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NOVEL APPROACH TO IE—BENZO{E]PYRROLO{I,Z—EIINDOLE—S,IG—DIONES

Eric O.M, Orlemans, Willem Verboom, and David N. Reinhoudt¥*

Laboratory of Organic Chemistry, Twente University o¢f Technology, P.0.

Box 217, 7500 AE Enschede, The Netherlands

Abstract - The Friedel-Crafts reaction product of 1,4-dimethoxynaphtha-
lene (3) and {(§8)-1-(trifluoroacetyl)-2-pyrrolidinecarbonyl chloride (4)
could he converted in two steps into the benze[flpyrrolo[l,2~a]indole 10
following two different pathways. Compound 10 counld easily be dehydrated
using acid to 1ll. Upen reduction of 10 to the corresponding hydroquirone

12, spontaneous dehydration occurred.

The opyrrolof{l,2-alindoles | represent an important «class of heterotricyclic

compounds {Iin particular because a 2,3,9,9a-tetrahydro—lﬂ-pyrrolo[i,Z—EJindole—

z In

5,8-dlone forms the basic skeleton of the antitumour antibiotice mitomycins-l’
spite of the relative high toxieity, mitomyecin C (2) 1is currently employed
clinically and consequently several groups are involved in synthetic studies on
mitomycins with the aim te prepare less toxic analogues.3_5 One of the key
problems din the synthesis of such compounds 1is the <construction of the

pyrrololl,2-alindole skeleton.?
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An approach that has hardly been investigated involves the formation of the N-4 -~
C-4a bond in the last step. Only intramolecular nucleophilic aromatic substitution

reactiens in the presence of copper(Il) bromide involving a pyrrolidinylidene moie-
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ty,7'B or variations of the Nenitzescu reaction have been reported.9

10

Recently, we have described novel Toutes to both dihydro- and

11 which are based on C-9 - C=9a bond formation

tetrahydro-lE-pyrrolo[l,2-alindoles
in the key step by a modified Madelung reaction or a 1,5-electrocyclization,
respectively. In the present paper we wish to report ocur preliminary results on
the synthesis of 1HB-benzo[flpyrrolo[l,2-alindele~-5,10-diones via a Friedel-Crafts

acylation12

of 1l,4-dimethoxynaphthalene (3) and subsequent formation of the N-4 -
C~4a bond.

Recently, the Friedel-Crafts acylations of benzene, aniscle, and veratrole by
chiral N~(trifluoroacetyl)= G -amino acid chlorides have been described.!3 We found
that reaction of 1,a—dimethoxynaphthalenelh(é) with (8)-1-(trifluorocacetyl)-2-
pyrrolidinecarbonyl chloridelB(i) in dichloromethane using tin(IV) chloride as a
Lewis acid for 12 h gave the racemic ketone 5 [mp 105-106.5°C (MeOH)11® 1n a yield
of 65%. Evidently, under these reaction conditions the enolization of the ketene

function 1s particularly favoured.l’

The Friedel=-{lrafts reaction product 35 could
be easily converted inte 2,3,11,lla-tetrahydro-ll-hydroxy-1H-benzo[f]pyrrolo-
[1,2-alindole-5,10-dione {10) following two different pathways. In the first
route, 3 was demethylated in 2 h at room temperature with boron tribromide in
dichloromethane leading to the stable hydroquinone 6 [mp 209.5-211% (MeOH)]18
which was isclated in a yield of 95%. On treatment of 6 with excess of sodiunm
borohydride in ethanol for 12 h at room temperature both the carbonyl group was
reduced and the amino group deprotected. After evaporationm of the solvent, the
residue was taker up in a mixture of water and chloroform and stirred vigorously
for 0.5 h. The colour of the mixture turned red and after workup, the crude
residue was purified by chromatography {[neutral alumina {(I1I-111), ethyl acetate]

to afford 10 as a mixture of stereoisomers in a yield of 80%.19

Separation of the
diastereomers was possible using silica gel (ethyl acetate), however, under the
influence of this column material 10 partly dehydrated with formation of the known

2,3-dihydro-1H-benzo[f]pyrrolo[l,2~alindole-5,10~-dione (il)zo (mp 180~182.5%C, ref.

