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Three new dimeric 3-alkyl pyridinium alkaloids, named haliclocyclamines A-C (1-3), wen lated
together with five known congeners, cyclostellettamines A (4), B (5), C (6), E (7), and F (8), from the
Indonesian marine sponge Haliclona sp. The structures of 1-3 were assigned based on their spectroscopic
data (1D and 2D NMR, HRFABMS, ESIMS/MS, UV, and IR). Compounds 1-8 exhibited antimicrobial activ-
ities against Mycobacterium smegmatis with inhibition zones of 17, 10,13, 14, 8,8, 1 d 12 mm, respec-
tively, at 10 pg/disc. Compounds 3 and 8 also modestly inhibited the activity of vaccinia H-1-related
phosphatase (VHR), a dual-specificity phosphatase, at 17-18 pM.

© 2017 Elsevier Ltd. All rights reserved.
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Tuberculosis (TB), caused by Mycobacterium %ercufosis. is one
of the most serious infectious diseases that include hufizzli immun-
odeficiency virus (HIV) and malaria." Approxima 10.4 million
clinical cases of TB, 1.4 million deaths from TB, and 0.4 million
deaths from HIV-co-infected with T re estimated to have
occurred in 2015.° The p nce of multidrug-resistant TB
(MDR-TB), which is defined asfl&fhat is resistant to first-line drugs
(rifampicin and isoniazid),'” is also a serious health issue because
there are currently only a limited number of anti-TB agents for
clinical use and treatments for TB are required for a minimum of
6 months. Additionally, approximately 9.6% of MDR-TB acquires
resistance to some second-line drugs (e.g. fluoroquinones, amika-
cin, kanamycin, and capreomycin), and is known as extensive
drug-resistant TB (XDR-TB)."* However, delmanid (Deltyba®), a
newg that inhibits cell wall biosynthesis by mycobacteria,
was approved for the treatment of MDR-TB in the EU and Japan
in 2014." The discovery of new anti-TB drugs with novel structural
features and mechanisms of action is still an urgent global demand.

In the course of our research on antimycobacterial substances
from marine resources such as ascidians, sponges, and microorgan-
isms, we have reported new streptcytosine,” agelasine,”” and

* Cormresponding author.
E-mail address: yamazaki@tohoku-mpu.acjp (H. Yamazaki).

ﬂp:."."(lx.(lui.urg.u' 10.1016/j.bmel 2017.05.067
0960-894X/@ 2017 Elsevier Ltd. All rights reserved.

haliclonadiamine derivatives,” Furthermo ur investigations on
the extracts of marine organisms revealed that the EtOH extract of
the marine sponge Haliclona sp., collected at Manado in Indonesia,
inhibited the growth of M. smegmatis, which is widely used in
research on anti-mycobacterial substances.” The bioassay-guided
separation of this extract led to the isolation of three new cyclic 3-
alkyl pyridinium dimers, named haliclocyclamines A-C (1-3),
together with five known analogues,” cyclostel Iettarqes A(4),B
(5),C(6),E (7)., and F (8) (Fig. 1). We herein describe the isolation,
structural elucidation, and biological properties of compounds 1-8.

The EtOH extract (6.1 g) of the marine sponge® (619.7 g, wet
weight) showed an inhibition zone of 15 mm at 50 pgfdisc and
was separated by an 0DS flash column (100 g) into seven fractions.
The bioactive fractions were purified by repeated HPLC (ODS) to
yield compounds 1 (1.4 mg), 2 (1.5mg), 3 (0.9 mg), 4 (10mg), 5
(5.4 mg), 6 (14 mg), 7 (5.0 mg), and 8 (5.0 mg).” Compounds 4-8
were identified as the known dimeric 3-alky! pyridinium alkaloids,
cyclostellettamines A, B, C, E, and F, respectively, by comparing
th@)ectroscopic data with those of the reported values.”

The 'H and '*C NMR data (Table 1) and UV spectra (267 nm) of
compounds 1-3 were very similar to those of 4-8.” Therefore, com-
pounds 1-3 were presumed to have a cyclic bis-1,3-dialkylpyri-
dimn skeleton, and their structures were confirmed by analyses
of the "H-"H COSY and HMBC spectra of 1-3 (Fig. 2).
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Eg 1. Structures of compounds 1-8 obtained from the Indonesian marine sponge Haliclona sp.

3¢ (100 MHz) and 'H (400 MHz) NMR data for 1-3 in CD20D.

