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One-Step Syntheses of 1H -Benz|f]indole-4,9-diones and 1H -Indole-4,7-diones
by a New Regioselective Photoaddition of 2-Amino-1,4-naphthoquinones and
2-Amino-1,4-benzoquinones with Alkenes
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Organic Synthesis Division, Faculty of Engineering, Hokkaido University, Sapporo 060, Japan
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The 2,3-dihydro-1 H-benz[f]indole-4,9-diones 3a—d, h were formed in a one-step reaction in 13-82% yield by
an unprecedented [3 + 2] regioselective photoaddition of 2-amino-1,4-naphthoquinone (1) with various electron-
rich alkenes 2 (Scheme 1, Table). The [3 + 2] photoadducts derived from 1 with vinyl ethers and vinyl acetate gave
1H -benz[f]indole-4,9-diones de, {, i, in 33-72% yield, by spontaneous loss of the corresponding alcohol or AcOH
from the resulting adducts; 4i has a kinamycin skeleton. The [3 + 2] photoaddition also took place on irradiation of
the differently substituted amino-1,4-benzoquinones 6, 7, and 12 and excess alkenes 2 in benzene, giving 1H-
indole-4,7-dione derivatives 13 and 14 (Scheme 3), 15a and 16 (Scheme 4), and 18 (Scheme 4), respectively. The
initial products in these photoadditions were proved to be hydroquinones, the air oxidation of which yielded the
heterocyclic quinones; 2,3-dihydro-2-methoxy-2-methyl-5-phenyi-1 H-indole-1,4,7-triyl triacetate (19) was iso-
lated after treatment of the crude photoaddition mixture obtained from 2-amino-5-phenyl-1,4-benzoquinone (7)
and 2-methoxyprop-1-ene (2f) with Ac,O and pyridine under N,. A pathway leading to the annelated hy-
droquinones involving ionic intermediates arising from an electron transfer in these photoadditions is proposed
(Scheme 5).

In previous papers, we reported on a one-step synthesis of 2,3-dihydronaphtho-
[2,3-b]furan-4,9-diones [2] [3] and 2,3-dihydrobenzo[2,3-b]furan-1,4-diones [1] in good
yields by new regioselective [3 + 2] photoadditions of 2-hydroxy-1,4-naphthoquinones
and 2-hydroxy-1,4-benzoquinones with a variety of alkenes. In a subsequent communica-
tion [4], we reported on a new one-step synthesis of 2,3-dihydro-1H -benz[f]indole-4,9-
diones in 45-82% yield by a similar regioselective [3 + 2] photoaddition of 2-amino-1,4-
naphthoquinones with various electron-rich alkenes. The [3 + 2] photoadducts derived
from the aminonaphthoquinones with vinyl ethers and vinyl acetate spontaneously lost
an alcohol or AcOH to give 1 H-benz[f]indole-4,9-diones, including a benz[f]indoledione
with a kinamycin skeleton.

In this paper, we describe the full details concerning this work [4]. We also describe an
extention of the [3 + 2] photoaddition to the one-step formation of 1 H-indole-4,7-diones
from 2-amino-1,4-benzoquinone and various alkenes.
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The 1H-benz[flindole-4,9-diones and 1H-indole-4,7-diones comprise important
groups of heterocyclic quinones. Among them are several physiologically active quinones
such as kinamycins {5) and biologically important natural products such as mitosens and
others [6], respectively. The synthetic methods so far reported for these classes of com-
pounds, however, are not necessarily simple and require several reaction steps [7]. A
number of synthetic approaches to the 1H-indole-4,7-diones that are common to the
mitosens were developed [7c, d, h] [8].

Results and Discussion. — / H-Benz/ {]indole-4,9-diones by Photoaddition of 2- Amino-
1,4-naphthogquinone (1) with Alkenes 2. Irradiation for 1 h at room temperature (N,) of
7-107*M 2-aminonaphthoquinone [9] (1) in benzene containing isobutene (2a) with a
500-W high-pressure Hg arc through a Pyrex filter gave 2,3-dihydro-2,2-dimethyl-1 H -
benz[flindole-4,9-dione (3a) in 82% isolated yield as a single product (Scheme 1). Simi-
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larly, the photoaddition of 1 with alkenes 2b-d, h took place regioselectively to give the
dihydro-1H-benz[f]indole-4,9-diones 3b-d, h. The yields of 3¢ and 3h, however, were
rather low (18 and 13%, after isolation by prep. TLC; see Table). In the case of 3d,
by-product 5 was isolated in 23% yield and identified by spectroscopic means as a 1:1
epimer mixture (at C(1)) of a tetrahydro-1-methyl- 1-phenylcyclobutafa]naphthalene-3,4-
dione.

