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Electrophilic and Nucleophilic Allylic
Alkylation

Electrophilic Allylation

Nucleophilic Allylation

Ro Rs R2\ /Rs . @/\ (allyl silanes as nucleophile)
X ——C—> C
R1)\/\ R1/ @
X
X Ro Z (y-addition of allylic nucleophiles (allyl
R™ )7 ™ —d P * Y\ © silanes and boronates) to aldehydes)
Ri Ry @ R

R, Ry, Ry, Rz = alkyl, aryl; Z4, Z, = electron withdrawing groups; X = electron donating group
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Electrophilic Allylic Alkylation: Path a

Direct allylation of enolates

O oM OM
H s R
Yi&R -RgH Y)\F 2 Ry, R, = alkyl, aryl, acyl
1 2 R, Rs = alkyl, N(alkyl),
Y = alkyl, aryl, OR, NR,, OM
X O X=LG
/\/ - Y)W
MX Ri Ra
Palladium-catalyzed allylic substitution
/‘r\
X + Pd0) L, ©
e (0) Pd@ N
X = OAc, OCO,R L

L /
CC _~C + PdO)

"soft" C nucleophiles: malonates, (-ketoesters

Kalyani Patil @ Wipf Group 11/25/2006



Zr- and Ni-Catalyzed Asymmetric Allylic Addition

MeO. OMe 3 equiv. EtMgCI OMe
5 mol% (S,5)-(chiraphos)NiCl, 82% yield, 85% ee
10 mol% PPhs, sat. NaHCO5 .
t
H |
— 7 3 _
( \ Zr cat., EtMgCl /j 65% vyield, > 97%ee
O HO

i
| EtMgC!
t

CHj

\ H
Zr—\ m—— \Zf/\'_..
N f - ~
Y
X " X
/ i it
H r

o - Et
' MgCI(X) [ N\ |
x~ / M. 2 <ZrL
omg. A > cMg, A
L =EBTHI ‘ % ) 2 )
X = O, N(H)r-nony! X X

- - il

Hoveyda et.al. J. Am. Chem. Soc. 1998, 120, 7649-7650
Hoveyda et.al. J. Am. Chem. Soc. 1993, 115, 6997-6998
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Copper-Catalyzed Allylic Substitution

R'M

R NN R' SN2 (a-product)

R
L . Y\ Sn2' (y-product)

R' = alkyl, aryl, vinyl, allyl
M = Li, MgX, Ti(OR)3, ZnX, etc.

Y = Cl, Br, OC(O)R", SO,Ph, OR", OP(O)(OR"),, etc.
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R X [RCuY] R X
NN \/\’_‘ n-complex

oxidative
addition

AN P
: reductive elimination R\:/\

/ y g Y =CN, Cl R
A Sn2' (y-product)

\ R' path b
\Clu reductive elimination R\/\\\\R' Sp2 (a-product)
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Cu-Catalyzed AAA w/ NHC-Based Chiral Ligands

Me 0.5 mol % 8; Elx.\‘Me 92% ee, 68%

/’L-\\\ o - -~
Ph . OPOQIOEY), EtoZn, THF, <15°C. 48 h Ph

P 7
'Q/ \ g5% | CUCkZHO ¢
\"_,,_\_ CH;CL/THF )
C N\ e
= l\[- h ’ o .r -

J,__,;. >88% S~2 g

Hoveyda et.al. J. Am. Chem. Soc. 2004, 726, 11130-11131
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Cu-Catalyzed AAA w/ NHC Ligands Bearing
Chiral Diamine Backbone

2 o,
R 0.5 mol % (SS)‘& R? R

1 mol % CuCl,-2H,0 %
R‘)\/\OPO(OEUQ el & Fh
R,Zn, THF, =15 °C

alkylzine <™ (%), yield (%);° \”“

time (h) ee (%) .

