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Intrduction

Cp,TiCl was synthesised for the first time by Wilkinson in 1955

Nugent described its initial applications in radical organic chemistry in 1994

green crystalline powder

mild single-electron-transfer (SET) reagent
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Catalytic cycle
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R4
RZX/OH /
Ry

v
base base*HC| R, OTi"Cpy(Cl) ©

M = Mn, Zn R; = CHs, R, = CH,CH,Ph

base = 2,4,6-collidine yield: 88%

Catalytic Cp,TiCl-mediated epoxide opening with use of 2,4,6-collidine HCI
A. Gans&uer, M. Pierobon, H. Bluhm, Angew. Chem. Int. Ed. 1998, 37, 101




Catalytic cycle
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Catalytic Cp,TiCl-mediated epoxide opening with use of TMSCI/2,4,6-collidine

A. F. Barrero, A. Rosales, J. M. Cuerva, J. E. Oltra, Org.Lett. 2003, 5, 1935




Catalytic cycle
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Catalytic Cp,TiCl-mediated epoxide opening with use of Et;B/2,6-lutidine hydrochloride

S. Fuse, M. Hanochi, T. Doi, T. Takahashi, Tetrahedron Lett. 2004, 45, 1961




Pinacol coupling
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Pinacol coupling
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Homocoupling of Vinyl Epoxides

R, Cp,Ti'VCl,(0.2 equiv.)/Mn R, OH
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O Me,;SiCl/collidine OH R
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I AV ] O
R> I Ry Ti"Cpy(Cl)
- . szTI Cl
- R1 o2 _— R1 NS —_—
OTi'VCp,(Cl) OTiVCp,(Cl)

A. F. Barrero, J. F. Quiez del Moral, E. M. Sénchez, J. F. Arteaga, Org. Lett. 2006, 8, 669




Homocoupling of Allyl Halides and Benzyl Halides

Cp,Ti"VCl,(0.2 equiv.)/Mn
RJ\/\X > R X X R + R A A
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/k\/ 76% A 24%
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OAX Cp,Ti"VCl,(0.2 equiv.)/Mn O
- C
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SCHEME 5. Homocoupling Reaction of (R)-Perillyl
Bromide (34): Synthesis of the Advanced Intermediate 36

Br
CHO OH _
a)0.2Ti"
LiAIHg, THF CBry,PhaP - 77%
_ 0°C, 96% 0°C, CgHg _ b) Mn/0.3 Zr"V
: : o =
A AL 91% AL 75%
32 33 34
\““\"-._“-/
+
o«
(¥
: 35¢c
AL 5%
35a 35b
42% using Ti" 31% using Ti"

48% using Mn/Zr'" 24% using Mn/zr'




Homocoupling of Allyl Halides and Benzyl Halides

R « @ R

4a (E)R = CH, 5a R=CH,
4b (Z) R = CH, 5b R =CH,
4c (2E.6E) R = COOMe 5c R = COOMe
4d (2E.6Z) R = COOMe 5d R = GOOMe
allylic equiv of  time ratio® yield®
entry bromide CpeTiCl® (min) o,0:0,y? compd (%)
1 4a 3 2 70:30 5a 80
2 4a 0.2 15 64:36 5a 89
3 4b 3 2 74:26 8b 70
4 4b 0.2 15 73:27 5b 90
5 4c 3 2 77:23 be 84
6 4c 0.2 10 74:26 5c 85
7 4d 3 2 85:15 ad 60
8 4d 0.2 10 81:19 5d 64
9f 4c 3 10 85:15 be 67
108 4d 0.05 20 78:22 5d 55

A. F. Barrero, Org. Lett. 2005, 7, 2301




Reformatsky reaction

0 . 0 iV O OH
i« CpemiCl Cp,Ti"lCl QTCP(Ch RsCHO
R2 R2 R2 R2
X: Cl, Br Cp,TiVCI(X) -
J. D. Parrish, D. R. Shelton, R. D. Little, Org. Lett. 2003, 5, 3615
o) Cp,Ti'VCl,(0.2 equiv.)/Mn O OH

+  PhCH,CH,CHO - M A~
Me)J\/CI e Me Ph

Me3SiCl/collidine
92%

R. E. Estéez, M. Paradas, A. Millan, T. Jiméez, R. Robles, J. M. Cuerva, J. E. Oltra, J. Org. Chem. 2008, 73, 1616




Radical Ring-Opening of Epoxides
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Radical Ring-Opening of Epoxides