On the other hand, the photoaddition of naphthoquinone 1 with vinyl ethers 2e, f and
vinyl acetate 2g under the above mentioned conditions gave 1 H-benz[f]indole-4,9-dione
4e, f in 33-72% isolated yield (Scheme 1, Table). These benz|flindolediones were formed
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Table. Photoaddition of 2- Amino-1 4-naphthoquinone (1) with Alkenes 2

Alkene®) Irradiation time [h)  Product 3 or 4 Yield®) [%)]
2a 1 3a 82
2b 12 3b 66
2¢ 3 3¢ 18
2d 2 3d°) 45
2e 1.5 4e 33
2 3 af 72
2g 4.5 a1 47
2h 10 4h 13
2i 2.5 4i 68

")  Molar ratio alkene 2/1 20:1.
% Isolated product.
Y [2 + 2} Adduct 5 (23 %) as by-product.

by spontaneous elimination of either an alcoho! or AcOH from the initially generated
adducts 3e-g, during the reaction or on separation by prep. TLC. A similar photoaddi-
tion of naphthoquinone 1 with 1-methoxycyclohexene (2i) gave 2,3.4,5-tetrahydro-1H-
benzo[b]carbazole-6,11-dione (4i), a framework of kynamycin [5], in one step in 68%
yield.

No photoaddition took place with electron-deficient olefins, such as methyl
methacrylate, or with N-substituted 2-aminonaphthoquinones, such as commercially
available 2-(phenylamino)-1,4-naphthoquinone and 2-(benzylamino)-1,4-naphtho-
quinone [10].

2,3-Dihydro-1H-indole-4,7-diones and 1H-Indole-4,7-diones by Photoaddition of
Amino-1,4-benzoquinones with Alkenes (2). Of the three amino-1,4-benzoquinones exam-
ined, 6-amino-2,3-dimethyl-1,4-benzoquinone [11] (6) and 2-amino-5-phenyl-1,4-benzo-
quinone {11] (7) were prepared according to published methods. The unknown 2-amino-
S-methoxy-1,4-benzoquinone (12) was prepared in 4 steps from 5-bromo-2,4-dimethoxy-
benzaldehyde [12] (8) via 9-11 (see Scheme 2 and Exper. Part).
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The irradiation of 6 in the presence of a five-molar excess of a -methylstyrene (2d) in
benzene (N,) with a 100-W high-pressure mercury arc afforded an oily product 13d in
30% vyield (Scheme 3). Its high-resolution mass spectrum was in accord with the molecu-
lar formula C,,H,;NO,, and the IR and 'H-NMR spectra established the structure of the
[3+2] adduct to be 2,3-dihydro-2,5,6-trimethyl-2-phenyl-1H-indole-4,7-dione (13d).
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The photoaddition of 6 with 1,1-diphenylethene (2j) and with the vinyl ethers 2f and 2i in
benzene under the same conditions gave 13j (30%), 14f (43 %), and 14i (16%), respec-
tively. In the latter two cases, the initial adducts 13f and 13i spontaneously lost MeOH to
give the indolediones, as in the case of the photoaddition of 2-hydroxynaphthoquinone
with vinyl ethers [2] [3].

The photoadditions of aminobenzoquinones 7 and 12 with « -methylstyrene (2d) and
2-methoxypropene (2f) took place in a similar manner as that of 6, to give 2,3-dihydro-
1 H-indole-4,7-dione 15d and 1H-indole-4,7-diones 16 and 18, the latter via the initial
adducts 15f and 17 (Scheme 4).
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The very initial products in the present photoadditions were 2,3-dihydro-1H -benz-
[flindole-4,9-diols or 2,3-dihydro-1H-indole-4,7-diols. Thus, 2,3-dihydro-2-methoxy-2-
methyl-5-phenyl-1H-indole-1,4,7-triyl triacetate (19) could be isolated in 41 % yield when
the crude photoaddition mixture from amino benzoquinone 7 and 2f was treated with
Ac,0 and pyridine under N, for 22 h at 50° (Scheme 4). The isolation of 2,3-dihydro-1H-
benz[flindole-1,4,9-triyl triacetate was, however, unsuccessful in similar acetylations of
crude photoaddition mixtures from aminonaphthoquinone 1 and alkenes, the oxidation
of the initial hydroguinones to quinones by air being apparently more readily than in the
case of 2,3-dihydro-1H-indole-4,7-diols. Indeed, we found that a yellow hydroquinone
corresponding to 3a, prepared by reduction of quinone 3a by catalytic hydrogenation
over Pd/C, rapidly turned into the purple quinone 3a on exposure to air.

