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“One-Pot" Suzuki-Miyaura Reaction with Aryltrifluoroborate
Salts from Aromatic Amines

Wei, Shanhong

Wang, Chen

Wang, Jianwei Cheng, Kai*

(Zhejiang Key Laboratory of Alternative Technologies for Fine Chemicals Process, Shaoxing University, Shaoxing 312000)

Abstract Palladium-catalyzed “one-pot” Suzuki-Miyaura reactions of various aromatic amines with aryltrifluoroborate salts
have been achieved in good yields under simple aerobic conditions in water without heating. The reported cross-coupling reac-
tions are tolerant to the common functional groups regardless of electron-withdrawing or electron donating, making these
transformations as attractive alternatives to the traditional cross-coupling approaches. Theoretical calculation shows that the
coordination of fert-butoxide can lower the transition state energy by 50 kJ/mol for the transmetalation step.
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Figure 1 Free energy change without base (a), free energy change with tert-butoxide (b) and bond lengths (A) of transition state for the
transmetalation in two ways (c)
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Table 1 Effects of base on the reaction
H3C

NaNO,, HCl 3 mol% Pd(OAc),
0°C base
NH,
Or-an

Entry Base  Yield’/% | Entry Base  Yield®”/%
1 NaF 49 7 KF 43
2 NaOH 56 8 KOH 52
3 t-BuONa 79 9 +-BuOK 78
4 Na;PO, 77 10 K;PO, 73
5 NaHCO; 71 11 KHCO; 76
6 Na,CO; 86 12 K,CO5 83

¢ RN GRA: X ER(0.01 mol), W6 mL), 7K(6 mL), VEAHRRAA
(0.45 g/mL), F5FEEFMMAREN(0.01 mol), FEFRHL(0.3 mmol), 5%(0.0 1mol),
0~25 C, JRJW 3 h;* 53 Bl %,

T IR, Fo s 1 NS AR B 70 S W PR e ik A P AT
P (Entries 1,2, 7, 8), MU T AR 27 WERRAR 25 1 F8k
PR SR B8 0 e AT W] W IR HEAE I, 73 T1%~T79%
(Entries 3~5, 9~11), MMifkBRAN AR PSR B bf, 7~
Ry HIEF) 86%H1 83% (Entries 6, 12), KL FATTIE F ik
TR A AE by 5 A PRI k.

1.3 REEMAR

TEAI R A5, FRATIFE 2 T B DS & e fi 5
FERIN BRI Y, S5 2. AT T — R AW
05 B e b 05 FE IR A 1 RN, SRR Oy B e 0
BE GRS T LA DL v 8 31 i R W26 AF BIAR N =4, 7
K 66%~88%. %IV R AN A —LLH LI e,
G PSS L RS L SRR T B RN DY FRAE (3K 2, Entries 1~
4, 7, 8, 13). SEEGLE R WICIR LR i 7 Bl pt i T AR
FERNZ N SN K, B W A, R Rers 2 A
IEF= 2. MR A P EAR D 35 S0 B B 1 e . v LA
F b, 5 LSRR AR IR 1) 2 (AN S N AT — 8
REM. A [V AR FE AR A BAR B A7 EA T 1 I, Y
SAFE AT« 18]S BBAZINE, 20 B 77 AT N BRI 3,
{H LI+ 5 (3R 2, Entries 4~6). & FEUCI S
T 1 5 2R U R B 1 s AR ] LAAS B2 ABL e Al
FHEEFI G2 B, ). ABAEIN, P [ml ke R IR
(R ( 2, Entries 9~11, 13~15). 2447 FHL 5 K1)
2,6~ FEIUAR 1 2R e 5 2R 35 U R B e 2 N, A T B
A 1S B4, FUE =% R E] 66%(% 2, Entry
12). A NEX I, IR 28 SRR B s B, ] DA
L 88 % 1 Ry i %45 2] 2- K FEZE (3K 2, Entry 8). 5 HL T
PR RS 1) 5 )N AR 2 = 2647 — 8 PR IR(K 2, Entry
16). (A EMAE, B RAE D BRIk, 4
SRAT DA = e 4G BT =4,  HOFEA R 2 S ek
TR ) 2R S R A IR 1) P~ ) (3R 2, Entries 17, 18).
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Table 2 Pd-catalyzed Suzuki-Miyaura cross-coupling with aryl-
trifluoroborate salts

NH,
= NaNOy, HCl 3 mol% Pd(OAc), @_@
RX / 0°C No,COos R/ \ XR,
7 N—BFK
Entry R R' Yield’/%

1 H 4-Me 84

2 H 4-Et 81

3 H 4-t-Bu 82

4 H 4-OMe 76

5 H 3-OMe 71

6 H 2-OMe 68

7 H 4-Ac 78

8 H 2-Naphthyl 88

9 4-Me H 86
10 3-Me H 82
11 2-Me H 75
12 2,6-Me, H 66
13 4-F H 83
14 3-F H 78
15 2-F H 76
16 4-NO, H 71
17 4-Br H 84
18 4-Cl H 86

