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Notes

aigialone (1} (CDCl3)

algialospirel (2) {acetone-dg/D;0, 4:1)

position e (mult) Oy (mult,, Jin Hz) HMBC (Hto ) pesition ¢ (mult) dy {mult,, Jin Hz) HMBC (H o C}

2 84.0 {d) 471 (q. 7.1) 3.7a i 105.1 (s}
3 197.9 (s} 2 158.4 (s)
3a 90.7 (s} 3 102.3 (d) 6.42 (d. 1.9) 1,2,4, 3
4 67.5 (d) 4.44 (brs) 5 7a 4 167.1 (s}
5 71.7 [s) , 5 100.6 (d) G.61 {dd, 1.9, 0.9) 1,3.4, 1"
6 89.6 (d) 4.32 (brel, 10.1) 4,5, 7a,9. 10 6 15L.8 (s)
Ta 180.8 (s} 1" 8.4 {d) 5.33 (d. 5.2) 6,23, —-C00-
8 16.0 (q) 1A7 (d. 7.1} 2.3 2" 66.3 {d) 1.27 (ddd. 12.0, 5.2, 2.6)
9 18.3 () 1.35 (s} 1, 35.6 ¥ 32.9 (t) 1.75 (ddd, 13.9, 12.0,29) &
i0 28.6 (0 192 (m), 1.78 (m) 6,12 1.65 (ddd, 13.9, 3.4, 2.5) 1,5
1 26.5 (1) £.60 (). 1.39 (m) 4 G8.3 () 4.02 (ddd. 3.4, 3.3.3.1)
i2 29.13 (1) i.35-1.25 (m)? 5 70.9 (d) 3.48 {d. 3.6} 7
13 29.10 ()7 1.35--1.25 (m)” 6’ 99.1 {s)
14 31.7 (0 1.35-1.25 {m}” 7 127.2 {d) 5.52 (ddd. 10.1, 2.0, 2.0) 6,9
15 22.6 () 1.35—-1.25 (m)* g 131.3 {d) 6.04 {ddd, 10.0, 4.3, 3.6) iy
16 14.0 () G.B8 (1, 6.8) B, 15 i 314 (x) 1.92-1.93 (ZH. m} 7800
Q-4 3.99 (brs) 3a,4,9 10 65.2 (d) 3.93 (i) CH3- 1
GH-5 4.97 (brs) 5,69 -00- 170.0 (s)

CHy- LY 20.7 {q) 1.14 {3H. d, $.3) L

OCH;-4 36.2 (q} 3.76 (3H, 5) 4
“ Interchangeable assignmunts. * Overlapping signals.

$
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Figure 1. Crystal structure of aigialone (1). Selected NOESY cor-
relations are illusirated with selid arrows.

Unfortunately atternpts to prepare a-methoxv-o-triflue-
romethylphenylacetic acid (MTPA) esters” of 1 were nos
successful, and the absolute configuration of T remains
questionable.

Compounds possessing a ketene acetal functionality are
very rare in nature.® '0 The structure of aigialone (1) is
closely related to that of benesudon (5). isolated from the
fungus Mollisia benesuada A26-93.% Benesudon possesses
a C-2—-C-8 double bond (exomethylene}, and its relative
configuration differs from that of 1. The relative steree
chiemistry {C-4, C-5, and C-6) of benesuden (3) was deted -
mined on the basis of the NOESY correlation data. which
were in good agreement with pscudo-equatorial orienta-
tions of OH-1, the 5-methyl and 6-heply! substizuents, and
a pseudo-axial OH 5.¥ However, the stereschemistry shown
in Figure 1 also accounts well for the NOESY correlation
data recorded for 5. Therefore our [inding casts some
doubts on the relative assignment of stereochemistry of
benesudon (5). The 1T and BC NMR spectral data of 1 in
CD;0D were very similar o those described (or compound
5 except for these of the five membered-ring moety. In
adedition, o Weoupling of FE 4 and 136 (/= 1.5 [lz).

was suggestive lor the pseudo-cquatorial

recarded for 5.
arientations of these two protons in 5.1

h

Algialospiret (2} was isolated as a pale vellow amorphous
solic, and its motecalar lormula of CulH08 was suggested
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spectral analysis revealed that aagialospirol (2) is somowhag
refated structurally to hypothemycin {3) and aigialomycins
{e.g.. 4), possessing a resoreylic ester connected at C-6 with
an aliphatic polvketide chain. Unlike the 14-membered
macrolides. this compeand possesses a dihvdroisobeneo-
furanone structure, as indicated by the tow-lield (9 5.33)
shift of H-1"and atso by the HAMBC correlaiion from this
proton (e the ester catbenyl. The linkage [vom C-17w C- 107,
through a guaternary cerbon (C-67, d: 99.1), was estab-
lished by analisis of e COSY. HMQC. and HAMBC
cotrelations. In addivon to HMBC correlation data ac-
guired in acetone @00 (Table 1), the spectrun taken in
CRCL shwed @ correlaston from H-10" 10 C-67. Although
a HALBC correlarion from H-27 1o C-67 was neu observed,
SeH O of this compound re-

sy

ot s g
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the molecuiar fomuia -
guired a spiroaceral type structure.

Analysis of Lhe vicinal coupling constant values and
NOESY spectral correlations of 2 revealed Lhe relative
configuration from €-27 to C (7, demonstrating rhat the
et wltelndreperan ting adonts a chair conformatien.
Thus, an intense NOESY interaction between one of the
C-3" methylene protons at oy L7595 (11-3%ax) and H-3°
indicated the 1.3 diaxial relationship of these protons, The
axial orientation of M-2" was indicated by its large coupling
(= 12.0 Hz) o F-3ax, The 1147 signal appeared as a
doublet of doublets of doublets with simall S values (3.4,
3.3, and 3.1 Hy), and this proton showed NOESY correla
tions to H-3ax. H-3%cq, and 1057 which placed it in an
cquatorial position The olefinic proton, H-77, showed an
intense NCHISY correlotinn signal wo the axial proton, H 5.
which clearly indicared the configuration ol the acetal
carbon (C-6°), as shown in Figune 2. Conligurations of C-17
and C-10° refative w the C-2°=C-6" asynunetric centers
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Figure 2. Prebable conformation of aigialospirol (2). Selecced NOESY
correlations are illustrated with solid arrows.

were also established by NOESY specwral analysis. The
H-1" proton showed a clear NOESY correlation to H-3"ax,
but was only very weakly correlated w H-3%eq. On the other
hand, one of the aromatic protons, H-5, showed a NOESY
correlation to H-107, despite the leng through-bond distance
between these protons. These data demonstrated the
relative configuration and plausible cenformation of 2, as
shown in Figure 2.

The structure of aigiatospirot (2) is related to hypothe.
mycin (3}, the major metabolite in the fungal extract, The
relative stercochemistry of the asymraelric carbon centers
of 2 was identical to thar of 3 except for the opposite
configuration at C-1". Since compound 2 was not detected
L ewiraes T it vaniier boovested fermenation
canto i is ol winvasoiaiae i assaine that tis come-
crlred vay be o derived frome 30 aned this coreclation sug-
gested that the abselute confliguration of aigialospival {2)
should be that as depicted. [t must be noted that aigia-
lospirol (2} was not obtained as an isolation artifact.
Compound 2 was detected in the HPLC/UV analysis (ODS
column, MeCN/HO) ol the crude extract. and this was
confirmed by co-injection experiments with the standard.

A plausible biosynthetic pathnway from 3 1o 2 is the initial
cpoxide cleavage (hydration) of 3 by attack of a hydroxyl
axygen w Lthe benzylic carbon (C-17) with stereoinversion
'S..2). giving & 17.2%-diol. followed by -lactone fermarion.
Subsequent spiroacctal formation may well proceed smoothly
duc o the favorable cis-olelinic geometry. An allernative
pathway, involving the hydrolysis of the ester linkage and
subscquant antack at the epaxide {C-1). may also be
paustize

Compounds 1 and 2 were inactive in our in vito
biological protocols, inclusive of antimalarial (FPlasmodivm
falciparum K1}, antitubercular (Mycobacreriun tubercu-
losis H37Ra}, antiviral (HSV-1), antfungal (Candida al-
bicanst, and cytutoxicity (KB cells, BC-1 cells) assays In
contrast. hypothemycin (3) has been shown to exhibit
significant antimalarial® and antitumoer?S activitics.

Experimental Section

General Experimental Procedures. Melling points were
measured with an Electrothermal TARTH0 digital meliing point
apparatus and are uncorrected. Optical rotations were inea
sured with a JASCO DIP-370 digital polarimerer. UV specira
were recorded ona Varian CARY TE UV visible spectropho-
rometer. FT-IR spectra were taken on a Perkin-Elmer 2000
spectrometer. NMR specira were Laken an Bruker DRX400
and AVE00D spectrometers. ESI-TOF mass specira were
measured with a Micromass LCT mass spectromeler.
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Fungal Material. Aigialus parvus was collecled, identified,
and isolated from mangrove wood by Prof. E. B. G. Jones in
June 1999. This fungus was deposited at the Thailand BIO-
TEC Culture Collection as BCC 5311.%

Fermentation and Isolation. A. parvus BCC 5311 was
grown on potato dextrose agar (PDA) at 22 °C for 35 days,
before inoculation into 20 x [ L Erlenmeyer flasks each
containing 250 mL of potato dextrose broth (PDB). Fermenta-
tion was conducted under stationary conditions at 22 °C for
80 days. The flask cultures were [iltered, and the filtrate {5
L} was extracred wich an equal volume of EtOAc (o obtain a
light brown selid (1.23 g}, This crude extract was passed
through a Sephadex LH-20 column (elution with MeOH).,
where an early-eluting Traction (Fr-A, 160 myg) consisted
mainly of aigialene {1), and a later fraction {Fr-B, 1.05 g)
contained aigialospirel (2) and 14-membered macrolides. Fr-A
was subjected Lo column chromatography on silica get (MeQH/
CH.Cl,, 3:97. then 5:99) 10 obtain aigialone (I, 124 mg: Rr0.20,
MeQH/CHCl;, 5:95) as a coloriess solid. Fr-B was fractionated
by repeated silica gel column chromatography (MeOH/E(OACc.
then MeOH/CH.CLy), and the following compounds were
obtained in the order of elution: 3 (195 mg); 2 (16 ma): and 4
(80 mg). Compound 2 was further purified hy preparative
HPLC using o reversed-phase colunm (4.0 x 10.0 cm; MeCN/
;0. 20:80; flow rate, 20 mL/min): @ 13 min. 13.9 mg.

Aigialone (1}: colorless crystals (EtOAc/hexane); mp 132.5-
£33.0 °C; [u]*y ~193% (¢ 0.65, CHCL); UV (MeOH) 2,44 (log el
254 (4.35) nm: [R (KBr) . 3492, 3245, 2921, 1677, 1574,
1493, 1039, 934 cin™!; NMR data in CDCly, Talle 1; 'H NMR
(CD30D. 400 MHy} 0 4.84 (1H, q. J= 7.0 Hx, H-2), 4.42 (1H,
brd, J= 116 Hz, H-6), 1.20 {1H, d, ./ = 1.3 tz H-4), 2.03
{(IH. m, H-10a). 174 (11, H-10b). i.b’l (1H. m. H-t1a}, 1.49
(3H.d, /=7.0Hv, 1‘{—8). 1.42 (1H. ni, H-1 b}, 1.39 3H, s, FI-9),
L39—1.33 (8, m M 22 1113 1114, and [1 £5), 0.95 (3H «, J
= 7.0 Hz L 1G) FCNNRAICD,GD, 100 Mllz) o 2000 (s, C-3),

822105, C.T ‘Ji G, 06 9.6 (s, C-30).81.9 (0 C-2), 724
-03 67 (e G- 15(} (. Oy, 3004 g0 C-14, 30029 and
Gu . Caz am!L L3, 28.0 (1. C 1), 23.7 (t, C-19), 20.8 (g,
L 16.3 {g, C-8). T4 (g, C-1G): HRMS {EST-TOF, positive}
mf/_' 200.1839 (ealed Tor C M0, 299.1858) [M + H]7.

X-ray Crystal Structure Determination of Aigialone
(1}. Crystal data of aigialone (1) CgHzeO5 MW 209838,
monackinic, 2, (No. 4), 2= 5.4952(2) A, b= 8.6872(4} A, ¢ =
17.1402(8) A, /i = 83.970(2)°, V= B16.276) A% [, = 1.214
giem®, Z= 2, A total of 19 048 reflections., of which 2028 were
unique (1882 ohserved, (£, = 4ot F), were measured at room
temperature from a 0.20 < 0015 x 0,10 mm?® coloviess crystal
using graphite monochromated Mo Ka radiation (2 = 0.71073
AY on a Bruker-Nonius kappaCCD diffractomerer. The crystal
structure was solved by direct methoeds using SIR-87, and then
all atoms except hydrogen atonms were relined anisotropically
by full-matrix least-squaies merhods on F¥ using SHELXL-
9% 1o give a final R-lactor of 0.0392 (K. = 01001 for all data)
with o data-to-paprameter ratio of 10.6:1.12

Aigialospirol! (2): pale yellow amerphous solid, mp 85- 89
G kP 44T (0 060, CHCLY: UV (MeQH) Za Jog ¢ 217
{(4.29), 257 (3.92), 292 (351 nov. IR (KBr) vaae 34530 1741
1615, 1455, 1218, 1159 1167, 1001 em ') NMR darta in acetone
s ‘D O Table 1: 'H NAIR {('E)('.'I: SO0 MH») 4 6.59 {iH. dd. ./
= POz H 5L 64T (JH, o, J = 1.8 He, 11 3),6.16 {111,
(Idd. .J= 100, 4.2.3.7 1=z l 87, 5.66 (1L, ddd, /= 101, 2.1.
1.9 Hz. H-771.5.36 (1H, &, J = G.O Hz. H-1), 4,05 (TH, ddd. S
= 120, 6.0. 2.3 Hz, H-2%, 4.]3 (IH. m, H-47, 4.01 (1H, m,
L0, 386 (3L s, OCIL 43 352 (I, &, J = 3.6 Mz, 1 5.
2.05-203 3H. i, H-Wa ;\nd H-99. 188 (1H, ddd. S =139,
12030 HA H-3D) 126 (3H d J= 6.2 Hy, CHA- 100 NMR
(CDCL 125 MHA 21713 (s, —C00-), 1673 (s, C 43, 1577
{5, C-2), 14001 {s. L‘ 6). 1300 ((l C-8).126.5 (L C-77). 1013 (s,

C-1, 1006 {d, C- (JIR( -3 0900 (3. CA6L 823 (o1,
70.7 (. C-57, 68. i((i ( 1), h) 4 {d C 2) G3.0 (d, C-107. 56.0
{g. OCH-4). 33.6 304 L G 2000 (g CH 107,

HRMS (ESI-TOF, ]]Ublll\(.] IVt OI.IZZB (caled for Cyglla,0y-
Na, 401, 1212) [M + Nal'.



460 . Journal of Natural Products, 2004, Vol 67, No. 3

Acknowledgment.

We are indebted to the Thailand

Research Fund (TRF) for financial support. A BIOTEC Senior
Research Fellowship Award and a student fellowship, 1o Y. T.
and P.V., respectively. are gratefully acknowledged.

Supporting Information Available: NMR and IR spectra of
compounds 1 and 2 and ORTEP diagram and crystallographic data of
L. This material is available free of charge via the Internet at heep/f
pubs.acs.arg. .

References and Notes |
{1) (a) Faulkner, D. J. Nat. Prod. Rep. 2000, 17, 1~6. (b} Faulkner, D. J.

@

{3
1]

Nat. Prod. Rep. 2001, 18, 1-49.

