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Synthesis of Novel Potassium ( 3-fluoro-2-amino
substituted pyridin-4-yltrifluoroborates)
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Abstract ; 2-Substituted-amino-3-fluoropyridine compounds(2a ~2g) were synthesized by substitution
and reduction from 2 ,3-difluoro-5-chloropyridine. A series of pyridine boric acid compounds(3a ~3g)
were obtained by reaction of 2 with n-butyllithium and triisopropyl borate. Finally, seven novel potassi-
um ( 3-fluoro-2-amino substituted pyridin-4-yltrifluoroborates) were synthesized by substitution of 3a ~
3g with potassium hydrogen fluoride, respectively. The structures were characterized by 'H NMR,
"C NMR, IR, ESI-MS and elemental analysis.
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J& , FHAR IR i 75 2- B 28 -3 -3 RE AL 5 )
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1 SKEERSY

1.1 EHKA
WRS2A A S AY (58 R#E 1E ) 5 Varian Ino-
va-400 MHz Z4Z g4z ( CDCL, RiER], TMS
A5 ) ; Bruker Tensor 27 A {H 37 728 #0621 4p S 1
X (KBr J& A ) ; LCQ Advan-tage % ¥ 57 B¢ F %
(ESI J5) ; Essentia LC-15C SRR AH A 1EL

THF F 351 750 4, 4 0 40 T M e 2518 5
Hoar B aGR X o o i sl A 2 46

1.2 A

(1) 1a~1g G RL( LA 1a R )

TESONIf AR O A 2 g 200 mL, 2,3-—
F-5-FMEBE 30.0 g(0.20 mol ) , M5Bk 21.0 g(0.24
mol ) F1JC7K K,CO;4 83.1 g(0.60 mol) , i FE T F
I EL S (TLC BRER) o A 300 mL 7K
(B EB A |, S 08, DB DF T 4245 1 8 [T 1a
39.6 g,

FAZRAIT G i E & R 1b ~ Te (S i

60 °C) Figkps Ry 1E F 1g [ 5 i
50 °C, W B4 gL (TLC K)o 40 EA K,
=S (3 x 150 mL) ZE 0L, & IFA HLAH, HIC
7K Na, SO, -8 , W 45 15K & ; In A AR 20 mL %5
fif B FOMAERR £ B VH & pH 3 (f7 (1 ik
Bt ) i, 08 DEDETHRA (1 AR, FH K%
fif IMARZ K2 pH 9, ] S ¢ (3 x 150
mL) ZEH, G FFAEBOE , FITIE7K Na, SO, T4, ik 4
AIf fir1g],

la: & 91% , 4l 99. 4% (HPLC, F[d]),
m.p.97 ~99 C; 'H NMR §: 3.46 ~3.51 (m,
4H),3.71 ~3.84(m, 4H), 7.26(dd, J=12.0
Hz, 2.4 Hz, 1H), 7.97(dd, J=2.4 Hz, 1.2 Hz,
1H); ESI-MS m/z; 217.2{[M+H] " |,

1b: Y% 82% , 4 i 99. 4% , m. p. 89 ~91
°C; '"HNMR §;: 2.12 ~2.82(m, 4H), 3.98 ~
4.21(m, 4H), 7.49(dd, J=12.4 Hz, 2.0 Hz,
1H), 8.08(dd, J=2.0 Hz, 0.8 Hz, 1H); ESI-
MS m/z: 201.0{[M+H] "},

lc: Yr#80% , m. p. 101 ~103 °C; 'H NMR
$:0.99 ~1.02(m, 3H), 1.37 ~1.44(m, 2H),
1.56~1.61(m, 1H), 1.75 ~1.82(m, 2H),
2.76 ~2.83(m, 2H), 3.76 ~3.81 (m, 2H),
7.20(dd, J=12.4 Hz, 2.4 Hz, 1H), 7.91(dd,
J=2.4 Hz, 1.2 Hz, 1H) ; ESI-MS m/z; 229.5
[[M+H]"},

