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Fh %

WE HET T Friedel-Crafts SV 3-W5IWREUAC B ME R K AH A B2, LAAR SRR R RO W b J5Ukl, G5
AN, 78 =R T AT SEK O SO 5T, BAYP A B fi 1) 7 A5 B 3-IGI IR R 2RI 2R A 4. %077 HAT
YRR AR E . IR s
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Synthesis of 3-Indolyl-substituted Benzoboroxole via Friedel-Crafts
Reaction in Water

Zhang, Huiming”  Shen, Shaochun®®  Yang, Xiaodi**  Sun, Xingwen™**
(“ Department of Chemistry, Fudan University, Shanghai 200433)
(® Sinopec Shanghai Research Institute, Petrochemical Technology, Shanghai 201208)
(‘ Laboratory of Advanced Materials, Fudan University, Shanghai 200433)

Abstract A highly efficient and catalyst free approach for the synthesis of 3-indolyl-substituted benzoboroxole via Friedel-
Crafts reaction in water was developed successfully using readily accessible 2-formylbenzeneboronic acid and indole as the
starting material and water as solvent at room temperature. An array of desired 3-indolyl-substituted benzoboroxoles was syn-

thesized in moderate to near quantitative yield.

Keywords Friedel-Crafts reaction; 3-indole-substituted benzoboroxole; synthesis in water
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Figure 1 Benzoboroxole
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AN2690 AN2718 AN2728
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OH Me,N 4
B/ OMe oH O
N /
o) B,
0]
CN MeO NMe,
5 6 7
Plastic Biocide Vancomycin Me:N  glie dye

B2 e EA R A R R MR 5 )
Figure 2 Several bio-active benzoboroxole compounds
3-ARTR I MERAL S W )& BT iR B — 2Rk
i: 1999 4F, Zhdankin 5 AEE pa ARSI H K, 5T
PR S B =S ARG S Y, AR 1531 3,3- I
FRARHME; 2001 4F, Falck /N1 VR 4B A7 A7 e HUAR AR
T2 {r NBS 1EHI N A3 3-HURRIIME 1, F %
B A E] 92%; 2010 4F, Mereddy /MH!E T Baylis-
Hillman J M, il 7 HATZ ML 3- 24
ARBNMERA A, RNIME 28 R ORI 2 AR I AR B M
Jag, AT VR LU AT R, DR A e 35 A %
TP B8 ) 55 1 7 V5 0 18 A ) A o T e S 2 i
WFSEHAT B R
WG W R T AFAE T RAR =R 258 73 5T
HCEAH TG, RS AT 2R N R 2% 731 R G

AT R i T 0G| R AL FE I DK F R I Friedel-
Crafts VA% 3-WIWREAR AR AL S P10 7 v, B
Ja I E R W, X R E P DR IR 2% BRE
05 THAT #5075 1 2E LG EPOL 4 S U IR AL B W K
TAERIRESE, FRATTBAL A B I iy B8 5 N PRl e 53
o R AR (R G AR PR B IR M 1
T705, G IR S A HL TR s A B A
U35 X (Scheme 1).

1 ZR51HE

1.1 RE&E4iFiE

T2, FRATLAAE FF R A 2 (8) 2 VRIS WA 9 kg BRAR
JEA, FEE W N RN AT T I E(Bq. 1).

Wk 1 Pios, BIB.5 equiv.) 548 FF L ZRA R (1
equiv ) FEANIEFI(FFEEEGE 1,2- & Ok LM
i, WAl A A1+ 1A] Friedel-Crafts WV, 28 5 I 7K 5 {#
P3RBT 3-M D AR RN ek B4, DA 55 R 1k
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©:Br HO_~om, PTSA
CHO Toluene, reflux, overnight

(1) n-BuLi/THF, -78 °C
(2) B(OMe),, -78°C
(3) 5% HCI, r.t.

