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Early Attempts : Chiral Solvents

o] OH
+ MeMgl > No asymmetric induction
Ph)LH Me; gMe Ph)*\Me
Me
Me’N"Me
Tarbell, D. et al. J. Am. Chem. Soc. 1942, 64, 2842.
MgCl j\/\
Ph—-N=C=0 + 9 »  Ph.
Me)\/MG OMe ” I\Elle Me
1.0 1.0 Me)\rMe
OMe 80 % vyield
0 °C, 30 min [a], = +0.34
Solvent or 1 eq. in benzene [a], of pure enantiomer : +39.0

Cohen, H. et al. J. Org. Chem. 1953, 18, 432.



Early Attempts : Chiral Additives

o (-)-sparteine
)L + n-BulLi > ?H
Ph H hexane, -70 °C Ph” n-Bu
overnight 90 % yield
1.0 2.0 2.0 53/47 er
o (-)-sparteine
)L + EtMgBr ?H
Ph” “H toluene, -70 °C Ph”  Et
overnight 15 % yield
1.0 2.0 2.0 61/39 er
Nozaki, H. et al. Tetrahedron Lett. 1968, 9, 2087, 4097.
Nozaki, H. et al. Tetrahedron 1971, 27, 905.
l\{le OMe
Me’N \)\|/\'}I,Me
OMe Me
o
)L + n-BulLi > OH
Ph” “H pentane, -130 °C Ph” n-Bu
10 min 74 % yield
1.0 1.0 9.0 66/34 er

Seebach, D. et al. Angew. Chem. Int. Ed. 1969, 8, 982.



Early Attempts : Limited Success

L*1
JOL + n-BuLi > j\”
-123°C, 1 h 77 % yield \ N
1.0 6.7 4.0 97.5/2.5 er Me
o L*-Li OH OH
)L + n-Bu,Mg L )\ L*1
Ph” "H toluene Ph”” “n-Bu
-110°C, 1 h 94 % yield
1.0 4.0 4.0 94/6 er

Mukaiyama, T. et al. J. Am. Chem. Soc. 1979, 101, 1455.

L*2
e e [CO
Ph” H Et,0 Ph”” “n-Bu NT(CH,),
-120 °C, 1 h 73 % yield
1.0 3.7 42 97.5/2.5 er OO
_ J2
L*2

Cram, D. et al. J. Am. Chem. Soc. 1981, 103, 4585.

Limitations: Low Temperature, Excess chiral ligand, and Narrow substrate scope




Organozinc reagent : Mild nucleopile

L*3 HoN
o) AN
)L + Et,Zn > OH : OH
Ph” "H toluene AN Me
rt,43 h Ph I_Et \r
96 % yield Me
1.0 1.0 0.02 74/26 er L*3

Oguni, N. et al. Tetrahedron Lett. 1984, 25, 2823.

* Me
o L*4 OH Me
)J\ + EtaZn > )\ NMe,
R H toluene R Et OH
0°C,6~24 h

Me
1.0 1.2 0.02 L*4
OH OH OH
OH
Et ~ Et Et

n-Hex/I\Et
97 % yield 81 % yield 80 % yield 81 % yield

99/1 er 98/2 er 95/5 er 80/20 er

Noyori, R. et al. J. Am. Chem. Soc. 1986, 108, 6071.



Vinylzinc

o L*5
X, + =
R” “H 2 hexane
0°C,1~3 h
1.0 2.0 0.02
OH OH
4
Et
85 % yield 96 % yield
93.5/6.5 er 93.5/6.5 er
85 % yield
96/4 er

(20 mol % L*5)

ZMgx *+ ZnCly

Me Me
o OH
R)\/
N
Me’ _\—NMe2
L*5
OH OH

n-Pent)\/ A

88 % yield 83 % yield
94/6 er 91/9 er
90 % yield
>98/2 er

(20 mol % L*5)

- Pz

Oppolzer, W. et al. Tetrahedron Lett. 1988, 29, 5645.