© 2013 Chinese Chemical Society & SIOC, CAS

¢ RNSAE: J53ER%(0.01 mol), WKERER(6 mL), /K(6 mL), MEAifEREH
(0.45 g/mL), F5IEFHRMRAN(0.01 mol), FEFRHN(0.3 mol), FEERH4(0.01 mol),
0~25 °C, KM 3 h; " 5Bk,

2 %

DABS R A m), O Bl id “—8ik” 55
LR R BIARIE R N, PR rp SR B TS . X7 R A DL
IR R (D)3 S A0y F s ¢4k i AR F|
BARRWAEY, HIEETTE sy, BE1R
o PR S PR R B s (2)12 S5 N AN 75 AT AT g M AR
TRA, AP RRAR I MO AT, O AT R 1) B RE A
i 5215 (3) %R NAE WA AT FRET, VIR, &
N7 2R, Sl ] B S AE B BE 1S 2=, (4) %7
DAAKAE R 5710, SR BB AR, A5 B N B C A4 15 24 s in
Fl, BAAREE. %758 Suzuki-Miyaura R RIZR AL
WERRFRAL T —FPpr it £, HAT R4 A st
3 XBEH
31 E5IRF

% b S % 5 B - Bruker ADVANCE  111(400
MHz) BRI ARA B2, BL TMS Ky AR, CDCls B3

DMSO-ds A H; 4> HE % 4E Bruker Apex IIT (7.0
Tesla) FTICRMS (Bruker, Billerica, MA, USA) L EI 24
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32 LWHE
3.2.1 A AANER 2 64 ) &

100 mL £e#r 1, #4 0.085 mol (MR T 25 mL
g, BT, 28 60 mL 1A KHF, %K
(KHF, % 2035 T 4O B R ), ROV 15 min, Hh)E
WAEDTIE, TV PR A s, AT S 45 .
322 FARMBRNLE A K “—4%%” Suzuki-
Miyaura R_F 45 B¢

25 mL HFEH T, £ 0.01 mol AL T 6 mL ¥
HCIFI 6 mL KIREW A, REWIKBHRHIZE0 C, Hifk
A R R R A AT L AR R T T A R v
(1.8 g WAHERENHE T 4 mL /K ), £ 5Tk -KI1 IR 40k
56, WEAEL S C. BEPE 10 min, ¥ 0.01 mol fIZE3E
SR £ A1 0.3 mmol B A I N, HiFE 10 min
JE R T AR A, SRR 3 he RV SEEE, A 10
mL ZEE R =k, ARG T A S, A
[ IEC Tt

4-FFE-1,1-6%E: "TH NMR (400 MHz, CDCly) o
7.55 (t, J=6.8 Hz, 2H), 7.38~7.48 (m, 4H), 7.32 (t, J=
7.2 Hz, 1H), 7.21 (d, J=7.6 Hz, 2H), 2.33 (s, 3H); HRMS
(EI) caled for C13H;, 168.0939, found 168.0936.

4-2,F-1, 12864 "TH NMR (400 MHz, CDCls) o
7.58 (d, J=6.8 Hz, 2H), 7.52 (d, J=8.0 Hz, 2H), 7.43 (t,
J=17.6 Hz, 2H), 7.32 (t, J=7.2 Hz, 1H), 7.28 (d, J=7.6
Hz, 2H), 2.70 (g, J=7.6 Hz, 2H), 1.28 (t, J=7.6 Hz, 3H);
HRMS (EI) calcd for Ci4Hy, 182.1096, found 182.1093.

4-3U T HE-1,1-1562K: "H NMR (400 MHz, CDCl;) o:
7.51~7.59 (m, 4H), 7.40~7.47 (m, 4H), 7.31 (t, J=7.2
Hz, 1H), 1.36 (s, 9H); HRMS (EI) calcd for C;sHyg
210.1409, found 210.1405.

4-FAE -1, 122K "H NMR (400 MHz, CDCls) 6
7.54 (t, J=8.8 Hz, 4H), 7.39 (t, J=7.6 Hz, 2H), 7.30 (t,
J=7.6 Hz, 1H), 6.95 (d, J=8.8 Hz, 2H), 3.81 (s, 3H);
HRMS (EI) calcd for Ci3H;,0 184.0888, found 184.0884.

3-F4JE-1,1-B62K: '"H NMR (400 MHz, CDCl;) o
7.58 (d, J=7.2 Hz, 2H), 7.42 (t, J=7.6 Hz, 2H), 7.32~
7.36 (m, 2H), 7.17 (d, J=7.6 Hz, 1H), 7.12 (s, 1H), 6.89
(d, J=8.4 Hz, 1H), 3.84 (s, 3H); HRMS (EI) calcd for
C15H,,0 184.0888, found 184.0881.

2-FHARHE-1,1-1E4%: "TH NMR (400 MHz, CDCLy) o:
7.77 (d, J=7.6 Hz, 1H), 7.53 (d, J=7.2 Hz, 1H), 7.41 (t,
J=17.6 Hz, 1H), 7.29~7.34 (m, 3H), 6.97~7.05 (m, 1H),
6.82 (d, J=8.0 Hz, 1H), 6.71 (t, J=7.2 Hz, 1H), 3.87 (s,
3H); HRMS (EI) caled for Ci3H;,O 184.0888, found

Chin. J. Org. Chem. 2013, 33, 2402~2406
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184.0891.

