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Abstract: The manganese(IIl) initiated oxidative free radical reaction between 1,4-naphthoquinones and

ethyl nitroacetate is described. Nitromethyl radical 1 can be generated effectively from the oxidation of
athyl nitran~atata hy mancganacalTIT\ anatata NamhthalY 2 NicAva—an A PN innac hanazal flindnla_ A Q
l/lll]l HiuuvaLviatw Uy umusau\ncuu; avuviale LVClpllI.llUlL,."“J DUAQLUIC =9, 7ULUIIC D, UVIILUUJI IUUIC=r, 7~

diones and benzo[bjacridine-6,11-diones were prepared effectively from readily available 1,4-

naphthoguinones and ethy! nitroacetate. © 1999 Elsevier Science Ltd. All rights reserved.
INTRODUCTION

Free radical reactions have become increasingly important in organic synthesis in the last two decades.'
Compounds containing the guinone group represent an important class of biologically active molecules that are

widespread in nature.” Electrophilic radicals produced from the manganese(III) acetate oxidation of -
dicarbonyl compounds undergo efficient addition to a C-C double bond.'*'**® These reactions can be
performed intermolecularly and intramolecularly. The free radical addition of a carbon center radical to quinones
has been reported.**¢ Nitromethyl radical can be generated from nitromethane and manganese(III) acetate.” We
believe that radical 1 can be produced from the reaction between ethyl nitroacetate and manganese(IIl) acetate
although this reaction has not been studied. This report described our results on the reaction between 1,4-

naphthoquinone derivatives and ethyl nitroacetate via manganese(III) initiated oxidative free radical reaction.

We began our studies with the reaction shown in equation 1. 1,4-Naphthoquinone was treated with ethyl
nitroacetate (4 eq) and manganese(III) acetate (6 eq) in acetic acid at 70 °C. After heating for 15 h the dark
brown color of manganese(IIl) acetate disappeared and another 4 equivalents of ethyl acetate and 6 equivalents
of manganese(III) acetate were added. The reaction mixture was heated for another 15 h and 3a was obtained
in 55% yield (Table 1, entry a). A possible mechanism for this reaction is shown in Scheme 1. Initiation

occurs with the manganese(III) acetate oxidation of ethyl nitroacetate to produce radical 1. This radical

1nAdaranne Girthar intearmanlaniilaor niinlanabilin additinn fallawwad ke Aahovdratinn and avidatian ta nradneca a
UHUCTEOCS 1ULLLICL 1L dllIVICC UL lublCUplullb AUUILIVIL TULIUWOU DY UGl yuldllull alld VAIUAUvil v pluddce va
We also performed this reaction in acetonitrile. In acetonitrile, the yield of 3a is 45% (Table 1, entry b) and it

proceeds in a much slower reaction rate (96 h). The generalities of this reaction are illustrated in Table 1. 3a
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i i i H Y ;
R! 0O R' ©O CO,Et
2a: R'=H,R*=H,X=H 3a: R'=H,R’=H
2b: R'=OMe,R*=H,X=H 3b: R'=0OMe, R*°=H
2¢: R'=H R*=H,X=Br 3¢c: R'=H,R*=0Me
2d: R'=H,R*=H, X =OMe 3d: R'=0Me, R?=0OMe

2e: R'=0OMe, R*=0OMe, X=H
2f: R'=OMe, R?=H, X =Br

Table 1. The Free Radical Reaction Between 1,4-Naphthoquinone Derivatives And Ethyl Nitroacetate.

