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Nickel-catalyzed Suzuki coupling reaction of 2-fluoropyridines
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Abstract

A nickel-catalyzed Suzuki coupling reaction between 2-fluoropyridines and arylboronic acids towards the

efficient synthesis of 2-arylpyridines was reported. This method exhibited advantages including simple reaction conditions,

easy availability of raw materials, good yield and functional group compatibility, in which 2-fluoropyridines and aryl

boronic acids substituted with different functional groups reacted easily to produce 2-arylpyridines. Based on the

experimental findings and literature, a reaction mechanism was postulated. This reaction not only offered a novel approach

to the synthesis of 2-arylpyridines, but also provided the possibility for obtaining 2-arylpyridine derivatives from pyridine

scaffold-containing molecules with high selectivity and high yield.
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Fig. 1 Representative examples of 2-arylpyridines
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Fig. 2 Nickel-catalyzed Suzuki coupling reaction of 2-fluoropyridine
and phenyl boronic acid to synthesize 2-phenyl pyridine
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Tab. 1 Screening of the reaction conditions

%H AT (B IR M JBE 5% ) PC PR (B SR e 3 10% ) Bl gl GC ™ %1%
1 XU IR ST dive LIES 95(90)
2 AL SN BRmR A GiFS 55
3 AR TR qicdi LIPS 23
4 MR ks ORI Udicdi LIPS 87
5 XU IR S e g LIPS 68
6 KO I 1,3-80(2,4,6-=F FLA ) Gl A ks gt UFS trace
7 RUFF 7 5 1,3-80(2,6- 5 N FE A ) Gl A ks g UES trace
8 KR I =T R AT H2R 80
9 KO IR BN A4 LIS 20
10 XUR —Hs ki ENEY IR FR 73
11 XU IR =T WERR R R 84
12 XU IR =T TR A N, N-ZF 3 [k iz 12
13 XU AR =T g U K g 68
14 U Ik =T g A=Y 52
15 XU Ik g oK 16
16 =T dicdis LIS n.d.

T 1. &M 1a (0.2 mmol, 19.4 mg), 2a (0.3 mmol, 36 mg), (1.0 mL), B(1.5 equiv), 7K(55 %), 80 °C, 12 h; ZEN GCF HRNHE.
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2-phenylpyridine(3aa) : LAWK (27.9 mg,90%) ,
ERiE kA% "H NMR (400 MHz, CDCI,) & 8.73
(d,J=4.8 Hz,1H),8.02(d, J=7.1 Hz,2H) ,7.77(d, J=
6.2 Hz,2H),7.51(t,J=7.5 Hz,2H) ,7.44(t, J=7.2 Hz,

1H),7.27~7.23(m, 1H). *C NMR (100 MHz, CDCI,)
8157.5,149.7,139.4,136.8,129.0,128.8,126.9,122.1,
120.6.

2- (o-tolyl) pyridine (3ab) : ¥ {4 {4 (32.7 mg,
97%) , E R LA, 'H NMR (400 MHz, CDCL,)
8 8.70~8.65 (m, 1H) , 7.74~7.67 (m, 1H) , 7.42~7.33
(m,2H) ,7.34~7.16 (m, 4H) , 2.36 (s, 3H). "C NMR
(100 MHz,CDCI,) § 160.0,149.2,140.5,136.2,135.8,
130.8,129.7,128.3,125.9,124.1,121.7,20.3.

2—(m—tolyl)pyridine(3ac) s B0 A (30,7 mg,
91%) , ERE L&, 'H NMR (400 MHz, CDCI,)
5 8.69~8.64 (m, 1H) , 7.83(d, J=1.9 Hz, IH) , 7.77~
7.72(m,1H),7.70~7.64(m,2H) ,7.34(1,J=7.7 Hz, 1H)
7.24~7.13(m,2H),2.42(s,3H). "C NMR (100 MHz,
CDCL,) & 157.6, 149.6, 139.4, 138.4, 136.7, 129.8,
128.7,127.7,124.0,122.1,120.7,21.6.

2- (p-tolyl) pyridine (3ad) : 8 4 ¥ {& (31 mg,
92%) , EARIE A, '"H NMR (400 MHz, CDCL,)
8 8.67~8.62(m, 1H) ,7.88 (d, J=8.3 Hz, 2H) , 7.70~
7.63(m,2H) ,7.26(d, J=8.0 Hz,2H) ,7.18~7.10(m,
1H) , 2.37 (s, 3H). “C NMR (100 MHz, CDCl,) &
157.5,149.6,139.0, 136.7, 136.6, 129.5, 126.8, 121.8,
120.3,21.3.

