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Abstract: An enantioselective three-component reaction
of aldehydes, amines, and alkynes in water by using a bis(i-
midazoline)-Cu' catalysts having a hydrophobic substitu-
ent and sodium dodecyl sulfate as a surfactant was devel-
oped. The reaction was applied to a broad range of alde-
hydes and alkynes to give optically active propargyla-
mines with excellent yields (up to 99%) and enantiomeric

excesses (up to 99% ee). )

Optically active propargylamines and their derivatives have
been proven to be useful building blocks for the preparation
of various natural products” and biologically active com-
pounds.” Their broad utility has prompted considerable inter-
est in developing asymmetric methods for their preparation
under environmentally friendly conditions. In this context, the
enantioselective three-component reaction of a carbonyl com-
pound, an amine, and an alkyne is one of the most straightfor-
ward approaches for the synthesis of chiral propargyla-
mines.®® Water is a desirable solvent for organic synthesis due
to its safety, low cost, and environmentally benign character.”
To date, only little attention has been paid to performing enan-
tioselective three-component reactions of carbonyl com-
pounds, amines, and alkynes in water.®” The reaction includes
an equilibrium to produce the product and water as a by-prod-
uct; therefore, it is difficult to carry out the propargylamine
synthesis in water by using the three-component reaction. The
best results for this reaction were described by Li and co-work-
ers who reported that the conversion of preprepared imines
and phenylacetylene by using a pybox-Cu' catalyst and stearic
acid as a surfactant in water gave the desired products with
moderate to high enantioselectivities (35-97 % ee).“? Despite
this impressive progress, the alkyne substrate was restricted to
aryl-substituted alkynes. Therefore, it is desirable to extend the
scope of the reaction to aliphatic alkynes in water. Recently,
we developed a copper-bis(imidazoline)-catalyzed three-com-
ponent synthesis of optically active propargylamines from al-

We expect that the highly tunable bis(imidazoline) structure
can be applied to an enantioselective reaction in water. Herein,
we report a highly enantioselective direct three-component re-
action of aldehydes, amines, and aliphatic alkynes by using
a chiral bis(imidazoline)-Cu' catalyst in water.

We first examined the reaction of benzaldehyde, p-anisidine
(1.2 equiv) and 4-phenylbutyne (1.5 equiv) by using chiral bis(i-
midazoline)s 1a—f and a metal salt. The results are shown in
Table 1.

Table 1. Enantioselective three-component reaction of benzaldehyde, p-
anisidine, and 4-phenylbutyne by using various chiral ligands.
OMe
NH, ligand 1 (10 mol%) /©/
metal salt (10 mol%) HN
PhCHO + + PhCH,CH, = —H surfactant (20 mol%) S
H,0, RT, time SN CH,CHPhY
OMe (R)-2
(1.2 equiv) (1.5 equiv)
R | A R 1a: R = CgHsCO
o NN TeRE Gries
N
Ph pybim Ph 1f: R={BuCO
Entry 1 Metal salt  Surfactant Time [h] Yield [%] ee [%]
1 la CuOTf - 84 1 45
2 1a CuOTf®  SDS 48 41 88
3 1b CuOTf®  SDS 48 12 43
4 1c  CuOTf® SDS 48 63 95
5 1d CuOTf®  SDS 48 37 93
6 1e CuOTf®  SDS 48 89 94
7 1f CuOTf SDS 18 99 98
8 1f CuOTf®  CTAB 18 0 -
9 1f CuOTf®  Triton X-100 18 17 98
10 1f CuOTf sodium laurate 18 0 -
1 1f Cu(OTf), SDS 18 96 98
12" 1f CuOTf SDS 156 94 98
13 1f CuDSY - 18 91 98
149 1f  CuOTf? - 72 29 98
[a]CuOTf-1/2toluene was used. [b] 1f (5 mol%) and CuOTf-1/2toluene
(5 mol%) was used. [c] SDS=sodium dodecyl sulfate. [d] Reaction per-
formed in CH,Cl,.
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tially, sodium dodecyl sulfate (SDS) was used as a surfactant
for the reaction, and after its addition the reaction mixture was
homogenized (Figure 1).

