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Reactivity and regioselectivity of ethyl 1H-benz|f]indole-2-carboxylate
in electrophilic substitution

SWE Nyo Mi, MUNAKATA Tatsuo and WATANABE Toshiko

Abstract

Objectives: The purpose of the present study was to examine the reactivity and regioselectivity of ethyl benz[ f]indole-
2-carboxylate in electrophilic substitution. We also attempted to synthesize a tryptamine analogue from a 3-formylated
compound.

Methods: For the formation of a carbon-carbon bond to give ethyl benz[ f]indole-2-carboxylate, we examined two types of
reactions: Friedel-Crafts acylation and formylation.

Results: Friedel-Crafts acylation of the benz[f]indole gave 3-, 4- and 9-acetylated compounds without regioselectivity. On
the other hand, formylation selectively gave a 3-formylated compound. Elongation of the 3-formylated compound followed
by selective reduction afforded a 3-nitroethyl compound.

Conclusions: Benz[f]indoles are considered to have properties that reflect the hybridization of an indole and anthracene.
Therefore, the reactive sites of benz[ f]indoles in electrophilic substitution are believed to be the 3-, 4- and 9-positions.

Keywords : benz[f]indole, electrophilic substitution, Friedel-Crafts acylation, Vilsmeier formylation, electron density
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[(vUA7rN (8i0,) BF6r0xbrT74—]

fH1K © SiO, 60N (neutral 63-210 pm) (B H{L&%)
[#Eru~ 277714 — (TLO)]

fEH 7L — b & Si0, 60 Fos (Merck), #H%: : UV
(254 nm & 365 nm), Ehrlich 3%

(A% & OBg&FE

Ethyl acetate (AcOEt), Ceric ammonium nitrate (CAN),
Dimethyl formamide (DMF), Dimethyl sulfoxide (DMSO),
Hexamethylenetetramine (HMTA), Tetrahydrofuran (THF)
[10% CAN-Si0, D]

CAN (1g) %K QmL) IZ&E» L2EREY, B
L7255 Si0, 60N (9g) I2HNA 72, R\WTK%Z T
B (60°C T4h) §2L, wEHR; LN
Nz BHEH IR L 72,

[ B I8 C ol 4 75 00 5 AL : ]

AR SRR ALK THEE R, MUK MgSO, THZR
L., B2 mERE L7
(7 O]

Gaussian 03 program’ [6-31G(d,p) basis set % I \> 72
B3LYP level of theory] % il L TEF& L 72,
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1. Bthyl benz[ f]indole-2-carboxylate (7) @ Friedel-Crafts
TyvbE (E1

FEERBEO— il RUIRT &9 2 &M T, AICL (2
HHVIE3NE) I (1mL) A0z,
F IR QHHVIE3LE) 2oL DA
7z BUSHET VT VST, ke LRk &R
2% % F T 10 48 L7z, % 212 ethyl benz[f]indole-
2-carboxylate (7)” (100mg, 0.418mmol) ® ¥ 7 1T
5 v (SmL) WA MR, B CHEIE L. RUSKT#,
BUBHEL % KAKICIEE, AcOEt THiH L7z, Sz il
DIEIAF L, BEiEx Si0, T L7 axX N T T T 4 —
(V1% © cyclohexane-AcOEt DR A L& 2 L S & T
BE) CTHOBEL, 3HEOTEF VK (8a~ 8) %1
7 F IR (8a,8b,8c) DAY PLT—%

yrsuuxyry

Ethyl 3-acetyl-1H-benz[ f]indole-2-carboxylate (8a):
IR
72.58; H, 5.37; N, 4.98. Found: C, 72.81; H, 5.41; N, 5.01;

; mp 166-168 °C; Anal. Caled C;H;sNO;: C,
IRV,,. cm ': 3110 (NH) and 1735 and 1615 (C=0).
'H-NMR (400 MHz) & : 1.47 (3H, t, J=7.2 Hz, CH,CH,),
2.81 (3H, s, COCH,;), 4.50 (2H, q, J=7.2 Hz, CH,CHs),
7.34-7.44 (2H, m, H-6 and H-7), 7.85 (1H, d, J/=8.2 Hz,
H-5), 7.83 (1H, s, H-9), 7.97 (1H, d, J/=8.2 Hz, H-8), 8.71
(1H, s, H-4), 9.13 (1H, br s, NH); "C-NMR (100 MHz) & :
14.2 (CH;), 31.9 (CHj;), 62.4 (CH,), 107.2 (CH), 120.4 (C),
121.9 (CH), 123.8 (CH), 125.5 (CH), 127.3 (CH), 127.5
(C), 129.0 (CH), 130.3 (C), 130.4 (C), 132.2 (C), 134.4
(C), 160.7 (C=0, ester), 197.7 (C=0, acetyl); MS m/z: 235
(100%), 281 (M, 61%).

