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ABSTRACT
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A series of new chiral ~ Cz-symmetric tris( f-hydroxy amide) ligands have been synthesized via the reaction of 1,3,5-benzenetricarboxylic chloride
and optically pure amino alcohols (up to 96% vyield). The asymmetric catalytic alkynylation of aldehydes with these new Cs-symmetric chiral
tris(B-hydroxy amide) ligands and Ti (O  'Pr), was investigated. Ligand 4c synthesized from (1  R,2S)-(-)-2-amino-1,2-diphenylethanol is effective
for the enantioselective alkynylation of various aldehydes, and high enantioselectivity was obtained with aromatic aldehydes and o, B-unsaturated

aldehyde (up to 92% ee).

Cs; symmetry is intriguing in chemistry, and many has been employed in the asymmetric ring-openingeso
Cs-symmetric compounds and their applications in chiral epoxides with high selectivityKatsuki and co-workers have
molecular recognition and asymmetric catalysis have ap- developed tridentate tris(oxazoline) ligands as chiral auxil-
peared in the literatureFor example, the rhodium(l) com- iaries in the asymmetric allylic oxidation of cycloalkenes,
plexes of enantiomerically pure tripodal phosphanes @ith  and moderate to excellent enantioselectivities (up to 93%
symmetry have been reported in the hydrogenation of di- ee) were obtainetiChan and co-workers have also reported
methyl itachonate giving high ee (95%7he Cs-symmetric that the Cs-symmetric oxazolinyl ligands catalyzed the
diborate catalyzed the DietAlder reaction of cyclopenta-  addition of diethylzinc to aromatic aldehydes to give second-
diene and methacrolein in a highly enantioselective mahner. ary alcohols with high enantiomeric excesses (up to 99%).
Cs-symmetric tris(2-hydroxypropyfyamine Zr(IV) complex
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Development of new types ofs-symmetric ligands for
asymmetric reaction is an intriguing research drea.

NHTs
OH

The catalytic asymmetric alkynylation of carbonyl com-

BINOL 2—Ti(IV) complex can catalyze alkynylzinc addition

to both aromatic and aliphatic aldehydes with high ee values
and good yields. Recently, Wang and co-workers reported
that sulfoamido alcohoB and other amino alcohols can
catalyze alkynylzinc addition to aromatic aldehydes with very
good efficiency:?

Although many significant results have been achieved in
this area, much effort to develop new types of efficient chiral
catalysts for this important asymmetric reaction is still in
great need to probe the relation between the ligand struc-
ture and catalytic activity. To the best of our knowledge, no

pounds has attracted intense attention in recent years, and’s-symmetric chiral ligand or catalyst has been success-
many significant chiral ligands in this area have been fully employed to the reaction of alkynylzinc addition to

disclosed % This process provides a very convenient route

aldehydes. Herein, we report a new approach in which

to afford chiral propargylic alcohols that have been applied Cs-symmetric chiral trig§-hydroxy amide) ligands combined

widely in chemistry® Among the catalytic methods devel-

with Ti(O'Pr), are used to catalyze the enantioselective

oped for the asymmetric alkyne addition to aldehydes, severalalkynylation of aldehydes.

methods are currently considered to be practical.
example, Carreira and co-work&rgleveloped a highly
enantioselective catalyst based rmethylephedrind for
the alkynylation of aliphatic aldehydes. Chan and co-
workerd%® and Pu’s group! respectively, reported that
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During our studies, a series Gg-symmetric ligands were
easily prepared from commercially available amino alcohols
in excellent yields. 1,3,5-Benzenetricarboxylic acid, SQCI
and several drops of DMF were refluxed to afford the 1,3,5-
benzenetricarboxylic chloride. Without further purification,
the trichloride reacted with chiral amino alcohols in the
presence of excess triethylamine in £H, at room tem-
perature to afford trigl-hydroxy amide)gla—din 88—96%
yields (Figure 1).
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Figure 1. New Cs-symmetric ligands.

