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1. Introduction originally proposed by Evans and widely employed as a guide to

. . ) drug desigr. Indole-4,7-quinones related to the natural product
Quinones are a very important class of compounds owing tRitomycin (Figure 1) are well known as anticancer agents acting

the relevance of the biochemical roles of compounds such g, gikylation of the DNA minor grooveThe mitosenes, such as
ubiquinone, plastoquinone and phylloquinone (vitamin). K \w\/15° (1) and the aziridinylindolequinones, such as EQ@R (
Furthermore, quinone moieties are essential structural fragment§nstitute typical examples. On the other hasrtho-quinones

of a large number of pharmacologically active compoundsgerived from indole frameworks are not well represented in the
specially in the anticancer fiefdDue to the fact that heterocycles

are the most important single class of compounds in the
pharmaceutical and agrochemical industries, comprising around

60% of all drug substances in therapeutic use, heterocyclic |, ~o i ococts AN i O oH
quinones can be considered as particularly relévavibst ¢ A\ OCOCH;3 \_7/
compounds in this cathegory grara-quinones, but somertho- HaC

quinones are also known. o

Indole is a widespread structural motif found in a large
number of natural products and its derivatives can be considered
as one of the most important single class of heterocyclic
systems. They possess a wide range of therapeutically
interesting biological activities,and indeed indole derivatives
have been included in the “privileged scaffolds” cathelory
because they constitute “a molecular framework able to provide
ligands for diverse receptors”, thus satisfying the definitionFigure 1 Examples of bioactive indole-4,7-quinones and indole-4,5-quinones
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literature. Probably the most important one is pyrroloquinoline-  Against this background, we became intrigued by the
quinone (PQQ3), which plays crucial roles as a cofactor and ispossibility of using this chemistry for the preparationodaho-
involved in a range of biochemical reactions including oxidativequinone derivatives. More specifically, we wished to ascertain
deaminations and free-radical redox reactfons. whether compound§ might be suitable precursors to iminium
erivatives 9, the putative intermediates of the conventional
dox mechanism. We reasoned that, in the absence of reductive
species, these intermediates should behave as excellent Michael
%\cceptors able to trap hydroxide, acting as a nucleophile, thereby
afording compounds dioxygenated at the 4 and 5 positions of the
Thdole ring, which should be easy to transform into the target

In this context, we became interested in developing a fa§
route for the synthesis of indole derivatives containin@raimo-
guinone moiety. We were stimulated to undertake this work b
our recent developméhof a three-component version of the
Nenitzescu indole synthesis catalyzed by cerium(lV) ammoniu

nitraté®™ in refluxing ethanol and affording bengfihdoles 4.
We found that this reaction did not seem to follow the
conventional Nenitzescu mechanism, in which the initial Michae
addition of the enaminone to the quinone gives (a

hydroquinone tautomer). Air oxidation of the latter intermediat
gives quinone6 whose formation, even in trace amounts, ma
trigger a redox cycle involving cyclization @fto an iminium

derivative, which is then reduced Byto give another molecule
of 6 and the observed produd;t12 However, treatment of one of
the quinones6 (isolated in minor amounts from one of the
reactions, see below) with one equivalent of externally add
hydroquinone under our standard reaction conditions (5 mol%
CAN in refluxing ethanol) did not afford the corresponding
compound 4. For this reason, we proposed a non-redo

catalyst promoted the cyclization 6fto 7, which was finally
dehydrated to the final product®® with traces of6 being

sometimes isolated from a side reaction involving the air
oxidation of the hydroquinone tautomer %f(Scheme 1, first
column).

Ce(IV)

Objective of the
present work

<
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Scheme 1 A summary of our previous work on the CAN-catalyzed reaction

between primary amineg-ketoesters and naphthoquinBg Bockmark not

deinel and our plan for the synthesis of bergdinfdole-4,5-diones

egu
isadvantages,

X
alternative mechanism in which the presence of the Lewis aci

ortho-quinones8 (Scheme 2). It is relevant to mention at this
Eoint that this transformation was rendered particularly
ignificant by the observation that we were unable to obtain
compounds8 from 4 by oxidation with Fremy's salt under a

