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Abstract A method for the preparation of N,O-chelated B,B-diaryl tetracoordinated organoboron complexes is disclosed.
Using stable and readily available potassium aryltrifluoroborates (ArBFs;K) as the surrogate of the diarylboron (Ar.B) moieties
and isoquinoline-3-carboxylic acid as the precursor of the N,O-chelating ligand, the isoquinoline-3-carboxylate chelated
diarylboron complexes can be obtained in the presence of Mn, p-toluenesulfonyl chloride, and base. This reaction is featured
by broad substrate scope and functional group compatibility, thus providing a convenient and efficient pathway towards

diarylboron complexes.
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WCRBR] T — RPN NO-EE AN B,B-— 75 H A%
“1.

© ©}
(a) XN\ BF; K
s % ®
0 0 QO O
the general structure of BODIPY ArBF3K

tetracoordinated organoboron

Previous works

(b)

i Q=Ar (;)H ?
4 _ or
Q 8 oo oo

— O-M+ BX3
(M = Li or Mg)

(c)

~— O-BFK — or
o
Song /\ our previous

reports
this work N P
J O

B 1 (UUEEA U &Y a5 am =77
ST R 2% 5 W) 7 1 A0 () 5 P 577 228 U R B0 51N (00) 77 22 il
S5 H TR I

Scheme 1 (a) General structure of the tetracoordinated organo-
boron, (b) traditional synthetic methods for the preparation of
B,B-diaryl complexes, and (c) disclosed methods to introduce
(di)arylboryl moieties using ArBF;K
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P 3a, Ho, JEIE = EMIER SRV N BPhy HHEA.
S0t — RAVFAF R0 IE, 1330 T 1% R B0k %
2 1E 3.0 equiv. AR T . 2.6 equiv. FRXT B AR IR S0 DA &
0.5 equiv.[BRBREAFAE T, LLOIEVE NG, ¥ Wifh R
BHE 130 CF A 24 h, FR UL 80%H) 7 &= %45 2| H
Fr7F*4) 3a (Table 1, Entry 1). id 5%t rE =4 s A m X
SR AT T, BHERIESE 3a A DURC Az 45 4a, HL
W 7 A AN REE. TEBE S Rt B SRaG , FRAT1KR
IR R R I SUCE S R P S S B, R D AR A X
FRORTE A, #2 SBUR B G317 (Table 1, Entries
2~~3). AR ORI A &, AR R
2 /> (Table 1, Entries 5~6); & e 4k 2248 4R 1) &=,
FERI M4 N (Table 1, Entry 7). 4% R EREN I
15, SR 7= ZATSAR T L& Bl 60% (Table 1, Entry 4),
Ut B BRLE 122 S B Hp RS ) — s R AR, (B J2 B[
B 1 BTG S0 3a (R SIEAFARAL o

Table 1 Optimization of reaction conditions for the preparation
of tetracoordinated organoboron 3a

(0] : .
BF3K  Mn (3.0 equiv.), TsCl (2.6 equiv.)
N OH Na,CO3 (0.5 equiv.)
=N * dry MeCN (2.0 mL), 130 'C, 24 h
1a 2a
(0]
SON;
/
= N*B\@
Variations from the - b
Entry standard conditions peCie
1 None 80
2 Without Mn N.R.c
3 Without TsCl N.R.
4 Without Na2CO3 60
5  TsCl(1.0 equiv.) 20
6  TsCl(2.0 equiv.) 50
7 Mn (4.0 equiv.) 20
8 DMF (2.0 mL) instead of CH3CN (2.0 mL) 30
9 DMA (2.0 mL) instead of CH3CN (2.0 mL) 40
10 DMSO (2.0 mL) instead of CH3CN (2.0 mL) N.R.c
11 NMP (2.0 mL) instead of CH3CN (2.0 mL) 20
12 80 °C instead of 130 °C 10
13 110 °C instead of 130 °C 44
14 2a (4.0 equiv.) 65
15 2a (3.0 equiv.) 27

@ Reaction conditions: 1a (0.15 mmol), 2a (0.75 mmol, 5.0 equiv.), air, dry
CH;CN (2.0 mL), Mn (3.0 equiv.), TsCl (p-toluenesulfonyl chloride., 2.6
equiv.), Na,CO; (0.5 equiv.), 130 °C, 24 h. DMF, N,N-dimethylformamide;
DMA, N,N-dimethylacetamide; DMSO, dimethyl sulfoxide; NMP, N-methyl
pyrrolidone. ? Isolated yields. ¢ N.R.: no reaction.
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R R, WA T R SABIREE, A% OIERR
HoAh AT, an B KA MR TR 75 77 DMSO. DMF
% (Table 1, Entries 8~11), HFRr=¥0r= Rt 2 KiE
WD B E AN, BEAL, T N AT Tk,
L N ERE R 80 Cui# 110 CHY, MR8
28 N [%(Table 1, Entries 12~13). 2423k = Gl
B 2a ) FHEFE 51 4.0 F1 3.0 equiv. i, 3a 2 5977 50 5 B#
B 65%F1 27%, Ui R S SRR 2a R TR
2 K.