(e} Isaka, M. Tanticharoen, M. Kongsaerce, £.; Thebtaranonth, Y.
J. Grg Chem. 2001, 66, 4803—4808. (i1} [saka. M. Jaturapat. A.;
Rubserce, K Danwisetkanjana, K. Tandcharoen, M. Thehtara-
nonth, Y. £ Nar Prod. 2001, 64, 10151018, (¢} Nilanonta, C.; Isaka,
M. Kittakoop, P2 Trakulnaleamsai, S.: Tantichareen. M.; Thebtaca-
nonth, Y. Tetrahedron 2002, 58 3355-3360. (d) Isaka, M.; Tanti-
charoen, M. Thebtaranunth, Y. Tetrahedvon et 20000 41, 1657
1660,

Isaka. M. Suyarnsestakorn, (.0 Tantichareen, M. Koagsacree, P
Thebtaranonth. Y. £ Grg Cheor 2002, 67. 1361~ 1366,

A separate study i the time-course of maetabolite production revealed
that aigtalone (1} started to be produced after a long peciod of

a

(6)

(7
(8

(9

(o
(tn

(12)

Notes

*

incubation, while the concentration of resercylic macralides in the
fermentation broth reached a maximum within four weeks. This may
be the reasan compound 1 was not observed in the initial chemical
investipation of the 35-day culture.®

(a) Nair. M. 3. R.: Carey. 8. T. Tetrahedron Let. 1980, 24, 2011
2012, {b) Nair. M. 5. R.; Carey, 5. T.; James, ). C. Tetrrabedron 1981,
37, 2445 2449,

Revised structure al hypothemyein (3): Agatsuma, T.; Takahashi, A
Kabute. C.: Nozoe. 5. Chem. Pharm. Buil. 1993, 47, 373-375.
Dale, J. A Mosher, H, S, /. Am. Chem. Svc. 1973, 95. 512-519.
Thines, E.; Arendhelz, W.-R.: Anke. H.: Stermer, Q. . Amvibior. 1997,
St 13—-17.

Anke, H.; Casser, 1: Scheage. M.: Steglich. W. 1 Anribior. 1988, 1/,
1G81—E684.

Anke, H.: Schwab, H.: Achenbach, H. /. Antibior. 1980, 33 931~
939,

Also the loflewing coupling for a:gialone (1) was ohserved; Jyw = 1.3
Hz in CD,OD. CEo Jackman, L. M Steenhell, S. Applicarions of
Nuclear Magnetic Resenance Specroscopy fir Organic Chentisay, 2nd
ed.: Pergamon Press: Oalord, 19464 p 334

Crystallographic data of compound 1 have been deposited at the
Cambridge Crystaliographic Data Centre under the reference nuinber
CCDC 218502, Copies of the data can be obtained, lree of charge, on
application ta the Director, CCDC. 12 Unian Read. Cambridge. G132
1EZ, UK fe-mail: deposit@ccde.cam.ac.uk).

NPU30344D



2066 HEewETICA CHIMICA ACTA — Vol. 87 (2004)

Isolation and Structure Elucidation of Enniatins L, M,, M,, and N:
Novel Hydroxy Analogs

by Pornrapee Vongvilai®), Masahiko Isakua*®), Prasat Kittakoop®), Prasert Srikitikulchai®),
+ Palangpon Kongsaeree®), Samran Prabpai®), and Yodhathai Thebtaranonth®))

“} Deparlmeat’nf Chemistry, Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10408, Thailand
"y National Ceater for Genetic Engineering and Biotechnology { BIOTEC), 113 Phaholyothin Road, Klong 1.
Kiong Luang, Pathumthani 12120, Thailand
(e-mail: isnka@biotec.or.th)

Four new cyclohexadepsipeptides, enniatins L (1), M, (2). M, (3). and N {4}, have been isolated from an
unidentified fungus (BCC 2629), together with the known enniatins B (5), H (6). and I (7), MK 1688 (B}, and
enniatin B, {(9). Compounds 1-4 are the first enniatin analogs with an OH group at the side chain of one of the
2-hydroxycarboxylic acid residues. The structures of 1-4 were elucidated by spectroscopic means and by X-ray
crystatlography.

Introduction. —~ Enniatins are well-known cyclohexadepsipeptide antibiotics
produced by various Fusarium species [1]. These compounds have been known to
exhibit antibiotic [2][3]. insecticidal [4][5]. and phytotoxic activities [6][7]. They also
inhibit acy!-CoA cholesterol acyltransferase (ACAT) [8]. Generally. enntatins consist
of three p-configured 2-hydroxyisovaleric acid (Hiv) and three L-configured N-methyl
amino acid residues linked alternately to furnish an 18-membercd macrocycle.

Recently, we reported the isolation of the two new enniatins I and I, which bear
one and two 2-hydroxy-3-methylpentanoic acid (Hmp) residues instead of Hiv,
respectively. together with the known enniating B and B, and their antimalarial and
antituberculous aciivities were alse evaluated [9]. In our further search for enniatin-
producing fungi lrom the Thailand BIOTEC Culture Collection (BCC). we came
across the strain BCC 2629, an unidentified fungus, from which {our new compounds,
enniatins L. (1), M, (2), M, (3), and N (4), were isolated, along with the known
enniatins B (5). H (6.1 (7). MK1688 (8). and enniatin B, {9). The new compounds 1 -
4 are the first representatives of naturally-occurring enniatins possessing an OH group
at one of the 2-hvdroxy carboxylic acid residue side chains. Hercin, we report the
isolation, structure elucidation, and biological activities of these new analogs.

Results and Discussion. - Enniatins 1-9 were isolated by chromatographic
fractionation ot the MeOMH extract of mycelia of the BCC-2629 (ermentation broth.
The four new compounds 14 and enniatin B, (9} were obtained as minor components,
major melabolites being enniatins B (5). H (6), I (7). and MK 1688 (8)}. Unfortunately,
attempted purification of 2 and 3 had met with failure, therefore, they were isolaled as
an inseparable ca. 1:1 mixture. The spectral data of the known enniating 5—9 were
identical to those reported in the literature [9-11].

@ 2004 Verlag Hehetica Chinica Acta AG. Zurnich
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MeVaI(3)
Hiv(2) (RE=H) RL_ © N)H>\/
Hmp(2} {R? = Me) | 2
1 R'=R?’=H
N 2 R'=Me, R*=H
1 2 _
Me\.'ai(‘l} 3 R1 HzR
. W s} 4 R =R Me
v MeVal(?

RY () (R'=H)
Hemp{1) (R' = Me)

5 Hrr ek

5 R'=R°=R’=H 9
6 R'=Me, R°=R*=H

7 R'=R?=Me R¥=H

B R"=R?=R*=Me

The 'H- and "C-NMR spectra oi enniaiin L1 11 sunyesied ihat this compound is an
enniatin analog, possessing three N-methyvi amine acid xnd three 2-hvdroxycarboxylic
acid units. The IR spectrum of 1 was very similar 1o those of the known enniatins 5-9,
showing ester (1741 em~") and amide (1660 cm~'} resonances, except [or an additional
OH absorption at 3442 cm~'. High-resolution mass spectral (HR-MS) analysis gave rise
to the molecular formula C,\H,N.O,. in accord with an additional O-atom. NMR
analysis (‘H, '*C, DEPT, COSY, HMQC, and HMBC: in CDCL) revealed that all three
N-methyl amino acid units were N-methyivaline (MeVal), whereas two of the three 2-
hydroxycarboxvlic acid unils were 2-hydroxyisovaleric acid (Hiv). The remaining acid
residue was elucidated as 2, 3-dihvdroxy-3-methvlpentanoic acid {Dmp). which. so far.
has not been found in previously reported enniatins. The -H-NMR signal for H-C{2),
the a-H-atom, a sharp singlet at 3(H) 5.08. indicated that C(3) of Dmp was quaternary.
HMBC Correlations of ¥ clearly indicated that Ct 3) at $i{C) 73.6 was connecled with a
Me, an Et. and an OH group (Fig. /).

The alternating connectivily pattern of the six acid residues was revealed by the
analysis of HMBC and NOESY spectral data (Fig I). Most importantly, intense
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MeVal(3)

.‘ g —
PV (e

L O
W' ~—— O
MeVal{2)
O ~« HVBG (H -+ C)

Hiv(1} ¥~ ™ NOESY

0]

(

Fip. | Selected HMBC and NQESY correlations for enniatin L (1), showing the connectivity of the six residues
of the macrocvele as well as the partial structure of the Dmp residue

NOESY correlations were observed for the three N-Me H-atoms at §{H) 3.26
(MeVal(3)), 2.90 (MeVal(1)), and 3.37 (MeVal(2}) with respect to the three ¢-H-
atoms of the 2-hydroxy acid units at (H) 5.08 {(Dmp}, 5.55 (Hiv(1)), and 5.20 (Hiv(2)).
In contrast, the NOESY cross-signals between the N-Me and the «-H resonances of the
corresponding MeVal units were absent or very weak relative to the above-mentioned
correlations. These data are consistent with the established relative conligurations and
conformations of known enniatins. such as enniatin B [12], wherein the three N-Me
groups are co-planar to the «-H-atoms of the neighboring (2R)-Hiv moiety in the
macrocyclic ring, while the N-Me groups are antiperiplanar to the corresponding «-H-
110ms of (25)-MeVal. We also observed similar NOESY-correlation data {or enntatins
- 9in the sume solvent (CDCL). The ¢-H-atoms and the C-atoms of the six units were
clearly distinguished in the 'H- and “C-NMR specira (Tuble ).

Enniatin N (4. which had the molecular formula C;,H4:N;O,,; according to HR-
MS. showed UV and IR spectra similar to those of 1. Analysis of 2D-NMR {(COSY,
NOLESY, HMQC, HMBC) specira revealed that 4 consists of three MeVal, one Dmp,
and two 2-hydroxy-3-methylpentanoic acid (Hmp) residues. The structural inflormation
derived from HMBC and NOESY data were very similar to those of 1. Again, NOESY
correlations of the three N-Me resonances at 6(I) 3.28 (MeVal(3)), 2.92 (MeVal(1)),
and 3.38 (MeVal(2)), respectively. to the three ¢-H-atoms of the 2-hydroxy acid units at
d(H) 511 (Dmp). 5.65 (Hmp{1)). and 5.30 (Hmp(2)) strongly supported the proposed
structure.

Attempls 1o separate compounds 2 and 3 by means of various chromatographic
techniques had met with failure. Therefore, spectroscopic analyses were conducted for
aca. 1:1 mixture. The IR and UV Spectra of the mixture 2/3 were very similar to those
of 1 and 4. The ESI-TOF mass spectrum of the mixture showed two intense signals at
miz 684 (100%) and 706 (65%). correponding to [M+H]* and [M +Nal*,
respectiverly, which indicated that the two compounds had identical molecular

'J
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Table 1. NMR Data of Enniatins I (1) and N (4). At 500/125 MHz in°CDCly; 8 in ppm, J in Hz. For

abbreviations, see tex1 and chemical formulae.

Residue Group 1 4
e H ne 'y
DMP c(1) 168.3 - 168.4 -
H-C(2) 75.1 5.08 (s) 75.0 511 (x)
C(3) 736 - 737 -
CH,(4) 349 159 (g. 4=7.3) 348 161 (g./=175)
: Me(5) 17 097 (1. J=7.5) 79 0.99 (1,7 =17.4)
Me(4) 226 1.32 (5) 22.6 1.34 (s)
OH - 4.72 (br. 5) - n.d.€)
MeVal{1} c(1) 169.7 - 169.7 -
H-C(2) 612 4.87 (d, J = 10.5) 614 4.88 (4, /=10.8)
H-C(3) 2537 2.18 (mr) 258 2.20 (ar)
Me(4) 19.8 0.99 (d, J = 6.8) 19.94 102 (d, ] = 6.6)
Me(4) 18.4 0.83 (d, J=6.7) 18.4 0.85 (d, J=6.T)
N-Me 318 290 (s) a9 2.92 (5)
Hiv(1) or Hmp( t) C—(1) 168.8 - 168.8 -
H-C(2) 74.0 5.55 (d, J = 8.9} 731 SRS (d,J=9.1)
H-C(3) 305 2.33 (o) 368 2.10 (nr)
Me(d), CH.(4) 18.8 0.98 (d, J = 6.9) 24.4 1.52. 117 (2m}
Me(5) - - 113 092 {1, J=7.4)
Me(4) 180 0.93 (d, J =6.9) 14.8 0.95 (o, /= 6.6)
MeVal(2} () 170.7 - 170.7 -
H-C(2) 61.0 S.00 (d, J=9.8) 611 503 (d, J=9.8)
H-C(3) 286 2.24 (1) 287 2.26 (i)
Me(4) 20.0 112 (4, 1=6.6) 2004 LI3 (d, /] =66)
Me(d) 195 U2 b f=a4) HER YT (L F=67;
N-Me 32.4 157 {v) 324 338 ()
Hiv(2) ar Hmp(2) c{) 170.7 - 170.7 -
H-C{(2) T 0 S20{d, J=99) 73.1 5.30 (. JF=9.6)
H-C(3) 297 229 {n) 360 2.07 (1)
Me(4). CHy(4) 18,6 0.95 (. J =6.4) 2446 138 1.05 (2m)
Mef5) - - 112M 092 i J=71
Neidh T =R A T g, J =
MeWal(3; Cihy - ind3 -
-Gz LIT v 877 343 {bry
~ H-C(3} 2.3 (m) 28.4 2.37 ()
Me(4) 213 LO3 (d, J = 6.5) 263 108 (. £ = 6.5)
Me(47) [9.1 095 (d. J=7.0) 19.1 098 (d, J =6.2)
N-—Me 387 326 (x) 388 3.28 (x)

“) h) Assignments may be mterchanged. °) Not detectzd.

formulae, i.e.. CiHg N0y, 2D-NMR Spectral analysis revealed that 2/3 consists of six
MeVal, two Dmp. two Hmip. and two Hiv residues. These informaticns. as well as the
observation that 1-4 were only nunor compeonents (in contrast to the major
metabolites 5-8) suggested that both 2 and 3 consist of three MeVal, onc Dmp, one
Hmp, and one Hiv residues each. and that only the connectivity pattern differs. 'H- and
3C-NMR assignments of each residue ior 2 and 3 couid not be distinguished due to
strong signal overlapping. Theretore. these data are presented separately as sets of

signals ( Tubie 2).
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Table 2. NMR Data of a 1: ] Mixture of 2/3. At 500/125 MHz in CDCly: & in ppm. J in Hz.

Residue C-Atom ’C 'H Residue C-Atom ¥C 'H

Dmp C(1) 1683 - MeVval(2) C(1) 170.6 -

{iwo units) H-C(2} 749 5.09, 5.08 (25) {two units) H-C(2) 61.0 5.01 {4, J=9.8)
C(3) 73.6 - H-C(3) 286 2.24 (nr)
CH,(4) 348,347 1.60 (g, /=74) Me(4) 19.9,19.7%) 112,111

{2d, J =6.5 each)

Me(5) 7.7 0.97{(t./=173) Me(4)  19.89) 0.98-0.92)
Me(4) 225 1.32 (s} N-Me 324,323  336.3.35(2)

MeVval(1}) €¢1) 169.7 - Hiv(2) Ci1) 170.6 -

{two units) H~C(2) 613.61.2 487 (d,/=102), (for2) H-C(2) 740 5.20 (d. J =99}

4.85 (d. /=9.8)

H-C(3) 257 2.18 (m) H-C(3) 297 2.24 (m)
Me(4) 1999 099 (4.7=7) Me(4) (88" 0.98-0.92)
Me(4'} 184,183 0.83 (d./=06.7) Me(d) 177 088 {d. J=6T)
N-Me 318 2.90 (5}

Hiv(1) (og))] 168.8") - Hmp(2}  C(1) 170.6 -

{for 3) H-C(2) 74.1 555(d./J=89) (ford) H-C{2) 73.1 527 (d. J=97)
H-C(3) 304 2.33 (m) H-C(3) 359 2.05 (1)
Me{4)  18.6°) 0.95-0.929) CH.(4) 243 1.37. 103 (2m)
Me(4) 1809 0.95-0.92%) Me(3) 11.29) 089 (r, f=173)

Me(4) 145 0.98-092%)

Hmp(1) C(1)y 687" - MeVal(3}) C(l) 169.5 -

{for 2) H-C(2) 73.0 562 (d, /=82) (twounits) H-C{2) 67.8.67.6 341 (br.)
H-C(3) 367 2,07 (m) H-C{3) 284,283 234 (m)
CH,(4) 245 151, 115 (2m) Me(4} 212 .06, 1.05

(24, J =ca. 6.5 each)

Mef 5y 114 NRY (1. J=7.3) Me(47) 191, 19.0% 0.98-092%)
Me(d) 147 0980424 N-Me 389,388  3.26.325(25)

1= ) Assignments may be interchanged, ) Overlapping signals.