Pathways Leading to the [3+ 2] Photoadducts 3, 4, 13-18. A number of studies
concerning the photoaddition of 1,4-naphthoquinones with alkenes [13] revealed that the
excited 1 4-naphthoquinones mostly add to the alkenes to give [2 4 2] photoadducts, as in
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the case of enone [2 + 2] cycloaddition [14]. Some photochemical behaviours of 2-amino-
1,4-naphthoquinone and 2-(alkylamino)- and 2-(dialkylamino)-substituted 1,4-naphtho-
quinones were also reported [10][15].

The probable reaction path of the present photoaddition leading to 2,3-dihydro-1H-
benz{flindole-4,9-diones 3 (Scheme 1) and 2,3-dihydro-1 H-indole-4,7-diones 13 (Scheme
3)is outlined for the photoaddition of 2-amino-1,4-naphthoquinone (1; Scheme 5). The
initial stage corresponds to an accepted model for enone [2 + 2] photoadditions [14].
Irradiation of naphthoquinone 1 in benzene may well generate a tautomeric excited
triplet, A and A’. The excited tautomer A may then form preferentiaily an exciplex with
the alkene to give a biradical B, or a zwitterion B,, generated by an electron transfer;
biradical B, may well have an appreciable polar character. Alternatively, B, can be
generated from the exciplex via the pair of radical ions C and D [16] [17]. The regioselec-
tivity of the present photoaddition is an indication of the involvement of a more stabilized
biradical or ionic intermediate, such as B, and B,, on the way to 2,3-dihydro-1H-benz{/]-
indole-4,9-diones 3': cyclization of B, or B, gives a hydroquinone E. This cyclization is
analogous to the one proposed for the photoaddition of 2-hydroxy-1,4-naphthoquinones
with alkenes leading to dihydronaphtho[2,3-b]furan-4,9-diones [1-3].

The path to by-product 5 was already discussed in detail [18]: 5 may be formed by a
[2 + 2] addition of the excited enol form A’ via F and imino ketone G, which would be
hydrolysed.

Experimental Part

General. See [19], also for the general photolysis procedure. M.p.: uncorrected. Prep. TLC: Merck 60 PF 254.
TH-NMR and IR spectra were measured in CDCl, and in Nujol, resp., unless stated otherwise.

2-Aminonaphthalene-1 4-dione (1) was prepared according to [9]. UV: see [18].

2,3-Dihydro-2,2-dimethyl-1H-benz[ f |indole-4,9-dione (3a) (General Procedure). A soln. of 1 (85 mg, 0.49
mmol) and isobutene ( = 2-methylprop-1-ene; 2a; 0.55 g, 9.8 mmol) in benzene (70 ml) was irradiated through a
Pyrex filter with a 500-W high-pressure Hg arc under N; for 1 h at r.t. The solvent and excess 2a were evaporated.
Purification of the residue by prep. TLC (silica gel, AcOEt/hexane 1:3, R;0.47) gave 3a (91 mg, 82%). M.p. 200°
(dec.; from hexane/Et,0). IR: 3270, 1678, 1616, 1593, 1566. 'H-NMR (90 MHz): 1.40 (s, Me,C); 2.95 (s,
2H-C(3)); 5.0-5.15 (br., NH); 7.4-7.8 (m, 2 arom. H), 7.9-8.15 (m, 2 arom. H). MS: 227 (31, M™), 212 (100,
{M — Mel"). Anal. calc. for C,4H3NO,: C 73.99, H 5.77, N 6.16; found: C 73.99, H 5.73, N 6.11.

2,3-Dihydro-2,2,3-trimethyl-1 H-benz[ f ] indole-4,9-dione (3b). As described for 3a, with 1 (20 mg, 0.12 mmol),
2-methyl-but-2-ene (2b; 0.16 g, 2,4 mmol), and benzene (40 ml; for 12 b): 3b (19 mg, 66 %). R:0.34 (AcOEt/hexane
1:3). M.p. 205-207° (from hexane/CH,Cl,). IR: 3270, 1674, 1614, 1592, 1564. 'H-NMR (90 MHz): 1.29 (4,
J =725 Me—C(3)); 1.28 (5, 1 Me~C(2)); 1.33 (s, | Me—C(2)); 3.17 (¢, J = 7.25, H-C(3)), 5.0 (br., NH); 7.4-7.7
(m, 2 arom. H); 7.8-8.1 (m, 2 arom. H). MS: 24 (34, M™), 226 (100, [M — Me]"). HR-MS: 241.1108 (C;sH,sNO,,
calc. 241.1102).