Entry Quinones Solvent Product  Yield (Ratio)*
a 2a HOAc¢ 3a 55%
b 2a CH,CN 3a 45%

2a HOAc 3a 58%°
3b + 3¢ 62% (1:1.1)
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e 2b CH,CN 3b + 3¢ 48% (1:1.2)
f 2¢ CH.CN 3a 60%
g 2d CH.CN 3a 28%
h 2e HOACc 3d 48%
i 2e CH,CN 3d 48%
] 2f CH,CN 3b 68%

a. The ratio refers to isomeric products and is determined from the 'H NMR
integration of methoxy groups in the inseparable mixture of regioisomers.
b. 1,4-Dihydroxynaphthalene was used as starting material.
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can also be obtained effectively by using 1,4-dihydroxynaphthalene as starting material (entry ¢ ). With 2b, it
led to the formation of an inseparable mixture of isomers, 3b and 3¢ (entries d and e ). With 2-substituted

naphthoquinones 2¢ and 2d, 3a was oblained via a similar mechanism shown in Scheme 1 (entries t, g). 3b



was produced regiospecifically from bromoquinone 2f (entry j ). This can be rationalized that the orientation
of free radical addition to quinones was directed by quinonoidal bromine.** We have recently shown that the
use of acetonitrile as solvent in similar reaction is advantageous for acid sensitive naphthoquinones.*** Due to
the acid liability of methoxy- and amino- substituted naphthoquinones, they were only performed in
acetonitrile. In contrast to 2¢ and 2d, when aminoquinone 9a was treated with ethyl nitroacetate (4 eq) and

manganese(III) acetate (6 eq) under similar conditions the only isolated product was benzo|f]indole 10a and
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Table 2. The Free Radical Reaction Between 2-Alkylamino-1,4-naphthoguinones And Ethyl Nitroacetate
Entry Quinones Product Yield
a 9a: R=Me 10a 21%
b 9b: R=Pr 10b 24%
c 9¢: R =p-Tolyl 10c¢ 48%
d 9d: R=Bn 10d 21%
e 9e: R=i-Pr 10e 31%
f 9f: R=+-Bu i0f 54%

The oxidative free radical reaction between 2-anilino-1,4-naphthoquinones and malonates has been
studied in this laboratory.* We continue this manganese(III) acetate initiated free radical reaction of 2-anilino-
1,4-naphthoquinones with ethyl nitroacetate. The reaction of 14a and ethyl nitroacetate (4 eq) with
manganese(I1l) acetate (6 eq) in acetonitrile gave 15a in 27% yield (Eq. 2). This free radical reaction

presumably occurs via the addition of radical 1 to quinone ring and anilino ring consecutively followed by

oxidation to give 16, which undergoes further elimination of nitrous acid to p“d“ce 15a (Scheme 3). The
generalities for the preparation of benzo[b]acridine-6,11-dione 15 from 2-anilino-1,4-naphthoquinone are

shown in Table 3.
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Entry Quinones Product Yield
a 14a: R'=H, R’=H,R’=H 15a 27%
b idb: R'= H, R*= OMe, R*= H ish 24%
c 14c: R'=H, R’=Me, R*= H 15¢ 31%
d 14d: R'=H, R’=CO,Et, R'= H 15d 31%
e 14e: R'= OMe, R*= H, R*=Cl 15e 32%
f 14f: R'=H, R>=C|,R*=H 15f 43%
o H 0 H 0
~ JL N A,./.\ A JL N A A JL N. A

In conclusion, nitromethy! radical 1 can be generated from ethyl nitroacetate and manganese(1lI) acetate
and it undergoes efficient addition to C-C double bond of 1,4-naphthoquinone derivatives. This free radical
reaction provides a novel method for the synthesis of naphtho[2,3-d]isoxazole-4,9-diones, benzo[flindole-4,9-

diones and benzo[b]acridine-6,1 1-diones from readily available 1,4-naphthoquinones and ethyl nitroacetate.
EXPERIMENTAL

Melting points are uncorrected. Nmr spectra were recorded on Bruker AMX-400 spectrometer. Elemental

analyses were performed with a Heraeus CHN-Rapid Analyzer. Analytical thin layer chromatographv was

uv or by spraying with 5% phcsphamclybdic acid in ethano! following by heating. The reaction mixture was
L o B SR A PN T alhnrat~mae cilina aal 2N ~o
purified by column chromatography over EM Laboratories silica gel (70-230 Mesh)

