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Among many highly successful asymmetric transfor-
mations, conjugate addition of alkyl group to enone lags far
behind in terms of efficiency. Organocopper reagents which
are the most useful reagents for racemic task have not been
highly successful. Thus, development of chiral methodology
which provide high levels of asymmetric induction would
be especially a valuable addition. Over the last 25 years
since the first attempt in 1972 by Kretchmer' to effect asym-
metric conjugate addition of magnesium dialkylcuprates
(R,CuMgX) in the presence of (- )-sparteine with optical
yield of 3-6%, many approaches have been investigated to
solve the problem of asymmetric conjugate addition of or-
ganocopper teagents to o,f-unsaturated carbonyl com-
pounds.’* Despite of the increasingly important role of cop-
per-mediated conjugate addition to «,B-enones in organic
synthesis, the rather slow improvement of this methodology
is associated with the fact that the mechanistic details are
unclear. Furthermore, many aspects of cuprate chemistry
were unknown or poorly defined such as the effect of sol-
vent and various salts on cuprate structure and reactivity.

In this regard, notable examples are some: van Koten ef
al® described the catalytic conjugate addition using a chiral
arenthiolatocopper(l) complex 1 (MeMgl, 4-phenyl-3-buten-
2-one, < 57% ee). Recently, is reported copper (I) thiolate
complex 2 by Pfaliz (Grignard reagents, cyclopentenone (16-
37% ee), cyclohexenone (60-72% ee), cycloheptenone (83-
87% ee)) as enantioselective catalysts:* And after our ex-
periments were finished,' phosphine oxazoline complex 3

was reported by Sammakia (n-BuMgCl, cyclopentenone
(65% ee), cyclohexenone (83% ee), cycloheptenone (92%
ee) and 4-phenyl-3-buten-2-one (81% ee)).* Even though
these reactions were successful with high level of enan-
tioselectivity, except for some cases, it was not catalytic
variants but stoichiometric amount of ligand was used.
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One the other hand, Ni-catalyzed asymmetric 1,4-addition
reactions are also known even though the mechanism for
the reaction is even more ¢lusive than the Cu-catalyzed reac-
tions mentioned above. Following the leads by Luche,® who
found that Ni(Il) salts facilitate the conjugate addition of di-
alkyizinc to enones, and by Soai who reported that enan-
tioselective Ni(II)-catalyzed conjugate addition of dialkyl-
zinc reagents to prochiral enones and in the presence of
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Table 1. Nickel(I)-catalyzed Enantioselective Conjugate Addition of Diethylzinc to trans-Chalcone
,(vﬁ\ NiXz, -30 °C, solvent ii
M + EtpZn - — - q
P Ph Chiral Thiol Ligand (L'} P Ph
Entry Ligand NiX, Solvent Ni(mol %) Ni:L* Yield (%) ee (%)

1 20 Ni(acac), CH;CN 25 1:2 77 62°

2 20 NiCl, CH,CN 15 1:20 50 74°

3 20 Niacac), Toluene 25 1:2 53 20°

4 21 Ni(acac), CH,CN 33 1:4 34 27

5 21 Ni(acac), Toluene 25 1:4 52 22°

6 22 Ni(acac), Toluene 25 1:4 NR

*(8)-configuration as a major enantiomer. " (R)-configuration as a major enantiomer.

chiral B-amino alcohol 4,° several additional bidentate li-
gands, and even tri- and tetradentate ligands, have been re-
ported.”

Hesein, are reported our exploratory and preliminary
results on application of chiral ligands in enantioselective
conjugate addition to enone not only in catalytic but also in
stoichiometric reactions. As a start, various multidentate li-
gands were examined in Cu(l)-catalyzed conjugate addition
of PhMgCl to enones, especially trans-chalcone, a standard
substrate in this transformation.®” But best enantioselectivity
obtained was 15%. The same reaction even with stoichiome-
tric ligand for Cu gave less than 42% ee of the product®

Since copper(l) has special affinity toward mercaptide
and special interesting properties and the amino thiol 20 has
been shown to be one of the best ligands for enan-
tioselective addition of alkylzinc reagents to aldehydes,*"
several sulfur-containing compounds were examined such

e ¢ 9@
— ' s

ws' N G(\s” APPhy
O Pr 99¢
20'° an 2212

as amino thiol 20, and thicl phosphines 21 and 22.

In spite of much efforts, no discerible enantioselectivity
in Cu(I)-catalyzed conjugate addition of Grignard reagents
and other organometallic compounds was obtained with
these ligands. However, a nickel complex derived from Ni
(acac), and the amino thiol 20 catalyzed the conjugate ad-
dition of diethylzinc to trans-chalcone in useful asymmetric
level. The ee of the product was 62%, which was det-
ermined by HPLC using chiral column (Daicel Chiralcel
OD). Changing the solvent from acetonitrile to toluene low-
ered the enantiomeric excess of the product to 20%. In the
case of thiol phosphine 21, the reaction did not proceed to
completion, and the ee yield was lowered to 22 and 27%
(entry 4, 5).

