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Abstract A novel copper-catalyzed highly selective oxidative cou-
pling-annulation of 2-alkylazaarenes with terminal alkenes was
achieved. This process provides a simple, efficient, and atom-economic
way to construct indolizines in good yields.
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Indolizines are among the most important constituents
in a wide range of natural products, pharmaceuticals, and
materials.! Functionalized indolizines have shown many
important biological activities including antibacterial,? an-
tiviral,? anti-HIV,* anti-inflammatory,” 5-HT3 receptor an-
tagonist,® muscular relaxant,” phosphatase inhibitive,® and
antioxidizing.? In this regard, there are many reports for
the synthesis of indolizines, such as Scholtz reaction,!®
Tschitschibabin reaction,!! starting from N-substituted pyr-
role ring,'> Knoevenagel condensation-intramolecular al-
dol-type cyclization protocol,’®> multicomponent coupling
reactions (MCR),'# cycloaddition reactions of pyridines with
alkenyldiazoacetates,’> and C-H functionalization reac-
tion.'® However, some of these methods require tedious
workup, harsh reaction conditions, or long reaction times.
Others involve multistep synthetic operations or result in
low yields. On the other hand, although numerous alterna-
tive successful examples have been reported in the litera-
ture for the preparation of indolizines, less attention has
been paid to investigate cycloaddition reactions of 2-al-
kylazaarenes with alkenes. Lei et al. reported in 2015 that a
direct oxidative coupling-annulation of 2-pyridinyl-B-es-
ters with alkenes provides a way for the synthesis of indol-
izines in 25-59% yields; nevertheless, the reaction need
three equivalents of TBHP and one equivalent of NaOAc

air X
7 . |
| Cu(OAc), (20 mol%), 80 °C NN\ R
NS R
N DMSO, 12 h —
Ar
18 examples

isolated yields: 75-90%

(Scheme 1, a).!” For these reasons, a straightforward, conve-
nient, and highly regioselective route to synthesize indol-
izines from simple olefins has emerged as an attractive and
challenging goal.

Recently, the use of copper-catalyzed reactions has
emerged as a versatile tool for developing syntheses due to
their numerous advantages, namely their relatively high ef-
ficiency, low cost, water compatibility, mild reaction condi-
tions, operational simplicity, and eco-friendly catalytic re-
actions.'® Herein, we describe a novel copper-catalyzed
highly selective oxidative coupling-annulation of 2-al-
kylazaarenes with terminal alkenes for the formation of in-
dolizines under mild conditions (Scheme 1, b).

To identify the suitable conditions for the process, great
number of solvents and metal salts were initially screened
using styrene (1a, 0.5 mmol) with ethyl 2-(pyridine-2-yl)
acetate (2a, 0.5 mmol) as a model system (Table 1). Initially,
the reaction of 1a and 2a failed to afford the desired prod-
uct in the presence of CuSO,-5H,0 in DMSO at 80 °C for 12
hours (Table 1, entry 1). But the reaction successfully gave
3aa? in 80% yield when CuSO,5H,0 was replaced by
Cu(OAc), (Table 1, entry 2). According to our efforts, CuCl,
and CuCl could also provide the indolizine product, albeit in
a low yield (Table 1, entries 3 and 5), but other Cu(lI) salts
such as Cu(OTf), were totally ineffective (Table 1, entry 4).
Furthermore, with the AuBr; as the catalysts, the target
product 3aa was also not increased at all (Table 1, entry 6).
In addition, in the presence of other catalysts such as FeCl,,
BiCl;, or AgOAc, the process was totally ineffective (Table 1,
entries 7-9). Further study suggested that solvents had a
strong effect on this process. The reactions were merely in
lower yields or totally restrained when they were per-
formed in other solvents (Table 1, entries 10-16). It is noted
that no desired product could be obtained when the reac-
tion was conducted under argon atmosphere (Table 1, entry
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73-90% yields

Scheme 1 Comparison of Lei’s and our work.

