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Abstract- The structure, stereochemtstry, solutton conformatwn and nematoctdal acttvtty of Ophtoboltn K (la) 

and 6-eptophwbohn K (lb) isolated from v been described The molecular structure of these 

compounds were deduced from extenstve use of 2D NMR spectroscopy The stereochemtstry and solutton 
conformatton was detemuned in CDCl3 by the application of extenstve IH-IH NOE dtfference spectroscopy 

Sign&ant dtfference in the conformatton of AIB cts la and tts AIB trans isomer lb was observed tncludtng the 

folding of the stde chatn Ophwboltn K showed a untque boat like conformatton whereas the B nng of 6- 

eptophtobobn K must eaast tn at least two dfferent conformarrons Ophtoboltn K exhtbtted nematoadal activity 
(EDSo 10 pglmL.) agatnst the free-ltvtng nematode m ,but the AIB trans tsomer lb was found 

to be tnacttve 

INTRODUCTION 
Helmmths and nematodes are responsible for numerous deadly parasitic diseases m humans, as well as 

in ammals, and represent a serious problem world-Hrlde Search for the cure of such parasmc diseases IS the 
paramount task of many research mstltuhons Among the many programs at Merck &ted toward such a goal, 
one IS the &scovery of novel natural products VU a \ngorous and systemanc screenmg of fungal and many other 
rmcroblal extracts using vanous enzymatic, brochenucal and in vlvo screens Durmg the course of screenmg 
fungal extracts against the free-hvmg nematode Caemrhubdrtzs elegansl, we hscovered ophlobolm K (la), a 
new sesterterpenold of ophlobolane fanulya, with nematocldal activity We report herem the Isolation, structure 
elucidation. stereochennstry, solunon conformation and nematocldal activity of ophlobohn K (la, EDSO 10 
~g/mL) along unth that of its macave 6-epi-analog (lb) 

ISOLATION 
Solid state fermentanon of Asperg&a usrus was repeatedly extracted Hrlth methyl ethyl ketone and 

chromatographed over slhca gel column to gwe an active fraction contammg la and lb m a rat10 of 5 1 (HPLC) 
This fraction was further punfied by reversed phase preparanve HPLC (Whatman C-18) with a grtient of 
CH$N-Hz0 to yield 6-eplophtobolm K (lb) and ophlobolm K (la) in the order of their elunon 

6931 



6932 S 3 SINGHetal 

‘24 

1,A3C LONG-RANGECONNECI'IVI'IY 

STRUCTURE ELUCIDATION 
figh resolution mass spectral analysis of both la and lb gave a molecular Ion at m/z 384 which was 

determined to have a molecular formula of C25H3& The formula suggests the presence of 8 double bond 
equivalents @BE) m the molecule The molecular formula was corroborated by 13C NMR signals (table 1. vlde 
rnjra) Under forcmg condtttons both la and lb formed a rmxture of mono and dilMS denvatives. Infrared 
spectrnm mdtcated the presence of hydroxy (3400). cychc carbonyl(l737) possibly m a five-membered rmg, 
conjugated carbonyl (approx 1670). and olefimc (approx 1630) moieties Ultra violet spectra of both compounds 
suggested the presence of an enone type (& 240) system 

The 300 MHz tH NMR spectrum (table 1) of la and lb m CDC13 &splayed an aldehyde proton singlet, 

four olefimc protons, two vmyhc methyls, an angular methyl group attached to an oxygen beanng carbon, an 
angular methyl, and a methyl doublet The 1H NMR spectra was assigned with the help of 2D 1H-lH COSY 
spectroscopy3, and the &fferent spin systems are represented m figure 1 (bold lines) One of the isolated spm 
systems in la was assigned to gemmal protons at C-4 whereas the shielded gemmal proton (6 2 42) of lb was 
also correlated to a broad doublet at 6 3 30 (H-6) through a W coupling, which could be easily vlsuahzed from 

