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2. URDOERN

W NICHIN

HEBE
==k Bis—Cyclopentadieny! Titanium Dichloride
SHFE (C4Hs),TiCl,
TFE 248.99
SEMHIR - KT ~ FEBEERENEK
Y=Y 287 ~293°C HEZ : 160 °C (13 Pa)
L NnNagAtxkibkE, FERRIEKSE.
BHEREIZENE . BESRRRIEKEIZITIEHS,
DR ERHPICRE T HEBERRIZHEET S,
LTI LEBRMEETH S,
HanEE
EEE S HH{E
Ti 219.00% 19.18% 19.23%
Cl 228.20% 28.40% 28.48%
Fe <0.05% 0.0005% —

(%] ZELF8/€0 DTt

e . Cl/zZr
i 0 0
5 TiC%) CI(%) (EJLE) &=
HE 19.18 28.40 2.00 BatHY. M AR-TIS
A 19.26 28.32 1.99 BRI AH TR >TUEL
B 18.50 27.82 203 EanLL
c 18.88 28.11 201 BEMHBHHT R T
HE —
D 19.19 28.16 1.98 ﬁaaﬁ&?t’- HIFRIDTLVEL
e: 154ppm
E 18.83 28.34 203 ﬁﬁﬁﬁ%’F’if*fsfp*ﬂ°TL"§L‘
F 18.83 27.82 2.00 ﬁﬂeﬁﬁmgj"gﬂ““m‘
@ & WABEA-FTRIZDOWVWTIERERISHRICECET,
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6. RS

@ MK
H.O —— Cp2TiCl2
' > HCI
v 1
nH2O — Cp2Ti(OH)CI
' »  Cp+HCI
Cp2Ti2CI(OH)
TiO2=mH20

1:G. Wilkinson, F. A. Cotton, Progress in Inorganic Chemistry, 1, 1-124 (1959)

Q@ ARV, BOfE

7t & B

airssF &

—> Cp2TiClI2

|

*Cp+-CpTiCl2

|

— i

l |—> R Cp2 & Cl

TiO2

FERME

540°C-- -7+ A—tH
750°C- T HA—HEERELFILEOESHEM
950°C- - - JLF/JLE!
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7. A& (f5l)

“BlFER/
Cp2TiCl2 EEHE
: --1-- (PE-PP %)
| 1)~10)
; :
1 1
1 1
| DL, FmRieano
| For-- P 7)1
| E 11)~17)
i i
1 1
| 1 .
e | _;[ 1S
! A (EFEGREEK F)
o FLaFxy : ?
o PLFE reee 18)~30)
o BER)
1 ! 1 1
T ! AL
| I . o
: *[ (REA - HEEH) }
! E 31)~34)
s :
1 r | 1
N ) o EFH
B p t : LS A V2 = e
A E[ (e ET LTI
35)~40)
[ A& 515 % 3CHEK]
1) 45BARE63—268711 2)45BARE64—79206 3)4FBAT1—129003
4)4%BAT2—-206606 5)4%BiFE2—305809 6)4%RT2—67288
7)4%5BAT4—110308 8) 4T 4—279611 9)44BITFE4—366109
10) J. Polym. Sci, PARTA 3 1729 (1965)
11)4%BAFE3—223305 12)4%BF4—248815 13)J. Am. Chem. Soc. 85,4014 (1965)

14)J. Org. Chem., 33, 1689 (1968) 15)Am. Chem. Soc. Div. Pet. Chem., 27, 816 (1982)
16) J. Organomet. Chem., 382, 69 (1990) 17)J. Organomet. Chem., 384, C17-20 (1990)
18) #BE59—161390 19)8 A F1—-18452  20)41F1—-15486
21)¥BFE2—270841 22)4%5BFE3—-128319

23) J. Organomet. Chem.,, 302, 281 (1986) 24) Huaxue Xuebao 46,711 (1988)

25) Huaxue Xuebao 46, 703 (1988) 26)J. Am. Chem. Soc., 110, 8561 (1988)

27) Chem. Express, 5, 21 (1990) 28) Tetrahedron. Lett, 31 3105 (1990)

29) Can. J. Chem., 68,471 (1990) 30) J. Chem. Soc. Chem. Commun., 13, 941(1992)
31)4HME63—41484  32)%BFE2—4705  33)HAF4—47680
34)4%BTF6—65549 35)4¥BE58— 167428  36)4*FE61—106425
37)4%BITF2—1571283 38)4#BTFE4—235994  39)4%BITE6—179974

40)FE 29, (2), 131(1991)
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8. EH & R ItHI
A AFLUALREDERL
O Tebbe %

