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Abstract: An efficient potassium hydroxide-catalyzed
alkynylation of heteroaromatic N-oxides under transition-
metal-free conditions with the assistance of visible-light
has been developed. Various C2-alkynylheterocycles were
obtained in up to 92% vyield with good functional group
tolerance. This new method is operational simple, highly
efficient, atom economic, and environmental friendly.

Keywords: quinoline N-oxides, alkynylation, visible-light,
transition-metal-free, potassium hydroxide-catalyzed.

Alkynylated arenes have been proven to be
ubiquitous structural motifs in organic synthesis,
pharmaceuticals ~ and organic materials.!!!
Consequently the development of efficient methods
to construct this privileged motif is of particular
interest. The conventional procedures involve Pd/Cu-
cocatalyzed Sonogashira coupling reaction of aryl
halides or its analogs with terminal alkynes.[? Direct
alkynylation of (hetero)aromatic compounds has also
been developed with various alkynylating reagents,
such as alkynyl halides/analogs, h}/pervalent iodine
reagents,[  arylsulfonylacetylene,® and Grignard
reagents.[) From the viewpoint of atom- and step-
economy, the direct dehydrogenative cross-coupling
reaction of (hetero)arenes with terminal alkynes has
appeared as a straightforward and efficient strategy.
Following the pioneer work of Nevado and co-
workers on the gold-catalyzed ethynylation of
electron-rich  arenes using electron-deficient
alkynes,[! Su and co-workers reported a Cu-catalyzed
direct alkynylation of electron-deficient
polyfluoroarenes using terminal alkynes.l The
heteroarenes with highly acidic (low pKa) C-H bonds,
such as indoles and azoles, were also easily subject to
dehydrogenative coupling with terminal alkynes.®!
The groups of Li,[® Bobade,®™ Chang,®! Miura,®®
%I and Murai®" %! had made outstanding
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Figure 1. Examples illustrating the importance of 2-
alkynylquinolines.

contributions in this regard. Recently, Yul*® and
Shi™ groups demonstrated Cu(ll)-mediated and
Ni(I1)-catalyzed alkynylation of unactivated C(sp?)-H
with terminal alkynes using amide-oxazoline and PIP
(2-pyridinyl isopropyl) as directing groups. Another
representative example was developed by Su and co-
workers™ involving Pd-catalyzed direct alkynylation
of thiophenes and furans using terminal alkynes.
However, there are still some drawbacks with these
procedures, including the undesired homocoupling of
alkynes, requirement of transition metal catalysts and
stoichiometric oxidants.

Owing to the wide application of 2-
alkynylquinolines in advanced functional materials
and pharmaceuticals,*® as exemplified in Figure 1, a
general method for direct dehydrogenative cross-
coupling of quinolines with terminal alkynes under
green and efficient conditions is highly desirable. In
our continued efforts for the development of direct C-
H functionalization of quinoline N-oxides,!** we have
successfully realized the base-promoted
heteroarylation of quinoline N-oxides,94 in which
N-oxide served as a directing group resulting in easy
cleavage of the ortho C-H bonds of heteroaryls. We
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Table 1. Optimization of the coupling of quinoline N-
oxide 1a with phenylacetylene 2al?

Cl) base = Ph
Ny + Ph—= No”

@ solvent _

1a 2a 3aa
Entry  Bases(equiv) Solvents Yield [%]™
1 KOH(1.0) toluene 66
2 NaOH(1.0) toluene 17
3 K2CO3(1.0) toluene NDIM
4 Cs,C05(1.0) toluene NDIM
5 ‘BuOLi(1.0) toluene NDIM
6 'BuONa(1.0) toluene 52
7 'BUOK(1.0) toluene Trace
8 KOH(1.0) xylene 41
9 KOH(1.0) DCE Trace
10 KOH(1.0) CH:CN Trace
11 KOH(1.0) THF Trace
12 KOH(1.0) 1,4-dioxane  ND!I
13 KOH(1.0) DMF Trace
14 KOH(1.0) DMSO Trace
15 KOH(0.5) toluene 61
16 KOH(0.3) toluene 60
17 KOH(0.2) toluene 45
18 KOH(0.3) toluene 66
190 KOH(0.3) toluene 74
208l KOH(0.3) toluene 85
211 KOH(0.3) toluene 85
220l KOH(0.3) toluene 59
23MM KOH(0.3) toluene 58
2411 KOH(0.3) toluene 68
2501 KOH(0.3) toluene 85
26 KOH(0.3) toluene 85

