-1-  SESQUI TERPENES, THEI R PREPARATI ON AND THEI R USE AS | NHIAB 5ERBI S -7
ACTI NG ON THE GABA- BENZODI AZEPI NE RECEPTCOR The present ijygntion
rel ates to novel ~benzodi azepi ne-receptor binding conpounds. The
invention 5 further relates to the preparation of said conpounds, to

phar npteutical and veterinary conpositi-drs containing them and to the

m croorgani sm from whi ch they are obtaj ned. Benzaodi.azepi ne (Bz)

i s the convent iSESQUITERRENESd THEIR PREPARATIEN P Prbgl at ed
conpounds wi t h TNWIBIZORE ACTING O THE, GABA; BENZQD : ly et al,
Advances in Drug Res. 14 165-322 (1985)). Pharnacol ogi cal screening of
some of the early syWhbepresetalirpertioh relatesvied novel syst em showed
t he benzodi azepi nes to have tranquilli zing: and anti convul sant activity.
Furt her invest ihpmiziodiazépinesnéceptam Kimdinguconpotinds orRhieaisyenrtiien
(Librium for t herapeutic use in 1960. Ext ensi ve

el ect r ophysi%®l dyidhieranglatesi ¥ the dineparation,9f said gonpeaddshatot he
benzodi azepi ne nechani sm, of actiagn involves allosteric nodul atji‘on of
the major 20 PWRBRCSHEiIGRY 304 (vakarinazy corRAsl b ?ﬁﬂﬁﬂ%ﬁ%gglﬁﬁiﬁhem

GABA). Mo A | LLhi ffect | n th ;
gyper%olarigafpec J#F%bﬁygﬁgréé?ﬁﬂEﬁéﬁ§%%g%f%ZF#?t?ﬁﬁ 3xe pbtainedy . ok the

GABA- Bz- Cl ' lseX-en LN ¢ I h
beon desi gnat et subt A8 EROL SPGB} 12" phdanvens ASREC Kl GEER, £ 15

currently pres Cdé%g:‘ibe mﬁ%ﬁ{?ﬁ%@iﬁ?ﬁel?&%ﬂag Ra& 8 kHdY basic

potentiation of t effect. ey therefore exert
sedative, 30 benzo-1,4-diazepine structure (Haefely et al, Advances in

Drug Res. 14 165-322 (1985)). Pharmacological scfeening-of ;
sope'of_the early synthefic analogues of this novel ring
system showed the benzodiazepines to have tranQuillizing
and anticonvulsant activity. ' Further investigation

15 resulted in the launch of chlordiazepoxide (Librium) for
therapeutic use in 1960.

Extensive electrophysioclogical and binding studies
have established that the benzodiazepine mechanism of
action involves allosteric modulation of the major

20 inhibitory neuro-transmitter, gamma-aminobutyric acid
(GABA). More specifically, this effect results in the
hyperpolarisation of neurons by increased C1° ion flux
through the GABXQBz-Cl‘ ionophore receﬁtor complex. This
receptor complex has béen designated subtype A, or GABA,.

25 The majority of the currently prescribed

| benzodiazepines are agbhists and act by potentiation of the
GABA inhibitory effect. .They therefore exert sedative,
hypnotic, anticonvulsant and anxiolytic effects. Parfial

(low efficacy) agonists are also of interest since their



hypnotic, anticonvul sant and anxiolytic effects. Partial (1 ow
efficacy) agonists are also of interest since their

-2- ‘use can reduce the undesirable effects of benzodi azepi ne

t herapy such as sedation, tolerance and addiction yet mai ntain their
clinigcal effect. Inverse agoni sts having bi ol ogi cal activity opposite
to the cl assical 5 benzodi azepi ne effects_ i.e. convul sants, also have a
postul ated role in nmenory enhancenent. Antagonists are devoi d of

biol ogi cal acideidan Padtay H1APRIrdeRliraRi & Bt rectsCBENBENREALAeBnEX CoSS
over 10 t

of the above effects, i.e. v ose. ructure activity

rel ationshi pstke¥dPy flich as hEatdiol,eRicleraheecal@cladiitt vos hpeect eri sed
and the phar macophore identified. Enphasis has therefore shifted to

the identifi asdimrainf thesrerddgatels offedit.or Ihvgesd, agénists Raeing
structures as potential new drug candi dates. Various 15 chem cal classes

(e.g. benzazepiokszidad retdarity iopposite toythepplaskioal,
phenyl qui nol i nes, triazol opyri dazi nes and i m dazopyri di nes) have been
shown to b® cenzediiazepine effexittsy. iZepi convaléantsg| apgorhaveca
derivative) and zol pi dem (an i mdi zopyri di ne) have been | aunched as
hypnotics. 2pestulated nele downsmory enhancementer ndntagonisbé areutri ent

mediumwith a_strain of the fungus Acrenonium strictum $Xenova organi sm
X06/ 15/ 458, |9gvegish of) b Jaai&ag- @Skdvity but have applications in

counteracting an excess of the above effects, i.e.
overdose.

10 Structure activity relationships (SAR) for
benzodiazepines have been fully characterised and the
pharmacophore identified. Emphasis has therefore shifted
to the identification of the endogenous receptor ligand, or
novel structures as potential new drug candidates. Various

15 chemical classes (e.g. benzazepines, B-carbolines,
cyclopyrrolones, phenylquinolines, triazolopyridazines and
imidazopyridines) have been shown to be active at this
site. Zopiclone (a cyclopyrrolone derivative) and zolpidem
(an imidizopyridine). have been launched as hypnotics.

20 It has now been found that fermentation of a nutrient
medium with a strain of the fungus Acremonium strictum
(Xenova organism X06/15/458, IMI 354451) produces novel
compounds which inhibit the binding of benzodiazepine to
the benzodiazepine feceptor present on the GABA-Bz-Cl™

25 ionophore receptor cbmplex. These compounds are
sesquiterpenes which, together with their synthetic
derivatives, form a novel class.

Accordingly the present invention provides



cohpounds whi ch inhibit the binding of benzodi azepine to t he
benzodi azepi ne receptor present on the GABA-Bz-Cl[err] 25 ionophore

receptor conpl ex. These conpounds are sesqui t erpenes whi ch, together
wi th thei'r synthetic derivatives, forma novel class.

Accorxdingly the present invention prOV|da$

- 3- a sesquiterpene of formula I 15

wherein each % gqﬁfg ég a°§|P oqq or one is a single bond and the
T on € oge

other is a dou er With a, b and the carbon atons to
whi ch it is attached forns a ring selected from 20

[err] ~

(1)
10

15 wherein each of __.2._ and _._°.. is a single bond or one is

a single bond and the other is a double bond;

A, together with __.2.. ’ ==2.. and the carbon atoms to which

it is attached forms a ring selected from:

R

20 OH
(a) . H (b) D
OH
vherein R is H or OH;
25
OH
(c) ; and (d) ;

OH




wherein Ris Hor OH 25 [err] and [err]

-4- and Y is a double bond or, when Ais a ring (a) as defined
above Y is either a double bond or forns, together with the car bon
atons to'which it is attached, an epoxide |inkage; [err] ; and the
pharmaceutically or veterinarily 5 acceptabl e salts thereof. _
I n one enbodi nent, the sesquiterpene ot_ffmnula | has the foll ow ng
structure I1: err]
and Y is a double bond or, when A is a ring (a) as defined
abQve Y is either a double bond or forms, together with the
carbon atoms to which it is attached, an epoxide linkage;
o~ i and the pharmaceutically or veterinarily
5 acceptable salts thereof.
In one embodiment, the sesquiterpene of formula I has
the following structure II:
H 0
H Wie
10
H IT1
15 H
H
22 H H 21
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20

wherein -Y- is a double bond or forms, together with the
carbon atoms to which it is attached, an epoxide
linkage <<g>> -

In another embodiment the sesquiterpene of



20. . wherein -Y- is a double bond or forns, together with the car bon

atons to which it is attached, an epoxide | i nkage [err] .

I n anot her enbodi nent the sesquiterpene of formula | has
the followi ng structure I11: [err]

wheregn Ris Hor OH In a further enbodi nent, the sesquiterpene
of 15 fornula | is a conmpound of the foklowing fornula IV

[err]
formula I has the following structure III:

-

5
ITT

10 H

24 Ch3 | 2_33_
wherein R is H or OH.
In a further embodiment, the sesquiterpene of

15 formula I is a compound of the following formula IV:

20
(IV)

25




- 6-. wherein X represents [err]

or 5 [err] The sesquiterpene of
formula Il wherein Y is a doubl e bond is hereinafter referred to as
conmpound "A. 10 The sesquiterpene of formula Il wherein Y forns, W th
the carbon atons to which it is attached, an epoxide | i nkage is
referred to as conpound A . The sesquit érpene of formula Il wherein R
is OHis ref er as conpound B. The sesquiterpene of 15
formula 111 %eér\zg?%rpgl 5 ;ﬁt@és %erred t conmpound C. The sodi um
salt (15-ONa) of conpound A is conpound D. {The sesqui t er pene of
formula IV wherein X represents 20 [err] I s conmpound E.

The sesquit erpene of formula IV efbnn X represents

i s conmpound F. Compound F is the 15,16 ortho qui none derivative of
25 conmpound E. The term "the present conpoggds" when used hereafter
refers collectively to all the sesquiterpenes of formula | and the

pharmaceutgcal ly and veterinarily iinifnable salts thereof.
' Y

The sesquiterpene of formula II wherein Y is

a double bond is hereinafter referred to as compound A.

10 The sesquiterpene of formula II wherein Y forms,.
with the carbon atoms to which it is attached, an epoxide
linkage is referred to as compound A’. The sesquiterpene
of formula III wherein R is OH is referred to
hereafter as compound B. The sesquiterpene of

15 formula III wherein R is H is referred to as compound C.
The sodium salt (15-ONa) of compound A is compound D. The

sesquiterpene of formula IV wherein X represents

20 'y is compound E. The sesquiterpene of
%
formula IV wherein X represents N is compound
\
0

F. Compound F is the 15,16 ortho quinone derivative of
25 compound E. The term "the present compounds" when used
hereafter refers collectively to all the sesquiterpenes
of formula I and the pharmaceutically-and veterinarily

acceptable salts thereof.



-7- The sesquiterpenes of formula | have been | sol ated from
a m croorgani smwhi ch we have desi gnat ed X06/ 15/ 458 and whi ch has been
identified as a strain of the fungus Acrenonium strictumon the basis
of the follow ng 5 nor phol ogi cal dat a: When grown on 2% Mal t
Extract Agar for 10 days, col onies of strain X06/15/458 were 15-20 mm
i n di aneter conpared to 37-40 nm %pérUlating copiously, pure white

»rather than varying. in shad of off-white, conprised of 10 dense,
conpact rat her tha&hﬁb§§§qW§§€FpﬁﬁﬁsnB§t%9rmula L A2Ye RRAN and fl occose

L S o TR ORI A5 T o o
Pt oneT o A A LR B pRUPE L Bbn LD A0S s PPN

t aper ed, hyaléﬁﬁﬂf ?ﬁgigk&ag%aggzé g hj 5 | ong x
1.5 [err]m vm'f e atsa € 5 5 ﬁﬂpgﬁ Eﬁ?ﬁﬁa%igoég éﬁ%%o%ﬁf‘?r'ﬁ m

Coni di a | & Shigfhologicl i@atmsses cylindrical, 3.0-7.0 x 1.5 [err]'m 20
The organi smexhibits the follow ng differences from typical strains

of Acrenoni um stri ghel gricwcond28Mil1EaERtract ARl efdbii@® d@p@act
colonies; margin aerial, irregular and di ffuse; coni di ophores aeri al

and tending fcolunieseifostrain X067a5/668i Wepehrse26 anft in| @iwipéter 25
From t he above descri bed m croscopi ¢ and gross nor phol ogi cal features,

fungal i sol aceomiaietbttb37-4themnt, sporulatingfcepiousty) pmre whité .
strictum W Gans as descri bed
rather than varying in shades of off-white, comprised of

10 dense, compaét rather than loose mycelium; mostly
velutinous and floccose only at the centre instead of
tomentose at the centre, margin irregular, aerial not
sharply delimited and immersedf conidiophores
plectonematous to synnematous and superficial rather than

15 submerged; mostly orthophialidic, rarely more complex,
straight, gradually tapered, hyaline rather than
chromophilous, up to 40-54 um long x 1.5 um wide at the
base compared with 20-40 x 1.5-2.0 um. Conidia in slimey
white masses cylindrical, 3.0-7.0 x 1.5 um.

