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ABSTRACT

The bis indole sponge alkaloid dragmacidin E was synthesized in racemic form over 25 steps starting from 7-benzhydroxyindole. Key steps
include (a) a Witkop cyclization to facilitate construction of the indole-spanning seven-membered ring and (b) a cyclodehydrative pyrazinone
synthesis that unites the two indole-containing sectors.

The bis indole alkaloid dragmacidin E (1) along with its
congener dragmacidinDwas isolated from a Spongosortes
sp. collected inAustralianwaters (Figure 1).1 Both of these
species are described as exhibiting potent serine-threonine
protein phosphatase inhibitory activity. The challenges
inherent in the unique molecular architecture of 1 and
related species dragmacidins D and F have fueled much
synthesis effort,2,3 culminating in total syntheses of drag-
macidins D and F by Stoltz and colleagues.2 Our own
efforts have focused on dragmacidin E and, in particular,
the assembly of the cycloheptannelated indole core via
application of diradical cyclization chemistry to forge the
key C(400)�C(6000) bond.4 Additionally, successful prepara-
tionof 1will have toutilize chemistry that is not derailedby

(1) severe steric congestion along the upper rim of the
cycloheptanoid unit, (2) ring strain resulting from installa-
tion of five contiguous sp2 carbons in a seven-membered
ring, and (3) the sensitive guanidine unit. Preliminary
studies that probed these issues resulted in the preparation
of themodel system 2, lacking both theC(700) hydroxyl and
the C(60) bromide.4b In this report, the application and
extension of this chemistry to the total synthesis of the
intact (()-dragmacidin E target is described. The key
transformative step involves Witkop cyclization5 of a
tryptophan derivative to deliver the C(300)�C(400) bridged
indole core of the target.

Figure 1. Dragmacidin E (1) and a simpler model compound 2.
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The synthesis plan commenced with preparation of the
Witkop cyclization precursor 6 from the known 7-diphe-
nylmethyl ether of indole, 3, itself available via Bartoli
indole synthesis in two steps,6 Scheme 1. Installation of the
tryptophan side chain proceeded via initial formylation of
3 at C(3) and then Emmons�Horner alkene extension
with the anion of methyl (2,2-dichloropropionylamino)-
(dimethylphosphoryl)acetate to furnish the (Z)-dehydro-
tryptophan derivative 5. Exposure of 5 to catalytic
Wilkinson’s catalyst and high pressure hydrogen gas
served to both saturate the side chain and cleave the
diphenylmethyl ether function at C(700) to deliver the
Witkop substrate 6 following deprotection of the indole
nitrogen.

The key Witkop cyclization proceeded smoothly
upon irradiation of dilute solutions of 6 in acetonitrile
in a quartz vessel with 254 nm light, Scheme 2. The
isolated product, 13, represents one of the highest

yielding Witkop cyclizations reported to date.8 The
Witkop cyclization has been subject to numerous
mechanistic studies7 and has been utilized as a pivotal
step in many total syntheses of cognate indole alkaloids.8

Application of the consensus Witkop mechanistic
paradigm to the chemistry of 6 is detailed below. This
speculation features two consecutive photochemically
mediated electron transfers that labilize both C�Cl
bonds for further chemistry. In the first sequence, chloride
loss promotes diradical 8 generation, and regioselective
closure within 8 then constitutes the key C�C bond
forming step of this Witkop cyclization. A subsequent
photoelectron transfer within 9 provides a low-energy
pathway for Cl�, and then Hþ, loss to deliver the enone
product 13, although it is not unreasonable to imagine that
HCl loss may proceed from 9 without intervention of
excited state chemistry.

Conversion of the eight-membered bridging lactam
into a cycloheptanoid structure constituted the next
synthesis objective, Scheme 3. This formal one-atom
ring contraction could be effected by initial conjugate
addition of hydride to the enone unit, which promoted
a Dieckmann cyclization of the first-formed enolate 14.
The strained tetracyclic product 15 was readily hydro-
lyzed to deliver the desired cycloheptane-bridged in-
dole substructure of dragmacidin E, 16. Tricycle 16was
formed as an inconsequential mixture of stereoisomers
at C(6000); both diastereomers later converged to the
same product.
Conversion of the C(5000) carbonyl into the spiroimida-

zolone unit with correct relative stereochemistry defined
the next task, Scheme 4. Functionalizing this ketone
proved quite challenging, and curiously, related difficulties

