JIAICIS

COMMUNICATIONS

Published on Web 03/15/2002

Epoxyquinol A, a Highly Functionalized Pentaketide Dimer with
Antiangiogenic Activity Isolated from Fungal Metabolites

Hideaki Kakeya,! Rie Onose,! Hiroyuki Koshino,* Arika Yoshida," Kimiko Kobayashi,*
Shun-Ichiro Kageyama,t and Hiroyuki Osada* '

Antibiotics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan, and Characterization Center,
RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

Received December 18, 2001

Angiogenesis is a complex process involving several distinct and
sequential steps such as membrane degradation, migration (chemo-
taxis), proliferation, and formation of capillary tubes in endothelial
cells. Abnormal angiogenesis often occurs in pathological conditions
such as cancer, rheumatoid arthritis, diabetic retinopathy, and other
chronic inflammatory diseases. An important step in the develop-
ment of pathological angiogenesis is thought to involve the
production of vascular endothelial growth factor (VEGF) by normal
a_nd tu_mor cells, and the _sgt_)sequent h_yperactiyat_ion of d0\_/vnstream,:igure 1. Structure of epoxyquinol Al).
signaling pathways. Inhibition of angiogenesis is emerging as a
promising strategy for the treatment of angiogenesis-related diseasedable 1. *3C (150 MHz) and 'H (600 MHz) NMR Data for
including cancet. Indeed, several natural product and synthetic EPOXyquinol A (1) in Acetone-ds
angiogenesis inhibitors (small molecules and peptides) are currentlypos. *C(mult)*  'H(mult)* ~ J(Hz) ~ pos. ~ “C(mult} *H(mult)  J(Hz)
undergoing clinical triald.Nevertheless, the identification of novel 72.40 (d) 5.23(s) 12 115.06 (s)

1
angiogenesis inhibitors with different chemical structures and g 123-32 (('j; 469 (brd) 8.8 1134 66461655(1(13) 4é9745(?é)5) a4
biological pr_opertl_es Woul_d prowdt_a a range of therapeutic tools 4 58.76(d) 3.74(dd) 34,07 15 56.34(d) 3.39(d) 3.4
for pathologic angiogenesis. Such inhibitors could also be used as 5 5361 (d) 3.44 (dd) 3.4,0.7 16 200.73 ()
powerful bioprobes to dissect the multiple stages leading to 6 190.19(s) 17 50.66 (s)
naiogenesis. In our screening proaram aim identifving 7 134.38(s) 18 38.02(d) 2.44(dd) 1.5,1.0
anglogenesis. h'bc')u scfee ! gbp log am al e(fj atdlde tifyi Ig 8 39.29(d) 3.10(dd) 1.5,1.2 19 74.79 (d) 4.43(dg) 1.0,6.6
angiogenesis inhi |tors_ of microbial origin, we found a novel g gg99(d) 430(dg) 12, 64 20 2026 (q) 1.00(d) 6.6
pentaketide dimer designated as epoxyquinol A (1, Figure 1) 10 20.92(q) 0.71(d) 6.4 3-OH 4.67 (brd) 8.8
produced by an uncharacterized fungus isolated from a soil sample.11 142.43(d) 6.73(d) 1.0 13-OH 4.94 (brs)

In this communication, the structural determination and biological
activities of 1 are reported.

The molecular formula of, [a]?)s +61.0° (c 0.146) and mp H—C long-range correlations of PFG-HMBC spectral data. Impor-
186 °C dec, was determined to bed,00s by high-resolution tant long-range correlations to be determined the right padt of
EIMS (Found: m/z 388.1148, Calcd:m/z 388.1158). In the IR are as follows: (i) from H-1, H-5, and H-8 to C-6 and C-7, (ii)
spectrum, characteristic absorption bands at 3350, 1705, and 168Grom H-1, H-3, H-4, and H-8 to C-2, and (iii) from H-1, H-8 to
cm~! indicated the presence of hydroxyl and saturated and C-17. The significant correlations from H-8, H-11, H-13, H-15,
unsaturated ketone carbonyl groups. THE NMR spectrum H-18, and H-19 to C-17, from H-15 to C-16, and from H-1, H-11,
confirmed the presence of 20 carbons including two ketones, threeH-13, H-14, and H-18 to C-12 established the left pariLoThe
sp? quaternary carbons, one 2spnethine carbon, eleven %p presence of two ether bridges between C-1 and C-9 and also
methines, one Smuaternary carbon, and two methyl carbons. The between C-11 and C-19 for the bicyclic ring was confirmed by
PFG-HMQC spectrum established all one-bdht-13C connec- PFG-HMBC data. Thus, the planar structurelofvas elucidated
tivities (Table 1). PFG-DQFCOSY spectral data suggested the as illustrated in Figure 2a.
presence of partial structures consisting of four sequential methine Relative stereochemistry between hydroxyl and epoxy groups
groups with two terminal methyl groups, and two similar parts with of both epoxyquinol parts ofl. was determined to bérans
two epoxy methines and adjacent hydroxyl methine carbons. Later configuration from the small coupling constant value$®f 3 y-4
partial structures were confirmed by lar§&y values of 184.5, = 0.7 Hz anc?Jy-13 4-14 = ~0 Hz 3 Additionally NOE differential
184.5, 183.0, and 186.0 Hz for epoxide methines C-4, C-5, C-14, spectra ofl afforded several significant data on the relative
and C-15, respectively. Two methine groups are isolated, and onestereochemistry as shown in Figure 2b. In particular, NOEs
of them, H-11 § 6.73), was assigned to an enol ether group at observed from H-19 to H-8 and H-9 as well as from H-18 to H-8
C-11 (0 142.43,3cy = 187.5 Hz). Connectivities of those partial  and H-20 established the sequential stereochemistry at C-9, C-8,
structures and quaternary carbons were determined by analyses o€-18, and C-20. The proton on C-1 displayed a significant NOE
with H-13, thereby allowing the stereochemistry at C-1, C-17, and
*To whom correspondence should be addressed. E-mail: antibiot@ C-13 to be determined. Finally the relative configuratiorlefas
postman.riken.go.jp. unambiguously determined by the application of X-ray crystal-
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a8 Chemical shifts are in ppm downfield of internal TMS in acetong- d
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kinase (VEGF-R2/KDR/FIk-1}? inhibited the VEGF-induced cell
migration (3.0+ 3.0 migrated cells/field). Epoxyquinol A also
inhibited the cell migration induced by VEGF in a dose-dependent
manner. Threeug/mL (EDyog) of 1 completely inhibited cell
migration (5.3+ 1.8 migrated cells/field) without showing signifi-
cant cell toxicity, as estimated by a trypan blue dye exclusion assay.
Although several angiogenesis inhibitors from natural products
and chemical synthesis, such as endosfatiiNP-4702 and
thalidomide!® have been developetidiffers from these molecules
in both structure and biological activity. Mechanistic studies to
determine cellular target(s) &f as well as the effect on endothelial
cells would provide new insights into both the molecular mechanism
of angiogenesis and potential for drug development related to
angiogenesis therapy. Further studies on the in vitro and in vivo
biological activities are in progress.
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Figure 2. (a) Significant correlation in PFG-DQFCOSY and PFG-HMBC
spectra in epoxyquinol Al). (Bold lines show proton spin networks, and
arrows showH—13C long-range correlations.) (b) NOE data summary for

