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The key step in an attempted biomimetic synthesis of the
indole-diterpene mycotoxin emindole SB delivers the penta-
cyclic compound resulting from 6-endo cyclisation instead of
the product arising by the 5-exo reaction required in the
putative biosynthetic pathway.

In recent years, a variety of tremorgenic indole-diterpene
alkaloids have been isolated from fungi.1,2 In many cases, these
alkaloids possess significant bioactivity, and some have been
implicated as the causative agents for neurological disorders in
farm animals. Some of the compounds have been shown to have
potent insecticidal activity.2c,3

Alkaloids of the family generally possess an indole nucleus
connected to a partially or fully cyclised diterpene unit. For
example, emindole SB, isolated from the fungus Emericilla
striata, possesses an indole nucleus fused to a tricyclic diterpene
system.1i The related compound paspaline contains an addi-
tional ring formed by ring closure of the hydroxyl group onto
the side-chain alkene.1a,c In addition to these simple indole
diterpenes,1 several more complex alkaloids, in which the
indole system is adorned with further rings, have been
isolated.2

The fascinating structures of the indole-diterpene mycotoxins
combined with the synthetic challenges these compounds
present make them very attractive targets for total synthesis.
Several members of this family of alkaloids have been
synthesised and Smith and co-workers have made several
important contributions in this regard.4

As a prelude to the synthesis of complex indole-diterpene
natural products, we embarked on a biomimetic synthesis of
emindole SB.1i We hoped to synthesise the core structure using
a cascade reaction inspired by the putative biosynthetic pathway
to this compound (Scheme 1).1i A plausible biosynthetic
pathway to emindole SB was proposed by Kawai and co-
workers and was based on an earlier hypothesis5 involving an
acid-catalysed reaction of the epoxide 1.1i In this pathway, the
protonated epoxide 2 undergoes a polyene cyclisation reaction
to give the carbocation 3 as a transient intermediate. Subsequent
Wagner–Meerwein rearrangement occurs with one-carbon ring-
expansion to give a tertiary carbocation which then suffers
nucleophilic attack by the indole to give emindole SB.1i

To establish the feasibility of the biomimetic cascade
reaction, we selected the epoxide 9 as our cyclisation precursor
(Scheme 2). The epoxide 9 was designed so that the adjacent
vinyl group would facilitate either protic or Lewis acid
mediated opening of the epoxide by stabilisation of the incipient
positive charge. In addition, the indole nitrogen was protected

with a t-butyldimethylsilyl group rather than an electron-
withdrawing group, in order to retain its nucleophilic character
during the cyclisation event.

The synthesis of the epoxide 9 commenced with the
protection of farnesol (4) as its acetate and subsequent selenium
dioxide mediated oxidation, to give the allylic alcohol 5
(Scheme 2).6 The alcohol 5 was then protected as the
tetrahydropyranyl ether and the acetate group was removed to
give the alcohol 6 in high yield. The alcohol 6 was converted
into the corresponding allylic bromide using standard condi-
tions and the bromide was treated with a t-butyldimethylsilyl-
protected 3-lithioindole, to deliver the alkylated indole 7 in
excellent yield.7 Removal of the tetrahydropyranyl protecting
group and epoxidation of the resulting allylic alcohol using
Sharpless asymmetric epoxidation conditions, afforded the
epoxide 8.8 Oxidation of the alcohol was then performed using
Dess–Martin reagent, and the resulting aldehyde was converted
into the precursor 9 by standard Wittig methylenation.

Prior to completion of the synthesis, Rainier and Smith
reported the synthesis and Lewis acid mediated cyclisation of
the epoxide 10 (Scheme 3).9 Treatment of this epoxide with a
stoichiometric amount of boron trifluoride etherate at 240 °C
afforded an inseparable mixture of bicyclic products (20%
yield), arising from participation of both alkenes in the
cyclisation event. Removal of the phenylsulfonyl protecting
group provided emindole SA in 8% yield over two steps.
Significantly, capture of the final carbocationic intermediate by
the indole to form a pentacyclic system was not observed.9

The result above suggested that it might not be possible to
accomplish the complete cyclisation of our substrate (9).
However, our precursor differed significantly from that used by
Rainier and Smith,9 and had been designed so that the epoxide
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was activated to ring opening and the indole system was
inherently nucleophilic.