First, the Cs-symmetric ligands were examined in the
asymmetric addition of phenylacetylene to benzaldehyde in
the presence of EZn and Ti(CPr). The zinc phenylacetylide
was obtained using the method developed by Pu and co-
workers!¢ producing a white precipitate. The titanium
complex was prepared by mixing the ligand with TR,

The ligand itself was not very soluble in the reaction solvent,
while a clear solution was formed after Tif®), was added.
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The addition reactions were carried out at room temperature|j|| | G

for 6 h, and the results are summarized in Table 1. Ligands 1 pje 2. Asymmetric Addition of Phenylacetylene to
Benzaldehyde under Different Conditiéns

| OH
EtoZn

PhCHO + =——Ph

'ézlrallzealldehir&;ntloselectlve Addition of Phenylacetylene to 20 mol% 4c, THOPr), P o

ligand . T ¢ yield ee

entry ligand (mol %) yield (%)® ee (%) configuration? entry solvent L*/Ti(OPr)s (°C) (h) (%) (%)
1 toluene 4 mL 1:7 rt 6 76 0
L 4a 20 88 19 R 2 CHyCl, 4 mL 7 rt 6 80 10
2 4b 20 76 6 R 3 hexane 4 mL 7 rt 6 84 29
3 4c 20 84 78 S 4 hexane 1 mL, toluene 4 mL 1:7 rt 6 82 7
4 4d 20 80 11 R 5 hexane 1 mL, CHyCly 4 mL 1:8 rt 6 80 49
6 hexane 1 mL, CHyCl;4 mL 1:7 Tt 6 84 86
> de 10 80 60 S 7 hexane 1 mL, CH,Cl4 mL 16 rt 6 8 78
6 4c 5 74 33 S 8 hexane 1 mL, CHyCl, 4 mL 15 rt 6 84 64
aMole ratio of PhCHO:phenylacetylenegnh:Ti(O'Pr)y, = 1:4:4:1.2, 13 E?:Eg i ;%’ ggzgziﬁi }? ?t: 2 Zg ig
hexane/CHCI, = 1:4, rt. P Isolated yield by column chromatograpyEe 11 h X 1 L’ CHZCIZ4 L 1:6 0 12 83 77
was determined by HPLC analysis using Daicel Chiralcel OD col- 1o hiiiﬁi 1 EL’ CHZClz4 $L 16 “15 94 80 78
Ilijtrgrgtugtﬁomte configurations were assigned by comparison with the 13 hexane 2 mL, CH,Cl, 8 mL 17 it s 78 55
) 14 hexane 3 mL, CHyCly 12 mL 1:7 rt 8 70 37

a2 Reaction was performed with mole ratio of PhCHO:phenylacetylene:
. . 0 EtZn = 1:4:4.PIsolated yield by column chromatograpifyEes were
4a, 4b, and4d gave low enantioselectivity (less than 20% determined by HPLC analysis on a Chiracel OD colufhAbsolute

ee), and the corresponding propargyl alcohol Ra®nfig- configurations were assigned 8y comparison with the literatufg.
uration (Table 1, entries 1, 2, and 4). A promising result
was obtained with ligandc, and the corresponding optically . ) . )
active propargyl alcohol was obtained in 85% yield and 78% Was applied, the corresponding product was obtained in 60%
ee withSconfiguration (Table 1, entry 3). Interestingly, the Yield and 3% ee, and 86% yield and 25% ee was obtained
starting amino alcohols of ligandéc and 4d are enantio- ~ USing Wang's methodt2 N _

meric, but the results obtained in the enantioselective Under the optimal reaction conditions, ligadt was
reactions carried out with the ligands and 4d are quite applied to the reaction of phenylacetylene with a variety of
different. A cooperative effect of the ligand and Lewis acid aromatic and aliphatic aldehydes. As the results summarized
probably plays a decisive role. It was observed that a decreasd? Table 3 show, highly enantioselective additions of
in the catalyst loading from 20 to 10 or 5 mol % resulted in phenylacetylene to substituted benzaldehydes containing

only a small loss of yield but a dramatic decrease in the

enantioselectivity (Table 1, entries 3, 5, and 6). -

To improve the enantioselectivity, the reaction conditions, Table 3. Catalytic Asymmetric Alkynylation of Aldehydes

including solvent, temperature, and amount of TR}, were Et,Zn OH

optimized with4c. The results were summarized in Table RCHO + =—Ar —— = — R)\

2. We found that this reaction was strongly influenced by Ti(OPr), "
solvents and the amount of Ti{@). When the reaction was

carried out in toluene, no enantioselectivity was afforded ;.. R Ar yield (%) ee (%)
(Table 2, entry 1). In dichloromethane, hexane, and hexane/

