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(bs, 1H), 8.35 (s, 1H), 8.04 (s, IH), 7.26 (s, 1H), 7.17
(d, J =4.4 Hz, 1H), 2.59 (s, 3H), 2.53 (s, 3H), 2.50
(s, 3H); "CNMR (100 MHz, CDCIl,) &: 152.9, 144.0,
139.9, 139.5, 136.4, 130.9, 130.0, 127.7, 124.6,
124.2,114.1, 110.3, 22.0, 21.1, 17.0; IR 3174, 3084,
1624, 1468, 1446, 1251, 1008, 935, 823, 787 (cm™)
MS(EI) m/z (relative intensity) 287 (35) [M], 271
(100), 258 (27), 236 (55), 224 (15), 208 (10), 181
(8), 103 (9), 92 (18), 65 (10).
15,5 del> 50> dlail

2-(7-(tert-butyl)-5-methylbenzofuran-2-yl)
pyridine 1-oxide (3b):

163-165 °C, '"H NMR (600 MHz, CDCL,) &: 8.72
(bs, 1H), 8.29 (s, 1H), 8.23 (d, J = 7.8 Hz, 1H), 7.67
(bs, 1H), 7.34 (bs, 2H), 7.12 (s, 1H), 2.43 (s, 3H),
1.53 (s, 9H); "CNMR (150 MHz, CDCl,) 6 151.9,
143.6, 140.7, 134.3, 133.5, 131.4, 129.1, 126.0,
124.0,123.3,120.6, 115.7, 34.3,29.0, 21.5; IR 3081,
2956, 2922, 1611, 1467, 915, 758 (cm™) MS(EI)
m/z (relative intensity) 281 (17) [M]*, 265 (38), 250
(100), 242 (10), 207 (7), 180 (10), 131 (16), 57 (28),
43 (19).

15,5 Sl 50gd dlail
4-acetyl-2-(5-chloro-6-methylbenzofuran-2-yl)
pyridine 1-oxide (3¢):

181-183 °C ,'H NMR (400 MHz, CDCl,) &: 8.58
(s, 1H), 8.33 (d, J = 6.8 Hz, 1H), 8.29 (s, 1H), 7.67
(d, J=5.2 Hz, 1H), 7.30 (s, 1H), 2.66 (s, 3H), 2.43
(s, 3H); "CNMR (100 MHz, CDCl,) &: 193.8, 151.5,
144.6, 141.2, 134.1, 133.1, 129.1, 125.0, 122.6,
121.0, 120.4, 113.2, 34.2, 26.2, 21.5; IR 3415, 2959,
2923, 1666, 1419, 808 (cm™) MS(EI) m/z (relative
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2-(5-chloro-4,6-dimethylbenzofuran-2-yl)-4-
methylpyridine 1-oxide (3a):
183-185 °C,'H NMR (400 MHz, CDCl,) &: 8.59
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(6) [M]", 259 (100), 242 (5), 230 (23), 202 (8), 149
(15), 69 (30).
155535 el 5gd dlad
4-acetyl-2-(benzofuran-2-yl)pyridinel -oxide (3g):
159-161 °C, 'H NMR (250 MHz, CDCl,) &: 8.71
(s, 1H), 8.48 (s, 1H), 7.91 (s, 1H), 7.73 (d, J = 6.6 Hz,
1H), 7.62 (t,J = 5.8 Hz, 1H), 7.30 (t, ] = 6.5 Hz, 1H),
7.24 (d,J=5.1 Hz, 1H), 2.77 (s, 3H).
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intensity) 301 (22) [M]*, 314 (50), 287 (32), 285
(100), 266 (8), 250 (27), 215 (21), 159 (17), 71 (8),
57 (12).
1552, del> gD dlaii
2-(7-(tert-butyl)-5-methylbenzofuran-2-yl)-4-
methylpyridine 1-oxide (3d):

181-183 °C, 'H NMR (400 MHz, CDCl,) &: 8.39
(s, 1H), 8.25 (d, = 6.8 Hz, 1H), 7.87 (d, J = 2.0 Hz,
1H), 7.36 (s, 1H), 7.10 (d, J = 1.6 Hz, 1H), 7.01 (dd,
J=6.8 &2.4Hz, 1H), 2.47 (s, 3H), 2.46 (s, 3H), 1.57
(s, 9H); "CNMR (100 MHz, CDCl,) 8: 151.2, 145.6,
140.0, 139.7, 136.8, 133.9, 132.7, 129.4, 124.6,
124.2,123.5,120.2, 112.6, 34.2, 30.4, 21.5, 20.7.