[l Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol),
solvent (2.0 mL), dark, reflux, 12 h. ! |solated yields. [
15 W energy saving lamp. [ 26 W energy saving lamp.
[e] 40 W energy saving lamp. [ two 40 W energy saving
lamps. [ 3 W green LED. M 3 W purple LED. 1 3 W
blue LED. 19 W blue LED. I 12 W blue LED. MW ND =
not detected. DCE = 1,2-dichloroethane, CHsCN =
acetonitrile, THF = tetrahydrofuran, DMF = N,N-
dimethylformamide, DMSO = dimethylsulfoxide.

herein report a highly efficient and transition-metal-
free direct dehydrogenative cross-coupling reaction
of quinoline N-oxides and terminal alkynes.

With quinoline N-oxide (1a) and phenylacetylene
(2a) as model substrates, various reaction parameters
were investigated (Table 1). We were pleased to find
that the reaction worked smoothly to produce the
desired alkynylated product 3aa in 66% yield using
potassium hydroxide (KOH) as the base and toluene
as the solvent under reflux (entry 1, Table 1).
Although sodium hydroxide (NaOH), sodium tert-
butoxide (‘BuONa) and potassium tert-butoxide
(‘BUOK) could also promote the reaction, they gave
lower yields comparing to KOH (entries 2, 6 and 7 vs
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entry 1). Other bases, such as potassium carbonate
(K2COs), cesium carbonate (Cs;COs), and lithium
tert-butoxide (‘BuOL.i), did not lead to the formation
of 3aa (entries 3-5). We then examined both nonpolar
and polar solvents. Toluene gave the highest yield,
while only trace amount of 3aa was observed in DCE,
CHs:CN, THF, DMF, and DMSO (entries 9-11, 13,
14). The reaction did not proceed in 1,4-dioxane
(entry 12). It is worth noting that the slightly lower
yield was obtained when the loadings of KOH were
reduced to 0.5 or 0.3 equiv (entries 15-16 vs entry 1).
Interestingly, we found that the light could promote
the reaction. The desired product 3aa was isolated in
85% yield under irradiation of a 40 W energy saving
lamp (entry 20). Further screening of light source
demonstrated that blue LED could also promote this
alkynylation (entries 22-26). After surveying the
reaction parameters, the optimal reaction conditions
were determined as follows: KOH (0.3 equiv),
toluene 2.0 mL, 40 W energy saving lamp, refluxing
for 12 h.

With the optimal conditions in hand, we turned our
attention to explore the scope of the substrates. The
results are shown in Table 2 and Table 3. A series of
representative alkynes were tested with quinoline N-
oxide la in Table 2. It was found that both electron-
rich and electron-deficient aryl substituted alkynes
were tolerated and afforded the corresponding
products in good yields. Generally, arylacetylenes
with electron-donating groups on their phenyl rings
gave higher yields than that with electron
withdrawing groups (3ab, 3ag, and 3ak vs 3af).
Meta-substituted phenylac etylenes also worked well
and gave the desired products 3ag-3aj in good to
excellent yields (68-82%). Steric hindrance on the

Table 2. KOH-catalyzed alkynylation of quinoline N-
oxides with terminal alkynes(@[l

RW KOH (0.3 equ N =

< > X
©/\J 40 W energy saving lamp =

toluene, reflux, 12 h

3ab, 82%0!

3aa, 85% 3ac, 63%"! 3ad, 68%0!

(/ J;/f .@/'

3ae, 81%) 3af, 50%°! 3ah, 77%!

Cl Br
g g e be
N F N F N F N F
S S N N
O > O = O > O -

3ak, 92% 3al, 70%

3ag, 82%L°!

3ai, 70%! 3aj, 68%°!

