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Abstract—We have devised a novel strategy for the total synthesis of the manzacidins. Our approach utilizes an isothiourea
iodocyclization strategy to directly form the heterocyclic core, and in the process induce stereoselectivity at the quaternary center.
We have found that cyclization can be achieved using an isothiourea as the nucleophilic partner. Cyclization proceeds smoothly
using IBr at low temperature, affording an advanced intermediate along our proposed route to manzacidin A in 92% yield. We
have demonstrated the scope of the reaction by preparing several cyclic isothioureas, including an intermediate on our proposed
route for the synthesis of manzacidin D. © 2003 Elsevier Science Ltd. All rights reserved.

Todocyclizations of olefins with a wide variety of func-
tional groups have been extensively studied.! Cycliza-

tions involving carboxylic acids, carbonates and R" R* X manzacidin
alcohols in particular have been widely used in natural “R? H H Br A
product synthesis. By contrast, few examples of elec- OH H Br B
trophilic cyclizations between olefins and isothioureas® H H H Br (9ep) C

or amidines® have been reported in the literature. Iodo- o] N H Me H D
cyclizations in general often afford excellent diastereo- |y

control, but this had not yet been studied for iso- X

thioureas, prior to this work. We felt that this reac-
tion would be ideally suited for synthesis of the Figure 1. The manzacidins.
manzacidins.

The manzacidins are a class of alkaloids having a novel
cyclic amidine core (Fig. 1). Manzacidins A, B and C
were isolated from the Okinawan sponge Hymeniacidon
sp.,* while manzacidin D was isolated from the
coralline demosponge Astrosclera willeyana.® Three of
the four manzacidins contain a bromopyrrole residue.
Manzacidins A and C, epimers at C-9, have been
synthesized by Ohfune and co-workers,® and by Wehn
and Du Bois,” while manzacidins B and D have not yet
been synthesized.

Q H 0 o)
H
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Our retrosynthetic analysis is depicted in Figure 2. The T — RO Y —, RO 2
bromopyrrole carboxylate was envisioned to be N NH
installed last in the synthesis by a straightforward ester- Me |

ification reaction, as had been done by Ohfune and
co-workers. The requisite hydroxyl group could be o
derived from a halide. The formamidine unit could be

— ROJI\/NHZ

* Corresponding author. Figure 2. Retrosynthesis of manzacidin A.
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derived from a suitable precursor. In practice, a methyl
isothiourea was chosen for this position. The key to our
retrosynthesis is to construct this intermediate via a
iodocyclization of the olefin precursor. We felt that
such a cyclization would prove highly stereoselective,
given ample literature precedent employing related
functional groups such as carbamates and carbonates.!?
A second advantage of this disconnection is that it
simplifies the synthesis, since the cyclization precursor
can be prepared by alkylation of a protected glycine.

Synthesis of the amine precursor was performed in
straightforward fashion as shown in Scheme 1. Com-
mercial glycine tert-butyl ester hydrochloride 1 was
protected as its benzophenone imine derivative 2. Alkyl-
ation proceeded smoothly in good yield over two steps.®
Deprotection of the benzophenone imine was poten-
tially problematic due to the sensitivity of the gem-dis-
ubstituted olefin as well as the tert-butyl ester to acid,
but conditions were found where selective deprotec-
tion to 4 occurred (HCI, THF/H,O, 0°C, 5 min). Iso-
thiourea cyclization substrates 5 were prepared easily
from 4 according to literature procedure (Table 1).°

With the requisite substrates in hand, we next turned
our attention to the key iodocyclization. We first inves-
tigated the cyclization of isothiourea substrate Sa,
which proved facile under a variety of conditions
(Table 2). Cyclization of 5a proceeded readily using
iodine (entries 1-4) with moderate stercoselectivity.
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Scheme 1.

