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Introduction

Representative Strategies to Access Cyclopropanols & Cyclopropylamines

+ Cyclopropanation with Alkyl Dihalides + Cyclopropanation with Diazo Compounds
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Cyclopropanation with Alkyl Dihalides
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Cyclopropanation with Diazo Compounds
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Kunlinkovich Reaction

1) EtMgBr (3.0 equiv)

0 Ti(O'Pr), (1.0 equiv)
R1JI\OR2 2) 5% H2804
R' = alkyl, alkenyl
R? = alkyl, aryl

R, OH
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P
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Kulinkovich, O. G. et al. Zh. Org. Khim. 1989, 25, 2244
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Corey, E. J. etal. J. Am. Chem. Soc. 1994, 116, 9345
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Mechanism of Kunlinkovich Reaction
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Olefins as Reaction Partners

"BuMgClI (5.0 equiv) OH
CITi(O'Pr)3 (0.5 equiv) :

/\/\/COZMe :
7 55% yield
' }
aYl
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Cha, J. K. et al. J. Am. Chem. Soc. 1996, 118, 291
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Olefins as Reaction Partners

A) Cyclopropanation of the Esters of Homoallylic Alcohols
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Cyclopropanation of Amides
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Cyclopropanation of Nitriles

1) Ti(OfPr)4 (1.1 equiv) 1
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Project Synopsis

Kulinkovich Reaction with Ti Catalysis

/_é I

Q XMg Alkoxide Ti(lv) ~ HO H

®)k + or s
OR XMg—Alkyl _}a

direct addition
by-product

e use of reactive alkyl Grignard reagents e narrow functional group compatibility

This Work: Ti-Catalyzed Cyclopropanation of Carboxylic Derivatives with Olefins
O *T HO H /

— Cp T|C|3 RZ_N

®)I\Y * _é Mg, MeZSiClz> o

Y = OH, OR, NR'R2

widely available chemicals
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Optimization of Reaction Conditions

o) HO H
O)‘\OH ' =\P'V'B 4 equ:vsh/rlrg]]c,)lél/oe(;zi\-/r Il\c/tzsmz: oe
O THF (0.2 M), 60 °C
(1 (:c?uiv) @2 ezsuiv) standard conditions © 3a
entry variation from the standard conditions yield (%) d.r.b
1 none 73 17:1
2 no Cp*TiCl, <2
3 no Mg <2
4 no Me,SiCl, <2
5 CpTiCl;, instead of Cp*TiCl, 6
6 Ti(O'Pr),, instead of Cp*TiCl, <2
7 Me,SiCl, instead of Me,SiCl, 39 13:1
8 MeSiCl;, instead of Me,SiCl, 37 18:1
9 2, instead of 4 equiv of Me,SiCl, 45 17:1
10 Mn, instead of Mg <2
11 rt, instead of 60 °C 36 17:1

aYields were determined via gas chromatography analysis with "dodecane as an internal standard. "Diastereoselectivity
ratio (d.r.) was determined via 'H NMR analysis of the reaction mixture.
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Scope for Cyclopropanol Synthesis

alkyl carboxylic acids

R = Me, 3b, 46%, 20:1 d.r. H, 3e, 62%, 15:1 d.r.
'Pr, 3¢, 83%, 15:1 d.r. CF3, 3f, 43%, 17:1 d.r. from oleic acid
Bu, 3d, 39%, 4:1d.r. R MeO, 39, 65%, 17:1 d.r. 3h, 50%, 14:1 d.r.

HO. Q H HO H HO
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R =Ph, 3i, 70%, 14:1 d.r.
1-Nap, 3j, 63%, 16:1 d.r. 3k, 50%, 4:1 d.r. 31, 77%, 5:1 d.r.

< 7/ \ F. 3n, 50%, 20:1 d.r.
OMe, 30, 59%, 20:1 d.r.
O —
R

o] from liquid crystal
3p, 59%, 5:1 d.r.

HO H .
HO %
R= H, 3m, 46%, 20:1 d.r. il Me
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Scope for Cyclopropanol Synthesis

HO H
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Scope for Cyclopropylamine Synthesis

(0] R!
®Jk R, =}® 15 mol% Cp*TiCls R2_N[
N 3 equiv Mg, 2 equiv Me,SiCl,
R2 1 equiv NaBF,, THF (0.2 M), 60 °C H
5 2 6
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| |
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e
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I)/Ie
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FsC

e YA
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Me

Y

Et H
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6h, 78%, 13:1 d.r.
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Scope for Cyclopropylamine Synthesis

F

from iomerizine
6i, 81%, 4:1 d.r.

amides

O
e’ H \_4
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N PMB
e Y
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from atomoxetine

from paroxetine
6k, 72%, 5:1 d.r.
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Synthetic Applications

transformation of the cyclopropanol
0
PMB
T o)
PMB 8 X o
55% yield
o) PMB
S ZnEt,, THF
TN CuCNeLiCl S
42% yield Ph allyl bromide 9 I
ZnEt,, THF Iy, KI 65% yield
CuCNe LICl, PhCCBr HO H N32CO3, Hzo
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Mechanistic Investigation

(a) Evidence on the titanacyclopropane intermediate

//\\V/A\N/Ph
|
Me

17%

+

R = TMS: 18% yield, 15:1 d.r.