Vinylzinc : Mechanistic Study

D
ZnV) Zn }
2 (W/'\D 2
o) D OH D
X, v ~ -
R H hexane R ~>D Me Me
0°C D
1.0 1.0 1.0 1.0 OH
D
Zn Zan N
(j)\D}z 2 Me’ _\—NMe2
0 . e D _ _  OH LS
R)LH hexane R)\/
0°C
1.0 1.0 1.0 1.0
OH
o*__ _R2 —_— R?| ——— J\
/R2 %n_ R1 R2
R2

Two zinc species are involved in the addition process.

Oppolzer, W. et al. Tetrahedron Lett. 1988, 29, 5645.



Vinylzinc Halide

R3 Li ZnBr, R3
Z > Br = > 7 ~ZnBr Me Me
OLi
L*5-Li or other L*
o) Me OH Me N
+ r / —\_
ph)LH Ban\/ Et,O/hexane/toluene Ph)\/ MeL*5 i NMe,
0°C,1h il
1.0 1.4 1.0 60/40 ~ 85/15 er
Ph Me Ph Me Me
. ) ( S / ( /_(j
LiO NBu, LiO NHMe LiO NMe, LiO IN
Me
Ph Me Ph Me Me —_-Me

. NMEz
LiO N H,N NH, OLi
Q Me

All the lithiated aminols or diamines exerted only modest induction.

Oppolzer, W. et al. Tetrahedron Lett. 1991, 32, 5777.



Vinylzinc Halide

R2 L*6 or L*7 2 Ph R
o . - OH R
R1JL|-| Brén \/\R?’ Et,O/hexane/toluene R1J\fkR3 Lio NMe,
0°C,1h L*6 : R=Me
L*7 : R=Ph
1.0 1.4 1.0
OH Me OH Me OH Me OH Me
Et 7
Ph Z Cy)\) n-Bu Z
Me
Me
68 % yield 78 % yield 62 % yield 75 % yield Ph
93/7 er 96.5/3.5 er 96.5/3.5 er 89/11 er
( 82 % yieldj ( 71 % yieldj
96.5/3.5 er 93/7 er
OH OH OH OH n-Hex
S Et
Ph/'\/\Me Cy)\%Me , Nme n-Bu)\%
e
Me
78 % yield 73 % yield 48 % yield 66 % yield
86.5/13.5 er 91.5/8.5 er 99/1 er 93/7 er
63 % yield
94/6 er

* The enantioselectivity increases with growing steric demand of substrates.
+ The double bond geometry is retained.

Oppolzer, W. et al. Tetrahedron Lett. 1991, 32, 5777.



Alkyl Vinylzinc by Transmetalation

B + EtZn

~ n-Pr:}

n-Pr
65 ppm

3

|

+ Et2:B + Et;B + 4 + EtZn
EtB%(\n-Pr} 2 =~ “n-Pr b n W\L(\n-Pr} %n-Pr
2

n-Pr nPr n-Pr nPr
70 ppm 76 ppm 85ppm

l Hydrolysis and oxidation

+
0ﬁ/\n-Pr ﬁn-Pr

nPr nPr

B/Zn ratio 2/3 1/3
Zn EtZn
Major species {\(\"'Prjz N7 n-pr
n-Pr n-Pr

Equilibration : rapid in hexane, 24 h in THF, 7 h in Et,O

Srebnik, M. Tetrahedron Lett. 1991, 32, 2449.



Alkyl Vinylzinc

1) Cy,BH, hexane, 0 °C,1h

> MeZn \/\R1

R1

2) Et,Zn,-78°C,10 min

OH

Ph)\/A

87 % yield
98/2 er

n-Hex

OH

Cy/l\/\Ph

67 % yield
90/10 er

OH

Et)\/A

91 % yield
92/8 er

n-Hex

OH

Cy)\/\c

y

67 % yield
90/10er

3)1Tmol % L*4

R?CHO, 0°C,1h

OH

A~

70 % yield
95.5/4.5 er

n-Hex y

OH
M
e>('\/\n-8u
Me
Me

94 % yield
89.5/10.5er

Me Me

> R2 J\/\R1

Me
L*4

OH

WMe

n-Hex

Me
Me

28 % yield
86.5/13.5 er

90 % yield
99/1 er

NMGZ

OH

Oppolzer, W. et al. Helv. Chim. Acta. 1992, 75, 170.