2,3-Dihydro-2,2,3,3-tetramethyl-1 H-benz [ € Jindole-4,9-dione (3¢). As described for 3a, with 1 (70 mg, 0.40
mmol), 2,3-dimethyl-but-2-ene (2¢; 0.67 g, 8 mmol), and benzene (140 ml; 3 h): 3c (18 mg, 18%). R; 0.56
(AcOEt/hexane 1:5). M.p. 165-167° (from hexane). IR : 3330, 1674, 1615, 1590, 1566. '"H-NMR (90 MHz): 1.24 (s,
Me,C); 1.32 (5, Me,C); 4.9 (br., NH); 7.2-8.1 (m, 4 arom. H). MS: 255 (41, M), 240 (100, [M — Me]*). HR-MS:
255.1251 (C,¢H,7NO7, calc, 255.1258).

2,3-Dihydro-2-methyl-2-phenyl-1H-benz [ f lindole-4,9-dione  (3d) and (IRS,86SR)- and (1RS,8HRS)-
1,2,2a.8b-Tetrahydro-8b-hydroxy- 1-methyl-I-phenylcyclobutaf a Jnaphthalene-3,4-dione (5). As described for 3a,
with 1 (70 mg, 0.40 mmol), « -methylstyrene (2d; 0.94 g, 8 mmol), and benzene (70 mi; 2 h): 3d (52 mg, 45%) and §
(29 mg, 23%).

3d: R¢ 0.52 (AcOEt/hexane 1:3). M.p. 162-165° (from hexane/CH,Cl,). IR: 3300 (OH), 1673, 1619, 1594,
1567. '"H-NMR (90 MHz): 1.73 (s, Me—C(2)); 3.31 (5, 2H—C(3)); 5.5 (br. 5, NH); 7.25-7.7 (m, 7 arom. H); 7.9-8.1
(2 arom. H). MS: 289 (33, M™), 274 (100, [M — Me[*). HR-MS: 289.1090. (C;oH,sNO7, calc. 289.1102).
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5: Oil; 1:1 epimer mixture. R; 0.63. IR (neat): 3450, 1771, 1690. 'H-NMR (270 MHz): 1.21 (s, 1.5 H,
Me—C(1)); 1.51 (s, 1.5 H, Me—C(1)); 1.88 (dd, J = 15.02, 2.20, 0.5 H, H,,,;,—C(2) (R' = Me, R? = Ph)); 2.44 (5, 0.5
H); 2.47 (dd, J = 14.92, 8.06, 0.5 H, H,,,—C(2) (R! = Ph, R* = Me)); 2.57 (dd, J = 14.92, 1.83, 0.5 H, H,,,;,~C(2)
(R! = Ph, R? = Me)); 3.16 (dd, J = 15.02,8.79,0.5 H, H,,,—C(2) (R' = Me, R? = Ph)); 3.55 (s, 0.5 H); 3.907, 3.914
(2dd, J =2.20, 8.79 and J = 8.06, 1.83, | H, H-C(2a)); 7.1-7.4 (m, 6.5 H); 7.54 (¢dd, J = 7.69, 1.73, 1.09, 0.5 H,
arom. H), 7.75 (tdd, J = 7.69, 1.73, 1.47, 0.5 H, arom. H); 7.93, 7.96 (2dd, J = 7.69, 1.47 and J = 7.69, 1.09,  H,
arom. H); 8.12 (dd, J = 7.69, 1.73, 0.5 H, arom. H). MS: 292 (10, M), 118 (100, [CH,=CMePh]*). HR-MS:
292.1077 (C1oH 07, calc. 292.1100).

1H-Benz{  Jindole-4,9-dione (de). As described for 3a, with 1 (70 mg, 0.40 mmol), l-ethoxyethene (2e; 0.58 g,
8 mmol), and benzene (70 ml; 1.5 h): 4e (26 mg, 33%). R;0.46 (AcOEt/hexane 1:3). M.p. 297-299° (from CHCl,).
IR: 3250, 1655, 1587. '"H-NMR (90 MHz): 7.2-8.0 (m, 7, arom. H). MS: 197 (100, M*). HR-MS: 197.0465
(CuH;NO3, cale. 197.0475).

2-Methyl-1H-benz{ f Jindole-4,9-dione (4f). As described for 3a, with 1 (70 mg, 0.40 mmol), 2-methoxyprop-1-
ene (2f; 0.58 g, 8 mmol), and benzene (70 ml; 3 h). Purification by recrystallization from CHCl, instead of TLC: 4f
(70 mg, 72%). M..p. 300° (dec.; from CHCly; [6¢]: M.p. 304-305° (dec.)).