[ cpr c
1) 4.0 equiv Mg, THF Ti
CorTiC rt, 30 min k\ H,0, 60 °C /\/\N/Ph
p | 3 y I
2 Ph
I /
1.0 equiv Me Me | 7%
60 °C, 30 min
(b) Activation of carboxylic acid
O tandard conditi Ho :
.\ standard condi lons=
PMB PMB
Bn OR
Bn
O ti HO H
.\ =\PMB standard condltlons= 7A<
"C47H3g OR "Cy47Hzs  PMB

R = H: 66% yield, 15:1 d.r.

R = H: 58% yield, 15:1 d.r.
R = 1/2Mg: 79% yield, 15:1 d.r.
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Mechanism for Cyclopropanol Synthesis
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Stereochemistry for Cyclopropylamine

Ti¥
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Summary

Q :}3 Cp*TiCl,
+ - ’
®JI\Y Mg, Me,SiCl,

Y = OH, OR, NR'R?

widely available chemicals

eIndentify Cp*TiCl: as an effective catalyst
¢ Direct cyclopropanation of carboxylic acid
e Both reaction partners widely available

R1
HO H N
R“—N
H
cyclopropanol cyclopropylamine

¢ Mild condition & broad substrate scope
¢ Good diastereoselectivity
eDiverse applications in organic synthesis
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The First Paragraph

Writing strategy

Introduction of structural properties and
synthetic methods for cyclopropanes

Lack of diastereoselective preparation of
heteroatom-substituted cyclopropane
derivatives

Specific activities for cyclopropanols and
cyclopropylamines
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The First Paragraph

Cyclopropanes, structurally featuring high ring strain and unusual
bonding properties, represent a versatile building block in a diverse array
of bond-forming reactions. Great efforts have been devoted to
synthesizing these small carbocycles in the past several decades,
including the Simmons-Smith reaction, transition-metal catalysis with
diazo-derived carbenoids, metalloradical catalysis, nucleophilic
displacement reactions, and enzymatic methods. However, much less
attention has been dedicated to the diastereoselective preparation of
heteroatom-substituted cyclopropane derivatives, such as cyclopropanols
and cyclopropylamines, despite the fact that they also exhibit manifold

reactivities and are encountered in many biologically active compounds.
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The First Paragraph

Particularly, the heteroatom substituent proves to endow the
cyclopropane ring with novel activities. For instance, the ring opening of
cyclopropanols could generate metal homoenolate or -keto radical, while
the transformation of cyclopropylamines could proceed via the C-C bond
activation chemistry, radical-type chemistry, or polar-type chemistry.
These fabulous reaction patterns resulted in the broad utility of

cyclopropanols and cyclopropylamines in organic synthesis.
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The Last Paragraph

Writing strategy

Summary of this work

The innovation of the transformation

Further expectation
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The Last Paragraph

In summary, we have demonstrated that a Ti-based catalyst can
effectively promote the diastereoselective cyclopropanation of widely
available carboxylic acids and their derivatives with terminal olefins.
Notably, the use of Mg dust as the reductant and Me,SiCl, as the
dissociation reagent efficiently turns over the Ti-based catalytic cycle,

thus overcoming the requirement for reactive alkyl Grignard reagent in

previous reports.
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The Last Paragraph

The present method exhibits a broad substrate scope with good
functional group compatibility and is amenable to late-stage synthetic
manipulations of natural products and biologically active molecules.
Given the synthetic importance of cyclopropane derivatives as well as the
growing interest in low-valent early transition-metal -catalysis, we
anticipate that our protocol will find broad utility in synthetic chemistry

and facilitate current endeavors in accessing valuable building blocks

from stable and readily available starting materials.
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Representative Examples

Our method exhibits broad substrate scope with good functional group
compatibility and is amenable to late-stage synthetic manipulations of
natural products and biologically active molecules. (3& )

The use of sterically hindered amides is detrimental to the
diastereoselectivity. (%21~ F #4)

They also exhibit manifold reactivities and are encountered in many

biologically active compounds. (Z 12 #£H])
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