TERTG T MR PBFAZ G, 8 FRIRER T 1ZR B
[EYITE I (Table 2). B %6, ANE XL AL
(R = U R, ST T R B, 45 AR,
215 FH X Ao AR ) 2 — U R 4 i (3a~3h), T LT
S TR 272 3 (3], CF3, 82%; 3e, CN, 64%)E K144
HL T3 [Z(3h, CHs, 40%). X a4 BRI 2K 3 = &0
FR B () S BE, AN I TR A R g T3, 7=
(RIS R H AT LAk B rh 25 (3i~3m). [H78 —3R10, i

T, Stof il 1 2% 1 S 1) 25 A A v AR A b e 2%,
FAE, BRI, ULMHZ O IEA TAE G R &R A AL
751 N BPho S5 8 B 3. A7 1< 2 AR (3b~3d) Bkl fir
B 2% B3~ 3K) Y 2K 2 — G0N R 4 A 1T DUAR B b e 75
SRSk, DA SR A U IISCR 13 B0 ) R R
v, o, SRR E G R A SRR, X
B R T 0T B A5 PE kAT 3k — 20 s i A . R
(3n~30) 1 =5 (3q) AR 2R Ik = SRR 4 th w DA rh 55
EMFHIFERAR B AR, BT HIR AR, &k
N7 3o A A W 2R 3 B B A BH RS B, 2495 A A
BUAR RGO, fn Al 255 = SRR 0 1 N JERE, AT L
T4%I 5> BCRAF B WS p-ZE 25 R R AR R T (174
3r. 4 3.0 mmol 1a fF 4y s B JERHR, AR 4 iR
Table 2 Fn&5 LBl K&, ATLAARE] 0.55 ¢ R4
3a, FEIEN 54%. AT RMAR RBAFEE L RIR:
2 FH R P AN [0 57 i U R A 11 R s I R 1 5% i Sk YR
I, TV g B A5 380 9 5 SRR I 77 i NLO-2%

F2 MUECALA HUNZS & VIR EDTE R <0

Table 2 Substrate scope of the preparation of tetracoordinated organoboron compounds

o)
o)
BFsK Mn (3.0 equiv.), TsCl (2.6 equiv.) N /O
A OH 7 Na,CO3 (0.5 equiv.) ~N—=p S
" R+— \ R
N = dry MeCN (2.0 mL), 130 °C, 24 h é 7
1, 0.15 mmol 2, 5.0 equiv. 3 N\ \/
R
o) ,‘ o) 0 0
Ty Sy OO OO~ OO
_N~g % '2—:;? _N~§g N> /N*B\©\
\© AT \QR CN CHO
I ccoc: R =F, 3b, 72%°
3a, 80%: #* 2190860 r  R=Cl3¢c,74% NC  3e, 64% OHC  3f, 50%°
54% (3.0 mmol of 1a used) "B NMR: 8.9 R = Br, 3d, 70%

o) 0 o) 0
X X X
i P P = @@*,0 o
/N*B /N—sB /N*B /N*B
\Q \Q R=F, 3i, 75% .
CF; CHs R = Cl, 3j, 50%
R R = Br, 3k, 78%
- 0 cl
R = CN, 31, 70% P

HsC
FaC 3 R = OMe, 3m, 60%°

39, 82%° 3h, 40%

(0] 0 (0]
X
X (o) X o F N (0] /O

N-=pg N=g N8 O
/@ F@ /@ F
F
- F '!

