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BCl; Mediated Borylative Cyclization of 2-(1-Alkynyl)-2-alken-1-ones

Wu, Yi* Xiao, Yuanjing™* Zhang, Junliang®**
(“ Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and
Molecular Engineering, East China Normal University, Shanghai 200062)
(® Department of Chemistry, Fudan University, Shanghai 200438)

Abstract A metal-free, BCl; mediated borylative cyclization of 2-(1-alkynyl)-2-alken-1-ones leading to synthetic valuable
multi-functionalized naphthalene boronates in one step was developed. The boronate functionality present in the product pro-
vides many opportunities for derivatization. The salient features of this reaction include moderate to good yields, gram-scale
synthesis and diverse synthetic transformations. In the meantime, the new synthetic applications of 2-(1-alkynyl)-2-alken-
1-ones have been developed.
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A RIS SRR, IR b N 5N E Rtk
FERREARS] R, fEXAEOLT, RS E
A B A T X AN LR DA R 2 AN AT kAT IR AL
1k, MIMFEE S EURE A S E A AR T
I H5vER). 2012 4F, Erker SIS TS B L
B S AL IR SR mE, P 1,2-XU (BRI ZRAT A N
W, RB(CeFs), TE MR, @idiESE 1,1-B i 24
WAL I ZEAT AP0 (1 2a). 2015 4E, Ingleson A4 D) B
W) BCL AE IR, 8-S A 20 SR8 T 25
IR S AT AW B0 & (B 2b). JE T FRAi i i an >80
2-( 1= 5 )-2- 475 I8 - 1 - (L 0 0 e ) 1 27 2 A P T 7 2
fitt b, FAVRAEREREASIET BCl; 7 S s gl Ak 3R
th, TN ZE G & R A, iR
BCLs ii5 A S50 W B A 0 4y, b0 Hof 2 %
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(a) Gerhard Erker's work

SIM83 SlMe
R3B( CeF5
1 1-carboboration B(CeFs),

(b) Michael J. Ingleson's work

CF3;
(1) BCl3
(2) pinaco / Et3
Bpin
TBP, DCE

CF3
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! l Bpin
(c) This work
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Figure 2 Borylative cyclizations leading to boryl-functionalized
naphthalene derivatives
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SRR, R T RN 8 h. B JE ISR S5
NN-Z RO T =i NI 1 h R RS T
%ﬂm%ﬁ%ﬁﬁ?ﬂ%ﬁ%3a%T%ﬁ*i%%
HoAh S5 RNV FEMA. 1 %6243 T LA BBrs. BF; LA
&(mmn%%ﬁ,ﬁ%%&ﬁ%#%ﬁ%%ﬁﬁaﬁ
F=WI(EE 1, Entries 2~4). 2 J&, LA BCL; AHRJE, %F BCl;
140 FH B A R A [R] AR BE R AT T ke, 5 SRR A, FEAR XY
SRR 1) R U P8 T B v P e I P e I A8 R B 4
(& 1, Entries 5~9). HfSFEREMZE, /£—30 C 4T
R, JE IS BCL 2R s> £ 1.8 equiv., AT~
W) 3a (1773 0] DL E TR S 2] 85%(FK 1, Entry 10). X0
BUE /D BCL MR, KRR =R GR 1,
Entries 8, 11). #x/Jm, i SBE AT, paAAe s &
R RPFKRAL

Table 1 Initial reaction discovery and condition optimization

OMe
OMe
BCl, O
we A emmnen | G
o] Ph Me BCl,
1a L 0 J
OMe 2a
then, add pinacol O
DIPEA, r.t, 1h
§)rn
Me Bpin
0]
3a
Entry  [B] (equiv.) Solvent Temp/C Yield®/%
1 BCL(2.0) DCM r.t. 50
2 BBr3(2.0) DCM r.t. 6
3 BF;°OEt, (2.0) DCM r.t. 0
4  CatBCl (2.0) DCM r.t. 0
5 BCl;(2.0) DCM 50 42
6 BCl;(2.0) DCM 0 54
7 BCl;(2.0) DCM —20 64
8 BCl;(2.0) DCM —30 75
9 BCl;(2.0) DCM —40 75
10 BCl; (1.8) DCM —30 (85) 80°
11 BCl; (1.5) DCM —30 54
12 BCl; (1.8) DCE —30 71
13 BCl;(1.8) CHCl; —30 65
14 BCl; (1.8) CCly —30 20
15 BCl;(1.8) Toluene —30 14
16 BCl; (1.8) THF —30 NR
17 BCl;(1.8) 1,4-Dioxane —30 NR
18 BCl; (1.8) DMF —30 NR
19 BCl; (1.8) DMSO —30 NR

“Reaction conditions: 1a (0.2 mmol), BCl; (1.0 molsL "' in DCM), in solvent
(2.0 mL), 8.0 h, under Ar. CatBCl = B-chlorocatecholborane. DIPEA =
N,N-Diisopropylethylamine. NR=no reaction. * Determined by 'H NMR
analysis using dibromomethane as an internal standard. “ Isolated yield.
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AR IS RS AL 25 R T i, — R PR o W3
(%LEM%meLﬁﬂ”ﬁﬁmﬂ%ﬁJﬂgﬁA
. N,N-—F 5L B i DA R — R S RS TS 115 31 H b
FEHI(F 1, Entries 16~19).