Sariety of conditiond* We were also encouraged to attempt this
Yiransformation by the fact that the bergjojdole-4,5-dione

framework present i is almost unknown in the literature, and
its preparation normally requires multistep sequefit&sThere
is a report of the synthesis of three beg}inflole-4,5-diones in
two-step sequence from 2,3-dichloronaphthoquinone and N-
bstituted p-aminocrotonic esters, but it has very clear
including the need to prepare the starting
enaminones in a separate step, its very narrow scope, its poor
tom economy owing to the release of two molecules of HCI and
e very harsh reaction conditions required for the cyclization
step, which led to *“strong resinification of the reaction
medium”’

2. Results and discussion

As a first step towards our goal, we needed to establish
reliable conditions for the preparation of compouBdsearing in
mind the competition with the formation of the Nenitzescu-like
product 4. After extensive manipulation of the reaction
conditions, we established that the best option to shift the
processes summarized in Scheme 1 towards the formatton of

o)
R-NH;  CAN (5 mol%) 1
" CH4CN, EtOH, 1t | "NH O
Q ZJ\/U\ 3
P R OR
R2 OR® o
Michaeli
Ox ° Nenit:
. enitzescu
6/ \4

Scheme 2 Synthesis of quinones

Table 1 Results obtained in the preparation of compouds

Entry Cmpd. R R RrR® Time, h 6/4ratid Yield of 6, %°
1 6a n-Bu Me Et 1.5 85:15 65
2 6b nBu Me 'Bu 1 80:20 68
3 6c Allyl  Me Et 1 75:25 62
4 6d n-Bu Me Me 15 75:25 60
5 6e nBu Me Alyl 15 78:22 65
6 6f n-Pr Me Et 1 70:30 58
7 69 Bn Me Et 15 65:35 62
8 6h n-Bu n-Pr Et 1 65:35 60

*Determined on the crude'H-NMR spectra. "lsolated vyields after
chromatography.
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involved the reaction in ethanol between primary amifies, Table2 Results obtained in the synthesis of compouhds

ketoesters and naphthoquinone in the presence of 5% CAN, E;my Cmpd. R R =3 Time, h &/ ratd_ Yield of 8, %
room temperature in a flask open to the air and using as solvent a
5:1 mixture of acetonitrile and ethanol. Under these conditonst ~ 8  nBu Me Et 2 75:25 61
the 6/4 ratios ranged betwen 85:15 and 65:35 (Scheme 2 angd  gp nBu Me 'Bu 1 75:25 55
Table_ 1). The mterm_edlacy of an enaminone was verified b 8¢ Ayl Me Et 2 85:15 56
carrying out the reaction from an isolated example, prepared by a
literature method{3 4 ad n-Bu Me Me 0.5 65:35 58

With compoundss in hand, we could study the final step of > 8  nBu Me Alyl 1 7321 55
our route. After some experimentation, we discovered that & 8f n-Pr  Me Et 2 75:25 59
simple reflux in ethanol containing CAN allowed their one-pot 89 Bn Me Et 2 80:20 57
transformation into the targettho-quinones8, again with small

8h n-Bu n-Pr Et 1 85:15 60

amounts of compoundsas side products (Scheme 3 and Table8
2). The spectral data, specially the very close chemical shifts for
the carbonyllBC-NMR Signalsm'lg fitted the expected structure ®Determined on the crude'H-NMR spectra. "Isolated vyields after
for the final products, but in view of the possibility of aChromatography'

cyclization pathway leading to a lineparaquinone systen9

via an aza-Michael addition of the enamine nitrogen onto thg,crease the/4 ratio by carrying out the reaction in an oxygen
quinone moiety in6, we considered it desirable to have gimosphere and in the presence of hydroxide anion in order to
independent chemical evidence for the presence Obr#To-  facilitate the oxidation of intermediated2 without the
quinone unit in8. To achieve this goal, we treat8d with 0~ intervention of11 and was also employed for the same purpose,
phenylenediamine in refluxing ethanol, and this reaction affordeg, only complex mixtures were obtained.

the fused quinazoline derivativi® in 90% yield, a result that
confirmed theortho-quinone structure.

Regarding the mechanism of this transformation, we propose
the sequence of reactions summarized in Scheme 4, where
compound 6 undergoes a Bxotrig cyclization followed by
extrusion of hydroxyde anion to give iminium silt Conjugate
addition of the hydroxide anion to the position 4 of compound
11, conjugated with the iminium group, followed by
tautomerization would afford intermediate catecti@ whose
oxidation by air would afford the final produgt On the other
hand, according to the conventional Nenitzescu mechanism, the
oxidation of 12 could be coupled to the reduction @f,
explaining the isolation of small amountsébfrom the reaction.

