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Full conversion and enantioselectivities up to 83% have been obtained in the conjugate addition reactions of diethyl zinc to Michael acceptors
catalyzed by well-defined (chiral) copper(l) aminoarenethiolates. Interesting differences between organozinc or Grignard reagents have been
found: for cyclic enones R,Zn reagents afford better results, whereas earlier work showed that RMgX reagents react more selectively with

acyclic enones.

Enantioselective copper-catalyzed 1,4-additions have been(l) aminoarenethiolatésla and enantiopurdb (Figure 1)

extensively studied Most of these studies involved the use
of chiral ligands in the presence of copper(ll) Satiscopper-

() complexes formed in situ, leaving salts (e.g., Lil) present
during catalysis$. So far, only a few reports described the
use of salt-free, well-defined, and fully characterized chiral
copper(l) complexes as cataly$tSalt-free prepared copper-
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have been tested as catalysts in several types o€ C
coupling reactions, e.g., 1,4-additidhs,6-additions, cross-
couplings? and allylic substution&.In these initial studies
we found that, in the 1,4-addition of Grignard reagents to
o,f-unsaturated enones, enantioselectivities up to 76% were
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Figure 1. Modified copper(l) aminoarenethiolatds-8.

achieved by using the enantiopure copper(l) aminoarene-

thiolate 1b in catalytic amounts (Table ff These results

Table 1. Addition of MeMgl to trans-4-Phenylbuten-2-one
(S1) Using Chiral Copper Aminoarenethiolates

Me 1.0 MeMgl Me Me MeMe
9 mol% catalyst
Ph/\/j\\o mol% catalys! PhMO + Ph/\/kOH
Et,0,0°C, 2 h
S1 S1-a S1-b
regioselectivity?
entry catalyst? Sl-a:S1-b ee %, config
1 1b >99:<1 76, S
2 1c >99:<1 63, S
3 2b >99:<1 72,S
4 3 94:6 70, S
5 4 95:5 50, S

a All catalysts have R)-configuration.”? Conversion was quantitative.

A new set of modified complexes was tested with ligand
variations at the benzylic positionld) and the amine
functionality; dimethylamine was replaced for either a
pyrrolidinyl (3) or a piperidyl ring 4). Furthermore, trim-
ethylsilyl groups were introducethetato the thiocopper
moiety a, 2b, 6, and8). Another modification was the use
of a naphthalene instead of a benzene backbbnr®)(*!

First, chiral catalystdc, 2b, 3, and4 were tested in the
Michael addition of MeMgl totrans-4-phenylbuten-2-one
(S1) (Table 1) Complexlb proved to be the best catalyst
under these conditions. Cataly8tand4 gave slightly lower
regioselectivity and showed partial 1,2-product formation.

For the diethylzinc addition to Michael acceptors, fre-
qguently applied conditions, i.e., 2 mol % Cu complex for 4
h at—20°C, were used? For 2-cyclohexen-1-ones@) full
conversion and an enantiomeric excess of 83% were achieved
with catalystlb (Table 2).

Table 2. Addition of EtZn to 2-Cyclohexen-1-oneS@) Using

Catalyst R)-1b
&\/

2 mol% (R)-1b

o)
ij +  12EtZn

Et,0, -20 °C, 4 h

S2
conversion ee %,
entry solvent additive (%) config
1 Et,0 >99 83, R
2 Et,0O Lil 85 15, R
3 Et,OP 3 13, R
4 toluene 90 70, R
5 THF 23 10, R

aSelective to 1,4-product.Me;Zn instead of EZn

In contrast to the formation of the&Sf-enantiomer of the

were obtained for acyclic enones, whereas for cyclic enonesl,4-product when reacting MeMgl witB1 catalyzed by R)-

poor ee’s and low selectivities were found. For example, for
the addition ofn-BuMgl to cyclohexenone, an ee of 23%
was obtained with a selectivity (1,4- vs 1,2-addition) of 64%.

1b, addition of MeMgl or EfZn to enoneS2resulted in the
preferential formation of theR)-enantiomer. An additive
such as Lil (1 equiv) resulted in slower reaction rates and a

Interestingly, when RLi reagents were tested instead of drastic drop in ee (entry 2). The addition of Me to S2

RMgX, no ee was found for both acyclic and cyclic enotfes.
As recently high selectivities in Michael additions with-R
Zn reagents have been achievede decided to test our
chiral catalysts also in zinc-mediated 1,4-additions.