F F F
4Reaction conditions: 1 (0.15 mmol), 2 (0.75 mmol, 5.0 equiv.), air, dry CH3CN (2.0 mL), Mn (3.0 equiv.), TsCl (p-toluenesulfonyl, 2.6 equiv.), Na,COs (0.5 equiv.),

F
30, 42%
130 °C, 24 h.” Isolated yields. © 135 C.
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B AR PR T -3 R, LA -2- F R
W -2- FH BRI TEV A RS 5 IO
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BE 28 B W n] DUAE R 6 R A0 AR 3t O SRR OB I R
AOSISOL B gy, AA Y 3a X BT i N,O- & L&
YIHEAT TR RE AR, 76 AN I N 4 HEHEAT AL )
LR, B FSERT NON-Z& R S W6 AL SN
(B B S A&, AT LA R B A8 o S A e 2 57 mT IR
A= (Scheme 2). Hrt, SHRCT IHIRTARR T LA 41%7 B5UR
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(a) Photocatalytic oxidation of phenylboronic acid
B(OH), OH
3a (1 mol%)

455 nm 10 W Blue Light
CH3CN (2.0 mL), air, 48 h

C(CH3)3
41%

C(CH3)3

(b) Photocatalytic oxidation of triphenylphosphine

@ /P
3a (1 mol%) g’/
©/P\© 455 nm 10 W Blue Light

CH3CN (2.0 mL), air, 12 h
B2 3a fEACEALTIIRDG AL SR

Scheme 2 Application of 3a as the photocatalyst in photooxida-
tion reactions
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(Scheme 3): FEERLANNT FHHZRMEBE S AIMEE T, 5=
B EhAE B T R B (Al 4R ArBX,. BEJE, % AR
B—X # 55— 7 oi R =R & C—B Bk
AR, HEMA 5] AnBX. BRERENZFHUR: 1 k-3
BRI, AR T, IS AnBX KARC
AT, AR H bR

60%

X<
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Scheme 3 Proposed reaction pathway
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Zi LRk, IRATRIHI O 5 = AR R S — 7 A
SERPRICII A, DL IR-3-FR IR N B A T AR UK,
TR T — Rl & NO-E &1 B,B-XU7 3k NUBCAL 2% &
WD, ZTTEBRIETTE, R 52 MR8, B RENIR
L. L JATYIDIRTT, BT g e e
AL, BB O T AT DAt S A R A A 9
LR = IR S A A O = R AR AR RS E I T
b, BATRBIRRZRME SN & RITE, IR
TR .

3 B
3.1 R 5EH

'H NMR (400 MHz)#! 3C NMR (101 MHz)XH
Bruker Ascend-400 MHz #ZRZILIRACN E. #EHTE
IR TAE P2 200~300 HEER, S2i6 BT 7
WA B A R, REJEEb R 4ifL.
3.2 XWHE
3.2.1 i@ R R AAL

DAZRIE = SRR B N 76T 0 8 A I N
T, SRJEIMAN FEIR-3-F ER(25.9 mg, 0.15 mmol), #HE
= BHEZE0(138.0 mg, 0.75 mmol). Mn (24.7 mg, 0.45
mmol), XF A E(74.3 mg, 0.39 mmol)fl Na,COs
(7.95 mg, 0.075 mmol), LUEET MR R BT, 130 C
SN 24 he N SERIFIRAR R, R AT R T () 264E,
B E b=, Vel . CRR CER A SR .
FREAAE R P mit U, FFMT LIRSS . Bk
W, SRR, LA DL RS R,
322 RAENRMER BALR S

BT NG BFE T80 25 mL A 9N, R5
] SN HOIMN 4-80 T 22K R (35.6 mg, 0.20 mmol)
HE471(0.7 mg, 0.002 mmol). HIA 2.0 mL ZfiE, ¥
EIMNAEE A W6 LED 4T (10 W)RIYEAb % P47
SN b 25, TR AL, RN N AL T
A5, ARG LA 1000 r/min RS HEERE S N TR S 4.
PG R BT, FTTOGIRTFG, s SIR A Y PR FF
TEER TR R 48 h. RGN, B R, &
45, MR ENT (R 20153 2 B AR =9, Yeli il
RNATMEE. LR LBE. FRELL G 7P fh R, I
AT RS . Bl S RAE.
323 KRB FEAB R

K h 7 I G TR0 25 mL AT b, ARG
) S A HROIN SR = 2R R B (52.5 mg, 0.20 mmol) A1
TEALF(0.7 mg, 0.002 mmol). JIA 2.0 mL Z M, ¥
EIMNAEE B W6 LED AT (10 W)RIEAL AT
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RPLEE b 2 JE, TR, RS AL T R
AR, ARJELL 1000 r/min (R GERE R N TR A,
PG R BAR, TTIRGEIT G, i N IR-& Y IRFF
RN NS RN 12 h. RMZR)E, BUH R, K
i), M ENTRER) AR 2] B ARr= 1, Ve
A LR CBE. FRELL S 1 S EE,
BHTEE . BRIE S RAE.