Dreldmg model 1% NMR spectrum (table 1) of ophlobolm K and its 6-epl analog (lb) exhibited 25 carbons 
and 35 carbon-bound protons as obtamed from APT spectrum and revealed the followmg carbon types a 
carbonyl group, an aldehyde, SIX olefimc carbons (four of them beanng hydrogen and two quatemary), an 
oxygenated quaternary, a quaternary, five methmes, five methylenes and five methyl carbons One bond proton- 
carbon connectlvlty was determmed from 2D tH-t3C COSY4 and this spectrum was also helpful m assigning 
some of the overlappmg methylene protons Two carbonyls and 3 olefins account for tive DBE’s, to satisfy the 
remammg 3 DBE these molecules must be mcyclic The presence of a conjugated aldehyde (x,,, 240), 
lsopropenyl group and a five-membered nng ketone (6 217) suggested that these sesterterpenolds may be 

members of the ophobolane class2 
Corroboration of the mcychc ophlobolane skeletal system was further substantiated by a long-range 2D 

lH-%Z COSY experunent optumzmg for a couplmg constant of 7,8 and 10 Hz This expenment revealed the 
correlauons of H-20 methyl and H-4p to both C-2 and C-3 and H-lp to C-6 and C-l 1 C-l 1 was also correlated 
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to H-22 and H-14 Sumlarly H-6 was correlated to C-5 carbonyl, H-22 to C-l and C-10 These (and others see 
figure 1) two and three bond rH-t3C correlanons were m full accord wrth the ophtobolane skeleton 

Table 1: tH and l3C NMR Assignment of Ophiobolins K and 6-Epiophiobolin K in CDCl3 
solutions. 

Posmon la lb la lb 

1 Ha 

HP 
2H 
3 
4 Ha 

HP 
5 
6H 
7 
8H 
9 Ha 

HP 
10 H 
11 
12 Ha 

HP 
13 Ha 

HP 
14 H 
15 H 
16 H 
17 H 
18 H 
19 
20 H 
21 H 
22 H 
23 H 
24H 
25 H 
OH 

35 08 4129 

50 28 49 60 
76 92 76 72 
54 91 54 94 

217 70 217 27 
48 54 48 82 

141 32 14131 
16407 160 78 

25 44 30 85 

47 13 43 74 
43 85 4470 
26 54 27 71 

42 58 45 25 

53 57 5406 
35 85 32 58 

137 10 135 59 
122 44 129 97 
119 95 119 97 
136 06 136 42 
25 65 25 86 

196 29 194 30 
18 73 23 32 
20 40 2131 
18 14 18 22 
26 54 26 56 

___ ___ 

1 20,m 1 55,m 
175,m 1 75,m 
2 39,brdt,12 9,3 1 2 16,dd,lO 5,4 2 
____ ____ 

2 78,d,19.2 2 42,dd,16 8,l 5 
2 48,d,19 2 3 09,d,16 8 
_____ _____ 
3 25, brd,lO 5 3 30,brd, 10 8 
_____ _____ 
7 ll,t,8 6 6 87,dd,6 9,2 7 
2 10,m 2 84,ddd,20,4,2* 
2 94,dd,12 6,8 3 2 22,ddd,20,14,2* 
2 06,m 2 54,ddd, 14 7,10,4* 
---__ _____ 
1 60,m 1 65,m 
1 25,m 1 20,m 
140,m 145,m 
140,m 145,m 
1 56,m 1 87,m 
2 70,m 2 53,m 
5 17,t,9 6 5 12,t,9 9 
6 02,dt,lO 5.0 9 6 07,dt,9 8.0 9 
5 96,dd,lO 5.1 0 6 OO,md,9 8,l 2 
_____ _____ 
1 34,s 1 45,s 
9 19,s 9 17,s 
0 95,s 0 85,s 
0 90,d,6 7 0 98,d,6 6 
1 72,brs 1 77,brs 
1 80,brs 1 83,brs 
3 34 3 20 

l couphng constants were determmed from NOE hfference spectra 
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STEREOCHEMISTRY AND CONFORMATIONS 
tH-tH NOE &fference spectroscopy~ m coquncnon with scalar coupling constants were used to deduce 

the reh&ve stereochenustry and confomon of ophlobolm K (la) and 6-eplophlobohn K (lb) wth the help of 
mdmg model 
Ophiobolin K (la): hzuhahon of H-6 (6 3 25) resulted m slgmfkant enhancement of H-2 (6 2 39) thus 