22 RYMEEMHR

IR RS R G AL, BT T R
L2k BCls (1.8 equiv.) NIIIR, SR KRR, B
B RN—30 C. 7R R AR Va7 T %%
(K 3). g5 R, ()X FhERA J7 iEME DA 52 70 287 &
RY LB A LE, A BB R AR R T AR R 2410
AV, I HARMET 1t 7 55 B 75 25 IR . (2)1%
12 5 U (R ) R 7 A /S ) B 366 ) 5 R ) S o ) 7 R A
IRKFEMm. BN, 7EA5E BEA HEEN 1b, RN

B FE R (9 UK (67%), FEHIE X Skt
—GAUESEFEY) 3b fgE M. SR, B SR f T EUR
B R DICR AR AR, B0, 50U AR % R IR Ay
HHREEMN 1oy ZKIEM 1d 5= FHEIEN 1e B, 439
AIARE] 12%, 37%F1 54% 70 B =2, SRS YIS B AT
BARK P RO A AT BCl 24 7 kil )bt b
HAARFRRIIT @R R B FmEN, P 50%~90%1] 7>
B R AR T AR ZE M RRER AT AR 36~3). TR, ¥
3i AT RN %, TSR] 79% (1.71 o) B
RKOAh, BB B AT R B IE R, Bilhn 2-Ewy, [H
FERENE R H R AT SN (3K, 54%). (4)i% S Rt
B b EUEE R? LB AT IR 32 P 31~3p.

BRI, 2ERAE U I 2R PR R 7 A 1
FEHOIR I 1q TEFRE R S Z&AF T RS, 75 H AR 1
BT R A DX SRy S ER AL, T LASRASHE R A 25 BR IR AL
&W) 3q, I H¥ BCL IWHEEME 4.0 equiv., AEWF
PR AR 72% [Eq. (1)]. K1, 2448 FERAE AU |
(PRI ARAL g F AR R ) SE UM 1e B, RS R
=25 R ER AL A4 3r [Eq. (2)]. AN, A B EkdE
() fa AL BEE B 1sE BCL AR R, A B 23RML
HAs =¥ [Bq. (3)]. & ER B M EFH B A v A S 22,
HEM AT Redr i 5 S S F I E RV, BBk S BCL
FHEAE FAR) T 0 B 1 754k
2.3 FEURELHMR

JE A5 R AE XU A b A7 B SR IR A A
AR LA bR 16, AT DLSEI s AR S Bl e R
T ZEER R G, HA A e BB RR e AT R AL S it
T2 e(E 4). B, SRR CuBr MIER T,
3i IINEREE SR 25 5 e A s, DL 61% 7= 5 19 3R 28
AW 4a; 3i WL 4 HP) Suzuki-Miyaura i85 B 5 2-
IRZEVER, DL 59%M7= A5 B2 &4 4b; SR
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= =|=

7 _ |
N BCl; (1.8 equiv.) N\ /
—_—
e DCM, -30°C, 8 h R
R )
o R R2 BCl,
o]

1

then, add pinacol (3.0 equiv.)
DIEPA (15 equiv.), r.t, 1 h

Bpin
R-—

R =H, 3b, (67%)

R = 4-SMe, 3c, (12%)
R = 4-Ph, 3d, (37%)
R =3,4,5- trlmethoxy 3e, (54%) R

Bpin
Me

R = 4-BrCgHy, 3h, (50%)

R = 4-MeOCg¢Hy, 3i, (90%, 79%7)
R = 1-Naphthyl, 3j, (70%)

R = 2-thiophenyl, 3k, (54%)

MeO. Bpin Ji;n

R = 2-thiophenyl, 3I (76%)
R = cyclopropyl, 3m, (79%)
R = cyclohexyl, 3n, (67%)
R = n-Cy4Hg, 30, (91%)

R = 4-FCgHg, 3f, (70%)
R= 4MeC6H4 3g (58%)

3p, 58%

@ Carried out on a 1.5 gram scale.

