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The first syntheses of 6,6a,7,8,9,9%9a-hexahydro~- and 6,6a,9,%a-
tetrahydro-2H-isoindolo[4,5,6-cd]indoles are described. The prepara-
tion of 1,3,4,5-tetrahydrobenz[cd]indole derivatives is also included.
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Cyclopiazonic acid (l) is a toxic substance isolated from Penicillium cyclo-
pium Westling (strain 1082) by Holzapfel 2) in 1968, We have been interested in its
unique structure and biological activity and planned to synthesize the alkaloid
and various related derivatives having substituents especially in the A and/or B
regions.

Our synthetic idea is as follows: Functionalization of A and/or B regions
can be attained in the course of the synthesis of 1 only by changing the reagents
without changing the type of the reactions. Based gﬁ the above idea, we have
selected and developed the following synthetic route and succeeded for the first
time in the preparation of key synthetic intermediates (e.g. 3 and 3), having a
novel 6,6a,7,8,9,%a-hexahydro-2H-isoindolo[4,5,6-cd]lindole skeleton.

I. Preparation of 1,3,4,5-Tetrahydrobenz[cd]indoles

Aldol condensation reaction of 4-formylindole (£)3) with acetone, followed by
catalytic hydrogenation over 10% Pd/C, afforded 4-(3-oxobutyl)indole (5)4a) in 97%
yield. Subseqguent treatment of 5 with l-dimethylamino-2- nltroethylenes) in CH43CN-
CF3COOH (1:1, v/v) afforded 3- (2-n1trov1nyl)—4-(3—oxobutyl)1ndole (6) 4b) in 84%
yield. Similarly, with ethyl Mrnltro/G—ethoxyacrylatee) in benzene at reflux, a
62% yield of 74C) was formed as a 3:2 mixture of geometric isomers together with a
20% yield of starting material. By the action of t-BuOK in abs. DMSO, intramolec-
ular Michael reaction of g was successfully carried out to give 3,4-cis- (8c)4d)
and 3,4-trans-4-acetyl-3-nitromethyl-1,3,4,5-tetrahydrobenz|[cd]indole (8t)4e) in
60% and 26% yields, respectively. The major compound (8c) was then subjected to
Wittig reaction with methylenetriphenylphosphorane to ;;oduce an inseparable 4:1
mixture of 9c and 9t.4f)
(lOc)4g) an5~(10t)73h)1n 52% and 13% yields, respectively. The mixture of 9c¢ and 9t
w;;vallowed toA;Eact with HMPT7)1n the presence of NEt3 to afford ££E4l) agg 1lt457
in the respective yields of 44% and 15%. Furthermore, reduction of llc or llt with
LlAlH in THF afforded a 88% yield of lOc or a 62% yield of lOt, respectlvely.

The stereochemistry of these compounds was determined on the basis of the fol-

Reduction of the mixture with aq. Ticl3 produced amines,
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lowing facts: 1) in the PMR spectra. of 1lt and llc, the C-3 proton was clearly dis-

cerned and appeared as a doublet at §4.00 (J=9.2 Hz) and 4.24 (J=4.0 Hz), respec-
tively, proving that 11t had 3,4-trans configuration, whereas llc had 3,4-cis con-
figuration; 2) in the reduction with aqg. TiCl3, the ratio of the products, (%23)

and (10t), was identical with that of 9c and 9t, showing that their stereochemistry
A ~r ~

was retained during the reaction; 3) both compounds, (gg) and (§3), reached equi-~

librium by the action of t-BuOK in abs. DMSO, where the ratio of §9 and §E was ca.

3:1, indicating that the major product (9c) in the Wittig reaction had been derived

from 8c.

In contrast to Michael reaction of 6, the ring closure reaction of‘l was read-

ily effected by weaker bases such as 2N-NaOH and resulted in the formation of two
sets of diastereoisomers, showing two spots on TLC. Although a less polar pair of
. 4k)
epimers (12)
dominantly (83%), the stereochemistry at the C-3 and C-4 is not determined as yet.

