LETTER

927

Enantioselective Copper-Catalyzed S2' Substitution with Grignard Reagents

Alexandre Alexakis, Christophe Malan, Louise Lea, Cyril Benhaim, Xavier Fournioux
Chimie Organique, Sciences |1, University of Geneva, Quai Ernest Ansermet, CH-1211, Geneva, Switzerland

Fax +41 22 3287396; E-mail: Alexandre.Alexakis@chiorg.unige.ch
Received 10 January 2001

Abstract: Cinnamyl chlorides undergo selective S,2' allylic substi-
tution by Grignard reagents using catalytic amount (1 mol%) of
CuCN and 1-2 mol% trivalent phosphorus ligand, in dichlo-
romethane. With chira phosphorus ligands derived from TADDOL
ee's up to 73% could be obtained.
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Allylic compounds have been of synthetic, mechanistic
and biological importance for over 50 years. Catalytic
asymmetric allylic substitutions are therefore potentially
useful methods for the preparation of a wide range of
chiral molecules. The copper(l)-catalyzed allylic substitu-
tion reaction has generated a great deal of interest in re-
cent years and several methods have been developed for
the control of both regio- and stereochemistry in thisreac-
tion. An advantage isthat a broad range of organometallic
compounds, organolithium, Grignard and organozinc re-
agents can be used in these allylic substitutions.*® Cop-
per(l)-promoted asymmetric y-substitution (S2) of
alylic substrates with a chiral leaving group has been re-

EtMgBr (1.2 eq),CuCN (1mol%)

ported,”*® but catalytic procedures employing chiral
ligands on copper are scarce and only moderate e€'s are
obtained. Van Koten, Backvall et al. recently reported are-
nethiolatocopper(l) complexes which acheive ee's of up
to 64% in the catalytic S\ 2' reaction between alylic ace-
tates and n-BuMgl.'*® Knochel et al. have developed
chiral ferrocenyl amine ligands, reporting ee's of up to
98% in the catalytic S2' reaction between allylic chlo-
rides and highly hindered diorganozinc reagents.'’18

Our efforts so far have focused on the enantioselective
copper(l)-catalyzed conjugate addition reaction on
enones’® and other Michael acceptors,?? during the
course of which we have reported the use of several chiral
phosphorus ligands.?>2> We have recently turned our at-
tention to the application of such ligands to asymmetric
alylic substitution and report herein the results of our in-
vestigation.

To establish optimum conditions required for regioselec-
tivity (Scheme 1) we first examined the reaction of cin-
namyl chloride 1 with simple Grignard reagents in the
presence of a copper(l)-catalyst and triethylphosphite.
Various conditions were investigated (Table 1): EtMgBr

Et

P "¢

> Ph)\/ e NNy

Ligand" (1mol% bi-, 2 mol% monodentate)

1 CH,Cly, 78 °C, 1 h
Scheme 1

2 3

Tablel Copper-Catalyzed Substitution of Cinnamyl Chloride with Ethyl Grignard Reagentsin the Presence of Triethyl-

phosphite
Entry Grignard Mode of Temperature Solvent Copper salt S$2':8,2
addition °C)

1 EtMgCl inverse -30 THF Cu(OTY), 32:68
2 EtMgCl inverse -30 Et,0 Cu(OTY), 20 :80
3 EtMgCl inverse -30 CH,CI, Cu(OTH), 37:63
4 EtMgCl inverse -30 toluene Cu(OTH), 29:71
5 EtMgBr inverse =30 CH/Cl, Cul 60 :40
6 EtMgBr normal -30 CH,CI, Cu(OTY), 70 :30
7 EtMgBr normal -30 Et,0 CuCN 67:33
8 EtMgBr normal -30 CH,CIL, CuCN 88:12
9 EtMgBr inverse -80 CH/CI, CuCN 80:20
10 EtMgBr normal -80 CH/CI, CuCN 97:3
11 EtMgBr normal -80 CH,CL, CuCN 1:4*

EtMgCl (2.8 M in THF). EtMgBr (3.0 M in Et,0). Conversion >95% in all cases. * Cinnamyl| acetate
Normal addition refers to slow addition of the Grignard reagent (over 20 min) to the reaction mixture at —78 °C. Inverse
addition refers slow addition of cinnamyl chloride (over 20 min) to the reaction mixture at —78 °C.
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Table2 Some Chiral Phosphorus Ligands Screened; Reaction Conditions as Scheme 1
Ligand %Conv.  §2':5,2  %ee Ligand %Conv.  S2':S2  %ee
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Table3 CuCN-Catalyzed Substitution of Cinnamyl Halides with EtMgBr in the Presence of Ligand 4
Entry Halide Solvent (0.4M) %CuCN %Ligand S,2°:5,2 Joce
1 Ci CH,C], 1 mol% 2 mol% >99:1 61
2 Cl CH/, 2.5 mol% 5 mol% 100:0 67
3 Cl CH,CI, 1 mol% 1 mol% 100 :0 63
4 Cl CH,C], 1 mol% 1 mol% 94 :6 73
5 Br CH/CI, 2.5 mol% 5 mol% 55:45 38

Reactions carried out at —78 °C. EtMgBr (3M in Et,0) was added over 20 min unless otherwise stated.