Equilibrium of Alkyl- and Alkenylzinc Species

Me
Me Me>_ -<Me Me Me
zn i Zn —_— Zn
Me Me Me -30 °C Me>_
W THF (Dy) Me
13 C NMR study
Mynott, R. et al. Angew. Chem. Int. Ed. Engl. 1985, 24, 335.
ZnMe,
t-Bu\/\BCyz T> t-Bu\/\ZnMe # {t-Buv/}Zn + ZnMe,
- H o 2
toluene (Dg) m°"a‘:1’39”0 <0°
dimeric

Ratio of two species didn’t change after evaporation.

Oppolzer, W. et al. Helv. Chim. Acta. 1992, 75, 170.



Alkyl Vinylzinc by Hydrozirconation

1) Cp2Z2rHCI, CH2CI,, rt, 5 min

3) PhACHO, -30 °C,1 h
— n-Bu » | MeZn. . o,

’)\A

2) Me,Zn, toluene, -65°C 10 mol % L*

Me NMe, Et NMe,
Me Ph Me
Ph NMe )\ SH SH
HO OH NBu2 AcS NBu,
88 % yield 77 % yield 85 % yield 80 % yield 76 % yield 80 % yield
90.5/9.5er 51.5/48.5 er 50.5/49.5 er 85/15 er 94.5/5.5 er 97.5/2.5 er

* The byproduct, Cp,ZrMeCl was efficient promoter.
« Amino thiol ligand was superior to amino alcohol ligands.
+ High temperature or low loading of catalyst resulted in attenuated selectivity.

Wipf, P. et al. J. Org. Chem. 1998, 63, 6454.



Alkyl Vinylzinc by Hydrozirconation

Et NMe,
2 o
1) Cp,ZrHCI, CH,CI,, rt, 5min 3) R"CHO, -30 "C, 1h OH SH
— R » | MeZn s p - L
2) Me,Zn, toluene, -65 °C 10 mol % L*8 R R
L*8
OH OH OH OH
M
Z n-Bu = n-Bu eo\[>/'\/\n-8u O/I\/An-Bu
Cl MeO
83 % yield 75 % yield 79 % yield 63 % yield
98.5/1.5er 81.5/18.5 er 99.5/0.5 er 87/13 er
OH OH OH OH
= = OTIPS
n-Bu o Me Z “Et
Me Et 0
71 % yield 73 % yield 66 % yield 67 % yield
82/18 er 91.5/8.5 er 99.5/0.5 er 96/4 er

Alternative preparation of alkyl vinyl zinc species was provided.

Wipf, P. et al. J. Org. Chem. 1998, 63, 6454.



Alkyl Vinylzinc Addition by Paracyclophanes

>
1) Cy,BH, hexane, 0 °C, 1h 3) R’CHO,-30°C,12h gy 5" e
= - My - A N~
R? R1 OH
2)Et,Zn, -78 °C, 1h 2 mol % L*9 Ph
L*9
OH OH OH OH
M
n-He x n-Hex eNn-Hex n-He x
Me
Me
Cl MeO
88 % yield 62 % yield 89 % vyield 80 % yield
98.5/1.5 er 95.5/4.5 er 99/1er 99/1 er
OH OH OH
/ Me = Me
=~ “Et
Me MeMe
86 % yield 78 % yield 88 % yield
87.5M12.5er 82/18 er 94.5/5.5 er

Me,Zn was used.

High enantioselectivities were obtained for the bulky aliphatic aldehydes.

Brase, S. et al. Org. Lett. 2001, 3, 4119.