The structure of enniatin N (4) was conlirmed by X-ray single-crystal structure
analvsis (Frg. 2). The relative contiguration in c-position (C(2)) of the amino- and
hvdroxy actd residues was lound to be identical 1o that of other known enniatins. By
means of correlation between 4 and the co-metabolites 5-9, the (25)-conliguration for
the three MeVal residues of 4, and the (2R)-conliguration for Dmp and the two Hmp
residues were assigned. Hence, the configuration at the quaternary C(3)-atom in the
Dip unit of 4. which could not be determined by NMR methods, was (R). The very
similar 'H- and “C-NMR data for the single Dmp moiclics of compounds 1-4
{Tables I and 2} strongly suggested that 1 -3 should also possess (3R)}-configuration. It
should also be noted that the (3.5)-configuration of the two Hmp units of 4 is the same
as in enniatins H (6), T {7). and MKI1688 (8), as previously and independently
established by means of precursor-directed biosynthesis [9].

The new enniatins L (1), M;/M, {2/3), and N (4) were tested for their antimalarial,
antitubercutosis, and cytotoxic activities realtive to the known enniatin B (5). The new
hydroxy congeners displayved similar growth-inhibitory activities as the reference
compound, suggesting that the OH group does not play an important role in these
assays { Tathle 3).
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Fig. 2. X-Ray erystad strvccture (ORTEP plot) of Enniatin N (d)

Table 3. Bivlogical Activitees of 1=58 against Malaria- and Tubercalosis-fnducing Microorganisms, as well as
Criotoaic Acinv it donwara Doorcns Cuncer and Fiua da Conn KB ursd uman enidermad sareimomy coiiz
BC. humen broast cunoer 2.0 NCLH

ardnes-toroblos

ot calie \ Lz T T Ol e s
ceswalien T w2 ha, Molo AlTCaA gL - iToR A

er Pari.

ivovezthe B

Cunu;ound Malaria") Tubercutosis") Cylotoxicity©)

1Cs [ug/mt] MIC [pg/ml] KB BC NCI-H187 Vero
1 33 125 36 38 2.1 6.4
2/3%) 2 627 2 2n 22 a7
L] G 6.23 RAY 78 1.2 47
5 id RN R 17 096 3.4

Y Agamst P falciparwn K1 the standard anmalarial drug dibvdroartemisinin had an 7C., value ol 0.0012 pof
ml. ") Against M ebercidosis HITRO L the standard andtubercalosis drugs ivoma Zid and kanamven had MIC
values of (006 and 2.5 pgiml resp. v The st wad TGy, values of 13, L5, 039, and
0.0 ue'mil for KB. BC. NCI-HI87. and Vero cells. resp. 9) Approximately a 1| mixture,

erd drag e ane exd

Experimentad Poany

General. Column chramatography (CC): Sephaden LH-20( Pharmacia} or Silica Gel 80 H (Merck). HPLC:
Waters 600 controlier; Waters 996 photedwde-urray detector: NMova-FPak [IR-CI8 (40 = 100 mim; 6 pm) columin.
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M.p.: Electrothermal 149700 digital melling-point apparatus; uncorrected. Oplical rotations: JASCO DIP-370
digital polarimeter. UV Spectra: Varian CARY-1E spectrophotometer; 4,,,. in nm (log €). IR Spectra: Bruker
VECTOR-22 spectrophotometer; in om™'. 'H-, *C-, and 2D-NMR: Bruker AVS00 spectrometer; in CDCly; é in
ppm rel. to SiMe, as internal standard. / in Hz, MS: Micromass LCT spectrometer.

Fungal Material. The fungus used in this study had been isolated on May 27, 2000, by Dr. Nige! L. Hywei-
Jones (Mycology Research Unit, BIOTECY) from spore attached to the syanema of Hirsutella fomicarim on ant
collected at Khao Sok National Park, Surat Thani, southern Thailand. This fungus was deposited at the Thailand
BIOTEC Culture Collection (BCC). registered as BCC 2629. The colony-growth rate was moderate on potato
dextrose agar, reaching a diameter of 50 mm in 20d, pure white, diffuse, thin and immersed with aerial
mycelium, hyhline, septate and branching, up to 3 pm with sporulation of the fungus at 25" under normal day-
light illumindtion. Anamorphic stage formed-genus Acremonjum, however. it is pot possible to identify into
species level as this fungal genera is revising at the moment.

Fernrentation, Extraction, and Isolation. The fungus BCC 2629 was maintained on potato dextrose agar at
257 for 21 d, after which the mycelium was cut into pieces and inoculated in four 250-ml Erlenmeyer flasks, each
containing 25 ml of potato-dextrose broth (PDB). After incubation at 257 for 8§ d on a rotary shaker (200
r.p.m.), these primary seed cultures were transferred into four 1KX-m) Erfenmeyer flasks, each containing
250 ml of PDB, and incubated at 25° tor another 8 d on a retary shaker (200 r.p.m. ). Each 25-ml portion of the
secondary seed cultures was transferred into forty 1000-ml Erfemmeyer flasks containing the same liguid
medium, and the fermentation was carried out at 25° for 40 d under stationary condition. Then, the cultures
were filtered, and the residual mycelial cakes were extracted at r.. with MeOH (1500 ml) for 2 d. To the filtrate
was added H.O (100 ml), and the mixture was washed with hexane (800 ml). The aq. MeOH layer was
concentrated under reduced pressure. The residue was dissolved in AcOEL (300 ml), washed with HyO (106G ml ),
and 1he orp. tayer was concentrated under reduced pressure. leaving a deep-yellow amorphous solid (2.2 g). This
extract was purified by CC (1. Sephadex LH-20. CH,Cly/MeOH ; 2. 510;; MeOH/CH,Cl,) 10 obtain a mixture of
enniating (1.99 ¢). This mixture was subjected to repeated prep. HPLC (O DS column: MeCN/H,O 70:30). The
compounds were eluted in the following order: 1> 2,35 > % > 4,6 > 7> 8. Repeated HPLC purnification of each
fraction with MeOH/H.O R0:20 then afforded 1 {21 mg). 5 (126 mg), an inseparable 1:1 mixture of 273
(63mg). % (27 mg). 4 (25 ma). 6 (246 mg). 7 (224 me). and 8 (173 mg).

Enmaiin L (17}, Coloriess powder. Mop. 1321337 (n]f = ~ 102 (¢ =022, CHCI). UV (MeOH}): 206
{401 IR (KBr): 3542, 2970, 1741, 1660, 1471, 1198, 1016, 'H- and "C-NMR: see Tabie [ HR-ESI-TOF-MS:
(92,4908 (| M + Na|-, CuHuN.-NaO g cale. 692.4908).

1:f Mixtare of Ennatine My end M. (2/3). Colorless powder. M. 114-115". {e)ff = - 102 (¢ =022,
CHCLL). UV (MeOH): 207 (4.20}. IR (KBr): 3412, 2968, 1744, 1659, 1469, 1189, 1012, 'H- and "C-NMR: see
Tabie 2. HR-ESI-TOF-MS: 684,445 ([M + H|". CulloN:Oyy: cale. 681.4436).

Enniatin N (4). Colotless ervstals, Mup. 98-997 e |{ = — 102 (¢ =10.22. CHCL). UV (MeOH): 206 (4.17).
HROCKBry 240A. 296N 1743 66590 1467 11921010 TH- and “C-NMR: see Tuble [ HR-ESI-TOF-MS: 676.4121
A = Hi . CulL NO cale, AYS4391 ).

X-Rav Crvsad Streciwre of Enntoun N (47). Crystals of compound 4 were grown from EtOFF at r.1.
Diffraction data were acquired from a colorless prism ol size (.25 % 030 x 050 mm on a Bruker-Noséas
huppaCCD diffractometer (graphite-monochromated Mok, radiation: 2 =0.71073 A) over a O-range of 1.02—
21977, No signiticant decay was observed durmg the data collection. Fram a to1al ot 4859 unique reflection
TR, = 00450, 1063 rellections were observed with / < 20(/). The structure of 4 was solved by dircet methods
using SIRY7 [13]. and refined by full-matrix least-square eptimization on £2 using SHELXL97 [14]. All non-H
atoms were refined anisotropicaliv. and the H-atoms were fixed at caleulmied positions, and refined by means of
ariding medel. The final indices were R = 0.0707 and wR = 0.1818, with a goodness-of-{it on F7 of 1.12 and a
data-to-paramelter ratio of 10.54. The final difference-electron-density map showed a maximum of + .24 and a
minimum of — (.15 A= resp. The following data were generated: malecular formula Co HN2O, (4-2 H,0);

1) Swstemaunc name: (ISORISI2RASSISR)-6-{(1R)-1-hydroxy-1-methylpropyl]-3.9,12,15,18-pentaisopro-
pyl-110.16-1rimethyi-1.7.13-rioxa-4. 10, 1 6-trinzacyclooctadecane-2 5.8.11.14,17-hexone.

21 Crystallographie data have been deposited with the Camthridge Crystallographic Data Centre as deposition
No. CCDC-223901. Copies of the dati enn be obtained. free of charge, on apptication to the CCDC. 12
Union Road, Cambridge CB2 IEZ, UK (fax: ~#-1223-330033; e-mail: deposit@ccde.cam.ac.uk} or vig
internet (hitpefAwww.cam.ac.ukfconts/retrieving. iml).
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M, 733.94; trigonal system, space group P 3,; unit-cell parameters: o =b ="14.8277(3), ¢ = 16.6565(3) Avs=
TS A P, =1149 gem ™ Z=3, p=085cm™".

Biological Assays. The antimalarial assay for activily against P. falciparum K1 was performed accordingtoa
standard protocol {15], which follows the microculture radioisotope technique described by Desjardins ef al.
[16]. Growth inhibition against M. mberculosis H3TRa was performed by means of the Microplate Alamar-Blue
Assay (MABA) [17]. Cytotoxic activities of the pure compounds (or the 1:1 mixture in case of 2/3) against oral
human epidermal carcinoma (KB) cells, human breast-cancer { BC) cells, human small.cell lung-cancer (NCI-
H187) cells, and African-green-monkey kidney fibroblasts {Vero cells) were evaluated colorimetrically [18].

We are geateful to Dr. Somsak Sivichaei and Dr. Nigel L. Hywel-Jones for descriptions of the fungus used in
this study. Re¢search grants from the Bioresources Utitization Program (under the support of the Biodiversity
Research & Training Program) and the Thailand Research Fund (BRG 13/2545, for M. [.) are gratefully
acknowledged. We are grateful for Tlie Senior Research Fellowship Award and a student grant from the
BIOTEC 10 ¥. T. and P V., respectively. 5. P. thanks Postgraduate Education & Research in Chemistry for a
student grant.
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Optimal fermentation conditions for enniatin production using the entomopathogenic
fungus Verticillium hemipterigenum BCC 1449 have been investigated. Among various liguid
media tested, highest efficiency of enniatin production was achieved by fermentation in yeast
exfract sucrose. Application of this condition to large-scale fermentation resulted in the
isolation of three new analogs, O, O, and O,, which are closely related isomers that were
characterized as an inseparable mixture, along with seven known enniatins.

Recently. we reported the isolation and structure
dicidation of (wo new enniatins'’ and two mnew
léiketopiperazines” from the entomopathogenic fungus
Werticillivm hemipterigenum BCC 1449, This fungus has

i been shown to be useful for the studies on precursor-

tected biosynthesis of enniatin analogs. Feeding L-leucine
wsulted in the selective uptake of this precursor in the

‘methylamino acid residue of the enmjatin molecule,

file t-isoleucine was used as precursor for the 2-
wdioxycarboxylic acid residue. In the above mentioned

weliminary  studies,'

however, the low efficiency of
mniatin production by BCC 1449 was a problem. Some
inor enniatin analogs eluded the isotation/characierization
ucess due to their low relative and absolute amounts in
¢ crude extract from large-scale fermentation. This
sthnical limitation in the precursor-feeding experiments
s 4150 been responsible for the problems in characterizing

Miinor enniatin  analogs. Considering the significant

Miibiotics as well as the aim to create a mini-library of

Wimialin analogs by precursor-directed biosynthesis'* we

litided 1o optimize the fermentation conditions for
anintin production wsing strain BCC 1449, In this paper,
£ report the results of the studies on fermentation
iditions for BCC 1449 and the isolation of cnniating

a larpe-scale fermentation broth,

Results and Discussion

Fungal Malerial

¥ hemipterigenum was collected from Khlong Nakha
Wildlife Phetchaboon
Thailand, on Homoptera-adult leafhopper, and 1dentified by
Dr. NiGEL L. HyweL-JoNes of the Mycology Research Unit,
BIOTEC.” The fungus was deposited at the Thailand
BIOTEC Culture Collection as BCC 1449,

Sanctuary, province, northern

Fermentation, Extraction, and Metabolites
Analysis for Optimization

For the optimization of enniatin production, small scale
cultivations were conducted in six hquid media (25°C, 21
days); 1) PDB (potato dextrose broth: potato infusion 200 g,
Bacto dextrose 20g, per liter distilled water), 2) SDB
(Sabouraud’s dextrose broth: peptone 15g, glucose 20g,
per liter distilled water), 3} MSM (minimum salt medimm:
glucose 20 g, yeast extract 1.0g, NH,NQ,; 3.0g, KH,PO,
0.5 g, NaH,PO, 0.5 g, MgS0O,-7H,0 0.5 g, CaCl, 0.5 g, per
liter distilled water), 4} FDM (sucrose 25 g, NaNQ, 4.25¢,
NaCl 5.0g, MgSO, 7H,0 2.5g, KH,PO, 1.306¢g,
FeSO,-7H,0 0.ig, ZaSO, TH,O 0.0029g. per liter
distitled water), 5) YES (yeast extract sucrose: yeasl extract
20 g, sucrase 150 g, per liter distilled water), and 6} coconut

* Corresponding author: isaka@gbiotec.orth
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Fig. 1.

Comparison of liqutd medium type for enniatins production by BCC 1449,

Dry cell weight (g/1)

PDB MSM FDM
Medium

ed into 250 ml Erlenmeyer flasks (2 pieces per
i) cach containing S0ml of PDB medium. The seed
ies were incubated on a rotary shaker (200rpm) at
L for 4 days. A 5ml portion of the seed culture was
glated into twenty-five 250ml Erlenmeyer flasks
fllining 45 ml of the production medium (PDB}) and
Bnated without shaking at 25°C. After 7, 14, 21, 28 and
s, 5 flasks (tota] 250 ml broth) were harvested and
meied 1o extraction and analysis of the metabolites. This
o txperiment was performed in triplicate. Cultivations
Wt other media were also carried out using the PDB
': fure.

e cultures in five Erlenmeyer {lasks were filicred to
gk filtratc and wef mycelia. The combined filtrale
iml) was extracted twice with ElOAc (250mi cach).

il The wet mycelia were freeze-dried to measure dry
ight, and were extracted with MeOIT {30 ml, room
.2 days). The methanol extract of mycelia was filtered
aml of H,O was added to the filtrate and washed with
% of hexane, The aqueous McOH layer was separated
lic hexane layer, and partially concentrated under
Bl pressure. The residue was dissolved in EtOAc

T 130
3120
1110
1 100
190
y 80
T 70
T 60
I s0
1 40
T30
320
I 10

Enniatins {mg/1)

i B

:’_ 0
SDB YES

Cocoout juice

0O Dry cell weight (g/1) @ Enniatins in cullure filtrate {mg/1) ® Enniatins in cclls (mg/)

(50 mt) and washed with H,0 (30 ml}, and concentrated to
vield a crude mycelial exiract.