324 Fapey R AR

KGRI A VIR T Ry A = R B A,
RIBINARENZEH).

(2R R e ) S8 228 ) (7 P b -3- 228 ) Y [ (3a): 40.4
mg, FFF 80%. HE K, mp. 255.2~257.1 C; 'H
NMR (400 MHz, CDCl;) 8: 9.30 (s, 1H), 8.75 (s, 1H), 8.22
(d, J=8.8 Hz, 2H), 8.09~8.04 (td, /=7.8, 1.0 Hz, 1H),
7.97~7.91 (td, J=7.8 Hz, 1.0 Hz, 1H), 7.45 (dd, J=7.4,
1.8 Hz, 4H), 7.32~7.21 (m, 6H); 3C NMR (101 MHz,
CDCly) d: 164.4, 145.5, 137.5, 136.1, 135.3, 132.3, 131.9,
129.6, 129.3, 128.9, 127.8, 127.5, 123.0; IR (KBr) v: 3433,
3072, 1740, 1431, 1286, 1149, 1020, 770, 703 cm !;
HRMS (ESI) calcd for Co,H;7BNO, (M+H)" 338.1347,
found 338.1348.

((OU(4- 30235 I e 6 ) S 2 ) (5t W WAR-3- 35 ) BT (3 ):
40.2 mg, /& 72%. HAEMEE, mp. 239.2~240.9 C;
'H NMR (400 MHz, CDCl;) d: 9.24 (s, 1H), 8.79 (s, 1H),
8.26 (d, J=8.8 Hz, 2H), 8.12 (td, J=7.6, 1.0 Hz, 1H),
8.03~7.97 (td, J=7.6, 1.0 Hz, 1H), 7.41~7.33 (m, 4H),
7.00~6.91 (m, 4H); *C NMR (101 MHz, CDCL) ¢:
164.0, 162.8 (d, J=244 Hz), 145.4, 137.6, 136.0, 135.5,
133.9 (d, J=7.3 Hz), 132.0, 129.6, 129.3, 129.0, 123.2,
114.7 (d, J=19.4 Hz); '°F NMR (376 MHz, CDCl;) 6: —
115.07; IR (KBr) v: 3442, 3031, 1751, 1591, 1502, 1473,
1290, 1195, 1163, 827, 767 cm™'; HRMS (ESI) calcd for
CyH sBF,NO, (M+H)"™ 374.1158, found 374.1161.

(OBL(4-SU R Je ) B e 25 ) S 6 ) (P K -3- 22 ) Y L 3 ¢):
44.9 mg, F7#F 74%. AEMEE, mp. 297.7~300.2 C;
'H NMR (400 MHz, DMSO-ds) d: 10.15 (s, 1H), 9.11 (s,
1H), 8.60 (d, J=8.0 Hz, 1H), 8.52 (d, J=8.4 Hz, 1H), 8.23
(t, J=7.4 Hz, 1H), 8.10 (t, J=7.4 Hz, 1H), 7.35 (dd, J=
24.0, 8.4 Hz, 8H); 3C NMR (101 MHz, DMSO-de) o:
164.3, 147.9, 137.6, 136.2, 134.6, 134.2, 132.6, 130.7,
129.9, 129.5, 128.0, 124.1; IR (KBr) v: 3440, 3033, 1747,
1485, 1290, 1087, 1012, 887, 821 cm '; HRMS (ESI)
caled for CyHi;sBCpNO, (M +H) ' 406.0567, found
406.0567.

((OPU(4- TR VI e 5 ) S ) (S e AR 3- 22 ) F Bl (31):
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51.7 mg, F=F 70%. FEREA, mp. 297.5~299.5 C;
'H NMR (400 MHz, DMSO-ds) J: 10.14 (s, 1H), 9.11 (s,
1H), 8.60 (d, J=8.4 Hz, 1H), 8.52 (d, J=8.0 Hz, 1H), 8.24
(t, J=7.4 Hz, 1H), 8.11 (t, J=7.6 Hz, 1H), 7.46 (d, J=8.4
Hz, 4H), 7.32 (d, J=8.0 Hz, 4H); 3C NMR (101 MHz,
DMSO-ds) d: 164.3, 147.9, 137.6, 136.2, 134.6, 132.6,
130.9, 130.7, 129.9, 129.5, 124.1, 121.4; IR (KBr) v: 3433,
2918, 1749, 1473, 1290, 1008, 885, 810 cm '; HRMS
(ESI) caled for CH;sBBrNO, (M+-H)" 493.9557, found
493.9553.

