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ANTIFUNGAL SORDARIDIN DERIVATIVES.

This invention relates to novel sordarin derivatives having antifungat activity, to

.processes for their preparation, to pharmaceutical compositions containing them

and to their use in medicine, more particularly in the prevention or treatment of
diseases in animals, including humans, caused by fungal infection.

British Patent Specification No. 1,162,027 describes the preparation of an
antibiotic, SL2266, by the cultivation of the strain NRRL 3196 of the fungus
species Sordaria araneosa. SL 2266, later named sordarin, is reported to have
fungistatic activity. The same research group also described in Helvetica
Chimica Acta {(1971), 51, 119-120 the degradation of sordarin to sordaricin.
Published Japanese Patent Application No. J6 2040292A describes the
preparation of an antibiotic, zofimarin, which is reported to have antifungal

activity.

Sordarin, sordaricin and zofimarin may be represented by formula (A) below

(A)

CHO COM CH(CHy),

OH

_Hol/?-\/l;om-u3
whereORas O 'O "CH, describes sordarin;
OR as OH describes sordaricin; and _

OR as OCOCH="CH-CH="CHCH,

HOHOCHa
07 0" “CH, describes zofimérin.
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Although serda'rin' and zof ttiarin eidﬂibtt .ahtifUri'ga;ll'activity both compotmds a'fe

only moderately active and have limited spectra of action when tested against a
battery of fungal orgamsms We now describe hereinafter a novel group of -

fungicidal sordarin derivatives which: exhibit exealient antlfungal aetnvuty and a
broad spectrum of action. Thus, aocordmg to'a f‘rst aspect of the present'
invention, we prowde compounds of formula (l) '

_(') |

. cHo co,H._g CH(CH,); “

wherein Z is a tetrahydro-pyrano group selected from

R R
| x--X_gCRSR‘)n
R' Y

o0~ R*
(a)

(b)

and pharmaoeutlcally acceptable salts and solvates (e.g. hydrates) or

. metabohcally lablle derivatives thereof
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wherein R' represents hydrogen, halogen, hydroxyl, Cialkoxy or acyloxy;
R?&nd R® may each independently reprasent hydrogen, Cigalkyt or Cq alkoxy
"Ciudlkyl or R* and R® may together with the carbon atom to which they are
“éffdthed represent C=0, C=S or C;scycloalkyl;

R*fepresents hydrogen or CH,R (where R’ is hydrogen, hydroxyl, Csalkoxy or
a group OCOR® in which R® is Cy.alkyl or aryl);

R® and R® may each independently represent hydrogen, Cq.ealkyl or Cialkoxy
Ci4alkyl or R® and R® may together with the carbon atom to which they are
attached represent C=0, C=8 or Cjscycioalkyl;

fyrepresents zero or 1; -

X and Y may each independently represent oxygen, sulphur or CR®R™ (whare
R? and R" may each independently represent hydrogen, Ci.ealkyl, Cy.4 alkoxy or
CiaalkoxyCialkyt or R® and R™ may together with the carbon atom to which
they are attached represent C=0, C=8, Cascycloalkyl or C=CHR'* where R"'
represents hydrogen or C.4alkyl); or when X or Y is oxygen and n is zero then
Y-CR’R® or -X—CR’R’- respectively may also represent -N=CR> or
-NR™.CR?’R’- (where CR? and R® are C=0 and R™ is Ci.alky! an acyl group
COR"™ where R® is Cysalkyl) or when Y is oxygen and n is zero X may be
‘fepresent the group CR'! (wherein R"' has the meanings defined above) which
is attached to the pyran ring by a double bond;

'R represents hydrogen, halogen, azido, C,ealkyl, hydroxy, Ciealkoxy
{optionally substituted by 1 or 2 hydroxy or & ketal thereof or 1 or 2 C,.s alkoxy
groups), aryiC,4alkoxy, Css alkehyloxy, a group OCOR™ (where R™ is aryIC:.
«atkoxy or a Cy.q0alkyl group optionally containing one or two double bonds) or
C..s alkoxycarbonyl Cs.alkoxy, and R' represents hydrogen or R and R'® may
‘together with the carbon atom to which they are attached represent C=0 or
C=CH,;

RY represents CH:R™ where R is hydrogén, hydroxyl, C.isalkoxy or a group
OCOR® in which R® is Cq.4alkyl); and

‘W represents an oxygen or Sulphur atdm &F a CH; group,
‘and the dotted line in group (a) indicates the optional presence of an additional

‘bond:



10

15

20

25

30'_.

35

-

WO 96/14326 o - | PCT/EP95/04331

4

Suitable pharmaceutically ‘acceptable salts of the compounds. of .formula ()
include inorganic base salts such as alkali metal salts (for example sodium and

potassium saits) and ammonlum salts and organic base salts.. Sultable organic
base salts include ‘amine salts such as. tnalkylamtne (e.g. triethylamine),
dlalkylamme (e.g. dtcyclohexylamtne). optlonally substltuted benzylamlne (e.g.

~ phenylbenzylamine or p-bromobenzylamme) . procaine, ethanolamlne

diethanolamine, N-methylglucosamine and trl(hydroxymethyl)methylamlne salts
and amino acid salts (e.g. lysine and arglnlne salts)

References hereinafter to a compound of formula (l) rncludes that compound =

- and its pharmaoeutlcally acceptable salts. ey

Other salts whlch are not’ phannaceutlcally acceptable may be useful in. the-- o

preparation of compounds of formula [(}] and these form a further aspect of the
invention.

Metabolmlly Iabtle denvatlves of compounds of fonnula (l) are. compounds
whrch are converted in the body to compounds of formula ] Examples of such -
derivatives mclude conventtonal metabolically labule esters formed from the free
carboxylic acid in the molecul_e .

Itis to be understood that the present mventlon encompasses any individual

isomers, including optical isomers, of compounds represented by formula n
above as well as mtxtures thereof mcludrng wholly or parttally racemtc mixtures

-thereof.

As used heretn “alkyl” asa group or part of a c,..alkoxy group may be a stralght
or branched chain. Suitable examples mclude methyl ethyl, n-propyl l-propyl
n-butyl, s-butyl and t-butyl n-hexyl and n-octyl '

As used heretn the term aryl" asa group or part of a group means phenyl or'
heteroaryl each op’aonally substltuted by one or more (e.g. 1, 2 or 3) atoms or
groups selected from halogen, hydroxyl C,.oalkyl c...alkoxy or Ct..alkoxy
carbonyl. The heteroaryl group may be a 5- or 6-membered heteroaromatlc ring -
containing one or more heteroatoms selected from mtrogen oxygen and :
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sulphur. Suitable examples of heteroaryl groups include pyridyl, furyl, thienyl
and pyrrolyl.

Thé'term *halogen”™ means herein fluorine, chlorine, bromine or iodine.

When R’ is an acyloxy group it may represent, for example, a group OCOR"™
where R* is as defined above.

Examples of Csscycloalkyl groups include cyciopentyl and cyclohexyl groups.
Examples of X groups include oxygen, CR°R'® wherein R* and R" are each
hydrogen, Cy4 alkoxy or Ci4alkyl or CR®R'® represent the group C=0 or C =
CHR' e.g. C = CH,, or X represents CR".

Examples of suitable Y groups include oxygen or CRR™ wherein R® is
hydrogen, Cy.alkoxy or Ciualkyt and R'° is hydrogen or C.alkyl.

When R'™ is an unsaturated Ci.ialkyl group it may particularly represent a

straight or branched chain Cssalkyl group containing two double bonds, for
example -CH=*CH-CH=°"CHCH;.

When R" is a C,.¢ alkoxy group substituted by hydroxy or alkoxy, this may be
for example 2,3-dihydroxy propoxy and the acetone ketal derived therefrom or a
2,3-dimethoxy-propoxy group.

R'® is preferably a hydrogen atom with R" sited in the a-configuration.
R' may represent, for example, a hydrogen atom or a hydroxyl group.
R? may represent, for example, hydrogen or Ciualkyl (e.g. methyl), and R* may

represent, for example, hydrogen, Ci.alkyl (e.g. methyt, ethyl or n-propyl) or C,.
«alkoxyCyalkyl (e.g. methoxyethyl), or CR’R® may represent C=0, C=S or Cs.

scycioalkyl (e.g. cyclopentyl).
R‘ may represent, for example, methyl or Ci4alkoxymethyl (e.g. methoxymethyl).

R® and R® may each independently represent, for example, hydrogen or Cialkyl
(e.g. methyl).
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' Exambles of ring systems ré'presented by

x>< CR°R%n include 0~ 0,
(CRR" * R/

é(m: ._\ O and R\_/

Examples of parhcular R15 groups: mclude ‘halogen (e.g. ﬂuonne), azndo

hydroxyl, C,...alkoxy, benzyloxy, benzyloxycarbonyloxy. C,..alkoxycarbonyloxy_

and CiwalkoxyCialkoxy (e.g. methoxyethoxy) Ci14. -alkoxycarbony} - Cs.

~ salkoxy, Cisalkylcarbonyioxy; 2 3-d|hydroxy propoxy; .and the acetone ketal '

thereof, 2 ,3-dimethoxy propoxy, Css alkenyloxy e.g. allyloxy or 3-methylallyloxy

or R" and R* and the carbon atom to which they are attached represents C=0
orCeCHy | : .

RY may represent, for example, . methyl . -or: .C,4alkoxymethyl (e_.g.'.' )

methoxymethyl) or hydroxy methyl. -

R' preferably represents Ci.alkoxy, Cs..alkenyloxy, benzylexy or OCOR*
(where R* is a Cy.alkyt group).. especially sited in the a-configuration.

" R" preferably represents methyl. -

W preferably represents oxygen. -

A particular group of co'mpounds of Ithe inverition are compounds of fdm'idla (0

are those wherein Z is the group.

v~ -
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or RIlY
o~ R

whirein 6ne of X and Y is oxygen and the other is oxygen or the group CR°R"™.
Withifi this ‘group more particularly R’ is hydroxyl or hydrogen; X is oxygen, or
CR’R™ wherein R® is hydrogen, Cisalkoxy, Ci4alkyl and R™ is hydrogen or
CR°R" represent the group C=0, or C=CHR'"; Y is oxygen or CHR, wherein R®
is H'or Ci alkyl, R? and R® each independently represent hydrogen, C.. alky!
e.g. methyl, propyl or Cs.-alkoxy alkyl e.g. methoxymethyl or R? and R® together

with the carbon atom to which they are attached represent a cyclopentyl group
or tha'§roup C=0 or C=S; R® and R® are each preferably hydrogen.

When R!' represents hydroxy! or Cy.alkoxy, the R' moiety is preferably sited in
the ‘dxial configuration. However, R’ preferably represents a hydrogen atom.

R? and'R* thay each particularly represent individually hydrogen or Ci.alkyl.
R* preferably represents methyl.

R® and R® are each preferably hydrogen.

n preferably represents zero.

R° R

xX;CR”R‘)a
Particular ring systems represented by K/Y include

ml&)
wﬂ

X

“where R2and R? &re 45 defined previously and X and Y are each

\\\x
2

Nn—

independently oxygen, or CROR® {where R® and R™ aré s defined previously),

provided that at least one of X and Y is oxygen or the ring.
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LCH,
"cH ©
R? R
Wlthm the ring systems X -Y preferred rings are those Wherein

~one of X and Y represents oxygen and the other represents CR°R'® (where R°
- and R" each independently' represent hydrogen or Ciaalkyl (e.g. methyl) or
| CR°RY represent the group C=0 or C=CH,) or X and Y both represent oxygen
"R2and R3 represent hydrogen C1.4 alkyl or the group CO. - ;

It is to be understood that the present tnventlon .covers all combtnatlons of

partlcutar and preferred groups descnbed heremabove |

A further partlcular group of compounds of the mventlon are compounds of - |

formula (1) wherein Z is a group (a) and whereln R' is hydrogen R'is methyl

" nis zero and Rz and R3 are hydrogen or C,.. alkyl x and Y are oxygen or Yis

oxygen and X is the group CHR® wherem R® is hydrogen or Ci4 alkyl, C=0,

C=CH; or Xis CH, Y is oxygen, niis zero and R* and R are hydrogen.

A further particular group of compounds of the in_ven_tiqn -are compounds of

formula (1) wherein Z is the group (b).

o (b)

and pharmaoeutlcally acceptable salts and solvates (e.g. hydrates) thereof, ,

wherein W is oxygen or sulphur and R“ is as; defined previously. - ‘ More

partrcularty, W is oxygen and R" isa group selected from Cialkoxy, benzyloxy .
or OCOR* (where- R* is a c1.4a|kyl group.g.’ |sopropyl or t—butyl), or Cs

4a|kenyloxy, C,.alkoxyurbonylatkoxy

X

~
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Specific compounds according the present invention include:
[1R-(1a, 3af, 4B, 4ap, 7B, 7ac, 8ap)] 8a-{[1S, 7R, SR}-2, B-Dioxa-s-methyM-

" methylene-cis-bicyclo [3.4.0}-non-7-yl-oxy-methyl}-4-formyl-4,4a,5,6,7,7a,8,8a-
" octahydro-7-methyl-3-(1-methylethyl)-1,4-methano-s-indacene-3a{1H)-

carboxylic acid. _ -

[1R-(1a,3ap,4p,4aB,7B.7ax,8aB)]  8a-{(2,6-dideoxy-3,4-O-isopropylidens-p-D-
allopyranosyloxy)methyl]-4-formyl-4,4a,5,6,7,7a,8,8a-octahydro-7-methyi-3-(1-
methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid;
[1R-(1,3ap,48,4aB,7B,7aa.8ap)] 8a-{[1S.4R,7R, SR]-2, 8-d|oxa-4 9-d|methyl-ms-
bicyclo{3.4.0]-non-7-yl-oxy-methyi]-4-formyl-4,4a,5,6,7, 728 .8a-octahydro-7-
methyl-3-{1-methylethyl)-1,4-methanc-s-indacene-3a{ 1H)-carboxylic acid; .
[1R-{1c,3ap,4B,4aB,7p,7ac,8aB)] Ba-[1S,48,6R,8R]}-2,7-dioxa-4,6-dimethyl-cis-
bicyclo[3.4.0]-non-8-yi-oxy-methyl]-4-formyi-4,4a,5,6,7 73,8 8a-octahydro-7-
methyl-3-(1-methylethyl)-1,4-methano-s-indacene-3a(1 H)—carboxylic acid;

[1R-(1ct, 32PB, 4B, 4aB, 78, 7ac, 8ap)] Ba-{(2,3-anhydro-6-deoxy-4-O-propyl-p-D-

mannopyranosyloxy)methyi]-4-formyl-4,4a,5,6,7,7a,8,8a-octahydro-7-methyl-3-
(1-methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid;

[1R-(1wt, 3aB, 4B, 4aB, 7B, 7aa, 8ap)] 8a-[(2,3-anhydro-6-deoxy-4-O-methyl--D-
mannopyranosyloxymethy!}-4-formyl-4,4a,5,6,7,7a,8,8a-octahydro-7-methyl-3-
(1-methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid;

and pharmaceutically acceptable salts and solvates (e.g. hydrates) or
metabolically iabile derivatives thereof.

The compounds of formula (I} are very active fungicides useful in combatting
fungal infections in animals, including humans. For exampie, they may be used
in the treatment of fungal infections caused by organisms such as species of

Candida (e.g. Candida albicans, Candida glabrata, (Torulopsis glabrata),

 Candida tropicalis, Candida silosis and Candida pseudotropicalis),

Cryptococcus _neoformans, Pneumocystis _carinii. Aspergilius Sp (e.g.
Aspergillus fiavus and Aspergillus fumigatus), Coccidioides (e.g. Coccidioides
immitis), Paracocgidioides (e.g. Paracoccidioides brasiliensis), Histoblasma
(e.g. Histoplasma capsulatum) or Blastomyces (e.g. Blastomyces dermatitidis).

" They may also be used to freat other fungal infections caused by species of

Candida, Trichophvion, Microsporum or Epidermophvion (e.g. richophvton
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mentographytes, Tri shophvton ruk

m canis or_mgnmg

' _J_qm) orin mucosal mfectlons caused by ggndgga alguga_

| Compounds of formula (l) may also be used to tréat other mfectlons caused by

specles of f Iamentous fungn such as gngum (e g. Geotrichum cl vat'
g : olii).: Blastoschrzg myces - (e.g.

gorothnx schenckr i),

] Cladosgonum (e.g.

" The compounds of formula (l) may also be used to. treat infections caused by
| protozoa such as Toxoglasma, C;ygtosgondlum, Lenshmanla Trlganogoma, -

Gnardla and Tnchomonag

" Thein vitro evalu'ation of the anti-fungal activity of. compounds of the invention-

was performed on liquid or solid medium by the'anti-fungal two-fold - serial
dilution technique of determining the minimum inhibitory concentration (MIC) of

anti-fungal agent that inhibited development of growth-after 24 to 48 hours of
- incubation at'37°C. In practice, a series. of ‘agar plates or broth microdilution

panels containing two-fold: dilutions of anti-fungal agent tested were inoculated -

~with a standard culture-of a clinically relevant pathogen for, example candida
albicans. The agar plates or broth microdulution panels were then examined for

the presence or absence of growth of the fungus and the appropnate MIC.
values were noted. ' - : SR . .

: MFC values (defined as the loweést antl-fungal conoentratlon that killed at Ieast '

99.9% of the initial inoculum in liquid medlum) may also be determined. by sub-
culturing 0.01 and 0. 1pt of broth from the drug-free control well, the frst well
contalnlng growth and each clear well on agar plates .

of dose levels by administration (e.g. subcutaneously ‘orally, mtrapentoneally or

lntravenously) to mice- or rats: moculated with: a ‘strain of Candida albicans.
Untreated ammals die within 3 to 9 days and the: dose level at which the test
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compound provides 50% protection against the lethal effect of the infection is
noted. '

, In view of their antifungél activity, compounds of formula (l) recommend

themselves for the treatment of a variety of fungal infections in human beings
and animals. Such infections include superficial, cutaneous, subcutaneous and
systemic mycotic infections such as respiratory tract infections, gastrointestinal

.. . tract infections, cardiovascular infections, urinary tract infections, CNS

hly

infactions, candidiasis and chronic mucocandidiasis (e.g. thrush and vaginal
candidiasis) and skin infections caused by fungi, cutaneous and
mucocutaneous candidiasis, dermatophytoses including ringworm and tineg
infactions, athletes foot, paronychia, pityriasis versicolor, erythrasma, intertrigo,
fungal nappy rash, candida vulvitis, candida balanitis and otitis externa. They
may aiso be used as prophylactic agents to prevent systemic and topical fungal
infections. Use as prophylactic agents may, for example, be appropriate as part
of a selective gut decontamination regimen in the prevention of infection in
immunocompromised patients (e.g. AIDS patients, patients receiving cancer

_therapy or transplant patients). Prevention of fungal overgrowth dunng

antibictic treatment may also be desirable n some disease syndromes or
iatrogenic states.

While it is possible that, for use in therapy, compounds of the invention may be
administered as the raw chemical, it is preferable to present the active
ingredient as a pharmaceutical formulation. The invention thus further provides
a pharmaceutical formulation comprising compounds of formula (l) and
physiologically acceptable. saits thereof togsther with one or more
pharmaceutically acceptable carriers thereof and, optionally, other therapeutic
and/or prophylactic ingredients.- The carrier(s) must be ‘acceptable’ in the
sense of being compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof.

The compositions of the invention include those in a form especially formulated
for oral, buccat, parenteral, implant, rectal, topical, ophthalmic or genito-urinary
administration or in a form suitable for administration by inhalation or
insuffiation.



10
15 -

20

25

30

WO 96/14326. PCT/EP95/04331

12

Tablets ‘and capsules for oral admlnlstratlon may contaln conventlonal
excipients such as binding agents for example syrup, acacla gelatin, sorbital,

: tragacanth mucnlage of ‘starch’ or polyvmylpyrroltdone fi llers for example
~ lactose; sugar, mlcrocrystallme cellulose, mai

tearate stearic acid; talc,

sorbitol; lubrlcants for example magnesrum‘;.

- polyethylene glycol or slllca dlslntegrants for example" potato starch’ or ‘sodium
_starch glycoliate or crosscarmellose sodlum or wettlng agents such as ‘sodium
* lauryl sulphate. - The tabléts which include chewa e‘*=

queéous ‘o oily suspenslons,

_before use. Such ‘liquid

mono-oleate or acacia; non-aqueous vehlcles (which-may mclude edlble onls)

for example almond oil, fractionated coconut oil, oily’ esters propylene glyool or
ethyl alcohol, and preservatives, for example, methyl - or propyl p-

hydroxybenzoates or sorbic acid.

For: bucoal admsmstratlon the composltton may take the- form of tablets or
lozenges formulated in oonventlonal manner e :

- The composltlon accordmg to'the’ mventlon may be formulated for- parenteral

administration by m;ectlon or contanuous infusion. Forrnulatlons for mjectlon may
be presented in unit dose form i in ampoules. orin multl-dose oontalners with an
added ‘preservative. The: oomposmons may take stich

rch, ‘calciurn phosphate or

dlsperslble or effervescent
tablets may be coated according to methods well known in the art. Oral’ llqwd "
' preparatlons may be in the form: of, for example_ !
~ solutions, emulsions, syrups ‘or elixirs, or may be'? resented as adry product for -
. constitution’ wnth water or -other suitable vehicle by
preparatlons may contain conventional addltlves such as suspendlng agents for

example, sorbitol syrup, methyl cellulose, glucoselsugar syrup, “gelatin,
: hydroxyethylcellulose carboxymethyl ‘cellulose, alumlmum stearate gel or
~hydrogenated- edible fats emulslfylng agents for example lecithin, sorbltan

h'forms as suspensions,
solutions, or emulsions in oily or aqueous vehloles, and’ may contain formulatory
agents such as suspendlng, stabilising and/or dlspersmg agents. Altematively

1

~

the’ active ingredient may be in pmder form for: oonstltutlon wuth a sultable o

‘vehicle, e.g. stenle pyrogen-free water, before use



B S

WO 96/14326 PCT/EP95/04331

13

For administration by inhalation the compositions according to the invention are

@ “cotiveniently delivered in the form of an aerosol spray presentation from

. preseutised packs with the use of a suitable propellant, e.g.

w“dichlvrodifluoromethane, frichlorofluoromethane, dichiorotetrafiuoroethane,

5 - ‘carbon dioxide or other suitable gas, or from a nebuliser. In the case of a

pressurised aerosol the dosage unit may be determined by providing a vaive to
deliver a metered amount.

* Alternatively, for administration by inhalation the compositions according to the
10 ‘invention may take the form of a dry powder composition, for exampie a powder
& mix of the compound and a suitable powder base such as lactose or starch of
as ‘a modified physical form of the drug substance alone. The powder
composition may be presented in unit dosage form in, for exampie, capsules or
cartridges of e.g. gelatin, or blister packs from which the powder may be

16 administered with the aid of an inhaler or insufflator.

The compositions may take the form of a suppository, e.g. containing a
conventional suppository base, or a pessary, e.g. containing a conventional
pessary base.

20
The compositions may also be formulated for topical administration in the form
of ointments, creams, gels, lotions, shampoos, powders (including spray
powders), pessaries, tampons, sprays, dips, aerosols, drops (e.g. eye, ear or
nose drops) or pour-ons. Ointments and creams may, for example, be

25 formulated with an agueous or oily base with the addition of suitable thickening
and/or gelling agents. Ointments for administration to the eye may be
manufactured in a sterile manner using sterilised components. Pour-ons may,
for example, be formutated for veterinary use in oils containing organic soivents,
optionally with formulatory agents, e.g. stabilising and solubilising agents.

30 Pessaries and tampons for vaginal insertion may be formulated using
conventional techniques and, where appropriate, may contain an effervescent
vehicle. Such compositions may also contain other active ingredients such as
corticosteroids, antibiotics or antiparasitics as appropriate.
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Liqui'd"'p're'p'arations' for intranasal- deliv'ery'may' take the form of solutions or

' suspensnons and may contain conventional excipients such as tonicity adjusting
~ agents, for example sodium chioride, dextrose or mannitol; preservatives, for

example benzalkonium chlonde thiomersal, ‘phenylethyl aicohol; and other

formulatmg agents such as suspendlng. bufferrng, stabmslng, dispersing and or
flavouring agents : :

- Transdermal administration may be affected by the desugn of a suntable system
which promotes absorption of the active’ compound-through the skin.and would
typically consist of a base formulation enclosed- within an adhesive stick-on - %
patch comprising backing fi films, membranes and. release liners. Such systems _

may include absorption enhancers such as alcohols or work by promotlng

uonotophoresls

The compositi_on_according to the .tnvention may also be. formqlated as a depot '. .
~ preparation.  Such long acting formulations may be administered by
- implantation (for example subcutaneously - or intramuscularly) or by

intramuscular injection. Thus, for.example, a -compound of the invention may be

formulated with suitable polymeric or hydrophobic materials (for example as an
emuision in an acceptable oil) or ion exchange resins, or as sparmgly soluble

derlvatlves for example,; as a sparlngly soluble sait.

When the composltlons compnse dosage umts each unit will preferably contain

_ 0.001 mg to 1000mg, advantageously 0.01 mg to-400mg, of active ingredient
where a compound of the invention is to- be administered orally. - The daily -

dosage as employed for adult human. treatment will- preferably range from

'0.001mg to 5000mg of active qngreduent ‘most preferably from 0.01mg to

2000mg which may be administered in 1 to 4 daily doses, for example,
depending on the route of administration and on the condition of the patrent and

. the disease to be treated

The compound may be admlmstered by mtravenous mfusuon usnng, for example

up to 50mg/kg/day of the active ingredient. The: duratton of treatment will be _

dictated by the rate of response rather than by arbltrary numbers of days.

o
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Compounds of the invention may also be used in combination with other
therapeutic agents, and the invention thus provides, in a further aspect, a
combination comprising a compound of the invention together with another

therapeutically active agent.

Thus for example the compounds of the invention may be used in combination
with one or more other antifungal agents, such as a polienic derivative e.g.
(Amphotericin B, Nystatin, a lipid formulation of Amphotericin B) an azole
derivative e.g. (Fluconazole, Intraconazole, Ketoconazole, Miconazole,

Clotrimazole, ZD-08070, UK-108496), 5-Fluorocytosine, a Pneumocandin or

Echinocandine derivative such as Cilofungin, LY-303366, L-733560, and/or one
or more immunomodulating agents such as an interferon e.g. (lFN—yﬁ,
interleukine e.g. (IL-1, IL-2, IL-3 and IL-8) and colony stimulating factors, [(G)-
CSF, (M)-CSF and (GM)-CSF] and defensines. Particularly advantageous

" compounds for use with compounds of the invention include Intraconazole,

Flucytosine, Fluconazole or Amphotericin B.

When the compounds of the invention are administered in combination with
another antifungal agent the compounds of the invention and the other fungal
agent can be administered at the recommended maximum clinical dosage or at
lower doses.

The combinations referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical formulations
comprising a combination as defined above together with a pharmaceutically
acceptable carrier thereof comprise a further aspect of the invention. The
individual components of such combinations may be administered either
sequentially or simultaneously in separate or combined pharmaceutical

formulations.

When a compound of the invention is uséd in combination with a  second
therapeutic agent against the same condition the dose of each compound may
differ from that when the compound is used afohe. Appropriate doses will be
readily appreciated by those skilled in the art.
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| | Accordlng to another aspect of the present lnventlon we provude a compound of |
- formula (I) or a phystologlcatly acceptable salt thereof or a pharmaceutlcal |

composition compnsm. a compound of form _t_a_' () or a physrologlcally
acceptable salt thereof as defined above for use in therapy, partlcularly for the

~ treatment of fungat lnfectlons in ammals (especrally humans)

Ez‘on_, we provide the use of a

Accordlng to another aspect of the present in ve

compound of formula (I) ora physrologlcally acceptable salt thereof in the
‘manufacture of a medlcament for the treatment of fungat mfectlons ina human_-_
or non-human anrmal patrent -

[ 4

Accordrng to a further aspect of the present lnventlon we provrde a method of
treatment of the human or non-human ammal b yi to combat fungal dlseases
whlch method compnses admlnlstenng to sard =body an effectlve amount of a

' compound of formula (1) or a physrologlcalty acceptable salt thereof __

It will be appreciated by those skilled in the art that references herein to
treatment extend to prophylaxrs as well as the treatment of establsshed

| condltnons or infections,

The compounds of the invention may be prepared by the processes described
below. ' : :

Thus, .a general process (A) for the preparatlon of a compound of fonnula .

wherein Z is the group (a) compnses reactlng a compound of formula (ll)
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~ {in which R' and R* are as defined in formula (I) above, R® is & carboxyl

- prétecting group and X and Y are as defined in formula (1) above, except that X
“andlér Y cannot represent CR*R'®) to form the desired cyclic system, followed
by thie removal of thie carboxyl protecting group.

According to a first embodiment of process (A), a compound of formuta (la) in

" whith R' to R* are as defined in formula (1) above, n is zero and X and Y are

both oxygén may be prepared by treating a diol of formula (Il

(in which R* and R* are as defined in formuta (1) above and R® is a carboxy!
protecting group) with a compound (L),CR’R® (in which L is a suitable leaving
group), followed by the removal of the carboxy! protecting group. When R? and
R® both represent hydrogen thé ring-forming reaction may conveniently be
effected by treating a compound. of formula (1) with a dihalomethane (e.g.
dibromomethane) in the presence of a strong bass, such as an alkali metal
hydroxide (e.g. sodium hydroxide), preferably under phase transfer conditions,
using for example a tetraalkylammonium salt (e.g. tetrabutylammonium
bromide), at about ambient temperature. When &t least one of R* and R’ is a
Cyealkyl group or a CiualkoxyCsalkyl group or CR'R® is a Csecycloalkyl group
the ring-forming reaction may conveniently be effected by treating a compound
of formula (lll) with a ketal (RO)CR'R® (wherein R is a Ciealkyl group, €.g.
methyl), preferably in the presence of a suitable acid such as p-
toluenesulphonic acid or pyridinium p-toluenesulphonate, and in a suitable
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solvent such as a ketone (e g. aoetone), a mtnle (e.g. acetonltnle) or a
halogenated hydrocarbon (e g drchloromethane) at about room. temperature

,Compounds of formula (la) in whlch X andlor Y represents sulphur may be
slmllarly prepared from mtermedlates correspondlng to those of formula (Ill) in_
which one or both of the diol hydroxy! groups is replaced by thiol. When CR?R®
represents C=0 or C=S the rrng-formrng reaction may convemently be effected _

by reacting a compound of formula (lll) with carbonyld.rmldazole or
thlocarbonyldnmudazole in a surtable solvent such as a hydrocarbon (e.g.
toluene) or an ether (e.g. tetrahydrofuran) under reﬂux Altematlvely. when

CR?R® represents C=S the ring-forming reaction may be effected by treating a -
compound of formula (1l .wtth a tin oxide (e.g. dibutyltin oxide) in a hydrocarb_on, |

solvent (e.g. reﬂuxing toluene), followed by the addition of a halothionoformate
(e.g. phenyl chiorothioncformate) in a hydrocarbon solvent (e.g. toluene) at
about room temperature :

According to a further embodlment of process (A) a compound of formula (l) in -

which R' and R* are as defined: in formula (I) above, one of R? and R®

_represents Ciealkyl and the other represents hydrogen Cisalkyl or

CialkoxyCialkyl, (CR’R®)n. represenits. CR"’R‘ where R® and R® are as defined

in formula (l) above and X and Y both represent oxygen may be prepared by

treating a lel of formula (lll) with a tin oxide (eg dnbutyltm oxide) in a

hydrocarbon solvent (e g refluxrng toluene) followed by addrtlon of an

allylhalide HalCR’R‘CR’-CHR'f (Where R™iis hydrogen or Ciealkyl and Hal 1s

a suitable solvent such as an ether' (e g tetrahydrofuran) and heatmg the
mlxture at a temperature in the range of about 40’ to 80°C to glve a compound

~of formula (IV)

fammonium ﬂuonde) in
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which may be converted to the desired compound of formula (la) by cyclisation
involving an intramolecular electrophilic addition induced by a mercury sait (e.g.
5 mercuric frifiuoroacetate) followed by a hydride reduction, for example using a
trialkyltin hydride (e.g. tributyltin hydride), and thereafter removing the carboxyl
protecting group. The reaction may conveniently be effected at about room )
temperature in the presence of a suitable soivent such as an ether (e.g.
tetrahydrofuran).
10
In another embodiment of process (A), a compound of formula (1a) in which R
to R* are as defined in formula (I) above, n is zero and one of X and Y
represents oxygen and the other is CR®R' (where one of R’ and R™ represents
Cisalkyl and the other represents hydrogen, Cieatkyl or C4alkoxyCialkyl or
16 .. CR°R" represents C=CHR'') may be prepared by treating a compound of
formula (11} with a tin oxide (e.g. dibutyltin oxide) in a hydrocarbon solvent (e.g.
refluxing toluene) and optionally in the presence of a fluoride sailt (e.g.
tetrabutylammonium fluoride), and then- either adding thereto an allylhalide
. HalCR?’R°CR°=CHR" or an alkynylhalide HalCR’R°C=CR"! (where R", R™ and
20 Hal are as defined previously) or adding the allylhalide or alkynylhalide after
protection of one of the diol hydroxyl groups, to give a compound of formuia (V)
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V)

(where X' represents OH and Y' represents OCR’R’CR'-CHR“ or

OCR?R’C=CR", or X' represents OCR"'R"‘CR’-CHR“ or OCR’R*C=CR" and Y'

N represents a protected hydroxyl group). - The cychsatlon may be completed by
first removmg the hydroxy| protecting group, when present then activating the

free hydroxyl group. for example by forming an S-alky!dlthlocarbonate (e.g. S-

) methylduthmca_rbonate) and then closing the ring”under radical conditions; for

example by treating a solution of the activated intermediate in a hydrocarbon '_
solvent (e.g. toluene) under reflux with a hydrogen donor for example a hydride -

”reduolng agent (e.g. a trialkyitin hydnde such as tnbutyltm hydride) in the
' 'presenoe of an actlvatlng agent [e.g: azobls(lsobutyromtnle)] and thereafter

removing the* carboxyl protectmg group -~ The formation of an S-

' alkyldnthtocarbonate may. convenlently be- effeoted by treatlng ‘a compound of

formula (V) in'which one of X' and Y" is OH and the other is OCR?R*CR*=CHR™ "~
or OCR’R’CaaCR" with a strong alkali metal base {(e.g. sodium hydride), in the

~ presence of lmldazole and in a suitable. solvent such as an ether (e.g.
: tetrahydrofuran) at a reduced temperature (e g about 0°C), and then adding

carbon dlsulphlde and an alkyl hallde (e. g methyl |od|de) at about room
temperature : S : |

In a further embodiment of process A a compound of formula (I) wherein Y is

oxygen, n is zero, R* and R® are hydrogen and X is the group CR°R'® may be
prepared by reacting a compound of formula (V) whersin X' is hydroxyl. with
triphenylphosphine, iodine and imidazole in a suitable soivent such as

tetrahydrofuran to yield the desired 4 iodo derivative (Va). The required 'ring ,
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| cl_osure can _thera be effected under radical conditions such as reaction with a
~~“irialikyl tinhydride in a hydrocarbon solvent together with heating.

In a further emboidment of process A compounds of formula (I} wherein Y is
oxygen, X is NR' and the group CR®R® is C=0 may be prepared by reaction of
iodo compound of formuta (Va) with sodium hydride and the isocyanate RYNCO
in an aprotic solvent such as tetrahydrofuran followed by removal of the
carboxyl pratecting group.

In a further embodiment of process (A), a compound of formula (i)' in which R'
and R* are as defined in formula (I) above, R? and R® each independently
represent hydrogen, Cisalkyl or Ci.alkoxyCsealkyl or CR’R® represents C,
scycloalkyl, n is zero, and one of X and Y represents -NR'*- (where R" is as
defined in formula (l) above) and the other represents oxygen may be prepared
by N-acylation of a compound of formula (V1)
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(in which one of X" and Y" is OH and the other |s NH,) or a. protected
derivative thereof, for example usmg an acylhalrde such as an acyl chloride
under conventional conditions, followed by treating the amide with an aldehyde
or ketone R*R°C=0 or a dialkylacetal R’R’C(OAlkyl)z in the presence of a
suitable acid such as p-toluenesulphonic acld or pyridinium p-
toluenesulphonate andina suitable solvent such as a halogenated hydrooarbon _
(e.g. dlchloromethane) at about room temperature and thereafter removrng any -
protecting groups present. - :

In another embodiment of process. (A) a compound of formula (Ia) in whloh R1
and R* are as defined in formula (1) above, n is zero, X—CR?R®or  -Y- CRR®
represents -N=CR?®- (where Rlis Ciealkyl or C,..alkoxycl..alkyl) and Yor X =
remaining is. oxygen may be prepared by treatlng a- compound of formula. (Vi)

' w1th an imino ester R’C(-NH)OR (where Risa C,..alkyl group, e.g. methyl)

Another general prooess B compounds of formula (I) wherein Z is the group (a) |
and Y is oxygen, n is zero, R nd R® are hydrogen and X is CH may be prepared .
by reaction of the compound of formula (Vil).

(Vi

wherein R* is the group CHO ora proteoted denvatlve thereof, RPis a protected .
carboxyl group: with a dlalkyl drazomethyl phosphonate in the presence of a
base such as potasslum tert butoxlde in:an. aprotlc solvent such as an ether -
(e.g. tetrahydrofuran followed by the removal of the carboxyl protectlng group R°
and if neoessary the aldehyde protectlng group
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“'The 4-Rkétotatrahydropyran derivative (VII) may be prepared by oxidation of the

corresponding 4-hydroxy derivative by conventional means for example by a
Swern oxidation.

A general process (C) for the preparation of a compound of formula () in which
Z is the group (b) and W is oxygen comprises cyclising a compound of formula
(vitl)

(in which R™, R™ and R" are as defined for R", R'® and RY in formula (I)
above or are protected derivatives thereof, R® is hydrogen or a carboxyl
protecting group, L is a suitable leaving group such as an alkyl- or
arylsulphonyloxy group and R® is hydrogen or OR® is the same group as
defined for L), followed, where necessary, by the removal of any protecting
groups present. ’

The cyclisation reaction may conveniently be effected by treating a compound
of formula (VIlI) with a strong base such as an alkali metat hydride (e.g. sodium
hydride) in a suitable solvent such as dimethylformamide or an ether {e.g.
tetrahydrofuran), conveniently at about room temperature. Alternatively, sodium
in an alcoholic solvent (e.g. methanol) may be used, especially when OR™ is

‘the same group as defined for L. In this instance the base system is added to a

solution of a compound of formula (Vi) in & suitable solvent such as a

‘halogenated hydrocarbon (e.g. dichloromethane) and the reaction is

conveniently carried out at a temperature of from room temperature to reflux.
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Ancther general process (D) for the preparation of a compound of formula (l) in
which W is sulphur comprises treating a compound of formula (1X)

(in which R™, R™ and R" are as defined in formula (1) above) with a sulphur
donor. Thus, for example, the reaction may conveniently be effected by treating
a compound of formula (1X). with 5 ,5-dimethyl-2-thiolo-2-thioxo-1,3,2-

dnoxaphosphonnane in a solvent such as dimethylformamide, preferably in the

presence of a suitable base such as a trialkylamine (e.g. trlethylamlne) at an
elevated temperature (e.g. about 80° to 120°C).

A compound of formula (IX) may convemently be prepared from a compound of
formula. (VIII) in which L is a hydroxyl group and ORZ represent a suitable -

- leaving group such as an alkyl- or. arylsulphonyloxy group. using the conditions

_descnbed in process (C) followed, where necessary, by the removal of any
protectlng groups present :

- Another general process (E) compnses an mteroonverston reactlon wherem a

compound of formula (1) is prepared from a different oompound of formula (1) or

. a protected derivative thereof. -

Aocordmg to afi rst embodtment of prooess (E). a carboxyl protected dertvatnve

of a compound of formula (I) wherein. Z is the group (a) and in which . R'is
hydroxyl may be converted to a corresponding compound of formula (I) in which
R' is hydrogen by a procedure oompnstng (l) formmg an s-alkyldlthnocarbonete
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according to the method described previously and (i) removing this group by

- treating a solution of the intermediate compound in a hydrocarbon solvent (e.g.

toluene) at an elevated temperature (e.g. about 80° to 120°C) with a hydride
reducing agent (e.g. a trialkyltin hydride such as tributyltin hydride), and
thereafter removing the carboxyl protecting group.

in a further embodiment of process (E), a compound of formuia (1) wherein Z is
a group (a) in which R' is Ci4alkoxy andfor R* is Cialkoxymethyl may be
prepared by alkylating a protected derivative of a compound of formula ) in
which R' is hydroxyl andfor R* is hydroxymethyl and any labile groups (e.g.
carboxyl and hydroxyl groups) are protected, foliowed by removal of the
protecting groups present. The alkylation may conveniently be effected by
initial reaction with a strong alkali metal base {e.g. sodium hydride) and

-thereafter with an alky! halide (e.g. methyl iodide). The reaction may be carried

out in a suitable solvent such as an ether (e.g. tetrahydrofuran) at a temperature
within the range of about 0° to 30°C.

In another embodiment of process (E), a compound of formula (1) in which R's
acyloxy andfor R* is CH,OCOR® may be prepared by acylating a protected
derivative of a compound of formula (1) in which R' 1s hydroxyl and/or R* 1s
CH,OH and any labile groups {e.g. carboxyl and hydroxyl groups) are protected,
followed by removal of any protecting groups present The acylation reaction
may be carried out using conventional methodology, for exampie by treatment
with a carboxylic acid in the presence of an activating agent such as
dicyclohexylcarbodiimide and a suitable base such as dimethylaminopyridine, or
using an acid halide (e.g. an- acid chloride), optionally in the presence of a
suitable base such as pyridine or-4-dimethylaminopyridine.

" According to a further embodiment of process (E), a compound of formuia (l) in

which R' is a hydroxyl group in the equatorial configuration may be prepared
from a protected derivative of a compound of formula (I) in which R'is a
hydroxyl group in the axial configuration and any labile groups (e.g. carboxyl,
hydroxyl and CHO groups) are protected, followed by removal of any protecting
groups present. The isomerisation reaction may conveniently be effected by a
two step procedure comprising (i) oxidising the 2'-axial OH to an oxo group by
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' treatment with a suitable’ OdelSlI"lg system [e.g: chromlum oxide in the presence

of - pyndlne 'in a solvert 'such as  a halogenated hydrocarbon (e.g.
dlchloromethane) contalmng acetic anhydrlde] -and (ii) reducing the oxo ‘group to
an equatorial OH group using a suitable reduclng agent such as a borohydride
(e.g. sodium borohydnde) The reduction may convemently be carried out in a
sultable solvent such as an alcohol (e g. aqueous methanol) ata temperature in

-the range of about 0°to 10°C

In another embodiment of proces's (E), a compouind of formula (l)' in'which R’ is

- a halogen atom may be prepared from a protected derivative of a compound of -

formula (l) in whlch R'isa hydroxyl group. followed by removal of any protectmg
groups present. The drsplacement reactuon takes place with: inversion of
confi guratlon Thus, for example an axial OH" ‘group’ may convenlently be
converted to an equatonal iodine atom by the’ ‘addition of iodine to a solution of

the starting' material in a suitable solvent such'as a hydrocarbon (e g. toluene) L

in the presence of tnphenyl phosphlne and |odlne and then heating the mixture
(e. g. “under reﬂux)

A fluorine atom may Similarl'y be introduced by tréatment with a suitable

ﬂuonnatmg agent such as dlethylammosulphur trifluoride (DAST) in a suntable
solvent such as ‘a. halogenated hydrocarbon (e.g. dlchloromethane) or an

- aromatlc hydrocarbon (e g tcluene) at about room temperature

In a further e'mbodiment of process E a co'mpo'und”of fo'rmula ()] whe'r'enn Y is

_oxygen, n is .zero, R and R? are hydrogen and: X is. CH, or a protected |

derivative thereof may be converted into the correspondmg compound wherein
X s CH; by reductuon with a hydrogen and a suitable catalyst e.g: palladium on

_ Charcoal in a suitable solvent followed by removal of a carboxyl protectmg

group.

ln another embodlment of process E a compound -of formula (l) whereln Yis

- ‘oxygen, n is zero, R* and. R® are hydrogen and X'is the group C=CH, may be
- converted lnto the correspondrng compound- whereln X is the group C=0 by

oxldatlon e. g ‘using osmlum tetroxide and sodlum penodate
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~~Similarly compounds of formula (1) wherein Y is oxygen, n is zero, R? and R® are
hydrogen and X is the group C=CH, may be converted into the corresponding

... compound of formula (f) wherein R? and R® and the carbon atom to which they

are attached represents the group C=0 by oxidation e.g. with chromium trioxide
in pyridine.

According to a further embodiment of process (E), a carboxyl protected
derivative of a compound of formula (I} in which R™ is hydroxyl may be
converted to a corresponding compound of formula (1) in which R™ is halogen
by a standard displacement reaction, and thereafter removing the carboxy!
protecting group. Thus, for example, the displacement of hydroxyl by a fluorine
-atom may conveniently be effected with inversion of configuration by adding
diethylaminosulphur triflucride (DAST) to a solution of the starting material in a
solvent such as a halogenated hydrocarbon (e.g. dichioromethane). The
reaction may conveniently be effected at about room temperature.

In a further embodiment of process (E), a compound of formula (1) in which R

_is Ciealkoxy or an optionally substituted alkoxy group andfor R is C,.

«alkoxymethyl may be prepared by alkylating a protected derivative of a
compound of formula (I) in which R™ and/or R™ contains a free hydroxy! group
and any labile groups (e.g. carboxyl and hydroxyl groups) are protected as
appropriate, followed by removal of the protecting groups present. The
alkylation may conveniently be effected by initial reaction with a strong alkali
metal base (e.g. sodium hydride) and thereafter with an alkyl halide (e.g. methyl
‘bromide). The reaction may be carried out in a suitable soivent such as an
sther (e.g. tetrahydrofuran) at a temperature within the range of about 0° to
50°C. Where appropriate, an ammonium salt such as a tetraalkylammonium
halide (e.g. tetrabutylammonium iodide) may aiso be present.

Alternatively, a straight or branched alkyt group may conveniently be introduced
in two steps, the first step comprising alkenylation using a suitable alkenylhalide

- in the presence of a base such as a carbonate (e.g. cesium carbonate) in a

solvent such as dimethylformamide at about room temperature, n_d the second
step comprising a hydrogenation procedure in the presence of a palladium
catalyst (e.g. 10% palladium on charcoal) at about room temperature.
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In another embodlment of process (E), a compound of formula: (1) in whlch R"" is
CH;OCOR® or R':is: OCOR™ may be prepared by acylating a protected

 derivative of a compound of formula (1) in which R".is CH,OH or R'® is hydroxyl -

and -any labile- groups (e.g. c_arbcxyl and hydroxyl - g_roups) -are - protected,

'followed by removal of any protecting groups present. The acylation reaction

may be carried out usmg conventional methodology, for example by treatment

‘with a carboxyllc acid -in. the presence of ‘an' actrvatmg agent such as

dlcyclchexylcarbcdnmtde and a suitable base suéh-as dimethylamtnopyndme or

*. using an acid halide (e. g an acid* chloride), opttcnally in the presence of a
surtabte base such as pyrrdtne or dtmethylammopyndlne :

¢

& -Acccrdmg toa further embodiment: cf process (E). a cempcund of formula [0 in
- which. CR"R"® represents C=O may be prepared by oxidising a. protected
15

derivative of a compound of formula (1) i in which-R" i is a hydroxyl group and any
labile groups (e.g. carboxyl and hydroxyl groups) are protected, followed by
removal of any protecting groups present. The oxidation _reaction may

- conveniently be effected by addition of a suitable- oxidising agent such as
~ dimethylsulphoxide in the presence of trifiucroacetic anhydride: The oxidation

conveniently takes place in the presence of a suitable solvent such as a

' halogenated: hydrccarbcn (e. g dlchlorcmethane) at an elevated temperature '
(e about 40° tc 80°C)

-Ccmpcunds of formula (l) wherem CR""R" represént the group CH"CHz may be
~ prepared by reactlon of the corresponding: compound of formula (I) or a -

protected derivative thereof wherein CR™R™ is the group C=0, with an alkyl-
triphenyl-phosphonium halide and an alkylltthlum inan aprottc solvent such as
e.g. tetrahydrcfuran S

Compcunds of formula (1) wherein R15 is an azide group may be prepared fror*

- the ccrrespcndnng compound of - formula’ (ora protected derivative thereof

wherein R is a hydroxyl grcup by re_act:pn with a' tc_lue_ne sulphcnyl halide and

“then treating ‘the resultant toluene sulphonate derivative with an alkali metal

azide e.g. lithium azide in an aprotic solvent. e.g. dichioromethane.
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Many of the above-mentioned procedures require the removal of one or more
protecting groups as a final step to provide the desired compound of formula (1).
Thus, a further general process (F) comprises deprotecting a protected
derivative of a compound of formula (f). Suitable carboxy! protecting groups
and hydroxyl protecting groups for use herein include any conventional
protecting group, for example as described in “Protective Groups in Organic
Chemistry”, Ed. J. F. W. McOmie (Plenum Press, 1973) or “Protective Groups in
Organic Synthesis® by Theodora W. Greene (John Wiley and Sons, 1981).
Examples of suitable carboxyl protecting groups include arylalky! groups such
as diphenylmethyl, p-methoxybenzyl and sily! groups (e.g. trimethyisilylethyl or
t-butyldimethylsilyl). Examples of suitable hydroxyl protecting groups include
arylalkyl groups such as p-methoxybenzyl and ester groups such as
benzyloxycarbonyl. Aldehyde groups may conveniently be protected in the form
of cyclic ketals.

The protecting groups may be removed using conventional techniques. Thus, a
diphenyimethyl group may conveniently be removed using trifluoroacstic acid or
by hydrogenolysis in the presence of a pailadium catalyst (e.g. 10% palladium
on charcoal). A benzyloxycarbonyl group may conveniently be removed by
hydrogenolysis in the presence of a palladium catalyst (e.g. 10% palladium on
charcoal). A p-methoxybenzyl group may conveniently be removed using 2,3-
dichioro-5,6-dicyano-1,4-benzoquinone. Silyl groups such as trimethylsilylethyl
or t-butyldimethylsilyl may conveniently be removed using fluoride ions. Cyclic
ketal groups may conveniently be converted to aldehyde group by the addition
of a suitable acid such as hydrochloric acid.

Compounds of formula (If) may conveniently be prepared by reacting a
compound of formuta (X)
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(where R is a carboxyl protecting group) with & compound of formula (XI)

(where R', R‘ XandY are as defi ned in formula (I above) or a protected
derivative thereof followed, where necessary. _by removal of any protecting -
groups present. The reaction may convemently be: effected by heatmg (X) andr -

(XI) at a temperature in the range of about 40° to'80°C in a suitable solvent,

- such as a hydrocarbon (e.g: toluene);’ in thé presence of an ac:d such as

hydrobromlc acld-tnphenylphosphme

- 'When XH and YH in formula '-'(XI)-“ represent  hydroxyl groups these may
conveniently be protected as acyloxy (e.g. acetoxy) groups, with removal of the

protecting groups following reaction with a- compound of formula (X) Removal

‘of acetoxy protecting groups may convemently be effected by addition of a
suitable base such as an: alkoxide (e.g: sodiuni methoxlde) in a suitable solvent '

such as an alcohol (e.g. methanol) at about room temperature

" The aforementi'on'ed 're'act'ion-is- p'_a'rtic'ula_rly suitable’ for preparing compounds of
~‘formula (ll) in which R* is other than a methyl group. - When R* is methyl it may

be more convenient to prepare compounds “of formula () from: 4'-

-demethyteordarin, a compound of formula (XIt)

.
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Thus, for example, compounds of formula (Ill) in which R* represents methyl
may be prepared by protection of the carboxyl group in (XIi) using conventional
methods, followed, if appropriate, by converting the 2'-axial hydroxy! group to a

* different R* group by the interconversion procedures described hereinabove. It
 may be necessary to protect the 3' and 4' hydroxy! groups when manipulating
| "the 2’-amal hydroxyl group. Protection may convemently be effected by the
) 'format_lon of an isopropylidene group using a procedure described in the first

embodiment of process (A). Subsequent removal of this group to provide the
diol function may be achieved by treatment with an acid such as an inorganic

~ acid (e.g. hydrochloric acid).