OTiVCp,(Cl) OTiVCp,(Cl) OH
Cp,Ti"'CI Cp,Ti'"'CI H*
exo cyclizations N\, N
Y Ti'VCp,(Cl) H
@) 2
z
= 7
OTiVCp,(Cl) OTCpy(Cl)

Cp,Ti"'Cl G\_/ Cp,Ti'"'Cl H*
> _ —_—
endo cyclizations \__- -z

Z (CI)Cp,TilV




Radical Ring-Opening of Oxetanes
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reduction OH
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Radical Ring-Opening of Oxetanes

o Cp,TiCl (cat.) HO oh
I1./M S'CI> Ph
coll./Me5Si
Ph 3 OH
76%. dr=1:1
OH
0 Cp,TiCl (cat.)
+ X CO,tBu » Ph
Ph coll./Me3SiCl
CO,tBu
60%
/\gzo Cp,TiCl (cat.) /\/(\OH /\/gOH
> +
Ph coll./HCI Ph Ph
50% 15%

A. Gansé&uer, Tetrahedron, 2008, 64, 11839




Radical Ring-Opening of Ozonides

X
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Radical Ring-Opening of Ozonides

OBn
O g OMe
BnO

OMe
62% Cp,Ti'"'Cl
-
+ D,O
D
BnO
OMe

37%

Br/\/\/\(o7

0-0

l OBn
OMe

BnO I
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o)
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O_
BnO © >
coll./Me3SiCl

99%
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Br” """ COO0Et

Y

coll./Me3SiCl
60%

Z>COOEt

A. Rosales, J. Org. Chem. 2012, 77, 4171




Applications in total synthesis

AZADO,PhI(OAC),

Me  __ t-BuOOH,Se0,,51% then Mel,K,CO3
Me > >
Me / OAc o HO
then Ti(Oi-Pr),,(+)-DET 84% for 2 steps
t-BuOOH,
98%, 94% ee
1 2
K2CO3,M€OH
then DMP CeCl;, =—MgBr
> >
86% for 2 steps 77%
4
Cp,TiCly,Mn H H
i-Pr,NEt, TMSCI ~ MeOOC steps  MeOOC H
> AcO O — ™ HO
then IBX Ve — Me ©
then Ac,0,EtsN Me Me NH
62% for 3 steps
5 6 Sespenine (7)

Y. Sun, P. Chen, D. Zhang, M. Baunach, C. Hertweck, A. Li, Angew. Chem. Int. Ed. 2014, 53, 9012-9016




Applications in total synthesis

0O
Me MeO._ _OMe Steps oBn NaOCI, pyridine OBn
| o + \"/ — OBn > OBn
Me — 90%, d.r. 2.2:1
(@)
8 9 10 11 12

o TBSO
oBn TBSCI. imidazole OBn
OBn 98% > OBn
12 13 iy
TBSO
OH
OBn CpyTiCly, Zn / F Me steps
—_— - N
OB
e Ul -
OH Me OBn
15 16 Merrilactone A (17)

L. Shi, K. Meyer and M. F. Greaney, Angew. Chem., Int. Ed., 2010, 49, 9250




Applications in total synthesis

Br CN  NBS,THF/H,0 CN

. _Me LlCHzCN, Cul X _Me MeOH, K2003 . _Me
—_— > B ——

A 68% ™ 60%
@)
farnesyl bromide (18) 19 20
Cp,TiCl,, Zn steps OMe
> —_—
then TBSCI, DMF TBSO —_—
imidazole 2
52% for 2 steps HO ~ H O
Me Me
21 walsucochin B (22)

X.-Y. Chen, D.-Y. Zhang, D. Xu, H. Zhou, and G. Xu, Org. Lett. 2020, 22, 6993
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Applications in total synthesis

o o~
MgBr

Me

o
then HCI
MeO 87%
23
0]
TMSOTf, PMP
o
then IBX-MPO  Me
73% for 2 steps
26

7% from 27

P. Hu, H. M. Chi, K. C. DeBacker, X. Gong, J. H. Keim, I. T. Hsu, S. A. Snyder, Nature, 2019, 569, 703-707.
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24 25
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> H * H
47% for 26 Me Me
999% for 27 7 OMOM 7 OMOM

27 28

O
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Me H
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OH Ve OH

Conidiogenone C (29)

Conidiogenone D (30)
9% from 28