4,4'-(((57 W bk -3- i 5 ) S0 ) B e — ) "R i (3e):
37.1 mg, ;=& 64%. HEAFEAE, mp. 298.1~299.9 C;
'H NMR (400 MHz, DMSO-ds) J: 10.27 (s, 1H), 9.14 (s,
1H), 8.60 (d, J=8.4 Hz, 1H), 8.53 (d, J=8.0 Hz, 1H),
8.29~8.22 (m, 1H), 8.16~8.07 (m, 1H), 7.73 (d, J=8.4
Hz, 4H), 7.58 (d, J=8.4 Hz, 4H); *C NMR (101 MHz,
DMSO-ds) : 1642, 1482, 137.7, 136.4, 134.4, 133.0,
132.7, 131.7, 130.8, 130.0, 129.5, 124.4, 119.7, 110.5; IR
(KBr) v: 3417, 3049, 2921, 2233, 1718, 1593, 1506, 1267,
1172, 892, 746 cm™ '; HRMS (ESI) calcd for Co4H1sBN;O,
(M+H)" 388.1251, found 388.1252.

4, 4'-(((F M IbR-3- Bl 2 ) U8 ) B e — ) — 2K H R (31):
29.4 mg, FEE 50%. HEEA, mp. 252.4~253.5 C;
'H NMR (400 MHz, DMSO-d) J: 10.30 (s, 1H), 9.98 (s,
2H), 9.15 (s, 1H), 8.64 (d, J=8.0 Hz, 1H), 8.54 (d, J=8.4
Hz, 1H), 8.25 (m, 1H), 8.12 (m, 1H), 7.82 (d, J=8.4 Hz,
4H), 7.66 (d, J=8.0 Hz, 4H); C NMR (101 MHz,
DMSO-ds) d: 193.7, 164.3, 148.1, 137.7, 136.3, 135.8,
134.5, 132.8, 132.7, 130.8, 130.0, 129.5, 129.1, 124.3; IR
(KBr) v: 3454, 2920, 2850, 1737, 1691, 1600, 1292, 1217,
810 cm '; HRMS (ESI) caled for CosH7BNOs (M~+H) "
394.1245, found 394.1241.

(CR(A-( =5 PP ) 232 5 0 o 6 ) B ) (e M R -3- )
FIEA3g): 58.2 mg, P73 82%. HEA, mp. 224.8~
227.7 ‘C; 'H NMR (400 MHz, CDCls) d: 9.32 (s, 1H),
8.83 (s, 1H), 8.35~8.27 (t, J=9.4 Hz, 2H), 8.17~8.11
(td, J=7.6, 1.0 Hz, 1H), 8.04~7.98 (m, 1H), 7.52 (s, 8H);
13C NMR (101 MHz, CDCl3) d: 164.0, 145.5, 137.6, 135.9,
135.6, 132.3, 129.7 (q, J=132.5), 129.7, 129.4, 129.1,
1245 (q, J=3.7), 124.4 (d, J=273.0), 123.6; 9F NMR
(376 MHz, CDCly) §: —62.55; IR (KBr) v: 3448, 3037,
2927, 1741, 1612, 1475, 1400, 1326, 1118, 1066, 1015,
827, 767 cm '; HRMS (ESI) calcd for CaH;sBF¢NO,
(M+H)" 474.1095, found 474.1097.

(R Y 2R R e 2 ) S 0 ) (5t M K -3- 2 ) FHY A (3 )
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21.9 mg, =% 40%. FAMAEAE, mp. 258.1~260.5 C;
'H NMR (400 MHz, CDCls) 8: 9.29 (s, 1H), 8.75 (s, 1H),
8.22 (t, J=7.8 Hz, 2H), 8.10~8.05 (m, 1H), 7.98~7.93
(m, 1H), 7.35 (d, J=8.0 Hz, 4H), 7.11 (d, J=7.6 Hz, 4H),
2.31 (s, 6H); 3C NMR (101 MHz, CDCls) 6: 164.3, 145 4,
137.5, 137.0, 136.3, 135.1, 134.9, 132.4, 131.7, 129.5,
129.3, 128.5, 122.9, 21.3; IR (KBr) v: 3458, 3035, 2920,
1743, 1610, 1473, 1240, 1147, 939, 891, 811, 781 cm !;
HRMS (ESI) calcd for CasHyBNO, (M+H)"™ 366.1659,
found 366.1664.