CC
0]
b/
C[B(OH)Z

CHO

8
OH
R! \
B(OH), 0
CL,,,* Gy
~
8 N
9 o H X

10a: R' =R? = H, X = CH; 10b: R' = 5-F, R? = H, X = CH;

10c: R' = 6-F, R? = H, X = CH; 10d: R" = 5-Br, R? = H,X = CH;
10e: R'=5-Cl, R =H, X = CH; 10f: R' =R%®=H, R? =6-NO,,
X =CH; 10g: R' = 5-Me, R = H, X = CH; 10h: R' =R® = H,
R? = 5-OMe, X = CH; 10i: R'=5-OBn, R®=H, X = CH;

10j: R' = H, R?= 2-Ph, X=CH; 10k: R' =R®=H, X =N

Scheme 1

+ —_—
24h
CHO N
8 9a

1R FARL

Table 1 Screening and optimization of the reaction condition

Entry  n(8) : n(9a) Solvent Yield®/%
1 1:15 MeOH 57
2 1:15 DCE 68
3 1:15 H,0 99
4 1:15 H,0 87
5 1:1.2 H,0 90

© 2014 Chinese Chemical Society & SIOC, CAS

@44 0.2 mmol 8, 1 mL W A; 2 4y 5722 € 12 h.

HIINER B & 0 1% N ] Be A R b E . 45 G RAT A & LA
TN RNA SR SR G OT A RIE TSR, 42 T k22
T bk s R RN B (A 2, R4tk
W, CMER 1.5 equiv FIEAT 1 equiv. A1 FTIESE R R h
SN JFORHF, LT LAE B (1) 7= 2243 1) 7 TiUHA 1) 3-g] kY
ARIMEAL A9 10a( 1, Entry 3). Jalisb S 3 s i)
T &, N = E6A T R B# (3R 1, Entries 4, 5).
1.2 KRBT & RS

BATLA 1 equiv. 408 F IBEHE R (8) (0.2 mmol), 1.5
equiv.M[(0.3 mmol)ZE FIR T, 1 mL 4l /KAEEFI N W
SAFRNEWHAT T (K 2).
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Table 2 Synthesis of 3-indole-substituted benzoboroxole in water

5 \/OH
B(OH), R o)
(L =
— X
CHO X H rt,24h R2 74 ‘ jR1
8 9 NT™X
10 H
Entry Indole Product Yield‘/% | Entry Indole Product Yield’/%
_OH _OH
B\ Me B\
O oy OF
1 N 99 (93 | 7 N Me 82
"e e
9a N 9g N
10a H 10g H
/OH OH
\

B B
F. MeO \
T C o O
2 F 53 8 OMe 52
A S RS S
9 N %h N
10b

10h
OH

OH
B( - 4
n

vy Lp ©j§ (p

3 F 94 9 OBn 87
” a® ” ®

9c N

N F

10c

9i

TZ"N

10i
OH

N\

OH

/
B

Br A O Bo O o

4 N p O Br 80 10 N y O 50

9j N

9d N H
od 10j

1

B/OH B/OH
Cl \O AN \O
T SN
5 cl 99 11 N7 87
H Vi O H
9e¢ H
10e

7 o
9k N “
NTON
10k
OH
4
(e
20
6  ON N 4 O 75
of N NO,
10f

OV AT A R R N R £ 2 5 mmol 8 F1 7.5 mmol BIEZE 25 mL 4lizK th R 36 h.
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M 2 TG, A0 H ISR IR 5 2 A W T I
MGV, Toieat S-AL RIS A2 6-A BRI IR, 1
afi 7K ¥ B AR I M Az i 3-M5 R IRUA R R e 25 4k 542, T
BRI e R, o, S &R, fig LA
fRIR 99% (1= A3 3] 3-M AR (SR 2, Entry 5,;
15 6D A7 5 W L PRI L R, S Wt g A 75% 1)
PERAGF) HERP (R 2, Entry 6); %18 45 v IR
LIRS N A AT DA A A, A S BIOL T 1 7= 2
P BIRF N[ 3-FF|WRIAC IR (% 2, Entries 7~9); X
T 2R RFEHUAR NG, 1T LA 50% 113 2 H Ax =4
(% 2, Entry 10); {HAFUEHIMAE, 0T 7-50280 10, [V
W HEAFF 87%I1) 77 (4 2, Entry 11). [AlI, FRATTLANG |
9a 1 8 K JRMK S N BUKE] 5 mmol, ZEA Jso Wi [A] 48
36 h, RMNAGRFFLT =245 2 HbrbAY) 10a,
WA A4 10a 1R 5 & X 2R AT S g — 2D e T =4 )
2RV 3).

B3 G 10a (¥R F 4

Figure 3 Crystal structure of compound 10a

2 4t

KT —FESERT, KMF, TFHI LT,
T sk P W 408 R I R 2R R A A= 43 1 [R) Friedel-Crafts
SN, WK B 3-Pg | AR M (1) 732, 07 v i
PERLUF, X EAWE T 4TI, DL
T-E A, B LA AR 20T () FE 245 2 B AR ), &
R ERIE 99%; N B AT IR AU« A T SRR,
1M HLSEEE T ek AR B s il 46 5 FR =95 0T r= 1)
gk, Wk X-5 4 AT I AT T AL A DR R
25 ERRE AW SIS AP R I T U AR BEEE, 1%
KA W HAD YA EAE AT .