17). Hence, the combination of 20 mol% Cu(OAc), in DMSO
at 80 °C for 12 hours was found to be the best reaction con-
ditions for this copper-catalyzed crossing-coupling-cycliza-

Table 1 Optimization of Reaction Conditions®

tion-oxidation process. = 0 catalyst

With the optimized reaction conditions in hand, various P+ ~ |
terminal alkenes 1 were allowed to react with different 2- N OBt g0°C, solvent
alkylazaarenes 2 to access the corresponding indolizine 1a 2a
products 3 (Scheme 2). The reaction was readily extended
to a variety of aryl-substituted terminal alkenes. Promoted Entry Catalyst Solvent Yield (%)°
by Cu(OAc),, almost all the aryl—substitutet;l . termine}l : CUSOL5H,0 DMSO 0
alkenes are effective under the standard conditions. It is
noteworthy that steric effects had little influence on this 2 Cu(OAC), DMSO 80
sequential reaction. Regardless of the substitution pattern 3 Cul DMSO 20
of the aryl ring (ortho or para) of the aryl olefins used in the 4 Cu(OTf), DMSO 0
reaction, it gave the corresponding indolizine products in a 5 cucl DMSO 10
same yield (Scheme 2, 3ba and 3ca). The terminal aryl 6 AuBr, DMSO 2
alkene 1d possessing an electron-donating group at the aryl ; el DMSO o
ring (Ar = 4-MeOCgH,) reacted without a hitch and afforded }
the desired product 3da[20] in 90% yield. Substrates 1e and 8 BiCl; DMSO 0
1f possessing an electron-withdrawing group (Ar = 4-FCgH,, 9 AgOAC DMSO 0
4-BrCgH,) at the benzene ring also reacted smoothly and af- 10 Cu(OAc), 1,4-dioxane 30
forded the desired products 3ea and 3fa[20] in 75% and 78% 1 Cu(0AQ), ACOH 10
yields, respectively. Obviously, electron-rich terminal 1 Cu(0AQ), DCE 10
alkenes provided the desired products in higher yields than
electron-poor terminal alkenes did. Unfortunately, the reac- 3 Cu(CAQ), Phcl 0
tion of styrenes with strong electron-deficient substituents, 14 Cu(OAc), PhMe 0
such as CF; and COOMe, failed to afford the desired prod- 15 Cu(OAc), THF 0
ucts. Additionally, terminal alkene containing a naphtha- 16 Cu(OAc), DMF 0
lene moiety could also be employed to yield the indolizine 17¢ Cu(OAQ), DMSO 0
scaffold without any dlf,flcumes, (Scheme 2, entry 3ga). 2 Reaction conditions: styrene (1a, 0.5 mmol), ethyl 2-(pyridine-2-yl)ace-
What's more, heterocyclic substituted alkene devoted to tate (2a, 0.5 mmol), catalyst (20 mol% to 2a), solvent (2.0 mL), 80°C, 12 h.
promote the synthesis of indolizine ring (Scheme 2, entry > Isolated yield of pure product based on 2a.

. . . ¢ The reaction was conducted under argon atmosphere.
3ha). However, the reactions of aliphatic alkenes (e.g., pent- g P

1-ene) and internal alkenes (e.g. trans-stilbene) failed to af-
ford the desired products.
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Scheme 2 Synthesis of indolizines catalyzed by Cu(OAc),. Reagents and conditions: terminal alkenes 1 (0.5 mmol), 2-alkylazaarenes 2 (0.5 mmol),
Cu(OAc), (20 mol% to 2), solvent (4.0 mL), 80 °C, 12 h. Isolated yield of pure product based on 2 is given.

Various different 2-alkylazaarenes 2 were also found to
be suitable reaction partners with terminal alkenes 1 in this
reaction. The B-pyridine group of 2 could be ranged from
ethyl to methyl or butyl esters, all of which reacted with
terminal alkenes 1 to afford the corresponding indolizine
products in good yields (Scheme 2, entries 3ab-dc). Even 2-

alkylazaarene bearing cyano groups were well tolerated in
this transformation and offered the target products in good
yields (Scheme 2, entries 3dd and 3gd).

When 1i was used under the optimized conditions the
reaction failed to produce the expected indolizine 3ia but
gave benzophenone (4) instead (Scheme 3).
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Scheme 3 Copper-catalyzed oxidative coupling—annulation of 1i and 2a
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Scheme 4 Possible reaction mechanism

It was observed that the addition of a radical scavenger
(2,2,6,6-tetramethylpiperidin-1-yl)oxidanyl (TEMPO) sup-
pressed the reaction completely. The results indicated that
the radical mechanism was most likely in this reaction. On
the basis of other previous works,!® a proposed mechanism
is illustrated in Scheme 4. The reaction generate a radical
intermediate through loss of proton oxidized by copper(Il),
and subsequent single-electron insertion into styrene leads
to C-C propagation, which is further oxidized by copper(II)
to a carbocation, followed by subsequent intramolecular
condensation of this B-pyridine intermediate and then oxi-
dized by air to afford the final indolizine product.