“Grignard addition over 40 min

was shown to give a more favorable regiosel ectivity than
EtMgCI; reaction temperature and the choice leaving
group had asignificant effect on product distribution with
lower temperatures (—80 °C) favoring the S2' product 2
and cinnamy! chloride giving afavorable §,2' : S\ 2 ratio
while cinnamyl| acetate favored the S2 product 3; solvent
effectswere shown to be of importance with CH,Cl,, being
the favored solvent; and finally the choice of copper salt
was critical to the product distribution, copper(l) cyanide
giving the best results (S2' : Sy2 = 97:3).

A total of 29 chiral phosphorus ligands were screened,
many of which gave little or no asymmetric induction.
However some ligands, particularly: (i) those derived
from (-)-TADDOL and (ii) those bearing two points of
attachment on the lateral chain (e.g. an amino acohol or
oxazoline moiety) gave good results (Table 2). One
ligand, PO;-(—)-TADDOL-(—)-N-methylephedrine 4

showed a remarkably increased asymmetric induction
over the other ligands achieving an ee of 61% in prelimi-
nary studies.

Optimization of reaction conditions afforded a maximum
ee, in the case of ligand 4 of 73% (Table 3).%° It is evident
that the choice of solvent, which hasasignificant effect on
regioselectivity, is critical to enantioselectivity. The opti-
mum enantiosel ectivity favorsal:1 ratio of copper(l)-cat-
alyst to ligand and is most efficient when just 1 mol% is
employed (entry 3). The rate of addition of the Grignard
reagent was also shown to be of significance, when the
Grignard reagent was added over 40 min the ee was in-
creased by 10% (entry 4).

The choice of leaving group is critical to regio- and enan-
tioselectivity: the use of cinnamyl bromide caused a
significant drop in enantioselectivity and an unfavorable
product distribution (entry 5), while cinnamyl acetate fa-
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EtMgBr (1.2 eq), CH,Cl,

Et

I

cHex” N""oac
14

Scheme 2

c-Hex

CUuCN (1 mol%), 4 (1 mol%), =78 °C, 1 h 15

exclusively Sy2'
100% conv., 0% ee

Table4 CuCN-Catalyzed Substitution of Cinnamyl Chloridewith various Grignard Reagentsin the Presence of Ligand 4

Entry Grignard %Conversion %Yield S5.2':8,2 Yoee
1 EtMgBr 100 87 94 :6 73
2 EtMgCl 100 96 97:3 22
3 EtMgl 100 94 99:1 4
4 CyclopentylMgBr 100 91 95:5 47
5 n-PropylMgBr 100 91 93 :7 57
6 n-ButylMgBr 100 93 96 :4 52
7 NeopentylMgBr 100 96 973 4
8 2-MeO-PhenylMgBr 100 91 94 :6 21

Reactions carried out in CH,CI, (0.4 M with respect to substrate), in the presence of 1 mol% of CuCN and 1 mol% of chiral
ligand, at —78 °C. Grignard reagents were added over 40 min as a solution (typicaly 3M) in diethyl ether.

3Reaction at —72 °C

vorsthe Sy2 product (see Table 1, entry 11). The saturated
alylic acetate 14 gave excellent regioselectivity but no
asymmetric induction under these conditions (Scheme 2).

Having confirmed the optimum conditions for the reac-
tionin question new Grignard reagentswereintroduced in
order to test the scope of the reaction (Table 4). Ethyl
magnesium bromide is clearly preferable to other Grig-
nard salts (entries 2 and 3) giving a greatly increased
enantiomeric excess. Primary and secondary aliphatic
Grignard reagents react with moderate enantioselectivity
under these conditions (entries 4-6), however poor enanti-
oselectivity is observed with sterically demanding Grig-
nards reagents such as neopentyl magnesium bromide
(entry 7).

Finally the methodology was extended to aromatic Grig-
nard reagents. Several aromatic Grignard reagents were
tested but sufficient separation by chiral GC was not ob-
tained in the majority of cases. Application of 2-methox-
yphenylmagnesium bromide, which did not undergo
reaction at —78 °C, yielded a favorable product distribu-
tion at —72 °C and an ee of 21%, which has not yet been
optimized. Further investigations into the application of
aromatic Grignard reagents are currently underway.

In conclusion, we have reported a new chiral ligand for
the enantioselective copper(l)-catalyzed alylic substitu-
tion reaction, achieving the highest ee (73%) yet reported
withaGrignard reagent. It isclear from our resultsthat the
enantiosel ectivity of the reaction, which is truly catalytic
requiring only 1 mol% of both the ligand and copper(l)
catalyst, is highly dependent on the reaction conditions.
The mode and time of addition of the Grignard reagent is
critical to the enantioselectivity, as is the temperature of

reaction. Furthermore the use of different Grighard re-
agents revealed that there is no single set of reaction con-
ditions applicable to all cases. Moderate ee's (47-57%)
have been achieved with a range of primary and second-
ary aliphatic Grignard reagents and an ee of 21% has been
observed for the reaction with an aromatic Grignard re-
agent. Highly sterically hindered Grignard reagents are
not suitable substrates for the reaction resulting in poor, if
any observed enantioselectivity. The reaction has been ex-
tended to other alylic chlorides and preliminary results
suggest that the regio- and enantiosel ectivity are of asim-
ilar range (e.g. p-methoxycinnamyl chloride gives 54%
ee, 96:4 S, 2' :S,2). Further investigations into the scope
and limitations of the reaction are currently underway.
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