) When the oarboxyl group in the compound of formula (XIl) is protected with a
; 'dlphenylmethyl group the protectlon reaction may convemently be carried out by
: treatmg a solution of the compound of formula {(X11) in an alcoholic solvent (e.g.
) methanol) and/or in a halogenated hydrocarbon (e.g. dlchloromethane) with

diphenyldiazomethane, conveniént_iy added as a solution in a halogenated
hydrocarbon soivent (e.g. dichloromethane).

~ Compounds of formula (II) wherein X and Y represent oxygen or sulphur may

also be prepared by the decarbonylation of a corresponding protected derivative
of a compound of formula (1) in which CRR’ represents C=0 and n is zero. The

" decarbonylation may conveniently be effected by addition of an alkoxy
~ compound (e.g. CHsONa) in a suitable solvent such as an alcohol (e.g.

methanol).
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- Compounds of formula -(X) may conveniently be prepared from sordaricin using

conventional carboxyl group prctectrng means. Thus, for example, when R® in a
compound of formula (X) represents tnmethylsllylethyl this group may be

introduced by treatrng -sordaricin  with 0-[2-(tnmethylsllyl)ethyl]-N N'-

dnsopropylrsourea conveniently in a suitable solvent such as an ether (e o.
tetrahydrofuran) at an elevated temperature (e.g. under reflux). When R°
represents diphenyimethyl this group may be introduced using the methodology.
described above.

When a hydroxyl group in a carboxyl protected denvatwe of sordann or a
compound of formula (Xm is protected with a p-methoxybenzyl group this ‘group
may be mtroduced by reactton wuth a t|n oxrde (e g dabutyltln oxrde) in a”
hydrocarbon solvent (e.0. reﬂuxmg toluene) followed by the addmon of a p-
methoxybenzyl haltde m the presence of an fluonde salt (e g.
tetrabutylammonlum ﬂuonde) When protected wnth a benzyloxycarbonyl group,
thls group may be mtroduced by reactron wrth a benzylhaloformate in the
presence of a suutable amlne base such as 4-dtmethylamnnopyndme and ina
solvent such as a halogenated hydrocarbon (e. g dlchlorcmethane) or

| acetonltnle

The formation of a group L in formula (VIll) where L 1s an alkyl- or
arylsulphonyloxy group and/or . a group R”O where R”O 's an akyl- or

arylsulphonylcxy group may be effected by reactmg a suttably protected
derlvatwe of sordann or a compound of fcrmula (Xll) wnth an alkyl- or

_ arylsulphonyl haltde |n the presence of a surtable solvent such as pyndme and
| cptlonally also compnsrng an arnlne base (e g 4-dtmethylam|nopynd|ne) or ina

halogenated hydrocarbon solvent (e g dtchloromethane) m the presence of a
suitable amine base (e.g. 4-d|methylam|nopyr|d|ne) The reaction may
convenlently be carried out at about room temperature Other groups may be

-slmllarly lntroduced uslng conventlonal procedures - _'

It wrll be appreclated that lt may be appropnate to convert a hydroxyl group to
the desired R" group prior to cyclrsatton acccrdmg to process (C). Thus, a
sultably protected derivative of 4’-demethylsordann ora ccmpound of formula

() in which R'* is hydroxyl may be reacted to convert the 4'-hydroxyl group to

C
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the desired R' group using conventional procedures. Thus, for example,
conversion to a Cyealkoxy, CicalkoxyCi..alkoxy or arylC,.alkoxy group may be
effected by conventional alkylation, for example, according to the various
methods described hereinabove. Removal of the hydroxyl group to provide a
compound in which R is hydrogen may conveniently be effected in two steps
comprising (i) forming an S-alkyldithiocarbonate by treatment with a strong alkali
metal base (e.g. sodium hydrids), in the presence of imidazole, and in a suitable
solvent such as an ether (e.g. tetrahydrofuran) at a reduced temperature {e.g.
about 0°C), and then adding carbon disulphide and an alkylhalide (e.g.
methyliodide) at about room temperature and (ii) removing this group by treating
a solution of the intermediate compound in a hydrocarbon soivent (e.g. toluenez
at an elevated temperature (e.g. about 80° to 120°C) with a hydride reducing
agent (e.g. a trialkyltin hydride such as tributyltin hydride), optionally in the
presence of an activating agent [e.g. azobis{isobutyronitrile)]. Conversion to a
C.salkyl group may conveniently be effected by (i) forming an S-
alkyldithiocarbonate as described previously (ii} replacing this group with an
alkenyl group by reaction with a trialkylalkenyitin compound under the
conditions described above for the removat of the S-alkyldithiocarbonate group
and {ili} reducing the alkenyl group to an alkyl group by, for example,
hydrogenation in the presence of a suitable palladium catalyst (e.g. 10%
palladium on charcoal).

Base salts of compounds of formuia (I) may be conveniently formed by treating
a compound of formula (I} with an appropriate salt or base. Thus, for example,
salts may conveniently be prepared by treating a compound of formula (1) with a
salt or a base selected from sodium or potassium hydroxide, hydrogen
carbonate, carbonate or acetate (e.g. potassium hydroxide, potassium hydrogen
carbonate, sodium hydrogen carbonate or potassium acetate), ammonium
acetats, calcium acetate and L-ysine as appropriate. The salt may, for
example, be prepared by adding the appropriate salt or base (if necessary as an
aqueous solution) to a solution or suspension of the compound of formula (1) in
a suitable solvent such as an alcoho! (e.g. methanol) or dioxane at
temperatures of for example 0°C to 80°C and conveniently at about room

temperature.



10

15

- identified by screenmg survivors of mutagenesls by analysing a test:-sample . -

25

30

- W0 96/14326 : PCT/EP9S/04331

34

' Pharmaceutucally acceptable salts may also be ‘prepared from other' salts,

including other pharmaceutrcally acceptable salts of the compounds of formula .
()} uslng conventronal methods -

o _Metabotrcally labile esters of compounds of formula (I) may be formed with the- -
'carbcxyl ‘group present and these may be prepared by conventional processes.

Similarly, metabolically labile estersw may also be formed with any free hydroxyi

. group present in the molecule
~ The novel compound of formula (XII) may convenlently be prepared according
"to the. fermentation process ‘described heremafter or by demethylatlng sordanq.

.usmg a b|otransformat|on procedure

- The fermentatron process oompnses cultlvatlng a microorganism capable of

producing the compound of formula (Xll) and thereafter lsolatmg the compound

of formula (XII) from the culture

Mrcroorgamsms capable of producrng the ccmpound of - formula (XII) will
convenrently be mutant stralns of Sordaria araneosa which: can readnly be

obtained from fermentation of the microorganism using standard methodology.

In particular, the microorganism to be conveniently used is a mutant strain of '
Sordaria araneosa deposited in the permanent culture: collection of the CAB
Intemational Mycological Institute; Genetic Resource Reference Collection,

'Bakeham Lane, Egham, Surrey TW20 9TY, England. The strain was received

by the Institute on 10 Juns; 1994 and was subsequently glven the accession |
number IMI 362184 and dates of acceptance and confrmatlon of viability of 13
and 21 June 1994 respectlvely The Institute is. an - International Depository

' authority recognised under the Budapest Treaty. ' The charactenstrcs thus far
_'tdentlf‘ ed for IMt 362184 are gwen in Example 74

The present invention provrdes in-a further aspect the mlcroorgamsm IMI

- 362184 ger se and mutants thereof:
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- Mutants of the IMI 362184 may arise spontaneously or may be produced by a
. variety of methods including those outlined in Techniques for the Development

of Microorganisms by H | Adler in “Radiation and Radioisotopes for Industrial
Microorganisms®, P_roceedmgs of the Symposium, Vienna 1873, p241,
international Atomic Energy authority. Such methods include ionising radiation,

~ chemical methods, e.g. treatment with. N-methyl-N'-nitro-N-nitrosoguanidine

(NTG), heat, genetic techniques, such as recombination and transformation,
and selective techniques for spontaneous mutants.

The preparation of the compound of formula (Xil) by fermentation may be

effected by conventional means i.e. by culturing a suitable organism in the

presence of assimilable sources of carbon, nitrogen and mineral salts, and
thereafter isolating the desired product.

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,
galactose, myo-inositol, D-mannitol, soya bean oil, carboxylic acids, amino
acids, glycerides, alcohols, alkanes and vegetable oils. Sources of carbon will
generally comprise from 0.5 to 10% by weight of the fermentation medium.
Fructose, glucose and sucrose represent preferred sources of carbon.

Sources of nitrogen will generally include soya bean meal, com steep liquors,
distillers solubles, yeast exiracts, cottonseed meal, peptones, ground nut meal,
malt extract, molasses, casein, amino acid mixtures, ammonia (gas or solution),
ammonium salts or nitrates. Urea and other amides may aiso be used. Sources
of nitrogen will generally comprise from 0.1 to 10% by weight of the fermentation
medium. :

Nutrient mineral salts which may be incorporated into the Eulture medium
include the generally used salts capable of yielding sodium, potassium,

~ ammonium, iron, magnesium, zinc, nickel, cobalt, manganese, vanadium,

chromium, calcium, copper, molybdenum, boron, phosphate, sulphate, chloride
and carbonate ions.
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~ Cultivation ‘of the organlsm wull generally be. effected ata temperature of from
'20° to 400C, preferably from 20 to 350C, especrally about 25°C and will_
‘desirably take place with aération and agltatuon eg. by shaklng or stlmng The
medium may mrtsally be mocu!ated with a small quantlty of myoellum and/or |
-spores The vegetatlve inoculum obtained may be ' transferred to the

fermentation medlum or to one or more seed stages where further 'rowth takes

- place before transfer to the principal fermentatlon medlum The fermentatron

will generally be camed out in the pH range 35t 9 5 preferably 4510 7.5. It

may be necessary to add a base or an acid to the fermentatlon medlum to keep _
‘the pH to within' the deswed range. Suutable bases whrch may be added mclude
alkali metal hydroxldes such’ as aqueous sodlum hydroxrde or potasslum'
~ hydroxide. Suitable acids include mlneral acids such as hydrochlonc sulphunc.

or phosphonc acid.

The fermentatlon may be camed out for a period of 4-30 days preferably about '
' 5-15 days. An ant:foam may be present to control excessive foammg and

added at intervals as required. ‘Carbon and/or mtrogen sources may also be fed
into the fennentatton medlum as requlred -

The compound of formula (Xn) is associated mainly with the cells and may be |

brought into solutlon either by addition of an acid and' a water-miscible organic
solvent, or more preferably by addition of a base (e.g. sodium hydroxide). Celis

may be separated from these solutions either by centrifugation, conventional _
| filtration or membrane ﬁ_ltratron The liquor may be optionally there_after treated

with an acid such as sulphuric acid until the pH is beiow 6 (e.g. about pH 4.5).

" The compound of formula (XIf) maybe isolated and purified by a variety of

fractionation techniques, for example adsorption-elution, precipitation, frac'tional

crystallisation, solvent extractton and Ilqu|d-I|qu|d partttlon wh«:h may be

combined in various ways

| Adsorptlon onto a soltd support followed by elutlon has been found to be

particularly suitable for isolating and purifying the compound of formula_ (X).

PR
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Suitable solid supports include silica; a non-functional macroreticutar adsorption

"' résin, for 'example cross-linked styrene divinyl benzene polymer resins such as

'¢G161 and Amberlite XAD-2, XAD-4, XAD-16 or XAD-1180 resins (Rohm &
'Hadis Limifed) or Kastell S$112 (Montedison);, a substituted styrene-divinyl

" “Benzerié polymer such as Dision SP207 (Mitsubishi); an anion exchanger [e.g.
" IRA-B58 or MacroPrep High Q (BioRad)], an organic solvent-compatible cross-

linked dextran such as Sephadex LH20 (Pharmacia UK Limited), or on reverse
phase supports such as hydrocarbon linked silica, e.g. C1s-linked silica.

The éompound of formula (XI1) may also be isolated and purified by the use of a
liquid anion exchanger such as LA 2. .

Suitable solvents for the elution of the compound of formuta (XII) will, of course,

‘depend on the nature of the adsorbent. When using a polymer resin such as
XAD-16 water-miscible solvents such as methanol, acetone, isopropanol or
acetonitrile in various proportions in water may be particularly suitable.

The presence of the compound of formula (XII) during the extraction/isolation
procedures may be monitored by conventional techniques such as high
performance liquid chromatography (HPLC) or UV spectroscopy or by utitising
the optical rotation or other property of the compound.

Where the compound of formula (Xll) is obtained in the form of a solution in an
organic solvent, for example after purification by absorption/elution, the solvent
may be removed by conventional procedures, e.g. by evaporation, to yield the
required compound. T desired, the compound may be further purified by
chromatographic techniques such as countercurrent chramatography using a
coil extracter such as a multi-layer coil extractér or high performance liquid
chromatography or supercritical fluid chromatb“graphy oh adsorbents such as
carbon, alumlna vanadlum polymeric nesms or siﬁca with or without bonded
phases. Suitable solventsleluents for the chromatographnc purification/
separation of the compound of formula (XIy Wil &f cbirse depend on the nature
of the adsorbent. When' using a C8 bondéd siiicd, mixtures of acetonitrile and
‘water’ are partucularly suitable. Alternatwely, the compound may be further
punf' jed by solvent extraction, for example using an appropriate organic solvent
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_ such as a ketone (e.g. acetone or methyl ethyl ketone), a halogenated .
_hydrooarbon an alcohol (e g methanol) a dlol (e g: propane-1 2-d|ol or butane-

13-d|ol) or an ester (e g. methyl acetate or ethyl acetate) na further |
alternative, solutrons of compound (XIl) may be further punf ed by treatment with
adsorbents that seleotlvely remove lmpurltles when added at appropnate Ievels .

__ (e g DEAE-cellulosa) or by crystalllsatron (e g. from a mlxture of aoetonltnle and |

water) or uslng a oomblnatron of the above procedures

The blotransformatlon of sordarrn to 4’-demethylsordann the oompound of

formula (XiI), may be effected by mcubattng sordarin in a culture comprisinga .

suitable orgamsm and sources of carbon and mtrogen mcludmg those sources

specified hereinabove, and thereafter |solatrng the compound of formula (XII)' -
_ from the culture.

M:oroorganlsms oapable of demethylatlng sordann at the 4’-posrtton may readlly

_be |dent|f‘ ed by uslng a small scale test and analysmg a test sample obtalned

using standard methodology, for example using HPLC. Examples of
mlcroorgamsms which have been identified as sordarin demethylators include -

§tregtomyoes cagreolu ATCC 31 963 Stremgmms avermltm ATCC 31272

. Stregtomyces armentosu NRRL 3176 Stregtgmyces antrbuotucu ATCC 31 771,
- Streptomvees rimosus ATCC 23955 §tregtomygg§ glatgnsrg ATCC 29778

Streptomyoes mashuensis ATCC 23934 Streptom yces u_rﬂhermu ATCC
14975, Nocardia onentalus ATCC 43491 and ggnnmghamella ech:nulata var

. Iegan ATCC 36112

Cultlvatlon of the organlsm wrll generally be effected at a temperature of from |

20° to. 40°C, preferably from 20° to. 35°C especrally about 28°C and will
deslrably take place with aeratlon and agltatlon e g. by shaknng or stlmng The
medium may |mt|ally be lnoculated wath a small quantlty of mycellum and/or
spores. The vegetatrve mooulum obtalned may be transferred to the
fermentation medlum orto one or more seed stages where furthar growth (e.g.

N over about 1-3 days) takes plaoe before transfer to the pnncrpal fermentatlon .
'medrum The pnnolpal fermentatron medlum wnll also oompnse sordann and the

fermentatron will generally be. oamed out ina pH range of 3. S to 9.5, preferably

4.5 t_o_ 7.5. It may be neoessary to add a base or an acld to the fermentatlon _
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medium to keep the pH to within the desired range. Sditable bases which may
bé added include alkali metal hydroxides such as aqueous sodium hydroxide or

- ‘potésdiuin hydroxide.  Suitable acids include minerai acids such as

‘hydrochloric, sulphuric or phosphoric acid. Fermentation may be carried out
over a period of 2 to 5 days, preferably about 3 days. An antifoam may be
present to control excess foaming and added at intervals as required. Carbon
and/or nitrogen sources may also be fed into the fermentation medium as
required.

The separation and isolation of the compound of formula (XIl} from the
fermentation broth may be .effected by the general procedures previously
described. When it is desired to lower the pH of the liquor to below pH 6 (e.d.
to about pH 2.5) this may conveniently be achieved by the addition of an acid
such as orthophosphoric acid.

it will be appreciated that biotransformation may be effected according to a
number of alternative methods. For example, cells may be grown and harvested
prior to addition to a solution of sordarin in, for example, buffer, spent
fermentation medium or water. It is also feasible that the appropnate enzymes
could be isolated and used (with appropriate co-enzymes) or the enzymes
cloned and over-expressed.

As stated hereinabove, sordarin and sordancin are known compounds, which
may be obtained using procedures described in the relevant art. Thus, for
example, the preparation of sordarin by the cultivation of Sordaria araneosa
NRRL 3196 (also deposited in the ATCC as ATCC 38386) is described in British
Patent Specification No. 1,162,027. Specific examples of the preparation of
sordarin using similar procedures are reported hereinafter.

Sordaricin may conveniently be prepared under farmentation conditions similar
to those described for preparing sordarin using Sordaria araneosa NRRL 3196
or a suitable mutant thereof, with isblation of the desired compound using
appropriate chromatographic means. One such mutant has been deposited in
the permanent culture collection of the CAB International Mycological instituts,
Genetic Resource Reference Collection, Bakeham Lane, Egham, Surrey TW20
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9TY England The straln was received and accepted by the Instltute on 11

August. 1994 and was subsequently given the accession number IMI 362947
and a date of conﬁrmatlon of viability of 19 August 1994 The tnstltute is an

_ lntematlonal Deposltcry authonty recognised under the Budapest Treaty The
| characten_st_t__cs thus far identified for IMI 36_294_7 are_glven_ln Exa_mple 75

The present mventton provndes in a further aspect the mxcroorgamsm IMI
362947 per se and mutants therof.

- Processes for obtalmng mutants of lMl 362947 and its genetlc matenal wsll be
similar to those descnbed herelnabove for the mampulatlon of IMI 362184.. .

Sordancm may also be prepared from sordann usmg a bnotransformatnon o

procedure. The biotransformation may convenlently be effected by mcubatmg -

sordarin in a culture compnsmg a suitable organism ‘and sources of carbon and
nltrogen including those sources specified herelnabove and thereafter isolating

_sordancln from the culture.

Mtcroorgamsms capable of convertmg sordann tc sordancm may readtly be .

identified by using a small scale test and analysmg a test sample obtained using
standard methodology, for example, usm HPLC. We have identified one such
microorganism and deposited it with the National Collections of Industrial and
Marine Bacterla Limited (NCiMB), 23 St Machar Drive, Aberdeen AB2 1RY,

Scotiand. The strain was received by the NCIMB on 4 August 1994 and was

the same day accepted for depostt for patent purposes and the vnabthty of the

mlcroorgamsm confirmed. The. mtcroorgamsm whtch is a Ceryneform specles

| having the characteristics. gwen in. Example 76, has been’ asslgned the

accession number NCIMB 40675. The NCIMB is an International Depository

_ authonty recognlsed under the Budapest Treaty

“The mventlon thus provndes |n another aspect the mlcroorgamsm NCIMB 40675

ggLsg and mutants thereof
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According to another a_sp'ect of the present invention we provide the genetic
material of NCIMB 40675 and mutants thereof that participates in the
bioconversion of sordarin to sordaricin.

Processes for obtaining mutants of NCIMB 40675 and its genetic material will
be similar to those described hereinabove for the manipulation of IMI 362184,

Cultivation of the NCIMB 40675 will generally be effected at a temperature of
from 20° to 40°C, preferably from 20° to 35°C, especially about 28°C, and will
desirably take place with aeration and agitation, e.g. by shaking or stirring. The
medium may initially be inoculated with a small quantity of mycelium and/of
spores. The vegetative inoculum obtained may be transferred to the
fermentation medium or to one or more seed stages where further growth (e.g.
over about 1-3 days) takes place befare transfer to the principal fermentation
medium. The principal fermentation medium will also comprise sordarin and the
fermentation will generally be carried out in a pH range of 3.5 to 9.5, preferably
about 7.5. It may be necessary to add a base or an acid to the fermentation
medium to keep the 'pH to within the desired range. Suita_ble_ bases which may
be added include alkali metal hydroxides such as aqueous sodium hydroxide or
potassium hydroxide.  Suitable acids include mineral acids such as
hydrochloric, sulphuric or phosphoric acid. Fermentation may be carried out
over a period of 4 to 8 days, preferably about & days. An antifoam may be
present to control excess foaming and added at intervals as required. Carbon
and/or nitrogen sources may also be fed into the fermentation medium as

required.

it will be appreciated that biotransformation méy be effected according to a
number of alternative methods. For example cells may be grown and harvested
prior to addition to a solution of sordarin in, _for example, buffer, spent
fermentation medium or water. It is also feas’bte that the appropriate enzymes
could be isolated and used or the enzymes cloned and overexpressed

The separation and isolation of sordaricin from the fermentation broth may be
effected by the general procedures previously described. When it is desired to
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lower the pH of the liquor to about pH 6 this may convemently be achleved by
the addltlon of an acid such as orthophosphonc aord

It is to be understood that the ferm'eht'atron 'énd Bidconversion prooesses
described heremabove for preparlng sordarlcm represent further aspects of the
present mventron E

The examples hereinafter illustrate aspects of the present lnventlon and are not

' |ntended to Ilmlt the mventlon in any way
- PREPARATION1 e
P[gductiong'sordarin A T
A culture of Sordana araneosa NRRL3196 (ATC036386) was grown on'an agar

 medium until mature growth occurred émm dtameter plugs of the agar -
contarnlng the growth were transferred to sterile water or Braln Heart Infusion

broth (Oxoid) + 10% glycerol and stored at amblent temperature ‘or -140°C
respectrvely A suspension. contalnlng 2 of these agar plugs was used to
lnoculate a 250m| Erlenmyer ﬂask contamlng 50ml of rnedlum Fs '

lMediumF§ A -
| Peptone(()xoid L34) - | 10
Malt extract (Oxoid L39) 21
Glycerol (Glycerine CP) , | 40
Junjon 110 (Honeywell & Steln) o 1
Distilled water o |

_The culture was mcubated at 25°C for 5 days ona rotary shaker operated at 250

rpm with a 50mm drameter orbrtal motlon Aquuots (2ml) ‘of the developed
inoculum were used to inoculate further 250 mi’ Erlenmyer flasks containing
medium FS (50ml) which were incubated as descnbed above 80ml of the

B bulked shake ﬂask developed rnoculum was used to moculate each of two 7L

fermenters containing 5L of medrum FS. The fermenitations were controlled to a
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temperature of 25C. The culture was agitated at 400 rpm and aerated at 2 Lpm.
After 3 days fermentation, 10L of culture was used to inoculate a 780L
fermenter containing S00L of medium SM55VAR.

SM55VAR alt
Glucidex 32D (Roquette Frere) 74
Peptone {Oxoid L37) 10
Proflo {Traders Protein) 30
Beet molasses 15
MgS04.7H20(BDH) 5 ’
CaCOg3 (BDH) | 5
FeS04.7H20 (Sigma) 2
ZnS04.7H20 (BDH) 0.04
L-trytophan (Sigma) 2
PPG2000 (K & K Greef) 0.5
Silicone 1520 (Dow Coming) 0.04
Distilled water

The fermentation was controlled to a temperature of 25°C. The broth was
agitated at 300-350 rpm and aerated at 200 Lpm. 70% (w/v) Meritose (Tunnel
Refineries) solution was fed to the culture to maintain a positive residuat
glucose concentration. Distilled water was fed to maintain a culture volume of
500L. PPG2000 antifoam was added on demand to contrél foaming. Whole
broth extracts (in aqueous acetonitrile + 1% trifluoroacetic acid) were assayed
for presence of sordarin by reverse phase HPLC. The culture was harvested
after 11 days when the extract of a broth sample indicated a sordarin titre of 0.6
g/L. Fermentation broth was made 0.1M with respect to sodium hydroxide and
after storage at ambient temperaiure overnight was filtered through Dicalite on a
rotary vacuum filter (1% Dicalite was added fo the broth as filter aid). The
filtrate was adjusted to pH 6-7 with concentrated sulphuric acid and the solution
was applied to XAD16 resin (1b volumes of filtrate/volume resin). The
adsorbent was washed w&th water and acetone:water (1 :3) in both cases fo give
a clear efflusnt before sordarin was eluted with acetone;water (3:1 ; 2 column
volumes collected). Flow rate throughout the process was between 1-2 column
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volumes/r. The eluate was oonoentrated to a small volume (8.5L). The
conoentrate was ad;usted to pH 3 wuth phosph'o': 'aold and stood overmght at
ambient temperature to allow precipitated sordarin to settle. Supematant was
decanted then centnfuged and the supematant was dlscarded Centrifuge
pellets and precipitate were taken up in 75% aqueous acetonitrile to give 3.9L of
a dark brown solution. To this was added 1.0L 0.2M NH4H2PO4 with stirring,
and the solution was adjusted to pH 4.0 with phosphonc acid, to give a final
volume of 5.0L with approximate composltron 60% aoetomtnle - 0.1M
NH4HoPO4. The crude sordarin solution (5.0L) from above was subjected to
preparative HPLC in 10 mjectrons (450-550mi each) on a column (15cm x 25cm)_
of 7mm Kromasil C8 in mobile phase of 50% actonitrile - 0.1M NH4H2PO4, PH_ |

4 (S0L acetonitrile made up to 100L with water containing 575g NH4H2PO4 and
- 40m| H3PO4) flow-rate 600mi/min, detection by uv absorbance ( 21 Onm).

- The fraction eluting between 15 4 and 18. 2 min was colleoted Pooled fractlons

from the 10 injections (23L) were diluted wrth water to 50L and thls solutron was
pumped back through the Kromastl column at 28Uh The oolumn was washed
with water (25L) then eluted with 90% acetomtnle (10L).” The eluata was
evaporated to a residue of 1300mi which was freeze-dried to yleld the title
compound as a buff powder (105.69). ‘MS and NMR analysls of the product

| showed equlvalence wnth an authentlc sample of sordann

PREPARATIONZ
 Prod ction of s ""'n"ota 'si"msalt

Sordana araneosa NRRL3196 (ATCC.36386) was malntalned ln Braln l-leart'
Infusron broth (OXOId) + 10% glyoerol at -1 40°C as desonbed in Preperatlon 1.

A suspenslon contalmng 2 agar plugs was used to mo_oulate a 250mi Erlenmyer
flask containing 50mi of medium FS. The culture was incubated at 25°C for 5

_ days on a rotary shaker operated at 250 rpm wrth a 50mm dlameter orbital

motion. Allquots (2m|) of the developed rnoculum were used to mooulate further
250 mi Erlenmyer flasks oontammg medlum FS (50ml) and moubated as
described above. 80ml of the bulked shake ﬂask developed inoculum was used

to inoculate each of two 7L fermenters: oontalmng 5L of medium FS. The

fermentatlons were controlled to a temperature of 25°C The oulture was .
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‘agitated at 400 rpm and aérated at 2 Lpm. After 3 days fennentatioh, 10L of

culture was used to inoculate a 780L fermenter containing 500L of medium SD1.

801 alL
‘Meritose (Tunnel refineries) 22

Lactose 20

Glucidex 32D (Roquette Frere) 30

Arkasoy {The British Arkady Co.) 20

CSL 20

FeCl3.6H20 0.05 .
NH4HoPO4 5

ZnS04.7H70 (BDH) 0.1

PPG2000 0.5

Distilled water

The fermentation was controlled to a temperature of 25°C. The broth was

‘agitated at 350 rpm and aerated at 200 Lpm. Distilled water was fed to
" ‘maintain a culture volume of S00L. Whole broth extracts were assayed for

presence of sordarin by reverse phase HPLC. The culture was harvested after
6 days when the extract of a broth sample indicated a sordarin titre of 1.3 g/L. A
50L sample of harvest broth was made 0.1M with respect to sodium hydroxide
and stored at 4°C overnight. Cells were removed by vacuum filtration through a
bed of Dicalite adding an additional 2% Dicalite to the broth as filter aid. The

filtrafe was adjusted to approximately pH 6 with concentrated sulphuric acid.
‘Broth extract was pumped through a bed of Amberchrom CG161 resin at

320mi/min (0.64 bed volumes per min). The effluent was monitored by HPLC.
After 45 min (equivalent to a pumpad volume of 14.4L) sordarin began to break
through and pumping was halted. The atisorbent was washed- with water (2L)
then 25% v/v acetone in water (2L). Sordarin was eiuted with 75% v/v acetone

" in‘water (1.5L). The 75% /v acetone eliiéte was evaporated to about 200mi by

rotary evaporation at 40°C. 200mi butan-1-ol was added and the evaporation
continued until a viscous oif remained (containing some butan-1-ol). The oily
residue was extracted with hot methanol {2 x S500ml). Extracts were combined,
filtered (Whatman no 1 paper) then evaporated at 40 to 45°C to give a viscous
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“oil. This was extracted with hot acetone (2 x-500mi). Acetone extracts were

combined, filtered and evaporated to a viscous: oil.- Propan-2-ol (350ml) was
added and the oil dissolved at 45°C to give a clear brown solution. A solution of
potassium-z-ethylhexanoate (_39% wiw solution in propan-2-ol, 54g) was
weighed into a 500mi conical flask. The sordarin-containing solution in propan-
2-ol was poured into the conical flask, the contents mixed; and’ left to stand for
4h at room temperature. The solution was seeded with sordarin potassium salt
(about 5mg) and the stoppered flask was stored for 3 days at 4°C. The off-white
solid which formed was filtered under vacuum (No 4 sinter funnel) a_nd the filter
cake was washed with propan-2-ol (about 20-30m|). The solid was transferred-
to a crystallising dish and dried in vacuo over P205 for 16h to give the title,

compound (10.5g).

PREPARATION 3 :
Production of sordarin gotassnum salt

- 500 litres of culture broth was. prepared: as. in: Preparation 1. The broth was

made 0.1M with respect to sodium hydroxide and after 4 days at 0°C was

filtered through a bed of Dicalite on a rotary vacuum filter = 1% Dicalite was

added to the broth as: ﬁlter aid. The pH of the filtrate was adyusted from pH 96
topH7. 5 with concentrated sulphuric acid. Filtrate (1 OL) was adjusted topH 6
with H3PO4 and applied to a bed (200ml) of XAD-16 resin packed in water at a

flow-rate of 1-1.5 bed volumes/h. The resin bed was washed with water (1 bed

volume) then with 25% aqueous. isopropanol '(2.5 bed volumes) before elution
with neat tsopropanol After a fore-run of 50ml the .isopropanol eluate was
collected as: 100ml fractions. Sordarin-rich. fracttons 2-6 inclusive were pooled

and evaporated to half volume. Isopropanol was: added to bring the. volume
- back to 500mi, then the evaporation to halif volume repeated to remove residual

water by azeotropic distillation.. After a third evaporation to.haif volume the
residue was filtered: and. the filter was washed with ls_opropanol To the

- combined filtrate and washings (400mi) was added a solution of potassium 2-

ethylhexanoate. (8g) in isopropanol (100ml).. The mixture was seeded with -
sordarin potassium. salt and  stood. for several days at 4°C whilst a slow
crystalhsatlon took place Crystals were filtered on a No. < smter washed wuth
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a little ice-cold isopropanol and dried in vacuo to yleld the title compound as a
pate brown powder (4.85g).

PREP TION 4 _
Production of 4'-demethyisordarin

(®

IMI 362184 was maintained in Brain Heart Infusion broth (Oxoid) + 10%
glycerol at -140°C as described in Preparation 1. A suspension
containing 2 agar plugs was used to inoculate a 250ml Erlenmyer flask
containing 50m! of medium FS. The culture was incubated at 25°C for 5°
days on a rotary shaker operated at 250 rpm with a 50mm diameter~
orbital motion. Aliquots (2ml) of the developed inoculum were used to
inoculate further 250 mi Erlenmyer flasks containing medium FS (50mi)
and incubated as described above. 80mi of the bulked shake flask
developed inoculum was used to inoculate each of two 7L fermenters

‘containing 5L of medium FS. The fermentations were controlled to a

temperature of 25°C. The culture was agitated at 400 rom and aerated at
2 Lpm. After 3 days fermentation, 10L of culture was uséd to inoculate a
780L fermenter containing 500L of medium SMSSVAR (as described in

Preparation 1). The fermentation was controlled to a temperature of
25°C. The broth was agitated at 350 rpm and aerated at 500 Lpm. 70%

wiv Meritose (Tunnel Refineries) solution was fed to' the culture to
maintain a positive residual glucose concentration. Distilled water was
fed to maintain a culture volume of 500L. Whole broth extracts were
assayed for prasence of 4'-demethyisordariri by reverse phase HPLC.
The culture was harvested after 10 days when the extract of a broth
sample indicated a 4'-demethyisordarin titre of 0.8 g/L. Fermentation
broth was made 0.1M with respect to sodium hydroxide and after 1 hour
at ambient témperature was filtered through Dicalite on a rotary vacuum
fitter (1% Dicalite was added to the broth &¢ filter aid). The filtrate was
ad;usted to pH 4.5 with concentrated sulphiirit acid and the solution was
applied to XAD16 resin (20g product/l. resin). The adsorbent was
washed with 0.1% phosphoric acid (10 column volumes) and
acstonitrile:water 1:4 (6 column volumes) before the product was sluted
with acetonitrile:water (1:1 ; 2 column volumes). Fiow rate throughout
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the process was between 1-2 column- volumes/hr. The: eluate: was

concentrated to dryness with the addition of butan-1 -ol and the solid was
extracted with methanol (12L) followed by acetone (10L) at 60°C

Insoluble material was removed at each stage by filtration: through-ano 3
glass sinter and the extracts concentrated to dryness as before. The
solid was crystallised from acetonltnle water (3:7) before being
recrystalllsed from the same solvent and. dried- to constant: werght over

P20s to give the ttle comgoun (244 0g), whlch by proton NMR analysis

showed equnva_leno_e_ with an authentic sample of 4'-demethylisordarin.

The fennentation procedure in (i) abOVe was followed, .and after the broth,

was made 0.1M with respect to’ sodlum hydroxide this was ultrafiltered

- through ETNA. 10A membrane (10kDalton cut-off). -After diafiltration with

water the bulked permeate was a clear solution. After adjustment to pH'
5.2, using concentrated sulphuric acid, the: permeate was loaded to a

.column of XAD16 resin at a rate of 2 column volumes per hour to give a

final loadlng of 329 4'-demethylisordarin per: litre of resin.- The column
was washed at a rate of 2 column: volumes per. hour first w:th 0.1% viv
phosphonc acid and then with 20% viv. acetonitrile/water (10 column
volumes of each).. The column was eluted with 65% acetonltnlelwater at

2. column- volumes per hour A forerun of 0.75. column volumes was

discarded. 85%: of the loaded 4’-demethylsordar|n was recovered in the
next 1.6 column volumes of eluate The rich. eluate. was. treated by
stlrnng for§ mlnutes with 2% wiv- of DE52 cellulose which was removed
by filtration. _An aliquot of DESZ treated eluate was concentrated to 62%

of the onglnal volume (43%: acetonrtnle) using a rotary evaporator The

concentrated eiuate was ‘held:at. 4°C for 15 hours. to crystalllse and the

‘solids formed oollected by fi ltratlon through a glass sinter. The crystals

were washed wnth four cake: volumes of 30% vIv acetonltnlelwater and

dried at 30°C in vacuo. " The m_lmm_ (1 949) was recovered from
the conoentrated eluate as a pale, grey solld
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Microorganisms capable of demethylating sordarin at the 4'-.posit§'on could be

- identified by growing them at 28°C (bacteria) or 25°C (fungi) in 10mi volumes of

SB1 (bacteria) or FB1 (fungi) in 50mi conical flasks shaken at 250rpm. After 2
days, sordarin was added to a final concentration of 0.5mg/ml {from a 200mg/ml|
stock solution in 80% ethanol) and the flasks were then incubated for a further 3
days. A 500ul sample of whole culture was mixed in an Eppendorf tube with
500ui of 80% acetonitrile/2% trifluoroacetic acid and left to extract at room
temperature for 30 minutes. The extract supernatant, obtained by centrifuging
samples in a microfuge was assayed by isocratic HPLC for the presence of 4'-
demethyisordarin. 4'-demethyl sordarin eluted at 3.35mins with a mobile phase
of 35% acstonitrile in water, flow rate 2mi/min, using a Spherisorb Cg column
(Sum, 15cm x 4.6mm). By this method, the following microorganisms were
identified as sordarin demethylators:

Streptomyces capreolus ATCC 31963
Streptomyces avermitilis ATCC 31272
Streptomyces armentosus NRRL 3176
Streptomyces antibioticus ATCC 31771
Streptomyces rimosus ATCC 23955
Streptomcyes platensis ATCC 29778
Streptomyces mashuensis ATCC 23934
Streptomyces eurythermus ATCC 14975
Nocardia orientalis ATCC 43491
Cunninghamella echinulata var elegans ATCC 36112
SB1 Medium alt

Arkasoy ‘ . 25

Yeast extract 5

KHoPO4 ' 5

Glucose 20

Distilled Water

pH7

FB1 Medium
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-~ Soya oil S e0
- Arkasoy . 10
Yeastextract =~ 5
- Distilled Water ' S
pHS.5
PR PA TONG

- 0. 3ml of a spore suspension of Streptomyces capreolus ATCC 31 963 {in 15%

viv glycerol stored at -20°C) was inoculated into 30ml SB1 medium in.a 250ml
Erlenmeyer flask to give a seed culture which was incubated at 28°C and
250rpm on a rotary shaker. After 4 days, 0.5ml of this was used to inoculate
35ml SB1 in a 250ml flask which was grown for 48 hours at 28°C, 250rpm. At
this stage, the culture was aliquoted as 10ml amounts into 50mi Erlenmeyer
flasks which were fed with 5mg sordarin (from a 200mg/mi stock - solution in
ethanol). Incubation was continued for a further 3 daysﬁ 80% viv éc_e_tonitrile in
water (14ml) was added to whole broth (14ml) and the mixture was kept at room
temperature and occasionally agitated.  After 30 minutes, the cells were
removed by centrifugation. Acetonitrile was removed by evaporation and the pH
of the aqueous: ‘solution: was adjusted to 2.5 with orthophosphonc acid. - The
solution was passed through a column containing Amberlite XAD-16 resin (bed
volume 5ml). The adsorbent was washed sequentially with water (10ml), 10%
viv acetonitrile in water (20mt),: 30% viv acetomtrlle in water (10ml), 50% viv
acetonitrile in water (20ml) and 20% v/v acetonitrile in water (10ml). Fractions
were monitored by HPLC; 4'-demethyisordarin was located in the 50% viv
acetonitrile in water eluate.. The fraction containing 4'-demethyisordarin was

evaporated to dryness in vacuo at the room temperature and the residue was -

re-dlssolved in 35% v/iv acetonitrile in water (15ml). 4'-demethylsordann was -
purified by preparatlve HPLC :

Column Spherisorb 5 micron Cg 25cm x 2.5¢cm
Flow rate - 25mi/min
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Detection UV at 210nm o
Mobile Phase 350ml acetonitrile made up to 1000mi with 0.05M ammonium
' dihydrogen phosphafe in water. pH adjusted to 2.5 with
orthophosphoric acid
injection volume  4.5mi

4'-Demethylsordarin was eluted after 10.0 minutes under these conditions. The
pooled fractions from four HPLC runs were diluted 1:1 with water then pumped
back onto the silica {after washing this with acetonitrile and re-equilibrating with
water). The adsorbent was washed with water (200mf) and adsorbed product
was eluted with 95% v/v acetonitrile in water (200ml). The acstonitrile/water
eluate was evaporated to remove organic soivent, and the agueous solution
freeze dried to yield 4’-demethylsordann (1.5mg) as a white powder.

5 (‘H,CDCly); 9.74(s,1H), 6.08(brd,3,1H); 4.70(d,1.5 AH), 4.16(d,9.5,1H);

4.08(dd,4.5,3.5,1H); 3.88(dd,4.5,1.5,1H), 3. 75(dq,8 56,1H), 3.62(d,9.5,1H);

3.68(dd,8.5,3.5,1H); 2.65(m,1H); 2.34(m,1H);, 1.32(d.6,3H); 1.30(d,12.5,1H);
1.23(m,1H); 1.04(d,7,3H}); 0.99(d,7,3H); 0.81(d,7,3H)

PREEARATION
Produgson of sgrgancm

The procedure according to Preparatlon 1 was followed up to and including the
preparatlve HPLC stage. The fraction eluting between 21.4 and 25.0 min was
collected. Pooled fractions from the 10 injections (22L) were diluted with an
equal volume of water and this solution was pumped back through the Kromasil
column at 28Lh. The column was washed with water (20L) then eluted with

- 90% acetonltnle (4.5L). This eluate was combined with the corresponding

eluate fraction (4.5L) from a similar fermentation which had been processed by
the same procedure. Combmed 90% acetonitrile eluates were concentrated by
rotary evaporation until product began to crysta‘lllsa (volume about 1.6L). The
residue was heated on a 60°C water bath with addition of the minimum volume -
of acetonitrile to give a clear solution. The solution was cooled and stored at
4°C. Crystals were filtered on a No.3 sinter and dried in vacuo to yield a brown
solid. This was recrystallised from acetonitrile:water (40:60) and the product
was filtered, washed with 25% acetonitrile and dried in vacuo to give the title
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. mgoung (10.7g). MS and NMR analysrs of the product showed equlvalence
_ with an authentrc sample of sordanctn

PREPARATIO

. Biotransformat!'_on of sordarin to sordaricin

A0 2ml suspenslon of NCIMB 40675 was used to moculate a 250ml Erlenmyer
ﬂask contalmng 50m| of nutnent broth (Oxord) supplemented wrth 0 2% Yyeast
extract ‘The culture was rncubated at 28‘0 for 29 hours on a rotary shaker .

_ operated at 250rpm wrth a 50mm orbltal motlon Allquots (1ml) of the developed-

moculum were used to moculate further 250m| Erlenmyer ﬂasks contalmng SOmi

~ of double strength nutnent broth (OXOld) supplemented wrth O 1 % yeast extract.

These were mcubated as above for 24 hours 62 of these ﬂasks were pooled to

~ provide 2.65 l|tres of developed culture whlch was ‘added to 30 litres sordarin _
_'fermentatlon t‘ ltrate pH adjusted to 7. 5, prepared as ln Preparatlon 1. The

reaction was oarned out ina 70 lrtre fermenter at 30°C agrtated at 200rpm,
aeration at O. SVWM. The pH was controlled to 7.5 by addition of 1N
hydrochloric acid. After 6 days approxlmately 169 of sordarin was converted to
sordaricin.. Biotransformation-broth was filtered through- challte on a vacuum
filter and the bed was washed with water to give 31.5L filtrate, pl-l8 2. This was _'

fadjusted to pHG 0 with H3P04 and pumped through a bed (25cmx5cm) of
- Amberchrom CG1 61 resrn at 290mllmm ‘The Amberchrom bed was washed
fwrth 0. ‘l% H3P04 (2L) and 25% aoetonltnle (4L) then eluted with 60% CH3CN

(2L) Eluate was concentrated by rotary evaporatron untll the onset of |
crystallrsatlon then the resldue was heated ___on a60°C water bath wrth addltrons i
of the minimum acetonltnle to grve acle 'solutlon Thls was cooled and chilled
at 4°c ovemlght Crystals were fi ltered washed wrth 25% aoetomtnle and dried

" in vacuo to grve a brown powder Crude product was recrystallrsed from 1L of
B acetonltnle water (40 60). fi ltered washed and dned as above to yield -
) sordancln as pale brown needles (6 159) o I |
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PREPARATION 9
Biotransformation of sordarin to sordaricin

A loopful of surface growth from an agar culture of NCIMB 40675 was used to
inoculate a 250ml Erlenmeyer flask containing 50mi of nutrient broth (Oxoid)
supplemented with 0.2% yeast extract. The culture was incubated for 26 hours
at 25°C on a rotary shaker operating at 250rpm with 2 50mm diameter throw.
1ml aliquots of the developed culture were used to inoculate 250ml Erlenmyer
flasks as described above. The flasks were supplemented with pure sordarin in
80% ethanol to give a final concentration of 1.25mg/ml. The flasks weré
incubated as above for 8 days, then bulked to give 385mis of cuiture broth
containing sordaricin. Bioconversion mixture was centrifuged to remove NCIMB
40675 cells, and supernatant (350ml) decanted. To supematant was added
Whatman Partisil P40 ODS-3 (5ml, pre-wetted with acetonitrile) and the pH of
this mixture was adjusted to 4.0 with H3PO4. Partisil was filtered off on a
Buchner funnel and eluted with acetonitrile (100mi) followed by 75% acetonitrile
{100ml). Combined eluates were evaporated to an aqueous residue of 10-15ml.
This was heated on a 60°C water bath and acetonitriie added untit a clear
solution was obtained, then heating maintained and water added until the
solution became cloudy. The mixture was cooled and stored at 4°C for several
days. Crystals were filtered on a No.3 sinter, washed with water and dned n
vacuo over P20s to give sordaricin as white needles (32mg)

PREPARATION 10

Production of sordaricin

A frozen ampoule of IMI 362947 was used to inoculate 50ml of seed medium FS
in a 250ml Erlenmeyer flask. This flask was incubated at 25°C for 6 days on a
rotary shaker operated at 250rpm with a 50mnt diameter orbital action. Aliquots
(1mi) of the developed inoculum were used to inoculate four 250ml Erlenmeyer
flasks containing 50ml shake-flask production medium SM55/A.
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SMSS/A . all

Maltodextrin MD30E (Roquette Frere) - 120

.Beetmolasses = . 15

Pepto_ne(OxeudLST_) SR - 0 -

Proflo (Traders Proteiny =~ =~ 30~ -

- L-Tryptophan (Sigma) = - 2

ZnSO47HOBDH) - 004"

FeS04.7Ho0 (Sigma) -~ - 2

CaCOz(®BDH) -~ ~ . . &7 o |
MgSO47H20(BDH) S 5 . . S

] Made up in dlstllled water and autoclaved at 121 °c for 120 minutes.

.These cultures were mcubated ‘as descrlbed above for 7 days. The flask
- contents were pooled and a 40m| portion was treated with 1N sodium hydroxtde

(4ml) with occasional agitation at- roo_m temperature for 45 minutes. The cells
were then removed by centrifugation at 3000rpm- for 20 minutes, the
supernatant was taken and the pH was adjusted to: 3 with 1N hydrochlonc acid.
The solution: was passed through-a Bond Elut column (1g size; C18) and the
adsorbent was washed with water (20mi)’ then eluted with 90% v/v acetonitrile in -
water (15mi). The eluate was evaporated to. c_Iryness at room temperature: and
the residue was taken up in 50% v/v acetonitrile in water (9'ml'). ‘Sordaricin was
purified by preparative HPLC:

Column ) Spherisorb 5 micron ODS-2 (25cm x 2.1cm)

Fiow rate ' 25mi/min
. Mobile phase . * - 550ml acetonitrile. made up-1000mi with water with 1ml
- - - trifluoracetic acid added per litre-of mobile phase :
Detection .. -~ '210nm - - -
Injection volume: - - 4.5m}

Sordaricin eluted after 6.0 minutes under these conditions. - Fractions containing
sordaricin were pooled, acstonitrile was removed by rotary evaporation at room
temperature, and the aqueous solution was freeze dned to yleld the title

__mgg_tm (8. 9mg) as a white powder.
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INTERMEDIATE 1
1R-(1a._3aB 48 4a 7aq. 8aB)] 8a-{(6-Deoxy-B-D-altro nosyl methyl

4-formyl-4 4a,5.6.7. 7a 8 Ba-octahydro-7-methyl-3-{1-methylethyl)-1.4-methano-

indacene-3a(1H)-ca lic acid. diphenvimethyl ester

To a solution of 4'-demethyisordarin (10g) in methanol (200ml) was added
dropwise at room temperature a 0.35M solution of diphenyldiazomethane (90mt)
in methylene chioride, and the mixture was stirred for 6 hours. The solvent was
evaporated to dryness and the residue chromatographed in a silica gel flash
column with hexane:ethyl acetate (3:1) as eluent to give the title compound
(12.69) as a pale yellow foam.

5 (H, CDCl3): 8.73 (s, 1H, CHO), 6.98 (s, 1H, CHPh2), 6.05 (dd, 1H, H-2, J=1.5
and 3.6 Hz), 4.65 (d, 1H, H-1', J=1.5 Hz), 4.09, 3.76 (2d, 2H, 8a-CHp, J=SHz),
4.01 (m, 1H, H-2'), 3.84 (m, 1H, H-3), 3.756 (m, 1H, H-§'), 3.69 (m, 1H H-4"),
2.73 (t, 1H, H-1, J=4.2 Hz). :

INTERMEDIATE 2
1R-{1. 3aB. 4B. 4aB. 78. 7ac. 8apB)] Ba-[{6-Deoxy-3.4-0O-isopropylidene-B-D-

aItroQy@nosxlog)methxl]-ti-fomu,4a,5,6,7,7a,s,sg-octah!drgﬁmeth!l-:%-(1-
methylethyl)-(1H)-1.4-methano-s-indacene-3a{ 1H)-carboxylic acid,
diphenyimethy| ester

To a solution of intermediate 1 (650mg) in 15ml of dimethoxypropane:acetone
{1:2) was added p-toluensulphonic acid {10mg). The solution was stired at
room temperature for 1.5 hours, then potassium carbonate (1.0g) was added,
the stirring continued for 30 minutes and the solvent evaporated to dryness. The
crude mixture was partitioned between ethyl acetate (50ml) and water (25mi),
the aqueous phase was extracted with ethyl acetate (2x50mi), the organic
phase was washed wath brine, dried over magnesium sulphate and evaporated
to dryness. The residue was flash chromatographed on silica gel eluting with
ethyl acetate:hexane (1: )] to give the Mmu {600mg) as a white foam.

5 (1H, CDClg): 9.73 (s, 1H CHO), 7.45-7.24 (m, 10H, 2Ph), 6.98 (s, 1H,
CHPhy), 6.06 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.57 (d, 1H, H-1', J=3.0 Hz), 4.30
(dd, 1H, H-3, J=3.6 and 5.7 Hz), 4.07 (d, 1H, 8aCHy, J=9.0 Hz), 3.95-3.93 (m,
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1H, H-2'), 3.85 (dd, 1H, H-4', J=5.7 and 9.3 Hz), 3.75 (d, 1H, 8aCHg, J=9.0 Hz),
3.4 (dq, 1H, H-5, J4=9.3 Hz, Jg=6.3 Hz), 2.73 (t, 1H, H-1, J=3.6 H2).

