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Alkylation of Indole and Benzofuran with Acetals
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Abstract Benzofuran derivatives and bisindolylmethane derivatives are widely present in natural products, and have signifi-
cant biological activity. Acetals were demonstrated to be efficient alkylating agents in the presence of TMSOTf and
2.,4,6-collidine. Bisbenzofuranmethane and bisindolylmethane derivatives were easily obtained via direct alkylation of benzo-
furnan or indole with a series of acetals including amino, cyclic, acetone, aryl and alkyl acetals. The reaction mechanism was

X

ARTICLE

proposed.
Keywords benzofuran; indole; acetal; alkylation
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1 ZR51HE
1.1 Bz &Gk

DK AR — R N, 0 CF, B bk
7 Bi(OTf); (0.2 equiv.) WV, £ 30 min Ji5 4l 4> 504 AL,
FEINANTRIERRIR, 4ksL e N, 48 h &, i E4iisRI4x. N
eI, MMM 5, 05 N L T 2 =5 i,
4H J&, AL, Yo b o B alify, R s
H s W 7= ) Ry R IR UG AR R 1Y) 3a, 193804
49%(F 1, Entry 1). XTI AN 34T 00 1L,
45 R GRS LT3 A AR PE(K 1, Entry 2), FeCly
H1 TMSOTS W] ARG SN, 7= 21 )2 8LMIK (3R 1, Entries
3,4). BT VLR TMSOTY 5546 B (1) e S A 26 Ak
TMSOR, T2 TMSOTS (K E S8 2 f%, H
&, PERAUE A BN 1, Entries 5, 6). [1] TMSOTS (]
AR R TINN 2,4,6- = FEFENERE!S 24535 1) ] 4y
WA 50%F0 100%H, Jo2 LU RT A2 m, M
AN SV 2 £, 3BT A 81%(3K 1, Entries
7~9). #hn 246-=HIEMEMHESR 3 5, 2T
TMSOTT I FHE(2.0 eq), 334 36% (% 1, Entry 10).
M= A 2,4,6- = HREIERE, 192308 {K(K 1, Entry
11, 75%), FMEIEER 1, Entry 12). = T 3% 1, Entry
13). NN- - ZIEFHWE(FR 1, Entry 14)8E SN 23t
(% 1, Entry 1540 2,4,6- = HHENEE, £RE10%. 7
A ZSEREE . SRV SR VR, R — S
Fe AN R AR N, DY SRR T R B P BRI, T R
Mo . L, Bl NS R SIS AEE T, 4
fi 4 5 TMSOTS (2 equiv.)Fl 2,4,6- = H FEIEEE(2 equiv.)
760 °C MY 30 min, FFIIARIFRRIRE, 5wk T4 =
i
1.2 HElE 5 R FRIERY LY

TEAI SO A6, — R A4l 5 A TR 34T
eI RN, g5 AR 2. Pl S a gh T W5 i S 4
YR85 R IR IR A AR e SR AN O, DA A A B A v e R AR
B IR IR AT AR (3R 2, Entries 1~5), J7 %
52%~93%. ARFL AW TR AW S I 4, R
NPE A E (R 2, Entry 4). o FRRH], WiFAEE, R
NP R 2, Entry 5). 3X 0] BE S DAk Wi v, -5 1A
A SN H TR AR B INAS . 5 B i T R) A7 A7 B 56 It e 1
Bl & P 2 1 ORI AT AE IR 2, Entry 6), 77N
76%. %F T I 7 T 4 m%%ﬁ*%@ﬁaﬁﬁﬁa
W PERIGAG(F 2, Entries 7, 8), 7370 26%A1 34%. iX

n] gt BT 0 4 1 2R A S W 2 5 NI B T )

[ AN ER S BT
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Table 1 Optimization of reaction conditions