Cl
3
<
N F N F
N N
¢ b

3am, 83% 3an, 60%°!

el Reaction conditions:1a (0.2 mmol), 2 (0.4 mmol), KOH
(0.3 equiv), toluene (2.0 mL), reflux, 12 h, 40 W energy
saving lamp, 12 h. 1 KOH (0.5 equiv). [l Isolated yields.
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Table 3. KOH-catalyzed alkynylation of quinoline N-
oxides with terminal alkynes [#[°]

o
N KOH (0.8 equw

T
- CQ/
NG 40 W energy saving \amp

toluene, reflux, 12 h

N P
N
=
cl

3ca, 60% 3da, 29% 3ea, 49%

N P N // N_Z Z
> > N NS
>~ = = >~
OMe Cl Br

3fa, 75% 3ga, 66% 3ha, 55% 3ia, 76%

Ph Ph Ph
S > S
=
F Z cl Z Br Z

3ja, 66% 3ka, 64% 3la, 59%

Ph Ph Ph
NP ‘e o do éle/ Nj/
= pd w oul Ya .
= oud ¥ > \ N/ =—Ph @EN/
ety Lo

3na, 56%

3ma, 49%

30a, 83% 3pa, 52% 3qa, 40%

@ Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), KOH
(0.8 equiv), toluene (2.0 mL), reflux, 12 h, 40 W energy
saving lamp. ! Isolated yields.

aryl group of phenylacetylene had no significant
influence on this transformation, e.g. the coupling
reaction of o-methoxy-phenylacetylene (2k) with
quinoline N-oxide (1a) gave the desired product in an
excellent yield of 92%. In addition,
heteroarylacetylene, for example 2-ethynylthiophene
was also tested, affording the corresponding product
3an in 60% vyield. While, this catalytic system was
not applied to alkylacetylenes. When
cyclohexylacetylene and trimethylsilylacetylene were
used as the substrates, the corresponding products
were not obtained.

Encouraged by the results obtained with alkynes,
this catalytic system was applied to other N-oxides
under optimized reaction conditions. The desired
products was provided in lower yields. N-oxides
could be employed as suitable substrates using 0.8
equivalent of KOH, giving the corresponding
products 3ba-3ga in good vyields for most cases
(Table 3). When the pyridine ring of quinoline N-
oxide was substituted by methyl and halogen groups,
the products were isolated in 29-76% yields (3ba-
3ea). The reactions also provided the desired
products in moderate to good vyields when the
substituents were on the benzene ring of quinoline N-
oxides (3fa-30a). This method could also be applied
to alkynylation of isoquinoline N-oxide and
quinoxaline N-oxide, giving the products 3pa and
3qa in 52% and 40% yields. When pyridine N-oxide
was used as the substrate, the corresponding product
was not obtained. The molecular structure of 3na was
confirmed by single crystal X-ray diffraction
analysis,*® and is shown in Figure S1 in the
Supporting Information.

To gain insights into the mechanism of this
transformation, some control experiments were

10.1002/adsc.201700931

Ph

.
. Ph—=— KOH (0.3 equiv) X

(1)

g\ /%z

toluene, reflux, 12 h Z

40 W energy saving lamp

3aa, not detected

(0.2 mmol) 2a (0.4 mmol)

N .
0 Y
Z v ph— KOH (0.8 equiv) Z
(0.2 mmol) = 3aa, not detected 2)
) toluene, reflux, 12 h Ph
N 2a (0.4 mmol) 40 W energy saving lamp N //

g\g'
=
3
\ 7

MeO
1i (0.2 mmol)

: Cle CL;
i
Na KOH (0.3 equiv) NG Ny + N7 Ny
= ) ‘ = ‘ = @
toluene, reflux, 12 h =
(0.2 mmol) 40 W energy saving lamp 20% 25%
o) Ph
N KOH (0.3 equiv) N =z
N+ ph——== _——— (4)
= toluene, reflux, 12 h or 24 h 7
in dark