3 FIEEH
3.1 W5k

'H NMR i1 °C NMR i#1E ECA-400 (400 MHz ).
DMX-500 (500 MHz)RAZ G EARAL 52 ; ESI-HRMS
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1E Bruker ApeXIII 7.0 TESLA FTMS. Water Micromass
GCT Premier 25 73 F A M. BT F 24 il 1)
B AT b Al sk 2E all, Rk — Db PR
AR EMTERERE 200~300 H ik 300~400 H _F#E1T,
TLC H HSGF254 =4k, F UV 4T 254,365 nm 1<
5% AR IR VA 16

32 KWAHE

3.2.1 AR F BAK RN BL 69 6 Ak,

K AR R 2K H (10 mmol) T H 2K (50 mL)f&, A
LT (12 mmol) A FERAER(0.5 mmol, 5 mol%), [
WA AIE R TLC Kl N 45 R e, vl s, Wesk 7%
REEEMIE, RIGIMA 100 mL L8 ZEEFRe, HxH
M1 Na,COs %~ 7K MR NaCl ¥ iivkis, A U
To/K NapSO, T4 b IE, WRGR A 20T 7 88, #3848
M. K AV TR ZZ DU SRR (50 mL) ', ¥ 415 —78
T, BAMYR, RN 1.0 mol/L 1E | HEAAW (20
mL), WINsEEe s, HFE 30 min, FAEBR IS INA
W = F 520 mmol), —78 C F#HtHkid, Z18THE
BEWSE, O 5% (50 mL), =ELH: 2 h. e
AR RBZEHEAG, LM ORI (30 mLX3), &
IKORREN T, 1L g, JEIRYE, FEEHT 2 215 240
BRI R 81, il iA, Pl E =% 68%. '"H NMR
(DMSO-d;, 400 MHz) §: 10.13 (s, 1H), 8.38 (br, 2H), 7.88
(d, J=7.6 Hz, 1H), 7.66~7.58 (m, 2H), 7.51~7.58 (m,
1H).

322  BARMLA 10a~10k 49455,

U, R BEIE AR 8 (0.2 mmol)FI[IE 9
(0.3 mmol, 1.5 equiv.)i@ &G A 1 mL £&FK, £
N FE 24 he SOV ETHE, H 10 mL FEZRILHEER 2K
e R A E AT AR Y 10, T ER WS, (ke
10a~ 10K 755 fUE IR I T SOARTEE M, 2 n 4

3G AR IR M (10a): RATEAE AR, 725 99%.
'H NMR (acetone-ds, 400 MHz) &: 10.22 (s, 1H), 8.09 (s,
1H), 7.84 (d, J=6.8 Hz, 1H), 7.46~7.37 (m, 3H), 7.31~
7.26 (m, 2H), 7.20 (dd, J=8.4, 1.2 Hz, 1H), 7.09~7.05
(m, 1H), 6.91~6.87 (m, 1H), 6.49 (s, 1H); *C NMR (ace-
tone-ds, 100 MHz) J: 157.5, 137.3, 130.7, 130.6, 130.2,
1272, 126.4, 124.1, 122.4, 121.6, 119.4, 119.0, 115.4,
111.5, 77.5; HRMS caled for C;sH;;BNO, (M—H")
248.0883, found 248.0884.

3-(5-95) PR BUAR 2R e (10b): 3 i Fru il 4, =
53%. '"H NMR (acetone-ds, 400 MHz) J: 10.34 (s, 1H),
8.12 (s, 1H), 7.85~7.83 (m, 1H), 7.45~7.38 (m, 4H),
7.30~7.27 (m, 1H), 6.90~6.85 (m, 1H), 6.81 (dd, J=

http://sioc-journal.cn/ 2459



BHLLE

MRIEX

10.0, 3.2 Hz, 1H), 6.5 (s, 1H); *C NMR (acetone-ds, 100
MHz) 6: 157.1, 133.9, 130.8, 130.3, 127.3, 126.2, 122.4,
112.6, 112.5, 109.8, 109.6, 104.1, 103.8, 77.3; HRMS
caled for C;sH;,BFNO, (M — H +) 266.0789, found
266.0782.