It transpired that our substrate does undergo complete
cyclisation when exposed to either methylaluminium dichloride
or boron trifluoride etherate at –78 °C (Scheme 4). However,
neither reaction delivered the compound 11 corresponding to
the core of emindole SB. Instead, treatment of the epoxide 9
with methylaluminium dichloride afforded the pentacyclic
compound 12a as a single isomer in 30% yield, whereas the
boron trifluoride etherate mediated reaction afforded the
desilylated pentacyclic compound 12b in 33% yield. The
cyclisation product 12a was a crystalline compound and so X-
ray crystallography was used to establish the relative configura-
tion of the six stereogenic centres (Fig. 1).†

The successful construction of the pentacyclic compounds
12a and 12b by Lewis acid mediated cyclisation of the substrate
9 contrasts with the results obtained by Rainier and Smith upon
cyclisation of the related epoxide 10.9 In our reaction, three
rings, three carbon–carbon bonds and four stereogenic centres
were constructed in a highly regioselective and stereoselective
manner in a single operation. In addition, the products obtained
from our reactions indicate that the second ring is formed by a
6-endo cyclisation reaction rather than the 5-exo reaction
required to mimic the key reaction (2 ? 3) in the proposed
biosynthetic pathway (Scheme 1).1i This suggests that the
biosynthetic pathway is incorrect or that the 5-exo ring-closure
event is controlled by a fungal enzyme in vivo.

Notes and references
† Crystallographic data for 12a: C30H45NOSi, M = 463.76, hexagonal,
a = 14.1741(4), c = 75.735(4) Å, U = 8189.4(6) Å3, T = 150 K, space
group P 6522 (no. 179), Z = 12, µ(Mo-Ka) = 0.11 mm21, 33782
reflections measured, 6322 unique (Rint = 0.10), 4803 were used in all
calculations. The final wR(F2) was 0.26 for all data, R1(F) was 0.091 for
3301 observed data where I > 2s(I). CCDC 205222. See http://
www.rsc.org/suppdata/cc/b3/b302105j/ for crystallographic data in .cif or
other electronic format.
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Scheme 2 Reagents and conditions: i, Ac2O, Et3N, DMAP (5 mol%), CH2Cl2, rt (96%); ii, SeO2 (5 mol%), salicylic acid (10 mol%), t-BuOOH (3 equiv.),
CH2Cl2, rt (46%); iii, dihydropyran (1.5 equiv.), PTSA (5 mol%), CH2Cl2, 0 °C; iv, K2CO3, MeOH, rt (94% over 2 steps); v, PPh3, Br2, Et3N, CH2Cl2, –20
°C; vi, 1-t-butyldimethylsilyl-3-bromoindole, t-BuLi, THF, 278 °C (83% over 2 steps); vii, PPTS (5 mol%), PTSA (5 mol%), EtOH, rt (80%); viii, Ti(i-PrO)4

(5 mol%), diethyl L-(+)-tartrate (7.5 mol%), t-BuOOH (2 equiv.), CH2Cl2, –20 °C (88%); ix, Dess–Martin reagent, CH2Cl2, rt; x, MePPh3
+ Br– (5 equiv.),

NaHMDS (4 equiv.), THF, 0 °C (50% over 2 steps).

Scheme 3

Scheme 4 Reagents and conditions: i, MeAlCl2 (1.1 equiv.), CH2Cl2, 278
°C (30% 12a); ii, BF3·OEt2 (1.1 equiv.), CH2Cl2, 278 °C (33% 12b).

Fig. 1 The X-ray crystal structure of the product 12a (ellipsoid plot at 30%
probability level).
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