Typical experimentai procedure for the preparation of naphtho{2,3-d]isoxazoie-4,9-
dione 3 in acetic acid: A solution of 137 mg (0.87 mmol) of 1,4-naphthoquinone, 475 mg (3.57 mmol) of
ethyl nitroacetate and 1.36 g (5.07 mmol) of manganese(III) acetate in 10 ml of acetic acid was heated in a 70 °C
oil bath for 15 h (the dark brown color of manganese(III) acetate disappeared), followed by the addition of 470
mg (3.53 mmol) of ethyl nitroacetate and 1.36 g (5.07 mmol) of manganese(IIT) acetate. The reaction mixture
was heated for another 15 h and then diluted with 100 ml of ethyl acetate, washed with 50 ml of saturated
ite, three 50-ml portions of w three 50-ml portions of aqueous saturated sodium

LLEVLL , v JU
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Typical experimental procedure for the preparation of naphtho[2,3-d)isoxazole-4,9-
dione 3 in acetonitrile: A solution of 129 mg (0.82 mmol) of 1,4-naphthoquinone, 435 mg (3.27 mmol) of
ethyl nitroacetate and 1.31 g (4.89 mmol) of manganese(III) acetate in 10 ml of acetonitrile was heated in an 80
°C oil bath for 48 h (the dark brown color of manganese(III) acetate disappeared), followed by the addition of
432 mg (3.25 mmol) of ethyl nitroacetate and 1.31 g (4.89 mmol) of manganese(IIl) acetate. The reaction

nxture was heated for another 48 h and then diluted with 100 ml of et 1yl acetate, washed with S0 ml of
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The residue was chromatographed over 20 g of silica gel (eluted with hexane-ethyl acetate, 8:1) followed by

recrystallization (hexane-ethyl acetate) to give 100 mg (45%) of 3a.
4,9-Dihydro-4,9-dioxo-3-ethoxycarbonylnaphtho[2,3-dlisoxazole 3a: yellow platelets; mp 109-
110 °C; IR (CHCL,) 3030, 2990, 1745, 1690, 1595, 1480, 1340, 1320, 1270, 1270, 1140 cm'; '"H NMR
(CDCl,) & 1.50 (t, J=7.2 Hz, 3H, CH,), 4.58 (q, J=7.2 Hz, 2H, OCH,), 7.81-7.94 (m, 2H, ArH), 8.23-8.33

ArH); 3C NMR (CDC1.) 8 14.0¢
AV S ) V\

fm 2H aYy BRAM)Y 120 1Y 127 §/dY 127 ReAd) 131 7(s). 133.4(g)
\iil, &13, { O ANAVAIN A\ j Yy 2T Y, 14V.15), L‘-l WU, 147.0 U, 10100 S ), LIIJ.T\O),
134.5(d), 135.5(d), 153.5(s), 157.9(s), 165.7(s), 172.6(s), 176.4(s); Anal. Calcd for C,,H,NO,: N, 5.16; C,

62.00; H, 3.34. Found: N, 5.09; C, 61.71; H, 3.40.
4,9-Dihydro-4,9-dioxo-3-ethoxycarbonyl-5-methoxynaphtho[2,3-d]isoxazole 3b: yellow
crystals; mp 186-187°C; IR (CHCI,) 3030, 2940, 1750, 1695, 1680, 1605, 1580, 1470, 1285, 1270 cm™; 'H
NMR (CDCl,) 6 1.48 (t, J=7.1 Hz, 3H, CH,), 4.04 (s, 3H, OCH,), 4.57 (q, J=7.1 Hz, 2H, OCH,), 7.44 (d,
), 7.92 (d, J=8.0 Hz, 1H, ArH); HC NMR (FDC] ) 8