H3 vy E
Figure 3 Scope of 2-(1-alkynyl)-2-alken-1-ones
PLERAHEE 3i 5 TMSN; 7ZEAEAL R 5] NBIZ530 |,
BRMEE 4 UL 67%7 7 F3JiAS; 1@ H KOMe 4b# 3i, il
BEIL S D Wi 2<, 3 HEMZE 4d LL 61%I0 77 K 3515.

3 &g

BAWIR T EEER BCl A5 2-(1-53E)-2-0%
K- 1T (I AL IR AL S B2, e 8% S — 20 & A B 1)
ZH B ZEIRER LAY, 2R MR S P 2SI A
WAL T — R 07k, BT IEAE AT HE— B A,
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MeO N3

4c, 67%

N

Ar BC|3 Ar .
| Standard conditions MeO Bpin
Me
A 1.5 Gram-Scale 0]
(0] Ar M
1i
4.9 mmol
Ar = p-Methoxyphenyl lb

MeO!!

4b, 59%

Me

MeO H

4d, 61%

4

Ar

MeO ! ! Br

4a,61% Me

L

Conditions: (a) CuBr, (3 equiv.), MeOH, H,0, reflux, 6 h; (b) Pd(PPh3)4 (10 mol%), DMF, H,O, 2-bromonaphthalene, K,CO5 (5 equiv.), 80 °C,
12 h; (c) TMSN; (1.2 equiv.), CuCl (10 mol%), TBAF (1.2 equiv.), MeOH, reflux, 8 h; (d) KOCH3 (5 mol%), MeOH, 120 °C, 12 h.

B4 3i ket

Figure 4 Synthetic transformation of 3i

1) BCl; (X equiv.)
DCM -30°C,8h

T T .

(2) Pinacol, DIEPA

ﬁ

rt,1h
Ar = 4-MeOCgH4
1q
(o
e
Ar
Bpin
Bpin
3q 3q
X=18 43% not observed
X=4.0 72%

(1) BCl; (1.8 equiv) MeO O
DCM, -30°C, 8 h
_— > Ph )
(2) pinacol, DIEPA
rt,1h Me Bpin
(0]

not observed

@ Standard reaction O
| conditions 3)
———— N
no reaction ¢ Ph
\
Ph Bpin

1s, ZIE = 1:1 not observed
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AFEX BClL /5 HIMLITFERINLEE AN & BB,
P 3 2 1 EL HP A R ML,

4 SCIGERSY
4.1 UE5H

2-(1-Jfedie)-2-Jefi J- 1 - B AR AR AH B 1) 228 SCHR & 1 rs
U H AR ML B8 1 45 F (Energy,
24, TCI and J&K), AZL4iLEEMH. '"H NMR K& C
NMR 7E Bruker (400 MHz), Bruker (500 MHz)il|5. #£ 5
BT RREN THE T, TMS AW Fs. FH NMR
FRUEUTT: CDCly 6 7.26 (‘"H NMR), 77.2 (*C NMR).
42 &Y 3a~3q AR

TEAT A WA T T8 10 mL Schlenk &AM 1
(0.2 mmol)M1 2.0 mL & H ke, WAIE—30 C.
B BCl; (0.36 mmol, 1 molsL™' in DCM), i $£%) 8 h,
R OIR(TLOMI 1 2. B S I SFEE0.6

PAL

mmol)Fl NN-—FNE &3 mmol), TEild FHiH: 1
h. &5, SFEEE S ST RN K=Y, Wl Ve

THEE) - (LR LBE)=6 @ 1

1-(6- H 4 JE 4- 2R 2L 3- T IR R 2 25 2- 58 ) 4 -1- T
(3a): LA, 773 80%. m.p. 148~150 C; '"H NMR
(500 MHz, Chloroform-d) d: 9.26 (d, J=11.3 Hz, 1H),
8.19 (d, J=11.1 Hz, 1H), 7.55~7.47 (m, 2H), 7.43 (t, J=
7.6 Hz, 2H), 7.40~7.33 (m, 1H), 7.07 (dd, J=11.3, 2.8
Hz, 1H), 6.92 (dd, J=11.1, 2.8 Hz, 1H), 3.96 (s, 3H), 2.80
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(s, 3H), 1.22 (s, 12H); *C NMR (126 MHz, CDCL;) o:
195.37, 168.74, 137.82, 137.64, 137.32, 137.09, 136.98,
135.66, 131.07, 130.73, 127.94, 126.96, 114.49, 114.21,
83.99, 56.14, 30.83, 25.01. HRMS (ESI) caled for
C,sH,,BNaO4 [M+Na]" 425.1899, found 425.1907.