Quantitative analysis of enniatins tn the extracts both
from culture filtrate and mycelia was carried out by
HPLC/UV (detection at 210nm) using a rcverse-phase
column (NovaPak C, - 3.9%150mm; MeCN/
H,0=65:35; flow rate, |ml/minute). Ethy] 4-phenyl-

4 ym,

benzoate was used as an internal standard.

Amount of enniatins from a total 250ml culture
(5%50ml; calculated in mg/liter), and cell dry-weights
{calculated in g/liter) are shown in Fig. 1. Enniatins were
produced best in YES medium, which corresponded to the
efficiency of cell growth. Incubation in SDDB medium also
gave better production of enniatins compared to PDB, while
other liquid media (MSM, FDM, coconut juice) were not
sufficient for enniatin production. Compositions of enniatin
isomers in the crude extracts were similar in all cases. [n
YES cultures, enniatins were present mainly in mycclia
(Fig. 1). Examination of the time-course in YES medium
revealed that enniatin production reached the maximum
level within 4 weeks incubation (Fig. 2). Therclore, we set

-up the optimal liquid-medium fermentation conditions in

laboratory scale: static fermentation in YES, at 25°C, for
28 days.

Large-scale Fermentation and [solation

Large-scale cultivation was carricd out under the



0 7 14 21 28 35 42
Time (days)

—e— Enniatins in cells {mg/)

—@-- Ennialins in culwre filtrate (mg/1)

E:ondilio'ns optimized for enniatin production. The strain
'BCC 1449 in 401 liter Erlenmeyer flasks each containing
150ml of YES medium were incubated for 28 days. The
lzsk cuitures were fillered, and the residual wet mycelia
were extracted with MeOH (1000 ml, 2 days), then filtered.
To the filtrate’ was added 50ml of H,0 and washed with
300 ml of hexane. The aqueous MeOH layer was separated

from the hexane layer, and partially concentrated under
reduced pressure. The residuc was dissolved in EtOAc
(500 ml), washed with H,O (150ml), and concentrated to
yield a brown gum (2.0 g). This extract was passed through
&8 Sephadex LH-20 column {(MeOH/CH,Cl,=1:2) and
lhe fractions containing enniatins were combined (1.29 g)
nd subjected to silica gel column chromatography
[Et0AC/CH,Cl,). The enniatin-containing fractions were
wbined (673 mg), and subjected to preparative HPLC
ing a reversed phase column (NovaPak HR C,,
40X 100 mm, 6 ym) with MeCN/H,0=68:32 as cluent at a
Iul.l.- rate of 20 ml/minute to separate into six fractions in
Ui following elution order: 1, 2, (3 and 5), (4, 8a, 8b and
). 6, 7. Each fraction was further separated by repeated
eparative HPLC using an eluent of MeOH/H,0=80/20 to
wrd pure compounds; 1 (286 mg), 2 (77mg), 3 (13 mg), 5
65mg), 8a/8b/Bc mixture (19mg), 4 (0.3mg), 6 (4 mp),
d 7 (0.3 mg).

“ When the fermentation was repeated under the same
ndittons and scale, higher quantity of enniatin mixture
10 g) was obtained after partial purification by Sephadex
20 and silica gel column (0.673 g, for the previous
fation). However, composition of enniatin analogs was
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J Fig. 2. Time course study on enniatins production by BCC 1449 in YES medium.
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similar in both of these fermentations. Presumably, the
efficiency of the enniatin production may be affected by the

seed culture preparation stage {on PDAY} or other factors.

Structure Elucidation

Spectral data of known enniating, 1~7, were identical to
those of our previous isolation from the same fungus' &s
well as those reported in the literature. It should be noted
that enniatin C (4) was previously reported as a synthetic
compound, and we recently obtained this compound by
precursor-directed  biosynthesis  (feeding  L-leucine)
employing the same fungal strain.' Now it has been
isolated, although in very low amount (0.3 mg), as a bona
Jfude natural product,

A mixture obtained together with 1~7 composed of
three new enniating with an approximate ratio of 1:1:1,as
indicated by its NMR speetra (‘"H and >C). Atempts to
separate each compound from this mixture using various
chromatographic conditions met with failure, therefore,
characterization was conducted for the mixture, The ESI-
TOF mass spectrum indicated that the three inseparable
compounds possess identical molecular formula of
CyHy N3O, (m/z 668.4502, [M+H]*, A=1.6mmu), the
same as that of enniatin G (3) and 1 {(6). IR and UV spectral
data and the specific rotation value were very similar to
those of other enmiatins. NMR analysis was supported by
the full spectral data of related compounds 1--7 (all taken
in CDCl,), which revealed that the mixture of three

compounds consists of six N-methylvaline, three M-
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Fig. 3. HPLC chromatogram of enniatins mixture partially purified by silica gel column chromatography.
0604 1
0.55-
0504
0.45
0.404
035
7 0.304
0251
0354
8a
010 31 8b
0.05- “s46
' T
0.00
T T T T T ML T
0.00 500 10.00 15.00 2000 2500 30,00 35.00 4000
Minutes
(NovaPak HR C g, 3.9%X 150 mm; MeCN/H,0=65: 35; flow rate, | ml/minutc).
Table 1. NMR data for enniating Q,, O,, O; mixture,
position 3¢ NMR (125 Mz, CDCl;)™** 'H NMR (500 Mz, CDCly)Y
NMeval 1 C=0 170.57. 170.51 X 2, 170.43X 3
(6 units) 2 6291, 62.73, 62.64, 61.36, 61.33X 2 4.95 (21, d, ca 9), 4.93 (d, ca 9), 4.59 (d, 9.3), .57 (d, 8.0), 4.53 (d. 10.0)
3 2792, 27.84X 2, 27.76, 27.68, 27.59 2.28-2.23 (6H, m)"
4 20.16, 20.13, 20.68, 19.91X 2, 19.85 1.06-1.01 (18H, m)
4 19.76, 19.62, 19.55, 19.24 X 2, 19.03 0.93-0.88 (1811, mY
N-CH, 33.22%X3,32.54,32.49, 32.36 318 (3H, 5), 3.16 (6H, 5), 3.15 (31, 5), 3.13 (GH. 5)
NMcelew | C=0 170.85%3 -
(Junits) 2 $6.79% 72, 56.63 4.83-4.78 (3H, m)
3 37.79, 37.66 X 2 1.85-1.83 (3H, m), 1.75-1.73 (3, m)
4 25.35,25.31, 25.27 1.53-1.52 (31, m)
5 23.29,23.25,23.25 0.96-0.92 (9H, mY
s’ 21.33X3 0.96-0.92 (9H, m)
N-Cl; 31.71%2,31.39 3.13 (3H, s}, 3.12 (3H, 5). 3.09 (3H, 5}
Hiv 1 ¢=0 169.69, 169.55% 2, 169.48, 169.37%X2 -
{6units) 2 75.31,75.24, 75.17 X 3 5.22 (d, 8.5), 5.15 (d, ca.9), 5.04 (211, d, ca 9), 5.02 (d, 7.0), 4.98 (d, 9.1)
3 30.31, 30.28, 29.82, 29.81, 29.74, 29.70 2.31-2.25 (6H, m)*
4 18.98, 18.90, 18.70, 18.05, 18.48, 18.46 1.00-0.94 {1811, m}
4 18.37X2, 18.35, 18.34, 18.19, 18.15 1.00-0.94 (18H, m)
Hmp: 1 C=0 169.88% 2, 169.80 -
(3units) 2 73.88, 73.77X2 5.32(d, 7.0), 5.18 {2H, d, 7.5
3 37.79, 37.66 X2 2.03 (m), 1.97-1.96 {2H, m)
4 25.37,25.35,25.22 1.45-1.44 (3H, m), 1.19-1.18 (3H, m)
5 14.85, 14.60, 14.36 0.93-0.88 {(9H, my’
3-Cify 14 85, 14.60, 14.36 1.00-0.94 (911, mY

¥ Assignments of the carbonyl carbons ean be inlerchanged between AMeVal and MMcLeu residues. * Assignments of the carbonyl carbons can be
interchanged between Hiv and Hmp residucs.” Assignments of the N-CH; carbons can be interchanged between the MMeVal znd AMeLeu residucs.
# Assignments of the N-CH; protons can be interchanged between the NMeVal and NMeLeu residues, * 'I4 signals arc overlapping.
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methylleucine, six 2-hydroxyisovaleric acid (Hiv), and three
2-hydroxy-3-methylpentanoic acid (Hmp) residues (Table
1). Considering also its HPLC retention time, eluted
between enniatin G and enniatin I, the structures depicted
:as 8a, 8b and 8¢ (Fig. 4), namely enniatins O,, O, and O,
respectively, were suggested. HMBC correlations from the
N-methy! protons to the ovérlapping carbon signals at 8
169.3~169.9 indicated that these carbonyl carbons were
assignable 1o those of the amides (Hiv and Hmp residues).
The rest of the carbonyl carbons, situated at &¢
170.4~170.9, were correlated from a’-pfotons of both 2-
amino acids and 2-hydroxyacids, and they were assigned
fo ester carbonyls (MMeVal and NMeleu residues).
Further structural analysis was conducted using the partial
degradation procedure described by ToMoDA er al. for the
analysis of enniatin E.% LiBH, reduction of the mixture
(THF, 0°C) followed by acetylation (Ac,0, pyridine) gave a
mixture of four amide fragments, 9~12, in an approximate
mlio of 4:2:2:1, and were separated by preparative
HPLC. The authentic samples of 9, 10 and 11 were
ubtained by the same reaction sequence from enntatins B
(1), B, (2) and H (5), respectively. Structure of the fragment
12 was determined by NMR and mass spectral analysis.

Fig. 4. Structures of enniatins isolated
from ¥ hemipterigenum BCC 1449,

R0
0 - R
3 [Iq a
R @] Me O O
I f
Me Me. 2.
o) - SNTR2
S O
A @]
o R
R' R2 RS R* Hs Rs
enniatin B (1} i-Pr i-Pr i-Pr i-Pr i-Pr i-Pr
ennialin B (2} i-Bu i-Pr i-Pr i-Pr i-Pr  i-Pr
enniatin G (3} i-Bu  i-Bu i-Pr i-Pr i-Pr i-Pr
eaniatin C (4} i-Bu  -Bu i-Bu i-Pr i-Pr i-Pr
enniatin H (5) i-Pr  i-Pr i-Pr 5Bu i-Pr  i-Pr
enniatin | (6} i-Pr i-Pr  i-Pr sBu s-Bu i-Pr
MK1688 (7} i-Pr i-Pr i-Pr s-Bu sBu sBu

enniatin O, (Ba} i-Bu  i-Pc  i-Pr s-Bu i-Pr  i-Pr
enniatin O, (Ab)  i-Bu i-Pr i-Pr i-Pr  sBu i-Pr
enniatin Oy (B¢) i-Bu  -Pr  i-Pr i-Pr i-Pr  s-Bu

| L.Pr = “ﬁ/ i-Bu =ﬁ\ sBu jiﬁ

NOV, 2004

The 'H and ')C NMR data for the 2-hydroxy-3-
methylpentanoic acid moiety of 12 were very similar to
those of 11, and the NMR data for the N-methylleucine-
derived moiety of 12 were similar to those of 10. Therefore,
the absolute stereochemistry of 12 should be analogous to
these analogs. These results are in good agreement with the
proposed structures for the compounds 8a, 8b and 8¢,

Having established the fermentation condition for
efficient enniatin production as well as the extracts profile
for this standard fermentation, the fungus BCC 1449 is now
well-suited for systematic. studies on precursor-directed
biosynthesis of unnatural cnniatin analogs by feeding
experiments with various amino acid precursors. It should
also be reported that- the ecstablished fermentation
conditions have been shown to be efficient atso for the
production of diketopiperazines. While enniating were
obtained from the extracts from mycelia, large amounts of
diketopiperazines, incluing several new analogs, have been
found in the EtQAc extract from culture filtrate. Therefore.
chemical investigation for such extracts are proceceding in
our {aboratory.

Biological Activites

The mixture of the three new enniztins O, O, 2né O,
exhibited biological activities similar to those of enniatin B.
Thus 1t inhibited the proliferation of the human malana
parasite (Plasmodium falciparum K1) with an 1C,, value of
3.2 ug/ml (enniatin B: 1C;, 3.4 pg/mi), and showed growth
inhibitory activity against Mycobacrerium tuberculosis
H,;Ra with a MIC value of 3.125 pg/m! (enmatin B: MIC
3.125 pg/ml). It was cytotoxic to cancer cell-lines, KB,
BC-1 and NCI-185, with respective [Cg, values of 2.4, 14
and 0.78 ug/ml.

Fig. 5. Structures of compounds 9~12.

CAc hl.r'le OAc l\lfie
N
Y oA "o
0 A &) ‘\I/
9 10
OAc hl.‘le QAc hlde -
N\E/\OAC 5 3 1N\V\OAC
0 _~u G JY
e
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Experimental

A Mixture of Enniatins O, (8a), O, (8b) and O, (8c)
Colorless gum, [@]? —93° (¢ 0.155, CHCl); UV
lOH) _., (log €) 206 (4.25) nm; IR (KBr) v, 2966,
8 (s), 1659 (s), 1471, 1189, 1012em™"; HRMS (ESI-
) miz 668.4502 [M+H]" (caled for C,H,N,Of
8.4486); 'H and '*C NMR data, Table 1.