Ethyl 4-acetyl-1H-benz[f]indole-2-carboxylate (8b):

# ¢ IR 5  mp 135-136 °C; IRV, cm ': 3332 (NH),
1695 and 1670 (C=0); 'H-NMR (400 MHz) 6 : 1.45 (3H,
t, J=7.2 Hz, CH,CH,), 2.87 (3H, s, COCH,), 4.46 (2H,
q, J=7.2 Hz, CH,CHj), 7.40-7.43 (2H, m, H-6 and H-7),
7.44 (1H, s, H-3), 7.91 (1H, dd, J=3.2, 8.1 Hz, H-5), 7.96
(1H, s, H-9), 8.13 (1H, d, J=8.1 Hz, H-8), 9.00 (1H, br s,
NH); "C-NMR (100 MHz) 6 : 14.3 (CH;), 32.7 (CH,),
61.7 (CH,), 106.8 (CH), 110.7 (CH), 124.9 (CH), 124.9

(CH), 125.0 (CH), 125.2 (C), 126.4 (C), 128.1 (CH), 131.2
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(0), 132.0 (C), 132.3 (C), 136.0 (C), 161.6 (C=0, ester),
204.3 (C=0, acetyl); HR-MS m/z 304.0951 [Calcd for
C,;H,sNO;Na: 304.0950 (M+Na)'].

Ethyl 9-acetyl-1H-benz[ f]indole-2-carboxylate (8c):

F A E1 K mp 112-114 °C; Anal. Caled C,;H,sNO;: C,
72.58; H, 5.37; N, 4.98. Found: C, 72.64; H, 5.42; N,
5.04. IRv,,, cm ': 3420 (NH) and 1725 and 1630
(C=0). 'H-NMR (400 MHz) 6 : 1.44 (3H, t, J=7.2 Hz,
CH,CH,), 2.95 (3H, s, COCH,), 4.45 (2H, q, J=7.2 Hz,
CH,CH,), 7.38 (1H, d, J=2.3 Hz, H-3), 7.43 (1H, t,
J=7.7Hz, H-6), 7.60 (1H, t, J= 7.7 Hz, H-7), 8.02 (1H,
d, J=8.7 Hz, H-5 or H-8), 8.36 (1H, d, J=8.7 Hz, H-8 or
H-5), 8.44 (1H, s, H-4), 10.62 (1H, br s, NH); "C-NMR
(100MHz) &: 14.4 (CH,), 33.1 (CH,), 61.4 (CH,), 108.2
(CH), 116.2 (C), 123.1 (CH), 124.5 (CH), 127.3 (CH),
128.6 (CH), 129.1 (C), 129.2 (C), 130.2 (C), 130.3 (CH),
132.5 (C), 137.6 (C), 161.1 (C=0, ester), 201.4 (C=0,
acetyl); MS m/z: 281 (M, 100%).
7 4 F VK (8b, 8c) DB B 0 pes

NOE A7 M VIZB\WT, 8b TId NH & H-9 [HIZ
7 FNOB (6.6%), 8clLH3 L HA4RMIZY S
TV OBEGR (4.4%) HEIH S 7z
(HMBC) £ 1) 8 TIZH9 & C-3a & O, BLO
acetyl-CHy & C-4 L OMBEANH Y, —7F 8 TiL HA
£ C3,C9 &£ DM, B X Wacetyl-CHy & C-9 & D
DB > 72720, 8b 25 4-Ac 1K, 8c AT9-Ac A TH
BHEPELT.