1-(4-FHE-3- W ER R 2L 25 -2-28) - 1-F (3b): 1 [
1, P2E 67%. mp. 176~178 C; '"H NMR (500 MHz,
Chloroform-d) ¢: 8.44 (s, 1H), 7.99 (d, J=38.1 Hz, 1H),
7.58~7.53 (m, 1H), 7.53~7.38 (m, 7H), 2.79 (s, 3H),
1.10 (s, 12H); *C NMR (126 MHz, CDCl3) ¢: 199.60,
145.30, 139.51, 137.07, 134.83, 132.59, 131.00, 130.06,
129.41, 128.58, 127.72, 127.50, 126.65, 126.60, 83.39,
25.27, 25.09. HRMS (ESI) caled for CoH,sBNaO; [M+
Na]" 395.1793, found 395.1799.

1-(6- FH it 5 -4- 2R 3k -3- W) I I Ok 25 -2- %) &4 - 1- T
(3e): ZfaEK, P25 12%. mp. 106~108 C; 'H NMR
(400 MHz, Chloroform-d) d: 9.02 (d, J=10.8 Hz, 1H),
8.03 (d, J=10.6 Hz, 1H), 7.49 (d, J=7.0 Hz, 2H), 7.43 (t,
J=17.4 Hz, 2H), 7.37 (d, J=7.1 Hz, 1H), 7.21 (dd, J=
10.8, 1.8 Hz, 1H), 7.06 (dd, J=10.6, 1.8 Hz, 1H), 2.80 (s,
3H), 2.53 (s, 3H), 1.23 (s, 12H); °C NMR (101 MHz,
CDCly) 8: 195.06, 156.31, 139.08, 137.87, 136.89, 136.77,
135.17, 135.04, 131.05, 131.01, 128.02, 127.10, 123.31,
122.81, 84.05, 30.82, 25.03, 16.19. HRMS (ESI) calcd for
C,sH,;BNaOsS [M+Na]" 441.1671, found 441.1673.

1-(4,6- R 5L -3- W RR IR 25 -2-55) £,-1- i (3d): 3%
O EK, P53 37%. mp. 237~238 ‘C; 'H NMR (400
MHz, Chloroform-d) J: 8.42 (s, 1H), 8.02 (d, J=28.5 Hz,
1H), 7.78 (dd, J=8.5, 1.8 Hz, 1H), 7.66 (d, J=1.7 Hz,
1H), 7.53~7.49 (m, 2H), 7.48~7.34 (m, 6H), 7.36~7.27
(m, 1H), 2.76 (s, 3H), 1.09 (s, 12H); >C NMR (101 MHz,
CDCly) d: 199.49, 145.56, 141.26, 140.74, 139.41, 137.09,
135.14, 131.78, 131.03, 129.99, 129.78, 128.86, 127.82,
127.69, 127.61, 127.48, 126.38, 124.49, 83.42, 25.28,
25.14. HRMS (ESI) caled for C3H,0BNaO; [M+Na]"
471.2107, found 471.2110.

1-(5,6,7- = H 4 -4 L 3- T R i 26 25 -2-3) - 1-
Fil (3e): & ME A, F*F 54%. mp. 173~175 C; 'H
NMR (400 MHz, Chloroform-d) J: 8.25 (s, 1H), 7.38~
7.27 (m, 5H), 7.10 (s, 1H), 3.99 (s, 3H), 3.86 (s, 3H), 3.19
(s, 3H), 2.70 (s, 3H), 1.06 (s, 12H); *C NMR (101 MHz,
CDCly) 8: 199.23, 153.39, 150.04, 144.61, 143.16, 142.95,
136.55, 130.94, 129.78, 129.15, 126.54, 126.21, 125.41,
104.37, 83.26, 60.87 (d, J=2.5 Hz), 60.59, 55.79 (d, J=
2.6 Hz), 25.37. HRMS (ESI) calcd for Cy;H3,BNaOg [M+

3912 http://sioc-journal.cn/
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Na]* 485.2111, found 485.2111.

1-(4- ) R L -3- T R i 2 25 -2-F5) £ -1- Tl (3): A
AR, P23 70%. mp. 206~208 ‘C; 'H NMR (500
MHz, Chloroform-d) ¢: 8.45 (s, 1H), 8.00 (dd, /=8.1, 1.3
Hz, 1H), 7.60~7.53 (m, 1H), 7.54~7.47 (m, 1H), 7.45
(dd, J=8.4, 1.2 Hz, 1H), 7.42~7.35 (m, 2H), 7.22~7.14
(m, 2H), 2.78 (s, 3H), 1.14 (s, 12H); *C NMR (126 MHz,
CDCLy) d: 199.57, 162.58 (d, J=246.2 Hz), 144.08,
137.08, 135.43 (d, J=3.3 Hz), 134.88, 132.67 (d, J=8.0
Hz), 132.61, 130.25, 129.52, 128.76, 126.77, 126.31,
114.64 (d, J=21.2 Hz), 83.47, 25.23, 25.12. HRMS (ESI)
caled for CpH,,BFNaO; [M+Na] " 413.1699, found
413.1701.