Toa suspensron of Intermedrate 1 (500mg) and p-toluensulphonlc acid (Smg) |n-'

dichloromethane (5ml) was added 2 2-d|methoxypentane (2m|) The mixture was

stirred at room temperature for 2 hours. Potasslum carbonate (150mg) was |
added and the stlmng contmued for 30 mmutes The solvent was evaporated to
dryness and the residue ﬂash chromatographed on silica gel eIutlng with ethyl

- acetate:hexane (15: 85) and (30: 70) to give the't tle comgoun (474mg)

& ('H, CDCl3): 9.73 (s, 1H, CHO), 7.45-7.24 (m; 10H, 2Ph), 6.98 (s, 1H,
CHPhy), 6.06 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.57 (d, 1H, H-1', J=2.1 Hz), 4.30
(dd, 1H, H-3, J=3.9 and 6.0 Hz), 4.04 ( d, 1H, 8aCHj, J=9.0 Hz), 3.94-3.91 (m,

© 1H, H-2", 3.86/(dd, 1H, H-4", J=6.3 and 9.6 Hz), 373 (d. 1H, BaCHz J=9.0 Hz), |
3.45 (dg; 1H, H-S Jd-QOHz Jq=60 Hz) 272 (t 1H H-1, J-36Hz)

NTERMngATg _4 : :
R- a 4 4a 7aa 8a 8a B-Deo - 4- 4—metho -2~

] rbo I| acrd di hen Imeth Iester

: To a suspensron of lntermedlate 1 (350mg) and p-toluensulphomc acld (5mg) in

dichloromethané (4ml) was added 2,2 4-tr|methoxybutane (1ml). The mrxture |
was stirred at room temperature for 1 hour. Potassium’ carbonate (150mg) was
added and the stirring continued for 30 manutes The solvent was evaporated to

' dryness and the residue ﬂash chromatographed on srhca gel eluting wnth ethyl

acetate: hexane (3:7) and (4 6) to obtain the _tlgﬂmr_\g (290mg) ina 31
epimer ratio. '
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5 (1H, CDClg) signidls of the major component: 9.73 (s, 1H, CHO), 7.45-7.20 (m,

40H,2Ph), 6.98 (s, 1H, CHPhy), 6.06 (dd; 1H, H-2, J=1.5 and 3.6 Hz), 4.57 (d,

1H,"H-1", J=2.1 Hz), 4.31 (dd, 1H, H-', J=3.9 and 6.0 Hz), 4.05 (d, 1H, 8aCHy,
J=8:0'Hz), 3.95-3.90 (m, 1H, H-2"), 3.88 (dd, 1H, H-4', J=6.0 and 9.3 Hz), 3.73
{d, ‘1H, 8aCHg, J=8.0 Hz), 3.51 (t, 2H, CH20, J=7.2 Hz), 3.50-3.45 (m, 1H, H-
5%, 3.33 (s, 3H, CH30), 2.72 {t, 1H, H-1, J=3.6 Hz).

INTERMEDIATE 5

To a suspension of Intermediate 1 (160mg) in dichloromethane:1,1-
dimethoxycyciopentane (3:1, 4ml) was added p-toluensulphonic acid (5Smg) and

tHe ‘mixture was stifred at room temperature for 2 hours. Potassium carbonate

(ig) was added and the stirring continued for 30 minutes. The solvent was
evaporated to dryness and the residue was flash chromatographed on silica gel
eluting with ethyl acetate:hexane (1:4) to obtain the title compound (142mg]).

3 (1 H, CDClg): 9.73 (s, 1H, CHO), 7.45-7.25 {m, 10H, 2Ph), 6.98 (s, 1H,
CHPhy), 6.06 (dd, 1H, H-2, J=1 5 and 3.6 Hz), 4.55 (d, 1H, H-1*, J=1.8 Hz), 4.17
(dd, 1H, H-3', J=3.0 and 5.1 Hz), 4.08 (d, 1H, 8aCHy, J=8.0 Hz), 3.95 (dt, 1H, H-
2, Jg=1.8 Hz, Jt=3.0 Hz), 3.81 (dd, 1H, H4', J=5.1 and' 9.3 Hz), 3.76 ( d, 1H,
8aC_H2, J=9.0 Hz), 3.42 {(dq, 1H, H-5", J4=9.3 Hz, Jq=6.3 Hz), 2.73 (1, 1H, H-1,
J=3.9 Hz).

INTERMEDIATE <) :
1R- 1o, 3 4a i 7aa 8a ﬁa SOXY- 4~ ISO ropylidene-2-

intermediate 2 (100mg) and imidazole (1mg) were dissolved in dry
tatrahydrofuran (4ml) under nitrogen atmosphere. Sodium hydride (5mg) was
added and the suspension was stirred at room temperature for 0.5 hours.
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Carbon disulfide (27ul). was added the stlmng continued for 20 manutes and

- methyl iodide (18ul) was.added. After 2 hours: the reactlon was. stopped by .

addition of 1N ammonium chlonde (20ml) The rmxture was extracted with ethyl
acetate (3x25mi), the organlc phase ‘was washed wnth brine, dned over

- magnesium: sulphate and the solvent evaporated to dryness The restdue was ]

purified in a flash chromatography column on silica- gel. elutlng with. ethyl
acetate: hexane (1:9) to give the title comgoun (1 10mg)

5 (H, CDCl3): 9.71 (s, 1H, CHO), 7.44-7.25 (m, 10H, 2Ph) 6.96 (s, 1H,
CHPhy), 6.01 (dd, 1H, H-2, J=1.2and 3.6 Hz), 6.90 (dd 1H H-2' .l-24and54 _

Hz), 485 (d, 1H, H-1', J‘24 Hz) 4.53 (dd 1H H-3' J-54 and 63 Hz) 400
- (dd, 1H, H-4', J=63and 8.7 Hz) 3.93 (d 1H,, SaCHz, J-93 Hz) 365 (dq, 1H,

H-5', Jd-8 7, Jq- 6.3 Hz) 268 (t, 1H, H-1, J=3.9 Hz), 2.59 (s, 3H, CH3S)

INTERMEDIATE 7

(i) Intermedtate 6 (95mg) was dlssolved xn dry toluene (5rnl) under nltrogen .
atmosphere and heated at 1109C. A solutlon of tnbutyltln hydride (64ul)
indry toluene (Srnl) was added dropwnse over.1.5 hours wuth stlmng The
heating was continued for another 1.5 hours, methanol (2ml) was added
and the solvent evaporated to dryness Flash chromatography of the
residue on silica gel eluting with ethyl acetate:hexane (1:9) gave the title

compound (42mg).

5 (1H, CDClg): 9.73 (s, 1H, CHO), 7.44-7.25 (m 10H, 2Ph), 6.98 (1H, s,
CHPhp), 6.05 (dd, 1H, H-2 J=1.2and 3.3 H2), 454(dd 1H, H-1' J=2.7
and 9.3 Hz), 439 (dt. 1H, H-3' 'Jd=27 Hz, Jt-36 Hz) 404 (d 1H,
8aCH2, J=9.0 Hz),3 67 (d.. 1l-l SaCHz. J=9.0 l-lz), 3.65 (dd 1H H-4,
J=3.6 and 8.7 Hz); 344(dq. 1H H-S' Jd=63Hz. Jq-87 Hz) 275(t 1H '
J=3.9 l-lz) :

.'.(ii) _ A solutlon of tnbutyltln hydnde (5 5ml) |n dry toluene (150m|) was

degassed with an argon stream for 1. hour and heated to reflux. A
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solution of Intermediate 6 {6g) in dry toluene (50ml) was then added over
a period of 2 hours. Heating was continued until the reaction was
complete (1.5 hours). Elimination of the solvent under reduced pressure
gave a crude which was flash chromatographed over silica gel eluting
with hexane and hexane:ethyl acetate (20:1 to 15:1) to afford the title

compound (4g).

INTERMEDIATE 8

[1R-(1c, 32af. 48. 4aB, 7B, 7ax, 8aB)] 8a-[(2.6-Dideoxy-3,4-O-{4-methoxy-2-
butvlidene)-B-D-aliopyranosyloxvimethyil-4-formyl-4 4a.5.6,7.72,8.8a- -
octahydro-7-methyl-3-(1-methylethyl)-1.4-methano-s-indacene-3a({1H)- .
carboxylic acid. diphenylmethy! ester

To a solution of Iintermediate 4 (600mg) in dry tetrahydrofuran (10ml) at 0°C
and under nitrogen atmosphere were added sodium hydride (30mg) and
imidazole (Smg). The solution was stirred for 10 minutes and carbon disulfide
(147ul) was added. After 20 minutes methyl iodide (127ul) was added and the
stirring continued for 30 minutes. 1N Ammonium chloride (20ml) was added and
the mixture extracted with ethyl acetate (3x25ml), the orgarnic phase washed
with brine, dried over magnesium sulphate and the solvent evaporated to
dryness. The residue was flash chromatographed on silica gel eluting with ethyl
acetate:hexane (15:85) to give a white foam. This foam was dissolved in dry
toluene (1 Oml) under nitrogen atmosphere and a solution of tributyltin hydride
(0.46ml) in toluene (10mi) was added dropwise over 2 hours at 115°C. The
heating was continued for 2 hours. The solvent was evaporated to dryness and"
the residue purified by flash chromatography on silica gel eluting with ethyl
acetate:hexane {15:85) to give the title compound (260mg) in a epimer ratio of
4:1. ' ' '

5 (1H, CDCl3): 9.63 (s, tH, CHO), 7.44-7.20 ( m, 10H, 2Ph), 6.99 (s, 1H,
CHPhy), 6.06 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.53 (dd, 1H, H-1", J=2.7 and 8.7
Hz), 4.42 (dt, 1H, H-3, Jg=3.0 Hz, J=4.2 Hz), 4.03 (d, 1H, 8aCH3, J=8.0 Hz),
3.68 (dd, 1H, H4', J=5.1 and 9.3 Hz), 3.66 (d, 1H, 8aCHpa, J=9.0 Hz), 3.52 (t,
2H, CH90, J=7.2 Hz), 3.40 (dq, 1H, H-5', J¢=9.3 Hz, Jq=6.3 Hz), 3.34 (s, 3H,
CH30), 2.74 {t, 1H, H-1, J=4.2 Hz).
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A mixture of Inter_rnediate-1 (0.500g) and thioc’:arbonyldiirﬁidazole '(0.27_Og) in

~ tetrahydrofuran (10ml) was refluxed for 6 hours. Th‘é solvent was evaporated in
yacuo to give a yellow residue ‘which was chromatographed on silica gel flash
column elutlng with hexane: ethyl acetate (3 1) to ; glve the title comgound

(0. 2639)
] (1H CDCI3) 971 (s 1H CHO) 744-7 26 (m 1OH 2xPh) 697 (s 1H
CO2CHPhy), 6.06 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.93 (dd, 1H, H-3', J=3.9

© and 7.2 Hz), 4.63 (d, 1H, H-1', J=2:1 Hz), 4.61 (dd, 1H, H-4', J=7.2 and 9.3 Hz),
442 (m, 1H, H-2), 4.08.(d, 1H, 8aCHp, Jag=9.3 Hz), 3.74 (d, 1H, 8aCHy,

JAB=93HZ) 364(m 1H, H-S') 269(m 1H, H-1).

NTERMEDIAT§ 10

' To a solution of lntermed|ate 7 (1 59) in e, mnxture of tetrahydrofuran (30m|) and

methanol (15ml) was added dropwise at room. temperature a 1N solution of

~ hydrochloric acid (15ml) with vigorous stirring. Once the reaction was concluded

(TLC control), saturated. sodium bicarbonate (50ml) and ethyl acetate (200mi)

" were added and the mixture. partltloned The organic Iayer was washed with

water (2x100mi) and dried over magnesnum sulfate. Ellmlnatnon of the solvent
gave a residue which was flash chromatographed over silica: gel eluting with

"hexane: ethyl acetate (5 1) and (2 1) to give the title compound (1.1g) as a white
foam.

5 (1H, cocus) 973 (s, 1H, CHO), 75-72(m 10H, 2Ph),699(s 1H, CHPhy),

- 6.05 (dd, 1H; H-2, J= 12and33Hz) 4.64 (dd, 1H, H-1', J-21and96Hz),411

(m, 1H, H-3'), 4. 06 (d, 1H, 8aCHy, Jaop=9.3 Hz), 3.70 (m, 2H, H-5' and SaCHz)
3.34 (m, 1H, H-4'), 2.75(t, 1H 'H-1, J=3.6 H2).
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MIERMEDlATE 1]
1 3a 48, 4af 7a 8aB)] Ba-({2.6-Did -3.4-0O-thiocarbonyi-B-D-
!!o vioxyimethyil-4-formyl-4.4a.5.6.7, 7.8 8a-octahydro-7-met hyl-3-(1-

mathglatmg)ﬂ ,4-methano-s—mdacene-33(1 H)-carboxylic acid digg enyimethyl
ester

A suspension of Intermediate 10 (160mg) and dibutyitin oxide (124.5mg) in dry
toluene (15mi) was heated under reflux for 2 hours in a flask fitted with a Dean-
Stark condenser and then allowed to stand at room temperature under nitrogen
atmosphere. To the resulting solution was added phenyl-chiorothionoformate
(88ul) in dry toluene (Smi). TLC control showed that the reaction was complete
after 6 hours. The solvent was removed under reduced pressure and the crude
mixture was flash chromatographed over silica gel eluting with hexane:ethyl
acetate (20:1) and (15:1) to give the title compound (150mg) as a colourless oil.

5 (1H, CDCig): 8.72 (s, 1H CHO), 7.5-7.2 (m, 10H, 2Ph), 6.97 (s, 1H, CHPh2),
6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.10 (m, 1H, H-3), 4.61 (dd, 1H, H-1'

J=2.4 and 8.4 Hz), 4.44 (dd, 1H, H-4', J=6.6 and 9.0 Hz), 404 and 3.67 (2d, 2H,

BaCHo, Jap=9 Hz), 3.62 (m, 1H, H-5'), 2.70 (t, 1H, H-1, J=2.0 Hz).

INTERMEDIATE 12 - -
1R-(1a. 328 48 4a 7ao. 8aB)l 8a-l{4-0-Allyl-2 6-dideoxy-3-D-

Iogyragosyiog)metm ]iformglﬂa,s,6,7,7a,8,aa-octanxdr9-7-m hyl-3-(1-

methviethyi}-1.4-methano- -indacene-3a(1H)-carboxylic acid. diphei thyt
ester

A suspension of Intermediate 10 (400mg) and tributyltin oxide (240mg) in dry
toluene (50ml) was heated to refiux in a flask fitted with a Dean-Stark condenser
and then allowed to stand at room temperature under nitrogen atmosphere
(approximately 10mi of azeotropic mixture was remaved). Allyl bromide (71ul)
and tetrabutylammonium fluoride (1 M solution in tetrahydrofuran, 0.95mi) wers
added consecutively and the mixture heated at 5000 for 24 hours. Elimination of
solvent gave a residue whach was flash chromatographed over silica gel eluting _

with acetone:hexane (1:20) and (1: 15) to give the title compound (300mg) as a
colourless oil.
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] (1H CDCla): 8.72 (s, 1H, CHO), 7. 52-7. 2 (m 10H, 2Ph) 6.98 (s, H CHth) |
6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.89 (m, 1H, Cﬂ"CHz) 5. 30-520 (m, 2H,

"'CH"C Hp), 464(dd 1H Het, J'21 and 9.6 Hz),419(m 1H H-3') 415-395

(m, 3H, CHaCH=CHy+8aCHy), 3.80-3.60 (m, 2H, H-§'+8aCHy), 3.06 (dd, 1H,

_H-4' J'33and93Hz) 275(t, 1H H-1, J= 39Hz).238(bd 1H, OH)

INTERM DIA 13 -

dig’ hen!' Imetﬁ!' L ester

_:A suspensron of Intermediate 10, (500mg) and tnbutyltln oxtde (300mg) in dry
~ toluene (50ml) was heated to reﬂux in a flask fitted with a Dean-Stark condenser

and then allowed to stand at room temperature under mtrogen atmosphere -

_ (approx:mately 10ml of azeotroplc mlxture was removed) 3-Bromo-2-methyl- -
. 'propene (202|.1I) “and tetrabutylammomum ﬂuonde (1M solutlon in

tetrahydrofuran 0. 90m|) were added consecutrvely and the mixture heated at
500C for 24 hours. Ellmmatlon of the solvent gave' a residue whlch was flash
chromatographed over silica gel eluting with acetone:hexane (1 20) and (1 15) -
to give the title compound (340mg) as a colourless oil. '

8(1H CDCI3) 9.73 (s, 1H, CHO) 7.50-7.20 (m; 10H, 2Ph) 6.98 (s.1H, CHth)

'6 05 (dd 1H, H-2 J=t.5and 3.6 Hz). 4.96 and 4.91 (2m 2H, -'CH2) 4.65 (dd,

1H, H-1', J=1.8 and 9.6 Hz), 4.20 (m; 1H, H-3'); 4.05 and 3.68 (2d, 2H, 8aCHy, .
JaB=9.3 Hz), 4.00 and 3.87 (2d, 2H, OCH2, Jag=12 H2), 3.75 (m 1H, H-5'), -
3.06 (dd, 1H, H4', J=3 and 9.6 Hz) 2.75 (t 1H, H-1, J-36 Hz) 2.37 (bd 1H

~ OH),1.76 (bs 3H, g_30 CH2)

INTERM DIAT 14 o

~diphenvimethvi ester
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To a solution of Intermediate 12 (200mg) in anhydrous tetrahydrofuran (10mf)
was added, at room temperature under nitrogen atmosphere, solid mercuric
trifluoroacetate (213mg) in small portions. The reaction mixture was aliowed to
stand at room temperature for 30 minutes and tributyltin hydride (135ul) was
-added with vigorous stirring. After 30 minutes ethyl acetate (50ml} was added
and the suspension filtered through celite to give a colourless soiution which .
was washed with water (3x100ml) and dried over magnesium sulfate.
Elimination of the solvent gave an oil which was flash chromatographed over
silica gel eluting with acetone:hexane (1:15) to give the title compound (120mg)
as a 1:1 mixture of epimers at C-3'.

5 (1H, CDCla) includes: 4.73 (dd, 1H, H-9", J=3.0 and 6.3 Hz), 4.62 (dd, 1H, H-
9, J=2.1 and 9.9 Hz).

INTERMEDIATE 15 : '
[1R-{1a. 3aB. 48. 428, 78 7ac Baf)] 8a-[[18 7R.98]-2.5 8-Trioxa-3.3.7-
trimethyl-cis-bicyciof4.4.0}-dec-9-vi-o ethyll-4-formyl-4 42.5 6.7.72a.8,8a-
octahydro-7-methyl-3-{1-methviethvi}-1.4-methano-s-indacene-3a{1H)-
carboxylic acid, diphenvimethyl ester-

To a solution of intermediate 13 {(325mg) in anhydrous tetrahydrofuran {(10ml)
was added, at room temperature under nitrogen atmosphere, solid mercuric
trifluoroacetate (303mg) in small portions. The reaction mixture was allowed to
stand at room temperature for 30 minutes and tributyitin hydride (192ul) was
added with vigorous stirring. After 30 minutes ethyl acetate (50ml) was added
and the suspension filtered through celite to give a colourless solution which
was washed with water (3x100ml) and dried over magnesium suifate.
Elimination of the solvent gave an oil which was flash chromatographed over
silica gel eluting with acetone:hexane (1:20) and (1: 15) to gwe the titie
compound (210mg) as a colourless oil.

5 (1H, CDCig). 9.73 (s 1H, CHO), 7.50-7.20 (m, 10H, 2Ph). 6.98 (s, 1H,
CHPhy), 6.03 (dd, 1H, H-2, J=1.2 Hz, J=3.3 Hz), 4.54 (dd, 1H, H-2', J=2.1 and
9.6 Hz), 4.25 (m, 2H, H-7' and H-1'), 4.05 and 3.66 (2d, 2H, 8aCHg2, Jog=9 Hz),
3.41 and 3.18 (2d, 2H, OCHp5, Jaog=11.7 Hz), 3.25 (dd, 1H, H-6', J=3.3 and 10.2
Hz), 2.75 {t, 1H, H-1, J=3.3 Hz), 1.25 and 1.16 (2s, 2CH3).
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A suspension of Intermediate: 10 (500mg) and tnbutyltln oxlde (374mg) in dry
- toluene (50ml) was heated to reflux in a flask fitted wnth a Dean Stark condenser

and: then allowed to stand at room temperature ‘under. nitrogen atmosphere

 (approximately 10ml of azeotropic mixture were removed). p-Methoxybenzyl
‘chloride (135ul) “and tetrabutylammonium - fiioride - (1M solution in

tetrahydrofuran, 1.5ml) were added consecutwely and the mixture heated at

60°C for 24 hours. Elimination of the solvent gave a residue which was flash
chromatographed over sullca gel eluting with acetone: hexane (1 20) and (1:15)
to give the title comgogn (300mg) asa co!ourless oil. :

& (1H, CDCIg): 8.72 (s, 1H, CHO), 7.5-7.2 (m, 12H, 2Ph and 2Hortho) 6.97 (s

H, CHPhy), 6.88 (m, 2H, 2Hmeta), 6.04 (dd; 1H, H-2, J=1.5 Hz, J=3.6 H2),
464 (dd, 1H, H-1', J=2.4 and 9.9 Hz), 4.55 and 4.50 (2d; 2H, CH2Ph, JAg=11.2
Hz), 4.18 (m, 1H, H-3'), 4.04'and 3.66 (2d, 2H, 8aCHy, Jaog=9 Hz), 3.80 (s, 3H,

T CH30) 3.74 (m; 1H H-S') 3. 12 (dd 1H, H-4', J=3.0 and 9.3 Hz), 2.75 (t, 1H, H-

39Hz)
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INTERMEDIATE 17
1R-{1¢. 3af, 48 78, 7ace. 8ap)] 8a-[(3-O-Allvi-2.6-dideo:
i) b Hopyranosyvioxyimethvil-4-formvi-4.4a 5 6.7.72,8.8a-

octahydro-7-methvl-3-{ 1-methylethyl)-1.4-methano-s-indacene-3a{1H
carboxylic acid, diphenylmethvl ester

To a vigorous stired solution of Intermediate 16 (400mg) in anhydrous
tetrahydrofuran (10mi) was added under nitrogen atmosphere at 09C sodium
hydride (48mg) in small portions. After the addition was concluded the mixture
was allowed to stand at room temperature for 1 hour and allyl bromide (191ul)
was then added. After 24 hours the reaction was quenched by adding
ammonium chioride (1N solution in water; 100ml) and the mixture was extracted
with ethyi acetate (200mi). The organic layer was washed with water (1x100ml),
dried over magnesium sulfate and concentrated to dryness. to give an oil which
was flash chromatographed over silica gel eluting with ethyl acetate:hexane
(1:20) and (1:15) to give the titie compournd (400mg) as a colouriess oil.

8 (1H, CDCla): 9.74 (s, 1H, CHO), 7.5-7.2 (m, 12H, 2Ph and 2Hortho), 6.98 (s,
H, CHPho), 6.86 {(m, 2H, 2Hmeta), 6.04 (dd, 1H, H2, J=1.2 and 3.3 Hz), 5.95 (m,
1H, CH=CHo), 5.28 and 5.15 (2m, 2H, CH=CHy), 4.60 (m, 2H, H-1' and
CHoPh), 4.42 (d, 1H, CHoPh, Jag=11.4 Hz), 4.13 (m, 2H, CH2-CH=), 4.02 and
3.68 (2d, 2H, 8aCH», Jaog=9.6 Hz), 3.89 (m, 2H, H-§' and H-3'), 3.80 (s, 3H,
CH30), 3.09 (dd, 1H, H-4', J=3.0 and 8.3 Hz), 2.73 {t, 1H, H-1, J=3.9 Hz).
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INTERME IATE 18

A solution of Intermediate 17 (2.3g) in dichloromethane (200ml) was stirred with

- water (20ml) and. 2,3-dichloro-5,6-dicyanoquinone ;____:_(0.7'99')'- was added. After
_ - overnight stirring at-room temperature the mixture was filtered through a Celite
10

pad' with the aid of more dlchloromethene The dichloromethane phase was then
washed with aqueous sodium blcarbonate followed by sodium chioride solutlon

. then dried over anhydrous sodium sulfate, filtered and concentrated to: dryness -

The residue was chromatographed on silica -gel using dichloromethane:

“methanol (49: 1) as the eluent to. y|eld the title: gmgoun (1.95g) as a white

foam. : _
(1H CDCI3) 975 (s 1H CHO), 745-7 24 (m 10H; th) 699 (s 1H,

:CHth).605 (dd, 1H, H-2, J=1. 5 and 3.3 Hz), 5.95 (m; 1H, CH=CHj5), 5.26 (m,

2H, CH=CHo), 4.53 (dd; 1H, H-1", J=1.8 and 9.6 Hz), 4.19 and 3.96- (2m, 2H,
CHoCH=CHy), 4.03 and 3.69 (2d, 2H, 8a-CHp, J=9.3 Hz), 3.80 (g, 1H, H-3',
J=3.3 Hz), 3.60 (dq, 1H, H-5', J=0.6 and 6.3 Hz); 3.23 (ddd, 1H. H-4'; J= 10.8,
9.6 and 3.3 Hz), 2.74 (t, 1H, H-1, J=3.6 Hz), 2.25 (d, 1H. OH. J=10 8 Hz)."
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indacene-3a(1H)-carboxvlic acid, diphenyimethvl ester

To &'cobled solution of Intermedidte 18 {1.9g) in anhydrous tetrahydrofuran
(50mly uhder nitrogen atmosphere were added sodium hydride in small portions
(240mg) and a catalytic amount of imidazole. The ice bath was then removed
and the reaction mixture was aliowed to stand at room temperature under

‘$tiftihg for 1 hour. Carbon disulfide (1.5ml) and methy! iodide (1.25mi) were
‘added cdiisecutively. Once the reaction was completed (TCL control), the crude
‘mixitire was poured into ethyl acetate (500ml) and quenched with 0.1 N
aluéblis ammonium chloride (250ml). The organic layer was then washed with
"brilie’ (1%500ml) and water {1x500ml), dried over anhydrous sodium sulfate and
‘EbHidAtratad to dryness. The oily residue was flash chromatographed over

siifea’fil Gising hexane:dichioromethane (3:5) as the efuent to obtain the fitie

‘coritiuind (1.85g) as a white foam.
's(THCBCIg): 9.74 (s, 1H, CHO), 7.45-7.24 (m. 10H Phy). 6 99 (s. 1H, CHPhy),

8.06 (dd, TH, H-2, J=1.2 and 3.3 Hz), 5.88 {m, 1H. CH=CHy) 5 41 (ad, 1H. H4",
J=2.7 and 9.6 Hz), 5.22 (m, 2H, CH=CHy). 470 (0. 1H H-1" J=218end 93
Hz), 4.20-4.02 (m, 5H, H-5, CHo-CH=CHp, H-3 and 8a-CHy (1H)). 3.71 (d. 1H.

'Ba-Cﬂz, J=9.3 Hz), 2.75 (t, 1H, H-1, J=3.9 Hz), 2.58 (s, 3H, SCH3).
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INTERMEDIATE 20

ca[gogllc acld, dlghenylmethyl ege

A solutlon of lntermedlate 19 (1 89) in dry toluene (250ml) was degassed wnth' '
an argon stream for. 1 hour and then heated to reﬂux. A catalytlc amount of

azobls(lsobutyromtnle) and tnbutyltln hydnde (0 95ml) dlssolved in dry toluene

(50ml) were added from a syrmge in about 2 hours whlle heatmg end the argon
stream were malntalned Once the addmon wes oompleted the reectaon ‘Mixture
was further reﬂuxed for 1. hour and subsequently cooled then ooncentrated to
dryness and. flash chrometographed on- silica. gel using - hexene .and then
hexane ethyl acetate (9:1) as the eluents. nte@edtate 20(a) (680mg. Rf-o 31
in hexane: ethyl acetate 4. 1) was: obtalned as e ‘white foam and- Intermediate
_OLQ) (180mg, Rf O 25 in hexene ethyl aoetate 4 1) was rsolated as a white
solid.: -

| (a) 8 (H, cocns) 9.73 (s 1H, CHO), 745-728 (m 10H, th) 699 (s 1H,
" CHPhy), 6.05 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.46 (dd, 1H, H-8", J=2.4 and 9.6

Hz), 4.14-4.05 (m, 3H, 8a-CHp (1H), H-1' and CH2-3' (1H)), 3.67 (d, 1H, 8a-
CHg, J=9.3 Hz), 3.36-3.25 (m, 2H, H-6' and CH2-3' (1H)), 2.77 (t, 1H, H-1, J=3.9
Hz), 1.05 (d, 3H, 4-CHg, J=6.9 Hz).

(b) & (1H, CDCl3): 9.72 (s, 1H, CHO), 7.45-7.24 (m, 10H, Phy), 6.99 (s, 1H,

CHPho), 6.05 (dd, 1H, H-2, J=1.50 and 3.6 Hz), 4.42 (dd, 1H, H-8', J=2.1 and
9.6 Hz), 4.20 (m, 1H, H-1"), 4.07 and 3.67 (2d, 2H, 8a-CHy, J=9.3 Hz), 3.97 (t,
iH, CHo-3' J=8.4 Hz),3.54 (m, 1H, H-6), 3.46 (dd, 1H, CH2-2' J=10.5 Hz), 2.77
(t, 1H, H-1, J=3.9 Hz), 2.53 (m, 1H, H-4), 1.02 (d, 3H, 6-CHg). .
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INTERMEDIATE 21
1R{1a.3 4af.78,.7aa. 8aB)] Ba-J{4-O-Allyl-2.6-did
met io hiocarbonyi-§-D-allo osyloxyimethyil-4-formyl-4-

‘3alt H};u_arbo&lic acid, dnghenylmethyl aster

To a solution of Intermediate 12 (380mg) in anhydrous tetrahydrofuran (10ml)
were added, under nitrogen atmosphere at 09C, solid sodium hydride (48mg) in
small portions and a catalytic amount of imidazole. Once the addition was
concluded, the cool bath was removed and the reaction was allowed to stand at
room temperature for 1 hour. Carbon disulfide (300ul) and methyl iodide (250p))
were added consecutively. After 4 hours the mixture was poured into sthyl
acetate (100ml) and quenched with aqueous 1N ammonium chioride (50ml).
The organic fayer was washed with brine (1x100ml) and water (1x100ml), dried
over magnesium sulfate and concentrated to dryness to give a yellow oil which
was flash' chromatographed over silica gel eluting with ethyl acetate:hexane
{1:25) and (1:20) to afford the title compound (350mg) as a white foam.

5 (1H, CDCl3): 9.73 (s, 1H, CHO), 7.50-7.20 (m, 10H, 2Ph), 8.98 (s, H, CHPhp),
6.24 {m, 1H, H-3"), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.85 (m, 1H, CH=CHy),
5.30-5.20 (m, 2H, CH=CH>), 4.56 (dd, 1H, H-1', J=1.8 and 9.3 Hz), 4.15-3.75
(m, 4H, CHoCH=CHp+8aCHo+H-5'), 3.69 (d, 1H, 8aCHp, J=9.3 Hz), 3.21 (dd,
1H, H-4', J=3.3 and 9.3 Hz), 2.72 (t; 1H, H-1, J=3.89 H2), 2.59 (s, 3H, SCH3).

INTERMEDIATE 22

1R-{1g _3apB,. 48 4aB. 78. 7. aB)] 8a-[{2.6-Dideoxy-3-
methylthio)thiocarbo -O-{2-methyl-2-propanvi
aliopvranosvioxyimethvil-4-formvi-4:4a 8.6.7.7a.8 8a-octahvdro-7-methyl-3-{1-
methviethvl)-1.4-methano-s-indacene-3af1H)-¢ lic acid, diphenyimethyl
ester S

To a cooled. solution of Intamzedxate 13 {700mg) in anhydrous tetrahydrofuran
(30mi) under nitrogen atmusphere wers added sodium hydride (85mg) in small
portions and a catalytic amount of imidazole. The ice bath was then removed
and the reaction mixture was allowed to stand at room temperature under
magnetical -stiring for 1 hour. Carbon disulfide (0.54ml) and methyl iodide
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(0.45ml) were added _cohsecutively. Once the re_a'ct_ie_r._l_ was completed (TLC

control), the crude mixture was poured into ethy!: Aacetate (200mi) and quenched
with 0.1 N aqueous ammomum chioride (120ml) .The: organic layer was then

- washed with brine (1 x' 200ml) and water (1. x 200ml) dried over anhydrous .

sodium sulfate and concentrated to dryness. The: oily residue thus obtained was
chromatographed on snllce gel using hexane: ethyl acetate (19 1) as the eluent

to give the title compound (600mg).

5 (1H, CDCl3): 9.73 (s, 1H, CHO),7. 45-7.26 (m 10H Ph2) 6.98 (s 1H Cﬂth)
6.24 (m, 1H, H-3"), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.92 and 4.88 (2m, 2H,

- C=CHp). 4.55 (dd, 1H, H-1', J=2..1 and 9.6 Hz), 4.03 and 3.69(2d, 2H, 8a-CH2, -

J=9.3 Hz), 3.95 and 3.82 (2d, 2H, C _2-C=CH2, 42123 Hz); 3.86 (m, 1H, H- -5'),

3.9 (dd,1H, H-4', J=3 and 9.3 Hz), 2.72 (t,. 1H, HA, = 39 Hz) 2.58 (s, 3,
scu-|3) 1.70 (s, 3H, CHs cuz) =

g -NIERMEDIA!§g3

octahzdro-?-methvl-s-(‘l-meth lethvl
carboyllc acld, dlghenxlmethzl ester and -

carboyhc acid, dlphenylmethyl ester

METHOD A P g ' -
A solution of Intermedlate 21 (1 Sg) in dry toluene (150ml) was degassed with

~argon for 90 minutes and then heated to reflux. To- this: bonhng solutlon were:
“added tributyitin: hydnde (847ul) and- azobis(isobutyronitrile). (33mg) Heating

was continued for an additional period of 30 minutes. Elimination of solvent
gave a crude mixture which was flash chrematog_raphed twice on silica gel -
eluting with hexane:ethyl acetate (20:1) to- give. title compound (a) (150mg;
Rf=0.6 in hexane:ethyl acetate 4:1) and title .compound (b) (260mg, Rf-o 4in

o hexane ethyl acetate 4:1) both as colourless onls
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(a) & (1H, CDClg): 9.75 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.98 (s, 1H,

'CHPhg), 6.06 {dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.46 (dd, 1H, H-7', J=3 and 7.5

Hz), 4.06-3.95 {m, 2H, H-3' and 8aCHy), 3.78-3.60 (m, 2H, H-1' and 8aCHy),
3.38-3.26 (m, 2H, H-9' and H-3‘), 275 (t, 1H, H-1, J=3.6 Hz), 0.98 (d, 3H,
CHs,CH, J=6.9 Hz). _

(by & (1H, CDClg): 9.74 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.99 (S, 1H,
CHPhp), 6.04 (dd, 1H, H-1, J=1.5 and 3.6 Hz), 4.74 (t, 1H, H-7', J=3 Hz), 3.94
and 3.61 (2d, 2H, 8aCH», Jop=9.3 Hz), 3.88 and 3.76 (2d, 2H, H-3'), 3.66 (m,
1H, H-9"), 3.43 {t, 1H, H-1', J=7.8 H2), 2.72 {t, 1H, H-1, J=3.6 Hz), 2.46 (2m, 2H,
CHCH20 and H-5), 0.97 (d, 3H, CH3CH, J=6.9 Hz). .

METHOD B

A solution of Intermediate 98 (685 mg) in o-xylene (15 ml) was degassed with
argon for 60 minutes and then heated to reflux. Tributyltin hydride (379 pi) was
added and heating continued for 15 minutes. After cooling the mixture was
partitioned between disthyl ether (150 mi) and water (100 ml). The organic layer
was washed with a saturated aqueous potassium fluoride solution until no more
precipitation of tributyltin fluoride was observed, filtered and evaporated to
dryness to give a residue which was flash chromatographed twice on silica gel
eluting with hexane:ethy! acetate (20:1) to afford title compound (a) (103 mg)

and title compound (b} (235 mg).

METHOD C
A solution of tributyitin hydride (684 pl) in dry toluena {25 ml) was degassed with

an argon stream for 1 hour at reflux and then a solution of intermediate 98 (610
mg) in dry toluene (30 mi) was added over a period of 2 hours by means of a
syringe. Heating was continued for 3.5 hours: Elimination of the soivent under
reduced pressure gave a crude which was flash chromatographed over silica
gel eluting with hexane and hexane:ethy! acetate {10:1) to (8:1) to afford the litle -

compound (a) (357 mg).
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diphenyimethvi ester

A solution of lntermeduate 22 (580mg) in dry toluene (1 S0mi) was degassed with

an argon stream for oné hour and then heated to reﬂux A catalytlc amount of
.azobss(nsobutyronltnle) and tnbutyltm hydnde (0 27ml) dissolved: in- dry toluene

(20ml) were added from a syringe over about 2 hours while heating and the
argon stream were maintained. Once the addmon was completed the reaction
mixture was further refluxed for 3 hours and subsequently cooled, then -
concentrated and chromatographed on silica gel using hexane and then
hexane: ethyl acetate (4 1) as eluents to glve the title comgoun (100mg) as a
white foam. . -

5 (1H, CDCl3):9.74 (s 1H CHO), 745-7 26 (m; 10H, th) 699 (s 1H; CHth)

6.04 (dd, 1H, H-2, J=1.5-and 3.6 Hz), 4.71 (t, 1H; H-7' J=3.3 Hz), 3:93'and 3.61 |
(2d, 2H, 8a-CHgp, J=9.3 Hz); 3.85 (t, 1H, H-1', J=8.7 Hz), 3.56/(m, 1 H; H-9'), 3.55

and 3.43 (2d 2H, CH2-3' J=8.4 Hz),2.73 (m, 1H, H-1), 1.08 and 0.99 (2s, 6H,

: -4'-CH3)

INTER DlATE 5 S .
1R-(1 3a 4 4a 7 7aa 8a 8a- S-Deo ~ -D-altro ranos Io

- To a stirred solution of -lntennediate 1 (2.5g) in dry acetonitrile (100ml) were

added at room temperature ethylene-glycol (30ml), trimethyl orthoformate (2ml)
and a catalytic amount of p'toliensulfonic acid: The reaction mixture. was
stimed for 3 hours, then diluted with ethyl acetate (300mli) and washed
sucessively with 5% aqueous sodium bicarbonate and brine. The organic layer
was dried over anhydrous sodium sulfate, concentrated and purified by silica
gel chromatography using hexane:ethyl acetate (3:1) as the eluent to give the

title compound (2.6g).
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3 {1H CDCl3): 7.46-7.24 (m, 10H, Phy), 6.94 (s, 1H, CHPhy), 5.83 (dd, 1H, H-2,
J=1.2 and 3.6 Hz), 5.07 (s, 1H, CH beta), 4.65 (d, 1H, H-1', J=1.8 Hz), 4.07-4.04

(m, 2H, 88-CHp (1H) and H-3), 3.88-3.69 (m, 8H, OCHpCH20,8a-CHa(1H), H-
2, H4' and H-5"), 2.51 (t, 1H, H-1, J=4.5 Hz), 2.37 (d, 1H, OH, J=2.7 Hz), 2.28

(d, 1H, OH, J=3.6 Hz), 2.04 (d, 1H, OH, J= 57Hz).

INTERMEDIATE 26

1R-{1c, 32 7. 7ac.. 8af)l Ba-/{6-Deoxy-3.4-0-isopropylidene--D-
altropyranosvioxy) m 1]-4-{1,3-dioxolan-2-vl)-4 4a 5.6.7,7a 8. 8a-octahydro-7-
methyi-3-(1-methvisthyl}-1.4-methano-s-indacene-3a( 1H)-carboxvlic acid,

diphenylmethyl ester ,

A solution of Intermediate 25 (200mg) in dry acetonitrile (6ml) under nitrogen
was treated with 2,2-dimethoxypropane (0.6ml) and a catalytic amount of
pyridinium p-foluenesulfonate. After 4 hours at room temperature the mixture
was treated with saturated aqueous sodium hydrogen carbonate solution (20mi)
and extracted twice with ethyl acetate (20ml). The combined organic phases
were washed with water and brine, dried over magnesium sulphate, filtered and
evaporated. The residue was purified by flash chromatography on silica gel
eluting with hexane:ethyl acetate (4:1) and appropriate fractions were combined
and evaporated to give the title compound {205mg) as a white foam.

5 (1H, CDClz): 7.47-7.2 (m, 10H,2Ph), 6.93 (s, 1H, CHPh»), 5.83 (dd, 1H, H-2,
J=1.2 and 3.6 Hz), 5.08 (s, 1H, 1,3-dioxolane), 4.56 (d, 1H, H-1*, J=2.1 Hz), 4.3
(dd, 1H, H-3', J=3.6 and 5.7 Hz), 4.04 (d, 1H, A part of 8aCHo, JAR=9 Hz), 3.95-
3.75 (m, 7H, H-2', H4', OCHoCH>0 and B part of 8aCHy), 3.44 (dq, 1H, H-5',
J=6 and 9 Hz), 2.65 {m, 1H, CHMe2), 2.51 {bt, 1H, H-1, J=3.6 Hz), 2.35 (d, 1H,
OH2"), 1.47, 1.36 (2s, 6H, 2CH3 isopropyiidene ketal).
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INTER IA 27

diphenyimet I' éster

Pyridine (O 67ml) was added to a mixture of chromium oxide (Cr03) (412mg) ml

dichloromethane (25ml) at 0°C. After 15 mmutes, acetlc anhydride (O 40ml) was _
added followed: after 10 minutes at the same. temperature by a. solut:on of
lnt_erm_edlate 26 (750_mg) in dlchloromethane (25ml). The .mnxture was stirred for-
2 hours, filtered through a silica gel column with a top’ Iayér of magnesium

~ -sulfate and the filtrate was evaporated to dryness under reduced pressure to

afford a syrup. This was dassolved in methanol:water (101 11ml), and then

sodium borohydnde (40mg) was added at 0°C. “The mixture was kept at 0°C for
2 hours, acidified to pH 6-7 with a solution of 1N hydrochloric acid, and then

evaporated to’ dryness. Under reduced pressure to 'a'ffqrd a White' solid, which
was purified twice by flash column chromatography on silica gel eluting

- successively with hexane:ethyl ac"etate"(e 1) then (2:1). The fractions which

contained the desured product were, combined and evaporated n vacug to yneld

the title compound (585mg) '
5 (1H, CDCI3) 7.24-7.46 (m, 1OH 2Ph), 6.92 (s, 1H. CHth) 587 (dd 1H H-2,
J= 3.9 and 1.5 Hz), 5.09 (s, 1H, CH-dioxolane), 452 (t. 1H. H-3, J= 45 Hz),
4.45 (d, 1H, H-1', J= 7.8 Hz, 4.07 (d, 1H, 8aCH2, J= 9 Hz), 3.74-3.86 (m, 6H,

-ZCHz-dloonane I-l-4' BaCHz) 3.67 (m, 1H, H-2'), 265 (m 1H, H-14), 2.58 (t,

1H, H-11)

INTERM DIATEZ2S - - |
[1R-(1g, 3ap, 48, 4ab, 7[}, 7ag, SaQ)] 5;Eormyl-4,4a,5,6,7,7a,§,8a-oghmro-
8a-h methyl-7- 1-methviethvi)-1.4-methano-s-indacene-3a(1H
carboxylic acid, 2-{trimethvisilyjethvl ester - | -

A solution of sordaricin (6.6g) and O-{2-{trimethylsilyljethyl]-N,N'-

diisopropylisourea’ (9.3g) in anhydrous tetrahydrofuran (150ml) was heated
under reflux for 3 hours. The mixture was then cooled to room temperature,
filtered and concentrated to dryness. The residue was dissolved in ethyl acetate
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{750mt) and washed successively with 1N hydrochloric acid, 5% aqueous

- sodium bicarbonate and brine. The orgaruc layer was dried over anhydrous

sodium sulfate, concentrated in vacuo and purified by silica gel flash column

chromatography using (10%) ethyl acetate in hexane as eluent to give the title
compound (6.8g) as a white foam.

8 (1H, CDCl3): 9.67 (s, 1H, CHO), 6.07 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.27

{m, 2H, CHaCH20), 3.93 and 3.49 (2m, 2H, 8a-CHp), 2.75 (bs,1H, OH), 2.54 (t,

1H, H-1), 1.06 (m, 2H, CHoCH»Si), 0.07 (s, SH, (CH3)3Si); & (13¢, cDCl3):

- 204.9 (CHO), 173.6 (COOTMSE), 148.2  (C-3), 130.6 (C-2), 66.9 (8a-CH20),

64.0 (CHaCH20), 177.7 (CHaCH2SI), 1.6 (CH3)aSi).
1 L.J. Mathias, Synthesis, (1979), 561.

INTERMEDIATE 29
1R-(1c. 328, 48, 4aB 78, 7ac, Ba " 8a-J(3.4.6-Tri-O-acetyl-: -8-D-

-all ‘anosylo: eth formyl-4.4a.5.6.7.7a.8.8a-0 dro-7-methy|-3-(1-

methylethyi}-1.4-methano-s-indacene-3a(1H)-carboxylic_acid. trimethyisilylethyl
gster

To a solution of Intermediate 28 (63mg) and 3,4,6-tri-O-acetyl D-allal' (20mg) in
dry toluene {1mi) was added hydrobromic acid-triphenyl phosphine (9mg). The
reaction mixture was heated at 60°C for 2 hours and poured into a 1M solution
of sodium bicarbonate (100ml). Ethyl acetate (100ml} was added and the
organic layer was washed with water, dried over anhydrous magnesium sulfate
and filtered. The solvent was evaporated to dryness, and the residue was
purified by silica gel flash column chromatography eiuting with hexane:ethyl
acetate (10:1). to give the title compound {16mqg} as a white foam.

5 (1H, CDClg): 8.73 (s, 1H, CHOY}, 6.03 (dd, 1H, H-2, J= 1.5 and 3.6 Hz), 5.48
(m, 1H, H-3", 4.89 (dd, 1H, H-4", J=3.3 and 9.6 Hz), 4.65 (dd, 1H, H-1’, J=24
and 8.7 Hz), 4.23 (m, 4H, H-6', COOCH>CH3> Si), 4.02 (ddd, 1H, H-5', J= 3, 54
and 9.6 Hz), 3.92 and 3.69 (2d, 2H, 8aCHp, J=9.6 Hz), 2.75 (t, 1H, H-1), 2.28
(m, 1H, CH(CH3)2). |
1. M. D. Wittman, R. L. Halcomb and S. J. Danishefsky, J. Org. Chem.
(1990), 55, 1979 - 1981.
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* INTEF ITE30

trimet Isil Iet Iester

" To a stirred solltion of Intermedlate 29 (275mg) in absqute methanol (10ml)
- was added 2 or 3 drops of 1 M solution of sodnum methoxide in methanol. After

stlmng for 1.5 hours the reaction mixture was concentrated, diluted with toluene
(10ml) and concentrated to leave a yellow syrup. This was dissolved in acetone
(Srnl) and 2,2-dimethoxypropane (60ui) and p-toluensulfomc acid monohydrate
(75mg) were added. The reaction mixture was stirred at room temperature for 1

hour, neutralized with sodium carbonate, filtered and the fi ltrate concentrated to

' _-dryness The ouly residue was dissolved.in ethyl acetate (20ml),. washed with
~ water and bnne dned and concentrated to give ani oil. A solution of this oil in
© O dry tetr_ahydrpfuran (5ml)y at 09C was: treated with: sodium hydride (10mg) and

stirred for 30 minutes before methyl iodide (100ul) was added. The reaction
mixture was gradually warmed to room temperature during 3 hours. The

~ reaction was quenched  with ‘methanot (1ml).‘and: the ' mixture - was then

concentrated the residue purified three. tqmes by flash column chromatography

using' successively. hexane:ethyl " acetate: (10:1), (6:1) and (4:1) and the
| Eapbropi‘ate’ fractioris were combined and the solvents evapc)rated to give the title
‘compound (50mg) as a colourless oit.: '

5 (1H, CDCIg): 8.73 (s, 1H, CHO). 604 (dd 1H H-2, J)1 .2 and 3.6 Hz) 4.61

(dd, 1H, H-1', 'J=2.4 and 8.4 Hz), 4.43 (m;1H; H-3Y), 4.34-4.10 (m, 2H, CHo- .

SEM protectlng group), 3.66 and 3.88-(2d; 2H; 8aCHg; J=9.3 Hz); 3.87 (m, 1H,

_ H-4), 3.48-3.64 (m; 3H, 2H-6" and: H-5'); 3.24 (s, 3H,6'0Me), 2.73 (t; 1H, H-1,

3 6 Hz) 1 34 and 1.35 (2s 6H, methyl groups of |sopropyhdene)
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anosyioxymethyil-4-formvi-4.4a 5 6.7.72 8.8 ahvdro-7-im e3-{1=~
me vl)-1 ethano-s-indacene-3a{1 rboxylic acid. diphenyimethyl

A suspension of intermediate 10 (1,5 g) and dibutyitin oxide (0.9 g) in dry
toluene (150 ml) was heated under reflux for 2 hours in a flask fitted with a
Dean-Stark condenser and then allowed to stand at room temperature under
nitrogen atmosphere {approximately 20 ml of azeotropic mixture were removed).
Crotyl bromide. (predominantly frans, 0.37 ml), tetrabutylammonium fiuoride (3.6
ml of 1M solution in tetrahydrofuran) and 4 A molecular sieves (activated
powder) were added consecutively and the mixture heated at 609C for 24 hours.
Molecular sieves were filtered off. Elimination of the solvent gave a residue
which was flash chromatographed over silica gel eluting with hexane:acetone
(95:5) to give the title compound {1 g) as a white foam.

5 (1H, CDCla): 9.73 (s, 1H, CHO), 7.44-7.23 (m, 10H, 2Ph), 6.98 (s, 1H,
CHPhy), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.75-5.52 (m, 2H, CH=CH), 4.64
(dd, 1H, H-1', J=2.1 and 9.6 Hz), 4.16 (m, 1H, H-3'), 4.98 (m, 3H, 8a-CH2. (1H)
and CHpCH=CH(2H)), 3.74 (m, 1H, H-5'), 3.67 (d, 1H, 8a-CH3 (1H), J= 9.3 Hz),
3.05 (dd, 1H, H-4", J=3.0 and 9.6 Hz), 2.75 (t, 1H, H-1, J=36 Hz). 240 (d. 1H,
OH, J=2.1 H2), 1.72{m, 3H, CH3CH=CH)..

INTERMEDIATE 32 -

1R-(1c, 3aB. 48, 4aB. 78. 7ec. 8af)} Ba-(2 6 Dideoxy-4-O-propargyi-8-D-
all osvio i|-4-formyi-4 48, 5.6.7,78 8,8a-octahvdro-7-methyl-3-(1-
methylethyl})-1 ano-s-indacene-3a(1 ic__acid,__ diphenyimethyl
ester.

A suspension of intermediate 10 (2 g) and dibutyitin oxide (1.2 g) in dry toluene
(150 ml) was heated under reflux for 2 hours in a flash fitted with a Dean-Stark
condenser and then allowed to stand at room temperature under nitrogen
atmosphere (approximately 20 mi of azeotropic mixture were removed).
Propargy! bromide (0.55 ml of 80 wt % solution in toluene), tetrabutylammonium
fluoride (4.8 mi of 1 M solution in tetrahydrofuran and 4A molecular sieves
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(actrvated powder) were added consecutwely and the. mlxture heated at 60°C

_ for 24 hours. Molecular sieves were fi Itered off. Ellmlnauon of the solvent gave a

residue whlch was: twrce flash- chromatographed over ‘silica’ gel eluting with
hexane:acetone (96 4y to glve the title compound (1.25 g) as a white foam.
(1H CDCl3): 9.73 (s, 1H, CHO), 7.44-7.26 (m, 10H, 2Ph), 6.98: (s, 1H .

