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Abstract: A novel copper(I)-catalyzed three-component reac-
tion for the efficient synthesis of 3-amino-2-pyrones and 2,5-
dihydrofurans from propargyl alcohols, aldehydes, and amines
has been developed. The starting materials are easily available
and the scope of this method is broad. Through mechanistic
studies, it is believed that the three-component reaction consists
of an A’-coupling to propargylic amine, alkyne-allene isomer-
ization, and intramolecular cyclization of the allenol to form
a furan. In case of using ethyl glyoxalate as the aldehyde,
a ring-opening, lactonization, and isomerization process
affords the 3-amino-2-pyrones.

The copper-catalyzed three-component coupling reactions of
terminal alkynes, aldehydes, and amines for the formation of
propargylic amines have been extensively developed
[Eq. (1)]."¥ Our group has recently reported a copper-
catalyzed semi-reductive A’-coupling of alkynes, aldehydes,
and amines, and it afforded allylic amines with exclusive
E stereoselectivity [Eq. (2); M.S.=molecular sieves]."!
Herein, we report an unexpected formation of 3-amino-2-
pyrones [Eq. (3); EWG = electron-withdrawing group] and
2,5-dihydrofurans [Eq. (4)] using electron-poor aldehydes.
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During our studies on the scope and generality of this
semi-reductive A’-coupling reaction,’! in the presence of
copper(I) bromide in toluene at 40°C for 24 hours, we
unexpectedly observed that the reaction of prop-2-yn-1-ol
(1a) and 3-pyrroline (2a) with ethyl glyoxalate as the
aldehyde afforded an unexpected product, which was later
identified as the 3-amino-2-pyrone (3aa) in 26 % yield upon
isolation [Eq. (5)].

.

(0} 0
— . )H(OEt . O CuBr (20 mol%) o N -
OH H H toluene, 4 AM.S. A
1a (0] 2a 40°C,24 h O
(1.1 equiv) (1.2 equiv) 3aa
26% yield

Inspired by this result and the potential of 3-amino-2-
pyrones in organic synthesis for their biological activity such
as selective cyclooxygenase-1 (COX-1) inhibitors we
started to explore the best reaction conditions for this three-
component formation of the 3-amino-2-pyrone 3bb using but-
3-yn-2-ol (1b), ethyl glyoxalate, and pyrrolidine (2b) as the
starting materials. The reaction at 40°C yielded 3bb in 61 %
yield (Table 1, entry 1). Other copper salts, such as CuCl,
Cu(Cl,, and CuBr, also worked well for this reaction with
similar yields (55-60% ), while Cul delivered a poor yield
(43 %; entries 3-6). Notably, Cu(OAc), and Cu(OTf), showed
low conversions (entries 7 and 8). Then various solvents were
tested and 1,4-dioxane was found to be the most efficient
(entry 9). Other solvents such as DME, THF, MTBE, CH,Cl,,
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Table 2: Reaction with various propargylic alcohols !

1) CuBr (20 mol%)
1,4-dioxane, 4 AM.S.

and CH;CN are also suitable for this reaction (entries 10-14).
Finally, we defined the reaction conditions used for entry 9 in

&

Table 1 as the standard reaction conditions for further studies O 40°C, 14 h
on this unique three-component reaction. < JKH/OEt * 2) silica gel O\
2b toluene, 50 °C, t O
Table 1: Optimization of the reaction conditions.? (1.2 equiv) (1.2 equiv) R
1) catalyst (20 mol% 3
)solveﬁt EtA M.S. ) Q . 2 - 3
40°C, 14 h ntry t
OH H)S(oa + O O AL Yield [9]*!
2) silica geI toluene O
n EE L, r m
. . e
(1.2 equiv) (1.2 equiv) 3bb 304 Me (1b) s 61 (3bb)
Entry Catalyst Solvent Yield [96]®) 4 n-CsHyy (1) 3.5 65 (3cb)
5 iBu (1d) 9 50 (3db)
1 CuBr toluene 61 6[d] C)’ (1 e) 2 63 (3eb)
21 CuBr toluene 57 71d) Bn (1f) 2 66 (3fb)
3 Cudl toluene 60 8 Ph (g 6 66 (3gb)
4 Cul toluene 43 9 2-naphthyl (1h) 5 78 (3hb)
5 Cucl, toluene 55 109 2-furyl (1) 6 63 (3ib)
6 CuBr, toluene 60 176 (E)-styryl (1)) 6 72 (3jb)
7 Cu(OAq), toluene 20 1214 (E)-hex-1-en-1-yl (1k) 5 68 (3kb)
8 Cu(OTf), toluene 10
9 CuBr 1 4-dioxane 70 [a] The reactions were carried on 1.0 mmol scale of 1in 3 mL of 1,4-
10 CuBr DME 66 dioxane with 4 A M.S. (300 mg) for step 1; silica gel (500 mg) and
1 CuBr THF 66 toluene (5 mL) were used for step 2. [b] Yield of isolated product. [c] The
12 CuBr MTBE 48 reaction was carried on 15 mmol scale of 1b in 40 mL of THF with 4 A
13 CuBr CH,Cl, 61 M.S. (1.5 g) and CuBr (10 mol %) for step 1; silica gel (8 g) and toluene
14 CuBr CH,CN 54 (30 mL) were used for step 2. [d] Silica gel (700 mg) was used for step 2.

