv) R
THF, 23 °C up to 99% vyield
94% ee (RR)-1a
(R,R)-1a
1/2 Zn
1/2 ZnCl,
NH
[TIIII]*
~OTMS 12 Zncl,
R
1/2 Zn
worku TMSCI
p O[TIIV]*
CN
o R
NH
<OH
W @O[TIIV]*
R
R
N
[Ti'V]*
NEt; d}i\O[Ti'V]*
[Tilll]* R
HCI-NEt,

Streuff, S. et al. Angew. Chem. Int. Ed. 2012, 51, 8661.
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Ti(lll)-Catalyzed Enantioselective Cyclization

styrene 2a (1.5 equiv)
Ti(salen) 3a (10 mol%)

Ph Mn (1.5 equiv) sPh
O  Et3N-HCI (1.5 equiv) ’ O
Me FtOAC, 22°C p—{
’ Me Ph
Me Me
1a 4a
R3 R3
3a, R' = 1-Ad, R? = Me, R® = Ph
—N. <|3I Ne— 98% yield, 97% ee, >19:1 dr.
TN 3b, R' = R2 =By, R = Ph
R? o/c|:|\o r2 96% yield, 84% ee, 3:1 dr.

3c, R" = 1-Ad, R? = Me, R3 = -(CH,),-
94% yield, 69% ee, >14:1 dr.

Lin, S. et al. J. Am. Chem. Soc. 2018, 140, 3514.
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Ti(ll)-Catalyzed Enantioselective Cyclization

stryene 2a (1.5 equiv)

Ti(salen) 3a (10 mol%) Ph E Ph  Fh
Ph Mn (1.5 equiv) E o
O  Et;N-HCI (1.5 equiv) =N, I N=
Me EtOAc, 22 °C p—{ 5o
Me

1a
Tl(salen) complex 3a

Entry2 Variation from standard conditions Yield (%)*  Trans/cisP Ee (%)°

1 Zn instead of Mn 95 >19:1 90
2 50 mol% Et;N-HCI 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. P Determined with IH NMR. ¢
Dertermined with HPLC. 9 Not determined.

Lin, S. et al. J. Am. Chem. Soc. 2018, 140, 3514.
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Substrate Scope
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Spin Trapping with DMPO

3a (20 mol%)
DMPO (50 mol%)

Ph Mn (2 equiv)
O EtsN-HCI (2 equiv)
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=N. Cl N=
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Summary

R3
R3 Cp*TiCls (5 mol%) 740
>=o R Zn dust (10 mol%)
RZ2 _N ' /I'\ toluene, 22 °C ” R
< R | R2p< R®
R1
up to 96% vyield

Lin, S. et al. J. Am. Chem. Soc. 2017, 139, 12141.

Ti(salen) (10 mol%)

PR ) Mn (1.5 equiv)
O R EtsN-HCI (1.5 equiv)
R1 + )\ v
R3 EtOAc, 22 °C

upto >19:1dr
97% ee

Lin, S. et al. J. Am. Chem. Soc. 2018, 140, 3514.
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The First Paragraph

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.
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The Last Paragraph

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.
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