toluene (v/v 1:4), low ee values (no more than 30%) were ; g‘*gﬁ OCH iﬁ Z‘é S;
observed (Table 2, entries—2). The best solvent was 3 4_CHZOCZH1 Ph 84 82
hexane/dichloromethane (v/v 1:4). Gradually decreasing the 4 9-CH;CeH, Ph 81 992
amount of Ti(OPr), from 1:6 to 1:1 dramatically decreased 5 4-CH3CgH, Ph 78 90
the enantioselectivity (Table 2, entries-70). Fine-tuning 6 2-FCgH,4 Ph 83 87
the ratio of4c/Ti(OPr), from 1:6 to 1:7 produced the best 7 2-ClCeHa4 Ph 79 87
result. The corresponding optically active propargyl alcohol ~ 8 4-ClCeHs Ph 83 84
was obtained in 84% yield and 86% ee (Table 2, entry 6). 13 ;}?ggféﬁ iﬁ ;i 2(1)
When the ratio o#ic/Ti(OPr), exceeded 1:7, the enantiose- 1 PhCH,CH, Ph 81 79
lectivity also decreased dramatically (Table 2, entry 5). When ;5 (CHs),CH Ph 64 47
the temperature of this reaction was decreased from room 13 CeHs 4-CH;3CeH, 79 89
temperature to 0 or-15 °C, no significant change in 14 CgHs 4-BuCgHy 77 85

enantioselectivity OCClj'rrEd but & long reaction tlme,was 2 Reaction conditions: mole ratio of aldehyde:phenylacetylepgret

needed (Table 2, entries 11 and 12). The concentration ofTi(o/Pr), = 1:4:4:1.4, hexane/Gi€l, = 1:4 as a solvent Isolated yield

the reaction is also important, as the enantiomeric excessby column chromatography Ees were determined by HPLC analysis on

d din diluted diti Table 2 ies 13 and 14 Chiracel OD column (hexane/2-propanol 90:10, 1.0 mL/mfibsolute
ecreased in diluted conditions (Table 2, entries 13 an )-configurations were assigned 8siccording to the literatur¥.

Other conditions were also tested. When Chan’s méfiod
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electron-withdrawing or electron-donating groups have beenligands, C- and C;-symmetric ligands5 and 6 were
achieved by using théc—Ti(O'Pr), catalyst (Table 3, entries  synthesized. When 20 mol % ligasd-Ti(IV) complex was
1-9). o, f-Unsaturatedrans-cinnamaldehyde also afforded used to catalyze the addition of phenylacetylene to benzal-
high enantioselectivity (Table 3, entry 10). Aliphatic alde- dehyde, the corresponding alcohol was obtained in 51% ee
hydes such as 3-phenylpropionaldehyde aodbutyralde- and 86% yield. The 20 mol % ligan@—Ti(IV) complex
hyde also gave moderate to good enantioselectivity (Table furnished 62% ee and 82% yield. When 30 mol % ligénd

3, entries 11 and 12). Other aryl-substituted alkynes alsowas used, the enantioselectivity was enhanced only slightly
worked in this reaction; 4-methyl or 4-butylphenyl acetylene (60% ee and 85% vyield). Use 60 mol % ligaGdjave the
also gave high ees in the enantioselective addition to corresponding alcohol in 40% ee and 88% yield. This result
benzaldehyde. However, alkyl-substituted acetylenes such aglemonstrates the efficiency @k-symmetric ligands.

not work in our conditions. amide) ligands have been conveniently synthesized from
commercially available chiral amino alcohols in two steps

with excellent yields. In combination with Ti(@r),, they
OHO 0 OH @YO oH have been successfully applied in the asymmetric addition

- NH HN\__/,,Ph HN\/,,Ph of aryl alkynes to various types of aldehydds—Ti(OPr)

complex is a highly enantioselective catalyst for the alky-
nylzinc addition to aromatic and,3-unsaturated aldehydes.
This simple catalyst system is practical for the asymmetric
synthesis of chiral propargylic alcohols containing aromatic
rings. The development of a library 6-symmetric ligands
and new reactions is ongoing in our group.

To verify the structure of the titanium complex, we carried
out*H NMR measurement. However, from the NMR data,
we cannot confirm the formation &; titanium complexes.
To confirm the catalytic activity of trigl-hydroxy amide) _ )
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