20 The organism exhibits the following differences from
typical strains of Acremonium strictum: slower growth rate;
pure white compact colonies; margin aerial, irregular and
diffuse; conidiophores aerial and tending to synnematous;
mean conidiophore length longer.

25 From the above described microscopic and gross
morphological features, fungal isolate X06/15/458 is best

classified as Acremonium c.f. strictum W. Gams as described

in Gams, W. (1971) Cephalosporium-artige Schimmelpilze;



in .Gams, W (1971) Cephal osporiumartige Schi mel pil ze;

- 8- Qust av Fi scher publ. The strain X06/15/458. was
deposited under the Budapest treaty at the International Mycol ogi cal

| nstitute, Egham Surrey, U K on 7th October 1992 under accession 5
nunber | M 354451, The above description is illustrative of a
strain of Acrenoni um 'stri ctum whi ch-c&rmr be enpl oyed in the production
of sesquiterpenes of the present invention. However, the present

i nvention al sBU8kBVaEascheraBuBlef the 10 above described nicroorgani sm
For exanpl e, those whic are obtained by natural_ selection or those

produced by _, m Efigﬁr%§%n¥%§4¥§ﬂiﬁﬁrﬁfﬁ(ﬁﬁRﬂﬁ%}QQa@méﬁﬁbﬁhGUCh as
or the 11 ke + PRARRERE cPraRty e HhR FRRRATS GPHAY Aipalogion) CRRIERES )
puention,  Bahape AOLEPUHOR, TN S e s S RS O
fungal st 3 nBRPEcTAE Sosi280ust) 20 or a mutant thereof which
D nen 1 FBE Bopye Aot ds furieeraUitel B B BeEq or
oxidising a aAcrefgfifiih! SEPEECuRT whLEN dh beGAIdY Iih tHYI proluction
of sesquiterpenes of the present invention.
However, the present invention also embraces mutants of the
10 above described microorganism. For eiample, those which
are obtained by natural selection or those produced by
mutating agents including ionising radiation such as
ultraviolet irradiation, or chemical mutagens such as
nitrosoguanidine or the like treatments, are also included
15 "within the ambit of this invention.

The present invention further provides a process for
the preparation of the present compounds, which process
comprises (i) fermenting, in a source of carbon, nitrogen
and inorganic salts, fungal strain X06/15/458 (IMI 354451)

20 or a mutant thereof which produces a sesquiterpene
of formula I; (ii) isolating the said sesquiterpene
from the fermentation medium; (iii) if desired, oxidising a
sesquiterpene of formula I wherein A is ring (c)
to a sesquiterpene of formula I wherein A is a

25 ring (d) and/or (iv) if desired, converting the saiad
sesquiterpene into a pharmaceutically or
veterinarily acceptable salt thereof.

The sesquiterpenes of formula I are typically



to a sesquiterpene of formula | wherein Ais a 25 ring (d) and/or (iv) if
desired, converting the said sesqui terpene into a pharmaceutically or
veterinarily acceptable salt thereof. The sesquiter penes of
formula I' are typically -9-
produced during the aerobic fernentation of an aqueous nutrient medi um
under conditions described hereinafter, - 9 =with a producing strain of
Acrenoni um strictum X06/ 15/ 458, or a producing nmutant strain of

X06/ 15/ 458. Apuedusedediurningsthecherobid ternendmtiion tdfe apv aduebusn of nmany
antibiotic substances are suitable. Such nutrient nmedia contain
sources of canpthient medivycundesiconditiong déacribed heredmafiersm | f
desired inorganic salts_may be added, generally at low levels. In
addition, the¥iERnRnPEPHBAING ostrain PHAcrenaniun Staietur X96/157458,
necessary for the t he m croorgani sns, and productiondgg t he

desi r ed Bﬁnﬁog%gégg#ﬂgsﬁuégﬂﬁLEﬁEﬂiR/?ﬁ {15//458f f AGUEQUS me

oy e uscd a8uhll PRHBSER FEed Hok the, produtisH o, meny potdfianie" "

Thetungal st PAPRtABERYhLe SUEELELe  ‘Spch, nlle (HRe R afdoneddn 1T © ©

cul tur oo or o 2ofirees, O8] fkrfoh ada ikl AaEhabe By WRKEN ! On Sueh
Assimilabl e spyef8sr@hngehlornrs Nads L SEJUM Halits may be added,

generally at low levels. 1In addition, the fermentation

10 media may contain traces of metals necessary for the growth
of the miéroorganisms, and production of the desired
compounds. These are usually present in sufficient
concentrations in the complex sources of carbon and
nitrogen, which may be used as nutrient sources, but can,

15 of course, be added separately to the medium if desired. A
biologically pure culture of the fungal strain X06/15/458
or of a mutant which produces a sesquiterpene of
formula I is a further aspect of the invention. Ssuch
cultures are substantially free from other microorganisms.

20 Assimilable sources of carbon, nitrogen and minerals
may be provided by either simple or complex nutrients.
Sources of carbon will generally include glucose, maltose,
starch, glycerol, molasses, dextrin, lactose, sucrose,
fructose, carboxylic acids, amino acids, glycerides,

25 alcohols, alkanes and vegetable oils. Sources of carbon
will generally comprise from 0.5 to 10% by weight of the
fermentation medium.

Sources of nitrogen will generally include soya bean



Hay be brovided by either sinple or conplex nutrients. Sour ces of

carbon will generally include glucose, maltose, starch, glycerol,

nol asses, dextrin, |actose, sucrose, fructose, carboxylic acids, am no
aci ds, gl'ycerides, 25 alcohols, alkanes and vegetable oils. Sources of
car ban will generally conprise fromO0.5 to 10% by wei ght of the
fermentation nmedi um Sour ces of 8itrogen w Il generally include
soya bean - 10~ - 10 - meal , corn

an , corn

peptones,  or AL nuSHEAtERk, T ftorelc s i enf bolikTeq  heRRE ST 0700 o
' | Vi ' | t U

and |5 ot horRRaEes s A edt el perfIRRS, {GEERh adE Bppd e U 2

general |y conggtsfet | BThssdd, Khdddh V"F‘a'nﬁ\%rt? QEihaNRixtures ST MERbAE4 ON

medi um Nutrient meral sdlts I ch may e_lncbrporated into
the culture npghdines EOMASLAN)E, SR s41ee 82! hitpates! © ylda tdngi €l ding

sodi um potassium ammoni um iron, magnesi um zinc, nickel, cobalt,

nmanganese, 5 vastibrinmnidemaynalso beC As@diM seRpBES, ofChibe6den wipl on,
phosphat e, sul phat e, chl ori de and carbonate ions. An

ant i f oam nay gengraklntcdmprise rédonexcas tiova0slbyf weighy efdtheded at
i nterval s as required. The fermentation using Acrenoni um strictum
X06/ 15/ 458 fermentation medium.

Nutrient mineral salts which may be incorporated into

the culture medium include the generally used salts capable

10 of yielding sodium, potassium, ammonium, iron, magnesium,
zinc, nickel, cobalt, manganese, vanadium, chromium,
calcium, copper, molybdenum, boron, phosphate, sulphate,
chloride and carbonate ions.

An antifoam may be present to control excessive

15 foaming and added at intervals as required.

The fermentation using Acremonium strictum X06/15/458
can be conducted at temperatures ranging from 20°C to 35°C
preferably 24-30°C. For optimal results, it is most
convenient to conduct thesé fermentations at a temperature

20 in the range 24-26°C. The pH of the nutrient medium
suitable for producing_the compounds can vary from 5.0 to
8.5 with a preferred range of from 6.0 to 7.5.

Small scale fermentations are conveniently carried

out by placing suitable quantities of nutrient medium in a
25 flask by known sterile techniques, inoculating the flask

with either spores or vegetative cellular growth of

Acremonium strictum, loosely stoppering the flésk with

cotton wool, and permitting the fermentation to proceed in



can be conducted at tenperatures ranging from20[err]C to 35 err]C
preferably 24-30[err]C. For optimal results, it is nost convenient to
conduct these fernmentations at a tenperature 20 in the range 24-26[err]C.
The pH of the nutrient medium suitabl e for producing the conpounds can
vary from5.0 to 8.5 with a preferreglrange of from6.0 to 7.5.

Smal | scale fernentations are conveniently~carried out by pl acing

al| rm ! ni en | ut by plac

echni ques. i RoRorBERRS ¢Rehr PaupEratiie g aiht ASE, s HEeRatve
|1 ul | ' I I ' t

win o ScoreaaRir pt LEGRTIBTUIN0 NI Yy LS00 MR hed in

a constant room t enpgiainigep! s@bpiitwanl erid Qé)'bl%f% A% to cFﬂBaEEf at

from95 to 300 rpmfor 2 t0 10 days. r Targer scale-work, it

is preferabl ethe gepfidfitation iHCshPEABIE Adrdis iptowided W thadks provided
with an 5 agitator and a neans of aerating the fernmentation nmedi um

The nutriest agdtatorsandda m@ahs bhecaératimai (fermentatios weddami.on is
i noculated with a source of vegetative cellular growth of Acrenoni um

strictum TheTher natrientnmediuni s ahadevatp tin amd ivank and fverl to 8 days
while agitating 10 and/or aerating the nutrient nmediumat a tenperature
in the r aseridfisationt bs3Phecul dted hel tte @ epuwxicen@faviegetativependent
upon several factors such as the size of the fernenter and agitation
speed. Gener aFp}lupar| grgwthsef| Acremomiumigtrictun. The fermentation

is allowed to continué for from 1 to 8 days while agitating
10 and/or aerating the nutrient medium at a temperature in the
range 24°C to 30°C. The degree of aeration is dependent
upon several factors such as the size of the fermenter and
agitation speed. Generally the larger scale fermentations
are agitated at about 95 to 500 rpm and aerations of about
15 0.1 to 1.0 vvnm. . |
A sesguiterpene of formula I is found
primarily in the mycelium on termination of the
fermentation and may be recovered and purified. The
separation and purification of the compound from the
20 fermentation broth_énd its recovery can be achieved using
solvent extraction followed by application of conventional
chromatographic fractionations with various cﬁromatographic
techniques and solvent systems. The sesquiterpene
can be obtained in substantially pure form.
25 The sesquiterpenes of formula I are soluble
in organic solvents including ethyl acetate, methanol and
acetone. This property may be used to recover them from

the fermentation mycelium. Thus, the fermentation mycelium



are agitated at about 95 to 500 rpm and aerations of about 15 0.1 to 1.0
vvm A sesquiterpene of formula | is found primarily in the
nyceliumon term nation of the fermentation and nay be recovered and
purified.” The separation and purification of the conmpound fromthe 20
fermantation broth and its recovery can be achi eved using sol vent
extraction followed by application of canygntional chr omat ogr aphi c
fractionations with various chronatographic t echni ques and sol vent

systems. The issguitabpgnéombine@awitle LPPrdithtidl s dsiediaiahiotud o orm
25 The sesquiterpenes of formula I are soluble I n organic

sol vents i ncl afji oggahligl seleente, fo2t &raplédtetone.aCah@NFestlitIiney OPErty
may be used to recover them from the fernmentation nycelium Thus, the

fernment ati on gyudei extract may then be concentrated under reducedl? -

I's suitably conbined with approxi mately an equal vol une of an organic
sol vent, for PxespureatetyheldTan agsedus rspspensionudhiety dacbasky t hen be
concentrat ed under reduced pressure to yield an aqueous suspension
whi ch i s bfckextragkedawith anterganic golventteeyield p erude organic
organic g;&ract. The total extract is filtered (or centrifuged)

and the sol vef¥tEBftent FRecBotalicextrark de fidtered (precentrifuged)c

residue is then,pyrified injtially b chr omat ogr aphy, for exanple
Sephadex LFLZﬁneogﬁﬁns° vep rBﬂﬁ?%@F%éﬁﬁﬂwﬂqq?QHEﬁﬂﬁﬁﬁd RIegsudieyenfhe

organic residue is then purified initially by
chromatography, for example Sephadex IH-20 column
10 chromatography with methanol as an eluent..