In the present study we report on the addition of dieth-
ylzinc to a variety of Michael acceptors in the presence of
catalytic amounts of well-defined, salt-free copper(l) ami-
noarenethiolate&—8 (Figure 1).
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instead of E&Zn was extremely slow? Variations in solvent
indicated that diethyl ether was the best solvent under these
conditions; the reaction rate in THF was much slower, while
the ee was lower too. However, for entries®2the reaction

is still selective to the 1,4-product.

The influence of the ee of the catalyst on the ee of the
1,4-product was studied for tHdv-catalyzed addition of k&t
Zn to cyclohexenoneS?) in diethyl ether (Figure 2).

A positive correlation (¢)-NLE) was observed between
the ee of catalysib and the ee of the 1,4-product (Figure
2). Both positive and negative NLE=(nonlinear effect)
relationships have been observed for Cu-catalyzed additions

(11) Arink, A. M.; Braam, T. W.; Keeris, R.; Jastrzebski, J. T. B. H.;
Kooijman, H.; Ellis, D.; Spek, A. L.; van Koten, G. Unpublished results.
(12) Compare with: Kitamura, M.; Miki, T.; Nakano, K.; Noyori, R.

Bull. Chem. Soc. Jpr200Q 73, 999.
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Figure 2. Nonlinear relation between the ee of catalgbstand

the ee of the 1,4-product in the En addition to cyclohexenone.

of organozinc or Grignard reagents to enoffés3“Espe-
cially the 1b-catalyzed addition of MeMgl t&1 was very
complexisa

S2 s4

Figure 3. Substrate§S1—S4 used in this work.

always very high. FoiS2 the selectivity was 100%. For

substrate$1, S3 andS4the selectivity is larger than 95%.

SlandS3afford 1—-5% of side products that were identified

as the Michael adduct of the resulting enolate to the starting

enone. FoiS4 the formation of two side products {5%)

is observed. One of the side products could be identified as

arising from an ipso-type substitution (vinylic substitutién).
Since all reactions were quenched after the same period

(4 h) the reaction rates can be compared. The reaction rates

Subsequently, complex@s-8 were tested using the same for these conditions increase for the substrates in the order

protocol as applied fodb in diethyl ether (cf. Table 3).

Table 3. Reaction of EZn with Substrate$§1—S4, with 2
mol % of Cu(SAr) Catalyst{—8)

catalyst ) _ 14-addition product

en- (R)-enan- (yield (%),2 ee (%), configuration

try achiral tiomer S1a S22 S32 S42
1 1b 48,59,S =>99,83,R 86,35, (+) 99,22,S
2 1c 39,3, S >99,40,R 71,16, (-) 96,10,S
3 2b 67,62,S >99,81, R 87,37 (+) 97,15,S
4 3 10,28,S 52,6,R 48,8,(—-) 93,5,S
5 4 17,15,S 98,63, R 35,12, (-) 79,0, -
6 la 60 99 89 95
7 2a 84 >99 96 96
8 5 9 72 50 90
9 6 44 99 84 96

10 7 41 93 93 96

11 8 39 93 88 98

aThe yield of 1,4-product was determined by GRIS. ® The ee was
determined by chiral GC on a LipodexE (25 s 0.25 mm) capillary
column.

Besides acyclic enon&1 and cyclic enoneS2, trans3-
nonen-2-one §3), andtransS-nitrostyrene $4) were also
tested (Figure 3).

The results of the both chiral and achiral complexes in

catalysis are listed in Table 3 (entries 11). For 2-cyclo-
hexen-1-one{2 andtransS-nitrostyrene §4) (almost) full

conversion was obtained. In nearly all cases, the catalysts
showed a slower reaction rate fomns4-phenylbuten-2-
one 1) andtrans-3-nonen-2-one{3J. Irrespective of this
slow reaction rate, the selectivity toward the 1,4-product is

(13) (a) van Koten, GPure Appl. Chem1994 66, 1455. (b) Arnold, L.

A.; Imbos, R.; Mandoli, A.; de Vries, A. H. M.; Naasz, R.; Feringa, B. L.

Tetrahedron200Q 56, 2865.
(14) Girard, C.; Kagan, H. BAngew. Chem., Int. EAL998 37, 2922.
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S1 < S3 < S4 x S2 The best results are obtained for
catalystsla,b and2a,b. The worse performance of catalysts
3, 4, and 5 can be explained by low solubility of these
complexes and the intermediates in diethyl ether. Complexes
1b, 2a,b, and6—8 are very soluble in diethyl ether, whereas
lais moderately soluble.