1-(4- X6 FA 26 O k- 3- ) 1R i 2 25 -2- 2 ) 44 -1- i (Bg):
O EAR, 723 58%. mp. 172~174 C; 'H NMR (500
MHz, Chloroform-d) d: 8.43 (s, 1H), 7.98 (d, J=8.0 Hz,
1H), 7.58~7.50 (m, 2H), 7.51~7.44 (m, 1H), 7.30 (q,
4H), 2.78 (s, 3H), 2.47 (s, 3H), 1.11 (s, 12H); °C NMR
(126 MHz, CDCly) d: 199.61, 145.41, 137.11, 137.08,
136.49, 134.99, 132.60, 130.87, 129.95, 129.38, 128.49,
128.31, 126.66, 126.60, 83.37, 77.30, 77.04, 76.79, 25.28,
25.06, 21.28. HRMS (ESI) calcd for C,sH,;BNaO; [M—+
Na]" 409.1950, found 409.1951.

1-(6- F 48 2 -4- 5 YR R JE -3 R g 2 25 -2- 8 ) 4-1-
fi(3h): LR, P2 % 50%. mp. 121~123 C; 'H
NMR (500 MHz, Chloroform-d) d: 9.21 (d, J=11.3 Hgz,
1H), 8.12 (d, J=11.0 Hz, 1H), 7.60~7.56 (m, 2H), 7.42~
7.36 (m, 2H), 7.07 (dd, J=11.3, 2.8 Hz, 1H), 6.92 (dd, J=
11.1, 2.8 Hz, 1H), 3.96 (s, 3H), 2.81 (s, 3H), 1.27 (s, 12H);
BC NMR (126 MHz, CDCls) 6: 195.23, 168.90, 137.45,
137.26, 136.71, 136.09, 136.08, 135.55, 132.68, 131.09,
131.06, 121.13, 114.78, 114.30, 84.07, 56.20, 30.81, 25.06.
HRMS (ESI) caled for C,sH,BBrNaO, [M + Na] *
503.1004, found 503.1005.

1-(6- FH 480 B -4 50of FH A R e - 3- 0 TR i i 2 -2- 0 )
Z-1-FR3i): @A, 725 90%. mp. 150~151 C; 'H
NMR (400 MHz, Chloroform-d) d: 9.21 (d, J=11.3 Hz,
1H), 8.15 (d, J=11.1 Hz, 1H), 7.42 (d, J=8.5 Hz, 2H),
7.03 (dd, J=11.3, 2.8 Hz, 1H), 6.98 (d, J=8.6 Hz, 2H),
6.89 (dd, J=11.1, 2.8 Hz, 1H), 3.94 (s, 3H), 3.87 (s, 3H),
2.80 (s, 3H), 1.24 (s, 12H); *C NMR (101 MHz, CDCL) §:
195.27, 168.65, 158.81, 137.83, 137.46, 137.10, 136.91,
135.55, 132.09, 130.65, 129.42, 114.34, 114.02, 113.40,
83.94, 56.11 (d, J=3.1 Hz), 55.39 (d, J=2.7 Hz), 30.81
(d, J=1.9 Hz), 25.05. HRMS (ESI) calcd for CpsH,oB-

Chin. J. Org. Chem. 2020, 40, 3908~3915
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NaOs [M+Na]" 455.2005, found 455.2011.

1-(7- F AR -2- I R i 2 -[1,1']- 1 28 )-3- %) 4, - 1-
(3j): EOFEE, P2EK 70%. m.p. 178~179 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 8.42 (s, 1H), 7.98~7.84 (m,
3H), 7.57 (t, J=7.6 Hz, 1H), 7.49 (dd, J=7.0, 1.3 Hz,
1H), 7.47~7.38 (m, 1H), 7.35~7.21 (m, 2H), 7.16 (dd,
J=8.9, 2.5 Hz, 1H), 6.47 (d, J=2.4 Hz, 1H), 3.44 (s, 3H),
2.75 (s, 3H), 0.91 (s, 6H), 0.64 (s, 6H); *C NMR (101
MHz, CDCls) 6: 199.29, 159.90, 141.97, 137.12, 136.99,
135.54, 133.43, 133.18, 131.12, 130.09, 129.01, 128.09,
127.89, 127.61, 127.05, 125.93, 125.72, 125.13, 119.10,
105.54, 83.02 , 55.06, 25.12 (d, J=1.9 Hz), 24.71 (d, J=
9.7 Hz) . HRMS (ESI) calcd for CooH,0BNaO, [M+Na]"
475.2056, found 475.2057.

