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Vertihemiptellides A (1) and B (2), unique diketopiperazine dimers, were isolated from the insect pathogenic fungus Verticillium hemipterigenum
BCC 1449. Structures of these compounds were elucidated by NMR and mass spectral analysis, and the stereochemistry of 1 was determined

by X-ray crystallography. The absolute stereochemistry of bisdethiodi(methylthio)-1-demethylhyalodendrin (3), previously isolated from the

same fungus, was revised to the (3 R,6R) configuration.

We report herein the isolation and structural elucidation of Verticillium hemipterigenunBCC 1449. Studies on fermen-
two novel diketopiperazine dimers, vertihemiptellide B (  tation conditions focused on enniatin production resulted in
and B @). Although a number of epipolythiodiketopipera- the conclusion that yeast extract sucrose (YES) medium was
zines have been isolated from fungal sourcé® dimeric efficient for BCC 1449, giving rapid mycelial growth and
structure via two disulfide bridges as shownlimnd?2 has high amounts of enniatirfsinterestingly, the fermentation
been hitherto unknown. conditions were also suitable for production of epipoly-

Recently, we isolated two new enniatins (cyclohexadep- thiodiketopiperazines. Two novel diketopiperazine dimers,
sipeptides)and two new diketopiperazines (compowiwand 1 (18.7 mg) and2 (18.2 mg), were isolated together with
its tetrathio derivativé)from the insect pathogenic fungus the major constitueng (bisdethiodi(methylthio)-1-demeth-

- — ylhyalodendrin; 379 mg), a known minor derivative(7.7
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extract of the culture filtrate (10 L) by Sephadex LH20 (by HRMS), a dimer structure via tweS—S—bridges was
column (MeOH), repeated silica gel column chromatography proposed for vertihemiptellide ALj. Finally, X-ray crystal-

(EtOAC/CHCI,, and MeOH/CHCI,), followed by prepara-
tive HPLC (reverse-phase column, MeOH®) .
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Vertihemiptellide A ()" was obtained as a colorless solid
(mp 233—234°C, dec). The molecular formula df was
determined by HRMS asH2sN,OsSs. The presence of only
11 carbon signals in th&C NMR spectrum indicated the
symmetric, homo-dimer structure of this compound. Analysis
of *H and*C NMR, DEPTs, and HMQC spectra revealed
that one-half of the molecule,;6H14N,0sS,, possessed two
amides (two carbonylsjc 165.0 and 163.6; NHyy 7.81;
NCHgz, d¢c 29.8,04 2.84), a benzyl group, a hydroxymethyl
group, and two quaternary carbonsc(#8.2 and 70.5).

HMBC correlation data were used to elucidate the structure

of the half unit: the same structure as that of compo8nd
but lacking methylthio groups. Considering the symmetry
and the requirement of incorporation of four sulfur atoms

(6) Verticillium hemipterigenumwas collected from Khlong Naka
Wildlife Sanctuary, Ranong province, southern Thailand, on Homoptera-
adult leafthopper and identified by Dr. Nigel L. Hywel-Jones of the
Mycology Research Unit, BIOTEC. This fungus is deposited in the BIOTEC
Culture Collection (BCC) as BCC 1449.

(7) Vertinemiptellide A (): colorless solid; mp 233234°C (dec); [0%%
—393 (c0.05, dioxane); UV (MeOHj.max (log €) 204 (4.61) nm; IR (KBr)
vmax 3523, 3444, 1696, 1683, 1654, 1645, 1436, 1395, 1083, 704;cm
HRMS (ESI-TOF)m/z 643.0781 (calcd for &H2gN4sOsS4Na, 643.0789)

[M + Na]*; 'H NMR (500 MHz, DMSOsg) 6 7.81 (2H, s, 1(NH, 1-
(N)-H), 7.18-7.21 (10H, m, H-10, H-10and H-11, H-11 and H-12, H-12

and H-13, H-13 and H-14, H-19, 4.85 (2H, ddJ = 7.0, 6.4 Hz, 7-O®,
7'—0H), 3.67 (2H, dJ = 14.4 Hz, Ha-8, Ha-§, 3.48 (2H, ddJ = 11.2,

7.5 Hz, Ha-7, Ha-7, 3.40 (2H, ddJ = 11.3, 6.1 Hz, Hb-7, Hb-}, 3.31
(2H, d,J = 14.6 Hz, Hb-8, Hb-8, 2.84 (6H, s, 4(N)-El3, 4 (N)-CHjs); 13C
NMR (125 MHz, DMSO¢g) 6 165.0 (s, C-5 and C*p 163.6 (s, C-2, C-2,
133.9 (s, C-9, C-9'), 129.6 (d, C-10, C-10', and C-14, C-14"), 128.2 (d,
C-11, C-11', and C-13, C-13), 127.1 (d, C-12, C-12'), 78.2 (s, C-3, C-3'),
70.5 (s, C-6, C-9, 68.9 (t, C-7, C-7), 39.3 (t, C-8, C-8, 29.8 (q, 4(N)-
CHa, 4(N)-CHjy).

