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Enantioselective Conjugate Addition of Diethylzinc to Chalcone
Catalyzed by Ni(acac), and Chiral f-Amino Alcohols
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Enantioselective conjugate addition of diethylzinc to chalcone
was carried out in the presence of Ni(acac); complexed with
five pyrrolidinylmethanols derived from L-proline. (S )-N-
Benzyk2-( 1-hydroxy-1-methylethyl) pyrrolidine was found to
be the best ligand in asymmetric conjugate addition among the
five ligands. The products were obtained with up to 70% ee.
The configuration of the product was determined jointly by the
substituents on the carbon of the hydroxy group and the nitro-
gen atom.

Keywords asymmetric conjugation addition, Ni(acac);, pyrro-
lidinylmethanols

Introduction

Recently increasing interest has been focusing on the
enantioselective induction in conjugate addition by catalyt-
ic method.! Among others, ligand design is important for
successful enantioselective processes. In searching effi-
cient chiral catalyst for conjugate addition of diethylzinc to
enones, ligands with a wide variety of main structural
types have been studied.? Great improvements have been
made by chiral ligands complexed with Cu(OTf),,%**3 but
reports on Ni(II) complexed with chiral ligands are limit-
ed, and the results are less desirable.® It is necessary to
do more work on this subject. Pyrrolidinylmethanols have
been proved to be effective ligands for asymmetric addition
of diethylzinc to aldehydes, however, only a few of them
have been used in asymmetric 1,4-addition of diethylzinc
to enones.® Our interest in this area derived from our pre-
vious work on the enantioselective addition of diethylzinc to
aldehydes catalyzed by pyrrolidinols.” Herein, we report
our results on the nickel catalyzed addition of diethylzinc to
chalcone employing pyrrolidinols as ligands.

In order to examine the effect of ligand structure on

the enantioselectivity we applied a series of chiral pyrro-
lidinylmethanols 3a—3e derived from (S )-proline, which
had successfully been applied to asymmetric addition of di-
ethylzinc to aldehydes. At beginning, we briefly examined
a set of reaction systems, and found that Ni(II) catalyzed
reaction gave the best results.® ‘

To optimize the reaction conditions for pyrrolidine lig-
ands, effects of solvents and ligand-nickel-chalcone ratio
on the enantioselectivity were examined (Table 1). MeCN
and Et,0 were found to be suitable solvents, while MeCN
gave better reactivity and stereoselectivity (Table 1, En-
tries 1—5) .

Scheme 1 1,4-Addition of Et;Zn to chalcone.
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As shown in Table 1 (Entries 6—11), the enantiose-
lectivity is optimized when ligand: Ni ratio is 2:1. In addi-
tion, the asymmetric induction was related with the molar
ratio of substrate to ligand (Table 2, Entries 1—6). Fi-
nally, as expected, enantioselectivity was increased when
the reaction was performed by addition of 2,2’ - bipyridine
(Table 2, Entries 6, 7).° Thus, optimized ligand-Ni(acac),-
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Table 1 Effect of reaction conditions on the enantioselectivity of asymmetric conjugate addition of diethylzinc to chalcone using chiral pyrro-

lidinylmethanols®
Entry Ligand Solvent ~ Ligand:Ni Temp. (€) Time (h) Yield® (%) ee? (%) Config.®
1 3¢ Et;0%/hexane 2:1 - 45 8 M ©33 ‘R
2 3c CH,Cl,* /hexane 201 -23 2.5 85 17 R
3 3c THF®/hexane 2:1 -35 2.5 88 17 R
4 3c MeCN/hexane 2:1 -23 3 87 40 R
5 3c MeCN/toluene 2:1 -23 7 45 19 R
6 3a MeCN/hexane 1:1 -23 1 89 19 S.
7 3a MeCN/hexane 1.5:1 -23 2 , 80 25 S
8 3a MeCN/hexane 2:1 -23 2 80 42 s
9 3a MeCN/hexane 5:1 -23 2.5 76 31 S
10 3a MeCN/hexane 7:1 -23 3 77 26 -8
11 3a MeCN/hexane 20:1 -23 8 25 <5 S

@ Ligand: chalcone:EtpZn = 1.5:10:15. ® Solvent in which reaction was carried out after refluxing of ligand and Ni(acac); in MeCN for 1 h and
then MeCN was removed off. ° Isolated yield. ¢ Determined by HPLC using Daicel Chiracel OD column. ¢ Assigned by comparmg the HPLC re-

tention time of the major peak (Ref. 9).

Table 2 Asymmetric addition of diethylzinc to chalcone usmg chiral

pyrrolidinylmethanols
) A - - 11b .

