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Synthesis of <Benzo{f]-Indole >-4,9-Dione Derivatives

Ji-Young Lee and Myung-Eun Suh
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

Abstract—<Benzo{f}-indole >-4,9-dione derivatives were prepared from 2-chloro-3-(a-accetyl-a-
ethoxycarbonyl-methyl)-1,4-naphthoquinone and 2-chloro-3-N-phenylamino-1,4-naphthoquinone.

2-Chloro-3-(e-acetyl-e-ethoxycarbonyl-methyl)- 1,4-naphthoquinone was reacted with amines to give 2-
amino-3-(a-acetyl- a-ethoxycarbonyl-methyl- 1,4-naphthoquinone derivatives. Subsequent treatment of 2-
amino-3-(a-acetyl-a-ethoxycarbonyl-methyl-1,4-naphthoquinone with sodium ethoxide gave <benzo{f]-
indole >-4,9-dione derivatives.

When 2-chloro-3-N-phenylamino-1,4-naphthoquinone reacted with sodium @-cyano ethyl acetate, 2-
amino-3-ethoxycarbonyl-N-phenyl- <Benzo{fl-indole >-4,9-dione was obtained. However, with sodium di-
ethyl malonate, not < benzo{f)-indole>-4,9-dione but 2-chloro-3-bis-(methoxycarbonyl)-methyl-2H-3-N-
phenylamino-1,4-naphthoquinone was obtained.

Keywords[] 2-N-Methylamino-3-(a-acetyl-e-ethoxycarbonyl-methyl)-1,4-naphthoquinone, 2-N-phenylami-
no-3-(e-acetyl-a-ethoxycarbonyl-methyl)-1,4-naphthoquinone, 2-hydroxy-3-acetyl-N-methyl- <benzo{f]-in-
dole >-4,9-dione, 2-amino-3-ethoxycarbonyl-N-phenyl- <benzo{f}-indole >-4,9-dione, 2-chloro-3-bis-(me-

thoxycarbonyl)-methyl-2H-3-N-phenylamino-1,4-naphthoquinone

< Benzo-[f]-indole>-4, 9-dione F=A+= 1,4
-naphthoquinone o} g+ 7§2] A% 53 243
o] Eojgl ez nal3E =4 gram-positive
bacteriacl @& antibacterial action©°] ivhi
sl | 9lek, v 19708 S, Ito 7} streptomyces
murayamaceusis 28 Kinamycins A, B,C,D
2] sl A B e <benzo-[fl-indole>-4, 9
—dione <Al & antibiotics 42| AL &
Bdozon o FRy g} 3?2

OH

¢) OAc
OAc
LI X
N Me
0 l OAc
CN
(1) Kinamycin C

=3

15

= glolk

ao Y1 Xﬂ —A—E%/{j y

1, 4-Naphthoquinone <4<
24, tuberculos-

virusstatic, antibacterial
tatic, antianaphylatics %%, fungicide, 3l
S5 59 e ofefRrgol] loka dExlas®
2 917} amine T4 2 A 3= 79 antineo-
plastic activity, ® bacterial growth inhibition'®
o] 9lkm whE ¥l or] &) antibiotics B A-E-5
= Tolypomycin, Rifamycin 7=t o3 %
r/}_. 11,12)

2 AFoxE CH-acidity 5 7F ethyl ace-
toacetate @ d-cyano ethyl acetate 2 naphtho-
quinone fEHeke] wbgAE od3liA} ol =
Z9 o] F kx| whlez AEE <benzo-[f]
-indole>-4, 9-dione FEAEY AT A5}
th, #AE 2, 3-dichloro-1, 4-naphthoquinone o]
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o|=(g

ki

o}
1
NaOCH; | O‘ l ¢-cH,
N“ OH
0o R

Ten

sodium ethoxide £#3}oll4] ethyl acetoacetate
£ u9l2-4]7 2-chloro-3- (a-acetyl-a-ethoxycar-
bonyl-methyl)-1, 4-naphthoquinone!®-& ¥4
3 ofz] olulF9} amination A2 ¥ ExU ma]
shil-3-& Al=3kla, EXe 2-chloro-3-N-phe-
nylamino-1, 4-naphthoquinone*¥ol| active meth-
ylene compounds® HM8-A17 AZE <hbenzo-
[f]-indole>-4, 9-dione F=HE9 F4& A=}