Similarly, 4f (40 mg, 47%) was obtained from 1 (70 mg, 0.40 mmol) and isopropeny! acetate (2g; 0.80 g, 8
mmo!l) in benzene (140 ml) after 4.5 h. Purification by prep. TLC (silica gel, AcOEt/hexane 1:3; R;0.53).

cis-1,2,3,3a0.,4,10ba-Hexahydrobenzof f]cyclopentaf b Jindole-5,10-dione (3h). As described for 3a, with 1 (70
mg, 0.40 mmol), cyclopentene (2h; 0.54 g, 8.0 mmol), and benzene (70 ml; 10 h): 3h (12 mg, 13%). R; 0.28
(AcOEt/hexane 1:3). M.p. 205-207° (from hexane/CH,Cl,). IR: 3350, 1676, 1618, 1593, 1565. 'H-NMR (270
MHz): 1.5-2.1 (m, CH,);); 3.96 (ddd, J = 9.53, 8.06, 3.29, H,—C(10b)); 4.5-4.6 (m, H,—C(3a)); 5.2 (br. 5, NH);
7.5-7.7 (m, 2 arom. H); 7.95 (dd, J = 7.69, 1.10, | arom. H); 8.06 (dd, J = 7.69,1.10, 1 arom. H). MS: 239 (83, M),
210 ((M — COJ*, 100). HR-MS: 239.0958 (C,sH3NOJ, calc. 239.0946).

2,3.4,5-Tetrahydro-1H-benzof b Jcarbazole-6,11-dione (4i). As described for 3a, with 1 (70 mg, 0.40 mmol),
1-methoxycyclohexene (2i; 0.90 g, 8.0 mmol), and benzene (70 ml; 2.5 h): 4i (68 mg, 68 %). R;0.15 (CHCl;). M.p.
290° (dec.; from CHCly). IR: 3200, 1654, 1587. '"H-NMR (270 MHz): 1.75-1.95 (m, CHa(1), CH,(4)); 2.71 (4,
J = 5.86 CH,); 2.89 (¢, J = 5.86, CH,); 7.6-7.75 (m, 2 arom. H); 8.1-8.2 (m, 2 arom. H), 9.3 (br., NH). MS: 251
(100, M™). HR-MS: 251.0930 (C;¢H,3NO3, calc. 251.0945).

S-Bromo-2,4-dimethoxyphenol (9). A soln. of 8 [12] (1.73 g, 7.06 mmol) and 3-chloroperbenzoic acid (1.83 g,
10.6 mmol) in CH,Cl, (30 ml) was heated under reflux under N, for 6 h. After evaporation, AcOEt (50 ml) was
added, the resulting mixture washed with sat. NaHCO, soln. and brine, dried (Na,SO,), and evaporated. The
residue was dissolved in MeOH (3 ml) and treated with 10% aq. KOH soln. (8 ml) at r.t. with stirring for 45 min.
The mixture was neutralized with conc. HC! soln. and the solvent removed by evaporation. The residue was
extracted with CH,Cl,, the extract dried (MgSO,) and evaporated, and the residue recrystallized: 9 (1.31 g, 80%).
M.p. 93-94° (from Et,O/hexane). IR: 3300, 1661, 1599. 'H-NMR (90 MHz): 3.83, 3.88 (25, 2 MeO); 6.52 (s,
H—C(3)); 7.10 (s, H=C(6)). MS: 234 (98, [M + 21"), 232 (100, M ). HR-MS: 231.9763 (CgHyBr™, cale. 231.9735).

2-Bromo-5-methoxycyclohexa-2,5-diene-1,4-dione (10). To a stirred soln. of 9 (812 mg, 3.5 mmol) in MeCN (6
ml) at r.t. was added dropwise a soln. of ceric ammonium nitrate (4.77 g, 8.7 mmol) in H,O (6 ml). The mixture was
stirred for 1.5 h at r.t., then diluted with H,O, and extracted with CH,Cl,. The extract was washed successively with
H,0, aq. NaHCO, soln. and brine, dried (MgSO,), and evaporated and the residue recrystallized from Et,O: 10
(570 mg, 74%). M.p. 195-196° ([20]: m.p. 190-191°).

2-Methoxy-5-{ (phenylmethyl)amino | cyclohexa-2,5-diene-1,4-dione (11). A mixture of 10 (200 mg, 0.92
mmol), benzylamine (107 mg, 1.0 mmol), and K,CO; (373 mg) in benzene (10 ml) was stirred for 24 h under N». The
resulting mixture was filtered through a Celire pad. After evaporation of the filtrate, the residue was subjected to
prep. TLC (silica gel, CH,ClLy): 11 (97 mg, 43%). M.p. 285° (dec.; from hexane/CH,Cl,). IR: 3378, 3274, 1647,
1632, 1599. 'H-NMR (90 MHz): 3.84 (s, MeQ); 4.30 (d, J = 5.71, PhCH,); 5.46 (s, H—C(3) or H—C(6)); 5.77 (s,
H—C(6) or H-C(3)); 6.0-6.4 (br. NH); 7.32 (s, 5 arom. H). MS: 243 (58, M™), 91 (100, [PhCH,]*). HR-MS:
243.0879 (C,4H ;NO7, calc. 243.0895).