The desired product and some impurities are retained
in the column, while many of the impurities (particularly
the non-polar impurities) are not retained. The column is
washed with a non-polar organic solvent such as hexane or

15 toluene to remove further impurities, followed by
sequential mixtures of dichloromethane or chloroform and
another organic solvent such as methanol or ethyl acetate.
The solvent is evaporated and the residue chromatographed
further, for example by column chromatography, thin-layer

20 chromatography, preparative-layer chromatography or high-
performance liquid chromatography. In a preferred
embodiment this further chromatographic step comprises
repeated reversed phase C18 HPLC (25 x 10cnm, CH,CN:H,0
gradient).

25 Suitable adsorbents include silica gel and octadecyl
bonded silica, whilst various solvents or combinations of
solvents may be used as the eluent. Fractions of eluate

are then examined by thin-layer, high-performance liquid



The desired product and sone inpurities are retained In the col um,
while many of the inpurities (particularly the non-polar i{npurities)
are not retained. The colum is washed with a non-pol ar organic
sol vent such as hexane or 15 toluene to renove further inpurities,
fol | awed by sequential m xtures of dichloronethane or chl orof orm and
anot her organic solvent such as net hanol 18r—-et hyl acetate. The sol vent
i s evaporated_and the residue chromat ographed further, for exanple by
col unmm chr on&PE &F‘éﬁﬁ?rai’ﬁyn orapther sponventsipnalgtashniaves éﬁ‘htﬂﬁ#@qtay er
chr omat ogr aph per formapce |iquid chronaa§€raphy a

Seghe

pref err ed tﬁ Eﬁﬁﬁgﬁﬁ Pl sapdr et selptpmitha

ted d ph Cl8 HPLC 10 [ H e
epeal oo eV gheder %ﬁFPasﬁelaasﬁ?M%u%na eaﬁq%a rlrﬂml oct adecy!
bonded sili nb t f | t
e used as + EnEPRaBionE BHRaTRLS ke Hes Ol B nenaiq by
thin-layes, Qh@hgﬁééE EE2BECWhiEH! fs ge ermine %ﬁ] na%y %ng'éﬂ}ect )

13 - chr omat 6gr aphy or ot her conven T onal t he
presence of, yvapdohe bﬁQbﬁhﬁogEQﬁhﬂéSfféﬁkfﬁﬁg) co-cHifidy the
foregoing techni ques wil ord purified |t|ons contalnlng t he
desired sesqehheapeegistilst Eﬁdpbﬁsf@feo&izdﬂa?ﬁépﬁxéi%téﬂéﬁt{&d ddmpARal ysi ng

t he vari ous chromat ographic fractions for physico-chem cal
binding activity.

The sesquiterpene of formula I wherein A is
10 ring (c) (compound E) may be oxidised to its 15,16-
orthoquinone derivative, which is a sesquiterpene
of formula I wherein A is ring (d) (compound F). Compound

F has the following structure:

15

(F)
20
25 Oxidation may be achieved by allowing a solution of

compound E to stand in air. Oxidation may alternatively be
achieved, or aerial oxidation as described above may be

accelerated, by adding an oxidising agent to a solution of



characteristics and/ or for benzodi azepi ne-receptor conpl ex bi ndi ng

activity. The sesquiterpene of formula | wherein Ais 10 ring
(c) (conpound E) may be oxidised to its 15, 16- ort hoqui none derivative,
whi ch is’a sesquiterpene of formula | wherein Ais ring (d) (conpound
F). Gonmpound F has the followng structure: [err]

25 Oxi dation may be achieved by allqwi ng a solution of conmpound E
to stand in air. Oxidation may alternatively be achi eved, or aerial
oxi dation as dempouh@dEaboxestiyable exameXe!c¥ Are bxis3HY Agedt ¢ di sing
agent to a solution of - 14 -
conpound E. Asediumbperdsdapee (NaI10)) .0xi di sing agent is sodi um
periodate (NalQerr]). A sesquiterpene of forrmula | may be

converted into a pharsesguiternpéye cof vEdmmilaal may be
converted into a pharmaceutically or veterinarily
5 acceptable salt.

Examples of suitable salts include those with alkali
metals such as sodium and potassium, and ammonium salts.
Compound D, the sodium salt of compound A, may for instance
be prepared by treating compound A with sodium hydroxide in

10 methanol.

The present compounds have activity in the treatment
of disorders modulated by ligands for the benzodiazepine-
receptor contained in the GABA-Bz-Cl" ionophore receptor
complex. A patient is treated according to the present

15 invention by a method comprising administering to the
patient a therapeutically effective amount of one of the

present compounds. In this way the present compounds



5 acceptable salt. Exanpl es of suitable salts include those with
al kal i nmetal s such as sodi um and potassium and ammoni um sal ts.
Compound D, the sodiumsalt of conpound A, may for instance be
prepared by treating conpound A with sodi um hydroxide in 10 nethanol.

The present conmpounds have activity in the treatnent of disorders
nodul ated by ligands for the benzodiazépi*ﬁa receptor contained in the
GABA- Bz- G[ewr4ljono hore rece ent is treated

|
according to¥® is?ﬁ??éiigﬁﬂ Gﬁnbye eéhBB E 5?9&|ﬁ@“§ﬂﬁ*ﬂ?§ter|ng
st conBat tﬁ?l%t*?lﬁ.r S kirdfing o8 bRhpd : FadfRine o AE o the
- 15 - by
aifocied by | %3%0%5 i Hecarnb:  RnRe 1 HEaT 1hOcHa"EhRM-BROOL L1 TS
recept or cont % déiﬁ‘f%ﬁ' %Zomglbﬁ”kpey chR”QﬁQQE?oi'SCEEtﬁéeﬁonﬂa?x
ore De use or &

t hey can ther as antI -convul

anx'O!yt'Qﬁayﬂ%gﬁpfbrfﬂévﬁﬂﬁficon &%Qﬂtgypgﬂ§i8§¥ﬁ135 Cﬂﬁgbiéofefgxﬁhégave

or ani mal rove fesent  conpounds

shown acti Vi tand rh)?notlcé’enzﬂfﬁ %m'i'&‘ibheprhohuﬂhﬂdbﬁgaﬁiﬁal whycthuses a
10 tritiated ligand specific for the receptor present on the purified

GABA- Bz- G[}Nmé impwegbed £ receptor conplex. The details of the assay
are set out in Exanple 5 which

The present compounds have shown activity in a

benzodiazepine-receptor binding assay which uses a

10 tritiated ligand specific for the receptor present on the
purified GABA~Bz~Cl ™ ionophore receétor complex. The
details of the assay are set out in Example 5 which
follows.

The present compounds can be administered in a

15 variety of dosage forms, for example orally such as in the
form of tablets, capsules, sugar- or film-coated tablets,
liquid solutions or suspensions or parenterally, for
example intramuscularly, intravenously or subcutaneously.
The present compounds may therefore be given by injection

20 or infusion.

The dosage depends on a variety of factors including
the age, weight and condition of the patient and the route
of administration. Typically, however, the dosage adopted
for each route of administration for adult humans is

25 0.001 to 10 mg/kg, most commonly in the range of 0.01 té
5 mg/kg, body weight. Such a dosage may be given, for
example, from 1 to 5 times daily orally or by bolus

infusion, infusion over several hours and/or repeated



foll ows. The present conmpounds can be adm nistered in a 15
vari ety of dosage forns, for exanple orally such as in the . form of
tabl ets, capsules, sugar- or filmcoated tablets, | i quid solutions or
suspensi 6ns or parenterally, for exanpl e intranuscul arly,

I ntravenously or subcutaneously. The present conpounds may therefore
be given by injection 20 or infusion. . ¢ - The dosage depends on a
vari ety of factors including - the age, weight and condition of the
patient and ta@mirdetration.of administration. Typically, however, the
dosage adopt ed for each route of admnistration for adult humans is

25 0.001 to 10 npfThe presentocoRpbind® dre formelsted. £fr use as & ny/ kg,
body wei ght. Stich a dosage may be given, for exanple, froml to 5

tines daily mnmpmtliy:aﬂolom'svetermafyscanpositim oal s ecomewis g our s
and/ or repeated - 16 -
adn1n|strat|mmarmaceutlcalth@rpwetenincnﬁhmumu@epmablgw¢nm:iexi¢xw use as
a pharnaceutlcal or veterinary conposition also conprisin

phar maceu® cAilpent =vellhe eompesi §¥ee§taneetmi¢ab1y dprepared |xgghlow::ng3
conp05|t|ons are ﬁg call% prepared _foll owm ng conventional nethods and

are adni ni st SOXY ﬁaé@ét?Eﬁl?9@%Fiﬁﬁﬁﬁﬁ¢réﬁi¢y suitable form

For exanpl e, 5g§ﬁ§¥éu icalef%E”%eEE 1ﬁggif§rguitable form.

For example, the solid oral forms may contain,

together with the active compound, diluents, such as

10 lactose, dextrose, saccharose, cellulose, corn starch or
potato starch; lubricants such as silica, talc, stearic
acid, magnesium or calcium stearate and/or polyethylene
glycols; binding agents such as starches, arabic qums,
gelatin, methylcellulose, carboxymethylcellulose, or

15 polyvinyl pyrrolidone; disintegrating agents such as
starch, alginic acid, alginates or sodium starch glycolate;
effervescing mixtures; dye-stuffs; sweeteners: wetting
agents such as lecithin, polysorbates, laurylsulphates.
Such preparations may be manufactured in known manner, for

20 example by means of mixing, granulating, tabletting, sugar
coating, or filmcoating processes.

Ligquid dispersions for oral administration may be
syrups, emulsions and suspensions. The syrups may contain
as carrier, for example, saccharose or saccharose with

25 glycerol and/or mannitol and/or sorbitol. 1In particular a
syrup for diabetic patients can contain as carriers only
products, for example sorbitol, which do not metabolise to

glucose or which only metabolise a very small amount to



together with the active conmpound, diluents, such as 10 | actose,
dextrose, saccharose, cellulose, corn starch or potato starch

| ubricants such as silica, talc, stearic aci d, magnesi um or cal ci um
st ear at e "and/ or pol yet hyl ene gl ycol s; binding agents such as starches,
ar abisc guns, gelatin, methylcellul ose, carboxynethylcellul ose, or 15
pol yvinyl pyrrolidone; disintegrating agep s-such as starch, alginic
acid, alginates or sodiumstarch glycol ate; ef fervesci ng m xtures;

dye-stuffs; syReiahes s THEdisiEnsions2daat eheUehud8ibasi inﬂyncoﬂ@éi/ﬁoéé)at es,
Iaurylsulphates Such preparations may be manufactured in known

manner, for &drriew Ticr Mxaiaes a0haturaldgull, 2aaghe!, i 8editabargindee, sugar
coatlng, or fiTntoating processes. Li qui d di spersions for oral

admi ni str at i gectdn paethyl cetinlose;nehrborymetlylveptaibsesor The syrups
may contain as carrier, for exanple, saccharose or saccharose with 25
gl ycer ol euuﬂpplyuﬁnyl(alcphﬁﬂor sorbitol. In particular a syrup for

di abetic patients can contain as carriers only products, for exanple
sorbitol, Shich doSwapensisms orespdutionsgfarointvanuscelanniyiections i se
a very snall anount to - 17 -

gl ucose. The TA¥ RPNy Leoethercwithi the agbivencammound, a carrier, for

car boxy et R?T@a""h&%&ﬁ%"ir  S3spFebAgl Carging suchoas I M
sol utions for 1{3 cuI Jlea E?nalycols such as propylene glycol,
and if desired, a suitable amount of lidocaine
10 hydrochloride. Solutions for intravenous injection or
infusion may contain a carrier, for éxampie, sterile water
which is generally Water for Injection. Preferably,
however, they may take the form of a sterile, aqueous,
isotonic saline solution. Alternatively, the present

15 compound may be encapsulated within liposomes.