(O G-FAHL) B oe 5 ) S0 ) (S W AR -3 - 5 ) FH B (3i):
41.9 mg, /& 75%. AEMEAE, mp. 183.3~185.1 C;
'H NMR (400 MHz, CDCl;) d: 9.30 (s, 1H), 8.79 (s, 1H),
8.28 (dd, J=14.0, 8.4 Hz, 2H), 8.12 (t, J=7.6 Hz, 1H),
8.00 (t, J=7.4 Hz, 1H), 7.22 (m, 4H), 7.09 (dd, J=10.0,
1.6 Hz, 2H), 6.97~6.83 (m, 2H); '*C NMR (101 MHz,
CDCls) o: 164.0, 162.8 (d, J=244 Hz), 145.5, 137.6,
135.7, 135.7, 132.2, 129.8, 129.5 (d, J=17.3), 129.3, 129.0,
127.6 (d, J=2.6 Hz), 123.4, 119.4 (d, J=18.6 Hz), 114.5
(d, J=21.0); '9F NMR (376 MHz, CDCl;) 6: —114.00; IR
(KBr) v: 3446, 3055, 1739, 1575, 1481, 1413, 1290, 1242,
1149, 1028, 777, 730 cm '; HRMS (ESI) calcd for CyHjs-
BF,NO, (M+H)" 374.1158, found 374.1161.

(C(3-F 2RI ) D) e 5 ) B 8 ) (S W AR -3- 225 ) FF B (3j):
30.4 mg, FEF 50%. FAMAEAE, mp. 197.5~198.3 C;
'H NMR (400 MHz, DMSO-d) d: 10.31 (s, 1H), 9.15 (s,
1H), 8.66 (d, J=8.0 Hz, 1H), 8.54 (d, J=8.0 Hz, 1H), 8.25
(t, J=7.6 Hz, 1H), 8.13 (t, J=7.6 Hz, 1H), 7.50~7.19 (m,
8H); 3C NMR (101 MHz, DMSO-ds) J: 164.3, 148.0,
137.6, 136.1, 134.5, 133.4, 132.6, 131.8, 130.8, 130.1,
130.0, 129.5, 127.6, 124.2; IR (KBr) v: 3450, 3043, 1737,
1558, 1473, 1398, 1294, 1242, 1197, 1157, 1026, 792, 713
cm '; HRMS (ESI) caled for CyHjsBCLNO, (M+H)"
406.0567, found 406.0560.

((OU(3-TR 2R F ) I e ) S 2 ) (S W W3- 35 ) FH T (3K ):
57.8 mg, F7E 78%. HAEA, mp. 227.6~230.5 C;
'H NMR (400 MHz, CDCl;) d: 9.27 (s, 1H), 8.79 (s, 1H),
8.30 (dd, J=15.8, 8.2 Hz, 2H), 8.17~8.09 (td, J=7.6, 1.0
Hz, 1H), 8.03 (m, 1H), 7.51~7.48 (m, 2H), 7.41~7.31
(m, 4H), 7.16 (t, J=7.6 Hz, 2H); *C NMR (101 MHz,
CDCl3) 8: 163.9, 145.4, 137.7, 135.8, 135.7, 134.7, 132.2,
130.7, 129.8, 129.7, 129.4, 129.1, 123.4, 122.9; IR (KBr)
v: 3454, 3047, 1737, 1552, 1471, 1390, 1290, 1240, 1153,
1026, 946, 786, 705 cm ™ '; HRMS (ESI) calcd for CH;sB-
Br,NO, (M+H) " 495.9537, found 495.9537.
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3,3'-((( 5 ME MR -3- 8 4 ) S Bl e — 28) R S (3I):
40.6 mg, F7# 70%. HEEE, mp. 247.5~248.9 C;
'H NMR (400 MHz, DMSO-d) J: 10.30 (s, 1H), 9.12 (s,
1H), 8.55 (dd, J=25.4, 8.2 Hz, 2H), 8.27~8.06 (m, 2H),
7.79 (s, 2H), 7.72 (m, 4H), 7.49 (t, J=7.8 Hz, 2H); 1*C
NMR (101 MHz, DMSO-ds) J: 164.3, 148.2, 137.7, 137.1,
136.2, 135.6, 134.5, 132.6, 131.5, 130.8, 130.1, 129.5,
129.2, 124.4, 119.9, 111.3; IR (KBr) v: 3444, 3058, 2923,
2223, 1741, 1479, 1402, 1288, 1242, 1147, 1031, 964, 788,
767 cm '; HRMS (ESI) caled for Co4H sBN;O, (M+H)"
388.1252, found 388.1245.