II. Syntheses of 6,6a,7,8,9,%a~Hexahydro-2H-isoindolo[4,5,6~cd]indoles

Treatment of 10c with Aczo-pyridine or carbobenzoxy chloride afforded the cor-

responding acyl derivatives, (l3a)4l) or (l3b)

m)

1ly. Subsequent protection of the indole nltrogen with methyl chloroformate produced

l4a 4n) or l4b o)
acetyl- (lSa) 4p)

9a- hexahydro 2H-isoindolo[4,5,6~-cdlindole (15b) 4q) was prepared from l4a or 14b in

A

50% or 60% yields, respectively, by succe551ve treatment with phenylselenenyl

in the respective yields of 78% or 90%. The desired 6a,%a-cis-8-

or 8-benzyloxycarbonyl-7,7- dimethyl 2-methoxycarbonyl-6,6a,7,8,9,

chloride and triphenylﬁin hydride.s) In a similar way, a series of the correspond-

4s)

ing 3,4-trans or 6a,%a-trans compounds (l3c,4r) ldc, and 15c4t)) were success-

fully prepared starting from 10t It should be noted that an attempted debenzyloxy-

carbonylation of 15c produced the desired product (20) u) in 49% yield with a
significant amount of the corresponding indoline (16%). In contrast to this result,

catalytic hydrogenation of 15b over 10% P3/C selectively cleaved the N-8 protecting

iv) . o

group to afford 2b in 78% yield.

Although another structure such as 16 was possible for lSa, it was excluded by
4w)

the following series of reactions. Thus, mlld alkaline hydroly51s of lSa gave l7a
in 68% yield. Further treatment of 17a with KOH in refluxing ethylene glycol gave
2a 4x) . e

Eznal confirmation was provided by the reductlon of 17a with L1A1H4 in THF afford-
ing 64% yield of the N-ethyl compound (%ZE? 4y) whlcﬂ~;ould not be formed from 16.

A

e

Preparation of 6a,9%a-cis-7,7-dimethyl-6,6a,7,8,9,%a-hexahydro-9-oxo-2H-iso-
indolo[4,5,6-cd]lindole (3)42) was accomplished in the following way. Protection of
the indole nitrogen9) iﬁvilc was achieved with NaH and methyl chloroformate,
but epimerization at C-3 8Zgurred to give {gsloa)and lSthb)in 22% and 52% yields,
respectively. Subsequent Ritter reaction of £§S (or {EE; with CH3CN and H2804 gave
63% (or 62%) yield of the mixture of stereoisomers (19), which was then subjected
to alkaline hydrolysis with KOH in refluxing ethylenewélycol to give the desired

T-lactam (3) as a single product in 29% yield. Its stereochemistry was tentatively

assigned to be thermodynamically stable 6a,9a-cis-~isomer.

On the other hand, reduction of 8c with ag. Ticl3 afforded 6a,%a-cis~7-methyl-

10c) 104)

6,6a,9,9a—tetrahydro—2§—isoindolo[4,5,6-cd]indole (20) and its N-oxide (21)

in 62% and 10% yields, respectively. When the reduction was carried out with 2Zn and

NH4C1, their yields were changed to 10% and 89%, respectively. The structure of 21
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at the carbon bearing nitro and ethoxycarbonyl groups was formed pre-

in 98% or 83% yields, respective-

in 52% yield. Acetylation of 2a with Ac O—pyrldlne reproduced 17a in 91% yield.
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was confirmed by the conversion to 20 in 84% yield by the reduction with excess
aqg. TiCl3.

Since the introduction of various functional groups into A and/or B regions
is possible either by using suitable three carbon reagents in the aldol reaction
step or by Michael addition reaction in place of the addition of hydrogen in the
second step, our approach seems to provide a useful and convenient method for the
preparation of 6,6a,7,8,9,9%-hexahydro-2H-isoindolo(4,5,6~cd]indole derivatives,
which would meet our end to develop physiologically active substances. We are
currently investigating the conversion of these synthetic intermediates into
cyclopiazonic acid. 0
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