1d: 1% 90% , m. p. 105 ~107 C; 'H NMR
8:1.49(s, 9H), 3.43 ~3.48(m, 4H), 3.54(m,
4H), 7.39 ~7.54(m, 4H), 8.01(dd, J=2.8 Hz,
1.2 Hz, 1H) ; ESI-MS m/z: 316. 1{[M+H] " |

le: Y 87% , m.p.92 ~94 °C; '"H NMR §:
2.12(s, 3H), 2.30~2.36(m, 4H), 3.64 ~3.71
(m, 4H), 7.31(dd, J=12.0 Hz, 2.4 Hz, 1H),
7.81(dd, J =2.4 Hz, 1.2 Hz, 1H); ESI-MS
m/z: 230. 1{[M+H] "},
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1f; Y% 72% ; '"H NMR §: 3.48 ~3.68(m,
6H), 7.54(dd, J=12.8 Hz, 2.0 Hz, 1H), 8.13 ~
8.14(dd, J=2.0 Hz, 1.2 Hz, 1H) ; ESI-MS m/z;
175.0{[M+H] " |,

1g: * 75% ; '"HNMR §;: 1.16 ~1.20(m,
6H), 3.45~3.51(m, 4H), 7.15(dd, J=11.6
Hz, 2.0 Hz, 1H), 7.88(dd, J=2.0 Hz, 0.8 Hz,
1H) ; ESI-MS m/z: 203.1{[M+H] "},

(2) 2a~2g WA LA 2a R fh)

FEATBE A B B 350 mL, iR AR U
A 1a20.0 g(92.3 mmol) ,%7/K 5.0 g F15% Pd/C
2.0 g, EZS EARAEN 3 K, TR 8
h(TLC &) o FHAE#E L2298, B8 ZE 1, K
300 mL, 22 216 (3 x 150 mL) A1, A FF A
W, JHIC/K Na,SO, 4, e i 45 171 €8 44, F P e
(50 mL) FE45 M5 A28 Mk 2a 15.4 g,

FHZER A 1 s R ik 2b ~ 2e R
PR AR AR 2f i 2g

2a; Y% 92% , 4liiE 99. 0% , m. p. 91 ~93
°C; '"HNMR §: 3.44 ~3.46(m, 4H), 3.81 ~
3.84(m, 4H), 6.75 ~6.79(m, 1H), 7.21 ~
7.27(m, 1H), 8.00 ~8.02(m, 1H); ESI-MS
m/z: 183.2{[M+H] "},

2b; % 89% ; 'H NMR §: 2.10 ~2. 13 (m,
4H), 3.98 ~4.02(m, 4H), 6.71 ~6.75(m, 1H),
7.50 ~7.55(m, 1H), 8.03 (dd, J=6.0 Hz, 0.8
Hz, 1H) ; ESI-MS m/z: 167.3{[M+H]* |,

2¢: Y% 90% ; 'H NMR §: 0.98 ~1.02 (m,
3H), 1.36 ~1.44(m, 2H), 1.55 ~1.56 (m,
IH), 1.71 ~1.75(m, 2H), 2.76 ~2. 83 (m,
2H), 3.75 ~3.81(m, 2H), 6.77 ~6. 80 (m,
1H), 7.20 ~7.23 (m, 1H), 7.91 ~7.95 (m,
1H) ; ESI-MS m/z: 195.6{[M+H] " |,

2d: L% 93%; 'H NMR &: 1.48 (s, 9H),
3.42~3.45(m, 4H), 3.55 ~3.57(m, 4H), 6.76 ~
6.80(m, 1H), 7.21 ~7.27(m, 1H), 7.99 ~8.01 (m,
1H) ; ESI-MS m/z: 180.9{[M -Boc | |,

2e: L% 91%; '"H NMR §: 2. 15 (s, 3H),
2.30~2.35(m, 4H), 3.64 ~3.70(m, 4H), 6.74 ~
6.79(m, 1H), 7.17 ~7.24(m, 1H), 7.91 ~8.0(m,
1H) ; ESI-MS m/z; 197.2{[M+H] " |,

2f. It % 82%; 'H NMR §: 3. 13 (s, 6H),
6.57 ~6.63(m, 1H), 7.14 ~7.19(m, 1H), 7.74 ~

7.78(m, 1H) ; ESI-MS m/z: 141.0{[M+H]* |,

2g: K 85% ; '"HNMR §: 1.01 ~1.09(m,
6H), 3.65 ~3.71 (m, 4H), 6.55 ~6.61 (m,
1H), 7.15 ~7.19(m,1H), 7.75 ~7. 80 (m,
1H); ESI-MS m/z: 169.1{[M+H] "},

(3) 3a~3g By HL(LL 3a R fh))