2258

lographic analysis (Figure %)revealed the head-to-tail

Figure 1. Crystal structure of vertihemiptellide ALY.

dimeric structure as shown in The absolute stereostructure
of 1 was established ask¥R,3'R,6'R by anomalous disper-
sion method.

The molecular formula of vertihemiptellide BR)f was
determined by HRMS antfC NMR as GsH2gN4OsSs. 3C
NMR spectral data indicated a non-symmetrical structure for
this compound, lacking a N(4')-methyl group in Assign-
ment of protons and carbons were established by analysis
of 2D-NMR data, especially HMBC correlations (Table 1).

In the previous repoft,we proposed the &6S) config-
uration for compoun@ ([0]?%; —70; ¢ 0.21, CHC}), isolated
from the same fungus (BCC 1449) cultured in potato dextrose
broth (PDB) medium, based on X-ray crystallographic
analysis. However, it was not consistent with the above-
mentioned absolute stereochemistry bf Compound3
([o]?% —63; ¢ 0.30, CHCY}), isolated in the present study
(from culture of BCC 1449 grown in YES medium) was
converted to the known compoulé 2 by N-methylation
(Mel, K,CO;, 2-butanone). Optical rotation data for this
compound, ¢]%p —39 (c0.20, MeOH) and ¢]*> —43 (c

(8) CompoundL was recrystallized by slow evaporation in dioxane, which
is also present in the crystal structure. Crystal data for compoLndt(
298(2) K: GgH2aN406S41C4H50,, M, = 708.89, monoclinic, space Eroup
P2; (No. 4),a = 10.1387(2) Ab = 10.6986(4) Ac = 15.7571(11) Ap
=95.362(2)°V = 1701.7(1) A3Z = 2, Dy = 1.383 Mg n73. Fogo = 744,

A (Mo Ka) = 0.71073 A = 0.333 mntL. Data collection and reduction:
crystal size 0.15x 0.20 x 0.20 mn?, 6 range 0.998—24.72°, 14115
reflections collected, 5560 independent reflections, 5168 obseived (
20(l) (Rint = 0.055), finalR indices: Ry = 0.0560, wRR = 0.1502 for 415
parameters, GOE 1.065. Flack parameter 0.13(10). The coordinates
were deposited with the Cambridge Crystallographic Data Centre with
reference code CCDC 266624. These data can be obtained free of charge
via the Internet at www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB21EZ, UK; fax: (+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk.

(9) Vertihemiptellide B 2): colorless solid; mp 224226°C (dec); (]
—182 (c0.05, dioxane); UV (MeOH}.max (loge) 207 (4.72) nm; IR (KBr)
vmax 3537, 3417, 3324, 1701, 1678, 1656, 1434, 1401, 1079, 1058, 705
cml; HRMS (ESI-TOF) m/z 629.0640 (calcd for &@H26N4OsSiNa,
629.0633) [M+ Na]"; NMR data in DMSO¢s, Table 1.

(10) Michel, K. H.; Chaney, M. O.; Jones, N. D.; Hoehn, M. M;
Nagarajan, RJ. Antibiot.1974,27, 57-64.

(11) DeVault, R. L.; Rosenbrook, W., Ji. Antibiot.1973,26, 532—

534.

(12) Strunz, G. M.; Heissner, C. J.; Kakushima, M.; Stillwell, M. A.

Can. J. Chem1974,52, 325—326.
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Table 1. NMR Data for Vertihemiptellide BZ) in DMSO-Us.

the (3R,6R) configuratiolf. On the basis of these experi-
mental data, we wish to revise the absolute stereochemistry
of compound3, produced by/. hemipterigenurBCC 1449,