PhCHO + PMPNH, + alkyne +
1f + CuOTf-1/2 toluene
in water

PhCHO + PMPNH, + alkyne +
1f + CuOTf-1/2 toluene + SDS
in water

Figure 1. Homogenized reaction mixture after the addition of SDS.

Using SDS improved the chemical yield and enantioselectivi-
ty of the product (entry 1 vs. 2). When the reaction was com-
plete, the addition of NaCl to the reaction mixture easily
caused a phase separation to the aqueous and organic phase
by a salting-out effect. Next, optimization experiments for the
fine-tuning of the N-substituents of the imidazoline ligands
were carried out, and a pivaloyl group was found to be the
best substituent to give product 2 in a high yield with high
enantioselectivity (entries 2-7). In the presence of ligand 1f,
other cationic, neutral, or anionic surfactants, such as cetyltri-
methylammonium bromide (CTAB), polyoxyethylene p-(1,1,3,3-
tetramethylbutyl)phenyl ether (Triton-X100), and sodium lau-
rate, did not give good results (entries 7-10). Although the re-
action by using Cu(OTf), instead of the CuOTf-1/2toluene com-
plex afforded 2 in a good yield with high enantioselectivity, p-
methoxylnitrobenzene was formed as a by-product as well,
which was obtained from the oxidation of p-anisidine by
Cu(OTf),, which then in turn was reduced to the copper(l) spe-
cies (entry 11)."” The catalyst loading was successfully reduced
to 5mol% without any loss in enantioselectivity (entry 12).
When using Cu(0OSO;C;,H,s) as a copper species without SDS,
the reaction mixture formed a colloidal dispersion to afford the
desired product 2 in high yield with high enantioselectivity
(entry 13). On the other hand, performing the reaction in
CH,Cl, by using 1f-Cu' gave 2 with the same enantiomeric
excess but in a low yield (entry 14).

Encouraged by these results, we then studied the scope and
limitations of the bis(imidazoline) 1 f-catalyzed three-compo-
nent reaction of various aldehydes and alkynes by using SDS
in aqueous micellar solutions. The results are summarized in
Table 2. The reaction of various substituted alkynes with ben-
zaldehyde afforded products 2-13 in high yields with high
enantioselectivity (entries 1-12). In the reaction with phenyla-
cetylene, both electron-rich and -poor aldehydes performed
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Table 2. Enantioselective three-component reaction of various aldehydes

and alkynes by using 1 f-Cu'.

OMe
ligand 1f (10 mol%)
NH, CuOTH1/2 toluene 4 /©/
1 RZ—=—H ggsm(gl(‘;/%om 1J\
+ + — o
Riero H,0, RT, time R % R2

OMe (R)-2

(1.2 equiv) (1.5 equiv)

Entry Aldehyde [R'] Alkyne [R*] Product Time [h] Yield [%] ee [%]
1 Ph CH,CH,Ph 2 18 99 98
2 Ph CH,CH,CH, 3 36 80 97
3 Ph (CH,);CH; 4 48 93 97
4 Ph (CH,)sCH, 5 24 87 99
5  Ph (CH,),CH; 6 48 93 97
6® Ph cyclopropyl 7 96 90 95
7 Ph cyclopentyl 8 66 91 95
8 Ph cyclohexyl 9 66 76 98
9  Ph CH,CH,Br 10 66 62 98

10  Ph CH,CH,OH 11 72 77 9%
n Ph C(CH,),OH 12 72 60 90

12 Ph Ph 13 48 29 98

13 2-MeOCH, CH,CH,Ph 14 24 85 90

14 2-CIC(H, CH,CH,Ph 15 24 95 98

15  3-MeOCH, CH,CH,Ph 16 24 86 99

16 3-CIC(H, CH,CH,Ph 17 48 80 99

17 4-MeOCH, CH,CH,Ph 18 72 67 86

18®  4-CIC(H, CH,CH,Ph 19 48 80 98

19 1-naphthyl  CH,CH,Ph 20 9% 91 22

20 cyclohexyl CH,CH,Ph 21 48 66 98

[a] Alkyne (3.0 equiv) was used. [b] Reaction was carried out at 40°C.

