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Two new merosesquiterpenes, verruculides A (1) and B (2), were isolated from a culture broth of the
Indonesian ascidian-derived Penicillium verruculosum TPU1311, together with three known congeners,
chrodrimanins A (3), B (4), and H (5). The structures of 1 and 2 were assigned on the basis of their spec-
troscopic data (1D and 2D NMR, HRMS, UV, CD, and IR). Compound 2 had a linear sesquiterpene moiety
to be the derivative of the biosynthetic precursor for 1 and 3
5 inhibited the activity of protein tyrosine phosphatase 1B (PTP1B) with 1Csy values of 8.4, 8.5, and
14.9 uM, respectively. Compound 2 showed 40% inhibition at 23.1 uM, 4 was not active at 20.7 pM.

ompounds 1,3, and

© 2015 Elsevier Ltd. All rights reserved.

Protein tyrosine phomtase 1B (PTP1B) dephosphorylates the
insulin receptors (IRs), insulin receptor substrate-1 (IRS-1) and
inin receptor substrate-2 (IRS-2) and, thus, is crucially involved
in the negative regulation of the insulin signaling pathway.' Recent

dies have also implicated PTP1B in the inhibition of the leptin
signaling pathway. PTP1B is now considered to be a promising
therapeutic target for insulin-resistant type 2 diabetes mellitus
and obesity.! Although a number of studies have been conducted
on natural and synthetic PTP1B inhibitors in the last decade,” a
clinical application has not yet been achieved because of their
low selectivities and activities against PTP1B. Therefore, the search
for a new type of PTP1B inhibitor with more prominent properties
is an important and interesting subject in natural product
ch try.

n the course of our research on PTP1B inhibitors from marine
organisms such as ascidians, sponges, and microorganisms, we
found that polybromodiphenyl ethers, dehydroeuryspongin,
hyattellactones, and trichoketides markedly inhibited PTP1B.’
Further investigations on the culture broth of the Indonesian
=
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ascidian-derived Penicillium verruculosum strain 311, which
exhibited strong inhibitory activity against PTP1B, led to the isola-
tion of two new merosesquiterpenes, named verruculides A (1) and
B (2) (Fig. 1), together with three known analog rodrimanins A
(3), B (4), and H (5)." We herein described fermentation,
isolation, structure elucidation including absolute configurations,
and biological properties of compounds 1 and 2.

The fungal strain TPU1311 was isolated from an ascidian
Polycarpa aurata collected in Indonesia.” The 233 bp of the ITS1
rDNA  sequence were identical with those of Penicillium
verruculosum,

The strain TPU1311 was cultured in a seawater-based medium
under agitation fo ays.” The culture broth was treated with ace-
tone and filtered. The filtrate was evaporated to remove acetone

the aqueous residue was extracted with EtOAc. The EtOAc
% was subjected to ODS column chromatography followed
by preparative HPLC to give compounds 1-5.” Compounds 3-5
were identified as chrodrimanins A (3), B (4), and H (5), respec-
tively, by comparing their spectroscopic data®'? with those of
th@:orted values.”

The molecular formula of compound 1'' was deduced as
Cy5H53005 from HREIMS (mfz 410.2087 [M]", A —0.6 mmu) and




2
3088 H. Yamazaki et al. /Bioorg. Med. Chem. Lett. 25 (2015) 3087-3090

N Chrodrimanin H (5)
Verruculide A (1): R JRZ=H

Chrodrimanin A (3): R' = OH, R2 = OH
Chrodrimanin B (4): R' = OAc, R2 = OH

Verruculide B (2)

Figure 1. Structures of compounds 1-5 produced by Penicillium verruculosum
TPU1311.

NMR data (Table 1). The '"H NMR and UV spectra of 1 resembled
those of chrodrimanin A (3). The difference in the molecular for-
mulae of 1 and 3 was Oz [3@). Two oxygenated sp> methine sig-
nals at  4.64 and 4.19 in the '"H NMR spectrum of 3 were not
detected in that of 1. Therefore, we ﬁulated that compound 1
was a dideoxy derivative of 3. The '"H-'"H COSY spectrum of 1
revealed the presence of four partial structures, as indicated by
the bold blue lines in Figure 2a. These partial structures and miss-
ing links were connected by an analysis of the HMBC data for 1, as

Table 1

13C (100 MHz) and 'H (400 MHz) NMR data for 1 and 2 (CDCls)
Position 1 2

de d (Jin Hz) de dy (J in Hz)
1 1554 7.21d(10.5) 24.4 3.22d(63)
2 1277 5.98d(10.5) 1228 4981t (63)
3 204.3 1359
4 449 389 207m
3 44.5 209 m 25.2 213 m
[ 17.1 1.79m 1244 511t (64)
7 359  211m 1348 Q
8 78.0 364  203m, 221 m
9 47.8 1.93 dd (14.0, 5.1) 29.2 1.42m, 1.64m
10 387 78.1 3.39d(10.1)
1 222  (a)251dd(150,140) 737
(b) 2.61 dd (15.0, 5,1)
12 234 1.27s 235 120 s
13 21.2 1.15s 26.5 124 s
14 27.5 1.17 s 16.1 1.58 s
15 28.1 1.30s 15.9 1.71s
1 110.7 1173
2 139.1 1386
3 101.8 101.9
4 162.5 162.8
5 1034 6.30s 1019 6315
[ 160.0 161.9
e 319 (a)2.89dd (16.0, 34) 321 (a)2.72 dd (16.5, 11.3)
(b) 2.75 dd (16.0, 14.0) (b)2.97 dd (16.5, 3.1)

8 746 4.65m 74.8 461 m
9 21.0 1.57 d (6.3) 209 1.52 d (6.4)
10 170.0 170.4
4'-0OH 11.1s 1135

shown in Figure 2a. Thus, verruculide A (1) was assigned as the
7,7'-dideoxy derivative of chrodrimani 3).