_CHth) 6.05 (dd, 1H, H-2, J= 1Zand33Hz) 4.65 (dd, 1H, H-1', J=2.1 and 9.6

Hz), 4.29 (m, 1H, H-3') 4.24'and 4.22 (2d, 2H; C _20=CH "J=2.4 Hz), 4.05 and

~ 3.68'(2d, 2H, Ba-CHz. =93 Hz), 3.75 (m, 1H”'”H-5') 3.25 (dd, 1H, H-4', =3.0
and 9 3 Hz) 2. 75 (t 1H H-1, J=3, 9 Hz) 2 46 (t, 1H, CzCH, J=2.4 Hz) '

"INTE ME JIAT 33 A I P

A suspensscn of mtermednate 10 (1 g) and tnbutyltm oxide (600 mg) in 150 mi of
dry toluene was heatéd to reflux for 2 hours in a flask fitted with a Dean-Stark

condenser (25 mi of azeotroplc mixture was taken off) and then cooled to room
temperature 2-Methyl-4-bromo-2-butene (276 pl).-and tetrabutylammomum- '

‘fluoride (1M solution in tetrahydrcfuran 24 ml) ‘were then added-and the

mixture heated to 50°C for 24 hours; Ehmmatron of the solvent- gave a crude

- which was flash chromatcgraphed (ethyl acetate hexanes 1:20, 1: 15 and 1:10)

to afford 770 mg of the title compound as a foam (69% yield). - _
5 (H, cocns) 9.73(s; 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.98 (s 1H CHth) |

-605 (dd 1H; H2, J=1.5 and- 33 Hz) 5.33 (m, 1H; OCHoCH=), 4.64 (dd, 1H,

H1' J=2.1and 9.6 Hz), 4.20 (m, 1H, H3'), 4.25-3.95:(m, 3H, OCﬂzc=+8aCH2)
3.75-3.65 (m, 2H, H5'+8aCHy), 3.03 (dd, 1H, H4', J=3.3 and 9.6 Hz), 2.75 (t,

1H, H1, J=3.9 Hz), 2.44 (d, 1H, OH, J=2.1 Hz).
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INTERMEDIATE 34 _ | )
1 3aB. 4B, 4aB, 78. 7ac. 8ap)] Ba -Butenyl}-2.6-dideoxy-3-
(methvithio)thiocarbonvi--D-allopyranosvioxyimethyll-4-formyl-
4 4a.5 6.7, 7a 8 Ba-octahydro-7-methvi-3-(1-meth 1)-1 ethan

indacene-3a(1H)-carboxylic acid,_diphenyimethy! ester.

To a cooled solution of intermediate 31 (1 g) in anhydrous tetrahydrofuran (20
mi} under nitrogen atmosphere were added sodium hydride in small portions
(0.156 g) and a catalytic amount of imidazole. The ice bath was then removed
and the reaction mixture was allowed to stand at room temperature under
stirring for 1 hour. Carbon disulfide (0.58 ml) and methyl iodide (0.8 ml) were
added consecutively. Once the reaction was completed (tic control), the crude
mixture was poured into sthyl acetate (400 ml) and quenched with 1N aqueous
ammonium chloride (500 ml). The organic layer was then washed successively
with 1N hydrochloric acid (200 mi), 5% aqueous sodium bicarbonate (200 ml)

and brine (200 ml). The organic layer was dried over anhydrous sodium sulfate

filtered and concentrated under vacuo. The residue thus obtained was flash

chromatographed over silica gel eluting with dichloromethane:hexane (6:4) to

give the title compound (1.04 g) as a white foam.

5 (1H, CDClg): 9.73 (s, 1H, CHO), 7.45-7.26 (m, 10H, 2Ph), 6.98 (s, 1H,

CHPhy), 6.23 (dd, 1H, H-3', J=3.0and 6.3 Hz), 6.05 (dd, 1H, H-2, J=1.5 and 3.3 |
Hz), 5.75-5.40 (m, 2H,CH=CH), 4.55 (dd, 1H, H-1', J=1.8 and 9.3 Hz), 4.05-3.80

(m, 4H, 8a-CHo(1H), CHoCH=CH{(2H) and H-5"), 3.75 (d, 1H, Ba-CHay(1H),

J=9.3 Hz), 3.20 (dd, 1H, H4", J=3.0 and 8.3 Hz), 2.72 {t, 1H, H-1, J=3.9 Hz),

2.58 (s, 3H, CH38), 1.68 (m, 3H, CH3CH=CH).

INTERMEDIATE 35 .
L._;(u lo. 3af. 45, _4_& 7B, T7eq, BaB}l 8ad(2.6-Dideoxy-3-O-

4-fo

448 ?7388a-octah drb- =ne {1 hyl -1.4-methan
indace e-3q 1H)-carboxvlic acid, -diphenyimethyi ester.

To a cooled solution infermediate 32 {1.25 g) in anhydrous tetrahydrofuran (25
mi) under nitrogen atmosphere were added sodium hydride in small portions
(0.2 g) and a catalytic amount of imidazole. The ice bath was then removed and
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the reactlon mixture was allowed to stand at room temperature under strmng for
1 hour. Carbon dlsult' de {0: 6 ml) and methyl iodide (0 75. ml) were added .
consecutrvely Orice the reactron was complete (tlc control), the crude mixture

. was - poured rnto ethyl acetate (400 ml) ‘and- quenched with- 1N aqueous
. ammonium chioride (500 ml) The organrc layer was then washed successively

with 1N hydrochioric acid (200 ml) 5% aqueous sodlum blcarbonate (200 ml)

| and brine (200 ml) The organlc layer was dried’ over anhydrous sodrum sulfate,
' ﬂltered and concentrated The resrdue was ﬂash chrcmatographed over srlrol
*gel eluting with hexane: ethyl acetate 97 3 and 95 5to glve the title compcund

(1 2Q)i asa whlte foam. -
5 (H, CDCI3) 9.73 (s, 1H CHO) 745-726 (m 10H, 2Ph), 6.99 (s, 1H,

"CHth).sza (9. 1H, H-3',J=3.3 Hz),6.06 (dd; 1H, H-2, J=1.5 and 3.6 Hz), 4.57

(dd, 1H, H-1", J=1.8 and 9.3 Hz) 4. 19 and 4:17 (2d 2H, CH2C=CH, J=2.4 Hz),

4,03 and 3.70 (2d, 2H, Ba-CHz, =9.3 Hz), 3. 86 (dg,' 1H, H-5', J=6.3 and 9.3
" Hz),'3.50 (dd, 1H, H-4', J=3.0 and 9.3 Hz), 273 (t 1H, H-1, J=3.9 Hz), 2.58 (s,
3H, CH38) 242 (t 1H, C=Cﬂ) B

INTERMEDIATE 36

' 4,4a,5,6,7,7a,8,8a—octahydro-7-methvl-3-(1-me hylethyl)-‘l ,4-methano-s—

|ndacene-3a 1H -carbo lcc acld- di _ hen lmeth {-ester.

To a solution of mtennedlate 33 (770 mg) in dry tetrahydrofuran (15 ml) was
added at 0°C sodrum hydride (105 mg) and: imidazole (30 mg) under nitrogen. -
The mixture wasstirred for 1 hour at room temperature, then carbon. disulfide

_ (300 pl) and methyl iodide (311 ‘Hl) were added consecutrvely After stirring for 1
| hour the reaction was. quenched by adding 0.1N ammcmum chioride (50 mi) and
it was extracted twice with ethyl acetate (2x100 mil), dned over magnesium .

sulfate and ccncentrated to grve an oil which was flash chromatographed (silica
gel, ethyl acetate:hexanes 1 25 and 1:20) to afford 780 mg of the title compound

- (90%) as a white foam.

5 (1H, CDCI3) 9.73 (s, 1H; CHO), 7. 5-7.2 (m 1OH 2Ph), 6.98 (s, 1H, CHth).
6.26 (m, 1H, H3), 6.06 (dd, 1H, H2, J=12 and. 3.3 Hz), 526 (m, 1H,
_OCHzcﬂ-), 454 (dd, 1H, Ht', J=1.8 and 96 Hz), 4.103.75 (m, 4H,
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8aCHo+OCHoC=+H5"), 3.69 (d, 1H, 8aCHp, J=9.6 Hz), 3.18 (dd, 1H, H4', J=3
and 8.3 Hz), 2.72 (t, 1H, H1, J=3.9 Hz), 2.58 (s, 3H, SCHag).

INT DIAT 37 AND 38

‘carboxvlic agid, diphenyimethy| ester.

b} 11Rj1a, Sab, 4b _4ab. 7b, 7aa, 8ab)l 8a-[18. 4S8, 7R, 9R|"2. 8-Dioxa-4-ethyl-

‘A solution of ifitermediate 34 (1.04 g) in dry toluene (50 mi) was degassed with
"dh aron stream for 1 hour under refiux. Tributyltin hydride (0.55 mi) and a

catalytic amount of azobis(isobutyronitrile) were added. The reaction mixture

‘was ' Kirther refluxed for 20 minutes and subsequently cooled, concentrated and
thantwice flash chromatographed on silica gel using hexane and hexane ethyl

acetate (94:6) as the eluents. Intermediate 37 (220 mg. Rf=0 32 in hexane ethyl
acstate 4:1) was obtained a white foam and intermediate 38 (444 mg. Rf=027mn
hexane:ethyl acetate 4:1) was isolated as a white solid

INTERMEDIATE 37

‘s {TH, CDClg): 9.75 (s, 1H, CHO), 745-726 (m, 10H, 2Ph), 6.98 (s, 1H,

CHPh5), 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.50 {dd, 1H, H-7", J=2.7 and 6.9
Hz), 4.06 and 3.38 (2dd, 2H, CH2-3', J=8.4 and 7.5 Hz),4.01 and 3.65 { 2d, 2H,
8a-CHp, J=9.0 Hz), 3.71 (dd, 1H, H-1', J=7.5 and 9.0 Hz), 3.34 (m, 1H, H-9'),

275t 1H, H-1), 0.8 (t, 3H, CH3CHp, J=7.5 H2).

"INTERMEDIATE 38 |
& (TH, CDClg): 9.74 (s, 1H, CHO); 7.45-7.26 (m, 10H, 2Ph), 6.99 (s, 1H,

CHPho), 6.04 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.73 (t, 1H, H-7, J=3.0 Hz), 3.92
(m, 2H, 8a-CHp(1H) and CH2-3(1H)), 3.75 (m, 2H, H-¢" and H-1'), 3.62 (d, H,

8a-CHyp, J=9.3 Hz), 348 (m, 1H, CHp-3' (1H)), 271 (t, 1H, H-1, J=3.6 Hz), 2.5
and 2.23 (2m, 3H, H-4", H-5' and 3-CH), 0.96 (m, 3H, CHaCHo).
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diphe . imett I-.este_r-___'_'_-'.' R

A solution of intermediate 36 (780 mg) in dry toluene.(50 mi) was degassed with
argon for 1 hour and then heated to reflux. Tnbutyltm hydnde (367 yl) and a

" catalytic amount of a,a’ -azonsobutyromtnle (20 mg).were added and the mixture
- was refluxed for 2. hqurs,.__._then._coo__led to room ,t_emperatgr_e . Elimination of -
~solvent. ‘gave a residue.-which was flash . chromatographed - (silica gel,
- hexane:ethy} acetaté=3:-.255.1--.. 20:1, 18:1. and: 16:1) to obtain 280 mg of
. irit'armediaté 39 (41% yield)- -and 300 mg of intermediate 40 (44% vyield) as oils

: (Rf 0.5and0.3in hexanes ethyl acetate viv 3:1, respectwe!y)

INTERMEDIATE 39 .
& (H, CDCla): 9.75 (s 1H, CHO), 75-72(m 10H, 2Ph) 6.99 (s 1H, CHPhg)
© 6.05(dd, 1H, H2, J=1.2'and 3.6 Hz), 4.57 (dd, 1H, HT', J=2.7.and 5.7 Hz), 4.05-
3.90 (m, 2H, H3'+8aCHy); 3.73 (dd, 1H, H1', J=8.1-and 9.3 Hz), 3.62 (d, 1H,
. BaCHz, J=9 Hz), 3.50-3.45 (m 2H, H3'+H9') 274 (t 1H, H1, J=39Hz)

INTERMEDIATE 40 o B
5 (1H, CDClg): 9.74 (s, 1H CHO) 75—72 (m 10H 2Ph), 699(5 1H CHth)
6.03 (dd, 1H, H2, J=1.5 and 3.3 Hz), 4.74 (t, 1H, HT", J=3 Hz), 4.0-3.8 (m,

'SaCH2+H9'+H3') 3.73 (dd, 1H, H1', J=3.3 and 4.5 Hz), 363 (d; 1H, 8aCHop,
'J‘96Hz), 352(dd 1H, H3' J=8.1 and 165HZ),270(t, 1H, H1 J'39Hz)
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ERMEDIATE 41 _
1R-{1a, 32 4aB. 7B. 7ac., 8aB)] 8a-{[18. 7R. 8R]-2 8-Dioxa-4-methylene 9-

methyl-gis-bicyclol3.4.0.}-non-7-yl-oxy-methvi}-4-formyl-4 4a,6.6.7,7a 8.8a-
octahydro-7-methyl-3-(1-methylethyl}-1. 4-methano-s-indacene-3a(1H)-
carboxylic acid, diphenylmethyi ester.

A solution of intermediate 35 (1.02 g) in dry toluene {50 ml) was degassed with
an argon stream for 1 hour under reflux. Tributyltin hydride (0.55 mi) and a
catalytic amount of azobis(isobutyronitrile) were added. The reaction mixture
was further refluxed for 1 hour and subsequently cooled, concentrated and then
twice flash chromatographed on silica gel using hexane and hexane:ethy}
acetate (94:6) as the eluents. Pure title compound was thus obtained (380 mg)
and isolated as a white foam.

5 (1H, CDCl3): 9.75 (s, 1H, CHO), 7.44-7.28 (m, 10H, 2Ph), 6.99 (s, 1H,
CHPhy), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.07 and 5.02 (2dd, 2H, CH2>=C,
J=2.4 and 4.8 Hz), 4.49-4.31 {m, 3H, H-7' and CH2-3'), 3.95 and 3.66 (2d, 2H,
8a-CHp, J=9.3 Hz), 3.80 (dd, 1H, H-1', J=7.5 and 9.3 Hz), 3.26 (m, 1H, H-9),
3.02 (m, 1H, H-5"), 2.76 {t, 1H, H-1, J=3.9 Hz); & (13C, CDCl3): 204.4 (CHO),
171.0 (COODPM), 148.8 and 148.3 (C-3 and C4'), 139.5 and 139.4 (2 CIV Ph),
130.7 (C-2), 128.6, 128.5, 128.2, 128.0, 127.7 and 127.0 (2 x SCH{Ph)), 103.9
(CHo=C), 98.3 (C-7"), 80.4 and 69.5 (C-1' and C-9'), 78.5 (CHPhp}, 73.9 and
70.6 {C8a-C and C-3').

INTERMEDIATE 42
1R-{1a. 32B. 4B, 4aB. 7B, 7ac. Baf)] 8a-f[1 9R}-2.8-Dioxa-9-methyl-4-

methviene-3-oxo-cis-bicyclof3.4.0}-non-7 - }-4-formyl-
4 4a 5 6.7.7a 8, 8a-octa 7-met 1-methvi-ethvl}-1,4-methano-s-

indacene-3a(1H)-carboxvlic acid, diphenyimethy] ester.

To a stirred solution of chromium (V1) oxide {0.23 g) and dry pyridine (0.37 ml)
in dry dichloromethane (20 ml) at 0°C, intermediate 41 (0.15 g) in dry
dichioromethane (3 mi) was added. Stirring was maintained at room temperature
for 6 hours and the reaction mixture was then directly flash chromatographed on
silica gel using dichloromethane as the eluent to afford the title compound (65
mg) as a white foam. S
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5 (TH, CDCl3): 9.74 (s, 1H, CHO), 7.44-7.25 (m, 10H, '2Ph), 698 (s 1H,
CHth) 6.37 and 5.64 (2d, 2H, C__2-C) 604(dd 1H, H-2, J=1.2 and 3.3 Hz),
4.47 (dd, 1H, H-7"; J-SGandSOHz) 4.29 (m, 1H, H-1"), 4.00 arid 3.64 (2d, 2H,

8a-CHp, J=9.3 Hz), 3.40 (m 1H, H-5') 3.30 (m 1H H-9') 273 (t, 1H, H-1,
J=3.9 Hz2). :

 carboxylic acid, diphenvimethvi ester.

METHOD A

" To an ice cold mixture of lntermedlate 41 (105 mg) and N-methylmorphohne N-

'omd_e (43 mg) in acetone: w_ater (8_ 1,9 ml) was add_e.d_ oamrum tetroxide (2.5% wt
solution in 2-methyl-2-propanol, 0.075 mi). The ice bath was removed and the

'_rmxture was stired at room temperature for 24 hours. The reaction was
| quenched wrth sodium bisulfite, stirred for 1 hour and the solvent. was

evaporated The crude residue was diluted with ethyl acetate (100 ml). and
washed successively with water (30 ml) 1N hydrochlonc acid (30 ml), sat aq
sodium bicarbonate (30 mI) and water (30 ml), then dned and.evaporated. The
crude product was dissolved in dioxane:water (2.1, 6 ml) and cooled to 0°C
Sodium periodate (0.13 g) was added in small portrons and the mixture was
stirred for 6 hours from 0°C to room temperature, then concentrated and the
crude product partrtloned between water (60°ml). and ethyl acetate (60 ml). The
organic phase was dned and concentrated and the residue thus obtained was
purified by flash chromatography on silica gel (hexane ethyl acetate 85:; 15) to
give the title compound (0.045 g).. L o
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METHOD 8
To a solution of trifluoroacetic anhydride (0.43 ml} in dry dichloromethane (2.5

ml) was added dimethylsulfoxide (0.22 ml) at -80°C under nitrogen with

vigotous stirring. After 10 minutes a solution of Intermediate 79 (470 mg) in dry
dichloromethane (2.5 mi) was added and the mixture stired at -60°C for 2

" hours. Triethylamine (1.4 ml) was added dropwise over a period of 10 minutes

and the temperature was allowed to reach -200C. Water (20 ml) was then
added and the mixture stirred at room temperature for 1 hour. The mixture was
partioned and the aqueous layer was extracted with dichloromethane (100 mi).
The combined organic layers were washed with 1N hydrochloric acid (100 mi);
saturated sodium bicarbonate (100 ml) and brine (100 ml), dried ovet
magnesium sulfate and concentrated to dryness to afford an oil which was
dissolved in dichloromethane and treated with triethylamine (1 ml) overnight.
The solvent was removed and the resulting oil was flash chromatographed
(silica gel, ethyl acetate:hexane 1:25, 1:20 and 1:15) to obtain 400 mg of the
title tompound (86% yield).

5 (1H, CDCl3): 9.71 (s, 1H, CHO), 7.44-7.26 (m, 10H, 2Ph), 6.97 (s, 1H,

'CHPhy), 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.184.11 (m, 3H, H-7", H-1"' and

H-3'(1H), 4.00 and 3.62 (2d, 1H, 8a-CHjp, J=9.3 Hz), 3.91 (d, 1H, H-3', J=18
Hz),-3.30(m, 1H, H-9'), 2.85 (bt, 1H; H-§', J=7.8 Hz), 2.75 {t, 1H, H-1, J=3.9 H2).

INTERMEDIATE 44

i'ﬂ'z 10 3af. 48 4aB. 7B. 7ac. 8af)l 8a-{{4-O-(Trans-2-butenyl)-6-deoxy-B-D-
‘altropyranosyioxy]l methyl}-4-fo 1-44a5677a88a-octah ro-? ethyl-3-(1-

‘A suspension of intermediate 1 (5 g) and dibutyttirr oxide (2.3 g) in dry toluens
(300 mi) was refluxed for 3 hours in a flask fitted with a Dean-Stark condenser
‘undér ‘hitrogen and then allowed to cool to 60°C. Molecular sievés (4A,

powdler), crotyl bromide (24 mi) and a 1M solution in tetrahydrofuran of

‘tetrébutytammonium fluoride (23 ml) were added consecutively and the mixture
“heatad at 60°C for 1 hour arid at room temperature for 12 hours. The soivent

was evaporated to dryness and the residue chromatographed on a silica gel
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flash column elutmg wnth hexane to hexane acetone (9: 1) to give the t itle

. compound (3.2 g)as a white foam.

(1H CDCI3) 9.73 (s, 1H, CHO), 745-7 2 (m 10H 2Ph), 6 98 (s 1H, CHth).
6.05 (dd,. 1H, H-2, J-1 5: and 3.6 Hz), 5.8-5.65 (m, 1H, CH=CH), 5.65-5.5 (m,
1H, CH=CH), 4.63 (d, 1H, H-1', J=0.9 Hz), 4.2-3.8: (m 5H, H-2', H-3', 8aCHa
and O-CHp-C=C), 3.8-3.65 (m, 2H, H-5', 8aCHb), 3.6 (dd, 1H, H-4', J=3 and 9.3

" Hz), 274 (¢, 1H, H-1, J=3.9 Hz), 1.71 (dd, 3H, CH3-C=C, J=1.2 and 6.3 H).

indacene-3a(1 H]-carboyhc acrd, dlghenylmethxl ester,

-. _lntermedlate 44. (1. 225 a). tnphenylphosphme (1. 38 g) and xmrdazole (O 36 g)

were reﬂuxed in toluene (35 ml) wuth stlrrlng and then treated dropwrse with a

~ solution. of . iodine (0. 89 9) - |n toluene (15 ml) dunn| 2. hours.
' Tetrabutylammomum |od|de (0 2 g) was added and reﬂux eonttnued for 1 hour.

The reaction mixture was cooled and partitioned between ethyl acetate (100 ml)
and 1 N aqueous: hydroohlonc -acid (50 ml). The. organic layer was washed

successively. with 1 N- agueous hydrochlonc acid, water aqueous sodium

metabisulfite solutton water and brine; -then dried (Na2S0y), filtered and
concentrated in vacuo: The. resrdue was ﬂash chromatographed on slhca gel -

- - eluting with hexane:ethyl acetate (7 1) to obtaln a2 mlxture of 2 oompounds
. with a very. slrmlar Rf in_hexane: ethyl aoetate (1.08 g) (Rf-O 4in hexane: ethyl

acetate 4:1). The mrxture was dlssolved in. dry toluene (25 ml) and the solution
degassed with an argon stream for 1 hour and then heated to reflux. Tnbutyltm
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hydride (0.36 mi) was added and reflux continued for 20 mihuteé. After cooling
carbon ‘tetrachioride (2 ml) was added and the solution stirred at room

‘terperature for 1 hour. A dilute solution of iodiné in ether was then added until

a faint coloration persisted. The solvent was then removed in vacuo and the
residue taken up in diethyl ether and washed several times with a saturated
aqueous solution of potassium fluoride until no more precipitation of tributyltin

fluoride was observed. The organic layer was dried and evaporated to give a

residue which was flash chromatographed twice on silica gel eluting with
dichidromethane:ethyl acetate (95:5) and (9:1) to afford fitle compound (a)

intermediate 47 (230 mg, Rf=0.8 dichloromethane:ethyl acetate 9:1) , title

compound (b} intermediate 45 (275 mg, Rf=0.5 dichloromethane:ethyl acetate
9:1) and title. compound (¢} intermédiate 46 (200 mg, Rf=04
dichloromethane:ethyl acetate 9:1).

INTERMEDIATE 45
5 ('H, CDClg): 9.72 (s, 1H, CHO), 7.46-7.23 (m, 10H, 2Ph), 6.98 (s, 1H,

CHPho), 6.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.61 (d, 1H, H-7', J=3.3 Hz), 4.03
{d, 1H, 8a-CHa, J=8.3 Hz), 3.90 (dd, 1H, Ha-3', J=6.9 and 8.7 Hz), 3.82-3.69 (m,
3H, H-6', H-1' and H-9'), 3.66 (d, 1H, 8a-CHb, J=9.8 Hz), 3.61 (dd, 1H, Hb-3',
J=6.6 and 8.4 Hz), 2.68 {t, 1H, H-1, J=3.9 H2).

INTERMEDIATE 46
& (1H, CDClg): 9.74 (s, 1H, CHO), 7.45-7.22 (m, 10H, 2Ph), 6.99 (s, 1H,

CHPhy), 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.50 (d, 1H, H-7", J=2.1 Hz), 4.1-

4.02 {m, 2H, BaCHa and Ha-3'), 3.84 {dd, 1H, H-1', J=7.5 and 8.7 Hz), 3.76-3.66

(m, 2H, 8aCHb dnd H-8"), 3.5-3.38 (m, 2H, H-¢' and Hb-3), 2.72 (t, 1H, H-1,
=3.9 Hz), 0.94 (t, 3H, CHy-CHg3, J=7.5 Hz).

f DIA
5(1H, cncas) 975 (s, 1H, CHO), 7.45-7.2 {m, 10H; 2Ph), 6.99 (s, 1H, CHPhy),
6.08 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.85-5.7 (i, 1H, CH=CH), 5.65-5.5 (m,
1H, cH-cu), A%87 (s, 1H, H-1), 4.2-4.05 (ff; 2H OCHa-C=C and 8aCHa), 4.05-
3.9 (m, 1H, OCHb-C-C) 3.78 (d, 1H, 8aCHb, J=9 Hz), 3.3-3.16 (m, 3H, H-3, H-
4 and H5), 3.12 (d, 1H, H-2", J=3.9 Hz), 2.86 (t, 1H, H-1, J=3.8 Hz):
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A solutlon of sordarln (10 Og) in: dlchloromethane (1 SOml) was treated dropwnse |

- witha solution of dlphenyldlazomethane in dxchloromethane (0 35M, 85ml). The

resuiting solution was stirred at. room temperature for 24 hours. The solvent was
removed under reduced pressure and the resrdue was punﬁed by ﬂash column
chromatography on silica gel elutmg with hexane ethyl acetate (4 1) and (2:1).,
The fractions were combined and evaporated to yleld the tle comgoun (11 89) -
as a white foam.
& (1H, CDClg): 10. 00 (s, 1H,-CHO), 7. 63 (m 1 OH 2Ph) 7 26 (s 1H CHth)
6.30 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.92 (d, 1H, H-1', J-09 Hz) 4.84 (t, 1H,

- H-3, J=3.3 Hz),4.03 and 4.35 (2d, 2H, 8aCHy, J=9 Hz), 3.88 (m 1H, H2"), 3.70 _
~(dq, 1H, H-5', J=6.3 and 9.3 Hz), 3.41 (s, 3H, 4'-0Me) 320 (ad, 1H H-4' J=33

-and9Hz) 275(t 1H, H-1)

INTERMEDIATE 49'

di hen lmeth-les er

lntermedlate 48 (29) and 4-d|methylam|nopynd|ne (500mg) were dlssolved in
dry pyridine- (30ml) A solutlon of tosyl chlonde (960mg) m dry pyndlne (20ml)

* was added dropwise: The reactlon mlxture was sttrred at room temperature for 4

days. The soivent was evaporated mg to grve a yellow re3|due whlch was
-ohromatographed on silica gel column elutlng with hexane ethyl aoetate (4: 1)

. and (1: 1) to afford title_compound. (g) with the higher Rf. as a white foam
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(1.65g) and title compound (b} with the lower Rf. also obtained as a white foam
{1.179). :

(a) 8 ('H, CDClg): 9.71 (s 1H, CHO), 7.85-7.91 {(m, 4H, ortho-Ts), 7.26-7. 41
(m, 14H, meta-Ts and 2 Ph), 6.95 (s, 1H, COoCHPhy), 5.87 (dd, 1H, H-2, J=1
and 3.3 Hz), 4.92 (dd, 1H, H-3', J=3.3 and 4.2 Hz), 4.65 (dd, 1H, H-2", J=1.2 and
4.5 Hz), 461 (d, 1H, H-1', J=1.2 Hz), 3.50 and 3.94 (2d, 2H, 8aCHg, J=9 Hz),
3.68 (dq, 1H, H-5', J=6.6 and 9 Hz), 3.16 (dd, 1H, H4', J=3 and SHz), 2.78 (s,
3H, 4-OMe), 2.45 and 2.47 (2s, 6H, 2Ts).

(b) & (TH, CDCI3): 9.71 (s, 1H, CHO), 7.85 (m, 2H, ortho-Ts), 7.26-7.41 (m,
12H, meta-Ts and 2Ph), 6.95 (s, 1H, CHPhy), 5.87 (dd, 1H, H-2, J=1.5 and 3.3
Hz), 4.61 (d, 1H, H-1, J=1.5 Hz), 4.55 (dd, 1H, H-2'J=1.2 and 4.2 Hz), 4.37 (m,
1H, H-3), 3.50 and 3.95 (2d, 2H, 8aCHgp, J= 9Hz), 3.70 {dq, 1H, H-5', J=8.4 and
6.3 Hz), 3.23 (dd, 1H, H-4',J=3.3 and 8.7 Hz), 2.42 (s, 3H, Ts).

INTERMEDIATE 50 .
1R-(1c, 3a 4af. 7B, 7ac 8a 8a-{(2.3-Anhydro-6-deoxy-4-O-methyi-B-

D-mannogﬂ' anosyloxy) methxi]-4-fonnyl-4,4a,5,6,7,7a,§,8a—octahgdro-7~meth11-

3+4{1-methvyiethyl)-1.4-methano-s-indacene-3a(1H)-carboxylic acid
diphenyimethyl ester

Sodium (0.5g) was added to anhydrous methanol (SOml) with cooling at 0°C,
followed by intermediate 49 a (670mg) in dry dichioromethane (20mi). The
mixture was stirred for 5 days at room temperature and 4 days at reflux. The
mixture was filtered off and the solvent removed. The residue was purified by
flash chromatography eluting with hexane:ethyl acetate (3:1) to afford the title
compound (330mg).

5 (H, CDCIg): 975 (s, 1H, CHO), 7.26-7.44 (m, 10H, 2Ph), 6.99 (s, 1H,
CO2CHPhy), 6.08 (dd, 1H, H-2, J=1.5 and 3 Hz), 4.68 (s, 1H, H-1'), 3.78 and
4.11 (2d, 2H, 8aCHo, J=9 Hz), 3.49 (s, 3H, 4-OMe), 3.26 (d, 1H, H-2, J=3.9
Hz), 3.18 (m, 1H, H-5'), 3.12(d, 1H, H-3', J=3.6 H2), 308 (m, 1H, H-4"), 2.86 (m,
1H, H-1").
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Dry sodlum hydnde (25. 9mg) was suspended in dry dlmethylformamlde (5ml).
Intermediate 49(b) (470mg) in dry dlmethylformamlde was added dropwlse and -
the mixture stirred for 40 minutes at room temperature. The reaction mixture
was poured with stlmng into ice-cold water (20ml) and the resultlng solution was
treated with ethyl acetate (3x20ml) “The orgamc layers were combined and’
drled over anhydrous magneslum sulphate The gummy ‘residue obtalned upon
evaporatlon of solvents was purlﬁed by ﬂash column chromatrography elutmg

~ with hexane: ethyl acetate (5 1) to yleld the' title comgoun as a whlte foam
" (332mg).

& (1H, CDCl3): 9.73 (s, 1H, CHO), 7.26-7.44 (m, 10H, 2Ph) 6.98 (s, 1H,
CO2CHPhy), 6.08 (dd, 1H H-2, J=1.5 and 3 Hz), 4.60 (s, 1H, H—1') 3. 76 and
4.03 (2d, 2H, 8aCH2, J=9. 3 Hz), 351 (m, 4H H-4' and 4'-0Me) 3.33 (m 3H, H-

~ 2',H-3'and H-5') 280 (m 1H H-1)

INTERMEDlATE 52

To a solutlon of Intermedrate 51 (1 OOmg) in ‘ethyl acetate (15ml) was added
10% palladrum on charcoal (100mg) under nltrogen The mixture was shaken in
a Parr apparatus under 15 psl hydrogen for 1 hour at room temperature.: The
catalyst was fltered off and the solvent evaporated to dryness The residue was
purified by ﬂash chromatography on ‘silica gel elutlng wlth hexane: ethyl acetate -
(3:1) and dlchloromethane methanol (15 1): The approplater fractlons were
combined and the solvent removed to glve the ti Lu_mm_ugg (70mg) as a foam.

'8 (1H, CDCIg): 9.77 (s, 1H, CHO), 6.09 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.67 (d,

1H, H-1', J=0.9 Hz), 3.58 and 4.17 (2d; 2H, 8aCHg, J=0.6 Hz), 3.51 (m; 4H, H-3
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and 4'-OMe), 3.38 (m, 1H, H-5'), 3.34 (d, 1H, H-2', J=4.2 Hz), 3.30 (dd, 1H, H-4',
J=9 and 1.5 Hz), 2.65 (t, 1H, H-1, J=3.9 H2).

INTERMEDIATES3
1R-(1e;, 388, 48, 488, 78, 7aq, 8aB)| 8a-f(4-Q-Allyl-6-deoxy-B-D-

altropyranosyioxyimethyll-4-formyi-4.4a,5.6.7.7a.8.8a-octahydro-7-methyl-3-(1-

methylethyi)-1.4-methano-s-indacene-3a(1H)-carboxylic acid, diphenyimethyi
ester '

A suspension of Intermediate 1 (2g) and dibutyltin oxide (870mg) in dry toluene
(25mi) was refluxed for 2 h in a flask fitted with a Dean-Stark condenser, under
fitrdgen, and then allowed to stand at room temperature. Allyl bromrde {O. Sml)
and a 1M solution of tetrabutylammomum fluoride (3.5ml} were added
consecutively and the mixture was heated at 400C for 24 h uhder nitrogen. The
solvent was evaporated to dryness and the residue chromatographed on a silica
gel flash column eluting with hexane:acetone (10:1) and (9:1) to give the fitie
compound (1.7g) as a white foam.

5 (1H, CDCl3): 9.73 (s, 1H, CHO), 6.98 (s, 1H, CHPhy), 6.05 (dd, 1H, H-2, J=1.5
and 3.6 Hz), 5.89 (m, 1H, CH=CHy), 5.25 (m, 2H, CH=CH>), 4.64 (d, 1H, H-1",
J=1.5 Hz), 4.15 (t, 1H, H-3, J=3.3 Hz), 4.09 (m, 3H, CH>-CH=CH2 and 8a-
CHp), 3.87 (m, 1H, H-2), 3.74 (m, 2H, H-5' and 8a-CHp), 3.38 (dd, 1H, H4',
J=3.3 and 9 Hz), 2.74 (t, 1H, H-1, J=3.9 H2).

INTERMEDIATE 54

1R13a44a77aaa | 82-1(4-0-B {-8-deoxy-B-D-
altropyranosvloxy)methyl H—fome,ﬂg,S,S,?,?a,S,Sa-octahgdroJ-meM-( 1-
methylethyl)-1.4-methano-s-indacene-3a(1H)-carboxvlic acid, diphenvimethyl

ester

A vigorous stirred mixture of Intermediate 1 (6.0g) and dibutyitin oxide (3.55g) in
dry toluene (80mi) was refluxed for 3 hours in a flask fitted with a Dean-Stark
condenser under nitrogen atmosphers. The reaction mixture was cooled to 0°C
and then treated with benzyl bromide (1.2ml) and tetrabutylammonium fluoride
(1M in tetrahydrofuran, 10mi). After heating at 40°C for 18 hours under
nitrogen, the reaction was concentrated under reduced pressure and the
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' 'resldue punf ed by flash chromatography, elutlng ’ '_th hexane ethyl acetate (6:1)

and (4:1). The appropiate fractions were combuned and the solvents evaporated
to give the title compound (3.73g) as a white foam.
5 (1H, CDCl3): 8.73 (s, 1H, CHO) 7.24-7.44 (m 15H 3Ph) 6 98 (s 1H,

_' COzCHth) 6.05 (dd, 1H, H-2 J=1.5 and 3 6 Hz) 465 (d 1H H-1Y, J“l 2 Hz)
"4, 57 (AB system 4'OCH2Ph J-11 1 Hz) 4. 21 (m 1H H-3') 3 76 and 4, 07 (2d,

2H, 8aCH2. J=9 Hz), 3.87 (m, 1H, H-2') 3.76 (m, 1H; H-5') 349 (dd 1H H-4'

J=3.3 and 9 Hz), 2.74 (t, 1H, H-1, J=3.6 Hz)

; 'INTE MEDIA 5

| digh"eny"l'methy' leste'r' o

Toa solutlon of Intermedlate 48 (3 mmol) in dry dlchloromethane (15ml) at 0°C

- under ‘nitrogen atmosphere was added’ 4-d|methylam|nopyr|dme (6 3mmol)

~ After strmng for 15 minutes, the mnxture was cooled to -20°C and a solution of
_ benzylchloroformate (3.6 mmol) in dry dlchloromethane (15ml) was added
. dropwuse After two hours the solvent was evaporated and the resrdue punﬁed

by flash chromatography usmg hexane ethyI acetate (3 1) as eluent to g:ve the
title compound (1.2g). '
5 (1H, CDClg): 9.70 (s, 1H, CHO), 7.35 (m, 15H, 3xPh) 6.96 (s, 1H, CHth)
5.99 (dd, 1H, H-2 J=1.5 and 3.6 Hz), 5.18 (AB system 2H, OC _zPh J=12 Hz),
5.00 (dd, 1H H-2' J=1.5 and42 Hz). 470 (d 1H, H-1' J-1 8 Hz), 4.13 (m 1H,
H-3') 401 and 366 (dd 1H 1l-l 8a-CH2. J-9 Hz) 375 (m 1H, H-5'), 3.40 (s,

“3H, OMe) 3.17 (dd, 1H, H-4', J=3.3 and 8.4 H2); 262 (t, 1H, H-1, J'36 Hz)

243 (d 1H, OH, J=2.4 Hz), 2.21 (m, 1H, CH(CH3)2)
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INTERMEDIATE 56
[1R-(1a. 3af. 4B 428, 78, 7ac. 8aB)] 8a-f(4-O-Allyl-2-O-benzvioxycarbony|-6-

deoxy-B-D-altropyranosyloxy)methyi}-4-formyl-4 4a,5.6.7. 7a 8 8a-octahydro-7-

et 1-methviethvi)-1. 4-methano-s-indacene-3a( 1H)-carboxylic acid,
diphenvimethvl ester

To a solution ot Intermediate 53 (1.4g) in dry methylene chioride (30ml) at 0°C
was added dimethylaminopyridine (513mg) and the mixture was stirred for 15
minutes. Benzyl chloroformate (0.35ml) in dry methylene chloride (15ml} was
then added dropwise for 15 minutes, and the mixture stirred for 4 h. The mixture
was then diluted with methanol (1ml) and methylene chloride (20ml) and
washed with water, 1N hydrochloric acid and brine. The organic layer was dried
over anhydrous magnesium sulphate, filtered and the solvent evaporated to
dryness. The residue was purified by flash column chromatography eluting with
hexane:ethy! acetate (7:1) and (5:1) to give the title compound (1.1g).

5 (1H, CDCi3). 9.70 (s, 1H, CHO), 6.96 (s, 1H, CHPh»), 5.98 (dd, 1H, H-2, J=1.5
and 3.6 Hz), 5.88 {m, 1H, CH=CH5), 5.20 (m, 4H, Ph-CH>-O, CHo-CH=CH>),
499 {dd, 1H, H-2, J=1.5 and 4.2 Hz), 4.70 (d, 1H, H-1', J=1.5 H2), 4.12 {m, 1H,
H-3", 4.03 (m, 3H, CHo-CH=CH2 and H-8a-CHj), 3.76 {m, 1H, H-3"), 3.64 (d,
1H, 8a-CHp, 8.7 Hz), 3.34 (dd, 1H, H-4', J=3.3 and 8.7 Hz), 2.61 {t, 1H, H-1,

- J=3.9 Hz).

INTERMEDIATE 57
1R-(1¢, 3aB. 48, 4aB. 78, 7aa, 8a B8a Be - enzyioxycarbonyl-

6-deoxy-8-D-ait anosylo: ethyl]-4-fo 4a 5.8.7.7a 8 8a-octahydro-7-

methvi-3-{1-methylethyl)-1,4-methano-s-indacene-3a( 1H)-carboxylic acid,

diphenyimethvi ester

To a solution of Intermediate 54 (3.7g) in dry dichloromethane (25mi) at 00C
under nitrogen atmosphere was added 4-dimethylaminopyridine (1.85g). After
stiring for 15 minutes, the mixture was cooled to -20°C and a solution of
benzyichloroformate (0.68ml) in dry dichloromethane (10mi) was added
dropwise until the product was detected by tic (hexane:sthyl acetate 4:1). The
solvent was then evaporated to dryness and the residue was purified by flash
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chromatography using hexane:ethyl acetate (6: 1) as eluent to. glve tha title

- compound (3.60) as a white foam. :
K (1H CDCI3) 9.70 (s, 1H, CHO) 726-7 42 (m, 20H 4Ph). 696 (s, 1H,

CO2CHPhy), 5.99 (dd, 1H, H-2, J=1.2 and" 3.3 Hz), 5.18 (AB s_ystem_ 2-
OCO2CH2Ph, J= 12.3 Hz), 5.00 (dd, 1H, H-2, J=1.5 and 4.2 Hz), 4.71.(d, 1H, -
H-1', J=1.5 Hz), 4.56 (AB system, 4-OCHoPh, J=11.1 Hz), 4.15 (m, 1H, ‘H-3'),
3.66 and 4.00 (2d, 2H, 8aCHy, J=9 Hz), 3.81 (dq, 1H, H-5', J=6.6 and 9 Hz)

343(dd 1H, H4', . 33and9Hz),260(t 1H, H-1, J-36Hz) |

- INTERM DIA 58

carboxylic.acid, dighgnylmetn! I-es;_er

A solution of _Interrri_edi:a_t'e'_'. 55 (3 mmol) and 4-dimethylaminopyridine (5.1 mmol)

~ in dry dichloromethane (60ml) was treated dropwise: with a solution of tosyl
- chloride (4.5 mmol) in dry dichloromethane (20ml). After 24 hours, the solvent

was evaporated and the residue purified by flash chromatography using

- hexane:ethyl acetate (5:1) as eluent to give the title compound (1.8g).

8 (1H, CDCI3): 8.70 (s, 1H, CHO), 7.84 and 7.32 (d. m, 2H. 17H, Ar), 6.96 (s,
1H, CHPhy), 594 (dd, 1H, H-2, J=1.5 and 36 Hz). 517 (AB system, 2H,
OCH2Ph, J=12 Hz), 5.10.(m, 1H, H-3), 4.88 (dd, 1H, H-Z, J=3 and 5.4 Hz)

' 468 (d, 1H, H-1, J=2.1 Hz), 3.97 and 3.63 (2d, 2H; 8a-CHy, J=9 Hz), 3.76 (dd,

1H, H-5', J=6.3 and 8.1 Hz), 3.18 (dd, 1H, H4', J=3 and 8.1 Hz), 3.05.(s, 3H, -
OMe), 2.51 (. 1H, H-1, J=38 Hz). 243 (s, 3H, c_o,Ar) 201 (m 1H,
CH(CH3)2). - -
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NTERMEDIATE 59
1R 3af, 48. 4aB, 78, 7ac. 8af)l Ba-[(4 liyl-2-O-benzylo: thonvl-6-

‘deggga-g;tosyl-ﬁfg-'altmmmszlo:_cz)meﬂzl]-4—femyl—4,4a,5,§,7,7a,8,83-
ottahydro-7-methyl-3-{1-methyiethyl)-1,4-methano-s-indacene-3a(1H)-
carboxylic acid, diphenyimethy| ester

To a solution of intermediate 56 (1.1g) and dimethylaminopyridine (300mg) in
dry methylene chioride {(40ml) was added dropwise a solution of tosyl chioride
(400mg) in dry methylene chloride (20mi} and the reaction mixture was stirred
for 3 days at room temperature. The solvent was evaporated to dryness and the
residue chromatographed on a silica gel flash column eluting with hexane:ethy}
acetate (9:1) and (6:1) to give the title compound (820mg).
5 (1H, CDCl3): 9.70 (s, 1H, CHO), 6.95 (s; 1H, CHPhp), 5.94 (dd, 1H, H-2, J=1.5
and 3.9 Hz), 561 (m, 1H, CH=CHy), 5.12 (m, 4H, Ph-CH2>-O, CH2-CH=CH2),
4.84 (dd, 1H, H-2', J=3 and 5.1 Hz), 4.69 {d, 1H, H-1', J=1.8 Hz), 3.96 and 3.63
(2d, 2H, 8a-CHp, J=9.0 Hz), 3.76 (m, 4H, H-3', H-5', CH2-CH=CH3), 3.38 (dd,
1H, H4', J=3 and 8.1 Hz), 2.50 {t, 1H, H-1, J=3.9 Hz), 2.42 (s, 3H, CH3-Ph}.

INTERMEDIATE 60 _
[1R-{1g, 3aB. 4B, 4aB. 78, 7ac. 8aB)] 8a-{{4-O-Benzyi-2-O-benzyloxycarbonyi-5-

deoxy-3-O-tosyl-B-D-altropyranosvioxymethyij-4-formyi-4 43 5 6 7 72 8 8a-
octahvydro-7-methyi-3-(1-methylethyl)-1.4-met - -3a(1H

carboxvlic acid. diphenyimethy! ester

To a solution of Intermediate 57 {3.5g) and dimethytaminopyridine (1.3g) in dry
methylene chloride (80mi) was added dropwise a solution of tosy! chloride (2g)
in dry methylene chloride (50ml) and the mixture was stirred for 3 days at room
temperature. The solvent was evaporated and the residue chromatographed on
a silica gel flash column using hexane:ethy! acetate (9:1) as eluent to give the
title compound (3.14g).
5 (1H, CDClg): 9.70 (s, 1H, CHO), 6.95 (s, 1H, CHPhp), 5.95 (dd, 1H, H-2, J=1.2
and 3.3 Hz), 5.16 (m, 3H, Ph-CH2-O, H-2'); 4.93 (dd, 1H, H-3', J=3 and 4.8
Hz), 4.71 (d, 1H, H-1', J=1.8 Hz), 4.25 (AB system, 2H, O-CHoPh, J=11.5 H2),
3.96, 3.63 (2d, 2H, 8a-CHg, J=9.0 Hz), 3.83 (m, 1H, H-5'), 3.45 (dd, 1H, H4', J=
3 and 8.4 Hz), 2.51 (t, 1H, H-1, J=3.9 Hz), 2.35 (s, 3H, CH3-Ph).



10

15

20

25

30

WO 96/14326 | | | . PCT/EP95/04331

INTERMEDIATE 61~

To a solution of '_ Interrnediate ‘58 (‘1f9mmo|) _in.ethyl acetate (60ml) was added

10% palladium on charcoal (100mg) under nitrogen:. The ‘mixture was shaken in.

a Parr apparatus under 15 psi of hydrogen for 1 hour at room temperature. The

_catalyst was filtered off-and the solution was treated with a.0.35M solution of

- diphenyldiazomethane (20ml) After. 2- hours, the 'solvent was evaporated and

- the residue purified by flash. chromatography uslng hexane ethyl acetate (3 1)
- as eluent to give the title compound (1.3g)-

5(1H CDC|3) 9.72 (s, 1H, CHO), 7.85. and 732 (d, m, 2H, 12H Ar) 698 (s

~1H, CHPhy), 6.06 (dd, 1H; H-2, J=12and 3.3 Hz), 4.84 (dd, 1H, H-3', J=3 and
4.2 Hz), 4.64 (d, 1H H-1', J=1.5 Hz), 4.06 and 3.75'(2d, 2H, 8a-CHj, J=9.3 H2),

4.02 (m, 1H, H-2'), 3.70 (m, 1H, H-5"), 3.16 (dd, 1H, H-4", J=3 and 9 Hz), 2.93 (s,
3H, OMe), 2.69 (t, 1H, H-1, J=3.9 H2), 245 (s, 3H, C_3Ar) 2.30 (d. 1H, OH,

- J=3 Hz) 2.23 (m 1H CH(CH3)2)

_lNTERMEQIA! E 62

altro ranos' lo rneth {l-4-formyl-4.42.5.6.7 7a 8a-octah dro-7-meth I-3 1-

' methylethxl -1 ,4-methano-§-|ndagne-3a(1 H)—carboghc acld, dtghenylmetnxl

ester

Toa s'olutlon' of Intermediate. 59 (800mg).in ethyl acetate (200ml) was. added

10% palladuurn on charcoal (300mg) under nitrogen. The mixture was shaken in

a Parr apparatus under 20 psi of hydro.en for 1 hour at room temperature. The '_
_ 'catalyst was filtered off and the solvent evaporated to dryness. The residue was
" dissolved in- methylene chioride: (50ml)--‘and. a 0.35M . solutlon of

diphenyldlazomethane (6ml) was added dropwise. The_mlxture. was stirred at
room temperature for 3 hours. The solvent was evaporated and the residue

«



10

16

20

25

WO0'96/14326 PCT/EP95/04331

o7

¢hromatographed on a silica gel flash column eluting with hexane:sthyl acetate
{8:1) and (3:1) to give the title compound (630mg).

3 (1H, CDCl3): 9.72 (s, 1H, CHO), 6.98 (s, 1H, CHPh), 6.06 (dd, 1H, H-2, J=1.2
and 3.3 Hz), 4.84 (dd, 1H, H-2', J=3 and 4.2 Hz), 4.64 (d, 1H, H-1', J=1.5 H2),
4.05 (m, 2H, H-3' and H-8a-CH2), 3.73 (m, 2H, H-5' and H-8a-CHy), 3.29 (dd,
1H, H-4', J=2.7 and 9 Hz), 3.01 (t, 2H, OCH2CHyCH3 , J=7 Hz), 2.68 {t, 1H, H-
1, J=3.9 Hz), 2.44 (s, 3H, p-Ts).

INTERMEDIATE 63
{1R-(1c. 3aB, 48, 4aB, 78, 7aa. 8ap)] 8a-{(4-0-Benzyl-6-deoxy-3-O-tosyl-8-D- -
alt ano: meth formvi-4 4a.5.6.7. 7a 8.8a-octahydro-7-methyi-3-(1-r

methylethyl)-1.4-methanc-s-indacene-3a(1H)-carboxvlic acid

To a solution of Intermediate 60 (1.0g) in ethy! acetate (70ml} was added 10%
palladium on tharcoal (600mg) under nitrogen. The mixture was shaken in a
Parr apparatus under 15 psi of hydrogen for 4 hours at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue was
purified by flash chromatography on silica gel, eluting with hexane:ethyl acetate
(3:1) and (1:1). The appropiate fractions were combined and the solvent was
evaporated to give the fitle compound (530mg).

5 (1H, CDCIg): 9.70 (s, 1H, CHO), 7.81 and 7.10-7.30 (2m, 9H, Ts and Ph), 6.08
(dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.91 (dd, 1H, H-3, J=3.3 and 4.5 Hz), 4.68 (d,
1H, H-1', J=1.5 Hz), 4.12 (m, 3H, CHoPh and H-2'), 406 and 3.64 (2d, 2H,
8aCHpo, J=9.3 Hz), 3.46 (m, 1H, H-4'), 2.65 (m, 1H, H-1), 2.36 (s, 3H, Ts).

INTERMEDIATE 64 -
1R-{1q. 3aB, 48, 428 78, 7ac. 8ap)] 8 dro-6-d =

D-mannopyranosvioxy) methzl]-4-fonnz|-4,ﬁa,5,§,f,fa,8,ea-octahxdro-%methxl-

1-methvylethyl}-1 tHano-s-iridacen: 1 lic acid,

‘diphenyimethyl ester

A $uspension of sodium hydride (3.2 mmol) in dry dimethytformamide (6mi),

-undder nitrogen atmosphere, was treated with a solution of Intermediate 61

(1:6mmal) in dry dimethyiformamide (6mi). After 40 minutes, water.ethyl acetate
(1:1 ; 60mf) was added. The organic phase was evaporated and the residue
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 purified by flash chromatography using hexane:ethy! acetate (4:1) as eluent to

give the title compound (960mg) havung the ldentlcal proton NMR spectrum as
_-the compound of lntermedxate 50 : . . .

I ER DIT 65

(1 -methylethyl)-1 ,4-methano-s-|ndacene-3a(1 H)-carbogllc acid, dtghenzlmethyl
ester '

To a suspenston of sodlum hydnde (35mg) in: dry dlmethylformamlde (10ml)
was added dropwise & solutlon .of Intermediate - 62 (600mg) .in dry
dimethylformamide (15ml). The mlxture was stlrred at room temperature under

" nitrogen. for 1h and was then: treate_d with 1N ammonium chlor_tde (50ml) and
~ ethyl acetate (70ml). The organic layer was washed with water and brine, dried- -

over anhydrous magnesium sutphate and ‘evaporated to dryness The residue
was chromatographed on a silca gel flash -column elutlng with hexane ethyl

- acetate (8:1) and (6:1) to yield the:title compound (450mg) as a white. foam

5 (1H, CDClg): 9.75 (s, 1H, CHO), 6.99 (s, 1H, CHPH2), 6.08 (dd, 1H- H-2
J=1.5 and 4.8 Hz), 4.68 (s, 1H, H-1'), 4.11.and 3.79 (2d, 2H, 8a-CHp, J=9.0Hz),
3.68 (m, 1H, H-5), 3.45 (m; 1H, H-4), 3.24 and 3.12 (2d, 2H, H-2, H-3, J=3.9
Hz), 3. 19(t 24, OcH CHchs. $=7 Hz) 286 (t, 1H, H-1, J=3.9 Hz).