2- (4-isopropylphenyl) pyridine (3ae) : ¥ (@ ¥ &
(33.1 mg,84%) , CHGELA ™. 'H NMR (400 MHz,
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Fig. 3 Substrate scope of arylboronic acids and 2-fluoropyridines
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Fig. 4 Possible reaction mechanism
CDCl,) & 8.69~8.64 (m, 1H) , 7.99~7.89 (m, 2H) ,
7.74~7.64(m,2H) ,7.36~7.30(m,2H) ,7.24~7.11(m,
1H),3.01~2.89(m, 1H) , 1.28(d, J=7.0 Hz, 6H). "C
NMR (100 MHz, CDCI,) & 157.5,149.9,149.6, 137.0,
136.7, 127.0, 126.9, 126.9, 126.8, 121.8, 120.3,
34.0,24.0.
2- (4-(tert-butyl) phenyl) pyridine (3af) : {% 2% {2
WA (31.2 mg, 74%) , C & L& 7. 'H NMR
(400 MHz, CDCl,) 6 8.66(d, J=4.8 Hz, 1H),7.93(d, J=

8.5 Hz,2H),7.72~7.65(m,2H) ,7.51~7.47(m,2H) ,
7.16(q,J=4.5 Hz, 1H) , 1.35(s,9H). “C NMR (100 MHz,
CDCl,) 6 157.5,152.1,149.6,136.7,136.6,126.7,125.8,
121.9,120.4,34.7,31.4.

2- (4-methoxyphenyl) pyridine (3ag) : [ {2 [& {4
(35.1 mg,95%) , CRELAY ™. 'H NMR (400 MHz,
CDCL,) & 8.67(d, J=4.4 Hz, 1H) ,7.97(d, J=8.8 Hz,
2H),7.77~7.65(m,2H) ,7.23~7.15(m, 1H) ,7.02(d, J=
8.8 Hz,2H),3.88(s,3H). "C NMR (100 MHz, CDCI,)
8160.5,157.1,149.6,136.7,132.0,128.2,121.4,119.8,
114.1,55.4.

2-(4-(benzyloxy) phenyl) pyridine (3ah ) ; [ {f,[# {4
(33.9 mg,65%) , CHGEA AP 'H NMR (400 MHz,
CDCI,) & 8.66~8.62(m, 1H),7.94(d, J=8.8 Hz,2H),
7.71~7.66(m,1H),7.66~7.62(m,1H),7.45(d, J=7.1 Hz,
2H) , 7.41~7.35(m, 2H) , 7.35~7.30 (m, 1H) , 7.18~
7.13 (m, 1H) , 7.09~7.04 (m, 2H) , 5.11 (s, 2H). “C
NMR (100 MHz, CDCL,) 6 159.7,157.1,149.6,136.8,
136.7,132.3,128.7,128.2, 128.1, 127.6, 121.5, 119.9,
115.1,70.1.

2- (4-fluorophenyl) pyridine (3ai) : [ {7 [& &
(25.6 mg,74%) , CHRELAY . 'H NMR (400 MHz,
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CDCl,) & 8.71~8.66 (m, 1H) , 8.03~7.95 (m, 2H) ,
7.78~7.70(m,1H) ,7.67(d, J=7.9 Hz, 1H) ,7.26~7.12
(m,3H). ”"C NMR (100 MHz, CDCl,) 6 164.4,162.7,
156.5,149.7,136.9,135.5(d, J=2.0 Hz) , 128.7(d, J=
5.0 Hz),122.1,120.3,115.7(d,J=14.0 Hz).

2- (4- (trimethylsilyl) phenyl) pyridine (3aj) : JG
AR (42.2 mg,93%) , BB LS. 'H NMR
(400 MHz, CDCL,) & 8.70~8.66(m, 1H) ,7.99~7.95(m,
2H) , 7.73~7.66 (m, 2H) , 7.65~7.61 (m, 2H) , 7.21~
7.14 (m, 1H) , 0.30 (s, 9H). “C NMR (100 MHz,
CDCl,) & 158.5, 150.8, 142.5, 140.8, 137.8, 134.9,
127.2,123.2,121.7.