On the basis of this rationalization, an effort was made to

(o] Rl .
h Minor 11
N ) OH pathway
| )R OH 4
e o
o g OR? - » 8
CAN (5 mol%) 9 N4 oR?
EtOH, reflux R R2
12

Scheme 4 Mechanistic rationalization of the reaction leading to compo8nds

Finally, in view of the similarity in the reaction conditions for
both steps of our route, we examined the possibility of carrying
out the whole sequence in one pot, avoiding the isolation of

EtOH, reflux,
1 h [from 8a]

3
10 (90%)

Scheme 3 Preparation of compounds and confirmation of their angular
ortho-quinone structure

intermediates6. Thus, treatment of an ethanol solution of
butylamine with ethyl acetoacetate followed by naphthoquinone
in the presence of 5% CAN for 1.5 h was followed by reflux in
the same solvent, leading to a yieldBafvirtually identical to the

one obtained in the two-step method. Unfortunately, the one-pot
protocol seems to lack generality and failed for other ca&es (
and8g), giving complex mixtures.

3. Conclusions

In conclusion, we have developed a two-step method for the
synthesis of pharmacologically relevamtho-quinones derived
from the benzdj]indole-4,5-dione system, which combines two
multibond-forming processes. The first step of the route consists
of a three-component room temperature reaction between
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primary aminesf-ketoesters and naphthoquinone comprising*C NMR (CDCk, 63 MHz): 5 14.2, 17.4, 20.5, 28.6, 32.5, 43.8,
B-enaminone formation and dehydrogenative coupling., ( 79.8, 91.6, 126.1, 127.0, 132.7, 133.5, 133.6, 133.7, 136.2, 150.3,
Michael addition followed by hydroquinone oxidation) individual 161.4, 169.0, 186.0. 186.3. Anal. Calcd fgpH;NO,: C, 71.52;
steps. In the second step, which is achieved by simply heating tht 7.37; N, 3.79; Found: C, 71.27; H, 7.09; N, 3.53.
product of the first reaction in ethanol containing CANgx®- . . .
trig cyclization, elimination, Michael addition, oxo-enol g'_ll'sb' t(_Ez)_-Ethylt 3-(allylamino)-2-(1,4-dioxo-1,4-dihydronaphth-
tautomerism and hydroquinone oxidation steps are achieved in ay) ut-2-enoatedc).
single operation. Taken in the aggregate, the two-step sequenpark red viscous liquid; IR (neat): 2981, 1649, 1593, 1300, 1252,
involves up to nine individual reactions arathieves the 1220 cnt; *H NMR (CDClk, 250 MHz): 1.12 (tJ = 7.1 Hz, 3H),
generation of two C-N and one C-C bonds from very simplei.96 (s, 3H), 3.93-3.98 (m, 2H), 4.08 (= 7.1 Hz, 2H), 5.23-
starting materials and catalysts with a very high atom econom¥,.36 m, 2H), 5.86-5.99 (m, 1H), 6.77 (s, 1H), 7.74-7.77 (m, 2H),
since the only by-product is a molecule of water. 8.10-8.14 (m, 2H), 9.86 (s, 1H§?C NMR (CDCL, 63 MHz):
14.6, 17.2, 46.1, 59.7, 90.5, 117.1, 126.2, 127.2, 132.8, 133.2,
133.7, 133.9, 134.2, 137.8, 149.2, 161.9, 169.1, 185.7, 186.0.