1-(6- H 4 JE -4- 1wy -3- W) R T 2 25 -2- 5% ) 4 -1- T
(3K): LA, P7Z 54%. mp. 133~134 ‘C; '"H NMR
(400 MHz, Chloroform-d) d: 9.26 (d, J=11.3 Hz, 1H),
8.38 (d, J=11.1 Hz, 1H), 7.40 (dd, J=5.1, 1.3 Hz, 1H),
7.23~7.03 (m, 3H), 6.96 (dd, J=11.1, 2.8 Hz, 1H), 3.95
(s, 3H), 2.79 (s, 3H), 1.28 (s, 12H); °*C NMR (101 MHz,
CDCly) d: 195.32, 169.02, 138.70, 137.75, 137.61, 137.11,
135.91, 130.54, 128.97, 128.37, 126.97, 125.85, 115.14,
114.55, 84.16, 56.21, 30.84, 25.06. HRMS (ESI) calcd for
Cy3H,sBNaO,S [M+Na] "™ 431.1463, found 431.1473.

(6- F AU k-4 50 R A R B - 3 - I Pl A 2 -2- 6 ) (1
Wy-2-55) (31 20 EEE, =2 76%. mp. 73~74 C;
'H NMR (400 MHz, Chloroform-d) 6: 8.80 (d, J=11.1 Hz,
1H), 8.21 (d, J=11.0 Hz, 1H), 7.63 (dd, J=4.9, 1.2 Hz,
1H), 7.49 (dd, J=3.8, 1.2 Hz, 1H), 7.43 (d, J=8.6 Hz,
2H), 7.08~7.05 (m, 1H), 6.98 (d, J=8.6 Hz, 2H), 6.92~
6.82 (m, 2H), 3.92 (s, 3H), 3.87 (s, 3H), 0.97 (s, 12H); "*C
NMR (101 MHz, CDCly) &: 186.14, 169.30, 158.67,
148.23, 137.67, 137.64, 136.16, 135.98, 135.00, 132.81,
132.27, 131.82, 129.38, 127.54, 113.28, 113.21, 113.15,
83.86, 56.16, 55.40, 24.63. HRMS (ESI) calcd for
CaoH30BOsS [M+Na]* 501.1907, found 501.1906.

A TA 2 (6- FF AR k-4 - o) HY S B DR AL -3 - IR i i 25 -2-
E)FEIEm): LK, 72% 71%. mp. 101~102 C;
'H NMR (400 MHz, Chloroform-d) 6: 9.22 (d, J=11.2 Hz,
1H), 8.16 (d, J=11.0 Hz, 1H), 7.44 (d, J=8.6 Hz, 2H),
7.01~6.94 (m, 3H), 6.85 (dd, J=11.1, 2.7 Hz, 1H), 3.92
(s, 3H), 3.87 (s, 3H), 2.74~2.67 (m, 1H), 1.39~1.34 (m,
2H), 1.22 (s, 12H), 1.05~0.98 (m, 2H); °C NMR (101
MHz, CDCls) 6: 198.34, 168.68, 158.72, 137.42, 137.35,
136.98, 136.94, 135.16, 132.36, 132.09, 129.60, 113.76,
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113.38, 83.95, 56.09, 55.40, 25.01, 21.45, 11.42. HRMS
(ESI) caled for C,sH3,BOs [M+Na]® 459.2342, found
459.2340.

IR O3 (6- A A ik -4 - o) YA 5 O k-3 - R i ik 2% -2-
F)HEA3n): L EEAE, 2% 67%. mp. 127~128 C;
'H NMR (400 MHz, Chloroform-d) d: 9.01 (d, J=11.3 Hz,
1H), 8.12 (d, J=11.0 Hz, 1H), 7.43~7.38 (m, 2H), 7.01~
6.92 (m, 3H), 6.83 (dd, J=11.1, 2.8 Hz, 1H), 3.92 (s, 3H),
3.86 (s, 3H), 3.31~3.20 (m, 1H), 2.10~1.26 (m, 12H),
1.24 (s, 12H); *C NMR (101 MHz, CDCly) §: 203.28,
168.70, 158.72, 137.60, 137.40, 137.13, 136.91, 135.38,
13223, 131.34, 129.58, 113.66, 113.26, 83.91, 56.08,
55.39, 49.70, 29.56, 26.06, 25.93, 25.17. HRMS (ESI)
caled for C;H;33BOs [M~|—Na]+ 501.2812, found
501.2818.