In conclusion, nickel catalyzed enantioselective conjugate
addition of diethylzinc to enone in the presence of amino
thio ligands was known that the ee of the product was
strongly dependent on the ligand concentration and nickel-
to-ligand ratio. These reactions have not been studied suf-
ficiently and many things should be investigated about enan-
tioselective conjugate addition of diethylzinc using amino
thiol 20.

Even though this study was confined to the use of diethyl-
zinc only, it certainly opens up the possibility of utilization

of other commercially unavailable dialkyizinc reagents,
which can be prepared from alkyllithium, Grignard reagents
or alkyl iodides."

Experimental Section

Enantioselective Ni(ll) Catalyzed Conjugate Ad-
dition. In a round-bottomed flask Ni(Il) salt (1.5-2.5
mol%) and chiral ligand (5-30 mol%) in dry acetonitrile or
toluene was heated to reflux for 1 h under nitrogen. The
mixture was cooled to room temperature and a solution of
trans-chalcone (1 equiv.) in acetonitrile or toluene was add-
ed. The mixture was cooled to - 30 °C and diethylzinc (2
equiv.) was added dropwise. After completion of reaction,
the reaction was quenched with 1 N HCl. The mixture was
extracted with methylene chloride. The combined extracts
were dried over sodium sulfate. After evaporation of solvent,
the residue was chromatographed to give the conjugate ad-
dition product. Chiral HPLC condition: Chiralcel OD;
eluent 0.3% IPA/n-Hexane; flow rate (mL/min) 0.5; re-
tention time (min) 22.5 (S), 25.9 (R).

Acknowledgment. This research was supported by
OCRC-KOSEF and Basic Science Research Institute Pro-
gram of Korea Ministry of Education (BSRI-96-3412).

References

1. Kretchmer, R. A. J. Org. Chem. 1972, 37, 2744.

2. For a review, see Rossiter, B. E.; Swingle, N. M. Chem.
Rev. 1992, 92, 771.

3. Papers appeared after above review: {(a) Tomioka, K,;
Kanai, M.; Koga, K. Tetrahedron Lett. 1992, 33, 7193.
(b) Rossiter, B. E.; Eguchi, M.; Miao, G.; Swingle, N.
M.; Hemandez, A, E.; Vickers, E. F.; Patterson, R. G.;
Reddy, K. V. Tetrahedron 1993, 49, 965. (c) Tanaka,
K.; Matsui, J.; Suzuki, H. J. Chem. Soc., Perkin. Trans.
I 1993, 153. (d) Alexakis, A.; Frutos, J.; Mangeny, P.
Tetrahedron: Asym. 1993, 4, 2427. (¢) Pflatz, A.; Zhou,
Q. Tetrahedron Lett. 1994, 34, 7725. (f) Tanaka, K;
Matsui, J. Somemiya, K.; Suzuki, H. Synletr 1994, 351.
(g) Pfaltz, A.; Zhou, Q. Tetrahedron 1994, 50, 4467. (h)
Rossiter, B. E.; Swingle, N. M.; Reddy, K. V.
Tetrahedron 1994, 50, 4455. (i) Tomioka, K.; Kanai, M.
Tetrahedron Lett. 1994, 35, 895. (j) van Koten, G. V.
Pure Appl. Chem. 1994, 66, 1455. (k) Swingle, N. M;
Reddy, K. V.; Rossiter, B. E. Tetrahedron 1994, 50,
4455. (I) Tomioka, K.; Kanai, M. Tetrahedron Lett.



Notes

1995, 36, 4273 and 4275. (m) Miao, G.; Rossiter, B. E.
J. Org. Chem, 1995, 60, 8274. (n) Cran, G. A.; Gibson,
C. L.; Handa, S.; Kennedy, A. R. Tetrahedron: Asym.
1996, 7, 2511. (o) Stangeland, E. L.; Sammakia, T
Tetrahedron 1997, 53, 16503.

4. Kim, J. I. Ph.D. Thesis, Sogang University, 1995.

5. (a) Petrier, C.; Barbosa, J. C. S.; Dupuy, C,; Luche, J.
L. J. Org. Chem. 1985, 50, 5761. (b) Barbosa, J. C. S;
Petrier, C.; Luche, J. L. Tetrahedron Letr. 1985, 26, 829.
(c) Petrier, C.; Luche, J. L; Dupuy, C. Tetrahedron
Lett. 1984, 25, 3463,

6. (a) Soai, K; Yokoyama, S.; Hayasaka, T.; Ebihara, K. J.
Org. Chem. 1988, 53, 4148. (b) Scai, K.; Hayasaka, T.;
Ugajin, S.; Yokoyama, S. Chem. Let. 1988, 1571. (c)
Soai, K.; Hayasaka, T.; Ugajin, 8. Chem. Commun.
1989, 516. (d) Jansen, J. F. G. A, Feringa, B. L.
Tetrahedron: Asym. 1992, 3, 581.

