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Synthesis of new iboga-analogues, replacing the indole ring with a benzofuran moiety has been
described. Starting materials are the suitably substituted benzofuran derivatives and have been synthe-
sized by Pd-catalyzed reactions. The conversion of endo-6-methylcarboxylate substituted dehydroisoqu-
inuclidine to exo-isomer, a key component of iboga-alkaloids has been achieved in the presence of
NaOMe in methanol under reflux conditions.

� 2011 Elsevier Ltd. All rights reserved.
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The iboga-alkaloids are naturally occurring indole alkaloids,
which are found in a variety of African shrubs of the Tabernanthe
genus. Members of this family of alkaloids combine the structural
features of indole and isoquinuclidinyl ring fused by a seven-mem-
bered indoloazepine ring1 (Fig. 1). Anti-addictive properties of ibo-
gaine have been known for decades.2,3 Apart from their anti-
addictive properties, iboga-alkaloids and their congeners show a
wide variety of pharamacological effects,3 such as antifungal or
antilipase, anti-HIV-1, anti-cholinesterasic and leishmanicide
activities (against Leishmania amazonensi). However, the clinical
application of ibogaine is limited because the natural ibogaine 2
is tremorigenic,4 and neurotoxic, particularly due to the degenera-
tion of brain cells (purkinje cells) if the dose is high.5 Chemical
modifications of iboga-alkaloids have been reported in order to
have more potent analogues or congeners. So far a limited number
of its analogues6a–d and congeners6e–g have been accessible.
Mostly, the analogues have been reported either on the modifica-
tion of indoloazepine ring6a,b of the natural scaffold (5,6-homo-
logues or 6-nor of the iboga alkaloid skeleton) or in the mode of
fusion of the indole ring to isoquinuclidine moiety (type 3,
indole-[3,2] fusion).6c,d

In the continuation of our research towards the synthesis of
iboga-alkaloids,6d we describe herein the synthesis and character-
ization of iboga-analogues 4 and 5, replacing the indole ring with a
benzofuran moiety. The benzofuran moiety was chosen because it
is a bioisostere of indole, the pharmacological properties might be
unchanged and the synthesis of this compound could be easier
than the natural ibogaine as benzofuran does not require any
ll rights reserved.
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protection like indole. Moreover these compounds are expected
to be more stable than the natural ibogaine which is heat and light
sensitive and spontaneously oxidize in solution.1a CO2Me at the C
19 carbon could be easily manipulated for further derivatization,
as substitution at this carbon has biological importance.7 In this
direction, the conversion of endo-dehydroisoquinuclidine 6b into
exo-isomer 6a is reported.

Retrosynthetically, the benzofuran analogues 4 and 5 could be
broken into two components, 3- or 2-substituted benzofuran eth-
anol 8 or 9 and the common fragment, dehydroisoquinuclidine 7
(Scheme 1).

The requisite dehydroisoquinuclidine 6 was synthesized
according to the literature procedure8 (Scheme 2). Mixture of
exo- and endo- isomers was separated by alumina column using
dichloromethane as an eluent and obtained a ratio of 3.2:1 in
favour of the less polar endo-product 6b.9

The 1H NMR of both isomers were a little complicated particu-
larly, in case of exo-isomer, methylcarboxylate (CO2Me) which
gave two sharp singlets at d 3.46 and d 3.67 (Fig. 2).

Both isomers were further characterized by the iodolactoniza-
tion method (Supplementary data). Appearance of two peaks of
methylcarboxylate of exo-isomer 6a could be explained due to
Ibogamine (1), R1 = H
Ibogaine (2), R1 = OMe Iboga analogues (3)

2HH

Figure 1. Analogues and congeners of ibogaine.
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Scheme 3. Synthesis of iboga analogues 4a and 4b. Reagents and conditions: (a)
Pd(OAc)2(10 mol %), LiCI (1.0 equiv), Na2C03 (6.0 equiv),DMF, 100 �C; (b) TBAF
(2.5 equiv), THF, 55% after two steps; (c) TsCI (1.2 equiv), Et3N (2.0 equiv), DMAP
(10 mol %) CH2CI2, 71%; (d) K2C03 (2.5 equiv), CH3CN, 80 �C; (e) PdCI2(CH3CN)2

(2.0 equiv.), AgBF4 (4.0 equiv), Et3N (1.0 equiv), CH3CN followed by NaBH4

(1.0 equiv), MeOH, 0 �C.

Table 1
Conversion of endo-6-substituted dehydroisoquinuclidine to exo-isomera

Entry Base
used

Quenching temp
(�C)

Proton
source

Ratiob exo:endo

1 LDAc 50 H2O Complex
mixture

2 LDA 50 t-BuOH Complex
mixture

3 LDA 25 H2O 56:44
4 LDA 25 t-BuOH 53:47
5 LDA 25 HCl (0.5 N) Complex

mixture
6 LDA 0 H2O 30:70
7 LDA 0 t-BuOH 28:72
8 LDA �78 H2O 22:78
9 LDA �78 t-BuOH 18:82
10 NaOMe 65 MeOH 90:10

a Experiments were carried out with pure endo isomer 6b.
b Ratios were calculated on the basis of chemical yield (after purification using

alumina column).
c The solution of 6b in THF was added dropwise to LDA and stirred for 2 h at
�78 �C to generate the enolate.