i,
Mgy

Alet W II7|-2 A AR AYEE
Aldrich Chemical Company o4 F-ei3}g]om

& Al YRS ARSI,

#4354 Biichi SMP-20& A3l 243819
o}, IR spectrum-® Perkin-Elmer 1710 infra-
red spectrometer ¥ AH&35lo] KBr pellet 2 &
Asgdct, NMR spectrum-& TMS & 3554
2 sl AM-200 SY BRUKER ¢} Varian T-60
A Spectrometer & A-&-3}31},

Q&¥ALe Perkin-Elmer Model 240C ele-
mentary analyzer % AFE313]%, mass spectra

0

IT (a~d)

I(a~d)
R: CH3, CH,CHj3, CH,CH, OH, ph

9
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NHph
O

N
cH,”C 0
ok, ' ¢
5 1} COC.H
NaOC,Hg O‘ N N, ’
0 ph
(11
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CHj (COOC,Hy), % &ocn,
-y
NaOCH, CH{
(I)I <NHph %OCPls
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- (f)-2E-4,9-t 2 frEAl A 17

£ GC-Mass 598-5B% A-&39ch  Column
chromatography = silicagel 60(100~200
mesh, wakogel Q-23)& A1-83}9

2-N-Methylamino-3-( #-acetyl-a-ethoxycar-
bonyl-methyl ) - 1, 4 -naphthoquinone ( I a) 2|
&t — 2-Chloro-3- ( @-acetyl-a-ethoxycarbonyl
-methyl) -1, 4-naphthoquinone 4g (0, 013M) &
100m!/ ethanololl &84zl = of7]e” zake]
40% methylamine 4848 A 7}3) 3417 Eab 7}
A3FAIZ & PAAA A AHS silicagel &
0|43 3 Z2ntE 32}y (n-Hexane : Ethyl ace-
tate=3: 1)2 %2 3 ethyl acetate & A A}
of &4 744 (la)E &t

58 133.3%

¥ A 138C (ethyl acetate)

IR(KBr, cm™!) : 3400(NH), 1700(C=0)

NMR (Acetone-ds) : ¢1.3(t, 3H, -CH,-CHj),
2.3(s, 3H, -CO-CH,), 4.0(s, 3H, -NH-CH,), 4.1~
4.6(m, 3H, -O-CH,-CH, :c-gg<C8>, 7.6~8.2
(m, 5H, -NH-CHj,, arom.), ¢

2-N-Ethylamino- 3 - ( #-acetyl-a-ethoxycar-
bonyl-methyl- 1, 4 -naphthoquinone ( I b) 2
& — 2-Chloro-3- ( @-acetyl-a-ethoxycarbonyl
-methyl) -1, 4-naphthoquinone 4g (0, 013M) <
100m/ ethanol -&-<of £3§1]7] 3 of7]ol| ekl
70% ethylamine <&°4-5- 7}l 6|7k 5ot 7}
FHA F 3N A A" AAE silicagel &
°]-¢-g & Z2v}E 2289] (n-Hexane : Ethyl ace-
tate=3: 1) £ & ethyl acetate & |23l
e A4 () S de,

581 20,9%

% A 1 125C (ethyl acetate)

IR (KBr, cm™) : 3400(NH), 1720(C=0)

NMR(DMSO-d;) : 61.3(t, 6H, -OCH,-CHs,,
“NCH,-CH,), 2.4(s, 3H, -CO-CH,), 41~45(m,
5H, -O-CH,-CH,, -N-CH,-CH,, =C—QI;I<88), 7.
8-8.1(m, 5H, NH, arom.),

2 -N-g-Hydroxyethylamino- 3 - ( a-acetyl-a
-ethoxycarbonyl-methyl)-1, 4-naphthoquinone