Table 1. Preparation of isothioureas

Compound R! R? R3 Yield (%) from 4
5a Me H Me 66
Sb Me H Bn 34
Sc H H Me 67
5d Me Me Me 35

Table 2. Todocyclization of alkenyl isothiourea 5a®

5a —

Entry  Reagent(s) Temp. (°C), time Yield% (d.r.)®

1 1, rt, 1.5 h 78 (9:1)

2 I,, pyridine® rt, 3.5 h 77 (9:1)

3 1, 0, 16 h 85 (9:1)

4 I,, MeCN 0,16 h 82 (5:1)

5 NIS rt, 16 h 80 (8:1)

6 IBr rt, 10 min 91 (9:1)

7 1Br 0,1.5h 95 (11:1)

8 IBr —78,2h 95 (>20:1)

9 1Br, toluene —78, 16 h Incomplete
reaction

10 1C1 —78,2h 87 (7:1)

@ Except where noted, all cyclizations were performed in CH,Cl,,
using 1.5 equiv. of iodinating reagent.

® Diastereomeric ratios were determined by 400 MHz NMR of crude
reaction mixtures.

€10 equiv. pyridine in CH,Cl, were used.

Addition of pyridine had been reported for cyclization
of primary thioureas,” but in this system, its only effect
was to retard the rate of product formation (entry 2).
Use of MeCN instead of CH,Cl, (entry 4) gave lower
stereoselectivity and a longer reaction time. The greater
reactivity of IBr and ICI allowed reactions to be per-
formed at —78°C (entries 7-10). Optimized conditions
with IBr at —78°C in CH,Cl, (entry 8) gave excellent
yield and diastereoselectivity.

We propose that the observed diastereoselectivity can
be rationalized by considering a chair-like transition
state for attack on the iodonium ion, where the ester
and iodonium ion sit in a pseudo-equatorial position,
and the methyl group is oriented pseudo-axially (Fig.
3). Similar models have been proposed to explain allylic
and homoallylic induction for iodocyclization of
thioimidates.'®

Having established optimal conditions for cyclization,
we decided to examine the scope of this transformation
with substrates Sb-d (Scheme 2). Cyclization again
proceeded readily for all three substrates. Substitution
of a benzyl group at sulfur for substrate Sb did not
affect the stereoselectivity, but proceeded in lower yield.
Reducing the nucleophilicity of the olefin by employing
a terminal olefin in substrate Sc¢ did not impede cycliza-
tion. Finally, substitution on nitrogen is tolerated by
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Figure 3. Proposed transition state.
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5
6
6b: 67 % yield, >20:1 dr
6¢: 90 % yield, 90% purity >20:1 dr
6d: 95 % yield, >20:1 dr
Scheme 2.

the reaction, giving substituted cyclic isothiourea 6d, in
excellent yield and diastereoselectivity. We were partic-
ularly gratified by this result, since we envisage that 6d
can be converted to manzacidin D.

The following procedure is typical for the cyclization
experiments: To a 0.1 M solution of isothiourea in
CH,CI, at —78°C was added IBr (1.5 equiv.). The flask
was wrapped with foil, and stirred in the dark at —78°C
for 2 h. The solution was warmed to rt, washed with
IN NaOH and two portions H,O. The organic phase
was dried over Na,SO,, filtered and concentrated in
vacuo. The purity and diastereomeric ratio were
assessed by 400 MHz 'H NMR. Except where noted,
the product was >95% pure. The compounds prepared
in this study were found to be somewhat unstable upon
storage for several days, and characterization needed to
be completed immediately upon preparation.

Finally, conversion of the iodide to a functional group
suitable for our synthesis was investigated (Scheme 3).
Considering the ester linkage of the manzacidins, we
attempted displacement with benzoate, as a model for
the bromopyrrole carboxylate. To our surprise, how-
ever, intramolecular attack predominated, affording the
bicyclic product 7, along with recovered 5a. This ring
system has not been previously observed, and warrants
further study, although we chose not to pursue its
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Scheme 3.

conversion to manzacidin A. Solvolysis promoted by
silver salts afforded alcohol 8.

In conclusion, we have succeeded in forming the core
ring system of manzacidins A and D using a
diastereoselective isothiourea cyclization. We are cur-
rently investigating the conversion of compound 8 to
manzacidin A, conversion of 6d to manzacidin D, and
the chemistry of the novel ring system of 7, and we will
report our results in due course.
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