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Abstract: The total syntheses of three marine bis-indole alkaloids (1, 2, 4) of the topsentin family together
with the synthesis of the unnatural deoxybromotopsentin (33) are described. Key elements include, a 1,2-
addition—oxidation sequence to construct the bis-heteroarylketones (18, 19, 29, 30) and a Pd-catalyzed
heteroarylation involving the 3-stannylindoles (12, 26)
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During the recent years the transition metals catalyzed cross-coupling methodology has provided versatile
new routes in heterocyclic chemistry that have led to remarkable achievements in areas ranging from natural
products synthesis to newly designed materials preparation.] In the course of synthetic studies we22 and
others2b have recently reported a short route to the rare 3-(5-imidazolyl)indole derivatives based on such a
methodology. With a view to extending the synthetic utility of this approach we contemplated its incorporation
into a reaction sequence aimed at the total synthesis of the topsentins (1-4, Schemel), a small group of closely
related and biologically active bis-indolylimidazoles recently isolated from sponges.3 Structurally these
compounds feature a 2-acylimidazole inserted between two indole units substituted or not on the benzene rings
(Scheme 1).
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Scheme 1

Two strategically related syntheses3b’4 of compounds 1 and 2 featuring an elegant condensation of two 3-
glyoxylylindole derivatives with ammonia3b as the key step were recently carried out as part of the structural
elucidation of these natural products.

We wish to report herein on a totally different route to these compounds which, according to obvious
disconnections, relies on successive indole introduction onto a functionalized imidazole derivative (Scheme 1).

5503



5504

Thus, alkylation involving indole derivatives 6 and imidazoles 7 followed by oxidation of the resulting alcohol
was expected to provide the required iodo-bis-heteroarylketone suitably disposed for the attachment of the
second indolyl group at the site of iodine substitution through Pd-catalyzed coupling with 3-stannylindole
derivatives 8. Recently a conceptually similar approach has been used in the total synthesis of nortopsentin DS
§ (Scheme 1), the simplest member of this family of natural products.

The synthesis of deoxytopsentin 1 and topsentin 2 that share a common unsubstituted indolyl moiety was
first attempted. To this end, the requisite 3-formylindole derivatives 96 and 107 as well as iodoindole 118 and
stannane 129 (Fig. 1) were readily prepared through well-established procedures.
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Compounds 9 and 10 were then reacted with 2-lithioimidazole 1510 o provide alcohols 16 and 17,
respectively.ll Subsequent oxidation with MnQ2 in dichloromethane gave the corresponding ketones 18 and
19 in good yields. The iodides 18 and 19 were then independently subjected to cross-coupling reaction with
stannane 12 in the presence of PdCl2(PPh3)2 and Cull2 as co-catalyst to furnish the protected topsentins 20
and 21, in fairly good yields. Finally, compounds 20 and 21 underwent facile saponification and
hydrogenolysis under standard conditions to give deoxytopsentin 1 and topsentin 2, respectively (Scheme 2).
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Scheme 2. reagents and conditionsi) 15 (2 eq.) on 9 or 10, THF,-78° C to 0° C, 63-84%; ii) MnO,, CH,Clp, 1t,
5h, 95%; iii)18 or 19, PACI(PPh3),, Cul, 11, DMF, 100° C, 2h, 76-81%; iv) 10%KOH, EtOH-THF, reflux, 2h,
86-97%; v) EtOH, HCO; NH4*, 10% P4-C, reflux, 4h, 88-96%.

Next, we addressed the synthesis of the somewhat more complex bromotopsentin 4, which required prior
formation of stannane 26. To this end, the known 6-bromoindole 2213 was transformed into the bis-haloindole
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24 in high yield upon iodination!4 and N-phenylsulfonylation. Treatment of 24 with hexabutylditin in the
presence of Pd(PPh3)2Cl2 as catalyst then furnished the required stannane 26 in good overall yield (Scheme
3). With compound 26 in hand we turned our attention to the preparation of its coupling partner, i.e.
imidazoloindole 29. This was readily achieved by a three step-process: metalation of the protected 6-hydroxy-
3-iodoindole 25, addition of the resulting 3-lithioindole to 2-formylimidazole 1315 and oxidation (Scheme 3).
Indole 23, precursor of 25, was obtained in a straightforward manner from the methoxymethylether of 4-
hydroxybenzaldehyde following Moody's procedure.” Cross-coupling between stannane 26 and
imidazoloindole 29 under the conditions used previously provided the bis-indole derivative 30 whose
deprotection proceeded efficiently to afford the natural bromotopsentin 4. Similarly, when the coupling
reaction was carried out with imidazoloindole 30, under otherwise identical conditions, the unnatural
deoxybromotopsentin 33 was obtained via bis-indole 32 (Scheme 3). In both cases the chemoselectivity of the
cross-coupling reaction was remarkable, in agreement with the established order of reactivity. 16

1 SnBujy
i ii on 24
X y———— X EE——— -} \
N N
H N

SO,Ph SO,Ph
22 X=Br 24 X = Br 26
23 X = OMOM 25 X = OMOM
HO SEM SEM
iii \Nl iv 9 ‘Nl
250r11 — NN —————— NN
X \ X
N N
SO,Ph SO,Ph
27 X = OMOM, 68% 29 X = OMOM, 92%
28 X=H, 61% 30X =H, 90%
SEM H
o N o N
v | vi, vii |
_— N —_—— N
\ / Br X \ Br
N
SO,Ph gOZPh lr:‘i }N{
31 X = OMOM, 77% 4 X = OH; Bromotopsentin
32X =H, 714% 33 X = H; Deoxybromotopsentin

Scheme 3. reagents and conditions: i) KOH, I, DMF, 1t ; workup then NaH, DMF-THF, PhSO,Cl, 2h, 95%; ii)
PACly(PPh3),, (BusSn);, DMF, 100° C, 30 mn, 65-71%; iii) t-BuLi/ THF/ ~90°C/ 30 mn, then add 13, warm to 0° C
over 4h; iv) MnOy, CH,Cly, 11, 4h; v) 26, PAClp(PPhs),, Cul, DMF, 120° C, 2h; vi) KOH, EtOH-THF, reflux, 2h,
92-95%; vii) SM HCI, ETOH, reflux, 3h, 68%.

In summary, a unified strategy leading to the synthesis of three topsentins17 (i.e. 1,2 and 4), including the
first total synthesis of bromotopsentin 4, has been developed. Noteworthy here is the target-oriented nature of
our approach which avoids the random product distribution inherent in Rinehart's route3b toward the
unsymmetrically substituted topsentin 2. Furthermore, the versatility of the palladium-catalyzed reactions
together with the high convergency of the above strategy should allow for the preparation of a range of
potentially bioactive analogs.
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