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Abstract: The three-component couplings of a-oxy-
aldehydes, alkynes, and amines in water were inves-
tigated by using gold, silver and copper catalysts.
Gold(I) was found to be the most effective catalyst
in this reaction to afford propargylamines in good
yields and moderate diastereoselectivities. On the
other hand, silver catalysts show the best catalytic
activities on non-coordinating o-alkyl-substituted
aldehydes.
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A multi-phase catalytic system in water has many po-
tential advantages in terms of cost, safety, synthetic
efficiency, operation simplicity (easy product isolation
and catalyst recycling) as well as environmental con-
cerns,!! and it may also aid our understanding of the
detailed mechanisms related to the chemistry of
life.l?! Previously, we reported various highly efficient
A3-couplings (aldehyde-alkyne-amine couplinﬁ) in
water catalyzed by copper, silver or gold salts.l’] The
reaction generates excellent yields of the correspond-
ing propargylamine products. Furthermore, we have
also developed a highly efficient AA3-coupling (asym-
metric aldehyde, amine and alkyne coupling) in wa-
ter.3tel

o-Hydroxylamino derivatives are common structur-
al units in natural products*l and their [Is)ropargyl de-
rivatives exhibit interesting bioactivities. ] Among the
methods for preparing a-oxygen-substituted propar-
gylamines,[¥ the transition metal-catalyzed A’-cou-
pling is a very attractive approach due to its high effi-
ciency and high atom-economy.”! In order to study
the scope of such reactions in complex systems such
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as carbohydrates, herein, we report the A’-coupling
of a-oxyaldehydes with alkynes and amines catalyzed
by gold,!® silver and copper!® salts. Good yields and
some moderate diastereoselectivities were observed
in these reactions. Furthermore, an interesting chela-
tion-acceleration effect between a-oxyaldehydes and
the catalysts was also observed.

To begin our study, the couplings of a-benzoxyalde-
hyde 1b, piperidine (2), and phenylacetylene (3) were
examined together with various Au, Ag, and Cu salts
as potential catalysts (Scheme 1 and Table 1). In our
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Scheme 1.

previous studies on the A3-coupling of simple aliphat-
ic aldehydes,m silver catalysts showed much better
catalytic activity than gold and copper catalysts. How-
ever, it was found that when silver(I) catalysts were
used, no desired A® addition product was obtained in
the reaction of a-benzoxyaldehydes, and cleavage of
the benzyl group in the a-benzoxyaldehydes was ob-
served from the 'H NMR of the crude reaction mix-
ture (entries 1-5). On the other hand, copper catalysts
did not show any catalytic activity in the reaction
under the current conditions (entries 6-10). The use
of AuBr;, Au(PMe;3)Cl, and AuCl gave excellent
yields of the desired A%-coupling product (entries 11,
13, and 14) while (c-hexNC)AuCl was found to be in-
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Table 1. Effect of conditions on the three-component coupling of a-oxyaldehydes, piperidine and phenylacetylene.[”!

Entry Catalyst Solvent  Temp. [°C] t[h] yield [%]®! d.rk

1 AgCl water 60 18 N.D.F® -

2 AgBr water/toluene 60 18 N.D. -

3 Agl™ water 60 18 0 i

4 Agl water 60 18 0 -

5 Ag(PhsP)CI water 60 18 0 -

6 Cu-C=C-Ph water 60 18 0 -

7 CuCl water 60 18 N.D. -

8 CuBr water 60 18 N.D. -

9 Cul water 60 18 N.D. -
10 CuOTf/Pybox water 60 18 N.D. -
11 AuBry water 60 18 94 68:32
12 (c-hexNC)AuCI water 60 18 N.D. -
13 Au(PMe;)CI water 60 18 37 73:27
14 AuCl water 60 18 89 64:36
15 AuCl water rt 18 89 72:28
16 Aul water rt 18 100 73:27
17 AuCl water 0 12 57 75:25
18 Aul water 0 12 58 76:24
19 Aul toluene rt 18 88 76:24

under N,.
[b]