All reagents (Aldrich, Fluka, SDS, Probus) and solventg?nal- Caled for GeHiNO,: C, 70.14; H, 5.89; N, 4.31; Found: C,
(SDS) were of commercial quality and were used as receive§9-85; H, 6.04; N, 3.88.
Reactions were monitored by thin layer chromatography, om.1.4.  (E)-Methyl  3-(butylamino)-2-(1,4-dioxo-1,4-dihydro-
aluminium plates coated with silica gel with fluorescent indicatomaphth-2-yl)but-2-enoated).
(SDS CCM221254). Separations by flash chromatography were ] o
performed on silica gel (SDS 60 ACC 40-g@1) or neutral Dark red viscous liquid; IR (neat): 2954, 1650, 1592, 1439, 1323,
alumina (Merck S22). Melting points were measured on &299, 1259, 1220, 1143, 1069, 1015¢riH NMR (CDCk, 250
Reichert 723 hot stage microscope, and are uncorrected. Infrarb#z): 8 0.99 (t,J = 7.2 Hz, 3H), 1.40-1.55 (m, 2H), 1.61-1.72
spectra were recorded on a Perkin Elmer Paragon 1000 FT-®. 2H), 1.96 (s, 3H), 3.32 (4,= 6.8 Hz, 2H), 3.58 (s, 3H), 6.78
spectrophotometer, with all compounds examined as KBr pellet§: 1H), 7.72-7.79 (m, 2H), 8.10-8.15 (m, 2H), 9.78 (s, 1fg;
or as thin films on NaCl disks. NMR spectra were obtained on &MR (CDCk, 63 MHz): 6 14.2, 17.5, 20.5, 32.3, 43.7, 51.1,
Bruker Avance 250 Spectrometer Operating at 250 MHzlf'Por 891, 1262, 1273, 1328, 1331, 1338, 1339, 1380, 1490,
and 63 MHz for**C (CAl de Resonancia Magnética Nuclear, 162.2, 169.6, 185.7, 186.0. Anal. Calcd fastz:NO,: C, 69.71;
Universidad Complutense). Elemental analyses were determindd 6.47; N, 4.28; Found: C, 69.58; H, 6.41; N, 4.19.
by the CAI de Microanalisis Elemental, —Universidad 45 (E).Allyl 3-(butylamino)-2-(1,4-dioxo-1,4-dihydronaphth-
C(_)mplutense, using a Leco 932 CHNS CombUSt'O”Z-yl)but-z-enoateE{e).
microanalyzer.

4. Experimental section

) ) . Dark red viscous liquid; IR (neat): 2926, 2339, 1650, 1592, 1455,
4.1. Synthesis of quinones 6: General procedure 1324, 1298, 1252, 1142, 1055, 1015, 992'ctil NMR (CDC,

A solution of the suitabl@-ketoester (1 mmol), the suitable 250 MHz):3 0.99 (t,J = 7.2 Hz, 3H), 1.40-1.54 (m, 2H), 1.60-
primary amine (1 mmol) and CAN (5 mol %) in acetonitrile (0.51.71 (m, 2H), 1.97 (s, 3H), 3.32 (&,= 6.8 Hz, 2H), 4.51-4.54
mL) was stirred at room temperature for 30 min. A solution ofM, 2H), 5.06-5.18 (m, 2H), 5.74-5.89 (m, 1H), 6.79 (s, 1H),
1,4-naphthoquinone (158 mg, 1 mmol) in EtOH (110 was  7-73-7.77 (m, 2H), 8.10-8.14 (m, 2H), 9.77 (s, 1HE NMR
added, and stirring at room temperature was continued for 3§DCk, 63 MHz): 6 14.2, 17.6, 20.5, 32.3, 43.8, 64.2, 89.2,
min. Thereafter, the reaction was diluted with water (3 mL) and17.0, 126.2, 127.3, 132.7, 133.2, 133.3, 133.8, 133.9, 137.9,
extracted with dichloromethane (4 x 5 mL). The combinedl49.1, 162.4, 168.7, 185.8, 186.0. Anal. Calcd faHgNO,: C,
organic phases were evaporated to dryness, and then the cride37; H, 6.56; N, 3.96; Found: C, 71.06; H, 6.31; N, 3.87.
pr_oduct was purified by flash column chrom_atography elutingg 1 6. (E)-Ethyl 2-(1,4-dioxo-1,4-dihydronaphth-2-yl)-3-propyl-
wnh petroleum ether-et_hyl acetate. Chara_ctenzatlon data for th@minobut-z-enoateet).
major productsé are given below; the side productswere
known compound%, Dark red viscous liquid; IR (neat): 2966, 2362, 1646, 1593, 1458,