Modified Oppolzer’s Method

Me Me
1) Cy,BH, hexane, 0 °C 3) R°’CHO,0°C,2.5h oy NI\//I\O
2 I ’ ’ ’ -
=R > | MeZn - 1 _ oH
2)Me,Zn, - 78 °C 2 mol % L*10 R R Me
L*10
OH OH OH OH
= = = Me % OTr
n-Bu Me 4
Me
85 % yield 85 % yield 86 % yield 75 % yield
97.5/2.5 er 97.5/2.5 er 98/2 er 95/5 er
Br OH

OH Me OH OH
_~_,OTr o~ OTr Mon MeMOTr
4 4 Me 4 7 4

83 % yield 66 % yield 54 % yield 68 % yield
99.5/0.5 er 96.5/3.5 er 99 .5/0.5 er 89/11 er

Enantioselectivity was improved by modifying Oppolzer’s method.

Walsh, P. et al. J. Am. Chem. Soc. 2002, 124, 12225.
Walsh, P. et al. J. Am. Chem. Soc. 2003, 125, 10677.



Alkyl Vinylzinc Addition by Aminonaphthol

Ph,,,rMe
1) Cy,BH, toluene,rt, th | 3) R°CHO,-30°C,15h  oH Ph., N. e
— eZn E
— R > TR >~y OH
2)Me,Zn,-78 °C, 1h 15mol % L*11 R R R
=
L*11
OH OH OH OH
@/\/\ n-Bu @\/\A @/\/\ /@/\A hBu
90 % yield 87 % yield 92 % yield 89 % yield
98.5/1.5 er 99/1 er 97/3 er 97/3 er
OH OH OH OH
= / = / Me = / = /
@\/\An-Bu (I\An-Bu th O/\/\Aph
Me
Cl NO,
90 % vyield 77 % 94 % yield 93 % vyield
99.5/0.5 er 99.5/0.5er 9713 er 97.5/2.5 er

High enantioselectivities were obtained for o-substituted aromatic aldehydes

Chan, A. et al. J. Org. Chem. 2003, 68, 1589.



Early Attempts : Chiral Additives

OMe
M
Me e
o OMe Ph. OH
+ PhMgBr > $
Me Et benzene
rt, 3 h Me Et
54 % yield
1.0 1.0 2.0 59/41 er
Wright, G. et al. J. Org. Chem. 1957, 22, 1.
OH
o
o“||O
Me/\/ M
Me (o) e
oY
o) Me
)j\ + MeMgBr > Me ,.pH
Ph” “Cy Ph™ 'Cy
95 % yield
1.0 3.5 2.0 85/15 er

Inch, T. et al. Tetrahedron Leftt. 1969, 41, 3657.



TADDOL-Assisted Additions to Ketones

Ph Ph
° L*12 , me ° OH
JL + R>MgBr L R)SH Me™ 'g—., OH
R'” “R2 THF R'” R2 A
-100°C,9h Ph Ph
1.0 3.0 1.0 L*12
Et OH p Et OH Et, OH nBu OH Et OH
62 % yield 60 % yield 50 % yield 43 % yield 7 % yield 28 % vyield
99/1 er 99/1 er 98/2er 98/2 er 95/5 er 95/5 er
Et OH Me Me Et OH Et OH Et OH
Me Me
56 % yield 64 % yield 88 % yield trace 22 % yield
85/15 er 92/8 er 88/12er 62/38 er 75125 er

Limitations: Low Temperature, Excess chiral ligand, and Narrow substrate scope

Seebach, D. et al. Angew. Chem. Int. Ed. 1992, 31, 8



Addition of Dialkylzinc to Ketones

L*4 Me —Me
0 Et OH
)L + Et,Zn > X NMe;
Ph” “Me Toluene Ph” “Me OH
0°C,24h Me
1.0 1.2 0.02 0 % yield L*4

Noyori, R. et al. J. Organomet. Chem. 1990, 382, 19.

