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Schiff-base amino alcohols 7a,b derived from  L-phenylglycine through three simple steps are found to be highly effective for the enantioselective
addition of phenylacetylene to aromatic ketones. When the loading of 7b was 1 mol %, an ee value of up to 95% was obtained. However, when
7h was lowered to 0.1 mol %, a high ee value of 85% was still achieved. A practical solution to synthesize the optically active tertiary propargylic
alcohols was described.

The catalytic enantioselective formation of new C bonds coordinate to Lewis acidsand few catalysts were found to

is an important class of organic reactidnAmong them, be effective in promoting the asymmetric addition of
the asymmetric addition of terminal alkynes to carbonyl alkynylzinc to ketones. P. G. Cozzi first reported that a Zn-
compounds and formation of the chiral propargylic alcohols

have been very intense research fields in recent years. Some (2) (a) Pu, L hakaaaea?003 59, 9873. (b) Cozzi, P. G.; Hilgraf, R.;
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asymmetric addition of alkynes to aldehydes with high ee R carreira, E. M jimSismmmmin ©000 122, 1806-1807. (e) Lu, G.;
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(salen),1, promoted alkynylation of ketones with moderate
enantioselectivities as a pioneering stddye considered that
the success of this addition ascribed to the salaetal
complex which could behave as a bifunctional Lewis acid

with high ee values and good yields in low loading of the
ligand, and to the best of our knowledge, 1 mol % was the
lowest amount reported in this reaction.

It is well-known that alkydZn does not react with simple

Lewis base catalyst. In the same year, Chan and co-workersketones without another Lewis acid’s assistance because of

described the alkynylzinc addition to ketones with very high

the low activity of the carbonyl in ketones. Recently, Cozzi

ee values in the presence of chiral camphorsulfonamidereported that MeZn&CPh could be directly added to the

ligand2 and a stronger Lewis acid Cu(OZf)Almost at the
same time, Coz%iand weé‘ developed an asymmetric
addition of alkynylation of ketones in the presence of BINOL
3 and Ti (Figure 1). We found the 1:1 ratio of BIONL/Ti
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Figure 1. Structure of ligands for the asymmetric addition of
alkynylation of ketones.

was necessary for a stronger Lewis acid. Although advance
have been achieved, high loadings of ligands (usually 2
mol %) had to be used to achieve good to excellent

enantioselectivities. Therefore, we report here an example

of a highly efficient chiral ligand which could catalyze the
enantioselective addition of alkynylzinc to simple ketones

S
o of diethylzinc. The reaction was completed in 14 h at room

simple ketones without a ligand (Schemé It)jwas because

Scheme 1. Alkynylation of Ketones in the Presence of

Alkynylzinc
)it Mezn Sl
IR R R™ R
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the electron-withdrawing nature of the alkynyl affected
the zinc center in MeZn&CPh, thus increasing the polarity
of the C-Zn bond and the Lewis acidity of the metal to a
great extent. This kind of zinc complex has enough Lewis
acidity to activate the carbonyl group in the ketone.
Therefore, it can make this kind of addition work success-
fully. On the basis of the facts mentioned above, we
attempted to perform the enantioselective addition of phe-
nylacetylene to ketones without adding any other stronger
Lewis acid except zinc.

The Schiff-base amino alcoh®lsere easily prepared from
L-phenylglycine in three simple steps with overall yields of
up to 70% and 73%, respectively (Scheme 2). At first, 5
mol % of 7a and 7b was employed in the asymmetric
addition of phenylacetylene to acetophenone in the presence

temperature. Ligandb which has a much bulkier substitute
gave a better result. Then, the solvent effect on this process
using 7b was probed. Low enantioselectivity and a slow
reaction time were found in Ci€l,. Hexane gave the best
ee and yield. In the reaction, we found that the ligand was
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Liu, L.; Chen, C.jinnnimisnia 2005 347, 1659. (f) Liu, L.; Wang,
R.; Kang, Y. F.; Chen, C.; Xu, Z. Q.; Zhou, Y. F.; Ni, M.; Cai, H. Q;
Gong, M. Z. jeinisesimigin 2005 70, 1084.

2278

amount of ligand could serve as a catalyst with the same
result. Therefore, we attempted to decrease the loading of
the ligand to 1 mol %. To our surprise, the ee was up to

(8) Cozzi, P. G.; Rudolph, J.; Bolm, C.; Norrby, P. O.; TomasiniJC.
2005 70, 5733.
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Sielait 2004 6, 2113-2116. (e) Nagata, T.; Yorozu, K.; Yamada, T;
Mukaiyama, Tﬂglg% 34, 2145. (f) Belokon,
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Scheme 2. Preparation of Schiff-Base Amino Alcohols from  Table 2. Asymmetric Addition of Phenylacetylene to Various

