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Indoleamine-2,3-dioxygenase (IDO; EC 1.13.11.42) catalyzes the
oxidation of tryptophan ttN-formylkynurenine in the first and rate-
limiting step in the metabolic degradation of this essential amino
acid! IDO is thought to be responsible for providing immune
protection to developing mammalian fetal tissue during gestation
by decreasing local tryptophan availability and thereby suppressing
the maternal T-cell based immune respohecells are exquisitely
sensitive to tryptophan depletion, which prevents them from
undergoing antigen dependent activation, causes them to arrest in
G;, and leads to apoptosis and immunosuppressianaddition,

IDO is overexpressed in most tumors, so a role for the enzyme in
the immune escape exhibited by solid tumors has been propose
that parallels the role postulated for IDO in the placéftta.

Marshalling the immune system against solid tumors is an attractive

approach to treating cancer, which makes IDO an appealing drugt0 carbon (Cx 15; CH x 2, CHp x 4, CH x 4). A LRESIMS

target’ Muller et al. have reported significant regression of )
established tumors in @ mouse model system by combining even ameasurement made in MeOH gave a [Mgn atm/z 492.2, and

relatively poor IDO inhibitor (e.g., 1-methyltrptophan) with cytotoxic th?wf?r&rllqi]rf iﬁpf;'k:nim ?f'?ﬁ 5in[in[ %‘a\é? a [hrfrsog ame/rz 49)(6'5 ' N
agents such as paclitaxel, many of which were ineffective when co g that the four remaining hydrogen atoms were exchange-

used aloné. These in vivo experiments have provided proof of able.’H,5N gs-HMQC correlations identified five distinct nitrogen

principle demonstration for the potential value of IDO inhibitors resonancesy(—349, N-26;-310, N-15,-275, N-20,-248, N-22;

; —218, N-1), also in agreement with the HRMS data.

In cancer treatment. Fragments of exiguamine ALY could b mbled from th
Most known IDO inhibitors are tryptophan analogues that are 2D Nal\?IRed ts oF_e gui Ae Xclou ﬁ. ﬁsf;z 969 H;)-25' €

active only at concentrations af10uM and, therefore, are marginal ata (Figure 1). A complex multiple 99 ( )

drug candidate® As part of a program designed to find more potent Ht'\/lz%(; to 3284".3):&0\'\’51 %O;chor;zla:tlonzro a:js?golnc: n:u;ng;et
IDO inhibitors belonging to new structural classese have at 2.92 (H-24. QC to -3) and to a broad singlet at 7.

screened a library of marine invertebrate extracts for their ability |(_|NMH3'(2:6)' Th? ?'24 treson_a;nce and the NH;(;gzgnaNn_cZ%showed
to inhibit purified recombinant human IDO in vitro. A MeOH Q correfations fo a nitrogen resonanca . ( ) in .
extract of the spongBleopetrosia exiguaollected in Papua New agreement with the presence of an ethylamine moiety. A methine

Guinea showed potent activity in the assay. Bioassay guided éth'feiéi’;nzcez';Hzg g?nzh?;’_\’zef %sz\gnzc ;ﬁgﬁg'oﬁdgg‘e
fractionation revealed that the novel alkaloid exiguamindwas A lati ¢ b - séa]?20.7 ():_3 1213 (C-4
the major IDO inhibitory component of the crude extract. Details CﬁgigéOSnSCOzQig.ont.:]es%n?rt'ﬁe th mn( m)" i 3 ( it )’h d
of the isolation, structure elucidation, and biological activity of a o (. -2) indicating that the e ylamine molety was attache
exiguamine A are presented below to a trisubstituted double bond. The methiné &30 (H-2) showed
Neopetrosia exiguél40 g wet wt) was collected by hand using a COSY correlation to an exchangeaple resonandeldt10 (NH-
SCUBA in Milne Bay, Papua New Guinea and frozen on site. 1) and .HMQC correlation to the nitrogen resonancé &218 .
Freshly thawed specimens were extracted exhaustively with MeOH, (N-1), which demonsirated that C-2 was bonded to an NH. A pair

which was evaporated in vacuo to give a brown gum (5.6 g). The of carbon resonances at173.4 (C-5 or C-8) and 179.7 (C-5 or
o . : C-8) were assigned to quinone carbonyls. Weak HMBC correlations
gum was partitioned between water andutanol, and the bioactive

n-butanol soluble material was fractionated via several rounds of observed between H-2(7.30) and both of the quinone carbonyl

. - - . resonances, assigned to W coupling, and between NH1B(10)
re\_/ersed_ phase. HPLC (Supporting Information) to give pure and carbon resonancesX179.7 (C-5 or C-8), 173.4 (C-5 or C-8),
exiguamine A L: 20 mg).