Me Me
9 Et,Z CaH Ti(i-Pr) v > Et);OH
+ Et;Zn + CaH; + Ti(i-Pr), 3 OH
R1J\Rz Toluene R'” "R? O
o ~

4°C,3~14d 0,S-NH

1.0 2.4 0.48 1.3 0.2 O
L*13
Et OH Et OH ©/\Et)\OH
78 % yield 25 % yield 72 % yield 26 % yield
93/7 er 94.5/5.5 er 65.5/34.5 er 50/50 er

Due to the low reactivity of organozinc reagents toward ketones, Ti based Lewis acid was necessary.

Yus, M. et al. Tetrahedron Lett. 1998, 39, 12309.
Yus, M. et al. Tetrahedron 1998, 54, 5651.



Addition of Dialkylzinc to Ketones: Ti Lewis aci
d

0 L*14 Et OH Me
Jj\ + Et,Zn + Ti(i-Pr), ' Me
R'” "R2 hexane or toluene
rt,22~68 h 0,8 - NH HN-SO,
OH

1.0 1.6 ~ 2.0 1.2 0.02~0.1 L*14
Et OH Et OH ©/\Et)§OH ©/\)§
71 % yield 35 % yield 80 % yield 68 % yield
98/2 er 99.5/0.5 er 95/5 er 85/15 er

80 % yield 90 % yield 95 % yield
99/1 er 99.5/0.5 er 99.5/0.5 er

Walsh, P. et al. J. Am. Chem. Soc. 2002, 124, 10970.
Yus, M. et al. Tetrahedron: Asym. 2002, 13, 2291.



Addition of Functionalized Dialkylzinc

RI + EtyZn = R,Zn + EtlI
neat
1.0 3.0~5.0 50~55°C,20 h
Cl PivO Cl PivO
OH OH OH OH
N J Me : Me N
Me Me
Me Me Me Me Me Me
95 % yield 58 % yield 72 % yield 61 % yield
99.5/0.5 er 98/2 er 99.5/0.5 er 99.5/0.5 er
HBEt2 EtZZn
RPN ——» g~ BEz ———» (R/\}Zn + BEt,
0°C 0 °C 2
1.0 1.0 2.0
TBSO PivO Br PivO
OH OH OH OH
9 Q S Me S
Me Me Me
Me Me Me Me Me
89 % vyield 47 % yield 89 % yield 43 % yield
99/1 er 98/2 er 98/8 er 99.5/0.5 er

Walsh, P. et al. J. Org. Chem. 2005, 70, 448.



Addition of Diphenylzinc to Ketones

(o) HO Ph O Me Ph
ent-L*4 y
Me + PhyZn > Me *
Toluene
rt
26 % yield 60 % yield
1.0 3.5 0.15 82/18er <52.5/47.5 er

via aldol-dehydration-conjugate addition

Me Me
0 ent-L*4 HO Ph
L + Phyzn + MeOH - pN MeoN
R” “Me R” "Me HO
Toluene
rt, 48 h Me
ent-L*4
1.0 3.5 1.5 0.15
HO Ph HO Ph HO Ph
OO Me Et Me
Br
58 % yield 91 % yield 76 % yield
86/14 er 95.5/145er 87.512.5 er

The side reaction was suppressed by the formation of reactive species, PhZnOMe.

Fu, G. etal. J. Am. Chem. Soc. 1998, 120, 445.



Addition of Diphenylzinc : Ti Lewis Acid

HO Ph
Me

CF3

93 % yield
97.5/2.5 er

HO_ Ph
Me

94 % yield
96.5/3.5 er

+ PhyZn + Ti(i-Pr),

L*14

hexane / toluene
rt

1.6~2.0 0.6 0.1

0,S- NH HN-SO,

L*14

HO Ph HO Ph

HO Ph

‘a@f oo*

Cl
99 % yield 76 % yield
96/4 er 97.5/25 er
HO_ Ph HO,  Ph
AN Me Me
58 % yield 81 % yield
95.5/4.5 er 93.5/6.5 er

Walsh, P. et al. Org. Lett. 2003, 5, 3641.