©/\C> OMe catalyst N\
J -
1 d o O

2 3a
Entry” Catalyst (equiv.) Yield”/%
1 Bi(OTf); (0.2) 49
2 CoCl, (0.2) —
3 FeCl;(0.2) 28
4 TMSOT( (0.2) 20
5 TMSOT( (1.0) 33
6 TMSOT( (2.0) 47
7 TMSOT(-2,4,6-collidine (0.5 : 0.5) 48
8 TMSOT{-2,4,6-collidine (1 © 1) 65
9 TMSOT{-2,4,6-collidine (2 : 2) 81
10 TMSOT(-2,4,6-collidine (2 . 3) 36
11 TMSOT{-triethylamine (2 : 2) 75
12 TMSOT{-pyridine (2 : 2) 31
13 TMSOT{-tributylamine (2 : 2) 57
14 TMSOT{-N,N-diethyl aniline (2 : 2) —
15 TMSOT{-DIPEA (2 : 2) 12

¢ RNEAT: IE, 4iEE(1 mmol), LA, 0 °C, 30 min [FIIAZRIFAKAE
(2.3 mmol), THE IS 4 h; O K EHT 4 B R,

T2 AR IR R e R4l S
Table 2 Alkylation of benzofuran with acetals

TMSOTTf (2 equiv.)

©E> (2.3 equiv.)
MeOYOMe 2,4,6- collldlne (2 equiv.)

R CH3CN, 0°C, 30 min
0 Q
| l
Oy O
3a~3h
Entry” R Product  Yield®/%
1 C6H5 3a 81
2 p-FC6H4 3b 73
3 p-CIC¢Hy 3¢ 65
4 p-N02C6H4 3d 84
5 p-CH3OC6H4 3e 52
6 0-N02C6H4 3f 76
7 H 3g 26
8 CH; 3h 34

© 2014 Chinese Chemical Society & SIOC, CAS

¢ [N AT 4.0 mmol), TMSOTS (2.0 mmol) Al 2,4,6-= A HEMLIE(2.0
mmol), ZJE, 0 C, 30 min J& A IM(2.3 mmol), F+E %W 4 h;
DRE T B AR,

1.3 Halt 55| RAY S

12 B3R WA T, FIWG AR R IR L 4 I it
e ROV, SERAN TR 3. LA, 2RI
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Table 3 Alkylation of indole with acetals

Coy :
. HN N
TMSOTF (2 equiv.) N (2.3 equiv.) | l

MeO. _OMe  2,4,6-collidine (2 equiv.) H O Q
R' CH4CN, 0°C, 30 min rt. R!
4a ~ 4i
Entry” R! or acetal Product m.p./C Yield®/%
1 CHs 4a 123~124 96
2 p-FCeH, 4b 117~119 91
3 p-CICeH, 4c 78~179 89
4 p-NO,CeH, 4d 217~219 93
5 p-CH;0C¢H, 4e 185~186 82
o)
6 ©—< ]\ 4a 123~124 93
o)
Br,
7 ©_<Oj af 137~138 97
o)
HoN
o)
8 @_< j 4g 187~189 50
o)
9 CH, 4h 147~149 68
10 \O><o/ 4 109~110 68

¢ R NLAL: G (1.0 mmol), TMSOTT (2.0 mmol)#l 2,4,6-= HIFENLIE (2.0 mmol), ZJiE, 0 °C, 30 min J5 MIAMIME(2.3 mmol), T35 350 ° K2/ 8= %

FH L, VWA 5 58 (1 2 I £ 1) R0 M5 | Wk R e 07 A 0 ) 7 6
B, [FIRE, A W R R 05 B e 4 1 e S A
WA 25 8 T 51 o v 1 2 [T 1) 5 75 T 4 TS 1 MAL 6 (3
3, Entries 1~35, 7% 82%~96%). ¢ A FaE IHOR A
P (R e Ak S Al m] LR AR, WA 1 (3% 3 Entries
6~~8). A7 Z Ik 1) FE I 4 I A, 1 108 5 g Wk A 2 e ik
N, 13BAHRE K9 4h(3E 3, Entry 8), JUEHHREL
%, (HSE A AR AL I A N, A4, L
27 W 15 1 Wk g N 15 31 R AR 77 ) W5 | Wk £ %€ (vibrindole
A), PN 68%(% 3, Entry 9). TAHZE — FH I L AEMS K
A RN, £3 EREAR =PI (EE 3, Entry 10, =3k
68%). Lt HEAR I ot HEAL [ A3 ARG — 28, ATRE 2PN
SN ) A e RSB I B 1 RS PRI, (H, X2
ISR 45 56300 i T e A 2R IR K175 %(3% 3 Entries 9,
10 vs 3 2 Entries 7, 8).