2-Amino-S-methoxycyclohexa-2,5-diene-1 4-dione (12). A mixture of 11 (123 mg, 0.51 mmol) and 10% Pd/C
(53 mg, 0.05 mmol) in AcOEt under H, was stirred overnight at r.t. After filtering through a Celite pad and
removing the solvent, the residue was subjected to prep. TLC (silica gel, hexane/AcOEt 1:3): 12 (31 mg, 40%).
M.p. 185° (dec.; from EtOH). IR : 3424, 3306, 1669, 1625, 1576, 1560. 'H-NMR (90 MHz): 3.84 (s, MeO); 5.0-5.4
(br., NH,); 5.66 (s, H-C(3) or H—C(6)); 5.77 {s, H-C(6) or H—C(3)). MS: 153 (91, M™), 124 (100, [M — HCOJ*).
Anal. cale. for C;H;NO,: C 54.90, H 4.61, N 9.15; found: C 54.81, H 4.64, N 9.07.

2,3-Dihydro-2,5 6-trimethyl-2-phenyl- 1 H-indole-4.7-dione (13d). A soln. of 6 (30 mg, 0.20 mmol) and 2d (118
mg, 1.0 mmol) in benzene (20 ml) was irradiated under N, for 8 h with a 100-W high-pressure mercury arc through
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a Pyrex filter. After evaporation the product was subjected to prep. TLC (silica gel): 13d (16 mg, 30%). Oil. R;0.42
(AcOEt/hexane 1:3). IR (neat): 3350, 1662, 1633, 1591. '"H-NMR (90 MHz): 1.66 (s, Me—C(2)); 1.97, 2.06 (2s,
Me—~C(5), Me—C(6)); 3.15 (s, 2H—C(3)); 5.15-5.25 (br., NH); 7.1-7.5 (m, 5 arom. H). MS: 267 (52, M*), 252 (100,
[M — Me]*). HR-MS: 267.1244 (C,;H;,NO,, calc. 267.1259).

2,3-Dihydro-5,6-dimethyl-2,2-diphenyi-1 H-indole-4,7-dione (13j). As described for 13d, with 6 (30 mg, 0.20
mmol), 1,1-diphenylethene (2j; 180 mg, 1.0 mmol), and benzene (20 ml; 7 h): 13j (20 mg, 30%). Oil. R, 0.48
(AcOEt/hexane 1:3). IR (neat): 1655, 1632, 1592. "TH-NMR (90 MHz): 1.95, 2.03 (25, Me—C(5), Me—C(6)); 3.66 (s,
2H—-C(3)); 5.3-5.5 (br., NH); 7.25-7.35 (m, 10 arom. H). MS: 329 (71, M™), 167 (100). HR-MS: 329.1432
(C5H gNO7, 329.1415).

2,5,6-Trimethyl-1H-indole-4,7-dione (14f). As described for 13d, with 6 (24 mg, 0.16 mmol), 2f (231 mg, 3.2
mmol), and benzene (10 ml; 5 h): 14f (13 mg, 43%). M.p. 239° (sublimation). IR: 3240, 1655, 1637, 1603.
TH-NMR: 2.04 (5, Me—C(5), Me—~C(6)); 2.35 (s, Me—C(2)); 6.31 (br. s, H-C(3)); 8.9-9.9 (br., NH). MS: 189 (100,
M™). HR-MS: 189.0771 (C,,H,;NOJ, calc. 189.0790).

Use of acetone instead of benzene gave 14f in a lower yield (7.6 mg, 25%).

6,7,8,9-Tetrahydro-2,3-dimethyl-5H-carbazole-1,4-dione (14i). As described for 13d, with 6 (30 mg, 0.20
mmol), 2i (112 mg, 1.0 mmol), and benzene (20 ml; 30 h): 14i (7.3 mg, 16 %). M.p. 229-230° (from hexane/CH,Cl,).
IR: 3208, 3126, 1650, 1626, 1603. 'H-NMR (90 MHz): 1.7-1.9 (m, CH,(6), CHy(7)); 2.02 (s, Me—C(2), Me—C(3));
2.1-2.8 (m, CHy(5), CH,(8)); 8.5-9.5 (br., NH). MS: 229 (100, M*). HR-MS: 229.1095 (C,4H,sNO3, calc.
229.1102).