[a] The reactions were carried on 1.0 mmol scale of 1b in 3 mL of solvent
with 4 AM.S. (300 mg) for step 1; silica gel (500 mg) and toluene (5 mL)
were used for step 2. [b] Determined by NMR spectroscopy. [c] The
reaction was carried at 50°C for step 1. DME =dimethyl ether,

MTBE = methy tert-butyl ether, Tf=trifluoromethanesulfonyl, THF =
tetrahydrofuran.

We first explored the scope with respect to the propargyl
alcohols reacting with ethyl glyoxalate and 2b (Table 2).
Besides the parent propargyl alcohol, a variety of different
alkyl- and aryl-subsituted propargyl alcohols are suitable for
affording the corresponding products 3ab-hb in moderate to
good yields (entries 1-9). The reaction of heteroaryl-group-
substituted propargyl alcohols, such as 1-(2-furyl)propargyl
alcohol, also proceeded smoothly (entry 10). Even alkenyl-
substituted propargyl alcohols gave the expected 3-amino-2-
pyrone derivatives 3jb and 3kb in decent yields (entries 11
and 12). Furthermore, the reaction of 1b with ethyl glyoxalate
and 2b was conducted on a gram scale, thus affording the
desired product 3bb in a yield similar to that obtained on
small scale (entry 3).

Subsequently, the scope of amine substrates in this
reaction was further investigated. The results are summarized
in Table 3. The reaction of 1b with 2a resulted in 3ba in 59 %
yield (entry 2). When pyrrolidines having a 2-substituent,
such as 2-methylpyrrolidine and 2-(methoxymethyl)pyrroli-
dine, were used, the reaction proceeded well (entries 3 and 4).
Piperidine and dibutylamine are also compatible with this
transformation, thus affording the expected products 3ae and
3af in moderate yields (entries 5 and 6).

When we used (§)-2-methylpyrrolidine (>99% ee) and
(5)-2-(methoxymethyl)pyrrolidine (> 99 % ee) as the starting
materials, the optically active 3-amino-2-pyrones (5)-3be
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Table 3: Reaction with various amines."

1) CuBr (20 mol%) R _R"
o 1,4-dioxane, 4 AM.S. N
_ . w  40°C,14h o
= + OEt + R\N’R x
H H 2) silica gel
1 (0] 2 toluene, 50 °C, t o7
(12 equiv) (1-2equiv) ';
Entry 1(R) 2 t[h] 3
Yield [96]®
1 1a (H) iNj 1.5 43 (3aa)
H 2a
2 1b (Me) £N> 2.5 9 (3ba)
H 2a
3 1b (Me) Q\ 3 5 (3bc)
H 2¢
OMe
4led) 1b (Me) Q\/ 3.5 3 (3bd)
H 2d
5ledl 1a (H) (Nj 6 44 (3ae)
H 2e
nBu\N nBu
gled 1a (H) H 3 4 (3af)
2f

[a] The reactions were carried on 1.0 mmol scale of 1 in 3 mL of 1,4-
dioxane with 4 A M.S. (300 mg) for step 1; silica gel (500 mg) and
toluene (5 mL) were used for step 2. [b] Yield of isolated product.

© 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[c] Silica gel (700 mg) was used for step 2. [d] The reactions were carried
at 80°C for the step 2.