AR LSRR S S NV N, AR E T
AR, Ay o AR Sa(f3 2 35%) B 4)
Sh(13% 12%), BB Y) 5a J L5, K21
RPN 3 £, ERU RNV SAT T, I
Sa SR SN, FOTIAEL ) —FF, Sa MR Hh A 46 R SURAR
FEY) Sb, AR 85%(E 2). PAEURAREE LA
FEP= W A5 AR B IR = 0 A S SUBUAR = ) 1
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Figure 2 Plausible reaction mechanism of alkyltion with acetals

JARAXAC S, DMSO-d, 5t CDCl; 5, TMS A INAR;
A IMAZ A FT 2 h 578 H.

32 KWHE

(1 mmol)Fl 2,4,6-— FEIEE (2 mmol, 0.3 mL)
WT KON, f/zjvkzﬁﬂfﬂx_zmbu)\ TMSOTf (2 mmol,
0.4 mL), TLC MREFKNY, AR FETEHE, IRk EL
ARIFME (2.3 mmol), RNV R =M. KNV SEREE,
IR R A A v 24 11 [ 3, T CHLCLy (8 mL X 3)
U, A IFAPUAE, HIMERRRE (1 mol/L)JEEA HLAH
(5 mLX2), ﬁfﬁ’t@%uﬁﬂam%m&{wf’aws mLX2), &
FEAPUAH, ToKBRR ST 8, g, Wk, 2
#r.

(3,32 IR (R FE) e 3a)!': ik, =
# 81%. '"H NMR (400 MHz, CDCly) 6: 7.53~7.61 (m,
2H), 7.47 (m, 2H), 7.40~7.44 (m, 4H), 7.36 (d, J=6.5
Hz, 1H), 7.22~7.30 (m, 4H), 6.50 (s, 2H), 5.74 (s, 1H);
C NMR (100 MHz, CDCly) d: 156.89, 155.19, 138.21,
128.91, 128.76, 128.48, 127.81, 124.14, 122.90, 120.98,
111.35, 105.32, 46.03.

(3,3 FRFEIRIN ) (4- TR HE) I BE 3D Totaifk,
F7 % 73%. "H NMR (400 MHz, CDCL3) 0: 7.12~7.43 (m,
10 H), 6.96~7.05 (m, 2H), 6.39 (s, 2H), 5.60 (s, 1H); 1*C
NMR (100 MHz, CDCly) &: 155.44, 154.04, 129.25,
129.12, 127.22, 123.117, 121.835, 119.87, 114.76, 114.55,
110.20, 104.20, 44.11.

(3,3 IR MR ) (4-F A e (3e)! ™ Tota i A,
% 65%. "H NMR (400 MHz, CDCL3) d: 7.61 (d, J=7.5

2526
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Hz, 2H), 7.54 (d, J=8.5 Hz, 2H), 7.44~7.50 (m, 4H),
7.22~7.30 (m, 4H), 6.70 (s, 2H), 6.13 (s, 1H); *C NMR
(100 MHz, CDCl;) &: 156.61, 154.86, 137.66, 130.81,
129.32, 128.35, 125.15, 124.76, 123.36, 121.51, 111.54,
105.53, 44.14.

XU(3,3'- A IR ) (4- il B 2R3 ) B 3a)!"™: T i
&, 7% 84%. '"H NMR (400 MHz, CDCl;) d: 8.28 (d, J=
8.8 Hz, 2H), 7.73 (d, J=8.8 Hz, 2H), 7.62~7.67 (m, 2H),
7.55~7.59 (m, 4H), 7.25~7.30 (m, 4H), 6.36 (s, 1H); *C
NMR (100 MHz, CDCly) d: 155.74, 154.96, 147.45,
146.06, 130.32, 128.30, 124.94, 124.55, 123.59, 121.73,
111.61, 106.0, 44.43.