4.63; C, 59.69; H, 3.72.
4,9-Dihydro-4,9-dioxo-5,8-dimethoxy-3-ethoxycarbonylnaphtho[2,3-d]isoxazole 3d: red
crystals; mp 195-196 °C; IR (CHCIL,) 3010, 2985, 2940, 2840, 1745, 1680, 1565, 1270, 1180, 1105 cm™; 'H
NMR (CDCl,) § 1.47 (t, J=7.1 Hz, 3H, CH,), 3.99 (s, 3H, OCH,), 4.02 (s, 3H, OCH,), 4.55 (q, J=7.1 Hz,

2H, OCH,), 7.40 (d, J=9.5 Hz, 1H, ArH), 7.46 (d, J=9.5 Hz, 1H, ArH); "C NMR (CDCl,) § 14.0(q)
56.9(q), 57.1(q), 63.3(t), 119.7(s), 120.4(s), 120.9(d), 122.0(s), 123.1(d), 153.4(s), 155.0(s), 155.8(5),
158.3(s), 164.5(s), 171.7(s), 175.9(s); Anal. Calcd for C,;H,;NO,: N, 4.23; C, 58.01; H, 3.96. Found: N,
4.18; C, 57.72; H, 4.03.

Typical experimental procedure for the preparation of benzo[flindole-4,9-dione 10 and
benzo[b]acridine-6,11-dione 15: A solution of 151 mg (0.75 mmol) of 8a, 412 mg (3.10 mmol) of ethyl
nitroacetate and 1.21 g (4.51 mmol) of manganese(IIT) acetate in 10 ml of acetonitrile was heated in an 80 °C oil
bath for 36 h. The reaction mixture was diluted with 100 ml of ethyl acetate, washed with 50 ml of saturated

aqueous sodium bisulfite, three 25-ml portions of walter, dried (Na,SO,) and concentrated in vacuo. The residue

was chromatographed over 20 g of silica ucl (eluted with dichloromethane- e[h 1 acetate, 15:1) followed by
,,,,,,,‘Al /L VS TRy e AT O AL TN
recrystail lon \ﬂexdne e[ﬂyl aCele @ g]VC 44 Mg {«170) 01 1va

4,9-Dihydro-4,9-dioxo-3-ethoxycarbonyl-2-methyi-1H-benzo[f]indole 10a: orange crystais; mp
244-245 °C; IR (CHCI,) 3425, 3220, 3020, 1715, 1650, 1595, 1440, 1370, 1270 cm™'; 'H NMR (CDCl,) &
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i+ T 1 LY, 2 MY DY £T fe 2L MAUII N A AA (F~ T 1 O ALY N L£O f+ X n - 1
\L, J=/.1 1z, 5n, Lriy), 2.0/ (8, o0, \.J'l]), 4.44 ((, 3=/.1 0OZ, 20, uL,n2 , /.00 ({,4=/.unZ, in,
Arri) 7.72 (1, J=7.0 Hz, iH, ArH), 8.10 (d, J=7.0 Hz, 1H, ArH), 8.20 (d, J=7.0 Hz, 1H, ArH), 10.75 (br s,

1H, NH); *C NMR (CDCl,) & 13.5(q), 14.3(q), 60.9(t), 114.0(s), 125.8(d), 126.0(s), 127.5(d), 131.7(s),
132.0(s), 132.8(d), 134.0(d), 134.8(s), 142.5(s), 163.9(s), 176.2(s), 178.9(s); Anal. Calcd for C,;H,;NO,:
N, 4.94; C, 67.84; H, 4.63. Found: N, 4.85; C, 67.74; H, 4.62.
4,9-Dihydro-4,9-dioxo-3-ethoxycarbonyl-2-propyl-1H-benzo[f]indole 10b : yellow platelets; mp
197-198 °C; IR (CHCl,) 3425, 3230, 3120, 2970, 2930, 1715, 1650, 1595, 1565, 1500, 1385 ¢cm™; '"H NMR
(CDCL,) 8 1.03 (1, 1=7.5 Hz, 3H, CH,), L.