Figure 2. 1H NMR (500 MHz) of compounds 6a and 6b.
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Scheme 2. Synthesis of dehydoisoquinuclidine. aReagents and conditions: (a)
NaOMe (1.5 equiv), MeOH, reflux; (b) 20% HBr–AcOH.
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the presence of rotamers and it is prominent in the case of 6a, as
exo-CO2Me lies in close proximity to Cbz group. Interestingly,
two peaks became a broad singlet at d 3.65 when the NMR spec-
trum was recorded at 60 �C in CDCl3.

Natural ibogaine 2 carries an exo-substituted ethyl side chain at
C 20. During cycloaddition reaction we obtained the exo-product as
the minor isomer, consequently we tried to improve the yield of
our exo-Diels–Alder product 6a. In the connection of the synthesis
of ibogaine analogues, Passarella, et al.6g were unsuccessful in
isomerization of dehydroisoquinuclidines in the presence of LDA.
Our initial effort for the conversion of kinetically controlled endo-
product to exo-isomer using LDA at 50 �C furnished a complex
mixture. Reducing the quenching temperature gave moderate
conversion at 25 �C. The epimerization of N-unprotected isoquinu-
clidine was reported earlier;8b however, experimental procedure or
the isolation method of the product was not included in this Letter.
We tried the isomerization of 7b following their conditions8b but
failed to isolate any product and the mass spectra of the crude
product show a peak corresponding to the free amino acid. How-
ever, under similar conditions, the Cbz-protected endo-isomer 6b
underwent 90% conversion to the exo-isomer10 (Table 1). Cbz-
deprotection of 6a and 6b was performed separately using 20%
HBr–AcOH and HBr salt of 7a and 7b was then used in the next step
for the synthesis of iboga-analogues (Scheme 2).

The 3-benzofuranethanol 8 was synthesized using Larock’s het-
eroannulation reaction11a between 2-iodophenol and internal
alkyne 11 followed by the treatment with tetrabutyl ammonium
fluoride and obtained 55% yield in two steps. The internal alkyne
11 was in turn synthesized from 3-butyn-1-ol in the presence of
n-BuLi and tert-butyldimethylsilyl chloride11b in 70% yield. The
TBDMS protection was chosen because it survived under the het-
eroannulation conditions, whereas other silyl-based protecting
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groups (TMS or TES) gave a mixture of products.11b Compound 8
was then converted into the tosyl derivative 12, which was then
conjugated separately to isoquinuclidine 7a.HBr and 7b.HBr in
the presence of K2CO3/CH3CN at 80 �C to obtain 13a and 13b,
respectively. Pd(II)–Ag(I) mixed metal mediated cyclization was
originally developed by Trost for the synthesis of ibogamine12

and we applied this methodology to its analogues 13a and 13b
to obtain 4a13 and 4b in 42% and 22% yields, respectively (Scheme
3). It is worth to mention here that while synthesizing iboga-scaf-
folds,8a we had a difficulty in both heteroannulation and cycliza-
tion steps particularly using endo-isomers where a mixture of
regioisomers was obtained and 2-iodoaniline was required to pro-
tect with tosyl group. We also realized that handling the benzofu-
ran-substituted products and work-up procedures were much
easier than the corresponding iboga-alkaloids.

For the synthesis of iboga analogues 5, the requisite benzofuran
alcohol 9 was synthesized in one pot from 2-iodophenol via Sono-
gashira coupling with 3-butyn-1-ol at room temperature. Subse-
quent tosylation and conjugation to 7a. HBr and 7b.HBr afforded
15a and 15b in 75% and 83% yields, respectively.

When compound 15a was subjected to the mixed-metal-medi-
ated cyclization method, gratifyingly the reaction proceeded
smoothly to give the desired product 5a14 in 46% yield. A similar
cyclization of compound 15b also delivered the product 5b, though
in lower yield (27%) (Scheme 4). Surprisingly, the endo-isomers
13b and 15b were more polar than their exo-isomers which were
not in the case of 6b.

All new compounds have been characterized by IR, NMR, and
mass spectroscopy. The protons of isoquinuclidine rings of 4b
Figure 4. Crystal structure o
and 5a have been assigned by the decoupled 1H NMR and their
coupling constants were confirmed as well (Fig. 3).

The structure of the compounds 4b and 5b was confirmed by
the X-ray crystallographic analysis (Fig. 4).

In summary, we have reported the synthesis of benzofuran-ana-
logues of iboga alkaloids. Our synthetic approach is non-biochem-
ical, extremely short, flexible and also anticipated that minor
modifications of the starting materials (phenol and alkyne) should
provide access to several other analogues of this alkaloid family for
biological screening. Also functional group transformation of C 19
ester can provide us the true SAR to optimize the potency and
efficacy of the analogues. Conversion of endo-6-substituted
dehydroisoquinuclidine into its exo-isomer, a key component of
iboga-alkaloids has been achieved.
f compounds 4b and 5b.
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