(61%) and (S)-3bd (52 %), respectively, were also afforded
without obvious racemization, as determined by chiral-
column HPLC analysis [Egs. (6) and (7)].
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1) CuBr (20 mol%)
1,4- dloxane 4 A M.S

O

‘/ )kﬂ/OEt . 40 °C, 14 h ©
2) silica gel
toluene, 50 °C
(S) -2C 3h
(1.2 equiv) (1.2 equiv)

(S)-3bc
61%, >99% ee

1) CuBr (20 mol%)
1,4-dioxane, 4 AM.S.

o D\
40°C, 14 h N
_ ot @ _MCah
—(OH * HJ\H/ * H S 2) silica gel O OMe (7)
1b o € toluene, 80 °C
(Sy2d one o~
(1.2 equiv) (1.2 equiv)

(S)-3bd
52%, >99% ee

As a comparison, simple alkyl- and aryl-substituted
terminal alkynes as well as but-3-yn-1-ol failed to afford
even the corresponding propargylic amines.”! Instead, the
reaction resulted in an unidentified mixture. When the
hydroxy group was protected as the methyl ether (with 3-
methoxyprop-1-yne), no expected product or the correspond-
ing propargylic amine was obtained (for details see
Scheme S1 in the Supporting Information). Thus, the alcohol
unit on the propargylic position is helping even in the first
step.

To provide further insight into the reaction mechanism,
we monitored the reaction carefully. Although attempts to
isolate the propargylic amine 4a failed, we did isolate an
intermediate, which was identified as the five-membered
furan derivative 5a in 55% yield and 1.38:1 d.r. [Eq. (8)],
before the silica gel treatment. Upon treatment with silica gel
in toluene at 50°C for 1 hour the final six-membered product
3bb was afforded.

O @% e

J— N
f< + OEt CuBr (20 mo%) o
OH H [
1b o THF, 4 AM.S,, A
RT, 16 h OEt
OH
4a

C,\\j?@\ Silica gel _ @

3bb  94% yield

EtO,C &) toluene, 50 °C
Ba 1h
55% yield
1.38:1d.r.

Based on the above results, we proposed a plausible
mechanism for the formation of 3-amino-2-pyrones as
depicted in Scheme 1. Firstly, copper-catalyzed A*-coupling
of 1b, ethyl glyoxalate, and 2b afforded the propargylamine
intermediate A! which may isomerize to give the allenol
intermediate B under the mediation of pyrrolidine as a base.”
Then copper-catalyzed intramolecular cyclization of B led to
the furan derivative C,/" which gave the ring-opening product

www.angewandte.org
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D after the cleavage of the cyclic C—O bond because of the
presence of the amine functionality. Finally, 3bb is formed by
intramolecular transesterification/C=C isomerization
sequence.

. o G
L/> CuBr . H = alkyne—allene
o A3 coupling N isomerization

cyloisomerization l CuBr

K -

N
|somer|zat|on [e] estenflcanon
-EtOH

| nng opening N";@\
Eto,c” O
[
Scheme 1. The proposed mechanism.

Based on this, we further reasoned that the reaction with
aldehydes containing an electron-withdrawing group may
afford the furan derivatives of type C, which are common
structural building blocks in many bioactive natural and
unnatural products.” Thus, we first examined the reaction of
phenylglyoxal (with the benzoyl group replacing the ester
group in glyoxylate) with 1b and piperidine (2e) under the
present catalytic system. Indeed, the five-membered furan
derivative Sb was obtained in 70% vyield and 1.56:1 d.r.
(Table 4, entry 1). Using phenylglyoxal, we carried out the
reaction with different tertiary propargylic alcohols and
secondary amines. In all cases, the reactions proceeded
smoothly yielding the corresponding 2,5-dihydrofuran deriv-
atives 5c—i in good yields (entries 2-8). In addition, the
reaction may also be extended to different aldehydes: pyruvic
aldehyde was found to be equally efficient (entry9), and
a heterocyclic aldehyde such as 2-pyridylaldehyde also gave
the desired product 5k in 51 % yield (entry 10). Even 51 was
obtained from p-nitrobenzaldehyde in a moderate yield when
the reaction was conducted at 80 °C, most probably because of
the strong electron-withdrawing effect of the nitro group
(entry 11). These results further support the mechanism
presented in Scheme 1.