20 mp 181-184°C). This result provided additional proof for the structure of 8.
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In the second route the Friedel-Crafts reaction product 5 was treated with excess
of sodium borohydride in ethanel for 12 h at room temperature leading to the amino
alcohol 121 as a mixture of sterecisomers in a quantitative yield. Demethylation
of 7 using boron tribromide in dichloromethane for 2 h afforded after neuvtral

workup 10 as a mixture of stereoisomers in a yield of 75%. We assuume that during

the aqueous workup the intermediate hydroquinone 8 is oxidized to the corres-
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ponding quincre 9, which undergoes an intramolecular Michael reaction with the
amino moiety, with ultrimate formation of 10. A somewhat related reaction, starting
from 6-hydroxydopamine, which leads to an indoline, has been reported by Senoh and

Witkop-22

Benzo[i]pyrrolo[I,Z—E]indole 10 is rather unstable, because at room temperature it
slowly dehydrates to produce 11 (t0_5 about 7 weeks). The dehydration reaction was
accelerated considerably (reaction time about 15 sec) upon the addition of a few
drops of trifluoroacetic acid te a seclution of 10 1in acetone. Spontaneous
conversion to 1l within a few sec took also place upon treatment of a sclution of
10 in acetone with a to pH 7 adjusted solution of sodium dithionite in water.
Under these conditions 10 is transformed to its hydroguinone 12, which instan-
taneously dehydrates to 13, followed by oxidation to the gquinone 1ll. The diffe-
rence in rate of dehydration between 10 and 12 may especially be attributed to the
assistance of the nitrogen lone pair in hydroguinone 12. This is not possible in
the quinone 8 in which the nitrogen lone pair constitutes part of 2 vinylogous
amide system.

This phencmenon resembles the bioreductive activation of mitomyecin C which after
reduction and the consequent elimination of methanol acts as a highly reactive
alkylating agent.l'2

In summary we can conclude that this sequence represents a short and attractive
method for the construction of IH-benzo[f]pyrrolo[l,2~alindole-5,10~diones.

Further work on the synthesis of other substituted IH-benzo[f]lpyrrolo[l,2-al-

indole~5,10-diones and the related pyrrolo[l,2~alindoles is in progress.
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Satisfactory elemental analyses {(+ 0.4%) were obtained for all compounds,
unless otherwise stated. Data of compcound 5: 19 wur (CDCl3): § 8.35-8.0 and
7.7-7.55 {(m, 2H, ATH}, 7.07 (s, 1H, H-3), 6.0-5.9 (m, 1H, CHC=0), 4.06 and
13C

4.00 (s, 3H, OCH3), 4.0-3.65 (m, 2H, HZCNCﬁo), 2.3-1.8 {(m, 4H, CHZ)' NMR

(CDC13): § 197.3 {C=0), 179.0 (NC=0), 66.3 (CHC=0), 55.7 (OCHB). MS m/z: M',

381.117 (381.119 for C19H18F3N04).

Nordlander et 31.13a

reported that reaction of (E)-l—(trifluoroacetyl)—2—
pyrrolidinecarbonyl chleride (4) with l,2~dimethoxybenzene also gave a racenic
mixture, while reaction of 4 with benzene yielded an almost pure enanticmer.

1H NMR (CDC13): & 12.90 (s, 1H, OH-1), 8.1-7.9 and 7.65-7.35 {(m, 2H, ArH),

6.80 (s, 1H, BE=3), 6.17 (s, 1H, OH), 5.55-5.4 (m, 1H, HCC=0), 3.95-3.8 (m, 2H,

NCH, ), 2.35-2.0 (m, 4H, CHy). 3¢ wur (DMSO-d): 6 199.8 (C=0), 178.5 (NC=0),

+

48.2 (EHC=0), 47 .0 (NCHZ). MS m/z: M7, 353.087 (353.088 for CETthF3NOA)'

Due to the instability of 10 no satisfactory elemental analysis could be

obtained. Data of the mixture of isomers: LIH NMR (CDC13): ¢ 8.15-7.95 and

7.7-7.6 (m, 2H, ArH), 4.4-4.1 {(m, 1H, NCH}, 3.8-3.55 {(m, 2E, NCHZ), 2.2-1.75

(m, 4H, CHy). !3c NMR (CDC1j): & 181.2, 180.7, 180.6 (C=0), 70.5, 68.7 (NCE),

48.1, 47.2 (NCH,). MS m/z: M7, 255.087 (255,090 Eor C ¢H 4N04).

P. Germeraad and H.W. Moore, J. Org. Chem., 1974, 39, 774.

Data of the mixture of Lsomers: LH NMR (CDCl3): 6 8.3-7.95 and 7.7-7.4 (m, 2H,

ArH), 7.06 and 6.99 (s, iH, H-3), 5.25 and 4.90 (d, J = 8.0 and 6.4 Hz,

respectively, 1H, CHOH), 4.00 and 3.91 (s, 3H, OCHB), 3.8-3.4 (m, tH, NCH),

3.2-2.8 (m, 3H, NH and NCH,), 1.8-1.6 (m, 4H, CHy). P3¢ mmr (coc1y): 6 152.2

and 152.0 (¢-5, €-10), 6%.4 and 68.4 (CHOH), 64.8 and 3.1 (NCH), 55.7 (OCH3)
+

46.4 and 46.1 (NCHZ)- MS m/z: M7, 287.150 (287.152 for C17H21N03).
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