4- 231,114 '"H NMR (400 MHz, CDCL) 6:
8.05 (d, J=8.4 Hz, 2H), 7.68 (d, J=8.4 Hz, 2H), 7.62 (d,
J=7.6 Hz, 2H), 7.47 (d, J=7.2 Hz, 2H), 7.40 (t, J=7.2
Hz, 1H); HRMS (EI) caled for C;4H;,0 196.0888, found
196.0893.

2-7HZ%: 'TH NMR (400 MHz, CDCl5) 6: 8.03 (s,
1H), 7.84~7.93 (m, 3H), 7.72 (t, J=8.0 Hz, 3H), 7.45~
7.51 (m, 4H), 7.37 (t, J=7.2 Hz, 1H); HRMS (EI) calcd
for C 6H;, 204.0939, found 204.0936.

4-FEE-1,1-BEZE: "H NMR (400 MHz, CDCly) o:
7.57 (t, J=7.2 Hz, 2H), 7.47 (t, J=7.2 Hz, 2H), 7.41 (t,
J=17.6 Hz, 2H), 7.31 (t, J=7.2 Hz, 2H), 7.24 (d, J=8.0
Hz, 2H), 2.38 (s, 3H); HRMS (EI) caled for Ci3Hj,
168.0939, found 168.0936.

3-FEE-1L,1-62E: '"H NMR (400 MHz, CDCl;) 4t
7.58 (d, J=7.2 Hz, 2H), 7.38~7.44 (m, 4H), 7.32 (t, J=
7.2 Hz, 2H), 7.16 (d, J=7.2 Hz, 1H), 2.41 (s, 3H); HRMS
(EI) caled for Ci3H,, 168.0939, found 168.0937.

2-HHE-1,1-625: '"H NMR (400 MHz, CDCly) 4
7.55 (d, J=8.4 Hz, 2 H), 7.41~7.46 (m, 3H), 7.38 (d, J=
7.2 Hz, 1H), 7.28~7.32 (m, 1H), 7.20 (t, J=7.6 Hz, 1H),
7.16 (t, J=9.2 Hz, 1H), 3.46 (s, 3H); HRMS (EI) calcd for
Cy5Hy, 168.0939, found 168.0936.

2,6- - FIFE-1, 134 "TH NMR (400 MHz, CDCL) §:
7.60 (d, J=7.2 Hz, 3H), 7.44 (t, J=7.6 Hz, 3H), 7.34 (t,
J=72 Hz, 1H), 6.92 (t, J=7.2 Hz, 1H), 2.29 (s, 6H);
HRMS (EI) calcd for C,4H;,4 182.1096, found 182.1097.

4-F-1,1-H£ % '"H NMR (400 MHz, CDCl;) o
7.52~7.56 (m, 4H), 7.43 (t, J=7.6 Hz, 2H), 7.34 (t, J=
7.2 Hz, 1H), 7.12 (t, J=8.4 Hz, 2H); HRMS (EI) calcd for
C,HoF 172.0688, found 172.0684.

3-%-1,1-B£%%: '"H NMR (400 MHz, CDCl3) 6: 7.56
(d, J=7.2 Hz, 2H), 7.44 (t, J=7.2 Hz, 2H), 7.34~7.39
(m, 3H), 7.28 (d, J=10.0 Hz, 1H), 7.00~7.05 (m, 1H);
HRMS (EI) calcd for C,HoF 172.0688, found 172.0689.

2-%-1,1-B£ %% '"H NMR (400 MHz, CDCl3) 6: 7.59
(d, J=8.4 Hz, 2H), 7.40~7.49 (m, 4H), 7.25~7.36 (m,
3H); HRMS (EI) caled for C,HoF 172.0688, found
172.0686.

4-ff3E-1,1-E%: 'TH NMR (400 MHz, CDCl;) 4t
8.28 (d, J=8.4 Hz, 2H), 7.72 (d, J=9.2 Hz, 2H), 7.62 (d,
J=6.8 Hz, 2H), 7.42~7.51 (m, 3H); HRMS (EI) calcd for
C,HoNO, 199.0633, found 199.0634.

4-7R-1,1-J67E: 'H NMR (400 MHz, CDCls) 6: 7.58

http://sioc-journal.cn/ 2405
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(d, J/=7.2 Hz, 1H), 7.51~7.54 (m, 3H), 7.39~7.43 (m,
3H), 7.30~7.37 (m, 2H); HRMS (EI) calcd for C;;HyBr
231.9888, found 231.9887.

4-5-1,1-BZK: "H NMR (400 MHz, CDCl3) J: 7.56

(t, J=6.8 Hz, 2H), 7.40~7.48 (m, 4H), 7.32 (t, /=7.2 Hz,
1H), 7.22 (d, J=7.6 Hz, 2H); HRMS (EI) calcd for
C1,HoCl 188.0393, found 188.0396.
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