Differences in reaction rate and enantioselectivity can also
be explained by the differences in the CH(R\Zibstituent.
For instance, the conversion and enantioselectivity of all
substrates witlib and 2b are higher than foll.c, where R
= Et instead of Me. Catalyst3 and4, where 2 = (CH,),4
and (CH)s, respectively, have more steric bulk around the
catalytic center thatb. Especially for the acyclic substrates
S1 and S3 this has a negative effect on both the reaction
rate and enantioselectivity.

For substrate§1, S2,and S4the respective enantiomers
formed in excess have the same configuration. However, the
configuration of the product resulting fro83is dependent
on the catalyst.

Whereaslb and?2b afford the (+)-enantiomer of substrate
S3in excess,lc, 3, and4, each having more bulky amino
substituents thadb and 2b, afford the ¢)-enantiomer of
substrates3 Of the achiral catalyst2a gives the best yields
for all substrates.

The observation of a positive NLE indicates that aggregate
formation influences the rate-determining step in the 1,4-
addition reaction. Several preliminary experiments were
carried out to get information about the nature of possible
intermediates. Stoichiometric mixing @b with diethylzinc
in diethyl ether resulted in the formation of a soluble
complex, which at room temperature decomposed, leaving
a CU mirror and a black precipitate. Analysis of the
supernatant revealed that [Zn(SAr)Etjad been formed

(15) (a) Namboothiri, I. N. N.; Hassner, A. Organomet. Cherhi996
518 69. (b) Rimkus, A., Sewald, NOrg. Lett.2002 4, 3289.

1961



quantitatively. These observations can be explained by asuch cannot catalyze this reaction and indicates that a mixed
transmetalation reaction, which results in the formation of copper-zinc thiolate complex is the active intermediate.
known [Zn(SAr)Etp and EtCu (Figure 4). The latter is Interestingly, the use of a combination &){[Zn(SAr)Et],

(2 mol %) with (R)-1b (2 mol %) led to full conversion to
the 1,4-product, but with a somewhat lower ee (65%Re (
vs 83% eeR)). The same experiment, but now usirg)+
[Zn(SAr)Et], and ©)-1b (both 2 mol %) as a mixed catalyst,

Me Me
M " again gave full conversion to the 1,4-product, now with 15%
e .
b b EtZn —— 112 } ®2 . Ecu ee 6)_. The addition of R)-[Zn(SAr)Et], _to thelb—catalyzgd
s-Cu S-ZnEt reaction seemed to slow the reaction and made it less
‘2’ selective.

It was shown that there are significant differences between
the reactivity of Grignard and diorganozinc reagents to
enones catalyzed by copper(l) aminoarenethiolates. For a
. ) cyclic enone, such a$§2 the use of diethylzinc in the
thermally unstable and decomposes to yield metallic COPPer. presence of copper(l) aminoarenethiolates is preferred, in

The NLE behavior of the addition of diethylzinc to contrast to acyclic enoneS1) where Grignard reagents give
benzaldehyde in the presence of zinc bis(aminoarenethiolate}he best result. For the Grignard addition to acyclic enones
is comparable to that of théb-catalyzed addition of g multishaped NLE has been reported, whereas the present
diethylzinc toS2!® A mechanism involving dimeric resting  study shows a positive NLE for the diethylzinc addition to
states of the type [Zn(SAr)Etjcould explain the positive  cyclic enones. The latter observation could be explained by
NLE in the latter reaction. a mechanism involving dimeric resting states of the type [Zn-

Complex R)-[Zn(SAr)Et], was prepared and tested as  (SAr)Et.
catalyst (2 mol %) in the addition reaction of,Eh to S2
In the standard reaction time (4 h) used in this study, a
conversion of only 8% was achieved to a racemic 1,4-
addition product. This result shows that the zinc thiolate as  Supporting Information Available: Experimental details
and spectral data. This material is available free of charge

(16) Rijnberg, E.; Hovestad, N. J.; Kleij, A. W.; Jastrzebski, J. T. B. H.; via the Internet at http://pubs.acs.org.
Boersma, J.; Janssen, M. D.; Spek, A. L.; van KotenOD&anometallics
1997, 16, 2847. 0L049457U

Figure 4. Stoichiometric mixing oflb with Et,Zn.
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