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New analogues of isomeric ellipticine derivatives fused with biologically important pyrroloindole or chromene moiety have been synthesized
by utilizing an intramolecular imino Diels—Alder reaction in a single step.

Polycyclic nitrogen-containing heterocycles form the basic
skeleton of numerous akaloids and physiologically active
compounds.® Ellipticine is a naturally occurring alkaloid of
the 6H-pyridocarbazole family; this compound and its
derivatives are endowed with antitumor and anticancer
properties. They are DNA intercalating molecules, and their
high DNA binding affinity is thought to be responsible in
part for these pharmacological properties.>® The main reason
for the interest in ellipticine and its derivatives for clinical
purposes is their high efficiency against severa types of
cancer, limited toxic side effects, and complete lack of
hematological toxicity.* Ellipticine has proven to be a popular
target for synthesis, and a wide variety of strategies have
been reported.>~ Similarly, the structurally related aryl- and
heteroarylannul ated carbazoles have also received consider-

(1) Southon, I. W., Buckingham, J., Eds. Dictionary of Alkaloids;
Chapman & Hall: New York, 1989.
(2) Wang, J. C. Annu. Rev. Biochem. 1996, 65, 635-692.

10.1021/01800497u CCC: $40.75
Published on Web 04/16/2008

[0 2008 American Chemical Society

able synthetic attention.>® Despite the great interest that has
given rise to much synthetic work on ellipticine and its
derivatives, very little attention has been focused on the
synthesis of its isomers and fused with other biologically
important molecules.® Most of these methods provide access
to avariety of derivatives. Still, general and facile synthetic
approaches are required to obtain analogues for pharmaco-
logical evaluation. In this paper, we present our recent results
demonstrating that imines derived from N-prenylated indole-

(3) (& Monks, N. R.; Blankey, D. C.; East, S. J.; Dowell, R. I.; Caluete,
J. A.; Curtin, N. J;; Arris, C. E.; Newell, D. R. Eur. J. Cancer 2002, 11,
1543-1552. (b) LePez, J. B.; DzXuong, N.; Gosse, C.; Paolett, C. Proc.
Natl. Acad. Sci. U.SA. 1974, 71, 5078-5082.

(4) Auclair, C. Arch. Biochem. Biophys. 1987, 259, 1-14.

(5) (a) Gribble, G. W. In The Alkaloids; Brossi, A., Ed.; Academic
Press: San Diego, CA, 1990, p 239-352. (b) Knolker, H.-J.; Reddy, K. R.
Chem. Rev. 2002, 102, 4303-4427. (c) Marsais, F.; Pineau, P.; Nivolliers,
F.; Malat, M.; Turck, A.; Godard, A.; Queguiner, G. J. Org. Chem. 1992,
57, 565-573. (d) Gribble, G. W. Synlett 1991, 28, 289-300. (e) Gribble,
G. W.; Saulnier, M. G.; Sibi, M. P.; Obaza-Nutaitis, J. A. J. Org. Chem.
1984, 49, 4518-4523.



Table 1. Effects of Various Lewis Acids or Bragnsted Acids

Lewis acid
CHO 1 4-dioxane/reflux

o O

7
1c 2a J

time  yield”

entry catalyst (h) (%) dr ratio
1 Amberlite-120 (0.1 g) 24 30 60:40
2 Montmorillonite K10 (0.1 g) 24 33 55:45
3 N-Boc L-proline (20 mol %) 96 40 90:10
4 Dowex 20-50 mesh (0.1 g) 24 47 54:46
5 LiClO4 (20 mol %) 24 48 71:29
6 Salen (Mn)H; (20 mol %) 24 49 89:11
7 BF3—0Et; (20 mol %) 24 51 68:32
8 CF3—COOH (20 mol %) 24 60 62:38
9 CAN (20 mol %) 24 65 74:26
10 BiCl; (20 mol %) 24 70 77:23
11 molecular iodine (20 mol %) 48 71 71:29
12 InCls (20 mol %)? 24 82 84:16
13 [Emim]-[BF4J¢ 24 80 70:30
14 [Emim]-[PFg]¢ 24 85 75:25
15 PPh3.HC104 (20 mol %) 24 70 77:23
16 PPh; triflate (20 mol %) 24 75 73:27
17 In(OTD)3 (10 mol %) 20 83 87:13
18 Sc(0OTf)s (10 mol %) 12 85 87:13
19 Yb(OT)3 (10 mol %) 12 85 88:12
20 La(OTf)3 (10 mol %) 12 87 91:09
21 La(OTs (10 mol %)* 12 85 94:06
22 La(OTf)3(10 mol %)° 10 88 97:03

2 Reactions were carried out at 100 °C, and isolated yields are reported.
P The temperature was 50 °C; above this temperature, side products were
formed. ©0.5 g of ionic liquid was used as solvent as well as catalyst. ¢ The
temperature of the reaction was 130—140 °C. € The temperature of the
reaction was 150—160 °C.

