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Wizat 1s Tonzugaie fddition?

NAddi t i oucleopHile #o activated alkenes or alkynes,

followed by protonation of t he anionic I nter
@) O
1,4 Addition
+ Nuc >
Nuc
@) Nuc @)

1,6 Addition
R1/WJ\OR + Nuc » R

Cordova, A. Catalytic Asymmetric Conjugate Reactions
2010 , Wiley -VCH, Weinheim , Germany, 145.



1,2vs 1,4

Ways to Favor 1,4 Over 1,2:
Soft nucleophiles
Polar solvents (HMPA)
Sterics
Delocalization of carbanion
Higher temperatures

With catalysts, tuning of structure/ ligands also affects this



Wiy Agynumetric Ciznjugate
Adiicion?
Powerful method of forming C -C bonds

with a new stereocenter

Enantiopure compounds important in
iIndustry (pharmaceuticals and materials),
as well as academia

Tandem reactions lead to new
functionality in surprising and useful ways



rlistory

First reported in 1883 by Komnenos
EtOZC\l/COZEt i B
COzEt Vs EtO,C CO,Et H* EtO,C CO,Et
Z S CO,Et - Na — o
EtO,C  COsEt EtO,C  CO,Et
Michael Reaction
EtO,C 1) NaOEt, EtOH, heat 6h CO,Et
2 . HINPN ) _ 2
EtO,C COEt o) H,0 EtO,C CO,Et
Ph
CO,Et
2 Ph. 1) NaOEt, EtOH, heat 30 min COEt
NN okt G § CO,Et
o ) H30
@) Ph

Komnenos , T., Liebigs Ann. Chem. , 1883 , 35, 145.
Michael, A., J. Prakt. Chem. , 1887 , 3, 349.



Dawvelopment ard-Advyances

Field has developed quickly due to need of C -C
bond formation and stays relevant

Asymmetric conjugate addition still relatively

young field

Split into two broad sections:

Transition metal catalysts (esp. Cu and Rh)
Organocatalysts (commonly a heterocycle )
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rlistory

Kharasch group discovered trace amounts of Cu salts led to 1,4

addition 0 o
CHsMgBr _
CuCl

Lippard was the first enantioselective example

@) ,
CuBr-Me,S 5 mol% ] L= N
+ nBuMgBr L2 mol% > Al
HMPA, TBDPS .

THF, -78 C, 30 min

O

PR

Kharasch , M.S., Tawney, P.O., J. Amer. Chem.
Soc., 1941 , 63, 2308.
Lippard , S.J., Organometallics , 1990 , 9, 3178.



Cu Cazaiytw Cycle

CuOTf or Cu(OTf), + L

/MR RnM
O M=Zn, Al

~ R _R_.MOTf- -R—CuL

Bn-1 PN
fi©=""- PN
O Y |
cu I R’
[ R' R |l

Cordova, A. Catalytic Asymmetric Conjugate
Reactions , 2010 , Wiley -VCH, Weinheim , Germany, 73.

Nakamura, E.,

Chem. Rev. , 2012 , 112, 2339.



15 mol% CulOTn);

o 3mol% L8
« N 3eq.RZn
R N\%

PhMe, -78 %0 0°C

ReMe, n-Pr, -Pr, Ph, &
R'=fde, EX, 1-Pr, Bu

2 mok GUTC,

4mabd L34 ar L37
Et.0Q, -30°C

R
"Ne

conY. Lp 10 BN
8 euplo 9B% Ar= Ph, 2-Naph

R=(S)-Me, (R)-Me

Feringa , B., Chem. Soc. Rev. , 2009 , 38, 1039.




Cu(MeCN),ClO, 3 mol%
Ligand* 6 mol%, LiCl 10 mol%
Et,O0,25C

2EtZZn

2.5 mol% Cu(OTf),Cg
2.5mol% L180

R'2Zn
Et;0, -30°C

n=0, 1,2

z . yield: 34-95%
R éﬂ;gpﬁu. Ph, (CH2)3CHCH;, ee upto 97%

R'=Et, n-Bu, Ph, 4-MeOPh

Shi, M., Adv. Synth . Catal ., 2005 , 347, 535.
Hoveyda , A.H., J. Am. Chem. Soc. , 2006 , 128, 7182.




Otl:er Cu Reagants

Josiphos/CuBr-SMe
O or Tol-BINAP/Cul

R/\\)LSR‘

R'MgBr

R|= ryl, alkyl t-BuOMe, -70 °C up to 99% ee

PTO|2
O‘ PT0|2

-Tol-BINAP, L3

& Fevs
PPh
Fe 2
e

(RFe-s)'(') L1
Josiphos

CO-Me 10 mol% cat O R
RN -, /CQMS (CF}.CHOH2eq CO,Me
CO,Me t-BuS DCM/Toluene (1:3)
CO,Me
R=Ph, 2-Furyl, 2-Naph, iPr, 88-99% yield
MesC 2 sbFy” tBu, Cyclohexyl, 2-MeOPh, 3- 86-99% ee

Ts-Indolyl

)\/\/ MgBr

CuBr-SMe,, (+)-3

CH,Cl;
~70°C, 16 h

O

24: 34%
regioselectivity: 94%
86% ee

Feringa , B.,
Evans, D.A,,

Feringa , B., Angew . Chem. Int. Ed.

Org. Lett., 2007 , 9, 5123.
J. Am. Chem. Soc. , 1999 , 121, 1994.
, 2008 , 47, 398.



Auplizalions: Tandem Reactions

1,4 -addition -aldol reactions

Ligand: O O I

OO Ph 2 mol % Cu(OTf),

NV 0 4 mol % Ligand L

0" e O Toluene, -40C O H
OO . RS\‘J R"CHO R

R R 67-76% yield
87-97% ee
Cyclopropanations Saturated Iso orenoid  Synth

2mol% L33 1) 1.5 equiv. TMSOTf

0 1 mol% Cu(OTf), 0ZnMe | 2 2 equiv. CHl, ™SO, 1,4- addmon
@ 3 equiv. MeyZn 3) NH,Cl sat. aq. S @
E j AT
CH,Cl,, -30 °C

91%

7 ent-Lg N= 2o0r3
97% ee /1 4—addmor\

71% de

(e)
1) FeClz
2) NaOAc _X_.

meso- compound

l ring opening

(4S.9)-11 i
: /\/\/‘\/R'
R; 3

NN
R X e :

= n=2;14-syn-dimethyl ~ n=2; 1.4-anti-dimethyl
(+)+R.S)-12

R2 /\/\/\/ R2

R1 &
n = 3; 1,5-anti-dimethyl n=23;15- syn dimethyl

Feringa , B.,, J. Am. Chem. Soc. , 2001 , 123, 5841.
Alexakis , A., J. Org. Chem. , 2002 , 4, 3835.
Feringa , B., Chem. Commun ., 2005 , 1387.



NI Catalytic Cycle

Bagnell , L., Austr.J. Chem. , 1975 , 28, 817.



