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The asymmetric alkynylzinc addition to aldehydes is a useful ZnMey, Ti (OIPY OH
method for the production of chiral secondary propargylic alcohols + Ph—=——H z ¢ AN
which are versatile building blocks for asymmetric synthédis. N

P
Ar” H Chiral ligands R', R2 Ph
compared with the asymmetric reduction of ynohése addition
of alkynylzinc to aldehydes has a substantial advantage because o _/ @
o %z S

the formations of the stereogenic center and theChond of the : .
propargylic alcohol targets are concomitant. However, in contrast TsHN  OH TsHN/_\OH
to the enantioselective addition of dialkyl compounds to aldehydes 1 5
in which considerable progress has been niate,enantioselective BINOL o
alkynylzinc addition to aldehydes is still less developed. Several O Q Ph._Ph >< ]\[OH

. ) : . . o) o]
previous studies of the alkynylation of aldehydes using amino H7< jXOH
alcohol ligands gave moderate to good yields and €eRecently, Ph O "'}<°H ><oj““ OH
Carreira et al. reported that a system using Zn(@aif E5N with TsHN  OH Ph4 Ph o

3

stoichiometri€ or catalytic amounts of ligands gave high product
yields and enantioselectivities in the addition of terminal acetylenes
to aliphatic aldehydes; however, the catalytic system is substantially
less effective for aromatic substrates.

We previously studied the Ti(BINOL)- and Tig-BINOL)-

85—90% (entries 78, 10-13). As ephedrine is a low cost and
readily available material, we chose sulfonamidfr the further
study of this reaction.

" - . . . It is noteworthy that the use oR}-BINOL in this self-assembled
catalyzed addition of diethylzinc and triethylaluminum to aldehydes catalyst system produced tBeonfiguration of the product, while

and obtained good to excellent e_é Slore recently, we found _that the use of §-BINOL gave the product ifiR configuration (entries
these catalysts were also effective for the alkynylzinc addition to 7-8, 16-17). These results suggested that the chiral ligahd R
aldehydes. In the examination of other chiral ligands for this ' ' 99 9

reaction, we found that some titanium catalysts, which were Table 1. Asymmetric Catalysis of the Alkynylzinc Addition of
effective for the addition of diethylzinc to aldehydes, were Benzaldehyde®
ineffective for alkynylzinc addition. In a different development,  enty R! R? Ti(R'+R?Y)  vyield, %°  ee, %  config!

Mikami et aI..reportec.I the self-agsembly of gevgral chiral ligand =~ 1 1o 1 71 100 0
components into a highly enantioselective titanium catalyst for 2 none 2 7/1 100 0
carbonyl-ene reactiori.The interesting results obtained by these 3 none 3 7/1 100 0
investigators clearly showed that both the rate and the enantio- ‘51 none ‘5‘ ;ﬁ ig 8
e . . . . none
selectivity were enhanged when.a c,.omblna.tlonlof chiral ligand 6  RBINOL none 71 % 77 s
components was used instead of its single chiral ligand component 7  R.BINOL 1 7/1 90 87 S
in the enantioselective catalysis of the carbonyl-ene reaction. Herein, 8  SBINOL 1 7/1 88 90 R
we report the self-assembly of BINOL and other chiral ligands into 9  rac-BINOL 1 71 91 18 R
; A gia . ; 10  SBINOL 2 711 89 89 R
a highly effective titanium catalyst for the addition of alkynylzinc
ldehvdes in up 1o-99% ee 11 SBINOL 3 711 90 90 R
to aldehydes in up o ee. _ S 12 SBINOL 4 7n 87 86 R
The preliminary results showed that in combination with BINOL, 13  SBINOL 5 7/11 86 85 R
other chiral ligands such as a diol or a sulfonamide increased the 14  SBINOL 1 3.5/1 85 93 R
catalytic activity and enantioselectivity of the alkynylation of 13 ~ none 1 151 43 0
aldehydes using Ti(i®Pr), as catalyst precursor (see Table 1) 16 SBINOL 1 151 83 % R
Yy g yst p see - 17 RBINOL 1 1.5 80 94 s
The use of titanium taddol (entry 4) and titanium mannitol 18  sBINOL 1 1.25/1 81 97 R
derivative (entry 5) gave no ee and suffered from the production 19  SBINOL none 1.25/1 74 91 R
of alkylated byproducts, while titanium sulfonamides (entry3}. 20 SBINOL 1 11 84 94 R
21 SBINOL none 1/1 66 87 R

gave essentially no enantioselectivity. In the presence of 10 mol
% (R)-BINOL, the alkynylation of benzaldehyde produced 77%  az\gehyde:znMe:RLR? = 1:2:0.1:0.1 (molar ratio); the reaction was
ee (entry 6). However, wherR[-BINOL or (S)-BINOL and one carried out at ®C under nitrogen gas for 2448 h.? Isolated yield of the

of these chiral ligands (R= 1—5, 10 mol % each) were added corresponding product8The enantiomeric excess was determined by HPLC

; analysis of the corresponding products on a Chiralcel OD coldriihe
together, the ee values of the products were found to increase toconfigurations were based on the measurements of the optical rotations and

in comparison with the relevant literature valdéss The major product is
* To whom correspondence should be addressed. E-mail: bcachan@polyu.edu.hk.o-methylbenzyl alcoholf 5% ligand, R.
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Table 2. The Alkynylzinc Addition to Aromatic Aldehydes m-nitrobenzaldehyde argnitrobenzaldehyde gave99% and 99%
Catalyzed by Titanium (S)-BINOL in the Presence of Chiral

Sulfonamide Ligand 12 ee, respectively (entries2}). This could _be explained l:_)y t_hg strong
OH steric hindrance effect of thertho-substituent which significantly
o] L*, Ti (OiPY) * weakened the coordination of the aldehyde to the catalyst. On the
Ar)kH + H——Ph . 4 A other hand, the substituent on theeta or para-position of the
ZnMe, / THF Ph phenyl ring of the substrates exerted significantly less steric
hindrance effect on the aldehyde coordination. The electronic effect
. 4no o of the substituents on the substrates also had some influences on
L*=10% (S}-BINCL + 10 /OTSHN OH the enantioselectivity of the products. Electron-withdrawing groups
— — " on the phenyl ring were favored for higher enantioselectivity (entries
enry aldehydes, Ar = yield, % ce. % 3—7), while electron-donating substituents were found to lower the
; gﬂﬁ%‘ e %3; 98% ee’s of the products (entries-4.0).
3 3-nitroghen§| 82 ~99 In conclusion, we have developed a highly enantioselective
4 4-nitrophenyl 82 oy catalyst for the synthesis of propargylic alcohols via the alkynylzinc
5 4-bromophenyl 85 99 addition to aromatic aldehydes. The study showed that a combina-
6 3-chlorophenyl 84 97 tion of chiral ligands, such as BINOL and a sulfonamide, with Ti-
; g:ﬁg‘;’;?ﬁ;:e”yl gf 355 (OiPr), generated a highly enantioselective catalyst which gave
9 4-methoxyphenyl 78 95 products with up to>99% ee. The study of the mechanism of the
10 4-methylphenyl 79 92 reaction and the application of this catalyst system in other

asymmetric catalytic reactions are in progress.
aThe ratio of ligands (BINOL+ sulfonamidel) to titanium tetraiso-

propoxide was 1.5:1.0 in each case, and the reaction was carried out under Acknowledgment. We thank the Hong Kong Polytechnic
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chiral ligand R acted as an activator in this self-assembled catalyst
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