S 512 2D-NMR

2. Ethyl benz] f]indole-2-carboxylate (7) ® 7))V 2 )L fb
1) Vilsmeier 7=V 3 WAL

FZEREE © POCL, (0.084 mL, 0.901 mmol) & DMF
(0.5mL) & K TH R L, % Z 12 ethyl benz[f]indole-
2-carboxylate (7) (71 mg, 0.297 mmol) @ DMF (0.5mL)
B MA 7z, ROBREWIZER, KT 60°C T
BEE L7z PUSHET B BUSE 2 KOKIZHEE, 10%
Na,CO, K{EM TpH 9 & L 72, AcOEt THliHh L 72
N @EEORBEIIAL, &L SO, 77470 %
N7 74— (MR - n-hexane : AcOEt=3:1) T4
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BE L 3-400 2 U1K (9) 30mg, 38% ) & 1572

2) HMTA ¥ CAN-SiO, & 7z )V 3 Wb ® (% 2)
FERBEO— i 1 K2 IR T &) 4T, ethyl

benz[ f]indole-2-carboxylate (7) (100 mg, 0.418 mmol) %

7t (CH,CN 5SmL & % 13 DMF 5mL) (27 L,
HMTA (1.5~3.9 #4&) & 10% CAN-SiO, (0.1~0.3 245&)
RIMZA 72, B L7 FUSHT R, BiE R
JEREZ: L, AcOEt IZ{E D L TG % T 5 8 Thw
720 IhEEEOMMIZH L, EiEE S0, T L7
0O~ 7774 — (R n-hexane : AcOEt =3 : 1)
TOrHEL 3-FV 3 VIR (9) 1572,

3RV IR Q) DAY PV T =%

Ethyl 3-formyl-1H-benz[ f]indole-2-carboxylate (9):

KB 7)) X LfESL ; mp 253-256 °C; Anal. Caled Cq
H;;NO;: C, 71.90; H, 4.90; N, 5.24. Found: C, 71.67; H,
4.86; N, 5.14; IRv,,, cm™: 3100 (NH), 1720 and 1640
(C=0). 'H-NMR (400 MHz, DMSO-dy) d: 1.37 (t, 3H,
J=7.1Hz, CH,CH,), 4.44 (q, 2H, J=7.1 Hz, CH,CH), 7.39~
7.43 (m, 2H, H-6 and H-7), 7.97 (d, 1H, J=8.0 Hz, H-5),
8.01 (d, 1H, J=8.0 Hz, H-8), 8.01 (s, 1H, H-9), 8.82 (s,
1H, H-4), 10.60 (s, 1H, CHO), NH (not found); "C-NMR
(100 MHz, DMSO-dy) ¢ : 14.0 (CH;), 62.0 (CH,), 108.8
(CH), 117.3 (C), 120.9 (CH), 124.0 (CH), 125.2 (CH),
125.4 (C), 127.7 (CH), 130.3 (C), 131.6 (C), 135.3 (C),
137.2 (C), 160.1 (C=0, ester), 187.0 (C=0, aldehyde); MS
m/z : 221 (100 %), 267 (M", 81 %).

3. 3-FRIV IR (9) A5 = b uZF UK (12) DERK
1) Ethyl 3-(2-nitrovinyl)- 1H-benz[ f]indole-2-carboxylate
(10) &K G E RUL)
Ethyl 3-formylbenz[ /] indole-2-carboxylate (9) (56 mg,

0.210 mmol) & NH,OAc (17.6 mg, 0.228 mmol) % #i4 L,
CH;NO, (1.6mL) &1 2 T 28.5h &= L 72, Kb
BT L, Wkt 5#L T= ba =k (10)
% 42 mg (65%) 1572,

ZhB VR 10) DANXY FVTF—%

Ethyl 3-(2-nitrovinyl)-1H-benz[ f]indole-2-carboxylate

(10): AR B ARAS &b ; mp 245-246 °C; IRy, cm ' 3313



(NH), 1679 (C=0); 'H-NMR (400 MHz, DMSO-d,) & :
1.43 (t, 3H, J=7.1 Hz, CH,CH,), 4.47 (q, 2H, J=7.1 Hz,
CH,CH,), 7.39-7.47 (m, 2H, H-6 and H-7), 8.01(d, 1H,
J=8.2 Hz, H-5), 8.06 (s, 1H, H-9), 8.14 (d, 1H, J=8.2 Hz,
H-8), 8.39 (d, 1H, J=13.7Hz, H-a), 8.78 (s, 1H, H-4),
9.14 (d, 1H, J=13.7Hz, H- §), 10.65 (br s, NH); *C-NMR
(100 MHz, DMSO-d,) & : 14.06 (CH,), 61.93 (CH,), 109.2

EIBRER AL E SRR 228295 (2017)

(CH), 110.1 (C), 120.7 (CH), 123.9 (CH), 125.2 (C), 1254  (M+Na)].