The following examples illustrate the invention:

Example 1 - Culture of X06/15/458 in Liquid Media
Starting material of the strain X06/15/458 was

20 generated by suspending a mature slant culture, grown on
MEA (2% malt extract, 1.5% agar), in 5ml 10% aqueous
glycerol. 1ml of this suspension, in a 1.5ml cryovial,
comprises starting material, which was retrieved from
storage at -135°C. A preculture was produced by

25 aseptically placing 0.5ml starting material in 10ml
nutrient solution S (1.5% glycerol, 1.5% soya bean peptone,
1% D-glucose, 0.5% malt extract, 0.3% NaCl, 0.1% CaCoy,

0.1% Tween 80, 0.1% Junlon PW11l0 (suppliers: Honeywell and



may contain, together with the active conpound, a pharmaceutically
acceptable carrier such as sterile water, olive oil, ethyl oleate,

gl ycol s such as propyl ene glycol, and if desired, a suitable anmount of
| i docai né 10 hydrochloride. Solutions for intravenous injection or _
infusion may contain a carrier, for exanple, sterile water which is
generally Water for Injection. Preferabtyl8 - however, they may take the
formof a sterile, _aqueous, i sotonic saline solution. Alternatively,
the present nd TResH douseapThrawdgywian nSutpenpngarrey, SM1

2o
The follow n anpl.es . il]Justrate the invention: Exanple 1 - Culture
of X06/ 15/ 45%’1% ?‘iﬂh%ﬁ&e(ﬁ%l’ﬁﬁ) in a test tubgg(ABXE X 209mn) ghakeni n

X06/ 15/ 458 was ener at ed suspending a mature slant culture, grown on
MEA (2% nal t tég§ m a4, . 8En283f-10% aqueous gl ycerol . 1m of

o ot evel AR B sre SATCHARE e dhead ol e
| | *
hrent 3 SRTEERUS Siaribe oS TELIR AL i
g % Tween
02 07350 uni o ¥ M 220 SRl 0r D146 RAERR CERbubatang o8 VPTG

Times House, rbyaaW @halth atuil@RpnSEbEey. ashh at 254¢F) adjusted to pHo)
in a test tube (25mm x 200nmm shaken

A production culture was generated by aseptically

transferring an intermediate culture to a 141 stirred

10 fermenter containing 101 nutrient solution P (2.38%
trehalose, 0.69% yeast extract, 0.1% carboxymethyl-
cellulose, 0.1% Tween 80, 0.98% MES, adjusted to pH6). The
vessel was agitated at 340rpm and aerated at 0.7vvm. The
pH was uncontrolled but remained in the range 6.0 to 7.0.

15 During the course of the fermentation the fermenter was
maintained at a constant temperature of 25°C. After 7 days
the fermentation was stopped and the biomass harvested for
extraction of the product.

Larger scale fermentations employing 75 litre

20 fermenters were performed as follows. A 40ml preculture
was prepared as described earlier (four 25 x 200mm test
tubes) and transferred to 2 litres of nutrient solution S
in a 3 litre fermenter. The vessel was agitated at 500rpm
and aerated at 0.25vvm. The pH was uncontrolled and the

25 temperature maintained at 25°C. After 4 days this
intermediate culture was aseptically transferred to a 75
litre fermenter containing 50 litres of nutrient solution

P. The 75 litre vessel was aerated at 0.5vvm and agitated



. this i Nt g

at .,240rpm for 4 days at 25[err]C An internediate culture was

t hen produced by 5 aseptically transferring a preculture to 300ni

nut ri ent solution Sin a 21 Erlenneyer flask and i ncubating on a
rotary shaker at 240rpm for 3 days at 25[err]C A production

cul ture was generated by aseptically transferring an internedi ate
culture to a 141 stirred 10 fernenter eomparning 101 nutrient solution P
(2.38% trehal ose, 0.69% yeast extract, 0.1% carboxynethyl -

cel lul ose, 0.a% I5Rrpm8te WadBeaMry difsclvel toxygdh) tehlsdon >70%essel was
agitated at 340rpm and aerated at 0.7vvm The pH was uncontrol | ed but
remai ned in ttbreougheut. theccqunse db the ifeymentatdonse Thet pH wasnent ati on
the fernenter Was mai nt ai ned at a constant tenperature of 25[err]C
After 7 days unconfrolledehutiremained hefwasn $h® @nd Fi.0mand thevested for
extraction of  the product. Larger scal e fernentations-enpl oying
75 litre 20 terRerptpre ¥ag held sonstant @Y 250€. AALEer 7 davst the

was prepargd as_desgribed earlier (four 25 x 200nm test t ubes) and
transferreg t ef“??ﬁ?tg"ﬁfwﬁt??@ée‘icﬂ ithe diomass,haryestede fernenter.

The vessel was agitated at 500r pm and aerated at 0.25vvm The pH was
uncontrolled.and the 25 tenperature maintained at 25[err]C. After 4 days

LURH) ¢

litre fernmenter

litre vessel was aegajfgf f@rﬁéﬁ%&@@éﬂ“ﬁfﬂgh ¥a%9centrifuged and tﬁe

mycelium (~344g) extracted with acetone (3x51). The

10 extract was concentrated to dryness (8.0g) and redissolved
in pure methanol. Purification was achieved by reverse
phase prepérative HPLC using a Waters Delta-Pak C18 (1004,
15um) column (ID 10.0mm, length 25.0cm) and a mobile phase
gradient of 4 minutes (80% agueous acetonitrile, 12ml/min

15 flow rate) ramping linearly to 20 minutes (100%
acetonitrile, 12ml/min flow rate). Wavelength monitoring
was at 280nm.

The peak collected at 17-18 minutes was subjected to
further purification using the same column but with a

20 mobile phase gradient of 15 minutes (40% aqueous
acetonitrile, 12ml/min flow rate) ramping linearly to 20
minutes (100% acetonitrile, 12ml/min flow rate).

The peak collected between 9 and 10 minutes was the
sesquiterpene of formula II wherein Y represents a

25 double bond. The compound had the following physical
characteristics:

Molecular Formula: C,H;0, Molecular Weight: 358

Solubility includes Methanol, acetone, ethyl acetate



- 19 - at 350rpmto maintain a dissolved oxygen tension >70%

t hroughout the course of the fernentation. The pH was uncontrol | ed but
remai ned between 6.0 and 7.0 and the tenperature was held constant at
25[err]C’ After 7 days the 5 fernentati on was stopped and the bi onass

har vest ed. Example 2 - Extraction and purification of Conmpound A

A 141 fernmentation broth was centrifuged amd-t he nycel i um (- 3449)
extracted with acetone (3x51). The 10 extract was concentrated to dryness
(8.0g) and r &N ssol fAqg, (nm) (&)j:pure methanol . Purification was achi eved by
reverse phase %reparati ve HPLC using a Waters Delta-Pak C18 (100[err],
15[err]m col um (1476 0idA0Q)engt h ¥80Bcn) and a nobil e phase

gradi ent of 4 T nutes (80% aqueous acetonitrile, 12m/mn 15 flow rate)
ranping linearly t@%b &i(RRQAO) 1000Me0H-K@Betonitrile, 12m/nin flow
rate). Wavel ength npnitorin was at 280nm The peak

col lected at 17-18 $hinf ct# subjected to further purification using

t he sane col but with 20 bi | ha radi ent of 15 m nutes (-40%
aqueous S lig%ﬁd?\???ﬁef‘m/ﬁnﬂ‘ %{‘551 W&St]g) ranmping linearly to 20

m nutes (100%.acetonitril 10 flow e). The peak

col |l ected bet n 9 and I’%smléﬁlé&ﬂaé?ﬁe{% ' ?soéscf&ist)er ﬂ'éﬁe @ngormjl a ll
wherein Y represents a 25 double bond. The conpound had the foll ow ng
physi cal characteristics: Mol ecul ar Formula: Cerr]J]Herr]derr]

Mol ecul ar Veigdt: (48]  3so5qPi 166y, | 154 U Mid¥nPo) ,29850180) et Y|

acetate

10 High resolution CI: 359.2270, C,H,,0, requires 359.2214

IR (KBr): [V in cmj:

3395.2, 2930.2, 1730.4

15 'H-NMR: (400 MHz, CD,0D, § (m, J, posn)]:
1.13 (3H, s, 3H-21), 1.14 (3H, s, 3H-20), 1.37 (1H, m,
H-10a), 1.51 (3H, S, 3H-19), 1.58 (1H, bddd, 13.2, 10.1,
6.8, H-10a), 1.72 (3H, s, 3H-22), 1.85 (1H, bad, 13.0, 4.5,
H-6a), 2.08 (1iH, bad, 12.5, 7.1, H-9a), 2.22 (1H, bdd, 9.8,

20 5.2, H-11), 2.23 (1H, bdd, 11.6, 11.6, H-9b), 2.33 (1H,
bdd, 12.7, 12.7, H-6b), 2.38 (1H, dd, 14.5, 9.9, H-2a),
2.70 (1H, bddd, 14.5, 2.2, 1.6, H-2b), 3.02 (1H, ddd, 7.8,
5.6, 1.5, H-17), 3.67 (1H, dd4, 5.8, 5.8, H-13), 3.80 (1H,
ad, 9.3, 7.9, H-18a), 3.83 (1H, bdd, 6.0, 6.0, H-12), 4.03

25 (1H, bdd, 9.3, 1.5, H-18b), 5.17 (1H, m, H-7), 5.24 (1H,

dd, 15.9, 1.5, H-4), 5.32 (1H, ddd4, 15.9, 10.0, 2.2, H-3).

Be-NMR: [100 MHz, CD,0D, § (m, posn)]:



155

- 20 - uv: [[err](nm ([err])]: 276.6 (4900) MeOH
207. 6 (30000) Me OH KCH 311.2 (4100) 5 Mass spec.: [mz
(intensigy (9]: DEI 358 (Merr],100), 233 (55), 203 (15),

(20)
IR (KBr):

DCl (NH[err]) 359 (MHerr], 100), 233 (10), 203 (20), 155 (20)
10 Hisgh resolution Cl: 359.2270, Cerr]Herr]Jerr] requires 359.2214

[[err] in cnferr]]: - 21 - 3395.2, 2930.2, 1730.4
15 [err] H NWR [400 MHz, CDjerr]OD, [err] (m J, posn)]: 1.13

(3H, s, 3H 2117-36133(%#22).31‘32@1(@1- &Y-ﬁsé)lj, 2®.92 (q,Hci@e), 305és(3H,

3H19), 1.58 (1H, b

d, 13.2, 10.1, 6.