The absolute configurations at the C-5, C-8 (C-12), C-9, C-10
(C-15), and C-8' (C-9') positions of 1 may be identical to those of
chrodrimanins® because compounds 1-5 were produced by the
strain  TPU1311 wvia the same biosynthetic pathway and
compounds 1 and 4 had very similar Circular Dichroism (CD) spec-
tra.”"" The configurations of the sesquiterpene moiety (C-1-C-15)
were confirmed by the 1D NOE difference experiments. Irradiation
at § 1.27 (Hs-12), 1.15 (H3-13), 1.30 (H3-15), 1.93 (H-9), 2.51
(H-11a), and 2.61 (H-11 ave NOE enhancements to H-5 (4
2.09)/H-11a, Hs-15, H-Qmﬁ, H-11b/H;3-15, H3-12, and H-9,
respectively (Fig. 2b). A systematic conformational analysis was
performed with an MMFF94 force field utilizing Spartan’14'? based
on the NOE data for 1 (Fig. 2b)."*

Thus, the stereostructure of verruculide A (1) was assigned as
shown in Figures 1 an

Compound 2'* was assigned the molecular formula, C2sH3506,
from HRFABMYERY/z 431.2443 [M-H| ", A + 1.0 mmu] and NMR
data (Table 1). Th and '*C NMR spectra (CDCls) of 2 showed
33 proton and 25 carbon signals, which were classified into five
methyl, six sp®> methylene, two sp® oxygenated methine, one sp*
oxygenated quaternary, three sp? methine, five sp® quaternary,
two sp” oxygenated quaternary, and one car | carbons by the
analysis of HMQC and DEPT spectra. The 'H and '*C NMR signals
due to the 3,4-dihydroisocoumarin moieties (C-1'-C-10') in 1 and
2 were very similar to each other (Table 1). The presence of this
moiety in 2 was cagrmed by 'H-'H COSY data (C-7'-C-9') and
HMBC correlations from H-5' {6 6.31) to C-1' (4 117.3), C-3' (&
101.9), C-4' (6 162.8), and C-6' (6 161.9), H,-7' (4 2.72, 2.97) to
C-1', C-2' (4 138.6), and C-3', and from 4'-OH 1.3) to C-3,
C-4', and C-5" (4 101.9), as shown in Figure 3. 3,4-Dihydro-6,8-
dihydroxy-3-methylisocoumarin is known as G6-hydroxymelein
and was isolated from fungi,'”” and CD data ascribed to the
isocoumarin moiety in 2 (A +0.73 at 308 nm and A: -3.46 at
270 nm) were very similar to those for (R)-6-hydroxymellein.'**
Therefore, the absolute configuration at the C-8' position in 2
was assigned as R. The planar struct of the sesquiterpene
moiety in 2 was revealed from 'H-'H COSY and HMBC data, as
shown in Figure 3. The NOESY correlations between H-1 (4
3.22)[H3-15 (1.71), H-2 (4.98)/H:-4 (2.07), H-5 (2.13)/Hs;-14
(1.58), and H-6 (5.11)/H;-8 (2.03 and 2.21) assigned the
orientations of the two double bonds as 2E and G6E. The
connection bet the sesquiterpene and isocoumarin moiet
was established by the HMBC correlations from H,-1 (4 3.22) to
C-1’, C-2, and C-6' and from H-2 to C-1'.

The absolute configuration at t-10 position of 2 currently
remains unknown because an application of the modified

er's method'® has not yet been successful. The reactions of
2 with (R)-(—)- and (5)-(+)-a-methoxy-u-(trifluoromethyl)pheny-
lacetyl (MTPA) chlorides only gave di-MTPA esfifs at C-4' and
C-6'. More chemical transformations are needed to elucidate the
absolute configuration at the C-10 position in 2.

Verruculide B (2) possessed a linear sesquiterpene moiety, and,
therefore, compounds 1 and 3-5 would be biosynthesized via the
10,11-epoxy derivative of compound 2. g

PTP1B has received a lot of attention as a target molecule for the
treatment of type 2 diabetes and obesity because of its negative

latory activity against insulin and leptin signaling cascades."
ompounds 1-5 were evaluated for their inhibitory activities
against PTP1B by the bioassay method described previously.’
Compounds 1, 3, and 5 inhibited PTP1B activity with ICsy values
of 84, 8.5, and 14.9 uM, respectively. On the other hand, com-
pound 2 showed 40% inhibition at 23.1 uM, while 4 did not show
apparent activity at 20.7 uM. The ICsy value of oleanolic acid,'” a
positive control, was 0.7 uM in the same experiment. A comparison
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Figure 2. (a) |H—|H COSY and HMBC correlations and (b) Key NOE correlations for verruculide A (1).
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Figure 3. 'H-"H COSY, HMBC, and key NOE correlations for verruculide B (2).

of their activities revealed that two OH groups at the C-7 and C-7'
positions did not affect PTP1B activity, whereas the acetylation of
the 4'-0OH group significantly reduced it.

This is the first study to demonstrate that compounds in the
chrodrimanin family exhibited inhibitory activities against
PTP1B. Therefore, this study added a new type of compound to
PTP1B inhibitors. The mechanism of action and effect to animal
models will be the interesting future studies.
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