99 % vyield
98/2 er

55 % yield
87.5/12.5 er



Addition of Diarylzinc to Ketones

o Et,Zn Ti(i-Pr)s, L*14 HO Aryl
+ ArylB(OH), > > N
R'” "R? toluene rt,24 ~72 h R'” "R?
70 °C,12 h
1.0 1.1 0.05
%s NH HN- s{)%\
L*14
Me Br Br
HO Ph HO);Ph HO@ HO :< HO :<
Me n-Bu Me Me Me Me
Br
79 % vyield 65% yield 58 % yield 65 % yield 31% yield
90.5/9.5er 65/35 er 92/8 er 96.3/3.5 er 82/18 er

Various diarylzinc compounds were prepared in situ.

Yus, M. et al. Tetrahedron: Asym. 2003, 14, 1955.



Addition of Alkynylzinc to Ketones

Ph
J_ . * Ph—=—H + Me;Zn > X
R'” “R2 toluene R'" "R2
rt, 36 ~96 h
1.0 3.0 3.0 0.2
=N  N=
t-Bu OH HO t-Bu
t-Bu t-Bu
L*15
Me
Ph Ph Ph R‘“{. Ph
// // // \'D““ R
HO ? HO. / HO / : =N\
N X Me 3 w = i
Me Me Me Nf--rllzr]““q
We Me z ””“zn‘Me
Br
78 % yield 89 % yield 89 % yield
77123 er 67/33 er 90/10 er

Cozzi, P. et al. Angew. Chem. Int. Ed. 2003, 42, 2895.



Addition of Vinylzinc to Ketones

1) Cy,BH, hexane, 0 °C 3)R2COR3,0 °C R2 R'R! R2
— R » | EtZn > R R
2)Et,Zn, - 78 °C HO — OH

1

R'. Zn_ R R' R’
EtZ Zn{ —
P B, = T —

-Zn 2
R'=Ph:70%

R R R R
HO — OH

Walsh, P. et al. J. Am. Chem. Soc. 2003, 125, 3210.

Zn %/\Ph] — » Noreductive coupling
2 24 h, rt

meo-8L) )
In A j ——> Ph Ph
Gﬁph 2 T2h,rt Y 54 %

Molander, G. et al. Organometallics 1986, 5, 2161.



Addition of Vinylzinc to Ketones

1) Cp,ZrHCI, CH,Cl,, rt

%s ~NH HN- s{)%\

L*14
2)Me,Zn, toluene, - 65 °C
MeZn \/\R1
3) RZCOR3, rt R3 OH
Ti(i-Pr), + Me,Zn L*14 > > P
16~ 24h R? R’
1.2 0.4 0.1
HO \Me HO Me HO \Me HO !\Ile
N~ N OTBDPS X~ Me N Me
n-Bu Ph M
Me ©
85 % yield 92 % yield 92 % yield 93 % yield
96.5/3.5 er 94.5/5.5 er 93.5/6.5 er 96/4 er
HO Me HO Me
HO_ Et HO Me 3 N
_ _ : 5 __~__OTBDPS
n-Bu iPr s Ph™ XX n-Bu
n-Bu
90 % yield 85 % 87 % yield 98 % vyield
97/3 er 89.5/10.5 er 96/4 er 96/4 er

Walsh, P. et al. J.

Am. Chem. Soc. 2004, 126, 6538.



Addition of Vinylzinc to Ketones: Improvement

1) Cp,ZrHCI, CH,Cl,, rt
. | CPCIZ
0,S- NH HN-SO,

L*14
L 2)Me,Zn, toluene, - 65 °C
MeZn \/\R1
3) RZCOR3, rt REQH/\
Ti(-Pr), + Me,Zn + L*14 > > —
16~ 24 h R? R’
1.2 0.0 0.1
HO_ Me HO Me HO Me HO_ Me
N2 N OTBDPS N~ Me N~ Me
n-Bu Ph M
Me e
98 % yield 98 % yield 92 % yield 99 % yield
97.5/2.5 er 95.5/4.5er 95/5 er 98.5/1.5 er
HO Me HO Me HO Et HO Me
CroC @W ‘M‘ OMO
89 % yield 99 % yield 85 % yield 87 % yield
94.5/5.5 er 96.5/3.5 er 94.5/5.5er 88.5/11.5 er

CpoZrMeCl +  i-PrOH —_— Cp2Zr(Oi-Pr)ClI + MeOH

Walsh, P. et al. J. Am. Chem. Soc. 2005, 127, 8355.