LiBH_,, Reduction of (Ba, 8b, 8¢)-Mixture and Acetylation
th Ac,O

flo a solution of enniating O, (8a), O, (8b) and O, (8¢}
xture (10.0mg) in THF (0.5ml), LiBH, (10mg) was
ded and stirred in an ice-water bath for 5 hours. The

iction was terminated by addition of H,O (3ml) and
Iracted three times with EtQAc (3ml). The combined
ianic layer was concentrated in vacuo, the residue was
solved in pyridine (0.3ml), and Ac,0 (0.15ml} was
ded. After standing 20 hours, the reaction mixture was
uted with EtOAc (10ml) and washed with H.O (4 ml).
le organic layer was concentrated in vacuo to obtain a
le yellow oil (10.8mg), which was subjected 1o
sparative HPLC (ODS, MeOH/H{,0=55:45) to obtain
fpounds 9 (3.7mg), 10 (1.8 mg), 11 (1.7mg), and i2
Bmgi. Each compound was obtained as a mixture with
C-3 epimer (4:1~-9:1).
Compound 9: Colorless oil; HRMS (ESI-TOE) miz
21965 [M+H]" (caled for C,;H,,NO, 302.1967); 'H
fIR (400 MHz, CDCL) § 5.02 (I1H, 4 J=6.5Hz, H-2),
0 (1H, br, H-2=),4.24~4.21 (2H, m, H-1"), 2.98 (3H, 5,
CH,), 2.17 (1H, m, H-3), 2.12 (3H, s, acetyl), 2.03 (3H,
feetyl), 1.88 (IH, m, H-3'), 1.01 (6H. d, /=6.8 Hz, H-4
d 3-CH,), 1.00 3H, d, J=6.4Hz, H4"), 0.87 (3H, d,
%.7Hz, 3'-CH,); "C NMR (100 MHz, CDCI)) & 171.0
ICH,CO0-), 170.8 (s, CH,CO0-), 170.4 (s, C-1), 75.3
C-2), 62.3 {1, C-17), 59.5 (d, C-27). 30.2 (g, N-CH,),
ffn {d, C-3), 27.0 (g, C-3"), 20.8 {q, CH,CO0-), 20.6 (g,
£CO0-), 19.9%2 (q, C-4' and 3'-CH,), 18.8 (q, C-4),
E(q,iﬁ-CHJ).
Fompound 10: Colorless oil; HRMS (ESI-TOF) m/z
2140 {M+H]" (caled for CHy,NO; 316.2124); 'H
BR (400 MHz, CDCl;} 6 4.99 (1H, d, J=6.2 Hz, H-2),
P(m, m, H-2"), 4.12 (1H, dd, J=11.5, 8.9 Hz, Ha-1"),
Pl (1H, dd, J=11.5, 4.01Hz, Hb-!"), 293 (3H, s,
CHL), 215 (1H, m, H-3}, 2.12 (3H, s, acetyl), 2.03 (3H,
eetyl), 1.47 (1H, m, Ha-3"), 1.43 (m, H-4"), 1.18 (111,
Hb-3"), 1.01 (3H, d /=6.7 Hz, 3-CH,), 1.00 (3H, d,
B Hz, H-4), 0.93 (3H4, d, /=6.311z, H-5"), 0.91 (3H, 4,
4Hz, 4'-CH,); *C NMR (100 MHz, CDCl,) 6 171.0
['H,CO0-), 170.8 (s, CH,C00-), 1704 (s, C-1), 75.4
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(d, C-2), 63.4 (t, C-1"), 49.9 (4, C-2"), 37.0 (1, C-3"), 29.7
(d. C-3), 29.2 (q, N-CH,), 23.5 (g, C-5"), 21.6 (q, 4'-CH,),
20.8 (q. CH,COO-), 20.6 (q, CH,COO-), 18.7 (g, C-4),
17.5 (q, 3-CH;).

Compound 11: Colorless oil; HRMS (ESI-TOF) m/z
316.2143 [M+H]}* (caled for C,(H,NOg 316.2124); 'H
NMR (400MHz, CDCIy) é 5.17 (lH, d, J=4.4Hz, H-2),
442 (1H, br, H-2'), 4.24~4.21 (2H, m, H-1"), 2.94 (3H, s,
N-C#H,), 2.12 (3H, s. acetyl}, 2.04 (3H, s, acetyl), 1.86-(1H,
m, H-3"), 1.84 (}H, m, H-3), 1.47 (1H, m, Ha-4), 1.30 (IH,
m, Hb-4), 0.99 (3H, d, J=6.4Hz, H-4"), 098 (3H, d,

- J=6.8Hz, 3-CH,), 0.96 (3H, t, /=7.4 Hz, H-5), 0.86 (3H,

d, J=6.7Hz, 3'-CH,); '*C NMR (100MHz, CDCly) §
171.0 (s, CH,CO0-), 170.8 (s, CH,CO0-), 170.3 (s, C-1),
73.3 (d, C-2), 62.2 (t, C-1"), 58.7 (d, C-2"), 35.9 (d, C-3),
303 (g, N-CH,), 27.0 (d, C-3"), 26.1 (t, C-4), 20.8 (g,
CH,CO0-), 20.6 (g, CH,CO0-), 19.9 (g, C-4), 19.7 (q.
3-CH,), 14.1 (g, 3-CH,), 1 1.7 (C-5).

Compound 12: Colorless oil; HRMS (ESI-TOF) -m/z
330.2285 [M+H]" (caled for C),H,,NO, 330.2280); 'H
NMR {500 MHz, CDCl,) 8 5.17 (lH, d, J=4.4Hz, H-1),
4.99 (1H, br, H-2'), 4.14 (1H, &d, J=11.6, 9.2 Hz, Ha-1"),
4.01 (1H, dd, J=11.6, 4.6 Hz, Hb-1"), 2.91 (3H, 5, N-CH,),
2.14 (3H, 5, acetyl}, 2.05 (3H, 5, acetyl), [.84 (1H, m, H-3),
1.47 ¢(2H, m. Ha-4 and Ha-3"y, 1.43 (1H, m, H-4"), 1.31 (H.
m, Hb-4), 1.18 (1H, m, Hb-37), 0.99 (3H, d, /J=6.8 Hz, 3-
CHy), 0.97 (3H, 1, J=7.4 Hz, H-5), 0.95 (3H, d, /=6.6 Hz,
H-4"), 091 (3H, d J=65Hz 3-CH,);, "C NMR
(125MHz, CDClLy § 171.0 (s, CH.CO0-), 170.8 (s,
CH,CO0-), 170.3 (s, C-1), 734 (d, C-2), 63.3 (1, C-1"),
49.9 (d, C-2), 36.9 (1, C-3"), 36.0 (d, C-3), 29.1 (g, N-
CH;), 26.1 (t, C-4), 24.9 (d, C-4"), 23.5 {q. C-5'), 21.6 (q,
4'-CH;), 20.8 (q, CH,CO0-), 20.6 (q. CH,CO0-), 14.1 (g,
3-CH,), 11.7 (C-5).
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Alstract—Five new alkaloids, hirsutellones A-E, were iscluted from the insect pathogenic fungus Hirsurelle nivea BCC 2594, Their
Suctures were elucidated by spectroscopic analysis and X-ray crystallography. Hirsulellones displayed significant growih inhibitory acliviiy

Bgiinst Aveobacterinm mbercitosiy Ha-Ra
[ €2005 Elsevier Lid. All rights reserved.

[. Intraduoction

B sic. cansed By Vool riom mieraiionis, hos
“again become a serious endemic disease. [t is estimated that
ouz-third of the world's population is inlected with the
wbercule bacillus, causing each year eight million new
‘Lates of developing clinical tuberculosis and two millien
Gezths.! Due so this burgeoning problem caused by the
eiiergence of a multi-drug resistance strain, there is an
argent need Lo search for new chemical class of anti-
ibercular drugs.” As a part of our ongoing research
prugraim on the identification of non el bioactive compounds
fom fungi in Thailand." we have extensively screened
Suracts from fungal cultures for in vitro antimycobacterial
Wivity. Herein, we report the isolalion and structure
dlucidation of novel antitubercular alkaloids. hirsutellones

wincin. hirsutellin A, from /. thompsonii” and a cyclo-
"m}_:psipcptidc_ hirsutellide A, from H. kobuayasii BCC
fill,” have been reported.

ey Hivswella nivea, Antimycobacterial activity: Insect pathogenic

viresponding wiither, Tet . =66 256167008355 (ax: 466 25046707.
gl aka @ bictec.or.th

402075 - see [ront matter & 2005 Clsevier Ltd, All rights reserved.
L0 6).0e1.2005.03.099

2. Results and discussion

Mycelia from liquid fermemtation in Erlenmeyer flasks
(10 L) were extracied with MeOH. and the extract alter
concentration iy vacuo was subjecled to a combination of
column chromatography, using Scphadex LHZ20, silica
gel, and reversed-phase preparative HPLC, 1o oblain



5578

M. Isaka er al. f Tetrahedron 61 (2003) 557755583

Table 1. 'H NMR data for compounds 1-5 in CDCly

Position Hirsutellone A (I} Hirsutellone B (2) Hirsutellone C (3) Hirsutelione T (4) Hirsutellone E (5)
| 4.98 (d, 10.0) 4.84 (m) 491 (dd, 9.7, 1.6) 5.21 (ddq. 10.9. 0.9, 6.8) 5.30 (m}"
4.83 (d, 17.0) 492 (dd, 16.7, 1.4} 454 (dd, 16.4, 1.6) — —
2 5.20 (ddd, 17.0, 10.3, 6.5) 5.22 (d1, 16.8.9.6) 5.23(dt, 169, 1.6) 4.88 (m) 4,82 (19, 10.5, 1.0)
3 4,17 (ddd, 5.6, 5.4, 5.2) 3.50 (m) 3.82 (m) 437 (m) 4.00 (m)
4 5.49 (ddd, 9.7, 5.6,,2.4) 5.34(ddd,9.7,4.7,2.5) 5.39(ddd,9.8,3.9,2.9)  5.58 (ddd, 9.6, 5.6, 2.3) 5.30 {m)y*
5 5.91 (d, .8) .. 5.81 (d, 5.8) 5.88 (d. 9.9} 5.74 (d, 9.6) 5.77¢d, 9.8)
6 2.23(di, 1.0, 11.2) 2,13 (m) 2.15 (m) 2.18 (m) 211 {m)
7 0.73 (dq, 2.3, L 1.2} 0.82 (dq, 24. 11.1) 0.90 (m) 0.76 (dq, 2.3, 11.3) 0.82 {dq, 2.2. 1.3}
] 0.94 (m) 0.90 (m) 0.94 (m) 0.90 (m) 0.89 (m)
1.98 (m) 1.96 (m) 2.0F (m) 1.94 (m) 1.97 (in)
9 1.43 (m) 1.43 (m) 1.44 (in) 1.40 (m) 145 (i)
10 1.12 (dq. 4.0, 12.3) 1.12 (dg, 3.5, 12.5) LD (m) 112 (dq. 4.1, [2.5) [.12 (dq. 4.0, 12.3)
1.84 (im) 1.85 (m) 1.85 (m) 1.84 (m) 1.85 (m)
I 1.35 (dq. 3.5.12.3) 1.41 (dq, 3.3, 12.5) 1.41 {dq, 3.7, 12.3) 1.36 {dq, 3.6. 12.4) 1.42 (m)
213 (in) 216 (m) 2,12 (m) 2.15 (m) 217 (m)
12 §.68 (im) 1.64 () [.65 (i) .68 {m) 1.66 (in)
13 446 (dd. 3.4.3.3) 4.86 (m) 4.63 (dd, 3.8, 3.6) 4.55 (1. 3.6) 4.87 (1. 4.0)
14 1.48 {dt, 4.1, 11.3) 1.47 {dt, 4.6. 11.5) 1.71 {dt, 4.4, | 1.8) 1.58 {m) .48 (m)
15 313 (dd, 10.9,.4.8) 345 {dd, 11.0, 5.9 3.72(dd, 12.0,5.9) 3.7 {dd, 11.0.5.8) 343 (dd. 11.5.6.1)
17 3.52 (d, 6.4) 294 {dd, 12,3, 3.7 — 344 {d, 6.1) 2.80 (dd. 12.3,3.8)
I-CH, — — — 1.56 (dd. 6.7. 1.4) 1.6"
9-CH; 0.96 (d, 6.6} 0.90 {d, 6.6) 0.97 (d, 6.4) 0.95 (d. 6.4) 0.95 (d, 6.5)
¥ 336 (d, 1201, 6.0) 1.94 {dd. 14.8, 12.6) 3.69 (d, 2.49) 333 (de, 12.1, 5.8) 1.91 (dd, 15.0, 12.0)
— 270 {dd, 149, 3.7) — — 271 (dd, 15.0, 3.8),
ki 4 12 2.80{d, 13.0) 314 d. 13.3) LA (125 256 (d.13.1)
365(dd, 12.7,65) 3.00 {d, 13.00 318, 13.3) 3.64 (4. 12.6.5.0) .57 4d. 13.1)
g 6.95 (dd. 8.1, 1.8) 6.91 {(dd, 8.4, 1.5) 6.98 (51" 6.94 (dd, 8.1, 1.9y 6.89 {dd, 8.4, 1.7)
(s 102 (dd, 8.1, 2.3) 6.80 {dd, 8.3, 2.) 6.98 ()" 7.03 {dd, 8.1, 2.4} 6.87 (dd. 8.3, 2.0)
S 7.05(dd, 8.6, 1.8) 7.05 (dd. 8.4, 2.3) 6.93 (d, 8.4) 7.06 (dd. 8.6, 2.4} 7.00 {dd, 8.4, 2.1)
9 746 (ad, 8.6, 1.B) 710 {ad. 8.4. 1.7 .10 (d, 8.4) 7.08 (dd, B.5.1.9) 7.09 (dd. B4, 1.5
KK 8.24 (brs) 615 (br &) 0.00 (d, 2.2) 7.53 (br s} 5.73 (hr )

“The preton signals were seperimposed.
" The proton signal of this methyl group was overlapped wilh H.O peak.

hirsutcllones A-LE. Structural elucidation of the new
compounds was firsi, conducted for the most abundant
constituent, hirsutellone B (2). The molecular formula of
hirsutellone B (2) was delermined as CogH3:NO,, by HRMS
{ESI-TOF) and '"C NMR spectroscopy. The IR spectrum
of 2 showed a strong ubserption band at w,,, 1683
{broad) em” ! with shoulders at 1703 and 1670 em ™",
eonsistent with the '*C NMR signals assigned 1o a ketone
{fc 200.9) and an amide (3¢ 172.1). The planar structure
of 2 was deduced by analysis of '"H and '"C NMR, DEPT,
COSY, HMQC and HMBC spectral data (Table 1). Thus,
the tricyclic moiety of 2, from C-3 through C-}5, was a
pethydrofluorene attached 1o a vinyl group (C-1, C-2) at C-3
and a methyl substitvent at C-9. This ring system was
eonnected at C-15 1o a y-lactam moiety via a ketone (C-16),
# indicated by the HMBC correlations from H-15, H-17
aid two H-17 protons to the carbonyl (C-16). The y-lactam
system was deduced [rom the chemical shifts data and
HMBC correlations (rom an amide proton (8y 6.15, D-0
exchangeable) to C-17 and C-17. and from H-17 and H-1" 1o
a carbonyl carbon at d¢ 172.1 (C-18). HMBC correlations
from H-17 methine, H-1' and H-3' methylene protons o a
guaternary carbon at d¢ 87.6 led to the assignment of this
garbon for the y-position of the lactam ring (C-2"y, and its
pp-field shift indicated the attachment of a hydroxyl group.
HMBC correlations also revcaled the presence of a para-
sibstituted benzene ring {(C-4" 10 C-9') attached te the C-3
methylene carbon on onc side and an oxygen atom on the
wiher (C-7'. 8¢ 158.3). The non-symmetrical appearance of
e four aromatic protons (H-3', H-6', H-8" and H-9") and
corresponding carbons indicated the restricted rotation of

this benzene ring. This question was solved by the formation
of the [3-membered ring resulied from the connection of
C-7' (of the benzene ring) with C-13 (of B-ring) via an ether
linkage. HMBC correlation from H-13 w0 C-7' clearly
indicated this unusual linkage sysiem, and it was sirongiy
supported by the NOESY correlation between H-132 and one
of the aromaltic protons, H-8' (Table 2).