Entry Ligand éi:ini;e 'Iél}rln)e Y;l;lj(; (i;b ) Config. ¢
1 3a 1:10 2 81 41 S
2 3a 3:20 2 90 42 S
3 3a 1:5 2 - 89 55 S
4 3a 1:2 2 94 53 S
5 3a 1:1 2 69 70 S
6 3a 1:5 2.5 90 55 M
7 3a* 1:5 2.5 87 59 S
8 3b 1:5 2.5 87 21 S
9 3c 1:5 2.5 89 40 . R

10 3d 1:5 4 73 13 S

11 3e 1:5 2 82 33 R
% In the presence of 5% 2,2'-bipyridine. ® Isolated yield. ¢ Deter-
mined by HPLC using chiral OD column. % Assigned by comparing
the HPLC retention time of the major peak (Ref. 9).

chalcone ratio of 2:1:10 and MeCN as sclvent were used
for further studies.

To elucidate the structure-enantioselectivity relation-
ship, steric effect of the alcohol (R?) and amino (R!)
moieties of pyrrolidine ligands were estimated by conduct-
ing reactions using N-benzyl derivatives (ligands 3a—3c¢)
pyrrolidinyl and diphenylmethanols (ligands 3d, 3e).5 It
could be seen from the results (Table 2, Entries 6, 8, 9)
that increase in the bulkiness of R? group reduced the de-
gree of asymmetric induction. When 3a was used in the
asymmetric reaction, higher enantioselectivity was ob-
served than 3b and 3c. For the effect of substructure in
the amino part, it was shown from the results (Table 2,
Entries 9—11) that relatively higher optical yield of 2 was
achieved by using N-protected ligands than the N-depro-
tected one. These observations. are in accordance with
those made in the asymmetric addition of diethylzinc to

aldehydes .’ :

It was more important to note from the results that the
configuration of the product was determined jointly by the
substituents on the carbon of the hydroxy group and the ni-
trogen atom. When R! = Bn, the substituent of the nitro-
gen atom, and R? which was substituent on the carbon of
the hydroxyl group was methyl or ethyl group, configura-
tion of the adducts was S. However, when R! was not
changed but R? was phenyl group, the asymmetric induc-
tion direction was changed to R. When R! =H, R?= Ph,
the configuration of the product was S. As for ligands 3e,
R! = Me, and R? = Ph, the configuration of the conjugation
adduct was R. So the two enantiomers of the asymmetric
adducts were obtained by ligands only derived from the
natural proline. Based on the data and from previous stud-

ies,>7 it could be revealed that when S enantiomer of 1-

phenyl-1-propanol in excess was inducted by a ligand in
addition of EtpZn to benzaldehyde, R enantiomer of 2, 3-
diphenylpentan-1-one in excess was inducted by the same
ligand in Ni-catalyzed addition of Et;Zn to chalcone. This

meant that in these two reactions prochiral face selection

was ligand dependent but not dependent upon reaction
type. This phenomenon could also be seen in reports of
addition of Et;Zn to aldehydes!! and in nickel catalyzed
addition of Et;Zn to chalcone* using the same ligand, with
no exception yet to be found.

The results indicated that very specific ligand proper-
ties is required for enantioselective catalysis.'? Although
many asymmetric reactions required steric bulk chiral cata-
lysts in order to reach high enantioselectivity, ligand 3a,
which is the smallest subsititutent on the carbon of the hy-
droxy group, obviously behaved the best catalytic activity
among these ligands. This was possible that the N-atom
possessed bulkier substitutent. For steadier intermediate
complex of this asymmetric reaction, this bulkier substitu-
tent probably needed relatively smaller substituted group
on the carbon atom of the hydroxyl group.
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So we applied pyrrolidine derivatives to promote
asymmetric addition of diethylzinc to chalcone, and moder-
ate to good enantioselectivity were obtained. More interest-
ing was that the two enantiomers of the asymmetric adducts
of chalcone could be obtained when the reaction were pro-
moted by ligands only derived from the natural L-proline.

Typical procedure of asymmetric conjugation addition of di-
ethylzinc to chalcone

A mixture of Ni(acac), (6.4 mg, 0.024 mmol) and
3a (11 mg, 0.05 mmol) in MeCN (2 mL) was stirred at
80 °C under argon for 1 h, then cooled to room tempera-
ture. Chalcone (52 mg, 0.25 mmol) in MeCN (1.0 mL)
was added. The mixture was stirred for 20 min then cooled
to ~23 C. Et;Zn (1.0 mol * L~! solution in hexane,
0.37 mmol) was added dropwise, the resulting mixture
was stirred at — 23 °C for another 2.5 h . The reaction was
quenched with 10% hydrochloric acid (2 mL), and the
mixture was extracted with_CH2C12 (3 x 10 mL). The
combined organic layers were dried over anhydrous
NaSO4. After evaporating the solvent, the residue was
purified by preparative TLC over silica gel (hexane : EtOAc
=15:1, V/V) to afford product 53 mg (81%). The ee
value was measured by HPLC with a Daicel chiralcel OD
column (hexane : ‘PrO = 99.8:0.2, 1.0 mL/min). The
retention time is: major peak 15.5 min, minor peak 17.4
min, and the configuration was determined according to
this retention time of the major peak as S.
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