120.7 (C-3), 126.5 (C-2), and 131.6 (C-9), were consistent with
T Department of Earth and Ocean Sciences and Chemistry, University of British fragmentl shown in Figure 1.

Exiguamine A () was isolated as deep-red optically-inactive
crystals that gave a [M]ion at m/z 492.1882 in the HRESIMS
Oconsistent with an elemental composition ofs#,sNsO¢ (calcd
492.1883). The'C NMR spectrum showed 25 well-resolved
resonances in agreement with the HRMS analysis, and the HMQC/
DEPT data indicated that 22 of the 26 hydrogen atoms were attached

Columbia. i 1] i ;

I'Department of Biochemistry and Molecular Biology, University of British An isolated*H spin system composed of two sets of adjacent

Columbia. methylene protonsd(3.22, H-17; 3.73, H-17 HMQC to 6 28.5:

;Departmentfof Chen&istry, University of British Columbia. 3.84, H-16; 4.17, H-16 HMQC to 67.4) was identified from the
University of Amsterdam. DN v '

#Universig of Papua New Guinea. COSY, HMQC, and HMBC data. A pair of methyl resonances at
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Figure 1. Fragments of exiguamine ALY identified from NMR data.

0 3.43 (Me-27: HMQC tod 54.3, HMBC to 53.2) and 3.51 (Me-
28: HMQC to ¢ 53.2, HMBC to 54.3) each showed HMBC
correlations to the carbon correlated to the other methyl resonance
in the HMQC spectrum, indicating that the methyls were geminal,
and their carbon chemical shifts suggested they were attached to
nitrogen. The Me-27 and Me-28 resonana&8.43 and 3.51) both
showed HMBC correlations to the C-16 resonancé &f7.4 and
both the H-16 and H-I6resonancesd(3.84 and 4.17) showed |
HMBC correlations to Me-27454.3) demonstrating that C-16 was T'y'pwpha" OyNjo
attached to the same nitrogen (N-15). H-(®4.17), H-17 (3.73), ®H\JO OJ, NH, N N
Me-27 (3.43), and Me-28 (3.51) all showed HMBC correlations to o
a nonprotonated carbon resonancedat42 (C-14), and H-16 Y ~— N
H-17, and H-17 (3.22) all showed HMBC correlations to a ~ Con "
nonprotonated carbon resonanceé 422.8 (C-18), which together to
demonstrated that N-15 and C-17 were linked via a tetrasubstituted
double bond to form aiN,N-dimethyldihydropyrrole. N
Strong HMBC correlations were observed from a singlet methine |
ato 7.52 (H-13: HMQC to 108.7) to carbon resonances 422.8 oea 1
(C-18), 142 (C-14 and C-12), and 146.5 (C-11), and a weak
correlation was observed to 114.7 (C-10). Additional HMBC
correlations were observed between an exchangeable proton (OH-
12; 6 10.42) and carbon resonance®dt08.7 (C-13), 142 (C-12), ~ Figure 3. Proposed biogenesis for exiguamine 1.(
and 146.5 (C-11). The H-13(7.52), Me-27 (3.43), Me-28 (3.51),
and H-17 (3.22) resonances all showed HMQC correlations to a  Exiguamine A () has aK; of 210 nM for inhibition of IDO in
nitrogen resonance dt—310 (N-15). A NOESY correlation was vitro, making it one of the most potent IDO inhibitors known to
observed betweeh7.52 (H-13) and 3.51 (Me-28). All of the above date. It represents a novel natural product template that can be used
data were consistent with the fragmeht(Figure 1). to guide the design of synthetic inhibitors needed for the further
A methyl resonance @ 3.07 (Me-30: HMQC tad 25.2) showed validation of IDO as a drug target for treating cancer.
HMBC correlations to carbon resonancesdat54.5 (C-21) and
168.6 (C-23) and a HMQC correlation to a nitrogen resonance at
0 —248 (N-22), while a second methyl resonance &.44 (Me-
29: HMQC to 6 26.0) showed HMBC correlations to carbon
resonances ad 154.5 (C-21) and 85.4 (C-19) and a HMQC
correlation to a nitrogen resonancedat-275 (N-20). These data Supporting Information Available: Experimental details and X-ray

were assigned to fragmefit (Figure 1). ~diffraction data; NMR data and spectra tbrThis material is available
Although fragments —IIl accounted for all of the atoms in  free of charge via the Internet at http:/pubs.acs.org.

exiguamine A 1), there was insufficient information in the NMR

data to assign a constitution to the entire molecule. Therefore
exiguamine A was subjected to single-crystal X-ray diffraction
analysis (Figure 2), which confirmed the presence of fragments

Figure 2. ORTEP diagram (33% ellipsoids) for exiguamine B.(
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