2-carboxaldehydes and aminocarbazoles are excellent sub-
strates for an intramolecular imino Diels—Alder reaction
catalyzed by La(OTf); to provide a highly functionalized
products with high diastereosel ectivity.
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Table 2. Imino Diels—Alder Reaction of Various Amines with
2a in the Presence of La(OTf)3 (10 mol %)

Cl

N o
La(OTf)3(10 mol % p -
w cro —AOT 0 mol %), e, N Q_Q H
1 4-dioxane/150-160°C N\ N
\ L

Ry Re 1 8-16h N N
1a-g 22 R, 3a (major) 3g (major)
Ry=R;=R3=R4=H,1a
Ry =CHs3R; =Rz =Ry = H,1b
Ry =CHsRy = Ry =R, =H,1¢
Ry =C7H, Ry = Ry = R, =H,1d
Ry = CyH5Ry = Br,R; = Ry = H.1e
Ry = CoHs,Ry = CH3.R3 = Ry = H,1f
Ry =CsHsRy = HRy = Ry = CHy,1g
Entry Reactant Product Time (h)

Yield (%)  dr ratio

1 1a 12 86 97:03

2 1b 10 89 99:01
3 1c 10 88 97:03
4 1d 8 90 96:04
5 1e 12 85 94:06
6 1t 10 92 96:04
7 19 16 51 90:10

Hetero-Diels—Alder reactions constitute a powerful
method for the preparation of biologically interesting
heterocycles and natural products.’® For instance, the
imino Diels—Alder reaction (IDA) provides arapid means
for the construction of functionalized rings containing
nitrogen with control of regio-, diastereo-, and enantiose-
lectivity.™ The reaction of imines with electron-rich
dienophiles has been reported to be catalyzed by Lewis
acids.™ However, most of the Lewis acids are either
decomposed or deactivated due to the formation of water
during imine formation. But lanthanum(l11) triflate has been
used to catalyze a variety of reactions.™® It is stable under
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agueous conditions and catalyzes aldol and allylation reac-
tions in agueous media.**

Construction of the polycyclic isomeric ellipticine ring
systems employing the cycloaddition of imine derived
from N-prenylated-2-formyl-3-chloroindole 2a with 9-eth-
yl-3-aminocarbazole in 1,4-dioxane at reflux temperature
underwent intramolecular [4 + 2] cycloaddition in the
presence of a Lewis acid to yield 9-chloro-5-ethyl-16,16-
dimethyl-5,8,8a,15,15a,16-hexahydrobenzo[ 5,6 | pyrrolizino[2',1":
5,6]pyrido[2,3-c] carbazoles 3c and 3cb as a mixture of
diastereomers, where the cis isomer is the mgor product
(Table 1).

The reactions proceed smoothly in the presence of Lewis
acids or Brgnsted acids, but diastereoselectivity depends
on the nature of the catalyst (Table 1). However, the cis
diastereomer is always the major product. Several catal-
ysts were screened, and among them, Sc(OTf)s, Y b(OTf)s,
and La(OTf); were found to be better since they provided
excellent diastereoselectivity and also have similar reac-
tivity in terms of reaction yield, diastereomer ratio and
reaction time. The diastereoselectivity was further im-
proved by maintaining the reaction at 130—140 or
150—160 °C with La(OTf)3 (10 mol %) as catalyst. Further
increase in the temperature did not improve the diastere-
omer ratio with the other catalystslisted in Table 1, except
for Sc(OTf); and Yb(OTf);. After several experiments,
we found that good yield and excellent diastereosel ectivity
were obtained when the reaction was carried out in 1,4-
dioxane at 150—160 °C. The reaction was faster in 1,4-
dioxane than in CH3CN and THF. Moderate yields were
obtained in DMSO or toluene.

The stereochemistry was assigned on the basis of the
coupling constant values and also by NOE studies.The five-
membered pyrrolidine and six-membered piperidine rings
were cis fused, as indicated by the coupling constant Jga 15a
= 7.2 Hz between Hg, (6 5.05) and His, (6 3.22) in product
3c and also the strong NOE (34%) enhancement of His, upon
irradiation of Hg,. The high coupling constant, Jga—152 = 10.6
Hz between Hg, (6 4.68) and His, (6 2.93), supported the
trans configuration of the structure of product 3cb, and there
was no considerable NOE between these two protons.
Isomers 3cb and 3a were also confirmed by single-crystal
X-ray diffraction analysis.*®

