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The asymmetric addition of phenylacetylene to aldehydes was carried out by using a camphorsulfonamide titanium complex as a catalyst. The
reactions proceeded under mild conditions and gave the products with good yields and high ees. This system is very useful for the synthesis
of chiral propargylic alcohol.

The asymmetric addition of alkynyl regents to aldehydes is this reaction, but the substrates were limited in aliphatic
very useful for the synthesis of chiral secondary propargylic aldehydes due to the significant Cannizzaro reacti®u
alcoholst? which are very important building blocks for reported that BINOE-Ti complex can catalyze alkynylzinc
many chiral organic compounddhe acetylene and hydroxyl  addition to both aromatic and aliphatic aldehydes with high
functions of the propargylic alcohol products can be used to ees and good yields. In his system, he used a separate step
construct very diverse molecular structures. Recently, Car-to synthesize alkynylzinc at high temperatbi@han reported

reira reported that amino alcohblcan effectively catalyze  thata 1:1 combination of BINOR with sulfonamide as the
ligand can also catalyze this reaction. The reactions were
run at temperatures below°C for 1-2 days and give the
products with high ee%.
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Sulfonamide has the property that the-N of sulfonamide _

is acidic due to the highly electron-withdrawing nature of Table 1. Asymmetric Addition of Phenylacetylene to

the sulfonyl group. Therefore, unlike traditional metal amides Benzaldehyde Using as a Ligand

(M-NRy), the sulfonamide nitrogen is a poor electron donor, ligand ligand/ Et,Zn eec
and the resulting complexes are Lewis acidicamphor entry (mol %) Ti(OPr)s (mol %) solvent temp (%)
derivatives are among the most efficient chiral ligands re-

1 10% 1/2 300 CHL Il rt 93
ported in catalytic asymmetric reactidive used {)-cam- 2 10% 13 300 CH.,Cl, rt 94
phor as a starting material. After four simple steps, we got 3 10% 14 300 CHCl, rt 97
a camphorsulfonamide in an overall yield of 42% (Scheme 4 10% 1/5 300  CHXCl> rt 93
1) and used it as a catalyst in the asymmetric addition of 5 10% 1a 300 toluene  rt 85
6 2% 1/4 300 CHCl, rt 78
7 5% 1/4 300 CHCl, rt 84
8 10% 1/4 300 CHXl, 0°C 90
Scheme 1. Synthesis of the Camphorsulfonamide Liga#td 9 10% 1/4 200 CHLCl rt 81
10 10% 1/4 150  CHCl, rt 79
g f apPhenylacetylene/EZn = 1:1. ° Ti(O'Prlwas freshly distilled® Enan-
Se0y, Ac0 o) tiomeric excess was determined by HPLC analysis of the corresponding
reflux products on a Chiralcel OD column.
EtOH, | NH,OH-HCI, reaction from room temperature to @ increased the
35z | pyridine reaction time and decreased the ee (entry 8). When we
decreased the amount of,Eh from 300 to 200 and 150
mol %, the enantioselectivity also decreased (entries 9, 10).
g NH, <—oAHs . LiAHy g%/ Under the above optimized reaction conditions, ligand
OH Et,0, flux was employed to induce the enantioselective addition of
phenylacetylene to a family of aldehydes. As the results sum-
marized in Table 2 show, all the aromatic aldehydes afforded
Et20, | TsCl, high enantioselectivities, and the aliphatic aldehydes also
t|EtN gave good ees.

Table 2. Asymmetric Addition of Phenylacetylene to
Aldehydes Promoted by Ligantt—

NHTs
OH

time isolated yield ee

. ~ entry aldehydes (n) (%) (%)d

phenylacetylene to aldehydes. To our astonishment, this lig-
and can catalyze the reaction with high speed, under mild > benzaldehyde 12 93 o7
CE Yz _ gn speed, 2 2-anisaldehyde 12 89 97
conditions, and in good yields, and the ee values are also 3 3.anisaldehyde 12 85 o5
high. Herein, we report our results. 4 4-ansialdehyde 12 90 92
First, we tested it in the asymmetric addition of phenyl- 5  3-bromobenzaldehyde 12 91 94
acetylene to benzaldehyde in the presence of diethylzinc 6  4-bromobenzaldehyde 12 85 92
(Scheme 2). We found that the reaction was influenced by ~ 7  4chlorobenzaldehyde 12 8l 92
the amount of Ti((Pr), and the ee was greatest when 8  afluorohenzaldehyde 12 87 %3
o ’ . g 9 a-naphthaldehyde 14 67 91
7/T|(Q Pr) was 1/4 (Table 1, entries4). The solvents also 10 p-naphthaldehyde 14 75 08
can influence the ees (entry 5). When the amount of the 11 cinnamicaldehyde 12 71 93
ligand was increased from 2 to 5% and 10%, the ee increased 12 butylaldehyde 12 82 85
slightly (entries 6, 7). Decreasing the temperature of the 13  isobutylaldehyde 12 88 75

a|n all of the entries, BEZn/phenylacetylene/aldehyde/Tif@),/7 = 3:3:

(6) (@) Li, X. S.; Lu, G.; W. Kwok, H.; Chan, A. S. Cl. Am. Chem. 1:0.4:0.1.° All reactions were processed under argon and at room temper-
So0c.2002 124, 12636. (b) Lu, G.; Li, X.; Chan, W. L.; Chan, A. S. C. ature.¢ Ti(O'Pr)was freshly distilled before uséEe values were deter-
Chem. Commur2002 172. mined by chiral HPLC with a Chiracel OD column.
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In conclusion, we have conveniently synthesized a sul- Doctoral Program in Higher Education Institutions, the Key
fonamide ligand from natural camphor in four steps with Research Program of Science & Technology of the Ministry
good yield. The ligand is an excellent catalyst for the reaction of Education of China, and the 985 Program of Lanzhou
of enantioselective addition of phenylacetylene to aldehydes University of China.
under very mild conditions. In this system, severe conditions

are not needed to prepare alkynylzinc in a separate step. This Supporting Information Available: Characterization of
low-cost catalyst will substantially improve the availability ligand 7 and the propargylic alcohols and procedures for
of the reaction. addition of phenylacethylene to aldehydes. This material is

available free of charge via the Internet at http:/pubs.acs.org.
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