1,1,1-X0(3,3'- 4% 1M ) (4- FFF 48 ik 2 1) T g (3 )
TR, 2% 52%. '"H NMR (400 Hz, DMSO-dq) o:
7.60 (d, J=7.0 Hz, 2H), 7.53 (d, J=8.0 Hz, 2H), 7.35~
7.39 (m, 2H), 7.20~7.28 (m, 4H), 6.97 (d, J=8.5 Hz,
2H), 6.65 (s, 2H), 5.98 (s, 1H), 3.75 (s, 3H); “C NMR
(400 Hz, DMSO-d¢) d: 159.08, 157.52, 154.80, 130.57,
130.03, 128.43, 124.59, 123.39, 121.53, 114.63, 111.48,
105.09, 55.58, 44.15.

XU(3,3'- 2 FF IR ) (3 B 2R3k ) F e (301 TE (ith
R, 772 76%. 'H NMR (400 MHz, CDCly) d: 8.32 (t,
J=2.0 Hz, 1H), 8.25~8.18 (m, 1H), 7.76 (t, J=10.0 Hz,
1H), 7.61~7.53 (m, 3H), 7.49~7.45 (m, 2H), 7.35~7.22
(m, 5H), 6.59 (s, 2H), 5.85 (s, 1H); *C NMR (100 MHz,
CDCly) d: 155.29, 155.10, 148.74, 140.40, 134.90, 129.90,
128.19, 124.64, 123.87, 123.22, 122.99, 121.23, 111.44,

Chin. J. Org. Chem. 2014, 34, 2523~2528
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105.88, 45.64.

(3,3 4 IR ) F e Bg)!' ™ TG o Wi fA, 77K
26%. "H NMR (400 MHz, CDCL3) 6: 7.55~7.51 (m, 2H),
7.47 (d, J=8.1 Hz, 2H), 7.30~7.20 (m, 4H), 6.67~6.56
(m, 2H), 4.31 (s, 2H); *C NMR (100 MHz, CDCl;) o:
149.74, 148.55, 123.44, 118.60, 117.53, 115.45, 105.83,
98.89, 23.22.

(3,32 IR ) L R e (Bh): e (il Ak, 7%
34%. "H NMR (400 MHz, CDCl5) d: 7.58 (d, J=1.6 Hz,
2H), 7.51 (d, J=6.4Hz, 2H), 7.18~7.31 (m, 4H), 6.78 (s,
2H), 4.64~4.66 (m, 1H), 1.74~1.78 (m, 3H); *C NMR
(100 MHz, CDCly) d: 159.08, 154.56, 128.60, 124.37,
123.30, 121.33, 111.41, 103.20, 33.47, 17.79. HRMS (ESI)
caled for CsH 4,0, M+H)" 263.1067, found 263.1062.

(3,3'-1H-M W ) (48 35 ) H e (4a): 1 (5[] 4, 258
mg, 7% 96%. m.p. 123~124 C (1it.*” 124~125 C);
Re=0.55 [M(LRLITE) @ V(A k=3 : 7]. '"H NMR
(400 MHz, CDCly) §: 7.73 (s, 2H), 7.30 (d, J=7.9 Hz,
2H), 7.28~7.22 (m, 4H), 7.21~7.15 (m, 2H), 7.12 (dd,
J=6.0, 3.8 Hz, 1H), 7.08 (t, J=7.6 Hz, 2H), 6.92 (t, J=
7.5 Hz, 2H), 6.52 (d, J=2.1 Hz, 2H), 5.79 (s, 1H); "*C
NMR (100 MHz, CDCly) &: 142.97, 135.65, 127.70,
127.19, 126.06, 125.11, 122.58, 120.90, 118.92, 118.69,
118.21, 110.00, 39.18.

R (3,3'-1H-W5] W ) (4- 6L R H5 ) T 4 (4b): K £ [ 44
308 mg, & 91%. m.p. 117~119 C (lit*"! 118~120
C); Re=0.67 [MLIRLHER) - V(A mEk)=3:7]. 'H
NMR (400 MHz, CDCl;) 6: 7.84 (s, 2H), 7.29~7.36 (m,
4H), 7.24~7.17 (m, 3H), 7.10 (t, J=7.4 Hz, 2H), 6.91 (t,
J=5.2 Hz, 4H), 6.56 (d, J=1.8 Hz, 2H), 5.79 (s, 1H); "*C
NMR (100 MHz, CDCly) &: 135.68, 129.09, 129.01,
125.90, 122.53, 121.02, 118.84, 118.57, 118.29, 114.04,
113.83, 110.06, 38.45.