S,

H 10a), 1.72 (3H s, 3H22),

1.85 (1H, bdd(g}3ce21¥,532.24 (t} G@)10)2, G.GHH(thde~-9)2. 59.371 (st @a) , 2. 22
(1H, bdd, 9.8, 20 5.2, H11), 2.23 (1H, bdd, 11.6, 11.6, H9b), 2.33 (1H,

bdd, 12.7,

1242, 28+ 68) , C213B, (4}, 1Hd(t,14-%) ,9 45, 0 1d),, C-11) , 245017 1Kk,

bddd, 14.5, 2.2, 1.6, H2b), 3.02 (1H ddd, 7.8, 5.6, 1.5, H17), 3.67
(1H, dd, 5.8,C52B, 4B1%7, (&, 3012+ 70.86 dtf;, ©-38)7. 83.m014d) K CS18%,( 1H,
bdd, 6.0, 6.0, H12), 4.03 25 (1H, bdd, 9.3, 1.5, H18b), 5.17 (1H m
H7), 5.245(188.94 (s, C-1), 121.90 (d, C-3), 124.68 (d, C-7), 135.25

10

15

20

25

14), 200.99 (s, C-16).

Example 3 - Extraction and purification of Compound B

A 751 fermentation was centrifuged and the mycelia
extracted with ethyl acetate (5X10l1). This extract was
concentrated to dryness and redissolved in methanol.
Purification was achieved by reverse phase preparative HPLC
using a Waters Delta-Pak C18 (100A, 15um) column (ID
10.0mm, length 25.0cm) and a mobile phase of 5 minutes at
80% aqueous acetonitrile (10ml/min flow rate). Wavelength
monitoring was set at 280nm. The compound which eluted
bétween 23 and 25 minutes was compound B, the sesquiterpene
of formula III wherein R is OH. The compound
had the following physical characteristics:

Molecular Formula: C,H;,0, Molecular Weight: 414

Solubility includes Methanol, ethyl acetate, chloroform,

acetone

UV: [, (nm) (€)]:
200 HPLC solvent (H,0-CH,CN)

268



dd, 15.9, 1.5, H4), 532 (1H, ddd, 15.9, 10.0, 2.2, H3).

[err] G NWR [100 MHz, CD[err]OD, [err] (m posn)]: .

- 21 - 17.66 (q, CG22), 23.71 (q, G19), 24.92 (g, C 20), 30.85

(q, CG21y, 32.24 (t, C10), 37.37 (t, G9), 39.37 (s, C5), 42.22 (d,
C-13)., 43.11 (t, C6), 45.01 (d, C11), 45.17 (t, C-2), 48.97 (d,
C17), 70.86 (t, CG18), 83.70 (d, CG12), 2,52 88.94 (s, CG1), 121.90 (d,
C-3), 124.68 (d, CG7), 135.25 (s, CG15), 137.39 (s, CG8), 144.73 (d,
'C-4), 166.96 (s, Cszes 14), 200.99 (s, C-16). Exanple 3 -
Extraction and purification of Conpound B 10 A 751 fernmentation was
centrifuged and the nycelia extracted with ethyl acetate (5X101). This
extract was concentrated to dryness and redi ssolved in nethanol .
Purification was a@¥7eved29%00§ver seMgdmise preparative HPLC using a
Waters Delta-Pak C18 (100[err], 15[err]m colum (ID 15 10.0mm Ilength
25.0cm and a nobi I3$3pBad8960)5 m nutes at 80% aqueous acetonitrile
(10mM /mn flow rate). Wavel ength nonitoring was set at 280nm The
conpound i ch el uted bet ween 23 and 25 m nutes was conpound B, the
sesqui t er pene of formula IIl wherein Ris OH The conpound 20 had the
fol I owi ng physi cal 28%aBadBel09)i cs: MeOH-K@H ecul ar For nul a:

C:[err]H[err]CIerr]3“.4 (3sl\6%l)ecul ar Weight: 414

271.6 (47000) MeOH-TFA

10 324.8 (3400)

Mass spec.: [m/z (intensity (%)]:

DEI 414 (M',100), 331 (45), 277(20), 211 (50)

15 DCI (NH;) 415 (MH',100)

High resolution EI: 414.2059, C,H3,0, requires 414.2034
211.0240, C/H,0, requires 211.0240

20
IR (KBr): [V in cemj:
3265, 2960, 2930, 2855, 1735, 1625
" 'H-NMR: [400 MHz, CDCly, & (m, J, posn)]:
25

1.4(t), 1.7(dd), 1.75(dd), 2.05(dd), 2.16(d+dd), 2.3(t),
2.4(dd), 2.7(dt), 4.9(d+td), 5.05(d+d), 5.2(dd), 5.25(dd).



Sol ubility includes Methanol, ethyl acetate, chloroform acetone 25
uv: [[err](nm([err])]: 200 HPLC sal vent
(Herr]O-CH err] CN 268

- 22 - 7 368 277.0 (29500) Ve OH

353. 5 (3900) 5 289. 8 (32100) Me OH KCH 344. 4
(3800) 271.6 (47000) - MO TFA 10 324.8 (3400)
Mass spec.: [nfz (intensity (9]: DEI 414 (Merr], 100), 331

45), 277(20)Bcamtr{ 50 I e pobn err], 100
I(-li g“)h resol(uti)o% El :£4121. 535055}%[93 ??E[He'r ?]r ]Cgme'rr] régm es ]414. 22)34

-

160.4,150,146.1,144.2,144,142.1,136,126.9,123.7,123,118.7,
86.9,84.3,72.3,43.5,41.4,40.7,38.2,37.7,29.4,28.2,24.2,

s

5 22.7,17

Example 4 - Extraction and purification of Compound C

A 751 fermentation was centrifuged and the mycelia

extracted with ethyl acetate (5x101). This extract was

10 concentrated to dryness and redissolved in methanol.
Purification was achieved by reverse phase preparative HPLC
using a Waters Delta-Pak PrepPak 3000 cartridge (C18, 100A,
15um, ID 47mm, length 30.0cm) and a mobile phase gradient
of 0.5 minute at 80% agqueous acetonitrile (50ml/min flow

15 rate) ramping linearly to 30 minutes at 100% acetonitrile
(50ml/min flow rate). The compound which eluted between 18
and 19 minutes was compound C, the sesquiterpene of
formula II wherein R is H. This peak was further purified
by using the same column but with a mobile phase gradient

20 of 5 minutes at 30% aqueous acetonitrile (50 ml/min flow
rate) ramping linearly to 10 minutes at 15% aqueous
acetonitrile (50ml/min flow rate). This solvent
composition was then held for 15 minutes at 15% aqueous
acetonitrile (50ml/min flow rate) and then ramped linearly

25 over 5 minutes to 100% acetonitrile (50ml/min flow raté).
The peak of interest, (compound C) eluted between 22 and 24
minutes under this gradient. The compound had the following

physical characteristics:



211.0240, Clerr]Herr]gerr] requires 211. 0240 20 IR (KBr): [[err]

incnmerr]]: 3265, 2960, 2930, 2855, 1735, 1625

[err] H NVR [400 MHz, CDCl[err], [err] (m J, posn)]: 25 1.4(t),
1.7(dd), "1.75(dd), 2.05(dd), 2.16(d+dd), 2.3(t), 2.4(dd), 2.7(dt),
4.9(d+td), 5.05(d+d), 5.2(dd), 5.25(dd).

- 23 - [err] G NWR [100 MHz, CDC err] [err] (m posn)]:

160. 4, 150, 146. 1, 144. 2, 144, 142. 1, 136, 126 4123.7,123,118. 7,
86.9,84.3,72,3,43.5,.41_4.40 7. 29 4,28.2,.24. .22. 7,
Exanpl e 4 - E%?F§3336hfaﬁaubﬁr|§ﬂ§ on of Conpgﬁﬁﬁcﬁiar welggt‘A&%%l

fermentation mas centrifuged and the nycelia extracted with ethyl
acetate (5x10I). This extract was 10 concentrated to dryness and

0 5501 Vo0 ERUBIIANY, tnotuaeFUhLhER P hdBRoREl QU pgeuet e prase |

100[err], 15[err]m ID 47mm |l ength 30.0cm and a nobil e phase .
gradient of 0.5 minute at 80% aqueous acetonitrile (50m /mn flrow 15
rate) ranmg nglsi nearly t?x'%g(,mﬂ.g)qs: at 100% acetonitrile

270.6 (41700) MeOH

338.4 (3800)

209.3 (13300) MeOH~KOH
10 282.3 (41400)

326.4 (3200)

342.8 (3900)

390.0 (3000)

15 271.2 (52200) MeOH-TFA

316.6 (4300)

Mass spec.: [m/z (intensity (%)]:

DEI 398 (M',100), 315 (90), 256 (100), 233 (95),

20 195 (40)
DCI (NH;) 399 (MH',100), 222 (10), 205 (90), 185 (20),

172 (70)

High resolution EI 398.2093, C,H;0; requires 398.2085
25
IR (KBr): [V in cm'j:

3400 (sh), 3200, 2928, 1750, 1600, 1380



(50mM /mn flow rate). The conpound which eluted between 18 and 19

m nut es was conpound C, the sesquiterpene of formula Il wherein Ris
H This peak was further purified by using the same columm but with a
nobi | e phase gradient 20 of 5 m nutes at 30% aqueous acetonitrile (50
m/mn flow rate) ranmping linearly to 10 m nutes at 15% aqueous
acetonitrile (50m/mn flowrate). This _solgvent conposition was then
hel d for 15 m nutes at 15% aqueous acetonitrile (50mM/mn flow rate)

and then ranp&g-fpgear oo V& po, TR dda WY % A, t sl I, (30M /min
flow rate). The pteak 0 élj'nt é’ré’stri,k c%e:rnpound C) el uted ‘bet vfleen 22 and

24 m nut gpshyqer this gradient. The conpound had the follow ng
physi cal characteristics: - 24

Mol eculoarzskor(aHl, as, CBR-23 ¥ col 9§k e(8k, s, 3H-22) Mi oMl @H,\& BH-~
398 Sol ubility includes t hanol , acetone, ethyl acetate 5 W

[[err] (nm([e=al)] 1.21 (1H, t, 11.7, H=T0ap, (¥1400{1H, bdd,O14.9, 7.6

338. 4 (3800) 209. 3 (13300) MeOH KOH 10 .

282.3 (414®0) H~10b), 1.45 (3H, b8263H~-28PP0}.63 (1H, d&d, 13.0, 5.0, H-
6a), 2.05 (1H, bt, 11.5, H-6b), 2.10 (1H, m, H-2a), 2.11
(14, m, H-%a), 2.17 (1H, 44, 11.0, 3.8, H-11), 2.60 (1H, t,
12.1, H-9b), 2.74 (1H, bd, 14.5, H-2b), 4.37 (1H, 44, 12.9,
1.6, H-20a), 4.44 (1H, d4d, 13.0, 3.2, H-20b), 4.59 (1H,

10 bdt, 11.2, 3.0, H-12), 5.01 (1H, 44, 15.8, 1.5, H-4), 5.11

(1H, 44, 15.8, 2.8, H-3), 5.15 (1H, bdd, 10.0, 3.2, H-7),
6.57 (1H, s, H-18).

Bo-NMR: [100 MHz, C/D,, Referenced to 128.00 ppm, & (m,
15 posn}]:
17.20 (g, C-24), 22.82 (g,C-21), 24.21* (g, C-23), 28.61
(t, c-10), 29.55* (q, C-22), 38.28 (t, C-9), 38.33 (s, C-
5), 41.44 (4, C-11), 41.%3 (t, C-6), 43.98 (t, C-2), 75.35
(t, c-20), 85.28 (4, ¢c-12), 86.75 (s, C-1), 108.49 (d, C-
20 18), 120.05 (4, C-3), 124.20 (4, C-7), 127.94 (s, C-13),
136.22 (s, C-8), 137.45 (s, C-19), 143.74 (d, C-4) 147.96
(s, C-14), 149.71 (s, C-15), 160.00 (s, C-17), 165.58 (s,
Cc-16).