In summary, we have developed an efficient approach
to indolizine via a copper-catalyzed cross-coupling-cycliza-
tion-oxidation reaction of terminal alkenes and 2-al-
kylazaarenes under aerobic conditions in one step. Due to
the easy availability of the starting materials and potential
utilities of products, this method might be useful in organic
synthesis and medicinal chemistry. From the synthetic
point of view, this protocol represents an extremely simple,
efficient, and atom-economic way to construct substituted
indolizine in good yields with high selectivity, thus comple-
menting the method for the rapid formation of multifunc-
tional heterocycles.
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(20) Typical Experimental Procedure
The reaction mixture of terminal alkenes 1 (0.5 mmol), 2-
alkylazaarenes 2 (0.5mmol), Cu(OAc), (20 mol%), and DMSO (2
mL) in a 10 mL round-bottom flask was stirred at 80 °C for 12 h.
Upon completion, the reaction mixture was diluted with H,0
(30 mL) and extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine, dried over anhydrous
Na,S0,, and filtered. The solvent was removed under vacuum.
The residue was purified by flash column chromatography to
afford indolizines 3.

Ethyl 3-Phenylindolizine-1-carboxylate (3aa)

Yellow solid (106 mg, 0.4 mmol, 80%); mp 61-62 °C. 'H NMR
(500 MHz, CDCl;): 6 = 8.18-8.23 (m, 2 H), 7.40-7.48 (m, 4 H),
7.34 (m, 1 H), 7.31-7.23 (s, 1 H), 6.98-7.01 (m, 1 H), 6.61-6.64
(m, 1H),4.31(q,J=7.1Hz, 2 H), 1.35 (t,J = 7.1 Hz, 3 H). 3.C NMR
(125 MHz, CDCl;): 6 = 165.1, 136.4, 131.3, 129.1, 128.6, 128.0,
126.4, 123.4, 122.3, 120.2, 116.1, 112.6, 104.2, 59.6, 14.7. ESI-
HRMS: m/z calcd for C;;H;5sNO,: 265.11028; found: 265.10894.
Ethyl 3-(4-Bromophenyl)indolizine-1-carboxylate (3fa)
Yellow solid (134 mg, 0.39 mmol, 78%); mp 88-89 °C. 'TH NMR
(500 MHz, CDCl,): & = 8.20-8.15 (m, 2 H), 7.55 (d, ] = 8.4 Hz, 2
H),7.34(d,J =8.4 Hz, 2 H), 7.22 (s, 1 H), 7.02-7.00 (m, 1 H), 6.65
(t,J=6.8Hz,1H),4.31(q,J=7.1 Hz, 2 H), 1.34 (t, ] = 7.1 Hz, 3 H).
BBCNMR (125 MHz, CDCl;): § = 164.9, 136.5, 132.3, 130.1, 130.0,
125.1,123.1,122.4,121.9, 120.3, 116.4, 112.9, 104.5, 59.7, 14.7.
ESI-HRMS: m/z caled for C;;H;,BrNO,: 343.02079 and
345.01874; found: 343.01908 and 345.01690.

Ethyl 3-(4-Methoxyphenyl)indolizine-1-carboxylate (3da)
Yellow solid (133 mg, 0.45 mmol, 90%); mp 112-113 °C. 'H
NMR (500 MHz, CDCl;): & = 8.18-8.15 (m, 1 H), 8.13-8.11 (m, 1
H), 7.38-7.35(m, 2 H), 7.16 (s, 1 H), 6.98-6.93 (m, 3 H), 6.60 (dt,
J=6.8,1.2Hz, 1H),430(q,J = 7.1 Hz, 2 H), 3.79 (s, 3 H), 1.34 (t,
J = 7.1 Hz, 3 H). 3C NMR (125 MHz, CDCl;): & = 165.1, 159.4,
136.0, 130.1, 126.2, 123.6, 123.3, 122.0, 120.1, 115.6, 114.5,
112.4, 103.9, 59.5, 55.4, 14.7. ESI-HRMS: my/z calcd for C;gH,;-
NOs: 295.12084; found: 295.11933.
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