(W3- AR L DR 5 ) B o ) B ) (S P R - 3- 65 ) P
(3m): 35.7 mg, F7E 60%. FAFEA, mp. 199.8~
202.1 ‘C; '"H NMR (400 MHz, CDCl) 6: 9.88 (s, 1H),
8.65 (s, 1H), 8.15 (dd, J=17.6, 8.4 Hz, 2H), 8.04~7.97
(m, 1H), 7.89~7.84 (m, 1H), 7.53 (dd, J=7.2, 1.8 Hz,
2H), 7.26 (m, 2H), 6.93 (m, 2H), 6.79 (d, J=8.4 Hz, 2H),
3.55 (s, 6H); 3C NMR (101 MHz, CDCls) 6: 165.0, 162.4,
148.0, 138.0, 137.1, 136.0, 134.5, 130.9, 129.7, 128.8,
128.6, 128.5, 120.9, 120.7, 110.0, 54.8; IR (KBr) v: 3454,
3039, 2933, 2833, 1733, 1571, 1475, 1415, 1286, 1238,
1026, 775 cm™ '; HRMS (ESI) caled for Co4H, BNOs (M+
H)" 398.1558, found 398.1561.

(CBL(3- 5 -4- 2R 25 ) 0 e e ) B ) (S R K - 3- 2 ) FF
Ml (3n): 41.7 mg, =% 63%. HEMEE, mp. 1784~
180.8 ‘C; 'H NMR (400 MHz, DMSO-ds) 0: 10.24 (s,
1H), 9.09 (s, 1H), 8.54 (dd, J=26.4, 8.0 Hz, 2H), 8.31~
8.02 (m, 2H), 7.46 (dd, J=8.0, 1.6 Hz, 2H), 7.31 (m, 4H);
3C NMR (101 MHz, DMSO-ds) 6: 164.2, 157.3 (d, J=
246 Hz), 148.1, 137.7, 136.2, 134.5, 134.0, 132.9 (d, J=
6.9 Hz), 132.6, 132.6, 130.7, 130.0, 129.5, 124.3, 119.4 (d,
J=16.4 Hz), 116.7 (d, J=19.3 Hz); "’F NMR (376 MHz,
DMSO-ds) 6: —118.51; IR (KBr) v: 3442, 3039, 2923,
2833, 1739, 1569, 1473, 1417, 1286, 1238, 1026, 954, 773,
727 cm'; HRMS (ESI) caled for C2H13BCLF2NO, (M+
H)" 442.0379, found 442.0373.

(CW(3,5- A% 5 ) W e % ) S ) (e P AR -3 -5 ) FHY Bl
(30): 258 mg, PFFR 42%. HGREA, mp. 1958~
199.3 ‘C; '"H NMR (400 MHz, CDCly) 6: 9.27 (s, 1H),
8.82 (s, 1H), 8.34 (dd, J=21.0, 8.2 Hz, 2H), 8.22~8.12
(m, 1H), 8.06 (m, 1H), 6.93~6.82 (m, 4H), 6.74~6.62
(m, 2H); 3C NMR (101 MHz, CDCls) 6: 163.7, 163.0 (dd,
J=248 Hz, 11.2 Hz), 145.5, 137.8, 136.0, 135.4, 132.5,
129.9, 129.4, 129.1, 123.7, 114.1 (dd, J=16.4, 5.4 Hz),
103.0 (t, J=25.3); '9F NMR (376 MHz, CDCl;) §: —
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110.50; IR (KBr) v: 3450, 3057, 2931, 1741, 1585, 1413,
1292, 1114, 964, 862, 781, 727 cm '; HRMS (ESI) calcd
for CxH13BFsNO, (M+H) " 410.0970, found 410.0963.