Scheme 1. Synthesis of the Witkop Cyclization Precursor
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did not plague the similar des-C(700)-oxy model system
preceding 2; the long-range reactivity-altering effects of
the C(700) OBn unit on the chemistry of the C(5000)
carbonyl were not anticipated. Through much trial-
and-error, an effective and reproducible Strecker re-
action-based experimental procedure utilizing metha-
nolic ammonia at elevated temperature (75 �C) in a
sealed tube, followed by rapid TMSCN addition to the
crude reaction mixture, was developed. Diastereo-
meric cyanoamines 17a and 17b were formed in an
∼5:1 ratio favoring the desired isomer 17a; in the
model system preceding 2, only the desired diastereo-
mer was produced. Epimerization at C(6000) during the
reaction ensured that only the most thermodynami-
cally favorable cis methyl/NHBOC stereochemical
arrangement emerged from these Strecker reaction
conditions. Diastereomers 17a and 17b could be sepa-
rated by chromatography, and the free amine of major
isomer 17a was immediately protected as its methyl
carbamate. Without this protection, attempted trans-
formations on 17a/17b tended to promote retro-
Strecker reaction and deliver either an imine of 16 or
16 itself following imine hydrolysis. This methyl car-
bamate was subjected to the nitrile reduction condi-
tions of Satoh.9 The crude amino carbamate product
was cyclized to furnish the imidazolone unit within
18 under base mediation, which removed the indole
N-BOC group as well. The relative stereochemistry of 18
was established by single crystal X-ray analysis, as indicated
in Scheme 4.10 Functionalization of 18 at C(6) was required
to install the pyrazinone ring of dragmacidin E, and that
operationwas accomplished byDDQ-mediated oxidation
of this indolic position. Subsequent reduction of the C(6)
carbonyl to a pair of labile alcohols, and then conver-
sion of those alcohols to the diastereomeric azides 20,

proceeded through standard transformations. The rela-
tive stereochemistry at C(6) was not germane to the
synthesis effort.
Coupling the tetracyclic indole core unit 20 with the

second indole component, in the form of acid chloride

21,11 was preceded by azide reduction to the primary

amines, Scheme 5. The product amide 22 was formed

as an ∼2:1 mixture of diastereomers at C(6); both

species were useful. Pyrazinone formation proceeded

through a two-stage protocol involving first cycliza-

tion of the primary amine liberated by TFA-mediated

deprotection of the C(5) NHBOC moiety with the

indolic ketone of 22 to give a dihydropyrazinone

product. This pale yellow species immediately was

subjected to DDQ-based oxidation to deliver the

stable pyrazinone-containing product 23 as a bright

yellow solid.
Completion of the dragmacidin E synthesis required

successful execution of two transformations: (1) conver-

sion of the spiroimidazolone’s urea unit into a guanidine,

and (2) removal of the C(7000) benzyl protecting group.

A priori, it was not clear which maneuver should be

approached first. As it turned out, initial work on the

imidazolone unit proved satisfactory, Scheme 6.O-Methy-

lation of the nucleophilic carbonyl oxygen within the urea

appeared to be slightly more facile than methylation at

other potentially nucleophilic sites in 23, and so moderate

yields of the 2-methoxyamidine analogue of 23 could be

isolated under carefully controlled reaction conditions.

Scheme 3. Synthesis of the Cycloheptannelated Indole Core Scheme 4. Installation of the Spiro 2-Imidazolone; Structural
Determination by X-ray Analysis
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Replacement of theMeO function with NH2 was accomp-
lished by heating a methanolic solution of this 2-methox-
yamidine with ammonia in a sealed tube, and the sensitive
guanidine-containing product was subjected to the benzyl
ether deprotection conditions reported by Stoltz in his
dragmacidin D synthesis2a to give, following SiO2 chro-
matography, (()-dragmacidin E (1) in modest yield. The
final structural identity of synthetic 1 was derived from a
comparison of the 1H and 13C NMR spectral data with
those described by Capon and by coinjection HPLC with
an authentic sample of natural dragmacidin E (see Sup-
porting Information for details).
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Scheme 6. Completion of Dragmacidin E Synthesis via
Guanidine Introduction

Scheme 5. Merging the Two Indole Cores; Synthesis of the
Pyrazinone 23