estabhshmg a CIS fusion of nngs A/B, it also revealed NOE to H-9P (6 2 10) and clearly m&catmg a folded boat 

type conformation of the e@t-membered B nng as depicted m figure 2 Thus was further substanmted from the 
addmonal NOE’s from H-22 (6 0 95) to H-2, H-6 and H-9p (6 2 lo), H-8 (8 7 11) to H-ga (8 2 93) and vice 

versu Syn relatlonshlp of H-8 to CHO group was also apparent from the NOE results NOES between H-16 
and H-17 established the CIS nature of the C-16, C-17 double bonds NOE’s were also observed between H-24 
(6 172) and H-17 (6 6 02,dt), H-25 (6 180) and H-18 (6 5 96) Most Important conformaaonal information 
regarding the stde than was obtained from the enhancement of H-15 (6 2 70) after saturation of H-22, and 

NOE’s from H- 16 to H-9p and H-ga to H- 16 thus placmg the side cham close to nng B m the conformation as 
shown m figure 2 

Figure 2 

CEpiophioboiin K (lb): Observation of NOE from H-6 to H-10 and H-20 to H-2 and lack of NOE from H- 
6 to H-2 gave a clear md~cat~on that A/B nng IS tram fused and H-2 1s on the same side as C-20 methyl group (as 
m la), whereas H-6 and H-10 are on the opposite side of the molecule Mation of both H-20 and H-22 
enhanced the proton muluplet assigned to H-l& therefore, both methyl groups are on the same face of the 

molecule Interpretation of all the NOE’s led us to conclude that la and lb &ffer sq@icantly m theu 

conformattons, in order to explam all the measured NOB’s, lb must exist m at least two d&rent conformamms 
as depicted m figures 3 and 4 In both of these conformations the side cham must remam away from the rmg B m 

contrast to the conformation of la 
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Figure 3 Figure 4 

n NOE’s 

The NOE’s from H-6 to H-10 and H-22 to H-Q and H-9P can be explamed only from conformauon m 
figure 4 whereas NOE’s between C-7 aldehyde proton, H-8 and H-22 could be explamed from conformation as 
depicted m figure 3 Therefore, these two conformations exist m equlhbnum at least on the NOE measurement 

ttme scale The conformation m figure 4 is very stmtlar to that of solid state conformation of ophtobohn G as 
denved from single crystal x-ray determmatlon and reported6 from A ustus and which may be a dehydration 

product of lb The absolute stereochemlcal representation 1s based on ophlobolm I whose absolute 
stereochemtstry was determmed7 from X-ray of p-bromobenzoate denvatlve and ophlobohn C whtch has been 
synthesized8 The unresolved6 stereochemtstry of C-3 of ophlobohn H, a metabollte reported from A usrus 
could be assigned as m la and lb 

Many chenucal shift differences (table 1) both m lH and t3C NMR spectra of la and lb could be 
explamed by theta enttrely different conformations Difference in the blologcal actlvlty could also be atmbuted to 
the conformattonal differences Slow epunenzanon of la mto lb was also observed m many solvents mcludmg 
chloroform, thus may be due to the less stramed and more stable conformatlons of tram isomer lb which was 
found to be reasonably stable m identical condmons The eplmenzatlon process precluded the posslblhty of 
crystallizahon of la 

BIOLOGY 
Ophlobolms have been reported7 from the pathogemc fungi Drechslera maydu , D oryzae and D 

sorghlcolu and are responsible for serious phytotoxtcrty9 Ophlobohn G and H have been reported to mhlblt the 
growth of Bac~lfus subtllrs6, but as far as we know, this 1s first report of the nematocldal activity of any 
ophlobolms Both ophlobohn K and its 6-epl analog were tested against the free-hvmg nematode C elegans at 
concentrations up to 100 @nL Ophlobohn K displayed an EDso of 10 pg/mL, whereas 6-eptophlobohn K was 

mactwe at the highest level tested 

EXPERIMENTAL 
All the reagents and deuterated solvents were obtamed from Aldnch Chemical Company and were used 

wthout any punficatlon Yeast extract, malt extract and casammo acids were obtained from Dlfco, and Junlon 
was obtamed from The Kouyok Trading Co Ltd , Tokyo, Japan E Merck (Darmstadt) silica gel plates (0 25 
mm) were used for TLC and developed either with 3% cent sulfate in 3N H2SO4 spray and/or lodme vapors 
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Staaonary phases used for column chromatography were E Merck slhca gel (70-230 or 40-63 mesh) Meltmg 
pomts were uncorrected Optical rotation values were recorded using a Perkm-Elmer 241 polanmeter 