Supporting Information Available: Fermentation, purification
epoxyquinol A (). (Dotted lines indicate significant NOES).

procedure, crystallographic data, and the ORTEP view of epoxyquinol
A (1), and VEGF-induced migration assay protocol (PDF). This material

Scheme 1. Possible Biosynthetic Pathway of Epoxyquinol A (1) ; - )
is available free of charge via the Internet at http://pubs.acs.org.
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parts is the same, but that of methyl groups at C-9 and C-19 is the

opposite configuration.

Epoxyquinol A (1) possesses a unique structure consisting of a
highly functionalized cyclohexenone moiety. A possible biosyn-
thetic scheme for the formation df is shown in Scheme 1.
Epoxyquinol A is composed fundamentally of two relatéti@yran
monomers3aand3b via the oxidative f-electrocyclic ring-closure
of a related monomeric intermedia®.(The 2H-pyran monomers,
3aand3b, of the opposite relative configurations for C-9 and C-19
might be fused via amxo intermolecular Diels-Alder reaction
through sterically favoredanti stereochemistry at both methyl
positions®” In fact, 2 was isolated from the same fermentation broth
as1, which supports the proposed biosynthesis vifa the oxidative
dimerization of a monomeric intermediate. To date there have been
several reports of quinone dimers cyclized via an intramolecular
or intermolecular Diels Alder reaction. These include longithorone
A from the TunicateAplydium longithora% and torreyanic acid
from the fungudPestalotiopsis microspordHowever, the formation
of an epoxyquinol dimer product via an intermolecular-42]
oxidative dimerization as fot has not been described previously.

We performed a chemotactic cell migration assay in a CHEMO-
TAXICELL chamber to examine the effect @fon human umbilical
vein endothelial cells (HUVECSs) migration induced by VEGF. In
this assay, HUVECs in the top chamber migrated and penetrated
the filters to enter the lower chamber supplemented with 12.5 ng/
mL of VEGF-containing medium. VEGF significantly stimulated
the cell migration (95.229.6 migrated cells/field), whereas A
of SU5614, a well-known inhibitor of VEGF receptor tyrosine

(4) (a) Two hydroxyl groups irl participate in the hydrogen bonds. The

epoxyquinol A (1) and EtOAc molecules were connected by an intermo-
lecular hydrogen bond between 13H®f 1 and a carbonyl group of
EtOAc. Additionally, another intermolecular hydrogen bond between 13-
OH and 3-CH in the neighboring epoxyquinol A molecule formed the
layer arrays of the molecules along thexis. (b) X-ray crystal analysis
was performed with a colorless needle crystal (3:68.03 x 0.02 mm)
obtained from a solvent of EtOAeCH,Cl,-MeOH. X-ray diffractometer
with graphite monochromated €#a radiation. The structure was solved
by direct methods and all non-H atoms were refined anisotropically by
full-matrix least-squares techniques. All calculations were performed using
the teXan crystallographic software package of Molecular Structure
Corporation. The crystal data wergoH2,00s*C4HsO2, monoclinic,P2;,
a=10.577(2) A,b=8.278(2) A, c=14.010(1) A, $=109.38(1), Z=2,
R=0.055, Rw=0.079 for 1256 independent reflections. See the Supporting
Information for the ORTEP view fot.

(5) Reduction of the corresponding quinone dimer forcould be also

envisioned to producé.
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