$:229.7 g(53.1 mmol) ¥F T Hrz& THF (250
mL) i, EARY R R AR - 78 C L A2
2.5 mol + L™'IE T L4 A4 1F O %% (34 mL IR ,
THEE, T - 78 C e i, TLC # il RS #E 52 2 )5
AR = %NS 24. 6 mL(106. 2 mmol) , T
-78 CR N B i (TLC #50) o T —20 Ciim
FH P 20 mL YRS, Bt 10 min, AT JZ BT
(VEMLR : TR 1R ) 2lifbds Ak R 3a, B4
17 o

FHZEL 7 A BT oK 3b ~ 3e FlTR 3
s W AR YY) 3F Fl 3g,

(4) 4a~dg 195 LL 4a o))

TEAERUR A ZK 80 mL A1 HI i 80 mL, 4
FENREANA 32 9.3 g(119.1 mmol ) A LS4
15.1 g(52.8 mmol) , T 2 i 2 I 358 % ( TLC W5
W) o WEZE T RIS 1 T A, FH s i, O
BT W R R 4, 5% ) I A (4 % 200
mL) 2, U8, A I IEWR, W4 2 2y 15 mL, i
U8 IRV TR Ak K 42 9.7 g,

FHZAU T 5 A Ak K 4b ~4g,

da; FK 82% , m.p. 115 ~117 °C; 'H NMR
(D,0, F[A) 8:3.19 ~3.21(m, 4H), 3.76 ~
3.79(m, 4H), 7.02 ~7.04(t, J=4.8 Hz, 4.4
Hz, 1H), 7.71(d, J=4.8 Hz, 1H); "C NMR §:
49.4,67.6,116.9(d, J. y=6.1Hz), 128.5(d,
Je_y=18.3 Hz), 136.3(d, J._, =240.9 Hz),
145.2, 148.0(d, J._y =17.9 Hz) ; ESI-MS m/z;
249.1{[M -K] ™ |; Anal caled for C,H,,BN, OF,
K: C37.52, H3.51, N9.86; found C 37.59, H
3.40, N9.75,

4b. % 80% , m.p. 109 ~111 °C; 'H NMR
8:2.00~2.05(m, 4H), 3.88 ~3.92(m, 4H),
7.01(dd, J=5.6 Hz, 5.2 Hz, 1H), 7.68(d,
J=4.8 Hz, 1H); "C NMR §; 27.4, 55.6, 115.8
(d, Jo_,=7.3 Hz), 129.0(d, J._, =18.5 Hz),
136.1(d, J. , =241.1 Hz), 145.4,147.0(d,
Je_y =18. 1 Hz); ESI-MS m/z; 233. 2 {[M -
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K]~ }; Anal caled for CoH,,BN,F,K: C 39.80, H
3.71, N 10.33; found C 39.98, H3.68, N 10.45,

de: Y% 84% , m. p. 125 ~127 °C; '"H NMR
5:0.80~0.82(m, 3H), 1.18 ~1.25(m, 2H),
1.39~1.42(m, 1H), 1.62 ~1.64(m, 2H),
2.53~2.59(m, 2H), 3.36 ~3.39(m, 2H),
7.09(t, J=4.4 Hz, 4.0 Hz, 1H), 7.89(d, J =
4.4 Hz, 1H); "C NMR & ; 19.6, 31.8, 35.4,
50.6, 113.9(d, Jey =6.4 Hz), 126. 1 (d,
Jo p=18.8 Hz), 135.9(d, J. , =242.0 Hz),
145.1, 147.3(d, J._y =17.2 Hz) ; ESI-MS m/z;
261.3{[M -K] |; Anal caled for C,,H,B N,F,
K: C44.22, H4.77, N 9.36; found C 44.50, H
4.46, N9.25,