(CH), 127.4 (CH), 128.6 (CH), 129.9 (C), 131.4 (C), 131.8

(CH), 134.5 (CH), 135.1 (C), 136.0 (C), 160.3 (C=0); HR- m. #5%

2) Ethyl 3-(2-nitroethyl)-1H-benz[ f]indole-2-carboxylate

MS m/z 333.0857 [Caled for C;H 4,N,O,Na: 333.0851 1. Ethyl 1H-benz[ f]indole-2-carboxylate (7) ¢ Friedel-

Crafts 7 > WAk

(12) &K EITRUG)

7.87 (1H, d, J/=8.2 Hz, H-5 or H-8),7.96 (1H, d, J/=8.2 Hz,
H-8 or H-5), 8.23 (1H, s, H-4 or H-9), 8.75 (1H, br s, NH);
BC-NMR (100 MHz) §: 14.3 (CH,), 23.4 (CH,), 61.6
(CH,), 75.0 (CH,), 107.2 (CH), 116.6 (C), 118.4 (C), 123.4
(0), 125.3 (C), 127.3 (C), 127.4 (C), 128.6 (C), 128.8 (C),
128.9 (CH), 132.5 (C), 135.4 (C)], 161.5 (C=0); HR-
MS m/z 335.1008 [Calcd for C;,H,,N,O,Na: 335.1008

Ethyl benz[ f]indole-2-carboxylate (7) @ Friedel-Crafts

TV MAL T, 3FEDE /T T IVIEK (8a ~ 8c) HiE

Ethyl 3-(2-nitrovinyl)-1H -benz[ f]indole-2-carboxylate Ltz (E1).

(10) (35 mg, 0.113 mmol) % THF : MeOH (10:1) (2mL) ®
RAVEE A L, % 212 NaBH, (5.5 mg, 0.145 mmol)
RPLEOMA, SR T2.5h\IELZ FUSRT#,
B WEE L, FRIE L AcOEt B & U° CHCL, Tl
WLz SR lFEORIICA L, = ez Fufk(12) 7o AR LA ORZ B L2AS, PERICK & 221L
% 30mg (76%) #5372,

Ethyl 3-(2-nitroethyl)-1H-benz|[ f]indole-2-carboxylate

20%) THSHNZH, 4-Ac

SRS oERAE IENMR B E ('H-, "C-NMR,
NOE, HMBC) 2 &Y s L7z

9-Ac 1K (8c) & 3-Ac 1A (8a) & [ A2 £ D I = (Y
FELK (8b) 1XEIEETH -

o7z (E1Drun2).

= b FIOUEA2) DAY M VT =% VI oiER DS, ethyl benz| flindole-2-carboxylate (7)
DT ¥ ML TIL 3-Ac 1k (8a) 721 Tld % <, 4-Ac 1K (8b)

(12): # b R4S & 5 mp 158-166 °C; IRy, cm ' 3335
(NH), 1686 (C=0); 'H-NMR (400 MHz) &: 1.48 (t, 3H,

KN 9-Ac 1k (8c) DS,

J=7.2Hz, CH,CH,), 3.94 (t, 2H, J=7.6 Hz, H,- a ), 4.48

(q, 2H, J=7.2 Hz, CH,CH,), 4.75 (t, 2H, J=7.6 Hz, H,- ),

7.34-7.43 (2H, m, H-6 and H-7), 7.82 (1H, s, H-9 or H-4), T3, HULFERISTLTHENWITHWL R

F1 RXUX[f1 A4 ¥ F=) (7) D Friedel-Crafts 7 3 WAL

4 3 COCH;
O / AIC] L)
LI o 2 (oo
9 H t H
7 8a:3-Ac
8b : 4-Ac
8c:9-Ac
Equiv. Yield (%)
Run Time (h) 8a 8b 8c
AICI Ac20
3oAe (B-Ac)  (4-Ac)  (9-Ac)
1 2 2 26 19 7 22
2 3 3 30 20 6 17