position  'H (mult,J in Hz)  3C (mult) HMBC (H to C) to the (3R,6R) configuration.
1N)-H 7.70 (s) C-3,5 Spectral data'l and*3C NMR, IR, MS) for compound}
2 164.6 (s) ([a]%55 —34; ¢ 0.30, dioxane) were consistent with those of
3 78.7(s) bis-N-norgliovictin ([ab —32; ¢ 0.1, MeOH) previously
g(N)'CH3 2.86 (s) 122@;‘2))1) C-35 isolated together with gliotoxin and several related com-
70.9 (S)sc pounds fromGliocladium virens?
7 3.40 (m) 69.3 (t) -5 A plausible biosynthetic pathway fdt is proposed in
3.54 (dd, 11.4, 7.7) C-6 Scheme 1. The epidithiodiketopiperazii®e (1-demethyl
7-OH 4.84(dd, 7.2, 6.4) C-7
® iy R |
9 56610, 144 134.4 (s) 2391014 Scheme 1. Possible Biogentic Pathways
10, 14 7.18-17.21 Em;a 130.0 Egzd e OH e
11,13 7.18-17.21 (m) 128.4 x .
12 7.18-7.21 (m)* 127.5 (dy — ©/ isto - S/SM T /©
TN)-H  7.39(s) C-35' PN AR
2 164.4 (s) i OH ©/ i )
3 73.0 (s) z HS
AN-H 959 (s) c2.6 ° o ZH\/
5 165.68 () ' | |
6' 71.0 (s)e
7 3.29 (m) 69.1(t)  C-5' 3 1
3.35 (m) C-6'
7—-OH 4.61(dd, 7.0, 6.5)
8 2.98(d, 14.2) 424@®)  C-2,3.9,10,14' analogue of hyalodenddfiA26771A9 could well be the
, 349(d, 145 C-2,3,9,10'14 precursor for the dimet, although we did not detect this
?0’, " 7.18—7.21(m)" igg:g EZ)) hypothetical compo_und..I_Because compouﬂda;nd4.are
1113 7.18-7.21(m) 128.7 (@) stable upon extensive S|I|ca_gel chromatography, it seems
19 7.18—7.21(m)" 127.6 (d)y very unlikely that the conversion frodito 1 occurred during

the isolation. The presence of the diketopiperaZings a
co-metabolite in BCC 1449 suggested that replacement of
the a-protons with sulfur atoms (%0 8) should take place
with retention of configuration. Since these biosynthetic
pathways (Scheme 1) are highly speculative, other possible
mechanisms for the formation of compoufichave been
considered, for example, (a) a radical pathway, instead of

; the ionic dimerization shown in Scheme 1, and (b) dimer-
(from YES culture) was also converted to iR)t and (S)-  jation of bis-thioradical intermediates, genarated by the
MTPA esters,7a and 7b, by treatment with (S)- and (R)- cleavage of S—S bond i@ or directly froms.

MTPA-CI, respectively. Each ester was obtained as a single Compounds1—4 exhibited growth inhibitory activity

procluct and was clearly di_stinguis_hable from each other in againstVlycobacterium tuberculosidz:Ra but also showed
the *H NMR spectrum, which indicated that compoud 1, qerate cytotoxic activities (Table 2). These compounds

was enantiomerically pure. Finally, we reexamined the X-ray

diffraction analysis of3, of the compounds both from
previous isolation (culture in PDB medium) and from the

present isolation (culture in YES medium), which indicated Table 2. Antimycobacterial and Cytotoxic Activities of
Compoundsl—4

aThe proton signals of the phenyl group(s) are overlappingAssign-
ments of carbons are interchangeable.

0.235, CHCY), were consistent with the literature data for
(3R,6R)-6(A26771E; [0af > —47, ¢ 0.13, MeOH}° and
opposite to that for (3S,6S)-@isdethiodi(methylthio)-
hyalodendrin; [o3% +64; ¢ 1.071, CHC}).'? Compound3

(13) Compound was recrystallized in EtOAehexane by slow evapora-

tion. Crystal data for compound) at 298(2) K: GsHoN20sS,, M, = cytotoxicity (ICso, ug/mL)

anti-TB

340.46, monoclinic, space grodg; (No. 4),a= 10.9060(5) Ab = 8.0074- compd (MIC, ug/mL) KB® BC° NCI-H187¢ Vero®
(2) A, c=19.0249(8) A = 94.790(8)°V = 1655.6(1) A3Z = 4,Dy =

1.360 Mg nT3. Fogo = 720, (Mo Ka) = 0.71073 A, = 0.333 mn. 1 12.5 >20 8.3 44 4.9
Data collection and reduction: crystal size 0.200.25 x 0.30 mn%, 0 2 12.5 >90 16.8 35 9.7
range 2.15—27.49°, 15288 reflections collected, 7165 independent reflec-

tions, 6406 observed ¢ 20(1) (Rw = 0.036), finalR indices: R, = 0.0410, 3 100 Z20 =20 20 >50
WR; = 0.0972 for 397 parameters, GGF1.077, Flack parameter —0.02- 4 25 >20 >20 6.6 49.9
(5). The coordinates were deposited with the Cambridge Crystallographic isoniazid® 0.06 f f f f

Data Centre with reference code CCDC 266625. These data can be obtained

free of charge via the Internet at www.ccdc.cam.ac.uk/conts/retrieving.html 2 Standard antitubercular drugHuman epidermoid carcinoma in the
(or from the Cambridge Crystallographic Data Centre, 12 Union Road, mouth.cHuman breast cancer celtsHuman small cell lung cancer.
Cambridge CB21EZ, UK; fax: £44)1223-336-033; e-mail: deposit@  ©African green monkey kidney fibrobladtNot tested.

ccdc.cam.ac.uk.
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