The IR absorption spectra were obtained with a model 1750 Infrared Founer Transform 
Spectrophotometer using a multiple internal reflectance cell (MIR, ZnSe) on neat IO-20 lg samples The UV 
absorption spectra were measured urlth a DU-70 Spectrophotometer m MeOH solution Mass spectral data were 
obtamed on a MAT212 instrument by electron impact at 90 eV Trnnethylsllyl dertvatwes were prepared ~th a 
1 1 nuxture of BSTFA-pyrulme at room temperature Exact mass measurements were made on the same 
mstrument at high resolunon by the peak matching method using perfluorokerosene (PFK) as internal standard 
The FAB spectra were obtamed on a MAT73 1 mstrument 

NMR data were obtamed on a Bruker AM-250 with ASPECT 3000 computer or Vanan XL-300 
spectrometer at ambient temperature in CDCl3 1H NMR chenucal sh& m CDC13 a gven relaave to the solvent 
peak at 7 256 ppm % NMR chenucal shifts no CDC13 are gwen relative to the solvent peak at 77 OSppm 

*H-1H COSY were recorded using the standard pulse sequence of Bax et al 3 The lK-2K data set was 
accumulated III 512 increments with 32 transients respecnvely for each value of tt for full phase cychng lH-t3C 

chermcal shift correlation spectra (COSY) were recorded m CDC13 usmg the standard pulse sequence of Bax and 
Moms4 The 512 x 4K data set was accumulated m 128 increments with 512 transients for each value of tt The 
delay time between transients was 0 5 set, and the expenment was optimized for ~JCH =150 Hz The 
correspondmg long-range expenment was optnmzed for a mulnple bond carbon-proton couplmg constant of 7.8 
and 10 Hz. NOE’s were measured using NOE differences in CDC13, samples were not degas& In NOE 

difference method, a relaxation delay of 2 0 set, mtiauon nme of 0 75-l 0 set and decoupler power of 40L 
was used The FID’s were substracted before Founer transformation 

Fermentation of Ophiobolin K and 6-Epiophiobolin K: 

The fungus A ustus (Bamer) Thorn & Church (culture number JP118, deposited in Merck culture 
collechon) isolated from Tamarrndus rntilc~ (commonly known as tamarmd) seeds, was obtamed from Merck 

Microbial Resources The composmon of seed and producuon media are shown In table 2 A slant was used to 
prepare FVMs (frozen vegetanve mycelia) m the seed medium (without Junlon) and were frozen at -75W unnl 
use The seed m&urn was prepared m dlsulled water and the pH was adJusted to 7 0 before stenhzahon The 
medium was dispensed at 54 mIJ250 mL plain Erlenmeyer flask, closed wth cotton and stenhzed at 121oC for 
20 mmutes Seed cultures were inoculated with a source of A ustus and grown on a gyratory shaker (220 rpm) 
for 72 hours at 25OC A pomon of the seed culture (20 mL) was used to inoculate each Medmm-4 production 
flask (table 2, prepared m distilled water at pH 7 0, dispensed at 425 mL/l L Erlenmeyer flask, closed with 
cotton and stenhzed at 121oC for 20 minutes) This mixture was added to a verrmcuhte-contaming 4L roller ear 

(1250 cc vermlcuhte, latex closure stenhzed separately from the liquid for 60 mmutes at 121W) and mixed 
vigorously to coat the vernucuhte RollerJars were incubated on a roller machine at 25W for 28 days 
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Table 2: Composition of Seed and Production Media. 