(Ic)el & —2-Chloro-3-(a-acetyl-a-ethoxy-
carbonyl-methyl) -1, 4 -naphthoquinone 1. 4¢g
(0.004M)2 ethanol 50ml ol 847 % 37
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ol ethanolamine 0,5m/ % #7}al 847k E9t 7}
ARERAIZ]L & WA s AAS silicagel &
o] 83k % z 2wl 18}9 (n-Hexane : Ethyl ace-
tate=3: 1)Z %2 ¥ ethyl acetate 2 =}7 A3
5 2 (Io) & derh

581 21.7%

§ A 1 170C (ethyl acetate)

IR (KBr, cm™!) . 3500(0H), 17206(C=0)

NMR (DMSO-d,) : 61.3(t, 3H, -O-CH,-CH,),
2.4(s, 3H, -CO-CH,), 3.7~45(m, 8H, -O-CH,
-CH,, NH-CH, CH,-OH, =C-CH<C0), 7.7~8.
1(m, 5H, NH, arom.).

2-N-phenylamino-3-( «-acetyl-a-ethoxycar-
bonyl-methyl ) - 1, 4 -naphthoquinone2| & A
(Id)-—2-Chloro-3-(a-acetyl-a-ethoxycarbon-
yl-methyl) -1, 4-naphthoquinone 5g (0, 016 M)
€ 100m!/ ethanol £ofoll &4zl F of7]of
aniline 3m/ & A7k 20417 F<t 7HdswA)7)
% ethanol & 23 F53¢ & Y7 A4s AA
<+ ethyl acetate 2 2¥ AR T8 ZAH (I
d)< d=rh

58 10.7%

4 A 1 170C (ethyl acetate)

IR(KBr, cm™?) : 3400(NH), 1730(C=0)

NMR(CDCl,) : 61.3(t, 3H, -O-CH,-CH,), 2.
3(s, 3H, -CO-CH,), 40~45(m, 3H, -O-CH,
-CH;, =C—C_H<88), 7.3~82(m, 10H, -NH,
arom.),

2-Hydroxy-3-acetyl-N-methyl-< benzo-[f]
-indole>-4, 9-dione(Il a)2| #rM—3jske] <
Na £ 50m/ abs, ethanolell =<9l & 2-N-meth-
ylamino- 3 - ( a-acetyl-a-ethoxycarbonyl-me-
thyl)-1, 4-naphthoquinone 0, 3g(0.001 M)S 7}
3 24417t 5ot AFEFFA e, 9SS AR
& E2 st d-HClE 492 8 & meth-
vlene chloride & %38}, 77158 F4 xe
AzA|7] & {71805 rotavapor & 2FAA B
A7 A ([la)L ethyl acetate & 2|7 A 3lch,
SE-8 1 52%

% A 1 265C (ethyl acetate)
IR (KBr, cm™) : 3400(OH), 1 730(C=0)
NMR(CF;COOD) : 628 (s, 3H, -CO-CH,),

f

N
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Ael e

4.2(s, 3H, -N-CHj), 7.8~8.3(m, 4H, arom. ).

Anal, Caled for C,sH,,NO, (m.w. 269)

A4z C 66.9, H 4.09, N 5.20

BA4% . C66.0, H 3.92, N 5.00

2-Hydroxy-3-acetyl-N-ethyl-< benzo-[ f]-in-
dole>-4, 9-dione(II b)e| M —3}eke] F<4 Na
% 50m/ abs, ethanolol <9l ¥ 2-N-ethyl-
amino- 3 - ( a-acetyl-a-ethoxycarbonyl-meth-
y1) -1, 4-naphthoquinone 0, 6g(0, 0018 M)-& 7}3)
5|7k Fob ZMdZFA 7T, HRSEE YAzl &
% 7I8ln d-HCl& $42°2 3 % methylene
chloride 2 &3}, #71%% —‘?——’?’-‘“b—i e
7l & f7)890% rotavapor & & A7 & A7)

27 (I1 b) & ethanol & AR A}

/— 1: 0 60/

§ & :243C (ethanol)

IR(KBr, cm™) : 3410(QH), 1720(C=0)

NMR(CF,COOD) : 61.5(t, 3H, -NCH,-CH,),
29(s, 3H, -CO-CH,), 4.7(9, 2H, -N-CH,-CH,),
7.7~8.4(m, 4H, arom.) ,

Anal. Calcd for C,¢H;sNO, (m.w. 283)

A4 1 C67.8, H 459, N 4.95 .