..-ng

I

1 CgHs Me Et.Zn  >98;2 94; 97 \ \
AQ"\
2% CgHs Me iPr,Zn  >08:12 74; 98 &
W

3 Cy Me Et.Zn >08; 24 76; 97 =2\

Me PH HE
4 P Me Et.Zn >98; 16 82, 94
Me

Hoveyda et.al. J. Am. Chem. Soc. 2005, 127, 6877-6882

o

entry R’ R
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Cu-Catalyzed AAA w/ Amino Acid Based Ligands

Ot Bu
OH NBoc
émol%% 11b
0 4 0

). 2.5 mol % (CuOTH)z*CgHg
R,o)\r/\/OPO‘OE"Z eHs 10A<\

Ph 3 equiv (alkyl)oZn, THF, <30 °C, 24 h alkyl “ph
12a-b 13-16
vield® reb  eec
entry R (alkvl)eZn  product (%) (%) (%)
I Me 12a [teZn 13 95 =08 86
2 Me 12a MeoZin 14 85 =08 94
3 i-Bu  12b [SteZn 15 80 =08 79
1 i-Bu  12b MeaZn 16 874 =98 89

Hoveyda et.al. Org. Lett. 2005, 7, 1255-1258
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Activation of Grignard Reagents by a Lewis
Base

6+
5_R/M9\X6- Lewis Base (LB)

-
>

increased nucleophilicity and altered
mode of reactivity vs RMgX

O O
R O)S/\/Cl cat. chiral LB - R O)g/\
1 B} 1
m (alkyl)MgX R” “alkyl

1) Catalyst turn over
2) Efficiency
3) Regio- and Enantioselectivity
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Activation of /-PrMgCl by Catalytic
Amounts of Lewis Bases

0

O
P
r-BuOJ}(\ r-BuO)I\K\/ o

O 5 mel % ligand Me i-Pr
- Me
| (ses Table) 2a 3a
Me 2 equiv FPrMgCl,
1a THF, =78 °C, 24 h t.BuO)l\P\i-Pr

Me 4a

entry Lewis Base conv (%)° 243 (%)° 2:3° 4 (%)°

1 none 28 - - 28
2 PPh., 25 - - 25
3 (O)PPh, 30 7 <2:%98 23
[\ 0°
4 MesN@NMes 60 30 111 30
5

Lee, Y.; Hoveyda, A. H. J. Am. Chem. Soc. 2006 ASAP
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N-Heterocyclic Carbene (NHC)-Based Chiral Ligands

Ph J’h Phy M @

Alel

Cl

AT

HO 7

I L=4
LIL = alkyl

2.5 mol % 6 i
O or
Ro)‘\(\/CI 5mol % 7-8 . = 5
Me 2 equiv ~PrMgCl,
laR=tBu HF-78°C,24h ROJHD\f-pr RO)‘\(\
1bR=Me 4 Me 9 Me
chiral conv ., - ce2 . 2 o ab
entry R ligand (%)P o 2 2:3 (%)° % 4 Y0 9
1 -Bu 6 a7 7 129 89 18 42
2 -Bu 7 >98 56 3.51 93 28 <2
3 -Bu 8 59 5 1:49 -12 29 <2
4 Me 7 >98 82 9:1 97 9 <2

Lee, Y.; Hoveyda, A. H. J. Am. Chem. Soc. 2006 ASAP
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Quaternary Center Formation by Enantioselective
Allylic Alkylations

O O

Meo)‘\*/vm 5-10mol %7 1o N
1b R = Me (alkyl)MgCI, THF, =78 °C A alkyl

10R=Et, 11 R = n-Bu
mol % conv (%)%

cloprop. Sp2' ee

entry R (alkyl)MgCl Sn2:Sy2t &Y

7 time(h) (%)°  yield (%)° (%)”
1 Me +PMgCI 5 >08; 24 9.0:1 9 80 97
2 Me cpentMgCl 5 95; 48 431 12 57 75
3 Me c-hexMgCl 5 95; 24 11.51 27 63 94
4 Me nBuMgCl 8 93. 48 6.1:1 28 34 63
5 Et iPMgCl 5 >08; 24 10.1:1 7 73 97
6 nBu PMgCI 5 >08; 24 10.1:1 7 75 98
7 Et c-pentMgCl 10 >08; 48 7.3:1 8 66 90
8 nBu cpentMgCl 10 >98,; 60 3.5:1 13 59 85
9 Et c¢-hexMgCl 10 >08; 48 13.3:1 19 60 96
10 n-Bu c-hexMgCl 10 84: 48 11.5:1 13 57 96
i1 Et  n-BuMgCl 10  >98; 60 7.31 26 35 79
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Summary

e First Example of Asymmetric Allylic Alkylation involving
Grignard Reagents to Generate Quaternary
Stereocenters

« Needs Further Understanding of Mechanism and Origin
of Enantioselectivity
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