4 . . 1323, 1298, 1259, 1221, 1142, 1064, 1018%ciH NMR
411 (E)-Ethyl  3-(butylamino)-2-(1,4-dioxo-1,4-dihydro- (cpcy, 250 MHz):5 1.02-1.15 (m, 6H), 1.63-1.75 (m, 2H), 1.98
naphthalen-2-yl)but-2-enoatéd). (s, 3H), 3.30 (q) = 6.9 Hz, 2H), 4.06 (qJ = 7.1 Hz, 2H), 6.76
Dark red viscous liquid; IR (neat): 2960, 2931, 1706, 1652, 15945, 1H), 7.73-7.77 (m, 2H), 8.09-8.14 (m, 2H), 9.81 (s, 1fg;
cm™; *H NMR (CDCl, 250 MHz):8 0.99 (t,J = 7.1 Hz, 3H), NMR (CDCl, 63 MHz): & 11.9, 14.7, 17.5, 23.6, 45.7, 59.6,
111 (tJ = 7.1 Hz, 3H), 1.40-1.54 (m, 2H), 1.60-1.71 (m, 2H), 89.7, 126.2, 127.2, 132.8, 133.3, 133.7, 133.8, 137.5, 149.4,
1.97 (s, 3H), 3.30 (q] = 6.8 Hz, 2H), 4.06 (¢) = 7.1 Hz, 2H), 162.0, 169.2, 185.9, 186.0. Anal. Calcd fqsHiNO,: C, 69.71;
6.76 (s, 1H), 7.71-7.78 (m, 2H), 8.07-8.15 (m, 2H), 9.77 (s, 1H)H. 6.47; N, 4.28; Found: C, 69.92; H, 6.29; N, 4.07.
“C NMR (CDCL, 63 MHz):3 14.2, 14.7, 17.5, 20.5, 32.3,43.7, 4 1 7 (E)-Ethyl  3-(benzylamino)-2-(1,4-dioxo-1,4-dihydro-
59.6, 89.7, 126.2, 127.2, 132.8, 133.3, 133.7, 133.8, 137.5, 149ﬁ"aphth-2-y|)but-2-enoatesg).
162.0, 169.2, 185.9, 186.0. Anal. Calcd fggH;3NO,: C, 70.36;

H, 6.79; N, 4.10; Found: C, 70.04; H, 6.79; N, 4.00. Dark red viscous liquid; IR (neat): 3272, 1645, 1594, 1448, 1414,
. . 1299, 1258, 1220, 1098, 1068 ¢mMH NMR (CDCl, 250 MHz):

4_.1.2. (E)-tert-Butyl 3-(butylamino)-2-(1,4-dioxo-1,4- 51 12 (t.J = 7.1 Hz, 3H), 1.98 (s, 3H), 4.07 @= 7.1 Hz, 2H),

dinydronaphth-2-yl)but-2-enoatét). 455 (d.J = 5.8 Hz, 2H), 6.78 (s, 1H), 7.29-7.44 (m, 5H), 7.74-

Dark red viscous liquid: IR (neat): 2973, 2932, 1691, 1665, 159¢/-78 (m, 2H), 8.10-8.15 (m, 2H), 10.11 (s, 1HjC NMR
1547, 1529, 1501, 1460, 1390, 1066criH NMR (CDChk, 250  (CDCl;, 63 MHz):5 14.6, 17.6, 47.8, 59.8, 90.9, 126.3, 127.2,
MHz): & 0.99 (t,J = 7.1 Hz, 3H), 1.35 (s, 9H), 1.48-1.52 (m, 127.3, 128.0, 129.3, 132.7, 133.2, 133.8, 133.9, 137.8, 138.1,
2H), 1.60-1.69 (m, 2H), 1.99 (s, 3H), 3.29 {g= 6.8 Hz, 2H), 149.1, 161.8, 169.1, 185.7, 186.0. Anal. Calcd fgHgNO,: C,

6.68 (s, 1H), 7.72-7.76 (m, 2H), 8.08-8.14 (m, 2H), 9.73 (s, 1H),73-58; H, 5.64; N, 3.73; Found: C, 73.26; H, 5.36; N, 3.42.
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4.1.8. (E)-Ethyl 3-(butylamino)-2-(1,4-dioxo-1,4-dihydronaphth-Red solid; mp 125-126 °C; IR (neat): 2958, 2873, 1710, 1666,
2-yl)hex-2-enoatesh). 1650, 1594, 1548, 1536, 1502, 1468, 1442, 1402, 1312, 1223,
Dark red viscous liquid: IR (neat): 2961, 2932, 2873, 1667, 164920 onff; *H NMR (CDCk, 250 MHz):3 1.08 (1,J = 7.2 Hz,
g H), 1.50-1.59 (m, 2H), 1.83-1.95 (m, 2H), 2.49 (s, 3H), 3.92 (s,
1595, 1665, 1363, 1324, 1253, 1142, 1028 “oftd NMR 5" o1 (¢ 3277 bz, 2H), 7.34-7.38 (m, 1H), 7.40-7.62 (m
(CDCl, 250 MHz): 5 0.86-1.01 (m, 6H), 1.09 (tJ = 7.1 Hz, ' ’ e, o ’