3-(6-50) - M1 WREUAR R L (10¢): 7 3 (il 4, 77
94%. 'H NMR (acetone-ds, 400 MHz) J: 10.31 (s, 1H),
8.14 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.47~7.38 (m, 2H),
7.34 (d, J=2.8 Hz, 1H), 7.29~7.27 (m, 1H), 7.16~7.11
(m, 2H), 6.75~6.7 (m, 1H), 6.47 (s, 1H); °*C NMR (ace-
tone-dg, 100 MHz) §: 161.1, 158.8, 157.4, 137.5 (d, J=20
Hz), 131.0, 130.5, 127.5, 125.0, 123.3, 122.6, 120.6, 115.8,
107.8, 97.9, 77.6; HRMS calcd for C,sH;(BFNO, (M—
H") 266.0789, found 266.0751.

3-(5- )~ M| R HUAR R Bl e (10d): 1 EafE Ak, 7
80%. 'H NMR (acetone-ds, 400 MHz) J: 10.40 (s, 1H),
8.12 (s, 1H), 7.82 (d, J=7.3 Hz, 1H), 7.43~7.31 (m, 4H),
7.27 (dd, J=7.4, 0.8 Hz, 1H), 7.17 (dd, J=8.7, 2.3 Hz,
1H), 6.45 (s, 1H); >C NMR (acetone-ds, 100 MHz) o:
157.0, 136.0, 130.9, 130.4, 128.2, 127.4, 125.7, 124.4,
122.5, 121.9, 115.3, 113.5, 112.0, 77.2; HRMS calcd for
CysH(BBrNO, (M—H") 325.9988, found 325.9942.

3-(5-50) - M| R EAR 2S00 M (10e): 11 €5 [ 4, 7= %
99%. 'H NMR (acetone-ds, 400 MHz) J: 11.29 (s, 1H),
9.25 (s, 1H), 7.46~7.37 (m, 4H), 7.2 2(d, J=8.0 Hz, 1H),
7.06 (dd, J=8.7, 1.8 Hz, 1H), 6.95 (d, J=1.5 Hz, 1H),
6.43(s, 1H); C NMR (acetone-ds, 100 MHz) 6: 157.1,
135.7, 131.3, 130.9, 127.8, 127.2, 126.8, 123.8, 122.8,
121.7, 118.5, 114.7, 113.8, 77.0; HRMS calcd for CysH,o-
BCINO, (M—H") 282.0493, found 282.0480.

3-(6-MH 55 )-SR AR PRI e (108): R 20 ¢ [l 44, 7=
% 75%. '"H NMR (acetone-ds, 400 MHz) 6: 10.97 (s, 1H),
8.42 (d, J=2.3 Hz, 1H), 8.23 (s, 1H), 7.86 (dd, J/=8.7, 1.8
Hz, 2H), 7.74 (d, J=2.3 Hz, 1H), 7.49~7.29 (m, 4H),
6.56 (s, 1H); C NMR (acetone-ds, 100 MHz) J: 156.9,
1432, 135.7, 131.3, 130.7, 127.5, 122.3, 119.3, 116.8,
114.1, 108.6, 76.7; HRMS calcd for CsH;oBN,O; (M—
H") 293.0734, found 293.0707.

3-(5- F AR ) - M| R IR 2R e (10e): 11 AL 4, =46
82%. 'H NMR (acetone-ds, 400 MHz) J: 10.07 (s, 1H),
8.07 (s, 1H), 7.84 (d, J=6.4 Hz, 1H), 7.46~7.37 (m, 2H),
7.30~7.27 (m, 2H), 7.21 (d, J=2.4 Hz, 1H), 7.06 (t, J=
1.2 Hz, 0.8 Hz, 1H), 6.93 (dd, J=8.4, 2.4 Hz, 1H), 6.48 (s,
1H), 2.29 (s, 3H); *C NMR (acetone-ds, 100 MHz) o:
157.7, 135.9, 130.8, 130.4, 128.0, 127.4, 127.0, 1242,

2460 http://sioc-journal.cn/
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123.5, 122.6, 119.3, 115.2, 111.5, 77.8, 21.0; HRMS calcd
for C1¢H13:BNO, (M—H") 262.1039, found 262.1032.