Relative stereochemistry of hirsuichone B {2) wax eluci-
dated by analysis of NOESY spectral data (Fig. 1) and
vicinal J-values. The cyclohexane moiety (C-ringy of the
tricyclic system adopts a chair conformation. The vicinal
coupling constants of Jis-=Jys, =111 Ho, Jypn=
Joaxrax =S 1ax a2 =12.3 Hz demonsirated the antiperi-
planar relationships (axial orientations) of these six protons,
This assignment was strongly supported by the NOESY
correlations: H-7 ta H-9, and H-12 1o H-Sax and H-10ax,
which revealed the frans-junction between B- and Corings.
with a B-orientation of H-7 and an ~-orientaton of H-12.
H- 14 showed NOESY correlations with H-2, H-7 and H-13,
indicated the f-orientations of H-13. H-14 and the vinvl
group {C-1. C-2}. On the other hand, H-6 showed NOESY
cross signals with H-8ax, H-12 and H- 15, which placed both
H-6 and H-15 on the a-face. The vicinal coupling constants
of Jys=11.1 Hz, Jo 1a=J1a,5=11.5 Hz demonsirated the
connectivity for these four protons, all with antiperiplanar
relationships, This data reveals a rrans-junclion belween A-
and B-rings. Relative stereochemistry and the approximale
conformation of the 13-membered ring moiety were further,
addressed by NOESY spectral analysis. Correlations
belween H-13 to H-8', and H-15 0 H-6' enabled the
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Pasition 1 2 3 4 7 [lie} 10 lie)"
I 118.6 () 116.4 (1) 116.7 (1) 125.0 (d} 112.0 (1} 114.1 (1)
2 136.9 (d} 1373 () 138.0 (d} 128.1 (d) 146.3 {d) 141,5 (d)

% 3797 (d} 4490 (d) 41.4 (d) 33.7 (d) 41.6 (s) 36.7 (d)
i 1274 (d) . 128.7 (d) 128.9 (d) 128.0 {d) 130.7 {d) 121.7 (d)
3 127.7 (d} . 1272 (d) 127.1 (d) 125.3 (&) 138.5 {s) 136.1 (s)
fi 43.1 (&) . 42.4 (d) 41.6 (d) 42,7 (d) 53.0 (d) 52.9 (d)
1 50.5 (d) 50.0 (d) 49.7 (d) 503 (d) 41.5 (s} 46.9 (s)

it 38.02 (0 38.0 (0 3179 (@ 37.9 (1) 49.0 (V) 47.5 ()
9 33.2(d) 330 (d) 33.1 (d) 33.1(d) 28.0 (<) 27.7 ()
10 36.6 (1) 36.5 (0 36.5 (1) 36.5 (1) 45.5 (0 44.5 (1)
1l 29.4 (D 29.4 (1) 293 () 29.5 (1) 27.3 (d) 26.7 (d)
12 56.0 (&) 55.7 (d) 55.7 (d) 55.7 (d) 60.9 (d) 52.2(d)
13 §7.1 (3) 84.5 (d) £2.9 (d} 86.9 {d) 90.7 (d) 90.8 (d)
14 48.0 (d) 47.2 (d) 45.8 (d) 48.9 (d)* 50.6 (d) 43.5 (d)
15 54.2 () 48.9 (d) 49.8 (d) 53.2 (dy 56.7 (d) 497 (d)
16 198.6 (s) 2009 () 199.5 (s) 108.6 (s) 200.2 {s) 209.6 ()
17 59.9 (d) 54.0(d) 58.5 () 50.7 (d) 56.7 () 533 (d)
18 170.2 (s} 172.1 (s) 167.8 (s) 169.1 (s) 1718 () 172.3 (5)
|-CH, — — — 13.4 (@) — —
3-CH, — — — — 25.7 (q) —
5-CHy — — — — 209 (q) 248 (q)
7-CH; — — — — 16.0 (q) 129 (q)

-CH; 225 (g} 22.5(q) 225 () 225 (@) 22.8 (q) 228 ()
11-CH, — — — — 19.8 (q) 19.8 (q)

H 49.6 (d) M50 65.4 (d) 48.8 (d) 334 (0 36.7 ()
3 176.2 05} S99 {5 84.5 18 175.6 (s 888 (9 87.6 (s)
B’ 35.6 (1) 16.7 (L 4.0 (1) 158 (1) 47.0 (1} 406 (1)

£y 132.8 (%) 127.5 (s) [26.2 () 132.6 (5} 127.9 (5) 132.3
5 1299 (d) 131.4 (d) 1311 id) 130.3 () 133.3 (d) 133, ()

ay 123.3 (d) 121.8 (d) 122.2 (d) 122.6 (d) 118.8 (&) 121 .8 (dy
b 158.6 (s) 158.3 (s) 158.6 (%) 158.9 (s) 159.8 (s) 157.3 (s)
g 123.8 (d 121.5 (d) 119.5 () 123.4 (d) 124.4 (d) 124 0 {d)
i b R VLT HR R BN 1355 idj 1317 ()

da i1 COCH. Rel 10
1 DMSO-J0 Ret v,
“ The assignment can be interchanged.

gssiemments of the aromatic protons. One of the C-17
methylene protans <ituated at dy 1.94 showed an intense
correlation to H-17, The large vicinal J-value (12.3 Hz) of
these protons indicated the crs-relatonship with a dihedral
angle of approximately 0°. The NOESY correlations from
another C-1" methylenc proton (8,4 2.70) to H-8" and HR-3',

and the correlations of the amide proton (NH) with He-3
(én 3.00) und H-5' strongly suggested that C-17 methylene
carbon of the v-lactam situated on the [i-face ang the amide
moiety on the opposile. On the basis of this spectral data. the
relalive stereochemistry of hirsutellone B (2) was proposed
as depicted in the figure.

ﬁguru 1. Plausible siereo structure of hirsuiellone B (2). Seiected NOESY correlations are illustrated with solid arrows.
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The molecular formula of hirsutellone A (1) was determined
as CogH3 NOs by HRMS (ESI-TOF) and °C NMR data,
possessing two hydrogen atoms less than hirsutelione B (2).
Spectral analysis of 1 revealed that this compound contained
a succinimide moiety instead of the y-lactam, as in 2. Thus,
iwo amide carbonyl carbons were present (8¢ 176.2 and
170.2), which was consisteqt with the IR absorptions for
carbonyls at vy, 1769 and 1726 em™' in addition to
another carbonyl (C-16, ketone) at 1702 cm ™ ' Instead, the
hemi-aminal carbon, as found in 2 (C-2'), was absent in
hirsutellone A (1). Aralysis of COSY and HMQC spectra of
I indicated that benzylic methylene protons (H-3') at dy
3.65 (dd. J=127, 6.5 Hz) and 2.41 (1, /=12.4 Hz) were
vicinally coupled with a methine proton situated at 6 3.36
(dt, f/=12.1, 6.0 Hz attached to C-1’, §c 49.6), which was
connected to another methine (éy 3.52, d, J=6.4 Hz ic
59.9, C-17). The succinimide structure was confirmed by
HMBC correlations from the imide proton (N#) to C-17 and
C-17. One of the imide carbonyl carbon, éc 176.2 (C-29).
was correlated from H-1" and H-3'et (64 2.41). while the
other (A 170.2, C-18) was correlated from H-17. The
conncclivily between the succinimide and the wricyclic ring
moicly via a ketone (3¢ 198.6, C-16) was established by
HMBC correlations to this carbonyl carbon from H-15,
H-17 and H-1', Stereochemistry ol Lhe succinimide moiety
was revealed by the NOESY spectral data; H-17 showed
correlation with H-3, H-3'e¢ and H-5', while H-1' exhibited
cross signals with H-3'8 and H-9’. Finally, the proposed
relative stereochemislry of hirsutellone A (1) was con-
tirmed by X-ray crvstallographic analysis (Fig. 2). The most
interesting feature concerning the crystal structure of
hirsutelloge A is the “bent’ para-substituted benzene ring.
This is due 10 the high ring strain, the arematic nucleus can
be viewed as part of an [S]paracyclophane system.®

Hirsutellone C (3), molecular formula CagHz NOg (HRMS,
C NMR), exhibited similar 'H and *C NMR spectra to
those of hirsutellone B (2), excepl for the part of y-lactam
moiety. Proton and carbon signals for methine of C-17 and

methylene of C-1' in 2 were lacking in 3, instead, a
quaternary carbon (6¢ 58.5, C-17) and a methine (dc 65.4,
8y 3.69, C-1) were present. In the HMBC spectrum of 3,
correlations from the amide proton {8y 6.00) to both of these
carbons (C-17 and C-1") were observed. Additional HMBC
data, that is, benzylic protons (H-3') to C-1’, and H-1 10
C-18 (6 167.8) and C-2/ (6. 84.5), indicated the presence
of an epoxide in the y-lactam moiety. Stereochemistry of
the epoxide was addressed based on the NOESY corre-
tations from H-1 to H-3'B and H-9', and the amide proton
(NH) to H-3'a and H-5".

The IR and UV spectra of hirsutellone D (4), a minor
censtituent, were very similar to those of hirsutellone A (1).
The HRMS experiment and *C NMR data revealed its
molecular formula as CygHa3NQ,, having additional CH,
unit to 1. 'H and "“C NMR spectra of 4 indicated the
presence of a cis-1-propenyl group replacing the vinyl group
(C-1, C-2) observed in 1. Thus, the signal attributable to
the allylic methyl protons appeared as a doublet of doublets
(8y 1.56, J=6.7, 1.4 Hz), and was vicinally coupled with
H-1 (/=67 Hz}. The cis-olefinic geometry was evidenl
from the /| 3-value of 10.9 Hz. NOESY corrclations from
the methyi protons o H-3. and H-2 to H-14. further,
confirmed this partial structure. Other NOLESY correlauion
data for 4 were similar (o those of 1. On the basis of these
spectral data, hirsutellone D (4) was assigned as 1-methy}
derivative of hirsutelione A (1).

Hirsutelione £ {8} wuy wbigined in ver.
024 mg. from 10 L fermentation, UV spectrum oi 3 1n
MeCN-H.0,. acquired during s purihcution by sem:-
preparative HPLC/UV. was similar 1o that af 2. 'H NMR,
COSY and NOESY specural data of 5 strongly sugpested
that this compound was the t-methy) analog of hirsutellone
B (2). The HRNIS duta for 5. /- 460 2483 1N = HI7 (Caled
for CagHzyNO, 460.2488), indicated its molecular formuls
as CioHisNQy, which was consisient with the proposed

BRI QUi

structure.

Figure 2. X-ray crystal structure of hirsutellone A (1). Thermal elipsoids given al 50% probability level.
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The structures of hirsutellones are related to those of
GKKI1032A, (6), GKKI032A, (7) and GKKI032B (8)
isolated from Penicitlium sp. GKK1032.® These com-
pounds possess four additional methyl groups at C-3, C-5,
C-7 and C-11. It is interesting to note that the relative
stereochemistry of GKK1032s differs from that of hirsu-
tellones at the C-13 position. Byrrocidines A (9) and B (10),
recently, isolated from an unidentified filamentous fungus
LL-Cyand?ﬁ,g also share a similar molecular framework,
although their proposed relative stereochemistry on the
tricyclic nng moiety differ from those of hirsutellones.

H:]C 'ii 5
HzC

CRY = CHy ( GKK10324,)
R' = H (GKK1032A,)

‘:

9 (pyrro(ﬁdine A)

10 (pyrrocidine B)

Biosynthesis of GKK 1032A, (7) has recently, been studied

by administration of isotopically labeled ("‘C and “H).

1,2-carbon shift 1
a4 . OH /
= T NH .
) P hydrogenation
H - H
: o] 2
e
GO Y o
A RN ! epoxidation
HsC HH \
11 3

Seheme 1. Propeicd brogenztiz conversion Trom the plausible precursor 11
w1, 2and 3.

Talile 3. Antimyceobacterial and cytatoxic activities of hirsutellones A-D

precursors to Penicillium sp. GKK1032.'® Thus, the back-
bone of 7 is constructed from L-tylosine and a nonaketide
chain flanked by five methyl groups, prcbably by a
polyketide synthase and a nonribosomal peptide synthetase
hybrid. It is not unreasonable to assume that the proposed
biosynthetic pathway could be applied (o hirsutellones
production by H. nivea BCC 2595. Final transformations
may also be similar to those for GKK1032s. Thus, a
1,2-carbon shift from C-1’ 10 C-2' in the plausible
intermediate 11 should give rise to hirsutellone A (1),
while hirsutellone B (2) could be produced by hydro-
genation of 11. The occurrence of the epoxide derivative,
hirsutellone C (3), can also be reascnably explained by the
same precursor (Scheme 1).

Hirsuteliones A-D exhibited potent antitubercular activity
(Mycobacteritun tiberculosis HyzRa) with MIC values of
0.78-3.125 pg/mL, while they were not or only weakly
cyloloxic to Vero cells and three cancer cell-lines (KB, BC,
NCI-H187) (Table 3). Amongst these compounds, hirsu-
tellone A displayed the best selectivity index. Compounds
1-3 were inactive in our antimalarial (Plasimodimm
SJalciparwm K1) activity assay at a concentration of 20 ng/
mL. and they were also inactive against Candida albicans
at a concentration of 30 pg/mL. Related compounds, pyrro-
cidines A and B, are known to exhibit antibiotic activities
against Gram-positive bacteria,” whilst weak anti-tumor
activity (Flela $3) was reported for GKIO1032s.” Although
the antimycobacterial aclivities of hirsutellones were much
weaker than standard drugs. example isomazid (MIC
.06 pg/mL, n our assay system). the unique and rare
chemicn! skeleton and good selecuvity index deserve
turther, studies on structural modification.

3. Experimental

3.1. General experimental procedures

Melting points were measured with an Electrothermal
IAG100 digital melting point apparalus and were uncor-
rected. Optieal rotations werc measured with a JASCO
DIP-370 digital polarimeter. UV spectra were recorded on a
Varian CARY [E UV-Visible specirophotometer. FT-IR
spectra were laken on a Bruker VECTORZ22 spectiromeler.
Mass spectra (ESI-TOF) were measured with a Micromass
LCT mass spectrometer, "H NMR (400 MHz), B¢ NMR
(100 MHz), DEPT and 2D NMR specira {COSY, NOESY,
HMQC and HMBC) were taken on a Bruker DRX400
spectrometer.

Campound Anli-lubercuiosis eytotoxicity (1Cq,. ne/ml)

(MIC, pg/ml) KB BC NCI-H %7 Vero

M. tubercutosiy HzaRa

linsuteltone A (1) 0.78 >20 =20 >20 > 50
Hirsutellone B (2) 0.78 >20 > 20 6.0 =50
Hirsutetlone € (3) 0.78 4.0 32 8.1 12
Hirsutellone D (4) 3125 >20 =20 7.3 "
Jonizz il Q.06 - - _" _"
Stindand wtituberealar drug,

" Nol Lested.
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3.2. Fungal material

Hirsutella nivea Hywel-Jones (Ascomycota, Mitosporic,
Hypocreales, Clavicipitaceae)'' was collected, identified
and isolated from Homoptera-leaf-hopper, Khao Yai
National Park, Central Thailand, by Dr. Nigel. L. Hywel-
Jones. This fungus was deposited at the BIOTEC Culture
Collection as BCC 2594, . .

3.3. Fermentation, extraction and isolation

BCC 2594 was maintained on potato dextrose agar at 25 °C
for 16 days, the agar was cut into pieces (12X cm) and
inoculated into 4 X250 mL Erlenmeyer flasks centaining
25 mL of potato dextrose broth (PDB; composition, polato
starch 4.0 g, dextrose 20.0 g/L). After incubation at 25 °C
for 8 days on a rotary shaker (200 rpm), each primary
culture was transferred into a 1L Erlenmeyer flask
containing 250 mL of the same liquid medium (PDB), and
incubated at 25 °C for 8 days on a rotary shaker (200 rpm).
Each 25 mL portion of the secondary cultures (in 4 flasks)
was transferred into 32X 1 L. Erlenmeyer flasks each
conlaining minimum salt medium {composition; glucose
20.0 ¢ NHuNO, 3.0 g, KH,PO4 0.5 g, MgS504-7TH.0 0.5 g,
CaCl, 0.5 g and yeast extract 1.0 g/L), and static fermenta-
tion was carried out at 25 °C for 40 days. The cultures were
filtered and the residue (myceliai cake) was extracted with
MeOi1 (1000 mL, n, 2 days). After Gltration, H-O (50 mL)
was added 10 the filtrate, washed with hexane (400 mL), and
the ayucous MeOH layer wus concentrated under reduced
pressute. The residual oil was disselved in EtOAc (500 mL ).
washed with H.0 (150 mL), and concentrated to obtain a
brown gumm {1.57 g). This mycelial extract was passed
tbrougly a Sephadex LH-20 column (33X 25 cm; MeOH as
eluent). Fraclions containing hirsutellones were ¢combined
and subjected 1o column chromatography on silica gel
(MeQH/CH,Cla, step gradient elution) to oblain three
fractions. Fr-A (a mixlure ol 1 and 4, 140 mg), Fr-B
(contained 3, 35 mg), I-C (a2 mixtwre of 2, 3 and 5,
153 mg)}. Fr-A was subjected to preparative HPLC using a
reversed-phase column (Prep Nova-Pak HR Cg, 6 um.
40 x 100 mm) with MeCN/H,0=75:25 as eluent at a flow
rate of 20 mL/min to yield hirsutellones A (1, 76.1 mg, g
I8 min) and D (4; 2.9 mg, g 23 min). Preparative HPLC
{(MeCN/H,0 =065:35) of Fr-B provided hirsutellone C (3.
13.6 mg. tp 19 min). Tritwration of Fr-C in MeQH (I mL.
r.l. 5 h) gave colorless solid of hirsutellone B (2, 92.0 mg).
The filirmte was subjected to preparative HPLC {(MeCN/
H20=65:33) to obtain 2 (35.9 mg. fp 16 min), 3 (1.6 mg, 1x
19 min) and hirswellone E (5; 0.24 wg, rp 2] min).