2H), 8.12 (d,J = 8.2 Hz, 1H);*C NMR (CDCk, 63 MHz): &
3H), 1.40-1.55 (m, 4H), 1.60-1.72 (m, 2H), 2.19-2.25 (m, 2H)'11)3 14 o( 20.3, 32.2, 46 5) 52.4 114(7 1506 122% 128.7
3.30 (q,J = 6.8 Hz, 2H), 4.05 (q] = 7.1 Hz, 2H), 6.80 (S, 1H), rmny oy 2000 924 20.9, 028, L[, 220.0, wee.l, 129.7,

7.73-7.77 (m, 2H). 8.10-8.14 (m, 2H), 9.69 (5, 14 NMR 130.4, 130.7, 131.8, 1355, 136.7, 139.9, 165.7, 174.7, 182.7.

(CDCl,;, 63 MHz):06 14.2, 14.6, 14.7, 20.5, 22.2, 32.2, 32.6, 43I3,Ane;1)|6.C:Ic5d;8r %Tﬂo“' C,70.14; H,5.89; N, 4.31; Found: C,
59.6, 89.2, 126.2, 127.2, 132.7, 133.2, 133.7, 133.9, 137.3, 149.%?' o Tmm e

165.4, 169.4, 186.0, 186.1. Anal. Calcd fosH3NO,: C, 71.52; 4.2.5. Allyl 1-butyl-2-methyl-4,5-dioxo-4,5-dihydro-1H-
H, 7.37; N, 3.79; Found: C, 71.44; H, 7.24; N, 3.59. benzo[g]indole-3-carboxylate3€).

4.2. Synthesis of compounds 8: General procedure Red solid; mp 145-146 °C; IR (neat): 2959, 1701, 1666, 1593,

. . . . 1499, 1466, 1267, 1126 ¢én'H NMR (CDCk, 250 MHz): &
To a suspension of the suitable quinén@.5 mmole) in EtOH 1.07 (tJ = 7.3 Hz, 3H), 1.50-1.63 (m, 2H), 1.82-1.94 (m, 2H),

(1.5 mL) and CAN (5 mol %) was refluxed for the time |nd|cated2.48 (s, 3H), 4.20 (1) = 7.8 Hz, 2H), 4.83-4.86 (M, 2H), 5.29

in table 2. After the disappearance of starting material, afdd J=1.4,10.3 Hz, 1H), 5.44 (dd,= 1.4, 17.2, 1H), 6.03-6.19
indicated by tlc, the reaction mixture was diluted with water (5(m ’1H) 7.30-7.40 (’m 1|’_|)' 7.55.7 61.(r;1 2.H,) 8 1’2:'((# 77

mL) and extracted with dichloromethane (3 x 15 mL). TheHz, 1H); ®C NMR (CDC}, 63 MHz): & 11.3, 14.0, 20.3, 32.2,

combined organic layers were evaporated under reduced PressYees =c's 1147 119.0 1205 1227 128.6. 130.3. 130.6. 131.7

and crude residue thus obtained was purified by silica gel colum{132 6. 1355 136.7 1401 165.0 174.4. 182.5. Anal. Calcd for
chromatography, eluting with 20% petroleum ether/ethyl acetate- "\ "\ 5"~ 77 78" 4 6.02- N. 3.99° Found: . 71.63 H. 6.26:
Characterization data for compourgiare given below. N214 2119 A (il M T T i e

421 Ethyl = 1-butyl-2-methyl-4,5-dioxo-4,5-dihydro-1H- 4 5 5 = Etnyi 2.methyl-4,5-dioxo-1-propyl-4,5-dihydro-1H-
benzo[g]indole-3-carboxylatesg). benzo[g]indole-3-carboxylatesf).

Purple solid ; mp 112 °C; IR (neat) 2961, 2931, 2873, 1693, 0 solig: mp. 79-80 °C; IR (neat) 3014, 2925, 2853, 1697
1666, 1650.3, 1504, 1548, 1503, 1469, 1302, 1223, 1127, 10558 200 105 101 1465 1360, 1271 1128 1070 B
cm™; '"H NMR (CDCh, 250 MHz):5 1.04 (t,J = 7.1 Hz, 3H) : ! ' ' : i : !