7. (a) Bolm, C.; Ewald, M. Tetrahedron Lex. 1990, 31,
5011. (b) Bolm, C. Tetrahedron: Asym. 1991, 2, 701.
(¢} Bolm, C.; Ewald, M.; Felder, M. Chem. Ber. 1992,
125, 1205. (d) Bolm, C.; Felder, M.; Meller, J. Synlett
1992, 439. (e) Asami, M.; Usui, K.; Higuchi, S.; Inoue,
S. Chem. Lett, 1994, 297. (f) Uemura, M.; Miyake, R;
Nakayama, K.; Shiro, M.; Hayashi, Y. J. Org. Chem.
1993, 58, 1238. (g) de Vries, A. H. M.; Jansen, I. F. G,
A.; Feringa, B. L. Tetrahedron 1994, 50, 4479; de
Vries, A. H.; Imbos, R.; Feringa, B. L. Tetrahedron:
Asym. 1997, 8, 1467. (h) Gibson, C. L. Tetrahedron:
Asym. 1996, 7, 3357.

8. Many ligands, some of which are shown below, have

been examined,

Ph
Roav ol ab
a‘/‘N NI\; |F§, lPr S’ 3

! i-P, %P TMSO OTMs
i Pr

1 38b

b \) m (j (j\r\? I/O\(J

1658 i e P ggm M 199

10.

11.

12.

13.

Bull. Korean Chem. Soc. 1998, Vol. 19, No. 5 603

(a) Bolm, C.; Weichhardt, K.; Zehnder, M. Ranff, T.
Chem. Ber. 1991, 124, 1173, (b) Evans, D. A.; Woerpel,
K. A.; Hinman, M. M.; Faul, M. M. J. Am. Chem. Soc.
1991, 713, 726. (c) Stetin, C.; Jeso, B.; Pommier, J. C.
Synthetic Commun. 1982, 12, 495. (d) Leutenegger, U.;
Umbricht, G.; Fahmi, C.; von Matt, P.; Pfaltz, A.
Tetrahedron 1992, 48, 2143. (e) Dawson, G. J.; Frost,
C. G.; Williams, J. M. J; Coote, S. 1. Tetrahedron Lett.
1993, 34, 3149, (f) Graham, J. V.; Dawsan, G. J.; Frost,
C. G.; Williams, J. M. J,; Coote, S. J. Tetrahedron
1994, 50, 799. (g) Kang, J; Cho, W. O; Cho, H. G;
Oh, H. J. Bull. Korean Chem. Soc. 1994, 15, 732. (h)
The reaction of 2,6-pyridinedicarboxaldebyde with (R)-
2-Mercapto-3-methylbutan-1-ol resulted in a mixture of
stereoisomers. Predominant isomer from the reaction
mixture is shown. (i) Nishiyama, H.; Kondo, M.
Nakamura, T.; Itoh, K. Organometatlics 1991, 10, 500.

. For example, see Kang, J.; Kim, J. B.; Kim, J. W,; Lee,

D. J. Chem. Soc., Perkin Trans. 2 1997, 189.

(a) Kang, J.; Lee, J. W,; Kim, J. 1. Chem. Commun,
1994, 2009. (b) Kang, J; Kim, D. §.; Kim, J. I. Synlest
1994, 842, (c) Kang, I.; Lee, I. W,; Kim, I. I.; Pyun, C.
Tetrahedron Lett. 1995, 36, 4265. (d) Kang, J.; Kim, J.
W.; Lee, I. W.; Kim, D. S.; Kim, J. I. Bull Korean
Chem. Soc. 1996, 17, 1135,

Prepared by the following route. See Lee, J. H. MS
Thesis, Sogang University, 1996.

OH
QCHO EtsZn, 2H5%) ~Et
Br

92% oe, 87% Br

$THP
1. DEAD, PPhy, HSAC (84%) &

2. DIBAH ar
3. OHP, p-TsOH (83% for 2 steps
STHP 8M
+, HBuLi (2 equiv) d\ g P TSOH. MeOH @(LE‘
2. CIPPh{58%} 27%
PPhy PPN,
Kang, J.; Yoo, S. H.; Kim, J. L; Cho, H. G. Bull. Kore-
an Chem. Soc, 1995, 16, 439.
(a) Seebach, D.; Behrendt, L.; Felix, D. Angew. Chem.
Int. Ed. 1991, 30, 1008. (b) Stadtmuller, H.; Lentz, R,;

Tucker, C. E,; Stiidemann, T.; Ddémer, W.; Knochel, P.
J. Am. Chem. Soc. 1993, 115, 7027.