(2, 3- AR JE )T e ik ) S ) (e e AR -3- 25 ) FFY
il (3p): 53.4 mg, =% 87%. HEA, mp. 249.2~
250.3 °C; '"H NMR (400 MHz, DMSO-ds) 6: 9.95 (s, 1H),
9.17 (s, 1H), 8.73 (d, J=8.0 Hz, 1H), 8.56 (d, /=8.4 Hz,
1H), 8.32~8.24 (m, 1H), 8.16~8.09 (m, 1H), 7.42~7.29
(m, 2H), 7.12~6.98 (m, 4H); '*C NMR (101 MHz,
DMSO-dg) d: 166.0 (dd, J=244 Hz, 13.0 Hz), 164.1,
166.3 (dd, /=244 Hz, 13.0 Hz), 148.6, 137.0, 136.3, 136.2
(dd, J=21.7, 12.1 Hz), 134.9, 132.5, 131.2, 129.7, 129.4,
123.9, 111.4 (dd, J=19.5, 2.9 Hz), 103.8 (dd, J=24.6,
30.0 Hz); '°F NMR (376 MHz, DMSO-ds) 6: —101.54 (d,
J=8.6 Hz), —111.41 (d, J=8.6 Hz); IR (KBr) v: 3450,
3053, 1741, 1602, 1492, 1406, 1303, 1236, 1087, 968, 858,
767 cm '; HRMS (ESI) caled for C5,H 3BF,NO, (M+H)"
410.0970, found 410.0973.

(CW(3,4,5- = AR IL) I b Ik ) S 2L (e MEmpk-3-22) FH
B (3q): 43.3 mg, F=F 65%. HEEE, mp. 2547~
256.5 ‘C; 'H NMR (400 MHz, Acetone-ds) J: 10.76 (s,
1H), 9.62 (s, 1H), 9.20 (dd, /=20.6, 8.2 Hz, 2H), 8.89 (m,
1H), 8.76 (t, J=7.6 Hz, 1H), 7.83~7.70 (m, 4H); 1*C
NMR (101 MHz, Acetone-ds) 6: 163.2, 150.8 (d, J=249
Hz), 147.5, 138.7 (d, J=247 Hz), 138.0, 135.9, 134.9,
132.2, 130.4, 130.1, 129.1, 123.9, 115.6 (dd, J=13.8, 4.5
Hz); "”F NMR (376 MHz, Acetone-dg) 5: —137.93 (d, J=
19.6 Hz), —165.54~—165.72 (m); IR (KBr) v: 3450,
3047, 1737, 1558, 1473, 1396, 1294, 1242, 1155, 1028,
952, 794, 715, 713.623 c¢cm !; HRMS (ESI) calcd for
CyH  BFsNO, (M+H)" 446.0782, found 446.0779.

(T (Z8-2-2) Wl e 258 ) Sk ) (S e Mk -3- 256 ) FFY B (3r):
48.5 mg, F=F 74%. HEAMEAK, mp. 277.1~278.6 C;
'"H NMR (400 MHz, CDCI3) 6: 9.38 (s, 1H), 8.77 (s, 1H),
8.20 (d, J=9.2 Hz, 2H), 8.05 (t, J=7.8 Hz, 1H), 7.96~
7.88 (m, 3H), 7.80~7.67 (m, 6H), 7.59 (d, J/=8.4 Hz,
2H), 7.39 (t, J=3.8 Hz, 4H); 13C NMR (101 MHz, CDCl)
0: 164.4, 145.6, 137.6, 136.2, 135.3, 133.3, 133.1, 131.9,
130.0, 129.6, 129.3, 129.0, 128.1, 128.0, 127.1, 125.6,
123.2; IR (KBr) v: 3448, 3049, 1747, 1471, 1271, 1110,
1028, 781 cm™ '; HRMS (ESI) calcd for C30H2:BNO, (M+
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H)" 438.1659, found 438.1664.

A-(FUT HYK®y: 122 mg, F°F 41%. AMGFEIE,
m.p. 97~101°C; '"H NMR (400 MHz, CDCls) 6: 7.25 (d, J
=8.8 Hz, 2H), 6.77 (d, J=8.8 Hz, 2H), 1.29 (s, 9H); 13C
NMR (101 MHz, CDCly) d: 153.1, 143.5, 126.4, 114.8,
34.1,31.6.

ORI ALBE: 39.9 mg, FPE 60%. HAE A, mp.
150~157 “C; 'H NMR (400 MHz, CDCls) &: 7.67 (m,
2H), 7.57~7.49 (m, 1H), 7.45 (m, 2H); '*C NMR (101
MHz, CDCl3) d: 133.1, 132.0 (dd, J=14.2, 6.3 Hz), 128.5
(d, J=12.1 Hz); *'P NMR (162 MHz, CDCls) &: 29.08.

HHBh# &L (Supporting Information) HFrtb &1 'H
NMR F1 3C NMR 3 &, X 64k ] DL e 9% AT 35
(http://sioc-journal.cn/)_E T %K.
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