4d: % 79% , m.p. 116 ~118 C; 'H NMR
5:1.42(s, 9H), 3.04 ~3.08(m, 4H), 3.44 ~
3.45(m, 4H), 7.02 ~7.04 (m, 1H), 7.92(d,
J=4.8 Hz, 1H); "C NMR §: 30.2, 47.3, 53.1,
80.6, 115.9(d, J._y =6.9 Hz), 127.9(d,
Je p=19.0 Hz), 136.9(d, J. , =241.6 Hz),
145.7, 148.3(d, J._; =18.8 Hz), 155.0; ESI-
MS m/z; 348.2{[M - K]~ |; Anal caled for C,,
H,B N,0,F,K: C 43.41, H 4.96, N 10. 89;
found C 43.55, H4.87, N 10.78,

de: L 79% , m.p. 121 ~123 °C; 'H NMR
5:1.42(s, 9H), 3.00 ~3.05(m, 4H), 3.46 ~
3.55(m, 4H), 7.04 ~7.07 (m, 1H), 7.92(d,
J=4.8 Hz, 1H); "C NMR §: 47.2, 49.8, 59.0,
115.7(d, J._,=6.9 Hz), 126.1(d, J._, =18.6
Hz), 136.0(d, J._,=241.9 Hz), 145.8, 148.1
(d, J._, =17.6 Hz) ; ESI-MS m/z:262.3{[ M -
K] "} ; Anal caled for C,(H;BN;F,K.: C39.91, H
4.43, N 13.97; found C 39.88, H4.40, N 13.77,

4f. W#79% , m.p.96 ~98 °C; '"H NMR §:
1.42(s, 9H), 3.11 ~3.17(m, 4H) , 3.40 ~3.49
(m, 4H), 7.01 ~7.08(m, 1H), 7.92(d, J =
4.8 Hz, 1H); "C NMR §: 40. 6, 115. 1 (d,
Jop=6.9 Hz), 124.9(d, J._, =17. 8 Hz),
137.0(d, J._, =244.9 Hz), 144.7, 147.3(d,
Jep =17.8 Hz); ESI-MS m/z:207.0 {[ M —
K]~ }; Anal caled for C;HgBN,F,K. C 34.19, H
3.31, N 11.46; found C 34.26, H3.27, N 11.55,

4g. WK 79% , m. p.97 ~99 °C; 'H NMR §:

1.42(s,9H), 3.03 ~3.10(m, 4H), 3.50 ~3.57
(m, 4H), 7.09 ~7.12(m, 1H), 7.92(d, J =
4.8 Hz, 1H); "C NMR §: 13.3, 48.6, 113.9(d,
Jey=7.1Hz), 127.1(d, J._, =19.0 Hz),
137.2(d, J._, =241.0 Hz), 144.9, 148.6(d,
Je_y =18.4 Hz); ESI-MS m/z: 235.3 {[M -
K] ~}; Anal caled for C,H,,BN,F,K: C 39.51, H
4.43, N 10.29; found C 39.59, H4.50, N 10.31,

2 HR5ITE

2.1 &

3 (G R A S, 5 A 2 B A AR
TRAE T 34T, AR B EEARAE , B 2218 I AE
T,

HRTA I 3 BY-5 R W SCHRHGE o 4-57 it i
MR GYE WMk EEA/ 3 f: ik — 2
Balaramd %55 458 1) T L8k 8 LTMEDA 3.
DL 4= E B 4-RAH IE Sy TR, 5 T BB O
PRI REARER P55 IR — S5 N IR SN, 27K il 75
G-Ik REI IR AL G Y. Z O EB O E ], B )5
LS B NS il 2%, Je A B 7= 0 DL K A H
OB, ik Avitia S5 A0 HE AR AL
Je 6 WUIRR TSR A 540 , 1 1T v AL 594 7K firk B AH
IR G Y o 2T B BRI VR — T 5, 3k oo
TARIRERAE B AR, 25 4 B Bl
WA R 1, B AR Wi 3 B 3k B, ORI,
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() LDA 5 Wik 1207w I ik &4k G Y 25 5
Tk, JE R b 2 AR A &2 oAl A A B
OB o 0T A B TR 6 i, B BA R AF
MEEREYE . (S AL BRRE F SR R K S A 3, 25
SMmR o>tk , T HL 5 B R S B AR R AR R SN L
0025t BREE IR A, 7 i B HE 23 B o

WFFE R B, 3 76 R 25 18 2ok 72 v 43 77 A
[T, 2 Z2 Y 25 AT e K e AliAk , S 3 i A )
SCHRHEDN % 53 T e Sy 8RR IF AL 5 0 (B RR 1 — 2R
W), SCHR 0 00 R 235 K 7E = e 2 T 7K I B AR
BRIFAL A9 o (BIGIEREAE MRk P 2 5 IR
50 CA&MT, ¥4amBiZZA 5, ' H NMR fil MS
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M7 eI Al
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