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Abstract: Ethyl 2-(1-oxo-1,2,3,4,5,10-hexahydroazepino[3,4-b]in-
dol-5-yliden)acetate derivative 1a has been synthesised in good
yield from indole-2-carboxylic acid 2 via a stoichiometric intramo-
lecular Heck reaction.
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Several polycyclic natural products possessing a pyrrole
moiety have been isolated from marine sponges. Among
them, Hymenialdisine I, Debromohymenialdisine II and
Stevensine or Odiline III are characterised by a pyr-
roloazepine skeleton (pyrrolo[2,3-c]azepin-8-one) con-
nected to a cyclic hydantoïne or guanidine.1-3 These
compounds display a large number of biological proper-
ties.4-7

Our interest in seven-membered indolic derivatives8 arose
out of our desire to prepare a diverse set of 5-substituted
azepinoindoles IV which can be potential building blocks.
We have recently described a synthetic method based on
Stille or Suzuki reactions between triflate prepared from
the azepino[3,4-b]indole-1,5-dione moiety and heterocy-
clic stannyl or boronic acid derivatives.9 This synthetic
approach failed in connecting guanidine or hydantoïne
onto the 5-position of seven-membered ring.

According to the literature,10 we planned to create the
guanidine or hydantoïne moiety from amidine and a-hy-
droxy ester. This pathway required as a key intermediate
preparation of the a,b-unsaturated ester 1 from indole-2-
carboxylic acid 2 via an intramolecular Heck reaction11 as
outlined in the retrosynthetic Scheme 1. 7-Exo intramo-
lecular Heck reaction have not been extensively studied.12

Pioneering works were reported by Trost13 and Sund-
berg.14 As reported previously, an easier synthetic route to
obtain  1 from azepino[3,4-b]indole-1,5-dione failed
(Wittig reaction).9 We now report our investigations in
this area. 

Scheme 1

Treatment of indole-2-carboxylic acid 2 with iodine in the
presence of potassium hydroxide provided 3 in 93%
yield.15 Amidification of 3 with the 3-aminopropanol in
the presence of EDCI and DMAP in dichloromethane at
room temperature gave 4 in 75% yield. The aldehyde 5
was obtained in 96% yield from the alcohol 4 by a Swern
oxidation using THF as solvent. The Wittig reaction of 5
with (carbethoxymethylene)triphenylphosphorane in tol-
uene gave the a,b- ethylenic ethyl ester 6 as E-isomer in
90% yield. Compound 6 could be also obtained by react-
ing 3 with ethyl (E)-5-amino-2-pentenoate
hydrochloride16 in the presence of EDCI and DMAP in
dichloromethane in 88% yield (Scheme 2). Selective N-
methylation of indolic nitrogen of 6 was carried out in the
presence of potassium carbonate as base to afford 7 in
90% yield.

Scheme 2
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First we investigated the intramolecular Heck reaction of
compounds 6 and 7. All of them led to the deiodination re-
action which gave quantitatively compounds 8 and 9.

With these results, further experiments were performed on
the totally protected derivative 10. N-Boc protection of 6
was achieved with tert-butylcarbonate (Boc2O) in the
presence of DMAP in acetonitrile to give 10 in quantita-
tive yield. The latter when treated with Pd(OAc)2 and po-
tassium carbonate afforded unexpectedly compound 1117

in 90% yield. Again, use of triethylamine as base resulted
in formation of two deiodinated compounds, 12 and the
monodeprotected 13 in 60% and 20% yield, respectively
(Scheme 3).

Replacement of triethylamine by silver carbonate
(Ag2CO3), sometimes used for intramolecular Heck reac-
tions, was envisaged.18 Pleasingly, this simple experimen-
tal modification allowed us to obtain cyclised derivatives
1a19 and 1b in 15% and 33% yield, respectively, and by-
products (12 and 13). Substitution of DMF by THF in-
creased yields of 1a and 12 and avoided the formation of
deprotected compounds 13 and 1b (Table). Optimal yield
of 1a (84% yield) was observed by treatment of 10 in the
presence of Pd(OAc)2 (1 equiv), Ph3P (2 equiv) and
Ag2CO3 (2 equiv) in refluxing THF for 16 h, together with
the deiodinated product 12 (10%) (Table, entry 9). An ex-
planation as to why this intramolecular Heck reaction re-
quires stoichiometric amounts of palladium catalyst is not

at hand. The main formation of 1a with the E-exo-olefin20

(determined by 2D NMR data) showed that the Heck re-
action proceeded with cis-addition of the primarily
formed Pd-aryl species on intramolecular C-C double
bond followed by syn-elimination.21

Table Conditions employed for the intramolecular Heck reaction of 10

a Isolated yield after chromatography.

Scheme 3
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