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that stereoselectively provide indole derivatives are still of high
interest in synthetic organic chemis#f.

In recent years the problem of multidrug resistance (MDR)
toward numerous antitumor compounds has also become
important. The presence of five- or six-membered heterocyclic
ring(s) fused with the anthraquinone or acridine moiety is
essential for the ability to overcome multidrug resistaHcEne
aminoalkyl-functionalized anthraquinone series of synthetic
compounds has been the subject of much study in the quest for
more active and less toxic analogs of the anthracycline antitumor
antibiotics daunomycin and adriamydih Several aminoan-
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SCHEME 1
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thragquinone derivatives are used as DNA intercalating agénts. results were obtained with triphenylphosphonium perchlorate
In this connection, we present our recent results demonstratingas a catalyst. Triphenylphosphonium perchlorate is inexpensive
that imines derived fromi-prenylated indole-2-carboxaldehydes and readily available and has been found to retain its activity
and l-aminoanthraquinone are excellent substrates for aneven in the presence of amines, water, and other active

intramolecular imino Diels Alder reaction catalyzed by triph-
enylphosphonium perchlorate (TPPP) to provide a highly
functionalized products with excellent diastereoselectivity.
Hetero Diels-Alder reactions constitute a powerful method
for the preparation of biologically interesting heterocycles and
natural product synthesté For instance, the imino DietsAlder
reaction (IDA) provides a rapid means for the construction of
functionalized rings containing nitrogen with control of regio-,
diastereo-, and enantioselectiviyThe reactions of imines with

functional groups such as NCand COOH present in the
substrates.

Our objective is to synthesize new polycyclic indole deriva-
tives by the imino Diels Alder reaction of 1-aminoanthraquino-
ne with substitutedN-prenylated indole-2-carboxaldehydes
catalyzed by triphenylphosphonium perchlorate. The reactions
were conducted in a one-pot procedure at *®@) and the
reactions are normally completed withir-2 h. The heptacyclic
ring system was obtained by this process.

electron-rich dienophiles have been reported to be catalyzed by The TPPP-catalyzed reaction of 1-aminoanthraquirtoared

Lewis acids such as BFE,0,'8 lanthanide triflated? AlCI 3,20
and LiClOy.2 However, some of these reagents suffer from

N-prenylated indole carboxaldehyde leads to the novel
pyrrolizinoquinoline ring systerBain 80% vyield (Scheme 1).

disadvantages such as expense, long reaction time, and low The single-.crystal X-ray structure of the prodea?o shows
yield. Moreover, many Lewis acids are either decomposed or @ structure different than the expected DieAdder product.

deactivated as a result of the formation of water during imine
formation. We have carried out our reactions with Lewis acid,
BFs-Et,0, and triphenylphosphonium perchlorate, and best
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Formation of this type of product is unusual in a Dielslder
reaction, and especially, the intramolecular cycloaddition is
highly regioselective.

The stereochemistry of the produga was assigned on the
basis of the coupling constants and NOE studies. Both six-
membered piperidine and five-membered pyrrolidine rings are
cis fused, as depicted by the coupling constdnt-74 = 7.2
Hz between hly, (0 4.75) and Ha (6 3.23) for3a (Figure 1).

NOE 12% and coupling
constant is 7.2 Hz

N

HC Oy

NOE (30%)

FIGURE 1. NOE of compounda

The compoundawas also characterized by NOE experiment
by irradiating the hydrogen attached to nitrogen with two methyl
groups and 30% of NOE was found, which confirms adjacent
proximity of the two methyl groups with amino hydrogen. This
clearly shows that the compouBd is the unexpected product.
Under similar conditions, several 2-formyl indolEs—f were
treated with the aminoanthraquinoBeo illustrate the novelty
of the present strategy, and results are summarized in Table 1.
In all the cases the reactions are highly stereoselective, leading
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SCHEME 2. Expected Mechanism of the Product
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TABLE 1. TPPP-Catalyzed Synthesis of Polycyclic Indole One of the most important reactions for the anthracyclinone
Derivatives. synthesis using anthraquinone as starting materials is the reaction
entry R Rz product time (min) yield (%) of an aldehyde with anthraquinones, the Marschalk reaéfion.
1 cl H 3a 70 80 This reaction is used for the introduction of various side chains
2 Cl cl 3b 90 75 on the anthraquinone skeleton. In our case, the initial step is an
3 Cl Br 3c 82 78 unexpected variation of the Marschalk reaction, and once the
g g: gzbl-b %‘i i(z)g Zg tethered azadiene system is assembled, then the imino-Diels
6 CH: H 3f 60 85 Alder reaction was observed.