L-Phenylglycine Ketones Promoted by Liganith?—
P COOH SOCl, Ph\(COOMe ligand yield®  ee®
entry ketones (mol %) (%) (%)
NH,HCI
NH, MeOH 2
4 5 1 acetophenone 1 70 90
2 2'-fluoroacetophenone 1 83 94
3 2'-naphthacetophenone 1 77 95
PhMgBr | THF 4 1'-naphthacetophenone 1 62 94
P Prll-’h 5 2'-methoxyacetophenone 1 70 94
Ph 6 4'-methylacetophenone 1 76 92
N OH RCHO Ph Ph 7 4'-fluoroacetophenone 1 70 90
R J 7 EtOH 8 4'-chloroacetophenone 1 63 90
7aR =Ph HoN OH 9 3'-methylacetophenone 1 76 90
7b R = 1-naphthyl 6 10 benzalacetone 1 80 77

aigand/ketones/BZn/phenylacetylene= 0.01:1:2:2.° All the reactions
were conducted at-18 °C in 1 mL of hexane¢ All the reactions were
carried out for 48-60 h for aromatic ketones and for 24 h forS3-

81% at room temperature (Table 1, entry 5). Encouraged by unsaturated ketone$Yield of isolated product® The enantiomeric excess
these results, we studied the effects of the temperature."as determined by HPLC on a chiralcel OD-H column.

Lowering the reaction temperature from room temperature
to 0 °C led to an increasing ee (Table 1, entry 6), and at
—18°C, the best result was obtained (Table 1, entry 7). When
the amount of diethylzinc was increased from 1.2 to 5 equiv,

the ee was S"g_h“Y mfluenc'e'd (entries B1). i In addition, to test the power of the ligaith, we further
Under the optimized conditions, cataly$tloading aslow |, ered the loading o7b to 0.1 mol % and up to 85% ee

as 1 mol % has been successfully used for the asymmetric, 54 achieved (Table 3, entry 8). Studies of the mechanism
addition of phenylacetylene to various aromatic ketone

reactions. Acetophenone and related derivatives were excel

lent substrates for the catalyst (Table 2). Moreover, 2-naph-

thacetophenone gave the best enantiomeric excess (95% edable 3. Asymmetric Addition of Phenylacetylene to Ketones
Table 2, entry 3). When the,S-unsaturated ketone was used Promoted by the Ligandb with Lower Loading*

achieved (Table 2, entry 10). In contrast to aromatic ketones,
aliphatic ketones are reactive using the catakfstand a
moderate enantiomeric excess was obtaided.

as the substrate, a moderate enantiomeric excess was yield®  eed
entry ketones ketones/ligand (%) (%)

| 1 acetophenone 100 0 90
Table 1. Asymmetric Addition of Phenylacetylene to 2 afetOPhenone 1000 67 80
Acetophenone Catalyzed by Schiff-Base Amino Alcohols 3 2luoroacetophenone 100 83 94
4 2'-fluoroacetophenone 1000 80 80

o 7aor7b OH 5 2'-naphthacetophenone 100 77 95
Ph’s + Ph—=—H Ph—=—4Ph 6 2'-naphthacetophenone 1000 70 84
Et,Zn, Hex H 7 1'-naphthacetophenone 100 62 94

8 1'-naphthacetophenone 1000 65 85

time EtoZn® yield® ee? aunl therwi fied. th i 1 mL of h
. o nless otherwise specified, the reaction was run in 1 mL of hexane
entry ligand mol% solvent T(°C) (h) (mL) (%) (%) under argon for 48 h wit 1 M EtZn in hexaneP Ketones/ligand= 1000
toluene rt 14 0.5 90 78 were performed at room temperatutéield of isolated productd The

; Zli g toluene  rt 14 05 92 83 enantiomeric excess was determined by HPLC on chiralcel OD-H column.
3 7b 5 CHxCly rt 14 05 67 47

4 7b 5 hexane rt 14 0.5 94 86

5 7b 1 hexane rt 48 0.5 75 81 . . . . .
6 b 1 hexane 0 48 05 71 84 of the reaction and the application of this catalyst system in
7 7b 1  hexane —18 48 05 70 90 other asymmetric catalytic reactions are in progress.

8 7b 1 hexane -18 48 0.3 63 87 In summary, we have reported that an easily prepared
9 7b 1 hexane -18 48 0.75 75 88 Schiff-base amino alcohol is highly efficient for asymmetric
10 7 1 hexane -18 48 1.0 73 85 addition of phenylacetylene to aromatic ketones when the
11 b 1 hexane -18 48 125 70 &4 loading of7b is 1 mol %. This system does not need to add

12¢ 7b 1 hexane —18 48 0.5 71 83

any other stronger Lewis acid except zinc, and the alky-
2 Unless otherwise specified, the substrate of acetophenone was run onnylzinc must be prepared in advance. To the best of our

a 0.25 mmol scale in 1 mL of hexane under argoh.M Et:Zn in hexane. . - . .
¢ Yield of isolated productd The enantiomeric excess was determined by knOWIGdgejb is the most efficient chiral Ilgand for the

HPLC on a chiralcel OD-H columrf.The reaction was performed in 0.5
mL of 1 M EtzZn in hexane. (10) Methyl isobutyl ketone{18 °C in 1 mL of hexane7b/ketone/Es-
Zn/ phenylacetylene= 0.01:1:2:2, 61% ee).
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enantioselective addition of alkynylzinc to simple ketones  Supporting Information Available: The character-
from the standpoint of low loading of ligands. izations of ligand7 and the products are provided. This

] material is available free of charge via the Internet at
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