25 Example 5 - Extraction and purification of Compound A’

The biomass of X06/15/458 was collected by
filtration, extracted successively with acetone (25L) and

the extract separated from the biomass by filtration.



342.8 (3900) 390. 0 (3000) 15 271. 2

(52200) MeOH TFA 316. 6 (4300) Mass spec.
[Mz (intensity (%]: DEI 398 (Merr],100), 315 (90), 256
(100), 233 (95), 20 i 95 (40) DCI (NH err]) 399
(MHerr],100), 222 (10), 205 (90), 195 22%, 172 (70)
Hi gh resolution El 398.2093, (Jerr]Herr efr] requires 398.2085 25

&558K85é00 1§§8£Lnénw§Q{§££L¢ed by rotary evaporatlég)éﬁdikmfs%%%a1%g%§

[rr) R hgRRol e ey FEheEdLon BB S50 lud 0, Ilf Gyt (7

1 4 d 1.45
B et e B iy S

l?j_gb)l-l-iljl-o (23(2180??1% Za'l‘hezsiﬂgle,walf é’{)ﬁréﬂa é?%afH bd 14 5 Hgg)l)a?g4. 37
(1H, dd, 18 9HPLC usin§. aHi?2200 ﬁn_”d,a(@bbtddecylﬁsﬁi&)? DéitdMPak 4. 59 (1H,
cartridge with 15 micron packing. A flow rate of 100
ﬁl/min was used with a gradient 80% water - 20%
acetonitrile to 20% water - 80% acetonitrile over a period
of 30 minutes. Compound A was detected at 278 nm. The
10 active fraction was re-chromatographed using the same
column and flow rate with a gradieﬁt 60% water - 40%
acetonitrile to 35% water - 65% acetonitrile over 40
minutes. The active fraction was concentrated on a rotary
evaporator to remove acetonitrile and then freeze dried to
15 a solid (compound A, batch 1).

Further purification was carried out by normal phase
chromatography using flash column (30 cm x 1.4 cm) filled
to a depth of 16 cm with silica gel (MEﬁCK, 230-400 mesh,
particle 0.040 - 0.063 mm) and eluted isocratically with

20 40% hexane - 60% ethyl acetate - 1% acetic acid. The
volatile solvent was removed under reduced pressure to
yield a colourless oil, removal of residual solvent by
freeze drier affordgd a white crystalline solid (compound
A, batch 3).

25 The product wis stored in a freezer for six weeks.
Reverse phase HPLC of the solid after storage was carried

out on the Prep 3000 using a 25 x 100 mm cartridge packed

with C,,-Nova-Pak HR (6 micron). A flow rate of 20 ml/ﬁin



10 bdt, 11.2, 3.0, H12), 5.01 (1H, dd, 15.8, 1.5, H4), 5.11 (1H,
dd, 15.8, 2.8, H3), 5.15 (1H, bdd, 10.0, 3.2, H7), 6.57 (1H, s,
H18). [err]CGNVMR [100 MHz, Cerr]Derr], Referenced to 128.00 ppm
[err] (m 15 posn)]: 17.20 (q, C24), 22.82 (q,C21), 24.21* (q,

C 23), 28.61 (t, G10), 29.55* (q, C22), 38.28 (t, C9), 38.33 (s, C
5), 41.44 (d, C11), 41.93 (t, C6), 43=987(+, C2), 75.35 (t, C20),
85.28 (d, G12), 86.75 (s, C1), 108.49 (d, G 20 18), 120.05 (d, C3),
124.20 (d, C-W9s usgd Mith a @uBjient 70% Iater (s308 8retdfitz51éstoC- 19),

143. 74 (d, C—43 147.96 (s, C14), 149.71 (s, G 15), 160.00 (s, G 17),
165.58 (s, 100%¢.aggtonitrile muemie ericdofa20i sinutespur Thi additionf
Conmpound A’ The bi omass of X06/ 15/ 458 was col |l ected by

filtration, e%PreeRReMRY R A ferqnd nane pedaghcomponeninwas isolatedxt r act

separated fromthg_bio s by filtration. |
- 26 - Aﬁﬁ%oﬁ%eﬂﬁggf Fhe T aRPXdf e L2 COBROUAE AncCPBRAVAI Ng

2QUE0uS, ! 4L TR STl Sih ot o 15 H4at SR, ey Fh 55 e
eI Ot 00" D7 Sp Y Sl O S, T BB LA SEARREHE o0t 1 o
rate of 100 yater - 40% acetonitrile to 40% water - 60% acetonitrile
over a period of 20 minutes.
Identification of compound A’ was made by comparison
10 of the UV, MS and NMR data with the corresponding data
obtained for compound A (see Example 2).
Compound A’ has the following physical
characteristics:
Molecular Formula: C,,H,,0 Molecular Weight: 374
15 Solubility: MeOH (good)
| UV: [AMax (nm)]
278 (Methanol)

Mass Spec: Technique m/z intensity (%)
CI MH* 375 100
20 MNH,' 392 2
EI M 374 |
219 20
153 40
43 100

25

B

I.R. (KBr): V in cm’': 3383 br, 2959 br, 1624, 1387.

'H-N.M.R.: &/ppm in CD,OD : 1.13(3H,s), 1.29(3H,s),



m/mn was used with a gradient 80% water - 20% acetonitrile to 20%
wat er - 80% acetonitrile over a period of 30 m nutes. Conpound A was
detected at 278 nm The 10 active fraction was re-chromat ographed using
t he same’ colum and flowrate with a gradient 60% water - 40%
acetonitrile to 35% water - 65% acetonitrile over 40 m nutes. The
active fraction was concentrated on a rat @8y evaporator to renove

acetonitrile then freeze dried to solid ound A, batch 1).
Furt her pur|f| 39(3§fﬁés &aﬁﬁﬂéﬁloﬂl'b§ +ﬁﬁ?ﬁﬂd$ha§%-qy «JHromat ogr aphy

11 ca gol (VSR (153000 Snbu ik ' 3. 50 (2l b S CBGS rmy SndeeLEt ed
si i ca . ) i

e vol étmﬁbﬁer«f%@?i@%be? ﬁ%@iﬁ%y%ﬁﬁpf )f‘gﬁ“_c “yield
2 whi o or yar AR CROTRAF, SOBYERAY, o) o0 U T otuct

was storedg n a freezer for-six weeks. Rever se phase HPLC of thé solid
after storage was carried out on the Prep 3000 using a 25 x 100 nm

trid ) -P ' I t f 20
cart 11 dge packiely.u.RW 6y pohe'thl S P0G ()] YeHls (| ow rate of 2

a gradi ent 70%4mlg 3935 o6 t § , 8% a dlyle over a

pegl od of 20 m nutgff [ n add m'gm iéi%(@,) 87.8¢ (i) WL £)'
70.7(Cyg) s 63.7(Cg), 62.3(C;), 47.6(Cyy), 44.9(C,), 42.1(Cy),
41.4(C,), 36.6(C5), 36.5(Cy), 31.2(C,), 27.4(Cy), 24.7(Cy),

Example 6 - Extraction and Purification of compound E
A 75L fermentation broth of X06/15/458 was

centrifuged and the mycelia extracted with ethyl acetate

15 (5x10L). This extract was concentrated to dryness and
redissolved in pure methanol. Purification was achieved by
reverse phase preparative HPLC using a Waters Delta-Pak
PrepPak 3000 cartridge (C18, 100 A, 15 um, ID 47 mm, length
30.0 cm) and an isocratic mobile phase of 40% agqueous

20 acetonitrile (50 mL/min flow rate) for 50 minutes, followed
by an acetonitrile flush for 10 minutes. The compound
which eluted between 44 and 48 minutes was the target
compound E. Wavelength detection was set at 200 nm. This
peak was further purified by reverse phase semi-preparative

25 HPLC using a Waters Delta-Pak column (C18, 100 A, 15 um, ID
10.0 mm, length 25.0 cm) and an isocratic mobile ph;;e of
55% aqueous acetonitrile (15 mL/min flow rate) for 28

minutes, followed by an acetonitrile flush for 10 minutes.



to compound A a second nore pol ar conmponent was i sol ated and

i dentified as the 7, 8-epoxide of conpound A, conpound 5A. An
alternative nethod to separate conmpound A fromits 7, 8-epoxi de was to
use the Delta-Prep with a gradient 60% water - 40% acetonitrile to 40%
wat er. - 60% acetonitrile over a period of 20 m nutes.

| dentification of conpound A' was made by %Q)n'pari son 10 of the WV, M5 and
NMR data with the correspondi ng, data obtai ned for conmpound A (see
Exanpl e 2). The compoung eleing Q%Zﬁonm&/?ﬁgmpn%eéawas the
characteristic

Mol F |
Mol ecul ar Vi g€§rg%t'74cox& U ?"'Errbl IC%'{%W‘?P aeiﬂg(é[l}e;i&%ﬁgf io wgrS(/SEt fFe?PPI\/B?&

(nm] 278_ ( Met ha Techni

:Vrl\]l}_l[enSi iy (% , mpouné'% s tqﬂ'\_f[at‘@i,lfez;ng plgsm}gg _ égg 20
err . err

519 5 Ogﬁaractensgics 153

1587 3 Do Frerien detiyldT] ) el o1 1) ey éégisg%tbr 3764

1.29(3H's),  solubility: methanol, ethyl acetate

uv: A, (am) (¢) solvent]:
213.4 24400 MeOH
230.0, 7500
10 277.3 9200
215.6 6900 MeOH-KOH
228.2, 5400
286.1 5200
15
Mass spec.: [m/z (intensity (%)]:
EI: 370 (M', 2%), 167 (80), 166 (100)
DCI (NH;): 371 (MH', 30%), 205 (100), 167 (100), 149 (40),
135 (25), 123 (40), 121 (30), 109 (40)
20
IR (KBr): [V in em'']:
3333.4, 2932.2, 2862.7, 1720.7, 1622.3, 1496.9, 1381.2,
1329.1, 1286.7, 1167.1
25 |

=

'H-NMR: [400 MHZ CD,/CD,OD (referenced to CD,0D at 3.40
ppm), & (m, J, posn)]:
0.86" (3H, s, 3H-22), 1.07" (3H, s, 3H-21), 1.26 (3H, s,



- 28 - 1.39(3H,s), 1.45(1H, m, 1.49(3Hdd), 1.53(2H m,

1.82(1H,dd), 2.00(1H, m, 2.10(2H, M, 2.55(1H m, 2. 75(1H, m,

- 2.80(1H, M, 3.00(1H m, 3.70(1H dd), 3. 75(1H, dd) 3.80(1H, dd),

5. 55(2Hd) . 5 [err]CGNMR: [err]/ppmin CD[err]OD : 200.7(Cerr]),
165.9(err]), 143. 4(C err]), 135.0( err]) 122.6(Cerr]),
87.6(err]), 82.6((err]), 70. 7(01' 63.7(err]), 62.3(Cerr]),

LS e s o ) . g Lok ]
17.6(Clerr]) 238, @Q@r{iﬁ QPS%Ul‘% 3. 2'5"‘?&51 m, H'ga%af? n@“?'atlo'n

Extracti on and ur|f|c i on Of

broth of X06/d5g A5, W\ﬁi%-ll)fh(%e.rﬁlr '(flmed: ang, Bhepogppl i 2, gyt bid g th

et hyl acetate 15 (5x10L) is extract was concentrafed to ryhess’ and

redi ssol ved ixeyny €71} vpdd), U4 i, aa waa.sghneysgi B¥2a), 2[fyerse
phase preparative HPLC using a Waters Del t a- P Pr epPak 5000 cartridge

(C18, 100 $er¢iH, ¥t /[ ax]my H-BL)], 2ne4l qnmt,hdt, 1436, 02¢1) Regbpp 4s@rratic
nobi | e phase of 40% aqueous 20 acetonitrile (50 m./mn flow rat e) for 50

m nutes, foll(Wéd dd, 1l arl.aexliga)i,l ¢.8BughH] obddd, niolzps2.3)hea.s,
corrpound " which eluted between 44 and 48 m nutes was the target ,
conpound E. \Brd2kndi4P21etidtt idsid WAl .Sqt 2a5,20090nH-I9D), 5. 19 peHE, vad,
further purified by reverse phase sem -preparative 25 HPLC using a Waters
Del t a- Pak col AP G, Fod#)seB24 J(aﬂ[.egﬂpdu iD.9, 4.%p D.2mH+2hgtH.3%. 0
cm and an |s& at‘_#qcﬁ‘_’r nobi I e phase of 5% aqueous acetonitrile (15
m/mn flowr CI'L) ' 10vi3qu2ed, f’GPDQV\Ed By (3R, &8s HTr1Tlie flush

for 10 m'wtes.