Extending this methodology further, we have carried
out the imino Diels—Alder reaction of 2a with various
substituted amines in the presence of La(OTf)s; (10 mol
%) under the optimized conditions. The results are
summarized in Table 2. In most cases, the corresponding
imino Diels—Alder products 3a—f were obtained in
excellent yields (Table 2, entries 1—6). The fact that the
amine 2g, having substituents on the first and fourth
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Figure 1. X-ray crystal structure of 3a.

positions (Rs = Ry = CH3), has the slower rate of reaction
and that the corresponding product 3g was obtained in
only 51% yield may be due to the steric hindrance of two
methyl substituents (Table 2, entry 7). The X-ray crystal
structure of 3a was elucidated in Figure 1.*°

We, next carried out the imino Diels—Alder reaction of
1c with prenylated indole-2-al dehydes (2a—d) in the presence
of La(OTf); (10 mol %) under the optimized conditions.

Table 3. Synthesis of 16,16-Trimethyl-5,8,8a,15,15a,16-
hexahydrobenzo[5',61pyrrolizino[2',1":5,6] pyrido[ 2,3-c]carbazole
Derivatives

NHZ Re

__ La(OThy(10mol %) |
CHO  1.4-dioxane/150-160°C

8-14h
3¢ and 3h-j (major)
=ClRg=H,2a Rg=ClRs=CHy 2¢

= CHg,Rg =H, 2b Rg = Cl,Rg = Cl, 2d
Entry Rg Rs Product

Time (h}  Yield (%) dr ratio

1 cl H = 10 88 97:03
N NH T
~— Cl
C

2 CH, H N H 8 92 95:05
- N
3h
tH
QU e
=
H .
3 al cHy N O NHH L 8 9 97:03
3i
:H
QT
=~
4 [¢] cl N H 14 85 98:02
~ A

The results are summarized in Table 3. In &l cases, the
corresponding cycloaddition products (3c and 3h—j) were
obtained in excellent yields (Table 3). The electron donating
or electron-withdrawing substituents (Rs and Rg) did not
significantly affect the reaction rate. The X-ray crysta
structures of 3h—j were obtained to confirm their structures.*®

To prove the generality of this reaction, we have also
examined the reactions of O-prenylated salicylaldehydes with
aminocarbazole (3c) under the same reaction conditions.

The cycloaddition of 1c with 4a at 100 °C proceeded
efficiently in 1,4-dioxane to afford 5a in excellent yield (88%,

1977



Table 4. Imino Diels—Alder Reaction of 3c with Various
Substituted O-Prenylated Salicylaldehydes

NHz La(OTf)3(10 mol %)
“ 1 JA-dioxane/100°C
2-4h

4a-e ( 5a-e (major)
R =Br, 4c
R=H 4a R=CH, 4d
R=Cldb = OCH3, 4e

Entry R Product Time (h)  Yield (%)  drratic
O
1 H O 3 88 97:03
(St
Q5
2 a H 2 92 95:05
n~
< 5b
5
O 2 93 97:03
3 Br H
=
ST L0
4 CH. H 4 85 98:02
5 N O NH CH,
< 5d
5
5 OCH; O 85 98:02

Table 4) with higher diastereosel ectivity ration; the cisisomer
is the maor product. Increase in temperature further de-
creases the reaction yield. In the case of products derived
from 4c, both cis (5¢) and trans (5cb) isomers were separated;
their structures were aso confirmed by single-crystal X-ray
analysis (Figure 2).*® The results are summarized in Table
4.

Figure 2. X-ray crysta strucure of 5c.

We have also examined the imine derived from aliphatic
aldehyde 6a as a dienophile, and the reaction proceeded very

smoothly with good yield. Interestingly, the trans isomer is
the major product. The diastereoselectivity dramatically
changes with respect to the temperature. Better diastereo-
selectivities were obtained at lower temperature (Table 5).

Table 5. Synthesis of 8-Ethyl-3,13,13-trimethyl-2,3,4,4a,5,8,13,-
13&octahydro-1 H-indolo[3,2-a]acridi n&

LONeCa
O O La(OTR;(10 mo! %) O dSH NP
CHO 1 A- dloxane/temp O N
5-24

h

7b

entry T (°C) time (h) yield (%) dr ratio®
1 150—160 0.5 97 47:53
2 100 1.0 95 40:60
3 RT 6.0 91 21:79
4 0 12.0 90 15:85
50 -50 24.0 95 10:90

a|solated yieds. ® THF solvent used.

The single-crystal X-ray analysis of compounds 7a (Figure
3) and 7b were aso achieved in order to confirm their
molecular structures.*®

Figure 3. X-ray crystal strucure of 7a.

In this paper, we described a useful method for the
preparation of various isomeric Ellipticine derivatives fused
with biologically important pyrroloindole or chromene
moiety, utilizing a novel [4 + 2] cycloaddition reaction.
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