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Catalytic asymmetric reactions provide the most important Table 1. Effect of Conditions on the Enantioselectivity of the

methods for synthesizing optically active molectleGatalytic Phenylacetylene A-Benzylindeneaniline Addition

asymmetric C-C bond formations are among the most challenging  entry catalyst ligand temp (°C)/ time (d) solvent o.r./lee%
of these, and various highly enantioselective reactions have been 1 CuBr 1 40/1 HO <5
developed in the past decati®n the other hand, while there has 2 CuBr 2 40/1 HO <5
been a considerable interest in developing@bond-formation 3 CuBr 3 40/1 HO (+) 24
reactions that are tolerant toward water, related catalytic asymmetric g gﬂg: ‘51 igﬁ ::tg Ejrg ig
C—C bond formation remained largely unexplored until Engberts g CuOTf 3 22/4 HO (+) 45
and co-workers reported a highly enantioselective Lewis acid- 7 CuOTf 4 22/4 HO (+) 14
catalyzed Diels-Alder reaction in water recentf/Subsequently, 8 CuOTf 5 22/4 HO ()83
major progress has been made in asymmetric palladium-catalyzed 1?) g‘dg_Trff 2 igﬁ gg ER 43
Trost—Tsuji reactions by Uo_zurrﬁ,Mukalyama-aIdoI reac_tlon by 11 CuoTf 5 45/1 HO (+) 78
Kobayashf carbonyl allylation by Lolf, cyclopropanation by 12 CuOTf 3 22/4 toluene ) 40
Nishiyama’ and rhodium-catalyzédarylboronic acid reactions by 13 CuOTf 4 22/4 toluene  4)21
Hayashi and others. 14 CuOTf 5 22/4 toluene 1) 96

Optically active propargylamines are important synthetic inter-
mediates for the synthesis of various nitrogen compounds and aselectivities. During the past two decades chiral copibés-
structural feature of many biologically active compounds and natural (0xazoline) complexes have been shown to be effective as catalysts
productsl® The most reliable and efficient methods for the for enantioselective reactioh5Thus, chiral bis(oxazolinyl) ligands
preparation of optically active propargylic amines still remains the 1—5 were examined (Table 1).
addition of an appropriate organometallic reagent to chiral imine

derivativesi! Recently, we described a Grignard-type direct addition O\Pﬁ/o q
of alkyne to imine¥ catalyzed by ruthenium/copper via—Ei </‘N { @ \\\\\ m O
activatiort® in water or under neat conditions. Independently,

Carreira and co-worker reported a similar coupling by using an @ @ O
iridium catalyst in toluene or under neat conditidhddowever, 2

methods for the catalyzed preparation of optically active propargylic 1

amines are still very limiteé® During our investigation, it was N

observed that CuBr alone also provided the desired product albeit | P | -

in low conversiond® We hypothesized that, although it is a o 7 N IN\O> o | N i Q
disappointment at first glance, the low conversion by using CuBr N / @ """ $/N NJ_\©
as the catalyst may in fact provide us with a rare opportunity to /<( o~ .

develop highly efficient enantioselective alkyrienine additions. 3

Herein, we wish to report the preliminary results of a highly

LA

. . .. N & Q

enantioselective copper-catalyzed alkytm@ine (generated in ?O |N N \NJ
5

situ from aldehyde and amine) addition in water and in toluene

(Scheme 1).
Scheme 1
_Ar NHAr
J + pr—=_y _10mol% Cu(OTi)/5 Ar)\ It was found that the desired enantioselective addition product
Ar H,O or tduene AN o was formed in low % ee by using the bidentate bis(oxazoline) (box)
78-96 %ee 1 or 2 with CuBr in water. On the other hand, the use of the