1-(6- AL JE -4 50 PR 4R ik R ik -3- BT R 5 i 2% -2- )
I%-1-f(30): LK, 2% 91%. m.p. 180~181 C;
'H NMR (400 MHz, Chloroform-d) d: 9.29 (d, J=11.3 Hz,
1H), 8.14 (d, J=11.1 Hz, 1H), 7.46~7.38 (m, 2H), 7.08~
6.94 (m, 3H), 6.88 (dd, J=11.1, 2.8 Hz, 1H), 3.94 (s, 3H),
3.87 (s, 3H), 3.14 (t, 2H), 1.85~1.77 (m, 2H), 1.53~1.40
(m, 2H), 1.23 (s, 12H), 0.97 (t, J=7.3 Hz, 3H); °C NMR
(101 MHz, CDCl;) o: 198.49, 168.65, 158.78, 137.66,
137.51, 137.45, 136.82, 135.42, 132.17, 130.52, 129.54,
114.12, 113.79, 113.34, 83.96, 56.09 (d, J=2.3 Hz), 55.39
(d, J=2.1 Hz), 42.28, 26.98, 25.08, 22.69, 14.22. HRMS
(ESI) caled for CooH3sBNaOs [M+Na]* 497.2475, found
497.2477.

IR I (- TR B3 R W AL 25 -2- ) I 3p): 1 € ]
&, P72 58%. m.p. 147~148 ‘C; 'H NMR (400 MHz,
Chloroform-d) ¢: 8.19 (s, 1H), 7.91~7.82 (m, 3H), 7.66~
7.56 (m, 1H), 7.57~7.40 (m, 10H), 1.08 (s, 12H); °C
NMR (101 MHz, CDCly) d: 197.63, 145.81, 139.70,
137.91, 136.76, 134.47, 132.81, 132.13, 131.92, 131.00,
129.86, 129.53, 128.58, 128.35, 127.79, 127.56, 126.73,
126.57, 83.66, 25.03. HRMS (ESI) calcd for C3,H,0BNaOs;
[M-+Na]" 457.1951, found 457.1948.

1-(5- F AU B -4 50 PR 4R ik O Rk -3 T R 5 6 2% -2- )
Z-1-Bi(3q): AR A, =% 72%. mp. 179~180 C;
'"H NMR (400 MHz, Chloroform-d) o: 8.33 (s, 1H), 7.53
(d, J=8.1 Hz, 1H), 7.41 (t, J=7.9 Hz, 1H), 7.21 (d, J=8.4
Hz, 2H), 6.87 (d, J=8.3 Hz, 2H), 6.82 (d, J=7.7 Hz, 1H),
3.85 (s, 3H), 3.38 (s, 3H), 2.72 (s, 3H), 1.09 (s, 12H); "*C
NMR (101 MHz, CDCly) &: 199.49, 158.27, 157.05,
143.63, 136.92, 136.57, 134.91, 130.69, 130.13, 127.04,
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126.36, 122.35, 111.84, 109.23, 83.33, 77.44, 77.12, 76.80,
55.75, 55.53, 25.47, 25.37. HRMS (ESI) caled for
Cy6H20BNaOs [M+Na]" 455.2005, found 455.1995.

4.3 k& d4a~4d IERR

A PEETH 10 mL Schlenk B hIA 3i (0.2
mmol). BAL4 (0.6 mmol). 2.0 mL FIEELL K 2 mL 7K,
AL 6 h. i E AR (TLO)RM 3i V2%, AL
Tk REHY, A HLAH MR 3Kk, TCKBRER BN T4, e
T, ST O Sy BEAR BIAH R =), Vel VO
BE) @ MCBR O =2 1 1, 13 1-(3-1-6-F S Jk-4- %] /Y
AR ILZE - H) 2o 1-f (42)": Lk, UK 61%.
m.p. 133~134 °C; '"H NMR (400 MHz, Chloroform-d) d:
9.41 (d, J=11.3 Hz, 1H), 8.10 (d, J=11.2 Hz, 1H), 7.35
(d, J=8.1 Hz, 2H), 7.13~7.03 (m, 3H), 6.96 (dd, J=11.3,
2.8 Hz, 1H), 3.97 (s, 3H), 3.90 (s, 3H), 2.89 (s, 3H); "°C
NMR (101 MHz, CDCly) &: 197.15, 168.85, 159.13,
137.96, 136.29, 135.12, 135.06, 132.39, 131.77, 127.09,
124.87, 124.31, 116.04, 114.77, 113.80, 56.23, 55.32,
32.47. HRMS (ESI) caled for C,H;;BrNaO; [M+Na]"
407.0253, found 407.0254.