DT VLTI E
RN 2 Do Tz,

2. Ethyl 1H-benz[ fJindole-2-carboxylate (7) D7)VIVfL
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% Vilsmeier 8 )V I )V {L % ethyl 1H-benz[f] indole-2-
carboxylate (7) I2Xf L TAT o7& 2 A, L&YW 9) »°
38% CHBES L7z, 2 OIS TIREER (7) &L,
TLC LW DA ARy bSE SN0 % a7z
W3, 3=V IR (9) IVMTHEEC & e o 72 (X 4).
KR\WT, HMTA/10% CAN-SiO, % i\ TRV 3 U1k
i1o7z (K2). ZORISEME, A ¥ F—VHIZ
MLTHRNVINVELZEATE, MELHAHATE 2
FED S5 HEEE NS W3 Vilsmeier IS &
FIREIZ 3=V 2R (9) DA TH o 72, Tl 1E
T 57D EH, HMTA B X NS CAN IZBIL C,
FK2ITRT &) ITRES L 7oA, 2.5 42O HMTA, 0.1
L& D 10% CAN-SIiO, & #l#E & L, DMF ' 100°C T
FIBEATH 2812 & 5T, 3= 3 IVEK (9) 2552% D
IEFETHE SN (tuns).

3. M)TZIvTFu—=7 (1) OBERDOHM

P EDORISE TR STz 3-8V UK (9) 133 i & &2
FEREZEATLIEIZLY, V)T YIVTH
O—7 (1) ~NELZENRTES (M5). b)) 7¥3

POCI; (3 equiv.)

DMF
o
H

rt-60°C,2h
(38%)

O
H
A\
Lo
H
7 9

M4 XX [f14 ¥ K= (7) D Vilsmeier
G214

#2225 (2017)

YENHRIEL DA Y K=V TV A FOEERK
OFERE LTHONTWE D, M) TYIVTF
O — 7 (1) AEIEEWE~O RIS L5,

FTR6IIRT LI, 3-F VI VKO ISHL,
CH;NO, & NH,0Ac Z W CHid L7z & 2 A, ethyl
3-(2-nitrovinyl) -1H-benz[ f] indole-2-carboxylate (10) A%
IR 65% TS 4172, W\ T Varma 5 D4 Y 124t
V3, THF : MeOH (10 : 1) #1 T NaBH, % H\» T#& T X
IS AT o 72, FUSIZEREELEIRAYIZ A 2 — A ITHEAT L
ethyl 3-(2-nitroethyl)-1H-benz][ f]indole-2-carboxylate (12)
AR 76% TH S L.

PLED X A2, 3= Ik 9) o RFEEFIE L
Be, BHRMEASNZZ POUIFIVEKA) DA E
TERL, M) T¥Ir7Fa—=7 1) NDOELED
DERTIENTEL.

V. #%

Ethyl benz[ fJindole-2-carboxylate (7) |24 L T 2 f o
KEFEILUS (7l SV Iwvfl) 2frozk
ZAH, MRSk o T ERRES R 572 #
¥ & 72 % ethyl indole-2-carboxylate (13) 1%, #H 3 fiiZ
BERIIRE T BRI TS 5 Z LAY T2 S

NO,

NR,
o — O X cort - OO0
N
H H
10 11

K5 M)T7FIvTFU—7 (1) OFEE

F£2 NUA[f] ¥ F= (7) ® HMTA-CAN-SIO, & Fiv: 723V 2 )1Vl

HMTA
10% CAN/SIO,
A >
OO I N CO,Et solvent o
H
7
Equiv. Temp. Time  Yield of 9
Run Solvent
HMTA  10% CAN-SiO; o) (h) (%)
1 CH;CN 3.9 0.3 reflux 22 18
2 DMF 3.9 0.3 reflux 3 37
3 DMF 3.9 0.3 100 44 54
4 DMF 2.5 0.3 100 24 24
5 DMF 2.5 0.1 100 43 52
6 DMF 1.5 0.1 100 46 38




[N R N 2 e

CH3NO, (c‘«:«,s>)
NH40AC (I 1 equiv.)

2
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NaBH, (1.25 equiv.)

THF : MeOH

10:1)
i,2.5h

(76%)

X 6 :bnl%wwaaméﬁ

04370 1547 -0.1223 -0.2079
-0.0958 -0.0995
01011 N-o6722 0.0839
-0.1041 -0.1305 -0.1710
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7  Ethyl benz[ f]indole-2-carboxylate (7),

N co,Et
N-0.6892

-0.1500 -0.1221 -0.2090 -0.1221

-0.0961 -0.0961
-0.0961 -0.0961
-0.1221 0.2090 -0.1221
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