Be-NMR: [100 MHZ, C,D,/CD,OD (referenced to CD,0D at
49.00 ppm), &§ (m, posn)]:
17.8 (g, C-23), 22.20 (q, C-20), 24.11" (g, C-22), 29.56
(t, c-10), 30.32" (q, Cc-21), 38.33 (s, C-5), 38.55 (t, C-
15 9), 42.12 (t, C-6), 43.72 (d, C-11), 43.89 (t, C-2), 73.50
(t, c-19), 83.12 (4, C-12), 86.05 (s, C-1), 101.43 (4, C-
17), 119.23 (s, C-13), 121.10 (d, C-3), 123.84 (d, C-7),
131.08" (s, c-15), 131.08" (s, C-18), 136.89 (s, C-8),
140.31 (s, C-14), 143.02 (d, C-4), 147.54 (s, C-16).

*

20 *, *™: assignments may be interchanged.

Example 7 - Preparation and identification of compound ¥

A solution of compound E, described in Example 6, in
methanol was submitted to aerial oxidation accelerated by
25 the addition of excess NaIO,.
Purification of the compound was achieved by reverse
phase preparative HPLC using a Waters Delta-Pak column

(cie, 100 A, 15 pgm, ID 10.0 mm, length 25.0 cm) with a



- 29 - The conpound el uting between 23 and 28 m nutes was the
target conpound E. Wavel ength detection was set at 200 nm

Compound E has the foll ow ng physical characteristics: 5 Mol ecul ar
Formul a: ’ Clerr]Herr]Jerr] Mol ecul ar Wi ght: 370

Solubility: nethanol, ethyl acetate _UX - [[err](nm ([err])
sol vent ] : 213. 4 2 2100 Me CH

230.0[err]  steppd@08ol¥ent gradidd¥- i

215. 6 PP 5900 gradidit oF 25¢ aqueous 55%%%P§Fffle (12
5400 nL/#BA) 1for 5 minutes, SP&binkp to 80%VaguedRBC acetBhitrile
(intensity (9]: El : 370 (Merr], 2%, 167 (80), 166 (100)
DCl (NH3): 37(1gMilémih) 88%%ime@035 (Hifites 67 TheOebm d( é@uting 135
(25), 123 (40), 121 (30), 109 (40) 20 IR (KBr): [[err] in
cnferr]]: beteeen, 30980d 232 2B iutles Wwa) the tazged cbhipounia #381. 2,

.

1329.1, 1286.7, 1167.1 25
5 Wavelength detection was set at 200 nm.

COmpound F has the following physical

characteristics:

Molecular Formula: C,H,,0, Molecular Weight: 368
10 Solubility: methanol

ov: Ao, (nm) (¢) solvent]:
204 CH;CN:H,0 hplc solvent
300
. 482
15
'H-NMR: [400 MHZ, CD;0D (referenced to CD,OD at 3.40

ppm), & (m, J)]:
€.03 (1M, bs), 5.24 (1H, d4, J=1.8, 15.9), 5.07 (1H, bdd,
J=3.4, 10.9), 5.00 (1H, ddd, J=2.5, 10.6, 15.9), 4.79 (1iH,
20 dd4, J=1.2, 15.6), 4.65 (1H, 4d, J=2.2, 15.5), 4.55 (1H, d,
9.7), 2.63 (1H, dt, J=2.1, 14.8), 2.44 (1H, 4d, J=10.5,
14.7), 2.27 (2H, m), 2.11 (1H, dd, J=7.2, 12.9), 1.88 (1H,
d, 3=9.0), 1.77 (1H, m), 1.65 (3H, s), 1.50 (1H, bt,
J=11.0), 1.27 (3H, s), 1.07 (3H, s), 1.04 (3H, s).
25
Be-NMR: [100 MHz, CD,OD (referenced to CD,0D at 49.00
ppm), § (m)]:
180.16 (s), 175.03 (s), 159.46 (s), 144.57 (d), 137.71 (s),



[err] H NWR [400 MHz CJerr]Derr]/CD[err]OD (referenced to CO{err] CD

at 3.40 ppm, [err] (m J, posn)]: 0.86[err] (3H, s, 3H22),
1.07[err] (3H, s, 3H21), 1.26 (3H, s,

- 30 - - 3H20), 1.36 (1H, dd, 13.6, 11.3, H10a), 1.62 (3H bs, 3H
23), .1.68 (1H, m H10b), 1.75 (lH m H-6a 2.09 (1H, dd, 9.8, 8.6,
H11), 2.21 (1H t, 12.3, H6b), 2.27 (TH3 d 12.7, 7.1, H9a), 2.34

(o 90 38028 4T haoly ?dad 144ty Phay e et O 88318: i Hgdg';
(1(2H2,d§. >t 5’1'59& ) 1%? ﬁ? %152 1§3d5*a$é 43’1'1355(‘21? 59391Hf?1 &’?) 5.3
1100 M. G erBitets) coPer? %Bm@ﬁé?%?&%ﬁ R e arkeo @b 0T

ppMm , [err] (R7.BYS QEbC 10). 17.8 (g, C-23), 22.20 (q, G 20), 24.11* (q,

C22), 29.56 30.32* (g, CG21), 38.33 (s, G5), 38.55 (t, G
15 9), 42. 8 (t, CG) 43.72 (d, C-11), 43.89 (t, C2), 73.50 (t,.

C-19), 83.12 (d, CG12), 86.05 (s, C 1), 101.43 (d, C 17), 119.23 (s,
C13), 121.10 3 es84nkdos 5), 131.08**

(s, C18), 136.89 (s, , . s, C , . C-4), 147.54
(s, G16). 20 *,** : opehgoates -Pecept orf _assa Exanple 7 -
Preparation and identification of conmpound F
The receptor extract was a crude synaptosomal
preparation isolated from ox cerebral cortex by the method
10 of Lang et al (FEBS Lett., 104 149-153, 1979). Receptor
binding was determined using a modification described by
O’Beirne and Williams (Eur.J.Biochem, 175 413-421, 1988) of
the method of Braestrup and Squires (PNAS 74 3805-3809,
1977). The receptor preparation was incubated in 50mM
15 Tris/Cl, pH 7.4, with compound A and [3H]-flunitrazepam
(agonist) at a final concentration of inM. Bound
radioligand was harvested on to glass fibre filters and
measured by liquid scintillation counting. Non-specific
binding was determined by displacement of ligand with
20 Diazepam (1uM).
Binding data were fitted to one or two site models by
weighted non-linear regression analysis using the computer
programs ‘LIGAND’ (Munson and Rodbard: Analytic Biochem 107
220-239, 1980) and AEBDA' (McPherson-Computer Prog. in
25 Biomed. 17 107-114, 1983).
The method described above was repeated using‘;ach of

compounds B and C described in Examples 3 and 4

respectively, and also using compound D, which is the



A solution of conmpound E, described in Exanple 6, in met hanol was
submtted to aerial oxidation accelerated by 25 the addition of excess

Nal Jerr]. Purification of the conpound was achi eved by reverse
phase preéparative HPLC using a Waters Delta-Pak col um (C18, 100
[err], 15 [err]m ID 10.0 nm length 25.0 cm) wth a :

- 31 - st epped sol vent gradi ent of ZS%"aﬁueous acetonitrile (12

m./-min) for 5_mhute anpi ng to 80% aqueous acetonitrile (12 L/ mn)
at time 35 mﬁ%&? %)e'Ec% BERRCHRY 1A ng bet ween 30 and 32 minutes was

A I R T L R Ee sar e O
ot ecular For gy flectlbhe!ih bt ee dUS o Apledlny308 | 10

Sol ubi l'ity: methano e&P’érr]) . solvent]:

204 CH err]CN:.H err] O hplc sol vent

300 482 15 [err] HH NVR [400 MHz, CD[err] CD
(referenced to CD[err] QD at 3. 40 ppm, [err] (m J)]: 6. 03 (1H,
bs), 5.24 (1H, dd, J=1.8, 15.9), 5.07 (1H, bdd, J=3.4, 10.9), 5.00 (1H,

ddd, J=2.5, 10.6, 15.9), 4.79 (1H,



20 dd, J=1.2, 15.6), 4.65 (1H, dd, J=2.2, 15.5), 4.55 (1H d, 9.7),

2.63 (1H, dt, J=2.1, 14.8), 2.44 (1H, dd, J=10.5, 14.7), 2.27 (2H, m,
2.11 (1H, dd, J=7.2, 12.9), 1.88 (1H, d, J=9.0), 1.77 (1H, m, 1.65
(3H, s), "1.50 (1H bt, J=11.0), 1.27 (3H, s), 1.07 (3H s), 1.04 (3H,
s). .25 [err] G NVMR [100 MHz, CD[err  (referenced to CD[err] OD at

49. 00 ppm, [err] (M]: 180.16 €S), 175.03 (s), 159.46 (s),

144.57 (d), 137.71 : . 7 A s : 32

124.25 (d), 120.6 (’gﬁl’ ﬁiﬁ‘.‘%?s(%’??a’é?dis“’%ﬁ 2 foddorsy 71.91 (1),
43.40 (t), 42 ty, 42. ] -of . 8 52 (Q),

30.22 (t), 24%? 51 Bininit °f§ 22l o)
Testing of the present c 6dléke ine receptor by the present
Benzodi azepi ne-recept or Birnding act was a
crude synapt osonal ek ﬁﬁdgﬁ\isolated fromox cerebral cortex by the
method 10 of Lang et al %EEES Eett 104 149- 153, 1979) Recept or

bi ndi ng was df S nd
WIllians (Eur ussingt ‘. ' ra°,~u % Inhit&tﬁsﬁh)d q%g;gae rup
and Squires (fNAS 74 3805 3809, % & The rec or preparatlqQn
I ncubated in kOnNI I% Tris , 798“ mnth conpou and 40nM
[[err]H -flunjtrazepam (agonlst§ at a fijal tratl)n of 1nM
Bound 3 _ 93
930nM 92
280 80
93 65
28 44
9 35
3 - 11
B : 177uM 78 5uM
53 g2
l8 82
5 69
2 53
530nM 42
177 36
53 21
18 21
C 242uM 88 - 20uM
80 77
24 54
8 35
2 12
800nM 9
240 -3
80 9
D 100uM 92 i0nM
50 103
10 100
5 98
1 86
500nM 81
100 65
50 70
10 45
5 45 =




radi ol i gand was harvested on to glass fibre filters and
liquid scintillation counting. Non-specific

di spl acenent of
were fitfed to one or two si

te nodel s by

regression anal ysis using the conputer

Rodbar d: Anal ytic Bi ochem 107

ligand with 20 Di azepam (1l[err] M.

wei ght ed non- |

measur ed by
bi ndi ng was determ ned by
Bi ndi ng data

near

prograns 'LI GAND (Munson and

220- 23385 £980) and ' EBDA

(McPherson- Conputer Prog. in 25 Bioned. 17 107-114, 1983). The
met hod descri ped aboye was rlepeaf ed usisng each of conpognds_B and ¢
described in fxanpl "3 and |4 Z'SFE%Pg tively, an so usilng 88Rtounfi D,
which is the 9.3x10 | - 33 sodifum salt of
conmpound A. | err] value%;@ .al so determ n&P for cqnmpounds A'jl E
and F describgd in Exanples |5 to_ 7 ctively. 83
- 34 - he results obtlai ne -&s foljows: le 1: | nhibitipn
of binding of fa benzodi azepijne tg° %1078 t he be di azepi ne receptpr
by the presen qonmpogids,y o9 19 .