NTERMEDIA E66

To a suspension of 10% palladuum on charcoal (800mg) in. ethyl aoetate (GOmI)
in a hydrogenation bottle under nitrogen were added a solutlon of Intermedtate |
60 (1.0g) in ethyi-acetate (30ml) and a mixture of methanol 1N hydrochlono acid
(3:1; 4ml).’ .The bottle was.. shaken in a Parr hydrogenation. apparatus at a

s 'pressure of 30 psi of hydrogen for 18 hours. The reaction mixture was filtered

35

“and the filtrate was evaporated to dryness. The residue was purified by fiash
column chromatography on silica gel, eluting with dlohlorometha_ne methanol.
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{(20:1). The appropriate fractions were combined and the solvent was
evaporated to give the title compound (380mg).

5 (1H, CDCla): 9.70 (s, 1H, CHO), 7.84 and 7.38 (2d, 4H, Ts), 6.06 (dd, 1H, H-2,
J=1.5 and 3.6 Hz), 4.75 (dd, 1H, H-3', J=3.3 and 4.5 Hz), 4.61 (d, 1H, H-1',
J=1.2 Hz), 4.05 (d, 1H, H-8aCHoa, J=9.3 Hz), 3.92 (dd, 1H, H-2', J=1.2 and 4.5
Hz), 3.65 (m, 3H, H-5', H-4' and H-8aCHab), 2.63 (m, 1H, H-1), 2.46 (s, 3H, Ts).

INTERMEDIATE 67

1R-(1c. 3aB. 4B, 4aB, 78. 7aa. 8aB)] 8a-{(2,3-Anhydro-6-deoxy-8-D-
mannopvyranosyloxy)methyll-4-formyl-4 4a.5.6,7. 7a 8.8a-octahydro-7-methyl-3--
1 lethyi)-1.4-methano-s-indacene-3a{ 1H)-carboxylic acid, diphenyimeth
ester

A solution of Example 55 (585mg) in dry dichioromethane {20mi) was treated
dropwise with a purple solution of diphenyldiazomethane in dichloromethane.
{0.35 M, 8ml). The resulting solution was stirred at room temperature for 14
hours. The solvent was removed under reduce pressure and the residue was
purified by flash column chromatography on silica gel eluting with hexane:ethyl
acstate {6:1) and (4:1). The appropriate fractions were combined and
evaporated to yield the title compound (764mg) as a white foam.

& (1H, CDCl3): 9.75 (s, 1H, CHO), 7.26-7.44 (m, 10H, 2Ph), 7.00 (s, 1H,
CO2CHPhy), 6.09 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.71 (s, 1H, H-1'), 3.79 and
4.12 (2d, 2H, 8aCHp, J=9.3 Hz), 3.63 (dd, 1H, H-4', J=5.7 and 8.7 Hz), 3.21 (m,
1H, H-5), 3.15and 3.24 (2d, 2H, H-2' and H-3', J=3.6 Hz), 2.86 (t, 1H, H-1,
J=3.9 H2).

INTERMEDIATE 68
[1R{1g. 3aB. 48, 4aB. 78, 7ec; 8aB)] Ba-(2,3-Anhvdro-4,6-dideoxy-4-fluoro-B-

D-talo nosvioxy) methvil-4-formvi-4.4a.5.6.7,7a,8.8a-octah 7-methyl-3-

(1-methylethyl)-1 A-methano-s-indacene-3a(1 H}-ca@gxlig acid, diphenyimethyl

aster

A solution of intermediate 67 (300mg) in dichloromethane (25ml) was treated
with diethylaminosulfur trifiuoride (0.16mi), and the resulting mixture was stirred
overnight at room temperature. The mixture was cooled to 0°C, quenched by
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addition of methanol (1 5ml) and then concentrated under reduced pressure.
Fiash chromatography of the residue on sullca gel elutlng with hexane: ethyl

- acetate (6:1) and 4 1) afforded the ti _tlmgo_ggg (160mg).

5 (H, CDCl3): 9.73 (s, 1H, CHO), 7.45 - 7.26 (m 10H, 2Ph), 6.98 (s 1H,

CHPh),6.09 (dd 1H, H2, J=1.5and 3.9 Hz). 5.09 (d, 1H, H-1', J= 1.5 Hz),
4.75 and 4.58 (2dq, 1H, H-5', Js', |:-486 Hz, J= 6.6 Hz, J= 39 Hz), 4.18 and
4.11 (2d, 1H, H-4', J4F=23.1 Hz, J=3.9 Hz), 3.97 and 3.81 (2d, 2H, 8aCHy,
J=9.3 Hz) 3.75and 3.70 (2m 2H H-2' and H-3') 2 84 (t, 1H, H-1)

N ERM lA 69

methoxyethyl)-B-D-mannopyranosyioxy)meth I fo l-443567 72.8.8a-
octa_ ro-7- eth l-3 1- eth Ieth I-1 4-methano-s-mdacene-3a 1H)-

To a suspension of sodium’ hydride t24mg). in ffdryiftelrahydromran (20ml).at 09C

under nitrogen was added Intermediate 67 (300mg) and the mixture was stirred
for 30 minutes. 2-Bromoethyl methyl. ether . (300mg) and 1N

_tetrabutylammonlum iodide (2ml) were- added and the mixture was heated at

40°C for 2 days. The reaction was quenched _vl_nth__._lN ammonium chioride. (10ml) -
and the mixture diluted with ethyt acetate (30ml). The org'anic layer was washed
with water and brlne dried over anhydrous magnesnum sulphate and the solvent

. evaporated to dryness The residue was chromatographed on a silica gel flash
_ column elutmg with hexane: ethyl acetate (5:1) to glve the title compound as a

colourless oil.

'8 (1H, CDClg): 9.75 (s, 1H, CHO), 6.98 (s, 1H, CHPhp), 608(dd 1H, H-2, J-1 2

and 3.3 Hz), 4.67 (s, 1H, H-1), 4.10 and 3.78 (2d, 2H, 8a-CHz, J=9.0 Hz) 4.08-
4.00 (m; 2H, H4', H-5), 3.90-3.53 (m, 4H, OCH2CH2OCHg), 3.40 (s, 3H,

S CﬂsOCHzCHZ). 3.29 and 3 11 (2d, 2H H-3', and H-2' J=3.9 and 3. 9 Hz), 2.86

(t 1H, H-1 J-37l-lz)
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INT ERMEDIATE 70

' ndacane-Sa(1 H)-carboxylic acid, dtghenxlmethyl ester

‘A mixture of Intermediate 67 (0.3 mmol), cesium carbonate (0.3 mmol) and 3-

brnmo-z-methyi-propene (0.5 mmol) in dry dimethylformamide (1.5ml) was
stirréd for three days at room temperature. After diluting with diethyl ether
(36ml) the nfixture was washed with water. The solvent was evaporated and the

_residue was purified by flash chromatography using hexane:ethyl acetate

(4:1) as eluent to give the fitle comgound (62mg).

8 (H, cncn3) 9.75 (s, 1H, CHO), 7.35 (m, 10H, 2xPh), 6.99 (s, 1H, CHPhy),
6.08 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.00 and 4.93 (m,m, 1H, 1H, CHy=C),
4.70 (s, 1H, H-1"), 4.12 and 3.79 (2d, 2H 8a- CHz, J=9.3 Hz), 4.12 and 3.96
(d.d, 1H, 1H, CH20, J=12 Hz}, 3.26 {m, 3H, H-3', H-4' and H-5'}, 3.13 (d, 1H, H-
2', J=3.9 Hz), 2.86 (t, 1H, H-1, J=3.9 Hz), 2.23 (m, 1H, CH(CH3)2).

N IERMEDIATE 7

methylethyi)carbonyl-8-D-mannopyranosy loxy)methvil-4-formyl
442 5,6,7,7;,5, 8a-octahxdro—7-me_thyl-3;(1 -methvlethyi}-1.4-methano-s-
indacene-3a{1H)-carboxylic acid. diphenvimethyl ester

To a solution of Intermediate 67 (160mg) in dry dichloromethane (5mi) were
added 4-dimethylaminopyridine (70mg) and isbbutyryl chloride (60ul). The
mixtlife was stirred overnight at room temperaturé and thén concentrated to give
a yellow oil, which was chromatographed on & sifica gel flash column using
hexane:ethyl acetate (5:1) as eluent to provide the titie compound (162mg) as a
white foam.

5 (1H, CDCla): 8.75 (s, 1H, CHO), 7.26:7.44 (m, 10H, 2Ph), 6.99 (s, 1H,
CHPhy), 6.08 (dd, 1H, H-2), 5.75 (s, 1H, H-1), 463 (d, 1H, H4', J=9 H2), 4.12
and 3.80 (2d, 2H, 8aCHp, J=9 Hz), 3.43 (dq, 1H, H-5', J=6.6 and 9 Hz), 3.15 (s,
2H, H-2' and H-3"), 2.86 (m, 1H, H-11), 2.59 (m, 1H, 4-OCOCHMey).
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. INTERMEDIATE 72

carboghc acid, dlghegy(methyl eg 'er"._ h

A mlxture of Intermediate 67 (0.3 mmol) . and 4-d|methylamrnopyndrne (0.6
mmol) in dry drchloromethane (15ml) was treated wuth ptvaloyl chlorlde (0.45

- mmol). After 2.5 hours, the mrxture was washed wnth water The orgamc phase

was evaporated and the resldue was purifie ed by ﬂash column chromatography-_
using hexane -ethyl acetate (5:1)as eluent to gwe the ﬂe comgoun (190mg) .
5 (1H, CDCI3) 9.76 (s 1H, Cl-IO) 7.83 (m 10H 2xPh) 7.00 (s 1H CHth)

- 6.08 (dd, 1H, H-2, J=1. 5and33Hz),477(s 1H, H-1) 467(d 1H, H-4' J=9
. Hz), 4.13 and381 (d.d, 1H, 1H, Ba-CHz. J"9Hz). 343 (m 1H, H-5'), 3.13 (m,
‘2H, H-2' and H-3') 286 (t 1H, H-1 J-39Hz) 2.24 (m 1H, CH(CH3)2)

INT RMEDI TE 73

[R-(1 3aB. 4B 4aB. 7B. 7aq. 8a 8a-23-Anh dro-4 nzvioxy-

carboxylic acldI dlghenylmethvl este | .ﬁ

A solutlon of Intermedlate 67 (O 3 mmol) and 4-d|methylam|nopyr|d|ne

(0.8mmol) in dry drchloromethane (15ml) was treated dropwise with
benzyloxycarbonyl chlonde (0.7. mmol) and stirred for .3 hours. After washing
with water and brine, the solvent was evaporated and the resldue was purnf ed
by flash chromatography uslng hexane ethyl acetate (5 1) as eluent to glve

the title comgoun (185mg)
(1H CDCl3): 975 (s, 1H, CHO), 732 (m 15H 3xPh) 699 (s 1H CﬂPhg)

16.08 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 5.20 (m, 2H OC_zPh),472 (s 1H, H-1"),’

4.57 (d, 1H, H4', J=8.4 Hz), 4.11-and 3.79 (2d, 2H, 8a-CHy, J=9 Hz) 3.43 (m,
1H, H-5),- 3.27 and 3.15 (2d, 2H, H-2' and H-3' J=3.6 Hz), 2 85 (t, 1H H-1,

J-3 9 Hz), 2.24 (m, 1H, Cﬂ(CHs)z)
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IN 1A 4
T1R-{1q. 3aB. 48. 4aB. 78, 7ac. BaB)] Ba Anhydi X0-8-D-
nNO nosvioxy) methyll-4-formvi-4.4a.5 6.7 7a.8, 8a-octahvdro-7 }-3-

{1-methylethvi}-1,4-methano-s-indacene-3a(1H)-carboxylic acid. diphenyimethyl
ester

A soiution of trifluoroacetic anhydride {0.1ml) in dry dichloromethane (5mi) at
-600C was treated dropwise with dimethylisulfoxide (0.06ml) and a solution of
Intermediate 67 (0.39 mmol) in dry dichloromethane (5ml). After 60 minutes,
triethylamine (0.24mi) was added and the mixture was stirred at -200C for 2
hours. The mixture was diluted with dichloromethane (20ml) and washed with
water, After removal of the solvent, the residue was purified by flash
chromatography using hexane:ethyl acetate (4:1) as eluent to give the fitle
compound (171mg).

5 (1H, CDCla): 9.76 (s, 1H, CHO), 7.38 (m, 10H, 2xPh), 6.59 (s, 1H, CHPho),
6.09 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.84 (s, 1H, H-1'), 4.11 and 3.84 (2d, 2H,
8a-CHp , J=8 Hz), 3.92 (q, 1H, H-5', J=6.9 Hz), 3.59 and 3.37 (2d, H-2' and H-
3, J=4.2 Hz), 2.86 (t, 1H, H-1, J=3.9 Hz), 2.26 (m, 1H, CH(CH3)2).

INTERMEDIATE 75

1R-{1c, 3af3, 48, 4aB, 7B, 7ac. 8af)! 8a-12-0O-Benzoyl-6-deoxy-4-0O-methyl-B-D-
altropyranosyioxy} methyil-4-formyi-4 4a.5 6.7, 72 8,8a-octahvdro-7-methyl-3-{1-
methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid, diphenyimethyl

ester.

To a solution of intermediate 48 (15.88 g) and dimethylaminopyridine (8.83 g) in
dry dichloromethane (200 ml) was added dropwise at -25°C under nitrogen
benzoyl chloride (2 ml) in dry dichloromethane (10 mi). After stirring for 45
minutes the cool bath was removed and 1N hydrochloric acid (10 ml) was added
carefully. The two phases were partioned and the organic layer was diluted with
dichioromethane {600 mi} and washed with 1N hydrochioric acid (500 mi) 10%
sodium bicarbonate (500 ml} and brine (S00 mi). The solvent was removed to
dryness to give an oil which was flash chromatographed (silica gel, ethy!
acetate:hexanes viv 1:20 and 1:7) to obtain 8.75 g of the title compound (48%
yield) as a foam.
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5 (MH, CDClg): 9.66 (s, 1H, CHO), 8.15-8.05, 7.60-7.2 (2m, 15H, 3Ph), 6.95 (s,

- 1H, CHth). 5.93 (bd 1H, H2,-J=2.1 Hz), 5.35 (dd 1H, H2', J=1.5 and 4.8 H2),

4.82 (d, 1H, H1', J=1.8 Hz), 4.25 (m, 1H, 'H3), 3.99 (d, 1H, 8aCHa, J=9 Hz),
3.86 (dq; 1H, H5', J=6.3 and 8.1 Hz), 3.68 (d, 1H, BaCHz. J=9 hz), 3.43 (s, 3H,
OCHg3), 3.22 (dd, 1H, H4', J=3 and 8.1 Hz), 2.62 (t, 1H, H1, J=3.9 Hz), 2.45 (d,

1H OH, J-24Hz) 2 19 (m 1H CH(CH3)2)

~ INTERMEDIATE76

dip heny |rriéthy“ | e"'stg;‘ =

To a solution of tnﬂuoroacetlc anhydnde (1 29 ml) in dry dichloromethane (1 5_

" ml) was added DMSO' (0.66 ml) over a period of 10 minutes at 60°C under

mtrog_en atmos_phe.re To the suspension thus formed was added a solution of

- Intermediate 75 (3.45 g) in dry dichloromethane (30 ml) and the mixture stirred

at -609C for 1 hour. Triethylamine (5.76 ml) was added dropwise ‘and the

‘temperature was allowed to reach -20°C, then water (6 ml) was added to the

resulting yellow solution and the mixture was stirred at room temperature for 1.
hour. chhloromethane (200 ml) ‘and water (200 ml) were added and the two
phases. partloned The. organic. Iayer was dried over magnesium sulfate and
concentrated to dryness - to' give a crude  which was’ dissolved in
dichloromethane (10 ml) and treated with trigthylamine' (2 ml) overnight.
Elimination of the solvent gave a oil which was flash chromatographed (silica |

" gel, ethyl acetate:hexanes viv 1: 15 and 1 10) to afford 2.6 g of the title

compound (76% yield) as a foam. -
5 (H, CDCl3): 9.68 (s, 1H; CHO). 82-8 0, 76-72 (2m 18H, 3Ph) 6. 96 (s, 1H,
CHPhy), 5.76 (dd 1H; H2, J=1.2 and 3.3 Hz). §.77 (dd, 1H, H2, J=1.2 and 3.3

" Hz), 5.39 (dd, 1H, H2', J=1.2 and 8.1 Hz), 4.53 (d; 1H, HT'", J=8.1 Hz), 4.09 (d,
“1H, 8aCHg; J=9 ‘Hz);"3.75 (d, 1H, BaCHz. J-9 Hz) 3 7-34 (m 5H

H4'+OCH3+H5') 2 63 (t, 1H, H1, J-4 2Hz).
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‘gliopyrancsyl -4-formyl-4.4a.5.6.7.7a 8 8a-octahydro-7-methyl-3-(1-
ethiethivi)-1 4-methano-s-indacene-3a 1H)-carboxylic acid, diphenyimethy!
ester,

To a well degassed solution (Ar, 15 minutes) of tributyltin hydride (5.96 ml) in
dry toluene {120 mi) was added via syringe a solution of Intermediate 76 {5.7 9)
and a,a’-azoisobutyronitrile (420 mg) in dry toluene {50 ml) at 90°C over a
period of 1 hour. The heating was continued until completion of the reaction and
then it was cooled to room temperature. Water (40 ml) and potassium fluoridg
(1.5 g) were added and the mixture stirred overnight. The crude obtained after
elimination of the solvents was stirred with diethyl ether for 1 hour and the solid
‘was removed by filtration. The ethereal solution was concentrated to dryness
and the resuiting oil was flash chromatographed (silica gel, ethyl
acetatechexanes 1:15 and 1:10) to afford 2.22 g of the title compound (61%
yield) as a foam when dried at vacuum.

5 (H, CDCl3): 9.73 (s, 1H, CHO), 7.5-7.2 {m, 10H, 2Ph), 6.98 (s, 1H, CHPh3),
6.04 (dd, 1H, H2, J=1.5 and 3.6 Hz), 445 (dd, 1H, H1", J=27 and 8 7 Hz), 4 06
(d, 1H, 8aCHop, J=9Hz), 3.70 (d, 1H, 8aCHz, J=9 Hz), 3.52 (s. 3H. OCH3), 35-
3.3 (m, 2H, H4'+H5'), 2.7-2.5 (m, 3H, H1+H2'), 2.24 (m. 1H. CH(CH3)2)

INTERMEDIATE 78
[1R-{1c, 3aB. 48. 428, 78. 7aa, 8aB)}] 8a-(18.7R 9R)-2.8-Dioxa-8-methyl-bicyclo
[3.4,0]-non-4-ene-7-yl-oxymethyll-4-formyl-4 4a.5 6 7.7a,8 8a-octahydro-7-

methyi-3-(1-methylethyvi}-1. 4-methano-s-indacene-3af{1H oxvlic acid
diphenyvimethy! aster, '

To a vigorous stirred. solution of Intermediate 77 (260 mg) and diethyl
diazomethyl phosphonate (110 mg) in dry tetrahydrofuran was added slowly at
0°C under nitrogen a slurry of potassium fert-butoxide (112 mg) in dry
tetrahydrofuran (1 mi) (ges evolution was observed immediately). After 10
minutes the mixture was diluted with dichioromethane (100 ml) and washed with
1N hydrochioric acid (2x100 mi) saturated sodium bicarbonate (2x100 ml) brine
{2x100 ml) and dried over magnesium sulfate. Removal of the soivent gave an
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oil which was ﬂash chromatographed (silica gel, ethyl aoetate hexane vlv 1:15

- -and 1: 12) to afford 200 mg of the title compound (77% yreld) as a foam N

& (1H CDClig3): . 75 (s, 1H, CHO), 7.5-7.2 (m. 10H, 2Ph), 6. 99 (s: 1H, CHth),
6.05 (dd, 1H, H2, J=1.2 and 3.3 Hz), 5.45 (m, 1H,  H4), 4.65 (m, 2H H3'), 4.25-
4.15(m, 2H, H7'+HY), 4.07 (d, 1H, 8aCHo, J=9 Hz), 3.71 (d, 1H, 8aCHpy, J=9
Hz), 3.19 (dq. 1H, H®', J=6 and 8.4 Hz), 2.77 (t 1H H1 J=3.9 Hz).

| NTERMED[AE 79_ |

| To a solutlon of lntermedlate 78 (620 mg) in anhydrous tetrahydrofuran (5 mi)

was added 9-borab|cyclo [3.3. 1]nonane (0.5 M solution in tetrahydrofuran, 6 ml)

- under nitrogen. The mrxture was heated to 50°C for 1 hour. An additional

volume of 9-borab|cyclo[3 3. 1]nonane solutlon was added at. 50°C over aperiod

- of 3 hours: to ccomplete- the. reaction. and. it was allowed to. stir at room

temperature for 1 hour. Ethyl alcohol (2 mi) was added carefully (gas: evolutron) '
and the solution stirred for 1- hour Then- 3N . sodium hydroxlde (5 mi) and
hydrogen peroxide (35% viv, 5 ml) were added consecutwely at 0°C and the

. mixture stirred at room temperature at 0°C and at 70°C overmght The

resulting solution was cooled to room temperature and concentrated to half the
volume, then it was. dlluted with 1N hydrochlonc aca¢(100 ml) and extracted
twice with ethyl acetate (2xtOO rnl) The orgamc Iayer was washed with 1N
hydrochlonc acid (100: ml) sodrum blcarbonate (2x100 ml) and bnne (100 ml),
dried over sodium sulfate and concentrated to dryness to give a syrup which
was flash chromatographed (aoetone hexane 1:10 and 1:5) to obtam 475 mgof
the title compound (74% yield) asafoam.. .
s (1H; CDCIg): 7.5-7.2 (m, 16H, 2Ph), 704 (s. 1H CHPhg). 590 (dd, 1H, H2,
J=1.5 and 3.6 H2), 475 (d, 1H, I_-!OCHz. J=10.5 Hz), 4.62 (dd, 1H, H7' J=2.7°
and 5.1 Hz), 4.27 (m, 1H, H4'); 4.16 (d, 1H, BaCHz. J=9. Hz). 409 (dd 1H H3,
J=6 and 9.6 Hz), 3.91 (t, 1H, H3, J=6.9 Hz), 3.7-3. 5 (m, 3H, 8aCHa+HT' +H9').
3.35 (d, 1H, HOCH9, J=11.5 Hz),-3.22 (dd, 1H, HOCH_2, J=11.1 and 12 Hz),
2.57 (t, 1H, H1, J=4.5 Hz), 2.48 (m, 1H, H5'), 2.30 (rn, 11H,__ CH(CHg3)2). .
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} =DIA ' _
[1R-{%er.- 388, 4B 4af. 70 7ac, 8af)l B8a-(187R.9R)-28-Dioxa-9-—
bi 4 on-4-ene-7-yl- ethyi I-dimethvisilyl-oxymethvl]-

4.4a 5 6,772 8. 8a-octahydro-7-methyl-3-(1-methyvlethyl}-1 4-methano-s-
indacene-3a(1H)-carboxylic acid, diphenyimethyl ester.

To a solution of Intermediate 78 (200 mg) in tetrahydrofuran (5 ml} were added
solid sodium borohydride {18.9 mg) and water (1 ml) and the mixture was stirred
at 0°C for 30 minutes and then for 1 hour at room temperature. The mixture was
quenched carefully by adding water (2 ml) at 0°C and partioned between ethyl
acetate (100 ml) and water (100 ml). The organic layer was dried over
magnesium sulfate and concentrated to dryness to give a syrup which was
dissolved in dry dimethylformamide (5 ml) and treated at room temperature
under nitrogen with imidazot (204 mg) and tert-butyl-dimethyl-silyl chioride (316
mg) ovemnight. The solution was poured into 100 mi of a mixture of 1N
ammonium chloride and ethyl acetate (viv 1:1) and stirred for 1 hour. The
organic layer was washed with 1N ammonium chloride (100 ml} and brine (100
mi), dried over magnesium sulfate and concentrated to'dryness to give a foam
which was flash chromatographed (silica gel, ethyl acetate:hexanes v/iv 1:20) to
afford 215 mg of the titie compound {92% overall yieid).

5 (*H, CDClg). 7.5-7.2 (m, 10H, 2Ph), 6.94 (s, 1H, CHPhy), 5.96 (dd, 1H, H2,
J=1.2 and 3.6 Hz), 554 (m, 1H, H4'), 465 (m, 2H, H3'}, 4.25-4.15 (m, 3H,
SiOCHo+H7'+H1'), 4.1 (d, 1H, 8aCHp, J=9.3 Hz), 3.69 (d, 1H, SiOCHg, J=9
Hz), 3.30 (d, 1H, 8aCHy, J=9.3 Hz), 3.19 (dq, 1H, HY', J=6 and 9 Hz), 2.68 (dd,
1H, H6', J=2 and 13.2 Hz), 2.57 (t, 1H, H1, J=4.2), 2.3 (m, 2H, CH(CH3)2+H¢E"),
-0.017 and -0.031 (2s, 6H, (CH3)2Si).
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INTERMEDIATE 81

To a solution of Intermedlate 80 (700 mg) in dry tetrahydrofuran (5 ml) was
added 9-borabicyclo[3.3.1]nonane (0.5M solutuon in tetrahydrofuran, 6 ml) under
nitrogen. The mixture was heated to.50°C for1 hour. An. additional volume of
9-borabzcyclo[3 3.1]Jnonane solution was added at 50°C over a penod of 3
hours to complete the reaction, then it was codled to room: temperature and
ethyl alcohol (2 mi) was-: added carefully. After 1-hour 3N sodium hydroxide (5

~ mi) and hydrogen peroxide (35% v/V, 5. mi)- were added consecutively at 0°C

and the mixture stirred at room temperature for 1 hour and at 70°C overnight.

~ The- solution was cooled to room temperature: and concentrated. to half the -
volume, then it was diluted with 1N:hydrochloric acid (100 ml)-and extracted

twice with ethyl acetate. (2x_1 00 ml). _The_- organic:layer was. washed with 1N
hydrochloric acid (100 mi); saturated sodium bi_carbonat_e- (100 ml) and brine

(100 ml), dried over magnesium sulfate and concentrated to dryness‘to give a
“syrup which was flash chromatographed. (acetone:hexanes 1:20 and -1:15) to
afford 550 mg (77% vield) of the title compound as a white foam.

5 (1H, CDCIg): 7.5-7.2 (m, 10H; 2Ph), 6.94 (s, 1H, CHPhp), 5.95 (m, 1H, H2),

~ 4.57 (dd, 1H, H7', J= 3 and 5.1 Hz), 4.30-4.15 (m, 2H, H4'+CH20$I) 4.10-3.95

(m, 2H, H3'+8aCHy), 3. 87 (t. 1H, H3, J=6.9 Hz), 3.7-3. 5 (m, 3H,

| 'H1'+SaCH2+H9') 3.30 (d, 1H, CH20Si, J=9.3 Hz), 2,53 (t, 1H, H1, J=3.9 H2),
246 (m, 1H, H5), 232 (m, 1H, CH(CH3)2) -0.016 and -0.029 (25 6H,

(CHa)zst)
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INTERMEDIATE 82
1R-(1c:. 3aB, 48, 4aB. 78, 7ac, 8 18.4R.7R.9R)-2 8-Dioxa-4-methoxy-

-S-methyl-cis-bicvclol3.4 O}-non-7-vl-oxymethyl]-4-formyl-4 4a.5.6.7.72.8,8a-

octahvdro-7-methyl-3-(1-methylethyl)-1.4-methano-s-indacene-3a(1H)-
carboxylic acid. diphenyimethyl ester.

To a solution of Intermediate 81 {537 mg) in anhydrous tetrahydrofuran (5 ml)
was added sodium hydridre (75 mg) in smal! portions at 09C under nitrogen.
After stirring for 10 minutes methyl iodide (374 pi) was added and the mixture
kept at room temperature untit completion of the reaction. The mixture was
quenched by adding water (100 ml) and then it was extracted with ethyt acetate
{100 ml). The organic layer was washed with brine (100 ml) and concentrated to
dryness to give a foam which was dissolved in anhydrous THF (5 ml) and
treated with tetrabuytylammonium fluoride (1.1 M solution in tetrahydrofuran, 2
ml) at 40°C for 24 hours. The resulting solution was concentrated to dryness
and the residue dissolved in AcOEt and washed with water (2x100 ml), dried
over magnesium sulfate and concentrated to give a syrup which was dissolved
in dry dichloromethane 85 ml). Pyridinium chiorochromate (215 mg) was added
and the mixture stirred at room temperature until completion of the reaction The
suspension was poured onto a well stired mixture of dichloromethane and
sodium metabisulfite {(10% aqueous solution). The organic layer was washed
with 1N hydrochioric acid {200 ml) and 1N sodium hydroxide (200 mi), dned
over magnesium sulfate and concentrated to dryness to gwve an oil which was
flash chromatographed on silica gel {ethyl acetate:hexane 1:15, 1:10 and 1:8) to
obtain 255 mg of the title compound as an oil (57% overall yield).

8 (1H, CDClg): 9.74 (s, 1H, CHO), 7.5-7.2 {m, 10H, 2Ph), 6.99 (s, 1H, CHPhy),
6.04 (dd, 1H, H2, J=1.2 and 3.6 Hz), 4.60 {m, 1H, H7'), 4.10-3.95 (m, 2H,
H4'+8aCHy), 3.90-3.65 (m, 3H, H3'+H1"), 3.55-3.55 (m, 2H, 8aCHo+H9'"), 3.38
(s, 3H, OCHg), 2.73 (t, 1H, H1, J=3.6 Hz), 254 (m, 1H, H5'), 224 (m, 1H,
CH(CH3)2). ' :
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NT EDIA 83 o

dlghenzlmethzl este

‘A solution of Intermedtate 48 (9. 7mmol) in dry methariol. (40m|) was treated with
‘ethylene glycol (110ml) tnmethylorthoformate (3. 25ml) and a catalytic amount
of p-toluanesulfomc acid:- The mixture was heated at 40°C for 3 hours. After

cooling, the' mixture was: poured into. ethyl acetateiaqueous sodium hydrogen

- carbonate (1:1; 500ml) and the water Iayer was. thoroughly extracted with ethyl,
-“aoetate The combined organic Iayers were washed with water: and brine, and

dned.- After removal:- of the solvent;. the residue was. punf ied- by flash
'chromatography using hexane: ethyl acetate (6 1) as . eluent to glve the tltle

compound (6.1g).

8 ('H, cDCl3): 7.43 and730 (mm 4H 6H 2xPh) 694(8 1H CHth) 5.83

(dd, 1H; H-2, J=1.2 and 3.6 Hz), 5.07 (s; 1H, 4-CH), 4.63 (d, 1H, H-1', J=1.5
Hz); 4.20 (t, 1H, H-3', J=33 Hz), 4.07 (d, 1H, 8a-CHa; J=9.3 Hz), 3.84:(m, 6H,
H-2', 8a-CHb and OCH2CH20), 3.71 (m, 1H; H-5'), 3.42 (s, 3H, OCHg), 3.21
(dd; 1H, H-4", J=3 and 9 Hz); 2.63 (m, 1H, CH(CH3)3), 2.54 (t, 1H, H-1, J=3.9

- Hz). -

INTERMEDIA!EQ =

 diphenyimethyl ester.*

To a solution of Intermediate 83 (12.12 g) and dimethylaminopyridine (6.3 g) in
dry dichloromethane (155 ml) was added dropwise at -20°C benzoyl chioride
(1 40 ml) in 50 ml of dry dichloromethane under nitrogen. After stirring for 2

hours, the mixture was allowed to reach the room temperature and the solution -
was washed with 0.1N hydrochloric acid (500 mi), saturated sodpum bicarbonate:
(500 ml) and brine (500 ml). Elimination of the solvent gave a residue which was



10

15

20

25

30

35

WO 9614326 PCI/EP95/04331

111

flash chromatographed (silica gel, ethyl acetate:hexanes v/iv 1:4) to obtain 5.89
g of the title compound (42%) as a white foam.

8 (‘fH CDCI;;) 8.14-8.05, 7.6-7.2 (2m, 15H, 3Ph), 6.91 (s, 1H, CHPhy), 5.70
(bd, 1H, H2, J=2.1 Hz), 5.34 (dd, 1H, H2‘ J=2.1 and 5.1 Hz), 5.01 (s, 1H,
OCHO), 4.82 {d, 1H, HY', J=1.8 Hz), 4.26 (m, 1H, H3), 3.98 (d, 1H, 8aCHy,
J=8.3 Hz), 3.92-3.74 (m, 5H, H5'+OCH2CH20), 3.72 (d, 1H, 8aCHz, J=8.3 Hz),
3.42 (s, 3H, OCH3), 3.23 (dd, 1H, H4', J=3.3 and 8.1 Hz), 2.57 (m, 1H,
CH{CHg)), 2.44-2.38 (m, 2H, OH+H1).

INT ERM§D!ATE 85 )
1R{1c, 328, 48, 4a 78, 7ac. BaB)] 8a-{(2-O-Benzoyi-3.6-did -4-0-methyl-
3-oxo~ﬂ g-allomgranosyloy)metngl}ﬁ1 ,3—dloxoian-g-gl]-4,4a,5,6,7,7a,8,Sa—
octahydro-7.methy-3-{1-methvlethyl)-1,4-methano-s-indacene-3a(1H)-
carboxylic acid, diphenvimethyl ester.

To a solution of triflucroacetic anhydride (0.45 ml) in dry dichioromethane (5 ml)
was added DMSO (0.23 ml) over a period of 10 minutes at -80°C under nitrogen
atmosphere. To the suspension thus formed was added a solution of
Intermediate 84 (1.2 @) in dry dichloromethane (5 ml) and the mixture stirred at -
600C for 1 hour. Triethylamine (1.24 mi) was added dropwise and the
temperature was allowed to reach -20°C, then water (2 mi} was added to the
resulting yellow solution and the mixture was stirred at room temperature for 1
hour. Dichloromethane (200 ml) and water (250 ml} were added and the two
phases partioned. The organic layer was dried over magnesium sulfate and
concentrated to dryness to give a crude which was dissoived in
dichloromethane (10 ml) and treated with tnethylamlne (2 mi) overnight.
Elimination of the solvent gave a oil which was flash' chromatographed (silica
gel, ethyl acetaterhexanes viv 1:15 and 1: 10) to afford 1.1 g of the title
compound {92% yieid) as a foam when dried at vacuum.

5 (1H, CDClg): 8.2-8.0, 7.6-7.2 (2m, 15H, 3Ph), 690(s 1H, CHPhy), §.57 (dd,
1H, H2, J=1.2 and 3.6 Hz), 5.37 (dd, 1H, H2', J=1.5 and 8.1 Hz), 5.05 (s, 1H,
OCHO), 4.52 (d, 1H, H1", J=8.1 Hz), 4.08 (d, 1H, BaCHz.. J=8.7 Hz), 3.9-3.7 (m,
5H, OCHzCH20+SaCH2), 3634 (m, 5H, H’4‘$OCH3+H5‘), 262 (m, 1H,
CH(CHg)2), 2.43 (t, 1H, H1, J=3.9 H2).
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INTERMEDIATE 86

di hen Im h lester.

Toa well degassed solutlon (Ar 16 mlnutes) of trlbutyltln hydrlde (263 ul) in dry
toluene (10 ml) was added via syringe a solution of Intermediate 85 (250 mg)
and a,a'-azoisobutyronifrile (16 mg) in dry toluene (5 mi) at 90cC over a period
of 1 hour. The heatlng was continued until oompletlon of the reactron then it
was cooled to room temperature Water (5 ml) and potassuum ﬂuorude (100 mgf
were added and- the mlxture stlrred ovemtght The crude obtalned after
ellmtnatlon of the solvents was stirred wrth dnethyl ether for 1 hour and the soltd

" was removed by filtration. The ethereal solution was concentrated to dryness

and the resulting oil was flash chromatographed (silica gel ethyl _' |
acetate hexanes 1:15 and 1: 10) to afford 168 mg of the tltle compound (80%

yield) as a foam when dried at vacuum.

5 (1H, CDCl3): 7.6-7.1 (m/ 10H, 2Ph), 6.92 (s, H, CHth) 5.80 (dd, 1H. H2.
J=0.9 and 3.6 Hz), 5.08 (s, 1H, OCHO), 4.44 (dd, 1H. H1', J=2.7 and 8.7 Hz).

4,05 (d, 1H, BaCHg, J=9.3 Hz); 3.9-3.7 (m, 5H, OCH2CH20+8aCHy), 3.50-3 30

(m 2H, H5'+H4') 25-21 (m 3H H2'+CH(CH3)2) 2 50(1. 1H H1 J-4 5 Hz)

lNTERM IATE '87 S

To a vngorous stlrred solutron of Intermedlate 86 (160 mg) and duethyl- |
dlazomethyl-phosphonate (63 mg) tn dry tetrahydrofuran was added slowly at

. -09C under nitrogen & slurry of potassium tert-butoxnde (100’ mg) in dry
" tetrahydrofuran (2.3 mt) (gas evolutron was observed |mmed|ately) After 10
minutes the mixture was diluted with drchloromethane (100 mi) and washed with -

1N hydrochloric acid (2x100 ml), saturated sodium’ bloerbonate (2x100 ml),
brine (2x100 mi) and subsequently dried over magnesium sulfate. Removal of
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the solvent gave a oil which was flash chromatographed (silica gel, ethyl
acetate:hexane viv 1:15 and 1:12) to afford 110 mg of the title compound (70%
yield) as a foam.

5 (1H, CDCla): 7.5-7.2 (m, 10H, 2Ph), 6.94 (s, 1H, CHPhp), 5.83 (dd, 1H, H2,
J=1.2 and 3.3 Hz), 5.53 (m, 1H, H4'), 5.06 (s, 1H, OCHO), 4.65 {m, 2H, H3"),
4.25-4.10 (m, 2H, H7'+H1"), 4.05 (d, 1H, 8aCHy, J=8.3 Hz), 3.90-3.70 (m, 5H,
OCHoCH2O+BaCHy), 3.18 (dq, 1H, HS', J=8 and 8.7 Hz), 2.75-2.50 (m, 3H,
HE'+CH(CHg)o+H1).

INTERMEDIATE 88

1R-(1c, 3aB. 48. 4aB 78, 7aa, 8aB)] 8a-{4-O-Allyl-3,.6-dideoxy-3-iodo-8-D-
miannepyranosvioxy) methvil-4-formyl-4.4a,5,6.7.7a,8,8a-octahvdro-7-methyl-3-
1-met hyi)-1.4-methano-s-indacene-3a{ 1H)-carboxvlic acid, diphenyimethy
ester.

A solution of intermediate 53 (GM 2008) (103 mg), triphenylphosphine (197 mg)
and imidazole (51 mg) in dry tetrahydrofuran {5 ml) was treated with iodine (85
mg) portionwise. After stirring for 1 hour at room temperature the solution was
refluxed until all the starting material was consumed (tic analySis hexane:ethyl
acetate 4:1). The reaction mixture was cooled and partitioned between ethyl
acetate (50 mi) and 1N aqueous hydrochloric acid (30 ml). The organic layer
was washed successively with 1N aqueous hydrochloric acid, water, aqueous
sodium metabisulfite solution, water and brine, then dried {NaxS0y), filtered
and concentrated. The residue was flash chromatographed on silica gel eluting
with hexane:ethyl acetate (9:1) to give the fitle compound (70 mg).

5 (1H, CDCl3): 9.73 (s, 1H, CHO);, 7.46-7.22 (m, 10H, 2Ph), 6.98 (s, 1H,
CHPhs), 6.03 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 6.02-5.9 (m, 1H, O-C-CH=C),
5.35-5.15 (m, 2H, O-C-C=CHbo), 4.4-4.32 (m, 1H, O-CHa-C=C), 4.35 (d, 1H, H-
1, J=0.6 Hz), 4.18-3.96 (m, 4H, O-CHb-C=C, H-2', H-3', 8aCHa), 3.75 (d, 1H,
8a-CHb, J=9 Hz), 3.45 (dd, 1H, H-4', J=8 and 10.2 Hz}, 3.34 (dq, 1H, H-§', J=5.7
and 8.7 Hz), 2.72 {t, 1H, H-1, J=3.9 H2).



10

15

20

25

30

3%

WO 96/14326 _ . PCT/EP9S/04331

114

" _lmmgnwres 89e and §9b =

indacene-3a(1H)-carboxylic acrd, dlghenylmethzl ester.

A solutlon of mtermeduate 88 (80 mg) in dry toluene (2 ml) was degassed wutl:

- an argon stream for 60 mlnutes -and then heated to reflux. Tnbutyltm hydride (41

pl) was added and refiux continued for 15 minutes. The solvent was removed in
vacuo and the residue taken up in diethyl ether (50 ml) and washed several
times with a saturated aqueous solution of potasslum fluoride until no more-
_precupltatnon of tnbutyltm fluonde was observed: The' ‘organic layer was dried
and evaporated to give a residue which was purified by preparative: TLC. (silica
ge el, dlchlorornethane ethyl acetate’ 95:5) to afford title compound (a)
Intermedlate 89a (35 mg, Rf-O 4 dlchloromethane ethyl acetate 9:1) and title

omgound (b) lntermedlate 89b (24 mg, Rf=0. 3 dlchloromethane ethyl acetate
9: 1). :

) INTERMED|ATE 89a

5 (TH, CDCI3): 9.73 (s, 1H, CHO), 7.46-7.22 (m, 10H, 2Ph), 6.99 (s 1H,
CHPhy), 6.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.63 (d, 1H, H-T", J=3.3 Hz), 402
(d, 1H, 8aCHa, J=9 Hz), 3.86 (dd, 1H, Ha-3, J=6.6 and 8.7 Hz), 3.83-3.6 (m,
4H, H-6', H-1', H-9' and 8a-CHb),3 52 (dd 1H Hb-3' J=5.7 and 8.7 Hz) 2.69 (t,
"1H H-1, J—39Hz) - : R

INTERMEDIATE 830 o

5 (1H, CDClg): 9.74 (s, 1H, CHO), 7.45-7.22 (m, 10H, 2Ph), 6.99 (s, 1H,
CHPhy), 6.06 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.48 (d, 1H, H-7', J=2.1 Hz), 4.1-
4.0 (m, 2H, 8a-CHa and Ha-3), 3.85 (dd, 1H, H-1', J=7.8 and 9 Hz), 3.76-3.68
(m, 2H, 8a-CHb and H-6), 3.46-3.3 (m, 2H, H-9' and Hb-3), 2.73 (t, 1H, H-1,

J=3.9 Hz).
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INT: IATE 80 .
1R-{1cx. 388, 48, 4aB, 78, 7ac, 8af)]l Ba-{(6-Deoxy-8-D-

-git n methyil-4-formyi-4. 4a 5 8.7.7a.8.8a-octahydro-7-methyi-3-{1-

methylethyl)-1.4-methano-s-indacene-3a(1H)-carboxylic acid, diphenvimethyl

aster

To a solution of 4'-demethylsordarin (10g) in methanol (20ml) was added
dropwise at room temperature a solution of diphenyldiazomethane (90ml) in
methylene chloride, and the mixture was stirred for 6 hours. The solvent was
evaporated to dryness and the- residue chromatographed in a silica gel flash
column with n-hexane:ethyl acetate (3:1) as eluent to give the title compound
{12.6g) as a pale yellow foam.

5 (1H, CDCla): 9.73 (s, 1H, CHO), 6.98 (s, 1H, CHPhy), 6.05 (dd, 1H, H-2, J=1.5
and 3.6 Hz), 4.65 (d, 1H, H-1', J=1.5 H2), 4.09, 3.76 (2d, 2H, 8a-CH>, J=SHz),
4.01 {m, 1H, H-2), 3.84 (m, 1H, H-3), 3.75 (m, 1H, H-5"), 3.69 {m, 1H, H4'),
2.73(t, 1H, H-1, J=4.2 Hz).

INTERMEDIATE 91

1R-(1q. 3aB, 48, 4aB, 78, 7ac, 8aB)} 8a-{(6-D -3 4-0-isopropylidene-B-D-
altropyranosyloxy)methyil-4-formyl-4.4a 5.6.7.7a,8 8a-octahydro-7-methyl-3-{1-
methyltethyl}-{1H)-1 .4-methano-s-indacene-3a{1 H)-carboxylic acid,
diphenvimethyi ester |

To a solution of Intermediate 90 (650mg) in 15mi of 2.2-
dimethoxypropane:acetone {1:2) was added p-toluensulphonic acid (10mg). The
solution was stimed at room temperature for 1.5 hours, then potassium
carbonate (1.0g) was added, the stirring continued for 30 minutes and the
solvent evaporated to dryness. The crude mixture was partitioned between ethyl
acetate (50ml) and water (25ml), the aqueous phase was extracted with ethyl
acetate (2x50mi), the organic phase was washed with brine, dried over
magnesium sulphate and evaporated to dryness. The residue was flash
chromatographed on silica gel eluting with ethyl acetate:hexane (1:3) to give the
titte compound (600mg) as a white foam.
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5 (TH, CDCl3): 9.73 (s, 1H, CHO), 7.45-7.24 (m, 10H, 2Ph), 6.98 (s, 1H,
CHth) 6.06 (dd, 1H, H-2, J=1. 5 and 3.3 Hz), 4.57 (d, 1H, H-1', J=3.0 Hz), 4.30
(dd, 1H, H-3', J=3.6 and 5.7 Hz), 4.07 (d, 1H, SaCHz. J=9.0 Hz), 3.95-3.93 (m,

1H, H-2'), 3.85 (dd, 1H, H-4',.J=5.7 and 9. 3 Hz), 3.75(d, 1H, 8aCHp, J=9.0 Hz),
3.44 (dq, 1H; H-5', Jd-9 3 Hz, Jq=6.3 Hz), 2.73 (t, 1H, H-1 J=3.6 Hz).

IN DIATE 9

Intermedlate 91 (1 OOmg) and lm:dazole (1mg) ‘were - dnssolved in dry

| tetrahydrofuran (4m|) under mtrogen atmosphere Sodium hydnde (5mg) was
- added- and the suspensnon was: stirred- at' room: temperature for 0.5 hours.

Carbon disulfide (2.7ml) was added, the stirring ‘continued for 20 minutes and

‘methyl iodide (18ml) was added. After 2 hours the reaction was stopped by

addition of 1N ammonium chioride (20ml). The mixture was extracted with ethy!
acetate (3x25ml), the organic phase was washed with. brne. dried over
magnesium sulphate and the solvent. evaporated to dryness The resudue was
purified -in-a: ﬂasrr chromatography column on siica gel elutung with ethyl

‘acetate:hexane (1 :9)to.give: the title compound (1 10mg)

& (1H, CDClg): 9.71 (s, 1H, CHO), 7.44-7.25 (m. 10H, 2Ph) 696 (s 1H,
CHPhg), 6.01 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 6.90 (dd, 1H, H-2', J=2.4 and 5.4
Hz), 4.85 (d, 1H, H-1', J=2.4 Hz), 4.53 (dd, 1H; H-3', J=5.4 and 6.3 Hz), 4.00
(dd, 1H, H-4", J=6.3 and 8.7 Hz), 3.93 (d, 1H, 8aCHy; J=9.3 Hz), 3.65 (dq, 1H,
H-5', Jd-87 Jq-63Hz) 2.68 (t 1H, H-1, J-39Hz) 2.59 (s, 3H CH3S)
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INTERMEDIATE 93
1R-(1cc. 3aB. 48. 4aB, 78, 7aw. 8 a-[(2 6-Dideoxv-3.4-0-isopropylidene-

allopyranosyloxyimethyil-4-formvi-4.4a.5.6,7.72.8.8 dro-7-methyi-3-

{1-methylethyl)-1.4-methano-s-indacene-3a(1H)-carboxvlic acid. diphenylmethyl
ester

Intermediate 92 (95mg) was dissolved in dry toluene (5ml) under nitrogen

" atmosphere and heated at 110°C. A solution of tributyltin hydride (64ml) in dry

toluene (5ml) was added dropwise over 1.5 hours with stirring. The heating was
contirived for another 1.5 hours, methano! (2mi) was added and the soivent

“evaporated to dryness. Flash chromatography of the residue on silica gel

eluting with ethyl acetate:hexane (1:9) gave the title compound (42mg).

8 (1H, CDClg): 9.73 (s, 1H, CHO), 7.44-7.25 (m;, 10H, 2Ph), 6.98 (1H, s,
CHPhp), 8.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.54 ( dd, 1H, H-1', J=2.7 and
9.3 Hz), 4.39 (dt, 1H, H-3, Jg=2.7 Hz, J{=3.6 Hz), 4.04 (d, 1H, 8aCH», J=8.0
Hz),3.67 (d, 1H, 8aCHg, J=9.0 Hz), 3.65 (dd, 1H, H-4', J=3.6 and 8.7 Hz), 3.44
(dg, 1H, H-5, J4=6.3 Hz, J4=8.7 Hz), 2.75 (t, 1H, J=3.9 Hz).

INTERMEDIATE 94 .

[R-(1a, 3aB. 48, 4aB 7B, 7ac. 8af)] 8a4(268-Dideoxy-f-D-
allopytariosyloxy)methyil-4-formvl-4 4a,5 6 7.7a,8 8a-octahydro-7-methyl-3-(1-
methviethyl)-1.4-methano-s-indacene-3a{ 1H)-carboxylic acid, diphenyimethyi

ester

To a solution of Intermediate 93 (1.5g) in a mixture of tetrahydrofuran (30mi)
and methanol {15mi) wés added dropwise at room temperature a 1N solution of
hydrochloric acid (15mi} with vigorous stirring. Once the reaction was concluded
(TLC control), saturated sodium bicarbonate (50mi) and ethyl acetate (200ml)
were added and the mixture partitioned. The organic layer was washed with
water (2x100mf) and dried over magnasium sulfate. Elimination of the solvent
gave a residue which was ﬂ§§h chromatographed over silica gel eluting with
hexane:ethy! acstate (5:1) and {2:1) o give the title compound (1.1g) as a white
foam. .

8 (1H, CDClg): 9.73 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.89 (s, 1H, CHPh2),

- 6.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.64 (dd, 1H, H-1', J=2.1 and 9.6 Hz), 4.11
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(m, 1H, H-3"), 4.06 (d, 1H, 8aCHy, JAB'93 Hz), 3.70 (m, 2H, H-5 and BaCHz),

.334(m 1H H-4') 275(t. 1H H-1 J=36Hz)

_IN'. ME| T 95

{R-(1cc. 33B. 4. 428, 78, Taq, 8aB)] 8a-[(2.3.6-Trideoxy-3-iodo-B-D- - - |
Iuco anos Io meth l-4-fom1 I-4.4a.5.6.7.7a, 8 8a-octah dro-7-meth

~ intermediate 94 (2.0g), tﬁphenylphosphirie. (3.4g) and imidézdle 1 8.6mg) weré
refluxed in toluene (50ml) with stirring and then treated with iodine (610mg)r

added in- small portions.. Refluxing was: contmued for 4 hours The. reaction

“mixture was cooled, decanted into excess aqueous sodium hydrogen carbonate

and sodiumthiosulfate in a separating funnel. The mixture was shaken: until the

' iOdiné was consumed. The toluene phase was washed with water, dried over-

magnesium sulfate and concentrated. The residue was purified by flash column

'chromatography eluting with hexane: ethyl acetate (15:1) and (5 1) to glve ‘the

title compound (1 65g).
5 (1H, CDCl3): .73 (s, 1H, CHO), 7.26-7.44 (m, 10H; 2Ph) 6.98 (s, 1H,

CHPh2), 6.04 (dd, 1H, H-2, J=1.2 and 33 Hz) 4.25 (dd, 1H, H-1, J-1 8and 9.3
Hz), 4.08 (m, 1H, H-4'), 3.67 and 4,01 (2d 2H 8aCHg, J=9 Hz), 3.40 (m, 1H, H-

_ 3') 3.32 (m 1H, H-5'), 2.74 (t, 1H, H-1, J=4. 2 Hz), 2.32 and 2. 53 (2m, 2H, 2H-2').

| INTERMEDIATE 96

A solution of intermediate 95: (200 mg) in. dry. tetrahydrofuran (15.ml) was
treated with' sodium hydride: (24 mg, 1.0 mmol).. After 15 minutes, ethyl -
|socyanate (O. 04 mi) was added; and the reaction mixture was stirred  at reflux
for 6 hours. After being quenched with water (3 ml), the mixture was extracted
with ethyl acetate (3x5 ml), the combined: organic solutions were treated with
brine (1x5 mi) and dried over magnesium sulphat, _ﬂltered and concentrated in
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vacuo to a syrup. This was purified by flash column chromatography on silica

gel, luting with hexane:sthy! acetate 3:1, to yield pure titie compound (75 mg).
8 (1 H, CDClg): 9.74 (s, 1H, CHO), 7.44-7.26 (m, 10M, 2Ph), 6.98 (s, 1H, -
‘CHPhs), 8.03 (dd, 1H, H-2, J=3.3 and 1.2 Hz), 4.60 (dd, 1H, H-1", J=5.1 and 3.9

Hz), 412 (m, 2H, H-3', H-4"), 4.01 (d, 1H, H-8a, J=9.3 Hz), 3.64 (d, 1H, H-8a,
J=9.3 Hz), 3.61 (dqg, 1H, H-5', J=8.7 and 6.3 Hz), 3.49 (m, 1H, CHp-CH2), 3.13
(m, 1H, CHo-CHa), 2.70 (t, 1H, H-1, J=3.8 Hz), 2.24 (m, 1H, CH(CHa)7), 1.14 (t,
3H, CHa, J=7.2 Hz).