1a (0.2 mmol) 2a (0.4 mmol) 3aa, 60%
0o Ph
y KOH (0.3 equiv) N F

i N ®)
_— toluene, reflux, in dark, 12 h =

then 40 W energy saving lamp, 12 h

1a (0.2 mmol) 2a (0.4 mmol) 3aa, 83%

Scheme 1. Controlled experiments

carried out (Scheme 1). The desired product 3aa was
not obtained when the condensation of quinoline with
2a was processed under standard reaction conditions,
which indicated that N-oxide moiety was necessary
for this transformation (eq 1). A 1:1 mixture of 6-
methoxyquinoline N-oxide (1i) and quinoline had
been added to the reaction system under standard
reaction conditions, and compound 3ia was obtained
in 56% yield, while 3aa was not observed. This result
demonstrated that quinoline was not a reaction
intermediate (eq 2). Dimerization of 1a was found in
the absence of 2a (eq 3). However, no homo-coupling
product of either the terminal alkynes or the N-oxides
was observed in the model reaction, which suggested
that quinoline N-oxide could react as both
electrophile and nucleophile. To clarify the role of
light, two parallel reactions were conducted under the
standard conditions. In dark, 3aa was obtained in
60% vyield (eq 4), and quinoline N-oxide was not
detected. Furthermore, the yield of 3aa was not
improved after prolonging the reation time to 24 h.

@a/

Scheme 2. Proposed reaction mechanism.

Visible light
absorpt|on
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Another reaction proceed in dark for 12 h, and then
proceed in 40 W energy saving lamp, 3aa was
obtained in 83% yield (eq 5). These results indicated
that quinoline N-oxide could be first afforded as an
electrophilic reagent which was further converted
into the corresponding alkynylation quinoline via the
assistance of visible light, but the reason why light
promotes the reaction is still unknown in this case.

On the bases of the results obtained above and
previous literatures,*®! a tentative nucleophilic
addition-elimination process was proposed (Scheme
2). First, phenylacetylene 2a was deprotonated
byKOH to generate a phenylacetylene carbanion A,
which further attacked the ortho-position of quinoline
N-oxide 1la and gave intermediate B. Finally, product
3aa was produced through [1,3]-hydrogen migration
assisted by visible light, and the catalyst KOH re-
entered the next catalytic cycle.

In conclusion, we have developed a KOH-
catalyzed alkynylation of heteroaromatic N-oxides
under transition-metal-free conditions with the
assistance of visible-light. A series of ortho-
alkynylated heterocycles were synthesized in up to
92% vyield. This reaction features atom economy,
environmental friendliness, high efficiency, additive-
free, and good functional group tolerance. The
present protocol provides an important approach to
synthesize ortho-alkynylated heteroaromatic
compounds, which would be useful to build
multitudinous biologically active molecules and
functionalized materials.

Experimental Section
Typical Procedure

The mixture of quinoline N-oxides (29.0 mg, 0.2 mmol),
phenylacetylenes (44 uL, 0.4 mmol) and KOH (3.4 mg,
0.06 mmol, 30% mol) in anhydrous toluene (2.0 mL) was
stirred and refluxed conditions under 40 W energy saving
lamp for 12 hours. When the reaction was completed, the
crude mixture was cooled to room temperature. The
mixture was purified by column chromatograph%/ on silica
gel. (Elute: petroleum ether-EtOAC) to give the desired
product 3aa as a yellow oil; yield: 38.6 mg (85%).

Acknowledgements

We greatly acknowledge partial financial support from the
Ministry of Science and Technology of China (2016YFE0132600),
the Science and Technology Innovation Program of Universities
in Henan Province (16HASTITO07), and Zhengzhou University.

References

[1]a) F. Diederich, P. J. Stang, R. R. Tykwinski,
Acetylene Chemistry: Chemistry, Biology and Material
Science, Wiley-VCH, Weinheim, 2005; b) L. Anastasia,
E. Negishi, Chem. Rev., 2003, 103, 1979-2017; c) F.
Alonso, I. P. Beletskaya, M. Yus, Chem. Rev. 2004,
104, 3079-3159; d) S. Toyota, Chem. Rev. 2010, 110,
5398-5424; e) C. Liu, H. Zhang, W. Shi, A. W. Lei,
Chem. Rev. 2011, 111, 1780-1824. f) J. P. Brand, J.