(3,31 H-15] W ) (4- 50 2 5L ) F ot (4e): b €0 [ 4,
316 mg, 7% 89%. m.p. 78~79 C (1it*™ 76~78 C);
Re=0.62 [M(ZFR L) - V(A miEE)=3 : 7]. '"H NMR
(400 MHz, CDCLy) 8: 7.87 (s, 2H), 7.34 (t, J=7.4 Hz, 4H),
7.27~7.21 (m, 4H), 7.17 (t, J=7.6 Hz, 2H), 7.01 (t, J=
7.6 Hz, 2H), 6.60 (d, J=2.3 Hz, 2H), 5.84 (s, 1H); "*C
NMR (100 MHz, CDCly) &: 141.52, 135.65, 130.76,
129.05, 127.34, 125.85, 122.57, 121.06, 118.79, 118.33,
118.16, 110.09, 38.60.

R(3,3'-1H-M5 |0 ) (4-filg 3L R KL ) e (4d): o £4 [ 4,
340 mg, 7% 93%. m.p. 217~219 C (lit.* 217~220
CT); Re=043 [MLRLHER) - V(A mk)=3:7]. 'H

Chin. J. Org. Chem. 2014, 34, 2523~2528
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NMR (399 MHz, DMSO ) §: 10.94 (d, J=1.7 Hz, 2H),
8.18~8.13 (m, 2H), 7.61 (d, J=8.7 Hz, 2H), 7.37 (d, J=
8.1 Hz, 2H), 7.30 (d, J=7.9 Hz, 2H), 7.08~7.03 (m, 2H),
6.92~6.86 (m, 4H), 6.03 (s, 1H); *C NMR (100 MHz,
DMSO-d) o: 153.63, 146.25, 137.09, 129.95, 126.86,
124.36, 123.91, 121.60, 119.41, 118.92, 117.17, 112.09,
39.39.
H(3,3'- 1H-M5| W ) (4- AR R ) /Y Q5 (de): by €24 [
&, 7P5E 82%. mp. 185~186 C (1it*™ 185~187 C);
Ri=0.59 [(LI& LR © V(A4 wEk) =3 : 7]. '"H NMR
(400 MHz, CDCl3) 6: 7.78 (s, 2H), 7.32 (d, J=7.9 Hz,
2H), 7.27 (d, J=8.2 Hz, 2H), 7.20~7.14 (m, 2H), 7.12~
7.06 (m, 2H), 6.93 (dd, J=11.1, 4.0 Hz, 2H), 6.78~6.72
(m, 2H), 6.59~6.52 (m, 2H), 5.77 (s, 1H), 3.74~3.68 (m,
3H); *C NMR (100 MHz, CDCl;) d: 156.72, 135.65,
135.18, 128.55, 126.02, 122.47, 120.84, 118.93, 118.14,
112.53, 109.96, 54.17, 38.30.
(3,3'-1H-W| W) (3- 1R 2RI ) e (4f): [ 44, 7=
E 97%. mp. 137~138 C (1it? 135~137 'C); 'H
NMR (400 MHz, CDCly) 6: 7.71 (s, 2H), 7.32 (d, J=1 Hz,
1H), 7.21~7.15 (m, 5H), 7.11~7.06 (m, 1H), 6.95~7.01
(m, 3H), 6.87~6.81 (m, 2H), 6.47~6.43 (m, 2H), 5.67 (s,
1H); *C NMR (100 MHz, CDCl;) d: 146.59, 136.76,
131.79, 129.93, 129.46, 127.47, 126.95, 123.76, 122.49,
122.19, 119.84, 119.48, 119.03, 111.22, 40.03.
(3,3'-1H-W| W )(3- 5 FE 2R 58 ) F bt (4g): 11 € [l 4,
FEE 50%. mp. 187~189 C; 'H NMR (400 MHz,
DMSO-dg) d: 10.79 (s, 2H), 7.32~7.37 (m, 4H), 7.03~
7.07 (m, 2H), 6.83~6.95 (m, 5H), 6.41~6.59 (m, 2H),
6.39~6.40 (m, 1H), 5.67 (s, 1H), 4.91 (s, 2H); *C NMR
(100 MHz, DMSO-dy) 6: 148.34, 145.61, 136.58, 128.45,
126.8, 123.50, 120.81, 119.23, 118.36, 118.11, 116.34,
114.14, 111.75, 111.42, 54.95. HRMS (ESI) caled for
Co3HoN3 (M+H)" 338.1652, found 338.1656.
1,1-X0(3,3'-1H-W| W) £ b (4h): 1 €5 [ 4, 7= %
68%. m.p. 147~149 C (lit.*” 148~150 ‘C);'H NMR
(400 MHz, DMSO-dg) d: 10.76 (d, J=20.9 Hz, 2H), 7.47
(d, J=7.9 Hz, 2H), 7.35 (dd, J=13.7, 8.0 Hz, 2H), 7.15
(d, J=2.1 Hz, 2H), 7.03 (m, 2H), 6.94~6.85 (m, 2H),
459 (q, J=7.0 Hz, 1H), 1.76 (d, J=7.1 Hz, 3H); C
NMR (100 MHz, DMSO-d) d: 136.58, 126.47, 121.58,
120.61, 120.04, 119.06, 117.86, 111.32, 27.87, 21.90.
2,2-%(3,3"- 1 H-M5| W) i e (4i): AL [IAR, 7722 68%.
m.p. 109~110 C (lit? 108~110 C); '"H NMR (400
MHz, DMSO-ds) d: 10.76 (d, J=20.9 Hz, 2H), 7.47 (d,
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J=17.9 Hz, 2H), 7.35 (dd, J=13.7, 8.0 Hz, 2H), 7.15 (d,
J=2.1 Hz, 2H), 6.99~7.07 (m, 2H), 6.94~6.85 (m, 2H),
4.59 (q, J=17.0 Hz, 1H), 1.76 (d, J=7.1 Hz, 3H); "*C
NMR (100 MHz, DMSO-d;) J: 136.58, 126.47, 121.58,
120.61, 120.04, 119.06, 117.86, 111.32, 27.87, 21.90.