335 Iirsutellone A (D). Colorless solid; mp 155-137 °C;
fa]™ + 168° (¢ 0.20, MeOH); UV (MeOH) Ay (log )
203 (4.42), 228 sh (3.72), 281 sh (2.99) nin; IR (KBr) vy,
3473, 2920, 1769, 726 (sh), 1702, 1505, 1359, 1239,
1192 coi ', HRMS (ESI-TOF, negalive) m/z 4442183
M—111" (Caled tor CagH;NQ, 444.2175; 4= 1.8 ppm);
'H and "*C NMR data in CDCls, Tables | and 2.

3.3.2, ilirsutellone B (2). Colorless solid; mp 261-263 °C
ecy a1p 4+256° (¢ 0.20, MeOH); UV (MeOH) A,
{log £) 203 (4.37), 227 sh (3.78), 276 sh (2.99) nm; IR (KBr)
Yo 3405, 3647, 2917, 1708 (sh), 1683, 1670 (sh), 1508,

1241, 1093 em™'; HRMS (ESI-TOF, negative) m/z
446.2336 [M—H]"~ (Calcd for C,gH4,NO, 446.2332; A=
0.9 ppm); 'H and '*C NMR data in CDCl;, Tables | and 2.

3.3.3. Hirsutellone C (3). Colorless solid; mp 234-235°C
(dec); [@]®p +129° (c 0.20, MeOH); UV (MeOH) Amax
(MeOH) 203 (4.42), 230 (3.93), 277 (3.12) nm; IR (KBr)
Vanas 3396, 3264, 2921, 1713, 1698 (sh), 1687 (sh), 1507,
1241, 1134, 923 cm™"; HRMS (ESI-TOF, negative) m/z
460.2121 {M—H] ™ (Caled for CagH3gNOs 460.2124; 4=
0.7 ppm); 'H and "*C NMR data in CDCl,, Tables 1 and 2.

3.3.4. Hirsutellone D (4). Colorless amorphous solid; mp
106-109 °C; [a]™p +214° (¢ 0.07, MeOH); UV (MeOH)
Amax (log €) 204 (4.46), 229 sh (3.78), 283 sh (3.07) nm; IR
(KBr) v,,0, 3226, 2914, 1780, 1723, 1707, 1504, 1353, 1246,
[183cm ™" HRMS (ESI-TOF, negative) m/z 458.2325
[M—H]™ (Calcd for CagHy,NO, 458.2332; 4=1.5 ppm),
"H and '*C NMR data in CDCl;, Tables | and 2.

3.3.5. Hirsutellone E (5). Colorless amorphous sotid; UV
(MeCN/H,0) Ay 227 (sh), 276 nm; HRMS (ESI-TOF,
negative) /7 460.2483 [M—H] ™ (Calcd for CagHa,NO,
460.2488; A=1.1 ppm); 'H NMR data in CDClx. Table 1.

3.4, X-ray crystallographiic analysis of hirsutellone A (1)

Crystal data for compound 1 at 298 (2) K: CagH4 NO, - H-O,
M, =463.57, ortharhombic, space group P2,2,2) (No. 19)

A p=issTor T Al e=3g e
) A, V=30T33 5rAT 2350 Dge=1ity Mgz
Foon= 1912, 7 (Ma Kop=o0. 71073 A, w=0477 mm ™
Data collection and reduction: ¢rystal size 0.10X0.15X%
0.20 mm, & range 1.02-21.49°, 17033 reflection collected.,
3318 independent reflections (R, =0.053), final R indices
(I=2a00h: 0.0433) wR.=0.1054 for G153 parameciers.
GOF=1.091. Imensity data were measured on a Bruker-
Nonjus kappa CCD diffractometer. Crystallographic data
for the structure 1 in this paper have becn deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication number CCDC 257861, Copies of the data can
be obtained, tree of charge on application to CCDC., (2
Union Road. Cambridge CB2 IEZ. UK [Fax: +44 1223
336033 or ¢c-muail: deposil @ cede.cam.ac.uk).

with =0 3330 i3,

3.5. Biological assays

Growlth inhibitory activity against Mycobacterium tubercu-
fosis HawRa was performed using the Microplate Alamar
Blue Assay (MABA) described by Cellins and Franzblaw."
Cylotoxic activities of the purified compound 1o Vere cells
(African green monkey kidney fibroblast) and three cancer
cell-lines, KB (human epidermoid carcinama on the mouth),
BC {human breast cancer) and NCI-H 187 {human small cell
lung cancer}, were evalualed using the calorimetric
method.”
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Ascherxanthone A (1), a novel symmetrical tetrahydroxanthene dimer, was isolated from the ento-
mopathogenic fungus Aschersonia sp. BCC 8401. The structure of 1 was elucidated by spectroscopic
analys:s, especially 2D-NMR. Compound 1 exhibited activily against Plasmnodium falciparum K1 with
an [Cgq value of 0.20 ug/mL, but it also showed cytotoxic activities against Vero cells and three tumor

cell lines.

In our search for novel bisactive compounds from insect
pathogenic fungi,'? we observed significant antimalarial
activity {ICsp 0.30 ug/mL) in the extract from a culture of
Aschersonia sp. BCC 8401, which was collected on a
Homoptera-scale insect. Investigation of the chemical
constituents was undertaken, which led to the isolation of
a novel tetrahydroxanthone dimer, ascherxanthone A {1).
There have been few reports on secondary metabolites from
the genus Aschersonie: 35,150,22-trihydroxyhepane (a
writerpene) from A, aleyroidis,? its 365-O-acetate from A.
tubuleta BCC 1785,% and destruxins A; and Aj (cyclo-
depsipeptides) from an Ascliersonia species.®

Ascherxanthone A (1) was isolated as a yellow powder
from the MeOH extract of mycelia of Aschersonia sp. BCC
8401. The molecular formula of this compound was esti-
maled to be CzoHq0)5 by HRMS. The presence of only 16
carbon signals in the ¥C NMR spectrum indicated a
symmetric, homodimer structure. Analysis of 'H and “C
NAR, BEPT, and HMQC specira revealed that hall of the
malecule, CyiH 705, pussessed a conjugated ketone carbony]
10 185.3), seven quatcrnary carbons (8¢ 160.5, 138.3,
154.8, 135.6. 115.9, 105.3, and 82.3), two sp? methines {d¢
133.3. §) 6.87, ¢ 109.3, 83 6.61), two oxymethines (4. 75.9,
Op 4.13: ¢¢ 76.9, &y 3.48), one mcilhylene (8¢ 30.9, 6y 2.97
and 2.33), two methyl groups attached to guaternary
carbons (¢ 21.0, oy 2.10; d¢ 20.0, oy £.59), and one
methoxyl (de 57.3, dy 3.52), and also observed was a proton
signal of a chelated phenolic hydvoxyl (8 12403 COSY
correlations revealed the connectivity of C-5 to C-8. and
the tetralivdroxanthone structure was established on the
basis of the HMBC correlations. Intense correlation [rom
the chelated phenelic proton (OH-1; gy 12.40% to the
guaternary carbon at d¢ 115.9 placed this carbon at C-2;
hence, this compound was a C-2-C-2 dimer. In addition
to the standard two- and three-bond correlations, a weak

= To whom correspondence should be uddressed. Tel: +66-23646700, oxt.
3330, Faxy 166-25646707. F-mail: isaka®@biotec.or.th.

10.1021/0p058028h CCC: 830.25

four-bond correlation from an aromatic proton (H-4, i
6.61) to a ketone carbonyl (C-9, éz 185.3) was observed.
The relative configuration at C-6, C-5, and C-10a in
ascherxanthone A (1) was deduced from the 'H NMR and
NOESY data. The ring fusion necessitated the pseudoaxial
orientation of the methyl group adjacent to C-10a. Tn the
NOESY spectrum of 1, a correlation between the C-12
methyl protons (9, 1.59) and H-6 was observed. The large
coupling constant heivween H-3 and H-6, J = 10.2 Hz,
indicated the antiperiplanar relationship of these protons
(both pseudoaxial}; thereforve the hydroxyl group {on C-5)
and the methoxy!l group (on C-6) should be pscudoequato-
rial. Unfortunately, attempts to prepare a-methoxy-o-
triflasromethylphenylacetic acid (MTPA) esters of ascherx-

The = tire of aschersal e Ay C-2-C-w
dimer of 3,8,8a.10a-tctrahydroxanthone, is reiated to the
secalonde acids® and substances TAIC315A0 and TMEC315A2,
which were recently isolated from Cewthospora sp. TMC1678
and claimed in a Japanese patent as RANKL (receptor
activator of NF-+B ligand) antagonisiz” A remarkable
structura! difference between 1 and cther secilonic acd
devivatives is the lack of hydrexyl groups at C-8 and C-8
in 1.

Ascherxanthone A (1) exhibited significant activity against
Plasmodiam falciparur: K1 wizh an 1C- value of 0.20 ng/
mL; however, 1t aiso showed eytotoxicity o Vero cells 11Cs0
0.80 prg/mL) and three cancer cell lines, KB, BC, and NCI-
H187, with respeciive [C:q values ol 1.7, 1.7, and 0,16 ug/
mL. Related eomipounds. zecni.me acids, aye reported to
exhibit various biologiial activities such as eytostatic
activity (mouse leukemia L1210 cells) ® phlogistic activity,?
inhibition of protein kinase C and cyclic AMP-dependent
protein kinase,! and as toxicity to mice."

Experimental Scction

General Experimenial Procedures. Melting points were
measured with an Electrothermal TA9100 digital melting poiny
apparatus and are vuncorrected. Optical rotations were mea-
sured with a JASCO P-1030 potarimeeer. UV spectra waere
recorded on a Varian CARY LR UV —visible spectrophotometer.
['I-IR speetra were Laken on a Bruker VECTOR, 22 speetrom-
wler. NMR spectra were taken on a Bruker AVS00D spectrom-
eter. ESI-TOF mass spectra were measured with a Micromass
LCT mass specirometer.

Fungal Material. Asifiersonio sp. was collected on a
Homoptera-scale insect. at Khao Yai National Park, central

@ 2005 American Chemical Sociely and Awerican Society of Pharmacognesy
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Thailand. This fungus was deposited at the BIOTEC Culture
Collection (BCC) as BCC 8401.

Fermentation, Extraction, and Isolation. The fungus
BCC 8401 was maintained on potato dextrose agar at 25 °C,
after which the mycelium was cut into pieces (1 x 1 ¢em) and
inoculated in two 250 mL Erlenmeyer flasks, each containing
25 mL of Difco potato dextrose broth (PDB). After incubation
at 25 °C for 8 days on a rotary shaker (200 rpm), these primary
seed cultures were transferred into two 1000 mL Erienmeyer
Rasks, each containing 250 mL of PDB, and incubated at 25
°C for 8 days on a rotary shakér'(200 rpm). Each 25 mL portion
of the secondary seed cultures was transferred into twenty
1000 mL Erlenmeyer flasks, each containing 250 mL of M102
medium (composition: sucrose 30.0 g, malt extract 20.0 g,
bacto-peptone 2.0 g, yeast extract 1.0 g, KCI 0.5 g, MgS0,-
7H.0 0.5 g, and KH3PO,4 0.5 g, in 1000 mL of distilled water),
and fermentation was carried out at 25 °C for 28 days on rotary
shakers. Then, the cultures were filtered, and the residual
myeciial cakes were extracted at rt with MeOH (1000 mL} for
2 days and filtered. To the filtrate was added H.O (256 mL),
and the mixture was washed with hexane (800 mL). The
aqueous MeOH layer was concentrated under reduced pres-
sure. The residue was dissolved in EtOAc (1000 ml.) and
washed with HsO (100 ml.), and the avganic layer was
concentrated under reduced pressure, leaving a deep yeliow
solid (3.1 ). This extract was triturated in MeOH (5 mL) and
filtered by suction. The residual solid (1.52 g} was mainly
cemposed of zeorin (known hopane triterpene). The filerate (dry
weight, 1.35 g) was subjected to a Sephadex LH20 column (4.0
% 30 ¢m; elution with MeOHi Fracuons containing yvellow
pigment were combined (296 mg) and subjected ta silica gel
column chromatography (2.5 x 20 am; EtOA¢/CH.Cl,, gradient
clution from 0:100 te 30:70) to obtain a yetlow solid (1; L0S
mg; Rp0.35, MeOQH/CIE.Cl,, 5:95). Ascherxanthone A (1) was
further purified by recrystallization in CH,Cly/hexane.
Ax.(.herxantlmne A (1) yellow solid: nmp 240— 2.44 °Cr {a)¥y

. g - 4 g 4 AL 221
) \;5 ‘J..',‘ nm; IR l]\BL

. ’ 2z, L 1o, 500 o ) ST
NAMRACDCI;, -JUQ MH?)O 1? 40 (ZH s, 1 OH and 1"-0H), 6 87
(2H, dd, J = 5.0, 2.8 Hz, H-8 and H-8", §.G1 (211, s, T1-4 and
H-4%, 4.13 (2H, d, J = 10.3 Hz, ¥1-5 and H-5'), 3.52 (G, s,
6-OCIf3; and 6-OCH3), 3.48 (2H, ddd, J = 10.3, 9.2, 6.2 He.
H-G6 ond T1-6"0, 297 (ZH, ddd, F = 184, 6.2. 5.0 11z, H-Ta and
H-Tan 233 i2H, ddd, f = 18.4. 9.2, 2 § Ha. H-Th and iI-7'hy,
2.10t6H, 5, FI-11 and H-117), 1.59 (611, s, FI-12 and BL.127 13C
NMR (CDCh,. 125 M) 0 183.3 (C. C-9 and C-9), 160.5 (L.
C-1 and C-1", 158.3 (C, C-da and C-4a”), 1508 (C. C-3 and
C-3 1356 (C, C-8a and C-8a", 133.31CH, C-8 and C-81, 1159
C.C-2and C-270.109.3 1CH, C-4 and C-47}, 105.3(C, £-9a and
€-9a"1, 82.3 (C, C-10a and C-10a"). 76.9 (CH, C-6 and C-6"),
759 :C-3 and C-537, 87.3 (CHy, 6-0CHy and 6'=QCH,, 30.9
.CH.. -7 and C-7, 21.0 (CHy. C-11 and C-117), 20.0 (CHy,

Notes

C-12 and C-12%; HRMS (ESI-TOF) m/fz 579.2228 (caled for
Ca2Ha5010, 579.2230) IM + HI|*.