I\E Y"IEI’I, ATT MYT A r-'rr

5 (t, J=7.5 Hz, 2H, CH,), 4.44 (q, J=7.1 Hz, 2H, OCH,), 7.66(td, J=7.4, 1.2 Hz, 1H, ArH), 7.70 (id,
J=7.4, 1.2 Hz, 1H, ArH), 8.05 (dd, J=7.4, 1.2 Hz, 1H, ArH), 8.18 (dd, J=7.4, 1.2 Hz, 1H, ArH), 11.55 (br
s, IH, NH); °C NMR (CDCl,) § 13.8(q), 14.2(q), 22.9(1), 29.1(t), 60.8(t), 113.9(s), 125.6(d), 126.2(s),
127.4(d), 131.6(s), 132.1(s), 132.7(d), 133.9(d), 134.7(s), 147.0(s), 163.9(s), 176.4(s), 179.0(s); Anal.
Calced for C,iH ,NO,: N, 4.50; C, 69.44; H, 5.50. Found: N, 4.45; C, 69.22; H, 5.57.
4.9-Dihydro-4.,9-dioxo-3-ethoxycarbonyl-2-p-tolyl-1H-benzo[flindole 10c : orange needles; mp

b.)
.P;

251-252 °C; IR (CHCL,) 3425, 3225, 3010, 1725, 1660, 1595, 1530, 1370, 1280 cm’'; '"H NMR (CDCL,) &

[OPRRCAVD S VIR W N Y JIV, ANy U

1.35 (¢, }=7.1 Hz, 3H, CH,), 2.34 (s, 3H, CH,), 4.42 (q, J=7.1 Hz, 2H, OCH,), 7.22 (d, J=7.7 Hz, 2H,
ArH), 7.54 (d, J=7.7 Hz, ZH, ArH), 7.65 (t, J=7.4 Hz, iH, ArH), 7.71 (t, J=7.4 Hz, 1H, ArH), 8.01 (d,
J=7.4 Hz, IH, ArH), 8.17 (d, J=7.4 Hz, 1H, ArH), 10.88 (br s, 1H, NH); '*C NMR (CDCl,) § 14.0(q),
21.3(q), 61.7(v), 114.3(s), 126.2(s), 126.3(d), 126.5(s), 127.2(d), 127.8(d), 129.6(d), 131.8(s), 132.7(s),
133.0(d), 133.8(d), 134.3(s), 140.0(s), 140.2(s), 164.8(s), 175.9(s), 179.4(s); Anal. Calcd for C,,H ;NO,:
N, 3.90; C, 73.53; H, 4.77. Found: N, 3.81; C, 73.54; H, 4.81.

2. an1vl 4,9. d|hvdrn 4.9-dioxo- 3-ethoxvecarhonvl-1H-benzolflindole 10d: oranece grys[als; mp

213-214 °C; IR (CHCI,) 3410, 3230, 3070, 3130, 2940, 1715, 1660, 1595, 1565, 1425, 1385 cm™; '"H NMR
(CDCl,) 6 1.43 (t, J=7.1 Hz, 3H, CH,), 4.39 (s, 2H, CH,), 4.44 (q, J=7.1 Hz, 2H, OCH,), 7.23-7.35 (m,

5H, ArH), 7.65 (id, J=7.5, 1.0 Hz, 1H, ArH), 7.71 (td, J=7.5, 1.0 Hz, 1H, ArH), 8.03 (dd, J=7.5, 1.0 Hz,
1H, ArH), 8.19 (dd, J=7.5, 1.0 Hz, 1H, ArH), 10.12 (br s, 1H, NH); *C NMR (CDCl,) & 14.2(q), 33.2(1),
61.1(1), 114.0 (s), 125.88 (s), 125.91(d), 127.4(d), 127.5(d), 128.9(d), 129.1(d), 132.05(s), 132.08(s),
132.9(d), 133.9(d), 134.7(s), 136.3(s), 144.0(s), 163.8(s), 176.1(s), 179.0(s); Anal. Calcd for C,,H;NO,:
N, 3.90; C, 73.55; H, 4.77. Found: N, 3.77; C, 73.40; H, 4.76.
4,9-Dihydro-4,9-dioxo-3-ethoxycarbonyl-2-isopropyl-1H-benzo|flindole 10e: yellow platelets;

vicle TLT NIAMAD 7OV )