$4% 1 C67.6, H 4.41, N 4.85

2-Hydroxy-3-acetyl-N-g-hydroxyethyl-<
benzo{f]-indole> -4, 3-dione(Il ¢)2| &4Ad—z}s}
2] 2% NaE 50m/ abs, ethanolel 53l 3 of
7] ol 2 -N-g-hydroxyethylamino- 3 - ( a-acetyl
-a-ethoxycarbonyl-methyl ) - 1, 4 -naphthogui-
none(l ¢) 0,3g(0.0087M)E& 78] 24A17F =<t
Tt EFAII e, RS WA & B shskn
d-HCl 2 422 3 & methylene chloride &
223, §7152e Bantaz Az T 4708
"I & rotavapor & &% AA & A7 AA (] o)<
ethanol 2 |7 A&},

/— ‘: 0 56/)

€ A :210C (ethanol)

IR(KBr, cm™) : 3450(0H), 1710(C=0)

NMR(CF;COOD) : ¢2.7(s, 3H, -CO-CH,), 4.
3(t, 2H, -N-CH,-CH,), 4.8~5.2(m, 3H, -N-CH,
-CH,-OH),7.6~8.5(m, 4H, arom.).

Anal. Calcd for C,sHisNO; (m.w. 299)

AAkx] © C 64.2, H 4.35, N 4.68

HA4x:C63.1, H 4.18, N 4.46
2-Hydroxy-3-acetyl-N-phenyl-< benzo-Lf]
-indole>-4, 8-dione(II d)2| #MH~3zFe] Na &
50m/ abs, ethanoll| %<l % 2-N-phenylamino
-3- ( @-acetyl-a-ethoxycarbonyl-methyl ) - 1, 4
-naphthoquinone (I d) 0. 3g(0,0009M)-& 7}3}
4A7E Fot AR ERAIZIY, e YA &
58 el d-HC1 2 S40 2 3 3 methylene
chloride & %3}, §+71%¢ 'r-r“h-—i Az
2 ¥ #71870% rotavapor 2 FF A7 47
AA (I d)< ethyl acetate )72 A ghch,
5% 151.7%
€ A :290°C (ethyl acetate)
IR (KBr, cm™?) : 3440(0H), 1730(C=0)
NMR (CF,COOD) : 62,6 (s, 3H, -CO-CH,),
7.4~8.4(m, 9H, arom.)
Anal. Calcd for C;oH;3NQ, (maw. 331)
AAx] C C 725, H 3.93, N 4.23
24z :C72.2, H 3.83, N 3.98
2-Amino-3-ethoxycarbonyl-N-phenyl-<ben-
zo-{fl-indole>-4, 9-dione(ll1)e B —=eke]l Z
4 Na® 100m! abs. ethanolel *¢ =
a-cyano ethyl acetate 1,5mi(0, 014 M)-& 7}
3 30% ot 7}4EA1Z) 3 2-chloro-3-N-phen-
ylamino-1, 4-naphthoquinone 3g (0, 011M)-% 7}
& 2417F Tt 7HEAITIH, RS UL &
& 7I3kz d-HCIE 422 g % methylene
chloride 2 #%3d, #71%% Tz 721z
% §7149E rotavapor 2 ZFAAS AR
AHES silicagel & |43 B 2zvlE ey
(n-Hexane ! Ethyl acetate=4:1)2 2 3}o
AA D)< <A
129, 6%
+ A :235C
IR (KBr,cm™!) : 3400, 3350 (NH,), 1690(C=0)
NMR (DMSO-d,) : 61.3(t, 3H, -OCH,-CH,),
4.3(9,2H,-O-CH,-CHs,), 6.5(s,2H,-NH,), 74~
8.0(m, 9H, arom.)
Anal. Calcd for C,,H(¢N,O, (m.w. 360)
AAA 1 C 71.6, H 4.44, N 7.70
B4z C71.1, H 4.39, N 7.48
2-Chloro-3-bis-(methoxycarbonyl)-methyl-2