2.8x107° 8

E 9.5x10° M 104 500nM

4.8x107 101

9.5x107¢ 93

4.8x107¢ 88

9.5x1077 65

4.8x107 52

9.5x1078 42

4.8x107 37

9.5x%1077 27

4.8x107 22

F 2.7%10% M 94 3.0uM

9.0x107° 89

2.7x107 77

9.0x107¢ 65

2.7x10%¢ 48

9.0x10°7 41

2.7x1077 33

9.0x10% 27

2.7x10°8 24

9.0x10° 15




Conpound
93[err] M
9

930nM

93

9

78

18

2

177

18
20[err] M
24

2

240

50

5

500nM

50

5

2. 8x10[ err]
103

83

51

19 10

5

15

Concentration % I nhi bition lCerr] A

107 40nM 28 : 106
99 3 93
92 280 80
65 28 44
35 3 -6 = B 177[err] M
5[err] M _ 53 92
Example 9 - Pharmaceutical composition 69
3 530nM
3§ablets, each weight 0.15g3and contalnlngZQSmg of one
21 C 242Lerr 88
of the present compoypds can be manufactured as follows:
54 35
12 800nM 9 .
c %ggglt;on for 10,000 tablets 100[err]M 1082 - 1onM
98 86
81 Present compound %2?8%) 65
70 10 45
45 lactose (800gq) _ 35 - A
M 1@4brn starch (4§§§V| 9.3x10[err]
2.8X10[ err] 9. 3x10[ err]
2. 8x10kanic] powder (309)79 9. 3x10[ err]
2.8x10[ err] 9. 3x10[ err]

magnesium stearate (59)

The present compound, lactose and half the corn
starch are mixed. The mixture is then forced through a
sieve 0.5mm mesh size. Corn starch (10g) is suspended in
warm water (90ml). The resulting paste is granulated to a
powder. The granulate is dried and comminuted on a sieve
of 1.4mm mesh size. The remaining quantity of starch, talc
and magnesium stearate is added, carefully mixed and

processed into tablets.



2. 8x10[err
500nM

93

65

42

27

94

2. 7x10[ err]
2. 7x10[ err]
2. 7x10[ err]

2. 7x10[ err]
- 36 -

10

15

20

25

Exanpl e 9 - - Phar
wei ght 0.15g and cont ai rH «g.
be manufactured as foll ows:
Present cd&mpound (25009)
starch (4159)

stearate (59)

starch are m'xed. The m xtureMWSs then for
[ Corn starch (10g) suspended

I — 9.5x10[err] M 104
”"Im”,”" ﬂ [err] 101 9. 5x10[ err]
,H ‘Inmi 88 9. 5x10[ err]
L4, BXPO[err] 52 9. 5x10[ err]
4.8x10[err] - B - 9. 5x10[ err]
4.8x10[ err] 22 F 2.7x10[err] M
3.0[err]M ey err] 89
77 “ 9. 0x10[err] 65
1. 48 sesquiterpene of. €XdOf&Fdla 1: 41
33 9. 0x10[ err] 27
24y 9. 0x10[ err] 15

osition Tabl ets, each
A of the present conpounds can
5}Conpositijon for 10.000 tablets
'8 | agt ose (800g) corn
\ 30g) 10 magnesi um
ound, lactose and half the corn
ed through a sieve 0.5mm

(1)
H
H 240
‘. H H}
H H .
s 21 O
wherein each of ..2 . and _.2 . is a single bond or one is

a single bond and the other is a double bond;

A, together with _.2__, __2.__ and the carbon atoms to which

it is attached forms a ring selected from:

) R
OH
(a) H (b)
[}
OH
wherein R is H or OH;
DH
(<) ; and (d) ’

OH




15 warmwater (90m). The resulting paste is granulated to a powder .
The ranulate is dried and comminuted on a sieve of 1.4mm nmesh si ze.

o A 2, 515 g st 1< e,

- 37 .- CLAI M5 1. A sesquit er pene of
the fornmula I: [err] - 38 45 wherein each of a and b
is a single bond or, one is a single bond and the other is a double
bond:; A, ansyet He anidaukile hengh@w hahenr Bohsadolingo(ahi as definedis

h for a ring selected from = 20
?2&?? ed rTa?i)ove Ygﬁs either a double bond or forms, together with the

carbon atoms to which it is attached, an epoxide linkage

NNo~ ¢ or a pharmaceutically or veterinarily acceptable

$ salt thereof.

2. A sesquiterpene according to claim 1

of the formula II:

10

Ir
15

20

wherein -Y- is a double bond or forms, together with the
carbon atoms to which it is attached, an époxide
linkage X7 ; or a pharmaceutically or veterinarily

25 acceptable salt thereof.

3. A sesquiterpene according to claim 1



h ‘-'\

25 —-—wherein Ris Hor OH [err]

Sggtﬂ[gr[)Lndm,!"mm"'mmu”mr| ng (a) as defined ) 38aE)ove Y ?rs]deth ithaa

doubl e bond or for'ms" tégether with the carbon atons to which it is
attac.hectr an epoxi de |inkage [err] ; 3000 2 pharmaceutically or
veterinarily acceptable 5 salt thereof: 2. A sesqui t erpene
accordi ng toocél gD }.ormulgf I&Qg formula I1: [err] 10

5
IIX
10
wherein R is H or OH,
or a pharmaceutically or veterinarily acceptable salt
15 thereof.
4. A sesquiterpene of the formula IV:
20
Iv

25




wherein - ng ’ﬁﬁ'ubl e bond or forns, together with the carbon at ons

to Wmchlt weﬂm poxi de | inkage [err]; or a .
pharnaceutlc ily 25 acceptable salt thereof. 3.
A sesquit er pene accordlng to claim1 - 39-
of the formula I11: [err] wherein Ris Hor OH,

or a pharmaceutically or veterlnarlly a &thable salt 15 thereof.

4. A sesqui terpene of the formula IVf

wherein X represents

~ ’ ) . . \
H .

or
5 :)48
or a pharmaceutically or veterinarily acceptabie salt
thereof.
10 5. A process for the preparation of a ¢ompound as

defined in claim 1 which précess comprises (i) fermenting,
in a source of carbon, nitrogen and inorganic salts, fungal
strain X06/15/458 (IMI 354451) or a mutant thereof which
produces a sesquiterpene of formula I; (ii)

15 isolating the said sesquiterpene from the
.fermentatiqn medium; (iii) if desired-oxidising a-
sesquiterpene of formula I wherein A is ring (;) to
a sesquiterpene of formula I wherein A is ring
(d); and and/or (iv) if desifed, converting the said

20 sesquiterpené into a pharmaceutically or
veterinarily acceptable salt thereof.

6. A compound as defined in any one of claims 1 to

4 for use in a method of treatment of the huﬁan or animal
body by therapy. |

25 7. A compound according to claim 6 for use in the
treatment of a disorder modulated by ligands for the
benzodiazepine receptor in the gamma-aminobutyric. acid-

benzodiazepine-Cl~ ionophore receptor complex.



[err] 7~ - 40 - ~wherein X represents

E)ﬁ;; ]rraceu mm“"lu I"" "Iu ”m narily accept ablore S([;[r] thereg; : 10 5.

A procegss tor® the Preparation of a conpound as defined in claim1 which
process conprises (i) fernenting, In a source of carbon, nitrogen and

I norgani c salts, fungal strain X06/[1p{458 (I M 354451) or a mutant °~

t her eof whi ch produces a sesquiterpene of formula |I; (ii) 15 isolating
the said sesquiterpese franddifpound aeéaga&ﬁgIﬂH1dnadeM1f6tlu§eId% dasi red
oxi dising a sesqui terpene of formula | wherein Ais ring (c) to a
sesqui t er pene cﬂnﬁmunwnwalsanwmwam rankiodytiog a mugale raidxant/@r giv) i.f
desired, converting the said 20 sesquiterpene into a pharnmaceutically or
veterinarlly aduaeiire o5 afor tURe dof memory enhangementaorofEedireNersiases i ned

in any one of cuglns l1to 4 for use in a nethod of treatnent of the
human or ani mal® p1¥0dy by therapy.
5 9. A pharmaceutical or veterinary composition

comprising a pharmaceutically or veterinarily acceptable
carrier or diluent and, as active ingredient, a compound as
defined in any one of claims 1 to 4.
10. A biologically pure culture of the fungal
10 strain X06/15/458 (IMI 354451) or a mutant thereof which
produces a sesquiterpene of formula I as defined
in claim 1.
11. A process for fermenting fungal strain
X06/15/458 (IMI 354451) or a mutant thereof which produces
15 a sesquiterpene of formula I as defined in claim
1, which process comprises fermentipg strain X06/15/458 or
a mutant thereof in a source of carbon, nitrogen and |

inorganic salts.



25 7. A conmpound according to claim6 for use in the t r eat ment

of a disorder nodul ated by ligands for the benzodi azepi ne receptor in
t he ganma- am nobutyric acid- benzodi azepi ne-Cl [err] ionophore receptor
conpl ex. - - 41 - 8. A
conpound according to claim7 for use as an anti-convul sant, an
anxiolytic, a nuscle relaxant or a - 4Bypnotic or for use in nmenory
enhancenent or drug overdose t her apy. 5 9. A phar maceuti cal
or veterinary conposition cobp iR R 3y naceutically or
veterinarily acceptable carrier or diluent and, as active ingredient,
a conpound, _as defi ned any - one of Stalns 1] : A
bi ol ogi ca R See THEI EPARATION, AND, ZHE %8§F§%ﬁ§5§§F%%%Eég§451)
. GABA-BENZOD I EPTOR .

or a nuta 1 ymvieiiie ti-tefpene of "formula | as
defi ned “in claim1l, 11 A process for fernentin %Dfunga
strain X06/g 5445 a e h_pLadu 15 a
sesqui terpe % Fﬁ?@e?&@keﬁ ég %ér léhp%ﬁe;uhéyaﬁh %%dthS proceggé
conpri ses JRIERL Qgsﬂxéi‘é NP/ chd/chaBi8l a singFe Béndandheneobthér ai$our ce
of carbon, nitrogen and I norgani c sal ts. b

a double bond; A, together with _JE=-’ ----- and the carbon atoms

to which it is attached forms a ring selected from: (a); (b)'
wherein R is H or OH; (c¢); and (d); and Y is a double bond or;
when A is a ring (a) as defined above Y is either a double bond
or forms, together with the carbon atoms to which it is attached,
an epoxide linkage ‘;7 obtainable from the fungal strain
Acremonium strictum X06/15/458, and pharmaceutically and
veterinarily acceptable salts thereof, are inhibitors of the
binding of_benzodiazepine to the GABA-benzodiazepine-Cl ionophore
receptor complex. These compounds are prepared by (i)
fermenting, in a source of carbon, nitrogen and inorganic salts,
fungal strain X06/15/458 (IMI 354451) or a mutant thereof which
produces the said sesquiterpenes, (ii) isolating the
sesquiterpenes from the fermentation medium; and (iii) if
desired, converting the said sesquiterpene into a -

pharmaceutically or veterinarily acceptable salts thereof.
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