[c]

uration was not determined.
[d]
[e]
[f]

N.D.=not detected.

active (entry 12). Even at room temperature, the reac-
tion catalyzed by AuCl and Aul still gave high yields
of the A3 product with moderate diastereoselectivities
(entries 15 and 16). The reaction can also be carried
out at 0°C, albeit with lower yields (entries 17 and
18). Furthermore, using Aul as the preferred catalyst,
the reaction performed in organic solvent resulted in
no appreciable improvement in the diastereoselectiv-
ity and slightly decreased the yield of the product
(entry 16 vs. entry 19).

With the optimized conditions, the A3-couplings of
various a-hydroxy aldehyde derivatives were studied
(Scheme 2). As can be seen from Table 2, moderate
to good yields were achieved with reasonable to mod-
erate diastereoselectivities. Compared with R?, the
protecting group R! did not show any obvious influ-
ence on the diastereoselectivities of the product (en-
tries 1 and 2 vs. entries 3 and 4). The long chain alde-
hyde, 1b, gave the best result in yield and selectivity.
It is worthy of note that the aliphatic substituted com-
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All reactions were carried out on a 0.1 mmol scale with the ratio of aldehyde/amine/alkyne=1:1.2:1.5 in 1 mL of solvent,

Yield was determined by "H NMR of the crude reaction mixture.
Ratio of the two diastereomers was determined by 'H NMR analysis of the crude reaction mixtures, and absolute config-

Solvent is a mixture of water and toluene with the ratio of 5:2, and the reaction was carried out in air.

Pybox is [S-(R*,R*)]-2,6-bis(4,5-dihydro-4-phenyl-2-oxazolyl)pyridine, (Cu:Pybox=1:1.2).

pounds (1c¢ and 1d) show much better yields than the
benzyl-substituted ones with similar d.r. (entry 4 vs.
entry 5).

Unprotected a-hydroxy aldehyde 1f was also effec-
tive under the current reaction conditions, although
the reaction gives a lower conversion than other pro-
tected a-hydroxy aldehydes due to the dimerization
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Scheme 2.
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Table 2. Diastereoselectivity of Aul-catalyzed A® reaction of a-alkoxy aldehydes in water.®

Entry Aldehyde Product Yield [%]®! d.rle
OBn
P
1 /O\BEO ~ sa 69 50:50

N
OBn .
2 OBn /\/\/\/Q 93 321
/\/WO 4b

o Y 70 65:35
3 O/‘\/
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4
1d
OCH, OCH, O

_0 7z
5 O 38 67:33
e

IS

6 . _~_h_O 35 60:40
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&

[l All reactions were carried out on a 0.2 mmol scale with the ratio of aldehyde/amine/alkyne =1:1.2:1.5, 5 mol % of Aul in
1 mL of water under N,, and stirred at room temperature for 18 h.

1 Yield of isolated product.

[l Ratio of the two diastereomers was determined by '"H NMR analysis of the crude reaction mixture and the absolute con-
figurations were not determined.

of a-hydroxy aldehydes. Reasonable yield and moder- ~ A® reaction than gold catalysts (entry 5 vs. entries 1
ate diastereoselectivity were still achieved with such and 2). Compared with gold catalysts, silver(I) is
unprotected hydroxy aldehydes, which provided us “harder” and easier to coordinate with the oxygen
with opportunities to conduct further investigations atoms in the BnO and carbonyl groups to form a che-
on hydroxy-substituted aldehydes, especially alde-
hydes related to natural products and bioactive com-

pounds. %O O o
When the optically pure protected glyceraldehyde, O@K&O+ N j@
H

(R)-(4+)-2,2-dimethyl-1,3-dioxolane-4-carboxaldehyde,
was used, the corresponding propargylamine was ob-
tained in high diastereoselectivity and good yield 19 WLO
(Scheme 3). o0 R =
In order to explore the origin of the diastereoselec- Aul, 5 mol %
tivies in these reactions, we examined other a-alkyl- water, Np, r.t. @
4

substituted aldehydes. Using the reaction of Scheme 4

as the prototype, we screened gold, silver and copper

catalysts (Table 3). 65% yield
Interestingly, in the absence of the a-oxy group, dr. 82:18

Agl was found to be more effective in catalyzing the  Scheme 3.
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late structure,'”) which might activate the O—C bond
in the a-position and result in the cleavage of the C—
O bond in BnO group and consume the silver cata-
lyst.