; HN ’ :01.04 (t.J = 7.1 Hz, 3H), R (CDCL, 250 MHzZ):8 1.13 (t,J = 7.4 Hz, 3H), 1.42 (8] =
142 (t,J = 7.1 Hz, 3H), L47-161 (m, 2H), 181-L6L (m, 2H), o) 1 g0 oo yadh o oty 7 e 6.3,

247 (s, 3H), 4.19 (U = 8.0 Hz, 2H), 4.39 () = 7.1 Hz, 2H), g4 1" 51y 4,40 (q) = 7.1 Hz, 2H), 7.34-7.40 (m, 1H), 7.53-
7.32-7.39 (m, 1H), 7.54-7.60 (m, 2H), B.10 Ja= 8.4 Hz, 1H); ¢ " T S8 2 % 2R TRELENR SRS
13, . . ’ y O Sy L ’ 3 ]

C NMR (CDC4, 63 MHz):6 11.3, 14.0, 14.5, 20.3, 32.2, 46.5, g3 \1y). § 113, 11.4, 14.5, 23.6, 48.0, 61.4, 115.2, 120.5,

%64'6 1113%% ﬁg'i' 11723; ’ 1%286%13'0'(3:' llg?]' 1,\%?’&35' 22.6, 128.6, 130.3, 130.7, 131.8, 135.5, 136.6, 139.6, 165.3,
-6,139.6, 1654, 174.4, 182.6. Anal. Calcd fgHNOw: C, 174 4 185 6. Anal. Calcd for,@11NO,: C, 70.14; H, 5.89; N,

70.78; H, 6.24; N, 4.13; Found: C, 70.93; H, 6.28 ; N, 4.18. 4.31: Found: C, 70.30: H. 5.52: N, 4.08.

4.2.2. tert-Butyl 1-butyl-2-methyl-4,5-dioxo-4,5-dihydro-1H- , , - Ethyl 1-benzyl-2-methyl-4,5-dioxo-4,5-dihydro-1H-
benzolg]indole-3-carboxylatep). benzo[g]indole-3-carboxylates().

Red solid; mp 145 °C; IR (neat) 2996, 1691, 1660, 1593, 15094 ig: mp. 200-201 °C; IR (neat): 2981, 2928, 1710, 1666,

-1,
15‘33 12356§'Mh322_16' 110277 8{ J1_1&733; le1332|-,| 1ffg f';g mMz'?H 1594, 1494, 1462, 1302, 1203, 1028 'ctH NMR (CDC, 250
(CDCL, ):01.07 (tJ = 7.2 Hz, 3H), 1.47-1.59 (M, 2H), 41y 59 45 (1.3 = 7.1 Hz, 3H), 2.41 (s, 3H), 4.43 (@,= 7.1

164 (s, 9H), 1.80-1.93 (m, 2H), 2.45 (5, 3H), 412 @ 8.1 Hz, [ "0 )t e e o 7 a5 (m.
2H), 7.32-7.38 (m, 1H), 7.53-7.63 (m, 2H), 8.11Jds 8.5 Hz, 1 :
' h , 6H), 8.08-8.11 (m, 1H)**C NMR (CDC}, 63 MHz): & 11.1,
1H): ¥C NMR (CDCh, 63 MHz): 5 11.1, 14.0, 20.3, 28.4, 31.3,
399 464 809 1170 1226 1985 130.3. 130.8. 1316 13514-5 50.1, 615, 115.3, 120.4, 123.2, 125.7, 128.7, 128.8, 130.0,
£, 494, 822, 1100, 1620, 166,90, 191,93, 1906, 151.0, 199.p3q 1 1302 131.6, 134.7, 135.5, 138.0, 140.6, 165.1, 174.4,

%‘I’%i: &'386%6,1?\]4'2'8117,4#2;;2_25; flngg,%a'%dggl\'%'\é%‘éc' 182.5. Anal. Calcd for GH,NO,: C. 73.98: H, 5.13: N, 3.75;
91, H, 6.86; N, 3.81; -C,71.69,H,6.68N,3.98. . nd:C, 73.78: H, 5.35: N, 3.41.

4.2.3. _ Ethyl 1-allyl-2-methyl-4,5-dioxo-4,5-dihydro-1H- 4.28. Ethyl 1-butyl-4,5-dioxo-2-propyl-4,5-dihydro-1H-
benzog]indole-3-carboxylatesg). benzo[g]indole-3-carboxylatest).