2,3-Dihydro-2-methyl-2,5-diphenyl-1H-indole-4,7-dione (15d). As described for 13d, with 7 (40 mg, 0.23
mmol), 2d (0.12 g, 1.1 mmol), and benzene (27 ml; 7.5 h): 15d (25 mg, 35%). M.p. 124° (from hexane/Et,0). IR:
3310, 1661, 1617, 1578, 1561. "H-NMR (90 MHz): 1.72 (s, Me—C(2)); 3.23 (s, 2H—C(3)); 5.45-5.35 (br., NH); 6.56
(s, H-C(6)); 7.3-1.5 (m, 10 arom. H). MS: 315 (81, M%), 300 (100, [M — Me]*). HR-MS: 315.1259 (C,;H;,NO7,
calc. 315.1239).

2-Methyl-5-phenyl-1H-indole-4,7-dione (16). As described for 13d, with 7 (25 mg, 0.13 mmol), 2f (0.18 g, 2.6
mmol), and benzene (17 ml; 4.5 h): 16 (12 mg, 38%). M.p. 245-247° (from hexane/Et,O/CHCI;). IR: 3250, 1657,
1638, 1585, 1562. '"H-NMR (90 MHz): 2.39 (s, Me—C(2)); 6.43 (s, H-C(3)); 6.63 (s, H—C(6)); 7.44 (s, 5 arom. H);
9.2-9.8 (br., NH). MS: 237 (100, M*). HR-MS: 237.0779 (C,sH,;NO}, calc. 237.0790).

2,3-Dihydro-2-methoxy-2-methyl-5-phenyl-1 H-indole-1,4,7-triyl Triacetate (19). After irradiation of 7 (52 mg,
0.26 mmol) and 2f (0.38 g, 5.2 mmol) in benzene (35 m}) for 6.5 h (see above), the solvent and excess 2f were
removed in nacuo. To the residue was added pyridine/Ac,0O 1:1 (2 ml). The mixture was stirred at 50° for 22 h and
then evaporated and the residue subjected to prep. TLC (silica gel, AcOEt/CHCl; 1:10): 19 (42 mg, 41 %). R 0.56.
IR (neat): 1768, 1718. 'H-NMR (90 MHz): 1.70 (s, Me~C(2)); 2.24, 2.26, 2.41 (35, 3 Ac); 3.19 (5, 2H—C(3)); 3.33
(5, MeO); 7.20 (s, H-C(6)); 7.3-7.5 (m, 3 arom. H); 7.6-7.75 (m, 2 arom. H). MS: 397 (12, M™), 355 (22,
[M — CH,COJ"), 239 (77), 43 (100). HR-MS: 397.1500 (C,H,3sNO{, 397.1525).

5-Methoxy-2-methyl-1H-indole-4,7-dione (18). As described for 13d, with 12 (15 mg, 0.10 mmol), 2f (72 mg,
1.0 mmol), benzene (10 ml), and acetone (1 ml; 6 h): 18 (4.2 mg, 22%): M.p. 120° (dec.). IR: 3228, 3136, 1684, 1635,
1594. 'H-NMR (90 MHz): 2.36 (s, Me—C(2)); 3.82 (s, MeQ); 5.64 (s, H-C(6)); 6.35 (br. s, H—C(3)); 8.9-9.9 (br.,
NH). MS: 191 (100, M*). HR-MS: 191.0568 (C,;HyNOf7, calc. 191.0583).

REFERENCE

[11 K. Kobayashi, Y. Kanno, H. Suginome, J. Chem. Soc., Perkin Trans. 1 1993, 1449.

[2] K. Kobayashi, H. Shimizu, A. Sasaki, H. Suginome, J. Org. Chem. 1991, 56, 3204.

[3] K. Kobayashi, H. Shimizu, A. Sasaki, H. Suginome, J. Org. Chem.1993, 58, 4614.

[4] K. Kobayashi, H. Takeuchi, S. Seko, H. Suginome, Helv. Chim. Acta 1991, 74, 1091.

{5} S. Ito, T. Matsuya, S. Omura, M. Otani, A. Nakagawa, Y. Iwai, M. Ohtani, T. Hata, J. Antibioz. 1979, 23,
315; S. Hata, S. Omura, Y. Iwai, A. Nakagawa, M. Ohtani, ibid. 1971, 24, 353; S. Omura, A. Nakagawa,
H. Yamada, T. Hata, A. Furusaki, T. Watanabe, Chem. Pharm. Bull. 1973, 21,931 ; A. Furusaki, M. Matsui,
T. Watanabe, Isr. J. Chem. 1972, 10, 173; S. Omura, A. Nakagawa, H. Yamada, T. Hata, A. Furusaki,
T. Watanabe, Chem. Pharm. Bull. 1971, 19, 2428.