1552, del> 50gd dlaii
2-(benzofuran-2-yl)-4-methylpyridinel-oxide (3e):
160-162 °C, 'H NMR (500 MHz, CDCl,) &: 8.47
(s, 1H), 8.33 (d, J = 5.5 Hz, 1H), 8.01 (s, IH), 7.73
(d, J=8.0Hz, 1H), 7.54 (d,J =8.2 Hz 1H), 7.40 (t,J
=6.5 Hz, 1H), 7.30 (t, ] = 6.5 Hz, 1H), 7.07 (s, 1H),
2.49 (s, 3H).
1552, del> gD dlail
4-methyl-2-(naphtho[1,2-b]furan-2-yl)pyridine
1-oxide (3f):

183-185 °C, 'H NMR (300 MHz, CDCl,) &: 8.94
(d, J=5.4 Hz, 1H), 8.43 (s, 1H), 8.3 (d, J = 8.1 Hz,
1H), 8.35 (s, 1H), 7.96 (d, ] = 7.8 Hz, 1H), 7.71 (s,
2H),7.67 (d,J=7.8 Hz, 1H), 7.61 (t, ] =4.3 Hz, IH),
7.32(d, J=6.7 Hz, 1H), 2.65 (s, 3H); 13CNMR (100
MHz, CDCI3) 6: 139.9, 133.5, 130.8, 128.8, 128.7,
127.4, 127.1, 125.5, 124.5, 124.4, 124.3, 123.9,
120.6, 120.2, 119.7, 28.9; IR 2923, 2853, 1624,
1272, 965 (cm™) MS(EI) m/z (relative intensity) 275

TARC) (owd 3 (53,25 S idg & pi



OhlKas 5 4pals

i) 5,8 slatib STy sl ¥ S5 3 ool o5 Bl 3 il 505 g g b Lausgto o}l b 2,5kl Ll
DYl (wndllS joloee )0 LSV payo ¥V Caxdse Sloadsdslyl ¥ Jas
Ol STy Bl e 290 00 Sbul A Lawlgie 939800 el (o) 3)90 (275 g0 Vb (1STy 58 g il diym
Sy o> g oo >‘?‘i‘B bulgs ohgosn b bulgis & lgie i lagh)lS elelp Jy 85518
5 o PA(0) g Ll o cawdas C odygly ¢ ialS bl

el s . . # Sy bulpd (gjlwaige V Jo>
OiSly ad > & g 098 0 05 PA(ID) & 008" suanST jgloes
.(\" < ) )g)fgo)_., Catalyst
(j@ Solvent
+/
Addetlve
. 2a Oxidant
Sy # s IS ey p ¥ Js
1% Ol denS | 334 5
Pd(OAc); (10 mol%) *2Y O s i
CuBr, (20 mol%)
Y LT CulOAo), (2 20 ve | CUOMR | tHE | Pyridine | PdCh \
N 0 ~2Re Pyridine (1 eq.) Cu(0 AZ)
o 1 2 THF, 120°C ¥ WDAC), THF | Pyridine | PACL(COD) | Y
CuBr,
Cu(OAc), .
o CuBr, THF Pyridine Pd(TFA), Y
Cu(OAc),, .
AY CuBr, THF Pyridine Pd(OAc), ¥
Cu(OAc),, L
oy CuBr, CH;CN Pyridine Pd(OAc), A
3a,66% 3b,44% . Cu(OAc),, .
N CuBrs PhCl Pyridine Pd(OAc), 4
Cu(OAc),, L
Yy CuBr, DMF Pyridine Pd(OAc), \
Cu(OAc), >
trace CuBr, H,0 Pyridine Pd(OAc), A
. Cu(OAc),, L
3¢,30% A CuBr, NMP Pyridine Pd(OAc), a
Cu(OAc),, L .
\Al CuBr, DMSO Pyridine Pd(OAc), \
Cu(OAc), o
v CuBr, AcOH Pyridine Pd(OAc), AR
gy | CuOAck, | g . PA(OAc), | \Y
3e,83% CuBr,
’ Cu(OAc),,
e Cubr, THF KOAc | Pd(OAc)y | Y
Cu(OAc),,
W Cubr, THF K:CO; | Pd(OAc), | 1f
Cu(OAc),,
i FA Cubr, THF TBAB | Pd(OAc), | ‘o
- K»S:05 THF | Pyridine | Pd(OAc)y | V¢
vf AgNO; THF Pyridine Pd(OAc), \Y
BQ THF Pyridine Pd(OAc), VA
TBHP THF | Pyridine | Pd(OAc), | )4
3i,72% 3},68%
Joecee VO (VI3 STY) (osdos Jgedee + V0 128y Ll 2
ot Jl et laggide STy (685 sy Sl Y0 B 2oy> 9o Vo o YNo STY) SN (s
b 51y o3 s 4,5 5 e bl 3 Ot s STV ) gl Jperkio - Ve jiblen ¥ (Vlyo511) sgii Jgoshe
Sloel cawd a3 ksl bl cow (3a-3)) b (slnodyglyb & dsgs el WA (5 Ylg S
AY 5l o 0 ylowd cp3 5193 Jlw (JARC) Loomi 33 (6353,15 (s yidg3s &y it

44



L ol 01580,) £33V L 005 1S 58055 sl sie 5
Dby e olygdasi Jo)l Y slod )l g s Shy 4 d2g
cdole (552) 5 Lol 4as ¢l Vb @l L (e Y
S heleGin & il Gy ol 3 2sliee el i
ord 5 spSose b jinyge (slaodygld g Cuns SutiSly
SS9 5 93 Ot (95 = ()5 Bgm s JoSWET L g @22V
Ol g e ISt it (19 )de = (p)S (slakign sl &S
ooy YT il g oo (g )3 asddyo 9o Sy
oS hdelepin @l (B3I Jolye Bl ol I (Jacecins;

Dy oo B KiSTy

&3l ol
wlogows 0595 ol pbsl sl ol oily Jlo coles )

Do o (SI0ya8

[1] Miao, Y.; Hu, Y.; Yang, J.; Tiu, T.; Sun, J;
Wang, X.-J. RSC Adv., 9, 27510-27540,
2019.