tridentate bis(oxazolinyl)pyridines (pybox) such &4, 5 led to
First, we examined a variety of chiral compounds as ligands in increased enantioselectivities. The optimal enantioselectivity of
the addition reaction of phenylacetylene witkbenzylideneaniline ~ addition adducts was obtained withb—CuBr complex (90%
with 10 mol % of CuBr and CuOTf as the catalysts. The vast conversion and 24% ee in water). The use of copper(l) triflate
majority of those experiments resulted in disappointing enantio- complex instead of CuBr afforded the product with both high
reactivity and enantioselectivity (90% conversion, 83% eefior
* To whom correspondence should be addressed. E-mail: cjli@tulane.edu.  water), whereas the correspondBigCu(l) Sbis complex (although
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Table 2. Enantioselectivity of the Alkyne—Imine Addition in
Toluene

entry aldehyde aniline temp (°C)ltime (d)  vyield (%) o.r/ee%
1 PhCHO PhNH 22/4 78 () 96
2 PhCHO PhNH 35/2 83 @) 93
3 4-MeGH4sCHO PhNH 35/2 85 @) 92
4  4-EtGH4sCHO  PhNH 22/4 70 () 96
5 4-EtGHs.CHO  PhNH 35/2 73 () 95
6 4-CIGH,CHO PhNH 22/4 85 @) 94
7 4-CIGH4sCHO  PhNH 35/2 90 () 92
8 4-BrGHsCHO PhNH 22/4 87 ) 94
9 4-BrGHsCHO  PhNH 35/2 90 @) 92
10 4-PhGH4sCHO PhNH 22/4 81 t) 94
11 4-PhGH4CHO PhNH 35/2 85 () 90
12 2-NaphCHO PhNH 22/4 63 () 88
13 2-NaphCHO PhNH 35/2 67 @) 82
14 4-CRCgH4CHO PhNH 22/4 71 () 93
15 PhCHO 4-Br@HsNH; 35/2 93 )91
16 PhCHO 4-ClGHiNH> 35/2 92 ()91
17 PhCHO 4-Me@HsNH> 35/2 93 t) 94

Table 3. Enantioselectivity of the Alkyne—Imine Addition in Water

entry aldehyde aniline temp (°C)ltime (d) vield (%) o.r/ee%
1 PhCHO PhNH 22/4 71 () 84
2 PhCHO PhNH 35/2 7 () 80
3 4-MeGH4sCHO PhNH 35/2 86 ) 81
4  4-EtGH,.CHO PhNH 22/4 68 () 89
5 4-EtGH4sCHO  PhNH 35/2 68 ()78
6 4-CIGH,CHO PhNH 22/4 70 ) 87
7 4-CIGH4sCHO PhNH 35/2 74 () 85
8 4-BrGH4sCHO PhNH 22/4 63 () 87
9 4-BrGH.CHO PhNH 35/2 74 () 85
10 4-PhGH4CHO PhNH 22/4 48 ) 84
11 4-PhGH4«CHO PhNH 35/2 56 () 82
12 2-NaphCHO PhNH 22/4 57 () 86
13 2-NaphCHO PhNE 35/2 65 t) 78
14 4-CRCgH4sCHO PhNH 22/4 56 () 87
15 PhCHO 4-BrGH4NH; 35/2 82 () 83
16 PhCHO 4-CIGH4NH2 35/2 77 () 84
17 PhCHO 4-MeGHsNH 35/2 68 )91

it had a similar enantioselectivity) was much less reactive (20%
conversion, and 79% ee in water). The reaction of 1.5 equiv of
phenylacetylene withl-benzylideneaniline in water in the presence
of 10 mol % Cu(l)OTf and 10 mol % chiral pybdxat 22°C for

yields. The reactions in toluene provided slightly higher yields and
enantioselectivities than in water.

In conclusion, we have developed a highly enantioselective
copper(l)-catalyzed direct alkyrémine addition. The process is
simple and provides a diverse range of propargylic amines in high
ee and good yield. The scope, mechanism, and synthetic application
of this novel enantioselective reaction as well as otheC®ond
formations via G-H activation are under investigation.
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