CpyTiCly + 2MeAl —————  CpTi{ _ CAMe; + Me,AICI + CH

Tebbe Reagent J. Am. Chem. Soc., 100, 3611 (1978)
O Petasis Reagent
/Me
CpyTiCl, + 2MeMgCl @ —8 szTi\ + 2 MgCl,
Me
Petasis Reagent J. Am. Chem. Soc., 112, 6392 (1990)
O Titanacyclobutane
R4 R4
Cp,Ti /\AIMe2 + ‘/ > Cp,Ti
~
¢ \
R2 RZ
Tebbe reagent Titanacyclobutane

J. Am. Chem. Soc., 102, 6876 (1980)
B. 7ILTER. by XTIV, TER, UL DAFLUIERIG

OTBS OBn OTBS O

YL

OTBS OBn OTBS EtO
82%

O
Tebbe Reagent <:>:
Petasis Reagent

Titanacyclobutane 65%

OTBS OBn OTBS

o

o OTBS Bn OTBS

O/_\O 0
>N

OFEt / \
Cp,Ti==CH, — M
OFt

(e}
85% B
o o
" 'il )L
Ph
Me -
97% Me N

Me

J. Am. Chem. Soc., 114, 2524 (1992)
J. Am. Chem. Soc., 100, 3611 (1978)
J. Am. Chem. Soc., 102, 3270 (1980)
J. Org. Chem., 50, 1212 (1985)
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T —Allyltitanium Compounds

C. ZILx/— Lt &Y DK h—HR AR UL KIS

Cp,TiCly(10 mol%)
oM 2ERAC
Ho=

H OH
>_—_<\/ +

Et AIEtCI

1

D. 7YILFAUEED R

H>_<\/ or

CIEtAI Et
1

J. Org. Chem., 44, 3457 (1979)

//'|§/
CpoTiCl,  + 2 /\/\M B Ti
95" THF NG
Cp Cp
7 -Allyltitanium Compounds
Reaction Scheme |
. /\/\MgBr /\/\
Cp,TiCl, » Cp,Ti —> Cp,Ti—ClI
() a) ¢l (m)
/\/\MgBr /\/\ . /l\
> Cp,Ti — Ti
(m) o e
(m)
7 -Allyltitanium Compounds
J. Organometal. Chem., 8, 115 (1967)
O ARG
R—?IZ—R' R R
Co.Ti—0 | \> 1) 4 N-HCI 7
—_— i— > ' :
P2 | \ 2) air OH R" + Cp,TiCl,
/\/ R
NN CO, \ 1) 4 N-HCI
' - COOH
|_ » Cp,Ti—O—C —_— + Cp,TiCly
Ti Il 2) air
RN
Cp Cp
RC=N

—

\ O
S ? 1) 4 N-HCI MR + CoyTiCh
||? 2) air

J. Chem. Soc., Chem. Commun., 342 (1981)
Tetrahedron Lett, 22, 243 (1981)

J. Chem. Soc., Chem. Commun., 180 (1981)
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E.ALDO40QfERMErO7 LIRS

cat.Cp,TiCl, (5 mol%)
NaAlH; + 4RCH=CH, » NaAl(CH,CH,R)4

J. Org. Chem., 45, 1035 (1980)

F. 7UILT7ILa—)L DiRIE AR R 1L 558 R G

cat.Cp,TiCl, (5 mol%
+ LiAH, P2TiCl, ( o

Chem. Lett, 103 (1980)

G. EMiE &G

cat.Cp,TiCl, (0.4 mol%)
LiAIH, (1.6 mol%)

Tetrahedron Lett. 21, 637 (1980)

H AL 42D AL AR

WClg (10 mol%)

H 0,
CpeTiMe; (12mol%) £ ¢(CH,),CH=CH(CH,),COOEt +

CH3(CH,);CH=CH(CH,);CH3

CHs(CH,);CH=CH(CH,);COOEt

Tetrahedron Lett, 21, 2955 (1980)

L AL 71> DKFIL K

P Y T

cat.Cp,TiCly + EtzAl

J. Am. Chem. Soc., 85, 4014 (1963)

/\/ -

cat.Cp,TiCl, + n-BuLi or PhMgBr

J. Org. Chem., 33, 1689 (1968)
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J J)Zv— LR EZRAVSETRIE

O 7ho  ZILTEFDETRIEG

Cp,TiCl, (3 mol%) H,0
/\/\g/ + RMgBr - — > /\/\/

OH
(R=propyl, iso-propyl,2-methylbutyl, hexyl etc.)