Red solid; mp 114-115 °C; IR (neat) 2918, 2850, 1709, 166%%

i _ or- .
1594, 1548, 1492.9, 1462, 1407, 1302, 1273, 1228, 1139, 10 egfi'g% 4m§"50121411%56 féég &“éelast)'121222'1(2)3%_3@:;?\]7&?1711’
cm®; '"H NMR (CDCk, 250 MHZz):d 1.43 (t,J = 7.1 Hz, 3H), ! ' X ' 4 ' ’ '

% (CDCl, 250 MHz):5 1.02-1.10 (m, 6H), 1.42 (8,= 7.1 Hz, 3H),
2.45 (s, 3H), 4.41 (q] = 7.1 Hz, 2H), 4.87 (br s, 2H), 5.11 @, | 54159 (m, 2H), 1.62-1.71 (M, 2H), 1.81-1.94 (m, 2H), 2.82 (,
= 17.1 Hz, 1H), 5.46 (dJ = 10.4 Hz, 1H), 6.10-6.23 (m, 1H), - ! "
1), 327.7 Hz, 2H), 4.20 (1) = 8.0 Hz, 2H), 4.39 (¢) = 7.1 Hz,
7.28-7.41 (m, 1H), 754-7.56 (m, 2H), 8.11ck 7.6 Mz, 1), 53 /s 2eh B0 T e 131 6.4 e
“C NMR (CDCh 63 MHz): 8 10.8, 145, 487, 615, 115.2, 1|10 {50 \Ue (CBOL. 63 MHa): 5 14.0. 143 145 20.3, 23.7
118.8, 120.2, 123.3, 128.8, 130.2, 130.3, 131.0, 131.6, 1354 ’ :0 120, 14.3, 18.9, 20.3, 23.7,

_ , 7.0, 32.8, 46.2, 61.4, 115.2, 120.8, 122.7, 128.6, 130.4, 130.9,
137.9,140.4, 165.2, 174.6, 182.8; Anal. Calcd fgHaNO,: C, 131 g 1355 136.4, 143.6, 165.3, 174.5, 182.6. Anal. Calcd for
70.58; H, 5.30; N, 4.33; Found: C, 70.36; H, 5.48; N, 4.11.

C,H2sNO,: C, 71.91; H, 6.86; N, 3.81; Found: C, 71.69; H, 6.72;
4.2.4, Methyl  1-butyl-2-methyl-4,5-dioxo-4,5-dihydro-1H- N, 3.90.

benzo[glindole-3-carboxylatesd). 43 Ethyl  3-butyl-2-methyl-3H-benzo[a]pyrrolo[2,3-
c]phenazine-1-car boxylate (10).
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To a solution of compoun8&a (339 mg, 1 mmol) in ethanol (5
mL) was addedo-phenylenediamine (108 mg, 1 mmol). The
resulting solution was refluxed for 1 h, cooled and a mixture of
water (10 mL) and ethyl acetate (15 mL) was added. The aqueous
phase was extracted with additional ethyl acetate (3 x 15 mL).
The combined extracts were dried over®{3, and evaporated to
yield 370 mg (90%) of compourtD, as a yellow solid; mp 167
°C; IR (neat): 2957, 2921, 2855, 1712, 1577, 1544, 1508, 1463,
1412, 1343, 1277, 1232, 1172, 1121, 1071, 1026; ¢hh NMR
(CDCls, 250 MHz):0 1.09 (t,J = 7.2 Hz, 3H), 1.49 (tJ = 7.1
Hz, 3H), 1.56-1.65 (m, 2H), 1.95-2.07 (m, 2H), 2.65 (s, 3H), 4.53
(t, J =7.5 Hz, 2H), 4.66 (q) = 7.1 Hz, 2H), 7.66-7.83 (m, 4H),
8.17-8.24 (m, 2H), 8.31-8.35 (m, 1H), 9.60 (dds 1.4, 8.0 Hz,
1H); *C NMR (CDCk, 63 MHz):3 11.8, 14.2, 14.5, 14.9, 20.5,
23.1, 29.7, 30.0, 30.1, 32.3, 32.6, 46.6, 61.5, 121.0, 125.7, 126.6,
127.8, 128.7, 129.9, 130.1, 130.2, 140.9, 168.5. Anal. Calcd for
CoeH2sN3O,: C, 75.89; H, 6.12; N, 10.21; Found: C, 75.63; H,
6.03; N, 10.05.
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