No. 2 3

g &y, mult, (J in Hz) d¢ &y, mult, (J in Hz) d¢ Sy, mult, (J in Hz)
2/2 145.2 8.90, brs 145.2 890, brs 145.2 8.90, brs
313 145.6 145.7 145.6
44 146.8 8.45,d (7.7) 146.9 845,d(8.2) 1469 8.45,d (7.8)
5/5 1291 8.01,dd (7.7, 6.3) 129.2 8.02, dd (8.2, 5.8) 1292 8.01, dd (7.8, 54)
6/6 143.4 8.82,d(6.3) 143.4 8.82,d(5.8) 143.4 8.82,d (54)
77 62.9 4,61, (6.8) 62.9 462, (6.8) 62.8 4561,
8/8 321 1.99, m 322 200, m 320 200, m
9 1305 531, m 130.9 532, m 26.7 1.24-1.28, m
9 26.7 1.25-1.32, m 26.7 1.24-1.28. m 26.7 I.24—1.28.
10 1305 531, m 130.9 532, m 29-31 br 1.24-1.28, m
10 29-31 br 1.25 2, m 29-31 br 12408. m 29-31 br 1.24-1.28, m
11 303 1.99, m 313 2,00, m 29-31 br 1.24-1.28, !
1 29-31 br 1.25-1.32, m 29-31 br 1.24-1.28. m 29-31 br 1.24-1.28, m
12 26.7 1.25-1.32, || 26,8 1.24-1.28,)§] 29-31 br 1.24-1.28, m
12 29-31 br 1.25-1.32, m 29-31 br 1.24-1.28, m 29-31 br 1.24-1.28,
1313 29-31 br 1.25-1.32, m 29-31 br 1.24-1.28. m 29-31 br 1.24-1.28. m
1414 29-31 br 1.25-1.32, [ 29-31 br 1.24-1.28, & 29-31 br 124-1.28, m
1515 29-31 br 1.25-1.32, m 29-31br 1.24-1.28. m 29-31 br I.24—1.28.
16/16' 29-31 br 1.25-1.32, m 29-31 br 1.24-1.28, m 29-31 br 1.24-1.28, m
17 29-31 br 1.25-1.32, m 29-31 br 1.24-1.28. m 29-31 br 1.24-1.28. m
17 29-31 br 1.72, m 29-31 br 1.24-1.28, m 29-31 br 1.24-1.28, |
18 29-31 br 1.25-1.32, m 29-31 br 133, m 29-31 br 1.24-1.28. m
18 333 288, m 29-31 br 133, m 29-31 br 1.24-1.28, m
19 29-31 br 1.72, m 29-31 br 1.73. m 29-31 br 1.24-1.28. m
19 29-31 br 173, m 29-31 br 173, m
20 333 2.88, m 333 289, m 333 173, m
20 333 289, m 29-31 br 289, m
21 333 2,89, m

19

The m.o]ecu]ar formula of haliclocyclamine A (1) was deduced
as CagHsgNy from the [M—H]" ion peak at mjz 517.4536 (A
+1.4 mmu) generated by Hofmann-type fragmentation in the
HREABMS of 1.'” The ESIMS/MS analysis of 1 revealed the presence
of a pyridinyl saturated Cy alkyl chain (mfz 246) and pyridinyl Cy4
moncmenyl chain (m/z 272) (Fig. 3a). The location of the double
bond was assigned by '"H-'H COSY and HMBC datfF@ 1 (Fig. 2a),
and the E-configuration was defined from the '*C chemical shifts
of C-8 (¢ 32.1) and C-11 (30.3)."' Consequently, the structure of
1 was assigned as shown in Fig. 1.

The molecular formula of haliclocyclamine B (2), CsgHgaNa,
established from HRFABMS data (mfz 545.4827 [M-H]", A
~0.7 mmu), was two methylene units larger than that of 1. Two
fragment ion peaks at mfz 274 and 272 in the ESIMS/MS of 2
showed the presence of a pyridinyl saturated C;4 alkyl chain and
pyridiny mono-alkenyl chain, respectively (Fig. 3b). The loca-
tion and configuration of the d e bond in 2 were considered to
be the same as those in 1 from 1D and 2D NMR data for 2 (Fig. 2b
and Table 1). Thus, the structure of 2 was assigned as shown in
Fig. 1.
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Fig. 2. "H-"H COSY and key HMBC correlations for haliclocyclamines A (a), B (b), and C (c).
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Fig. 3. Positive ESIMS/MS of haliclocyclamines A (a), B (b), and C (c).
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Antibacterial activities of compounds 1-8 against Mycobacterium smegmatis.

Compound Inhibition zone (mm)
1 pg/disc 5 pg/disc 10 pgfdisc

1 =* 10 17
2 - 7 10
3 - 9 13
4 - 9 14
5 - - 8
[] - - 8
7 - 7 12
8 - 8 12
Streptomycin sulfate” 20 35
* Not active.

" Positive control.

Haliclocyclamine C (3) had the molecular formula CagHggNa,
established from HRFABMS data (mfz 561.5132 [M-H]", A
—~1.5mmu). The lengths of two pyridinyl alkyl chains were Cy4
and C;5 from the two product ion peaks at mfz 274 and 288,
respectively, in the ESIMS/MS of 3 (Fig. 3c). Therefore, the structure
of 3 was elucidated as shown in Fig. 1.

The growth inhibitory activities of 1-8 against M. smegmatis
were examined using the paper disc method.'” Compounds 1-8
showed inhibition zones against M. smegmatis in a dose-dependent
manner, and, among them, compound 1 exhibited the most potent
activity with an inhibition zone of 10 mm at 5 pg/disc (Table 2).
Streptomycin sulfate was used as a positive control and showed
an inhibition zone of 35 mm at 5 pg/disc (Table 2). Compounds
4-8 were previously reported to exhibit antimicrobial activities
against M. tuberculosis,’ * and, thus, compounds 1-3 will also likely
be active against M. tuberculosis. Interestingly, although cyclostel-
lettamines B and C (5 and 6) showed the weakest inhibition zone
against M. smegmatis in this study (Table 2), compounds 5 and 6
have been reported to indicate the most potent MIC values against
M. tuberculosis.'"” Anti-mycobacterial activities against pathogenic
mycobacteria are now being examined, and the results obtained
will be described elsewhere.

The inhibitory activities of 1-8 against four protein tyrosine
phosphatases (PTPs), PTP1B, T-cell PTP (TCPTP), CD45 tyrosine
phosphatase (CD45), and vaccinia H-1-related phosphatase
(VHR), were also evaluated in an enzyme assay.'* Compounds
3 and 8 at 17 and 18 uM, respectively, inhibited VHR activity
by 28 and 38%, respectively. VHR is known as a dual-specificity
phosphatase and catalyzes the dephosphorylation of p-Tyr and
p-Ser/p-Thr residues. VH ibitors were recently suggested to
be novel drug candidates for the treatment of cancer and useful
chemical probes for investigating the role of VHR in several cell
functions.'”
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