10.1002/adsc.201700931

Waser, Chem. Soc. Rev. 2012, 41, 4165-4179; g) B.
Godoi, R. F. Schumacher, G. Zeni, Chem. Rev. 2011,
111, 2937-2980; h) R. Chinchilla, C. Najera, Chem.
Rev. 2014, 114, 1783-1826.

[2] a) K. Sonogashira, J. Organomet. Chem. 2002, 653, 46-
49; b) R. Chinchilla, C. Najera, Chem. Rev. 2007, 107,
874-922; ¢) H. Doucet, J. Cyrille Hierso, Angew. Chem.
Int. Ed. 2007, 46, 834-871.

[3] a) K. Kobayashi, M. Arisawa, M. Yamaguchi, J. Am.
Chem. Soc. 2002, 124, 8528-8529; b) I. V. Seregin, V.
Ryabova, V. Gevorgyan, J. Am. Chem. Soc. 2007, 129,
7742-7743; ¢) N. Matsuyama, K. Hirano, T. Satoh, M.
Miura, Org. Lett. 2009, 11, 4156-4159; d) F. Besselivre,
S. Piguel, Angew. Chem. Int. Ed. 2009, 48, 9553-9556;
e) Z. Shao, F. Peng, Angew. Chem., Int. Ed. 2010, 49,
9566-9568; f) M. Tobisu, Y. Ano, N. Chatani, Org. Lett.
2009, 11, 3250-3252. g) S. H. Kim, S. Chang, Org. Lett.
2010, 12, 1868-1871; h) A. S. Dudnik, V. Gevorgyan,
Angew. Chem., Int. Ed. 2010, 49, 2096-2098. i) Y. Ano,
M. Tobisu, N. Chatani, J. Am. Chem. Soc. 2011, 133,
12984-12986; j) J. P. Brand, J. Waser, Chem. Soc. Rev.
2012, 41, 4165-4179; k) J. He, M. Wasa, K. S. L. Chan,
J. Q. Yu, J. Am. Chem. Soc. 2013, 135, 3387-3390; I) Y.
H. Xu, Q. C. Zhang, T. He, F. F. Meng, T. P. Loh, Adv.
Synth. Catal. 2014, 356, 1539-1543.

[4] @) J. P. Brand, J. Charpentier, J. Waser, Angew. Chem.,
Int. Ed. 2009, 48, 9346-9349; b) T. Kawano, N.
Matsuyama, K. Hirano, T. Satoh,; M. Miura, J. Org.
Chem. 2010, 75, 1764-1766; c) J. P. Brand, J. Waser,
Angew. Chem. Int. Ed. 2010, 49, 7304-7307; d) Y. Ano,
M. Tobisu, N. Chatani, Org. Lett. 2012, 14, 354-357; )
J. P. Brand, J. Waser, Org. Lett. 2012, 14, 744-747; 1)
Y. Li, J. P. Brand, J. Waser, Angew. Chem. Int. Ed.
2013, 52, 6743-6747; g) G. L. Tolnai, S. Ganss, J. P.
Brand,; J. Waser, Org. Lett. 2013, 15, 112-115; h) C.
Feng, T. P. Loh, Angew. Chem. Int. Ed. 2014, 53, 2722-
2726; i) F. Xie,; Z. Qi, S. Yu, X. Li, J. Am. Chem. Soc.
2014, 136, 4780-4787; j) Y. J. Liu, Y. H. Liu, S. Y.
Yan, B. F. Shi, Chem. Commun. 2015, 51, 6388-6391.

[5] @) S. Protti, M. Fagnoni, A. Albini, Angew. Chem. Int.
Ed. 2005, 44, 5675-5678; b) P. L. DeRoy, S.
Surprenant, M. BertrandLaperle, C. Yoakim, Org. Lett.
2007, 9, 2741-2743; ¢) M. S. Maji, S. Murarka, A.
Studer, Org. Lett. 2010, 12, 3878-3881; d) T. Truong,
O. Daugulis, Org. Lett. 2011, 13, 4172-4175; ¢) J. L.
Garca Ruano, J. Alemn, L. Marzo, C. Alvarado, M.
Tortosa, S. Daz-Tendero, A. Fraile, Angew. Chem. Int.
Ed. 2012, 51, 2712-2716.