[2] Boto, A.; Alvarez, L.; Synthetic studies on
heterocyclic natural products 76, 99-152,
2011,

[3] Patil, A.D.; Freyer, A.J.; Killmer, L.; Offen,
P.; Carte, B.; Jurewicz, A.J.; Johnson, R. K ;
Tetrahedron 53, 5047 —5060, 1997.

[4] Ward, R.S.; Natural Product Reports 14, 43—
74, 1997.

[5] McCallion, G.D.; Current Organic Chemistry
3,67-76, 1999.

[6] Marion, F.; Williams, D.E.; Patrick, B.O.;
Hollander, I.; Mallon, R.; Kim, S.C.; Roll,
D.M.; Feldberg, L.; Van Soest, R.; Andersen,
R.J.; Organic Letters 8, 321 —324, 2006.

[7] Fukuyama, Y.; Nakahara, M.; Minami, H.;

QY 5l o 5ylod (o3 3l93 Jlu

R1‘7 =
Cu(0) kﬁ/
Pd(ll) h
Oxidation
Cu(lly
C-H activation HOAc
Pd(0) R”(\/L
+
Kl}l/ PdX
x Reductive o A
R elimination
(> insertion
N - R?
o o % @
_ 1 5
¢ R\\Q 0 R
N= X 2
¢ 1 3"
o) =
B

Olysdeii Olitie g LS (py o litie oislusT ol cas ¥ S

S 5 Aot
ablite (s > (sl YU L L (oBg) g ol
SLSEN fp e slagido om YUl bl b odylus]

&l»
Kodama, M.; Chemical and Pharmaceutical
Bulletin 44, 1418, 1996.

[8] Sakai, A.; Aoyama, T.; Shioiri, T. Tetrahe-
dron Letters 40, 4211, 1999.

[9] Sakai, A.; Aoyama, T.; Shioiri, T.; Hetero-
cycles 52, 643, 2000.

[10] Schneiders, G.E.; Stevenson, R.; Journal of
Organic Chemistry 44, 4710, 1979.

[11] Ford, C.M.; Shing, H.P. Computational
Tools To model Halogen Bonds in Medicinal
Chemistry. J. Med. Chem. 59, 1655- 1670,
2016.

[12] Napiorkowska, M.; Cieslak, M.; Kazmierc-
zak-Baranska, J.; Krélewska-Golinska, K.;
Nawrot, B. Molecules 24, 1529, 2019.

[13] Autier, P.; Dore, J.F.; Cesarini, J.P.; Annals
of Oncology 8 (5), 435-437, 1997.

[14] Parvatkar, P.; Manetsch, R.; Banik, B. K.

(JARC) Lonss 43 (6352,5 sl pidgis 4 yui



e 5 4pals”

14,6-30, 2019. ganic Letters 13, 1766-1769, 2011.

[15] Dwight, T.A.; Ruem, N.R.; Charyk, D.; Jos- [17] Fu , X.; Xuan , Q.Q.; Liu, Li.; Wang , D.;
selyn, R.; DeBoef, B.; Organic Letters 9, Chen , Y.J.; Li, C.J.; Tetrahedron 69, 4436-
3137-3139, 2007. 4444,2013.

[16] Gong, X.; Song, G.; Zhang, H.; Li, X.; Or-

AY 5l o 0 ylowd cp3 5193 Jlw (JARC) Loomi 33 (6353,15 (s yidg3s &y it
Vo



JARC

Optimization of catalyst for oxidative cross-coupling reaction of pyridine
N-oxides and benzofurans for the synthesis of biologically active compounds
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Abstract: In this study, oxidative coupling of pyridine N-oxides with benzofurans has been
investigated through palladium-catalyzed oxidative coupling reactions. Benzofuran derivatives,
especially 2-aryl benzofurans, exhibit many functional and biological properties such as
anticancer, antifungal, and antimalaria activity. These compounds are also used to treat asthma
and rheumatism. 2-Pyridyl benzofurans have electroluminescence properties and are used for
imaging of beta-amyloid plaques in Alzheimer's disease. In this paper, a series of compounds
with anticipated biological properties are prepared with high efficiency by direct formation of a
carbon-carbon bond between the two carbon-hydrogen bonds of benzofuran and pyidine N-oxide
derivatives bearing electron donating or withdrawing groups, using palladium acetate as a catalyst

and copper acetate and bromide as oxidant.

Keywords: Oxidative cross coupling reaction, Palladium, Pyridine N-Oxide, Benzofuran
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