3- LA HE-3-(3 -1 H-W|W)-1- A B (5a): (A, 7=
K 35%. mp. 99~ 101 C; 'H NMR (400 MHz,
DMSO-dg) d: 11.10 (s, 1H), 7.69 (d, J=7.9 Hz, 1H),
7.36~7.46 (m, 2H), 7.16~7.09 (m, 1H), 7.06~7.00 (m,
1H), 5.50 (d, J=2.1 Hz, 1H), 3.66~3.46 (m, 2H), 1.19~
1.07 (m, 3H); C NMR (100 MHz, DMSO-d;) d: 136.55,
125.58, 124.50, 121.43, 119.23, 118.87, 112.68, 111.64,
82.65, 75.95, 64.09, 62.18, 15.08. HRMS (ESI) calcd for
Ci;sHisNO (M+H)" 200.1070, found 200.1075.

3,3-X0(3,3'-1H-W|W)-1- A B (Sb): (A fi] 44, =4
12%. m.p. 129~131 °C; '"H NMR (400 MHz, DMSO-d;)
5: 11.47 (s, 2H), 8.15 (d, J=7.9 Hz, 2H), 7.90~7.94 (m,
4H), 7.60~7.66 (m, 2H), 7.47~7.55 (m, 2H), 6.12 (d, J=
2.1 Hz, 1H), 3.76 (t, J=2.3 Hz, 1H); >C NMR (100 MHz,
DMSO-dg) 6: 136.60, 125.72, 122.84, 120.95, 119.10,
118.20, 114.41, 111.50, 85.57, 71.66, 25.70. HRMS (ESI)
caled for CoH N, (M+H) " 271.1230, found 271.1228.

4B FL(Supporting Information) {L&4) 3a~3h
da~4i (WA FIE CLACHTAL S ) & i . XL
FEREIAT DL 9 AT 99 3 (http://sioc-journal.cn/) | N4,
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