Addition of Divinylzinc to ketones

R’ . R? 4 5 xirs 5 2
Rz% 1) Li 7 3) R*COR?>, Ti(i-Pr)g4, rt R®> OH R
~ "B — n Vsz >
) 2) ZnBr, 2 5mol % L*14 R* 7 R?
R R1 R1
%S NH HN- S{)%\
L*14
HO Me HO Et HO Me HO_ Me
RV
Me
96.5/3.5 er 87.5/12.5 er 98/2 er

Walsh, P. et al. J. Am. Chem. Soc. 2005, 127, 8355.



Addition of Diisopropenylzinc to Aldehydes

Me 1) Li 3) RCHO, toluene, 0 °C OH
)\ —_— Zn{\(j :
Br 2)ZnBr, 2 5mol % L*16 or L*17 R
Me Me
ph;h_/j Ph. Me
HO N HO; NBu,
Me
L*16 L*17
OH OH OH OH Me
N = Me
Me Me Me Me
91 % yield 75 % yield 81 % yield 74 % yield
94.5/5.5 er 86.5/13.5er 86.5/13.5 er 84.5/15.5 er

Soai, K. et al. Inorganica Chimica Acta 1999, 296, 33.



Summary

- Enantioselective vinylation of aldehydes was successfully catalyzed by
various chiral bidentate ligand.

- Simple vinyl zinc reagents can be easily prepared by transmetalation.

* The preparation of highly substituted vinyl zinc reagents is still difficult.
* The low reactivity problem of ketones was overcomed by Ti Lewis acid.
- The reactions of ketones still require very long reaction time.

- The addition of highly substitued vinyl zinc reagents is limited.



Equilibrium of Alkyl and Alkenyl Zinc Species

Me
Me Me Me Me Me
Zn + >—Zn-< —_— >—Zn
Me Me Me -30 °C Me
Me THF (Dg) Me
| i )
c2 C1 ' c4

lCa

o

[ogHr|

a | L U ' I
PRUTTEL WP W :'hﬁu,'\-ﬁ-n‘v-r"ﬂ' L PREREC R PR

CCE C5
285 Hz
h} SIS S— L R ."'H_VH'\—!'U'\-‘\-'\-'N'\-A.'\—‘\-I-.—-I\L'\- I T
|
c¥ cz ICE'CE_ cr c4' Cy
l ca_’] ‘ cs
C3 cz | | | €1 ~Ca ||

Mynott, R. et al. Angew. Chem. Int. Ed. Engl. 1985, 24, 335.



Addition of dialkylzinc to ketones : Mechanism

OH
g-NH
PrOH 02
5b
RZnOPY
Ti(oPY OF'H
KOPY) T: T oPr
OPr’

R: OTI(OPr);
R "{ RTI(OPY),

o, O\( oPY 0\ @opr’
T Ti-opr = i 2-TicoPY
N o~ 07 I SOPY

- op? s-N @

S Rz\t.J\Ra a
3 A
27 26

Yus, M. et al. Tetrahedron 1998, 54, 5651.



Ti complex

t-Bu -Bu
|4 Ph
“Ph
023 @—( o,
NH  CPh.OH Ty(0-Pr O
2 Ti{O-1Fr)s H HH‘S*—- 4
Q\ -4 i-PrQH "\_\f— ‘——»N{_/:Tir'/
NH  CPh.OH — _N:: NS
0,5 H Dfﬁ'-"\;
Q 0
6a Ba tpy ON

Walsh, P. et al. Synlett. 2004, 5, 749.