INTERMEDIATE 97
’»_[ Ro{1c. 3af. 48, 4a, 78, 7aq, 8ap)] aa-m5,4R,as,7R,9R)_-g,s-D:oxg-4,9- .

s-indacéne-3a(1H)-ca lic acid. diphenylmethyt ester.

Intermediate 88b (250 mg) and imidazole {catalytic amount) were dissolved in
dry tétrahydrofuran {10 mi) under argon atmosphere. Sodium hydride (45 mg)
was added and the suspension stirred at room temperature for 20 minutes.
Carbon disulfide (140 pif) was added, the stirring continued for 20 minutes and
methyl iodide (150 pi) was added. After 2 hours the reaction was quenched by
addition of ethyl acetate (10 ml) and then water dropwise (5 ml). The mixture
was partitioned between ethyl acetate (50 mi} and water (50 ml), the organic
layer washed with water and brine, then dried and evaporated. The residue was
purified by flash chromatography on silica gef eluting with hexane:ethyl acetate
{10:1) o (8:1) to give the title compound {211 mg).

& (1H, CDCls): 9.72 (s, 1H, CHO), 7.46-7.22 (m, 10M, 2Ph), 6.97 (s, 1H,
CHPhy), 6.02 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 5.80 (dd, 1H, H-6', J=2.1 and 6.3
Hz), 4.72 (d, 1H, H-7", J=2.1 Hz), 4.05 {dd, 1H, Ha-3, J=7.2 and 8.4 Hz), 3.98-
3.86 (m, 2H, 8aCHa and H1'), 3.66-3.55 (m, 2H, 8aCHb and H-9"), 3.34 (1, 1H,

Hb-3', J=8.4 Hz), 2.73 (t, 1H, H1, J=3.9 Hz), 2.59 (s, 3H, SCH3)."
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INTERMEDIATE 98 -

A solution of Intermediate 12 (67 mg), triphenylphosphine (105 mg) and

imidazole (28 mg) in dry tetrahydrofuran (5 ml) was treated with iodine (51 mg)
portionwise. The mixture was stirred at room temperature for 1.5 hours and
partitioned between ethyl acetate (30 ml) and 1N aqueous. hydrochlonc acid (30
ml). The orgamc layer was washed successlvely with- 1N aqueous hydrochlonc .

acid, water, aqueous sodlum metablsulfite solutlon water and bnne then dried,

B Itered and concentrated. The resndue was ﬂash chromatographed on sullca gel

eluting with hexane: ethyl aoetate (9 NHto g|ve the tle oomgoung (68 mg) _
5 (H, CDCl3): 9.73 (s, 1H, 'CHO), 745-722 (m 10H, 2Ph) 6.97 (s, 1H,~
CHPhy), 6.07-5.9 (m, 2H, H-2 and OC-CH-C) 537—5 14 (m, 2H, O-C-C CH»),
4.45-4.35 (m, 1H, O-CHa-C=C), 425-41 (m, 2H, H-1' and O-CHb-C-C) 41-
3.95 (m, 2H, H-3' and 8a-CHa), 3.66 (d, 1H, 8a-CHb J=9 Hz), 3.29 (dq, 1H, H-

- §,°J=6 and 8.7 Hz), 3.15 (dd, 1H, H-4', J=8.7 and 9.9 Hz), 2.73 (t, 1H, H-1,

J=3.9 Hz).

INTERMEDIATESS

_digh‘eny.lmethyl ester.

. A solution of mtermedlate 67 (3 2 mmol) |n dry acetorutnle (40 mi) was treated
 with. ethylene glycol (39 ml). tnmetl'\ylorthoformate (1.1, ml) and p-

toluenesulfonic acid- (30 mg).. After § hours, the mixture. was thoroughly.

extracted with ethyl acetate. After removal of the solvent the residue was

purified by flash ohromatography using. hexane ethyl acetate 3:1 as eluent to
give the title compound (2.08 g).

5 (1H, CDCl3): 7.43 and 7.29 (m, m, 4H, 6H, 2xPh), 6.95 (s, 1H, CHPhy), 5.86
(d, 1H, H-2, J=3.3 H2), 508(3 1H, 4-CH), 4.69 (s, 1H, H-1') 4.11 (d, 1H, 8a-
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CHa, J=9.3 Hz), 3.81 (m, 5H, 8a-CHb and 0-CHzCH»-0), 3.63 (m, 1H, H-5),
3.23 and 3.15 (d, d, 1H, 1H, H-2' and H-3, J=3.6 Hz), 3.20 (m, 1H, H-4"), 2.63
(m, 2H, H-1 and CH(CHg)2).

INTERMEDIATE 100

1R-{1g, 3aB, 4B, 4aB. 78. 7ac. 8aB)] 8a-(2.3-Anhvdro-4-oxo-8-deoxy-p-D-
mannopyranosyioxy) methvl-4-(1,3-dioxolan-2-vi}-4.4a.5 8.7, 7.8 8a-octahydro-
7-methvi-3-(1-methyiethyl}-1.4-methano-s-indacene-3a( 1 H)-carboxylic acid,
diphenyimethyl ester.

A solution of trifiuoroacetic anhydride (230 pi) in dry dichloromethane (10 mi) at
-809C was treated dropwise with dimethylsulfoxide (138 ul) and a solution of
Intrmediate 99 (0.8 mmol) in dry dichioromethane (10 ml). After 60 minutes,
triethylamine (554 pl) was added and the mixture was stirred at -209C for 2
hours, After this time, was diluted with dichloromethane and washed with water.
After removal of the solvent, the residue was purified by flash chromatography
using hexane:ethy! acetate 4:1 as eluent to give the title oompound (214 mg).

5 (1H, CDCl3): 7.44 and 7.30 (m, m, 4H, 6H, 2xPh), 6.94 (s, 1H, CHPho), 5.87
(dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.10 (s, 1H, 4-CH), 4.81 (s, 1H, H-1"), 4.09 {d,
1H, 8a-CHa, J=8.7 Hz), 3.88 (m, 5H, 8a-CHb and OCH>CH>-0), 3.58 and 3.36
(d, d, 1H, 1H, H-2' and H-3', J=3.9 Hz), 2.65 (m, 2H, H-1 and CH(CH3)>).

INT DIATE 101
1R- 3ab.4b .4ab.7b.7aa 8ab}] Ba-(2,3-Anhydro-4.6-dideoxy-4-methviene--

D-mannopyrano- syloxy)methyl-4-(1,3-dioxolan-2-yl}-4.4a 5.6.7.72a 8.8a-
octahydro-7-methyi-3-{ 1 -methylethyl)-1.4-methano-s-indacene-3a{1H

carboxylic acid, diphenvimethyi ester.

A solution of methyltriphenylphosphonium bromide (0.3 mmol) in dry
tetrahydrofuran (10 mi) under nitrogen atmosphere at -78°C was treated with n-
Butyllithium 2.44M (0.15 mi). After 15 minutes, a solution of Intermediate 100
(0.21 mmol) in dry tetrahydrofuran (5 mi) was slowly added and the mixture was
slowly warmed at room temperature. The mixture was diluted with ethyl acstate
and washed with ammonium chioride (1N) and brine. After removal of the
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' solvent the restdue was punt‘ ed by ﬂash chromatography usmg hexane ethyl

acetate 4:1 as eluent to give the titie compound (91 mg)

5 (1H, CDCl3): 7.45 and 7.29 (m, m; 4H, 6H, 2xPh), 6.95 (s 1H, CHth) 587
(m, 1H, H-2), 5.35 and 5.22 (d, d, 1H, 1H, CHo=C, J=24 Hz) 5.08 (s, 1H, 4- |
CH), 4.68 (s, 1H, H-1) 410 (m 2H, 8a-CHa and H-5') 3.82: (m 5H, 8a-CHb

and 0-C02CH20), 3.57 and 3.35 (d, d, 1H, 1H, H-2 and H3, 4=39 Hz) 2.63
| (m 2H, H-1 and CH(CH3)2) -

INT! RMEDIAT 102

" dipheny u’ﬁét"hy{-.éste; .

To solutlon of Intermedtate 100 (113 mmol) in dry tetrahydrofuran (45 ml) -

' under nttrogen atmosphere at -78°C L-selectnde 1N 2 ml) was stowly added.
'After 1 hour the mtxture was dtluted ‘with' ethyl acetate (100 ml) ‘warmed at
room temperature and washed with ammomum chlonde (1N) water and brine.
. After removal of the solvent the residue was punt’ ed by flash chromatography
| using hexane ethyl acetate 3:1 as eluent to give the title compound (431 mg). '

5 (YH, CDCIg): 7.44 and 7.31 (m; m, 4H, 6H, 2xPh). 695 (s. 1H. CHPhy), 5.85

- (dd, 1H, H-2, J=1.2 and 3.6 Hz), 5.08 (s, 1H, 4-CH), 4.92 (s, 1H, H-1°), 4.11 (d,
- 1H, 8a-CHa, J-93Hz), 383 (m, 5H, 8a-CHb and 0C]:|26_20) 362 (m, 1H, H-
-4, 354(dd 1H H-3', J-3Gand51 Hz) 340 (m 1H H-5') 324 (d 1H H-2,

J=3.9 Hz)

INTER ATE 103

-__'A mlxture of Intermednate 102 (0 2 mmol) and 4-d|methylammopynd|ne (0.4
mmol) in dry dichloromethane (15 ml) was treated with pivaloyl ‘chloride (0.3
~ mmol). After 30 minutes, was washed with water and purified by flash
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chromatography using hexane:ethyl acetate 5:1 as eluent to give the title
compound (95 mg).

5 (1H, CDCla): 7.44 and 7:30 (m, m, 4H, 6H, 2xPh), 6.95 (s, 1H, CHPhy), 5.85
{dd, 1H, H-2, J=1.2 and 3.6 Hz), 5.08 (s, 1H, 4-CH), 4.82 (t, 1H H-4', J=3.9 Hz),
4.60 (s, 1H, H-1), 4.12 (d, 1H, 8a-CHa, J=0.6 Hz), 3.83 (m, 5H, 8a-CHb and O-
CHoCHo-0), 3.65 (m, 1H, H-5), 3.53 (t, 1H, H-3, J=4.2 Hz), 3.17 (d, 1H, H-2,
J=4.2 Hz), 2.63 (m, 2H, H-1 and CH(CH3)2).

INTERMEDIATE 104

[iR-(1c _3aB. 48 4af, 7B, 7ac, 8aB)] 8a-(4-O-Allyl-2 3-anhydro-6-deoxy-B-D- -
talo nosylo ethyi-4-(1,3-dioxolan-2-vi)-4 4a.5.6 7 7a 8 Ba-octahydro-7-

methyl-3-(1-methviethyl)-1. 4-methano-s-indacene-3a{ 1H)-carboxylic acid,
diphenvimethyl ester. '

To a solution of intermediate 102 (0.3 mmol) in dry tetrahydrofuran (10 mi)
under nitrogen atmosphere, sodium hydride (0.6 mmol) and a catalytic amount
of tetrabutylammonium iodide were added. After 30 minutes, allyl bromide (0.9
mmol) was added and the mixture was stirred overnight at room temperature.
Then, was diluted with ethyl acetate (10 mi) and washed with ammonwum
chioride (1N) and brine. After removal of the solvent, the residue was purified by
flash chromatography using hexane:ethyl acetate 4 1 as eivent to give the title
compound (163 mg).

5 (1H, CDClg): 7.44 and 7.29 (m, m, 4H, 6H, 2xPh), 6.95 (s, 1H, CHth) 5.96
(m, 1H, H-2"), 5.85 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 5.30 and 5.12 {m, m, 1H,
1H, CH»-3"), 5.06 (s, 1H, 4-CH), 4.58 (s, 1H, H-1"), 4.31 (m, 1H, H-4"), 4.10 (m,
2H, H-5' and 8a-CHa), 3.83 (m, 5H, 8a-CHb and O-CHoCH3-0), 3.53 (m, 2H,
CH20), 4.23 {t, 1H, H-3, J=4.2 Hz), 3.18 (d, 1H, H-2, J=4.2 Hz), 2.65 (t, 1H, H-
1, 4=4.2 Hz), 2.61 (m, 1H, CH(CH3)2). _
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INTERMEDIATE 105

diphenvimethyl ester. = |

A solution of Intermedlate 102 (0.45 mmol) in dry dlchloromethane (7 ml) was

treated with 4-d|methylam|nopyr|d|ne (1.35 mmol) and tosyl chioride (0.9 mmol) .

and was stirred overnight at room temperature. After this time, was washed with
water and brine. After removal of the solvent; the residue. was. purified by

: chromatography usrng hexane: ethyl acetate 3: 1as eluent Appropnate fractions

were evaporated to glve the title compound (277 mg)

5 (1H, CDCI3): 7.86, 742 and 7.29 (m, m, 10H, Ar), 693 (s, 1H, CHPh2) 582

(m, 1H, H-2), 5.06 (s, 1H, 4-CH), 4.68 (1, 1H, H-3, J=4.2 Hz), 4.5 (s, TH, H-1')
4.07 (d, 1H, 8a-CHa, J=8.7 Hz), 3.81 (m, 5H; 8a-CHb and O-CH2CH2-0), 3.62
(m, 1H, H-5), 3.30 (t, 1H; H-2', J=4.2 Hz) 315(d 1H, H-4', J=3.9 Hz), 2.61 (m,
2H, H-1 and CH(CH3)2) - o -

INTERMEDIATE 106 |

 7-methyl-3-(1-meth Ieth 1)-1 4-methano-s-mdacene—3a 1H -carbo lic acid
'dnghenxlmethyl ester. : L

A solutlon of Intermediate 105 (0 15 mmol) and llthlum azrde (0.45 mmol) in dry
dlmethylformamlde (3 mi) was heated ovemught at 100°C. The mixture reaction

" was diluted with ethyl acetate (20 ml) and. washed with water and brine. After

removal of the soivent, the residue was’ purified by flash chromatography using
hexane:ethyl acetate 4:1 as eluent. Appropriate fraotrons were evaporated to
give the title compound (53 mg).

5 (1H, CDCIg): 7.46-7. 23 (m, 10H, Pho), 694(s 1H, CHth), 5.86 (dd, 1H, H-
2, J=1.2 and 3.6 Hz), 5.08 (s, 1H, 4-CH), 467. (s, 1H, H-1"), 4.10 (d, 1H, 8a-
CHa, J=8.7 Hz), 3.83 (m, 4H, 8a-CHb and O-Cﬂzc Ho-0), 3.40 (d, 1H, H4,
J=9.3 Hz), 3.31 and 3.15 (d, d, H-2' and H-3', J=3.6 Hz). 3.23 (m 1H, H-5'), 2.65
(m, 2H, H-1 and CH(CH3)2). :



10

16

20

25

30

35

W0 96/14326 _ PCT/EP9SN4331

125

INTERMEDIATE 107
1R-(1q, 3288, 48. 4af, 70, 7ac, 8aB)] 8a-[(4-O-Allyl.2 3-anhydro, 6deoxy-8-D-

mannopyranos | meth -4-fo 1-44a 567 7a8 Ba-octah ro-?-me {-3-

PROCEDURE A :
To a solution of Intermediate 21 (650 mg) in 50 mt of dry THF at 0°C, 90 mg of

sodium hydride were added. The mixture was stirred under nitrogen at 0 °C for
30 minutes. Then, 875 mg of allyl bromide and a catalytic amount of
tetrabutylammonium jodide (50 mg) wers added. The reaction was complete
after 5§ hours stirring at room temperature. The crude was treated with
ammonium chioride 1N and ethyl acetate. The organic layer was washed with
water and brine, dried over anhydrous MgSO4 and evaporated to dryness. The.
residue was chromatographied in a silica gel column with n-hexane: ethyl
acetate 7:1 to yield 590 mg of the title compound as a white foam

PROCEDURE B
To a solution of Intermediate 53 (3 g) in dry methylene chioride (200 mi), 2.35 g

of dimethylaminopyridine were added at room temperature. Then a solution of
3.66 g of tosy! chioride in 100 ml of methylene chloride was added siowly, under
stirring. The mixture was stirred for three days at room temperature until the
reaction was complete. The crude was washed with 1N hydrochioric acid, a
saturated solution of sodium bicarbonate and brine. The organic layer was dried
over anhydrous magnesium sulphate, filtered and treated with 20 ml of a
solution of sodium methoxide in methanol (25 wt. %). This mixture was stirred at
room temperature for 1 ddy. The crude was treated with 1N hydrachloric acid
and washed with water and brine. The organic layer was dried over anhydrous
magnesium sulphate and evaporatéd: The: residue was purified by flash
chromatography with n-hekene:ethyl acetate 8:1 to give the title compound as a
white foam (45% overall yield).

5 (1H, CDCl3): 9.75 (s, 1H, CHO), 6.99 (s, 1H; CHPhy), 6.08 (dd, 1H, H-12
J=1.2 and 3.3 Hz), 5.90 (m, 1H, CH=CHJ), 5.28 (m, 2H, CH=CHb»), 4.68 (d, 1H,
H-1, J=1.2 Hz), 4.23 (m, 1H, H-5Y, 4.11 (d, 1H, H-19a, J=9 Hz), 4.06 (m, 1H, H-
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4'), 3.79 (d, 1H, H-19b, J=9 Hz), 3.26 (d, 1H, H-2', J=3.9 Hz), 3.21 (m, 2H, CHa-
CH=CHy), 3.13 (d, 1H, H-3', J=3.9 Hz), 2.86 (t, 1H, H-11, J=3.6 Hz).

dihydro 1)-b-D-mannopyranosyl o methy I -4-form I-4.4a.5 6 7 7a 8.8a-

ctahxdro-7-methyl-3j1 -methylethxl )-1 ,4-methano-s-|ndacene-3a( 1 l_-_|)
carboglrc acid. d!ghenylmethyl ester. : S

To a solution of ihtermediate 107 (2 g)‘ in 50 mi of 'acetone-arid 5 rril of water at

' 09C, 1 g of N-oxide of N-methylmorpholine was added. To this mixture, 0.2 mi
-of solution of osmium tetroxide (2.5 wt%.in isobutanol). was. added slowly The'

hydroxylation of GM 218045X was: complete after stirring. for 3 days. at room

temperature. The. crude was treated with: sodlum hydrosulf ide, filtered over

celite and evaporated to dryness.. The resuclue was. solved in ethyl acetate and.

‘washed with water and brine.. The organic Iayer was drled over anhydrous

magnesium sulphate, evaporated to dryness and chromatographned in silica gel
column with n-hexane:ethyl acetate, 1:1 and m_ethylene chloride: methanol, 50:1.
The title co'mpound (mixture of enantiomers 50:50) was obtainecl.‘ as’ a white

- foam (1.75g). -

5 (1H, CDCl3): 975 (s 1H CHO) 699 (sr 1H CHth) 608 (dd 1H H- 12

- J=1.5 and 3.6 Hz), 4.69 (s, 1H, H-1'), 410 (d, 1H, H-19a, J-93Hz) 3.90-3.58

(m, 5H, C _20H CHOH; OCH2-CHOH: in 4'), 3.79 (d, 1H, H-18b, J=9.3 Hz2),
3.27,3.13(d, d, 1H, 1H, H-2' and H-3', J=3.9 Hz), 328-322(m 2H, H-4' and H-

- 5') 285(t 1H, H-11, J-36Hz)

IN ME IAT 409 -

mdacene-3a1 -carboxvlic acid, diphenvimethvi estel

To a solution of intermediate: 108 (350 mg) m dry aoetone (20 mi), 250 ul of
2,2, dimethoxypropane and a catalytic amount of p-toluenesulfomc acid (30 mg)

" were added. The mixture was stirred at room temperature for 2 hours under
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nitrogen. The crude was evaporated to dryness and the residue solved again in
ethyl acetate (70 ml) and washed with water and brine. The orgamc layer was
‘concentrated and purified by a silica gel column with n-hexane: ethyl acetate 6:1
to give the title compound (mixture of isomers 50.50) as a white foam (280 mg,
80% yield).

5 (1H, CDCIg): 9.74 (s, 1H, CHO), 6.99 (s, 1H, CHPh2), 6.08 (dd, 1H, H-12,
J=0.9 and 3.3 Hz), 4.67 (d, 1H, H-1', J=2.1 Hz), 4.32-4.22 (m, 1H, CHOH in 4)),
4.12-4.03 (m, 2H, H-19a and OCHp in 4), 3.82-3.51 (m, 4H, H-18b, OCHpo-
CHOH-CH20), 3.29 and 3.12 (d, d, 1H, 1H, H-2' and H-3, J=3.9 Hz), 3.26-3.20
(m, 2H, H-4' and H-5"), 2.85 (t, 1H, H-11, J=3.9 Hz), 1.42 and 4.36 (d,d, 3H, 3H,
{CHg)>-C of isopropilyden).

| 4

EXAMPLE 1
1R-{1q. 3aB, 48. 4aB. 78. 7ac. 8ap)] Ba-[(6-Deoxy-3.4-0O-isopropylidene-B-D-

altropyranosyioxy)meth formyl-4.4a 56 7 7a 8. 8a-octahydro-7-methyl-3-(1-
methylethvi)-1 4-methano-s-indacene-3 1H -carbo lic aci

To a suspension of 10% palladium on charcoal (80mg) in ethyl acetate (10ml)
under nitrogen was added a solution of Intermediate 2 (180mg) in ethy! acetate
(10ml) and the mixture was hydrogenated at room temperature under 30 psi of
hydrogen for 1 hour. The catalyst was filtered off and the solvent evaporated to
dryness. Flash chromatography of the residue on silica gel eluting with
dichloromethane:methanol (20:1) gave the title compound (128mg).

5 (1H, CDCl3): 9.73 (s, 1H, CHO}, 6.08 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.61 (d,
1H, H-1', J=2.1 Hz), 4.30 (dd, 1H, H-&', J—-_-S.S and 5.4 Hz), 4.04 (d, 1H, 8aCHo,
J=9.3 Hz), 3.95 (dd, 1H, H-2', J=2.1 and 3.6 Hz), 3.85 (dd, 1H, H-4, J=5.4 and
8.0 Hz), 3.66 (d, 1H, J=9.3 Hz), 3.49 (dq, 1H, H-5', Jg=9.0 Hz, Jq-s 3 Hz), 2.69
(t, 1H, H-1, J=38.6 Hz); § (1 3¢, CDClg). 204.8 (CHO), 175.4 (COgH), 148.3 (C-
3), 130.7 (C-2), 108.3 (Cq. isop), (08.9 (c-d’), 76.9 (C-4), 75.8 (C-2), 742
(8aCH»), 71.7 (C-3)), 68.6 (C-5'); 65.6 (C-8a), 58.9 (C4).
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'Example 1 (246mg) was dlssolved m ‘dioxane (2m|) and 0 5 M sodium
'blcarbonate (O 99ml) was added The’ solution was: strrrad for- 15 mmutes and

freeze-dried to obtain the title. oom oun (256mg) . _
5 (1H, CDCl3) 9.88 (s 1H; CHO) 595 £ dd, 1H, H 2, J-1 Sand 33 Hz), 4.51
(d, 1H, H-1', J=1.8 Hz), 4.26 (dd, 1H; H-3' J=4.8 and. 6.0 Hz), 4.01 (d, 1H,
8aCHy, J=9.6 Hz), 3.87-3.80 (m, 2H, H-2' and H4"), 3.74 (d, 1H, 8aCHp, J=9. 6
Hz), 350-3 42 (m, 1H, H-5"), 2.66 (t, 1H, H-1, J=3.9 Hz).

methylethyl)-1 I4_-_rgethano-s-|ndacene-sa(1 H)-carbogl ic acid

‘Toa suspensron of 10% pa“adlum on charooal (30mg) in. ethyl acetate {10mi)

under nitrogen, was added a solution of. Intermediate 3 (140mg) in ethyl acetate
and the mixture was hydrogenéted under 30 psi of hydrogen for 45 minutes. The
catalyst was filtered off and the ‘solvent evaporated to. dryness. Flash
chromatography on silica gel using drchloromethane methanol (30 1) as eluent

afforded the _;Ll_g_c_gmpgmg (75mg) in a epimer ratio of 26:74. .
5(1H, CDCI3) 9.82 (s 1H, CHO) 6.08 (dd, 1H; H-2, J=1 5and 3.3 Hz) 460 (d,

" 1H, H-1', 18Hz) 430 (dd, 1H, H:3", J=4.2 and 6.0 Hz), 3.98 (d, 1H, 8aCHp,

J-93Hz) 394(dd 1H; H-2 1Sand42 Hz), 3.87 (dd; 1H, H-4', J=6.0 and

- 9.3 Hz), 3. 65 (d. 1H, BaCHz, J=9.3 Hz), 3.47 (dq. 1H, H-8', J4=9.3 Hz, Jg=6.3

Hz), 2.70 (t, 1H, H-1, J=3.9 Hz); (13c CDClg): 204.5 (CHO), 176.5 (CO2H),
148.2 (C-3), 130.6 (C-2); 110:8 (Cq acstal), 98.8 (C-1), 76.6 (C-4'), 756 (C- -
2'),73.9 (8aCHg), 71.3 (C-3), 68. 9 (C-5), 65.5 (C8a), 58.8 (C-4).
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| EXAMPLE 4

[1R{1a. 3aB. 4B 4aB 7B, 7 8a 8a-[{6-Deoxy-3.4- athoxy-2-
butylidene)-B-D-altro nosvioxymethvil-4-formvyi-4. 4a.5.6.7,7a.8 8a-

octahydro-7-methyl-3-(1-methylsthyl}-1. 4-methano-s-indacene-3a{1H)}-

_carboxylic acid

To a suspension of 10% pailladium on charcoal (100mg) in ethyl acetate (15ml)
was added a solution of Intermediate 4 (260mg) in ethyl acetate (10ml) and the
mixture was hydrogenated at room temperature under 30 psi of hydrogen for 45

. minutes. The catalyst was filtered off and the solvent evaporated to dryness.

The residue was flash chromatographed on silica gel eluting witrh
dichioromethane:methanol {30:1}] to give the title compound (172mg).
5 (1H, CDClg): 9.71 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.60 (d,
1H, H-1', J=2.4 Hz), 4.31 (dd, 1H, H-3', J=4.2 and 6.0 Hz), 3.98 (d, 1H, 8aCHy,
J=9.3 Hz), 3.94 (dd, 1H, H-2', J=2.4 and 4.2 Hz), 3.88 (dd, 1H, H-4', J=6.0 and
9.3 Hz), 3.65 (d, 1H, 8aCHo, J=9.3 Hz), 3.50 {t, 1H, CH20, J=7.2 Hz), 3.50-3.40
(m, 1H, H-5), 2.69-{t, 1H, H-1, J=3.9 Hz); § (13C, CDCI3). 204.5 (CHO), 176.2
(CO2H), 148.2 (C-3), 130.6 (C-2), 109.8 {C-2"), 98.8 (C-1"), 76.7 (C4"), 75.7 (C-
2'), 73.8 (8aCHy), 71.2 (C-2"), 68.8 (C-8'); 68.4 (CH»0), 65.6 (C8a), 58.9 (C4),
58.5 (CH30).

EXAMPLE 5
1R-{1g, 3af, 48, 42 7 7ag. 8a 6-Deoxy-3.4-0O-cyciopentyvlidene--D-

altropyranosylo l-4—form l-4 4a56.7.7a.8 8a-octah -7-methyl-3-{1-

To a suspension of 10% palladium on charcoal (50mg) in ethyl acetate {10mi)
was added a solution of intermediate 5 (232mg) in ethyl acetate and the mixture
was hydrogenated at room temperature under 35 psi of hydrogen for 1.5 hours.
The catalyst was filtered off arid the solvent evaporated to dryness. The residue
was flash chromatographed on silica gel eluting with dnchloromethane methanol
(30:1) to give the title compound (67mgy).

& (1H, CDClg): 9.71 (s, 1M, CHOJ, 6.07 { dd, 1H, H-2, J=1.5 and 3.3 Hz), 450
(d, 1H, H-1', J=2.1 Hz), 4.17 (dd, 1H, H-3', J=3.6 and 5.4 Hz), 4.54 (d, 1H,

8aCHy, J=9.3 Hz), 3.97 ( dd, 1H, H-2, J=2.1 and 3.6 Hz), 3.81 (dd, 1H, H-4,
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J=5.4 and 9.0 Hz), 3.70 (d, 1H, 8aCHj, J=9.3 Hz), 3.44 (dq, 1H, H-5, Jd-9 0
Hz, Jg=6.3 Hz), 2.69 (t 1H, H-1,J=33 Hz) "

: To a solutron of Intermedlate 7 (1 Zg) in ethyl acetate (60ml) was added 10%

palladium on-charcoal: (600mg) in portions, under nltrogen The mlxture was
shaken in a Parr apparatus under 40 psi of hydrogen for 1 hour at room
- temperature The catalyst was filtered off and washed with: more ethyl acetate

The solvent was evaporated to. dryness ‘and. the resrdue was flash

. chromatographed on silica gel elutlng with dlchloromethane methanol (25:1) to

give the itle comgougg (0.799g)..

& (H, CDC!3) 9.81 (s, 1H, CHO), 605 (dd 1H H-2 J-1 2 and 33 Hz) 463

(dd, 1H, H-1', J=2. 4 and 8.4 Hz), 4.38 (dt, 1H, H-3', Jd-3 0 Hz, Jt=5.1 Hz), 4.29
(d, 1H, BaCHz, J=9.3 Hz), 3.64 (dd, 1H, H-4' J=5.1 and 9.3 Hz), 4.43 (dq, 1H,

H-5, Jd-9 3 Hz, Jq=6.0 H2), 3.40°(d, 1H BaCHz. J=9.3 Hz), 2.53 (t, 1H, H-1,

J=3.9 Hz); 5 ( 13C, CDCl3): 204.7 (CHO), 174.6 (CO2H), 148.2 (C-3), 1306 (C-
2), 108.9 (C(CHa3)2), 98.3 (C-1'), 76.6 (C-4"), 73.7 (8aCHJ). 72 5 (C-3’) 717(C-
5') 67.0 (caa) 65.2, §9.0 (C-4) -

carboxylic acid -

To a suspension of 10% palladium on charcoal (300mg) in sthyl acetate (10mi)
was added a solution of Inte'rmediate 8'(246m'g)'in' ethyl acetate (10ml) and the

mixture was hydrogenated at room temperature under 45 psi of hydrogen for 1
hour. The catalyst was filtered off and the: solvent evaporated to dryness The

_ ;resrdue was punf' ied by flash. chromatography on. silica gel elutrng with

Ea
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dichloromethane and dichloromethane:methanol (30:1) to give the title
compound (182mg) as a white foam in an epimer ratio of 4:1.

8 (1M, CDCl3) signals of the major component: 9.81 (s, 1H, CHO), 6.06 (dd, 1H,
H-2, J=1.5 and 3.6 Hz), 4.62 {dd, 1H, H-1', J=2.7 and 8.1 Hz), 4.41 (dt, 1H,H-3,
Jg=3.3 Hz, J=2.5 Hz), 4.24 (d, 1H, 8aCHp, J=9.0 Hz), 3.68 (dd, 1H, H-4', J=5.7
and 9.0 Hz), 3.50 {t, 2H, CHy, J=7.5 Hz), 3.46-3.38 (m, 1H, H-5, 3.33 (s, 3H,
CH30), 2.54 (t, 1H, H-1, J=4.2 Hz),; § (13C, CDCl3): 204.5 (CHO), 175.1

' (COgH), 148.2 (C-3), 130.7 (C-2), 109.4 (C-2"), 98.3 (C-1), 76.4 (C-4'), 736

(8aCHyp), 71.9 (C-3), 71.4 (C-5), 68.6 {CH20), 65.2 (CBa), 58.9 (C-4), 586
(CH30). '

D-allopyranos fo Wwi4 4a 56.7.7a8; Ba-octa dro-7-meth I-3-
1-methylethvl}-1 4-methno-s- ndacene-3a{1H)-ca lic acid, sodium salt

Example 6 (376mg) was dissolved in dioxane (3ml) and 0.5 N sodium
bicarbonate {1.50ml) was added. The resulting solution was stirred for 30
minutes at room temperature and then freeze-dried to give the title compound
{392mg).

5 (1H, CDClz). 9.84 (s, 1H, CH_O), 5.94 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.52
(dd, 1H, H-1', J=2.4 and 9.0 Hz), 4.41-4.37 {m, 1H, H-3'), 4.02 (d, 1H, 8aCHo,
J=9.6 Hz), 3.74 (d, 1H, 8aCHg, J=8.6 Hz), 3.57 {dd, 1H, H-4', J=5.4 and 10.0
Hz), 3.42 (dq, 1H, H-5', Jg=6.3 Hz, Jg=6.3 Hz), 2.86 {t, 1H, H-1, J=3.6 H2).

‘A 2% solution of trifldoroacétic acid inl dicloromathane (20ml) was added to a

solution of Intermediate (Ezzbgj ifr dichioromethane (5ml) at 09C. The
reattion mixture was stired at 00C for 1 Four énd then washed with water

| {2x20ml) and dried (magnesium sulfate). The solvent was evapuorated to give a
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- residue’ which ‘was “chromatographed- -on-_silica- gel: -column. elutlng with

dichloromethane:methanol (40:1 to 20:1) to glve the t tle ccmgoggg (0:19).

8 (1H, CDCIg): 9.68 (s; 1H, CHO), 6:09 (dd, 1H, H-2, J=1.5 and-3.6 Hz), 4.94
~(dd, 1H, H-3, J=3.9 and 7.2 Hz), 4.62 (m, 2H; H-1"and H-4), 4.14 (dd, TH, H-2,

J=2.1 and 3.9 Hz), 4.00. (d, 1H, 8aCHp, Jap=9.3- Hz)._';3._72_.(d,-z 1H, . 8aCHpy,

~ JAB=9.3 Hz), 3.68 (m; 1H, H-5), 2.71 (m. 1H, H-1); & (13C, CDCl3): 204.4
(CHO); 190.2 (CS), 176.4 (CO2H), 148.4 (C-3),130.6 (C-2), 98.2(C-1'), 82.3

and 80.1 (C-3' and C~4"), 74.5 (8aCHyp), 71.7 (C-3a), 69.2 and 66.4 (c-2 and c-
5'); 65.5 (C-8a), 56.8 (C-4), 46.0 (C-1). |

EXAMPLE 10

To a solution of Intermediate 10 (125mg) in refluxing dry toluene (15ml) was
" added, under nitrogen. :atmosphere, excess. carbonyldurnldazole in smail
-portions. Once the reaction was.completed (TLC contrcl) the -solvent was
removed under reduced pressure: and . the . crude mixture dlssalved in

dlchloromethane (200ml) washed wnth 1N hydrochloric acid (3x100ml), brine-
(1x100mli) . and water (1x1 OOmI). then: dried- over. magnesrum sulfate and
concentrated to. dryness- to give an orl which was. used wuthout further

- purification. The- oil was dissoived in ethyl acetate (15mi) and shaken in a Parr

apparatus under 20 psi: of hydrogen in the presence of 10% palladlum on
activated charcoal (50mg) for 1 hour at room temperature. Filtration of the
catalyst and elimination of the solvent gave a syrup which was purified by

- preparative. TLC (silica. gel ‘methanol: drchleromethane 1: 15) to gave the title
- compound (50mg)-. cbtalned from the fractuon at Rf 0. 5

5 (1H, CDCl3): 9.70 (s, 1H, CHO) 607 (dd 1H, H-2 J-1Zand 33 Hz) 493

~(m, 1H, H-3"), 4.63 (dd, 1H, H-1', J-24 and 7.8 Hz). 4.24 (dd, 1H, H-4', J=6. 6_...-'
- and 9.3 Hz), 4.05 and 3.57 (2d, 2H BaCHz, JAB=9 Hz), 3.63 (m, 1H, H-5') 266

(t, 1H, H-1, J=3.9 Hz); 5 (13C, CDClg): 204.6.(COH), 176.0 (COOH), 154.0
(OCO), 148.2 (C-3), 130.7 (g-z), 97.5 (g-t') 76.6 (g-4 ). 747 (C-2 ). 69.9 (C-5),
31.7 (C-2). - S .
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‘EXAMPLE 11
1R 3af, 4B. 4aB. 7B. 7ac. Bap)] 8a-{{2 6-Did -3.4-O-thiocarbonyl-8-D-
gito nos eth formyi-4.4a.5 8.7.7a. 8. 8a-octahvdro-7-methyi-3-{1-

-methylethyl)1 4-methano-s-indacene-3a{ 1H)-carboxylic acid

To a solution of Intermediate 11 (130mg) in dry dichlcromethane (5mi) was
added trifluoroacetic acid (250ul) at 0°C. After 2 hours the solution was diluted
with dichloromethane (50ml), washed with water {2x100ml), dried over
magnesium sulfate and concentrated to dryness to give an oil which was

‘ptrified by preparative TLC (silica gel, methanol.dichloromethane 1:15) to give

the title compound (68mg) obtained from the fraction at Rf 0.6.

5 (1H, CDClg): .70 (s, 1H, CHO), 6.07 {dd, 1H, H-2, J=1.2 and 3.3 Hz), 5. 08
(m, 1H, H-3"), 4.63 (dd, 1H, H-1", J=2.7 and 8.4 Hz), 4.45 (dd, 1H, H4', J=66
and 9.0 Hz), 4.03 and 3.59 (2d, 2H, 8aCHy, JAR=9.3 Hz), 3.64 (m, 1H, H-5",
2.67 {t, 1H, H-1, J=3.0 Hz); & (13C, CDClg): 204.5 (COH), 190.9 (CS}), 176.3
(COOH), 148.2 (C-3), 130.7 (C-2), 97.5 (C-1), 80.3 (C-4'), 79.6 (C-3), 69.5 (C-
5", 31.3 (C-2).

EXAMPLE 12
1R-{1c. 328, 4aB, 7B, 7ac. 8aB)] Ba-{(2 6-Dideoxy-3 4- ethylen

allopyranosyloxy)methvil-4-formyi-4 4a.5.6,7 72,8 8a-octahydro-7-methyi-3-{1-

methylethyl)-1.4-methano-s-indacene-3a{1H)-carboxylic acid

To a solution of Intermediate 10 (450mg) in dibromomethane (10mi) were
added, with vigorous stirring, tetrabutylammonium bromide (40mg) and 50%
aqueous sodium hydroxide (100mi). After 12 hours, the mixture was quenched
by adding of 1N hydrochloric acid {100ml} and extracted with dichioromethane
(100ml). The organic layer was washed with 1N hydrochloric acid (1x100ml),

dried over magnesium sulfate and concentrated to dryness to give a white solid

which was used without: further purification. This solid was dissolved in ethyl
acetate (15ml) and shaken in a Parr apparatus under 20 psi of hydrogen in the
presence of 10% palladium on activated charcoal (50mg) for 1 hour at room
temperature. After filtratior of the catalyst and elimination of the solvent, the oily
residue was flash chromatographed over silica gel eluting with acetone:hexane
(1:10) and (1:5) to give the title compound (130mg) as an oil.
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5 (1H, CDCl3): 9.80 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.2'and 3.3 Hz), 5.12

“and 4.86 (2m, 2H, OCH20), 4.60 (dd, 1H, H-1', J=2.4 and 8.7 Hz), 4.20 and
3.4 (2d, 2H, 8aCHg, JAB=9.3 Hz), 4.13 (m, 1H, H-3), 3.67 (dd, H, H-4', J=5.1

and 8.7 Hz), 3.38 (m, 1H, H-5), 2.58 (t,-1H, H-1, J=3.9 Hz); 5 (13C, CDCl3):
204.6 (COH), 174.8 (COOH), 148.3 (C-3), 130.6 (g-z), 98.1 (g-1) 94.9

' (OCH20) 75 4 (Q-4') 73. 9 (Q-3'), 70.3 (Q-S'), 32.3 (Q-Z')

Toa solutlon of Example 12 (200mg) in methanol (5ml) was’ added dropwnse a
0.106N solution of sodium hydroxlde |n water: (3 98ml). After 30 minutes the
solvent was removed under. reduce& pressure and the fesidue dissolved in

~ dioxane (5ml) and lyophilized to'give the title compound (209mg).
- § (1|'| CD30D): 9.87 (s, 1H, CHO), 554 (dd, 1H, H-2, J=1.5and 3.6 Hz), 5.10

and 4.82 (2m, 2H, OCH20), 4.51 (dd, 1H; H-1, J=2.4 and 8.7 Hz), 4.12 (m, 1H,
H-3'), 4.03 and 3.73 (2d, 2H, 8aCHg, JAB=9.9 Hz), 3.61 (m, 1H, H-4'); 3.35 (m.

- 1H, H-5'), 2.56 (¢, ‘1H, H-1); & (13C, CD30D): 200.2 (COH), 169.0 (COOH),
- 1429 (C-2); 120.6 (g-z) 0.3 (9_-1) 86.4 (OQHZO} 67.5 (_-4') 66.2 (C-3),

61.8 (C-5).

g@ﬂmﬂ R ' ' _
Intermediate 14 (120mg) in ethyl aoetate (1 Sml) was. shaken ina Parr apparatus

under 20 psi of hydrogen in'the presence of 10% palladium on charcoal (50mg)
~ for 1 hour at room temperature. Filtration of the catalyst and evaporatlon of the
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solvent under reduced pressure gave a syrup which was flash chromatographed
uver silica gel using as eluent acetone:hexane (1:10), (1:7) and (1:5) to give title
compound (a) (35mg; Rf=0.5 in hexane:acetone 4:1) and title compound (b}

(40mg; Rf=0.4 in hexane:acetone 4:1) both as colourless oils.

(a) 8 (1H, CDCI3): 9.80 (s, 1H, CHO), 6.04 (dd, 1H, H-2, J=1.2 and 3.3 Hz),
4.62 (dd, 1H, H-9', J=2.1 and 9.9 Hz), 4.20 (m, 2H, 8aCHy+H-7"), 3.97 (m, 1H,
H-1'), 3.73 {m, 1H, OCHCHg), 3.40 (m, 2H, 8aCH+OCH2), 3.27 (d, 1H, OCHo,
JAB=10.8 Hz), 3.18 (dd, 1H, H-6', J=3.3 and 10.2 Hz); 5 (13C, CDCI3): 204.6
{COH), 174.6 (COOH), 148.3 (C-3), 130.6 {C-2), 97.9 (C-9'), 73.5 (OCHp), 73.2

(C-6), 72.1 (C-1), 71.9 (OCHCH3), 65.4 (C-7'), 31.9 (C-10), 22.7 (OCHCHg). _

(b} & (1H, CDCl3): 9.78 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz),
4.73 (dd, 1H, H-9', J=3.0 and 6.3 Hz), 426 (m, 1H, H-1), 4.15 (m, 2H,
8aCHp+H-7"), 3.98 (m, 1H, OCHCH3), 3.79 (dd, 1H, OCH2 , J=3.1 and 11.4
Hz), 3.41 (d, 1H, 8aCHyp, J=9.6 Hz), 3.35 (m, 1H, OCH5 , J=3.1 and 6.3 Hz),
3.27 (dd, 1H, H-6', J=5.7 and 11.7 Hz), 2.55 (t, 1H, H-1); 5 (13C, CDCl3): 204.6
{COH), 174.6 (COOH), 148.3 (C-3), 130.6 (C-2), 99.2 (C-9'), 74.7 (OCHCH3),
73.6 {OCHb), 69.3 (C-6"), 66.3 (C-1'), 65:4 {C-7"), 31.9 (C-10"), 22.6 {OCHCH3).

XAMPLE 15
[1R-(1a. 3aB, 48. 4aB. 78, 7ac. 8af)! 8a-[[1S.7R.9R]-2.5.8-Trioxa-3.3.7-
trimethyl-cis-bicyclof4.4.0 j-oxy-methyl}l-4-formyl-4 4a 56.7,7a 8,8a-
ctahydro-7-methyl-3-{1-methylethyl)-1, 4-methano-s-indacene-3a{1H)-
carbaxylic acid

To a solution of Intermediate 15 (200mg) in ethyl acetate {(15ml) was added
10% palladium on charcoal (50mg) under nitrogen. The mixture was shaken in a
Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature.
Filtration of the catalyst and evaporations of the solvent gave a residue which
was flash chromatographed over silica gel eluting with acetone:hexane (1:10)
and (1:15) to give the title compound (140mg) as a whnte foam.

5 (1H, COCla): 8.81 (s, 1H, CHO), 6.03 (dd, 1H, H-2, J=1.5 Hz), 4.62 (dd, 1H, H-
1", J=2.1 Hz, J=9.6 Hz), 4.35-4.15 (m, 3H, 8aCHg, H-7" and H-1'), 3.40 (m, 2H,
8aCHz and OCHy), 3.25-3.15 (m, 2H, H-6' and OCH3), 2.52 (t, 1H, H-1), 1.33
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and 1.13 (2s, 2CHg); 5 (1 3c CDCl): 204 7 (gou) 174.1(COOH); 148.3 (C-3),

130.6 (C-2), 98.0 (C-9"), 73. 4 (OCHZ). 733 (Q-G'). 65.1. (Q-1') 64.7 (Q-?), 31.9
- (C-10%), 211 (2QH3) .

-EXAMPLE 16

To a sotutlon of Intermedlate 20(a) (680mg) in ethyl acetate (100ml) was added*

10% palladlum on charcoal (200mg) under nltrogen The mlxture was shaken in

aParr apparatus under 25 psi of hydrogen for 2 hours at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue was
purified by ﬂash chromatography elutlng with dlchloromethane methanol (49 1)

_' to afford the t itle compound (450mg) as a white foam

5 (1H, CDCI3) 9.86 (s; 1H, CHO) 604(dd 1H; H-2 J= 15'and 3.6.Hz), 4.57

(dd, 1H, H-8', J=2.4'and 9. 3 Hz), 4.40 (d, 1H; 8a-CH3, J=9.6 H2), 4. 08 (m, 2H,

H-1' and CHo-3' (1H)), 3.27 (m,.3H, H-6', CH2-3' (1H), 8a-CH2 (1H)), 2.47 (t,
1H, H-1, J=3.9 Hz), 1.02 (d, 3H; 4'-CHg, J=6.6: Hz); 5 (13C, CDCl3): 204.7
(CHO), 173.8 (COOH), 148.4 (C-3), 130.5 (C-2), 98.5 (C-8), 75.2 (C-1"), 74.3
(8a-CH2), 73.3 (C-3), 719 (c-s') 512 (c-5') 3.0 (C-4). 32.9 (C-9). 19.4 (4-
CHa). o . S

Toa solutuon of Example 16 (450mg) II‘I methanol (100m|) was added dropwuse.-
aqueous sodlum hydroxlde (0.098 N, 9. 5mt) The solvent. was removed under

_ reduced pressure ‘and the residue was dlssolved in water (80ml) and lyophrluzed

to give the _EL_MEQ.!EQ (470mg).

~ 5('H,CD30D): 9.86 (s: 1H, CHO),594(dd 1", H2; J= 1.5 and 3.6 Hz),

35

443 (dd, 1H, H-8, J=2.1 and 9.3 Hz), 4.134.02 (m, 3H Ba-Cl'lz (1H), H-1,
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-CH2-3' (1H)), 3.74 (d, 1H, Ba-CHp, J=9.9 Hz), 3.34-3.23 (m, 2H, CH2-3' (1H),

H-6"), 2.56 (t, 1H, H-1, J=3.9 Hz), 2.34 (m, 1H, H4") 0.99 (d, 3H, 4-CHg, J=6.9
Hz); 5 (13C, CD30D): 209.7 (CHO), 178.4 (COONa*), 152.4 (C-3), 130.1 (C-
2), 100.1 (C-8"), 77.2 (C-1"), 77.0 (C-3), 75.3 (8a-CHp), 73.0 (C-6"), 52.8 (C-5),
37.2 (C-4), 34.5 (C-9"), 19.6 (4-CH3). |

EXAMPLE 18

[1R-{1c. 32aB, 48, 4aB. 7B. 7ac. 8aB)] Bé-[[1 S.4R.6R,8R]-2,7-Dioxa.4 6-dimethyi-
cis-bicyclo [3.4f0]:nen-8~zi;gx_g;meth1!]-4{omf-4,4a,5,6,7,7g;8,8a-octm ro-7-

met 1-methylethvi)-1 4-methano-s-indacene-3a(1H)-carboxylic acid

To a solution of Intermediate 20(b) (1 80mg) in ethyl aoe’tafg’“ (60ml) was add;d
10% palladium on charcoal (100mg) under nitrogen. The suspension was
shaken in a Parr apparatus under 25 psi of hydrogen for two hours at room

temperature. The catalyst was filtered off and the solvent evaporated to

dryness. The residue was twice flash chromatographed on silica gel, using
successively dichloromethane:methanol (49:1) and hexane:acetone (4:1) as the
eluents to give the title compound (90mg) as a white foam.
5 ('H, CDCl3): 11.5 (bs, 1H, COOH), 9.87 (s, 1H, CHO). 6 04 (dd. 1H. H-2,
=1.2 and 3.3 Hz), 4.53 (dd, 1H, H-8', J=2.4 and 99 Hz). 445 and 3.26 (2d,
2H, 8a-CHp, J=9.3 Hz), 4.19 (q, 1H, H-1", J=33 Hz). 396 (1. 1H. CH2-3', J=84
Hz), 3.58 {m, 1H, H-6"), 3.43 (dd, 1H, CH2-3'-. J=102 Hz). 2 55 (m, 1H H4'). &
(13C, CDCla): 204.6 (CHO), 174.4 (COOH), 148.3 (C-3), 1306 (C-2), 97.9 (C-
8'), 78.7 (C-1), 73.3 (C-3), 72.9 (8a-CHp), 68.7 (C-6"), 46.1 (C-5'), 36.6 (C4"),
34.02 (C-9"), 21.8 (6'-CHg), 13.6 (4'-CHg3).