3-(5-FHAE 55 - M| WR ARSI e (10h): (I Ea il 44, 7=
R 52%. '"H NMR (acetone-ds, 400 MHz) 6: 10.07 (s, 1H),
8.07 (s, 1H), 7.84 (d, J/=6.4 Hz, 1H), 7.47~7.38 (m, 2H),
7.33~7.25 (m, 2H), 7.24 (d, J=2.8 Hz, 1H), 6.75 (m,
1H), 6.68 (d, J=2.4 Hz, 1H), 6.48 (s, 1H), 3.63 (s, 3H);
BC NMR (acetone-dg, 100 MHz) ¢: 157.6, 132.6, 130.9,
1304, 127.9, 122.8, 115.3, 112.4, 111.9, 101.5, 77.7, 55.1;
HRMS caled for C;H;3sBNO; (M—H") 278.0988, found
278.0990.

3-(5-"RAHE) -1 IR RN e 08): 1 fa A4,
% 87%. '"H NMR (acetone-ds, 400 MHz) &: 10.09 (s, 1H),
8.11 (s, 1H), 7.86 (d, J=6.4 Hz, 1H), 7.46~7.25 (m,
10H), 6.85~6.81 (m, 2H), 6.48 (s, 1H), 4.95 (d, J=2.8
Hz, 2H); BC NMR (acetone-dg, 100 MHz) J: 157.4, 152.9,
138.1, 132.6, 130.7, 130.2, 128.4, 127.7, 127.6, 127.2,
126.9, 124.8, 122.5, 115.1, 112.4, 112.2, 102.9, 77.5, 70.1;
HRMS caled for C»,H;;BNO; (M—H") 354.1301, found
354.1305.

3-(2- IR )M AR M (10): v 5 [l 4, 7=
% 50%. '"H NMR (acetone-ds, 400 MHz) 6: 11.57 (s, 1H),
9.27 (s, 1H), 7.89~7.82 (m, 3H), 7.61 (t, J=6.8 Hz, 7.6
Hz, 2H), 7.50~7.36 (m, 4H), 7.13 (d, J=6.4 Hz, 1H),
7.02 (t, J=7.2 Hz, 7.6 Hz, 1H), 6.69 (t, J/=7.2, 8.0 Hz,
1H), 6.41 (s, 1H), 6.25 (d, J=8.8 Hz, 1H); *C NMR (ace-
tone-dg, 100 MHz) ¢: 157.2, 138.8, 1.6.7, 132.6, 131.4,
1309, 121.4, 129.3, 128.7, 127.8, 126.8, 122.9, 121.9,
119.8, 119.4, 112.0, 110.2, 77.0, HRMS calcd for
CyHsBNO, (M—H") 324.1196, found 324.1178.

3-(7-R %) - WU R ZR A ME(10k): Ll i, 772K
87%. '"H NMR (acetone-ds, 400 MHz) 6: 10.76 (s, 1H),
8.21~8.20 (m, 2H), 7.85 (d, J=6.9 Hz, 1H), 7.52 (s, 1H),
7.46~7.40 (m, 3H), 7.29 (d, J=7.3 Hz, 1H), 6.94~6.91
(m, 1H), 6.47 (s, 1H); *C NMR (acetone-ds, 100 MHz) ¢:
157.0, 143.2, 130.8, 130.3, 127.4, 124.5, 122.5, 122.4,
118.3, 115.5, 114.3, 114.0, 77.6, 77.4; HRMS calcd for
C14H,0BN,O, (M—H") 249.0835, found 249.0818.

323 4La4h 10a 49 dh 3R

FEIUR /N 0.52 mm X 0.46 mmX0.33 mm FJ 55
H T Bruker SMART APEX II ¥ S fii i, 7F 296 K
KM “phi and omega scans” WARRTH EdiE, oo
G2 ISR IE, 1 4.28°<<20<<53.98°3(5 [ A It 4 3]
10336 ANATH A, L 2842 ANHh ST AT B A [R(int) =
0.0228]; i /f] SAINT F&/7i0 )5 fit i 4icds, SHELXTL %k
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PEREAT S5 KA SRS 1. Ak 45 #2340 C 5H,BNO,,
M,=249.07; ¥Rl AR, P2(1)/c 2T a=9.6426(11)
A, b=16.8274(19) A, ¢=28.1690(9) A, a=90°, f=
99.3090(10)°, y=90°, ¥=1308.0(3) A*; D.=1.265 g/cm’;
Z=4; F(000)=520, Mo Ko (A=0.71073 A)5+4k Akt
U8, 1=0.083 mm '; HABSALHSH: —11<h<12,
—21<k<19, —10<</<10, §=1.087, final R=0.0412,
wR=0.01046. CCDC 5y 1028717.
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