8849

well, giving the desired products 14-20 with 86-99% ee (en-
tries 13-19). A maximum of 99% ee was obtained in the reac-
tion with m-methoxy- or m-chlorobenzaldehyde (Table 2, en-
tries 15 and 16). The chemical yield was excellent in most
cases. With cyclohexanecarboxaldehyde, the desired product
21 was obtained in a good yield with high enantioselectivity
(entry 20), whereas the reaction in CH,Cl, by using 1a-CuOTf
gave 21 in 13% yield with 72% ee.

Tap water and seawater are attractive and environmentally
friendly reaction media for organic synthesis."" Therefore, we
also examined the reaction in tap water or seawater that was
taken directly from the Pacific Ocean (Scheme 1). In these
aqueous solutions, the reaction proceeded well, affording
product 2 in high yield with high enantioselectivity.

After the reaction, most of catalyst 1f could be recovered
by column chromatography and reused without further purifi-

ligand 1f (10 mol%)

NH, CuOTf1/2 toluene OMe

o (10 mol%)
SDS (20 mol%
e + He==—CH,CH,ph D 20mol) R:° ) HN
Ph” >H
PR
OMe CH,CH,Ph
(1.2 equiv) (1.5 equiv) (R)-2

in water: 99%, 98% ee
in tap water: 87%, 98% ee
in seawater: 73%, 96% ee

Scheme 1. Enantioselective three-component reaction in tap water and sea-
water.

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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cation. The reaction by using recovered 1 f afforded product 2
in 83 % yield with 98 % ee.

The reaction of benzaldehyde, p-anisidine, and 4-phenylbu-
tyne by using Cu(OSO,C,,H,;) afforded almost the same result
as the reaction by using CuOTf and SDS (Table 1, entry 7 vs.
13). Therefore, the three-component reaction could be activat-
ed by 1f-Cu(0SO,C;,H,s) complexes."? Furthermore, the sub-
stituent on the nitrogen atom of the imidazoline ligand dra-
matically influenced the yield of the product and the reactivity
of the reaction. These results show that the hydrophobic ef-
fects of the substituent on the imidazoline ligand and the
copper salt are important for the formation of a colloidal dis-
persion and the enhancement of their reactivity (Figure 2).

S
1BuCO j/(j\r cotBu hydrophobic effect
Ph:- S/ Ph OMe
©)\CHZCH2Ph
PhCHO \ "0

CH,CH,Ph
colloidal dispersion

Figure 2. Three-component reaction in water by using a hydrophobic chiral
catalyst.

There are several reports on the reaction mechanism for the
enantioselective alkynylation of imines by using a copper(l)
salt"™ in which the copper salt forms a pentacoordinated (dis-
torted trigonal bipyramid) complex. On the basis of these con-
siderations, the assumed transition states for the enantioselec-
tive alkynylation of imines by using 1f-Cu' are shown in
Figure 3. The copper-acetylide attacks the imine from the Si
face of the imine to provide the (R)-propargylamine. Further
studies are required to fully elucidate the mechanistic details
of the alkynylation.

(R)-isomer

Figure 3. Proposed transition state for the alkynylation of an imine by using
1f-Cu.

In conclusion, we have developed an enantioselective three-
component reaction of aldehydes, amines, and alkynes by
using a bis(imidazoline)-Cu' catalysts having a hydrophobic
substituent and SDS as a surfactant. The reaction was screened
for a broad range of aldehydes and alkynes. This process offers
a simple and environmentally friendly route to optically active
propargylamines. Further experiments to study the scope of
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this process and potential applications of the bis(imidazoline)
catalyst in other reactions are in progress.

Experimental Section

General procedure for the enantioselective three-compo-
nent reaction of aldehydes, amines, and alkynes by using
1f-Cu'

A solution of bis(imidazoline) 1f (0.025 mmol, 10 mol %), CuOTf.1/
2toluene (0.025 mmol, 10 mol%) and SDS (0.05 mmol, 20 mol %) in
ultra-pure water (0.6 mL) was stirred for 1 h at room temperature
(23-25°C). Ultra-pure water (0.8 mL), an aldehyde (0.25 mmol), p-
anisidine (0.30 mmol) and an alkyne (0.37 mmol) were added, and
the whole reaction mixture was stirred at room temperature. After
completion of the reaction monitored by TLC, NaCl (100 mg) was
added. Water was removed by decantation then the organic phase
was purified over silica gel by column chromatography (CH,Cl./
hexane) to give propargylamines.
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