In conclusion, we have developed a novel copper-cata-
lyzed three-component tandem process for the synthesis of 3-
amino-2-pyrones and 2,5-dihydrofurans from easily available
propargyl alcohols, amines, and aldehydes. The mild reaction
conditions and simple operation of this domino reaction
reported here and the potential of the products make it of
high interest to scientific community. Further investigation of
the scope and synthetic application of this copper-catalyzed
cascade reaction are still being pursued in our laboratory.

Experimental Section

CuBr (98% purity, 215.3 mg, 1.5 mmol), 4 A M.S. (1.5000 g), 1b
(1.0512 g, 15 mmol)/THF (15mL), 2b (1.2801 g, 18 mmol)/THF
(15 mL), and ethyl glyoxalate (50 % in toluene, 3.6801 g, 18 mmol)/
THF (10 mL) were sequentially added to a 50 mL flame-dried
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Table 4: The reactions with other electron-poor aldehydes.!

R' : " 3 =\ R
— CuBr (20 mol%) R R
= (R . RicHo + TR LR L
OH H o tadowne 4AMS. R\N>Q<R2
1 40°C, t R
(1.2 equiv) (1.2 equiv) 5
Entry 1 R} 2 t[h] 5
(R', R?) Yield
[%]"
. 0
[]
1 (H, Me) Bz N 16.5 70 (5b)
24 ! Bz O 14 75 (5)
(Me, Me) N
3 m Bz O 14 69 (5d)
(Et, Et) N
49 " Bz O 14 68 (5e)
F(CH.)s] N e
56 To Bz O 14 69 (5f)
[-(CH,)4] N e
Bu., .nB
€ .(II\I/Ie ve B W s s (5g)
’ 2f
74 ! Bz mH 145 74 (5h)
(Me, Me) 29
11 aIIyI\N,aIIyI
[c]
8 (Me, Me) 7 H o, 145 78 (50)
) ® |
9 (Me, Me) A€ N 165 66 (5))
0 1 2.pyridyl O 165 51 (5k
(Me, Me) <P N : (5k)
nea 1! 4-NO,C(H, O 19 50 (51)
(Me, Me) N,

[a] The reactions were carried on 1.0 mmol scale of 1 in 3 mL of 1,4-
dioxane with 4 A M.S. (300 mg). [b] Yield of isolated product. [c] Phe-
nylglyoxal monohydrate was used. [d] The reaction was carried at 80°C.
[e] The ratio of 1/aldehyde/2 was 1.5:1:1.5. Bz=benzoyl.

Schlenk tube under an Ar atmosphere. The reaction mixture was then
stirred at 40 °C until completion of the reaction as monitored by TLC
(14 h). The crude reaction mixture was filtered through a short pad of
silica gel using ether (40 mL). After evaporation, the residue was
dissolved in toluene (30 mL) and treated with silica gel (8 g) at 50°C
until completion of the reaction as monitored by TLC (5h). The
crude reaction mixture was filtrated through a short pad of silica gel
using diethyl ether (140 mL). After evaporation, the residue was
purified by chromatography on silica gel to afford 3bb (1.6324 g,
61 %; eluent petroleum ether/ethyl acetate =20:1 to 10:1) as a solid:
m.p. 70-71°C (ethyl acetate); 'H NMR (300 MHz, CDCL,): 6 =5.94
(d,/=7.2Hz,1H, C=CH), 5.83 (d,/=7.2 Hz, 1 H, C=CH), 3.44-3.30
(m, 4H, 2xNCH,), 2.15 (s, 3H, CHj;), 1.98-1.85 ppm (m, 4H, 2x
CH,); ®CNMR (75 MHz, CDClL): 6=160.6, 149.6, 133.7, 112.5,
103.9, 49.5, 24.9, 18.7 ppm; MS (ESI) m/z =180 [M+H"]; IR (neat):
¥ =2970, 2939, 2916, 2893, 2824, 1703, 1638, 1559, 1487, 1473, 1458,
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1396, 1382, 1369, 1346, 1320, 1248, 1213, 1183, 1160, 1110, 1087, 1051,
1039, 1015 cm™; elemental analysis caled (% ) for C,,H,;;NO,: C 67.02,
H 7.31, N 7.82; found: C 67.15, H 7.19, N 7.93.
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