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A novel way of synthesizing quinoxalines efficiently through cyclization of o-phenylenediamine and terminal alkyne by Cu(ll) and bases is
developed. This reaction proceeds smoothly to give the products in moderate to good yields.

Quinoxalines play an important role in the area of
nitrogen-containing heterocycles as they are useful inter-
mediates of other organic cyclic compounds' and are
useful dyes.? In addition, their derivatives possess signifi-
cant biological activities including antiviral, antibacterial,
and anti-inflammatory.® The quinoxalines are also well-
known in the pharmacological industry.* During the last
decades, many methods have been developed for the
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preparation of quinoxalines.” Most of them utilized o-
phenylenediamine and alkyne, which is oxidized to dike-
tone (Scheme 1).° Numerous oxidants and catalytic sys-
tems for this process have been reported: DMSO/PdX,,’
PdCl, CuCl,/PEG,* KMnO4/NaHCO;,” SO;/dioxane, '
I,/DMSO,'"" 0,/Cu,'? and Ga(OTf);."* Although they
are efficient methods for quinoxalines, most of them make
use of elevated temperature, prolonged reaction time, toxic
oxidants, and functionalized substrates. Here we devel-
oped a novel method to synthesize quinoxalines with o-
phenylenediamine and phenylacetylene catalyzed by Cu-
(OAc),-H>O0 in the presence of bases.
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Treatment of a toluene solution of o-phenylenediamine
1a (0.25 mmol) with phenylacetylene 2a (1 mmol) in the
presence of Cu(OAc),-H»O (10 mol %, based on the molar
amount of 1a), Cs,COs5 (0.75 mmol), and 4-dimethylami-
nopyridine (DMAP, 0.75 mmol) at 70 °C for 8 h gave the
corresponding quinoxaline 3a in a yield of 86%. Three

Table 1. Screening of Reaction Conditions for Synthesis of
Quinoxalines with 1a and 2a“

= NH; [y, base
o - @
NH,

1a 2a
entry catalyst base yield? (%)
1 Cu(OAc)Q- H20 CSQCOg 42
2 Cll(OAc)z'Hzo DMAP + CSzCO3 86
3 Cu(OAC)Q'Hzo Eth + CSQCO,?, 64
4 Cu(OAc)s-H0 TMDEA + CseCO3 55
5 Cu(OAc)s-Hs0 pyridine + Cs,CO3 59
6 Cu(OAc)2-H0 DMAP 0
7 CH(OAC)Q' HZO DMAP -+ Na2003 52
8 Cu(OAc)2-H,0O DMAP + KOH 46
9 CH(OAC)Q‘Hzo DMAP + K3PO4 35
10 Cu(OAc)s-H0 DMAP + CsoCO3 79¢
11 Cu(OAc)y-Hy0¢ DMAP + Cs,CO; 86°
12 CuClg DMAP -+ CS2003 43
13 Cu(PPhs);Br DMAP + Cs5CO5 347

“All of the reactions were carried out in tubes using 0.25 mmol of 1a,
1 mmol of 2a, 10 mol % of catalyst, and 3 equiv of each base in the
solvent at 70 °C for 8 h. ?Isolated yields. ¢ For 24 h. 920 mol % catalyst.
“The reaction was carried out at 100 °C.” Protected by N

equivalents of DMAP was employed in this reaction to
get the best yield. Pyridine, Et;N, and tetramethylethyle-
nediamine (TMEDA) were tested (Table 1, entries 1-5),
but the yields did not increase evidently. However, this
reaction did not work in the absence of inorganic base.
Among various inorganic bases tested, Na,CO;, KOH,
and K5PO, were all effective, albeit affording the products
with diminished yields, and Cs,COs turned out to be the
best one (Table 1, entries 6—9). The screening experiments
also showed that increasing the amount of Cu(OAc),-H,O
did not enhance the yield and even prolonged the reaction
time to 24 h (Table 1, entry 10). The effects of different
copper sources were also examined, and Cu(OAc),-H,O
showed the highest activity (Table 1, entries 11—13). Other
catalysts such as FeCl; and AICl; were found to be
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Table 2. Reactions of o-Phenylenediamine 1a with Various
Terminal Alkynes®
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“ All of the reactions were carried out in sealed tubes using 0.25 mmol
of 1, 1 mmol of 2, 10 mol % of Cu(OAc),-H,O, and 3 equiv of each base
in toluene at 70 °C for 8 h. ” Isolated yields.

essentially ineffective in this reaction. When the reaction
was conducted at a lower temperature, it proceeded
smoothly with a lower yield, and a higher reaction tem-
perature did not increase the yield (Table 1, entry 11).
Further inspection of the reaction conditions reveals that
the reaction proceeded efficiently in solvents such as
CH;CN, THF, benzene, 1,4-dioxane, and ethyl alcohol,
whereas they were less efficient compared with toluene.
To investigate the scope of the reaction, a variety of
different substituted o- phenylenediamines and phenylace-
tylenes were subjected to the standard reaction conditions.
The corresponding quinoxalines were obtained in moder-
ate to good yields as shown in Table 2. First, a variety of
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Table 3. Reactions of Substituted o-Phenylenediamine with
Terminal Alkynes®
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“All of the reactions were carried out in sealed tubes using:
0.25 mmol of 1, I mmol of 2, 10 mol % of Cu(OAc),-H,0, and 3 equiv
of each base in toluene at 70 °C for 8 h. * Isolated yields.

aromatic alkynes were efficient, although those ones bear-
ing electron-rich groups generated the products with mod-
erate yields (Table 2, entries 1—7). This reaction was not
limited to aromatic alkynes; aliphatic alkynes were also
tested, and it turned out that they could react with 1a to
give quinoxalines smoothly (Table 2, entries 8 and 9).

Next, the reaction scope of o-phenylenediamine was
studied (Table 3). Those compounds bearing an electron-
donating group formed the products in good yields. The
chloro and bromo moieties on o-phenylenediamine were
all well tolerated under these reaction conditions but
afforded the target products with lower yields (Table 3,
entries 1—5). Notably, regioselectivities were observed in
this transformation. Substrates substituted by CH;, Cl, or
Br groups gave a mixture of regioisomers. The combined
yields ranged from 30 to 89%, and the ratio of isomers varies
from 2.0:1 to 1.2:1. Confirmed by 'H NMR, '*C NMR,
HMBC, and HRMS, reaction involving 4-methylbenzene-
1,2-diamine can be highly regioselective with 3ba as product.
Thus, we assume the favorable isomer would be 3.

All products displayed spectroscopic data in agreement
with the expected quinoxaline, and the structure was
further confirmed by X-ray data (Figure 1).
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3ab

Figure 1. X-ray structure of 3ab.

We also explored the mechanism of the reaction. When
the product of homocoupling of 2a was used as a substrate,
3a was not observed. Unactivated alkyne such as diphe-
nylacetypene did not react either. On the basis of the
experiments mentioned above, a plausible mechanism
was proposed as shown in Scheme 2. The proposed
initiated complex A would lose H™ and Cu*" to give B,
which was attacked by a second equivalent of alkyne to
form C after losing another H™ and Cu®", and a precursor
of quinoxaline D was obtained. Next, D could be easily
aromatized to the target compound quinoxaline 3aa by
air.'* We will focus on the systematic investigation in
future studies.

Scheme 2. Proposed Mechanism
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In conclusion, we have developed a copper-catalyzed
method for synthesis of quinoxaline by using o-phenyle-
nediamine and terminal alkyne. This method uses simple
available substrates and can proceed successfully with a
one-step synthetic procedure, and the reaction conditions
were relatively mild.
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