Some other a-alkyl aldehydes were also investigat-
ed in the A3-coupling, and the results were summar-
ized in Table 4. Higher diastereoselectivity was ach-
ieved by increasing the difference between the two
substituents on the a-position of aldehydes.

In conclusion, gold-, silver- and copper-catalyzed
A3-couplings of a-oxyaldehydes, alkynes, and amines
in water has been studied. In these reactions, gold
and silver catalysts provide complementary results be-
tween catalyzing o-oxyaldehydes and a-alkyl alde-
hydes. With protected glyceraldehydes as substrate,

Table 3. Diastereoselectivity of the A’-coupling of o-alkyl
aldehydes, piperidine and phenylacetylene in water."

Entry Catalyst Temp.[°C] t[h] Yield [%][b] d.rk
1 Aul 60 18 53 54:46
2 AuBrs 60 18 69 56:44
3 AgCl 60 18 34 53:47
4 AgBr 60 18 44 55:45
5 Agl 60 18 83 58:42
6 Agl 25 18 40 55:45
71 CuBr 60 18 12 56:44
g cuoTf 60 18 8 55:45

All reactions were carried out on a 0.1 mmol scale with
the ratio of aldehyde/amine/alkyne=1:1.2:1.5, 1 mL of
water, under N,.

Yield was determined by "H NMR of the crude reaction
mixture.

[l Ratio of two diastereomers determined by 'H NMR anal-
ysis of crude reaction mixtures and absolute configura-
tion was not determined.

10 mol % of catalyst was used.

the reaction provides an efficient access to a variety
of a-oxylated propargylamines. The scope, mecha-

Table 4. Diastereoselectivity of the three-component coupling of a-alkyl aldehydes, piperidine and phenylacetylene in

water.

Yield

Entry Aldehyde Product (%! d.rlel
=
1 Z 83 5842
-0 4h
N
O
Z ;
2 o _ 57 52:48
— N 4i
O
_0
3 ! 4 63  71:29
1j

9

[a]
1 mL of water under N,.

1 Yield of isolated product.

All reactions were carried out on a 0.2 mmol scale with the ratio of aldehyde/amine/alkyne=1:1.2:1.5, 5 mol % of Aul,

[l Ratio of two diastereomers determined by '"H NMR analysis of the crude reaction mixture and absolute configuration

was not determined.

4l Analyzed by GC.
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nism, and synthetic application of A3-coupling in
water for other a-oxyaldehydes, such as carbohy-
drates, are currently under investigation.

Experimental Section
General Remarks

a-Oxyaldehydes 1a—f (Table 2) were prepared by reported
methods.!'!] a-Oxyaldehyde 1g and o-alkyl aldehydes 1h—j
(Table 4) were commercially available.

Typical Procedure for A3-Couplings
(Aldehyde-Alkyne-Amine) in Water!!?!

Aul (0.0032 g, 0.01 mmol, 5 mol %) was mixed with 1 mL of
distilled water, 2-(benzyloxy)propanal (la; 0.0328 g,
0.2 mmol, 1 equivalent), 0.024 mL of piperidine (0.24 mmol,
1.2 equivalents) and 0.033 mL of phenylacetylene (0.3 mmol,
1.5 equivalents). The mixture was stirred at room tempera-
ture for 18 h under N,. The reaction was stopped and ex-
tracted with ether (3x5 mL). The combined organic phase
was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by flash column chroma-
tography on silica gel. Propargylamine 4a was obtained in
69 % yield (0.046 g).
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