A PEE TR 20 mL Schlenk &I 3i (0.2
mmol). 2-{R%%(0.24 mmol). AxFREH(1 mmol)FlPY — 2R
JBE4(0.02 mmol, 10 mol%), Fff5¥ 1IN 4.5 mL N,N-—H
FEFBERL LA S 0.5 mL 7K, N#AE 80 °C, KM 8 h. KM
S5, AN 20 mL KK, IIASOTAEL, AHUH A
IR EhKBE, KRR TR, WETER, Sy
BSOS EIAH L=, Ve V(AT - V(LR CBE)=
200, 13 1-(7- PSR- 10 AR B 2R R - [2,2"- R 2R -3 0% )
Zi-1-Ti(4b)"): T A, 725 59%. m.p. 287~288 C;
"H NMR (400 MHz, Chloroform-d) d: 9.29 (d, J=11.2 Hz,
1H), 8.24 (d, J=11.2 Hz, 1H), 7.85~7.69 (m, 4H), 7.51~
7.42 (m, 2H), 7.34 (d, J=8.4 Hz, 1H), 7.10 (d, J=8.0 Hz,
3H), 6.97 (dd, J=11.2, 2.7 Hz, 1H), 6.80 (d, J=8.3 Hz,
2H), 3.97 (s, 3H), 3.76 (s, 3H), 2.03 (s, 3H); *C NMR (101
MHz, CDCls) 6: 199.65, 168.64, 158.30, 146.51, 137.99,
136.69, 135.47, 135.40, 135.09, 133.11, 132.39, 132.27,
131.23, 130.61, 130.00, 128.53, 128.14, 127.72, 127.49,
126.95, 126.19, 126.12, 115.09, 113.98, 113.64, 56.15,
55.16, 32.00. HRMS (ESI) caled for CsoHNaO; [M+
Na]" 455.1618, found 455.1615.

£ 2 mL HESVABOIOA 3i (0.2 mmol). PUT FE4 1L
$£(0.24 mmol). B ZHE = FF EEAEE(0.24 mmol) LA K AL
MEA(0.02 mmol, 10 mol%), MN#R R ZE FRRE 2%, Z4F
5y BAS BRI =, BELR] VCATHEE) ¢ (LR
LEE)=6: 1, 13 1-(3-BEFk-6-H 5 Fe-4- %] AR B R 2k
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Z52-35) 2,-1- T (4e)>": B G lE A, P23 67%. m.p.
158~159 °C; '"H NMR (400 MHz, Chloroform-d) o: 8.18
(d, J=10.7 Hz, 1H), 7.73 (d, J=11.7 Hz, 1H), 7.35 (d, J=
8.2 Hz, 2H), 7.05 (d, J=8.2 Hz, 2H), 6.89 (dd, J=11.8,
2.8 Hz, 1H), 6.78 (dd, J=10.8, 2.9 Hz, 1H), 3.87 (s, 6H),
2.80 (s, 3H); °C NMR (101 MHz, CDCly) 0: 194.27,
161.96, 158.96, 157.74, 138.10, 137.20, 131.20, 128.64,
126.10, 125.60, 120.87, 118.76, 114.74, 109.86, 108.76,
55.80, 55.37, 31.79. HRMS (ESI) calcd for C,0H;0NNaO;
[M+2H~+Na—2N]" 344.1262, found 344.1261.

£ 2 mL FHEERII 3i (0.2 mmol) LA K Ff 4
(0.01 mmol, 5 mol%), M#AZE 120 C W 12 h 25 RH
K, RO S5 B S, PR VORI
K © MR CBR)=4 1 1, 13 1-(6- 3 dk-4- 55 TSR oK
Fe2-3) Z-1-F (4d)?: o m AR, PR E 61%. mop.
180~181 ‘C; '"H NMR (400 MHz, Chloroform-d) o: 9.75
(d, J=11.1 Hz, 1H), 8.44 (d, J=11.2 Hz, 1H), 8.03 (s,
1H), 7.47 (d, J=8.3 Hz, 2H), 7.14~6.96 (m, 4H), 3.98 (s,
3H), 3.88 (s, 3H), 2.70 (s, 3H); °C NMR (101 MHz,
CDCly) d: 195.75, 169.16, 158.72, 139.49, 136.62, 136.27,
136.07, 135.94, 131.38, 130.59, 129.16, 124.51, 115.95,
114.23, 114.08, 77.36, 77.25, 77.05, 76.73, 56.17, 55.41,
29.12. HRMS (ESI) caled for CyH;sNaO; [M+Na]®
329.1148, found 329.1143.

$#H B#1 K (Supporting Information) L&) 3a~3q 1
4a~4d [f] '"H NMR PL K& °C NMR ¥ F. XLl ar e
G %% MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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