YMEJ Seed Medium-4 Production 

Medium Medium 

Trace Elements for 
Medium-4 

Component (g/L) 

Yeastextract 4 0 
Malt extract 100 
DeXtroSe 40 
Junlon 15 

Component (g/L) Component (g/L) 

Glucose 10 0 FeC13 6H2O 5 8 
Fructose 15 0 MnS04 Hz0 0 1 
Sucrose 40 0 CoC12 6H2O 0 02 
Casammo acids 2 0 CuSO4 5H20 0 015 
Asparagme 20 NaMoO4 2H20 0 0 12 
Yeast extract 1 0 ZnC12 002 
Na$-IPOJ 05 SnC12 2H20 0 005 

MgS04 7H20 1 0 H3B03 001 
CaCl2 05 KC1 0 02 
Tmce elements 1omL HCl (Cone) 2omuL 

Isolation of Ophiobolin K and 6-epiophlobolin K: 
The sohd state production fermentahon (3 roller ears) of A ustu.s was extracted with methyl ethyl ketone 

(1 5 L each, 4 5 L total) by shakmg for 2 hrs The extract was concentrated under reduced pressure and then 
lyopluhzed to pve a dark solid rendue (3 5g) lg of the solid was cbromatographed on a column of slhca gel m 
CH$!12 and the fraction (500 mg) contauung both opluobolms was eluted with CH2Cl2-CH30H (49 1) This 

fraction (500 mg) was rechromatograpbed on a flash s&a gel column Elution of the column with CH2C12 
followed by CH2C12-CH3OH (99 1) gave almost clean la (50 mg) and a rmxtuxe of la and lb (150 mg) Tius 

nurture was further cbmmatographed on a Wbatman part~rll0 ODS 3 (22 x 250 mm) column and eluted W&I a 
15 mL/rnm linear gradient of CHsCN-Hz0 (60 40) to CH3CN (100) over 40 mm to give pure la and lb 

HPLC analysis of the ongmal mixture on a Whatman C-8 column (4 6x250 mm) m CH$N-Hz0 (50/50) and 

elunon at a flow rate of 1 mL/mm gave a ratlo 5 1 of la/lb with a retennon time lb (9 9 mm) and la (10 6 
mm) la mp 80-82X! (powder), [U]D 23 168’9 [a]578 175’9 [a]546 203O, bl436 387O, [a1405 495’9 [al365 
7320 (c=O 4, CHsOH), UV (&,,ax) CH30H 240 (E 23470). IR ZnSe(v ,,,ax) 3434, 2931, 1737, 1666, 1630, 

1457, 1376,1235,1202, 1157, 1142, 1126, 1102.1067, 1041, 1022,980,931,907,879,840,823.808.757, 
735,702 cm-l HR-FAB (m/z) 385 (M+H)f HREIMS (m/z) 384 2631 (M+. calcd for C25H3603 384 2664) 
For 1H and 13C NMR see table 1 lb crystalhzed from CH$&-hexane as plates, mp. 215-17oC. [a]D23 

155O, [a]578 1500, [a]546 175’9 [al436 335’9 [a]405 428O. [al365 568O (c=o 08, CH30I-Q uv (&,) 
CH30H 239 (E 21395), IR ZnSe ($,,a,) 3442,2932,2865,1737,1681, 1634.1456, 1379, 1248, 1228, 1209, 

1174, 1085, 976, 947, 917, 816, 787, 732 cm- l, HREIMS (m/z) 384 2695 (M+. calcd for C25H3603 
384 2664) , for 1H and 13C NMR refer to table 1 
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C. elegans Motility Assay: 

C elegans. N2 stram was culnvated on NG agar plates covered with a lawn of Escherrcra colt followtng 
Brenner’s procedure10 Worms were nnsed off the agar plates with HEPES (4-(2_hydroxyethyl)-1 
plperanneethane sulfomc acid) buffer at 22OC, washed two times by cenmfugaaon at 1,000 x g for two mmutes 
and then resuspended m 25mM HEPES buffer Ahquots of worms (50 ~1, approximately 100 worms) were 
placed mto 13 x 100 mm glass test tubes The compounds to be tested were p~pared m DMSO and added to the 
worms m a final volume of 500 ~1 contammg 1% DMSO After 16 hrs lncubatlon at 22OC, the number of worms 
still motde was determined by exammatlon with a low power dlssectmg nncroscope Greater than 90% of the 
worms continued to swim vtgorously m the control tube EDso values represent the concentration of the drug 
which lmmotlllzes 50% of the worms 
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