.
olefin Cp,TiH R1)I\ Ry
R4
Cp,TiCl, + 2 RMgX — Cp,Ti—R Cp,Ti—O H
(V) (m) (m) Ra
Ri RMgX
XMg—O+H
Ro
Tetrahedron Lett, 21, 2171 (1980)
O IRATILDETRIG
] ) 2~5 mol% (Cp,TiCl, /2 n-BuLi or 2 EtMgBr) workup 1
R'CO,R . > » R 'CH,OH
R3SiH(2.5 eq)
THF
R3SiH ; poly-(methylhydrosiloxane)
n-BulLi ) .
Ester Product mol% Cat  orMger  Time(h)  Yield(%)
PhCO,Me PhCH,OH 2 EtMgBr 1.5 94

CH,OH
5 n-BuLi 1 65

@COzMe

CO,E CH,OH
O/ O/ 5 EtMgBr 5 88
@\/COZEt @\/CHZOH 5 EtMgBr 175 92
s

S

J. Org. Chem., 59, 4323 (1994)
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O 14k, 28, 3ZT7ILa—ILDERK

H H R
Cp,TiCl, ! ! )
C,HsCOOCH; + 2RMgBr —2 “2, Csz—(IZ—H " CgH5—(|3—R n Csz—CI:—R
OH OH OH
1 2 3

Product Distribution(%)

Rin RMgBr  mol% of Cp,TiCl, Total Yield(%)

2
CH3CH,CH, 0 4 0 96 99
1 9 90 1 97
4 50 50 0 96
8 78 22 0 98
(CH3),CHCH, 0 0 60 36 86
0.13 4 96 0 92
1 73 27 0 99
2 96 4 0 94

O 2k 7 IL3— L DEIRIE R
H
R,COOCH; + 2R,MgBr —P2lc2 Ri—C—R,
o
Secondary Alcohol
Starting Material Catalyst Content Yield of R{R,CHOH
Ester Grignard Reagent (mol%) (%)
R1in R{COOCH; Rz in R;MgBr

CgH43 CHs 1 *
CeH13 CH3CH, 1 *
CoHs CH3CH,CH 1 83
CeHi3 1 81
(CH3),CH 1 75
CgHs5CH, 1 88
CzHs (CH3),CH 0.4 74
CaHs (CH3)2,CHCH, 0.13 85
CHj CgH43 1 91
CaHs CeHs 1 *

* No secondary alcohol was obtained.

Tetrahedron Lett, 21, 2175 (1980)
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K ZILTo OI 7ZILX2D5) Zv— LA RE

O A—HRT T RMERIE

)\/ 1) cat.Cp,TiCl, (1 mol%)
+ / ' o
2) BF3-OEt,

3

MgCI ) Hzoz, NaOH

J. Am. Chem. Soc., 97, 6870 (1975)

Ph o /
cat.Cp,TiCly (5 mol%) %/\1
+ Bu-Cl » Ph \

"BuMgCl MgCl
Ph in THF, 0 °C, 2 h >C
/\/

J. Org. Chem., 69, 573 (2004)
O erFBTI RMERIG

cat.Cp,TiCl, (1 mol%) )\/ CH3COCH3
)\/ + PrMgBr X >

ll\/IgBr

Catalytic Cycle )\/

olefin Cp,TiH
Y (m)
)/\\/
T|C

OH

95%

Cp,TiCl, + 2 PrMgBr— Cp,Ti—Pr
(v) (Im)

CH3COCH3 )I\/ PrMgBr
OH MgBr

Tetrahedron Lett. 21, 365 (1980)

Ar

R
cat.Cp,TiCl, (3 mol%) N
R—C==C—Ar + "BuMgCl 22 - o=

H MgCl

Tetrahedron Lett., 22, 85 (1981)
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L F2+-20aXR0Ty, —20ORV ATy

O FAF2 /AR TUDERK

HDEK

R4
2 eq EtMgB Alk ~r
. eq gbr . ne
Cp,TiCl, - > CpoTiEt, oy > CpaTi
THF, -78 °C,1 h -30°C,3 h
Cp,TiCl, w» Cp,TiEt, ——T» szTi---”
EtH
R4
R4
Ri—=—————R, x Ry
NS
O FAFIIARVASIVDER
R
n . R
Cp,TiCl 2 eq BulLi Co.Ti'B Alkyne CooT S
211G > p2 IbBuy > i
THF, -78 °C,1 h -10°C,1h P2
R
R
Et
Cp,TiCl, 2 eq Buli Cp,TiBu, —T> CpZTi---‘
BuH
R R R
NN
R—=— R R—=—R \ R
\‘ CPzTi“'H > | Cp.Ti —> CpgTi
N R
N R
N R R/ R
Et
J. Organometal. Chem., 633, 18 (2001)
M. SOARVEADIZ VRO RF- kR EEHERKRIG