AT NATQ U, T /1IN Y AN AINEE NN 17718 1488 1ATTE 1AA&8 120& 170&N0
N INVIN (CUC)

I P £3/-£400 ., IN (LI101,) .)43U DLID, LTOU, 1710, 10D, 1970, 1490, 1000, 14LUU

2]

m
8 1.42 (d, J=7.0 Hz, 6H, CH,), 1.45 (1, J=7.1 Hz, 3H, CH,), 3.67 (septet, J=7.0 Hz, 1H, CH), 4.45 (q,
J=7.1 Hz, 2H, OCH,), 7.68 (1d, J=7.4, 1.4 Hz, 1H, ArH), 7.71 (td, J=7.4, 1.4 Hz, 1H, ArH), 8.11 (dd,
J=7.4, 1.4 Hz, |H, ArH), 8.19 (dd, J=7.4, 1.4 Hz, 1H, ArH), 10.34 (br s, 1H, NH); *C NMR (CDCl,) §
14.2(q), 21.8(q), 26.4(d), 61.1(t), 112.9(s), 125.8(s), 125.9(d), 127.4(d), 131.6(s), 132.3(s), 132.9(d),

133.8(d), 134.7(s), 150.6(s), 164.2(s), 176.1(s), 179.2(s); Anal. Calcd for C H,;NO,: N, 4.46; C, 69.39; H,
4- H. 5.50

~ o~ oy V] ot ~r A1 Iy

, 3275, 2980, 1730, 1660, 1595, 1505, 1250 cm™; "H NI
5), 447 (q, J=7.1 Hz, 2H, OCH,), 7.64-7.73
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125.9(s), 126.2(d), 127.0(d), 129.7(s), 132.9(s), 133.1(d), 155 6(d), 134.1(s), 147.7(s), 166.2(s), 175.5(s),
179.7(s); Anal. Calcd for C ;H (NO,: N, 4.30; C, 70.14; H, 5.89. Found: N, 4.29; C, 70.03; H, 5.92.
6,11-Dihydro-6,11-dioxo-12-ethoxycarbonylbenzo[b]acridine 15a: yellow crystals; mp 210-211°C;
IR (CHCl,) 3000, 1730, 1690, 1595, 1375, 1335, 1260, 1230 cm™; 'H NMR (CDCl,) & 1.54 (t, J=7.2 Hz,
3H, CH,), 4.75 (q, J=7.2 Hz, 2H, OCH,), 7.82 (t, J=7.6 Hz, 1H, ArH), 7.85-7.94 (m, 2H, ArH), 7.98 (d,

J=8.4 Hz, 1H, ArH), 8.00 (t, J=7.6 Hz, 1H, ArH\ 8.33-8.41 (m, 1H, ArH), 8.45-8 51 (m, 1H, ArH), 8.53
(d T=RA Hz 1H ALY BONMR (CNDCIYSR 14 1(aY RY R+Y 179 &icY 178 Arcy 17& AN 197 T¢AN
(U, J=0.9 s, 111, Alry), W INVIR (L) O 19014(), U4.0(1), 1£2.0(8), 123.4(8), 120.2004), 12/./1Q),
128.2(d), 130.7(d), 131.8(d), 133.3(s), 133.4(d), 133.9(s), 134.86(d), 134.93(d), 142.7(s), 147.5(s),