[R-(1¢.338.48.4aB 78.7ac. 8aB)] 8a-{[18.4R.7R.9R]-2 8-Dioxa-4 8-dimethyi-

is-bicvclo]3.4.0 7-vi-oxy-methyll-4-formyi-4.4a.5 6.7, 74 8, Ba-octahydro-7-
methvi-3-(1-methviethvi)-1 indacens-3 -Ca lic acid

To'a solution of Intermediate 23(a) (150mg) in ethyl acetate (15ml) was added
10% palfadium on charcoal (50mg) under nitrogen. The mixture was shaken in a
Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature. The
catalyst was filtered off and the soivent evaporated to dryness. The residue thus
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__ obtarned was punt” ed by ﬂash chromatography ‘eluting with. acetone hexane

(1:3) to afford t (100mg) asa crystallrne solid.. |

5 (1H CDCI3) 986 (s 1H CHO) 6 05 (dd 1H, H-2 J-1 2 and 33 Hz), 4.63

(dd, 1H, H-7', J=3.3 and 66 Hz) 437 (d 1H 8aCH2, JAB-96 Hz), 3.98 and

3.67 (2dd, 2H, H-3', J=6 .6 and 8.1 Hz), 3.40-3. 20 (m, 3H, BaCHz H-9' and H-
1'), 2.46 (t, 1H; H-1, J=3.9 Hz), 1.04 (d, 3H, CH3CH).

| EXAMPLE go

| Toa solutlon of Exampte 19 (100mg) in methanot (5ml) was added dropwrse
_ sodrum hydroxlde (0.106 N solutlon |n water 1 .88ml). After 30 ‘miriutes the:

solvent was removed under reduced pressure: end the residue drssolved in
water (3m|) and Iyophllrzed to afford the title' comgoun (104mg). -
6(1H CD3OD) 988 (s, 1H, CHO) 593 (dd 1H, H-2, J=1.2'and 3.3 Hz) 449

~(m, 1H, H-T"), 4.02 (m, 2H, H-3' and 8a CHy), 3.72(d, 1H, 8aCH»; Jop=9.3 Hz),
256 (t, 1H, H-1, J=36 Hz); 5 (13C, CD30D): 209.7 (CHO), 178.4 (COOH),

152.4 (C-3). 130.1 (C-2), 999 (C-7') 821 (C-1. 76. 5 (BaQHz) 722 (C-9')

s (©5). 152 (_H3-CH)

To a solution of lnten'nedtate 23(b) (260mg) in ethyl acetate (1 5m|) was added .
10% palladrum on charooal (50mg) The mixture was shaken in a Parr

_apparatus under 20 psu of hydrogen for 1 hour at room: tempereture The

catalyst was fi t‘ltered off and the solvent evaporated to dryness. The residue thus

: obtarned was punﬁed by preparatrve TLC (silica gel, methanol: dlchloromethane
1 20) to afford the i Mp% (185mg) as an oil at Rf=0.6. - - '
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5'(tH, CDCla): .85 (s, 1H, CHO), 6.04 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.88 (t,
1H, H-7", 2.7 Hz), 4.27 and 3.28 (2d, 2H, 8aCHy, JAg=9.9 Hz), 3.85 and 3.73
(2, 2H, OCHp), 3.60 (m, 1H, H-9), 3.37 (dd, 1H, H-1', J=7.2 and 8.4 Hz), 2.47
(m, 3H, H-5+CHCHa+H1); 5 (13C, CDClg): 204.4 (CHO), 173.7 (COOH), 148.2
{C:3), 130.5 (C-2), 98.7 (C-7'), 81.2 (C-1), 72.8 (BaCHo+OCHy), 69.9 (C-9),
25.4 (C-6"), 12.4 (CH3CH).

EXAMPLE 22
]1 R:{ 1g, 3aB, 4&, 4af}, 78, 7ac, 8aB)i 83;“1S,?R,SR|-2,8-Bloxa-4,4,9-tnmethﬂ-

 methyl-3-(1 -matl'_uzlethxl);ﬁ 4-methano-s-indacene-3a(1H)-carboxvlic acid -«

To a solution of intermediate 24 (100mg) in ethyl acetate (40ml) was added
10% palladium on charcoal (50mg) under nitrogen. The mixture was shaken in a
Parr apparatus under 25 psi of hydrogen for 2 hours at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue was
twice flash chromatographed using successively 1.5% methanol in
"dichloromethane and 15% acetone in hexane as the eluents to afford the title
‘compound (40mg) as a white foam.

5 (1H, CDCl3): 9.85 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.84 (,
1H, H-7", J=3 Hz), 4.23 and 3.29 (2d, 2H, 8a-CHp, J=9.6 Hz), 3.81 (t, 1H, H-1,

J=8.7 Hz), 3.52 (dq, 1H, H-9', J=9.3 and 6.3 Hz), 3.50 and 3.42 (2d, 2H, CH2-3',

J=8.4 Hz), 2.48 (¢, 1H, H-1, J=4.2 Hz), 1.09 and 0.98 (2s, 6H, 4'-CHg); 5 (13c,

CDCI3). 204.5 (CHO), 174.0 {COOH), 148.2 (C-3), 130.5 (C-2), 88.7 (C-7),
81.01 (C-1), 78.8 (C-3), 72.7 (8a-CH2), 70.2 (C-9), 41.3 (C-4'), 40.4 (C-5),
27.3 (4'-CHg), 26.5 (C-6'), 22.8 (4-CH3).

EXAMPLE 23

1R-{1q. 338, 4B 4aB, 78, 7ag. 8ap)| 8a-(6 -3 4-O-isopropylidene-g-D-
‘all nosvioxy)methvil-4-formy|-4.4a 7a.8.84-octahvdro-7-methyl-3-{1-
‘methvlethyl}-1.4-methano-s-indacene-3af 1l xvlic acid

To a solution of Intermediate 27 (125mg) in methanol (25ml) was added 10%

. palladium on charcoal (100mg) under nitrogen. The mixture was shaken in a

Parr apparatus under 15 psi of hydrogen for 1.5 hours at room temperature.
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- The catalyst was-_ﬁlfered-- off and to the ﬁltratevé_a,s_-add__ed. 1N hydrochiloric acid
. .(0:5ml) at 0°C. After stirring for: 1-hour, the mixture was neutralized with 10%
. -sodium hydrogen carbonate.. The solvents were. evaporated to dryness and the -

oily resldue was - purified by flash- column chromatography elutlng with

-hexane:ethyl acetate (4:1) and dichloromethane: methanol (20: 1) to glve the title

compound (62mg).
5 (MH, CDCl3) 9.73 (s, 1H, CHO), 6. 10 (dd 1H, H-2 J-1 2 and 3.3 Hz), 4.51 {t,
1H, H-2', J=4.5 Hz), 4.48 (d, 1H, H-1", J=7.5 Hz), 3. 65 and 4. 07 (2d, 2H; 8aCHy,

. J=9.3 Hz), 3.78 (dd, 1H, H-4', J=0 and 5.1 Hz), 369 (dd 1H H-3' J-7Sand51
- Hz),-3.50 (m, 1H, H-5', J=6. and9Hz),259 (t. 1H, H-1 J 39Hz) 232 {m, 1H,

CHMe2); 6(130 CDCI3) 204.6 (CHO) 176.1 (CDzH) 1482 (C-3) 130.8 (C-2),
1104 (quatemary C Isopropllldene) 100.9 (C-1 ), 78. 34 (C4), 75.1 (C-2'), 74.7
(8aCH2) 725 (C-4a) 71.7 (C-3') 69.3 (C-S') 65.6 (C-8a), 58. 9 (C-4) 46.3 (C-

methyl-s-( 1 -methylethyl);1 ,4-methano-s-|ndaggne-3a(1 H)-carbogluc acud

A solutlon of Intermedlate 30 (SOmg) m tetrahyorofuran (Sml) at room

' emperature was treated with: tetrabutylammomwn fiuonde: (1 0. M solutnon n

tetrahydrofuran 200p.|) After 24 hours, the reaction mixture was ooncentrated to
dryness-. ‘and . the  resulting yellow oil - was punf‘ ied. by flash column
chromatography eluting with dlchloromethane methanol (15 1) to give the tme
compound (18mg). '

S (1H CDCl3): 9.80 (s, 1H, CHO), 598 (dd 1H H-2 J= 12 and 33 Hz) 4.64
(dd, 1H, H-1', J=2.7 and 8.1 Hz), 442 (m, 1H, H-3') 3.68 and 4.01 (2d, 2H,
8aCH2, J=8 Hz), 3.90 (m, 1H, H-4'); 3.45-3.65 (m, 3H, H-5' and 2H-6'), 3.22 (s,
3H, 6'-OCH3), 2.60 (m 1H, H-1), 1.34 and 1 35 (2s. 6H methyl groups of
isopropilidene); & (13C, CDCla): 206.3 (CHO), .175.7. (cozu), 149.7 (C-3),
129.7 (C-2), 108.9 (C-quaternary of isopropilidene), 98.2 (c-1'), 74.8 (C-3a),
74.8 (C-4); 74.4 (8aCHy), 72.6 (C-3'), 71.3 (C-5), 65.1 (C-8a), 61 1 (c-e'), 58.4

(c-4). 48.4(6'-OMe); 46.1 (C-1 ), 32.8 (C-2') o
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EXAMPLE 25 .
HR 328, 45, 498, 78, 70, BaB)] Be-II1S. 4R, 7R, OR}-2.6-Dioxa-4-ethyi-6-
eth ievelol3.4.01-non-7-yl-oxy-methyil-4-formyl-4.42,5,6.7,72.8 8a-

o ro-7-methyl-3( 1-methvi-ethyi)-1 4-methano-s-indacene-3a(1 H)-
carboxylic acid.

To a solution of intermediate 37 (200 mg) in ethyl acetate (40 ml), 10%
palladium on charcoal (S0 mg) was added under nitrogen. The mixture was
shaken in a Parr apparatus under 30 psi of hydrogen at room temperature for 2
hours. The catalyst was filtered off and the solvent evaporated to dryness. The
residue thus obtained was flash chromatographed over silica gel using
dichloromethane:methanol (98:2) as the eluent to afford the title compound (135
mg).

5 (1H, CDClg): 9.86 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.66
(dd, 1H, H-7', J=8.0 and 6.0 Hz), 4.32 and 3.29 (2d, 2H, 8a-CHp, J=9.6 Hz),
4.02 {(dd, 1H, CH>-3',(1H), J=7.2 and 8.4 Hz), 3.67 {(dd, 1H, H-1’, J=7.8 and 9.3
Hz), 3.41-3.22 (m, 2H, H-9' and CH2-3' (1H)), 2.48 (t, 1H, H-1, J=3.9 Hz), 0.92
(t, 3H, CH3CHo, J=7.5 Hz); 5 (13C, CDClz): 204.5 (CHO), 174.2 (COOH), 148.3
(C-3), 130.5 (C-2), 98.5 (C-7"), 80.3 {C-1"), 73.0 and 73.0 (Ba-C and C-3'), 70.9
{C-9).

EXAMPLE 26 | |
[3R:{1g, 3aB, 48, 4aB. 78, 7ac, 8ap)] 8a.[1S. 4R, 7R, SR}-2 8-Dioxa-4-sthyl-9-
methyi-cis-bicyclof3.4. 0]-_non-7-g!-o_u—me:hgl]—4—fonnxl—4,4a,5,6,7,7a,8,8a-

ahydro-7-methyl-3-{1-methvi-sthyl)-1 4-methano-s-indacene-3a(1H
carboghc acid, sodium salt.

To a solution of Example 25 (88 mg) in methanol {10 m), 0.099N aqueous
sodium hydroxide (1.8 mi) was added dropwise. The solvent was removed
under reduced pressure and the residue was dissolved in water (50 ml) and
lyophilized to give the title compeund (92 mg) _

5 (H, DMSO-dg): 9.7 (8, 1H;-CHO); 5.78 (m, 1H, H-2), 440 (brdd, 1H, H-7),
3.92 (m, 1H, H-3"), 3.87 (d, H, 8a-CHs (1H), J=9.6 Hz), 3.50 (m, 2H, 8a-CHp
{1H) and H-1"), 3.38-3.21 (m, 2H, H-3' and H-9').
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carbo;y lic acid.

To a solutxon of lntermedlate 38 (420 mg) in ethyl acetate (80 ml) 10%
palladlum on charcoal (100 mg) was added under- nltrogen The mixture was

) shaken in‘a Parr apparatus under 30 psl ‘of hydrogen at room temperature for

1. 5 hour. The catalyst was ﬂltered off- and the solvent evaporated to dryness.

using dichioromethane:methanol (98:2) as the eluent to give the title compound
(280 mg). :

_8(1H CDCI3) 986(s 1H; CHO) 605 (dd 1H, H-2, J=1.5 and 36 Hz) 4.89

(m, 1H, H-7"), 429 and 3.28 (2d, 2H Sa-CHz, J=99 Hz), 3.90 (dd 1H, H-3',-

' J"7Sand87Hz) 375(m 1H, H-1') 364(m 1H H-9), 3.43 (t. 1H, H-3', J=8.7

Hz), 2.46 (t, 1H, H-1, J=3.6 Hz), 0.93 (t 3H, CH3-CHp, J=7.2 Hz); 5 (13C,
CDCl3): 204.4 (CHO), 173.7 (COOH), 148.2 (C-3), 1305(c-2) 9as(c-7') 81.3
(C-1), 72.8 and 70.9 (8a-C and C-3), 69.8 (c-e') B

EXAMPLE 28

carboxylic éé:id,"sddi'u‘m’s'al‘t-.-i.-‘ -

To a solutron of Example 27 (262 mg) tn methanol (20 ml) 0 099N aqueous

" 'sodlum hydroxlde (5 3 ml)’ was added dropwuse The solvent was removed -
B under reduced pressure ‘and the residue was’ dlssolved in water (100 mI) and

~ lyophilized to give the title compound (272mg). - : :
S. (1H DMSO-ds) 9.77 (s, 1H CHO), 5.79 (dd, 1H; H-2; J=1.2 and 3 6 Hz), 4.57

(m, 1H, H-7"), 3. 83 and 3. 45 (2d, 2H, BE-CHz. J-9 6 Hz), 3.76 and 3. 33 (2m, 2H,
CH»-3"), 3.52 (m 2H, H-1' and H-9') L _
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EXAMPLE 2
1R-{1c, 3aB. 48. 4a 7ac. 8aB)] 8a-[(18.4R,7R,9R)-2,8-Dioxa-4-{1-

e - .

methviethw)-8-methvi-cis-bvciclol3 4.01-non-7-yl-oxymethyi)i-4-formyl-
4 48,5.6.7.7a,8.8a-octahvdro-7-methyl-3-{1-methviethyi)-1.4-methano-s-
indacene-3a(1H)-carboxylic acid.

To a solution of intermediate 39 (280 mg) in ethyl acetate (15 mi) Palladium
{10%) on charcoal was added (50 mg) under nitrogen. The mixture was shaken
in a Parr apparatus (PH2=20 psi) for 1 hour at room temperature. Filtration of
catalyst and evaporation of the solvent gave a residue which was purified by
flash chromatography (silica gel, hexanes:acetone v/v 10:1 and 5:1 to give 180
mg of the title compound as an oil {84% yield). .

5 (H, CDCl3): 12-11 (b, 1H, COOH), 9.88 (s, 1H, CHO), 6.053 (dd, 1H, H2,

'J=1.5 and 3.6 Hz), 4.77 (m, 1H, H7"), 4.37 (d, 1H, 8aCH2, J=9.3 Hz), 3.95 (dd,

1H, H3, J=7.2 and 8.7 Hz), 3.67 (dd, 1H, H1', J=8.7 and 9 Hz), 3.5-3.36 (m, 2H,
H3'+H9"), 3.23 (d, 1H, 8aCHp, J=9.3 Hz), 2.43 (t, 1H, H1, J=3.9 Hz).

EXAMPLE 30 |
1R<{1c. 32B. 4B 4aB. 78, 7ac. 8af)l 8a-[(1S.4R7R.ER)-2.8-Dioxa-4-(1-
methylethvl)-8-methyl-cis-byciclo[3 4,01-non-7-yl-oxvmethyl)i-4-formyl-

4,42 5.6.7.72,8 8a-octahydro-7-methyl-3-{1-methviethyl)-1.4-methano-s-
indacene-3a{1H)-carboxylic acid, sodium salt.

To a solution of Example 29 (170 mg) in methanot (15 ml) was added 0.0956N

~ solution of sodium hydroxide (3.45 ml). After stirring for 1 hour the solvent was’

removed to dryness to give a solid which was dissolved in 3 mi of water and
fresze dried.

5 (1H, DMSO-dg): 9.78 (s, 1H, CHO), 5.80 (dd, 1H, H2, J=1.2 and 3.6 Hz), 4.46

(dd, 1H, H7", J=2.7 and 5.1 Hz), 3.9-3.8 (m, 2H, H3'+8aCHp), 3.54 (dd, 1H, H1",
J=8.1 and 9 Hz), 347 (d, 1H, 8aCHp, J=9.3 Hz); 5 (13C, DMSO-dg): 206.4
(CHO), 174.3 (CO0"), 151.3 (C3), 127.6 (C2), 7.1 (C7'), 80.7 (C1").
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ndacene-3a(1 H)-carbogllc acid.

Toa solutlon of mtermedlate 40 (280 mg) in athyl acetate (15 ml), alladlum_

(10%) on charcoal was added (50 mg) under mtrogen The mixture was shaken

'. in-a Parr apparatus (PH2-20 psi) for 1: hour at room temperature Flltratlon of
~ catalyst and' evaporation of the solvent gave a residue which was flash
'chromatographed (silica gel, hexanes: acetone viv 10: 1 and 5: 1) to give 190 mg

of the title compound as a crystallune solid (89% yleld)
5 (1H, CDCI3) 9.88 (s, 1H, CHO), 6. 05 (dd, 1H, H2 J=1.5and 3.3 Hz) 492 (t.
1H, H7', J=2.7 Hz, 4.33 (d, 1H, 8aCHy, =10.2 Hz) 3.94 (t, 1H, H3', J=8.1 Hz),

3.8-3.7 (m, 2H, H1'+H9'), 3.47 (dd, 1H H3' J"'84 and 10.8 Hz) 329 (d, 1H,

8aCHy, J=10.5 Hz).

EXAMPLE 2

indacene-3a(1H)-carboxvlic acid, sodium sai -

To a solution of Example 31 (165 mg) in methanol (15 ml) were added 0.0956N
solution of sodium hydroxlde (3.35 mi). After stirring for 1 hour the solvent was
removed to dryness to give a solid which was dissolved in 3 ml of water and
freeze dried.

5 (H, CDCI3) 9.77 (s, 1H, CHO) 5.79 (dd, 1H, H2, J=0.9. and 33 Hz) 4.58
(bs, 1H, H7') 3.85-3.72 (m, 2H H3'+8aCH2). 3.71-3.56 (m, 2H, HO'+H1'"), 3.45
(d, 1H, BaCHo, J=9.9 Hz); 5 (13C, CDClg): 206.3 (gHO), 1743 (coo-). 151.4
(_3) 127.5 (C2), 96.7 (C7"), 80.8 (c1') - :
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EXAMPLE 33

R-{1x. 3aB. 48. 4aB. 7B. 72q, 8aB)] 8a-[1S. 7R. 9R]-2,8-Dioxa-8-methyl-4-
methvlene-cis-bicyclo [3.4.0]-non-7 -methyil-4-formyl-4.4a.5.6.7.7a 8 8a-
octahydro-7-methyl-3-(1-methvieth 4-methano-s-indacene-3a{1H)-
carbuxyiic acid.

_To an ice cooled solution of intermediate 41 (330 mg) in dichioromethane {4 ml)

was added trifluoroacetic acid (0.2 ml). The mixture was stirred for 20 minutes at
0°C and subsequently diluted with dichloromethane (150 mi) and washed three
times with water (100 ml). The organic layer was dried over anhydrous sodium
sUifate and concentrated to dryness to give an oil which was flash
chromatographed on silica gel using dichloromethane:methanol (98:2) as the
eluerit. The appropriate fractions were then collected and RP-18
chromatographed under medium pressure (about 10 bars) using a linear
gradient of acetonitrile (60 to 75%) in water to give the title compound.

& (1H, CDCla): 9.87 (s, 1H, CHO}, 6.04 (d, 1H, H-2, J=3.3 Hz), 5.08 and 5.02
(2m, 2H, HoC=), 4.50 (dd, 1H, H-7", J=2.7 and 8.4 Hz), 4.48-4.29 (m, 3H, CH2-3'
and 8a-CHap(1H)), 3.76 (dd, 1H, H-1', J=7.2 and 8.3 Hz), 3.27 (m, 1H, H-9'}, 3.02

{m, TH, H-5), 2.45 (m, 1H, H-1); 3 (13C, CDCi3): 205.1 (CHO), 176.0 (COOH),

1486 {C-3), 130.4 (C-2), 104.2 (CHo=), 98.2 (C-7"),.80.1 (C-1'), 73.4 and 70.6

'(8a-CH» and C-3"), 69.8 (C-9").

EXAMPLE 34
1R-(1 3a 4 4af, 7B, 7ac. 8aB)i 8218, 7R, 9R]-2,8-Dioxa-9-methyl-4-

octahydro-7-methyl 1-met -1.4-me indacene-3a(1
carboxylic aeid, sodium ‘salt,

To a solution of Example 33 (140 mg) in methanol (1"5 ml), 0.945N aquebus
sodiurh hydroxide (3.06 mi) was added dropwise. The solvent was removed
under feduced pressure and the residue was dissolved in water (60 ml) and
lyoptiltized to give the title compound {145 mg).

5 (1H, DMSO-dg): 9.76 (s, 1H, CHO), 5.76 (d, 1H, H-2, J=3.3 Hz), 5.04 (m, 2H,
HoC=), 4.34-4.20 (m, 3H, H-7* and CH2-3), 3.84 and 3.50 (2d, 2H, 8a-CHpo,
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J=9.9 Hz), 3.62 (dd 1H, H-1' J=7.5 and 9.3 Hz), 3.15 (m, 1H H-9') 2.89 (m,
1H, H-5') '

ndacene—3a(1 H)—carboggllc acld=

- To a solution of intermediate 42 (62 mg) in dry dichloromethane (1.1 mi) was

added tnﬂuoroacetlc acid (0.05 ml). The mixture was- stirred at 09C for 20
minutes, then diluted with. dichloromethane. (50 mi) and washed with water (3x25

~ mi). The organic layer was: dried “over anhydrous .sodium sulfate . and
~ concentrated to glve an oil which was twice flash chromatographed on silica gel

using dlchloromethane methanol (98:2) as the eluent. The title compound was

_ 'thus obtained (25 mg) as a pale yellow foam. :
R (1H CDCI3) 9.75 (s, 1H, CHO), 6.35 and 5.63 (2d, 2H, _I-_!2C-C J=3.3 Hz),

6.04 (dd, 1H; H-2, J=1.2 and 3.3 H2), 452 (t, 1H, H-7, J= 4.8 Hz), 4.24 (t, 1H,
H-4', J=8.7 Hz), 4.09 and 3.46 (2d, 2H; 8a-CHp, J=9.3 Hz), 3.38 (m, 1H, H-5),

© 3.30 (m; 1H, H-9"), 2.59 (1, 1H, H-1, J=3.9 Hz); 5.(13C, CDCl3): 204.5 (CHO),

175.3 (COOH), 169.7 (C-3'), 148. 2 (C-3), 136.8 (C-4’), 130. 6 (C-2), 122.4
(C=CH2), 97.7 (C-7'), 77.8 (C-1') and 71.2 (C-9").

_EXAMPLE 36

mdacene-aam H)—carboggllc acld, sodium salg

To a solutlon of Example 35 (25 mg) in methanol (10 ml), 0 0945N ‘aqueous
sodium hydroxide (0.53: ml) was: added. dropwise. The solvent was removed
under reduced pressure and the residue: was. dlssolved in water (25 mi) and

-lyophnhzed to give the title- oompound (26 mg): -

5 (1H, DMSO-dg): 9.75 (s, 1H, CHO), 6. 15.and 5. 82 (2d 2H, ﬂgC-C .l-3 3 Hz),

© 5.76 (brd, 1H, H-2), 4.31 (dd, 1H H-7', J= 2.4 and 7.8 Hz), 4.24 (t, 1H, H-1',



10

15

20

25

30

WO 96/14326 PCT/EP9S/N04331

147

J=8.7 Hz), 3.84 and 3.52 (2d, 2H, Ba-CHp, J=9.9 Hz), 3.38 (m, 1H, H-5'), 3.21
{(m, 1H, H-9"). - |

EXAMPLE 37 |
R-{tq, 3a8, 48, 4eB, 78 7ac, BaB)l 8ail1S. 7R, ORE2,8-Dioxa-O-methyi-4-

o;g:g‘s—b!p_ﬂg[s.&0]-non-7-¥I-ogg-methgl]-4-fomgg,4a,5,6,1,7a,8,83—

octahydro-7-methyl-3-(1-methyi-ethyi}-1 .4-methano-s-indacene-3a(1H)-
carboxylic acid.

To a solution of intermediate 43 (45 mg) in ethyl acetate (15 ml) was added
10% palladium on charcoal (25 mg) under nitrogen. The mixture was shaken in
a Parr apparatus under 25 psi of hydrogen for 1 hour at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue
thus obtained was purified by flash chromatography on silica gel using
hexane:ethy! acetate (65:35) as the eluent to afford the title compound (25 mg).

5 (1H, CDCla): 9.77 (s, 1H, CHO), 6.05 {dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.17
(m, 4H, H-3' (1H), 8a-CH» (1H), H-7' and H-1"), 3.80 {d, 1H, H-3' (1H), J=17.7
Hz), 3.42 {d, 1H, 8a-CHo (1H), J=9 Hz), 3.31 (m, 1H, H-9'), 2.85 (m, 1H, H-5)),
2.58 (1, 1H, H-3, J=3.9 Hz); § (13C, CDCl3): 214.4 (C-4), 204.8 (CHO), 148.3
(C-3), 130.6 (C-2), 98.8 (C-7"), 78.6 and 70.3 (C-1' and C-9'), 73.6 and 69.1
{C8a-C and C-3').

EXAMPLE 38
1R-<{10. 338, 48, 48B, 7B, 7ac, BaB)l 8a-[[18.45.6S.7R,9R}-2,8-Dioxa-4-ethyl

hvdroxy-8-methyi-cis-byeiclof3.4.0}-non-7-yl -methvil-4-formyl-

4.43,5,6.7.7a.8 8a-octahvdro-7-methyl-3-(1-methylethvi)-1.4-methano-s-
indacene-3a{ 1H)-carboxylic acid.

To a solution of Intermediate 45 (123 mg) in ethyl acetate (50 mi) 10%

palladium on charcoal (65 mg) was added under nitrogen and the mixture |
hydrogenated under 15 psi of hydrogen for 1 hour at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue was
flash chromatographed on silica gel eluting with dichioromethane:methanol

(19:1) to {18:2) to give the title compound (90 mg).
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5 (1H, CDCla): 9.67 (s, 1H, CHO), 6.07 (d, 1H, H:2, J=3.3 Hz); 4.64 (d, 1H, H-T",
J=3.6 Hz), 4.02 (d, 1H, BaCHa, J=9.9 Hz), 3.89 (dd, 1H, Ha-2' J=6.9 and 9 Hz),
3.85-3.7 (m, 3H, H-6, H-1' and H-9'), 3.68-3.5 (m, 2H, Hb-3' and 8a-CHb), 2.65

-(t, 1H, H-1, J=3.6 Hz), 5(13c CDCI3) 204.9 (CHO), 176.3 (CO2H); 148.9 (C-

3), 1301 (C-2), 99:2 (C-7), 805, 70.1 and 65.5. (c-s' C-1" and C-9), 73.7 and
71.0 (8a-§H2 and c-3'). 134 (CI-Iz-QHs) _ o

MPM . - o
1R- Q, 3a 4 4a 7 7aa 8a 8a- 1S 4R6 7R 9R 8-D|oxa-4-eth }-6-

_To a solutlon of mterrnedrate 48 (1 02 mg) i ethyl acetate (25 rnl) 10%
'palladlum on charcoal (60 mg) was’ added under nltrogen and the mixture

hydrogenated under 15 psi of hydrogen for 1 heur’ at room temperature. The
catalyst was fi ltered off and the solvent evaporated to dryness ‘The residue was
flash chromatographed on sshca gel elutmg wnth dlchloromethane methanol

(25:1) to give the title comgoun (75 mg)
(1l-l CDCI3) 9.73 (s, 1H, CHO), 6.08 (dd, 1H H-2, J-1 Zand 36 Hz) 4.53(d, -

~ 1H, H-7", J=1.8 Hz), 4.05 (dd, 1H, Ha-3', J=7.2 and 8.4 Hz); 4,02 (d, 1H, 8a-

CHa, J=9.3 Hz), 3.83 (dd, 1H, H-1', J=7.2 and 8. 7 Hz), 3.72 (dd, 1H, H-6', J=2.1

 and 4.8 Hz), 3.64 (d 1H, 8a-CHb, J=9.3 Hz), 3.54-3. 36 (m, 2H, H-9' and Hb-3"),

2.68 (t, 1H, H-1, -J=3.9 Hz), 0.96 (t, 3H, C_3-CH2, J=7.5 Hz); & (13C, CDClg):
204.7 (CHO) 11761 (CO2H), 148.5 (C-3), 130.5 (C-2); 98.8 (C-7), 79.2, 70.7
and 69.1 (c-e', C-1" and C-9); 73.7'and 72. 7 (Ba-gHz and C-3') 127 (CH2- -
CH3) R _
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gdacene-saﬁ H)-carbgyhc acid, sodium sait.

To a soiution of Example 39 (490 mg) in methanol (50 ml) was added dropwise

0.005N agueous sodium hydroxide solution (10 mi). After 30 minutes the solvent

‘was removed under reduced pressure and the residue dissolved in water (10

‘i) and lyophilized to give the titie compound (475 mg).

5(1H (CD3)2S0): 9.77 (s, 1H, CHO), 5.8 (d, 1H, H-2, J=2.4 Hz), 4.41 (bs, 1H, -
OH), 4.31 (d, 1H, H-7, J=2.1 Hz), 3.94-3.82 (m, 2H, 8aCHa and Ha-3'), 3.66 (t,
1H, H-1', J=8.1 Hz), 3.54-3.34 (m, 3H, BaCHb, H-6' and H-9'), 3.24 (t, 1H, Hb-3',
J8.1 Hz), 2.55 (t, 1H, H-1, J=3.6 Hz).

EXAMPLE 40
[1R-(1c 3aB. 48, 4aﬂ, 7ﬁ, 7ac. 8ap) 83-[(1§,4R,6§,7R,93]-2,8—010xa-4—ethyl-6—

,4a,5,6,7,7a,8,8a—octahﬂro—7-methzl-3-(1 -methytethyl)-1.4-methano-s-
indacene-3a( 1H)-carboxylic acid, sodium sait.

To a solution of Example 39 (490 mg) in methano! (50 ml) was added dropwise
0.095N aqueous sodium hydroxide solutior (10 mi). After 30 minutes the solvent
was removed under reduced pressure and the residue dissolved in water (10
ml) and lyophilized to give the {itle compound (475 mg).

5 (H, (CD3)280): 8.77 (s, 1H, CHOY); 5.8 (d, 1H; H-2, J=2.4 Hz), 4.41 (bs, 1H, -
OH), 4.31 (d, 1H, H-7", J=2.1 Hz), 3.94-3.82 (m; 2H, 8aCHa and Ha-3"), 3.66 (t,
1H, H-1', J=8.1 Hz), 3.54-3.34 (m, 3H, 8aCHb, H-6" and H-9"), 3.24 (t, 1H, Hb-3,
J=8.1 Hz), 2.55 (t, 1H, H-1, J=3.6 H2).
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~meth¥I-3-(] -methylethynﬂ ,4-methano-s-|ndacene-3g11 H)—carbm_qllc acid,

sodium salt

To. a solution of intermediate 43 (350mg).in. ethyl acetate (15 ml). palladium

'(10%) on charcoal was added (50 mg) under nltrogen The mixture. was shaken
in a Parr apparatus (PH2=25 psi) for. 1 hour at room temperature. Flltratxon of

catalyst and evaporation of the. solvent gave a residue which was flash

_chormatographed (silica gel dlchloromethane methanol viv 100 1, 70 1 and:
.50:1) to obtain 200.mg of a foam whlch was. dlssolved in methanol (10-ml) and' :

treated with: 0.0947 M sodnum hydroxlde (4.54. ml) the solvent was removed

under vacuum and the resultlng solid dlssolved in water (15 ml) and freeze

dried.

8(1H DMSO-d6). 9.76 (s 1H, CHO) 5.80 (dd, 1H H2, J=09and33Hz) 420—

3.95 (m, 4H, H7'+H1'+H3') 3.89 (d, 1H, 8aCH2. J-96Hz) 347 (d, 1H, BaCHo,
=9.6 Hz), 292(m 1H, H5"). : .

EXAMPLE 4 BT .
1R-{1q, 3a. 48, 4aB, 7 g _8aB)l 8a-[(1S 4R 7R 9R)-2 8-Dioxa-4-methoxy-

carbo lic.acid, s iums t

To a solution of- mtermedlate 82 (250 mg) Il'l ethyl acetate (15 ml) palladlum

- (10%) on charcoal was added (50-mg) under nttrogen The mixture was shaken

in a Parr apparatus (PH2=25 psi) for 1 hour at.-room temperature Filtration of
catalyst and evaporation of the solvent. gave a. residue which was flash
chromatographed (silica gel, dlchloromehane methanol 100 1 '70:1, 50:1 and
40:1) to obtain 120 mg of a syrup which was dissolved i in methanol (15 mi) and
treated with 0.0947 M sodium_hydroxide (2.51 ml). Elimination of the solvent
gave a semisolid which was dissolved in water (15 ml) and freeze dried.

5 (1H, DMSO-d6): 9.77 (s, 1H, CHO), 5.80 (dd, 1H, H2, J=1.2 and 3.3 Hz), 4.47
(t, 1H, H7', J=3.9 H2), 3.96-3.84 (m, 2H, H3'+8aCHy), 3.80 (m, 1H, H4'), 3.65-
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340 (m, 4H, H9'+BaCHo+H3'+HT'), 3.23 (s, 3H, OCHg), 2.46-2.2 (m, 4H,
H1+HB'+H5+CH(CHa)); & (13C, DMSO-d6): 206.4 (CHO), 174.4 (COO"),
151.3 (C3), 127.6 (C2), 96.9 (C7'), 84.1 (C4'), 56.6 (OCH3).

{1R-{1et. 4B 4aB. 78, 7ac. 8 8a-{{1S,7R.9R}-2 8-Dioxa- hyl-bicvclo
3.4.0}-non-4-ene-7-vi-oxymethyil-4-formyl-4 4a 5.6.7, 7a.8.8a-octahydro-7-

methyl-3-(1-methylethyl)-1.4-methano-s-indacene-3a(1H)-carboxylic acid.

To a solution of intermediate 87 (120 mg) in dry dichloromethane (20 mi) was
-added at 0°C under nitrogen atmosphere trifiuoroacstic acid (100 ). After 5
minutes the mixture was diluted with dichloromethane (100 mi) and washed with
water (100 ml) and brine (100 mi), then dried over magnesium sulfate and
concentrated to give. a crude which was dissolved in a mixture
tetrahydrofuran:methanol {v/iv 2:1, 15 ml) and treated with 1N hydrochioric acid
{5 mi). After completion of the reaction it was diluted with water (100 ml) and
‘axtracted twice with dichloromethane. The organic layer was dried over
magnesium sulfate to. give an oil which was purified by preparative TLC (silica
gel; acetone:hexanes 1.3) to afford 62 mg of the title compound (73% yield) as a
white foam.

5 (1H, CDCl3): 9.79 (s, 1H, CHO), 6.06 (dd. 1H. H2. J=12 and 33 Hz). 556
{m, 1H, H4'), 4.65-4.65 (m, 2H, H3'), 4.34.0 (m. 3H. H7 +«BaCHo+H1’"), 3.50 (d.
1H, 8aCHg, J=9 Hz), 3.18 (dq, 1H, HY, J=6.3 and 9 Hz), 2.72 (m, 1H, HE'), 262
(t, 1H, H1, J=3 Hz); § (13C, CDClg): 204.6 (CHO), 175.2 (COOH), 148.3 (C3),
136.3 (C5"), 130.6 {C2), 119.16 (C4'), 101.5 (C7'), 86.5 (C1’).

EXAMPLE 44 o
[1R{1qa. 3aB. 48 4aB. 78, 7aq, 8ap)] 8a-{18.7R,9R)-2 8-Dioxa-9-methyl-bicyclo
[§,4,0@0n-4-eng?—yl—oymeﬂ1ﬂ]—4—&nnﬂ-4,4a,5,§,7,7a,8,8a—octahydro—7—

m -3-(1-methviethvi)-1.4-methano-s-indacene-3a(1 H)-carboxylic aci
sodium sa

_ To a solution of Example 43 (50 mg) in methanol (5 mi) was added 0.0966 N

sodium hydroxide (1.09 ml). The mixture was stirred for 15 minutes and the
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solvent removed to dryness The resldue was dlssolved |n water (1 ml ) and

: freeze dried.

5 (1H, DMSO—dS) 978 (s, H, CHO), 5.80 (bd 1H I-l2 J=36 Hz),564(bs 1H,
H4'), 4.6-4.4 (m, 2H, H3'), 4.1 (dd, 1H, H7, J-27and93Hz) 405-390(m 2H,
H1'+8aCH2) 3.56 (d, 1H, SaCHz. J=9.6 Hz), 3.06 (dq, 1H, HY', J=6.3 and 8.7

 Hz); 8 (13, DMSO-dG) 215.9 (CHO), 183.8. (goo-), 160. 9 (gs). 146. 1(C5),

137. 2 (C2), 128 3 (C4') 110 9 (C7') 95 7 (C1')

M_;

' ] To a solutlon of mtermedlate 87 (1 00 mg) in ethyl acetate (15 ml) palladlum
(10%) on charcoal was added (50 mg) under mtrogerr The mixture was: shaken'-v

ina Parr apparatus (PH2 =20 psx) for'1- hour at’ room temperature Filtration of

.' catalyst and evaporation of the solvent’ gave arésidue which was dissolved in a
“mixture tetrahydrofuran methanol (Vv 2:1; 15 ml) ‘and treated- with 1N
hydrochlonc ‘acid (5 ml): After oomplet:on of the reactlon dlchloromethane (100

mi) and water (100 ml) were added and the 2 layers partnonated ‘The:organic.
Iayer was dned over magnesuum sulfate and conoentrated to give an- ‘oil: which

' "'was punt' ed by preparatlve TLC (hexanes acetone viv 3: 1) to afford 20 mg of

the tltle compound as a transparent oil (30% overall yleld) S

(1H CDCI3) 986 (s 1H, CHO) 6.05 (dd. 1H, H2, J=1.5. and 36 Hz) 4.07
(dd, 1H, H7', J-3and54Hz) 4.33(d, 1I-l BaCHz, 96Hz) 3.90 (m, 1H, H3)', * -
3.69 (m, 1H, H3'), 3.61 (dd, 1H, Ht', J=8.1 and9 Hz), 3.39 (dq, 1H, HY', J=6 and

o 9Hz) 3.28 (d 1H SaCHz. 96 Hz) 26-24(m 2H H5'+H1) 232 (m 1H,
CH(CH3)2) R L
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EXAMPLE 46
al R:ﬁg, 3aﬂ, 48, 4a§, 78, Z . 8ap)] 83-[11§,4R,6§,7R,9R) -2.8-Dioxa-4 9-

4,4a,5,6,?,1a,8,Ba-octan!dro-7-mgthzl-3-(1 -methyl-ethyi)-1.4-methano-s-
indacene-3a(1H)-carboxylic acid.

To a solution of Intermediate 89b (80 mg) in ethyl acetate (25 ml) 10%
‘palladium on charcoal (50 mg) was added under nitrogen and the mixture
hydrogenated under 40 psi of hydrogen for 45 minutes' at room temperature.
The catalyst was filtered off and the solvent evaporated to dryness. The residue
was flash chromatographed on silica gel eluting with dichloromsthane: ethyl
acetate (10:1) to give the title compound (60 mg).

3 (1H, CDCl3): 9.74 (s, 1H, CHO), 6.08 (dd; 1H, H-2, J=1.5 and 3.6 Hz), 4.53 (d,
1H, H-7", J=2.1 Hz), 4.08 (d, 1H, 8a-CHa, J=9.6 Hz), 4.02 (dd, 1H, Ha-3', J=7.5
and 8.4 Hz), 3.84 (dd, 1H, H-1', J=7.B and 9 Hz), 3.74 (dd, 1H, H-6', J=2.1 and
5.1 Hz), 3.60 (d, 1H, 8a-CHb, J=09.3 Hz), 3.42 (dg, 1H, H-9, J=6 and 9 Hz), 3.34
{t, 1H, Hb-3', J=8.7 Hz), 2.66 (8, 1H, H-1, J=3.9 Hz).

EXAMPLE 47

1R-(1c, 3aB, 4B, 4aB, 78, 7ac. 8aB)] 8a-(1S.4R.6S,7R.9R})-2.8-Dioxa-4.9-
dimethy|-6-hydroxy-cis-bicyclo[3.4.0l-non-7-yl-oxy-methy(}-4-formyl-

4 4a 5 6.7.7a,8 Ba-octahvdro-7-methyl-3-{1-methyi-ethyl}-1.4-methano-

indacene-3a{1H)-carboxylic acid, sodium sait.

To a solution of Example 46 (258 mg) in methanol (20 ml) was added dropwise
0.103N aqueous sodium hydroxide solution (4.98 ml). After 15 minutes the
solvent was removed under reduced pressure and the residue dissolved in
water (10 mi) and lyophilized to give the fitle compound (250 mg).

d (1 H, (CD3)280): 9.77 (s, 1H, CHO), 5.79 (d, TH, H-2, J=3.6 Hz), 4.29 (d, 1H,
H-7', J=1.8 Hz), 3.84-3.8 (m, 2H, 8a-CHa and Ha-3), 3.67 (t, 1H, H-1", J=8.4
Hz), 3.55-3.25 (m, 3H, 8a-CHb, H-6', H-9'), 3.14 {t, 1H, Hb-3', J=8B.4 Hz), 2.54 {t,
1H, H-1, J=3.6 Hz). '
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EXAMPLE 48

_1R1 Sa 48, 43 7 Ja 8‘___ 8 236—Trldeo -3-eth Iamano-3-N4-

carboxylic acid. - '

- Toa solutron of intermediate 96 (1 80 mg) in ethyl. acetate (15 ml), palladium
- (10%) on charcoal was added (30 mg) under nitrogen. The mrxture was shaken
- in a Parr apparatus. (PH2-20 psr) for 2 hours at room temperature The catalyst
- was filtered and the solvent evaporated to dryness The residue was purlfed by
- flash column chromatography on srlrca gel eluting with hexane ethyl acetate 1: 1

to give pure GM 233039X (70 mg). . _ :

5 (1H; CDCl3): 9.76 (s, 1H,.CHO), 605 (dd 1H H-2 J-30 and 1. 2 Hz) 4.64
(dd, 1H, H-1', J=5.7 and 3.3 Hz), 4.11 (m, 2H, H-3', H4"),. 404 (d, 1H, H-8a,
J=9.3 Hz) 3.62 (dq, 1H, H-5', J=8.4 and 6.0 Hz). 351 (d, 1H, H-8a, J 9.3 Hz),
3.49 (m, 1H, C_2-CH3) 3.13 (m, 1H, C_2-CH3) 262 (t 1H, H-1, J=3.6 Hz),
2.32 (m, 1H, CH(CH3)2), 1. 15 (t. 3H, CH3, J-72 Hz) 5 (13C CDCI3) 204.4
(CHO), 175.7 (COOH), 157.6 (N-COO0), 148. 3 (C-3), 130.5 (C-2), 97.2 (C-‘l )
74.2 (C-4), 73.4 (8a-CH2) 69.4 (C-5'), 51.2 (C-N).

EXAMPLE 49

3-(1 -methylethyl)ﬂ ,44methano-s-tndacene'-3a(1 H) Qcarbog' vlic acid

To a solution of lntermeduate 50 (140mg) in: ethyl acetate (20m|) was added
10% palladium on charcoal (100mg) under nltrogen The mlxture was shaken in

a Parr apparatus under 15 psi hydrogen for 1 hour at room temperature The
catalyst was filtered off and the solvent evaporated to dryness The residue was
purified by flash chromatography.on silica gel elutlng wrth hexane ethyl acetate

(5:1): and. dlchloromethane methanol- (20:1).. The approprate fractrons ‘were
- combined and the solvent removed to give the itle compgung (85mg) as a foam.

5 (1H, CDCl3): 9.76 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.2and 3.3 Hz), 474(s,
1H, H-1"), 3.63 and 4.13 (2d, 2H, 8aCHp, J=8.3 Hz), 3.48 (m, 4H, H-4' and 4'-
OMe), 2.26 (d, 1H, H-2', J=3.9 Hz), 3.19 (m, 1H, H-5'), 3.13 (d, 1H, H-3', J=3.9
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Hz), 3.06 (d, 1H, H-4', J= 8.7 Hz), 2.74 (t, 1H, H-1, J=3.6 H2); (13¢, cDCla):
204.8 (CHO), 175.6 (CO2H), 148.2 (C-3), 130.8 (C-2), 98.0 (C-1'), 76.5 (C-4),
74.3 (8aCHy), 74.4 (C-3a), 72.5 (C-5'), 65.6 (C-8a), 59.0 (C-4), 58.2 (4'-OMe),

- B3.6 (C-2", 50.3 (C-3'), 46.4 (C-1).

EXAMPLE 50 | ._
1R-{1c. 3aB, 48, 4ap, 7B, 7aq. Ba 8a-]{2 3-Anhydro-8-deoxy-4-0O-methvi-3-
D mannoggranosyloy)methgl]—4-formzl—4,4a,5,6,7,7a,8,8a-octah1c_lro-7—methgl

Example 49 (310mg) was dissolved in methano! (10mi) and an aqueous sodrum
hydroxide solution (0.0976N, 6.69ml) was added. The mixture was stirred for "2
hours at room temperature. The solvent was removed and the residue was
dissolved in water {2ml) and freeze-dried to yield the title compound (324mg) of
as white solid. _ o

5 (TH, CDClg): 9.87 (s, 1H, CHO), 5.98 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.69 (s,
1H, H-1"), 3.85 and 4.07 (2d_, 2H, 8aCHp, J=9.6 Hz), 3.47 (s, 3H, 4-OMe), 3.26
(d, 1H, H-2', J=3.9 Hz), 3.19 (dq, 1H, H-5', J=5.7 and 9 Hz), 3.12 (d, 1H, H-3,
J=3.9 Hz), 2.97 (dd, 1H, H4', J=0.6 and 8.7 Hz), 2.66 (t, 1H, H-1, J=3.6 Hz).
(13¢, cDCig): 209.6 (CHO), 178.6 (CO2H), 152.4 (C-3), 130.2 (C-2), 100.1 (C-
1Y), 78.2 (C4"), 77.9 (8aCHy), 73.8 (C-3a), 73.8 (C-5'), 65.6 (C-8a), 59.2 (C-4),
58.2 (4-OMe), 54.6 (C-2'), 51.9 (C-3'), 46.4 (C-1).

EXAMPLE 51
1R-(1¢, 3aB, 48 4a 7 7aa Sa Ba 2 -E ithio-4-O-methyl-2 3.6~

carboxylic acid

A mixiure of Intermediate 52 (0.67mmol), §,5-dimethyl-2-thiolo-2-thioxo-1,3,2-
dioxaphosphorinane' (3.37mmol) and triethylamine (4.02 mmol) in dry
dimethylformamide (5ml) was heated for 48 hours at 1009C . After cooling, the
mixture was poured into aqueous ether. The organic phase was evaporated and
the residue purified by flash chromatography using dichloromethane:methanol

(30:1) as eluent to give the fitie compound (180mg).
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8(1H CDCI3) 977(s 1H CHO),608 (dd 1H, H-2 J-1 23nd33Hz),495 (d;

1H, H-1', J=1.8 Hz), 4.15 and 3.65 (d.d, 1H, 1H, 8a-CHp), J= 9.3 Hz), 3.33 (d,
1H, H-4', J= 8.7 Hz), 3.18 (m, 1H, H-5'),3.14 (m, 2H, H-2' and H-3), 270 (m, 1H,
H-1)2.30 (m, 1H, CH(CHa)2; & (13C, CDCl3): 2047 (CHO), 1756
(CO2H),148.3 (C-3),130.7 (C-2),98.5 (C-1'), 79.1(C-4"), 74.1 (8a—CH2) 73.5 (C-
5, 46.6 (C-1),35.6 (c-z') 35.2(C-3),27.5 (QH(CH3)2) |

1 R.S-.___E_dmundson; Te_t_rahedron, L, 2379 (1965),‘

| Toa solutlon of lnterrnedlate 65 (400mg) in ethyl acetate (1 OOml) was added"'
_ 10% palladlum on oharcoal (200mg) under nltrogen The mlxture was shaken in

a Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature The
catalyst was filtered off and the solvent evaporated to dryness The resrdue was

purified on a slllca gel ﬂash column elutlng with methylene chlonde and
'methylene chlonde methanol (25 1) to obtaln the tle comgoun (300mg) asa

white foam.
5 (1H, CDCl3): 9.76 (s, 1H CHO) 608 (dd 1H, H2 J= 15'and36Hz) 472 (s,
1H, H-1), 4.13 and 3.65 (2d, 2H, 8a-CH2, J=9 Hz), 3.67 (m, 1H, H-5), 3.44 (m,

1H, H4), 3.25 and 3.12 (2d, 2H, H-2', H-3, J=4.2 Hz), 3.20 (m, 2H,

OCHpCHZCH3), 2.74 (t, 1H, H-1, J= 3.9 Hz); 5 (13C, CDCl3): 204.8 (CHO),
175.8 (COH), 130.8 (C-2); 148.2 (C-3), 96.0 (C-1'), 749 (C-4), 74.3 (C-Be-

CHy), 72.6 (C-5'), 72.4 (OCH2CH2CH3 en c-4') 656 (c-sa) 5.0 (C-3), 54.2

(C-2'),50.3 (C-3') 18.6 (C-6).
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y 3af. 48 4ah ; 8a-{{2 3-Anhvdre-6-deoxy-4-0-propyl-3-
D-rhanAopvranosyloxy) methyll-4-formyl-4 4a.5.6.7.72.8,8a-octahvdro-7-methyl-

3-(1-methvlethyi)-1.4-methano-s-indacene-3a( 1 H)-carboxylic acid, sodium sal

To a solution of Example 52 {400mg) in dry methanol (30mi) was added

dropwise 0.0976N sodium hydroxide solution (8.15ml) at room temperature. The
mixture was stirred for 1 hour. The solvent was evaporated to dryness and the
solid residue dissolved in the minimum volume of water (10-15ml). This solution
was lyophilized to obtain the title compound (417mg) as a white solid.

5 (1H, CDCl3): 9.89 (s, 1H, CHO), 5.97 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.70 (s,
1H, H-1'), 4.09 and 3.86 (2d, 2H, Ba-CHy, J=9.7Hz), 3.70 (m, 1H, H-8"), 3.44 (m,
1H, H4", 3.24 and 3.12 (2d, 2H, H-2' and H-3', J= 4 Hz), 3.20 (m, 2H,
OCH,CHoCHg), 2.65 (1, 1H, H-1, J=3.9 Hz); & (13C, CDCl3): 209.6 (CHO),
178.38 {COoNa), 152.4 (C-3), 130.1 {C-2), 100.1 (C-1'), 77.9 (OCHoCHoCH3
en C-4'), 76.6 (C-4"), 73.5 (C-5'), 73.1 {C-Ba-CH»), 66.6 (C-3"), 18.9 (C-6").