[6]a) B. M. Trost, A. H. Weiss, Adv. Synth. Catal. 2009,
351, 963-983; b) N. K. Anand, E. M. Carreira, J. Am.
Chem. Soc. 2001, 123, 9687-9688; c) D. E. Frantz, R.
Fassler, E. M. Carreira, J. Am. Chem. Soc. 2000, 122,
1806-1807; d) R. Takita, Y. Fukuta, R. Tsuji, T.
Ohshima, M. Shibasaki, Org. Lett. 2005, 7, 1363-1366;
e) X. Yao, C. J. Li, Org. Lett. 2005, 7, 4395-4398; f) D.
P. G. Emmerson, W. P. Hems, B. G. Davis, Org. Lett.
2006, 8, 207-210; g) P. K. Dhondi, P. Carberry, L. B.
Choi, J. D. Chisholm, J. Org. Chem. 2007, 72, 9590-
9596; h) P. G. Cozzi, Angew. Chem. Int. Ed. 2003, 42,
2895-2898; i) G. W. Zhang, W. Meng, H. Ma, J. Nie,

4

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis 10.1002/adsc.201700931

W. Q. Zhang, J. A. Ma, Angew. Chem. Int. Ed. 2011, J. Wu, Org. Lett. 2015, 17, 1445-1448; i) X. P. Chen, X.
50, 3538-3542. L. Cui, Y. J. Wu, Org. Lett. 2016, 18, 2411-2414; j) X.
[7] T. D. Haro, C. Nevado, J. Am. Chem. Soc. 2010, 132, P. Chen, X. L. Cui, Y. J. Wu, Org. Lett. 2016, 18,

3722-3725.

[15] CCDC 1486069 contains the supplementary
crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge

1512-1513.

[8] Y. Wei, H. Q. Zhao, J. Kan, W. P. Su, M. C. Hong, J.
Am. Chem. Soc. 2010, 132, 2522-2523.

[9] a) L. Yang, L. Zhao, C. J. Li, Chem. Commun. 2010, Crystallographic Data Centre via
46, 4184-4186; b) S. S. Patil, R. P. Jadhav, S. V. Patil, www.ccdc.cam.ac.uk/data_request/cif [or from the
V. D. Bobade, Tetrahedron Lett. 2011, 52, 5617-5619; Cambridge Crystallographic Data Centre, 12 Union
¢) S. H. Kim, J. Yoon, S. Chang, Org. Lett. 2011, 13, Road, Cambridge CB2 1EZ, UK,
1474-1477; d) M. Kitahara, K. Hirano, H. Tsurugi, T. deposit@ccdc.cam.ac.uk].

Satoh, M. Miura, Chem. Eur. J. 2010, 16, 1772-1775;
e) N. Matsuyama, M. Kitahara, K. Hirano, T. Satoh, M.
Miura, Org. Lett. 2010, 12, 2358-2361; f) E.
Yamaguchi, F. Shibahara, T. Murai, J. Org. Chem.
2011, 76, 6146-6158; g) F. Shibahara, Y. Dohke, T.
Murai, J. Org. Chem. 2012, 77, 5381-5388; h) L. D.
Munck, A. Monledn, C. Vila, M. C. Mufiozb, J. R.
Pedro, Org. Biomol. Chem. 2015, 13, 7393-7396; i) Y.
Zheng, K. Harms, L. Zhang, E. Meggers, Chem. Eur. J.
2016, 22, 11977-11981.

[10] M. Shang, H. L. Wang, S. Z. Sun, H. X. Dai, J. Q.
Yu, J. Am. Chem. Soc. 2014, 136, 11590-11593.

[11] a) Y. H. Liu, Y. J. Liu, S. Y. Yan, B. F. Shi, Chem.
Commun. 2015, 51, 11650-11653; b) Y. J. Liu, Y. H.
Liu, X. S. Yin, W. J. Gu, B. F. Shi, Chem. Eur. J. 2015,
21, 205-209.