We have described a novel, highly efficient, and highly
diastereoselective method for the synthesis of polycyclic indole
derivatives through intramolecular imino Dielélder reaction.
The method is simple and straightforward starting from easily

to the exclusive formation afisisomer. The single-crystal X-ray ~ 2ccessible starting materials.
analysis of compoun8b and3c was also achieved in order to ) )
confirm their molecular structure. The two methyl groups are Experimental Section

observed at different chemical shift.values arov)n]i_sz (3H, . 14-Chloro-7,7-dimethyl-6,7,7a,8,14b,17-hexahydrorbbenzo-
s) andd 1.45 (3H, s) because the six-membered ring exists in [5 6]pyrrolizino[2,1- cJnaphtho[2,3-h]quinoline-5,17-dione (3a).
chair form, and thereby axial and equatorial methyl groups were To a stirred solution of 1-aminoanthraquindd€0.6 g, 2.5 mmol)
observed at different chemical shift values. Ar-N peak was and 3-chloro-1-(3-methylbut-2-eneHlindole-2-carboxaldehydea
observed atd 9.83-9.84 as a sharp singlet. The expected (0.93 g, 3.75 mmol) in dry 1,4-dioxane was added TPPP (0.18 g,
mechanism of the reaction is shown in Scheme 2. NMR 20 mol %), and the reaction mixture was heated td@Cfor the
; ; ppropriate time. The reaction was monitored by TLC. After

gﬁ%?)gr::ﬁgtsln%lfrﬂ azgﬁg) orted the proposed mechanism (Se%‘ompletion of the reaction, as indicated by the TLC, the excess

= ) T ~ solvent was distilled off, and the crude reaction mixture was poured
Initial Schiff base formation is not observed; rather there is over water and extracted with GEl, (3 x 20 mL). The organic
electrophilic addition of aminoanthraquinone with a 2-formyl layer was dried over anhydrous 0, and the solvent was
indole derivative, followed by dehydration, generating imino removed. The residue was chromatographed over neutral silica gel
diene. The iminodiene further undergoes non-concerted cy- (prepared by eluting hexane/NEolution up to pH 7, 108200
cloadditior?! that leads to the imino DielsAlder adduct. mesh size) and eluted with hexane/ethyl acetate to afford 0.972 g
(80%) of 3a as a pink solid. Analytical data f@a: mp 238°C;
IR (KBr) 3248, 3052, 2962, 2987, 1666, 1624, 1574, 1259, 1228,
(20) The CCDC deposition number for compoulad is 621081. 1021, 987 cm?; IH NMR (400 MHz, TMS, CDC}) 6 9.85 (1H, s,

Formula: GgH21CIN2O,. Unit cell parameters:a = 9.2070(6),b = — —
11.4137(8)¢ = 11.9039(8).c. — 62.6740(10)5 — 88.6850(10)y = i) 8:26 (IH, d.J = 7.6 Hz, ArctH), 8.20 (1H, d.J = 7.6 Hz,

! i ArCH), 8.03 (1H, dJ=7.7 Hz, ArCH), 7.69-7.76 (2H, m, ArGH),
81.2650(10); space group-1. The CCDC deposition number for com-
pound3b is 621082. Formula: §&HaoClsN4O4. Unit cell parametersa = 7.55-7.59 (2H, m, Ar®), 7.12-7.16 (3H, m, Ar(H), 4.75 (1H,
11.9652(14)b = 23.078(3).c = 17.208(2) 8 = 102.416(2), space group ~ d,J= 7.2 Hz, (H), 4.05-4.24 (2H, m, &), 3.24 (1H,qJ =8.5
P2(1)lh. The CCDC deposition number for compouidd is 621083. Hz, CH), 1.52 (3H, s), 1.46 (3H, s}*C NMR (100 MHz, TMS,
Formula: - GeHz0BrCINzO,. Unit cell parameters:a = 21.701(7),b = CDCly) 6 185.3, 183.1, 147.3, 140.8, 136.6, 134.8, 133.9, 133.1,

13.626(5),c = 7.846(3),5 = 98.523(6), space group2(1)lc.
(21) (a) Hermitage, S.; Jay, D. A.; Whiting, Aetrahedron Lett2002 133.1, 133.0, 131.5, 129.0, 128.3, 126.7, 126.6, 126.5, 122.3,

43,9633-9636. (b) Hermitage, S.; Howard, J. A. K.; Jay, D.; Pritchard, R.
G.; Probert, M. R.; Whiting, AOrg. Biomol. Chem2004 2, 2451-2460. (22) Krohn, K. Tetrahedron199Q 46, 291-318.

aWithout the catalyst, no reaction was observed; the temperature of 90
°C is necessary.
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