/LEO
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N2~ (f]-AE-4, 9-] & S5 T4 1
H-3-N-phenylamino-1, 4-naphthoquinone(IV) 0 Q 0 910“

- 3
ol #d—Ae] 9% Na$ abs. ethanol 100m! CH<%CH3 RNH _)CH<coc Hj
of %<l & diethyl malonate 2.3m/(0,015M)< WOI NHR O
A7kl 308 Eob ¥4zl & 2-chloro-3-N 0 ) R C(;I CH
-phenylamino-1, 4-naphthoquinone 3g (0, 011 M) e cmon m
< 7H 24417 E_E A AL, AR . 2 2(Scheme 1)
7t 3 2% Bl d-HClZ F4es & %

methylene chloride & F%3c}, {7123 7450}
22 Az F {7142 rotavapor 2 ZF A7)
st AAE ZFEL silicagel & o] &3 3} 2z
ulE 1219 (n-Hexane : Ethyl acetate=5:1)%
+Eisted A (V)&

55 24.1%

5 A 215C

IR (KBr, cm™) : 3440(NH), 1750(C=0)

NMR (DMSO-d,) : 63.5(s, 1H, -CH-Cl), 3.7 (s,
6H, -O-CH,), 55(s, 1H, -N-C-CH<&S), 7.3~
8.3(m, 9H, arom.), 10.5(s, 1H, -NH-¢),

BC-NMR (DMSO-ds) : 652~59(5C, Alip-
hatic), 102~135(12C, Aromatic), 166~178(4C,
C=0),

Mass spectra . base peak=2365

Beilstein test : Cl positive

Anal. Calcd for C,; H;sNO:Cl{m.w. 415)

AAka 1 C 60.7, H 4.33, N 3.37

242 1 C60.3, H 4.09, N 3.01

o3
n

o [e3]
& 2

al

Hzat

o
2-Chloro-3-( 2-acetyl-o-ethoxycarbonyl-me-
thyl)-1, &-naphthoquinonez} amineRe}e| wtS

—2-Chloro-3- ( @-acetyl-#-ethoxycarbonyl-me-
thyl)-1, 4-naphthoquinone ¥ amine &% H}-2-4]
71" Scheme 13} 7o) % )& A 2] Ba1L-15)0] 9Jo]
17} zbo] A&lAd ] &uk3-190] Udoji} 2-amino-(3
-a-acetyl-a-ethoxycarbonyl-methyl)-1, 4-na-
phthoquinone %4 33E (1 a~d)& A5
A= FFE(] a~d)8 T2+ IR, NMR
spectrum ol 2J3] #9ldgich, Amine 79 X317
Rol we}A yield & 2F-A17kel ho] & & 4 33
o}, & H&7] Reo] AATE falAgolrt 2Hg-alA
HR2of #AA|7HE S ord yield = wobx
Ester 2} amine 22| 2A} | 12|35}t 9+3—417]
A Z7181) 4 amine ©| nucleophile 24 ester £
carbonyl - 43t} amide'®”7} He}, £ Ald
o4& sodium ethoxide &4|3telA 2-amino-3-
(a-acetyl-a-ethoxycarbonyl-methyl) -1, 4-na-
phthoquinone %A (I a~d)$ amine°] ester
& ¥74%}ed intramolecular cyclization o] o]
1} lactam o] FAE 3, baseol 93 carbonyl
717} enol form!®e® A3so] 2-hydroxy-<
benzo-[{]-indole>-4, 9-dione -FEA7} A=
t}(Scheme 2).
2-Chloro-3-N-phenylamino-1, 4-naphtho-
quinone @ active methylene compounds 2}2