Biological Assay. Assay for activity against P. falciparum
(K1, multidrug-resistant strain) was performed using the
microeulture radicisotope technique described by Desjardins.'2
ICsy represents the concentration that causes 50% reduction
of parasite growth as indicated by the in vitro uptake of [*H]-
hypoxanthine by P. falciparum. A standard antimalarial
compeound, dihydroartemisinin, showed an ICas value of 1.8
ng/mL in the same assay system. Cytotoxicity of the purified
compounds against African green monkey kidney [ibreblast
(Vero), human epidermoid carcinoma ceils (KB), human breast
cancer cells (BC), and human lung cancer cclls (NCI-H187:
was evaluated using the colorimetric method. '
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1 {verlihemiplellide A} 8 = Me
2 (verthemipleilide B R = H

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 hisdethiodi{methylthio}-1-demethylhyalodendrin (3), previously isolated from the

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

We report herein the isolation and structural elucidation of
two novel diketopiperazine dimers, vertihemiptellide A (1)
and B (2). Although a number of epipolythiodiketopipera-
zines have been isolated from fungal sources,' the dimeric
structure via twao disulfide bridges as shown in 1 and 2 has
been hitherto unknown.

Recently, we isolated two new enniating {cyclohexadep-
sipeplides)? and two new dikelopiperazines {compound 3 and
its tetrathio derivative)® from the insect pathogenic fungus

t Mahido! University.
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Verticiltium hemipterigenum BCC 1449. Studies on fermen-
tation conditions focused on enniatin preduction resulted in
the conclusion that yeast extract sucrose (YES) medium was
efficient for BCC 1449, giving rapid myceliat growth and
high amounts of enniatins.* Interestingly, the fermentation
conditions were also suitable for production of epipoiy-
thiodikctopiperazines. Two novel diketopiperazine dimers,
1 (18.7 mg) and 2 (18.2 mg), were isolated together with
the major constituent, 3 {bisdethiodi{methyithio}-1-demeth-
ylhyalodendrin; 379 mg), a known minor derivative, 4 (7.7
mg),” and a ptausible biosynthetic precurser, 5 {(cyclo-L-Ser-
L-Phe; 7.0 mg; [a]®p —56, ¢ 0.20, MeQH), from the EtOAc
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extract of the cultwe filtrate (10 L) by Sephadex LH20
celumn (MeOH), repeated sitica gel column chromatography
(EtOA/CHLCly, and MeOH/CHLCLy), followed by prepara-
tive HPLC {reverse-phase column, MeQH/H,0).¢

N_.O /
4y
s
3 N7
H CH
1:R=Me
2:R=H
AN
oEr . Oy
il H
= o f‘ll el ] O/\l:lH/o
H SMe H
3:R=Me
4. R=H 5
Me
e MeS W
l\r‘lcsr{l o N0
@iﬂ ©/ OMTPA
0 NSR"f/OH o7l
AeSMe SMe
6 7a 1 {R)-MTPA esler

7b : {S)-MTPA ester

Vertihemiptellide A (1)7 was obtained as a colorless solid
(rmap 233—234 °(, dec). The maolecular formula of 1 was
determined by HRMS as CasH3aN4OS5. The presence of only
il carbon signals in the BC NMR spectrum indicated the
symmetric, homo-dimer stmcture of this compound. Analysis
of 'H and P NMR, DEPTs, and 11MQC spectra revealed
that one-half of the moleeule, CaH 2N 0:8;, possessed twa
amides (two carbonyls, dc 165.0 and [63.6; NI, oy 7.81;
NCH: 3¢ 29,8, Oy 2.84), a benzy! group, a hydroxymethyl
group, and two quaternary carbons (d¢ 78.2 and 70.5).
HMBC correlation data were wsed to elucidate the structure
of the half unit: the same sfructure as that of compound 3,
but lacking methylthio groups. Considering the symmetry
and the requirement of incorporation of four sulfur atoms

(63 Verticilliem hendpidrigenient was collected Jrom Khlong Naka
Wildlite Sancuary, Ranong province, southern Thaitand. on Homopera-
adult festhepper and identified by Dr. Nipel L. Hywel-Jones of the
Myeology Research Unit, BIOTEC. 1This Tungus is deposited in the BIOTEC
Culture Coliccoon {RCCY as BCC 1449,

(7) Vertihemipellide A (1) colorless salid: mp 233—=234 “C (dee) (0]
=393 {« 0.05, dioxane); UV (MeOH) Ay {log ¢) 204 (4.61) nm; IR (KBr)
Vs 35230 3444, 16906, 1683, 1654, 1645, 1436, 1395, 1083, 704 cm™*;
HRMS (ESI-TOFY nrz 6430731 {caled for CaHaaMNgOe8 Na, 643.07589)
[M -+ Nal': TH NMR (500 MHe, DMSO-ife) o 7.81 (2H. 5, L(N)-F. 1'-
()4 TAR=2.20 (10M, m, M-10, H-107 and M-11, H-117, and H-12, H-127,
and H-13, H-137 and 3114, H-147, 4.85 (ZH. dd. / = 7.0, 6.4 He 7-0/1.
T O, 307 (21, d, = 144 Bz, Ha-8, Ha-87), 3.48 (2li.dd. J = 112,
7.3 Mz Ha-7. Ha-77%, 300 (2H. dd, ./ = 113,61 He, HB-7, HL-771 5.3
(2H. d.f = 14.6 Hz, Hb-8, Hb-8"). 2.84 (6H, 5, d({N)-CHr, 4 (N)-CH3 2 ¢
NMR (125 MHz, DMSO-d) A 1650 (s, C-5 and -5, 163.6 (5. C-2. -2,
1339 (s, C-9, €99, 1296 (d, C-10, C-107, and C-34. C-147, 1282 (k.
C-11L, G- and C-13, C-137, 1271 {d, C-12, C-127, 7R8.2 (s, C-3. C-31),
70.5 (g, C-6, C-07), 689 (1, C-7, C-7). 393 (1, C-8, C-87), 29.8 (y, 4(N)-
CHa, 4 (N)-CHy).
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(by HRMS), a dimer structure via two —S—5- bridges was
proposed for vertihemiptellide A (1). Finally, X-ray crystal-
lographic analysis (Figure 1)% revealed the head-to-tail

Figure 1. Crystal structure of vertihemiptellide A (1),

dimeric structure as shown in 1. The absolute stereostructure
of 1 was established as 3R,68 3'R,6’R by anomalous disper-
sion method.

The molecular formula of vertihcmipteilide B (2)? was
determined by HRMS and *C NMR as CasHzNaQ8Ss. MC
NMR spectral data indicated a non-symmetrical strucrure for
this compound, lacking a N(4')-methyl group in 1. Assign-
ment of protons and carbons were established by analysis
of 2D-NMR data, especially HMBC corrclations (Table 1).

[n the previous report.” we proposed the (35,65) config-
uratien lor compound 3 {[@]%n —70; ¢ 0.21, CHCly), isoluted
from the same fungus (BCC 1449) cultured in potato dextrose
broth (PDB) medium, based on X-ray crystullographic
analysis. However, it was not consistent with the zbove-
mentioned absolute stercochemistry of 1. Compound 3
([e]* —63; ¢ 0L30, CHCly), iselaled in the present study
(from culture of BCC 1449 grown in YES maedium) was
converted 1o the known compound 6'°~'2 by N-methylation
(Mel, K:CO5, 2-butanone). Optical rotation data for this
compound, [a}*'p =39 (¢ 0.20, MeOH) and [a]*p —43 (¢

(3) Compound 1 was reerystallized by slow evaparation in dioxane, which
is also present in e crvstal siructure. Crysial data for compound (1) al
20R(2) K CaplHaiNa0aS0CHOy. M, = T08.89, monoctinic, space group
PoNo. 4, o= WLAISHDY A B = 10698004 A, e = 18.T3TI0N AL
=93362(2)°, ¥ = 170121 A3, Z =2, D, = 1383 Mg m™. Fup = 744,
A Mo Keg) = 0.71073 f\,.n = (0.333 mm . Data collection and reduction:
crvstal size 0.13 x 020 x 6.20 mm?, § ranpe 0.998-2472° 14115
reflections collected, 35360 independent retlections, 5168 observed (/ >
2a({) (Ri = 0.033), fingl & indices: R = 0.0560, wR; = (L1302 for 415
parameters, GOF = 1.063. Fluck parameier = 0.13(10). The coerdimates
were deposited with the Cambridee Crystallagraphic Data Centre with
reference code CCDC 2606624, These data cun be obained free of churge
via the Intemnet at www.ccde.cam.ac uk/contsiretrieving. himl (ar from the
Cambridge Crystallographic Data Centre, 12 Union Rosd, Cambridge
CBIEZ, UK; fax: (+44)1223-326-033; e-mail: depositytecde.cam.ac.uk,

{9 Verithemipieliide B (2): colorless solid; mp 224—226 "C {dec); [0]¥p
— 182 (¢ 0.03, dioxane); UV (MeOH ) Apae (owe) 207 (4.72) nim; IR (KBr)
Vs 3537, 3417, 2324, 1701, 1678, 1650, 1434, 1401, 1079, 1058, 705
cm b HRMS (BSISTOFY mds 629.0640 (caled for CrshiaaNaOuS:Na,
629.0633) [M -+ Na]': NMR data in DMS0-ds. Table |.

(10j Michel, X. H.: Chaney, M. Q. Jones, N. v, Hoehn, M. M.
Nagarajan. R. .. Antibior. 1974, 27, 57-064,

(11) DeVaull, R L.; Rosenbrook, W., Jr. /. Anribior. 1973, 26, 332 -
534

(12) Srune, G. M., Heissner, C. 1 Kakushima, M. Stillwell, M. AL
Cen. A, Chem, 1974, 52, 325126,
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Table 1. NMR Data for Vertihemiptellide B (2) in DMSO-4,.

position 'H {mult, J in Hz) BC (mult)  HMBC(H to )
UN)-i1 170 s) C-3.5
2 164.6 ()
3 , 78.7 (5)
HNICHy  2.86 (s) . 30.2(q) C-3,5
k) oo 183,67 (s)
70.9 (sF
7 3.40 (m) 63.3 (L) C-5
2.54 (dd, 114, 7.7} C-6
7-OQH 4.84 (dd, 7.2, 6.4) Cc-7
8 3.29(d, 14.7} 40.0 (&) C-2,3,$,10,14
3.661(d, 14.4) C-2.3,2.10,14
9 134.4 (s)
10,14 7.16-7.2% (m) 130.0 (d)
11,13 718-7.21 (m) 198.4 (dy
12 7.18-7.21 (mn® 127.5 (dy
VINY-H 7.99(s) C-3.5
-4 164 .4 {s)
3 73.0 (s)
(N)H 9.59 (s) C-2'.6
5 1G5 G8 (s)t
[ 71.0 (sF
7 3.29 (m) G9.1{1) C-5"
3.45 (m) C-6
7T—-0H 4.61 (dd, 7.0, 6.5)
8 2.958(d. 14.2) 42.4 (1) C-2°.3,9°,10", 14"
3.49(d, 14.5) C-27,3".9,10", 14’
q 134.6 (s
10, 14’ 7.18-7.21(m)? 130.8 (d)
i1, 13 7.18--7.21{(m)" 128.7 (@)
12 7.18-7.21(mj* 127.6 ¢dx

“ The proton signaly of (he phenyl group(s) are overlapping. 7 Assipn-
ments of carbans are interchangcable.

0.235, CHCl3}, were consistent with the literature data for
(3R6R)-6 (A26771L; [a]"n —d7, ¢ 0.13. MeOH)? and
opposite to that for (35,65)-6 (bisdethiodi(methylthio)-
hyalodendrin; [@]"'y +64; ¢ 1.071, CHCIl;)."? Compound 3
{from YLES culuwe) was also converted to its (R)- and (§5)-
MTPA esters. 7a and 7b, by treatment with (§)- and (R)-
MTPA-CI, respectively. Each ester was obtained as a single
product and was clearly distinguishable from each other in
the '"H NMR spectrum, which indicated that compound 3
wias enantiomerically pare. Finally, we reexamined the X-ray
diffraction analysis of 3, of the compounds both from
previous isotation {culture in PDB medium) and from the
present isolation (culture in YES medium}, which indicated

(13) Compound 3 was recrysiallized in EtOAc-hexane by slow evapora-
ton. Crystal data for compound {3) at 208(2) Ko CisHaN2O3Ss. M, =
340,46, maneelinie, space group P2, (No. 4), @ == 10.9060(5) A, b = §.0074-
(23 A, c= 1902408 A, S = 94.T90(8)°. 1" = 1655.6{1V A3. Z = 4, D, =
1.360 Mg m™2. Fug = 720, A (Mo Ka} = 0.71073 A, ;1 = 0333 mm~L
Data collection and reduction: crystal size (.20 x 0.25 x 030 mm?, 7
range 2.15-27.49°, 15288 reflections colleeted, 7163 indcpcn(lcnl reflee-
tans, 6406 ohserved (7 > 2u(d) (R = 0.036), final R indices: Ry = 0.0410.
whs = 00972 for W? paramelers, GOF = 1077, Vlack parameter = ~0.02-
{3). The voordinates were deposited with the Cambridge Crystailographic
Data Cemre with relerence code CUDC 206625, These data can be obtained
free of charge via the Internet a1 www cede.caniac.ul/contsiretneving. itml
{ar lrom the Cambridge Crystaliographic Data Centre. 12 Union Read.
Cumbridee CB2IEZ, UK: fan: (+34)1223-336-033; e-mail:  deposil@
cede.cam.ac.uk.

QOrg. Lelt, Vol. 7, No. 11, 2008

the (3R,6RY configuration.’* On the basis of these cxperi-
mental data, we wish to revise the absolute stereochennistry
of compound 3, produced by ¥. hemipierigenum BCC 1449,
to the (3R,6R)} configuration.

Spectral data (*H and "*C NMR, IR, MS) for compound 4
{[&]**p —34; ¢ 0.30, dioxane) were consistent with those of
bis-N-norgliovictin ([@]s —32; ¢ 0.1, MecOH} previously
isolated together with gliotoxin and several related com-
pounds from Gliocladium virens.’

A plausible biosynthetic pathway for 1 is proposed in
Scheme 1. The epidithiodiketopiperazing 8 {1-demethyl

Scheme 1. Possible Biogentic Puthways

©/if

analogue of hyalodendrin'A26771 A" could well be Lhe
precursor for the dimer 1, although we did not deteet this
hypothetical compound. Becausc compounds 3 and 4 are
stable upon extensive silica gel chromatography, 1t seems
very unlikely that the conversion from 8 to 1 occurred during
the isolation. The prescuce of the diketopiperazine 5 as a
co-metabolite in BCC 1449 suggested that replacement of
the a-protons with sulfur atoms (5 to 8) should take place
with retention of configuration. Since these biosynthetic
pathways (Scheme 1) arc highly speculstive, other possible
mechanisims for the formation of compound 1 have been
considered, for example, (a} a radical pathway, instead ot
the ionic dimerization shown in Scheme |, and (b) dimer-
ization of bis-thioradical intermediates, genurated by the
cleavage ot S—S bond in 8 or directly from 5.
Compounds 1—4 cxhibited growth mhibitory activity
against Mycobacterium tuberculosis Hy:Ra but also showed
mederate cylotoxic activities {Table 2} These compounds

Table 2.  Antimycobacterial and Cytotoxic Activilies of
Compounds 1—-4

cytotoxicity {ICzq, ug/fml)

anti-TB
compd (MIC, ug/mL) KBY BC+ NCI-HL87' Verc®
1 12.5 =20 8.3 4.4 4.9
2 12.5 >20 16.8 3.6 9.7
3 100 =20 =20 =20 >50
4 25 =20 =20 6.6 49.9
isoniazid® 0.0§ f ! F f

¢ Slandard antilubereular drug. # Human epidenmoid carcinoma in (he
mouth. * Human breast cancer cells. ¢ Human smal} cell lung cancer.
“ African green menkey kidney fibroblast. FNo1 tested.
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were inactive against the malarial parasite Plasmodiun
Jaiciparum K1 (at a concentration of 20 pg/ml) and the
fungus Candida albicans (at 50 wg/ml.).
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