EXAMPLE 54
1R-{1er. 3af3. 48. 4aB. 78, 7ac, BaB)l  Ba-{{2 3-Anhydro-4-0O-benzyl-6-deoxy-

B-D-mannopyranosyloxymethvil-4-formyl-4.4a.5 6.7, 7a.8 8a-octahydro-7-

‘methvl-3-{1-methviethyl}-1.4-methano-s-indacene-3a{ 1H)-carboxvlic aci

To a suspension of sodium hydride {22mg) in dry dimethylformamide (5ml)
was added dropiwise a solution of Intermediate 83 (200mg) in dry
dimethyiformamide (7ml) and the mixture was stired for 1 hour at room
temperature. The reaction mixture was neutralized with 1N hydrochioric acid
and ethyl acetate (30ml) was added. The organic layer was washed with water
and brine, dried over anhydrous magnesium sulphate, filtered and evaporated
to dtyness. The residue was chromatographed on a silica gel flash column
using methylene chioride:methanol (50:1) and (35:1) as eluents to give the title
compound as a white foam (150mg). o . ,

5 (1H, CDCl3): 9.86 (s, 1H, CHO), 7.31 (m, 5H, PhCH20), 6.08 (dd, 1H, H-2,
J=1.2 and 3.3 Hz), 475 (d, 1H, OCH2Ph, J= 11.4 H2), 4.73 (s, 1H, H-1'), 4.56
{d, 1H, OCHoPh, J= 11.4 Hz), 417 and 3.62 (2d, 2H, 8a-CHp, J=9.0 Hz), 3.32
and 3.14 (2d, 2H, H-38' and H-2', J=3.7 Hz), 3.30 (m, 2H, H4', H-5'), 2.71 (t, 1H,
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H-1), & (13¢c, CDC!3) 204.9 (CHO), 175.8 (COOH), 137.2, 128 14 128. 11 (SC-
Ph), 148.3 (C-3),- 130.8 (C-2), 98.0 (C-1'), 74.4 (CBa-QHz)- 743 (C-4') 726
(O§H2Ph), 725 (C-5') 65. 5 (C-Ba), 54 0 (C-2'), 50.3 (C-3'). 18 6 (C-6')

To a suspension of dry sodium hydride (75mg) in. dry. dimethylformamide (Smi)
under ‘nitrogen was added a solution of Intermediate 66 -(500mg) in dry
dimethylfbnna‘t‘nide (5mi). The reaction mixture was stirred under nitrogen for 3

- hours and the reactlcn was then. quenched. by water addition and. neutrahzed to
- pH 6.5-7 with 0.5 M aqueous hydrochloric acid. The mtxture was concentrated

and the residue pamtlcnated in water:ethyl|- acetate (1:1;100mi). The. aqueous
phase was extracted with-ethyl acetate (2x20ml), ‘and the organic phases were
combined and treated with brine and dried over magnesium sulphate, filtered
and concentrated in_vacuo to-a syrup. This was purified: by flash column

-'chrcmatography on:silica gel eluting with dtchtorcmethane methancl (40 1) to

give the title comgound (172mg) as a.white foam. -

5 (1, CDCI3): 8.76 (s, 1H; CHO), 6.09-(dd, 1H, H-{z J-1 Sand 36 Hz) 477

(s, 1H, H-1'), 3.61 and 4.21 (2d, 2H, BaCHg, J=9 Hz), 360 (d. 1H, H-4', J=87
Hz), 3.21 (dg; 1H, H-5', J=0 and 6 Hz), 3.16 and 3.27 (2d; 2H, H-2' and H-3
J=3.6 Hz), 2.70 (¢, 1H; H-1); 5 (13C, CDCl3): 205.5 (CHQ), 174.6 (CO2H), 148.4 .
(C-3), 130.8 (C-2), 97.8 (C-1'), 74.1 (8aCHp), 73.9 (C4'), 73.7 (C-3a), 67.2 (C-.
5'), 65.5 (C-8a), 59.0 (C-4), 56.5 (C-2'), 50.4 (C-3"), 46.5 (C-1)..

Tc a solution of Intermedlate 68 (130rng) in: ethyl acetate (30m|) was added'

: 10% palladlum on charcoal (100mg) under’ nltrogen The mlxture was shaken in

a Parr apparatus under 15 psi of hydrogen for 1. hour at room temperature The
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catalyst was filtered off and the solvent evaporated to dryness. The residue was
chromatographed on a silica gel flash column using hexane:ethyl acetate (4:1)
and dichloromethane:methanol {20:1) as eluents to give the title compound as
a white foam (82mg).

5 {1H, CDClg): .79 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J= 1.2 and 3.6 Hz), 5.13
(s, 1H, H-1"), 4.75 and 4.58 {(2dq, 1H, H-5, J5'F=48.3 Hz, J=6.6 Hz, J=3.9 Hz),
4.18 and 4.11 (2d, 1H, H-4', J=3.9 Hz and J4F=23.1 Hz ), 4.07 and 3.61 (2d,
2H, 8aCHy, J=9.3 HZ), 3.77 (m, 2H, H-2' and H-3), 2.67 {t, 1H, H-1); 5 (13C,
CDClg): 204.6 (CHO), 175.3 (CO2H), 148.2 (C-3), 130.7 (C-2), 101.7 (C-1),
90.2 (d, C-4', Jo4'-F= 157 Hz), 80.3 (d, C-5, Jos-F= 21.4 Hz), 74.3 (C-8aCHy),
73.4 (C-3a), 65.4 (C-8a), 58.9 (C-4), 56.9 (C-2), 65.1 (d, C-3', Jo3-F=6.3 H2),
16.4 (d, C-6, Jce-F= 21 H2).

EXAMPLE 57 :
[1R-{1c, 3aB. 48. 4a8. 78, 7ac. 828}l 8a-(2 3-Anhydro-6-deoxy-4-0-(2-

meéethoxyethyil-g-D-manno nosyloxymethyil-4-formyl-4.4a.5.6.7.7a.8 8a-
octahydro-7-methyl-3-{1-methylethvl)-1,4-methano-s-indacene-3a({1H)-
carboxvlic acid

To a solution of Intermediate 69 (140mg) in ethyl acetate (50ml) was added
10% palladium on charcoal (70mg} under nitrogen. The mixture was shaken in a
Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness. The residue was
purified on a silica gel flash column eluting with dichloromethane and
dichioromethane:methanol (40:1) to give the itle compound (74mg) as a white
foam.

5 (1H, CDClg): 8.78 (s, 1H, CHOY); 6.08 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.74 (s,
1H, H-1"), 423 and 3.60 (2d;. 2H, 8a-CHz, J=8 Hz), 3.86-3.50 (m, 4H,
OCH7CH»OCHg), 3.38 (s, 3H, CH30CH2CH20), 3.30 and 3.13 (2d, 2H, H-2'
and H-3', J=3.9 Hz), 3.26-3.22 (m; 2H, H-4" and H-5)), 2.68 (t, 1H, H-1, J=3.7
Hz); 8 (130, CDCl3): 204.8 (CHO), 175.2 (COOH), 148.3 (C-3), 130.8 (C-2),
97.9 (C-1"), 74.2 (C-8aCH$}); 72.4 (C-6'); 71.7 and 69.9 (OCHoCH»>OCH3), 54.1
(C-2'), 50.3 (C-3'), 46.5 (CH30CH2CH?Y), 18.5 (C-6).
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Qahxdro-7-meth¥l-3-(1 -methy!ethyl)-] ,4-methano-s-mdaoene—3a(1 H)— .
carbog_th aold : '

-'To a solution of Intermediate 70 (0.14 mmol) in ethyl acetate (30ml) was. added

10% palladium on charcoal (50mg) under nitrogen. The mixture was shaken in
Parr apparatus under 25- psr of hydrogen for 30°‘minutes at room:temperature.
The catalyst was filtered off and the solvent evaporated to dryness. The residue

‘was purified by flash chromatography using drchloromethane methanol (40:1) as

eluent to give the title compound (49mg).

5 (1H, CDCI3) 9.76 (s, 1H, CHO), 6.09 (dd, 1H, H-2, J=1 2and33Hz) 473 (s,
1H, H-1"), 4.12 and 3.65 (2d, 2H, 8a-CH2. J=9.3 Hz), 3.49 (m, 1H, H-5), 3.22
(m, 3H, H-2' and CHp-0), 3.13 (m 2H, H-3' and H-4'), 2.75 (t, 1H, H-1, J=3.9
Hz), 2.33 (m,. 1H. CH(CH3)2); & (13c, CDClg3): 204.8 (CHO), 176.0 (CO2H),
148.2 (C-3), 130.8 (C-2),:98.0 (C-1'), 77.6 (C-1"), 75.2 (C4'), 74.3 (8a-CH2),
72.9 (C-3a), 72.6 (C-5), 65.6 (C-8a). 59.0 (C-4) 54.1 (C-2'), 50.4 (C-3'), 46.4
(C-1 ), 41 7 (C-4a) 41.3 (C-7a)

indacene-3a(1 H).—'oarbogli‘o-acid s

" To a solution of Intermediate- 71 (140mg) in ethyl acetate- (20ml) was added

10% palladrum on charcoal (120mg) under nitrogen. The mixture was shaken in
a Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature. The
catalyst was filtered off and the solvent evaporated to dryness.. The residue was -_
purified by flash column chromatography on silica gel eluting with hexane:ethyi
acetate (4:1) and drchlorometane methanol (20 1) to afford the Mgmgg

~ (103mg) as a white foam. -

5 (H, CDClg): 9.74 (s, 1H, cu-|0) 6.09 (dd, 1H, H-2, J= 1.5 and 3.6 Hz), 478
(s, 1H, H-1), 4.66 (d, 1H, H-4', J=0 Hz), 4.10 and 3.60 (2d, 2H, BaCHz. J=9 Hz),
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3.42{dg, 1H, H-5', J=8 and 3 Hz), 3.15 (s, 2H, H-2' and H-3'), 2.78 (m, 1H, H-1),
258 (m, 1H, 4-OCOCHMey); § (13C, CDCI3): 204.9 (CHO), 176.1, 175.9
(COoH and 4'OCORY), 148.2 (C-3), 130.9 (C-2), 97.9 (C-1'), 74.5 (C-8aCHy),
72,6 {C-3a), 71.4 (C-4"), 67.8 (C-5'), 66.0 (C-8a), 59.0 (C-4), 18.5 and 18.8

‘{2CHg3 of 4-0COCHMe»).

EXAMPLE 60

1R-{1c. 3ap. 48, 4a 7ac. 8af)} 8a-1{2 3-Anhydro-6-deoxy-4-0-(2 2-
dimethylpropionyi)-8-D-mannopyranosyloxy)methyil-4-formvi-4.4a.6.6.7.7a,.8.8a-
octahvdro-7-methyl-3-(1-methylethvi)-1.4-methano-s-indacene-3a{1H)}- .
carboxylic acid ,

To a solution of Intermediate 72 (0.21 mmol) in ethyl acetate (60mi) was added
10% paltadium on charcoal {50mg) under nitrogen. The mixture was shaken in a
Parr apparatus under 20 psi of hydrogen for 30 minutes at room temperature. -
The catalyst was filtered off and the solvent evaporated to dryness. The residue
was purified by flash chromatography using dichloromethane:methanol (40:1) as
‘elusnt to give the title compound (101mg}).

5 (1H; CDCig): 9.75 (s, 1H, CHO), 6.10 (dd, 1H, H-2, J= 1.2 and 3.3 Hz), 480
(s, 1H, H-1"), 4.64 (d, 1H, H4', J=9 Hz), 4.11 and 3.70 (2d. 2H, 8a-CH3, J=93
Hz), 3.43 (m, 1H, H-5'), 3.13 (m, 2H, H-2' and H-3'), 278 (t. 1H. H-1, J= 3.9 H2),
234 {m, 1H, CH(CH3)2); & (13C, CDClz). 2049 (CHO), 1773 and 1765
(2xC0y), 148.2 (C-3), 130.9 (C-2), 98.0 (C-1'), 74.5 (8a-CHp). 72.6 (C-2), 71.3
(C-5", 67.9 (C-4"), 65.7 (C-8a), 59.0 (C4), 54.3 (C-2'), 50.1 (C-3'), 46.3 (C-1),
41.8 { C-4a), 41,3 (C-8), 38.8 (C-1Bu), 32.0 (C-5), 30.9 (C-7), 18.5 ('Bu).

EXAMPLE 61 |
[1R-(1q. 388, 4B, 488, 7B. 7ac, 8ap)] 8a-i(2 3-Anhvdro-4-O-benzyloxycarbonyl-
6-deoxy-B-D-mannopyranosyloxy)methyil-4-formyi-4.48.5.6.7.7a.8 8a-

octahydro-7-methvi-3-(1-methylethyl)-1.4-methano-s-indacene-3a(1H)-
carboxylic acid . : )

A solution of Intermediate 73 (0.22 mmol) in dichloromethane (10ml) at 0°C was
treated with trifluoroacetic acid (0.1mt), After two hours, the mixture was washed
with water and the organic phase was evaporated. The residue was purified by
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flash chromatography usrng dlohloromethane methanol (40 1) as eluent. to gwe

the title oompoggg (60mg).
(1H CDCI3) 9.74 (s, 1H, CHO), 737 (m 5H Ph) 609 (dd 1H H-2 J=1.5

-and_ 3.6 Hz); 5.20 (m, 2H, CHoPh), 4.75 (s, 1H, H-1), - 4.55 (d, 1H, H-4, J=9
‘Hz), 4.08 and 3.70 (2d, 2H, 8a-CHg, J=9 Hz), 3.47 (m, 1H, H-5'), 3.28 and 3.16

(d.d, 1H, 1H, H-2' and H-3, J=3.6 Hz), 2.79 (t, 1H, H-1, J=3.9 Hz), 2.33 (m, 1H,
CH(CHg)p); & (13C, CDCl3): 204.8 (CHO), 176.4 (CO2H), 154.1 (CO3), 148.1
(C-3), 134.6 (Cipso), 130.9 (C-2), 128.8, 128.7, 128.5,128.4 (Ph), 97.8 (C-1),

74.5 (8a-CHp), 72.5 (C-3a), 71.6 (C-5'), 71.1 -8C-4'); 70.3 (CH2Ph), 65.7 (C-8a),

58.9 (C~4), 53.9 (C-2), 50.0 (C-3), 46.2 (C-1), 41.7(C-48), 41.3 (C-7a).

" To a solution of Intermediate 74 (0.26 mmol)-in-ethyl acefare (30m'I)UWas added

10% palladium on charcoal (50mg) under nitrogen. The muxture was shaken in a
Parr apparatus under 25 psi of hydrogen for 1. 5h at room. temperature. The

catalyst was filtered off and the solvent evaporated to dryness The residue was-

purified by flash chromatography using dichloromethane:methanol (40:1) as
eluent and appropriate fractlons were: collected and evaporated to give the title

comgognd (38mg). -

- §(TH, CDCI3). 8.72 (s, 1H, 'CHO), 6.12 (dd, 1H H-Z J-1 5and36Hz),487 (s,
1H, H-1'), 4.10 and 3.76 (2d, 2H, 8aCHy, J=9 Hz), 3.83 (q, 1H, H-5, J=6.6 H2), -

3.60 and 3.38 (d,d, 1H, 1H, 3' and 2, J=3.9 Hz), 2.82 (t, 1H, H-1, J=3.6 Hz),

'2.36 (m, 1H, CH(CH3)2); & (13C CDClg): 204.9 (CHO), 202.9 (CO-4), 176.2
- (CO2H), 1482 (C-3);-130.9 (C-2);.96.1, (C-1), 76.6 (C-5'), 74 7 (BaCHz)- 721

(C-3a), 65.7 (C-8a); 589 (c-4), 54.2 and. 53.5 (c-z' and c-3') 46.1 (c-1 ), 41.8
(C-4a), 41. 3 (C-7a) L ,
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EXAMPLE 63
1R-(1a. 3aB, 48 .4af. 7B, 7aa, Bap)l 8a-(2 3-Anhydro-4 6-dideoxy-4-methylene-

B-D-mannopyrano-syloxy)methyl-4-formvl-4.4a.5.6.7. 72,8 8a-octahydro-7-
methyl-3-{1-methylethvi)-1.4-methano-s-indacene-3a( 1H)-carboxylic acid.

A solution of intermediate 101 (0.17 mmol) in dichloromethane (15 ml) at 0°C

was treated with trifluoroacstic acid (0.15 mi). After 2 hours, was treated with
water (10 ml). The organic phase was evaporated and the residue was
dissolved in ethanol {15 ml) and 1N hydrochioric acid (1.5 mi) and stirmed at 09C
for other 2 hours. The solvent was removal of and the residue purified using
dichloromethane:methanol 20:1 as eluent. Appropriate fractions were
evaporated to give the title compound (24 mg).

8 (1H, CDClg): 8.75 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 5.20
and 5.10 (s, s, 1H, 1H, CH»=C), 4.82 (d, 1H, H-1, J=2.1 Hz), 4.42 (m, 2H, H-5'
and H-3), 4.19 and 3.56 (d, d, 1H, 1H, 8a-CHp, J=9.6 Hz), 3.65 (m, 1H, H-2},
2.63 {t, 1H, H-1, J=3.9 Hz}, 2.368 (m, 1H, CH(CH3)2); 8 (13C, CDCl3): 204.7
{CHO), 175.0 (CO2H), 148.5 (C-3), 145.6 (C4"), 130.5 (C-2), 112.1 (CH2=C),
99.5 {C-1"), 74.0 (8a-CHy), 73.0 (C-5"), 72.8 (C-3a), 72.2 and 71.6 (C-2' and C-
3.

. EXAMPLE 64

{1R-{(1c. 3ap. 48 4aB. 78.7aa 8ap)] 8a-{2 3-Anhydro-4-O-tertbutvicarbony|-6-
deoxy-B-D-talopy-ranosyloxy)methyl-4-formyl-4 4a.5.6.7.7a,8.8a-octahvdro-7-
methyl-3-(1-methylethyl)-1.4-methano-s-indacene-3a(1H)-carboxvlic acid.

A mixture of intermediate 103 (0.1 mmol) in water (2 mi) at 0°C was treated with

triflucroacetic acid (3 mi). After 90 minutes the mixture was poured into ethyl
ether:-water 1:1 (30 mi). The organic phase was evaporated and the residue
purified by chromatography using dichloromethane:methanol 40:1 as eluent to
give the title compound (32 mg).

5 (1H, CDCIg): 9.77 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.75
(dd, 1H, H-4', J=3.6 and 4.8 Hz), 4.68 (s, 1H, H-1'), 417 (d, 1H, 8a-CHa, J=8.3
Hz), 3.66 (m, 2H, 8a-CHb and H-5), 3.57 (t, 1H, H-3', J=4.2 Hz), 3.17 (d, 1H, H-
2 J=36 Hz), 2.73 (t, 1H, H-1, J=3.9 Hz), 2.33 (m, 1H, CH(CHa)7); 5 (13C,
CDCl3): 204.8 (CHO), 178.5 and 175.7 (2xCO2), 148.3 (C-3), 130.8 (C-2), 97.9
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(C-1'), 74.1 (8a-CHo), 73.0 (C-3a) 71 5 (C-5'), 66. 0 (C-4') 65.6 (C-8a), 59.0 (C- |
4), 51.3 (C-2'), 50.7 (C-3') ' : _

EXAMPL 65 _ : :
1R-{1cx 3a 4 4a 7 7aa 8a 8a 23— hdro-4~ tran-2-b enl-s-

A solutlon of mtermedlate 47 (103 mg) in dry dlchloromethane (5 ml) at. 0°C was

. treated . with - trifluoroacetic acid. (100 ul). -After 1. ‘hour, the mixture was
- partitioned between ethyl acetate (50 mi) and saturated aqueous sodium sulfate

solution (50 ml). The organic layer was washed with saturated aqueous’ sodlum

- sulfate solution, water and brine, then dned and ‘evaporated. The residue was

chromatographed twice on silica_gel elutlng wnth hexane ethyl acetate (2:1) to

- (1:1) to give the title compound (50 mg).. . AT
'8(1H CDCl3): 9.76 (s; 1H, CHO), 608(dd 1H, H-2 J-1 5and 3.6 Hz) 5.82-

5.68 (m, 1H, CH=CH), 5.62-5.48 (m, 1H, CH=CH); 4.72.(s, 1H, H-1"), 4.24.1 (m,
2H, 0-CHa-C=C and 8a-CHa), 4.02-3.92 (m, 1H, OCHb-C=C), 3.63 (d, 1H, 8a-
CHb, J=9.3 Hz), 3.3-3.15 (m, 3H, H-3', H-4' and H-§'), 3.12 (d, 1H, H-2, J=3.9
Hz), 2.73 (t, 1H, H-1, J=3.9 H2), 1.72 (dd, 3H, H3C-C=C, J=1.2 and 6.6 Hz); &
(13C, CDCl3): 204.8 (CHO), 175.6 (CO2H), 148.2 (C-3), 130.8 (C-2), 131.1 and

© 126.6 (O-CH2-C=C-CHg), 97.9 (C-1), 74.2 (8a-CH2) 71.2 (0-CHz-C=C-CHg)

735 and 72.5 (C-4' and C-5').

To a solutnon of mtermedlate 104 (1 50 mg. 0 21 mmol) in ethanol (50 ml), ethyl -

- acetate (10 ml) and 1N hydrochloric aad (1 ml), palladium (10%) on charcoal

was added (30 mg) under nltrogen The mixture was shaken in'a Parr apparatus
(PHo=35 psi) for 3,5 hours at room temperature :The catalyst was filtered and

- the solvent evaporated to dryness. The residue was purified by chromatography
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using dichloromethane:methanol 30:1 as eluent to give the titie compound (60
mg).

5 (1H, CDCl3): 9.83 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.75 (s,
1H, H-1), 444 and 3.42 (dd, 2H, Ba-CHgp; J=9.3 Hz), 4.37 {t, 1H, H-, J=2.7
Hz), 4.10 (m, 1H, H4"), 3.74-3.85 (m, 2H, CH20), 3.91 (m, 1H, H-5'), 3.19 (m,
1H, H-2), 2.51 (t, 1H, H-1, J=3.6 Hz); § (13C, CDCla): 204.7 (CHO), 174.9
(CO2H), 148.6 (C-3), 130.4.(C-2), 7.9 (C-1"), 78.7 (C4'), 73.9 (Ba-CHy), 73.3
(CH20), 69.8 {(C-5'), 69.3 (C-3"), 65.3 (C-8a), 59.0 (C-4), 54.6 (C-2'), 47.0 (C-1).

EXAMPLE 67 )
1R-{1¢. 3aB. 48 4aB, 78. 7ac. 8ap)] 8a-{2.3-Anhydro-4-azido-4.6-dideoxy-3-D-

mannopyranosyloxy) methyl-4-formvl-4.4a,5,6 7.7a.8.8a-octahydro-7-methyl-3-

1-methylethvi)-1.4-methano-s-indacene-3a(1H)-carboxylic acid.

A solution of intermediate 106 (0.06 mmol) in dry dichloromethane (5 ml) at
0°C was treated with trifluoroacetic acid (70 ul). After 2 hours, was washed with
water and brine. The solvent was evaporated and the residue purified by
chromatography using dichioromethane:methanol 30°1 as eluent to give the title
compound {12 mg). _

5 (1H, CDCl3): .73 (s, 1H, CHO), 6.08 (d; 1H. H-2, J=36 Hz). 473 (5. 1H, K-
1'), 4.12 and 3.67 (d, d, 1H, 1H, 8a-CHp, J=9 Hz). 339 (d 1H H-4', J=8 Hz),
3.33and 3.17 (d, d, 1H, 1H, H-2 and H-3', J=3 6 Hz). 322 (m. 1H, H-5'), 2.76 (.
1H, H-1, J=3.6 Hz), 2.34 (m, 1H, CH(CH3)2); § (13C, CDCi3). 205.1 (CHO),
175.3 (CO2H), 148.4 (C-3), 130.8 (C-2), 97.8 (C-1'), 74.6 (Ba-CHp), 72.7 (C-5),
68.0 (C-3a), 65.7 (C-8a), 59.0 (C4), 58.7 (C-4"), 54.4 (C-2), 50.1 (C-3"), 46.3
(C-1).

EXAMPLE €8
1R-{1c, 3aB. 4B, 4aB. 7B, 7ac. 8aB)] 8a -Al nhvdro, 68-deoxy-B-D-
manno Hoxy-m -4-formyi-4.4a,5.6.7,7a,8.8a-octahvdro-7-methvi-3-

1-methylethvl)-1 4-methano-s-indacene-3a{ 1H)-ca lic acid

A solution of intermediate 107 {250 mg) in a mixture of 10 ml of methylene
chioride and 0.2 mi of trifluoroacetic acid, was stirred at 0°C _for 4 hours. The
crude was evaporated to dryness and the residue purified by flash
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chromatography with methylene chioride: methanol 50:1, to yleld 140 mg of the

-~ title compound as a white foam. _
_'.6(1H CDCl3): 9.77 (s, 1H, CHO), 6.08 (dd, 1H; H-12, J-12and33Hz) 590 :
- (m, 1H, CH-CH2) 5.28 (m, 2H, CH=CH2), 475 (s “1H, H-1'), 4.28 (m, 1H, H-5'),

4.21 (d, 1H, H-19a, J=9.6 H2), 4.05 (m, 1H, H-4') 405 (m, 1H, H-4"), 3.60 (d,
1H, H-19b, J=9.6 Hz) 327 3.14 (d d 1H, 1H, l-l-2' H-3, J=3.9 Hz),325 (m,

© 2H, CH2-CH=CHg), 268 {t, 1H, H-11, J=4.2 Ha); 5(13¢, CDClg): 205.07(CHO),

1746 (CO2H), 148.4 (C-13), 133.7 (CH=CHy), 129. 7 (C-12), 118.0 (CHo=CH),
97.8 (C-1'), 74.17 (C-19), 74.04 (C-4'), 72.5 (C-5'), 710 (O-CH2-CH=CHy), 54.1
(C-2') 50.2 (C-3') 27 5 (C-14) 22.7 (C-20) 21.2 (C-15) 18.6. (C-6'), 17.4 (C-.

17) o : E .
E PLE 69 . ' ' '
1 Rj1g, ﬂ 4L 4 ﬁ 73 7&, m] _-_[(g,S-Anhydro,G-deoyA-O-tert-

ndacene-3a(1 H)-carbogluc acld

Toa solutlon of Intermedlate 21 (200 mg) in 15 mi of dry THF at O°C -30 mg of
sodium hydnde were added. The mixture: was stirred at 0°C under nitrogen for
30 mmutes Then, 260 ul of tert-butyt-bromoacetate were added and the mixture
was stirred at room temperature ‘under nitrogen for 3 days.. The: crude was
treated with ammomum chloride 1N and ethyl acetate The orgamc layer was

- washed with water and brine and evaporated to dryness The residue was
' hydrogenated followmg the standard procedure and the crude was purified by

flash chromatographie with methilene chioride: methanol, 50:1 to give 140 mg of

the title compound as a whrte foam.
(1H CDCl3): 9.74 (s, 1H, CHO), 608 (dd, 1H, H-12 J=1.5 and 3.9 Hz), 4.74.

.' (s, 1H, H-1').421 (dd, 1H H-4, J=3.6 and 6.0 Hz), 4.16 (d, 1H, H-193, J=9

Hz), 4.12 (s, 2H, CHo,-CO2C(CHz)3), 3.63 (d; 1H, H-19b, J=9 Hz), 3.36, 3.14
(d, d, 1H, 1H; H2, H-3, J=3.9 Hz), 3.30(m, 1H, H-5), 271 ¢, 1H, H-11, J=3.9
Hz); & (13C, CDClg): 205.7 (CHO), 174.9 (CO2C(CHa)3), 168.8 (CO2H), 148.4
(C-13), 130.8 (C-12), 7.8 (C-1'), 82.2 (C(CH3)3), 75.6 (C-4), 724 (C-5), 68.2

: (OgHz-CO) 59.0 (C-3), 53.9 (0-2'), 50. 3 (C-3), 275 (C-14), 227 (C-ZO), 21.2

(C-1 5), 18.6 (C-6"), 17.4 (C-17).’
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PLE 70 |
1R-{4&. Baf. 4B. 4aB. 7B. 7aq. 8aB)] 8a-{2,3-Anhydro-6-deo -eth! D-
mannopyrahosyloxy- methyll-4.4a 5.6.7.7a.8.8a-octahydro-7-meth 1-

methviethyl)-1.4-methano-s-indacene-3a(1H)-carboxylic acid.

To a solution of Intermediate 21 {280 mg) in 5 mt of dry dimethylformamide at

'00C, 25 mg of sodium hydride were added under nitrogen. The mixture was

stirred for 30 minutes at 0°C and then, 1 mmol of ethy! iodide was added. After
16 hours stirring at room temperature the reaction was complete. The crude was
treated with ammonium chloride 1N and ethyl acetate. The organic layer was
washed with water and brine, dried over anhydrous magnesium sulphata and
evaporated to dryness. The residue was hydrogenated following the standard
procedure and the crude was purified by flash chromatography with methylene
chioride:méthanol, 50:1, to give 180 mg of the title compound asa whnte foam.
5 (1H, CDClg): 9.73 (s, 1H, CHO), 6.08 (d, 1H, H-12, J=3.3 Hz) 473 (s, 1H, H-
1%, 4.16 (d, 1H, H-19a, J=9.3 Hz), 3.78, 3.54 (m, m, 1H, 1H, O-C_z-CH3) 3.63

(s, 1H, H-18b, J=0.3 Hz), 3.25, 3.13 (d; d, 1H, 1H, H-2, H-3', J=3.9 Hz), 3.18 (m,

2H, H-4', H-59, 2.71 (t, 1H, H-11, J=3.3 Hz); § (13C, CDCIz): 201.8 (CHO),
175:0-(COgH), 148.2 { C-13), 130.7 (C-12), 87.9 (C-1'), 74.6 (C4), 74.3 (C-19),
72.5'(C-5Y, 54.3 (C-2'), 50.3 (C-3"), 27.5 (C-14), 22.7 (C-20), 21.2 (C-15), 186
(C-6, 17.4 (C-17). |

EXAMPLE 71
[1R<{1c, 3aB. 48, 4aB, 78, 7ac, 8aB)] 8a-(2,3-Anhydro 6-deoxy-4-0-{2.3-
dihydiéxypropyl)-B-D-mannopyranosyljoxym ethylll-4-formyl-4 4a,5.6.7.7a.8.8a-

octahyd ro-7-ethyl-3-{1-methviethyl)-1. 4-methano-s-indacene-3a(1H)-
carboxvlie acid,

To a solution of Intermediate 108 (700:mg) in ethanol (100 mi), palladium {10%)
on charcoal was added (350 mg) under nitrogen: The mixture was shaken in a
Parr. apparatus (PH2=20 psi) for 1 hour at room temperature. The catalyst was
fitterad ‘and e solvent evaporated to dryness. The residue was purified on a
siica gel column eluting with methylene chloride and methylene
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chloride:methanol 25:1 to obtain’ 425 mg of the tltle compound (mlxture of
isomers 50:50) as a white powder

(1H CDCI3) 9.75 (s, 1H; CHO) 608 (dd AH, H-12, J-1t2 and 36 Hz), 473 .

(s 1H, H-1"), 3.98.(d; 1H,-H-19a, J=9.6 Hz), 381 (.d; 1H;: -H-18b, J=9.6 Hz),

3.81-3.68 (m, 2H, -OC _2-CHOH in. C-4'), 3.55-3. 31 (m, 3H, -CﬂQH-_C_zOH in -

C-4'), 3.30-3.11 (m, 4H, H-2', H-3, H-4', H-5), 2.76 (t, 1H, H-11, J=3.6 Hz); §
(13¢, CDCI3): 207.70 (CHO), 178.2 (COzH), 150.49 (C-13), 131.44.(C-12),

-99.81 (C-1"), 77.07°and 76.96 (CH-CH20H in-C4"), 76.57 (C-19),,73.55 (C-4)),
72.86 and 72.69 (0~QH2-CHOH in C4'), 72.24 (C-5') :55.01:(C-3'); 51.89 (C- .

2),232 (c-zo) 216 (c-1 5). 194 (c-s') 179 (c-17)

5 _L&Lgu_ﬂ 4& 4ga 7a _71

¢aibcy"' lic acid,

To a solut|on of Intermediate- 108 (350 mg) in dry THF (20 ml) at O°C SOdlle

'hydrlde (40 mg) was added under mtrogen and the mixture was stirred for 30

minutes. then methyl iodide: (0. 5 mi) was. added and the reaction. was kept at

- room temperature stirring over mtrogen for two. deys The orude was treated with

1N ammonium chioride and ethyl acetate. The organic layer was: washed with
water and brine and evaporated to dryness. The residue was hydrogenated

following the standard proc':edure without previous purification to- 'give:-the title
~ compound (mixture of isomers 50:50) as a white foam (225 mg): = )
- (1H CDCI3) 8.7 (s. 1I+ CHO), 6.08 (d 1H ‘H-12, J-33Hz) 473 (d 1H, H-
1, J=1 5 Hz), 4.18 (d, 1H, H-19b, J=9 Hz), 3.62 (d, 1H, H-19b J-9 Hz), 3.48

and 3.47(s, s, 3H, 3H, CH2OMe, CHOMe), 3.36-3.20 (m, 4H H-2; H-3, H-4', H-

'8, 270 (t, 1H, H-11, J=3.6 Hz); 5 (13C, CDCIa): 205.2 (CHO), 174.7 (COZH),
1484 (C-11), 130.7 (C-12), 97.9 (C-1), 79.0(CHOMe:-in C-4), 756 and 75.7
(C4), 72.4 (C-5), 71.6 and 71.5 (OCH2-CHOMe in C-4), 70.1 ‘and 69.8 -

CHoOMe in C-4'), 59.2, 57.9 and 57.8 (-CHOMe and -CH20Me in C-4), 53.9

and 50 2 (C-2‘ and C-3’) 227 (C-ZO). 21.2(C-1 5), 18.6 (C-S'), 174 (C-17)

¢
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XAMPLE 73
1R~{1a, 3a 4aB. 7B8. 7aq,_8aB)] 8a-[{2 3-Anhydro 6-d 4 -
isopropyliden)-2. 3-dihvdroxypropyil-B-D-mannopyranosy! ethyil-4-formyl-

4.4a § 6 7. 7a 8 8a-octahydro-7-methvi-3-{1-methylethyi}-1.4-methano-s-
indacene-3a{1H)-carboxylic acid.

To a solution of Intermediate 109 (250 mg) in ethyl acetate (50 mi), palladium
(10%) on charcoal was added (100 mg) under nitrogen. The mixture was
shaken in a Parr apparatus (PH2=20 psi) for 1 hour at room temperature. The
catalyst was filtered and the solvent evaporated to dryness. The residue was
purified by flash chromatographie with n-hexane:ethyl acetate 1:1 angd
methylene chloride:methanol 50:1 to give the title compound {mixture of isomers
50:50) as a white foam (150 mg).

5 (1H, CDCl3): 9.75 (s, 1H, CHO), 6.08 (dd, 1H, H-12, J=1.5 and 3.6 Hz), 4.71
(d, 1H, H-1', J=0.9 Hz), 4.29-4.24 (m, 1H, CHOH in 4'), 4.15-4.01 (m, 3H, H-19a
and -OCHy), 3.82-3.49 (m, 4H, H-18b, OCH>-CHOH-CH»20), 3.29 and 3.13 (d,
d, 1H, 1H, H-2' and H-3', J=3.9 Hz), 3.27-3.18 (m, 2H, H4' and H-5'), 2.74 (t,
1H, H-11, J=3.6 Hz), 1.41 and 1.35 (d, d, 3H, 3H, (CH3)2C of isopropilyden); &
(13C, CDCl3): 204.8 (CHO), 165.7 (CO%H), 148.2 (C-11), 130.8 (C-12), 97.9 (C-
1'), 75.7 and 75.6 (-CHO-CH20 in C4'), 74.4 (C-4'), 72.8 and 72.4 {C-5'), 72.0
and 71.6 (O-CH>-0O in C-4'), 54.0 and 53.8 (C-3'), 50.3 (C-2'), 22.6 (C-20), 21.1
(C-15), 18.6 (C-6), 17.4 (C-17).

EXAMPLE 74
Characteristics of Ml 362184

IMI 362184 is a mutant of Sordaria araneosa (ATCC 36386, NRRL 3196)
isolated following N-methyl-N"-nitro-N-nitrosoguanidine mutagenesis of
ascospores of this strain. The characteristics of IMl 362184 are essentially
similar to those described in British Patent Specification No. 1,162,027 for
NRRL 3196, except that iIMI 362184 produces 4'-demethylsordarin as a major
product under the same conditions used for sordarin production by NRRL 3196.
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" EXAMPLE 75
- Characteristics IMI36 7

; (ATCC 36386, NRRL 3196)
isolated following N-methyl-N’-mtro-N-mtrosaguamdlne mutagenesns of
ascospores of this strain. The characteristics of IMI 362947 are essentially

 similar to those described in British- Patent- Specification No. 1,162,027 for

NRRL 3196, except that IMI 362947 does: not produce ascospores readily on

~ agar. The strain also differs from NRRL 3196 in that it produces sordaricin as a

major product under.the same conditions used:for sordarin production:by NRRL
3196. E .

- ®

EXAMPLE 76

Cnaragenstlcs of NQIMB 4067§

NCIMB 40675 is an a"erobic Gram-positive, non-motile irregular rod that
produces lemon: yellow translucent, round,: entlre convex colonies with a
diameter of between 0.5-1mm: when grown-on: tryptic soy : -agar supplemented
with 2. % (wiv) yeast extract for 48 hours at 28°C. The organism grows well at
temperatures up to 37°C, but not at 45°C. Metachromatic granules were not

. observed and the strain is catalase .posmve. ‘oxidase: negative and does not

metabolise glucose fermentatively. The strain:can utilise the following sources
of carbon: a-D-glucose, D-fructose, p—hydro:typhenyl-acetic acid, D-mannitol,

methylpyruvate, lactamide, D-trehalose and. sucrose. The organism.can only
weakly utilise D-gluconic acid, pyruvic acid and salicin as sole carbon sources.
Colony and mlcroscoplc morphology resembles that of coryneform bacteria. The
genus Corynebactenum was excluded on the grounds that the peptadoglycan of
NCIMB 40675 contains.. omithine . rather . than- the. meso-isomer- of 2,6-
diaminopimelic acid or- dlamunobutync acid. Also, the orgamsm contains a
complex mixture of ‘branch cham fatty aclds atypical of. Corynebactenum

- species, namely; 12-methy|tetradecanouc, 14-methy|hexadeeanonc and 14-

methylpentadecanoic acids. The presence. of a—brancl':ed-ﬁ-hydroxylated fatty
acids was not determined. On the basis of these results NCIMB 40675 most
closely resembles one of the following actmobactenal genera Aureobacterium,

Curtobactenum or Cellulomonas. :



10

15

20

25

30

35

WO 96/14326 PCT/EP95/04331

171

To clarify the taxonomic position of NCIMB 40675, a 1100 base pair partial
sequence of the 16S rRNA gene was compared against 24 other species
reprasenting a range of actinobacteria and related genera. Results from this
analysis indicate a close re}a_tionship between NCIMB 40675 and the genera
Aureobacterium and Curtobacterium, but not Ceflulomonas or Corynebacterium.
More precise identification for the strain could be obtained by performing a
phylogenetic analysis comparing variable regions of the 16S rRNA gene for a
range of Aureobacterium and Curtobacterium species in addition to further
chemotaxonomic and physiological tests.

Pharmacy Examples

1.  Conventional oral tablet-

Drug substance 100 mg
Microcrystalline cellulose 160 mg
Crosscarmeliose sodium 20 mg
Magnesium stearate Smg .

The drug substance is blended with microcrystaliine ceftulose, crosscarmellose
sodium and magnesium stearate, then compressed into tabiets.

2. Chewable oral tablet

Drug substance 100 mg
Xylitol 865 mg
Peppermint flavour 5mg
Aspartame . 10mg
Polyvinylpyrolfidone 15mg
Magnesium stearate 5mg

The drug substance, xylitol, aspartame and polyvinylpyrollidone are blended
together and granulated with water, then dried. This granule is mixed with the
peppermint flavour and magnesium stearate, then compressed into tablets.

3. Aqueous Oral Solution
Drug substance . 100 mg
Hydroxypropylmethyi cellulose 150 mg
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Sodium propylhydroxybenioate 1mg |
- Sodium methylhydroxybenzoate 2mg

‘Orangeflavour “1omg
Sodium sacchann . smg
Sucrose . - 0mg L
Suitable buffers S g
Purifiedwaterto . 5mis

Dissolve the’ drug substance and all the exclptents in most of the purlf ed water

and mix.  Make to volume and mix. 8u1table buffers may be added to control_

the pH in the region of maxnmum stablllty

4. Non-Aqueous Oral Suspension

Drug substance .= _ 100 mg
'Aspartame  50mg
Grapefruitflavour - 25mg
Mannitol | - 8s00mg
Colloidal silica - 10 mg.
Fractionated coconut oil - 5mls

Disperse the drug substance and manmtol in’ the bulk of the fracuonated

coconut oil by hlgh shear mlxmg Add the remammg ingredients and mnx Make

to volume with fractlonated coconut oil and mix.

5. Ointment R
'~ Drugsubstance .  ©  200mg

White Soft Paraffin 9800 mg .
Meit the white soft paraffi n, add the drug and mix. Contmue to mix until the .
ointment starts to congeal. * - P .
6. Injection - | T e

Drug substance IR 40mg

Suitablebuffers " g8y

‘Suitable antioxidants - gs

Suitable chelating agents ' qs -

Water for injections to - 2mis

«
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Dissolve the drug substance in most of the water for injections.  Suitable
buffering agents may be added to control the pH to the region of optimum
stability. Suitable antioxidants and chelating sgents may be added to improve
the stability of the injection. Make to mark with water for injections. Filt into
ampoules or vials, then sterilise by autoclaving. Alternatively, sterilise by
filtration and fill aseptically.

Antifungal Activity

Compounds of formuia (1) have been tested for anti fungal activity in a standard
in vitro screen and the minimum inhibiting concentration (MIC; pg/mi)
determined for each compound against a variety of clinically relevant
pathogens. The results obtained with representative compounds of the
invention are given below.

The compounds of the invention are essentially non-toxic at therapeutically
useful fevels. For example the compound of example 8 when administered at a
dose of 50mg/kg po was active in protecting male mice infected with C. albicans
4711E. The LDs; value for the compound of example 8, in male mice is >1000

mg/kg po.



ORGANISM

1 43

14

16

T

51

C. albicans 1208E

0.500

0.008

0015

0.030

0.001

20,001

' 0.001

0.001

. 0,120

0.004

<0.001 .

0.080

C. albicans 2005E

0.120

0.001-

0.015

0.001

50001

0.001

0001 : .:

0.001

0.030

0.001

0.008

0.015

0.060

0.001

<0001 |

0.001

0000

0.001

0.120

0.008 |

£0.001 |. 0.

“| 0.002

-[ -C. albicans 2402E

| I C. albicans 4711

0.250

0.004

0.015

0.030

0.001

ey

0.001

0030

0.001

0.120

0,004

<0.001 |

0.030

I C. tropicalis 2608E

1.000

0.120

0.120

-16.00

0.008

0.008 |

0.150

0.500

0.500

0.500

0.030

s0.001

0.260 |

0.004

-0.060

<0.001

0.004

| <0.001

0.060

<0.001

0.008

0.001

0.015

I c.' psuedotropicalis 271
C.glabrata 2375

31.00

31.00

' 8.00

8.00

8.00

1.000

400

16.00

-8.00

8-0_0 G .
Y B

0| 3100

C. glabrata 2376E

31.00

131.00

8.00

"16.00

800 |

1,000

8.00

16.00

800 |

31.00

" (g2 TTNN) £33HS

: I C. neoformans 2867E

>125

0.500

31.00°

1.00. |

10260

<0250

<0.250

200

. >126

100 | 2

1.00

9TEPI/96 OM

vLlL

T1EEP0/S6dA/1Dd
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CLAIM

(1) A compound of formula

M

CHO CO,H CH(CH),

wherein Z is a tetrahydro-pyrano group selected from

Thxs Sheet Has Been Replaced

- {b)

and pharmaceutically acceptable - galts : and- solvates (e.g. hydrates) or
metabolically labile derivatives thereof; _
wherein R’ represents hydrogen halogen, hydroxyl Ci4alkoxy or acyloxy;



10

15

20

o5

WO 96/14326 ' - | PCTEPSS/04331

476 :
i Thlo Sheet Has Beén' Rep

; llllllljlllll"I!!IIIILI‘IH!II T IIHIII

R? and R® may each rndependently represent hydrogen, Cualkyl or. Cy.alkoxy

Cialkyl or R? and R’ may together with the carbon atom to which they are

attached represent C 0, C=S or Csecycloalkyt; - :

R*represents hydrogen or CH.R" (where R’ is hydrogen hydroxyl Cualkoxy or

a group OCOR® in which R®is Cyalkyl or aryl) -

R® and R® may each’ independently represent hydrogen Crealkyl or Ci4alkoxy

Ci«alkyl or R® and Rs may together with the carbon atom to which they are

attached represent C 0, C=S or C;..cyoloalkyl :

n represents zero or 1

X and Y may each rndependently represent oxygen, sulphur or CR°R™ (where
R’ and R'* may each independently represent hydrogen, C.salkyl, Ci alkoxy of

CsalkoxyCialkyl or. R® and R™ may together with the carbon atom to which
they are attached represent C=0, C=S, Csscycloalkyt or C=CHR"' where R"

_ represents hydrogen or CHalkyl) orwhen XorYis oxygen and n is zero then

-Y-CRR® or -X—CR’R®- respectively may also represent -N=CR or
-NR"-CRR>- (where CR* and.R® are C=0 and R"™ is Ci.alkyl an acyl group
COR"™ where R" isC,.alkyl) or when Y is oxygen and n is zero X may be
represent the group CR" which is attached to the pyran ring by a double bond;

R™ represents hydrogen halogen azrdo Crealkyl, hydroxy, Ciealkoxy
(optlonally substrtuted by 1 or 2 hydroxy or a ketal thereof or1or2 Ci.3 alkoxy
groups), arle,..alkoxy, Css alkenyloxy, a group OCOR™ (where R" is aryiCh.

" salkoxy or a Cs. melkyl group optronally containing one or two double bonds) or

Cie alkoxyoarbonyl Cualkoxy. and R*r represents hydrogen or R' and R'® may
together with the oarbon atom to whloh they are attached represent C=0 or

C-CH:,

" RY represents CHzR" where R" is hydrogen, hydroxyl Cq-ualkoxy or a group

ocon"’ in which R’° is Craalkyl); and

w represents an oxygen or sulphur atom or aCH; group.

‘and the dotted line in group (a)- mdreetes the: optlonal presenoe of an addltlonal

bond

2 A oompound as claimed in Claim 1 whereln Ziis the group.
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I

R R _
X><$CR’R')|\ : CH-?H;.
o r? 0 R

wherein one of X or Y is oxygen and the other is oxygen or the group CR°R™.
(3) Acompound as claimed in Claims 1 or 2 wherein n is zero.

(4) A compound as claimed in any of Claims 1 to 3 wherein X and'Y are both
oxygen-aid R? and R® independently represent hydrogen or Ci.salkyl.

(5) “A'compound as claimed in any of Claims 1 to 3 wherein one of X or Y is
oxygen and the other is the group CR*R".

(6) A compound as claimed in claim 5 wherein R® represents hydrogen or
Calkyl and R represents hydrogen or the group CR“R‘” represents the group
CO, or C=CHR™".

(7} A compound as claimed in claim § or 6 wherein X is oxygen.

(8) A compound as claimed in any of claims 1 to 7 wherein R1 is hydrogen or
hydroxy! and R4 is methyl.

(9) A compound as claimed in claim-1 whereir

i

wherein W is oxygen.
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(10) [1 R-(1a, 3a|3 4B, 4aB, 78, 7ac, 8aB)] 8a-[[1s 7R 9R]-2 8-Dioxa-9-methyi-
4-methylene-cls-b|cyclo[3 4, O]-non-7-yl-oxy-methy|]-4-fonnyl-4 4a,5,6,7,7a,8, 8a-
octahydro-?-methyl-3—(1 -methylethyl)-‘l 4-methano-s-|ndacene-3a(1 H)-
carboxylic acld and pharmaceutncally acceptable salts thereof. -

(1) [ R-(1a,SaB 4B 4aB,7B 7aa,8a[3)] 8a-{(2, S-dldeoxy-3 4-O-|sopropylldene- .

| B-D-al|opyranosy|oxy)methy|]-4-fonnyl-4 4a,5, 6,7.7a,8 8a-octahydro-7-methyl-3-

(1-methylethyl)-1,4-methano-s-indacene-3a(1 H)-carboxyllc acid;
[1R-(1c,32B,4B,4aB,7p;7ac,8ap)] 8a{[1S.4R, 7R.9R}-2, 8-dioxa-4 9-d|methyl-c|s-
bicyclo[3.4.0]-non-7-yl-oxy-methyl}-4-formyi-4,4a, 56.7,7a, 8 ,8a-octahydro-7- - -

-methyl-3-(1-methylethyl)-1 4-methano-s-mdacene~3a(1 H)-carboxyllc acid; .

{1R-(1c,32B,4B, 4aB,7p,7aq,8ap)] - 8a-[1S,4S,6R, 8R]-2 7-dioxa-4 6-d|methyl-c|s-
bicyclo[3.4.0]-non-8-yl-oxy-methyi]-4-formyi-4,4a,5,6,7,7a,8,8a-octahydro-7-
methyi-3-(1-methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid; -
[1R<(1c, 3aB, 4P, 4aB, 7B, 7ac, 8ap)] 8a-{(2, 3-anhydro-6-deoxy-4-O-propyl-B-D-
mannopyranosyloxy)methyl]—4-fonnyl-4 4a,5,6,7,7a,8 Sa-octahydro-7-methyl-3-
(1-methylethyl)-1 4-methano-s-|ndacene-3a(1 H)-carboxylic.acid;

* [1R<1a, 3aB, 4B, 4aP, 78, Tac, 8aB)} 8a-{(2, 3—anhydro-6-deoxy-4-0-methyl-B-D?

mannopyranosyloxymethyl]-4-fonnyl—4 4a,5,6,7,7a.8 Ba-octahydro-T-methyI_-_s-
(1-methylethyl)-1,4-methano-s-indacene-3a(1H)-carboxylic acid,

‘and pharmaceutically acceptable salts thereof. .

(12) A process.. for: the preparation. of compounds of formula (1) which
comprises: o _

(a) reactinga cbmpouhd. of formula (lI).

Thxs Sheet Has Been Replaced
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CH(CH,),

(in which R' and R* are as defined in formula (I) above, R® is a carboxy!
protecting group and X and Y are as defined in formula (l) above, except that X

5  andior Y cannot represent CR°R') to form the desired cyclic system, followed
by the removal of the carboxyl protecting group.

(b) For the preparation of compounds of formula (1) wherein Z is the group
{a) and Y is oxygen, n is zero, R? nd R® are hydrogen and X is CH by reacting
10 the compound of formuta (Vil).

o e e e
o OCHy  This Sheet Has Been Replaced

.

(vin)

wherein R?' is the group CHO or a protected derivative therecf, R* is a
15.. -protected carboxy! group with a dialkyl diazomethy! phosphohate.

() for the preparation of a compound of formuta (I) in which Z is the group ()
and W is oxygen which comprises cyclising a compound of formula (Vill)
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(in which R"' R'™ and R"‘ are as defined for R" R1° and R" in formula (l)

. above or- are protected derivatives thereof; R® is hydrogen or a carboxyl

5  protecting group, L is a 'suitable Ieavmg group such as an alkyl- or

aryisuiphonyloxy group and R® is hydrogen or°OR?® is the same group as

defined for L), followed, where necessary. by the removal of any protecting
groups present o R = -

10  (d) For the preparation of a compound of formula (I) in- which W is sulphur '
compnses treatlng a compound of formula (1X)

: 'Thts SheetHas Seen | Re. :.i'ed .

[ II.éfi I IIII"

15 (m which R" R“ and R" are as defined in formula (I) above) with a sulphur __
- donor.; |

, followed'where ne_cessary:or desired by one- or more of the.- fo_llowi'ng steps.
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i

(i) removal of any protecting group;

(i) conversion o_f one compound of formula (I) or a protected derivative
thereof into another compound formula (1);

(iii) isolation of a compound of formula (I) in the form of a pharmaceutically
acceptable salt thereof,

(13} Compounds as defined in any of claims 1 to 11 for use in therapy.

(14) The use of a compound as defined in any of claims 1 to 11 in th'e
manufacture of a medicament for the treatment of antifungal infections.

(15) A pharmaceutical composition comprising a compound as defined in any
of claims 1 to 11 in admixture with one or more physiologically acceptable
carriers or excipients.

(16) A method for the treatment of antifungal infections which comprises
administering to a patient an effective amount of a compound as defined in any
of claims 1 to 11.

r
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