CCH 0 Q 8
0 3 ) CCH3 0 CCH3

1 05 H° NaOC,lig _C.H.OH

Qrgeen — QUL SCw
. II\IH e OC,H; OC2H5
O R <
()]
i Q
0 CCH, =~ ) T~ CCH, (a) R: —~CH;,
H N N”~OH (b) R: -~CH, CH,4

- 0 1'1 (¢) R: —~CH, CH, OH

o & & a @ R: —ph

(Scheme 2)
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20 |21 - A%

= 9

0 m /C=N 0 Y COC,H;

Cl NaCH CH
#Escoc,H, O ‘C=N —NaCl

_

$ANHph @ EIIH X

$0 3 p

2ot L S| S oa
0‘ (JH<COCZH5 O‘ 4—CO CZH5 s O‘ N| NH22 s
1
0 NHph 0O ph
(I11)
(Scheme 3)
O_
)
Cl 0
(/-———\ COCHZCHs NaOCH, Og g oot
CH
2 11 NHph (IZ;OCH3
COCH,CHj@ 0 h
<(21)) 0
0 . 0
=~ a 9 H+ a 0
= oy ¢ COCH; — 7 CH ( COCH,
[
0 0
aw
(Scheme 4)

—Sodium ethoxide EA}3}ol4 2-Chloro-3
-N-phenylamino-1, 4-naphthoquinone 3
a-cyano ethyl acetate ¢} W83 FZHAZ Alg

+ 2-(a-cyano-a-ethoxy carbonyl-methyl)-3
-N-phenylamino-1, 4-naphthoquinone ©] & A =
3, nucleophiledl amine©] nitril S 4 35}e
intramolecular cyclization©] ¥¢{1} 2-amino-3
-ethoxy carbonyl-N-phenyl-< benzo-[f]-in-
dole>-4, 9-dione () ¢] 4 =21} (Scheme 3),

Sodium methoxide & ) s}ol A diethyl
malonate ¢} HHZ-Aloll= NaOCH,ol 9l# diethyl
malonate 9] -OC,Hs7} -OCH,& X|3t=™4] A&l
/‘é Frhakgol dojuket, ubd 2 3ukg-o] Loy}
=, Clo| gloj#{ofF 3} MS % Beilstein test oll
A Clo] #lslgdeng Michael 2ldition!®29d]
9 8] 2-chloro-3-bis- (methoxycarbonyl) -meth-

yl-2H-3-N-phenylamino-1, 4-naphthoquinone ©|
A= Aoz A8} (Scheme 4).

g B

2-Chloro-3- ( a-acetyl-a-ethoxycarbonyl-me-
thyl)-1, 4-naphthoquinone®| nucleophileg! ami-
ne o] FAMHA WA 2Fukg-o] Ldolt 2-ami-
no-3- (a-acetyl-a-ethoxycarbonyl-methyl) -1, 4
-naphthoquinone 54| (I a~d)& A=t ol
3}3H8oll sodium ethoxide & 2H&A]A —\rz}‘ﬂ
cyclization ©] ¥} lactam ©] FAH & G|
98} carbonyl 717} enol form &2 AZsle] 2
-hydroxy-<benzo-[f]-indole>-4, 9-dione -5
(Il a~d)7F BA=A

Sodium ethoxide <EA3lollA  2-chloro-3-N -
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w2~ (f]-90 -4,9-0¢ HEAlY ¥4 21

-phenylamino-1, 4-naphthoquinone # a-cyano
ethyl acetate = A4 % 3hkg ol Fxpy 1]
3} w8l 28] 2-amino-3-ethoxycarbonyl-N-[+
phenyl-<benzo-[f]-indole> -4, 9-dione ()¢ <
%ok, 221} diethyl malonate &
methoxide EA)3tol A A7) +=
ko] dojulx] 93 Michael addition o] o]
Y} 2-chloro-3-bis- (methoxycarbonyl) -methyl-2

H-3-N-phenylamino-1, 4-naphthoquinone (IV) ¢}
A=

sodium
735 AWA A

2Atel 2
B EES A3l ATE AUs FA ol3ted
ookt KIST o ¥ whabdrl e zhalel =

<+ S

(=} ]
£ ¢
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