149.9(s), 167.1(s), 181.0(s), 181.6(s); Anal. Caled for C,H,,NO,: N, 4.23; C, 72.50; H, 3.95. Found: N,
4.19; C, 72.47; H, 4.00.
6,11-Dihydro-6,11-dioxo-12-ethoxycarbonyl-2-methoxybenzo[bJacridine 15b: yellow powder;
mp 228-229 °C; IR (CHCL,) 3015, 2400, 1730, 1680, 1620, 1595, 1260, 1245 cm™; 'H NMR (CDCl,) § 1.54

/.1 Hz, 3H, CH, / 1z I H, Ark d,
5 5 3/5 \ 37 3 L]
I=R 2 Hz. 1H. ArHY 7.7-790 (m 2H ArH) 827838 (m 1H ArHY 30 (4 I=R2 H7 1 ArHY R492.
rhe RBLiy LAEy LMRR)y T O (A VAR 9 dmii, IRRL)y UL ]TU.J 411y 1XX AALjy Oed T \Uy, v—U.4& 114, 111, ix1k1), U4
Q ALY Fn TIT A LTIV, 13779 NTRAD /77T A S 14 A7 O Y |nn O/1n 1AM 1 N 1AM A TN 1A 1N
o0.47 (111, 1I1, AIT1), U INIVIK \L,l)\,l;) (6] l‘l.L(q}, O[q}, OA OU.) 1TUZ.8(A), 14£3.1(S), 1£/.U(Q), 1£7.1(5),

127.6(d), 128.1(d), 133.3(s), 133.4(d), 133.9(s), 134.6(d), 134.9(d), 140.3(s), 145.2(s), 146.5(s), 161.0(s),
167.5(s), 181.0(s), 182.0(5), Anal. Calcd for C, H ,NO,: N, 3.88; C, 69.80; H, 4.18. Found: N, 3.87; C,
69.74; H 4.23.

6,11-Dihydro-6,11-dioxo-12-ethoxycarbonyl-2-methylbenzo[b]acridine 15c: yellow powder: mp
203-204 °C; IR (CHCI,) 3000, 1730, 1685, 1625, 1600, 1550, 1500, 1270, 1255 cm’; '"H NMR (CDClL,) b

1.54 (¢, J1=7.2 Hz. 3H. ( Y. 263 (s 3 ( Y 476 (g. 1=772 Hz. 2 QCH)Y 770 (d. I=1.6 Hz. 1

. \Lo=/.2 0z, on, L), £.062 (S, 2, Lhn,), 4./0 (q, J=/.2 1z, 2R, OLR,), /./U(4, )=1.0 10z, i1,
AcLIY 7 Q99 /A4 T—Q 7 t £ LT 1L T 7 T Q2 (v U ALIIY Q27 Q20 (v LT ALY Q A0 A T_Q 7
Alrny, /.04 (04, y=56./, 1.0 nZ, 1 , /. £.75 (0, 4, AN, 6.54-6.57 \IN, i, Alnj, 60.42 (G, J=56. 7

Hz, 1H, ArH), 8.46-8.55 (m, 1H, ArH); MR (CDCL,) & 14.1(q), 22.2(q), 62.8(t), 122.8(s), 124.8(d),
125.5(s), 127.7(d), 128.2(d), 131.5(d), 133.4(s), 134.0(s), 134.8(d), 134.9(d), 136.0(d), 141.7(s), 141.7(s),
146.8(s), 148.8(s), 167.4(s), 181.2(s), 181.8(s); Anal. Calcd for C, H,;NO,: N, 4.06; C, 73.02; H, 4.38.
Found: N, 4.05; C, 73.07; H, 4.46.
6,11-Dihydro-6,11-dioxo-2,12-diethoxycarbonylbenzo[b]acridine 15d: yellow needles; mp 205-
206 °C; IR (CHCI,) 3180, 3000, 2940, 1725, 1690, 1595, 1555, 1405, 1390, 1280, 1255 cm’; 'H NMR