[12] X. M. lJie, Y. P. Shang, P. Hu, W. P. Su, Angew.
Chem. Int. Ed. 2013, 52, 3630-3633.

[13] a) M. Ishikura, I. Oda, M. Terashima, Heterocycles.
1985, 23, 2375-2386; b) M. A. Fakhfakh, A. Fournet, E.
Prina, J. F. Mouscadet, X. Franck, R. Hocquemiller, B.
Figadere, Bioorg. Med. Chem, 2003, 11, 5013-5023; c)
E. A. Reddy, D. K. Barange, A. Islam, K. Mukkanti, M.
Pal, Tetrahedron. 2008, 64, 7143-7150; d) E. Parker, N.
Leconte, T. Godeta, P. Belmont, Chem. Commun. 2011,
47, 343-345; e) B. Kim, H. Park, S. K. Lee, S. J. Park,
T. S. Koo, N. S. Kang, K. B. Hong, S. Choi, Eur. J.
Med. Chem. 2016, 123, 777-787; f) A. Chandra, B.
Singh, S. Upadhyay, R. M. Singh, Tetrahedron, 2008,
64, 11680-11685; g) A. Bontemps, G. Mariaule, S.
Desbéne-Finck, P. Helissey, S. Giorgi-Renault, V.
Michelet, P. Belmont, Synthesis, 2015, 47, A-M; h) B.
Singh, A. Chandra, S. Singh, R. M. Singh, Tetrahedron,
2011, 67, 505-511.

[14] a) J. L. Wu, X. L. Cui, L. M. Chen, G. J. Jiang, Wu,
Y. J. J. Am. Chem. Soc. 2009, 131, 13888-13889; b) Z.
Y. Wu, H. Y. Song, X. L. Cui, C. Pi, W. W. Du, Y. J.
Wu, Org. Lett. 2013, 15, 1270-1273; ¢) Z. Y. Wu, C. Pi,
X. L. Cui, J. Bai, Y. J. Wu, Adv. Synth. Catal. 2013,
355, 1971-1976; d) X. Chen, C. W. Zhu, X. L. Cui, Y. J.
Wu, Chem. Commun. 2013, 49, 6900-6902; e) H. Wang,
X. L. Cui, Y. Pei, Q. Q. Zhang, J. Bai, D. H. Wei, Y. J.
Wu, Chem. Commun. 2014, 50, 14409-14411; f) C. W.
Zhu, M. L. Yi, D. H. Wei, X. Chen, Y. J. Wu, X. L. Cui,
Org. Lett. 2014, 16, 1840-1843; g) H. Wang, Y. Pei, J.
Bai, J. L. Zhang, Y. J. Wu, X. L. Cui, RSC Adv. 2014, 4,
26244-26246; h) X. P. Chen, X. L. Cui, F. F. Yang, Y.

[16] a) Y. Araki, K. Kobayashi, M. Yonemoto, Y. Kondo.
Org. Biomol. Chem. 2011, 9, 78-80; b) K. Inamoto, Y.
Araki, S. Kikkawa, M. Yonemoto, Y. Tanaka, Y.
Kondo. Org. Biomol. Chem. 2013, 11, 4438-4441; c) A.
M. Prokhorov, M. Makosza, O. N. Chupakhin.
Tetrahedron Lett. 2009, 50, 1444-1446.

This article is protected by copyright. All rights reserved.


http://www.ccdc.cam.ac.uk/data_request/cif

Advanced Synthesis & Catalysis

COMMUNICATION

10.1002/adsc.201700931

Potassium Hydroxide-Catalyzed Alkynylation of
Heteroaromatic N-Oxides with Terminal Alkynes

Adv. Synth. Catal. Year, Volume, Page — Page

\ /
\ 72—01

R2—

R'=H, Me, OMe, F, CI, Br

Xiaopei Chen, Fangfang Yang, Xiuling Cui* and R 11 Mo, OMo. . Ol br CF
Yangjie Wu*

reflux, 12 h,
toluene
visible light

LR KOH N F
*_—</ (> ——— Rz NS
— s

30 examples
up to 92% yield

This article is protected by copyright. All rights reserved.