[6] S. Nakajima, K. Yoshida, M. Mori, Y. Ban, M. Shibasaki, /. Chem. Soc., Chem. Commun. 1990, 468 and ref.
cit. therein; H. Suda, K. Matsunaga, S. Yamamura, Y. Shizuri, Tetrahedron Lett. 1991, 32, 2791.



2650 HELVETICA CHIMICA ACTA - Vo0l.76 (1993)

{7} a) M.F. Sartori, Chem. Rev. 1963, 63, 279; b) P. Germeraad, H.W. Moore, J. Chem. Soc., Chem. Commun.
1973, 358; ¢) P. Germeraad, H.W. Moore, J. Org. Chem. 1974, 39, 774; d) P. Germeraad, W. Weyler, Jr.,
H.W. Moore, ibid. 1974, 39, 781; €) L.S. Hegedus, G.F. Allen, J.J. Bozell, E.L. Waterman, J. Am. Chem.
Soc., 1978, 100, 5800; f) M. Okamoto, S. Ohta, S. Terada, Yakugaku Zasshi 1979, 99, 1219; g) K. Murayama,
A. Osuka, K. Nakagawa, T. Nabeshima, T. Tabushi, Synthesis 1989, 628; h) Y. Naruta, T. Yokota, K. Nagai,
K. Maruyama, J. Chem. Soc., Chem. Commun. 1986, 972.

[8] T. Kozuka, Bull. Chem. Soc. Jpn. 1982, 55,2922; L.S. Hegedus, T. A. Mulherm, A. Mori, J. Org. Chem. 1985,
50,4282, L.S. Liebeskind, S. Iyer, C.F. Jewell, Jr., ibid. 1986, 51, 3065; H. W. Moor, S.T. Perri, ibid. 1988, 53,
996; E. Vedejs, S.L. Dax, Tetrahedron Lett. 1989, 30, 2627.

[9] L.F. Fieser, J. L. Hartwell, J. Am. Chem. Soc. 1935, 57, 1482.

[10] M. Ogata, H. Kano, Tetrahedron 1968, 24, 3725.

[11] H.W. Moore, G. Cajipe, Synthesis 1973, 49.

[12] K. Kobayashi, H. Shimizu, H. Suginome, Bull. Chem. Soc. Jpn. 1990, 63, 2435.

[13] T. Otsuki, Bull. Chem. Soc. Jpn. 1976, 49, 2596; K. Maruyama, N. Narita, ibid. 1980, 53, 757; M. Ochiai, M.
Arimoto, E. Fujita, J. Chem. Soc., Chem. Commun. 1981,460; H.J. Liu, W. H. Chan, Can. J. Chem. 1980, 58,
2196; K. Maruyama, T. Otsuki, S. Tai, J. Org. Chem. 1985, 50, 52.

[14] For reviews, see S. W. Baldwin, in ‘Organic Photochemistry’, Ed. A. Padwa, Marcel Dekker, New York, 1981,
Vol. 5, pp. 123-225; A.C. Weedon, in ‘Synthetic Organic Photochemistry’, Ed. W.M. Horspool, Plenum,
New York, 1980, pp.91-143.

[15] K. Maruyama, T. Kozuka, T. Otsuki, Bull. Chem. Soc. Jpn. 1977, 50, 2170; S. Hashimoto, H. Hashimoto,
Nippon Kagaku Kaishi 1976, 1645; F.J.C. Martins, A. M. Viljoen, S.J. Strydom, L. Fourie, P.L. Wessels,
Tetrahedron 1988, 44, 591.

[16] D. Bryce-Smith, R. Dechpande, A. Gilbert, J. Gtzanka, J. Chem. Soc., Chem. Commun, 1970, 561; R.M.
Wilson, E.J. Gardner, R.C. Elder, R.H. Squire, L.R. Florian, J. Am. Chem. Soc. 1974, 96, 2955; R. M.
Wilson, A.U. Musser, ibid. 1980, 102, 1720.

[17] For a review, see P.S. Mariano, J. L. Stevinoha, in ‘Synthetic Organic Photochemistry’ Ed. W. M. Horspool,
Plenum Press, New York, 1984, p. 189.

[18] K. Kobayashi, A. Sasaki, H. Takeuchi, H. Suginome, J. Chem. Soc., Perkin Trans. 1 1992, 115.

[19] H. Suginome, K. Kobayashi, M. Itoh, S. Seko, A. Furusaki, J. Org. Chem. 1990, 55, 4933,

{20] H. Davidge, A. G. Davies, J. Kenyon, R.F. Mason, J. Chem. Soc. 1958, 4569.