(CDCIYR 1
4

(CDCl,) 0 147 (1, 1=7.1 Hz, 3H, CH,), .
(q, J=7.1 Hz, 2H, OCH,), 7.84-7.95 (m, 2H, ArH), 8.32-8.39 (m, 1H, ArH), 8.43-8.50 (m, 1H, ArH),
8.50-8.59 (m, 2H, ArH), 8.67 (s, IH, ArH); *C NMR (CDCl,) & 14.1(q), 14.2(q), 61.9(1), 63.0(t), 123.0(s),
124.6(s), 127.7(d), 128.2(d), 128.8(d), 131.9(d), 132.6(d), 133.2(s), 133.7(s), 135.01(d), 135.04(d),
144.0(s), 148.9(s), 151.2(s), 164.8(s), 166.5(s), 180.6(s), 181.2(s); Anal. Caled for C,;H;NO,: N, 3.47; C,
68.48; H, 4.25. Found: N, 3.36; C, 68.41; H, 4.26.
1-Chloro-6,11-dihydro-6,11-dioxo-12-ethoxycarbonyl-4-methoxybenzo[bJacridine 1Se:

ity

orange powder; mp 243- 7AA°p IR (FHFI \ 3005, 2940, 17?(\ 1690, ﬁnn 1560, 1540, 1435, 1365, 1260,

5v Py ERANR Q2 By ) v VUV, LUV, 107V

1245 cm™; '"H NMR (CDCl;) & 1.52 (t, J=7.2 Hz, 3H, CH,), 4.15 (s, 3H, OCH,), 4.61 (dq, J=10.7, 7.2 Hz,

1H, OCH), 4.80 (dq, J=10.7, 7.2 Hz, 1H, OCH), 7.19 (d, J=8.6 Hz, iH, ArH), 7.79 (d, i=8.6 Hz, iH,
ArH), 7.84-7.92 (m, 2H, ArH), 8.32-8.39 (m, 1H, ArH), 8.42-8.49 (m, 1H, ArH); C NMR (CDCl,) &

I=7.1 Hz 3H CH)H 158t J=7.1 Hz 3H CH\ AAQ{n T—’7IT—I7 2H. QOCH). 4.79

WO \4y v=7 o 14, DX, S.597 453y ANLdy ),



13.7(q), 56.7(q), 62.8(1), 110.8(d), 121.6(s), 123.9(s), 124.5(s), 127.9(d), 128.0(d), 133.2(d), 133.6(s),
133 8(5) 134.9(d), 135.0(d), 141.2(s), 143.0(s), 146.3(s), 156.3(s), 167.1(s), 180.1(s), 181.5(s); Anal

Calcd for C, H,,CINO: N, 3.54; C, 63.73; H, 3.57. Found: N, 3.53; C, 63.39; H, 3.60.
1-Chloro-6,11-dihydro-6,11-dioxo-12-ethoxycarbonylbenzo[b]acridine 15f: light yellow
powder; mp 251-252°C; IR (CHCL,) 3015, 2400, 1730, 1690, 1595, 1550, 1250, 1215 cm™; '"H NMR
(CDCly) § 1.54 (t, J=7.1 Hz, 3H, CH, ), 4.75 (q, J=7.1 Hz, 2H, OCH,), 7.86-7.96 (m, 4H, ArH), 8.32-8.38

(m, 1H, ArH), 8.43-8.51 (m, 2H, ArH); '*C NMR (CDCL,) 8 14.1(q), 63.1(t), 123.3(s), 124.9(d), 126.0(s
a2y DOTITONS L R, Ldd, sRALL), L 13 & LTLAY ), VI AR, 1AJWD Wy SAN)y 2LV

127.8(d), 128.3{d), 133.2{d), 133.3(s), 133.8(s), 134.5(d), 135.06{d), 135.1(d), 137.2(s), 141.7(s),

147.6(s), 148.3(s), 166.6(s), 180.7(s), 181.4(s); Anal. Calcd for C, ,H,,CINO,: N, 3.82; C, 65.49; H, 3.57

Found: N, 3.78; C, 65.30; H, 3.34.
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