Et Et Et
Et Ph Et
Van PhCN (2.0 eq) | N N
Ce2Ti THF. 50 °C, 12 h * Z N|
’ ' Et Ph" N Ph Z gy
Et Et Et
62% 46% Not Obtained
D
_PhCN (2.0eq) @: f\/[
D TI
THF.50°C 12h
D 59% 49%

J. Am. Chem. Soc., 125, 9568 (2003)
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N. T A UIRIERIG

o) szTI(PMe?,)Z
/\/ ——Me o > Cp,Ti CHC| 0 0
Cp,TiCl, / 2 EtMgBr 3
R R HOAc / NaOAc(1:1) R
\\\/\ 10 mol% Cp,Ti(PMes), . THF, 0 °C, 2~4 h _
X R3SIiCN N= X orsataq.CuSO, THF,rt,3~5h O X
ad benzene or toluene R3Si/ '
argon
45°C, 18~24 h
Catalytic Cycle
R
. \i/\
N=<j:/\x "Cp,Ti"
/
R ()
\
Cp2T|
R ()
§ ) i
o Cp,Ti
N7 //
/
R
Starting Material Cyanide Product Yield(%)
Ph
Ph—==" A Me;3SIiCN 80
Y 6]
| Me3SiCN 44
Ph 0 NP
M
MGT\N/\/ € ¢
| Et;SiCN o CO,Bu 43
BOC CO,Bu

J. Am. Chem. Soc., 116, 8593 (1994)
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0. TRFL FDIETTHIBIR R I

N
COEt cat.Cp,TiCly (5 mol%) \j:><002Et
5 CO4Et THF HO CO,Et

30

h

78%

cat.Cp,TiCl, (5 mol%)
0 Zn
THF

30h

P.7ZITy OToDh—HRI)IVIE R

P

& + RBr + RSC

Y

76%

Angew. Chem. Int. Ed,, 37, (1/2), 101 (1998)

cat.Cp,TiCly (5 mol%) R

"BuMgClI (2.2 eq)

-~ \/\R'

SiR"3
R
cat.Cp,TiCl, (5 mol%) R
+ R'-Br + R";SiCl - > R"Si =
BuMgCl (2.2 eq) R'
R
R
Starting Material R-X R'3Si-Cl Time(h) Product Yield(%)
@\/ tBu-Br Et,Si-Cl 1 96
SiEts
Ph
\K 2-Norbornyl-Br "Pr;Si-Cl 6 Ph 85
nPl’3Si
)\K tBu-Br Et3Si-Cl

Et,Si 83
2 3 M E/Z=96/4

J. Org. Chem., 65, (17), 5291 (2000)
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Q. ZILEXDSynfTMRUHIEEIRMEROS ) JLIE K IG
Cp,TiCl, (20 mol%),n-BuLi (40 mol%) R?

R——R? + H-SI > R!
THF,1h 7 Sil

(ISi] = SiHPh,, SiHMePh, SiH,Ph)

Alkyne Hydrosilane Alkenylsilane Yield(%)
SiHPh,
n-CgH; —— n-C3Hy H-SiHPh, n-CyH 87
-Lsh7
n-CsH7
I SiHPh
Et ——— Et H-SiHPh, N 2 96
C2Hs
CzHs
SiHMePh
——  n-C:H . \
n-CsH; —— n-C3H7 H-SiHMePh n-CsHy 97
n—C3H7

Org. Lett, 5, (19), 3479 (2003)
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9. REF-MYHKAFEIZONT

D RE-WMYHFWNGE

RE BEVESAXAZEITEIOGUVVAERFRICRET 5.

Bk HEORHIEZELEREEARAFTEI T TITICE,

FRL=BR B ORKRELUIEK D BEEERAL. FEHRIE
TRREEARATERLI=DL BEHLEREFEAEIZEVNRET 5,

Q@ E#HEONE

FOREICHBETHETUILE—HERBEIBLIENHD A, FELT-
BEIETHONIFKTENTT,

REE OJLFR-RERE-THETRY

Q@ NKERERONE
KIDEWNREITIGFANBET 5,
F—ERDIGEIIREDK, HWNIMKRENFITHRT S,

@ BENSIZDNT
. XIT7ILA)BEER. DAL ETKEEFIELTHEET S,
F T ERMEARISEISEY . BHRBIETFIVELTEREEY
HEIZREWNVLS T 5,

® &=

2SS . ipr-rat LDy, 25mg/kg. ivn — mus LDy, 180mg/kg
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B AHh4205 DIBHEANARIL2023FE128]AEDLDTY,

B BELEHER

(BLE. #ifT. BX)
HELCFIXHKART EETH
SE=ERFT BRIARLER

T771-0132
EEREETIINEERRF224%FH
TEL:(088) 665-2311

FAX:(088) 665-5292

WNNICHINA

http://www.nichia.co.jp
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