2- (naphthalen-2-yl) pyridine (3ak) : [ {4 [& /&
(38.5 mg,94%) , C AL G4 "H NMR (400 MHz,
CDCl,) & 8.74(d, J=4.8 Hz, 1H) , 8.47(d, J=1.8 Hz,
1H) , 8.17~8.10 (m, 1H) , 7.97~7.91 (m, 2H) , 7.88~
7.82(m,2H),7.78~7.71(m,1H) ,7.53~7.46(m,2H) ,
7.26~7.20 (m, 1H). "C NMR (100 MHz, CDCL,) &
157.3,149.8,136.9, 136.7, 133.7, 133.6, 128.8, 128.5,
127.7,126.6,126.4,126.4,124.6,122.2,120.9.

2-(cyclohex-1-en-1-yl) pyridine (3al) : JG {4 ¥ {A&
(16.5 mg,52%) , O EA ™. 'H NMR (400 MHz,
CDCL,) 6 8.47(d, J=5.3 Hz, 1H) ,7.56~7.48(m, 1H) ,
7.28(d, J=8.0 Hz, 1H),7.07~6.99(m, 1H) , 6.63~6.59
(m, 1H) , 2.46~2.40 (m, 2H) , 2.22~2.16 (m, 2H) ,
1.76~1.68 (m, 2H) , 1.66~1.56 (q, J=6.0 Hz, 2H). "“C
NMR (100 MHz, CDCL,) 6 159.1, 148.8,136.5,136.2,
128.6,121.3,118.9,26.0,25.9,22.8,22.1.

2-methyl-6-phenylpyridine (3ba) : JC & ¥ 1K
(18.6 mg,92%) , R IEAL A . 'H NMR (400 MHz,
CDCl,),7.89(d,J=7.0 Hz,1H),7.54(t, J=7.7 Hz,1H) ,
7.42(d, J=7.8 Hz, 1H) ,7.38 (t, J=7.7 Hz,2H) , 7.31
(t, J=7.3 Hz, 1H) , 7.00(d, J=7.6 Hz, 1H) , 2.55 (s,
3H). “C NMR (100 MHz, CDCL,) & 158.38, 156.98,
139.83, 136.94, 128.78, 128.75, 127.07, 121.67,
117.67,24.83.

6-phenylpyridin-3-amine (3ca) : 75 {4 [#]14 (31.8 mg,
92%) , B R L& 9. 'H NMR (400 MHz, CDCI,)
88.15(d,J=2.8 Hz,1H) ,7.91~7.85(m,2H) ,7.51(d,
J=1.7Hz,1H),7.45~7.38(m,2H),7.35~7.28(m, 1H) ,
7.03~6.97(m, 1H),3.66(s,2H). "C NMR (100 MHz,
CDCL,) & 147.9, 141.6, 139.5, 137.1, 128.7, 127.8,
126.0,122.4,120.8.

2-phenyl-3- (trifluoromethyl) pyridine (3da) : Jo

AR (32.5 mg, 94%) , C R E LA 9. 'H NMR
(400 MHz, CDCI,) 6 8.81(d, J=3.2 Hz, 1H) , 8.04(d,
J=8.0 Hz, 1H) , 7.54~7.49 (m, 2H) , 7.48~7.41 (m,
3H),7.38~7.32(m, 1H). *C NMR (100 MHz, CDCI,)
8158.5,151.9,139.2,134.8(q, J=4 Hz) ,128.9,128.7
(q,J=1.0 Hz),128.0, 124.9(q, J=25.0 Hz) , 123.7(q,
J=217.0 Hz) ,121.8.

4-fluoro-2-phenylpyridine (3ea) : ¥ (AL {4 (32.5 mg,
94%) , B HRELE . 'H NMR (400 MHz, CDCL,) 6
8.66~8.61(m, 1H),8.00~7.89(m,2H),7.52~7.37(m,
4H),6.97~6.92(m, 1H). "C NMR (100 MHz, CDCI,)
8170.3,168.5,160.7(d, J=5 Hz) ,152.0(d, J=5.0 Hz) ,
138.3(d, J=2.0 Hz) , 129.7,128.9,127.0,110.0(d, J=
11.0 Hz),108.2(d,J=12.0 Hz).
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