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ABSTRACT

A strategy for the structural modification of biologically important alkene-containing natural products via ring-opening olefin metathesis is
described. Exposure of manzamin e A 1 to the second-generation Grubbs catalyst in the presence of ethylene leads to the formation of 2 and
4. The antibacterial activity of the novel manzamine analogue 2 (IC 50 ) 0.10 nM) against Mycobacterium intracellulare is ca. 2-fold more potent
than that of ciprofloxacin (IC 50 ) 0.18 nM), a drug that is frequently used against antibiotic-resistant infections.

The synthesis of novel structures with important biological
properties remains an important challenge. Natural products
have often served as lead structures for the development of
new chemotherapeutic agents because they enjoy both
biological activity and bioavailability.1 We outline herein a

strategy for the transformation of naturally occurring com-
pounds to novel structures using olefin metathesis as the key
step.2

While the literature is now replete with examples of the
use of olefin metathesis for the formation of cyclic struc-
tures,3 the metathesis reaction was first developed as a ring-
opening reaction (ROMP) by Grubbs and co-workers.4 We
have applied this idea to the ring-opening metathesis reaction
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of cycloalkene-containing natural products, notably manz-
amine A,1. Manzamine A and related structures are highly
potent, orally bioavailable antimalarial agents that are more
effective than most currently available therapeutics, i.e.,
chloroquine and artemisinin.5 In addition, some members of
the manzamine family have also exhibited activity against
the AIDS-opportunistic infectious diseases including tuber-
culosis and toxoplasmosis. We have recently described the
de novo synthesis and biological activity of partial structures
of manzamine A,1.6 We report herein that the structural
modification of manzamine A using olefin metathesis leads
to the highly efficient formation of novel structures with
important biological properties.

In an effort to determine the importance of the pentacyclic
ring system in the observed antimalarial and antiinfective
properties of1, we sought to prepare analogues of1 lacking
either or both of the D and E rings, as shown in2-4. We
reasoned that exposure of1 to ethylene and the Grubbs
catalyst could lead to the formation of these three new
analogues, in which the D ring, the E ring, and both the D
and E rings, respectively, were cleaved by ring-opening

metathesis with ethylene to generate tetracyclic [i.e.,2
(ABCE) and 3 (ABCD)] and tricyclic [i.e., 4 (ABC)]
analogues of manzamine A. The presence of multiple basic
amine functionalities in1 would appear to preclude success-
ful reaction with the Grubbs catalyst.7 However, exposure
of the hydrochloride salt of1 to 15 mol % of the second-
generation Grubbs catalyst under one atmosphere of ethylene
at 25 °C leads to the formation of a 4:1 mixture of
manzamine-derived diene2 and tetraene4 in 73% combined
yield (Scheme 1). This remarkable reaction leads to the
selective formation of one of the two possible tetracyclic
analogues as well as the tricyclic analogue of manzamine A
in just two steps from1.

The selective formation of2 in the metathesis ring opening
of 1 and the failure to observe3 under our reaction conditions
is consistent with the partitioning of1 between2 (major)
and3 (minor). The formation of3 must then be followed by
a rapid ring-opening of the macrocyclic tether to generate
4. In contrast, the azocine alkene of2 is inert under these
reaction conditions, a result that can be attributed to the more
stable conformation of the azocine ring in2 relative to that
of 1. In accord with this analysis, exposure of3 (vide infra)
to the metathesis reaction conditions leads to the rapid
formation of4.

The preparation of tetracyclic analogue3 was achieved
by the reaction sequence outlined in Scheme 2. Regioselec-

tive dihydroxylation of the∆15,16 macrocyclic alkene of1
led to the stereoselective formation of the 15,16-dihydroxy-
manzamine5. Diacetylation of5 generated6, the substrate
for the Grubbs metathesis opening of the azocine ring.
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Scheme 1. Metathetic Ring Opening of Manzamine A1

Scheme 2. Synthesis of Tricyclic Manzamine Analogue3
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Exposure of6 to the Grubbs catalyst led to the formation of
the ring-opened product7 in 90% yield, based on recovered
starting material. Hydrolysis of the diacetate, followed by
reaction of the derived diol with thiocarbonyldiimidazole,
provided8. Our initial attempts at regeneration of the∆15,16

macrocyclic alkene by reaction of8 with triethylphosphite
led to the loss of the C-12 tertiary carbinol. Treatment of
the derived C-12 silyl ether with triethylphosphite under the
same reaction conditions led to the regeneration of the∆15,16

alkene, with the retention of the C-12 silyl ether. Deprotec-
tion of the intermediate silyl ether with fluoride afforded3,
the net result of metathetic ring opening of the azocine ring
of manzamine A,1.

The results of the biological testing of these new analogues
are presented in Table 1. None of the new analogues are
more potent than manzamine A againstPlasmodium falci-
parum, although both of the tetracyclic analogues2 (ABCE)
and3 (ABCD) are within an order of magnitude of1 in their
antimalarial activity.

The tetracyclic analogue2 (ABCE) is more potent than1
in both antimicrobial and leischmanicidal activity and is
comparable or superior to currently available standard
therapies, i.e., ciprofloxacin and pentamidine, respectively.
As noted in the table, the activity of2 (0.10 nM) against the
AIDS-opportunistic infectionMycobacterium intracellulare
is greater than that of1 (0.36 nM) and ca. 2-fold more potent
than ciprofloxacin (0.18 nM), a clinically important anti-

bacterial therapeutic. The antileishmania activity of2 is
equally impressive (2.1 nM). It is superior to that of1 (6.2
nM) and to that of pentamidine (47 nM), a clinically
important antiprotozoal agent. It is particularly noteworthy
that compound2 (TC50 g 8.1 nM) is almost 4 times less
toxic than manzamine A (TC50 ) 2.2 nM), an important
indication of the potential importance of these new com-
pounds as therapeutic agents.

These results underscore the significance of the covalent
modification of manzamine A that leads, in two chemical
steps, to a new analogue2, which is superior to1 both against
a clinically important AIDS-opportunistic infection and
against lechmaniasis. Further studies on the structural
modification of this important lead compound are currently
underway in our laboratory, and our results will be reported
in due course.
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Table 1. In Vitro Screening Results of Manzamine A and Analogues

P. falciparum
(antimalarial, IC50 nM)

M. intracellulare
(antibacterial, IC50 nM)

L. donovani
(antiprotozoal, IC50 nM)

manzamine A 1 25 0.36 6.2
ABCE tetracyclic analogue 2 190 0.10 2.1
ABCD tetracyclic analogue 3 130 0.43 29
ABC tricyclic analogue 4 1290 1.6 7.6
ciprofloxacin 0.18
pentamidine 47
chloroquine 53
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